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Abstract: Myriad of bacterial species that form gut micro flora is a complex ecosystem; altogether play a major
role in the physiology of their host. Bifidobacteria are among the first species to colonise the human
gastrointestinal tract (25% and 80% in adults and infants respectively) and as such declared they share a
prominent role in gut homeostasis and normal development. Clinical properties of Bifidobacteria like prevention
of diarrhea, atopic eczema, irritable bowel syndrome, pouchitis, alleviation of constipation, reduction of serum
cholesterol and the status of GRAS (‘Generally Recognized as Safe’). Bifidobacteria along with other
probiotics offer a safe alternative or addition to current therapy for the above mentioned disorders. Interest in
Bifidobacteria has burgeoned in last two decades in a fastidious way because of their potential use in food
industry to relieve and in the medical field is increasingly attracting the scientific curiosity of clinicians and
researchers. Bifidobacteria can be considered as valuable probiotics for their clinical properties. This review
will enlighten on the Bifidobacteria and as potential probiotic agents for few disorders.
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INTRODUCTION and phosphorus [4] and  synthesis  of  vitamins  [5].

Probiotics have been used for many years to aid in antimicrobial activity, ability to assimilate cholesterol,
restoring and maintaining a healthy intestinal balance in improved lactose intolerance an anti-carcinogenic activity
favour of healthful bacteria, which is essential in [6]. A major consideration in the choice of probiotics is to
maintaining good health. The term probiotic is a Greek choose a strain that can survive and  establish  itself
origin which means ‘pro life’. Lilly and Stillwell [1] under the conditions encountered in the intestinal
brought forward the term probiotics for the growth environment [7].
promoting factors produced by micro organisms. Parker Bifidobacteria are second most popular type of
[2] used the term for ‘organisms and substances’ with bacterium (after Lactobacilli) used in probiotic products.
beneficial effects for animals by influencing the intestinal They are included for several reasons.
microflora. Probiotics are organisms or supportive Firstly, Bifidobacteria are found naturally in the
substances that improve intestinal microflora balance and intestines  of   breast-fed   infants  at  very  high  levels.
include  Lactobacillus  acidophilus,  Bifidobacterium On average they constitute about three quarters of all the
and bioactive proteins such as immunoglobulin A and bacterial cells in the gut of such infants, which compares
lactoferrin. Probiotic bacteria are frequently used as the with a much lower proportion (about 3%) found in gut
active ingredient in functional foods such as yogurts, flora of adults [8].
dietary  adjuncts   and    health-related    products   [3]. Secondly, Bifidobacteria tend to reside in various
The health benefits attributed to probiotic bacteria can  be location  of intestine to lactobacilli and therefore these
categorized as either nutritional benefits or therapeutic two types  of  probiotic  microbes  complement  each
benefits. Nutritional benefits include: their role in other. As probiotics they stimulate the immune system,
enhancing the bio-availability of essential mineral trace aid in digestion and assist in the absorption of food
elements that are iron, calcium, zinc, copper, manganese ingredients and nutrients [3].

While the therapeutic benefits of these bacteria include
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Thirdly, there is evidence that people over the age of Bifidobacteria isolated from humans are known to
50 have alterations to their intestinal microflora and those grow at optimal temperature of values, from 36°C to 38°C
changes include a decline in the number of Bifidobacteria whereas animal strains appear to have a slightly higher
[9]. Potential exists for influencing this changed microflora optimum growth temperature of 41-43°C [26, 27] and pH
by consuming Bifidobacteria. ranges from 6.5 to 7; however, they are inhibited by

Bifidobacteria are considered as key commensal in temperature and pH, values above 45°C [28] and 8.5
human–microbe interactions and are believed to play a respectively [19].
pivotal role in maintaining a healthy gastrointestinal tract
[10]. The aim(s) of this review was (were). Different strains of Bifidobacteria: Bifidobacteria,

The genus Bifidobacterium: Bifidobacteria were first
identified  and  described in the early 20th century [11]. species in the 9  Edition of Bergey's – Manual of
All are Gram-positive anaerobes, non motile, non spore Systematic Bacteriology [22]. Now a days, there are more
forming, non gas forming, catalase negative, acid resistant than 33 species that were identified from the genus
and saccharoclastic (fermentative) [11, 12]. They have Bifidobacterium using recent molecular and biochemical
various shapes like club shaped rods and bifurcated Y methods of which 12 have been associated with the
shaped rods [13] and generally held to be non pathogenic human gastrointestinal tract (Table 1) [29, 30].
to humans [14]. Bifidobacteria are sometimes referred as
bifidogenic factors [15] as they are common targets for Sub strains of Bifidobacterium
probiotic action [16].

Species of Bifidobacteria ‘doubtless constitute a
separate genus, possibly forming a connecting link
between lactic acid bacteria and the propionic acid
bacteria [17]. Bifidobacterium strains are common in the
natural flora of human  and  digestive  systems  [18].
There is some evidence that few strains of Bifidobacteria
synthesise antibacterial substance that inhibit growth of
harmful bacteria, such as Yersinia, Salmonella and
Shigella species [19]. Production of various antimicrobial
compounds promoting probiotic properties,
Bifidobacteria are a focus of intensive international
research.

Bifidobacteria form a phylogenetically coherent
genus within the Actinomycetales (an order of
Actinobacteria) branch of high G+C Gram positive
bacteria [20, 21]. Bifidobacteria, are asserted as strictly
anaerobic [22], although some strains are oxygen tolerant
[23]. The sensitivity to oxygen, however, can differ
between species and between different strains within a
species [1, 21, 24]. The carbohydrates metabolism by
Bifidobacteria is different from homofermentative and
heterofermentative bacteria. Indeed, fructose-6-
phosphoketolase, a typical enzyme of the genus
Bifidobacterium, is responsible for the  degradation of
the glucose [18]. Bifidobacterium are able to synthesize
amino acids [glutamic and aspartic acids], riboflavin and
thiamine. It has also been reported that Bifidobacterium
species are able to produce vitamin B2, vitamin B6 and
biotin [25].

previously known as Bacillus bifidus, are group of
microorganisms which were classified into 29 different

th

Human origin

B. Adolesecntis, B. amgulatum, B. bifidum, B. breve,
B. catenulatu, B. dentium, B. denticolens, B.
gallicum, B. infantis, B. inopinatum, B. longnum, B.
psuedocatenulapum.

Environmental and Food Origin:

B. lactis, B. minimum, B. subtile, B.
thermaacidophilum.

Animal Origin:

B. animalis, B. asteroides, B. boum, B. choerium, B.
coryneforme, B. cuniculi, B. gallinarum, B. indicum,
B. magnum, B. merycycum, B. pseudolongnum [sub
sp. Pseudolongnum], B. pseudolongnum [sub sp.
Globosum], B. pullorum, B. ruminatium, B. saecular,
B. suis, B. thermophilum [is also called B. ruminale]
[31].

Strains and their properties are influenced by a
number of factors including diet, antibiotics and stress.

Potential Probiotic Strains of Bifidobacteria:

B. adolescentis inhabits the lower large intestine and
appears to have anti-tumor effects. B. adolescentis
shares similar characteristics with B. breve. Along
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Table 1: Habitats of the species of the genus Bifidobacteria.
Species Source Reference
B. adolescentis Infant and adult feces, appendix, dental caries and vagina Reuter [32]
B. angulatum Adult feces Scardovi and Crociani [98]
B. animalis Rat, chicken, rabbit and calf feces Scardovi and Trovatelli [36]
B. asteroids Honeybees Scardovi and Trovatelli [99]
B. bifidum Infant and adult feces and vagina Orla-Jensen [102]
B. boum Rumen and piglet feces Scardovi et al. [100]
B. breve Infant feces and vagina Reuter [32]
B. catenulatum Infant and adult feces and vagina Scardovi and Crociani [98]
B. choerinum Piglet feces Scardovi et al. [100]
B. cuniculi Rabbit feces Scardovi et al. [100]
B. denticolens Human dental caries Crociani et al. [103]
B. dentium Human dental caries, oral cavity and adult feces Scardovi and Crociani [98]
B. gallicum Adult feces Lauer and Kandler [104]
B. infantis Infant feces and vagina Reuter [32]
B. inopinatum Human dental caries Crociani et al. [103]
B. lactis Fermented milk Meile et al. [105]
B. longum Infant and adult feces and vagina Reuter [32]
B. magnum Rabbit feces Scardovi and Zani [101]
B. pseudocatenulatum Infant feces Scardovi et al. [100]
B. pseudolongum ssp. Piglet, rat. Chicken, calf feces and rumen Mitsuoka [106]; Yaeshima et al. [107]
B. psychraerophilum Pig caecum Simpson et al. [23]
B. pullorum Chicken feces Trovatelli et al. [108]
B. suis Piglet feces Matteuzzi et al. [109]
B. thermacidophilum Anaerobic digester Dong et al. [26]
B. thermophilum Piglet, chicken and calf feces and rumen Mitsuoka [106]
B. thermacidophilum ssp. porcinum Piglet feces Zhu et al. [110]
B. coryneforme Honeybees Biavati et al. [111]
B. gallinarium Chicken feces Watabe et al. [112]
B. merycicum Rumen Biavati and Mattarelli [113]
B. minimum Sewage Biavati et al. [111]
pseudolongum ssp. Globosum Piglet, calf, rat, rabbit, lamb feces and rumen Biavati et al. [111]
B. ruminantium Rumen Biavati and Mattarelli [113]
B. saeculare Rabbit feces Biavati et al. [114]
B. subtile Sewage Biavati et al. [111]

with B. infantis and B. longum, B. adolescentis accounts disorders in infants, enterocolitis, constipation, cirrhosis
for almost 99% of the cultivatable flora. They have strong of the liver, imbalance of intestinal flora following
effects against Gram negative bacteria and prevent the antibiotic therapy and for promotion of intestinal
colonization of invading pathogens by competing for peristalsis.
nutrients and attachment sites. At the same time, they
increase vitamin production and calcium absorption. B. bifidum is the most beneficial form of lactic acid
These beneficial bacteria also help fermentation of over 20 and acetic acid production. It has the ability to:
kinds of carbohydrates into lactic acid.

B. bifidum [also recognised as Bacillus bifidus, Ferments indigestible fibres, thereby producing more
Bacterium bifidum, Lactobacillus bifidus and energy
Lactobacillus parabifidus] resides mainly in the Synthesizes some vitamins, especially several of the
lining of the large intestine, infant faeces and the B vitamins
vaginal tract [17]. Assists in mineral absorption, especially iron,

Strains of this species have been manipulated in the Inhibits the growth of Salmonella, Bacillus cereus,
production of certain fermented foods and in therapeutic Staphylococcus aureus, Candida albicans,
preparations for the treatment of the following: digestive Campylobacter jejuni, Listeria, Shigella, E. coli and

Digests lactose

calcium, magnesium and zinc
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Clostridium by crowding them out and eating the the subspecies level that they are now denoted as
nutrients they need and fights bad bacteria by Bifidobacterium animalis subsp. animalis and
lowering the intestinal pH through its production of Bifidobacterium animalis subsp. lactis [37]. Dannon
fatty acids, lactic acid and acetic acid (a French food-products company) used
Absorbs large quantities of ferrous ions, thereby Bifidobacterium animalis in their Activia brand of
inhibiting the growth of bad bacteria that use it for yogurt. Not only do they use it, but they market
food Activia as yogurt with a unique probiotic culture that
Helps decomposition of nitrosamines (cancer-causing helps to naturally regulate the digestive system.
substances) and suppress the production of Studies conducted by Dannon have shown that
nitrosamines in the intestines Bifidobacterium animalis survives the trip through
Helps to lower serum cholesterol the digestive tract and significantly reduces colonic
B. breve is probably the most common transit time.
Bifidobacterium in infants but remains in the gut and B. longum is found in high concentrations in the
vagina throughout adulthood [32]. This bacteria is large intestine. It helps to prevent the colonization of
anaerobe and non-motile. Its branches are rod- invading pathogenic bacteria by attaching to the
shaped, looking almost like a cactus in the intestinal wall and crowding out unfriendly bacteria
microscopic view [33]. It is a lactic acid-producing and yeasts. Along with other microorganisms, it
bacterium found in the small and large intestines. B. produces lactic and acetic acids that lower the
breve shares many common characteristics with intestinal pH, which further inhibits undesirable
Bifidum. B. breve assists in the production of the bacteria. They have different functional roles and
natural antibiotic called “lactobrevin”. applications in diverge pathological conditions [38].

The job of B. breve in the digestive tract is to ferment Some strains have the ability to produce B vitamins,
sugars and produce lactic acid as well as acetic acid. B. as well as digestive, casein phosphatase and lysozyme
breve is like a champion among probiotic bacteria due to enzymes. It also increases calcium absorption. B. longum
its superior ability to break down many types of food, has a strong anti carcinogenic activity by regulating
even plant fibres that are normally considered non- markers and reducing incidence of colon tumours [39].
digestible [34]. The strains B. longum ATCC 15707 and NCC 2705

B. infantis is also known as B. lactentis, B. liberorum the production of significantly higher amounts of TNF-á.
and Actinomyces parabifidus. B. infantis is found DNA from B. longum NCIMB 8809 and the probiotic
mainly in the large intestines of infants (and thus its strain B. longum W11 have higher ability to stimulate the
scientific name), but it can also be found in adults production of Th 1 type cytokine IFN-  [40].
and in the vaginal tract of women [32]. This bacterium
is an important probiotic because it has proven to Clinical benefits of Bifidobacteria: Possibly
stimulate the production of such immune agents as
cytokines. Like other Bifidobacteria species, this one
can produce acids that may retard the colonization of
the colon by certain foreign or harmful bacteria
including Clostridia, Salmonella and Shigella [35].
The acids produced by B. infantis impede the growth
or colonization of harmful bacteria within the colon
[35].
B. lactis [Bifidobacterium animalis subsp. lactis] is
one of the most common strains of Bifidobacteria
found in rat, chicken, rabbit and calf faeces along
with human intestine [36]. Bifidobacteria animalis
encompasses two types which were once thought to
be completely separate strains. Bifidobacterium
animalis and Bifidobacterium lactis are so similar at

showed the ability to induce the production of IL-10 and

Bifidobacteria are effective for

Prevention of a type of colitis caused by bacteria
(necrotizing enterocolitis)
Prevention of diarrhoea in infants, when used with
other bacterium called Streptococcus thermophilus
Prevention of traveller’s diarrhoea [41], when used
with other bacteria such as Lactobacillus
acidophilus, Lactobacillus bulgaricus, or
streptococcus thermophilus [42]
Treating skin condition called atopic eczema
Inflammation of the intestine in infants
Irritable bowel syndrome
Preventing a complication after surgery for ulcerative
colitis called pouchitis.
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Reducing side effects of treatment for the ulcer that B. breve was able to eradicate Campylobacter jejuni
causing bacterium Helicobacter pylori from the stools of children with enteritis, although less

B. Bifidum: A major problem associated with antibiotic Bifidobacterium breve UCC2003 has also been
treatment is diarrhoea caused by Clostridium difficile investigated for its ability to respond to stressful
[43]. This microbe is uncommon in a healthy intestinal conditions [52].
tract, but the disruption of the indigenous microflora by B. breve had shown to protect mice from lethal
antibiotics appears to cause an abnormal elevation of their infection with shiga toxin producing E. coli O157:H7 [53,
viable count with subsequent symptoms related to toxin 54]. It has also been investigated for the ability to produce
production [44]. A recent study involving B. bifidum conjugated linolenic acid, which is associated with
suggests that this organism may play a role in toxin anticarcinogenic activities [55, 56].
neutralization, thus reducing the incidence of antibiotic-
associated diarrhea [45]. B. Infantis: Inflammatory bowel disease is characterised

Another intriguing study, concerning the effect of by two phenotypes, Crohan’s disease and ulcerative
Bifidobacterium bifidus in controlling allergic diseases, colitis [57, 58]. These bacteria may be beneficial to those
involved newborns of families with a history of eczema. A suffering from symptoms of irritable bowel syndrome
probiotic compound including Bifidobacterium bifidus [IBS] [59]. Modifying the composition and activity of
was given to a group of mothers before delivery and to normal microflora in the intestine may lessen disease
their babies for a year afterwards. The control group symptoms [17]. Mixture of four lactobacillus strains along
received no probiotic treatment. The prevalence of eczema with Bifidobacterium species like B. infatis, B. longnum,
in the placebo group was much higher than that of the B. berve and a Streptococcus thermophilus strain exerted
intervention group until the babies were three months old a beneficial effect in therapy and prophylaxis of IBD, as
and the preventive effects lasted in the intervention group was shown for the product VSL#3 [VSL Pharmaceuticals,
until their second birthday [46]. Fort Lauderdale, FL, USA] [60] and may help in relief

Current research has also shown that because the  metabolic  end  products  of  their  growth
Bifidobacterium bifidum might be useful in managing are organic acids [lactic and acetic acids] which tend to
allergic reactions. When researchers gave mice an oral lower the pH of the intestinal contents, creating
dose of this probiotic to test its effect on the production conditions less desirable for harmful bacteria [61]. It also
of immunoglobulin E in mice, they discovered that there helps in relief from bloating, gas, diarrhea, constipation,
was a strong suppressive action. They concluded that urgency and abdominal discomfort [62]. Bifidobacterium
Bifidobacterium bifidum could be a great weapon in infantis  may  also  play  an   immunoregulatory  role in
controlling diseases caused by allergic response. the suppression of Th2 cytokines during antigen
Research is currently ongoing to clarify the role of sensitization [63].
Bifidobacterium bifidum in treating certain health B. infantis is capable of removing cholesterol in vitro
conditions and the best way to increase the production of and also produce short chain fatty acids in the presence
helpful colonies of this probiotics within the human body of sorbitol, maltodextrin and inulin. The combination of B.
[47]. infantis and maltodextrin beneficially altered serum

B. bifidum strain is found to show positive result on lipoprotein profiles [60].
the gastrointestinal symptoms of severe pre menstrual
syndrome (PMS) which includes constipation, abdominal B. Lactis: It is friendly bacteria known to stimulate the
pain and diarrhea [48]. In hospitalized children, it has been immune response. Recent studies with regard to
shown that supplementation of infant formula milk with Bifidobacterium describes B. lactis that can enhance the
Bifidobacterium bifidum and Streptococcus thermophilus natural immune function by dietary consumption [64, 65].
reduced rotavirus shedding and episodes of diarrhea [49]. Those who consumed fermented products containing this

B. Breve: B. breve was also reported to elicit an inhibitory proportions of total, helper and activated T lymphocytes,
effect towards the infectivity of a rotavirus, the as well as natural killer cells. In addition, their immune
predominant cause of sporadic diarrhea in infants and cells’ ability to phagocytise [engulfs and destroy]
young children [50]. It appears to have an affinity for invaders and the tumor cell killing ability of their natural
absorbing carcinogenics, especially those produced by killer cells was also increased. The greatest improvements
charred meats. It tolerates bile acid well thereby surviving in immunity were found in those subjects who previously
its trip through the digestive system. It has been shown had poor immune responses before receiving B. lactis.

rapidly than in those treated with erythromycin [51].

bacterium showed a significant increase in the
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This strain appears to resist acid digestion and the DNA induced damage by carcinogens [83] and has been
action of bile salts, thus surviving intestinal transit to linked to anti tumour activity [39, 84].
reach the colon in significant numbers. It has been documented that Bifidobacterium

Diarrhea occurs in 39% of patients who receive longum plays a vital role in the reduction of aberrant crypt
antibiotics [44]. B. lactis also helps to relieve constipation foci (ACF) occurrence in rats [85].
and a strain has been reported recently to mediate a
positive treatment  against  acute  diarrhea  in  children Future perspectives of Bifidobacteria: The usage of the
[15, 66]. Lactis species B. animalis has shown 60-90%
decrease  in  ACF  (Aberrant  crypt foci) incidence  [67].
It also has the ability to decrease chronic inflammation of
the sigmoid colon. In addition, its anti-microbial properties
decrease the effect of negative bacteria, especially
Clostridium.

B. lactis has a role in cancer prevention. Nitrates
enter the body in food and water. Some types of harmful
bacteria can change nitrates into nitrites, a cancer-causing
substance. Bifidobacteria reduce the existence of these
harmful bacteria and their ability to feed [68-72].

B. Longum: In studies, B. longum was found to reduce
the frequency of such gastrointestinal disorders as
diarrhea and nausea during antibiotic use and can
improve the nutritional value of foods [60].

In lactose maldigestion: lactose intolerance is a
disease where patients suffer from lactose maldigestion
[73]. The symptoms  of  this  disease  include  loose
stools, abdominal bloating, pain, flatulence and nausea.
The individuals with lactose maldigestion can tolerate
lactose present in yoghurt much better than the same
amount of lactose in raw milk [74]. B. longum has shown
a positive effect on the reduction of lactose intolerance in
certain individuals [75].

In resistance towards microbial infections:
Bifidobacteria has been examined for their antagonistic
activities against other microbial pathogens [76]. Several
mechanisms of protection have been suggested like, the
production of various acids, hydrogen peroxide or
bacteriocins, anti toxin action and stimulation of immune
system [77-79]. In elderly people the count of indigenous
bifidobacteria is comparatively low than children, due to
this decrease in the intestinal tract there is a
corresponding increase in the number of Clostridium
perfringens [80]. B. longum also provides benefits against
the pathogenic challenge of Salmonella typhimurium in
animal models [81].

Role in Cancer: Colorectal cancer (CRC) is the
second most common cancer after lung [Men]/breast
[women] [82]. There is some suggestive evidence that
probiotic can prevent or delay the onset of certain cancer.
B. longum along with B. breve were known to prevent

Bifidobacteria as probiotics has been started only in the
last decade [30]. Since different species of
Bifidobacterium have the ability to alleviate different
disorders it is necessary to know about their genomics
which bring out many interesting capabilities of them [10].
Only Bifidobacterium longum NCC2705 has been
completely sequenced [Genbank Accession no
AE014295]. Genome sequencing projects of probiotic
bacteria are expected to provide important molecular
foundations of human bacterial symbioses and
understanding basic biology of these bacteria [88] by the
help of these genomics of Bifidobacterium few interesting
aspects of them have been revealed:

MacConaill et al. [52] by his investigations in the
area of protein exports of B. breve UCC2003,
reported that the machinery by which
Bifidobacterium species export proteins is
comparable to that of Gram positive bacteria and
contain either a signal peptide or a number of trans
membrane regions and these proteins may be
important in the interactions of bacteria with its host
environment.
B. breve has shown its involvement and ability
towards stress relief.
The studies conducted on gros ES and gros EL
genes concluded that they are responsible for growth
of Bifidobacterium under high temperatures [89].
The strains have also grown on the amylopectin,
starch and pullullan and lead to the identification of
unique operon involved in amylopullanase activity
[6].

Apart from Lactobacillus, Bifidobacteria also plays
a major role in the reduction of serum cholesterol [91, 92]
proposing that it might be due to the production of
enzyme bile salt hydrolase but the exact means is still
under research [93, 94].

Depending on the various health benefits they have
been finding ways to successfully administer
Bifidobacterium so that it survives its shelf life. Many
researches are on trails where B. infantis can be
implemented    for      abdominal     pain,    bloating,   bowel
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dysfunction,   incomplete    evacuation,    straining during 11. Poupard. J.A., I. Husain and R.F. Norris, 1973.
bowel movements and the passage of gas [62]. Another
ongoing clinical trial is studying the effects of B. breve on
IBS patients [96]. Furthermore, Bifidobacterium may have
a potential in treatment of many diseases like acute
diarrhea, antibiotic associated diarrhea, inflammatory
bowel disease, pouchitis, irritable bowel syndrome,
lactose absorption, constipation and colorectal cancer.

Bifidobacteria is a contributor to commercial
probiotic population. Few companies have been using
Bifidobacteria in food supplements. For example Nestle
has launched a probiotic line of infant formula called Good
Start Natural Cultures, featuring B. Lactis [97] and it is
also regarded that Bifidobacterium genus is certainly
among the safest bacteria. Many food and drug
companies are trying to find new and innovative ways to
bring Bifidobacterium to human retail shelf.
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