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Dedication 
 

Professors Gibson and Roberfroid are mentors to the world of probiotics.  Their emphasis on the positive 
aspects of probiotics and health promotion has stimulated all of us.  They integrated research and education to 
strengthen scientific knowledge, and took us further than we believed possible.  In so doing, they have created a new 
discipline designed to explore unknown mechanisms and unique applications to improve one’s health through 
applied food microbiology and biotechnology. 

It is Dr. Glenn Gibson, Head of Microbiology at the Institute of Food Research in Reading, UK, and Dr. 
Marcel Roberfroid, Professor, Ecole de Pharmacie at the Catholic University of Louvain, Brussels, Belgium, to 
whom we dedicate this publication on probiotics. 
 

To Your Health. 
 

AS Naidu, WR Bidlack, and RA Clemens 
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PREFACE 
  
 The human consumer is increasingly exposed to 
foods that have a ‘functional’ aspect.  Essentially, such 
foods are thought to have certain values over and above 
their normal nutritional content.  Whilst certain 
vitamins, minerals and other supplements may enhance 
food functionality, it is probable effects on gut 
function, and in particular, the intestinal microflora 
which is attracting most topical interest.  Microflora 
modulation is currently the most intense aspect of 
functional food development.  The area of gut flora 
modulation through diet has much potential for the 
prophylactic and possible curative management of 
many clinical disorders.  Currently, probiotics are 
enjoying huge consumer, research and industrial 
interest.  As such, a compilation of the available types, 
their attributes, effects and use holds much value. 
 Probiotics have a long history.  The earliest 
records indicate that humans were intaking ‘soured 
milks’ as long as two thousand years ago.  However, 
the real nutritional values were first seriously 
researched by Metchnikoff at the Pasteur Institute in 
Paris, and Tissier, around 100 years ago.  A number of 
scientific progressions were subsequently made to 
reach the current status whereby probiotics, and related 
compounds that target the human and animal gut flora, 
have widespread use.  Lactic acid bacteria for human 
consumption are most frequently incorporated into 
dairy products, however their use is being ever more 
widespread.  Whilst the Japanese market is probably 
the most advanced, significant progress in the 
Americas, Europe, Asia, Australasia and the 
Developing World has been made in the last decade.  
Worldwide, consumer realization of health and disease 
aspects of human gut microbiology is evident.  
Moreover, these populations have increasing interest in 
identifying foodstuffs that help modify the mass of 
bacteria resident in the gut.  The term ‘probiotic’ is no 
longer a stranger to many consumers. 
 It is important that concepts such as probiotics are 
fortified by good and validated science.  Therefore, the 
production of this volume is especially welcome and 
timely.  The authors have gathered together a wealth of 
data on probiotic concepts, their advantages, targeted 
use, application, production and marketing.  
Importantly, the authors make every effort to identify 
the mechanism(s) whereby probiotics may exert their 
positive effects. 
 As the reader will see, probiotic usage is 
widespread and may offer a number of bonuses.  
Clearly, the approach of microflora management 
through diet is an attractive one which is extremely 
user-friendly.  It is not usual that food products seen as 
positive can hold such sensory qualities!  This is a high 
quality publication which summarises and reviews 

current state of the art in a very effective manner.  The 
authors have managed to collate and discuss all aspects 
of probiosis and are quick to input their own thoughts 
and perspective into the text.  The work will have 
applicability for professionals interested in nutrition, 
microbiology and medicine.  This will include students, 
researchers and clinicians alike.  Moreover, those 
consumers who have more than a passing interest in 
health-related aspects of food will find the volume 
equally compelling. 
 In these days of food scares and various serious 
outbreaks it is not unsurprising that consumers have 
much interest what they consume.  The microbiology 
of nutrition often has a bad press, however probiotics 
set to redress that and it is especially interesting to see 
the many health advantages that they may offer.  
Probiotics and gut flora modulation technology is here 
to stay and this volume forms an extremely important 
component of that. 
 Finally, we are extremely grateful to the authors 
for their dedication.  We find this honour very 
flattering and are delighted to be involved with their 
work. 
 

Glenn R. Gibson and Marcel B. Roberfroid 
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1.  SUMMARY 
 
Lactic acid bacteria (LAB) and their probio-active 
cellular substances exert many beneficial effects in the 
gastrointestinal tract. LAB prevent adherence, 
establishment, and replication of several enteric mucosal 
pathogens through several antimicrobial mechanisms.  
LAB also release various enzymes into the intestinal 
lumen and exert potential synergistic effects on digestion 
and alleviate symptoms of intestinal malabsoption. 
Consumption of LAB fermented dairy products with LAB 
may elicit antitumor effects.  These effects are attributed 
to the inhibition of mutagenic activity; decrease in 
several enzymes implicated in the generation of 
carcinogens, mutagens, or tumor-promoting agents; 
suppression of tumors; and the epidemiology correlating 
dietary regimes and cancer. Specific cellular components 
in LAB strains seem to induce strong adjuvant effects 
including modulation of cell-mediated immune 
responses, activation of reticuloendothelial system, 
augmentation of cytokine pathways and regulation of 
interleukins, and tumor necrosis factors. Oral 
administration of LAB is well tolerated and proven to be 
safe in 143 human clinical trials and no adverse effects 
were reported in any of the total 7,526 subjects studied 
during 1961-1998. In an effort to decrease the reliance 
on synthetic antimicrobials and control the emerging 
immunocompromised host population, the time has come 
to carefully explore the prophylactic and therapeutic 
applications of probiotic LAB.  
 
KEY WORDS: Probiotics, Lactic acid bacteria (LAB), 
Probio-active compounds, Immunomodulation, 
Prebiotics, Clinical trials.2.  Introduction 
 
 
 
 
 
 PROBIOTIC – the word derived from the Greek means 
for life and was first used by Lilley and Stillwell1 to 
describe substances secreted by one microorganism to 
stimulate the growth of another – as an antonym for 
‘antibiotic’. In 1974, Parker2 defined probiotic “as 
organisms and substances, which contribute to intestinal 
microbial balance”. Fuller (1989)3

 Thus, PROBIOTIC is a microbial dietary adjuvant that 
beneficially affects the host physiology by modulating 
mucosal and systemic immunity; as well as improving 
nutritional and microbial balance in the intestinal tract. 

 redefined probiotic as 
“a live microbial feed supplement which beneficially 
affects the host animal by improving its intestinal 
microbial balance”. Recent developments in the role of 
probiotics (live) and their probio-active (cellular) 
substances in the intestinal and extra-intestinal physiology 
of host are overwhelming. Such probiotic and probio-
active effects include, modulation of cell-mediated 
immune responses, such as the activation of reticulo-
endothelial system, augmentation of cytokine pathways 
and stimulation of the proinflammatory pathways such as 
regulation of interleukins, and tumor necrosis factors. 

Fuller’s definition stresses the need for probiotic to be 
viable and is limited to the intestinal tract, therefore, needs 
an annexation.   

 Whereas, PROBIO-ACTIVE SUBSTANCE is a cellular 
complex of LAB that has a capacity to interact with the 
host mucosa and may beneficially modulate the immune 
system independent of LAB’s viability. 
 LACTIC ACID BACTERIA (LAB) were used in various 
fermented foods since antiquity. The preservative and 
health benefits of such traditional foods has been 
recognized for thousands of years, and accordingly, lactic 
acid fermentation played an important role in the early 
years of microbiology. After Louis Pasteur (1857) 
advocated his germ theory for the fermentative changes, 
Joseph Lister attempted to prove the microbial nature of 
lactic acid fermentation. Using boiled milk as a nutrient 
medium, he isolated by chance the first bacterial pure 
culture described as ‘Bacterium’ lactis4. After decades of 
isolation and description of new bacteria, the genus 
Lactobacillus was proposed by Beijernick (1901); which 
still remains a genus containing 64 valid species5

 Metchnikoff (1907) proposed the health benefits 
related to the regular consumption of fermented milks 
based on his research finding with “Bulgarian bacillus’ an 
organism closely related to Lactobacillus delbreuckii ssp. 
bulgaricus, a common LAB starter of yogurt

. 

6

 A wide array of microorganisms colonizes the human 
gastrointestinal tract with some determined to be beneficial 
and others detrimental. Tissier (1905) isolated one such 
beneficial bacterium from the gut of breast-fed infants and 
designated the organism as Bacillus bifidus

. Lactobacilli 
continue to remain the most commonly used probiotic 
microorganisms. Currently available probiotic preparations 
contain L. delbreuckii ssp. bulgaricus, L. acidophilus, L. 
casei, L. fermentum, L. plantarum, L. brevis, L. lactis and 
L. reuteri. 

7. The use of 
bifidobacteria as probiotics emerged from this finding, and 
currently used species are B. adolescentis, B. animalis, B. 
bifidum, B. infantis, B. longum and B. thermophilum. The 
first use of another genus of bacteria, Streptococcus, as 
probiotics was in the form of soured milk and yogurt (cited 
by Fuller8

 LAB with probiotic activity are generally enteric flora, 
believed to play a beneficial role in the ecosystem of the 
human gastrointestinal tract.  The probiotic spectrum of 
activity can be divided into nutritional, physiological, and 
antimicrobial effects. These observations have led to the 
development of a variety of foods and feeds containing 
LAB cells for probiotic use in man and animals. LAB are 
also potential adjuvants and their oral administration 
trigger(s) both mucosal and systemic immune responses

)The yogurt starter S. salivarius ssp. 
thermophilus is still a common probiotic LAB. 

9. 
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Various nutritional and therapeutic effects ascribed to LAB 
are summarized as follows: 

• improvement of nutritional quality of food and feed 
• metabolic stimuli of vitamin synthesis and enzyme 

production 
• stabilization of gut microflora and competitive 

exclusion of enteric pathogens 
• enhance innate host defenses by production of 

antimicrobial substances  
• reduction of serum cholesterol by assimilation 

mechanisms 
• decreased risk of colon cancer by detoxification of 

carcinogens 
• tumor suppression by modulation of cell mediated 

immunity  
 

 Furthermore, LAB possess several properties of 
economic importance such as lactose utilization, proteinase 
activity, bacteriophage defense mechanisms, and 
bacteriocin production. Many of these probiotic activities 
are genetically regulated by often unstable and naturally 
transferable plasmids10. Therefore, research is now being 
focused on the improvement and stabilization of such 
industrially important characteristics. In recent years 
recombinant DNA technology such as gene cloning 
vectors, gene transfer and gene expression systems have 
been applied for the development of improved and tailor-
made starter cultures11, 12. LAB are now successfully used 
as industrial microorganisms for the synthesis of fine 
chemicals, pharmaceuticals, and other useful products due 
to their multiple advantages in industrial fermentation and 
safety / tolerance perspectives13

 Recent global marketing trends of probiotics are based 
on expectations of a prophylactic effect and in many cases 
as an alternative to more conventional pharmaceutical 
preparations. Although used in humans and animals for 
generations, probiotics have only recently been subject to 
clinical research. The most common use of probiotics is as 
food in the form of fermented milk products.  The list of 
probiotic effects and health claims with the use of LAB is 
expanding. This review is an attempt to outline various 
documented in vitro and in vivo findings on the probiotic 
spectrum of LAB.  

: 

 
3.  MICROBIAL ECOLOGY OF THE HUMAN GUT 

 
 It is estimated that more than 400 bacterial species are 
inhabitants of the human intestinal tract14. Among these, 
only 30 to 40 species constitute some 99% of the mass of 
culturable intestinal flora. Environmental factors, 
physiological interactions and diet govern the distribution 
of the microflora in different regions of the gut15

3.1 HUMAN GASTROINTESTINAL MICROFLORA 

. Of other 
factors, diet is a major factor that regulates the frequency 
and concentration of individual species and groups of 
microorganisms that colonize the human gut. Diet has also 

been reported to influence the metabolic activities of 
microorganisms in the intestine. 

 
 The bacterial inhabitants of the human gastrointestinal 
tract constitute an enormously complex ecosystem that 
includes both facultatively anaerobic and anaerobic 
microorganisms.  The microflora of the stomach are 
predominantly Gram-positive aerobes with a concentration 
of <103 colony-forming units (cfu)/ml. The highest 
concentration of these microorganisms is in the large 
intestine. The bacterial cells in the human colon number 
approximately 1014 which is ten times the total number of 
cells in the human body (1013)16

 The composition of human fecal flora changes with 
advancing age.  In weaned infants, children, and adults, the 
composition is somewhat similar, undergoing changes only 
with advanced age

 . 

16. The typical intestinal flora 
composition of humans in western societies consists of the 
following microorganisms, in decreasing order of 
concentration: a) Bacteroides, Eubacteria, 
Peptostreptococci, and bifidobacteria (1010 - 1011/gm 
feces); b) Enterobacteria and Streptococci (108 - 109/gm 
feces, the former includes mainly Escherichia coli 
although some Klebsiella and Proteus species may occur 
in small numbers in the large intestine); c) Lactobacilli 
(105 - 108

 In breast-fed infants, bifidobacteria accounts for 80-
90% of the total fecal flora.  The main species of the genus 
Bifidobacterium characteristic of the infant intestinal flora 
are Bifidobacterium bifidum, B. infantis, B. breve, and B. 
longum.  The predominant bifidobacteria species in both 
breast-fed and formula-fed infants differs by geographic 
region.  B. bifidum was found to predominate in the fecal 
flora of breast-fed infants in France, while B. breve was 
the predominant bifidobacteria species in the fecal flora of 
infants in Japan

/gm feces); d) Clostridia and Staphylococci 
(minor constituents of the fecal flora of healthy adults). 
The intestinal tract of the infant is colonized during the 
first two days after birth with a microbial flora consisting 
mainly of Enterobacteria (i.e. E. coli) and Enterococci.  In 
breast fed infants, the bifidobacteria count then increases 
drastically, while the lactobacilli and bacteroides counts 
increase to a lesser extent and the Enterobacteria and 
Enterococci counts decrease, as well.   

17

 Differences in fecal flora could be related to the 
acidity of the stools.  At one month of age, when a stable 
fecal flora profile is achieved, breast-fed infants had a 
fecal pH ranging from 5.0 to 5.7 while formula-fed infants 
have a stool pH ranging from 7.0 to 7.5. The high acidity 
of the intestinal medium in breast-fed infants may partially 
explain the predominance of bifidobacteria and the 
reduction in the counts of putrefactive bacteria.  The 
higher protein and phosphate levels of infant formula have 
a greater buffer capacity, resulting in a higher pH.  This 
reduced acidity in the colon of breast-fed infants allows 

. 
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other types of bacteria to thrive in addition to the 
bifidobacteria. 
 Distinct from the breast-fed infant, the Enterobacteria 
and Enterococci counts of formula-fed infants remain 
stable, while in these infants the Bacteroides and 
bifidobacteria counts increase.  After about two weeks, the 
microflora remain relatively stable.  Enterobacteria, 
Enterococci, Bacteroides, and bifidobacteria counts are 
similar for both formula-fed and breast-fed infants.  Both 
have a preponderance of bifidobacteria.  The difference is 
that formula-fed infants will have other microorganisms at 
greater frequency and at higher levels than breast-fed 
infants.  
 Several studies reported that the feces of breast-fed 
infants had relatively higher levels of bifidobacteria and 
lower pH than those of formula-fed infants18

 The introduction of solid food appeared to have an 
equalizing effect between breast-fed and formula-fed 
infants

. These studies 
noted that by the fourth day of life, the colons of all 
neonates were colonized by Bifidobacterium spp. After 
about two weeks, the fecal flora profile becomes stable and 
the predominance of bifidobacteria persists. 

19

 

. The solid foods cause a major change in the 
microflora profile of breast-fed infants.  The counts of 
Enterobacteria and Enterococci elevate sharply followed 
by colonization of Bacteroides spp., Clostridia and 
anaerobic Streptococci.  This change is not evident in 
formula-fed infants; their anaerobic counts remain high 
after the introduction of solid food and the non-
bifidobacterial anaerobes continue.  At 12 months, the 
anaerobic bacterial populations of the large bowel of 
breast-fed and formula-fed infants resemble to those of 
adults in number and composition with a decrease in 
facultative anaerobe counts 

3.2 SURVIVAL DURING DIGESTIVE PROCESSES 
 
 Bacteria from food and the environment enter the 
mouth and are washed with saliva into the stomach.  Most 
of the bacteria are destroyed in the stomach by gastric acid. 
Among many mechanisms used by the gastrointestinal 
tract, gastric acid is a major host defense mechanism 
against infection from ingested pathogenic 
microorganisms. Gastric acid is also important in 
maintaining a sparse bacterial population in the upper 
small bowel since only the most acid-resistant organisms 
survive transit through the stomach.  The small intestine 
constitutes a zone of transition between the sparsely 
populated stomach and the luxuriant bacterial flora of the 
colon.  The microflora of the proximal small bowel is 
similar to that of the stomach with bacterial concentrations 
of 103 - 104 

 In the distal ileum, Gram-negative and anaerobic 
bacteria outnumber the aerobic organisms.  The former 
includes the Bacteroides, Bifidobacterium, Clostridium, 
and Fusobacterium species.  From the ileocecal valve, 
bacterial concentrations increase sharply.  Within the 
colon, the bacterial counts range from 10

cfu/ml.  The predominant species are aerobic 
and Gram-positive, although coliform and anaerobic 
bacteria are found frequently at low concentrations.  
Intestinal motility and the inhibitory effects of bile salts are 
major host factors in preventing bacterial overgrowth in 
the small bowel. 

11-1012 cfu/ml and 
the anaerobic bacteria outnumber aerobes by a factor of 
102-104

 Bacteria also produce a variety of substances that can 
inhibit and control their own growth as well as the growth 
of other species.  For example, bacteriocins produced by 
certain bacteria exert an antimicrobial effect on closely 
related organisms.  One of the best known bacteriocins is 
colicin, which is produced by strains of Escherichia coli.  
Bacterial production of short-chain fatty acids such as 
acetic, propionic, and butyric acids, also could inhibit 
bacterial proliferation.  These acid end products are 
produced by anaerobes and to a lesser extent by facultative 
bacteria, and limit bacterial populations in the colon by 
lowering the pH of the milieu. 

.  In this densely populated colon, microbes 
compete with one another and regulate the microbiological 
quality and quantity.  For instance, certain facultative 
bacteria grow either aerobically or anaerobically and 
scavenge oxygen in the bowel thus allowing extremely 
oxygen-sensitive anaerobic organisms to survive. 

 
3.3 LAB ADHESION MECHANISMS 
 
 To exert their probiotic effects, maintenance of LAB 
in the gastrointestinal tract is necessary to prevent their 
rapid removal by contraction of the gut. The ability of 
LAB to adhere to mucosal surfaces could confer a 
competitive advantage, important for bacterial 
maintenance in the human gastrointestinal tract. 
Otherwise, the residence time of the culture is too short. 
Clearly, the ability to adhere to mucosa is required for long 
term colonization and persistence in the gut. 
 Clements et al.20 when studying the probiotic efficacy 
of a Lactobacillus product has observed significant batch 
to batch variation between freeze-dried LAB products. 
Such variations seem due to changes in the adherence 
capacity of LAB during the preparation of production lots. 
Therefore, it is important that LAB strains proposed as 
human dietary supplements are stable and demonstrate 
optimal adhesion capacity that withstands the freeze-
drying process. It is also important to estimate an optimal 
dose for colonizing human subjects for an effective 
therapeutic outcome21

 Chauviere et al.
. 

22 reported that only a few 
Lactobacillus strains were able to adhere to human colon 
carcinoma (Caco-2) or HT-29 cell lines. Conway and 
Kjellberg23 have identified an extracellular protein from 
Lactobacillus fermentum that mediates host-specific 
bacterial adhesion and have patented a process for use of 
this protein to promote adhesion. Other studies have 
speculated on the role of carbohydrates in the adherence of 
LAB24. Cell wall components have been implicated in the 
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adherence of LAB in the human urogenital tract25. In 
addition, carbohydrate components have been implicated 
in the adherence of bacteria to chicken crop epithelium24 
and pig intestine26, and protein components have been 
implicated in the adherence of bacteria to porcine gastric 
squamous epithelium27, murine gastric squamous 
epithelium23, and chicken intestinal epithelial cells28. 
Given the variety of adherence factors, LAB probably 
relies on multiple mechanisms involving diverse cell 
surface structures for intestinal colonization. The intestines 
of different species vary with regard to chemical 
composition and nutrient availability29

 Elo et al.

. Therefore, the 
observation of host-specificity of adherence is expected.  

30 reported that Lactobacillus casei strain GG 
either freeze-dried or samples from dairy products bind to 
Caco-2 cell line with medium to strong affinity. Serial 
propagation in broth media for 3-5 years decreased this 
adhesion, however, passage of Lactobacillus GG through 
the human intestinal tract did not alter the binding 
capacity.  It was observed that that the common 
commercial dairy strains L. bulgaricus and L. acidophilus 
NCFD1748 were not adhesive to the Caco-2 cell line, 
while Bifidobacterium strains demonstrated a moderate 
eucaryotic cell interaction. Unlike the non-binding strains, 
Lactobacillus GG shows rapid colonization and 
persistence in the human intestinal tract21

 Bernet et al.
. 

31 reported a high level of calcium-
independent adherence of Bifidobacterium breve 4, 
B.infantis, and three fresh human isolates of bifidobacteria 
to Caco-2 cells and to mucus produced by the human 
mucus-secreting HT29-MTX cell line in culture. The 
bacteria interacted with the well-defined apical microvilli 
of Caco-2 cells without cell damage. This adhesion was 
mediated by a species-specific proteinaceous-promoting 
factor, which was present both in the bacterial whole cells 
and in the spent supernatant of Bifidobacterium culture. 
This group has also reported similar binding of 
Lactobacillus acidophilus LA1 to Caco-2 cells and to 
mucus produced by the human mucus-secreting HT29-
MTX cell line in culture31

 Greene and Klaenhammer
. 

32

 Transient microbes may exert positive effects without 
adhering. This appears to be the case, for example, with 
yogurt bacteria aiding lactose digestion. Studies on fecal 
recovery of microbial dietary supplements show recovery 
of the fed microbe for days or even weeks after feeding has 
stopped. Although not a permanent condition, these studies 
suggest residence times for these microbes may be 
sufficient to exert an effect. One could speculate that if 
continuously consumed, transient populations of the 
dietary cultures could possibly lower intestinal pH, 
produce antimicrobial compounds, neutralize toxins, 
utilize nutrients, and conduct other biochemical activities 
that could influence the gastrointestinal ecology. 

 elucidated the factors 
involved in the adherence of human isolates L. acidophilus 
BG2FO4 and NCFM/N2 and Lactobacillus gasseri ADH 
to human Caco-2 intestinal cells. For all three strains, 
adherence was concentration dependent, greater at acidic 
pH values, and significantly greater than adherence of  L. 
delbrueckii ssp. bulgaricus 1489. Adherence of L. 
acidophilus BG2FO4 and NCFM/N2 was decreased by 
protease treatment of the bacterial cells, whereas 
adherence of L. gasseri ADH either was not affected or 
was enhanced by protease treatment. Putative surface layer 
proteins were identified on L. acidophilus BG2FO4 and 
NCFM/N2 cells but were not involved in adherence. 
Periodate oxidation of bacterial cell surface carbohydrates 
significantly reduced adherence of L. gasseri ADH, 
moderately reduced adherence of L. acidophilus BG2FO4, 
and had no effect on adherence of L. acidophilus 

NCFM/N2. These results indicate that Lactobacillus 
species adhere to human intestinal cells via mechanisms, 
which involve different combinations of carbohydrate and 
protein factors on the bacteria and eucaryotic cell surface. 
The involvement of a secreted bridging protein, which has 
been proposed as the primary mediator of adherence of L. 
acidophilus BG2FO4 in spent culture supernatant, was not 
confirmed in this study. Rather, a pH effect on Caco-2 
cells contributed significantly to the adherence of this 
strain in spent culture supernatant. 

 
3.4 FACTORS INFLUENCING LAB COLONIZATION 
 
 About a century ago, Tissier7 observed that in feces of 
breast-fed infants, compared to those of bottle-fed infants, 
Bifidobacterium bifidum was the predominant 
microorganism. Later observations identified that 
aminosugar-containing oligosaccharides are growth factors 
for a specific strain of Bifidobacterium33. It is also 
important to consider that to date, more than 130 lactose-
derived oligosaccharides have been identified in human 
milk. Some of these oligosaccharides like Lacto-N-
Tetraose and Lacto-N-Fucopentaose I and II occur in high 
concentrations up to 1-2 g/L34

 Ashoor and Monte

. As the total amount of 
complex oligosaccharides is between 3-6 g/L such 
components should be considered as major human milk 
constituents. There is striking evidence that human milk 
oligosaccharides are potent inhibitors of bacterial adhesion 
to epithelial surfaces, an initial stage of infective 
processes. Therefore, these oligosaccharides are soluble 
receptor analogues of epithelial cell surfaces participating 
in the non-immunological defense system of human milk-
fed infants. Thus, human milk has the unique capability to 
originate and maintain a predominance of bifidobacteria in 
the large bowel of infants. There is evidence, that besides 
other protective factors this unique effect may have 
beneficial influences on host resistance against enteric 
infections as well as on a symbiotic utilization of some 
milk components.  

35 reported the separation of two 
growth factors for B.bifidum in human milk using an 
isocratic high-performance liquid chromatography. 
Petschow and Talbott36 examined the growth-promotional 
activity of human milk (HM), cow's milk (CM), and whey 
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and casein fractions of HM and CM for five strains of 
Bifidobacterium species isolated from feces of human 
infants. When compared on an equivalent protein basis, the 
growth promotion activity of HM was greater than that of 
CM for B. bifidum serovar pennsylvanicus and B. longum 
but comparable for B. bifidum, B. infantis, and B. breve. 
Pasteurization of HM and CM resulted in an increase of 
growth promotion activity for B. bifidum serovar 
pennsylvanicus and B. bifidum, a decrease for B. infantis, 
and no change for B. longum and B. breve. The growth 
promotion activity of HM whey was slightly higher than 
that of HM casein for four strains of bifidobacteria. When 
CM casein was a substrate, virtually no growth occurred 
for B. bifidum serovar pennsylvanicus, B. bifidum, B. 
infantis, and B. longum. The growth promotion activity of 
CM whey, however, was similar to that of HM whey. A 
similar trend was observed for CM-based infant formula. 
Whey-dominant formulas promoted better growth of B. 
bifidum serovar pennsylvanicus, B. bifidum, and B. infantis 
than casein-dominant formulas. The data suggest a direct 
relationship between the quantity of whey-specific factors 
and the ability to promote growth of clinically relevant 
strains of Bifidobacterium species by HM, CM, and CM-
based infant formulas. In a later study, Petschow and 
Talbott37

 Romond et al.

 separated milk samples by ultrafiltration into 
protein nitrogen and nonprotein nitrogen (NPN) fractions 
and identified that the bifidobacteria growth-promotion 
activity of HM was associated primarily with the NPN 
fraction, whereas activity in CM whey was found in both 
protein nitrogen and NPN fractions. Testing of purified 
CM whey proteins showed that α-lactalbumin and 
lactoferrin were potent growth promoters showing greater 
activity for B. infantis and B. breve than for two strains of 
B. bifidum. Conversely, N-acetylglucosamine and purified 
gastric mucins were highly active for B. bifidum strains but 
inactive for other Bifidobacterium species.  

38

 Poch and Bezkorovainy

 detected growth factors for B. bifidum 
in feces of axenic mice. Most of these factors were found 
in the nondialyzable fraction obtained after aqueous 
extraction and dialysis. Electrophoresis and gel filtration 
revealed that many glycosylated components had 
bifidogenic activity. Intestinal colonization of mice by B. 
bifidum involved the utilization and eventually the 
disappearance of the intestinal bifidogenic factors.  

39 screened various biological 
materials for their growth-promoting activity of several 
species of bifidobacteria in a synthetic medium containing 
ample sources of inorganic salts, vitamins, nitrogen, and 
carbon. It was found that only B. adolescentis and B. 
longum could grow in synthetic medium. All the other 
bifidobacteria required growth promoters to multiply in the 
synthetic medium. Bovine casein digest and yeast extracts 
were identified as the best growth promoters. Other 
promoters, including human and bovine milk wheys, hog 
gastric mucin, and bovine serum albumin digests were 
effective only for selected bacterial species. Natural rubber 
serum, was also reported to have a growth-promoting 

effect on various kinds of microorganisms, including 
various species of Bifidobacterium40

 Several other intestinal bacteria, such as Bacteroides, 
Enterobacter, and Enterococcus, which also released a 
growth stimulator for bifidobacteria, may play an 
important role in regulation of a bifidobacterial population 
in colonic microflora. A bifidogenic growth stimulator was 
identified in the cell-free filtrate of Propionibacterium 
freudenreichii 7025 culture and in the methanol extract 
fraction of the cells

. 

41. Mori et al.42

 The effects of tea polyphenols on fecal flora and fecal 
metabolic activities were studied in eight 30-day-old pigs 
fed a basal diet (control) or the diet supplemented with 
0.2% of tea polyphenols for 2 weeks

 isolated the bifidogenic 
growth stimulator from P. freudenreichii cells by silica gel 
column chromatography, Sephadex LH-20 column 
chromatography, and preparative high performance liquid 
chromatography. The mass of the bifidogenic growth 
stimulator was 217.037 (C11H7NO4) as determined by 
high resolution mass spectrometry. Various experimental 
analyses indicated that the chemical structure of the 
bifidogenic growth stimulator was 2-amino-3-carboxy-1,4-
naphthoquinone. 

43

 A variety of transition metals and divalent cations 
were shown to be growth inhibitors of B. bifidum var. 
pennsylvanicus

. The levels of LAB 
increased significantly on days 7 and 14 of tea polyphenol 
administration, whereas the levels of total bacteria and 
bacteroidaceae were decreased relative to non-treatment. 
The detection rate of lecithinase positive clostridia 
including Clostridium perfrigens showed a tendency to 
decrease during administration. No detectable change 
occurred in the levels of other organisms. The pH values 
were decreased slightly during intake of tea polyphenol. 
Interestingly, the odor of the feces was reduced remarkably 
during tea polyphenol administration. 

44. Such inhibition could be reversed fully 
or partially by 0.5-1.0 mM ferric iron in the case of Zn2+, 
Cu2+, Au3+, Pt4+, La3+, Cr3+, Mn2+, Ni2+, and Cd2+, but not 
with Ag+, Hg2+, and VO2+. In addition, 2-4 mM calcium 
substantially relieved the inhibitory effects of Zn2+, Mn2+, 
and La3+, and partially relieved the effects of Cd2+. 
Magnesium was ineffective in relieving Zn2+ inhibition, 
but Ba2+ and Sr2+

 

 could replace calcium to some extent. 
The calcium metabolism antagonists verapamil, ruthenium 
red, 2-chloroadenosine, lasalocid, Ca-ionophore A-23187, 
and calmodulin inhibitors W-5 and W-7 inhibited 
microbial growth. Inhibition could be relieved fully or 
partially with 0.5-1 mM ferric iron. Magnesium relieved 
the inhibition by lasalocid, Ca-ionophore A-23187, and 
verapamil, whereas calcium was effective only in the case 
of Ca-ionophore A-23187. Thus, calcium and magnesium 
fluxes play an important role in the physiology of the 
bifidobacteria and several metal growth inhibitors interfere 
with iron metabolism. 

3.5 PREBIOTICS 
 



Probiotic Spectra of LAB (Naidu et al) 

 

6 

 PREBIOTICS are nondigestible food ingredients that 
beneficially affect the host by selectively stimulating the 
growth and/or activity of one or a limited number of 
bacterial species already established in the colon, and thus, 
in effect, improve host health45. Intake of prebiotics can 
significantly modulate the colonic microbiota by 
increasing the number of specific bacteria and thus 
changing the composition of the microbiota. Nondigestible 
oligosaccharides in general, and fructooligosaccharides 
(FOS) in particular, are prebiotics. They have been shown 
to stimulate the growth of endogenous bifidobacteria, 
which, after a short feeding period, become predominant in 
human feces. Moreover, these prebiotics modulate lipid 
metabolism, most likely via fermentation products. By 
combining the rationale of pro- and prebiotics, the concept 
of synbiotics is proposed to characterize some colonic 
foods with interesting nutritional properties that make 
these compounds candidates for classification as health-
enhancing functional food ingredients. Probiotics and 
prebiotics modulate the composition of the human gut 
microbiota. The beneficial effects may result from 
suppression of harmful microorganisms or stimulation of 
organisms that contribute in a positive way to the nutrition 
and health of the host. Both types of supplement represent 
an attempt to reconstitute the gut flora to a more mutually 
beneficial composition that has been adversely affected by 
dietary and environmental stresses46

 Non-digestible oligosaccharides are complex carbo-
hydrates of the non-α-glucan type with osidic bonds. 
These compounds resist hydrolysis by salivary and 
intestinal digestive enzymes and are known for selective 
stimulation of bifidus flora in the gut

. 

47

 Gibson and Wang

. The well-
characterized non-digestible oligosaccharides include the 
chicory fructooligosaccharides (a natural food ingredient); 
short chain fructooligosaccharides and galacto-
oligosaccharides (enzyme hydrolytic products of sucrose 
and lactose substrates); the soybean oligosaccharides, and 
the xylooligosaccharides (partial hydrolysates of xylans) 
and polydextrose or pyrodextrins (prepared by a chemical 
treatment of carbohydrates). The chicory fructooligo-
saccharides could be considered a potent neutraceutical. 
Besides bifidogenic activity, the chicory compound could 
elicit multifunctional effects including the regulation of 
digestive physiological parameters i.e. colonic and stool 
bulking (as a dietary fiber) as well as improve the 
bioavailability of essential minerals and reduce serum 
triglyceridemia by lowering hepatic lipogenesis.  

48 studied the bifidogenic effect of 
oligofructose using chemostat cultures of human fecal 
bacteria. In single stage continuous culture, oligofructose 
preferentially enriched bifidobacteria, in comparison to 
sucrose and inulin. This stimulatory effect was enhanced at 
a high dilution rate, high substrate concentration and low 
pH. These parameters are likely to approximate those that 
occur in the proximal colon. Studies with a three-stage 
continuous culture model of the large intestine confirmed 
the bifidogenic effect of oligofructose. Human trials 

indicated that a 15-g/day dietary addition of oligofructose 
or inulin could establish Bifidobacterium sp. as the 
predominant human gut flora49

 Patterson et al.

. Thus, small changes in diet 
with appropriate bifidogen factor(s) could alter the balance 
of colonic bacteria towards a potentially healthier 
microflora. 

50

 Transgalacto-oligosaccharides are a mixture of oligo-
saccharides consisting of glucose and galactose; and 
known stimulants of bifidobacterial growth in vitro. 
Bouhnik et al.

 produced a series of kestose 
oligosaccharides from pyrolysis of sucrose and examined 
their effects on cecal microbial populations in broilers. In 
kestose-treated birds the cecal bifidobacteria and anaerobic 
LAB counts were increased by 24-fold and 7-fold, 
respectively, compared to controls.  

51

 During the fermentation of lactulose, short-chain fatty 
acids are formed with consequent lowering of the colon pH 
and modification of the microflora. Lactulose promotes the 
growth of LAB and, more specifically, L. acidophilus in 
the colon. Lactulose and lactulose-containing products 
fermented with lactic acid bacteria lower colonic pH 
balancing intestinal microecology and normalizing 
intestinal transit. In animal studies, lactulose has been 
shown to promote mainly the Gram-positive fecal 
microflora, but large doses of lactulose may be associated 
with transient diarrhea. Studies by Salminen and 
Salminen

 evaluated the tolerance of transgalacto-
oligosaccharides and the effects of prolonged human 
administration on bifidobacteria and fermentative activity 
of colonic flora. In eight volunteers, administration of 
transgalacto-oligosaccharides led to a significant increase 
in fecal concentrations of bifidobacteria. Fecal 
concentrations of enterobacteria, as well as stool weight, 
fecal water and pH did not change during the study. 
Metabolic alterations such as a rise in acetate production 
and lactate formation were observed, indicating the 
transformation of the inoculated fecal flora into an acid-
resistant lactic flora. Prolonged administration of trans-
galactooligosaccharides, at a dose that does not induce 
digestive symptoms, increased the number of 
bifidobacteria and altered the fermentative activity of 
colonic flora in humans. 

52

 Jaskari et al.

 indicated that lactulose with LAB effectively 
relieves constipation in human volunteers. Lactulose with 
LAB in a fermented dairy product can balance and prevent 
radiotherapy-associated diarrhea and intestinal side effects. 
Normalizing the intestinal flora and stabilizing mucosal 
integrity with lactulose has beneficial effects in intestinal 
disorders. Lactulose and LAB constitute a potential 
ingredient combination for functional dietary foods in 
treating intestinal disturbances. 

53 recently reported the synthesis of 
bifidogenic oligomers from oat mixed-linked beta-glucan 
and xylan by enzymatic hydrolysis with lichenase of 
Bacillus subtilis and xylanase of Trichoderma reesei 
respectively.  
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 Specific factors in human milk and other natural 
sources appear to promote the growth of LAB, bifido-
bacteria, in particular, as prebiotics. These compounds are 
mainly amino sugars, fructo-oligosaccharides and several 
have been identified as bifidogen factors (TABLE-1).  

 
4. ANTIMICROBIAL EFFECTS 

 
 Several investigations have demonstrated that various 
species of LAB exert antagonistic action against intestinal 
and food-borne pathogens64. LAB are capable of 
preventing the adherence, establishment, replication, 
and/or pathogenic action of specific enteropathogens65. 
These antagonist properties may be manifested by (a) 
decreasing the luminal pH through the production of 
volatile short-chain fatty acids (SCFA) such as acetic, 
lactic or proprionic acid; (b) rendering specific nutrients 
unavailable to pathogens; (c) decreasing the redox 
potential of the luminal environment; (d) producing 
hydrogen peroxide under anaerobic conditions; and/or (e) 
producing specific inhibitory compounds such as 
bacteriocins66, 67

 
. 

4.1 LACTIC ACID AND VOLATILE ACIDS 
 
 Fermentation involving LAB results in accumulation 
of organic acids, primarily lactic acid as a major end 
product of carbohydrate metabolism, generated from 
pyruvate by lactic acid dehydrogenase. The accumulation 
of lactic acid and the concomitant reduction in pH of the 
milieu results in a broad-spectrum inhibitory activity 
against Gram-positive and Gram-negative bacteria. The 
acidic pH, dissociation constant (pK value), and mole 
concentration are factors that determine the inhibitory 
activity of lactic acid and acetic acid in the milieu68. Acetic 
acid has more antimicrobial activity than lactic acid34. 
Acetic acid has a pK of 4.756 while lactic acid has a pK of 
3.86069. At an intestinal pH of 5.8, 8.4% of the acetic acid 
and 1.1% of the lactic acid are present in the undissociated 
form. Thus production of acetic and lactic acids by 
bifidobacteria, in the ratio of 3:2, respectively, would yield 
approximately 11 times as much undissociated acetic acid 
as lactic acid. This is an important factor if one considers 
undissociated acid as antagonistic to the growth of many 
potential pathogens and putrefactive bacteria. Lipophilic 
acids such as lactic acid and acetic acid in undissociated 
form can penetrate the microbial cell membrane, and at 
higher intracellular pH, dissociate to produce hydrogen 
ions that interfere with essential metabolic functions such 
as substrate translocation and oxidative phosphorylation70

 Lactic acid and acetic acid are known to inhibit 
Staphylococcus aureus

. 

71, however, this activity was 
observed only in early but not late stages of bacterial 
growth72. Goepfert and Hicks73 showed that Salmonellae 
are inhibited at pH values lower than 4.4 for lactic acid and 
5.4 for acetic acid. Thus, small amounts of acetic acid 
produced by LAB could elicit a potent antimicrobial effect.  

Adams & Hall74 reported a synergism between lactic acid 
and acetic acid in the inhibition of E.coli and Salmonella. 
This phenomenon is due to the strong acidic effect of lactic 
acid that resulted increase in the mole ratio of inhibitory 
undissociated acetic acid. Wong and Chen75

 Midolo et al.

 reported that 
the growth of Bacillus cereus was blocked in the presence 
of LAB due to acetate production at pH 6.0 and spore 
germination was inhibited by, in decreasing order, formate, 
lactate and acetate at pH 4.4, 4.3, and 4.2, respectively.  

76

 Bifidobacteria do not produce H

 examined the in vitro effects of both 
pH and organic acids on gastric pathogen H. pylori. Strains 
of L.acidophilus, L.casei, L. bulgaricus, Pediococcus 
pentosaceus and Bifidobacterium bifidus were assayed for 
their lactic acid production, pH and inhibition of H.pylori 
growth in vitro. Lactic, acetic and hydrochloric acids 
demonstrated inhibition of H.pylori growth in a 
concentration-dependent manner with the lactic acid 
resulting in highest inhibition. This inhibition was due both 
to the pH of the solution and concentration of the acids. 
Six strains of L. acidophilus and one strain of L. casei ssp. 
rhamnosus inhibited H. pylori and L. bulgaricus did not. 
Concentrations of lactic acid produced by these strains 
ranged from 50 to 156 mmol/L and correlated with 
H.pylori inhibition. 

2O2 or bacteriocins; 
however, they do produce both acetic acid and lactic 
acid77. The production of these acids reduces intestinal pH, 
which in turn limits the growth of many potential 
pathogens and putrefactive bacteria. By controlling 
intestinal pH, it is possible to restrict the production of 
phenols, ammonia, steroid metabolites, bacterial toxins as 
well as vasoconstriction amines such as histamine, 
tyramine, cadaverine and agmatine78

 Control of intestinal pH also influences the 
degradation of aromatic amino acids

. 

79. Phenol and p-cresol 
are putrefactive products of tyrosine, while indole and 
skatole are derived from tryptophan. These compounds are 
normally detoxified in the liver with acids, such as 
glucoronic or sulfuric and excreted in urine80. Intestinal 
putrefactive products can cause diarrhea, liver disorders, 
and malfunction of the circulatory system81. Products such 
as ammonia are normally detoxified by the liver; however, 
in instances where liver function is impaired, e.g. cirrhosis, 
ammonia levels may be elevated and interfere with 
peripheral and central nerve impulses. Bifidobacteria 
suppress ammonia production by inhibiting urea-splitting 
organisms and could conceivably be used to clinical 
advantage in the management of post-systemic 
encephalopathy82

 
. 

4.2 HYDROGEN PEROXIDE 
 
 In the presence of oxygen, LAB produce hydrogen 
peroxide (H2O2) through electron transport via flavin 
enzymes. In the presence of H2O2 , superoxide anions 
form destructive hydroxy radicals. This process may lead 
to peroxidation of membrane lipids83, and increased 
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membrane permeability84. The resulting bactericidal effect 
of these oxygen metabolites has been attributed to their 
strong oxidizing effect on the bacterial cell as well as 
destruction of nucleic acids and cell proteins85, 86. Also 
H2O2

 H

 could react with other cellular and milieu 
components to form additional inhibitory substances.   

2O2 formation by LAB and its effect on various 
microorganisms is well documented for years87, 88. LAB 
strains were reported to produce H2O2 under aerobic 
conditions in a complex glucose based media. The H2O2 
accumulates during oxygen utilization by the cultures 
simultaneously with an increase in specific activity of 
NADH oxidase, pyruvate oxidase and NADH 
peroxidase.89 H2O2 is not a product of NADH oxidase in 
vitro, but is formed in substantial quantities from oxygen 
during oxidation of pyruvate. The three enzymes were 
induced by oxygen and H2O2; the induction of NADH 
oxidase respond to lower levels of oxygen (but not of 
H2O2
 Nunez de Kairuz et al.

) than the pyruvate oxidase or the NADH peroxidase. 
90 reported fatty acid dependent 

H2O2 production in LAB. Lactobacillus leichmanii 
growing in complex medium supplemented with decanoic 
acid accumulate high concentrations of H2O2 in the 
culture. The H2O2-generating system was specifically 
induced by one of the saturated fatty acids from 4:0 to 16:0 
or oleic acid. The induction of this system was associated 
with the presence of a fatty acyl-CoA-dependent H2O2

 H

-
generating activity in the cell-free extracts. This activity is 
shown for the first time in a procaryote organism. 

2O2-generating LAB are present in the vagina of 
most normal women but are absent from most women with 
bacterial vaginosis (BV). H2O2-generating lactobacilli at 
high concentration are toxic to Gardnerella vaginalis (the 
predominant organism in the vagina of women with BV). 
A predominance of Lactobacillus sp. in the vaginal flora is 
considered normal. In women with BV, the prevalence and 
concentrations of intravaginal Gardnerella vaginalis and 
anaerobes increase when the prevalence of intravaginal 
Lactobacillus sp. decreases. Because certain lactobacilli 
are known to produce H2O2, which can be toxic to 
organisms that produce little or no H2O2-scavenging 
enzymes (e.g., catalase), an absence of H2O2-producing 
Lactobacillus sp. could allow an overgrowth of catalase- 
negative organisms, such as those found among women 
with bacterial vaginosis. Clinical studies by Eschenbach et 
al.91 isolated H2O2-producing facultative Lactobacillus sp. 
in the vaginas of 27 (96%) of 28 normal women and 4 
(6%) of 67 women with bacterial vaginosis (P <0.001). 
Anaerobic Lactobacillus sp. (which do not produce H2O2) 
were isolated from 24 (36%) of 67 women with bacterial 
vaginosis and 1 (4%) of 28 normal women (P <0.001). The 
production of H2O2

 The role of H

 by Lactobacillus sp. may represent a 
nonspecific antimicrobial defense mechanism of the 
normal vaginal ecosystem and protect against genital 
colonization by pathogens.  

2O2 in the control of genital microflora 
was explored in a cross-sectional study of 275 women in 

the second trimester of pregnancy92. Vaginal cultures were 
obtained for detection of H2O2-positive and H2O2-
negative LAB and other members of the genital 
microflora. Compared with women with H2O2-negative 
LAB, women colonized by H2O2-positive LAB were less 
likely to have bacterial vaginosis, symptomatic 
candidiasis, and vaginal colonization by Gardnerella 
vaginalis, Bacteroides, Peptostreptococcus, Mycoplasma 
hominis, Ureaplasma urealyticum, and viridans 
streptococci (P ≤0.05 for each comparison). In addition to 
the above organisms, women without vaginal LAB were 
more likely than those women with H2O2-positive LAB to 
have Chlamydia trachomatis, and less likely to be 
colonized by Enterococcus or coagulase-negative 
staphylococci (P ≤0.05 for each comparison). Vaginal 
colonization by group B streptococci or E. coli was not 
related to the presence of H2O2-positive LAB. These data 
suggests that the presence of H2O2

 In a later study by Hillier et al.

-positive LAB in the 
vagina is inversely correlated with infection by some 
genital pathogens in pregnant women. 

93 the vaginal flora of 
171 pregnant women in labor at term, the flora was 
categorized as normal (Lactobacillus predominant), 
intermediate, or representative of bacterial vaginosis (BV) 
on the basis of a vaginal smear. BV was diagnosed in 39 
women (23%); the vaginal flora was classified as normal 
in 50% of cases and as intermediate in 27%. H2O2-
producing LAB were recovered from 5% of women with 
BV, 37% of those with an intermediate flora, and 61% of 
those with a normal flora. H2O2-negative LAB were 
equally frequent (57%-65%) in all three groups. The 
microorganisms most frequently recovered from women 
with BV included Gardnerella vaginalis, Prevotella 
bivia/disiens, Bacteroides ureolyticus, Prevotella corporis, 
Bacteroides levii, Fusobacterium nucleatum, Mobiluncus 
species, Peptostreptococcus prevotii, Peptostreptococcus 
tetradius, Peptostreptococcus anaerobius, viridans 
streptococci, Ureaplasma urealyticum, and Mycoplasma 
hominis (P < 0.05 for each). The presence of all but three 
of these organisms was inversely related to vaginal 
colonization by H2O2- producing LAB; the exceptions 
were B. ureolyticus, F. nucleatum, and P. prevotii. Other 
microorganisms were equally frequent among women with 
and without BV. This study concluded that specific groups 
of anaerobes are associated with BV in this population and 
that a strong association exists between species associated 
with BV and those inhibited by H2O2
 In another study

-producing LAB. 
94, facultative anaerobic LAB were 

recovered from the vaginas of 96.8% of 63 nonpregnant, 
healthy, premenopausal women. The predominant species 
were Lactobacillus jensenii, Lactobacillus acidophilus, 
and Lactobacillus casei. Of the women, 74.6% had H2O2-
producing LAB, 22.2% had non- H2O2-producing LAB, 
and 3.2% had no lactobacilli. None of the 68 isolates had 
catalase activity. Some 68.2% of the isolates were 
inhibited by concentrations of ≤1% (wt/vol) of nonoxynol-
9 (bactericidal for 73.3% of isolates, bacteriostatic for 
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26.7%). The remaining 31.8% could grow in all 
concentrations to 25% (wt/vol) of nonoxynol-9. All LAB 
that were sensitive to nonoxynol-9 produced H2O2 
whereas only 3 of 21 resistant strains were H2O2 
producers. A significant correlation (P <0 .001) was found 
between H2O2 production and sensitivity to nonoxynol-9. 
It was suggested that the vaginal flora of spermicide users 
could be depleted of H2O2

 In a cohort study of 182 women attending a sexually 
transmitted disease clinic, Hawes et al.

-producing LAB, possibly 
increasing susceptibility to urogenital infection. 

95 evaluated the 
hypothesis that women colonized by H2O2-producing 
LAB have decreased acquisition of vaginal infections. 
During a 2-year follow-up, 50 women acquired bacterial 
vaginosis (BV), 25 acquired symptomatic vulvovaginal 
candidiasis (VVC), and 7 acquired vaginal trichomoniasis. 
Acquisition of BV was associated with having a new sex 
partner and with douching for hygiene. Absence of LAB 
did not increase acquisition of VVC. Trichomoniasis was 
associated only with having a new sex partner. These 
results support the hypothesis that H2O2

 Peroxidase, H

-producing 
vaginal LAB protect against acquisition of BV but do not 
protect against VVC or vaginal trichomoniasis. 

2O2, and a halide form a powerful 
antimicrobial system in phagocytes and tissue fluids, and 
certain LAB can serve as the source of H2O2 for this 
system. H2O2-generating Lactobacillus acidophilus (LB+) 
is present in the vagina of most normal women and 
peroxidase has been detected in vaginal fluid. LB+ at high 
concentration is viricidal to HIV-1, and, at levels where the 
lactobacilli is ineffective alone, the addition of peroxidase 
(myeloperoxidase, eosinophil peroxidase) and a halide 
(chloride, iodide, bromide, thiocyanate) restore viricidal 
activity96. LB+ can be replaced by H2O2, but not by non- 
H2O2

 Klebanoff et al.

- producing lactobacilli, whereas the azide and 
catalase inhibit the viricidal activity. The survival of HIV 
in the female genital tract and thus the likelihood of 
transmission may be influenced by the activity of the LB+-
peroxidase-halide system in the vagina. 

97 extended the above observation to 
the urogenital pathogen Gardnerella vaginalis and in the 
control of bacterial vaginosis. The optimum pH for 
inhibition of G. vaginalis was 5.0-6.0.  H2O2-generating 
lactobacilli (LB+) also were autoinhibitory when 
combined with myeloperoxidase and chloride. LB+ alone 
at low concentrations was toxic to Bacteroides bivius 
through the formation of H2O2

 In the vagina and endocervix, Neisseria gonorrhoeae 
must interact with complex microflora. The possible 
antagonistic role for LAB on the growth of gonococci was 
investigated by Zheng et al.

. Adequate amounts of 
peroxidase were found in the vagina of 17 of 21 women. 
These findings suggest that LB+ may contribute to the 
control of the vaginal flora, particularly in the presence of 
peroxidase and a halide. 

98 Lactobacillus acidophilus, 
which produce H2O2 (LB+), and L. acidophilus and 
Lactobacillus casei, which do not produce H2O2 (LB-), 

were coincubated with catalase-positive and -deficient 
strains of N. gonorrhoeae. When the incubation medium 
was maintained at pH 7.3, neither LB+ nor LB- affected 
gonococcal growth. However, LB+ caused a significant 
increase in expression of gonococcal catalase, which could 
be offset by exposure of the bacteria to exogenous 
catalase. When coincubation medium was at lower pH 
(4.8-5.0), there was a significant decrease in gonococcal 
survival and catalase activity, which was only partly 
reversed by exogenous catalase. Lysates of LB+ also 
effectively inhibited gonococcal catalase. This inhibition 
was retained upon heating of the lysate to 100°C for 15 
min but was lost with proteinase K treatment. Thus, LB+ 
may inhibit growth of gonococci by acidification of the 
environment, secretion of H2O2

 Fitzsimmons and Berry

, and production of protein 
inhibitors. 

99 examined the inhibitory 
effect of H2O2 producing lactobacilli (LB+) on Candida 
albicans. A range of Lactobacillus acidophilus strains 
isolated from patients using oral, vaginal and endocervical 
swabs were investigated for their ability to (a) inhibit the 
growth of Candiida albicans, and (b) generate peroxidase, 
H2O2 and hypothiocyanite. Inhibition of Candida albicans 
and H2O2

 

 production was detected in nine out of twelve 
strains whereas peroxidase production was only detected in 
three out of twelve strains, all from oral swabs. 
Hypothiocyanite production was detected in two strains 
and it was only detected in these strains after growth in 
MRS medium in aerobic conditions. 

4.3 BACTERIOCINS 
 
 The gastrointestinal tract contains many antimicrobial 
proteins such as colicins, defensins, cecropins, and 
magainins. These are low molecular weight, cationic, 
amphiphilic molecules, tend to aggregate and are benign to 
the producing organism. LAB also produce a wide range 
of similar antagonistic factors that include metabolic 
products, antibiotic-like substances and bactericidal 
proteins, collectively termed as bacteriocins. Bacteriocins 
vary in spectrum of activity, mode of action, molecular 
weight, genetic origin and biochemical properties. 
Bacteriocins can be produced spontaneously or induced. 
The genetic determinants of most of the bacteriocins are 
located on the plasmids, with a few exceptions, which are 
chromosomal encoded. The release of bacteriocins requires 
the expression and activity of bacteriocin-release proteins 
and the presence of detergent-resistant phospholipase A in 
the bacterial outer membrane of the LAB. These 
antimicrobial agents are species specific and exert their 
lethal activity through adsorption to specific receptors 
located on the external surface of sensitive bacteria, 
followed by metabolic, biological and morphological 
changes resulting in the killing of such bacteria. There is 
increasing evidence that bacteriocins from many bacterial 
genera also share these characteristics.  
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 Bacteriocins have been isolated from a variety of LAB 
(TABLE-2) A large number of new bacteriocins in LAB 
have been characterized and classified into four major 
classes: I) lantibiotics, II) small heat-stable peptides, III) 
large heat-labile proteins, and IV) complex proteins whose 
activity requires the association of carbohydrate or lipid 
moieties100

 In recent years, there has been a considerable increase 
in studies of bactericidal peptides produced by LAB, with 
particular emphasis upon their potential application as food 
preservatives. Several of these peptides contain lanthionine 
and other posttranslationally modified amino acid residues. 
The lanthionine-containing molecules (lantibiotic) appear 
to have evolved in two quite different lineage, type A and 
type B. A wider diversity of compounds of type A 
lantibiotics has been described in the recent years. Novel 
features of some of the more recently described type A 
lantibiotics include a) new modifications such as D-Ala 
and 2-hydroxypropionyl residues both derived from serine; 
b) different types of pre-lantibiotic leader sequences; c) the 
apparent requirements for different numbers and types of 
genes for synthesis of some active type A lantibiotics; d) 
cytolysin functions as both a hemolysin and a bacteriocin; 
e) one of the newly-described lantibiotics (lactocin S) does 
not have any net charge at neutral pH; while carnocin UI49 
is the largest of the lantibiotics discovered and the killing 
action of another (cytolysin) has been shown to be depend 
on the interaction of two peptides. 

. Most of the new bacteriocins belong to the 
class II bacteriocins that are small (30-100 amino acids) 
heat-stable and commonly not post-translationally 
modified. While most bacteriocin producers synthesize 
only one bacteriocin, it has been shown that several LAB 
produce multiple bacteriocins (2-3 bacteriocins). Based on 
common features, some of the class II bacteriocins can be 
divided into separate groups such as the pediocin-like 
(strong anti-listeria) bacteriocins, the two-peptide 
bacteriocins, and bacteriocins with a sec-dependent signal 
sequence.  

 In vitro studies have demonstrated that some 
bacteriocins have a broad inhibitory spectrum, including 
many Gram-positive and Gram-negative bacteria (TABLE-
3).  The best known bacteriocin from LAB is nisin, 
produced by L. lactis118

 Wolf et al.

. Gibson et al.(Gibson, et al. 1997} 
reported that L. reuteri produces the bacteriocin reuterin 
which affects Gram-negative (Salmonella and Shigella) 
and Gram-positive (Clostridia and Listeria) bacteria. 

119 demonstrated that the oral 
administration of L. reuteri, the producer of the bacteriocin 
reuterin, was safe and well tolerated in adult male subjects.  
Ruiz-Palacios et al.120 reported similar results among 
children 12 to 36 months of age who were at high risk for 
rotaviral diarrhea.  The children were fed a blend of L. 
reuteri, L. acidophilus, and B. infantis for 4 to 14 weeks 
without any adverse effects.  Speck et al.121

 

 indicated that 
L. reuteri is a common Lactobacillus used in the food 
industry and consumed without any known adverse effects.  
However, the potentially important role of reuterin in 

preventing diarrhea and controlling the gastrointestinal 
ecosystem remains to be established. 

4.4 CARBON DIOXIDE 
  
 Carbon dioxide (CO2) is a major end product of 
hexose fermentation by heterofermentative LAB. A 
number of LAB are capable of CO2 production from 
malate and citrate122, 123 and also by metabolizing arginine 
via the arginine deaminase pathway124. Finally, 
decarboxylation of amino acids (histidine, tyrosine) can 
also result in CO2
 The CO

 formation.  
2 also contributes to the antimicrobial activity 

of LAB. Its role in creating anaerobic environment by 
replacing existent molecular oxygen, its extra- and intra-
cellular capability to decrease pH and its destructive 
effects on cell membranes125 make CO2 a potent inhibitory 
system against a wide variety of microorganisms126. This 
protective role of CO2 is critical, particularly in the 
fermentation of vegetables and silages to prevent growth 
of molds69

 
. 

4.5 DIACETYL AND ACETALDEHYDE 
  
 Diacetyl (2,3-butanedione) is an end product of 
pyruvate metabolism127 by citrate fermenting LAB128. 
Diacetyl elicits a potent antimicrobial activity against 
various food-borne pathogens and spoilage 
microorganisms129. Diacetyl is more effective against 
Gram-negative bacteria, yeasts and molds, than against 
Gram-positive organisms. Diacetyl interferes with arginine 
utilization by reacting with the arginine-binding protein of 
Gram-negative bacteria130. High concentration of diacetyl 
(0.4 mg/ml) is required for antimicrobial effect against 
most organisms131. However, E.coli is susceptible to 
diacetyl at extremely low concentration132. Dose-
dependent inhibition experiments established that 
concentrations of 0.2 and 0.3 mg/ml are required for 
eliciting antimicrobial activity against yeasts / Gram-
negative bacteria, and non-lactic Gram-positive bacteria, 
respectively129. Motlagh et al.133

 Acetaldehyde formed during carbohydrate metabolism 
of heterofermentative LAB is reduced to ethanol by re-
oxidation of pyridine nucleotides, catalyzed by an NAD-
dependent alcohol dehydrogenase. Acetaldehyde imparts 
the typical aroma of yogurt. Kulshrestha & Marth

 reported bactericidal 
effect for diacetyl (344 ppm) against strains of Yersinia 
enterocolitica, Aeromonas hydrophila, E.coli, and 
Salmonella anatum, but not against Listeria.   

134, 135, 136

 

 
have reported antimicrobial activity of acetaldehyde (10-
100 ppm) against food-borne pathogens, E.coli, 
Salmonella typhimurium and S.aureus. 

4.6 IN VIVO EFFECTS OF LIVE PROBIOITCS 
  
4.6.1 Antibacterial Effects 
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 Savage137 studied in vivo microbial interference 
between LAB and indigenous yeast in rodents. Ducluzeau 
et al.138

 Sato

 reported the antagonist effect of a LAB strain on a 
Ristella sp. in the murine digestive tract.  

139 examined the in vivo antilisterial activity of 10 
LAB species and observed that L. casei was the most 
potent inhibitor of Listeria monocytogenes infection in 
mice. The activity of L. casei differed with regard to the 
dose of administration. The study suggested that the 
enhanced host resistance to listeria infection was mediated 
possibly by macrophages migrating from the blood stream 
to the reticuloendothelial system in response to L. casei 
administration. The functions of liver macrophages and 
peritoneal macrophages obtained after injection of L. casei 
were examined by Sato et al.140

 Itoh and Freter

  Listericidal activity in 
vivo was enhanced in liver macrophages 13 days after L. 
casei injection but was suppressed in the macrophages 2 
days after the injection. The listericidal activity in vitro 
was enhanced in peritoneal macrophages obtained 13 days 
after L. casei injection but was suppressed in cells obtained 
2 days later. The PMA-triggered respiratory burst in the 
liver macrophages elicited by L. casei was higher than that 
of resident macrophages. Alkaline phosphodiesterase 
activity in the liver macrophages was decreased by L. casei 
injection, as was also the case with peritoneal 
macrophages. These observations indicate that L. casei 
enhanced cellular functions of both liver and peritoneal 
macrophages. 

141

 Fichera et al.

 used gnotobiotic mice and a 
continuous-flow culture system to study the interactions 
between E. coli and (i) clostridia (in chloroform-treated 
cecal suspensions from conventional mice) and (ii) three 
strains of LAB isolated from conventional mice. In 
gnotobiotic mice, the LAB suppressed E. coli 
multiplication in the stomach and the small intestine, but 
had no demonstrable effect on E. coli multiplication in the 
large intestine. In contrast, clostridia were most effective 
in controlling E.coli multiplication in the large intestine. In 
the presence of both LAB and clostridia, E. coli 
populations in the various regions of the gastrointestinal 
tract resembled those found in conventionalized control 
animals. The control of E. coli populations was not related 
to changes in pH or intestinal motility. In vitro stimulation 
of the above-described in vivo interactions required a two-
stage continuous-flow culture in which the effluent from 
the first stage represented the influx to the second. The 
first stage was inoculated with LAB, and the second stage 
was inoculated with either a pure culture of E. coli or E. 
coli and clostridia. In these instances, the E. coli 
populations in the second stage of the culture resembled in 
size those found in the large intestine of gnotobiotic mice 
harboring a similar flora.  

142 investigated the role of B. bifidum and 
L. acidophilus, in controlling a severe experimental 
infection by Salmonella enteritidis in a mouse model. The 
administration of Bifidobacterium and Lactobacillus 
markedly increased the animal's resistance against the 

lethal salmonella infection. The effect of a diet 
supplemented with yogurt containing live L.bulgaricus and 
S. thermophilus on the response of inbred mice to infection 
with Salmonella typhimurium was elaborated by De 
Simone et al.143 The relationship between modifications of 
the immune response following ingestion of yogurt with 
live LAB and increased defense mechanisms was 
confirmed by the bacterial counts in livers and spleens and 
by the reduced mortality to Salmonella typhimurium 
infection. The protective effect of feeding milk fermented 
with a mixture of L. casei and L. acidophilus against 
Salmonella typhimurium infection in mice144. The survival 
rate obtained after oral infection with Salmonella 
typhimurium was 100% in mice pretreated by feeding with 
fermented milk containing the LAB mixture. Elevated 
levels of anti-salmonellae antibodies in serum and in 
intestinal fluid were found in the group of mice fed with 
the mixture. When the mice were first infected with 
Salmonella typhimurium and then fed with the mixture of 
fermented milks, pathogen colonization was not prevented. 
The authors suggested that the augmentation of resistance 
to salmonellae was due to the anti-salmonellae protective 
immunity mainly mediated by the mucosal tissue induced 
by the treatment with fermented milk containing both the 
LAB strains. Perdigon et al.145 further demonstrated that 
the protective effect of L.casei against enteric pathogens 
Salmonella typhimurium and E. coli was due to elevated 
IgA antibodies in intestinal secretions. Beta-glucuronidase 
and beta-galactosidase activities in the intestinal fluid and 
histological samples showed a marked increase in 
intestinal inflammatory response. These results suggest 
that L.casei plays an important role in the prevention of 
enteric infections, a low dose being enough for protection 
against intestinal infections by increasing IgA secretion 
into the intestinal lumen, thus providing adequate defenses 
for the mucosal surface. Similar protective effect of 
feeding milk fermented with a mixture of L. casei and L. 
acidophilus against Shigella sonnei was also reported146

 The antagonistic activity of L. casei GG was 
examined in mice orally infected with Salmonella 
typhimurium C5

. 
There was a 100% survival rate in mice fed with fermented 
milk. High titer anti-shigella antibodies were found both in 
sera and in small intestinal fluid of mice treated with 
fermented milk, suggesting that the mucosal tissue could 
mediate the protective immunity.  

147

 A fermented mixture containing L.acidophilus (10

. In germ-free mice, establishment of L. 
casei GG in the gut significantly delayed the occurrence of 
100% mortality of the animals. Cecal colonization level 
and translocation rate of C5 to the mesenteric lymph 
nodes, spleen, and liver were significantly reduced in these 
animals. 

5 
cells/ml) was shown to inhibit the growth of potent enteric 
pathogens including Shigella dysenteriae, Salmonella 
typhimurium and E. coli148. A significant decline in pH 
with a corresponding increase in titratable acidity due to 
probiotic fermentation occurred in the developed food 
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mixture. The fermented mixture has prevented E. coli 
induced diarrhea in mice. 
 Kabir et al.149

 

 reported the ability of L. salivarius to 
inhibit both the attachment and IL-8 release of 
Helicobacter pylori (causative agent of gastric 
inflammatory diseases). H pylori failed to colonize the 
stomach of L salivarius infected gnotobiotic BALB/c 
mice, but colonized in large numbers and subsequently 
caused active gastritis in germ free mice. In addition, L 
salivarius administered after H pylori implantation could 
dissociate colonization by this gastric pathogen. These 
findings suggest the possibility of LAB application in the 
treatment of H pylori gastritis. 

4.6.2 Antifungal Effects 
 Efficacy of L. reuteri as a probiotic for the control of 
Cryptosporidium parvum infection was evaluated in 
C57BL/6 female mice that were immunosuppressed by 
intraperitoneal inoculation with the LP-BM5 leukemia 
virus150. Four months after inoculation, mice developed 
lymphadenopathy, splenomegaly, and susceptibility to C. 
parvum infection. After daily prefeeding with L. reuteri 
(108 cfu/day) for 10 days, mice were challenged with 6.5 x 
106

 Wagner et al.

 C. parvum oocysts and fed L. reuteri during the entire 
study. Mice supplemented with L. reuteri and challenged 
with C. parvum cleared parasite loads from the gut 
epithelium. However, unsupplemented animals developed 
persistent cryptosporidiosis and shed high levels of oocysts 
in the feces. L. reuteri feeding increased its colonization of 
the intestinal tract, which was inversely related to the fecal 
shedding of oocysts. These findings suggest that L. reuteri 
may help prevent C. parvum infection in immunodeficient 
subjects. 

151

 

 tested the antifungal ability of L. 
acidophilus, L. reuteri, L.casei GG, or B. animalis to 
protect athymic and euthymic mice from mucosal and 
systemic candidiasis. The presence of probiotic LAB in the 
gastrointestinal tracts prolonged the survival of adult and 
neonatal athymic mice compared to that of isogenic mice 
colonized with C. albicans alone. The incidence of 
systemic candidiasis in athymic mice was significantly 
reduced by each of the four probiotic bacterial species. The 
numbers of C. albicans present in the alimentary tracts of 
euthymic mice were significantly reduced by L. casei GG 
and B. animalis. None of the probiotic bacteria species 
completely prevented mucosal candidiasis, but B. animalis 
reduced its incidence and severity. Probiotic bacteria also 
modulated antibody- and cell-mediated immune responses 
to C. albicans. The prolonged survival of mice, decreased 
severity of mucosal and systemic candidiasis, modulation 
of immune responses, decreased number of C. albicans in 
the alimentary tract, and reduced numbers of orogastric 
infections demonstrated not only that probiotic bacteria 
have biotherapeutic potential for prophylaxis against and 
therapy of this fungal disease but also that probiotic 
bacteria protect mice from candidiasis by a variety of 

immunologic (thymic and extrathymic) and 
nonimmunologic mechanisms . 

4.7 IN VIVO EFFECTS OF PROBIO-ACTIVE SUBSTANCES 
 
4.7.1 Antibacterial Effects 
 The Yakult Central Institute of Microbiological 
Research in Japan has initiated several studies on the 
protective effect of heat-killed L. casei LC9018 against 
microbial infections. These studies have led to the 
identification of various immunomodulating probio-active 
compounds in the cell extracts of LAB. 
 Miake et al.152 observed that the survival of mice after 
intraperitoneal (i.p.) infection with P. aeruginosa was 
augmented in mice pretreated with heat-killed LC9018. 
Similar treatment of mice with Corynebacterium parvum, 
however, was not effective. The protective effect of 
LC9018 was observed in mice subjected to body 
irradiation but was abrogated when mice were treated with 
carrageenan. These results suggested that augmentation of 
the resistance of mice to P. aeruginosa was caused by the 
induction of activated macrophages. Lipoteichoic acid 
(LTA) from cell walls of LC9018 or L. fermentum YIT 
0159 augmented the resistance of C57BL/6 mice to 
infection with P. aeruginosa153

 Similar potent macrophage-activating effect by 
LC9018 was also demonstrated in experimental mouse 
infections with Listeria monocytogenes

. 

154. The LC9018 
induced peritoneal cells were composed mainly of 
macrophages and polymorphonuclear cells with enhanced 
phagocytosis and marked intracellular killing activity 
against Listeria monocytogenes. Kupffer cells of mice 
pretreated with LC9018 produced a high level of oxygen 
radicals. The antilisterial effect of lasted for three weeks 
after LC9018 administration. Sato et al.155 examined the 
cell wall, cytoplasm, polysaccharide, and peptidoglycan 
fractions prepared from L. casei, L. plantarum, and L. 
acidophilus for their efficacies to enhance resistance of 
host mice against Listeria monocytogenes infection. 
Intraperitoneal injections of cellular fractions of L. casei 
led to elicitation of inflammatory cells in the peritoneal 
cavity and the effect was maximal with peptidoglycan. 
Macrophage ratio in the resultant peritoneal exudate cells 
was elevated in peptidoglycan-treated mice. Macrophages 
induced with cell wall fraction of L. casei showed the 
potent phorbol myristate acetic acid (PMA)-triggered 
respiratory burst. All the macrophages induced with cell 
wall of L. casei and L. acidophilus enhanced oxygen 
radical production in response to PMA but L. plantarum 
did not enhance similar oxygen radical-producing ability. 
The L. casei-cell wall also enhanced in vitro listericidal 
activity of mouse peritoneal macrophages, but such an 
activity was not observed with L. acidophilus-cell wall. 
When mice were intravenously given the cellular fractions 
7 or 13 days before L. monocytogenes infection, cell wall 
fractions of L. casei elicited the most potent protective 
activity. A weak protective activity was also found in 
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peptidoglycan of L. casei. The protective action of L. casei 
against Listeria monocytogenes infection in host mice may 
be attributed to cell wall compounds and partially to the 
peptidoglycan moiety. 
 Heat-killed LC9018 was also studied for its protective 
and therapeutic efficacies against Mycobacterium 
fortuitum and M. chelonae infections in mice156

 After oral administration of E. coli B41 (10

. LC9018 
reduced the incidence of spinning disease and gross renal 
lesions and enhanced the elimination of organisms at the 
site of infection in the host mice. The LC9018 
administration caused a marked increase in the phagocytic 
function, oxygen radical-generating ability of the murine 
peritoneal macrophages. It also resulted in an enhancement 
of interleukin-1-producing function of the macrophages. 
These findings indicate the ability of LC9018 to activate 
macrophage functions, in particular those related to 
microbicidal activity and result in the protective and 
therapeutic efficacy of LC9018 against infection due to M. 
fortuitum complex. 

2 to 105 
cfu) to 24-48 h old suckling mice, an 80 to 100% mortality 
rate is observed within three days. Fourniat et al.157 
compared the effect of the oral treatment with a 
lyophilized preparation of heat-killed L. acidophilus and 
with sterile water on the mortality rate of newborn mice. In 
six out of seven assays, the heat-killed L. acidophilus 
administration extended survival of infected suckling mice. 
The influence of the oral administration of killed 
bifidobacteria, lactobacillus, bacteroides and fusobacteria 
on the anti- Salmonella resistance of mice, infected orally 
with S. dublin, was studied158

 Ishihara et al.

. Bifidobacteria and 
lactobacillus were shown to produce a dose-dependent 
immunostimulating effect. The oral administration of 
killed bifidobacteria and lactobacillus led to the enhanced 
resistance of mice to Salmonella infection. Bacteroids and 
fusobacteria were found to possess no such effect. 

159 reported that the in vitro growth of 
Streptococcus mutans was completely inhibited by water-
soluble extracts from cells of various intestinal LAB 
identified as S. faecium, S. equinus, L.fermentum, and L. 
salivarius. The growth inhibition was dependent on the 
concentrations of the extracts. In contrast, the extracts did 
not inhibit the growth of the major indigenous intestinal 
LAB isolated from humans. Coconnier et al.160

 

 reported 
that the spent culture supernatant of the human L. 
acidophilus strain LB produces an antibacterial activity 
against a wide range of gram-negative and gram-positive 
pathogens. It decreased the in vitro viability of 
Staphylococcus aureus, Listeria monocytogenes, 
Salmonella typhimurium, Shigella flexneri, Escherichia 
coli, Klebsiella pneumoniae, Bacillus cereus, 
Pseudomonas aeruginosa, and Enterobacter spp. In 
contrast, it did not inhibit lactobacilli and bifidobacteria. 
The activity was heat stable and relatively sensitive to 
enzymatic treatments and developed under acidic 
conditions. The antimicrobial activity was independent of 
lactic acid production. Antimicrobial activity was observed 

against S. typhimurium SL1344 infecting human cultured 
intestinal Caco-2 cells and also in the C3H/He/oujco 
mouse model with S. typhimurium C5 infection following 
oral treatment with the spent culture supernatant. 

4.7.2 Antiviral Effects 
 Heat-killed LC9018 cells were shown to enhance the 
resistance to herpes simplex virus type 1 (HSV-1) in adult 
mice161. Protection of mice against HSV-1 infection and 
concurrent production of neutralizing antibodies were 
significantly enhanced by administration of LC9018 in 
combination with inactivated HSV-1 antigen. The optimal 
enhancement of protection was noticed in mice 14 days 
after the simultaneous administration of these substances. 
The immunity to HSV-1 infection in mice could be 
transferred with peritoneal exudate cells from syngeneic 
mice previously treated with LC9018 alone and LC9018 in 
combination with inactivated HSV-1 antigen or with 
thioglycollate broth. Conversely, transfer of peritoneal 
exudate cells induced by thioglycollate broth alone and of 
spleen cells induced by LC9018 in combination with 
thioglycollate broth or by thioglycollate broth alone was 
not effective. These results suggest that mouse peritoneal 
macrophages induced by the administration of LC9018 in 
combination with inactivated HSV-1 antigen may play an 
important role in host defense mechanisms against HSV-1 
infection. Subsequently, Watanabe and Yamori162

 The protective effect of heat-killed L. casei against 
murine cytomegalovirus (MCMV) infection was reported 
by Ohashi et al.

 
suggested that the host defense mechanism of mice against 
intraperitoneal infection with HSV-1 may be mainly 
related to peritoneal macrophages activation by synergistic 
effect of the administration of LC9018 and inactivate 
HSV-1 antigen and interferon production. 

163. The protective effect was evidenced by 
an increase in plaque-forming units (PFU) per 50% lethal 
dose (LD50) and a decrease in titers of infectious viral 
replication in the target organs. This was further confirmed 
by severity of histopathological damage to the target 
organs, especially the liver. L. casei neither inactivated 
MCMV nor inhibited its replication in mouse embryonic 
fibroblasts (MEF). The spleen cells from L. casei-treated 
mice inhibited MCMV replication in MEF on co-
cultivation. Augmentation of splenic NK cell activity by L. 
casei correlated with mouse survival from otherwise lethal 
MCMV infection. Cytotoxic activity of peritoneal cells 
and level of serum interferon were elevated after MCMV 
infection, but they were not associated with survival of 
mice or with treatment of L. casei. The authors suggested 
that the L. casei-induced protection from MCMV infection 
was probably due to the augmentation of murine NK cell 
activity. A Glycoprotein (GP) in the cell wall of L.casei 
was later identified as the potent inducer of the 
resistance164. The protection indices of L. casei cells and 
GP were approximately 80 and 28, respectively. The 
protective effect of GP was evidenced by a decrease in 
titers of infectious viral replication in the target organs. 
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Not only L. casei cells but also GP, to a lesser degree, 
enhanced NK cell activity in both uninfected mice and 
MCMV-infected mice. The activity of L. casei cells and 
GP to augment NK cell activity correlated with the 
protection index. GP treatment did not modify interferon 
production during MCMV infection. Thus, GP of LC cells 
seems to be the active principle to endow mice with 
resistance to MCMV. 
 Finally, the in vivo antimicrobial effects of live 
probiotic bacteria and probio-active compounds against 
various pathogens in experimental animal infection models 
are summarized in TABLE-4. 

 
5. MICROBIAL INTERFERENCE 

 
 Probiotic LAB are used to treat disturbed intestinal 
microflora and increased gut permeability which are 
characteristic of many intestinal disorders such as acute 
rotaviral diarrhea, food allergy, colon disorders, metabolic 
changes during pelvic radiotherapy and changes associated 
with colon cancer development. In all such conditions 
altered intestinal microflora, impaired gut barrier and 
different types of intestinal inflammation are present. 
Effective probiotic bacteria are able to survive gastric 
conditions and colonize the intestine, at least temporarily, 
by adhering to the intestinal epithelium. Such probiotic 
microorganisms appear to be promising candidates for the 
treatment of clinical conditions with abnormal gut 
microflora and altered gut mucosal barrier functions168

 Various laboratories have investigated LAB adhesion 
and its possible role in microbial ecology of the urogenital 
and intestinal tracts and the influence of host and microbial 
factors on bacterial interference and disease control. 
Although evidence is equivocal, Lactobacillus acidophilus 
appears to be beneficially involved in the interference with 
establishment of pathogens in the gastrointestinal tract. 
The mechanisms of action are believed to involve 
competitive exclusion and production of inhibitory 
substances, including bacteriocins

. 

169

 

. LAB strains that 
demonstrate wide spectrum of antimicrobial characteristics 
including acid and bile resistance, antimicrobial systems 
(i.e. bacteriocins, peroxide), adhesion to various types of 
mucosal cell are necessary for eliciting potent probiotic 
effect. These characteristics, as well as demonstrated 
adherence abilities in vitro, led to selection of certain 
Lactobacillus strains for clinical studies of cystitis. 
Intravaginal Lactobacillus therapy seem to reduce the 
recurrence rate of uncomplicated lower urinary tract 
infections in women. Use of Lactobacillus strains resistant 
to Nonoxynol-9, a spermicide that kills members of the 
protective normal vaginal flora, may have potential for use 
in women using this contraceptive agent who develop 
recurrent cystitis. In veterinary studies, bacterial 
interference by administration of probiotics has also been 
beneficial in disease prevention in animals. Carefully 
selected bacterial mixtures integrate with the 
gastrointestinal flora of the animals can confer disease 

resistance and improve physiological function. Additional 
human and animal trials are needed to determine the 
practical, long-term usefulness of bacterial interference as 
a protective mechanism against infectious diseases. 

5.1 HUMAN UROPATHOGENS  
 
 Chan et al.170 reported complete or partial inhibition of 
adherence of several Gram-negative uropathogens by 
preincubating the human uroepithelial cells in vitro, with 
several LAB species of the normal flora. Lactobacilli 
strains vary in their ability to interfere with colonization of 
uroepithelial cells by pathogenic organisms. Reid et al.171 
tested uroepithelial cell adherence properties of 34 
Lactobacillus isolates originating from the urogenital tract, 
dairy sources and chickens, and 1 Lactobacillus strain 
isolated from a commercially available preparation. The 
ability to adhere differed greatly among the 34 strains, 
with a range of 8 to 74 bacteria per cell, and the 
commercial strain attached poorly with a mean of 15 
bacteria per cell. Eleven strains of lactobacilli were 
selected and found to differ in length and width 
dimensions. These strains were found to exclude 
competitively and with varying efficiency six strains of 
uropathogens from adhering to uroepithelial cells. The 
Lactobacillus isolates varied greatly in their ability to 
inhibit the growth of 11 uropathogens under the conditions 
of an agar overlay inhibition assay. A combination score 
was allocated to each of the 11 Lactobacillus strains based 
on size, adherence, exclusion and inhibition. Lactobacillus 
casei GR-1 attained the highest score while the 
commercial strain attained the lowest score. The results of 
this study suggested four properties i.e. the bacterial size, 
the adherence capacity, the competitive exclusion ability 
and inhibition of uropathogens as selection criteria for 
LAB strains before embarking upon bacterial interference 
studies to prevent urinary tract and other infections in 
humans. Reid et al.171

 Microbial adherence to surfaces is a serious risk factor 
in the etiology of biomaterial-associated infections. The 
ability of organisms to adhere to and form biofilms on 
fibrous materials is believed to be an important initiating 

 also investigated an inhibitory effect 
produced by Lactobacillus casei ssp. rhamnosus GR-1 
against the growth of two uropathogenic E. coli strains Hu 
734 and ATCC 25922. The data indicated that the 
inhibitory effect was not due to bacteriophages or 
hydrogen peroxide and strain GR-1 was found to 
coaggregate with E. coli ATCC 25922 in urine, a 
phenomenon that has not previously been reported for 
urogenital bacteria. The optimal coaggregation of these 
two bacterial species occurred after 4-h incubation at 37°C. 
Of the nine lactobacilli strains tested, each was found to 
coaggregate with 2 or more of the 13 uropathogens. The 
prevalence of inhibitor-producing LAB on the urogenital 
epithelium and the ability of these organisms to interact 
closely with uropathogens seem to constitute an important 
host defense mechanism against infection. 
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step in the induction of several diseases, such as the toxic 
shock syndrome. Hawthorn and Reid172

 Surfaces precoated with lactobacilli inhibit 
Staphylococcus aureus adhesion by 26- 97%, and Candida 
albicans by 0-67%

 reported that 
precoating of polymers with certain LAB strains reduced 
the binding of uropathogenic coagulase-negative 
staphylococci and E. coli to biomaterial surface. 
Lactobacilli seem to detach from polymers of low surface 
tension and reattach to polymers with high surface 
tensions. Thus, effective exclusion of uropathogens was 
observed with precoating of lactobacilli on hydrophilic 
materials with high surface tension such as glass and 
sulfonated polystyrene.  

173

 Velraeds et al.

. When the lactobacilli were used to 
challenge adherent pathogens, there was 99% displacement 
of the S. aureus and up to 91% displacement of C. 
albicans. Hydrophobic L. acidophilus strain 76 and strain 
T-13 were the most effective of five Lactobacillus isolates 
tested at interference by precoating. The moderately 
hydrophilic L. casei var rhamnosus GR-1 was the most 
effective at displacing the candida. Experiments with 
uroepithelial cells also showed that the lactobacilli could 
significantly interfere with the adhesion of both pathogens 
to the cells. The results demonstrate the rapidity with 
which two pathogens adhered to fibers and epithelial cells, 
and raised the possibility that members of the normal 
female urogenital flora might interfere with infections 
caused by these organisms. 

174 investigated the biosurfactants from 
L. casei ssp. rhamnosus 36 and ATCC 7469, L. fermentum 
B54, and L. acidophilus RC14 for their capacity to inhibit 
the initial adhesion of uropathogenic Enterococcus faecalis 
1131 to glass in a parallel-plate flow chamber. The initial 
deposition rate of E. faecalis to glass with an adsorbed 
biosurfactant layer from L. acidophilus RC14 or L. 
fermentum B54 was significantly decreased by 
approximately 70%, while the number of adhering 
enterococci after 4 h of adhesion was reduced by an 
average of 77%. The surface activity of the biosurfactants 
and their activity inhibiting the initial adhesion of E. 
faecalis 1131 were retained after dialysis (molecular 
weight cutoff, 6 to 8 kD) and freeze-drying.  Fourier 
transform infrared spectroscopy and X-ray photoelectron 
spectroscopy revealed that the freeze-dried biosurfactants 
from L. acidophilus RC14 and L. fermentum B54 were 
richest in protein, while those from L. casei ssp. 
rhamnosus 36 and ATCC 7469 had relatively high 
polysaccharide and phosphate contents. The ability of L. 
acidophilus RC14 biosurfactant "surlactin" to reduce the 
initial adhesion of Enterococcus faecalis 1131 was further 
characterized by Velraeds et al.175

 

 on a hydrophilic and a 
hydrophobic substratum in a parallel-plate flow chamber, 
using phosphate-buffered saline and pooled human urine 
as a suspending fluid. The biosurfactant surlactin, as 
released by several Lactobacillus isolates, might open the 
way to the development of antiadhesive biologic coatings 
for catheter materials. It should be considered, however, 

that these results are preliminary and that the efficiency of 
the biosurfactant is probably affected not only by the 
hydrophobicity of the substratum and the suspending fluid, 
but also by the type of uropathogen involved. 

5.2 HUMAN ORAL PATHOGENS 
 
 The ability of oral lactobacilli to coaggregate with 
streptococci and actinomycetes was reported by Wilcox et 
al.176

 

. Of the seven species of lactobacilli studied, only two 
were capable of coaggregation and the coaggregation was 
restricted to streptococci. Lactobacillus salivarius strains 
coaggregated with Streptococcus salivarius, Streptococcus 
gordonii, Streptococcus crista and tufted Streptococcus 
sanguis II strains. Lactobacillus fermentum coaggregated 
with S. gordonii and S. sanguis. The coaggregation 
between L. salivarius and S. salivarius, S. gordonii or 
tufted S. sanguis II strains was mediated by a protein on 
the surface of the lactobacilli and was not inhibited by 
lactose. The coaggregation between L. fermentum and the 
streptococci was mediated by protein on the surface of the 
streptococci and was inhibited by lactose. 

5.3 HUMAN ENTEROPATHOGENS  
 
 Escherichia coli B41 adheres to HeLa 229 cells in a 
diffuse pattern. Heat-killed L. acidophilus (Lacteol strain) 
was found to inhibit this adhesion in a dose-dependent 
manner177

 Enterotoxigenic E. coli (ETEC) bearing CFA/I or 
CFA/II adhesive factors specifically adhere to the brush 
border of the polarized epithelial human intestinal Caco-2 
cells in culture. Heat-killed L. acidophilus strain LB also 
seem to inhibit ETEC adhesion to Caco-2 cells in a dose-
dependent manner. The mechanism of this inhibition seem 
to be steric hindrance of the ETEC receptors on human 
enterocytes caused by heat-killed L. acidophilus strain 
LB

. This inhibitory action was lost after lysis of the 
L. acidophilus, further suggested that the mechanism was 
steric hindrance of E. coli adhesion sites rather than 
competition for a common binding site. A thermostable 
factor excreted by L. acidophilus into the medium seems to 
mediate the adhesion of L. acidophilus to HeLa cells, and 
block adhesion of E. coli to these cells. 

178

 Salmonella typhimurium and enteropathogenic E. coli 
(EPEC) adhere to the brush border of differentiated human 
intestinal epithelial Caco-2 cells in culture, whereas 
Yersinia pseudotuberculosis and Listeria monocytogenes 
bind to the periphery of undifferentiated Caco-2 cells. All 
these enterovirulent strains invade the Caco-2 cells.  Live 
and heat-killed L. acidophilus strain LB, which strongly 
adheres both to undifferentiated and differentiated Caco-2 
cells, were reported to inhibit both cell association and 
invasion of Caco-2 cells by the above enterovirulent 
bacteria in a dose-dependent manner

. 

179. The mechanism of 
inhibition of both adhesion and invasion appears to be due 
to steric hindrance of pathogen specific human enterocyte 
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receptors by whole cells of lactobacilli rather than to a 
specific blockade of receptors. Bernet et al.180 tested four 
human L. acidophilus strains were tested for their ability to 
adhere to human enterocyte like Caco-2 cells in culture. 
The LA1 strain exhibited calcium independent adhesive 
property. This adhesion to Caco-2 cells required a 
proteinaceous adhesion-promoting factor, which was 
present in the spent bacterial broth culture supernatant. 
Strain LA1 salso strongly bound to the mucus secreted by 
the homogeneous cultured human goblet cell line HT29-
MTX. The inhibitory effect of LA1 organisms against 
Caco-2 cell adhesion and cell invasion by a large variety of 
diarrhoeagenic bacteria was investigated. The dose-
dependent inhibitions by strain LA1 were obtained for the 
following organisms: (a) cell association of 
enterotoxigenic, diffusely adhering and enteropathogenic 
Escherichia coli, and Salmonella typhimurium; (b) cell 
invasion by enteropathogenic Escherichia coli, Yersinia 
pseudotuberculosis, and Salmonella typhimurium. 
Incubations of L acidophilus LA1 before and together with 
enterovirulent E coli were more effective than incubation 
after infection by E coli. Similar inhibitory effect by heat-
killed L. acidophilus, strain LB, against the mucus-
secreting HT29-MTX  and human intestinal Caco-2 was 
also reported earlier by Coconnier et al.181

 Helicobacter pylori is the causative agent of gastric 
inflammatory disease leading to peptic ulcers. Oral 
inoculation of H. pylori usually results in only a temporary 
colonization without a successful infection in the stomach 
of conventional mice in which lactobacilli are the 
predominant indigenous bacteria. Kabir et al.

. 

149

 

 
investigated the inhibitory effects of lactobacilli on H. 
pylori attachment to murine and human gastric epithelial 
cells and the H. pylori mediated release of interleukin-8 
(IL-8) by these cells in vitro. The study included 
Lactobacillus salivarius infected gnotobiotic BALB/c mice 
and control germ free mice were inoculated orally with H. 
pylori pathogen.  L. salivarius inhibited both the 
attachment and IL-8 release in vitro. H. pylori failed to 
colonize the stomach of infected with L. salivarius, but in 
large numbers colonized and subsequently caused active 
gastritis in germ free mice. In addition, L salivarius 
administration after H. pylori implantation could eliminate 
colonization by H. pylori. These findings suggest the 
possibility of LAB as an effective probiotic agent against 
H. pylori. 

5.4 PORCINE ENTEROPATHOGENS  
 
 Enteropathogenic E. coli (EPEC) colonizes the piglet 
ileum and adheres to the mucosa by K88 fimbrial 
appendages. Indigenous lactobacilli seem to suppress the 
colonization potential of EPEC to ileal mucus182

 

. An active 
component responsible for the blocking of K88 fimbrial 
interaction with ileal mucus was detected in the culture 
fluid. Inhibition occurred when mucus was pretreated with 
either spent culture dialysis retentate or the void volume 

(fraction of > 250 kDa molecular weight) after gel 
filtration. Three lactobacilli of porcine origin reduced 
adhesion of E. coli K88 by approximately 50%.  

5.5 AVIAN ENTEROPATHOGENS 
 
 Jin et al.183

 

 examined the poultry isolates of L. 
acidophilus and L. fermentum for bacterial interference 
against chicken intestinal pathogens of Salmonellae in an 
ileal epithelial cell (IEC) radioactive assay. Exclusion, 
competition and displacement phenomena were 
investigated by respectively incubating (a) LAB and IEC 
together, prior to addition of salmonellae, (b) LAB, IEC 
and salmonellae together, and (c) salmonellae and IEC, 
followed by the LAB. The results demonstrated that  L. 
acidophilus significantly reduced (P < 0.05) the attachment 
of Salmonella pullorum to IEC in the tests for exclusion 
and competition, but not in the displacement tests. L. 
fermentum was found to have some ability to reduce the 
attachment of Salmonella typhimurium to IEC under the 
conditions of exclusion (P < 0.08), competition (P < 0.09), 
but not displacement. However, both L. acidophilus and L. 
fermentum were unable to reduce the adherence of 
Salmonella enteritidis to IEC under any of the conditions. 

6.  PHYSIOLOGICAL EFFECTS 
 
 The metabolic products of LAB range from simple 
short-chain fatty acids (SCFA), to essential organic acids 
such as folic and orotic acid. These compounds create an 
acidic milieu in the gut by dropping the pH, and modulate 
a series of physiological events to benefit the host. Various 
enzymes released into the intestinal lumen by LAB exert 
potential synergistic effects on digestion and alleviate 
symptoms of intestinal malabsoption. The nutraceutical 
role of LAB in reduction of serum cholesterol, 
management of diabetes, prevention of osteoporosis has 
been investigated by various laboratories. 
  
6.1 ABSORPTION OF NUTRIENTS 
 
 The human large intestine contains a complex and 
metabolically diverse microflora. Its primary function is to 
salvage energy from carbohydrate not digested in the 
upper gut. This is achieved through fermentation and 
absorption of the major products, short chain fatty acids 
(SCFA), which represent 40-50% of the available energy 
of the carbohydrate. The principal SCFA, acetate, 
propionate and butyrate, are metabolized by the colonic 
epithelium (butyrate), liver (propionate) and muscle 
(acetate). Intestinal LAB also have a role in the synthesis 
of the B vitamins, the K vitamins and the metabolism of 
bile acids, other sterols and xenobiotics. The colonic 
microflora are also responsive to diet. In the presence of 
fermentable carbohydrate substrates such as non-starch 
polysaccharides, resistant starch and oligosaccharides, 
bacteria grow and actively synthesize protein. The amount 
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of protein synthesis and turnover within the large intestine 
is hard to estimate, but a biomass of about 15 g is excreted 
in feces each day containing 1 g of bacterial-nitrogen184

 SCFA (e.g., lactic acid, propionic acid, butyric acid) 
are metabolic by-products of LAB metabolism which 
accumulate, and exhibit significant biological activity

. 
Whether bacterially synthesized amino acids are ever 
absorbed from the colon remains unclear. Finally, 
individual colonic microorganisms such as sulfate-
reducing bacteria, bifidobacteria and clostridia, respond 
selectively to specific dietary components in a way that 
may be important to health. 

185. 
Fermentation of protein and lipid reaching the large 
intestine also contributes to SCFAs in the colon, 
particularly the branched-chain SCFAs. The mucosa of the 
colon readily absorbs SCFA from the lumen, particularly 
acetic and propionic acids, which may then contribute to 
the available energy pool of the host186. In addition, some 
SCFAs may protect against pathological changes in the 
colonic mucosa since butyric acid has been shown to 
inhibit the expression of certain neoplastic characteristics 
in mammalian cell cultures187

 Fukushima et al.
. 

188

 The SCFA concentration is an important factor 
determining the pH of the colonic lumen. Since the 
expression of many bacterial enzymes is influenced by the 
pH of the medium, changes in amounts of SCFA produced 
could have important implications for foreign compound 
and carcinogen metabolism in the gut

 investigated the SCFA content and 
enteric bacteria in enteric fluid of 26 patients with non-
stragulated intestinal obstruction.  Sixteen to 905 mg/L of 
SCFA was detected in all the samples and acetic, propionic 
and lactic acid were prominent in the fraction.  
Concentration of SCFA reached a peak around the time of 
operation and then gradually decreased, in most cases.  It 
also gradually decreased with clinical improvement in 
conservatively treated cases. Cultures of these enteric 
samples revealed 10 (4-11) cfu/ml of SCFA producing 
bacteria. SCFA may be one factor related to inhibition of 
water and electrolyte absorption and lead to distention of 
the bowel. 

189

 
. 

6.2 ALLEVIATION OF LACTOSE INTOLERANCE 
 
 Lactose maldigestion is present in approximately 70% 
of the population worldwide.  In infants, primary lactose 
intolerance is virtually nonexistent. However, during 
periods of diarrhea, acute episodes of gastroenteritis, or 
recurrent abdominal distress, disaccharidase activity in the 
small bowel may be severely affected and the transport of 
monosaccharides markedly impaired. These conditions 
contribute to an increase in the osmotic load in the small 
bowel and colon.  Several investigators have demonstrated 
that 65%-85% of the monosaccharides and disaccharides 
in the small bowel and colon can be converted to SCFAs 
that are readily absorbed.  If the normal microflora is 
disturbed, carbohydrate malabsorption during these 

periods may be protracted.  
 L. bulgaricus and other lactobacilli commonly used in 
the fermented milk industry present sufficient active beta-
galactosidase to decrease significantly the lactose in the 
product.  Kilara and Shahani190 suggested that yogurt 
containing L. bulgaricus and S. thermophilus had a 
beneficial effect for lactose intolerant individuals because 
of the endogenous lactase.  These findings were further 
supported by the research of Gilliland and Kim191; Kolars 
et al.192; Marteau et al.193; and were reviewed extensively 
by Sanders67, 194. Lin et al.195 demonstrated the importance 
of selecting strains for their beta-galactosidase activity.  
Martini et al.196 indicated that lactose from yogurt was 
digested better by lactose-deficient adults due in part to the 
microbial beta-galactosidase activity.  The yogurt in that 
study contained Lactobacillus delbrueckii ssp. bulgarcius 
and Streptcococcus salivarious ssp. thermophilus.  In a 
study of 14 lactose-malabsorbing children aged 4 to 16 
years, Shermak et al.197

 Jiang et al.

 examined the effect of the 
consumption of yogurt and milk on lactose absorption.  
They found that considerably fewer children experienced 
symptoms of lactose maldigestion after consuming yogurt 
containing active cultures of L. bulgaricus and S. 
thermophilus than after consuming milk.  

198

 On the other hand, Hove et al.

 conducted a study to evaluate the effects 
on lactose digestion of the consumption of milk containing 
different strains of B. longum grown in different media 
(with lactose v. with lactose and glucose).  The study 
indicated that milk containing B. longum cultures might 
reduce symptoms from lactose malabsorption when the 
culture is grown in a medium containing only lactose. 

199

 

 reported that the 
ingestion of L. acidophilus and B. bifidum by adult 
ileostomy patients did not improve lactose malabsorption 
in this subpopulation.  

6.3 IMPROVEMENT OF INTESTINAL MOTILITY 
 
 A few studies have investigated the effects of LAB on 
constipation and improvement in the intestinal mobility. 
Subjects deficient in lactase may experience bloating, 
cramps and diarrhea after ingesting milk, due to the 
unhydrolysed and poorly absorbed lactose. The diarrhea 
may result from an osmotic effect of the lactose itself or its 
poorly-absorbed acidic products of fermentation, possibly 
together with an alteration of sodium and water absorption 
due to the lowered colonic pH. Laxation by lactulose (1-4-
beta-galactosidofructose) may relieve chronic constipation. 
It is neither hydrolysed by intestinal disaccharidase nor 
absorbed in the gut, but it is converted in the colon mainly 
to lactic and acetic acids by various bacteria including L. 
acidophilus. Apart from the increased osmotic effect, the 
pH in the proximal colon falls markedly, and larger doses 
may reduce stool pH. Acidity and lowering of gut pH 
resulting from lactose by LAB metabolic activity in the 
colon could stimulate intestinal mobility, and may relieve 
constipation200. 
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 Constipation affects a majority of hospitalized 
geriatric patients due to impaired intestinal mobility. Seki 
et al.201 administered bifidus milk to eighteen constipated 
seniors and found improvement in intestinal mobility and 
bowel behavior. Alm et al.202

 Motta et al.

 studied the effect of 
acidophilus milk on 42 hospitalized geriatric patients with 
constipation problems. Most had moderate to severe 
mobility limitations. The results showed that consumption 
of 200-300 ml of acidophilus milk per day reduced the 
need for laxatives.  

203 studied the possible beneficial changes 
in the histology and improved mobility of the 
duodenojejunal and colon by oral administration of LAB 
in 60 elderly patients with bowel disorders. Patients were 
subjected to a 7-day washout followed by treatment with 6 
capsules daily, each containing live, lyophilized L. 
acidophilus (109

 

 cfu/ml). The clinical course was observed 
in 50 patients while the remaining 10 were hospitalized 
and submitted to esophago-gastro-duodenoscopy and 
colonoscopy both before and after treatment for 
withdrawal of duodenal secretion and fragments of 
duodenojejunal and colonic mucosa biopsies. Histological 
examination showed reduction of the inflammatory 
infiltration by lymphocytes and plasma cells and increased 
muciparous activity of the glands. Clinically, a marked 
improvement of the intestinal motility was observed in all 
60 patients. 

6.4 REDUCTION OF SERUM CHOLESTEROL AND LIPIDS 
 
 L. acidophilus is considered to possess health-
promoting attributes. These include anticarcinogenic and 
hypocholesterolemic properties and antagonistic action 
against intestinal and food-borne pathogens. L. acidophilus 
can also survive the hostile environment and establish in 
the complex ecosystem of the gastrointestinal tract. 
Therefore, the beneficial effects of ingesting L. acidophilus 
accrue over a longer period than those organisms that 
cannot colonize the gut.  The hypocholesterolemic effect is 
probably exerted by inhibition of 3-hydroxy-3-
methylglutaryl CoA reductase, which is a rate-limiting 
enzyme in endogenous cholesterol biosynthesis in the body 
and by promoting the excretion of dietary cholesterol in 
feces as a result of coprecipitation in the presence of 
deconjugated bile acids in the intestine and/or adsorption 
by the organisms.  
 Several factors should be considered when selecting a 
culture of L. acidophilus as a dietary adjunct to produce a 
hypocholesterolemic effect in humans. Gilliland and 
Walker204 have observed significant variations in bile 
tolerance and ability to assimilate cholesterol among 12 
cultures of L. acidophilus of human origin. The degree of 
bile tolerance as measured by rapidity of growth in MRS 
broth supplemented with 0.3% oxgall could not be 
predicted by the rapidity of growth in the broth without 
oxgall. There was no apparent direct relationship between 
bile tolerance and cholesterol assimilation. However, 

among the cultures that most actively assimilated 
cholesterol, there were significant differences in bile 
tolerance. The most active cholesterol-assimilating 
cultures also varied in the ability to produce bacteriocins. 
A culture of L. acidophilus of human origin, which 
assimilates cholesterol, grows well in presence of bile, and 
produces bacteriocins, can be selected for use as a dietary 
adjunct for humans. Recent studies indicated that 
cholesterol assimilated by L. acidophilus ATCC 43121 is 
not metabolically degraded and could be recovered with 
the cells205

 A culture of L. acidophilus possessing all these 
characteristics should have an advantage over one that 
does not in establishing and functioning in the intestinal 
tract to assimilate cholesterol. Based on newer knowledge 
of L. acidophilus, a single strain of the organism probably 
will not produce all these benefits at optimal levels. 
Careful selection of specific strains of L. acidophilus 
combined with proper production and handling procedures 
will be necessary to ensure that desired benefits are 
provided to consumers. The cholesterol oxidase gene in 
several Gram-positive bacteria, including Lactobacillus 
reuteri of intestinal origin, was cloned by Brigidi et al.

. 

206

 

 
Only the transformants of E. coli harboring the 
recombinant plasmid pCHOA showed a good intracellular 
enzyme activity. The heterologous gene was stably 
maintained in Gram-positive transformants but no enzyme 
activity was detected. 

6.4.1 Animal Studies 
 Certain strains of L. acidophilus may act directly on 
cholesterol in the gastrointestinal tract, and thus may be 
beneficial in reducing serum cholesterol levels. Gilliland et 
al.207

 Danielson et al.

 reported that consumption of L. acidophilus RP32, a 
strain that was able to grow in bile and assimilate 
cholesterol from a laboratory medium, significantly 
inhibited increases in serum cholesterol levels of pigs (P 
<0.05) fed a high-cholesterol diet. Administration of L. 
acidophilus P47, which has capacity to grow in bile and 
lack the ability to remove cholesterol from the growth 
medium, failed to have a similar effect.  

208 studied the in vivo 
anticholesteremic property of L. acidophilus yogurt fed to 
mature boars. A yogurt preparation containing L. 
acidophilus strain with high anticholesterolemic and 
antimicrobial activities was used as a feed ingredient in the 
study. A total of 18 boars were fed a high-cholesterol diet 
for a period of 56 days at a rate of 2.268 kg/(hd.d) to 
furnish 6.661 g/(hd.d) of cholesterol. Nine of the boars 
then were fed 1.81 kg/(hd.d) of a second diet supplemented 
with 0.454 kg/(hd.d) of acidophilus yogurt. The other nine 
boars were fed the original diet. Cholesterol intake was the 
same for the two dietary treatments. Blood samples were 
collected weekly from the brachial-jugular region and the 
sera were analyzed for lipids. Acidophilus yogurt reduced 
serum cholesterol (P <0.01) and low density lipoproteins 
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(P <0.08), but it had no effect on serum triglycerides (P 
>0.23) or on high density lipoproteins (P >0.11). 
 Zacconi et al.209

 Effects of skim milk and its fermented product by L. 
acidophilus on plasma and liver triglyceride and 
cholesterol levels were examined in diet-induced 
hypertriglyceridemic rats

 showed a LAB-mediated hypo-
cholesterolemic effect in mice. Enterococcus faecium 
strain CX administration decreased the hematic cholesterol 
level by 16.9% in females and 7.8% in males. In mice 
administered with L. acidophilus N5 the decrease of serum 
cholesterol levels was less and not relevant in mice 
contaminated by conventional microflora. E.faecium CX 
and L. acidophilus N5 strains were able to grow in 
presence of bile salts, to colonize intestinal tract, to survive 
at gastric conditions and to assimilate cholesterol (E. 
faecium more than L. acidophilus). 

210

 Fukushima and Nakano

. Rats at 4 weeks of age were 
fed a hypertriglyceridemic diet that contained 20% coconut 
oil, 17.5% fructose, and 17.5% sucrose for 14 days. The 
test diet was supplemented with either 20% skim milk 
powder or 20% powder of skim milk fermented by L. 
acidophilus SBT 2062. Hypertriglyceridemia was observed 
in the control group, but plasma cholesterol levels were not 
increased. Skim milk suppressed the elevation of plasma 
triglyceride levels, while its fermented product had no 
significant effect. Both dairy products prevented the 
elevation of liver triglyceride and cholesterol levels, but 
had no effect on plasma cholesterol levels. 

211 reported that a probiotic 
mixture of L. acidophilus and S. faecalis decreased the 
synthesis of cholesterol in the liver and increased the loss 
of steroids from the intestine, in rats. De Rodas et al.212

 The effects of yogurt and acidophilus yogurt on the 
weight gain, serum cholesterol, high density lipoprotein 
cholesterol, low density lipoprotein cholesterol, 
triglycerides, and the numbers of fecal lactobacilli and 
coliforms were investigated in mice

 
suggested that both L. acidophilus and calcium can 
enhance the reduction of serum cholesterol in pigs that had 
been fed a high cholesterol diet, probably through 
alteration in the enterohepatic circulation of bile acids. 

213

 The effect of feeding live Lactobacillus reuteri cells 
containing active bile salt hydrolase (BSH) on plasma 
cholesterol levels was studied in pigs

. The weight gains 
of mice receiving yogurt or acidophilus yogurt were higher 
than those of the mice in the control group. The mean 
values for serum cholesterol concentrations and LDL 
cholesterol concentrations were significantly decreased 
when acidophilus yogurt was fed. Yogurt or acidophilus 
yogurt did not affect HDL cholesterol and triglycerides. 
The highest number of fecal lactobacilli was found in mice 
receiving acidophilus yogurt. 

214. L reuteri caused a 
temporary shift within the indigenous Lactobacillus 
population rather than permanently colonizing the 
intestinal tract. The probiotic feeding brought about 
significant lowering (P < or = 0.05) of total and LDL-
cholesterol concentrations in the treated pigs compared 

with the control pigs, while no change in HDL-cholesterol 
concentration was observed. The data for fecal output of 
neutral sterols and bile salts were highly variable between 
the animals of each group, yet they indicated an increased 
output in the treated pigs. Although the blood cholesterol 
levels went up in both groups during the 3 weeks 
following the L. reuteri administration period, significantly 
lower serum total and LDL-cholesterol levels were 
observed in the treated pigs. During the final 3 weeks of 
normalization to the regular diet, cholesterol 
concentrations significantly decreased in both animal 
groups and the differences in total and LDL-cholesterol 
concentrations between the groups largely disappeared. 
Recently, du Toit et al.215

 

 reported a lowering effect on 
serum cholesterol levels in pigs after three weeks probiotic 
feeding, concomitant with an increase in the moisture 
content of the feces and Lactobacillus cell numbers. 
Triglycerides, pH and number of lactic acid bacteria in 
feces were not significantly influenced by probiotic 
supplementation. 

6.4.2 Clinical trials 
 Bottle-fed infants have total serum cholesterol of 147-
mg/100 ml on the fifth day of life and their stools contain 
more Escherichia coli than Lactobacilli sp. Adding 
bicarbonate or LAB to feeds can reverse the ratio of these 
bacteria. This change is associated with a decrease in total 
cholesterol to a mean 119-mg/100 ml over the next 3 
days216

 A double blind investigation was conducted on the 
influence of a commercially available tablet containing L. 
acidophilus and L. bulgaricus (Lactinex) on human 
serum lipoprotein concentrations

. LAB predominates in the feces when serum 
cholesterol is low and may play a role in the metabolism of 
cholesterol. 

217. A total of 354 
nonfasting-informed subjects in a dose of one tablet each 
ingested tablets containing Lactobacillus mixtures (2 x 106 
cfu/tablet) or placebo tablets, taken four times a day. 
Analysis of paired data using Wilcoxon signed ranks test 
showed no major effects on lipoprotein concentrations for 
either the placebo-treated group or the Lactobacillus-
treated group. There were no statistically significant 
differences for LDL concentrations between the 
Lactobacillus-treated group and the placebo-treated group. 
The HDL concentrations increased 1.8 to 3.0 mg/dl in both 
groups for both study periods. For total cholesterol the 
placebo-treated group experienced a statistically 
significant increase in the first period according to the 
Wilcoxon signed ranks test (from 208.0 to 215.0 mg/dl, P 
<0.001) but not according to a two-sample Student t test. 
Total cholesterol did not change significantly for the 
Lactobacillus-treated group in either period. Cardiac risk 
factor (ratio of total cholesterol to high-density cholesterol) 
did not vary during the study. Lipoprotein values increased 
immediately following vigorous exercise compared with 
following 15 min of resting without either placebo or 
treatment. Sample controls for assay and reassay gave 
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virtually identical values (coefficient of variation 1.6%), 
confirming that assay results were quite reliable. Thus, 
ingestion of commercially available Lactobacillus tablets 
which contain about 2 x 106

Mohan et al.

 cfu/tablet of L. acidophilus 
and L. bulgaricus cells in a dose of four tablets daily did 
not affect serum lipoprotein concentrations. 

218 evaluated the short term 
hypolipidemic effects of Lactobacillus sporogenes (3.6 x 
108

 Hata et al.

 spores/day) oral administration in 17 patients (mean 
age 45.6 years; males 15, females 2) with type II 
hyperlipidemia in an open label fixed dose trial. Over a 
period of 3 months, significant reductions were observed 
in total cholesterol (330 +/- 55 mg% to 226 +/- 46 mg%, p 
<0.001) and LDL-cholesterol (267 +/- 58 mg% to 173 +/- 
54 mg%, p <0.001). The HDL-cholesterol was marginally 
increased (43.6 +/- 7 mg% to 46.8 +/- 8.9 mg%, p <0.05). 
There was no change in serum triglyceride concentration. 
Total cholesterol/HDL cholesterol and LDL cholesterol/ 
HDL cholesterol ratios were significantly reduced after 
treatment (p <0.001). No adverse effect was noted. While 
the change in serum lipid levels on treatment was 
consistent with regard to total and LDL-cholesterol, it was 
not so in case of serum triglycerides and HDL-cholesterol. 

219

 

 conducted a placebo-controlled study to 
evaluate the effect of Calpis sour milk (Calpis Food 
Industry Co., Ltd., Tokyo, Japan), i.e., a milk fermented 
with a starter containing Lactobacillus helveticus and 
Saccharomyces cerevisiae, on the blood pressure of 30 
elderly hypertensive patients, most of whom were taking 
antihypertensive medication.  Subjects were randomly 
assigned to two groups. One group ingested daily 95 ml of 
the sour milk for 8 wk, and the other group ingested the 
same amount of artificially acidified milk as a placebo for 
8 wk. In the sour-milk group, systolic blood pressure 
decreased significantly 4 and 8 wk after ingestion, by 9.4 
+/- 3.6 mm Hg (mean +/- SE, P < 0.05) and 14.1 +/- 3.1 
mm Hg (P < 0.01), respectively. The diastolic blood 
pressure also decreased significantly, by 6.9 +/- 2.2 mm 
Hg (P < 0.01), by 8 wk after ingestion of the sour milk. No 
significant changes in blood pressure were observed in the 
placebo group. The decrease in systolic and diastolic blood 
pressure in the sour-milk group tended to be greater than in 
the placebo group. No marked changes were observed in 
other indexes, including pulse rate, body weight, and blood 
serum variables in both groups. 

6.5 ANTIDIABETIC EFFECTS 
 
 Recently, Matsuzaki et al.220 have investigated the 
antidiabetic effects of L. casei (LC) on a non-insulin-
dependent diabetes mellitus (NIDDM) model, KK-Ay 
mice. The oral administration of LC to male 4-week-old 
KK-Ay mice, or raising the mice on a 0.05% LC-
containing diet significantly decreased the plasma glucose 
at 8 to 10 weeks of age compared with the control group. 
The body weights of the LC-treated groups were lower 
than the control group, although the food intake was nearly 

the same in all groups. Phenotypic analysis of spleen cell 
surface markers revealed that the increase in CD4+ T cells 
at 12 weeks was significantly inhibited by the oral 
treatment with LC. Cytokine production, especially that of 
interferon-gamma and IL-2, was also inhibited in the oral 
LC-treated group. The plasma insulin levels of the LC-
treated groups were also lower than those of the control 
group, and the insulin binding potential of red blood cells 
in the LC-treated mice was augmented more than that in 
the control group. Matsuzaki et al.221 also examined the 
effect of LC on the onset of alloxan (AXN)-induced 
diabetes in 7-week-old BALB/c mice. The mice given a 
diet containing 0.1% or 0.05% LC or orally administered 
LC showed significantly decreased incidence of diabetes 
induced by intravenous injection of AXN and that the 
plasma glucose level was slightly lower than that in the 
control group. Pathological analysis revealed that the 
AXN-induced disappearance of insulin-secreting beta-cells 
in the islets of Langerhans was strongly inhibited in the 
LC-treated groups. It was also shown that the serum nitric 
oxide level was maintained at a normal level in LC-treated 
mice, whereas the level in the control group was increased 
by AXN administration. The effect of LC on the onset of 
diabetes in an insulin-dependent diabetes mellitus model, 
non-obese diabetic (NOD) mice, was also examined222

 

. 
From the age of 4 weeks, female NOD mice were fed a 
diet of either standard laboratory chow (n = 12) or the 
same chow containing 0.05% weight heat-killed cells of 
LC (n = 12), and the onset of diabetes observed. The 
incidence of diabetes in the control group (10/12) was 
significantly higher than that in the LC-treated group 
(3/12) (p < 0.01). Taken together these findings indicated 
that the oral administration of LC in mice caused decrease 
in the plasma glucose level and modified the host immune 
responses. 

6.6 MANAGEMENT OF OSTEOPOROSIS 
 
 Yogurt is a good source of calcium (complexed to 
lactate) as in milk (complexed to casein) for hypocalcemic 
rats223. Yogurt is reportedly beneficial in geriatric 
osteoporosis therapy224, however, the basis for this claim is 
not clear since the relationship between calcium intake and 
osteoporosis is not fully understood. Lactose can 
nonselectively increase the membrane permeability of the 
distal small intestine of weaned rats by facilitating passive 
diffusion of divalent cations including calcium225. But 
other studies have indicated that in humans the lactose 
stimulated calcium  absorption phenomenon is more 
complex and absoption seems to be decreased by lactose in 
intolerant subjects and increased by lactose in tolerant 
subjects226, 227, 228. Smith et al.229 found that calcium was 
absorbed equally well from milk and yogurt by 
hypolactasic subjects. Resolution of these conflicting 
results is warranted. Interestingly, lactase deficiencies are 
found prevalent in osteoporotic subjects230

  
. 
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7.  SUPPLEMENTARY EFFECTS 
 
 There are numerous studies indicating that 
fermentation of food with LAB cultures increase the 
quantity, availability, and digestibility of nutrients. Yogurt, 
like milk, is a good source of protein, riboflavin, folic acid 
and calcium. The basis for this conclusion comes from 
direct measurements of vitamin synthesis and from 
increased feed efficiency when fermented products are fed 
to animals231. Fermentation has been reported to increase 
folic acid in a variety of products including yogurt, bifidus 
milk and kefir232, 233, 234, 235. There have also been studies 
showing an increase in niacin and riboflavin in yogurt; B12 
in cottage cheese and B6 pantothenic in cheddar cheese234, 

235. Thiamin and riboflavin have also been shown to 
increase during the preparation of LAB fermented 
products232

 
. 

7.1 PRODUCTION OF VITAMINS 
 
 Several LAB cultures synthesize certain B-vitamins in 
fermented dairy products. In contrast, directly acidified 
dairy products do not exhibit such enhancement in B-
vitamins.  Reddy et al.236

 Leim et al.

 studied the effect of various 
factors on B-vitamin content of cultured yogurt and to 
compare the B-vitamin contents of cultured and direct 
acidified yogurt. Incubation of yogurt culture at 42°C for 3 
h yielded maximum vitamin synthesis concurrent with 
optimal flavor and texture qualities. Acidified yogurt 
showed a slightly higher content of certain B-vitamins than 
the cultured yogurt. Both cultured and acidified yogurt 
showed good keeping quality and freedom from microbial 
contaminants during storage at 5°C for 16 days. However, 
folic acid and vitamin B12 contents decreased 29 and 60% 
in cultured yogurt and 48 and 54% in acidified yogurt.  

237 found that the major source of vitamin 
B12 in commercial tempeh (fermented soybean food 
product), was a LAB that co-exists with the mold during 
fermentation. Reinoculation of the pure LAB in dehulled, 
hydrated, and sterilized soybeans resulted in the 
production of vitamin B12. Similar, nutritionally 
significant amounts of vitamin B12

 L. casei and Streptococcus faecalis accumulate folic 
acid and metabolize this compound to poly-gamma-
glutamates of chain lengths of up to 11 and 5, 
respectively

 were also found in the 
Indonesian fermented food, ontjom. 

238

 Nair and Noronha

. Octa- and nonaglutamates predominate in 
L. casei, and tetraglutamates predominate in S. faecalis. 
The most effective monoglutamate substrates for the L. 
casei and S. faecalis folylpoly-gamma-glutamate 
(folylpolyglutamate) synthetases were methylene- and 
formyltetrahydrofolate, respectively.  

239 studied the in vitro synthesis of 
folylpolyglutamates by folylpolyglutamate synthetase from 
Lactobacillus leichmannii and determined the optimal 
conditions for enzyme activity. Adenosine triphosphate 
was the critical regulator of folylpolyglutamates and 

homocysteine augmented the synthesis. Chromatographic 
studies revealed that the folylpolyglutamate synthetase of 
L. leichmannii could synthesize polyglutamates up to a 
chain length of four glutamate residues. Orotic acid, which 
is necessary for the development of a normal intestinal 
microflora, was decreased in fermented milks by 18-48%. 
This decrease may be beneficial because orotic acid causes 
fatty livers in rats240

 
.  

7.2 NUTRITIONAL COMPETITION 
 
 The hypothesis that nutrient competition is responsible 
for exclusion of non-indigenous organisms from the gut is 
based on a series of observations indicating that population 
control mechanisms in the intestine are consistent with the 
chemostat theory240. Nutrient depletion and decrease in the 
redox potential could lead to competitive antagonism. The 
shelf-life extension of cottage cheese after the creaming 
the dressing with L. lactis ssp. lactis var. diacetylactis is 
due to competitive growth inhibition of spoilage 
bacteria241. Cottage cheese manufacturers to maximize the 
shelf life of cheese often use this phenomenon. Iandolo et 
al.242 observed the repression of Staphylococcus aureus by 
L. lactis ssp. lactis var. diacetylactis by nutrient-depletion 
phenomenon. Haines and Harmon72 showed an inhibitory 
effect caused by LAB due to the competition of essential 
vitamins, i.e. niacin and biotin. In vitro results suggest that 
gut microorganisms compete more efficiently than 
pathogens such as Clostridium difficile for monomeric 
glucose, N-acetylglucosamine, and sialic acid found in the 
colonic contents243. Degnan et al.244

 B. breve transports ferrous iron in preference to the 
ferric form in a saturable, concentration-dependent 
manner

 suggested that 
Pediococcus acidolactici LB42 could deplete nutrients 
required for growth of Listeria monocytogenes when both 
strains were added to wiener sausage packages. 

245. Iron transport optimum at pH 6.0 and highly 
temperature sensitive. Two transport systems with 
apparent Km 

 

of 86 +/- 27 and 35 +/- 20 µM were 
distinguished, one operating at high and the other at low 
concentration of iron. Iron uptake was inhibited by iron 
chelators, a protein ionophore, and ATPase inhibitors, and 
was stimulated by potassium ionophores. The presence of 
a ferri reductase in the insoluble cell fraction of B. breve 
and its ‘spent’ growth medium was demonstrated. The iron 
uptake by bifidobacteria is related to the nutritional 
immunity phenomenon, thus may lead to iron-limitation 
and stasis of various enteric flora.  

8.  IMMUNOMODULATORY EFFECTS 
 
 The immune system consists of organs and several 
cell types. Antigen interaction with these cells induces a 
cellular immune response mediated by activated cells and 
a humoral immune response mediated by antibodies. The 
cellular interactions are enhanced by adhesion molecules, 
and the activated cells release different cytokines. These 
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complex cellular interactions induce a systemic immune 
response. If the antigen penetrates by the oral route, a 
secretory immune response is obtained, which is mediated 
by secretory IgA. The determination of the number of T or 
B cells, the quantitative or qualitative measure of the 
cytokines, antibody levels, or the study of cellular function 
such as phagocytic activity is used to evaluate the state of 
the immune system. The effects of LAB on the systemic 
immune response and on the secretory immune system are 
described. Potential health benefits of LAB include 
protection against enteric infections, use as an oral 
adjuvant, the immunopotentiation in malnutrition, and the 
prevention of chemically induced tumors. The ability of 
LAB to modulate various pathways of immune system is 
summarized in TABLE-5. 
 
8.1 IMMUNOMODULATION IN ANIMAL MODELS 
  
 Bloksma et al.247 reported the immunomodulatory 
capacity of LAB. A dose of 108 LAB elicited optimal 
response when injected into the same site as the antigen. 
Viable L plantarum stimulated delayed hypersensivity, 
whereas heat-killed bacteria had an adjuvant effect on 
antibody formation. Viable lactobacilli and to a lesser 
degree heat-killed bacteria induced hepato-splenomegaly, 
suggesting mediation of the adjuvant activity by the 
reticuloendothelial system. Granuloma formation with 
mainly mononuclear cell infiltrates was observed after 
subcutaneous administration of viable lactobacilli whereas 
heat-killed lactobacilli induced granulomata containing 
about equal numbers of granulocytes and monocytes. 
Bloksma et al.248 further elucidated that a small dose (105

 Intraperitoneal administration of L. casei LC9018 into 
C57BL/6 mice markedly enhance the acid phosphatase 
activity and phagocytic activity of peritoneal macrophages 
compared to normal peritoneal macrophages

) 
of viable and heat-killed L.plantarum could induce 
substantial natural killer (NK) cell activity in the peritoneal 
exudate four days after i.p. administration in mice. Higher 
doses caused a dose-dependent increase of NK cell 
activity. Viable lactobacilli and to a lesser extent heat-
killed bacteria caused a proliferative response in the 
draining popliteal lymph node.  

250. The 
cytostatic activity of peritoneal exudate cells (PEC) against 
EL4 cells was also enhanced. These observations showed 
that LC9018 was able to activate murine macrophages. 
Administration of LC9018 (i.v. or i.p. route) augmented 
the NK cell activity of spleen cells in inbred BALB/c, male 
C3H/He, CBA/N, and C57BL/6 mice 252. The spleen cells 
exhibited no cytolytic activity against P815 cell line 
insensitive to NK cells. In vitro treatment with anti-asialo 
GM1 antibody plus complement completely abrogated the 
LC9018-augmented murine NK cell activity. The NK 
activity on day-3 after LC9018 injection was reduced by in 
vitro treatment with anti-Thy 1.2 monoclonal antibody 
plus complement to half of that observed when treatment 
was with complement alone. This suggests that there were 

two populations of NK cells in the spleen cell suspension 
derived from LC9018-treated mice. One population was 
asialo GM1-positive and Thy 1-negative, the other was 
asialo GM1-positive and Thy 1-positive. Kato et al.276

 Administration of LC9018 (i.p. route) also augmented 
oxygen radical (OR) production by peritoneal 
macrophages and suppressed the production of 
prostaglandin E2 in BALB/c mice

 also 
reported the ability of LC9018 to induce Ia-positive 
macrophages. This cell population encounters tumor 
antigen in the peritoneal cavity and plays an important role 
in the in vivo induction of tumor specific T cell-mediated 
antitumor immunity. 

253. A 10- to 20-fold 
increase in the glucose-6-phosphate dehydrogenase 
activity in liver was also observed.  In vitro production of 
cytotoxic factor (CTF) by Kupffer cells primed with 
Corynebacterium parvum (CP) or LC9018 was higher than 
that of spleen, pulmonary macrophages, or peritoneal 
macrophages256

 Nanno et al.

. The production of OR by Kupffer cells or 
peritoneal macrophages was significantly augmented by 
i.v. or i.p. injection of LC9018 or CP. No significant 
correlation was observed between the increase in OR 
production by Kupffer cells or peritoneal macrophages and 
CTF production by Kupffer cells or peritoneal 
macrophages primed with either organism. It was 
suggested that activated Kupffer cells may be one 
important source of CTF production in serum and that the 
CTF-producing macrophages may be different from the 
OR-producing macrophages. 

258 investigated the effects of LC9018 on 
the induction of macrophage colony-forming cells (M-
CFC) and the serum colony-stimulating activity (CSA) in 
BALB/c mice. LC9018 increased both femoral and splenic 
M-CFC; the highest levels were found a few days and a 
week, respectively, after the i.v. administration. LC9018 
also induced an increase in splenic M-CFC in C3H/HeJ 
mice as well as in C3H/HeN mice, unlike lipopoly-
saccharide (LPS), which was ineffective in C3H/HeJ mice. 
LC9018 induced a rise of serum granulocyte-macrophage 
CSA similar to LPS. These data indicate that LC9018 
modulates myelopoiesis at least at the stage of the 
proliferation of M-CFC in a different way from LPS. Heat-
killed LC9018, when administered intravenously to normal 
mice, induced increase in Mac-1+ cells and Mac-2+ cells 
but not in Mac-3+ cells in spleen268. The number of both 
populations changed in the same time course and was 
maximal on day-14 after the administration. LC9018 
stimulated the proliferation of M-CFC but not that of GM-
CFC and CFU-S. LC9018-induced M-CFC was similar to 
normal M-CFC in dependence on macrophage colony-
stimulating factor (M-CSF) and buoyant density. M-CFC-
derived macrophages cultured in the presence of M-CSF 
expressed Mac-1 and Mac-2 but not Mac-3. They showed 
cytotoxic activity against syngeneic tumor cells, Meth A, 
via direct contact. These results indicate that LC9018 
stimulates the proliferation of cytotoxic macrophage 
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progenitors in bone marrow and induces their 
differentiation in spleen.  
 The effects LC9018 on antitumor activity and 
cytokine production in Meth A fibrosarcoma (Meth A)-
bearing BALB/c mice were examined by Matsuzaki et 
al.350  The effect of LC9018 was in part inhibited in mice 
treated with anti-CD3 or anti-CD8 antibody, but not 
affected in anti-CD4 antibody-treated mice. In contrast, 
LC9018 had little effect on Meth A-bearing SCID or nude 
mice. These results demonstrated that CD8+ T cells 
participated in prolonging the survival of Meth A-bearing 
mice. Moreover, the examination of the production of 
several cytokines revealed that the production of 
interferon-gamma and interleukin-6 was, in particular, 
augmented in the exudate fluid of the thoracic cavity in 
BALB/c mice injected with LC9018 (intrapleural route) 
These results suggested that intrapleural administration of 
LC9018 induced those cytokines which had the potential 
to activate the thoracic macrophages or proliferate the 
thoracic lymphocytes to the cytotoxic T cells. Taken 
together, these findings demonstrated that the prolonging 
effects on survival by intrapleural administration of 
LC9018 depended on CD8+ T cells, and the intrapleural 
administration of LC9018 into intrapleural Meth A-bearing 
mice induced several cytokines that participated in the 
subsequent immune responses. Flow cytometric analysis 
revealed that the treatment of irradiated mice with a heat-
killed LC9018 accelerated the recovery of granulocyte 
populations in peripheral blood, spleen and femur bone 
marrow273

 Various laboratories have investigated the 
immunomodulating activity of orally administered LAB. 
The phagocytic function of the peritoneal exudate cells 
after oral and intraperitoneal administration of L. casei ssp. 
casei, L. plantarum and L. fermentum was studied on mice 
C57Bl and inbred rats CDF/F344/Crl

. The recovery of the lymphocyte population was 
not accelerated while the recovery of the B-lymphocyte 
population was inhibited. Histological analysis also 
showed that the LC9018 treatment markedly enhanced 
granulopoiesis in the spleen and bone marrow of irradiated 
mice. The same LC9018 treatment significantly increased 
30-day survival rates of athymic nude mice after lethal 
whole-body irradiation. The recovery of the granulocyte 
population in peripheral blood of irradiated athymic nude 
mice was also accelerated by LC9018 treatment. These 
results suggest that LC9018 protected lethally irradiated 
mice from bone marrow death by enhancing 
granulopoiesis rather than lymphopoiesis and that the 
contribution of activated T lymphocytes to the 
enhancement of the granulopoiesis was small. 

260. The phagocytic 
function was estimated by the capacity for absorbing and 
excreting 14

 The in vivo effect of L. casei and L. bulgaricus on 
murine macrophage activation was studied by Perdigon et 
al.

C-labeled typhoid vaccine. Intraperitoneal 
administration of a mixture of various LAB strains resulted 
in two-fold increase of the bacteria absorption and 
digestion when administered 4 days prior to the test 
antigen. On their simultaneous administration the 
phagocytic function of the peritoneal exudate cells 

lowered. Oral administration of the LAB strains for 6 and 
18 days resulted, respectively, in 1.5- and 3-fold increase 
of absorption and digestion of the labeled typhoid vaccine. 
This route of LAB administration provided more rapid 
increase of the level of the antibodies to the typhoid 
antigen.  

259. The phagocytic activity was significantly higher in 
treated mice (i.p. route) than in control mice. No 
differences were found between viable and nonviable cells. 
The phagocytic function of the reticuloendothelial system 
by carbon clearance test, showed that L. casei and L. 
bulgaricus accelerate the phagocytic function in mice. 
Feeding experiments with viable cultures of L. acidophilus 
and S. thermophilus in Swiss mice resulted in a significant 
variation in the animal immune system261. Both LAB 
strains markedly enhanced the enzymatic and phagocytic 
activity of peritoneal macrophages and accelerated the 
phagocytic function of the reticuloendothelial system. The 
two strains also augmented the lymphocytic activity and 
elicited similar increase in the immune response of mice 
whether administered orally or intraperitoneally. Perdigon 
et al.264 also investigated the effect of feeding fermented 
milks containing L. casei, L. acidophilus and a mixture of 
both organisms on the specific and non-specific host 
defence mechanisms in Swiss mice. Animals fed with 
fermented milk for 8 days (100 µg/day) showed an 
increase in both phagocytic and lymphocytic activity. This 
immunepotentiation was observed on day-3, reached a 
maximum on day-5, and decreased slightly on the day-8 of 
feeding. Fermented milk feeding produced neither 
hepatomegaly nor splenomegaly. The authors suggested 
that L. casei and L. acidophilus, associated with intestinal 
mucosae, could potentiate the level of activation of the 
immune system. The effect of the oral and subcutaneous 
administration of L. casei, L. acidophilus, L. bulgaricus 
and S. thermophilus on humoral antibody production and 
delayed type hypersensitivity response against sheep red 
blood cells (SRBC) was reported263. The stimulation of 
primary cellular and humoral immune responses reached 
optimal activity with a dose of 6 x 109

 A transformation system for indigenous Lactobacillus 
sp. of the gastrointestinal tract was described

 cells. The authors 
concluded that administration of LAB by oral route could 
exert a strong adjuvant activity and an enhanced host 
immune response.  

9. Orally 
administered trinitrophenylized (TNP) LAB were 
examined for ability to induce immunological memory 
formation via determination of specific antibody titers in 
serum. A direct correlation was established between the 
level of systemic memory formation, as revealed by 
specific anti-TNP IgG serum antibodies, and the TNP 
substitution ratio of the LAB suspension used for oral 
priming. The specific IgG anti-TNP serum titers were 
comparable to or even higher than the titers of parental 
intraperitoneally primed mice. These results demonstrate 
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the feasibility of using orally administered antigen-
Lactobacillus as an effective approach to vaccination. The 
adjuvant function of different LAB species was 
investigated under the conditions of intraperitoneal (i.p.) 
injection or oral administration272

 The effect of administration of L. bulgaricus and S. 
thermophilus (5 x 10

. After i.p. injection of 
trinitrophenylated chicken gamma-globulin, high DTH 
responses were observed with L. casei and L. plantarum, 
but low responses with L. fermentum and L. delbrueckii 
ssp. bulgaricus. In different experimental model systems 
L. casei and L. plantarum consistently showed significant 
immune modulation. A series of expression and 
expression-secretion vectors containing the strong 
constitutive promoter of the L. casei L-ldh gene or the 
regulatable promoter of the Lactobacillus amylovorus amy 
gene was used for the intracellular, extracellular and 
surface-bound expression of an influenza virus antigenic 
determinant fused to E. coli beta-glucuronidase. 
Intracellular expression of the fusion protein amounted to 
1-2% of total soluble protein. LAB synthesizing the fusion 
protein intracellularly evoked an oral immune response 
after subcutaneous priming. 

7 cells in 0.5 ml saline; i.p. route) on 
interferon production by Swiss mice was examined by 
Pereyra et al.266 The murine serum showed a maximal 
production of 300 U/ml of alpha/beta interferon activity 
six hours after injection. Cellular integrity of LAB appears 
to be necessary for stimulation; heat-treated bacteria had 
little effect, while irradiated-bacteria had a greater effect. 
The sera of mice with high interferon also contained 300 
U/ml TNF. S. thermophilus produced no detectable 
increase in serum IFN, but the 2'-5' A synthetase activity 
of peritoneal cells was elevated suggesting that small 
amounts of interferon were produced. Injection of S. 
thermophilus / L. bulgaricus mixture did not change the 
serum interferon response to L. bulgaricus. These 
observations suggest that non-pathogenic bacteria such as 
LAB used in food processing can stimulate IFN production 
in mice. There is some evidence that the bacterial cell 
walls might be responsible for at least part of this effect.  
The ability of L. acidophilus to induce interferon in murine 
peritoneal macrophage (M phi) cultures was also reported 
by Kitazawa et al.267. L. acidophilus strains JCM 1034, 
1132T, 1229 and 2125 induced IFN (12-34 I.U./ml) in M 
phi cultures in vitro. Strain 1132T- and 2125-induced IFNs 
were characterized as IFN alpha/beta by treatment with 
anti-IFNs serum.  Rangavajyala et al.274

  Recently, Shida et al.

 investigated the 
ability of L. acidophilus LA1 to induce the production of 
IL-1 alpha and TNF-alpha. The mouse macrophage cell 
line RAW264.7 was incubated with live or heat-killed cells 
of four strains of L. acidophilus or B. bifidum. E.coli was 
used as a source of LPS to induce the above cytokines. 
Strain LA1 induced the production of higher levels of IL-1 
alpha and TNF-alpha than other lactobacilli and 
bifidobacteria. Stimulation of the production of the 
cytokines was not due to the LPS component, since LPS at 
concentrations equivalent to, or 100-fold greater than, that 

of LA1 induced only negligible amounts of IL-1 alpha and 
TNF-alpha.  

275 examined the inhibitory effect 
of L. casei on IgE production in mice.  Splenocytes 
obtained from ovalbumin-primed BALB/c mice were 
restimulated in vitro with the same antigen in the presence 
of heat-killed L. casei. L. casei induced IFN-gamma, but 
inhibited IL-4 and IL-5 secretion, and markedly 
suppressed total and antigen-specific IgE secretion by 
ovalbumin-stimulated splenocytes. The inhibitory effect of 
L. casei on IgE, IL-4, and IL-5 production was partially 
abrogated by addition of neutralizing antibody to IFN-
gamma. Augmented IL-12 production was also observed 
in the cell cultures containing L. casei, and anti-IL-12 
monoclonal antibody completely restored the IgE, IL-4, 
and IL-5 production to the control levels. The IL-12 
augmentation by L. casei was macrophage-dependent. Th 
cell development assay showed the ability of L. casei to 
induce Th1 development preferentially. This effect was 
also completely blocked by anti-IL-12 antibody. Similarly, 
Matsuzaki et al.277

  

 have also reported that oral feeding of 
L. casei strain Shirota could effectively inhibit IgE 
production in mouse serum. In addition, the murine IgE 
production in response to ovalbumin was significantly 
inhibited by this LAB strain. The in vitro production of 
IgE by the spleen cells from mice fed with strain Shirota in 
response to restimulation with ovalbumin was also 
inhibited. These findings elucidate the ability of LAB to 
inhibit antigen-induced IgE production, suggesting a 
potential use of LAB in preventing IgE-mediated allergy. 

8.2. PROBIO-ACTIVE IMMUNOMODULATING MOLECULES  
 
 Peptidoglycan from L. bulgaricus was shown to 
converts mouse pre-T-cells into theta-positive cells and 
activates the complement278. The effect was dependent on 
serum peptidoglycan concentration and the time of the 
interaction of the activated complement with mouse pre-T-
cells. The peptidoglycan effect could be replaced by C3a 
complement component. Fichera and Giese279

 Nomoto et al.

 tested L. 
casei and its peptidoglycan for ability to inhibit the in vitro 
viability of various murine (Yac-1, P815, Ehrlich ascites 
tumor, mammary carcinoma) and human (K562, KB) 
tumor cell lines through primary cytotoxic activity. 
Treatment of these tumor lines with L. casei or its 
peptidoglycan at different doses and for different times 
demonstrated a decrease in viability by 25-30%.  

280 extracted a water-soluble 
polysaccharide-peptidoglycan complex (PSPG) from heat-
killed L. casei by digesting the bacteria with N-
acetylmuramidase. The molecular weight of PSPG was 
>30 kDa, and the polysaccharide portion of PSPG was 
composed of rhamnose, glucose, galactose, glucosamine 
and galactosamine. Mice pretreated (i.p. route) with PSPG 
survived after a lethal infection with L. monocytogenes or 
P. aeruginosa. The growth of infecting bacteria (L. 
monocytogenes, P. aeruginosa, Salmonella typhimurium, 
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E. coli) in both the peritoneal cavity and the liver was 
inhibited markedly in the PSPG-treated mice. The authors 
suggested that activated macrophages could be responsible 
for the anti-infectious effect of PSPG, since treatment of 
mice with carrageenan, a selective macrophage inhibitor, 
markedly reduced the anti-infectious effect of PSPG. 
 The ability of orally administered Deodan, a product 
from the cell wall of L. bulgaricus LB51, to induce 
endogenous tumor necrosis factor-alpha (TNF alpha) 
production in normal mice was evaluated269. The priming 
and triggering activities of the preparation were 
investigated in combination with LPS and live BCG 
vaccine. Deodan was applied at a dose of 150 mg/kg and 
various treatment schedules were employed. Oral 
administration of Deodan at a dose of 150 mg/kg for 1, 3, 
10 or 20 consecutive days only enhanced serum TNF alpha 
levels in treated mice. Maximal TNF alpha levels were 
reached 6 h after the last application of Deodan. Deodan 
was effective in priming TNF alpha in mice triggered 
intravenously (i.v.) with LPS. Deodan triggered the 
production of TNF alpha in BCG-primed mice. The effects 
of Deodan preparation on some functions of 
monocytes/macrophages and on host resistance to 
experimental infections were also examined270

 Whole cell extracts of LAB are also capable of 
altering macrophage function in a strain-dependent 
manner. Murine macrophage-like cell line J774 was 
cultured in the presence of cell-free extracts of L. 
acidophilus and B. longum, and the effect on macrophage 
function was evaluated by measurement of synthesis of 
selected enzymes and their ability to take up either 
acrylamide particles or live Salmonella typhimurium.

. Oral 
administration caused an increase of the spreading ability 
and phagocytic activity of murine peritoneal macrophages, 
and signs of cell activation. In vitro incubation of human 
blood monocytes with deodan resulted in induction of 
membrane-bound and cytoplasmic IL-1 and TNF-alpha. 
The oral treatment of mice with deodan also caused a 
decrease in mortality after experimental infections with 
Klebsiella pneumoniae and Listeria monocytogenes.  

271

 Kitazawa et al.

 
Lysozyme activity of J774 cells was significantly 
decreased by cell-free extracts of B. longum, but not of L. 
acidophilus, whereas extracts of both strains induced 
morphological changes and significantly enhanced 
phagocytosis of inert particles or viable Salmonella.  

281

 

 examined the mitogenic activity of 
extracellular polysaccharides produced by L. delbrueckii 
ssp. bulgaricus OLL 1073R-1 and NCFB2483 in murine 
lymphocytes. The extracellular polysaccharide from strain 
OLL 1073R-1 was fractionated into neutral and acidic 
polysaccharides by anion-exchange chromatography, while 
that of strain NCFB2483 were all fractionated into neutral 
polysaccharide(s). The acidic polysaccharide stimulated 
mitogenic responses of murine splenocytes and Peyer's 
patches but not of thymocytes. The optimal concentration 
of the acidic polysaccharide at the highest stimulation was 
160 µg/ml. A significant increase of mitogenic activity 

was initiated at 24 h, and the highest response was 
obtained after stimulation for 48 h. The acidic 
polysaccharide purified by high performance liquid 
chromatography also had substantial mitogenic activity, 
and the molecular weight was estimated to be 1200 kDa. 
The acidic polysaccharide was a phosphopolysaccharide 
consisting of glucose, galactose and phosphorus. 
Dephosphorylation by hydrofluoric acid degradation 
reduced the mitogenic activity in lymphocytes. The 
phosphopolysaccharide produced by L. delbrueckii ssp. 
bulgaricus 1073R-1 seems to be a potent B-cell-dependent 
mitogen in which the phosphate group acts as a trigger of 
the mitogenic induction. 

8.3 HUMAN CLINICAL STUDIES 
 Addition of probiotics to the intestinal tract could 
enhance cellular nonspecific immune response through an 
increase in macrophage and granulocyte phagocytosis282. 
Kaila et al.283 conducted a study to assess probiotic-
induced antibody secreting cell responses during illness.  
Lactobacillus strain GG (LGG) was administered to 39 
children suffering from acute diarrhea.  The study group (n 
=22) received 1010-1011 cfu Lactobacillus GG as a 
fermented milk product, 125 g twice daily.  The control 
group (n =17) received a fermented and pasteurized yogurt 
with less than 103

 In 1995, Majamaa et al.

 cfu of LAB. The duration of the diarrhea 
for the group that had been given the probiotic strain was 
significantly reduced (1.1 ± 0.6 versus 2.5 ± 1.4 days). The 
transient nonspecific immune response at day one in the 
study group was almost twice that in the placebo group; no 
differences were seen at three weeks.  However, at three 
weeks, 90% of the study group had developed a specific 
response to rotavirus compared to 46% of the control 
group.  

284

 Isolauri et al.

 published a study on 
several species of LAB used in the treatment of acute 
diarrhea. The study group consisted of 49 children with 
acute diarrhea.  After rehydration therapy, the subjects 
received age-appropriate feedings and were divided into 
four groups.  Three groups received LAB preparations: 
Group 1, freeze dried Lactobacillus GG (n =16); Group 2, 
L. casei ssp. rhamnosus (n =14); and Group 3, a 
combination of S.  thermophilus, L. delbruuckii ssp. 
bulgaricus, and L. casei ssp. rhamnosus (n =19).  Group 4 
(the control) received no treatment.  The total number of 
immunoglobulin-secreting cells was comparable among 
the three groups receiving LAB preparations, although the 
specific immune responses were different.  This raises the 
possibility that different bacterial strains have different 
effects.  Subjects in the L. GG group showed enhanced 
levels of IgA specific to rotavirus and serum IgA 
antibodies to rotavirus at the convalescent stage. 

285 studied the immune responses while 
evaluating the use of viable L. casei strain GG (LGG) as a 
mucosal adjuvant to increase immunogenicity of oral 
rotavirus vaccines.  Infants 2 to 5 months of age were 
divided into two groups.  The LGG group (n =28) received 
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the LGG strain in addition to a vaccine.  The placebo 
group (n =27) received only the vaccine.  No significant 
differences in symptoms were found between the two 
groups.  However, a trend towards higher IgA and IgM 
antibody levels after vaccination with LGG was observed. 
 Studies also indicate that the immune system is 
enhanced when Lactobacillus is administered in 
conjunction with bifidobacteria.  De Simone et al.286

 In a case-control study, Link-Amster et al.

 
suggested that regular supplements of beneficial bacteria to 
elderly persons modified the local and systemic immune 
systems.  In a case-control study, 15 adults were 
administered capsules of B. bifidum and L. acidophilus for 
28 days while 10 individuals received placebos.  The 
investigators observed a reduced inflammatory response in 
the sigmoid colon and the number of immunocompetent 
cells in the colonic mucosa was less in the study group 
than in the control group (p<0.02).  An increase in the 
number of B cells in peripheral blood (p<0.01) after 
administration of the supplement was observed although 
no significant changes in the relative number of T, B, and 
NK cells in the colonic mucosa were found.  The authors 
suggested a barrier effect by B. bifidum and L. acidophilus 
against intestinal pathogens, and their proinflammatory 
products. 

287

 Schiffrin et al.

 fed 
healthy adult volunteers with a fermented milk preparation 
containing L. acidophilus and bifidobacteria and exposed 
the subjects to an attenuated Salmonella typhi.  The group 
that received the fermented milk showed an increase in 
both serum IgA specific to S. typhi and total serum IgA.  
No adverse effects on blood chemistry or hematology 
parameters were observed. 

288

Thus, probiotics seem to enhance both specific 
and nonspecific immune responses

 suggested that the ingestion of LAB 
strains enhance nonspecific, anti-infective immune 
responses.  Healthy adult volunteers were divided into two 
groups.  In addition to their normal diets, the participants 
received fermented milk containing a LAB strain.  One 
group received fermented milk that contained L. 
acidophilus; the other group received fermented milk with 
B. bifidum.  Blood tests were conducted to assess the 
changes in lymphocyte subsets or phagocytic activity after 
consumption of the fermented product.  Fecal colonization 
was also monitored.  A significant increase in overall 
phagocytic activity was observed in both groups 
(p<0.0001).   Six weeks after consumption of the 
fermented products, overall phagocytic activity decreased 
in both groups but the values were still considerably higher 
than at the start of the study.  

289. Specific immunity 
may be stimulated by gut immune responses at the local or 
mucosal levels, which in turn stimulate responses at the 
systemic level. Peyer’s patches are intestinal lymphatic 
tissues involved in eliciting immune responses.   The M 
cells in the Peyer’s patch absorb or sample antigens from 
the gut lumen.  All the cells necessary for the induction of 
an immune response, including T and B precursor cells, 

are located within the Peyer’s patches.  Antigen contact 
results in proliferation and differentiation of these 
precursor cells.  The differentiated cells migrate into 
circulation and concentrate the lamina propria and other 
mucosal sites. Probiotics seem to increase the antigen 
uptake of Peyer’s patches285

 The B cells differentiate into plasma cells and secrete 
immunoglobulins.  The IgA provides an immunological 
barrier to foreign material, including pathogens, allergens, 
and carcinogens

. 

290. Probiotics also seem to increase the 
production of IgA.  Breastfed infants receive passive 
protection with IgA from breast milk289

 

. Stimulation of 
IgA production by LAB may provide similar benefits to 
non-breastfed children. 

9.  ANTI-TUMOR EFFECTS 
  
 Many reports suggest that the consumption of 
fermented dairy products or LAB may elicit antitumor 
effects.  These effects may be attributed to (a) the 
inhibition of mutagenic activity; (b) the decrease in several 
enzymes implicated in the generation of carcinogens, 
mutagens, or tumor-promoting agents; (c) the suppression 
of tumors; and (d) the epidemiology correlating dietary 
regimes and cancer15, 194, 291. 

 

The experimental evidence 
from human studies indicates that certain LAB strains 
could alter activity of fecal enzymes (β-glucuronidase, 
azoreductase, and nitroreductase) associated with the 
development of colon cancer.  

9.1 ANTI-MUTAGENIC ACTIVITY 
  
 One possible mechanism for the antimutagenic 
properties of LAB involves a physical binding of the 
mutagenic compounds by these bacteria. In a review of the 
therapeutic role of dietary LAB, Fernandes et al.291 
suggested that the cellular uptake of nitrites by LAB 
reduced the formation of nitrosamines from nitrites. In 
vitro assessment of possible antimutagenic actions of 
LAB, specifically L. casei and a blend of B. longum and L. 
gasseri, indicated a significant reduction in mutagen-
induced chromosome aberrations and micronuclei292. In a 
study with healthy adults, consumption of fermented milk 
containing L. acidophilus (~1010-1011 cfu) contributed to a 
significant decline in mutagenic activity in the urine and 
feces following three days of supplementation293

In vitro studies have revealed that LAB has the 
ability to absorb cooked food mutagens. Colon cancer 
patients given L. acidophilus fermented milk show a 
significant increase both in numbers of intestinal 
lactobacilli and dietary calcium intake, while decreasing 
trends in levels of both soluble fecal bile acids and fecal 
bacterial enzymes, two risk makers for colon cancer. In 
vitro studies have revealed that lactobacilli and other LAB 
have the ability to absorb cooked food mutagens. Recent 
studies in humans have shown that intake of L. acidophilus 
significantly reduced the mutagen excretion after 

. 
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consumption of fried meat. LAB might exert anti-
carcinogenic effects by several mechanisms. Thus, certain 
strains of lactobacilli might lower the colon cancer risk in 
humans293

 Hosono et al.
. 

294 examined the antimutagenic 
properties of milk cultured with L. bulgaricus and S. 
thermophilus using streptomycin-dependent strains of 
Salmonella in an in vitro assay system. The mutagens 
utilized for testing included 2-(2-furyl)-3-(5-nitro-2-furyl) 
acrylamide, 4-nitroquinoline-N-oxide, and fecal mutagenic 
extracts from cats, monkeys, dogs, and other mammals. 
Both types of cultured milk exhibited antimutagenic 
activity on all mutagens used. Antimutagenic activities of 
the cultured milks with 2-(2-furyl)-3-(5-nitro-2-furyl) 
acrylamide and 4-nitroquinoline-N-oxide increased with 
incubation time and demonstrated thermolabile 
characteristics. Bodana and Rao295 studied the anti-
mutagenic activity of skim milk fermented by S. 
thermophilus, L. bulgaricus, or a combination of both 
organisms was studied using Salmonella typhimurium (TA 
98 and TA 100). Mutagens 4-nitroquinoline-N-oxide 
(NQNO) and 2-aminofluorene were used. Extracts from all 
fermented milks showed significant (P <0.05) dose 
response in suppressing the number of revertants caused 
by NQNO and 2-aminofluorene in both test strains, 
whereas extracts from unfermented milk had no effect. 
Extracts prepared from milk fermented by L. bulgaricus 
and S. thermophilus showed significantly (P <0.05) more 
antimutagenic activity than extracts prepared from milk 
fermented by S. thermophilus alone. Solvent (acetone vs. 
ethyl acetic acid) effect was not significant with NQNO as 
mutagen. However, in the case of 2-aminofluorene, 
acetone extracts showed significantly (P <0.05) higher 
antimutagenic activity. The data strongly indicate that 
antimutagenic compounds are produced in milk during 
fermentation by S. thermophilus and L. bulgaricus.  
Renner and Münzner292 examined the antimutagenic 
activity of LAB in the Ames test with S. typhimurium 
TA1538 using beef extract and nitrosated beef extract as 
mutagens. L. casei showed high antimutagenic activity on 
mutagenicity induced by nitrosated beef extract, whereas 
Omniflora® (a lyophilized preparation of lactobacilli and 
E. coli) and its cell-free culture broth exhibited 
antimutagenic activity only on beef extract. The activity of 
LAB was more uniform when living animals were used in 
the tests. Using busulfan as a mutagen both the 
chromosome aberration test (with Chinese hamster bone 
marrow cells) and the micronucleus test (with bone 
marrow cells of Chinese hamsters and mice) showed 
strong anticlastogenic action when L. casei, Omniflora® or 
yogurt (with living bifidobacteria) were given orally at the 
same time as the mutagen. Lactobacilli were effective also 
after i.p. injection. Cell-free culture broth had no or only 
weak antimutagenic effects. Mutagen-induced 
chromosome aberrations and micronuclei were reduced by 
up to 80% by the lactobacilli. The antimutagenic effect of 
cultured milk using 71 strains of LAB belonging to the 

genus Lactobacillus, Streptococcus, Lactococcus, and 
Bifidobacterium on the mutagenicity of N-methyl-N'-nitro-
N-nitrosoguanidine (N-3) was investigated in vitro using S. 
typhimurium TA 100 as an indicator bacterium by Hosoda 
et al.296. Each cultured milk sample displayed its 
characteristic antimutagenic effect on the mutagenicity of 
N-3. The milk cultured with L. acidophilus LA106 (LA2) 
showed the highest inhibition of 77% against the 
mutagenicity of N-3 among the strains tested. 
Reconstituted nonfat dry milk was fermented by L. 
helveticus CH65, L. acidophilus BG2FO4, S. salivarius 
ssp. thermophilus CH3, L. delbrueckii ssp. bulgaricus 
191R, and by a mixture of the latter two organisms. These 
fermented milks were freeze-dried, extracted in acetone, 
dissolved in dimethylsulfoxide, and assayed for 
antimutagenicity in the Ames test (S. typhimurium TA 100) 
against N-3, and 3,2'-dimethyl-4-amino-biphenyl297. Dose-
dependent activity was significant against both mutagens 
in all extracts. Maximal inhibitory activity against 3,2'-
dimethyl-4-aminobiphenyl and N-3 was 2- and 2.7-fold 
greater, respectively, than that exhibited by extracts of 
unfermented milk. Extracts of milk fermented by L. 
delbrueckii ssp. bulgaricus 191R revealed active 
compounds against both mutagens that were less soluble in 
aqueous solutions than in dimethylsulfoxide. Adjustment 
of milk fermented by L. delbrueckii ssp. bulgaricus 191R 
to pH 3, 7.6, or 13 prior to freeze-drying and acetone 
extraction did not significantly alter the activity specific 
for 3,2'-dimethyl-4-amino biphenyl. In contrast, 
compounds with activity specific for N-3 were less 
extractable at pH 7.6. The weak antimutagenicity of 
unfermented milk was not increased by addition of 2% L-
lactic acid. Antimutagenic activities of live and killed cells 
of 6 strains of L. acidophilus and 9 strains of bifidobacteria 
and of organic acids usually produced by LAB were 
determined using 8 potent chemical mutagens and 
promutagens298

 To demonstrate the antimutagenic effect of fermented 
milk in the human intestine, fecal mutagenicity and 
bacterial composition of 6 healthy subjects were 
investigated before and during administration of milk 
fermented with L. acidophilus LA-2

. The mutagens and promutagens used were 
N-3; 2-nitroflourene; 4-nitro-O-phenylenediamine; 4-
nitroquinoline-N-oxide; Aflatoxin-B; 2-amino-3-methyl-
3H-imidazoquinoline;2-amino-1-methyl-6-phenyl-imidazo 
(4,5-b) pyridine, and 2-amino-3-methyl-9H-pyrido (3,3-6) 
indole. Live cells of LAB showed higher antimutagenic 
activity and their efficiency in inhibiting the mutagens was 
better than killed bacterial cells. Live bacterial cells bound 
or inhibited the mutagens permanently, whereas killed 
bacteria released mutagens upon extraction with dimethyl 
sulfoxide. Among the organic acids, butyric acid showed 
highest inhibition of mutagens followed by acetic acid. 
Lactic acids and pyruvates did not show appreciable levels 
of inhibition. 

299. Administration of 
fermented milk caused a remarkable decrease (71.9% on 
the average; range of 19.4 to 90.6%) in fecal mutagenicity; 
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Lactobacillus sp. and Bifidobacterium sp. population 
increased in the feces of all subjects. The suppression of 
fecal mutagenicity appeared to be due to the change in 
fecal microflora caused by the presence of strain LA-2 in 
the human intestine. Small bowel bacterial overgrowth 
(SBBO) occurs in end-stage kidney failure, produces 
uremic toxins and contributes to the decreased nutritional 
balance of the patient. Simenhoff et al.300

 Lactobacillus casei ssp. pseudoplantarum 371 isolated 
from a silage inoculate was found to inhibit aflatoxins B1 
and G1 biosynthesis by Aspergillus flavus ssp. parasiticus 
NRRI. 2999

 conducted a 
clinical study in 8 hemodialysis patients with a course of 
oral treatment with L. acidophilus. LAB treatment was 
effective in lowering two compounds generated in vivo. 
Serum levels of dimethylamine (DMA) dropped from 224 
+/- 47 to 154 +/- 47 µg/dl at the end of LAB treatment (p < 
0.001). Nitrosodimethylamine, a carcinogen, levels also 
decreased significantly from 178 +/- 67 (untreated) to 83 
+/- 49 ng/kg (after LAB treatment). Patients’ nutritional 
status, assessed as serum albumin, body weight, caloric 
intake, mid-arm muscle area (MAMA) and appetite 
improved modestly, but not significantly. LAB changed 
the small bowel pathobiology by modifying metabolic 
actions of SBBO, reducing in vivo generation of toxins and 
carcinogens and promoting nutrition with no adverse side 
effects. 

301

 

. The inhibitory activity in the Lactobacillus 
cell-free supernatant was found to be sensitive to trypsin 
and alpha-chymotrypsin, but resistant to pepsin. Lab-
Lemco™ tryptone broth, supplemented with 20% of 
dialyzed protein concentrate of the supernatant, totally 
inhibited the production of aflatoxins B1 and G1. When 
the protein concentrate was digested with trypsin, the 
production of aflatoxins B1 and G1 was restored. The 
inhibitory activity of the supernatant was inactivated 
within 10 min at 100°C. A. flavus grown in the 
Lactobacillus cell-free supernatant did not produce a 
mutagenic response in the Salmonella mutagenicity test.  

9.2 INHIBITION OF PROCARCINOGENIC ENZYMES 
 
 The incidence of cancer may be reduced by the 
modulation of fecal procarcinogenic enzymes produced by 
intestinal bacteria.  These enzymes, which include β-
glucuronidase, azoreductase, nitroreductase, 7-alpha-
dehydroxylase, and 7-alpha-dehydrogenase, could convert 
precarcinogenic compounds into carcinogens.  The 
presence and activity of these enzymes are lowest among 
LAB such as specific strains of Lactobacilli and 
bifidobacteria302, 303, 304

 Several researchers have investigated the ability of 
LAB to decrease the activity of these enzymes

. 

291. The low 
enzymatic activity decreases the formation of free bile 
acids that are known carcinogens or comutagens.  Ling et 
al.305 studied the effect of the oral administration of a 
Lactobacillus-fermented whey drink on fecal enzymes on 
the elderly in nursing homes.  Glucuronidase and urease 

activities were lower following the administration of a 
fermented beverage compared with the results from a 
placebo drink. In another study of adult females, Ling et 
al.306 observed that supplementing a normal diet with 
viable Lactobacillus GG decreased fecal β-glucuronidase, 
nitroreductase, and glycocholic acid hydrolase activities. 
Goldin et al.307

 

 found that supplementing the diet of adult 
omnivorous volunteers with viable Lactobacillus cultures 
significantly reduced fecal β-glucuronidase and 
nitroreductase activities. The mean β-glucuronidase 
activity in the feces decreased during the supplemental 
feeding period.  The mean nitroreductase activity 
decreased during the supplemental feeding period.  

9.3 BINDING TO CARCINOGENS 
 
 LAB are proposed to have several beneficial effects, 
including the inactivation of carcinogens. In view of the 
high incidence of dietary-related tumors, one important 
research goal is to identify potent genotoxic carcinogens 
and the nutritional factors that may counteract their 
activities. Pool-Zobel et al.308 developed a method to 
assess DNA damage in tumor target tissues of the 
gastrointestinal tract. Based on this technique Pool-Zobel 
et al.309 studied the potential of L. acidophilus (from a 
commercially available yogurt), L. gasseri P79, 
Lactobacillus confusus DSM20196, S. thermophilus NCIM 
50083, Bifidobacterium breve and Bifidobacterium longum 
(from human infant stool) to prevent the induction of DNA 
damage by N-methyl-N'-nitro-N-nitrosoguanidine 
(MNNG, 7.5 mg/kg body wt) in colon cells of the rat. 
Metabolically active L. acidophilus cells, as well as an 
acetone extract of the culture, prevented MNNG-induced 
DNA damage. Different cell fractions from L. acidophilus 
(cytoplasm, cell wall skeleton, cell wall) were devoid of 
antigenotoxic activity, whereas the peptidoglycan fraction 
and whole freeze-dried cells were antigenotoxic. As a 
second carcinogen, 1,2-dimethylhydrazine (DMH) was 
used. A dose- and time-response study was first performed 
to assess the effects of DMH in several segments of the 
gastrointestinal (GI) tract. Exposure for 16 hours to 15 or 
25 mg DMH/kg body wt induced DNA damage in cells of 
the distal colon of rats, whereas no cytotoxicity was 
observed. Pretreatment orally with LAB on four 
consecutive mornings before DMH gavage (8 hours after 
the last LAB application) revealed that L. acidophilus, L. 
confusus, L. gasseri, B. longum, and B. breve inhibited the 
genotoxic effect of DMH. One of the four S. thermophilus 
and one of the three Lactobacillus delbrueckeii ssp. 
bulgaricus strains were also protective. Heat-treated L. 
acidophilus did not inhibit DMH-induced genotoxicity. A 
few aliquots of the colon cells were processed immuno-
histochemically for the presence of the "proliferation cell 
nuclear antigen" (PCNA). DMH treatment did not increase 
PCNA, nor was there any modulation by LAB. These data 
indicated that most, but not all, LAB tested could strongly 
inhibit genotoxicity in the GI tract of the rat and that viable 
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LAB organisms are required for the protective effect in 
vivo. 
 The binding of mutagenic pyrolysates to freeze-dried 
cells of Streptococcus cremoris Z-25 was investigated in 
human gastric juice and compared with the ability of these 
pyrolysates to bind in distilled water310. The pH of gastric 
juice ranged from 1.2 to 7.8. Mutagen binding in gastric 
juice was pH dependent, and was affected by sodium, 
calcium and magnesium salts. Trp-P-2 binding was low in 
gastric juice at pH 1.2 – 2.1 than at pH 4.0 – 8.0. The strain 
bound simultaneously Trp-P-1, Trp-P-2, and Glu-P-1. The 
maximum amounts of Trp-P-2 bound to S. cremoris Z-25 
were approximately 47.5 µg/mg of cells. Freeze-dried cells 
treated at 120°C for 15 min or 80°C for 3 h showed 
increased binding of Trp-P-2. Cells non-thermally killed 
by gastric juice (pH 1.5) had the same Trp-P-2 binding 
capacity as viable cells. L. acidophilus IFO 13951 and B. 
bifidum IFO 14252 nonthermally killed by gastric juice 
also showed high binding of Trp-P-2. Vorobeva et al.311 
reported that in the presence of culture liquid and cells of 
Propionibacterium shermanii, P. pentosaceum, P. thoenii, 
P. coccoides, P. acnes, L. delbrueckii, S. thermophilus, S. 
faecalis, B. bifidum, and E. coli AB 1157 could decrease 
the mutagenicity of 4-nitroquinoline-1-oxide (4-NQO) in 
S. typhimurium TA 100. The highest antimutagenic activity 
was found in culture liquid from all strains tested in the 
logarithmic growth phase; on aging of the cultures their 
antimutagenic activity decreased. The cells passaged in the 
medium containing 4-NQO demonstrate a higher anti-
mutagenic activity than the control cells, and this effect is 
not related to the cell mutation. Young cultures of 
propionic bacteria and of S. faecalis release thiol 
compounds into medium. Thiol accumulation in culture 
liquid from Propionibacterlium shermanii between 10 and 
24 h was accompanied by culture transition to the active 
growth. The maximal thiol accumulation by 24 h coincided 
with the maximal antimutagenic activity of the culture. 
The authors suggested that antimutagenesis of the bacteria 
studied towards 4-NQO is connected with their production 
of reducing (possibly, sulfur-containing) compounds that 
inactivate electrophilic groups of the mutagen. Anti-
mutagenicity of the cell extract of S. faecalis is both 
associated with extracellular factors interacting with 2-
nitrofluorene and with factors affecting intracellular 
processes of mutagen biotransformation and mutation 
induction. A relatively heat-stable substance or substances 
of a peptide nature with a molecular mass less than 12 kDa 
are identified as antimutagenic factors affecting intra-
cellular processes of mutagenesis312

 Cooked meat contains carcinogenic heterocyclic 
amines and may increase the risk of urinary mutagenicity 
in humans. Using 6 healthy non-smokers, Hayatsu and 
Hayatsu

. 

313 examined the effect of 3-week oral 
administration of L. casei, on the urinary mutagenicity 
derived from ingestion of fried ground beef. L. casei 
treatment resulted in a decrease (6-67%, average 47.5%) of 
the mutagenicity. LAB from the fermented non-dairy food 

idly was examined in vitro for their ability to bind food-
borne mutagens314. LAB strains were subjected to high 
pressures and temperatures to investigate alterations in 
their binding potential. All the isolates tested exhibited 
good binding activity towards the amino acid pyrolysates 
3-amino-1-4-dimethyl-5H-pyrido[4,3-b]indole and 3-
amino-1-methyl-5H-pyrido [4,3-d]indole and a moderate 
level of binding of 2-amino-6-methyl-dipyrido[1,2-3',2'-
d]imidazole. No significant binding activity was observed 
with other mutagens, such as aflatoxins. High-pressure and 
heat treatment did not substantially alter the mutagen 
binding activity of the bacteria.  Orrhage et al.315 studied 
the binding capacity of eight human intestinal or LAB 
strains for mutagenic heterocyclic amines formed during 
cooking of protein-rich food. Binding of the mutagens Trp-
P-2, PhIP, IQ and MeIQx by the bacterial strains was 
analyzed by HPLC. There were only minor differences in 
the binding capacities of the tested strains but the 
mutagenic compounds were bound with markedly different 
efficiencies. Trp-P-2 was almost completely bound and the 
binding was irreversible. The binding of PhIP, which 
reached about 50%, was important, as PhIP is a major 
mutagen in the western diet. IQ and MeIQx were slightly 
less well bound. The pH appeared to be of importance for 
the binding efficacy. Binding correlated well with the 
reduction in mutagenicity observed after exposure of the 
heterocyclic amines to the bacterial strains. The results 
indicate that cooked food mutagenic compounds, 
commonly found in the western meat-rich diet, can be 
bound to bacteria from the normal intestinal microflora in 
vitro. Weirich-Schwaiger et al.316

 Terahara et al.

 studied the ability of 
Lactobacillus to promote the repair of damaged DNA.  In 
an in vitro study, they observed that the repair of cells with 
damaged DNA strands was accelerated in the presence of a 
Lactobacillus autolysate. 

317

 

 investigated the effects of 
heterocyclic amines interactions with LAB. L. delbrueckii 
ssp. bulgaricus 2038 and S. thermophilus 1131 bound both 
3-amino-1,4-dimethyl-5H-pyrido[4,3-b]indole (Trp-P-1) 
and 2-amino-3,8-dimethylimidazo [4,5-f]quinoxaline 
(MeIQx). The binding of strain 1131 cells to Trp-P-1 was 
maximum in the pHs from 4 to 8, but strain 2038 cells 
bound Trp-P-1 and MeIQx only slightly at pH 7. The 
authors also investigated the absorption of heterocyclic 
amines by the small intestine of F344 rats in the presence 
of these bacterial cells, using an in situ loop technique. The 
absorption of Trp-P-1 by the small intestine was 
significantly lower in the presence of strain 1131 cells than 
in the absence of the cells, but the presence of strain 2038 
cells had no effect on Trp-P-1 absorption. The authors 
speculated that binding of strain 1131 cells to Trp-P-1 at 
the same pH as that of the small intestine (pH 6-7) might 
decrease its absorption.  

9.4 TUMOR SUPPRESSION 
 
 Many researchers have studied the biological basis of 
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the antitumor and tumor-inhibiting effects of dietary LAB.  
These effects may be attributed to diminished neoplastic 
enzyme activity or immunostimulation of the host.  For 
example, a peptidoglycan isolated from B. infantis and 
injected intralesionally produced a 70% tumor regression 
in mice318 . These investigators further demonstrated in 
peritoneal exudate cells of mice that the cell wall fractions 
are biological response modifiers that activate neutrophils 
and macrophages in tumor-bearing animals319, 320

 Mizutani and Mitsuoka

. The 
authors suggested that specific LAB might play a role as 
immunomodulators in the intestines of humans and 
animals and in the maintenance of health. 

321, 322 observed that enteric 
flora such as Escherichia coli, Streptococcus faecalis, and 
Clostridium paraputrificum promote liver tumorigenesis in 
gnotobiotic C3H/He male mice. The authors demonstrated 
that this promoting effect was suppressed by addition of 
certain intestinal bacteria, such as Bifidobacterium longum, 
L. acidophilus, and Eubacterium rectale. The mechanism 
of antitumor activity has been a subject of investigation for 
many laboratories. Antitumor activity of blastolysin, a 
preparation that consisted mainly of glycopeptide 
fragments of the cell wall of L. bulgaricus, was studied by 
Bogdanov et al.323. Blastolysin exerted a specific antitumor 
effect on sarcoma S-180, leukemia P-388, plasmacytoma 
MOPC-315, adenocarcinoma AKATOL, melanosarcoma 
B-16, carcinoma LIC, and spontaneous tumors in mice. 
Blastolysin is of low toxicity, does not inhibit 
hemopoiesis, and its action on tumor tissue differs 
considerably from that of the known antitumor 
chemotherapeutic agents.  Ketlinskii et al.324 isolated a 
blastolysin fraction from lysosyme lysates of L. bulgaricus 
strain 51 by gel-filtration. The substance showed a potent 
inhibitory effect on sarcoma S-180 cell proliferation. 
Repeated treatment with the fraction induced a complete 
regression of tumor in 15% of animals and resulted in a 
prolonged suppression of tumor growth. The fraction 
showed a similar inhibition pattern of the growth of 
Ehrlich ascites tumor but did not affect hemocytoblastosis 
in mice. Histological studies revealed the ability of the 
fraction to cause tumor cell necrosis. The inhibitory effect 
of L. casei in superficial bladder tumors was investigated 
using N-butyl-N (4-hydroxybutyl) nitrosamine (BBN)-
induced rat bladder cancer as an experimental system325. 
The results indicated that both bladder weight and tumor 
volume per organ were significantly lower in the L. casei-
treated than non-L. casei-treated group (p < 0.05). The 
degree of malignancy of induced tumors was significantly 
lower in those groups receiving L. casei while BBN was 
being administered as compared to the non-L. casei-treated 
group (P < 0.05. Sekine et al.319

 In vivo and in vitro studies have shown an antitumor 
activity of LAB in colon cancer, and some epidemiological 
studies have indicated a reduced risk of breast cancer in 
women who consume fermented milk products. Biffi et 
al.

 examined the ability of a 
cell wall preparation (WPG) of bifidobacteria to increase 
survival time, improve cure rates, and extend antitumor 
neutralizing activities in vivo in mice. The authors showed 
that mice sensitized with tumor vaccine and WPG 
improved synergistically in survival time and cure rates 

when compared with mice that had received only the 
tumor vaccine. 

326

 

 studied the direct effect of milk fermented by five 
bacteria strains (B. infantis, B. bifidum, B. animalis, L. 
acidophilus, and Lactobacillus paracasei) on the growth 
of the MCF7 breast cancer cell line. A growth inhibition 
was induced by all fermented milks, with B. infantis and L. 
acidophilus the most effective (85% inhibition after 9 
days). The antiproliferative effect was not related to the 
presence of bacteria in fermented milk, and neither whole 
milk (crude or ultrahigh temperature sterilized) nor its 
main fractions (lactalbumin or beta-lactoglobulin fraction) 
affected cell growth. The presence of an ex novo soluble 
compound produced by LAB during milk fermentation or 
the microbial transformation of some milk components in 
a biologically active form was speculated to elicit the 
effect.  

9.5 NUTRITIONAL EPIDEMIOLOGY 
  
 Epidemiological studies suggest that the incidence of 
colon cancer is influenced by environmental factors, 
especially diet. The high beef-high fat-low fiber western-
style diets seem to be associated with a high risk of colon 
cancer327. The intestinal microflora may play a role in 
colon cancer by metabolic activation of procarcinogens in 
the lumen of the large bowel. The link between diet and 
colon cancer can be explained, in part, by the alterations in 
fecal bacterial enzyme activity induced by a Western-style 
diet. For example, fecal bacterial beta-glucuronidase, 
nitroreductase, azoreductase and steroid 7-alpha-
dehydroxylase activities are increased in animals or 
humans consuming a high beef diet. These enzyme 
activities can be reduced by eating a grain diet, by the 
addition of L. acidophilus to the diet, or by administration 
of low dose antibiotics. In experimental animals these 
three measures to reduce the activity of the microflora also 
produce few colon tumors in animals given the chemical 
carcinogen dimethylhydrazine303, 328

 The effect of feeding skim milk fermented by S. 
thermophilus or L. bulgaricus on the incidence of 
chemically induced colon tumors in rats was reported

. Further studies are 
needed to establish whether alterations in the metabolism 
of the colon microflora can reduce the risk of large bowel 
cancer in humans. 

329. 
Weaning Fisher-344 rats were fed chow plus skim milk 
(SM), chow plus SM fermented by S. thermophilus, chow 
plus SM fermented by L. bulgaricus, or chow plus water 
until sacrifice at 36 weeks, or before if moribund. Colon 
tumors were induced by subcutaneous injections of 1,2-
dimethylhydrazine hydrochloride during weeks 3 through 
22. The control (chow + water) group received saline 
injections. The survival rate of the rats fed fermented milks 
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was significantly higher than that of the rats fed 
nonfermented milk. The latter had a significantly higher 
incidence of ear-duct tumors than the rats receiving 
fermented milk. The percentage of rats showing colon 
tumors was similar among all three experimental groups. 
The control group did not have any tumors. The rats 
receiving fermented milk had a significantly higher 
incidence of small-intestine tumors than those receiving 
nonfermented milk. The rats on S. thermophilus milk had 
the lowest percentage of malignant colon tumors of the 
three experimental groups. Results indicated that the 
feeding of fermented milks altered the metabolism of 1,2-
dimethylhydrazine and shifted the target organ from the 
ear duct to the small intestine. In addition, the colon tumor 
distribution for the fermented-milk groups appeared to 
shift toward the anus.  
 Vegetarianism is typically associated with a lower risk 
of colon and breast cancer than nonvegetarian diets. van’t 
Veer et al.330, using a 12-month dietary recall examined 
the diets of 133 women with confirmed cases of breast 
cancer and 548 women without breast cancer. The authors 
concluded that consumption of fermented milk had a 
prophylactic effect against breast cancer. A high 
percentage of human tumors are related to dietary habits. 
One way to improve the nutritional impact is to increase 
the intake of protective factors, such as inhibitors of DNA 
damage and other types of anticarcinogens. Specific strains 
of LAB used to ferment milk are promising candidates for 
antimutagenic and anticarcinogenic effects. Pool-Zobel et 
al.331

 

 studied the antimutagenicity of 10 isolated strains of 
beneficial LAB. Four types of fermented milk products 
were also studied for their protective properties. The effect 
of these bacteria on the yield of revertants induced by 
nitrosated beef extract was investigated in the Salmonella 
typhimurium mutagenicity assay. Eight of 10 isolated LAB 
strains reduced the yield of his+ revertants almost back to 
the levels of the untreated controls. Different fermented 
fresh yogurts containing viable bacteria (probably L. 
delbrueckii ssp. bulgaricus and S. thermophilus or L. 
acidophilus and bifidobacteria) showed protective effects. 
The degree of suppressing revertants was independent of 
the yogurt's fat content. In contrast, heat-treated yogurt 
products were not inhibitory. The other fresh fermented 
milk products (e.g., buttermilk, kefir, and "Dickmilch") 
were not antimutagenic in this study. The results imply 
that some bacteria used in milk processing have an 
antimutagenic potential and that this property is specific 
for the bacterial strain. 

9.6 IN VITRO AND IN VIVO ANTITUMOR EFFECTS OF          
L. CASEI LC9018 
 
 L. casei strain LC9018 was extensively characterized 
for antitumor effects during past two decades (TABLE-6). 

Mutai and co-workers have elucidated the 
beneficial effects of LC9018 in various animal models 
with experimental tumors. The effect of LC9018 on the 

growth of transplantable allogeneic and syngeneic mouse 
tumors was investigated by Kato et al.332. This study 
showed that intraperitoneal (i.p) treatment of lactobacilli 
could prolong the life span of ICR mice implanted with 
sarcoma-180 or L1210 leukemia. Intravenous (i.v.) 
injection of LC9018 markedly inhibited the growth of 
subcutaneously inoculated sarcoma-180. LC9018 was also 
effective against methylcholanthrene-induced syngeneic 
MCA K-1 tumor in BALB/c mice. The antitumor activity 
of LC9018 was reduced by treatment with carrageenan, an 
anti-macrophage agent, and in T-cell deficient athymic 
nude mice, suggesting a macrophage-dependent antitumor 
activity. Further studies by Kato et al.250 showed that the 
i.p administration of LC9018 could increase the acid 
phosphatase and phagocytic activities of peritoneal 
macrophages. The phagocytic activity was optimum 2-3 
days after the administration of LC9018. The lactic culture 
accelerated phagocytic function of the reticuloendotherial 
system in ICR mice in carbon clearance test. The cytostatic 
activity of peritoneal exudate cells (PEC) was also 
enhanced by LC9018 induction. These data suggested the 
ability of LC9018 to activate macrophages in mice. Kato et 
al.252

 Yasutake et al.

 also demonstrated the capacity of LC9018 to 
augment the natural killer (NK) cell activity of spleen cells 
in BALB/c mice. The spleen cells exhibited no cytolytic 
activity against P815, a cell line insensitive to NK cells. 
The cytolytic activity of the spleen cells increased after the 
injection of 250 µg of LC9018/mouse, peaked on day-3, 
and gradually declined thereafter. The increase caused by 
LC9018 was also observed in normal and Meth A-bearing 
mice. In vitro treatment with anti-asialo GM1 antibody 
plus complement completely abrogated the LC9018-
augmented murine NK cell activity. The NK activity on 
day-3 after LC9018 injection was reduced by in vitro 
treatment with anti-thymus monoclonal antibody plus 
complement to half of that observed when treatment was 
with complement alone. Based on these observations 
involvement of two populations of NK cells (one 
population was asialo GM1-positive and Thy 1-negative, 
the other was asialo GM1-positive and Thy 1-positive) in 
the spleen cell suspension derived from LC9018-treated 
mice was suggested.  

333 studied the antitumor activity of 
strain LC9018 in BALB/c mice by using two syngeneic 
tumors; methylcholanthrene-induced tumor (Meth A 
fibrosarcoma) and Kirstein murine sarcoma virus-
transformed BALB/3T3 (K234 tumor). Administration of 
an LC9018 - Meth A cell mixture induced complete 
suppression of the tumor growth, while simultaneous 
injections of LC9018 and Meth A cells into different sites 
had no suppressive effect on the tumor growth. 
Administration of the mixture subsequently induced 
specific transplantation immunity to the challenge tumor. 
Administration of LC9018 - K234 cell mixture also 
induced suppression of the tumor growth and generated 
specific antitumor immunity. Neutralization tests showed 
that T lymphocytes possessed tumor cytotoxicity but 
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humoral immune serum did not, suggesting that the T cells 
with LC9018 -potentiated antitumor immunity functioned 
in the suppression of the tumor growth. Intralesional or i.v. 
administration of LC9018 into the tumor bearers caused 
local transient swelling or hepatosplenomegaly but did not 
cause other pronounced lesions. In mice whose tumors had 
regressed as a result of administration of LC9018 or other 
immunopotentiators, the phytohemagglutinin P (PHA-P) 
response of the spleen cells was less than that of mice 
whose tumors progressed. The PHA-P response of 
popliteal lymph node cells proximal to the tumor lesion 
was low compared with the splenic PHA-P response and 
there was no difference between the lymphocytes from 
mice whose tumors had regressed or progressed. Adjuvant 
activity of LC9018 in inducing tumor immunity was 
demonstrated by administering a mixture of LC9018 and 
Meth A cells to mice. The presence of antitumor activity of 
LC9018 in cell wall components was deduced from fact 
that removal of its cell wall by endo-N acetylmuramidase 
abolished the activity351. The adjuvant effect of LC9018 
induced tumor-specific humoral and cellular immunities, 
however, the anti-tumor activity seems to be dependent on 
the cellular effectors of the host255

 Kato et al.
. 

276 examined LC9018-mediated induction of 
Ia-positive macrophages. The Ia-positive cell population 
encounters tumor antigens in peritoneal cavity, and plays 
an important role in vivo. Immunomodulators with 
antitumor activity such as LC9018 or C. parvum, when 
injected intraperitoneally into BALB/c mice, Ia antigen 
was expressed on the cell surface of peritoneal exudate 
macrophages. The Ia-positive peritoneal macrophages 
were maximal on day-7 after the injection of LC9018. 
Immunization by injection of Meth A fibrosarcoma cells 
treated with mitomycin C (MMC-Meth A) 7 days after 
LC9018 injection suppressed the growth of Meth A 
implanted i.p. 14 days after MMC-Meth A injection. A 
shorter interval between the injections of LC9018 and 
MMC-Meth A did not allow suppression of Meth A 
growth. These results showed that the increase in Ia-
positive macrophages in the peritoneal cavity coincided 
with the effective interval for induction of the antitumor 
activity by LC9018. The antitumor activity induced by 
injections of LC9018 and MMC-Meth A did not affect the 
growth of RL male 1 leukemic cells, syngeneic to BALB/c 
mice. Neutralization (Winn type) tests showed that 
peritoneal T lymphocytes possessed tumor cytotoxicity 
and the antitumor capacity was reduced by in vivo 
treatment with anti I-Ad monoclonal antibody 
simultaneously with and 1 day prior to MMC-Meth A 
injection. The effects of an oral administration of 
Biolactis powder (BLP) preparation containing viable 
LC9018 on tumor growth and the mitogenic responses of 
splenocytes from tumor-bearing mice were studied347

 Intraperitoneal administration of LC9018 has been 
reported to augment oxygen radical production and 
suppress the production of prostaglandin E2 by peritoneal 
macrophages

. 
BALB/c mice were insufficiently pre-immunized by 
resecting a Colon 26 tumor mass (primary tumor) grown 
for 5 days intradermally. The mice were rechallenged by 
injecting Colon 26 tumor (secondary tumor) into the hind 

footpad. The secondary tumor grew progressively in 
control mice, but was markedly suppressed by oral 
administration with BLP at a dose of 100 or 200 
mg/kg/day for seven consecutive days. The suppression 
was a primary tumor-specific response. Only viable 
LC9018, not heat-killed bacteria could suppress the 
secondary tumor. The lympho-proliferative responses of 
splenocytes from the secondary tumor-bearing mice with 
T-cell mitogens (concanavalin A and phytohaem-
agglutinin) and cytokines (interleukin-1 and interleukin-2) 
were lower than those of normal mice, this suppression of 
mitogenic responses under tumor-bearing conditions was 
abolished by oral administration with BLP. The authors 
concluded that oral BLP potentiated systemic immune 
responses that modified T-cell functions in tumor-bearing 
mice. 

253. The growth of i.p. inoculated Meth A 
fibrosarcoma was also inhibited by an i.p. injection of 
LC9018. Administration of LC9018 by i.v. route 
stimulated oxygen radical production by fixed macro-
phages and inhibited the growth of Listeria monocytogenes 
in the liver. Furthermore, glucose-6-phosphate 
dehydrogenase activity in the liver was significantly 
increased (10 to 20 times) by i.v. administration of 
LC9018. The augmentation of oxygen radical production 
by LC9018 was more marked and maintained for a longer 
period.  In vitro and in vivo effect of tumor cells and 
immunostimulants on the release of cytostatic factors (CF) 
from LC9018-, Corynebacterium parvum - or peptone-
elicited peritoneal macrophages (PM) was also examined 
by Hashimoto et al.337

 Administration of LC9018 on the content of 
macrophage colony-forming cells (M-CFC) and the serum 
colony-stimulating activity (CSA) in mice was 
investigated by Nanno et al.

. It was suggested that the release of 
CF from activated PM is caused by stimulation by some 
tumor cells, sugars, or bacterial immunostimulants, D-
Mannose and L-rhamnose on the surface of tumor cells or 
bacteria, respectively, may contribute an important role in 
the release of CF from activated macrophages. 

258. LC9018 increased both 
femoral and splenic M-CFC in normal BALB/c mice; the 
highest levels were found a few days and a week, 
respectively, after the administration. LC9018 also induced 
an increase in splenic M-CFC in C3H/HeJ mice as well as 
in C3H/HeN mice, unlike LPS, which was ineffective in 
C3H/HeJ mice. In Meth A-bearing BALB/c mice, LC9018 
suppressed the growth of tumor cells and increased 
femoral and splenic M-CFC. LC9018 induced rise in 
serum granulocyte-macrophage CSA similar to LPS. Sera 
after LPS administration, when transferred to normal mice 
induced increases in femoral and splenic M-CFC. 
However, sera after LC9018 administration increased 
neither femoral nor splenic M-CFC. These results 
indicated that LC9018 modulates myelopoiesis at least at 
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the stage of the proliferation of M-CFC in a different way 
from LPS, and this ability may be related to its antitumor 
activity. Shimizu et al.352

 Matsuzaki and co-workers elucidated the molecular 
mechanisms of LC9018-mediated augmentation of tumor 
metastasis. Their studies showed that injection (i.v. route) 
of LC9018 could effectively inhibit pulmonary metastases 
in C57BL/6 mice after subcutaneous inoculation with 
Lewis lung carcinoma (3LL). Injection (intralesional. 
route) of LC9018 was also effective for both prolongation 
of the survival period and inhibition of pulmonary 
metastases in 3LL tumor-bearing mice. The combination 
treatment of intralesional. and i.v. injections of LC9018 
before or after surgical excision of the primary tumor 
remarkably inhibited the pulmonary metastases after 
inoculation with 3LL tumor. Injection (intralesional.) of 
LC9018 was effective for regression of the established 
tumors of line-10 hepatoma inoculated intradermally and 
for induction of systemic tumor immunity in strain-2 
guinea pigs

 observed wide-ranging 
differences between the antitumor activities of 23 
lactobacilli (13 species; 23 strains) and their capacities to 
elevate the level of serum CSA by i.p. route in mice, and a 
good correlation existed between the two activities. The 
mechanism of enhanced production of CSA by 
administration of LC9018, and the role of CSA in 
antitumor activity of LC9018 was investigated. CSA in the 
washing fluid from the peritoneal cavity of mice 
administered LC9018 by i.p. route was elevated at 3 to 24 
h after the injection, and CSA was also detected at elevated 
levels in the serum of the mice 6 to 12 h after injection. 
The cells responsible for the production of CSA after 
stimulation with LC9018 seem to be the resident 
macrophages at the site of administration, since the 
resident macrophages of mice lavaged 1 h after an i.p. 
administration of LC9018 released CSA in vitro. Also 
resident peritoneal macrophages of normal mice cultured 
with LC9018 in vitro produced CSA. Similar results were 
obtained with athymic nude mice, and the CSA-inducing 
activity of LC9018 was diminished in the mice pretreated 
with carrageenan, which is selectively toxic to mature 
macrophages. Bone marrow cells matured to macrophages 
and polymorphonuclear cells by culture with the CSA 
induced by LC9018 for 7 days. These matured 
macrophages showed strong antitumor activity both in vivo 
and in vitro. These results suggest that CSA play important 
roles in the antitumor activity of LC9018. 

334. Intrapleural administration of LC9018 into 
mice induced an increase in the number of thoracic 
exudate cells (TEC) and the cell population in the TEC 
was mainly polymorphonuclear leukocytes in the early 
stage, while macrophages were dominant in the late stage. 
In addition, in vitro cytolytic activity against 3LL cells and 
natural killer cell activity of TEC was augmented by the 
intrapleural administration of LC9018. Furthermore, 
intrapleural administration of LC9018 into the mice 
rendered their lung macrophages tumoricidal for 3LL cells 
in vitro. These results show that TEC induced by 

intrapleural administration of LC9018 play a key role in 
the inhibition of metastasis in 3LL-bearing mice336. Asano 
et al.335 also reported that LC9018 (viable and/or heat-
killed bacteria), administered either orally or by i.v. could 
strongly inhibit the growth of transplantable murine 
bladder tumor and reduce pulmonary metastasis. The 
effect of LC9018 on a highly metastatic variant of B16 
melanoma, B16-BL6, was also examined in C57BL/6 
mice338

 Inoculation of Meth A cells into the thoracic cavity of 
BALB/c mice cause cell proliferation and death of mice 
from the tumor with an increased amount of pleural fluid. 
Administration of LC9018 was effective in prolonging the 
survival of the mice after intrapleural inoculation of Meth 
A tumor. Pretreatment with LC9018 also prolonged the 
survival. Administration of LC9018 increased the number 
of thoracic exudate cells (TEC) and augmented both 
cytolytic activity of thoracic macrophages and NK cell 
activity of TEC. Phagocytic activity of thoracic 
macrophages against sheep red blood cells was enhanced 
and Ia antigen-positive cells in TEC were increased by the 
intrapleural treatment with LC9018

. Injection (intralesional.) of LC9018 prior to 
surgical excision of the primary tumor inhibited axillary 
lymph node metastasis and i.v. injection of LC9018 after 
surgical excision of the primary tumor inhibited both 
axillary lymph node and lung metastases. The combination 
of intralesional. and i.v. injections of LC9018 markedly 
inhibited both lymph node and lung metastases. NK cell 
activity of axillary lymph node cells was augmented by the 
injection of LC9018 into a front footpad, while the 
cytolytic activity of axillary lymph node cells was 
significantly enhanced. However, depleting whole lymph 
node cells of the plastic adherent cells diminished the 
cytolytic activity. Furthermore, alveolar macrophage-
mediated cytotoxic activity was augmented by the i.v. 
injection of LC9018. 

339. The role of LC9018 
and lymph node cells in the inhibition of metastasis of 
B16-BL6, a highly metastatic variant of B16 melanoma in 
C57BL/6 mice was determined340. Injection (sub-
cutaneous) of LC9018 into the left inguinal or the left 
axillary region inhibited both axillary lymph node and lung 
metastasis of B16-BL6 after surgical excision of the 
tumors. Administration of LC9018 into the left inguinal 
region augmented the cytolytic activity of the left inguinal 
lymph node cells and the left axillary lymph node cells 
against B16-BL6 in vitro. These results suggest that the 
lymph node cells activated by LC9018 play an important 
role in the inhibition of the metastasis. The LC9018 
treatment also seems to augment the host immune 
response. Intralesional injection of LC9018 into 3LL-
bearing mice inhibit both the growth of the primary tumors 
and the formation of lung metastases, and this effect was 
significantly augmented by subcutaneous injection of 
LC9018 before the tumor inoculation. In the LC9018-
primed mice, intraperitoneal administration of LC9018 
into syngeneic hosts after priming induces a high level of 
interleukin-2 (IL-2) and interferon-gamma (IFN-gamma) 
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in the peritoneal cavity. At this time, T cells of the spleen 
cells from the LC9018-primed mice proliferate and 
produce IL-2 when co-cultured with LC9018 as antigen in 
vitro. Flow cytometry revealed that the phenotype of these 
T cells was L3T4+ and Ly-2.2- T. These results suggest 
that LC9018-reactive helper T (Th) cells were induced by 
the priming and subsequent challenge with LC9018, and 
that IL-2 or IFN-gamma, which was produced by the 
activated LC9018-reactive Th cells, augmented a host 
immune response resulting the antitumor activity. 
Matsuzaki et al.350

 The combined effect of LC9018 and Adriamycin 
(ADR) on malignant pleurisy was investigated in BALB/c 
mice implanted (intrapleural) with Meth A fibrosarcoma 
cells

 also reported that the antitumor effect 
of LC9018 was in part inhibited in mice treated with anti-
CD3 or anti-CD8 antibody, but not affected in anti-CD4 
antibody-treated mice. In contrast, LC9018 had little effect 
on Meth A-bearing SCID or nude mice. These data 
indicated that CD8+ T cells participated in prolonging the 
survival of Meth A-bearing mice. Moreover, the 
examination of the production of several cytokines 
revealed that the production of interferon-gamma and 
interleukin-6 was, in particular, augmented in the exudated 
fluid of the thoracic cavity in BALB/c mice injected 
(intrapleural) with LC9018. These results suggested that 
intrapleural administration of LC9018 induced potent 
cytokines to activate the thoracic macrophages or to 
present the thoracic lymphocytes to the cytotoxic T cells. 
These data demonstrated that the prolonging effects on 
survival by intrapleural administration of LC9018 
depended on CD8+ T cells, and the intrapleural 
administration of LC9018 into intrapleural Meth A-bearing 
mice induced several cytokines, which participated in the 
subsequent immunoresponses. 

342. The control mice died from dyspnea due to pleural 
effusion, before significant growth of tumor nodules could 
be achieved in the thoracic cavity. Administration 
(intrapleural) of LC9018 (20-200 µg/head) on days 1 and 5 
reduced the effusion volume and induced pleural adhesions 
in a dose-related manner. A marked prolongation of 
survival was observed (LC9018 dose: 200 µg/head ) with 
an increase of lifespan (ILS) values of 15-39%. 
Administration (intrapleural) of ADR (2-4 mg/kg) on day-
1 was also effective in prolonging survival without severe 
toxicity (ILS values of 100-122%). The combined use of 
ADR and LC9018 induced a high incidence of pleural 
adhesions, a delay in effusion accumulation, and an 
additive prolongation of lifespan (ILS values of 133-
178%), compared with ADR monotherapy. In the 
combination therapy group, a marked and continuous 
exudation of neutrophils, macrophages, and lymphocytes 
was observed with a significant decrease in pleural tumor 
cells. The authors suggested that administration 
(intrapleural) of LC9018 enhance the effect of ADR, 
probably by host-mediated tumoricidal activity and 
sclerosing effects on the pleura. Watanabe349

 The effects of somatic components of L.casei on the in 
vitro growth of various human tumor cell lines was 
studied

 reported that 
the mean survival age of female AKR/J mice was 

significantly prolonged, enlargement of thymus was 
markedly suppressed, and the proliferation of ecotropic 
and recombinant murine leukemia viruses (MuLV) was 
markedly inhibited when 8-week-old female AKR/J mice 
were injected (i.p.) with heat-killed L. casei cells twice 
weekly for 8 weeks. In contrast, such actions of heat-killed 
L. casei cells were not seen in 20-week-old female AKR/J 
mice. The leukemogenic activity of the cell-free extract of 
thymus from adult female AKR/J mice in newborn female 
AKR/J mice was drastically reduced by i.p. treatment with 
heat-killed L. casei cells. The difference in adjuvant 
effectiveness of heat-killed L. casei cells on 8- and 20-
week-old animals may be dependent on the difference in 
the enhancing activity of the cell-mediated immune 
systems between the groups induced by heat-killed L. casei 
cells, and, as a result, on the difference in the degree of 
proliferation of ecotropic and recombinant MuLV in 
thymus, which consequently causes thymic lymphoma. 

344. L.casei was able to suppress the growth of MT-
2, MT-4 cells from adult T-cell leukemia, Molt-4 cells 
from acute lymphoblastic leukemia and U-937 cells from 
promonocytic leukemia. This effect was obviously 
different from the cytotoxicity of Vinbrastin, an anti-
cancer drug. Flow cytometric experiments with BrdU-anti 
BrdU antibody demonstrated an increase of cells in G1 + 
G0 phases (pre-DNA synthesis phases) by the treatment of 
L. casei, suggesting that L. casei may act as a low grade 
inhibitor of the protein synthesis. L.casei and its 
peptidoglycan were tested for their ability to inhibit in 
vitro the viability of various murine (Yac-1, P815, Ehrlich 
ascites tumor, mammary carcinoma) and human (K562, 
KB) tumor cell lines through primary cytotoxic activity279. 
Treatment of these tumor cell lines with L. casei or its 
peptidoglycan at various doses for different times 
demonstrated a decrease in viability by 25-30%. Succinate 
dehydrogenase (SDH) activity, 51

 

Cr release, ATP assays 
and morphological alterations in the treated tumor cells 
revealed this cytotoxic activity. Immuno assays showed a 
precise ratio of binding between Ehrlich ascites or YAC-1 
cell membranes and peptidoglycan. L. casei and its 
derivative peptidoglycan both demonstrated a stimulating 
activity in normal cells and an inhibiting activity in tumor 
cells. 

9.7 TUMOR BIOTHERAPY - CLINICAL TRIALS 
 
 A randomized study on the efficacy of prophylactic 
co-trimoxazole and lactobacilli administration on intestinal 
decontamination was undertaken in 68 children with 
leukemia and solid tumors353. Antibiotics were given in 35 
neutropenic episodes in 33 children, while co-trimoxazole 
and lactobacilli preparation were administered in 35 
episodes in 35 children. The pathobiology, severity of 
neutropenia, and incidence of infection were comparable 
among the two groups. There was no significant difference 
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in the incidence of infections during the phase of 
neutropenia. The median and range of time required to 
recover from neutropenia were also not different. Co-
trimoxazole and lactobacilli were well tolerated, with no 
nausea and vomiting, no refusal to take medication, no 
dose reduction or change to an alternative regimen. The 
authors concluded that co-trimoxazole and lactobacilli 
preparation improves quality of life during a neutropenic 
episode. 
 Twenty-four female patients suffering from 
gynecological malignancies and scheduled for internal and 
external irradiation of the pelvic area (pelvic dose 5000 
cGy) were selected for a study on prevention of intestinal 
side-effects by live L. acidophilus cultures354. The patients 
were randomized into two groups. Both groups received 
dietary counseling recommending a low-fat and low-
residue diet during radiotherapy. The control group 
received dietary counseling only. The test group received 
150 ml of a fermented milk test product containing ~ 2 X 
109

 The failure rate with radiation therapy alone for Stage 
III cervical cancer is quite high, and therefore other 
modalities are being pursued as adjuvants to radiation 
therapy. The clinical efficacy of heat-killed LC9018 in 
combination with radiation was evaluated in a randomized 
controlled trial on 61 patients with carcinoma of the 
uterine cervix of Stage IIB or III

 (cfu) L. acidophilus daily and 6.5% lactulose as 
substrate for the bacteria. The results indicated that the test 
product appeared to prevent radiotherapy-associated 
diarrhea. However, flatulence was increased probably due 
to lactulose ingestion in the test group. 

341. The combination 
therapy with LC9018 demonstrated a significant effect on 
tumor reduction, compared with radiation therapy alone, at 
the cumulative doses of 15-Gy and 30-Gy external 
irradiation (P <0.05). Histology confirmed that LC9018 
also enhanced the therapeutic effect of the irradiation. 
LC9018 seemed to be useful in protecting the patients 
from leukopenia during radiotherapy. This preliminary 
study suggested that LC9018, when used in combination 
with radiotherapy, could be an effective adjuvant 
immunotherapeutic agent. Okawa et al.346

 Aso and Akazan

 conducted 
another randomized, controlled, comparative clinical trial 
LC9018 in 228 patients with Stage IIIB cervical cancer to 
evaluate a biologic response modifier prepared from heat-
killed. LC9018 was found to enhance tumor regression (P 
< 0.1) by radiation after both 30 Gy of external radiation 
and at the completion of radiation therapy. The 
combination therapy also prolonged survival and the 
relapse-free interval (P < 0.05) compared to radiation 
alone. Analysis of survival using the Cox proportional 
hazard model indicated that use of LC9018 was a 
significant factor related to survival duration. Radiation-
induced leukopenia was significantly less severe (P < 0.05) 
in the LC9018-combined group than in the radiation-alone 
group, suggesting that this agent might help to prevent 
leukopenia during radiation therapy. The trial concluded 

that LC9018 as an effective agent for adjuvant 
immunotherapy in combination with radiation therapy. 

345 conducted a randomized controlled 
study in patients with superficial bladder cancer to 
investigate the safety of Biolactis powder, an orally 
administered (3 g/day) L.casei preparation, and its 
preventive effect on the recurrence after transurethral 
resection of the bladder tumor (TUR-Bt). A total of 58 
patients (BLP group –23; Control group –25) were 
enrolled in the study. There were no significant differences 
in the patient characteristics for the complete cases 
between the two groups. Comparison of the disease-free 
duration by the Kaplan-Meier method revealed that the 
50% recurrence-free interval after TUR-Bt was prolonged 
by BLP treatment (350 days) to 1.8 times that in the 
control group (195 days). A significant difference between 
the groups was detected by the long-rank test (p = 0.03). 
No adverse side effect was observed. The results suggest 
that oral administration of BLP is useful for the prevention 
of the recurrence of superficial bladder cancer. A double-
blind trial was also conducted by Aso et al.348

 

 in 138 
patients with bladder carcinoma to evaluate the 
prophylaxis of recurrence with BLP. Patients were 
stratified into 3 subgroups: (A) with primary multiple 
tumors; (B) with recurrent single tumors, and (C) with 
recurrent multiple tumors. In each group, patients were 
randomly allocated to receive BLP or placebo. BLP 
showed a better prophylactic effect in subgroups A and B 
than placebo, whereas no significant difference was 
observed in subgroup C. Cox multivariate analysis showed 
that the outcome with BLP was significantly better than 
with placebo (p = 0.01). Slight and tolerable adverse 
reactions occurred in 3 patients receiving BLP and in 3 of 
the placebo-treated patients. This study suggested that oral 
administration of BLP was safe and effective for 
preventing recurrence of superficial bladder cancer. 

10.  CLINICAL MANAGEMENT OF DIARRHEA 
 

 Recently, Elmer et al.355 reviewed the literature from 
1966 to 1995 regarding the prophylactic and therapeutic 
effectiveness of LAB culture consumption on the severity 
and the duration of intestinal infections in infant and adult 
populations.  Saavedra et al.356

 Lactobacillus GG has been extensively studied in 
human trials for its prophylactic and therapeutic effects in 
the management of microbial and non-microbial 
gastrointestinal disorders (TABLE-7) 

 also summarized placebo-
controlled studies that demonstrated the safety and 
effectiveness of probiotics in reducing secondary diarrheal 
disease. There is now evidence that administration of 
selected microorganisms is beneficial in the prevention and 
treatment of certain intestinal and, possibly, treatment of 
vaginal infections. In an effort to decrease the reliance on 
antimicrobials, the time has come to carefully explore the 
therapeutic applications of probiotic agents.  
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10.1 INFANTILE DIARRHEA 
 
 In 1989, Brunser et al.377

 Aspecific chronic diarrhea is one of the most common 
causes of protracted diarrhea in infants. The pathology is 
characterized by an increased frequency of daily bowel 
movement with half-formed feces; it is not associated to 
malabsorption syndrome or enteric infections and appears 
to be correlated to an unbalanced diet and changes in 
microflora involved in the fermentation processes.  
Roggero et al.

 reported results of a study in 
Chile evaluating the effect of an acidified infant formula 
on diarrhea and bacterial shedding.  A sample of 82 infants 
was fed Pelargon, a modified powdered cow’s milk 
formula acidified with L. helveticus and S. thermophilus, 
and followed for a six-month period.  A control group of 
104 infants was fed a non-acidified version of the same 
formula.  All infants were under 12 months of age at the 
time of enrollment and were above 80% of the National 
Center for Health Statistics (NCHS) 50th percentile for 
height and weight.  None had received any antibiotics in 
the two weeks preceding the study and all were without 
illness.  While the authors note that some children rejected 
the taste of the acidified formula, nutritional status 
remained satisfactory in both groups; no significant 
adverse effects were reported.  The study is useful here as 
it reports the exposure of infants less than 12 months of 
age to cultured and fermented products demonstrating 
safety and tolerance within this sample. 

378

 A 1990 study supported by the World Health 
Organization and conducted by Boudraa et al.

 performed a controlled randomized 
single-blind clinical trial, using commercially available 
crystalline lactulose and lactic enzymes, in order to 
normalize the modified intestinal ecosystem. Twenty-four 
children (mean age 21.76 months) affected by aspecific 
chronic diarrhea was studied. Patients were first divided by 
age and then randomly divided into two groups of 12. 
Group 1 received treatment with crystalline lactulose 
(Laevolac crystals, BBR) and Group 2 received 
lyophilized Lactipan. In both cases treatment continued 
for 15 days. At the end of the trial, all subjects showed a 
complete remission of intestinal disorders. Children in 
Group 1 showed more fully formed feces following 
treatment. Fecal pH values were considerably reduced only 
in those subjects treated with crystalline lactulose. In the 
latter subjects H2 excretion diminished during the trial, a 
fact that may probably be attributed to reduction in colic 
pH values. Based on these results, the authors concluded 
that both treatments are effective. 

379

 In a 1992 publication, Kaila et al.

 in Algeria 
examined the effect of feeding fermented yogurt to 
children with persistent diarrhea.  Infants and children 3 to 
36 months of age were randomized to receive a milk-based 
formula or yogurt for a five-day period.  The yogurt was 
prepared from the milk formula as starter with the addition 
of freeze-dried culture containing S. thermophilus and L. 
bulgaricus.  All subjects also received rehydration fluids 
and a cereal mixture.  The subjects were monitored for 

clinical failure which was defined as a 5% loss of body 
weight/24 hours, no weight gain in 3 days or liquid stools 
continuing after 5 days of treatment.  Clinical failure was 
observed in 42% of the children receiving milk and in 14% 
of the yogurt-treated group (p<0.05). 

283 reported on a 
study in which Lactobacillus sp strain GG was 
administered to children aged 7 to 37 months (mean age 16 
months) during recovery from acute diarrhea.  The 
children were well nourished upon admission to the 
hospital.  After rehydration therapy and the initiation of 
rapid refeeding, the infants received one of two feeding 
regimens (1010-1011 cfu Lactobacillus GG as a fermented 
milk product or a fermented and pasteurized yogurt with 
less than 103

 Touhami et al.

 cfu of LAB).  Outcome data included clinical 
and laboratory evaluation.  No differences in growth, 
tolerance, or recurrence of diarrhea were reported between 
the two groups. 

380

 Millar et al.

 performed a randomized clinical 
trial to evaluate the clinical efficacy of substituting yogurt 
for milk, as the only treatment in persistent infantile 
diarrhea. A total of 78 children aged 3 to 36 months with 
confirmed persistent diarrhea of >15 days but <30 days 
duration and negative tests for fecal blood were fed either 
milk (infant formula) or yogurt (infant formula fermented 
with L. bulgaricus and S. thermophilus). Clinical treatment 
failure was significantly less common in children fed 
yogurt (15 +/- 6%) than in children fed milk (45 +/- 8%). 
The beneficial effects of feeding yogurt were apparent 
within 48 hours in 67 +/- 8% of infants. The authors 
suggested that yogurt may be a good alternative for the 
initial treatment of persistent diarrhea. 

381

 In 1994, Saavedra et al.

 conducted a clinical study of enteral 
administration of Lactobacillus to premature infants.  The 
randomized, double-blind study was conducted with 20 
premature infants with a mean weight of approximately 
1500 grams.  Infants were randomized to receive milk 
feedings with Lactobacillus GG  or unsupplemented milk 
feeds.  Outcome measurements included weight, feeding 
intolerance, perianal rash, and stooling patterns.  There 
were no significant differences in the two groups in any of 
the clinical data recorded.  While the researchers did not 
document a health or bacteriological benefit to feeding 
Lactobacillus  GG, safety in this sample of premature 
infants was demonstrated. 

356 performed a clinical trial 
designed to assess the benefits of probiotic-supplemented 
formula on diarrhea prevention and rotaviral shedding.  
The sample population included infants aged 5 to 24 
months who were admitted to a chronic care hospital.  
Subjects were randomized to two feeding groups.  One 
received a casein-predominant follow up formula 
supplemented with B. animalis and S. thermophilus (108 

cfu/gm) (n=29) and the other, the same formula without 
probiotics (n=26).  The investigators reported that all 
subjects in this vulnerable population maintained or 
improved their nutritional status over the study period.  
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Measurements demonstrating adequate growth were 
reported for all subjects. 
 Tojyo et al.382 administered B. breve  preparation (3 x 
109

 Langhendries et al.

 cells/g) to 133 paediatric patients with Campylobacter 
enteritis. The probiotic was effective in eradicating 
C.jejuni and in restoring the normal intestinal flora. This 
clinical study suggested that yogurt containing B. breve  
might be useful in the management of infectious diarrhea. 

383 conducted clinical research with 
a fermented infant formula containing probiotics.  Infants 
were fed a whey-adapted low phosphate starter formula 
acidified by L. helveticus and S. thermophilus and then 
supplemented with viable bifidobacterium (106 

 Majamaa et al.

cfu/gm).  In 
this double-blind study, infants fed this probiotic-
supplemented formula (n=20) were compared to those fed 
a non-acidified whey adapted, low phosphate starter 
formula (n=20) and to a group of exclusively breastfed 
infants (n=14).  The authors reported that the probiotic 
formula was well accepted and tolerated.  Anthropometric 
data indicated that growth was normal in all groups. 

284 published a study of several species 
of LAB in the treatment of acute diarrhea.  The study 
sample consisted of 49 children between 4 and 35 months 
of age (mean 18+9) who were admitted to the hospital.  
After standardized rehydration therapy, age-appropriate 
feeding resumed and the children were randomly assigned 
to receive one of three LAB preparations twice daily over 
a five day period.  Group I (n=16) was given freeze-dried 
Lactobacillus GG (5x109); Group II (n=14) was given L. 
casei ssp. rhamnosu (2.2x108); and Group III (n=19) 
received a combination of S. thermophilus, L. delbruckii 
ssp. bulgaricus and L. casei ssp. rhamnosus (2.8x109

 Raza et al.

).  
The results of the study indicate that the addition of the 
LAB was safe and well tolerated in this population.  The 
results also raise the possibility of differing effects of 
certain strains. 

367

 A prospective, placebo-controlled, triple blind clinical 
trial was undertaken in Thailand to determine the effect of 
Lactobacillus GG on recovery from acute infantile 
diarrhea

 carried out a prospective, placebo-
controlled, triple blind clinical trial to determine the effect 
of Lactobacillus GG on the course of acute diarrhea in 
hospitalized children. Forty children (mean age, 13 
months) were enrolled and after rehydration received 
either oral Lactobacillus GG (n = 21) or placebo (n = 19) 
twice daily for 2 days, in addition to the usual diet. The 
clinical course of diarrhea was followed during the 
treatment period. The frequency of both vomiting and 
diarrhea was less in the Lactobacillus group. In subjects 
with acute non-bloody diarrhea (n = 32), the percentage of 
children with persistent watery diarrhea at 48 hours was 
significantly less in the Lactobacillus group: 31% vs. 75% 
(P < 0.01). No significant difference was observed by 48 
hours in those presenting with bloody diarrhea.  

384

 In a 1996, Ruiz-Palacios et al.

. Thirty-nine children (mean age = 8 months) 
were enrolled and following rehydration received either 
oral Lactobacillus GG (n = 20) as a freeze-dried 

preparation or placebo (n = 19) twice daily for 2 days. The 
clinical characteristics of the study groups were similar. 
There was no significant difference overall in clinical 
response detected between the study groups. When only 
those with acute non-bloody diarrhea (n = 26) were 
considered, the mean duration of diarrhea was significantly 
shorter in the Lactobacillus group (1.9 days) than in the 
placebo group (3.3 days) (P < 0.055). Stool frequency was 
less on the second day in the Lactobacillus group (P < 
0.05). The results suggest that Lactobacillus GG accelerate 
recovery from acute watery diarrhea in young children. 

120 described the use of 
a probiotic mixture containing L. reuteri, L. acidophilus, 
and B. infantis.  A total of 72 children aged 12 to 36 
months participated in this aspect of the study and were 
fed a control or one of three dosages of the probiotic-
supplemented product (low - 106 , medium - 108, high - 
1010

 

).  Children were evaluated before and after a three 
week feeding period.  The authors reported that the 
probiotic mixture was well tolerated. 

10.2  TRAVELER’S DIARRHEA 
 
 Diarrhea represents a major health problem for 
travelers to developing countries. Although the syndrome 
is usually self-limited and recovery occurs in the majority 
of cases without any specific form of therapy, there is a 
need for safe and effective ways of prevention and 
treatment. Since traveller’s diarrhea syndrome is most 
often caused by an infection acquired by ingesting fecally 
contaminated food or beverages, precautions regarding 
dietary habits remain the cornerstone of prophylaxis. 
However, dietary self-restrictions do not always translate 
to reduced rates of diarrheal illness. Administration of 
probiotics and immunoprophylaxis with the newer oral 
cholera vaccines has been tried with promising results.  
 The effectiveness of prophylactic ingestion of a 
commercial preparation of lactobacilli (Lactinex; L. 
acidophilus and L bulgaricus) for the prevention or 
modification of traveler's diarrhea was tested in a 
randomized double blind clinical trial in 50 volunteer 
travelers to Mexico from the United States385

 Clements et al.

. Twenty-six 
subjects received the lactobacilli preparation and 24 
received placebo. The incidence of diarrhea and its 
duration during the 4 weeks of observation were quite 
similar for the two preparations: 35% for lactobacilli-
treated subjects and 29% for placebo subjects. Typically, 
the diarrhea was mild, lasting 2 days. The study concluded 
that prophylactic ingestion of lactobacilli for 1 week does 
not reduce the incidence or duration of traveler's diarrhea 
either during the period of ingestion or during the 
following 3 weeks. 

20 conducted a double-blind 
randomized clinical study to evaluate the protective 
efficacy of Lactinex (L. acidophilus and L bulgaricus). 
Forty eight volunteers (23 received Lactinex and 25 
received placebos) were challenged with E. coli strains that 
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produced heat-stable or heat-labile enterotoxins or both. 
No significant differences between the two groups were 
noted with respect to attack rate, incubation period, and 
duration of diarrhea, volume and number of liquid stools. 
These data suggested that this Lactobacillus preparation 
does not prevent or alter the course of enterotoxigenic E. 
coli diarrhea in adults. Lack of efficacy occurred despite 
efforts to maximize small bowel colonization, including 
administration of Lactinex in milk and in a 6-hour-
interval regimen during 36 h before and 96 h after 
challenge. 
 Oksanen et al.358

 

 conducted a placebo-controlled 
double-blind study to evaluate the efficacy of 
Lactobacillus GG in preventing traveler’s' diarrhea. A total 
of 820 healthy subjects travelling on holiday to southern 
Turkey to two destinations were randomized into two 
groups receiving either Lactobacillus GG or placebo in 
identical sachets. On the return flight each participant 
completed a questionnaire indicating the incidence of 
diarrhea and related symptoms during the trip. Of the 
original group 756 (92%) subjects completed the study. 
The overall incidence of diarrhea was 43.8% (331 cases). 
The total incidence of diarrhea in the placebo group was 
46.5% and in the Lactobacillus GG 41.0% indicating an 
overall protection of 11.8%. Protection rates varied 
between two different destinations with the maximum 
protection rate reported as 39.5%. Among older age 
groups, there were significantly fewer cases of diarrhea 
when compared to younger travelers. Lactobacillus GG 
appeared to be effective in reducing the occurrence of 
traveler’s diarrhea in one of the two destinations with no 
side effects. 

10.3  ANTIBIOTIC-INDUCED DIARRHEA   
 
 Disruption of the natural flora of the gut (especially 
the LAB) could result during antibiotic therapy. This 
condition may lead to diarrhea, dehydration, and 
electrolyte imbalances. Gotz et al.386

 The efficacy of Lactobacillus GG yogurt in preventing 
erythromycin associated diarrhea was studied by Siitonen 
et al.

 studied the efficacy 
of a Lactobacillus preparation (Lactinex) in preventing 
ampicillin-associated diarrhea in adult inpatients. In a 
double-blind procedure, 98 patients were assigned 
randomly to receive one packet of Lactinex or placebo 
four times daily for the first five days of ampicillin 
therapy. Cases of diarrhea were reviewed independently 
and classified according to etiology. Complete data were 
obtained for 79 patients (43 received placebo and 36 
received Lactinex). Diarrhea occurred in 9 (21%) 
patients receiving placebo and in three (8.3%) patients 
receiving Lactinex; the difference was not statistically 
significant (p = 0.21, Fisher's Exact Test). When the 
patients with diarrhea unrelated to ampicillin were 
excluded (50%), the incidence of ampicillin-induced 
diarrhea I the placebo group (14%) was significantly 
greater (p = 0.03, Fisher's Exact Test) than in the 
Lactinex group (0%). The study concluded that 

prophylactic administration of Lactobacillus preparations 
is effective in preventing ampicillin-induced diarrhea. 

359

 Amoxycillin is currently one of the widely used 
antibiotic in pediatrics. It is known that this antibiotic, as 
well as other kinds of antimicrobial treatments, may 
produce variations in the bowel ecosystem. A controlled 
randomized clinical trial was performed using 
commercially available fermented milk products in infants 
who had received an oral treatment with amoxycillin for an 
average of ten days

. Sixteen healthy volunteers were given 
erythromycin acistrate 400 mg for a week. The volunteers 
were randomly assigned into two groups taking twice daily 
125 ml of either Lactobacillus GG fermented yogurt or 
pasteurized regular yogurt as placebo during the drug 
treatment. Subjects receiving Lactobacillus GG yogurt 
with erythromycin had less diarrhea than those taking 
pasteurized yogurt. Other side effects of erythromycin, 
such as abdominal distress, stomach pain and flatulence, 
were less common in the GG yogurt group than in the 
placebo yogurt group. The subjects receiving Lactobacillus 
GG yogurt were colonized with these bacteria even during 
erythromycin treatment as measured by fecal counts of 
total Lactobacillus GG. No Lactobacillus GG was found in 
the fecal samples of volunteers in the group taking 
pasteurized yogurt. 

387

 

. Forty children were randomly 
divided into two groups of twenty. Group 1 received 
treatment with antibiotic plus lactobacilli. Group 2 
received only amoxycillin. At the end of the trial infants of 
group 1 showed a lower frequency of stool passages and 
more fully-formed feces, while patients of group 2 
presented an increased frequency of gastrointestinal 
disorders. These data indicated that oral bacterial therapy 
with lactobacilli could be effective in preventing diarrhea 
from amoxycillin in infants. 

11.  CLINICAL MANAGEMENT OF OTHER 
DISORDERS 

 
11.1 DIAPER DERMATITIS 
 
 Diaper dermatitis is an episodic disease that results 
from attack of the skin by physical, chemical, enzymatic, 
and microbial factors in the diaper environment. Diaper 
dermatitis is a common problem in infants and young 
children. Although the pathogenesis of diaper dermatitis is 
not well defined, many associated factors have been 
identified, including individual predisposition to atopic or 
seborrheic dermatitis, occlusion and friction caused by the 
diaper, and overgrowth of bacteria and yeast388. Diaper 
dermatitis may result from prolonged skin contact with 
wetness and bacteria. Candida albicans frequently 
contaminates a diaper dermatitis and should be considered 
present in any diaper dermatitis known to be present for 
longer than three days389. More than 60% of infants 
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between 4 and 15 months of age present a diaper rash at 
least once every two months 
 The feces of breastfed babies have a significantly 
lower pH than those of formula fed infants, and are 
reported to have a reduced incidence of diaper dermatitis. 
These infants are thought to be more resistant to infection 
in general, and to pathogen colonization of the 
gastrointestinal tract in particular, because of the 
production of antimicrobials such as bacteriocins, lactic 
acid, and hydrogen peroxide by LAB. The acidification of 
stool and the presence of inhibitory substances against 
pathogens such as C. albicans may reduce the incidence 
and the prevalence of diaper dermatitis. 
 The ability of organisms to adhere to and form 
biofilms on fibrous materials is believed to be an important 
initiating step in the induction of diaper dermatitis. Reid et 
al.173

 

 using an in vitro assay found that Staphylococcus 
aureus and Candida albicans are highly adherent to 
commercial diaper fibers. Diaper fiber surfaces precoated 
with lactobacilli inhibited staphylococcal adhesion by 26-
97%, and candida by 0-67%. When the LAB were used to 
challenge adherent pathogens, there was 99% displacement 
of the S. aureus and up to 91% displacement of C. 
albicans. Hydrophobic strains of L. acidophilus 76 and T-
13 were the most effective of five LAB isolates tested at 
interference by precoating. The moderately hydrophilic L. 
casei var rhamnosus GR-1 was the most effective at 
displacing the yeast. Experiments with uroepithelial cells 
also showed that the lactobacilli could significantly 
interfere with the adhesion of both pathogens to the cells. 
These data suggests a possibility that LAB from 
gastrointestinal and female urogenital flora might interfere 
in the development of diaper dermatitis. 

11.2 BOWEL DISORDERS  
 
 Irritable bowel syndrome (IBS) is a functional 
gastrointestinal disorder with chronic or relapsing 
symptoms of abdominal pain and impaired frequency and 
consistency of the feces caused by obscure structural or 
biochemical malfunction. The prevalence of IBS is 
estimated to amount to 15-20% of the population in 
industrialized countries and accounts for 25-50% of all 
patients in gastroenterological ambulatory departments. A 
psychosomatic disorder of the motility of the large bowel 
and its tonus leads to enhanced abdominal pain. The 
aetiopathologic factors for IBS are still unknown. 
Acidophilus milk has been suggested to help patients with 
IBS by correcting the imbalance of the intestinal 
microflora and tolerated better by lactase-deficient subjects 
by providing bacterial lactase in the small intestine390

 Radiotherapy in the treatment of pelvic malignancies 
usually leads to intestinal disturbances especially in the 
lower colon and rectum. The main problem is diarrhea 
associated with lactose intolerance, bile salt absorption and 
fat malabsorption. Bacterial contamination has also been 
described in such disorders. Henriksson et al.

. 

391

 In a study by Loguercio et al.

 evaluated 

the effects of LAB administration in fermented milk in 40 
patients with chronic alteration in their bowel habits 
caused by previous radiotherapy of pelvic malignancies. 
The results suggest that intake of fermented milk products 
could decrease chronic bowel discomfort. 

392

 

, a total of 40 cirrhotic 
patients with non-advanced hepatic encephalopathy were 
randomly allocated into groups and given orally either two 
capsules three times daily of a preparation of Enterococcus 
strain SF68 or 30 ml lactulose four times daily. The 
patients were evaluated over a 10-day course of treatment 
and for 10 days post-treatment. The Enterococcus SF68 
preparation proved to be as effective as lactulose in 
lowering blood ammonia, and in improving mental state 
and psychometric performance. Moreover, the effects of 
Enterococcus SF68, contrary to that of lactulose, persisted 
longer after treatment withdrawal. Some patients reported 
diarrhea and abdominal pain with lactulose. Lactulose is a 
standard therapy in the treatment of patients with hepatic 
encephalopathy. In this study, however, the use of the 
Enterococcus SF68 preparation was shown to offer 
advantages over lactulose in these patients. 

12.  APPLICATIONS 
 
 In recent years, the retail sales of bio-milks, bio-
yogurts, and other probiotic products are growing rapidly 
in the markets of Europe, North America and many other 
developed countries. Such products are made using a 
single genus, or in combination with other LAB as mixed 
starter cultures. In the absence of published surveys, it is 
impossible to predict the extent to which expected health 
benefits have contributed to this sales pitch, but it would 
seem unlikely that consumers would have acquired this 
intense probiotic-loyalty without a genuine belief in its 
therapeutic and/or prophylactic properties.393

 
  

12.1  FERMENTED FOODS 
 
 Fermented foods have a long history of safe usage and 
are found in diets throughout the world.  Fermentation is a 
process in which foods are modified by the action of 
microorganisms or enzymes in order to achieve a desired 
biochemical change. Production and consumption of 
fermented foods dates back many thousands of years.  
Even today, fermentation continues to be used for 
household production and preservation of foods in many 
countries where mass-produced food is not widely 
available394

 Alcoholic fermentation of barley to beer and grapes to 
wine are early evidence of use of the process, dating back 
about 5,000 years

. With modern food processing technology, 
large-scale production of fermented products can be 
accomplished with precise controls over the 
microorganisms and enzymes used in the fermentation 
process. 

395. In the Middle East and the Indian 
subcontinent, milk was fermented into yogurt and other 
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products396. More than 1,000 different types of cheese have 
been produced from LAB in the Middle East and 
Europe397

 Fermented vegetables have been traditional foods in 
East Asia for thousands of years.  Kimchi remains the 
traditional pickled vegetable food in Korea, served today at 
nearly every meal. In Indonesia, soybeans have been 
fermented to tempe and peanut press cake into oncom.  
Other fermented foods that have been used traditionally in 
Asian cuisine include fish sauces, fermented fish pastes, 
and soy products (soy sauce and miso). Production of these 
products began in China 3000 years ago and knowledge of 
these processes was later transferred to Japan

. 

397. In Africa, 
maize and sorghum are fermented to beers and products 
made from fermentation of beans from the tree legume 
Parkia397. Fermentation is also important in the 
detoxification of bitter varieties of cassava, which is one of 
the world’s most important sources starch crops. 
Fermentation of meat is a traditional method for protecting 
it from spoilage.  LAB, either alone or in combination with 
micrococci, yeasts or molds are essential for the 
fermentation process.
 Throughout the world, fermented foods continue to 
constitute a significant proportion of the diet. Production 
of fermented foods is highest in Europe, North American 
and sub-Saharan Africa, with significant production and 
consumption in South American, the Middle East, India, 
and Southeast Asia.  In terms of total production and 
consumption worldwide, dairy foods, beverages and 
cereals constitute the majority of fermented foods

398 

397

 Traditionally, LAB have been used in the production 
of fermented foods (TABLE-8).  These include species of 
Lactobacillus and Bifidobacterium and the species S. 
thermophilus. This may have begun as a process in nature 
in which nutrient availability, environmental conditions 
selected particular microorganisms, which modified, and 
preserved the food

. 

397. Approximately 80 bifid-containing 
products are now on the world market. Most of dairy 
origin and include such products as yogurt, buttermilk, 
sour cream, powdered milk, fortified milk, cookies and 
frozen desserts399

 
. 

12.2  SUPPLEMENTED FOODS 
 
 The species of LAB used in the preparation of 
probiotic products include L. bulgaricus, L. lactis, L. 
salivarius, L. plantarum, S. thermophilus, Enterococcus 
faecium, E. feacalis, and Bifidobacterium sp.  
 Considerable attention has been given in recent years 
to the use of bifidobacteria in probiotic foods, particularly 
in Japan and Europe400, 401. Hughes and Hoover400 
reviewed and summarized a number of probiotic 
applications for bifidobacteria.  In the 1940s, bifidus milk 
was used as a treatment for infants with nutritional 
deficiencies.  In Japan, the first bifidus product (low-fat 
fresh milk containing B. longum and L. acidophilus) was 
developed by Morinaga Milk Industry Company in 1971; 

full-scale production began in 1977 when the company 
started a home-delivery service401. By 1984, there were 53 
Bifidus products on the market in Japan.  Today many 
products including yogurts have been reformulated to 
include bifidus cultures; total yogurt sales in Japan have 
nearly doubled from the 1980s to the 1990s400

 Today, many products containing LAB are available 
worldwide. Probiotic preparations are manufactured in 
various forms (tablets or powders) and from a number of 
foods (milk, chewing gums, fiber preparations, sweets, 
cakes, beer, and soymilk).  Probiotic products available 
worldwide and the LAB used in their production are 
summarized in TABLE-9. 

. 

 
12.3  PHARMACEUTICAL PRODUCTS 
 
 Special dietary preparations containing viable cells of 
LAB are available in different markets as freeze-dried 
tablets. The primary objective of these products is to 
achieve persistant colonization of the bacteria in the gut 
during the treatment of a variety of conditions such as 
gastrointestinal disorders (eg.  post antibiotic therapy, 
adjustment of microbial imbalances in the gut, liver 
diseases, chronic constipation, chronic duodenitis, peptic 
ulcers in children and after irradiation therapy)393

 Pharmaceutical products made from cow milk and 
containing live bifidobacteria are Bifider® (in Japan), 
Bifidogène® (in France) and LioBif®  (in Yugoslavia). 
Two probiotic products are in the German market: Eugalan 
Töpfer Forte® is a fat-free and glutan-free preparation that 
contains plant proteins, lactose, lactulose and 30 minerals; 
and Euga-Lein Töpfer Forte® a fat containing product 
with vitamin C. Ominflora® , which is also a German 
product contains L. acidophilus and B.longum and a 
saprophytic E.coli

. 

402

 
. 

13.  MASS PRODUCTION 
 
 Development of consistently effective probiotics is 
still at a very early stage. The probiotic concept will come 
to acceptance if the underlying mechanisms of claimed 
health benefits are elucidated, and appropriate selection 
criteria for probiotic microorganisms are defined. Probiotic 
strains must therefore fulfill a number of general and 
specific criteria66

 

. The general selection criteria are 
determined by biosafety aspects, methods of production 
and processing, and the method of administration of the 
probiotic and the location in the body where the 
microorganism must be active. Specific selection criteria 
must include phenotypic traits such as specific enzyme 
activities or stimulation of the immune system. A rational 
selection and validation of promising probiotic LAB is 
only possible from evidence obtained in validated in vitro 
models with a high predictive value and followed by in 
vivo studies, including human trials. 

13.1 STRAIN SELECTION 
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 LAB strains for probiotic use must be representative 
of microorganisms that are Generally Recognized As Safe 
(GRAS microorganisms). The use of newer strains without 
proven track record of biosafety, should undergo extensive 
toxicological and tolerance testing prior to acceptance 
(FIGURE-1). 
 The next important basic step in the selection 
procedure is the choice of origin of the strain. This choice 
will mainly be determined by the specific purpose of the 
probiotic. The generally desired properties of LAB human 
probiotic use are: 

• Human origin with a proven safety and tolerance 
• Ability to survive acid and bile in the gut 
• Contribute to positive regulation of intestinal 

functions, correction of bowel disorders 
• Produce vitamins and release beneficial enzymes 

that would facilitate digestion of food, absorption of 
essential nutrients and inactivate carcinogens and 
toxic compounds 

• Capacity to adhere to human intestinal epithelia, 
colonize the mucosal surface and proliferate in the 
human gut 

• Produce antimicrobial substances and demonstrate a 
wide spectrum inhibitory activity against human 
pathogens 

• Possess probio-active cellular components that 
could stimulate immune responses, augment host 
defense functions of reticuloendothelial cell cascade 

 
13.2  QUALITY CONTROL 
 
 In recent years, consumers have become aware of 
probiotic properties of cultured milk and dosage 
specifications. A concentration of 1 x 105 cfu/g or ml of 
the final product has been suggested as the therapeutic 
minimum. Most probiotic LAB, including the common 
yogurt cultures L.acidophilus and B.bifidum, show a short 
stationary growth phase, followed by a rapid loss of cell 
viability, even in cold storage403

Thus, it is important to check the viability and 
resistance of the LAB during processing and storage. One 
of the first steps in probiotic production is large-scale 
culturing, washing and drying of the microorganisms. 
Most of the LAB can be cultured in large-scale fermentors 
and are rather resistant to centrifugation

. This short shelf life 
represents a logistic problem for both manufacturers and 
retailers, and a technical challenge for researchers. 

66. In general, LAB 
could withstand freezing and frozen storage at –20°C or 
lower404

• Ability to maintain viability in processing/storage 

, but are less resistant to freeze-drying and 
especially to spray-drying. In cases of storage over long 
periods and/or under unfavorable conditions, encapsulation 
of LAB cultures should be considered. The viability of 
LAB could dramatically decrease during pelleting, thus 
preservation or protective measures are warranted during 
such processing. Contamination of probiotic products with 
undesirable microorganisms is also possible, especially in 
uncontrolled fermentation procedures and a stringent 

microbiological quality control is necessary.  The quality 
control should ensure the following stability and technical 
properties of probiotic LAB products: 

• Upkeep good flavor, aroma profile and organo-
leptic qualities 

• Maintenance of mild acidity throughout storage 
• Retain intestinal colonizing properties throughout 

processing and storage 
• Enhance the shelf life and storage stability of 

fermented products 
• Demonstrate stability and functionality after freeze-

drying and other drying methods 
• Accurate strain identification and exclusion of 

undesirable contaminants 
• Dose-response data for required effects 

 
13.3  BIOTECHNOLOGY 
 
 It is possible that a potential probiotic LAB strain will 
fulfil a number of specific criteria for a product 
development, but lacks one important property. A 
preferable manipulation would be locating and isolating 
the genes that are responsible for a specific factor, such as 
adherence, and to transfer these genes to a probiotic LAB 
strain without altering other beneficial properties. Use of 
gene technology for the construction and improvement of 
microorganisms could provide great promise for future 
development of probiotic strains.  
 Natural gene transfer processes are of significance 
both in the evolution of LAB and as a tool for the 
construction of genetically manipulated strains. This 
approach may have advantages over recombinant DNA 
methods that require regulatory approval and consumer 
acceptance405. The advent of high-voltage electroporation 
greatly simplified the genetic manipulation of LAB. The 
tools for the genetic engineering of LAB are clearly 
available. The catalog of cloned genes and regulatory and 
expression signals available will allow thorough 
exploration of the expression and secretion signal sequence 
requirements and the potential of these bacteria406

 

. 
Knowledge thus gained could be put to rational application 
in the design and modification of strains. 

14.  ADVERSE EFFECTS 
 
LAB are ubiquitous and are common commensals of 

human indigenous flora, as inhabitants of all non-sterile 
sites on the body except for skin. The mouth, 
gastrointestinal and vaginal tracts are colonized both by 
rod and coccoid forms of LAB. With general consideration 
as non-pathogenic saprophytes, LAB have been used in 
production of a variety of foods since ancient times 
without any adverse effects in humans. This long-standing 
observation remains valid, however, emerging reports on 
certain LAB and their association with human clinical 
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infections needs a reassessment to stipulate guidelines for 
safe foods. It should be emphasized that LAB have a long 
history of widespread consumption in the general 
population, and there is currently no evidence to suggest 
that their use in food fermentation poses any danger. It 
should be noted that: 

• All cases of infections with LAB published to date 
were observed in people with underlying disease 
conditions, especially abnormal valves for 
endocarditis and immunocompromised conditions in 
other cases407, 408, 409

• No case of infection with LAB has been observed in 
otherwise healthy people or pregnant women. 

  

• No case has been observed in people working with 
LAB, exposed to higher number of LAB than the 
general population. 

• No case has been linked to the consumption of 
fermented foods, probiotics or drugs containing 
LAB. 

  
14.1  VIRULENCE 
 
 Aguirre and Collins408 summarized the existing 
reports of clinical cases involving LAB.  Almost all these 
reported instances of infection caused by LAB, are in 
immune compromised populations with underlying disease 
or condition such as heart disease, carious teeth/dental 
surgery, cancer, or diabetes.  No clinical infections caused 
by LAB have been reported in healthy people410

 The first case of Lactobacillus endocarditis was 
reported by Marschall in 1938

. In most 
cases of infection, the organism appears to have come 
from the patient’s own microbiota.   

411; over the next 55 years, a 
total of 53 cases were reported, which is an extremely low 
incidence rate409. Oral manipulation or uterine infections 
are the major predisposing factors that lead to infection of 
abnormal cardiac valves with non-pathogenic Lacto-
bacillus412

 Most of the strains isolated from clinical cases belong 
to the species L. rhamnosus, L. casei (or L. paracasei) and 
L.plantarum

. These indicate that the source of contamination 
was clearly endogenous. Furthermore, in most cases of 
local sepsis caused by LAB with or without blood stream 
infection was proximal to a site that may provide massive 
contamination. Many cases involving Leuconostoc or 
Pediococcus infections are polymicrobial suggesting a 
nosocomial (hospital-acquired) route of transmission. 
Inspite of the ubiquity of Lactobacillus as common 
commensal, lactobacillaemia in cases of endocarditis is 
rare (0.05% compared 79.3% for Streptococcus and 
Staphylococcus commensal group). 

409

 Strains of Lactococci and Leuconostoc are 
occasionally found in clinical samples, often as co-isolates 
without any evidence of a primary role in the infections. 
Enterococci are normal human commensals well adapted 
to conditions of most of the septic compartments of the 
human body, and represent the predominant Gram-positive 
cocci in the human feces (10

. These species are also among the most 
frequent inhabitants of human indigenous flora. Binding to 
fibronectin, platelet aggregation, enzyme profiles are 
suggested to play a role in the pathogenesis of 
endocarditis-associated LAB strains. Definite virulence 
markers are yet to be identified in these LAB strains. 

5 – 107

 

 cfu/g). However, 
strains of E. fecalis and E. faecium are frequently involved 
in various infections and vacomycin-resistant strains are 
emerging. Enterococci can readily be isolated from most 
food processing lines and there are foods and probiotic 
products containing such strains on the market for a long 
time. Therefore, use of Enterococci, in particular, must be 
done in the knowledge of this background and that there 
should be evident positive health benefits. 

14.2  TOXICITY 
 
 There is no documentation that LAB synthesize any 
toxins or poisonous agents that could lead to a foodborne 
intoxication.  Very little data are available on the 
traditional toxicity testing of LAB.  In a study by Ishihara 
et al.159

 

 indicated no acute toxicity with heat-killed cells of 
Streptococcus faecium, Streptococcus equinus, Lacto-
bacillus fermentum, and Lactobacillus salivarius. 
However, numerous in vitro studies were performed in the 
past two decades with LAB using isolated human cells and 
cultured carcinoma cells lines. None of these studies 
reported any toxicity for live or heat-killed LAB.  

14.3  ALLERGENICITY 
  
 One of the benefits attributed to bifidobacteria and 
intestinal LAB is the stimulation of the immune system in 
such a manner as to maintain appropriate levels of 
immunocytes for prevention and defense against invading 
pathogens and cancer.  The level of stimulation is below 
the threshold of leading to an adverse allergenic response.  
The degree of enhancement of immunocompetence varies 
from strain to strain for the bifidobacteria and LAB.  
Pathogenic bacteria, such as Clostridium perfringens, are 
known to suppress the immune response413

 The International Union of Microbiological Societies 
(IUMS) subcommittee on bifidobacterium, lactobacilli and 
related organisms therefore, concluded, in September 
1993, that the suggested risk posed by LAB and related 
organisms is by no means substantiated by data on 
ingestion or of a clinical nature. However, as new probiotic 
preparations also include bifidobacteria, enterococci, 
propionibacteria and even Saccharomyces strains, it is 
important to verify the safety of new probiotic strains.  
Safety assessment should include studies on risk of 
microbial invasion (infectivity); toxicity, including the 
development of deleterious metabolites in the intestine; the 
degradation of the intestinal mucosa; as well as provide 
epidemiological / clinical data and evidence on safety. A 
wide introduction of novel probiotic strains into the human 

. 
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diet should be monitored during conditions, particularly, in 
immunocompromised hosts or persons with digestive 
lesions, and the following factors should be taken into 
consideration: 

• Risk of microbial invasion leading to septicemia, 
endocarditis or local infections 

• Risk due to the development of deleterious 
metabolic activities (i.e. excessive metabolism of 
bile salts, metabolism of drugs, or the formation of 
carcinogenic intermediates) 

• Risk of adjuvant side-effects 
• Risk of gene transfer to the endogenous microflora, 

especially when new properties are being introduced 
into probiotic strains by genetic engineering 

 
15. SAFETY AND TOLERANCE 

 
 Food fermentation is one of the oldest known uses of 
biotechnology. Fermented foods and beverages continue to 
provide an important part of human diet and constitute 20-
40% of food supply worldwide397. By tradition, LAB are 
involved in the production of fermented foods. These 
microorganisms constitute one quarter of our diet and are 
characterized by a safe history, certain beneficial health 
effects, and an extended shelf life when compared to raw 
materials398

 The emergence of microbial antibiotic resistance, side 
effects due to the presence of synthetic stimulants in farm 
animals and rapid rise in immunocompromised hosts has 
instigated the consumer as well as the manufacturer to 
search for alternative food processes. Probiotics are being 
considered to fill this role.

. Since antiquity, people have regularly 
consumed large numbers of LAB, both in fermented and 
non-fermented foods, comprised as the material’s natural 
flora. While the situation requires continued monitoring, it 
must be emphasized, however, had these organisms posed 
any serious health threat, it would have become apparent 
long time ago.  

3 Consumers in the United States 
are increasingly taking a proactive stance toward their 
health and are purchasing products not only to eliminate 
what is perceived as dietary negatives but also to increase 
the levels of dietary positives. This shift in consumer 
attitude could accelerate the development of U.S. probiotic 
market414

 In wake of the ongoing commercial upsurge, the 
tolerance, safety and GRAS (generally recognized as safe) 
status of probiotic LAB should be clearly established. 
General recognition of the safety of an ingredient requires 
both technical evidence of its safety and suitability for the 
proposed use and a basis to conclude that this evidence is 
generally known and accepted by the scientific 
community.  Current regulations specify that recognition 
of safety must be based on published studies that may be 
corroborated by unpublished studies and other data.  A 
bibliography and copies of published scientific studies 
upon which the safety determination was made should 
support the rationale.  

. 

According to the U.S Food and Drug 
Administration (FDA), the safety of an ingredient used in 
foods can be established in one of the following ways.   

• ingredient may be approved by the FDA as a food 
additive. 

• ingredient may be subject to a prior sanction or 
approval issued by the FDA prior to Sept 6, 1958. 

• ingredient may have been determined as GRAS by 
either FDA or by a panel of qualified scientific 
experts.  

The GRAS status of probiotic LAB should be 
considered based on the following four lines of scientific 
evidence: 
i) Human trials: Oral administration of probiotic LAB 

was well tolerated and proven to be safe in 143 human 
clinical trials during 1961-1998 (TABLE-10), no 
adverse effects or events were reported in any of the 
7,526 subjects participated in these studies. 

ii) Animal models: LAB administration in experimental 
animal models in vivo i.e. mice, rats, guinea pigs, etc.; 
never elicited pyrogenicity, acute toxicity, or 
bacteremia. On the contrary, probiotic LAB appeared 
to prolong the survival of the animals. 

iii) In vitro studies: Probiotic LAB are shown to be non-
invasive in eucaryotic cell interaction experiments 
with differentiated human intestinal epithelial cells 
(for microbial adhesion) or with human lymphoid 
carcinoma cell lines (for eliciting immunomodulatory 
effects).  

iv) Surveillance of probiotic market: U.S. consumers are 
looking for ways to stay fit and healthy. Several 
factors contribute to the expansion of probiotic and 
other natural product markets. By considering the 
following points, a marketing splash in U.S. is 
expected with well-designed probiotic-containing 
products in near future
• People would rather prevent than cure disease.  

414 

• People are more aware of the link between health 
and nutrition.  

• People want to counteract the perceived increase of 
environmental hazards from pollution, pathogenic 
microbes, and chemicals in air, water and food. 

• Health care costs are on the rise and nutraceuticals 
and functional foods provide a low cost approach 
for maintaining health. 

• Controlled scientific studies are providing support 
for efficacy of natural approaches (including 
probiotics) to maintain health.  

 
15.1 HUMAN CLINICAL TRIALS 
 
 Fermented foods have been associated with the 
treatment of diarrhea for centuries, and in 1908, a 
hypothesis on the function of these foods in the 
prolongation of life was published6. In recent years, 
experimental research and human clinical trials with well-
designed placebo-controlled, double-blind studies in 
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various laboratories have documented the health benefits 
of probiotic LAB and preparations.  
 This review could account for 143 human clinical 
trials with probiotic LAB during 1961-1998 (TABLE-10).  
In these trials a total of 7,526 human subjects were orally 
administered with well-characterized or unknown LAB 
strains. These bacteria were used either as single or mixed 
doses (ranging from 107 – 1011

 The distribution of human subjects was broad in these 
clinical trials, ranging from preterm infants to pediatric 
patients, children to immunocompromised hosts, healthy 
volunteers to oncology patients undergoing radiation 
therapy (TABLE-12).  The in vivo efficacy of LAB was 
studied to elucidate various probiotic benefits including 
prevention of bacterial-, viral-, and antibiotic-induced 
diarrheal diseases, chronic liver illnesses, treatment of 
irritable bowel syndromes, radiation-induced 
gastrointestinal disorders in cancer patients, treatment of 
urinary tract infections, hypocholesterolemic effects, 
alleviation of lactose intolerance symptoms, procarcinogen 
elimination, and prophylaxis against dental caries.  

 cfu/dose), live or heat-
killed cultures, for prophylactic and/or therapeutic 
purposes in clinical management of various illnesses and 
physiological disorders. The number of clinical studies 
markedly increased during the past 40 years, with more 
than 50% trials in the recent 8 years alone. This trend in 
clinical trials indicate that clinicians, basic scientists, and 
corporate R&D personnel, all alike have developed a 
phenomenal interest in probiotic applications, a prospect in 
probiotic efficacy and a high degree of confidence in safe 
administration of LAB in formulations, diet or alone into 
humans. The new developments in molecular genetics and 
experimental biology has led to specific characterization of 
LAB strains such as Lactobacillus GG,  L. casei LC9018, 
L. acidophilus  LC1, S. thermophilus Th4, B. lactis Bb12, 
etc., and evidently clinical trials with well-defined species 
of single strains became dominant recently compared 
studies with mixed cultures or undefined LAB species in 
early years (TABLE-11). 

 A total of 11 Lactobacillus species, 2 Streptococcus 
species, 5 Bifidobacterium species  of LAB,  3 groups of 
undefined LAB cultures were used in these clinical studies. 
L. casei was generally administered as a single strain in 39 
out of 40 clinical studies. In contrast, strains of L.  
bulgaricus (20 / 20 trials), S. thermophilus (12 / 12 trials) 
and B, bifidum (10 / 12 trials)  were commonly used as 
mixed cultures with other LAB strains in clinical studies. 
However, L. acidophilus was used both as a single culture 
(22 / 46 trials) or a mixed culture (24 / 46 trials) for human 
administration (TABLE-13).  
 Finally, all probiotic LAB strains administered in the 
143 human trials were well-tolerated and not a single 
adverse effect or event was ever reported in any of the 
7,526 subjects involved in these studies spanning a time-
line of four decades. 
 
15.2  ANIMAL EXPERIMENTS 

 A series of experiments have been carried out in 
various animal models including mice, rats, guinea pigs, 
and pigs to asses the safety of probioitc LAB in food and 
clinical use489, 490

 

. Neither acute toxicity nor bacteremia 
was observed, the administration on the contrary, appeared 
to prolong the survival of the animals.  

15.3  TISSUE CULTURE STUDIES 
 
 Various laboratories studied interactions of LAB with 
different eucaryotic cells and cell lines. LAB strains adhere 
to chicken crop epithelium24, porcine gastric squamous 
epithelium27, murine gastric squamous epithelium23, and 
chicken intestinal epithelial cells28. These interactions are 
host-specific and establish LAB in the intestinal tract 
without any histopathological and toxicological outcomes. 
Chauviere et al.22 reported the binding of Lactobacillus 
strains to human colon carcinoma (Caco-2) or HT-29 cell 
lines. Elo et al.30 reported that Lactobacillus casei strain 
GG either freeze-dried or samples from dairy products 
bind to Caco-2 cell line with medium to strong affinity. It 
was observed that that the common commercial dairy 
strains L. bulgaricus and L. acidophilus NCFD1748 were 
not adhesive to the Caco-2 cell line, while Bifidobacterium 
strains demonstrated a moderate eucaryotic cell 
interaction. Unlike the non-binding strains, Lactobacillus 
GG shows rapid colonization and persistence in the human 
intestinal tract21.  Bernet et al.31

 

 reported a high level of 
calcium-independent adherence of B. breve 4, B. infantis , 
and three fresh human isolates of bifidobacteria to Caco-2 
cells and to mucus produced by the human mucus-
secreting HT29-MTX cell line in culture. The bacteria 
interacted with the well-defined apical microvilli of Caco-
2 cells without cell damage.  

15.4  PROBIOTIC MARKET  
 
 Metchnikoff’s advocacy of fermented milk products 
as beneficial to human health6 has initiated the 
development of probiotic formulations as pharmaceuticals 
for therapy and prophylaxis. As early as 1913, a probiotic 
preparation of L. bulgaricus was successfully used in the 
treatment of 116 out of 117 cases of infantile diarrhea491

 Probiotic bacteria are sold as food and dietary 
supplements in the U.S. market. The food products 
containing probiotic bacteria are almost exclusively dairy 
products such as fluid milk and yogurt, capitalizing on the 

. 
In 1922, a probiotic-based tablet product, Paraghurt®, 
(Leo Laboratories, Denmark) was introduced into the 
market. Later this probiotic product underwent several 
improvisations and reformulation by adding chocolate and 
paraffin coating. Currently this product contains freeze-
dried Enterococcus faecium only, without any coating. 
Today the global market is estimated to contain several 
thousands of different probiotic preparations in form of 
tablets, soft and hard gelatin capsules, powders, liquids, 
and pastes. 
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historical association of LAB with fermented milk. L. 
acidophilus and Bifidobacterium species are the most 
commonly used cultures in probiotic foods in U.S.  
Approximately 0.6% of fluid milk products in the U.S. 
contain probiotic bacteria. These products use about 40% 
of the dairy-destined probiotic bacteria. In contrast, most 
major, and many minor, brands of yogurt contain 
probiotics, using the remaining 60% of the dairy-destined 
probiotic bacteria.414

 Sanders

 Sweet Acidophilus™ milk, a product 
containing L.acidophilus NCFM™ strain was introduced 
into U.S. market in 1970.  

414 reviewed the development of consumer 
probiotics for the U.S. Market. SPINS Information 
Services (San Francisco, CA), a company that follows the 
natural foods and dietary supplements market, indicated a 
9% increase in sales of dietary supplement probiotics in 
the U.S. market during of March 1996-1997, as compared 
with that same period during 1995-1996. New Hope 
Natural Media (Boulder, CO) reports on activity of about 
one-third of the natural products markets in the U.S. is at 
the retail outlet level. A survey of this portion of retailers 
reported sales (June of 1995-1996) of 72 million for 
probiotic products. About 5% of total dietary supplements 
sold were probiotic products. The Nutrition Business 
Journal reported a survey of three North American 
manufacturers of probiotic cultures. Rhodia (formerly 
Rhone-Poulenc), Madison, WI; Chr. Hansen, Milwaukee, 
WI; and Rosell Institute, Montreal, Canada; the produces 
of an estimated 70% of the North American market for 
probiotic cultures for both the dairy and dietary 
supplement markets, with about $1 million of culture 
going to the probiotic-containing fluid market. Retail cost 
of probiotic dietary supplements is estimated at about 2-10 
cents per 109 cfu. A bottle of 100 capsules containing 1.5 x 
109

 
 cfu/capsule sells about $12.  

16.  CONCLUSIONS 
 
 Currently, most probiotic LAB are used in dairy with 
a ‘Metchnikoffian philosophy’ and a telemarketing trend - 
“so what, if the expected and claimed effects fail to appear, 
at least the consumer is satisfied and has had a tasteful 
meal”. Future research on probiotic LAB should break this 
dogma and focus on the selection of TARGET-SPECIFIC 
PROBIOTICS for prophylactic and therapeutic health 
benefits. Pathogen-specific probiotic strains are needed in 
the clinical management of intestinal illnesses caused by 
rotaviruses, enteropathogenic E.coli, and Helicobacter 
pylori for example.  Multifunctional PREBIOTICS with 
nutraceutical properties should be explored for a positive 
interplay in the delivery, intestinal establishment and 
performance of target-specific probiotics. PROBIO-ACTIVE 
components of LAB cells and their stimulatory role in 
mucosal and systemic immunity warrants higher definition 
and well characterization. Identification of specific factors 
for augmentation of reticuloendothelial system, and 
cytokine pathways has unlimited potential and can 

transform the probiotic area. Research trends with 
multinational food companies indicate that the new 
probiotic functional foods will include infant formulae, 
baby foods, fermented fruit juices, fermented soy products 
and cereal-based products and also disease-specific clinical 
foods containing viable probiotic LAB, prebiotic 
precursors and/or probio-active cellular components. 
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