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Abstract - Bifidobacteria are Saccharolytic, hetero fermentative gram-positive anaerobes. It belongs to the phyla
Actinobacteria. Bifidobacteria exists in the intestine of mammals and other animals. In the human intestine, Firmicutes
and Bacteroides are predominant in adults and Actinobacteria in breast-fed infants. They are the first colonizing
bacteria of neonates' intestines and play a prominent role in developing the neonatal gut and immune system.
Bifidobacterium is considered as probiotics, based on their attributes, and it is widely used in the preparation of many
dairy products and exerts more health benefits on the host and it has been used as therapeutic and as
neutraceutical. This bacteria is included as a bioactive ingredient in functional foods mainly, dairy products, i.e.
probiotic curd, yogurt, cheese and ice cream. This review will discuss the general characteristics of Bifidobacteria and
the selection criteria of bacterial strains for the development of Bifidobased dairy products and their nutritional and

beneficial health properties, and their use in the prevention and treatment of various diseases.
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l. INTRODUCTION

Probiotics are living microorganisms that are administered
in enough numbers to survive in the intestine and provide a
positive effect on the host. The term ‘Probiotics’ was first
coined by Lilly and Stillwell ™ to describe the 'substances
produced by one microorganism that stimulate another's
growth. Probiotics include the genera Lactobacillus and
Bifidobacteria.The Bifidobacteria is mostly used and
studied probiotic bacteria. The Bifidobacteria were first
isolated and identified in 1899-1900 by Tissier™ from the
feces of breast-fed infants, he named the bacterium Bacillus
Bifidus communis.The Bifidobacterium belongs to the
family Bifidobacteriaceae. Bifidobacteria is characterized
as Gram-positive bacteria, non-motile,nonsporing,catalase-
negative anerobes.They have various shapes, including
short, curved rods, club-shaped rods, and bifurcated Y-
shaped rods. Presently, the branching nature and the cell
shape of bifidobacteria depends on the strains and growth
media It was reported that depending On the composition
of the culture medium, some strains of the genus
Bifidobacterium may have a V or X shape and Y shape
.Furthermore, the abundance of N-acetyl glucosamine,
alanine, aspartic acid, glutamic acid serine and Ca2+ions in
the growth medium can influence the cell shape of
bifidobacteria [
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II. THE CELL WALL STRUCTURE OF
BIiDOBACTERIA

Bifidobacterium is having gram positive cell wall and it
contains various Structural components; it includes
peptidoglycan (murein), teichoic acids, and polysaccharides
B! peptidoglycan is composed of N acetyl muramicacid and
N-acetyl glucosamine and it’s inter peptide bridges differ
among the various Bifidobacterium species. Therefore,
sometimes this characteristic is used for the differentiation
of the Bifidobacterium. ® The Bifidobacterium cell wall
contains polysaccharides and it is made up of glucose,
galactose and rhamnose ") and it plays an important role in
their interaction with the host cells or tissues.

Growth conditions:

The optimal temperature for the growth of
Bifidobacteriais37-41°C, the minimum is 25-28°C and the
maximum is 43 -45° [8]. Most Bifidobacterium strains
originated from humans grow optimally at 36—38°C.

Exopolysaccharide: The EPS are synthesized by
Bifidobacterium extracellular by cell wall anchored
enzymes, and it could have a protective role for them
during Gastro intestinal transit " EPS  protective layer
could help Bifidobacteria to survive against high acidic and
high bile salt Concentration in the upper part of the
gastrointestinal tract. As a result, EPS production could
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help to ensure the transit of strains Of Bifidobacterium from

mouth to the small intestine without Destructive effect on
their viability ™ EPS produced by strains of
Bifidobacterium could modify the bacterial population and
metabolic activity of the gastrointestinal microbiota, which
is favorable for host health [12331 Carhohydrate
metabolism: Bifidobacterium is hetero fermentative
organisms that produce acetic and lactic acids without
generating CO, ™! They can ferment fructose, Glucose,
and Galactose ® reported that some Bifidobacterium
species could ferment lactose and grow in milk.
Bifidobacteria degrade the monosaccharide by using the
enzyme Xfp, it is called an F6PPK pathway. Xfp possesses
dual-substrate specificity on fructose 6-phosphate or
xylulose-5-phosphate. The end metabolites of the trail are
ethanol, acetate, and lactate (1).F6PPK is the important
biochemical test for identifying Bifidobacteria. More than
30species have been isolated and assigned to the genus
Bifidobacterium " Bifidobacteria have been isolated and
given from five different ecological niches the intestine the
oral cavity, foods, insect gut, and sewage ®" Species of
Bifidobacterium, the most abundant species found in the
human gastrointestinal tract include Bifidobacterium
adolescentis, Bifidobacterium bifidum, Bifido bacterium
breve, Bifido bacterium catenulatum, Bifidobacterium
pseudo  catenulatum, Bifido  bacterium  longum
subsp.infantis  (B.infantis), Bifidobacterium longum
subsp.longum (B.longum), Bifidobacterium angulatum, and
Bifidobacterium dentium ®'Current studies indicate that
Bifidobacteria are transmitted vertically from the mother's
vagina,

G.l. tract, or Breast milk . The number of Bifidobacteria
decreases with an individual's increasing age and eventually
becomes the third most abundant genus accounting for
approx25% of the total adult gut flora.

The properties that a strain must have to be further tested
for human probiotic use are (i) genera of human origin; (ii)
It must be regarded as safe (GRAS) iii) it should be stable
against acid, bile, oxygen, and enzyme (iii) ability to attach
to intestinal mucosa (iv) colonization potentiality in the
human intestine(v) production of antibiotics substances (vi)
safety and demonstrable efficacy (vii) Anti carcinogenic
and antimutagenic properties (viii) Good sensory and
viability properties (ix) Phage resistance (x) stability of the
product during storage.

Isolation of Bifidobacteria :Culture media used for the
detection and enumeration of Bifidobacteria may be
divided into selective complex, semisynthetic and synthetic,
as well as commercial, and can be classified as non-
selective media with elective carbohydrates, media with
antibiotics, media with sodium propionate and lithium
chloride and media with elective substance and/or low pH.
Media belonging to more than one group are also used ™%
There is no standard medium for the detection of
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Bifidobacteria however, the availability of easy and
inexpensive methods for detection, identification, and
enumeration of Bifidobacterium spp. is important in food
microbiology. The selection of an adequate culture medium
for Bifidobacteria should be based on the following
parameters; supply of nutritive substances to produce
optimal growth; low redox potential; maintenance of pH
value during growth by an effective buffering capacity;
final pH of the prepared medium; optimal growth medium.
Anaerobic conditions are also an important factor in
detecting and enumerating Bifidobacteria. The success of
Bifidobacteria detection in an optimal growth medium is
mainly dependent upon the following factors : a) if the
culture medium has no selective effect, non Bifidobacteria
may outgrow Bifidobacteria; b) the ease of macroscopic
identification of Bifidobacteria colonies which may be
facilitated using indicators; c) the freshness of the
ingredients of the medium; d) the composition of the
culture medium which should allow the growth of different
bio-types present in the material investigated ! .

The isolation of Bifidobacterium sps from various sources
has been a challenging task. Several media are used for the
enumeration of Bifidobacterium sps. Reinforced Clostridia
Agar and MRS Agar containing cysteine, Columbia agar
medium containing lithium chloride and sodium propionate
are used as selective media in dairy products and quality
control laboratories.Wilkins Chalgren’s agar, containing
100 mg/L Mupirocin, which is a selective medium of
Bifidobacterium species from milk and cheese. MTPY
medium is used for isolating Bifidobacteria from hen’s
gastrointestinal  tract.Raffinose ~ Propionate lithium
Mupirocin is used for the isolation of Bifido bacteria from
milk. Bifidobacteria is isolated from infant feces by two
newly-modified Gerche’s media: 1). One with stimulating
Bifidobacteria growth maltodextrin instead of lactose. 2).
Addition of lithium chloride (3g/L) and Penicillin G,
Sodium salt (50 U/L). Reinforced Clostridia Medium
(RCM) plus 1% lactose supplemented with 5% blood or 2%
erythrocytes concentrate for total anaerobic counts
separation of Bifidobacteria in yogurt-like products -
[.Mitsuoka suggested using B.L. agar for nonselective
enumeration of Bifidobacteria from dairy products and
intestinal materials. A selective medium, blood-glucoseliver
agar containing oxgall(.(2 mg/ml) and gentamicin
(30mg/ml) was formulated for the selective enumeration of
Bifidobacteria in fermented dairy products containing both
lactobacilli and  streptococci. Recovery rates of
Bifidobacteria on this selective medium were around 90%
with bloodglucose-liver agar. Strains of lactobacilli and
streptococci were mostly inhibited with higher dilutions on
this selective medium®?

Identification of Bifidobacteria: There are many molecular
methods for the identification, characterization, and
detection of Bifidobacterium, and many of these techniques
are based on the 16S ribosomal gene. PCR and ARDRA are
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two easy and sensitive methods for the detection and
identification of the Bifidobacterium genus and species.
The most accurate way for differentiation at the strain level
is the PFGE. The Real-Time PCR will be very popular for
the detection, identification, and quantification of
Bifidobacterium spp?24

Functional properties: To have functional effects in the
intestine, probiotics have to survive in the gastrointestinal
tract. Thus, it is critical for bacteria to sustain various acidic
pH and gastric enzymes in the stomach,bile, pancreatin, and
other intestinal enzymes in the small intestine " Also,
probiotics should adhere to the intestinal mucosa and
significantly inhibit various entero pathogenic bacteria
21 Adhesion auto aggregation and hydrophobicity of
Lactobacillus and Bifidobacteria have been found to be
strongly related % 2 %1 put with the exception in
Lactobacillus®*"Hydrophobicity and autoaggregation are
based on the proteins, glycoproteins, teichoic, and
lipoteichoic acids on the cell-wall surface of bacteria, and
secreted factors *2

Safety aspects: The safe use of strains of Bifidobacterium
has been supported by the prolonged historical consumption
of fermented dairy products containing such strains and the
growing knowledge of bifidobacteria taxonomy and
physiology™*?**1  summarised safety aspects of the
selection of new probiotic strains;determination of
antibiotic resistance pattern, assessment of certain
metabolic activities, assessment of side effect during human
studies, epidemiological surveillance of adverse incidents in
consumers, toxin production (if strain belongs to a species
which is known as mammalian toxin producer) and
haemolytic activity(a species with known haemolytic
activity).However, there is no reported case of local or
systemic infections (septicemia, meningitis, and
endocarditis) with the ingestion of dairy products
containing Bifidobacteria B**'In addition, the human
origin is often used as a selection criterion for

Bifidobacterium to be used as probiotics in food products
[35,36,37].

Technological aspect: Several technical elements have to
be considered when selecting probiotic strains, such as
viability and stability during development of the product
and during storage, good sensory properties, and phage
resistance **'The probiotic strains should be viable at the
time of consumption and It has been suggested that the
minimum concentration of live probiotic bacteria at the
expiry date of the product should be around 10’
CFU/mL—-1B"Therefore, suitable strains should be able to
resist throughout the shelf life. A lot of factors have been
suggested to affect the viability of probiotic bifidobacteria
in fermented dairy products, including the pH and acid
content of the product, the levels of hydrogen peroxide
which is produced by the traditional starter lacticacid
cultures,and the oxygen levels within the product, which
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are to a large extent affected by the packaging “**Y In

general, bifidobacteria are not acid-tolerant, and poor
viability and growth of most Bifidobacteriumspp. Are
observed at pH below4.0 “@The strains with a high
survival rate in acidic conditions should be selected for use
in fermented dairy products ™“®" Furthermore oxygen and
H202can affect the viability of Bifidobacterium in dairy
products “Oxygen is toxic to the cells, and it enhances
intercellularH202production, which reduces the viability of
cells. Moreover, oxygen may enhance H202 production
from other cultures in fermented milk product ¥ .In
general,bifidobacteria are considered as highly susceptible
to oxygen, although oxygen tolerance has been shown to be
species dependent. For example, B.animalis subsp. Lactis
strain is olated from fermented milk was found to display
good oxygen tolerance.Recently,the use of low oxygen-
permeable packaging materials with glucose oxidase was
shown to increase the viability of Bifidobacteria in milk
products[42,43,44,45].Furthermore,N and H were shown to
increase the survival of Bfidobacteria in fermented milk
products during storage[46]. Bifidobacteria is a valuable
dietary adjunct that can be incorporated into dairy products
adding additional functional and health attributes to the
milk products. Screening of suitable strains of
Bifidobacteria for application in milk products is a key area
in the changing functional dairy product market.
Bifidobacterium, as a probiotic agent in human food, has
been widely used because it is generally recognized as safe.
Some strains have been used in fermented dairy products
and exert a wide range of beneficial health effects,
including the prevention or alleviation of infectious
diarrhea, the inhibition of growth of pathogens and harmful
bacteria, the modulation of the local and systemic immune
responses, and so on. However, the viability of some of
these probiotic strains for food use sharply decreases during
the product shelf life. Moreover, many of these bacteria
may be killed during their transit through the stomach'’s
acidic conditions and be degraded or inactivated by
hydrolytic enzymes and bile salts in the small intestine 1!
Therefore, the gastrointestinal survival capacity is
considered as an essential criterion for the initial selection
for potential probiotic strains. Moreover, the following
sections discuss some of the health benefits associated with
the  consumption of dairy products containing
Bifidobacteria.  Bifidobacterium could increase the
bioavailability of minerals, such as calcium, zinc, iron,
manganese, copper, and phosphorous, by lowering the
gastric pH level. Furthermore, it has been reported that the
ingestion of fermented milk with Bifidobacteria increased
the digestibility of the milk proteins [**!

Development of Bifido fermented products: The milk
was boiled for one hour in the laboratory with constant
stirring and then the milk was poured into steam sterilized
(15 min) clay pots (500 mL per each pot) and allowed to
cool to the incubation temperature, 40-45 C. 1-day old curd
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pot was used as the inoculum and was mixed thoroughly in
a steel cup before adding to the buffalo milk.

A teaspoonful of inoculum (3 g) was added to each cup
and allowed to ferment at ambient temperature at 370c. The
Bifidobacteria inoculum was added at the same time to give
a final Bifidobacteria population of around 10° CFU mL™.
Curdling of milk was complete after approximately 5-6 hrs
of incubation at ambient temperature. The viable counts of
LAB and Bifidobacteria were determined by using standard
microbiological methods during and upon the storage of
products. After product development, the curds were tested
for sensory evaluation and viability. The sensory evaluation
was done by using 9-Point Hedonic scale.

Bifido based products: Fermented foods are major carriers
of probiotic bacteria with a positive health effect. In
particular, fermented dairy products have been increasingly
attracting the attention of consumers. There is a rapid
increase in using probiotic bacteria in different food
products due to a better understanding of these bacteria’s
role in maintaining the health of the host. It is reported that
more than 500 probiotic products have been introduced into
the global market during the past decade [**! There are many
popular delivery systems for Bifidobacteria, such as freshly
fermented or unfermented dairy foods, including milk,
yogurt, ice cream, desserts, cheese, beverages, cookies, and
milk powder [ 45 46 47. 48, 49505152 pyifferent strains of
Bifidobacterium are incorporated as cell suspensions or
freeze-dried form depending on the food product. The
Bifidobacterium sps. are the most frequently used human
probiotics because of their health benefits ! .Improvement
of the intestinal microbial balance of the host, reduction the
gastrointestinal disorders, assimilation of cholesterol, and
immunomodulatory effects? [+ 5 %6571

Bifidobacteria reduces serum cholesterol level:

The cholesterol-lowering effect of dairy products
containing Bifidobacterium strains was shown based on
human and animal studies % ° %! demonstrated that
Bifidobacterium milk fermented with B. longum could
reduce serum lipid levels in humans and rats. In another
study 1 shown in a rat model that Bifidus yogurts and
yogurts fortified with whey proteins reduced the total and
LDL cholesterol levels. One possible mechanism proposed
for this was that the presence of organic acids, especially
conjugated linolic acid (CLA) produced by these bacteria,
could inhibit cholesterol production. Alternatively, it was
suggested that the bacteria might have an effect on bile
acids, which might hinder the absorption of cholesterol
from the intestinal tract *? However!®® more research and
extensive mechanistic studies are needed to achieve firm
conclusions regarding Bifidobacteria's ability to confer
health benefits to the cardiovascular system.
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Bifidobacteria and reduction of lactose intolerance:

Probiotics are widely known to reduce the symptoms of
lactose malabsorption. This condition is associated with the
incomplete  breakdown of lactose, the principal
carbohydrate of milk, into its monosaccharide’s, glucose,
and galactose. It occurs due to the deficiency of the enzyme
B-galactosidase, which is responsible for the breakdown of
lactose 1 .\When undigested lactose is passed into the large
intestine; it is fermented by the indigenous micro flora into
gases (CH4, CO2 and H) and short-chain fatty acids. The
undigested lactose and gas production cause gastrointestinal
symptoms, includes flatulence, abdominal pain, and
diarrhea .Bifidobacteria have been reported to increase the
production of B-galactosidase concentrations, which can
improve the digestibility of lactose, in the alleviation of the
symptoms of lactose malabsorption % A later study
indicated that yogurt enriched with B. animalis could
modify the colonic microbiota's metabolic activities and
alleviate lactose-intolerant individual © investigating B.
longum,reported a positive effect on reducing lactose
intolerance in some individuals.

Bifidobacteria controls diarrhea: Many clinical studies
indicate that Bifidobacteria containing dairy preparations
can modify the course of viral and bacterial intestinal
disorder A milk formula containing B. bifidum and S.
thermophilus was shown to reduce rotaviral infection®&
However [ reported that lactose-free milk formula
blended with B. lactis Bb12 and S. thermophilus TH4 could
decrease the rotavirus shedding but not its duration of
diarrhea in infants. Furthermore, it was shown that B.
bifidum was able to neutralize some toxins. It was also
reported that it could reduce the incidence of antibiotic-
associated diarrhea.

Bifidobacteria to control inflammatory bowel diseases:
Inflammatory bowel disease (IBD) can be divided into two
categories, Crohn's disease (CD) and ulcerative colitis
(U.C). However, the mechanism involved in the
immunopathological and genetic basis of IBD is not yet
fully understood *™ It was reported that mice fed with
skim milk containing B. bifidum showed normal weight
growth, fewer clinical symptoms, such as thickened wall
and inflammatory cell infiltration, and lower levels of
CD4+ T lymphocyte infiltration and inflammatory cytokine
than the mice with IBD, fed with skim milk containing
Bifidobacteria showed that the consumption of fermented
milk containing B. bifidum, B. breve, and L. acidophilus
could be successful in maintaining remission, and had
possible preventive effects on the U.C. 1172

Bifidobacteria and colon cancer: Dairy products, such as
yogurt, containing probiotic lactobacilli, and Bifidobacteria
have been used to reduce the risk of colon cancer - "
Probiotics are thought to control tumors in three ways.
They can inhibit tumor cells and suppress the bacteria that
produce B-glycosidase, B-glucuronidase, and azoreductase,
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an enzyme that catalyzes the conversion of procarcinogens
to proximal carcinogens. Moreover, they can destroy
carcinogens, such as nitrosamines, and suppress
nitroreductase, which is involved in their synthesis (74).
However indicated that without well-defined mechanisms
for the anticancer effects of probiotics, it is challenging to
develop more effective, targeted probiotics, which can be
evaluated for their activities in human intervention
trialstA few studies have investigated the potential anti
carcinogenic activities of Bifidobacterium containing dairy
products.

Bifidobacteria and the immune system: The fermented
products could be used to stimulate the mucosal immunity,
promoting an increase in the number of Immunoglobulin A
which are considered to be the first line of defence against
infections [ One of the studies reported Bifidobacterium
lactis (DR10TM strain and HNO019,) had been shown to
enhance phagocytic cell function, and the production of
interferon-gamma in laboratory animals. Several studies
have been reported that the Bifidobacteria based dairy
products shown an immune stimulation. Milk containing B.
lactis was shown to be effective in enhancing some aspects
of cell-mediated immunity in the elders '™ In another
study, it was demonstrated that yogurt containing probiotic
strains B. lactis & L.acidophilus could modulate the non-
specific cellular immune response by the increased
phagocytic activity in humans 8 In another study,
supplementation of fermented milk containing B. bifidum
Bb12 or L. acidophilus Lal for three weeks resulted in an
increased phagocytic activity of the peripheral blood
leukocytes in human °'in addition to the probiotic
bacteria, fermented milk possesses other non-bacterial
components produced during the fermentation that can
contribute to immunogenicity. For example, peptides and
free fatty acids released during milk fermentation were
shown to increase the immune response %

1. CONCLUSION

Bifidobacteria is considered as a probiotics and it is a
valuable dietary adjunct and it can be incorporated into
milk. It could be used as a therapeutic and neutraceutical
agent. It is an alternative potent therapeutic in a large
number of pathologies. Screening of suitable strains of
Bifidobacteria for application in milk products is a critical
area in the changing functional dairy product market. Also,
there is a need for more well-designed studies to understand
the actual mechanisms.
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