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ABSTRACT
Bacteria belonging to the genus bifidobacteria are reported to be the most abundant gut
endosymbiotic flora in the intestinal tract of new-born infants, particularly those that
have been exclusively breast-fed. This high concentration of this gram-positive
anaerobic bacteria has been attributed to the prebiotic and bifidogenic factors present in
human breast milk. Currently, there is limited information on the presence of
bifidobacteri aspecies in Namibia.

The aims of this study were to identify and

characterize bifidobacteria, to profile their antimicrobial activity, test few of their
probiotic characteristics such as bile, lysozyme, acid and H2O2 tolerance capabilities and
to assess their diversity in infant faeces detected by genus specific PCR and presence of
the caseinolytic protease C (ClpC) gene.A total of 25 faecal samples collected from
Khomas region showed total plate counts ranging from 32.00 × 105 to 204 × 107colony
forming units (CFU)/mL, with mean bifidobacteria plate count ranging from 1.4 × 104
CFU/mL to 3.6 × 108 CFU/mL. Bifidobacteria genus was confirmed by F6PPk assay
further identified by 16S rDNA sequencing. Fourteen (14) of the 25bifidobacterial
isolates demonstrated the ability to withstand the antimicrobial effects of extremes pH
(pH 3.2 and 9.2), with 52 % isolates demonstrating the ability to grow at 0.7% bile
concentration. Furthermore, fourteen isolates demonstrated ability to withstand the
inhibitory effects of lysozyme and H2O2. These isolates demonstrated antagonistic
activity against indicator strains. Using the well diffusion method, cell free supernatant
(CFS) exhibited a high degree of antimicrobial activity against Listeria monocytogenes
ATCC 13932, Candida albicans ATCC 13932, Escherichia coli ATCC 25922,
Enterobacter aerogenes ATCC 13048, Salmonella typhi ATCC 13311, Staphylococcus
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aureus ATCC 25923, Clostridium perfringens .ATCC 13311, Enterococcus durans
6056, and Listeria innocuum ATCC 1450. Neutralized CFS with 1 M NaOH showed
antimicrobial activity due to the action of bacteriocins or bacteriocin-like inhibitory
substances (BLIS) against the same indicator strains. Antibiotic test revealed seven
bifidobacterial isolates to be most susceptible to the effects of erythromycin, tetracycline
and

ampicillin.

Six

bifidobacteria

isolates

demonstrated

good

cell

surface

hydrophobicity and autoaggregation. Bifidobacteria present in stool samples are
contemplated to have potential applications in food safety owing to the high antagonistic
activities they have exhibited and may have probiotic applications in the dairy and food
industries.
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CHAPTER 1: INTRODUCTION
1.1

Background of the Study

Human body is home to a diverse and dynamic microscopic organisms that reside in and
on the human body (Lloyd-Price, Abu-Ali and Huttenhower, 2016). Most of these
microbes pose no threat to the health of the host. In fact, they are essential allies
required by the host for optimal functioning (O'Callaghanand Van Sinderen, 2016). The
human body is comprised of varied micro-ecosystems, each with their own unique
ecological microbiota. One of these micro-ecosystem is the gastrointestinal tract (GIT)
(Lloyed-Price, et al., 2016). The human GIT is described as a specialised tube with a
designated role in digestion of ingested food. This micro-ecosystem is the undisputed
home of the largest and most diverse group of microbial communities found anywhere
else in the human body (Turroni, et al., 2017).
The human GIT and its microbiota, have coevolved, forming a life-long and dynamic
relationship described as being mutualistic and intestinally symbiotic (Turroni, et al.,
2017). The host provide a hospital environment for these gut microbiota and in turn, the
bacteria confer a number of benefits to the host (Turroni, et al. 2017). These gut-residing
microbial communities make up a highly complex system of commensal bacteria with
multitude of metabolic, structural and protective functions, vital for survival of human
life (Rodríguez, et al., 2015). These include degradation of ingested food and biological
synthesis of vitamins and biomolecules such as short chain fatty acids (SCFAs)
(Cremon, Barbaro, Ventura and Barbara, 2018). In addition, this microbiota promote a
number of host functions, such as intestinal cell proliferation and differentiation, acidity
control, development and stimulation of the immune system protection against
1

pathogens and regulation of the energy need of the host body (LeBlanc, et al., 2017).
These bacteria are designated as being probiotic bacteria.
One of the microbial communities present in this gut-specific microbial flora are
members of the genus bifidobacteria (Bottacini, Ventura, van Sinderen and O’Connell
Motherway, 2014). Bifidobacteria are a well-recognized gut commensals with probiotic
properties (LeBlanc et al., 2013). This implies that it confers positive implications on
the health of the host. This include aiding in the development and maturation of the
immune system, providence of folates and reduction in the duration and severity of
diarrhoeal diseases (Turroni, et al., 2014). The last property consequently reduces the
rate of infant mortality rates from infectious diseases, to poses serious health risks and a
problem in number of developing countries, including Namibia (Walker and Iyengar,
2014).
Bifidobacteria are present throughout the human lifespan, but research studies confirmed
the abundance of this genus in neonates when the first food they consume in the first six
months of their life is breast milk (Shamir, 2016). Infants who have been solely breastfed in their early life are reported to have reduced infection rates, less likely to be
afflicted by diarrhoeal diseases, and diseases of the respiratory tract such as asthma.
They are less prone to have allergies, hence their healthier health status compared to
their bottle-fed counterpart (LeBlanc et al., 2013). One of the agents argued to be
responsible for this status is bifidobacteria. Moreover, this agents secrete antimicrobial
compounds such as organic acid and bacteriocins into the lumen of the GIT tract, thus
exhibiting antagonistic activity against harmful bacteria residing in the gut and reducing
their chances of causing infection (Turroni, et al., 2012).
2

Previously, detection of members belonging to this genus and other gut microbiota relied
on culture-dependent techniques (Fakruddin & Bin Mannan, 2013).

As useful as these

techniques have been in providing us with a glimpse of the gut microbiota, they have
been largely limiting as the majority of gut residents are unculturable in the laboratory
(Stefanis, et al., 2016). A second hurdle faced is the impossible task of replicating the
exact environmental conditions in the GIT in the laboratory (Sidarenka, Novikand
Akimov, 2008). For the past several decades, there has been numerous scientific
undertakings on this genus. Their identification was based on 16S ribosomal ribonucleic
acid (rRNA) sequencing (Bottacini, et al., 2014). With the advances in molecular
technologies, various studies have suggested the tremendous amount of nutritional,
health and biotechnological benefits of bifidobacteria. These benefits can be derived
from the continual in-depth study of this probiotic bacteria as well as towards the search
for novel gut resident bifidobacteria. The aim of this study was to isolate, characterize
and assessing the genetic diversity of bifidobacteria residing in the intestinal tract of
Namibian infants.
Bifidobacteria account for more than 90 % in the intestinal tract and stool samples of
breast-fed infants (Arboleya, Watkins, Stanton, & Ross, 2016). This is explained by the
abundance of human milk oligosaccharides (HMO), highly complex carbohydrates with
positive stimulatory effect on gut probiotic bacteria such as bifidobacteria (Wang et al.,
2015a). Breast milk is the universal first food for new-borns. In Africa, a considerable
number of infants are feed this first food. However, according to WHO Collaborative
Study Team, only a third of all infants born in Africa are breast exclusively for the first
six months of their lives (Quinn, et al., 2007). Closer to home, in Namibia, by the time
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most infants reach 6 months, only a meagre 5.7 % are solely breast-fed (MoHSS, 2008).
Therefore, a significant portion of Namibian infants are not getting the optimal
beneficial compliments provides by this food source.
1.2.

Statement of the Problem

Human gut microbiota plays essential roles in the nutrition, immune-competence and overall
wellbeing of the human individual (Clarke et al., 2014). Within this microbiota, there exist
bifidobacteria populations. Subject to changes caused by number of factors such as manner in
which infants were born (natural or caesarean), early infant feeding practices and antibiotic
treatment. Breast-fed infant are undisputedly regarded to have a healthier status compared to
formula-fed infants, due to the higher composition of these friendly gut allies residing as
commensals in their gut. Thus, it is predicted breast-fed infants would harbour more diverse and
complex bifidobacteria populations (Tojo, et al., 2014; LeBlanc, et al., 2017).
Currently, there is lack of clarity on the bifidobacteria species present in Namibian infants or how
assorted they are. Information obtained can aid in the determination of medically significant
strains of bifidobacteria. The lack of exploration in this growing research field has contributed to
Namibia not taking strides in bifidobacteria lproduct development. This in turn will reduce need to
import bifidobacterial food products. Long term, this may have economic advantages for the
country. Knowledge gained has the potential to aid in the use of bifidobacteria for health and food
safety reasons.
1.3.

Objectives

The primary aims of the research study are:

4

1) Isolation of bifidobacterial species occurring in the infant intestinal tract in
neonates in the Khomas Region in central Namibia
2) Analysis of their probiotic potential by determining their resistance to
gastroenterological stresses.
The specific objectives are:
a) To determine bifidobacteria genus members to the species and subspecies level using
phenotypic, biochemical and molecular based analysis techniques.
b) Assessment of the total bifidobacterial population using total place count and extraction
of genetic material from bifidobacterial isolates in infants from the Khomas region.
c) To analyse the genetic diversity of bifidobacterial species present in the Khomas region,
Namibia
d) To evaluatethe antimicrobial activity of the bifidobacterialisolates against
pathogenic bacteria found in the infant gut.
e) To assess the resistance of bifidobacterialisolates to bile and extreme acidity
levels and high concentrations of hydrogen peroxide and lysozyme.
1.4.

Research Questions
1) What are the predominate bifidobacterial species present in breast-fed Namibian
infants in the Khomas region?
2) Is the bacteriocin activity of predominate bifidobacteria has an inhibiting role
against the growth of the indicator strains commonly found to inhabit the infant
gut?

5

3) What is the overall tolerance trend of bifidobacteria present in Namibian infants to
increased bile and pH levels, lysozyme and hydrogen peroxide concentrations?

1.5.

Significance of the Study

Among the consumer consciousness, there is a move towards more biological means of
treating diseases, enhancing food safety, production of newer varieties of functional
foods and drinks. Bifidobacteria, a commensal human gut resident, is gradually
becoming one of the eminent contenders. Exploring this gut microbiota in the Khomas
region of Namibia is therefore crucial. Knowledge gained can be harnessed to explore
probable use for improving health, in particular nutritionally. From this first attempt, the
composition of genus strains in Namibia can be further investigated and harnessed for the
promotion of maternal and child health by encouraging of explored for their use as bio
preservatives in the Namibian food industry. Furthermore, the existing knowledge gap provides an
opportunity to assess Namibian bifidobacteria populations and their presence may serve as an
indicator of the health status of infants in the Khomas on which the present study is focused
1.6.

Limitations of the study

Gut residing microbes especially bifidobacteria are strict anaerobes. The bacteria grow
in an environment that cannot be replicated exactly under laboratory conditions.
Henceforth, without a doubt presence of more bifidobacteria was expected but these may
not be cultured. Furthermore, bifidobacteria coexist in the gut environment and depend
on other bacteria for providence of certain growth factors such the by-products of human
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milk oligosaccharides (HMO) fermentation for their existence. Without the presence of
this bacteria, certain bifidobacteria species are unable to grow.
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CHAPTER 2: LITERATURE REVIEW
2. 1. Gut Microbiota
Human intestinal microbiota is crucial component for healthy human beings (Turroni, et
al., 2014).

It is involved in the regulation of a repertoire of host metabolic and

physiological functions and most importantly in the maintaining the homeostatic status
of the gut (Tojo, et al., 2014).

This status is highly complicated, with numerous

pathways, interactions, signalling mechanisms between the host, the gut microflora and
the immune system, that research efforts to understanding all the processes involved are
still in the infancy stages (Attri, Nagpal and Goel, 2018). However, with advances in
technology and research, the expected outcome of knowing and understanding is leaning
towards the beneficial impact gut microflora have on the host (Tojo, et al., 2014).
The homeostatic nature of the gut microflora is highly regulated (O’Mahony, et al.,
2005). Changes in the gut microflora, due to factors such as change in diet, use of
antibiotics results in dysbiosis, a maladaptation of the gut microflora compared to that of
healthy individuals (Tojo, et al., 2014). This disruption set off a cascading wave of
disrupted interactions, which have lifelong implications and predisposes affected
individuals to subsequent immune mediated diseases (Petersenand Round, 2014).
2.2. Microbiota composition
The microflora population in this region is estimated to range from 10

12

to 10

14

of

bacterial cell/ mL of lumen surface area (Slykerman et al., 2017). Following successful
analysis of the Human Genome Project (HGP), there has been subsequent studies carried
out on the genome of the microbial communities residing in the GIT (Lloyed-Price, et
8

al., 2016). It has been observed that even though human genetic makeup is comprised of
a sizable collection of genes, the gut microbiota genome contains 100 times the amount
of genes as our own (Slykerman et al., 2017).
Residents of the GIT are classified into two categories, first are the resident members,
also referred to as autochthonous microorganisms who reside in a particular local in the
GIT and second, the transient microorganism, which pass through the gut(Ley, Peterson
and Gordon,2006). Various methods of detection and identification have yielded much
information regarding the extent of the diversity and complexity of the microbial flora
within the human GIT (Ley, et al., 2003). Cytophaga-Flavobacterium-Bacteriodes
(CFB), Firmicutes, Actinobacteria, Fusobacteria, Verrucomicrobia, Tenericutes,
Spirochaete, Cyanobacteria and Proteobacteria collectively form four of the largest
bacterial phyla present in the GIT (Tojo, et al., 2014).
Attempt to determine the precise composition of human microbial biota have been made.
According to Brugere et al. (2009), the number of species has been estimated, ranging
from 500 up to 12 000 – 36 000. This inconsistency is mainly attributed to the fact that
most of the gut residents are unculturable (Attri, et al., 2018). This limitation has
provided a distorted and incomplete picture of a more precise figure of the composition
of microbes present in human GIT. Fliss, Ouwehand, Kheadr, Lahtinen, and Davids
(2010) argued that so far, only 15 % of the gut microflora has been taxonomically
classified. Use of culture based methods to detect microbes, is in itself tedious. To
overcome this challenges, use of molecular methods has become more commonplace in
studying microbial ecology (Fakruddin & Bin Mannan, 2013; Stepnanis, et al. 2016).
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Phylum Actinobacteria makes up one of the largest phyla in the domain Bacteria
(Bottacini, et al., 2014; Zhang et al., 2016). Actinomycetes are gram positive with a high
GC content with the exemption of Tropheryma whipplei (Zhang et al., 2016). Within
this phyla, is an order Bifidobacteriales, in which the family Bifidobacteriaceae is
taxonomically grouped. Members belonging to the genus bifidobacteriafall under this
family (Biavati and Mattarelli, 2012). Bifidobacteria are rod-shaped, non-spore forming,
non-gas forming bacteria that have been identified and isolated from five ecological
niches, namely blood, sewage, human intestines and faecal material, animal and insect
intestines and lastly, food (Figure 1) (Bottacini, et al. 2014). However, this research will
only focus on bifidobacteria isolated from human faecal matter. The bacteria have a
high G+C DNA content accounting 55-67 mol-%, aiding in the stabilization of their
DNA(Biavati and Mattarelli, 2012)Their cellular morphology either short, curved rods,
some with a bifid end whereas others have a characteristic Y or V shape, referred to as a
bifid shape (Dahanashree, Rajashekharan, Krishnaswamy and Kammara, 2017). This
pleomorphic nature of bifidobacteria is genetically determined and is a response of the
bacterial cell to a lack of specific nutrients e. g. a,,B -methyl-N-acetyl-D-glucosaminide,
amino acids (alanine,serine and glumatimic acid) and ions such asCa2+ in the growth
media(Leeand O'Sullivan, 2010).
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B. bohemicum
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B.
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Nonhuman primates
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Environmental sources

Figure 1: Bifidobacterial species and occurrence in different habitats and period of
species description (Mattarelliand Biavati, 2017).
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Sidarenka et al. (2008) reported that since the 1940s, bifidobacteria were regarded to be
a member of the genus Lactobacillus due to highly similar morphological and cultural
traits. However, a revolutionary event took place in mid to late 1960s. There was a
discovery of a unique enzyme, fructose-6-phosphate phosphoketolase (F6PPK) that
would later be recognized as key feature in differentiating bifidobacteria and
Lactobacillus (Mattarelliand Biavati, 2017). Another key feature of bifidobacteria is
their utilization of the F6PPK pathway that enable bifidobacteria to assimilate pentose
and hexose sugars, produce short chain fatty acids (SCFAs), chemical compounds with
beneficiary roles in human health and produce organic acids as by-products of this
fermentation pathway, namely lactic acid and acetic acids (Pokusaeva, Fitzgeraldand
Van Sinderen, 2011).

These exert antimicrobial effects against a number of

enteropathogenic microbes.
2.3. Earlier studies on bifidobacteria
The first bifidobacteria was isolated from the faecal matter of a breast-fed infant by a
French physician Tissier in the late 19th century. From his research, he concluded that
the reduced incidences of infantile diarrhoea in breast-fed infants was due to abundant
presence of bifidobacteriaspecies in the intestinal tract (Mahmoudi, Miloud, Bettacheand
Mebrouk, 2013). Tissier’s findings compared to the bottle-fed infants were further
supported by other researchers. Moreover, subsequent analysis

of the human breast

milk and its composition revealed the strong presence of bifidobacteria- growth
promoting factors such as N-acetylglucosamine-containing saccharides, lactulose and
other human milk oligosaccharides (HMO) (Yatsuneko, et al., 2012; Sela, 2011). These
had a prebiotic effect to the growth of bifidobacteria, and as a result, the inhibition of
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Enterobacteriaceae pathogens normal residents inhabiting the GIT (Fukuda, et al. 2011).
This observation was explained by the production of organic acid such as lactic acid and
acetic acid by bifidobacteria, thus creating a highly acidic internal gut environment
inhospitable to undesirable microorganisms (LeBlanc et al., 2013).
2.4. Bifidobacteria spp. identification and quantification
2.4.1. Microbiological approach
Bifidobacteria are notorious for being difficult to detect.

Conventional laboratory

methods of culturing using selective media is limited. The variety of selective media
developed aided in the recovery of some species but may unfortunately, at the same time
inhibit some (Ferraris, Aires, Waligora-Dupriet, and Butel, 2010).Additionally,
identification of this genus was done based on phenotypical features, growth at different
temperatures and pH values, fermentation in different sugars and alcohols (Hozapfel,
Haberer, Geisen, Bjorkroth and Schillinger, 2001). However, the same authors argued
that the use of these features to differentiate between bifidobacterialspecies is difficult
due to the degree of intra-species variability. This hurdle is further compounded by the
fact that many of these properties are largely influenced by numerous factors including
media composition, cultivation conditions and age of the culture (Sidarenka, et al.,
2008).

Overall, these culture dependent method provide narrow opening hence a

significant portion of bifidobacteria remain undetected (Stefanis, et al. 2016).
2.4.2. Molecular Methods
To overcome this challenge, new molecular based methods such as the use of real time
PCR, (RT-PCR), denaturing gradient gel electrophoresis (DGGE), use of genus and
species specific PCR and many others coupled with the use of 16S rRNA or other
molecular markers (dnaA, clpC, xfp, rpoc,dnaJ) have proven to be more effective in
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differentiating between bifidobacterial species (Bottacini et al., 2014). The use of the
16SrRNA is regarded as one the best markers that can be used for microbial
identification (Singleton and Sainsbury, 2006). This marker, encoded by the 16S gene is
significant in deducing the evolutionary history of bacteria and archaea. The use of
specific primers in the amplification procedure of polymerase chain reaction (PCR) for
targeting 16S specific variable regions has been instrumental in differentiating species
apart (Singleton and Sainsbury, 2006; Matsuki, Watanabe and Tanaka, 2003).
As effective the 16S rRNA gene fragment in establishing phylogenetic and taxonomic
relationships between bifidobacteriaspecies can be, its use is limited in this genus. As
Candela et al. (2004) reported, the number of chromosomal 16S rRNA gene copies
ranges from 1-5, depending on the strain. Therefore this has resulted in the genus
species being inaccurately estimated. Furthermore, the use of primers pairs targeting
this region in bifidobacteria does not yield sufficient amplicons for exact determination
of species (Lewis et al., 2013). Ventura et al. (2006) noted another limitation of use of
this gene sequence for distinguishing bifidobacterial species. The 16S rRNA has a low
resolution for discriminating between varied bifidobacterial species due to its highly
conserved nature. Other limitations are the high degree of sequence similarity of the
gene fragment similarity, ranging from 93-99% and the relative closeness of 16S rRNA
in many bifidobacteriataxa.For example Bifidobacterium animalis subsp. animalis,
Bifidobacterium

animalis

subsp.

lactis,

Bifidobacterium

longum

biotype

longum,Bifidobacterium longum Biotype infantis and Bifidobacterium longum biotype
suis, Bifidobacterium coryneforme, Bifidobacterium asteroids, Bifidobacterium indicum,
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Bifidobacterium catenulatum and Bifidobacterium pseudocatenulatumhave resulted in
difficulty in species affiliation of the tested culture (Sidarenka et al., 2008).
More effective means of species differentiation in bifidobacteria is the use of conserved
housekeeping genes (Bottacini, et al.2014). One of these is the caseinolytic protease C
(clpC). Clpc is a member of the hsp 100 chaperone family of proteins in bifidobacteria
with a multitude of roles (Sanchez, et al. 2010).

These protein belongs to the

ATP‐hydrolyzing proteins. It is involved in the housekeeping functions and enable
bifidobacteria to withstand adverse environmental stressors, such as heat (Ventura, et al.
2006). A study by Ventura et al. (2006) propose the usage of the clpC as one of the
molecular markers for the identification of bifidobacteria species. Its use provides a
clearer phylogenetic resolution of bifidobacteria, compared to that provided by the 16S
rRNA. Moreover, clpC has a single copy gene, a trait more fitting for function in its
measure of bifidobacteria species. Ventura et al. (2006) argued on the use of advanced
molecular methods, such as ribotyping method, DNA finger-printing methods, species
specific primers, amplified rDNA restriction analysis (ARDRA) to provide more
accurate picture of the varied bifidobacteria species present in a particular ecological
system is hampered by their use of 16S rRNA gene sequences for analysis.
2.5. Probiotic
The term probiotic is translated from the Greek term “pro bios” and means for “life”.
According to the guidelines outlined by the Food and Agriculture Organization (FAO)
and World Health Organization (WHO) and endorsed by the International Scientific
Association for Probiotics and Prebiotic (ISAPP), the accepted definition of probiotic
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bacterium is live microorganism which, when administered in adequate amounts, confer
a health benefit on the host (Cremon, et al. 2018).
As a verified microbe with probiotic properties, bifidobacteria has been incorporated in a
number of food products, including fermented dairy products such as yoghurt, frozen ice
cream and cheese, fruit juices and sold as supplements in tablet, capsule or powdered
form(Martinez, et al., 2016). Some of these products are commercially available in
Namibian market (Figure 2)
A

©www.amazon.com
m

B

©www.woolworths.co.za
Figure 2: Some probiotic food products fortified with Bifidobacteria strains (A) Cerelac Baby
Food with B. lactis (B) Yoghurt with B. lactis NHO19.
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This increased presence of bifidobacteria in mostly dairy products is fuelled by
increasing interest in the probiotic properties of this bacteria by consumers, owing to the
number of benefits it confers.
In order for humans to benefit, this bacterial species have to be able to withstand the
varied stresses in the production, manufacturing, incorporations and storage stages of the
particular food product, each of which can reduce the viability and functionality of the
beneficial bacteria.
2.5.1. Probiotic selection criteria
Prior to usage and subsequent incorporation of the probiotic microorganism in a
particular food item, there are a number of criteria the microbe is mandate to fulfil
(Dunne, et al., (2001). These fall under four pillars:
1) Safety Aspect
Microorganisms under consideration for possible incorporation into food products have
to be of human origin. Furthermore, it should pose no pathogenic or toxic threats to
humans, should be of a “Generally Regarded as Safe (GRAS)” status. According to
Markowiak and Śliżewska (2017), B.longum BB536 is a probiotic bifidobacteria species
first isolated from human neonate GIT and form part of the microbial consortia present
in Bifidus yoghurt.
2) Technological Aspect
This pillar is aimed at ensuring the microbe under consideration for food product
incorporation can be mass produced.It should withstand varied manufacturing and
production stressors, such as acidity, oxygenic, osmotic and extreme temperatures.It
should be incorporated into the final product, with its functionality and alive. Moreover,
exposure to environmental extremes during the storage stage should not reduce its
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viability nor should the microbe itself change sensory attributes of the final product
(Delgado, O’Sullivan, Fitzgeraldand Mayo, 2008).
3) Functional Aspects
Bifidobacteria met this aspect by exhibiting resistance to bile and pH levels, ability to
withstand the transit throughout the GIT. Furthermore, genus can withstand stressors in
the stomach and small intestines, effectively attach to the intestinal epithelial cell walls
and exhibit antagonistic activity against pathogenic bacteria (Li, Chen, Ruan, Zhu and
He, 2010).
4) Physiological Aspect
Potential probiotics ought to have needed beneficial aspects to improving the health of
the host. These include immune system modulation or activation, lowering of serum
cholesterol, type II diabetes, and antagonistic activity against gasteroenteric pathogens
such as Helicobacter (Markowiak and Śliżewska, 2017).

Bifidobacterium bifidum is one of the most commercially available probiotic strains
(Kawahara, et al. 2017). According to Kawahara, et al., (2017) and Turroni, et al.
(2014), B.bifidum convey to the host antagonistic benefits against pathogens. This
species carries this functions out in two ways. It attaches to intestinal epithelial cell by
means of mucins, thus preventing the dislodgment of other bifidobacteria species present
and preventing the attachment of PPOs to the epithelial cells. The second means is by
the mediation of immune associated proteins such as cytokines (Collado, Hernandez and
Santz, 2005).
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2.6. Bifidobacteria mechanisms for dealing with stress in GIT
Bifidobacteriahave evolved myriads of tolerance mechanisms against a number of
intestinal tract stressors e.g. bile salts, oxygen. The adaptive mechanisms conferred to
this genus an ability to colonize and subsequently establish themselves in the GIT
(Figure 3).

Figure 3: Schematic diagram outlining the various stress causes, stress treatments and
the techniques utilized employed for the studyof their effects on bifidobacteria. Upper
panel, stress sources can be classified into two groups, technological or gastrointestinal
(Ruiz et al., 2012).

1) Tolerance to bile
Bile is a heterogeneous greenish-yellow mixture of organic and inorganic compounds
(bile salts, proteins, bilirubin, cholesterol and phospholipids) manufactured in the liver
and secreted in the first part of the small intestines, the duodenum (Amund, 2016).
Ruiz, et al., (2012) stated that bile has a digestive and antimicrobial role in the GIT. Its
digestive role incorporates the emulsification of fats and oils and neutralization of the
stomach contents in the duodenum thereby enabling pancreatic enzymes in the small
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intestine to work. For its antimicrobial role, it creates an alkaline environment that
suppresses growth of undesirable microorganisms in the GIT. Furthermore, it
contributes to the maintenance of balance of gut microbiota (Amund, Ouoba, Sutherland
Ghoddusi, 2014).
Bile reaches the colon, the headquarters of bifidobacteria and conveys its effects in this
niche (Lee and O'Sullivan, 2010). For survival against the negative effects, for example
cell membrane damage, protein mis-folding, induction of DNA damage among others,
of this detergent-like mixture, bifidobacteria has to possess the means to overcome these
effects (Ruas-Madiedo, Hernandez-Barranco, Margolles and De los Reyes-Gavilan,
2005). They do this by actively expelling bile salts by the use of a bile salt efflux pump
such as the BL0920 present in B. longum, production of exopolysaccharides for the
creation of a protective barrier for the cell membrane against bile salt activity hence
maintaining cell integrity, activation of chaperone enzymes (ClpB, HtrA, GrpE, GroES)
to repair DNA for the upkeep of correct protein conformation, production of protease
enzymes such as clpC for the breaking down of misfolded proteins (Gueimonde,
Garrigues, Van Sinderen, De los Reyes-Gavilan,and Margolles, 2009).
2)

Tolerance to pH

The acidity level extremes between the stomach (low acidity) and colon (high acidity)
can wreak havoc to cells, unequipped with the mechanism to withstand these two
opposite pH levels. Acidity results in a decrease in internal cellular plasma owing to the
increased H+ concentration in the external environment. This negatively impacts the
cell transmembrane. Ultimately, this stress causes cell membrane damage and damage to
the nucleic acid structures of the cell and its proteins (Ruiz, et al., 2011).

20

To counteract the effects of this stressor, bifidobacteria have the internal machinery in
place to keep the cytoplasmic pH constant. The F0F1-type ATPase system functions
with the aid of proton pumps in actively extruding protons, thereby providing anaerobic
bacteria such as bifidobacteria with the means to survive in acidic environments
(Waddington, Cyr, Hefford, Hansenand Kalmokoff, 2010). Previous studies carried out
on the bifidobacteria genome have identified a putative atp operon, with all the gene
necessary for encoding the ATPase system. Furthermore, research findings on the
activity of this system concluded that this system goes in an indefatigable status in
bifidobacteria as a result of acidotic assault to this genus. Moreover, bifidobacteria also
producesan exo-cellular polysaccharides referred to as exopolysaccharides (EPS) as an
external resistance barrier against acids from the stomach and bile salts (Amund, 2016).
3) Tolerance to oxygen
Bifidobacteria are strict anaerobes, however there are some exceptions including
B.asteroides, B.indicum, B. Pychroaerophilum and Bifidobacterium animalis subsp.
Lactis (Beerens, Gavini,and Neut, 2000).These are aero tolerant. Due to high sensitivity
of bifidobacteria to oxygen, their functionality and viability diminishes. Another factor
contributing to this loss is the formation of reactive oxygen species (ROS) such as
hydroxyl, hydrogen peroxide, superoxide as a result of incomplete oxygen reduction.
The species can result in damage to nucleic acids, proteins and lipids (Amund, 2016;
Ruiz, et al., 2012). Anaerobic microorganisms lack enzymes such as catalase and
superoxide dismutase, hence are rendered incapable of degrading ROS. The ability of
bifidobacteria to tolerate oxygen and ROS is an essential probiotic trait (Ahmund, 2016).
In response to oxygen, the classic bifidobacteria response is to increase production of
NADH oxidase and NADH peroxidase. Enzymes which actively hunt for environmental
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oxygen and H2O2 for usage as electron transporter it the metabolic processes of genus
members (Ruiz, et al., 2012). Secondly, a response of aero-tolerant bifidobacteria is
increased expression of these enzymes to reduce toxicity by oxygen. Thirdly, another
tolerance mechanisms to prevent damage to proteins and nucleic acids (DNA and RNA)
is to increase production of protective proteins,pyridine nucleotide-disulfide reductase
(PNDR) andalkyl hydroperoxide reductase C22(AhpC) and induction of Nrd A, Dpr,
MUT1 and enolase, respectively in the presence of oxygen(Talwalkarand Kailasapathy
2003; Xiao, et al., 2011).Ventura, Fitzgeraldand van Sinderen (2005) investigated the
presence of clpC in Bifidobacterium breve UCC 2003.The authors studied the genetic
foundation of resistance by bifidobacteria against two stressors, namely heat and
osmotic pressure.
2.7. Roles of Bifidobacteria in human health
2.7.1. Metabolic potential
The analysisof the genome sequences of bifidobacteria has yielded a wealth of
information regarding the metabolism of bifidobacteria (Ventura, et al., 2009). This
knowledge has revealed a huge repository of genes in bifidobacteria involved in the
biological synthesis of purines and pyrimidines, and at least 19 different amino acids
(Ventura, et al. 2010).
2.7.2. Bifidobacteria as a vitamin supplier
Humans lack the necessary machinery to synthesize vitamins, with the exception of
vitamin D (LeBlanc, et al. 2017). Owing to this, these significant micronutrients for a
biochemical reactions in the human body are obtained externally, either via diet or with
the aid of gut microflora. Studies have reported on this ability of gut microflorato
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synthesis an array of vitamins such as vitamin K and B complex vitamins (LeBlanc, et
al., 2013).
Bifidobacteria are reported to be one of the major biological sources of water soluble
vitamin B present within the microflora resident of the human gut (LeBlanc, et al. 2017).
This micronutrient is involved in a number of metabolic functions such as the synthesis
of nucleic acid, as precursors for nucleotides, amino acids, proteins, fat and other
vitamins cellular metabolism, aid the body in growing, and nucleic acid replication
(Andlid, D’Aimmoand Jastrebova, 2018).

Production of class B vitamins is

species/strains specific. Bifidobacteria bifidum, B. longumsubsp.infantis and B. longum
are good producers of thiamine (vitamin B1), folic acid (vitamin B9), cobalamine
(vitamin B 12) and nicotinic acid (vitamin B3) (Rossi, Amaretti and Raimondi, 2011).
Within the previously mentioned bifidobacteriastrains, B. longum and B. longum
subsp.infantis are also producers of high amount of riboflavin (vitamin B2), pyrodoxine
(vitamin B6) and nicotinic acid and biotin (II). . On the other hand, B. breve and B.
longumsubsp.longum produce class B vitamins, but on a smaller scale (D'Aimmo,
Modesto, Mattarelli, Biavatiand Andlid, 2014).
Conjugated linoleic acid (CLA) is another bioactive compound produced by certain
bifidobacteriastrains such as B. dentium and B. breve, with the latter being reported to be
the highest producer (Ventura, et al. 2009). Anti-inflammatory, anti-obese, antidiabetic,
anti-carcinogenic properties and immunomodulation are some of the health benefits
conveyed to the host.The vitamin aids in wound healing and is important for healthy
gums and teeth.Infant gut associated bifidobacteria provide another means of obtaining
vitamins to the growing infant (Ventura, et al., 2009; Sela, et al., 2008).
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2.7.3. Carbohydrate Metabolism
Bifidobacteria are armed with an armoury of enzymes involved in the metabolism of
carbohydrate molecules. This is evidenced by B.dentium Bd1, Bifidobacteria species
adapted to the oral cavity, whose genome was recently sequenced.It was found to
contain a significantly large number of proteins with roles in carbohydrate metabolism
and transport (Ventura, et al., 2009).

This interesting trait of significantly varied

proteins assigned to carbohydrate metabolism in the genetic compliment of
Bifidobacteria has enabled its genome to adapt to the colonic environment, which is rich
in carbohydrates (Eganand Van Sinderen, 2018).
Bifidobacteria are described as being saccharolytic microorganisms, meaning they
possess the ability to utilize various carbohydrate molecules for the production of energy
(Sela, et al., 2008).

Comprehension of carbohydrate utilization is instrumental in

expanding our understanding of the increased presence of certain bifidobacteriaspecies,
such as B. longum subsp. infantis in the infant gut. This is due to their role in the
degradation of particular HMO present in breast milk. A trait which can be harnessed in
order increase the number of a particular strain for the purpose of metabolic utilization
(Turroni, et al. 2012).

2.8. The fructose-6-phosphate phosphoketolase (F6PPK) pathway
The F6PPK pathway is presented in the Figure 4. Key enzyme utilized in this pathway is
the fructose-6-phosphate phosphoketolase (F6PPK). In contrast, lactic acid bacteria
make use of fermentative glycolysis pathway. The advantage conveyed by this pathway
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to bifidobacteriais the production of SCFAs, which enable the genus to degrade hexose
and pentose sugars (Pokusaeva, et al. 2011).

Figure 4: The central fermentation pathway used by bifidobacteria is fructose-6phosphate phosphoketolase (F6PPK) pathway, also known as the bifid shunt. (Source:
www.researchgate.net)
2.9. Antagonistic activities of bifidobacteria
2.9.1. Bacteriocins
Global usage of antibiotics in the control and treatment of infections was regarded as
one of the marvels of medical science. However, over prescription of these life-saving
medicines has resulted in the rising of antibiotic resistance pathogenic strains(Dubourg,
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Abatand Raoult, 2017). Over the years, there has been increasingconsumer knowledge
on the previously mentioned worrisome trend and harmful effects of antibiotics on the
intestinal microflora. Consequently, there is consumer demand to find alternative
therapies for the treatment of pathogen associated diseases. One of these involves the
use of probiotics isolated from the natural ecosystems, such as the gut microbiota
(Yasmin, et al., 2017).
An essential functional property sought after in in probiotics is their ability to produce
antimicrobial substances. These substances with inhibitory effects against a number of
pathogens can either be organic acids, hydrogen peroxide e (H2O2), bacteriocins or
bacteriocin like inhibitory substances (BLIS) (Cheikhyoussef, et al., 2009; Fukuda, et
al., 2011).

Ahmad, et al. (2017) stated there is a growing research interest in

bacteriocins application in the food industry as a means of promoting food safety and
production of novel functional food products. Gut isolated probiotics with antimicrobial
inhibitory substances are essential in keeping the GIT healthy (Tojo, et al., 2014).
2.9.2. Bacteriocin definition and classification
Bacteriocins are peptide or complex protein compounds possessing an inherent
inhibitory nature against a number of pathogens. These compounds are synthesized in
the ribosomes and exhibit narrow or broad spectrum antimicrobial activity against
pathogens (Ahmad, et al., 2017). These compounds are classified into four main classes
based on their physiochemical properties (Martinez, Balciunas, Converti, Cotterand De
Souza Oliveira, 2013):
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1. Class I: small, heat sable peptide molecules that attack the cell membrane backbone.
They have been further divided into two subclasses
a. Ia: these are negatively charged bacteriocin that work by forming openings in the
cell membrane. Nisin, a famous bacteriocin belongs in this category
b. Ib: these are uniformly globular shaped bacteriocins with either negative or no net
charges. Their method of action is by suppressing the metabolic activity of enzymes
required by the cell for survival. Representative include Lacticin 481 and Lactocin S
2

Class II: These are small, non-lanthionine with membrane-active peptides (< 10
kDa) forming

amphiphilic helices, with moderate (100 °C) to high (121 °C) heat

stability.
a. IIa: These are pediocin-like with an overall narrow antimicrobial activity spectrum
but high inhibition activity against Listeria monocytogenes.

Members include

leucocin A and acidocin A.
b. IIb: These are referred to as two peptide bacteriocin with interactive effects in such
as a way that each increases the efficiency of the other. This subclass is presented
by lactococcin G and plantaricins
c. IIc: These are heat, stable peptide molecules further divided into thiolbioticsand
cystibiotics. They are distinguished from each other by one by the presence of two
cysteine residues in the former and one in the latter. Members include Lactococcin
A, divergicin A and acidocin B.
3. Class III: These described as being large, heat liable bacteriocins. Some with lytic
nature and others not. Those with this nature employ a biological means of breaking
the cell wall. Lactacins A and B are representatives
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4. Class IV: These are multiplex bacteriocins with a cyclic structure and have a
chemical moiety, either as a carbohydrate of lipid attached.
2.9.3. Bacteriocins from bifidobacteria
Bacteriocins from bifidobacteria have not received much research focus. The inhibitory
action of bacteriocins from this genus was mainly attributed to the production of organic
acids, such as lactic acid and acetic acid. These acids reduced the pH level in the colon,
therefore creating an unfavourable environmental habitat for a number of pathogens and
ultimately suppressing their survival in this niche. However in recent years, further
studies have attributed the antagonistic activity of bifidobacteria associated bacteriocins
against pathogens (Martinez, et al., 2013; O'Shea, Cotter, Stanton, Rossand Hill, 2012).
From the mid-1980s, numerous research studies were undertaken on bifidobacteria
associated bacteriocins. These studies aimed at finding which strains of this genus
produced bacteriocins and to investigate their potential antimicrobial activities against
potentially pathogenic organisms (PPOs) (Martinez, et al., 2013).

Figure5: Identified bifidobacteria-associated bacteriocins, their source strains and year
of discovery. (Martinez,et al.,2013)
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2.10.

Physiological importance of keeping intestinal eubiosis

Currently, our understanding of bifidobacteria and the exact role this genus plays in the
colonic micro-ecosystem is still in the early stages (Mattarelli and Biavati, 2017).
However, studies indicate a positive outcome of the beneficial role bifidobacteria on the
host health (Tojo, et al., 2014). Prior to the weaning stage, breast-fed infants notably
have the highest percentage of bifidobacteria, accounting to up to 90 % of the total gut
microflora (Wang, et al. 2015a). In these infants, the probable role of bifidobacteria as
the driving force in the development of the gut microflora is becoming more evident (Di
Gioia, Aloisio, Mazzolaand Biavati, 2013).

There has been studies on the fierce

hindrance ability of bifidobacteria against other enteric disease associated pathogens
such as E.coli 0157:H7, members of the genus Clostridium, most notably, C.perfringens
and C.difficule, Shigella and Salmonella (Fukuda, et al. 2011). One of the mechanisms
employed by bifidobacteria is the production of antimicrobial substances called
bacteriocins, which aid in impeding growth by potentially pathogenic organisms (PPOs)
(Martinez, et al. 2013).

The role of bifidobacteria in the modulation of the gut

colonization pattern is inferred in a number of studies (O'Callaghanand Van Sinderen,
2016; Plaza-Díaz, et al., 2018). A marked abundance of bifidobacteria is detected
alongside a signification reduction in the coliform in healthy yoghurt consuming adults
(O'Callaghan and Van Sinderen, 2016).

Another supporting study the reduced

bifidobacteria population associated with advanced aging and increased presence of
PPOs (Tojo, et al., 2014).
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2.11.

Clinical significance of bifidobacteria

Based on the probiotic effect of bifidobacteriaon the human host, there has been market
for the use of bifidobacteriaas a functional ingredient in food supplements and food
items such as yoghurt (Morelli, Callegariand Patrone, 2017). Over the years, there has
been studies to determine the degree to which various bifidobacteriastrains, either in
isolation or combined together with other probiotic strains such as Lactobacillus
acidophilus, reduces the likelihood of an individual being afflicted by a disease, its
severity or duration period (Langkamp-Henken, et al., 2015; West, et al., 2014).
2.12. Improvement of Gastrointestinal functions
(a) Diarrhoea
Chouraqui, Van Egroo and Fichot (2004) reported that, the consumption of milk
fortified with B. lactis BB-12 reduces the occurrence (the frequence) and duration of
acute diarrhoea in children.

This was supported by a similar study by Weizman and

Alsheikh (2006) on full term healthy new-borns. , They compared the effects of the three
types of milk formula, two of which were supplemented with B. lactis BB-12, L.reuteri
and the third was probiotic free.
Tojo, et al., (2014) noted the association between modified gut microflora of the host
and inflammatory bowel disease. This disease characterized by an uncontrolled immune
response, with a change in gut commensal microbes.

There is a reduction in the

composition of anaerobic gut microbes, resulting it the temporary loss of gut microflora
composition and favouring and defavouring of some selected microflora species.
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A number of clinical studies have produced promising results on the use of B.lactis
HN019, B infantis 35624 in the reduction of the irritable bowel syndrome (IBS)
symptoms, alleviation of the discomfort and pain associated with IBS in children and
adults, respectively (O’Mahony, et al., 2005;Ren, et al., 2016).
(b) Immune System Modulation / Activation
Research has been conducted to assess the immunomodulatory effects of bifidobacteria
in improving vaccine response, but minimal studies have conclusively established the
benefits of improved vaccine response in infants.

A study by Namba, Hatano,

Yaeshima, Takase and Suzuki, (2010) concluded that elderly patient who received B.
longum BB536 together with influenza vaccine, displayed reduced incidences of
influenza infection.

Additionally, authors noted increased presence of innate

neutrocytes and natural killer (NK) cells to in study subjects.
(c)Reduced Allergic Diseases and Atopy incidences.
Atopy and allergies are described by Brooks, Pearceand Douwes (2013) as disorders
attributed to the heightened response of the defence mechanisms of the body to mild
antigens. The authors argued that the most likely reason for the observed increased
occurrence of this diseases globally is the improved standard of hygiene coupled with
minimal exposure to antigens present in the environment in the early stages of human
life. As a result, this has driven a movement towards their management by utilization of
bifidobacteria.
Clinical trial conducted by Isolauri, Arvola, SUtas, Moilanenand Salminen (2000) on
atopic eczema children feed with B. lactis BB12 fortified milk during the weaning
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period showed noteworthy improvement in symptoms of the disease.

Moreover,

Bifidobacterium strains, namely, B. lactis HN019 and B. longum BB536 in two different
studies also showed significant reduction on the severity and improved symptoms for
atopic eczema (Marlow, et al., 2015; Enomoto, et al., 2014).
2.13.Breast milk and Human Milk Oligosaccharides
Breast milk is a complex and an excellent source of nutrition for neonates. It efficiently
meets all of the new-borns’ nutritional requirements for growth and development
(Kramerand Kakuma, 2012). Studies conducted on this first food have concluded that
maternal milk has countless health benefits. This infant food source has been associated
with significant reduction in the rates of infant mortality, reduced rates of GIT infection,
diarrhoea and diseases of the respiratory tract such as asthma (Shamir, 2016).
Additionally, breast milk consumption in new-born infants has been linked with reduced
probability of obesity in childhood and in adult stage, and lowered incidences of
diabetes and inflammatory disease (Shamir, 2016; Horta, et al., 2015).
Besides the health benefits and nutrients present in breast milk, the composition of
maternal milk contains a number of bioactive molecules and antibodies that play
essential role in offering protection to the new-born (Duggan, Gaggon and Walker,
2002). These include minerals such as zinc, selenium and copper, vitamins including
vitamins A, E,B6 and amino acids such as L-arginine. All these have different but highly
important roles in defence mechanisms of the body (Hennet and Borsig, 2016).
Lemas, et al. (2016) described another component of breast milk known as human milk
oligosaccharides (HMO). HMO is a representative mixture of energy providing
compounds with a unique compositional makeup characteristic to humans and are found
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to be present in breast milk in significantly large concentrations. Currently, over 200 of
this structurally different glycans have been identified (Figure 6). They are found to vary
from one women to another (Plaza-Díaz, Fontanaand Gil, 2018). HMO are made up of 5
single sugars, namely glucose, galactose (Gal), N-acetylglucosamine (GlcNAc) also
known as sialic acid, fucose (Fuc) and Sialic/N-acetylneuramic acid (Sia/Neu5Ac)
(Thompson, Medina andGarrido, 2018).
HMO reach the colon intact and they exert their influence here.HMO contains
bifidogenic and prebiotic factors that enhance the growth of bifidobacteria. These
complex glycan are exemplary prebiotics (Plaza-Díaz, et al., 2018). The term prebiotic
denotes a non-living ingestible substance or compound capable of a positively
stimulating a select group of gut microbiota, with the overall aim of improving health
host (Cremon, et al., 2018).

Figure 6: Basic structures of some of the HMO present in human breast milk
(Adapted from Plaza-Díaz, et al., 2018)
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Upon reaching the colon, these oligosaccharides stimulate few bifidobacteria,
Lactobacilli and Bacteroides species to utilize this food substrate for growth. Studies
have revealed the existence of a strong direct link between HMO and bifidobacteria
present in the infant gut microflora (Plaza-Díaz, et al., 2018).

Furthermore,

bifidobacteria have inherent large collection of genes involved in the utilization of
carbohydrates.

This genetic feature enables bifidobacteria to be at a competitive

advantage metabolically in the usage of HMOs hence their reputation as aggressive
HMO feeders (Milani, et al., 2016; Schell, et al., 2002).
Exclusive breast-feeding implies the primary and sole source of carbohydrates for the
gut microbiota is HMO (Lemas, et al. 2016). This creates an effect known as the
bifidogenic effect (WalkerandIyengar, 2014).

The bifidogenic effect of HMO is a

phenomena describing the creation of an optimal environment for the growth of
bifidobacteria.

Factors such as the increased lactose content, abundant HMO

concentration, reduced phosphate levels as well as lowered protein content in breast milk
enhance the bifidogenic factor in maternal milk (Thompson, et al., 2018).. This is
achieved by the simultaneous upkeep of bifidobacteria population and inhibition of the
growth of pathogens (Thompson, et al., 2018; Lemas, et al. 2016).
The presence of HMO in breast milk also serves as a driving force in the gut microflora.
Its presence changes the microbial landscape in favouring the growth of beneficial
bacteria and keeping harmful bacteria at bay. As their numbers increase, so does their
efficiency in fighting host’s pathogens such as Escherichia coli 0157: H7, Salmonella
typi, Vibrio cholerae, Campylobacter jejuni, and Salmonella Typhimurium. (Wang,
Wang, Mou, Luoand Jiang, 2015). HMOs make uses of various defence mechanisms in
an indirect manner in the fight against pathogens (Newburg, Ruiz-Palacios, Morrow,
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2005).These include such as active dislodging of pathogens from intestinal epithelia,
counteracting possible infections caused by pathogens by direct interaction, function as
anti-receptors to trick microbial agents, which could be viral, bacterial or protozoan.
This anti adhesive mechanism against these type of microbes serves as a protective role
for optimizing the intestinal health and overall, health of the host (Plaza-Díaz, et al.,
2018).
2.13.1. Bifidobacteria production of short chain fatty acids (SCFAs)
Den Besten et al. (2013) described SCFAs as aliphatic organic acids produced as byproducts of the fermentative process conducted by gut microbiota. This waste product is
an essential source of energy for the colonocytes and functions as an important
signalling molecules in upholding homeostasis and health of the gut environment
(Corrêa-Oliveira, Fachi, Vieira, Satoand Vinolo, 2016). Several studies conducted have
concluded on the presence of HMOs in the gut and increased concentration of SCFAs
(den Besten, et al., 2013). As mentioned earlier, HMOs exhibit a prebiotic effect on
bifidobacteria, which in turn, produce elevated levels of SCFA, such as propionate (C3),
acetate (C2) and butyrate (C4) (Corrêa-Oliveira, et al., 2016)..
These anaerobic microbes synthesised acids have been reported to have a role in
reducing the risk of colonic cancer in humans by inhibition of colonic carcinoma cell
growth (Corrêa-Oliveira, et al., 2016). C2 is reported to aid in the prevention of
accumulation of body fat and liver lipids and prevent intestinal attachment by E.coli
0157:H7 (Bottacini, et al., 2014). C3 reportedlyis involved in the reduction of fatty acid
(FA) content and C4 is reported to be the main supplier of energy to the colonic cells
(Bottacini, et al., 2014).
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2.13.2. Inhibition of inflammatory genes

In recent years, there has been increasing research evidence in support of the role HMOs
on the immune response of the intestinal environment. A study by He et al. (2014)
reported the influence of HMOs on pathogenic E. coli-induced interleukin (IL)-8 release
by intestinal epithelial cells (IECs). It was confirmed that HMOs present in the first food
of the newborn lowers its risk of being afflicted by mucosal inflammation caused by E.
coli causing overexpression of the CD14, a co-receptor involved in the attachment of
E.coli bacterial cell to the intestinal mucosa. Hence, this over expression heightens the
susceptibility of the pathogenic cell to the antagonistic effect of 2'-fucosyllactose, a
HMO (He, et al., 2014).

2.14. Advantages of analysing microbial community diversity
In the human body, microbes are often referred to as the forgotten organ for their
effects on our biological systems for optimal functioning are great (Clarke, et al., 2014).
However, this organ interacts with the host in plethora of ways, which are essential for
host health and development (Tojo, et al., 2014).
Within this organ, microbial species conducting these functions of stimulating the
immune system, producing bioactive compounds such as SCFA and conjugated linoleic
acids, synthesis vitamins to prevent nutrient deficiency diseases, actively expel
potentially pathogenic organism (PPOs) and employing a myriad of mechanism to
protect host from diseases and infections amongst others (O'Callaghanand Van Sinderen,
2016). These functions are not carried out by a single microbial species or community,
instead by collective communities of beneficial and harmful bacteria, in a delicate
balance with each other and the host (Fakruddin and Bin Mannan, 2013). Both groups
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have undergone transformation in a number of ways to be able to occupy, and thrive in a
unique environmental system, with its varied niches (Bottacini, et al., 2014). Inhumans,
these gut residents have formed a cohesive partnership that changes over time
(Fakruddin and Mannan, 2013).
The gut ecosystem is dynamic and subject to constant stresses and disturbances that
threaten this partnership. Henceforth, analysis of diversity within a particular ecosystem
is vital for the advancement of knowledge of gut microbiota composition (Fakruddinand
Bin Mannan, 2013). Additionally, building of a composite picture of the gut microbiota
will prove to be invaluable in associating improved health status or disease with a
certain microbial pattern in the gut and how possibly can this be shifted toward as
healthier status (Tojo, et al., 2014).
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CHAPTER 3: MATERIALS AND METHODS
3.1. Research design
Figure 7 shows the flow diagram of the research design which was followed during this
work.
Faecal sample collection

Determination of total faecal count and
bifidobacteria count

Isolation of
bifidobacteria

Screening for F6PPK activity, antimicrobial activity,
tolerance to bile salt, acidic and alkaline pH

Storage

Working cultures

Genomic DNA Isolation

PCR amplicaition16s
rDNA and screening for
clpC gene fragment

Sequencing and identification
of microorganisms

Figure 7: Schematic flow chart of this research study design.
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Faecal samples containing the gut microflora of breast-fed were collected once from
Katutura State hospital in the Khomas Region. Analysis were done the University of
Namibia’s Department of Biological Sciences MSc Microbiology Laboratory. Total
plate count was determined, bifidobacteria were identified and subjected to a number of
physiological and biochemical tests for identification and characterization. .
The research design consists of experiments that will produce both qualitative and
quantitative data. Determination of the physiological (gram staining and biochemical
traits of the bifidobacteria strains and experiments related to DNA will yield data of a
qualitative nature. The total plate count of the Bifidobacterium isolates and of the gut
microbiota found also in the faeces and the data on the effect of bacteriocin activity of
the cell free supernatant of bifidobacteriastrains on the indicator pathogens will be of
quantitative data nature.
3.2. Subjects
In this study, a total of 25 infants of both genders and all being aged less than 2 weeks
and all born in the same region, Khomas region, from the Katutura State Hospital
partook in the study. Another inclusion criteria for both the study and reference
population is that subjects of both populations are to be clinically proven to be nearterm or full term infants who are in sound health and have not received any antibiotic or
prebiotic treatment prior to and during the sampling period.
Infants to be excluded from the study are those who were premature, meaning that they
have a gestation period of less than 37 weeks, those who have received antibiotic
treatment prior to and during the sampling period, those admitted to the neonatal
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intensive care. Breast-fed babies are to be excluded from the study if their diet is found
to be supplemented with infant formula. In the same way, infant formula feed babies are
to be excluded from the study if their diet is supplemented with breast milk (Barret,et al.,
2015).
3.3. Sample Collection
3.3.1. Reference strains
The reference strains used in this study originate from three sources:
(1) BifidobacteriumlactisHN019 from commercially available Woolworths Food
Low Fat Organic yoghurt. Serial dilutions from 1 gram of fermented dairy
product were homogenized in reduce peptone water containing 0.25g of Lcysteine-HCl. One mL of dilutions from 10-4 to 10-8 were inoculated on MRS
agar, with 0.25 % L-cysteine-HCl supplemented with 0.5 µg/mL of
cyclohexamide to prevent fungal growth and incubated for 7 days at 37 °C, in a
anaerobic chamber

(gasPak) (BioMérieux, France).

Bifidobacteria colonies

were enumerated on solid MRS agar media. Random colonies were re-streaked
on the same agar media and on BSM agar. Pure colonies were tested for gram
reaction, catalase test, and other biochemical tests (F6PPK presence test,
tolerance to bile, acid, lysozyme and H2O2).
(2) B.longum Bi-05 in a probiotic supplement, Probi-Flora Rx Intestinal Floral care,
alongside other lactic acid bacteria such as Lactobacillus rhamnosus Lr-32.
Content of 2 capsules was dispensed into 250 mL of MRS broth supplemented

40

with 0.25 % L-cysteine HCl and incubated for 4 days at 37 °C. Colonies were
subjected to the same tests as B. lactis HNO19
(3) GastroChoice Probiotic, a probiotic supplement with blend of Lactobacillus
acidophilus Bifidobacterium lactis, Lactobacillus casei, and Lactobacillus
rhamnosus. Bifidobacterium strain, B. lactis was using the same media and
subjected to same tests asB.lactis HN019.
3.3.2. Faecal sampling
A total of 25 infant diapers containing the faecal material was aseptically collected from
a public hospital (Katurura State Hospital) located in the Khomas region and placed into
pre-sterilised cooler box. This collection of faecal material was conducted when the
infants were aged two weeks or less. The box was transported to the laboratory at
UNAM and stored at 4 °C.

Faecal material were processed within 5 hours of sampling

(Reuter, 2015).
3.4. Microbiological Analysis
3.4.1. Bifidobacterium isolation from faecal samples
Isolation of bifidobacteria species was conducted following the method of Rada, Vlkova,
Nevoraland Trojanova (2006) with some changes. About 2 gr of the faecal material was
subjected to vigorous agitation using a vortex mixer for about 45 seconds in 200 mL of
Peptone water phosphate buffered media (Scharlau, Spain), followed by serial dilution to
the power of 10

-8

in the same media as reference strains. Duplicate agar plates were

prepared for all the appropriate dilutions for surface plating. De Man, Rogosa and
Sharpe (MRS) agar media (Biolab, South Africa), supplemented with 0.05% L-cysteine41

HCl was used for the enumeration and isolation of bifidobacteria. Plates were incubated
at 37 °C for 5 days in an anaerobic chamber. Observed grown colonies were counted
using a Suntex Colony Counter 570 (Lasec, SA) in order to determine the bifidobacteria
counts.
After incubation and enumeration, a single representative colony was picked from the
respective agar plate and sub-cultured onto the same agar media until pure cultures were
obtained.
Pure culture characterization
These pure cultures were then selectively grown and identified using bifidobacteria
Selective (BSM) broth and agar (Oxoid, UK) at 37 °C for 5 days in an anaerobic
chamber. The pure cultures were further characterized using microscopic examination
and physiological tests (F6PPK assay, tolerance to bile, acid, H2O2and lysozyme). All
isolates were subjected to gram staining to determine colony arrangement. They were
further tested for the presence of catalase enzyme activity with 3.5% and 30% H2O2.
Gram positive and catalase negative tested pure cultures were then examined for growth
in acidic (pH 3.5) and alkaline (pH 9.5) conditions and observed for growing at 46 °C.
3.5. Identification of Bifidobacteria using the F6PPK assay
The F6PPK assay kit (Sigma-Aldrich, Germany) was used to test the presence of the
F6PPK enzyme according to the manufacturer’s instructions. As negative controls,
Lactobacillus plantarum ATCC 8014 and Lactobacillus acidophilus ATCC 4656 were
used.
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3.6. Enumeration of Bifidobacteria and determining microbial inactivation by low
acidic pH or bile salts
Growth of bifidobacteria at low and high acidic pH, at a high temperature and bile salts
was carried out according to ShigwedhaandLi (2013) with some modifications.
Bifidobacteria isolates were grown in MRS agar with 0.25 % L-cysteine-HCl to assess
their tolerance to bile. A 24 hrs culture was inoculated into two agar plates with 0.30
and 0.70% bile salts (Oxoid, USA) respectively. Media plates were then anaerobically
incubated for 72 hours at 37 °C. Observed colonies were recorded to determine the
CFU/mL.
Growth of bifidobacteria at acidic pH (3.2) and alkaline pH (9.5) was assessed. A 24 hrs
colony culture was inoculated to MRS agar with L-cysteine-HCl in triplicate. Media pH
level were adjusted to 3.2 by use of 1 M HCl. The other media, pH was increased to 9.2
by 1 M NaOH. In all cases, plates were incubated anaerobically at 37 °C for 48 hrs..
3.7. Assessment of isolates tolerance to lysozyme and hydrogen peroxide
concentration
Ability of the bifidobacteria isolates to tolerate the inhibitory action of lysozyme and
H2O2 was carried out in a manner similar to Zinedineand Faid (2007) with some
modifications. Isolates were inoculates for 24 hrs at 37°C on MRS agar supplemented
with L-cysteine (0.25%). BSM broth culture tube with different concentrations of H2O2
(5, 10 and 20 g/mL) and different lysozyme (Sigma Aldrich) concentrations (50. 150 and
250 µg/mL) were prepared. A culture tube with 5 mL broth were inoculated with 500
µL of the overnight culture and incubated at 37 °C for 18hrs. A volume of 1 mL of each
isolate at each of the three concentrations was transferred to a sterile cuvettes and optical
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density (OD) readings at 640 nanometres (nm) were carried out using VMR UV16000PC spectrophotometer (Intertrek, China). Resistance to H2O2 concentrations were
expressed in minimum inhibitory concentrations (MICs) (Zinedine and Faid, 2007).
Readings were taken in triplicates.
3.8. Antimicrobial activity
Determination of antimicrobial activity by the production of bacteriocins by
bifidobacteria isolates was conducted according to Cheikhyoussef et al. (2009) with
minor modifications. Cell free supernatant (CFS) was obtained from bifidobacteria
strains grown for 16 hours in MRSC broth. Followed by centrifugation of cell suspension
for 5000 rounds per minute (rpm) for 30 min, after which the resulting supernatant was
filtered using a 0.20 µM membrane filter (Sigma-Aldrich, USA) and dispensed into two
Eppendorf tubes. Supernatant in one set of tubes was unneutralized and other neutralized
with 1 molar sodium hydroxide (NaOH).The unneutralized supernatant was further
treated with 70 % ammonium sulphate for bacteriocin precipitation.

Resultant

precipitate was dissolved in deionized water. The final solution was treated as the crude
bacteriocin and kept at 4 °C.
Eleven (11) indicator strains were used namely, Listeria monocytogenes ATCC 13932,
Candida albicans ATCC 13932, Escherichia coli 0157:H7 ATCC 43888, and
Escherichia

coli

ATCC

25922,

Enterobacter

aerogenes

ATCC

13048,

Kleibsiellapneumoniae BAA-2146, Salmonellatyphi ATCC 13311, Staphylococcus
aureus ATCC 25923,Clostridium perfringens ATCC 13311, Enterococcus durans 6056,
Listeria innocua ATCC 14501 grown in nutrient broth for 24hours at 37 °C. After this
incubation period, the pathogenic bacteria were grown on the surface of nutrient agar
44

using the same incubation conditions, using the agar well diffusion method. A volume
of 80 µL was transferred into the each of the wells and plates were then incubated for 6
hours at 4 °C to enable diffusion of the supernatant. Finally, the plates were incubated
for 24 and 48 hours at 37 °C. Antimicrobial activity was determined by measuring the
diametre of the zone of inhibition around the wells. An inhibition zone of 1.5 mm or
more is to be considered as significant inhibition.
3.9. Antibiotic sensitivity test
The seven (7) isolates which exhibited the greatest degree of antimicrobial activity
against potentially pathogenic organisms (PPOs) were further investigated for their
susceptibility to 12 antibiotics according to the method conducted by Huidrom and
Sharma (2018). A 24 hrs culture of bifidobacteria were grown in MRSc broth in
anaerobic conditions at 37 °C. MRSc agar plates were inoculated with the isolates using
sterilized cotton swab. In the same way, sensitive reference strains Escherichia coli
ATCC 25922 and Clostridiumperfringens ATCC 13311, as the negative and positive
control respectively, were transferred from the nutrient broth culture to their assigned
agar plates. Antimicrobial disk containing one of the antibiotics, namely ampicillin
(30µg), chloramphenicol (30 µg), clindamycin (2µg), gentamycin (10 µg), tetracycline
(30µg), nalidixic acid (30 µg), erythromycin (15µg), penicillin G (10 units),
sulphamethoxazole (25 µg) and nystatin (100 units) were placed on the surface of the
agar plates. After incubation for 20 hrs at 37 °C, the diameter of the inhibition zones
were recorded in mm. Readings were recorded in duplicates.
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3.10. Autoaggregation
Ability of the bifidobacteria isolates to gather together was assessed according to
Huidromand Sharma (2018) with some changes. A 72 hrs bifidobacteria culture
incubated in anoxic conditions was centrifuged for 10, for 7.5 min. The supernatant was
decanted and pellet washed twice with sterile phosphate buffered solution (PBS) and
then re-suspended in PBS again. Initial optical density (OD) at 620 nm was recorded.
The suspension was mixed using a vortex and allowed to stand at room temperature
(RT) for 24 hrs. The OD at 620 nm following incubation was recorded. Percentage
autoaggregation was determined using the formula:
A% = (A0 - At)/A0 × 100,
where At represents the absorbance at time t = 24 h and A0 represent the absorbance at t
= 0.
3.11. Hydrophobicity
The ability of the six bifidobacteria isolates to adhere to the intestinal wall was
conducted according to the method outline by Huidromand Sharma (2018)with some
modifications. Bifidobacteria isolates were grown for 48 hrs at 37 °C in MRSc. Broth
mixture was transferred to a sterile Eppendorf tube and centrifuged (10, 000 ×g, 7.5
min). Resultant pellet was washed twice with phosphate Buffered Solution (PBS) and resuspended in the PBS. A 1 mL volume of xylene (C6H4 (CH3)2 was added to 5 ml of
bacterial suspension and vortexed for 1 min and 30 s. The mixture was then incubated at
room temperature for an hour. Absorbance changes in the bifidobacteria suspension
were measured at 600 nm using a spectrophotometre (VWR International LLC, China).
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Percentage of surface hydrophobicity percentage (SHb %) was calculated using the
formula:
SHb %=[(A0−A)/A0]×100,
where A0 and A are the absorbances prior to and following extraction with xylene.
3.12. Bifidobacteria molecular identification
3.12.1. DNA isolation from bacterial cultures
Strain incubation was conducted at37 ℃ for 72 h. Bacterial cultures were aliquoted into
micro-centrifuge tube (1 mL) and subjected to centrifugation for 13 000 rpm (Gemmi
Industrial Corperation, USA) for 5 min at room temperature (RT). The resultant
supernatant was then removed and the cell pellet was washed twice with 200 µL of
sterile distilled water. The genomic material was extracted using the Quick-DNA ™
Fungal/Bacterial DNA MiniPrep (Zymo Research Corp, South Africa) according to the
manufacturer’s instructions and the resultant DNA was kept at 4 °C.
3.12.2. DNA isolation from faecal samples
Extraction of DNA from faecal samples was conducted according to Attri, et al (2018).
One-tenth (weight per volume) (w/v) of the faecal homogenate was prepared in sterile
phosphate-buffered saline. A 1000 µl aliquot of homogenate was centrifuged at 150 ×g
for 5 min. Then, the supernatant was transferred to a micro-centrifuge tube and
centrifuged at 5,000 ×g for 5 min. The pellet was re- suspended in 250 µl of lysis buffer
(5 M NaCl, l M Tris-HCl (pH 8.0), 0.5 M EDTA (pH 8.0), with 20% (wt/vol) sodium
dodecyl sulfate (SDS) solution (50 µL), lysozyme (20mg/mL and Proteinase K (20
µL/mL) and incubated at room temperature for 30 min. The preparations were then
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transferred to a beadbeater tubes. These were further incubated at 65 °C for 90 min, with
gentle inversions at intervals of 5 min. This was followed by centrifugation (14,000 ×g;
10 min). The supernatant underwent separation with 600 µL Tris-saturated phenolchloroform (1:1), followed by centrifugation at 14, 000 ×g for 3 min. The resultant
upper phase was transferred to a new Eppendorf, treated with ice-cold ethanol (500 µL)
and incubated at -20 °C for 30 min. Precipitated nucleic acids were then obtained by
centrifugation at 14,000 ×g for 20 min. The supernatant was discarded, and the pellet
was dried in air-dried for 15 min and suspended in 150 µL of TE buffer (l M Tris-HCl
(pH 8.0), 0.5 M EDTA (pH 8.0).
3.12.3. PCR amplification of the 16s rDNA
Bifidobacteria genomic DNA from each isolate was used as a template for amplifying
the 16S rDNA gene fragment by PCR using Bifidobacterium genus specific primers
Bif164-f

(5’-GGGTGGTAATGCCGGATG-3’)and

Bif662-GC-r

(5’-

CCACCGTTACACCGGGAA- 3’) respectively according to the method outlined by
Attri, et al. ( 2018)with some modifications. The 50μl PCR mixture was consisted of
25μl OneTaq r 2X Master Mix with Standard Buffer (Biolab, South Africa), 2μl
Genomic DNA, 1μM of each primer and 21 μl Nuclease-free Water.

The

PCR

amplification program consisted of one cycle for 5 minutes at 94 °C, followed by 35
cycles at 94 °C for 30 seconds, 62 °C for 20 seconds, 68 °C for 40 seconds and finally
one cycle of 68 °C for 7 minutes , with a holding temperature of 4 °C. The obtained
PCR products are then separated by agarose gel electrophoresis using 1,2 % agarose
with ethidium bromide and viewed under an ultraviolet (UV) transilluminater (Matsuki,
et al., 2003). All used oligonucleotides were obtained from Inqaba Biotechnological
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Industries (Pretoria, South Africa).Purification and sequencing of PCR fragments was
carried out at Inqaba Biotechnological Industries (Pretoria, South Africa). The sequences
were compared to nucleotide databases using the NCBI’s Basic Local Alignment Search
Tool (BLAST) program to identify the bacteria. Evolutionary analyses were conducted
in MEGA5 using the Neighbor-Joining method with Jukes-Cantor substitution model
and 1000 bootstrap replicates.

3.12.4. Amplification of clpC gene fragment
CplC gene is one other molecular markers which utilized in the identification of
bifidobacteria. Genomic DNA from the bifidobacteria isolates was served as a template
for

clp

C

gene

fragment

amplification

(GAGTACCGCAAGTACATCGAG)

using
and

the

primers,

clpC-F
clpC-R

(CATCCTCATCGTCGAACAGGAAC ) (Ventura, et al, 2006). PCR amplification was
conducted in a PCR mixture of a final volume of 25 µL consisting of 12.5 µL of OneTaq
r 2X Master Mix with Standard Buffer (Biolab South Africa), 0.5 µM of each primer, 1
µL of DNA template and 7 μL Nuclease-free Water. For each PCR reaction, 30 cycles
were used. Initial denaturation was performed at 95 °C for 10 min. Denaturation times at
95 °C and annealing times and temperature were set for 30 sec at 60 °C. Elongation time
was at 72 °C for 2 min and polymerization was finished at 72 ºC for 7 min. Amplicons
were checked with 1.5 % Agarose gel (100 V; 30 min) and ethidium bromide was used
for stain visualization.
Purification and sequencing of PCR fragments was carried out at Inqaba
Biotechnological Industries (Pretoria, South Africa). The sequences were compared to
nucleotide databases using the NCBI’s Basic Local Alignment Search Tool program to
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identify the bacteria. Phylogenetic analyses were conducted in MEGA5 using the
Neighbor-Joining method with Jukes-Cantor substitution model and 1000 bootstrap
replicates

3.13. Storage of bacterial isolates
Long-term preservation of Bifidobacterium strains, without appreciable loss of
properties, was achieved by maintaining in skim milk containing 0.2% cysteine-HCl
with 30% (v/v) glycerol in carefully labelled eppendorf tubes at -80°C.

Working

cultures are being kept in MRS broth containing 0.2% cysteine-HCl, at 4°C and
activated every week. Morphologically different colonies were picked from the plates
and each streaked on a separate plate. Then, plates were incubated at 37±1ºC for 48 h
and the result colonies examined for purity. The process was repeated until there were
no mixed cultures on each plate.
3.14. Ethical considerations
Ethical approval was obtained from the Research Ethic Committee of the University of
Namibia (UNAM) and from the Ministry of Health and Social Services (MoHSS). An
informed consent was obtained from the parents of the subjects partaking in the study
(Barrett, et al., 2015).
3.15. Data Analysis
All experiments were conducted in triplicates; means and standard deviation (±SD) of
microbial counts, and biochemical factors (pH. bile concentration, lysozyme and H2O2
concentrations) and bacteriocins inhibition zones from each region were calculated using
Microsoft excel 2013 (Microsoft, USA). Kolmogorov-Smirnov test was used for
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normality test before two way analysis of variance (ANOVA) was used to compare
means PSPP 1.2.0 version software. Pearson correlation was utilized to determine if
there was a relationship between microbial biota and biochemical properties in the
infants’ faecal samples. An alternative of the Pearson’s test, the Spearman’s correlation
test was used to determine the relationship between autoaggregation and surface
hydrophobicity percentages among the isolates. Median differences between the two
antimicrobial factors were assessed using a Wilcoxon’s rank test. The levels of
significance was calculated by making use of the Wilcoxon’s paired samples test. In the
case of independent samples, the variances of the two groups being compared. All
analyses were tested at 5% level of significance.
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CHAPTER 4: RESULTS
4.1. Bacteria enumeration
The average enumeration values from the 25 infant faecal samples are present in Table
1. The mean total microbial plate count (TMPC) for the 25 infant faecal samples ranged
from 32.00 × 105 CFU/mL to 204 × 107 CFU/mL, with isolate sample 7Y24 with the
highest. Mean bifidobacteria plate count (BPC) ranged from 1.4 × 104 CFU/mL (sample
7Y17 to 3.6 × 108 CFU/mL (7Y50). The TMPC differences between the isolates were
determined to be statistically significant at p<0.05. Furthermore, there was a statistically
significant difference between the BPC for the 25 infant faecal samples.
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Table 1: Average enumeration (CFU/mL) obtained from infant faecal samples
TMPC
AVG

BPC
SD

Avg

SD

147.00 × 106

± 49.69

2.3 ×105

± 3.21

B. lactis

32.00 ×105

± 6.24

8.0 × 104

± 5.51

B. longum Bi-05

32.33 ×105

± 17.39

3.6 ×104

± 4.36

7X00

50.50×105

± 10.61

4.9 ×105

± 2.52

7X03

43.00 × 106

± 22.63

2.6 ×105

± 2.31

7YO4

85.00 × 106

± 1.41

9.0 ×105

± 2.52

7X07

81.33 × 106

± 17.21

2.6 ×105

± 6.03

7x09

63.00 ×105

± 18.52

2.0 × 106

± 4.00

7Y17

94.33 ×105

± 9.61

1.7 ×104

± 2.65

7X20

33.33×105

± 13.20

2.1 ×104

± 4.73

7Y24

204.00 × 107

± 1.41

3.3 ×104

± 6.56

7X30

47.00 ×105

± 6.24

5.7 ×105

± 8.19

7X36

51.00 ×105

± 19.00

3.1 ×105

± 4.73

7Y39

41.67 × 106

± 12.06

2.4 ×104

± 9.64

7Y46

83.67 ×105

± 14.01

2.5 ×105

± 5.51

7Y47

51.67 ×105

± 15.95

1.1 ×106

± 4.73

7Y50

47.00 × 106

± 19.47

3.6 × 108

± 6.11

7X54

37.00 ×105

± 7.07

1.5 ×107

± 4.16

7X57

39.67 × 106

± 4.73

3.0 ×106

± 2.52

7Y63

105.67 × 106

± 4.04

2.7 ×105

± 3.51

7X70

140.00 ×105

± 41.73

3.5 ×105

± 0.58

7Y74

65.33 × 106

± 21.59

1.6 ×106

± 3.61

7X88

52.00 × 106

± 18.38

7.0 ×104

± 3.06

7X94

65.33 ×105

± 29.01

1.3 ×105

± 0.58

7X100

66.00 ×107

± 11.31

8.0 ×105

± 2.52

B. lactis HNO19

TMPC – Total microbial plate count, BPC – bifidobacteria plate count;
AVG – average; SD - Standard Deviation
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4.2. Physiological tests
Based on morphological and physical tests, about 25 isolates out of the 52 were
suspected to be bifidobacteria. The identified bifidobacteria colonies were small, circular
and cream in colour (Figure 8). Gram staining reaction on the isolates confirmed these
to be gram positive bacilli cells, with varied morphological traits shapes, ranging from
short straight thick rods, to sickle shaped rods and those with an observed V bifid shape
(Figure 9). Test results for the presence of catalase enzyme at 4 and 32 % H202were
negative for all isolates at both concentrations. These were similar to S.aureus, which
served as the positive control (See Appendix 1).

ZA

ZB

Figure 8: Surface colonies of B.lactis (ZA) and 7Y46 (ZB) on BSM agar.

4.3. Growth at 46 °C
The isolates presumed to be bifidobacteria were grown at high temperature 46 °C in
order to distinguish whether the isolates’ are from human or animal sources. Human
bifidobacteria is unable to grow at a temperature of 45 °C and above.
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B.longum
Bi-05 on MRSc media
B. longum Bi-05 on MRSc media

BB.
. longum
on BSM
BSMmedia
media
longum on

7X00 on BSM

7X00
7X00ononMRSc
MRSC

7X50
BSM
7X50
ononBSM

7X50 on
on fgfgMRS
MRSC
7X50
C

Figure 9: Gram staining results of bifidobacterial isolates
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4.4. Identification of the Bifidobacteria isolates by F6PPK Assay
F6PPK test was conducted to determine and provide confirmation of a culture strain
being bifidobacteria. Of the 60 colonies presumed to be bifidobacteria, 24 tested positive
for the F6PPK enzyme, having an observed colour of brick red, in all triplicate readings
for this enzyme. Lactic acid bacteria strains, Lactobacillus plantarum ATCC 8014 and
Lactobacillus acidophilus ATCC 4656 tested negative for the presence of this enzyme.
For the negative controls, observed colour change was dark yellow.

L. plantarum

L. acidophilus

Reference
strains

Figure 10: F6PPK assay results
4.5. Bifidobacteria resistance to lysozyme, acid, bile and hydrogen peroxide (H2O2)
Resistance of the bifidobacteria isolates to bile, acid, lysozyme and H2O2 are shown in
Table 1. According to the data obtained, all the infant bifidobacteria isolates, with the
exception of 7X57. 7X63 and 7Y74, grew in the presence of media supplemented with
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0.3% bile salts. However, this tolerance was decreased to being observed in thirteen
(13) isolates at 0.7% bile salt concentration.
For the acidity assay, the neonatal isolates demonstrated a strong ability to grow at low
pH conditions (pH 3.2). All but B.lactis HNO19, B.longum B05, B.lactis, 7X03,7Y04,
7X09, 7Y17 and 7Y46 demonstrated resistance at pH alkaline conditions (pH 9.2).
Of the reference strains, only B.longum exhibited tolerance to lysozyme at high
concentrations (250 µg/mL). This resistance was also observed in 7Y24, 7X54 and
7X94. All isolates but 7Y17 were resistant to the inhibitory effects of lysozyme.
The intrinsic ability of the isolates to withstand the antibacterial effects of H2O2 was
assessed. The mean bifidobacteria colony count decreased as the H2O2 concentration
increased, from 9.68 CFU/mL, 7.62, CFU/mL and 2.96 CFU/mL for 5, 10 and 20 µg/
mL of H2O2 ( Figure 12). Isolates, 7X00, 7X03, 7X04, 7X20, 7X24, 7X30, 7X36, 7Y39
and 7X88 had a high degree of resistance to H2O2 concentration up to 20µg/mL.

Viable
Bifidoba
cteria
Plate
Count

H2O2 Concentration (µg/mL)
Figure 11: Descriptive plot showing mean bifidobacteria colony count of 3 different
H2O2 concentrations, at p<0.05
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Table 2: Bifidobacterial isolates tolerance to biochemical factors
Source and Strain

Reference
Strains
B.lactis HNO19
B.longum Bi-05
B.lactis

Assay
Lysozyme Acid resistance Bile
H2O2 (µg/mL)
(µg/mL)
tolerance
0.3% 0.7 %
50
150-250
150

3.2
3.2
3.2

Infant Isolates
7X00
250
>3.2
7X03
50-150
3.2
7Y04
50-150
3.2
7X07
>3.2
7X09
50
3.2
7Y17
3.2
7X20
250
>3.2
7Y24
150-250
>3.2
7X30
50
>3.2
7X36
150
>3.2
7Y39
150
>3.2
7Y46
50
3.2
7Y50
250
>3.2
7X54
150-250
>3.2
7X57
ND
>3.2
7Y63
ND
>3.2
7X70
ND
>3.2
7Y74
250
>3.2
7X88
250
>3.2
7X94
150-250
>3.2
7X100
150
>3.2
- No growth
+Growth
MIC - Minimum Inhibitory Concentration
ND – Not determined
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+
+
+

+

5-10
5-10
5-10

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+

10-20
10-20
10-20
5-20
5-20
10-20
5-20
5-20
5-10
5-10
5-10
5-10
5-10
5-10
10-20
5-20
5-20

Table 3: Two way ANOVA indicating that interaction of factors (bile percentage and
acidity) has no significant effect on mean bacterial count

Dependent variable: Mean CFU

Two-way ANOVA (Table 3) shows acidity (p>0.05) and bile concentration (p>0.05)
and their subsequent interaction has no significant effect on the bacteria count (p=0.62).
There is no statistically significant in the mean bacteria counts for acidity at pH 3.2 and
pH 9.2 with 95 % confidence (p=0.436>0.05). However, bile concentration had a mean
CFU that was significantly different from the acid (p=0.013<0.05).

Table 4: Comparisons of total bacterial counts to determine mean differences between
the different bile concentrations.
95% CI for Mean Difference

0.30%
0.70%

Mean Difference

Lower

Upper

SE

p turkey

1.900
0.500

0.667
-0.733

3.133
1.733

0.621
0.621

0.423
0.003
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A post hoc turkey’s test was conducted the presence of a significant difference between
the two levels of bile concentration used in the study (Table 3).
4.6. Assessment of antimicrobial action by bifidobacteria
The antagonistic activities of bifidobacteria derived organic acids and bacteriocins or
bacteriocin-like inhibitory substances was assessed against multiple food-borne bacteria
pathogens,

C.perfringens,

E.durans,

L.innocua,

L.monocytogenes,

S.aureus,

E.aerogenes, E.coli, E.coli 0157:H7, K.pneumoniae, S.typhi and one fungal pathogen,
C.albicans. Organic acids present in the bifidobacteria CFS are compounds primarily
responsible for the inhibitory effects bifidobacteriahave on a number of PPOs and foodborne pathogens (FBPs). In the case of NCFS, the acidic effect of these acid has been
neutralised, thus the inhibitory effect is attributed to bacteriocins or BLIS.
From the 24 bifidobacteria isolates, fourteen (14) isolates exhibited a greater higher
degree of resistance to low pH levels and bile concentration (Table 2). They were
selected to assess their antimicrobial activity against the above mentioned indicator
strains. These selected group demonstrated antagonistic activity against all indicator
strains with the exemption of E.coli 0157:H7, E.aerogenes and K.pneumonaie. For
these indicator strains, the mean diameter reading was 0.0 mm. Another observation was
noted is that, there is a stronger inhibitory effect of bifidobacteria in both CFS and
NCFS against gram positive bacteria in comparison to gram negative bacteria (Figure 12
and Figure 13).
According to the obtained results, E.coli was the most susceptible to the inhibitory
factors

in

bifidobacteria,

Following,

in

decreasing

order,

was

S.aureus,

L.monocytogenes, E.durans,, C.albicans, L.innocua, C. perfringens, S.typhi and
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E.aerogenes.Indicator strains, E.coli 0157:H7 and K.pneumoniae were resistant to the
inhibitory

factors

of
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bifidobacteria.

Table 5: Host range of antagonistic activity of bifidobacteria species shown by ZOI (mm) against gram positive bacteria
Gram positive

C.perfringens

E.durans

L. innocua

L.monocytogenes

S.aureus

indicator strains
Bifidobacteria

CFS

NCFS

CFS

NCFS

CFS

NCFS

CFS

NCFS

CFS

NCFS

B. lactis HN019

0.0±0.00

0.0±0.00

4.3±0.00

0.0±1.04

1.2±0.00

0.0±0.58

7.0±2.25

0.0±0.00

0.0±0.00

3.3±0.23

B. lactis

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.7±0.00

0.0±0.58

2.3±0.58

5.2±0.47

1.5±0.26

1.5±0.00

B. longum Bi-05

0.0±0.00

0.0±0.00

2.2±2.56

0.0±0.29

0.5±0.00

0.0±0.00

2.2±1.04

2.3±4.62

2.0±1.01

0.7±1.23

7X00

0.0±0.00

0.0±0.00

1.7±0.29

2.0±2.75

0.0±1.05

7.8±0.00

0.0±0.00

2.2±1.04

0.0±0.00

3.6±0.45

7X07

1.5±0.21

1.7±1.32

0.0±0.45

0.0±0.00

0.3±0.23

0.9±0.38

1.3±1.41

3.7±1.53

0.0±0.00

0.0±0.00

7X09

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.15

0.3±0.00

0.2±0.47

2.0±0.84

2.7±2.08

0.9±0.03

0.0±0.10

7X20

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.23

0.0±0.10

0.0±0.00

0.0±0.00

0.0±0.00

4.0±0.85

0.0±0.00

7Y24

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

2.0±0.00

0.0±0.00

7Y39

0.0±0.00

0.0±0.00

0.0±0.00

1.6±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

2.0±0.32

0.5±0.00

7Y50

0.0±0.00

0.0±0.00

0.0±0.00

5.1±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.5±0.00

0.0±0.00

7X54

0.0±0.00

0.0±0.00

5.2±0.17

0.0±0.76

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

3.0±1.96

6.0±1.53

7X88

0.0±0.00

0.0±.0.00 3.3±0.25

0.0±2.89

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

7X94

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

1.3±0.23

4.0±0.36

7X100

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

5.0±0.45

0.0±0.00

extracts

CFS – Cell free supernatant, NCFS – neutralized cell free supernatant
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For the gram positive indicator strains, six (6) out of the selected bifidobacteria isolates’
CFS, namely, B.longum Bi-05 (2.0mm), 7X20 (4.0 mm), 7Y24 (2.0 mm), 7Y39 (2,0
mm) 7X94(3.0 mm), and 7X100 (5.0 mm) displayed the strongest degree of inhibition
against S.aureus, with diameters measuring at 2.0mm an above (Table 5). For the same
indicator strain, the inhibitory factors presence in the NCFS displayed good inhibition
against this common food-borne pathogen. L. monocytogenes and C. perfringens are
other two gram positive enteropathogenic bacteria, residing alongside bifidobacteria in
the colon. L. monocytogenes is a pathogenic agent capable of causing severe food-borne
illness. Data showed sensitivity of this indicator strain to antagonistic effects of organic
acids and bacteriocins or BLIS present in the CFS and NCFS of six (6) of the 14
exclusive bifidobacteriaisolates. These are B. lactis HNO19, B. lactis, B. longum Bi-05,
7X00, 7X07, and 7X09. B. lactis HN019 had the large ZOI (7.0 mm) in CFS, but for the
NCFS, there was none (0.0 mm). For C. perfringens, only one isolate, 7X07 (from the

Inhibition zone

selected bifidobacteria isolates displayed antimicrobial activity against this pathogen.

1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

CFS
NCFS

C.perfingens

E.durans

L.innocua

L. monocytogenes

S.aureus

Figure 12. Mean ZOI with ±SD forbifidobacteria isolates (B. lactis HN019, B. lactis, B.
longum Bi-05, 7X00, 7X07, 7X09, 7X20, 7Y24, 7Y39, 7Y50, 7X54, 7X88, 7X94 and
7X100) for both bifidobacteria extracts (CFS and NCFS) against gram positive indicator
strains.
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exerted antimicrobial action predominately against E.coli (Table 6). For this indicator
strains, the potent inhibitory action was observed by NCFS of B.lactis (7. 5mm) than in
the CFS (4.0mm). B.lactis HN019 also showed good inhibition against E.coli for both
CFS and NCFS (5.0mm). Additionally, two bifidobacteria isolates, 7Y24 and 7Y39,
antagonistic activity against S.typhi for CFS (4.8 and 1.3 mm) respectively. For the
fungal species C.albicans. Antifungal activity of the selected bifidobacteria strains was
notably poorer in the CFS compared to the NCFS. Strains, 7Y50 and 7X00 had the two
(2)

largest

ZOI,

4.2

and
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3.9

mm

respectively.

Table 6: Host range of antagonistic activity of bifidobacteria species shown by ZOI (mm) against gram negative bacteria.

Gram negative indicator E.aerogenes

E.coli

E.coli 0157:H7

K.pneumoniae

S.typhi

strains
Bifidobacteria extracts

CFS

B. lactis HN019

NCFS

CFS

NCFS

CFS

NCFS

CFS

NCFS

CFS

NCFS

0.0±0.00 0.0±0.00

5.0±3.25

5.0±2.03

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

B. lactis

0.0±0.00

0.0±0.00

4.0±2.96

7.5±1.26

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

B. lactis

0.0±0.00

1.5±0.95

4.0±1.08

2.0±0.23

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

7X00

0.0±0.00

0.0±0.00

3.0±0.56

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

7X07

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

7X09

0.0±0.00

0.0±0.00

1.0±0.25

4.0±2.45

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

7X20

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

7Y24

0.0±0.00

0.0±0.00

0.0±0.00

1.5±1.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

4.8±2.56

0.0±0.00

7Y39

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

1.3±0.97

0.0±0.00

7Y50

0.0±0.00

0.0±0.00

4.0±0.76

0.5±0.10

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

7X54

0.0±0.00

0.0±0.00

0.0±0.00

1.7±0.86

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

7X88

0.0±0.00

0.0±0.00

2.0±0.63

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

7X94

0.0±0.00

0.0±0.00

.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

7X100

0.0±0.00

0.0±0.00

0.0±0.00

1.5±0.75

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

0.0±0.00

CFS – Cell free supernatant, NCFS – neutralized cell free supernatant
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2.0

Inhibition zone (mm)

1.8
1.6
1.4
1.2
1.0

CFS

0.8

NCFS

0.6
0.4
0.2
0.0

E. aeurogens

E. coli

E. coli 0157:H7

K. pneumonaie

S. typhi

Figure 13: Mean ZOI with ±SD for bifidobacteria isolates (B. lactis HN019, B. lactis, B.
longum Bi-05, 7X00, 7X07, 7X09, 7X20, 7Y24, 7Y39, 7Y50, 7X54, 7X88, 7X94 and
7X100) for both bifidobacteria extracts (CFS and NCFS) against gram negative indicator
strains

Another observation noted was the changes in ZOI from 24 hrs to 48 hrs, with the latter
results being presents in the above tables. From the selected 14 bifidobacteria isolates,
five (5) isolates displayed a capability to exert the inhibitory factors with antagonism
against C.albicans.

For isolates 7X07, B.lactis HN019, 7Y50, 7X54 and 7X88 the

C.albicans was initially sensitive to the bacteriocin or BLIS factors in the NCFS, but
longer duration incubation time of extra 24 hours yielded no ZOI. The organic acids and
bacteriocins or BLIS from isolate 7X07, following a 24 hour period, had observed
inhibitory effects against a gram positive indicator strain, C.perfringens (diametre of
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ZOI 5.5 and 6.5 mm) respectively. However, after 48 hrs, this effect was significantly
reduced to 1.6 and 1.7 mm for the CFS and NCFS, respectively.
A similar trend of reduced sensitivity of the indicator strain to the antimicrobial factors
in both the CFS and NCFS were observed in the bifidobacteriaisolate 7X88 against
E.durans. At the 24 hours, the ZOI diametre for both CFS and NCFS was 7.5 mm but a
longer incubation duration time, 3.3mm and 0.0 mm ZOI for the CFS and the NCFS
were observed.
The highest ZOI reading was for the reference strain, B.lacits HN019 against E.durans
at a diametre of 11.5 mm for the CFS. This decreased to 4.3 mm in 48 hrs incubation.
For both the CFS and NCFS, diametre reading were 0.0 for both time readings. In the
same way, B.longum had 7.5 mm diametre ZOI at 24 hrs against the same indicator
strains as B.lactis HN019, but this was reduced to 1.7 mm at 48 hrs in the CFS.
Indicator strain, E.durans showed resistance toward the inhibitory effects of bacteriocins
or BLIS present in the bifidobacteriaisolate 7X54 for both time durations. However,
there was a marked susceptibility to the antimicrobial effects of organic acid with
diametre readings of 6.8 mm at 24 hrs and a slight reduction to 5.2 mm at 48 hrs. The
opposite result for the same isolate was noted in C.albicans. This indicator strains was
most susceptible to the effects of bacteriocins or BLIS in the NCFS at a diametre reading
of 8.0 mm at 24 hrs but at 48 hrs, the reading was 2.5 mm.
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i

Figure 14: Inhibition zones of the bifidobacteria isolates against indicator strains in
clockwise direction (Top left) Clear zone of inhibition due to organic acids by B.lactis
HN019 against L.monocytogenes, (Top right) B.lactis HN019 bacteriocin activity
against E.coli, (Bottom left) Side by side view of the antagonistic effects of the CFS and
NCFS isolates 7Y24 and 7Y39 on S.typhi, (Bottom right) Isolate 7Y24 (11) with ZOI
against S.aureus for CFS and no ZOI for NCFS.

4.7. Association between Bifidobacteria counts and biochemical factors
A Pearson’s product moment correlation analysis was used to determine the relationship
between the total microbial count, total bifidobacteria counts and various biochemical
factors in infant faecal samples.
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Correlation analysis between the total microbial count and pH revealed a negative and
weak relationship (r= -0.21, p= 0.321), a strong, positive relationship with bile
concentrations (r=0.18, p=0.387), a very weak and negative correlation with H2O2
concentrations (r= -0.15, p=0.478) and a strong, positive correlation with lysozyme
(r=0.18, p=0.385). The relationship between total microbial count and the biochemical
factors was not statistically significant at p<0.05.
There is a strong and positive linear relationship present between total bifidobacteria
counts and acidity (r=0.84, p < 0.001), which was statistically significant. Total
bifidobacteria count had a weak, negative linear association with bile concentration (r=
-0.25, p=0.226) a very weak, negative association with H2O2 concentration (r= -0.11,
p=0.608) and a negative and very weak relationship with lysozyme (r= -0.18, p=0.379).
The association between total bifidobacteria counts and biochemical factors, with the
exception of acidity, was not statistically significant at p<0.05.
4.8. Comparison of the median differences of the indicator strains
The Wilcoxon’s paired sample test was utilized to compare the differences of the means
of the CFS and NCFS for a particular indicator strain. For all the gram positive indicator
strains, test showed there was no significant differences between the mean scores of the
CFS and CFS for C.perfringens, (T= -1.34, p<0.05), E.durans (T= -1.10, p<0.05),
L.innocua (T= -0.77, p<0.05), L.monocytogenes (T= -0.14, p<0.05) and S.aureus (T= 1.66, <0.05).
For the gram negative bacteria, there is also no significant difference between the
medians scores of the CFS and NCFS of a gram negative indicator strain, E.aerogenes
(T= -1.00, p<0.0.05), E.coli (T= -0.40, p<0.05), E.coli 0157:H7 (no result obtained),
K.pneumoniae and S.typhi (-1.84, p<0.05) (See Appendix 2). The relationship between
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autoaggregation ability and surface hydrophobicity of 7 infantile Bifidobacteria isolates
are shown in Figure 16 and Table 6.

r = 0.314
p= 0.686
AAGM

r =-0.632
p=0.686
AAGL
r 0.834
p 0.020

Figure 15: Relationship between two traits (autoaggregation ability and surface
hydrophobicity) of 7 infantile bifidobacteria strains. Strains were classified as medium
(AAGM) and low (AAGL) strains according to their autoaggregation ability. r is the
correlation between autoaggregation ability and surface hydrophobicity of either all,
AAGMor AAGL strains.
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Table 7: Autoaggregation ability and cell surface hydrophobicity capability of
bifidobacteria strains
Strain

Source

Autoaggregation (%)

AAG rank

Absorbance (%)

HNO

Yoghurt

35.4±4.60

Medium

45.4±6.79

BLC

Capsule

47.4±16.55

Medium

53.5±3.82

BLG

Capsule

46.9±7.50

Medium

38.0±9.76

7X00

Infant Intestine

18.9±2.90

Low

18.0±4.24

7X07

Infant Intestine

28.1±2.83

Medium

40.9±7.00

7X09

Infant Intestine

15.8±0.99

Low

16.7±1.34

7X50

Infant Intestine

14.6±2.97

Low

27.4±0.35

4.9. Detection of 16S rDNA gene fragment
Out of the 25 isolates, genomic DNA was extracted from 24 isolates. According to
the extraction method used, most isolates yielded good DNA results, with the three
reference strains (HNO, BLC and BLG) observed to have a higher band intensity
compared to the isolates.
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CHAPTER 5: DISCUSSION

5.1. Tolerance of Bifidobacteria strains to biochemical factors
In order for bifidobacteria to be regarded as a probiotic organism, this genus should have
the ability to withstand the hostile environmental conditions of the intestinal tract.
Consequently, it should exert its beneficial effects on the intestinal microbial flora and
overall, on the host.
5.1.1 Lysozyme
Lysozyme is described as a protein compound with efficient bacteriolytic properties that
is present in maternal breast milk in abundance (Palmeira and Carneiro-Sampaio, 2016).
This bioactive enzymatic compound is involved in the protective and immunological
mechanisms from the mother to the breast feeding infant (Walker and Iyengar, 2014).
One of its primary roles is in the defence against PPOs (Ruiz, Delgado, Ruas-Madiedo,
Margolles, and Sánchez, 2016). Furthermore, activity against gram negative bacteria
has been reported (Palmeira and Carneiro-Sampaio, 2016). In this study, bifidobacteria
demonstrated the ability to withstand the antibacterial inhibitory effects of lysozyme.
Five infant faecal isolates out of fourteen (7X00, 7X20, 7Y50, 7Y74, 7X88) grew in the
presence of lysozyme at a concentration of 20 µg/mL, which is more concentrated than
the physiological lysozyme concentration present in humans. In colostrum,
concentrations’ of this antimicrobial compound are 70 µg/mL, 20 µg/mL at 1 month, and
250 µg/mL by 6 months of lactation. Lysozyme is predominately effective against gram
positive bacteria, including bifidobacteria (Palmeira and Carneiro-Sampaio, 2016).
According to Gagnon, Kheadr le Blay and Fliss, (2006),
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bifidobacteria has within its

defence mechanisms the ability to withstand and even thrive in the presence of lysozyme
from egg white or human sources.
5.1.2. Acidity
The human GIT employs a number of defence mechanisms against invading PPOs. One
of these is gastric acidity (Amund, 2016).

In transient to the large intestine,

bifidobacteria have to be able to withstand the debilitating effects of low acid levels in
the stomach and high acids levels in the large intestines.

Furthermore, the genus

members are not only faced with intestinal acidity but also acidity from other intestinal
microbial flora such as lactic acid bacteria (Nuraida, 2015). The latter probiotic produces
acids as part of it mechanisms against intestinal pathogens. This creates an unfavourable
environment for the pathogens, thus conveying a competitive advantage to the LAB
(Dunne, et al., 2001).

Presence of this environmental factor in the intestinal

environment has the potential to drastically change the intestinal microbial landscape
population (Ahmund, 2016; Nuraida, 2015). For bifidobacteria to withstand this change,
thus thriving in this environment, the inherent ability to withstand gastric acidity, acidity
from other probiotic bacteria and members of the same genus and acids (Xue, Zhang, Li
and Wang, 2014).
In this study, the majority of the isolates demonstrated growth at pH 3.2, which when
compared to pH 2.0 and 3.0, is slightly above the lethal acid range for growth of
bifidobacteria (Shigwedha and Li, 2013). At this pH, their colony counts was much
lower (1.0 - 11 CFU/mL) than the ones observed at pH 7.1 (9-42 log CFU/mL). This
diminished growth can be attributed to the acid, which is regarded as an unfavourable
factor to the bifidobacteria growth. Waddington et al. (2010) obtained similar results.
Those that managed to grow at these extremes of acidity made use of counteractive
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means against this environmental stressor, such as EPS or FoF1-ATPase activity.
Previous studies have investigated the mechanisms bifidobacteria use

to protect itself

against the detrimental effects of acid. FoF1-ATPase activity was recognised as one of
the primary defence means of bifidobacteria (Sanchez, et al., 2007; Matsumoto, Ohishi
and Benno, 2004; Alp and Aslim, 2010). These bifidobacteria EPS could be further
investigated for potential applications as a prebiotic. Additionally, infant isolates could
be harnessed in the fermented food industry in order to improve product shelf life and
reducing the dependability on chemical preservatives for that purpose (Martinez, et al.,
2013).
5.1.3. Bile
The antimicrobial bile exerts its inhibitory effects mainly in the home of bifidobacteria,
the colon. To thrive here, bifidobacteria have intrinsic resistance to the high pH levels
and bacteriolytic effects of the presence of this compound in the immediate colonic
environment (Ruiz, Margolles and Sánchez, 2013). Li, Shigwedha and Mwandemele
(2010) reported that bile percentage present in the human GIT is roughly about 0.3 – 0.4
%. Resistance to bile at this concentration was noted in the majority of the isolates
reported in this study. Results obtained for this bile salt concentration were on par with
those concluded by Kheadr, Dabour, Le Lay, Lacroixand Fliss1 (2007). However, this
number decreased at 0.7% concentration, with isolates B.lactis, 7X00, 7X07, 7X09,
7X20, 7Y24, 7X36. 7Y39, 7Y50, 7X54, 7X88, 7X94 and 7X100 exhibited resiliency to
grow at this bile salt concentration. These are in agreement with finding by Li, et al.
(2007). For the lower and higher bile salt percentage mean colony counts ranged from
11-15l CFU/mL and 3.0 to 8.0 CFU/mL.
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5.1.4. Hydrogen peroxide
Intestinal bifidobacteria reside within an environment in which other bacteria such as
LAB produce hydrogen peroxide (H2O2) as part of its antimicrobial tactics against PPOs
(Knaus, Hertzberger, Pircalabioru, Yousefi and Branco dos Santos, 2017). For the
bifidobacteria to be able to thrive in this hostile environment, one of the essential traits
these probiotic bacteria must possess is the innate ability to withstand the inhibitory
effects of H2O2 produced by other bacteria. Isolates 7X07, 7X09, 7Y17and 7Y63 had no
observable growth in H2O2. Most isolates demonstrated tolerance at MIC of 5-10
µg/mL. Furthermore, 7X00, 7X03, 7Y04, 7X20, 7Y24,7X30, 7X36, 7Y39, 7X88 and
7X94. 7X100 had tolerance up to the highest H2O2 concentration (20 µg/mL) utilized in
the study. From this, it can be concluded that, the bifidobacteria do inherently have the
ability to thrive in environment with H2O2 (Oberg, et al., 2011). Moreover, these isolates
can be further examined to evaluate whether they can be suitable contenders for use in
the development of functional food products.
5.2. Antimicrobial assays of Bifidobacteria
Another vital trait a potential probiotic organism is required to possess is the ability to
have inhibition effects against PPOs (Prosekov, et al, 2015).

For this reason,

innumerable studies on bifidobacteria and the antimicrobial effects they have on varied
pathogens, both in vivo and in vitro studies (Uraipan and Hongpattarakere, 2015).
These have increased in the past decade due to the wide antagonistic activity of
members of this genus against gram positive and gram negative pathogens, as well as its
antifungal properties. Moreover, as consumer demands for more natural means for
preserving food items and treating medical ailments further fuels the research on novel
bacteriocins from bifidobacteria or finding new uses of these antimicrobial proteins for
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preservation and preventing illnesses from food-borne pathogens (Nishie, Nagao and
Sonomoto, 2012).
Fourteen bifidobacteria isolates demonstrated antimicrobial action (AMA) against gram
negative, gram positive and yeast. Results showed more antimicrobial activity against
the indicator strains in the CFS in comparison with the NCFS. As expected, the wider
clear ZOI observed was due to the inhibitory effects of organic acids. Bifidobacteria are
reported to secrete acetic and organic acids as by-products of their metabolism. Other
finding attributed the antagonistic effects of bifidobacteria not only on organic acids, but
also on proteins compounds with inhibitory factors. These are bacteriocins or BLIS
(Collado, et al. 2005).
Of the three (3) indicator groups, isolates demonstrated largely a greater degree of
antagonism against E.coli, an enteropathogenic bacteria. This pathogen is the cause of
diarrhoea, which according Huidrom and Sharma (2018) is a prime bacterial forerunner
responsible for diarrhoea in children, especially in new-borns infants in developing
countries, such as Namibia. The mean inhibition zone by the isolates for this pathogens
was 1.6 mm and 1.7 mm for CFS and NCFS, respectively. It could be concluded that,
the inhibitory factor responsible for this activity was the organic acids, which are
reported to yield a more detrimental effect to the growth of E.coli, which are sensitive to
the increasingly lowered acidity effect of acids in the CFS as it spreads into the media
environment surrounding the well. As the presence of more H+ ions in the media lead to
reduced acidity, the E.coli pathogen would be subjected with unfavourable growth
conditions, results in the reduction in colony numbers and their subsequent death. The
impact of the antimicrobial effects of bifidobacteria synthesized organic acids was
researched by Tejero-Sariñena, et al., (2012).
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On the other hand, the NCFS had a neutralized pH 6.9 supernatant, and still displayed
antagonism against this pathogen at a mean inhibition on par with that of CFS. The
inherent antagonism of the isolates cannot be attributed to the organic acids, but instead
to bacteriocins or BLIS (Tejero-Sariñena, et al., 2012) A study conducted by Collado, et
al. (2005) attest to bacteriocins or BLIS as a significant factor in the inhibition of PPOs..
In the intestinal environment, a similar scenario would most probably be occurring
between probiotic bacteria and the pathogen. It can be concluded that inhibitory factors
from members of the bifidobacteria genus do not only exhibit inhibit to gram positive
bacteria, the most likely targets’, but also against gram negative bacteria and yeast. In
turn, this was indicative of the broad activity spectrum of this genus against various
PPOs (Collado, et al., 2005). Findings from this study were in line within vitro studiesy
of the antimicrobial activity of bifidobacteria was conducted by Prosekov, et al. (2015)
and Uraipan and Hongpattarakere, (2015).
Inhibitory effects of the bifidobacteria metabolites were also observed in S.typhi, a
common food-borne pathogen and the causative agent of typhoid fever.

For this

indicator strain, it was susceptible only to the antimicrobial effects of organic acids
suspended in the CFS.

In contrast, E. aerogenes was resistant to the effects of

bifidobacteria-associated organic acids.

This observed results are similar to those

conducted by Collado et al. (2005). Bifidobacteria-derived bacteriocins or BLIS are not
as effective antimicrobials toward gram negative bacteria (Collado, et al., 2005).
Promising observation of this study is the ability of the isolates obtained to exert a
degree of antagonism against L.monocytogenes. According to Moroni, Kheadr, Boutin,
Lacroix and Fliss (2007), this indicator strains is the primary cause of a high degree of
mortality, higher than that of Salmonella and E.coli 0157:H7. This pathogen possesses
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well-honed abilities of effectively attaching itself to the intestinal epithelial cell wall of
the small intestines and cause infection. For infants who are breast fed, the chances of
being infected with the pathogen from maternal milk is minimal whereas for infants who
are formula fed are at a risk in case the bottles were not efficiently sterilized and poor
hygiene practices are done when preparing the formula.

Furthermore, the strong

presence of bifidobacteria in the infant microflora of breast-fed neonates would convey
to these infants protection against this pathogen, thus decreasing their chances of being
afflicted by this pathogen (Gribble and Hausman, 2012). Additionally, the antagonistic
effects of the bifidobacteria isolates cannot only be attributed to organic acids, such as
lactic acid or acetic acid, but bacteriocins showed activity against the pathogen.
Previous research works by Rodríguez, et al. (2012); Toure, Kheadr, Lacroix, Moroni,
and Fliss, (2003) and Prosekov, et al, (2015) reached the same conclusion.

C. albicans is a fungal species that is part and parcel of the native microflora present in
healthy humans. These fungal species reside in the homeostatic gut environment with
probiotic, and pathogenic bacteria. Individuals who have a compromised immune
system or had prolonged exposure to antibiotic treatment, this delicate balance is
disrupted and medical infects such as candidiasis can arise. According to Antinori,
Milazzo, Sollima, Galli, and Corbellino, (2016) and Greenberg and Benjamin, (2014),
neonates are not immune to being affected by C.ablicans, one of the causative agents of
Candidiasis.

Currently, there are numerous antifungal agents available on the market

such as Polyenes, 5 fluorocytosine and triazoles.

Results showed bacteriostatic inhibitory effects of bifidobacteria antimicrobial factors
towardC.albicansResults obtained were on par with those conducted by Collado, et al.,
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(2005) and Matsubara, et al., 2014. This may suggest ingrained ability of the fungal’s
ability to execute mechanisms to overcome the inhibitory effects of bacteriocins or BLIS
following prolonged exposure to the inhibitory factor. Other possible reasons for the
short-term effective duration period of the bacteriocins or BLIS the absence of the
bifidobacteria cells continually synthesizing the bacteriocins, lack of presence of other
bifidobacteria cells to support the producer cell isolate or the absence of the immune
system to aid in fighting the fungi. The obtained results are in contradiction with those
by Ujaoney et al. (2014) who found the inhibitory effects of B. infantis and B. bifidum
against C.albicans 103411 due to the nutritional depletion in the media. Overall the
ability of the antagonistic factors present in bifidobacteria isolates may have the
potential to be utilized as alternative means of treating fungal infections by C.albicans
(Matsubara, et al., 2016).
Overall, there was antagonistic activity displayed by the six bifidobacteria isolates
against the indicator strains. Results showed more antimicrobial activity against gram
positive than gram negative bacteria (Figure 11 and Figure 12). This observation was in
agreement with previous study (Georgieva, et al., 2015). This inhibitory effect against
gram positive bacteria was attributed to bacteriocins as the main inhibitory factor, thus
demonstrating its effectiveness against the type of food-borne and human PPOs. On the
other hand, antimicrobial effect of the gram negative bacteria was accounted to
bifidobacteria synthesized organic acids and other inhibitory factors such as H2O2 and
diacetyl (Tejero-Sariñena, et al., 2012; Georgieva, et al., 2015)
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5.3. Association between biochemical parametersand the microbial counts
5.3.1. Total Microbial Count
The weak negative relationship of total microbial plate count with pH is indicative of pH
as a limiting growth factor on

various microbial species present in the infant faecal

samples (Appendix 4; Figure 1). The acidification or alkalinisation of the colonic
environment by LAB synthesized organic acids

or bile salts has the potential to

eliminate microbial species that are not adaptable to these pH extremes, resulting in the
favouring of a particular microbial species, which in turn become the dominate intestinal
species (Shigwedha and Li, 2013). For this study, Pearson’s Correlation analysis
concluded a weak association between microbial count and pH, meaning pH has an
influence in the microbial population number and type of microbial species present in
the infants’ GIT (Annex 4; Figure 1).
The correlation analysis of the relationship of the total microbial count with H2O2
showed the presence of this antimicrobial compound is also a limiting factor to the
growth of microbial populations present in a particular ecosystem, such as the intestinal
tract (Annex 4; Figure 1). This effect of shifting microbial populations, eliminating
those are unadapt to the antimicrobial compound and diminishing the pathogensis an
indicative of the relationship between these counts and the compound as shown by the
correlation test (Gagnon, et al.,2004).
In contrast to the above mention biochemical factors, results of the correlation
relationship between total microbial count and bile and lysozyme concentration was
positive. For bile salts, positive relationship with total microbial counts serve as an
indicator of the adaptive ability of the varied microbial species present in the faecal
samples.

As intestinal resident and transient bacteria have co-evolved with the GIT,
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over time, they would have evolved the necessary machinery to withstand the toxic
effects of bile (Turroni, et al., 2014; Gueimonde, et al., 2009).
For the lysozyme at concentration of 50µg/mL and total microbial count, the positive
relationship observed may be indicative of the resistance ability of gram negative
bacteria in the faecal samples. As previously mentioned, of the two bacteria types, gram
negative bacteria are less sensitive to the antagonistic effects of this antimicrobial
enzyme, in a way the increase microbial count would be those of gram negative bacteria
(Palmeira and Carneiro-Sampaio, 2016).
5.3.2. Bifidobacteria counts
Pearson’s Correlation Analysis of a statistically significant relationship between total
bifidobacteria count and acidity may indicative the acid-tolerance capabilities of
bifidobacteria (Annex 4; Figure 2). Even though, the average bacteria counts for this
genus was low (N = 25, r=0.84, p>0.001), some isolates demonstrated the innate ability
of bifidobacteria to thrive in the intestinal environment, even in the presence of this
stress factor. This was line with results obtained by (Waddington, et al., 2010).
For the total bifidobacteria counts and bile relationship, correlation tests suggest a
negative relationship between the bacteria and antimicrobial. As bile concentration
increases, the total bifidobacteria count decrease (Appendix 4; Figure 2).

This

compound has been reported to play a part in controlling intestinal microbial growth,
even that of bifidobacteria (Ruiz, et al., 2013).
Correlation analysis of total bifidobacteria counts with H2O2 concentration would be
suggestive of negative association between the two. As H2O2 concentration increase, the
total bifidobacteria count decreases. As an anaerobic bacteria, deficient in the catalase
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enzyme required for the metabolism of H2O2 into peroxide, bifidobacteriais highly
susceptible to the inhibitory factors of H2O2 (Knaus, et al., 2017).
Bifidobacteria, as a gram positive bacteria, is prone to the antimicrobial effects of
lysozyme, a bioactive compound present in high amounts in the colostrum and breastmilk, however, correlation analysis results suggest an effect of the lysozyme toward
bifidobacteria, but this effects is not so significant to cause a detrimental effect to
bifidobacteria populations (Gagnon, et al., 2004).
Overall, the biochemical factors to exert a degree of antagonistic activity against
bifidobacteria. The effect may be experienced by some bifidobacteria species more than
by others. Furthermore, the ability of bifidobacteria to grow in the presence of these
environmental stressors may be demonstrative of their inherent adaptation mechanisms
that enable them to thrive in the infant intestine tracts (Gagnon, et al., 2004; Xue, et al.,
2014).
5.4. Relationship between the bifidobacteria cell surface hydrophobicity and their
autoaggregation abilities
The aggregation percentages were calculated and compared to those of the surface
hydrophobicity

percentage

to

determine

the

extent

at

which

the

seven

bifidobacteriaisolates (B. longum Bi-05, B. lactis HN019, B. lactis, 7X00, 7X07, 7X09,
7X50) adhere to hydrocarbons. Association of between these two independent traits for
all the strains, as well as those that have a low aggregation percentage (AAG L) or
medium aggregation percentage (AAGM) were also calculated as shown in Figure 16.
Relationship (r) of 0.834 was obtained using the Pearson’s Correlation Analysis. There
is a very strong and positive correlation between autoaggregation and surface
hydrophobicity.

For the AAGL strains, calculated r was -0.632 denoting a weak,
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association of the strains to surface hydrophobicity percentage. However, for the AAGM
strains, good correlations to surface hydrophobicity exists (r= 0.314).
The strong affiliation of autoaggregation and cell surface hydrophobicity of the
bifidobacteria isolates (Table 6 and Figure 15) may suggest members of this genus
possess effective means of attaching to the intestinal epithelial cell wall, which in turn
may bestow to them the competitive advantage over pathogens such as S.aureus in
attaching to the cell wall. The attached bifidobacteria then signal other similar species to
gather together on the cell wall, hence colonizing the colon, forming a protective barrier
against the enteric pathogens (Huidrom and Sharma, 2018).
5.5. Bifidobacteria antibiotics sensitivity
According to Collado et al. (2005), testing for the susceptibility of bifidobacteria isolates
to a string of antibiotics is one of the necessary selection criteria for potential probiotics.
From this study, the disk diffusion test using 10 antibiotics disks was used to assess
susceptibility of isolates to a host of common antibiotics (See Appendix 3). Results
showed sensitivity in variable ranges to erythromycin, tetracycline, ampicillin,
chloramphenicol and clindamycin, with the highest degree of sensitivity being displayed
by the isolates to erythromycin (range: 24-31mm), tetracycline (13-30 mm) and
ampicillin (18.5-28mm), respectively. The observed unimodal distribution of sensitivity
by the isolates to antibiotics that function by inhibiting protein synthesis (DA2, T30C,
E15, CN10 and C30) may denote an overall sensitivity of members of the genus to this
class of antibiotics (Georgieva, et al., 2015). Two types of β-lactam antibiotics, namely
ampicillin and penicillin G were used. The isolates demonstrated sensitivity to the
former but were resistant to the latter. This susceptibility to ampicillin by bifidobacteria
isolates was also reported by Georgieva et al. (2015). However, resistance to penicillin
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observed in this study was in contradiction with previous study (Huidrom and Sharma,
2018). Isolates were most resistant to nalidixic acid, nystatin and sulfamethoxazole.
The low susceptibility and resistance of bifidobacteria to gentamycin and
sulfamethoxazole was also reported (Masco, Van Hoorde, De Brandt, Swings and Huys,
2006). According to the same researchers, the resistance of bifidobacteria isolates to
these two antibiotics was due to the innate ability to counterattack the antimicrobial
effects of these antibiotics (Masco, et al., 2006).
5.6. 16S rDNA amplification
Genomic DNA was extracted from the bifidobacteria cells and subjected to PCR
amplification using the primer pairs, Bif164 f and Bif 664r. Obtained amplicons were
sent to Inqaba Biotech for sequencing, but failed to meet the quality control test.
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CHAPTER 6: CONCLUSIONS
Bifidobacteria isolates from infants in the Khomas region, in central Namibia, have
revealed interesting probiotic traits.

Just over 50% of the isolates have displayed

resistance to gastrointestinal stressors, namely bile, acid, H2O2 and lysozyme. Of this
percentage, 1/8th demonstrated a high degree of adhesion and aggregation properties.
This characteristic demonstrates the ability of some bifidobacteria isolates to effectively
establish themselves and thrive in the GIT and to compete for resources with other gut
bacteria. Despite the goals of determining the dominate bifidobacteria species present in
Namibian infants and their subsequent identification to species level by use of
biochemical and molecular method not being achieved, the study yield notable traits
about this genus.
The isolates suspected of being bifidobacteria, based on the F6PPK test, showed
potential for biotechnological applications. The isolates further demonstrated function
aspects with probable usage in the food and medical fields. These are antimicrobial
action against PPOs e.g. E. coli and L. monocytogenes by production of bacteriocins or
bacteriocin like substances and organic acids.For this reasons, antagonistic metabolites
from bifidobacteria have potential application in the food industry to ensure safety of the
food product and as a biopreservation method. Medically, bifidobacteria can serve as
natural alternative to use of antibiotics and treatment of certain medical ailments.
.
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CHAPTER 7: RECOMMENDATIONS
Further research studies are recommended to isolate, purify and characterize the
inhibitory factors produced by bifidobacteria, in particular those found in Africa. The
use of bifidobacteriasynthesized organic acids or bacteriocins, may provide a biological
means of preserving food products, thus ensure food safety. In the years to come,
another area of research is the use of such antimicrobial factors, in the form of powders
or capsules, aiming at providing protection against PPOs, especially in infants and in
treatment of enteropathogenic illness.

86

REFERENCES
Ahmad, V., Khan, M. S., Jamal, Q. M., Alzohairy, M. A., Al Karaawi, M. A., and
Siddiqui, M. U., (2017). Antimicrobial potential of bacteriocins: in therapy,
agriculture and food preservation. International Journal of Antimicrobial Agents,
49(1), pp.1-11.
Alp, G., and Aslim, B., (2010). Relationship between the resistance to bile salts and low
pH with exopolysaccharide (EPS) production of Bifidobacterium spp. isolated
from infants feces and breast milk. Anaerobe, 16(2), pp.101-105.
Amund, O., (2016). Exploring the relationship between exposure to technological and
gastrointestinal stress and probiotic functional properties of Lactobacilli and
Bifidobacteria. Canadian Journal of Microbiology, 62(9),pp. 715-725.
Andlid, T. A., D’Aimmo, M. R., and Jastrebova, J., (2018). Folate and Bifidobacteria.
The Bifidobacteria and Related Organisms, pp.195-212.
Antinori, S., Milazzo, L., Sollima, S., Galli, M., and Corbellino, M., (2016). Candidemia
and invasive candidiasis in adults: A narrative review. European Journal of
Internal Medicine, 34, pp. 21-28.
Arboleya, S., Watkins, C., Stanton, C. & Ross, R.P. (2016). Gut Bifidobacteria
Populations in Human Health and Aging. Frontiers in Microbiology, 7, 1-9.
Attri, S., Nagpal, R., and Goel, G., (2018). High throughput sequence profiling of
gut microbiome in Northern Indian infants during the first four months and
its global comparison. Meta Gene, 17, pp.184-191.
Barrett, E., Deshpandey, A.K., Ryan, C.A., Dempsey, E.M., Murphy, B., O’Sullivan, L.,
Watkins, C., Paul Ross, R. O’Toole, P.W., Fitzgerald, G.F. and Stanton, C.,

87

(2015). The neonatal gut harbours distinct bifidobacterial strains, Arch Dis Child
Fetal Neonatal, 0, pp.F1–F6.
Beerens, H., Gavini, F., and Neut, C., (2000). Effect of Exposure to Air on 84 strains of
Bifidobacteria. Anaerobe, 6(2), pp.65-67.
Bottacini, F., Ventura, M., Sinderen, D., and Motherway, M., (2014). Diversity,
ecology and intestinal function of bifidobacteria. Microbial Cell Factories,
13(Suppl 1), S4.
Brooks, C., Pearce, N., and Douwes, J., (2013). The hygiene hypothesis in allergy
and asthma. Current Opinion in Allergy and Clinical Immunology, 13(1),
pp.70-77.
Brugere J. et al., (2009). Tools for stools: the challenge of assessing human intestinal
microbiota using molecular diagnostics. Expert Rev. Mol. Diagn., 9 (4), pp. 353365.
Candela M. et al., (2004). Evaluation of the rrn operon copy number in Bifidobacterium
using real-time PCR. Letters in Applied Microbiology, 38, pp.229-232.
Cheikhyoussef, A., Cheikhyoussef, N., Chen, H., Zhao, J., Tang, J., Zhang, H., and
Chen, W., (2010). Bifidin I–A new bacteriocin produced by Bifidobacterium
infantis BCRC 14602: Purification and partial amino acid sequence. Food
Control, 21(5), pp.746-753.
Cheikhyoussef, A., Pogori, N., Chen, H., Tian, F., Chen, W., Tang, J., and Zhang, H.,
(2009). Antimicrobial activity and partial characterization of bacteriocin-like
inhibitory substances (BLIS) produced by Bifidobacterium infantis BCRC
14602. Food Control, 20(6), pp.553-559.

88

Chouraqui, J., Van Egroo, L., and Fichot, M., (2004). Acidified Milk Formula
Supplemented with Bifidobacterium lactis: Impact on Infant Diarrhea in
Residential Care Settings. Journal of Pediatric Gastroenterology and
Nutrition, 38(3), pp.288-292.
Clarke, G., Stilling, R. M., Kennedy, P. J., Stanton, C., Cryan, J. F., and Dinan, T. G.,
(2014). Mini-review: Gut Microbiota: The Neglected Endocrine Organ.
Molecular Endocrinology, 28(8), pp.1221-1238.
Collado, M. C., Gueimonde, M., Hernandez, M., Sanz, Y., and Salminen, S., (2005a).
Adhesion of Selected Bifidobacterium Strains to Human Intestinal Mucus and
the Role of Adhesion in Enteropathogen Exclusion. Journal of Food Protection,
68(12), pp.2672-2678.
Collado, M. C., Hernandez, M., and Sanz, Y., (2005b). Production of BacteriocinLike Inhibitory Compounds by Human Fecal Bifidobacterium Strains.
Journal of Food Protection, 68(5), pp.1034-1040
Corrêa-Oliveira, R., Fachi, J. L., Vieira, A., Sato, F. T., and Vinolo, M. A., (2016).
Regulation of immune cell function by short-chain fatty acids. Clinical &
Translational Immunology, 5(4), e73.
Cremon, C., Barbaro, M. R., Ventura, M., and Barbara, G., (2018). Pre- and Probitic
overview. Curent Opininon in Pharmacology, 43, pp. 87-92.
D'Aimmo, M. R., Modesto, M., Mattarelli, P., Biavati, B., and Andlid, T., (2014).
Biosynthesis and cellular content of folate in Bifidobacteria across host species
with different diets. Anaerobe, 30, pp. 169-177.
Delgado, S., O’Sullivan, E., Fitzgerald, G., and Mayo, B., (2008). In vitro evaluation of
the probiotic properties of human intestinal Bifidobacterium species and
89

selection of new probiotic candidates. Journal of Applied Microbiology, 104(4),
pp.1119-1127.
Den Besten, G., Van Eunen, K., Groen, A. K., Venema, K., Reijngoud, D., and
Bakker, B. M., (2013). The role of short-chain fatty acids in the interplay
between diet, gut microbiota, and host energy metabolism. Journal of Lipid
Research, 54(9), pp.2325-2340.
Di Gioia, D., Aloisio, I., Mazzola, G., and Biavati, B., 2013. Bifidobacteria: their impact
on gut microbiota composition and their applications as probiotics in infants.
Applied

Microbiology

and

Biotechnology,

98(2),

pp.

563-577.

doi:10.1007/s00253-013-5405-99
Dubourg, G., Abat, C., and Raoult, D., (2017). Why new antibiotics are not
obviously useful now. International Journal of Antimicrobial Agents, 49(5),
pp.549-553. doi:10.1016/j.ijantimicag.2016.11.015
Duggan, C., Gannon, J., and Walker, W. A., (2002). Protective nutrients and functional
foods for the gastrointestinal tract. The American Journal of Clinical Nutrition,
75(5), pp. 789-808.
Dunne, C., O'Mahony, L., Murphy, L., Thornton, G., Morrissey, D., O'Halloran, S.,
Feeney, M., Flynn, S., Fitzgerald, G., Daly, C. and Kiely, B., (2001). In vitro
selection criteria for probiotic bacteria of human origin: correlation with in vivo
findings–. The American journal of clinical nutrition, 73(2), pp.386s-392s.
Egan, M., and Van Sinderen, D., (2018). Carbohydrate Metabolism in Bifidobacteria.
The Bifidobacteria and Related Organisms, pp.145-164. doi:10.1016/b978-0-12805060-6.00008-9

90

Enomoto, T., Sowa, M., Nishimori, K., Shimazu, S., Yoshida, A., Yamada, K.,
Xiao, J., (2014). Effects of Bifidobacterial Supplementation to Pregnant
Women and Infants in the Prevention of Allergy Development in Infants and
on Fecal Microbiota. Allergology International, 63(4), pp.575-585.
Fakruddin, M., and Mannan, K. S. Bin., (2013). Methods for Analyzing Diversity of
Microbial Communities in Natural Environments. Ceylon Journal of Science
(Biological Sciences), 42(1), pp.19–33. http://doi.org/10.4038/cjsbs.v42i1.5896
Ferraris, L., Aires, J., Waligora-Dupriet, A.J. and Butel, M.J., (2010). New selective
medium for selection of Bifidobacteria from human feces. Anaerobe, 16(4),
pp.469-471.
Fliss, I., Ouwehand, A.C., Kheadr, E., Lahtinen, S. and Davids, S.J., (2010).
Antimicrobial activity of the genus Bifidobacterium. Bifidobacteria: Genomics
and Molecular Aspects, p.125.
Food and Agricultural Organization of the United Nations and World Health
Organization (2002).
Fukuda, S., Toh, H., Hase, K., Oshima, K., Nakanishi, Y., Yoshimura, K., Tobe, T.,
Clarke, J.M., Topping, D.L., Suzuki, T. and Taylor, T.D., (2011). Bifidobacteria
can protect from enteropathogenic infection through production of acetate.
Nature, 469(7331), p.543.
Gagnon, M., Kheadr, E.E., Le Blay, G. and Fliss, I.,(2004). In vitro inhibition of
Escherichia

coli

O157:H7

by

Bifidobacterial

strains

origin. International Journal of Food Microbiology, 92(1), pp.69-78.

91

of

human

Georgieva, R., Yocheva, L., Tserovska, L., Zhelezova, G., Stefanova, N., Atanasova,
A., Danguleva, A., Ivanova, G., Karapetkov, N., Rumyan, N. and Karaivanova,
E., (2015). Antimicrobial activity and antibiotic susceptibility of Lactobacillus
and Bifidobacterium spp. intended for use as starter and probiotic cultures.
Biotechnology & Biotechnological Equipment, 29(1), pp.84-91.
Greenberg, R. G., and Benjamin, D. K., (2014). Neonatal candidiasis: Diagnosis,
prevention, and treatment. Journal of Infection, 69, pp.S19-S22.
Gribble, K., and Hausmann, B. L., (2012). Milk sharing and formula feeding: Infant
feeding risks in comparative perspective? Australasian Medical Journal, 5(5),
pp.275-283. doi:10.4066/amj.2012.1222
Gueimonde, M., Garrigues, C., van Sinderen, D., Clara, G. and Margolles, A., (2009).
Bile-inducible efflux transporter from Bifidobacterium longum NCC2705,
conferring bile resistance. Applied and environmental microbiology, 75(10),
pp.3153-3160.
He, Y., Liu, S., Kling, D.E., Leone, S., Lawlor, N.T., Huang, Y., Feinberg, S.B., Hill,
D.R. and Newburg, D.S., (2016). The human milk oligosaccharide 2′fucosyllactose modulates CD14 expression in human enterocytes, thereby
attenuating LPS-induced inflammation. Gut, 65(1), pp.33-46.
Hennet, T., and Borsig, L., (2016). Breastfed at Tiffany's. Trends in Biochemical
Sciences, 41(6), pp.508-518.
Holzapfel, W.H., Haberer, P., Geisen, R., Björkroth, J. and Schillinger, U., (2001).
Taxonomy and important features of probiotic microorganisms in food and
nutrition–. The American journal of clinical nutrition, 73(2), pp.365s-373s.
92

Horta, B. L., Loret de Mola, C. and Victora, C. G., (2015). Long-term consequences of
breastfeeding on cholesterol, obesity, systolic blood pressure and type 2
diabetes: a systematic review and meta-analysis. Acta Paediatrica, 104, pp.3037.

Huidrom, S. and Sharma, N., (2018). Isolation and Screening of Novel Isolates of
Bifidobacteria from Human Milk as Potential Probiotic with Antidiarrheal
Activity. Annals of Applied Microbiology & Biotechnology Journal, 2(1),
pp.1007.
Isolauri, E., Arvola, T., Utas, Y., Moilanen, E. and Salminen, S., (2000). Probiotics
in the management of atopic eczema. Clinical Experimental Allergy, 30(11),
pp.1605-1610.
Li, J, Shigwedha, N. and Mwandemele, O.D., (2010). Use of D (acid)-, D (bile)-, z
(acid)-, and z (bile)-values in evaluating Bifidobacteria with regard to stomach
pH and bile salt sensitivity. J Food Sci 75:M14–M18.
Kawahara, T., Makizaki, Y., Oikawa, Y., Tanaka, Y., Maeda, A., Shimakawa, M.,
Komoto, S., Moriguchi, K., Ohno, H. and Taniguchi, K., (2017). Oral
administration

of

Bifidobacterium

bifidum

G9-1

alleviates

rotavirus

gastroenteritis through regulation of intestinal homeostasis by inducing mucosal
protective factors. PloS one, 12(3), p.e0173979.
Kheadr, E., Dabour, N., Le Lay, C., Lacroix, C. and Fliss, I., (2007).
AntibioticSusceptibility Profile of Bifidobacteria as Affected by Oxgall, Acid,
and Hydrogen Peroxide Stress. Antimicrob. Agents Chemother. 51(1), p.169._

93

Knaus, U. G., Hertzberger, R., Pircalabioru, G. G., Yousefi, S. P.and Branco dos
Santos, F., (2017). Pathogen control at the intestinal mucosa – H2O2 to the
rescue. Gut Microbes, 8(1), pp.67-74. doi:10.1080/19490976.2017.1279378
Kramer, M. S. and Kakuma, R. ,(2012). Optimal duration of exclusive breastfeeding.
Cochrane

Database

of

Systematic

Reviews.

doi:10.1002/14651858.cd003517.pub2
Langkamp-Henken, B., Rowe, C.C., Ford, A.L., Christman, M.C., Nieves, C., Khouri,
L., Specht, G.J., Girard, S.A., Spaiser, S.J. and Dahl, W.J., (2015).
Bifidobacterium bifidum R0071 results in a greater proportion of healthy days
and a lower percentage of academically stressed students reporting a day of
cold/flu: a randomised, double-blind, placebo-controlled study. British Journal of
Nutrition, 113(3), pp.426-434.
LeBlanc, J.G., Milani, C., De Giori, G. S., Sesma, F., Van Sinderen, D.and Ventura, M.,
(2013). Bacteria as vitamin suppliers to their host: a gut microbiota perspective.
Current Opinion in Biotechnology, 24(2), pp.160-168.
LeBlanc, J. G.,

Chain, F.,

Martín, R.,

Bermúdez-Humarán, L. G.,

Courau, S.and

Langella, P., (2017). Beneficial effects on host energy metabolism of shortchain fatty acids and vitamins produced by commensal and probiotic bacteria.
Microbial Cell Factories, 16(1).
Lee, J. H.and O'Sullivan, D. J., (2010). Genomic insights into Bifidobacteria.
Microbiology and Molecular Biology Reviews, 74(3), pp.378-416.
Lemas, D.J., Yee, S., Cacho, N., Miller, D., Cardel, M., Gurka, M., Janicke, D. and
Shenkman, E., (2016). Exploring the contribution of maternal antibiotics and

94

breastfeeding to development of the infant microbiome and pediatric obesity. In
Seminars in Fetal and Neonatal Medicine (Vol. 21, No. 6, pp. 406-409). WB
Saunders.
Lewis, Z. T.,

Bokulich, N. A.,

Kalanetra, K. M.,

Ruiz-Moyano, S.,

Underwood, M. A.and Mills, D. A., 2013. Use of bifidobacterial specific
terminal restriction fragment length polymorphisms to complement next
generation sequence profiling of infant gut communities. Anaerobe, 19, pp.6269.
Ley, R.E., Peterson, D.A. and Gordon, J.I., (2006). Ecological and evolutionary forces
shaping microbial diversity in the human intestine. Cell, 124(4), pp.837-848.
Li, Q., Chen, Q., Ruan, H., Zhu, D. and He, G., (2010). Isolation and characterisation of
an oxygen, acid and bile resistant Bifidobacterium animalis subsp. lactis Qq08.
Journal of the Science of Food and Agriculture, 90(8), pp.1340-1346.
Lloyd-Price, J., Abu-Ali, G. and Huttenhower, C. (2016). The healthy human
microbiome. Genome Medicine, 8(1).
Mahmoudi, F., Miloud, H., Bettache,G. and Mebrouk, K.,(2013). Identification and
Physiological Properties of Bifidobactérium Strains Isolated from Different
Origin, Journal of Food Science and Engineering, 3, pp.196-206.
Markowiak, P. and Śliżewska, K., (2017). Effects of probiotics, prebiotics, and
synbiotics on human health. Nutrients, 9(9), p.1021.
Marlow, G., Han, D.Y., Wickens, K., Stanley, T., Crane, J., Mitchell, E.A., Dekker, J.,
Barthow, C., Fitzharris, P., Ferguson, L.R. and Morgan, A.R., (2015).
Differential effects of two probiotics on the risks of eczema and atopy associated

95

with single nucleotide polymorphisms to Toll‐like receptors. Pediatric Allergy
and Immunology, 26(3), pp.262-271.
Martinez, F. A.,

Balciunas, E. M.,

Converti, A.,

Cotter, P. D.and

De

Souza

Oliveira, R. P., (2013). Bacteriocin production by Bifidobacterium spp. A
review. Biotechnology Advances, 31(4), pp.482-488.
Masco, L., Van Hoorde, K., De Brandt, E., Swings, J.and Huys, G., (2006).
Antimicrobial susceptibility of Bifidobacterium strains from humans, animals
and probiotic products. Journal of Antimicrobial Chemotherapy, 58(1), pp. 8594.

Matsubara, V., Bandara, H., Mayer, M.and Samaranayake, L., (2016). Probiotics as
Antifungals in Mucosal Candidiasis. Clinical Infectious Diseases, 62(9),
pp.1143-1153.
Matsuki, T. Watanabe, K. and Tanaka, R., (2003). Genus- and Species-SpecificPCR
Primers for the Detection and Identification of Bifidobacteria, Curr. Issues
Intest. Microbiol, 4, pp.61-69.
Mattarelli, P.and Biavati, B., (2017). Species in the Genus Bifidobacterium. In P. H.
Mattarelli, B. Biavati, W. H. Holzapfel, & B. J. Wood (Eds.), The Bifidobacteria
and Related Organisms: Biology, Taxonomy, Applications. Cambridge, MA:
Academic Press.
Milani, C., Duranti, S., Bottacini, F., Casey, E., Turroni, F., Mahony, J., Belzer, C.,
Palacio, S.D., Montes, S.A., Mancabelli, L. and Lugli, G.A., (2017). The first
microbial colonizers of the human gut: composition, activities, and health

96

implications of the infant gut microbiota. Microbiology and molecular biology
reviews, 81(4), pp.e00036-17.
Morelli, L., Callegari, M. L. and Patrone, V., (2017). Prebiotics, Probiotics, and
Synbiotics: A Bifidobacterial View. In P. Mattarelli, B. Biavati, W. H.
Holzapfel, & B. J. Wood (Eds.), The Bifidobacteria and Related Organisms:
Biology, Taxonomy, Applications. Cambridge, MA: Academic Press.
Moroni, O., Kheadr, E., Boutin, Y., Lacroix, C.and Fliss, I., (2006). Inactivation of
Adhesion and Invasion of Food-Borne Listeria monocytogenes by BacteriocinProducing Bifidobacterium Strains of Human Origin. Applied and Environmental
Microbiology, 72(11), pp.6894-6901.
Namba, K., Hatano, M., Yaeshima, T., Takase, M.andSuzuki, K., (2010). Effects
ofBifidobacterium longumBB536 Administration on Influenza Infection,
Influenza Vaccine Antibody Titer, and Cell-Mediated Immunity in the Elderly.
Bioscience, Biotechnology, and Biochemistry, 74(5), pp.939-945.
Namibia. Ministry of Health, Social Services and Macro International, (2008).
Namibia: Demographic and Health Survey, 2006-07. Ministry of Health and
Social Services.
Newburg, D.S., Ruiz-Palacios, G.M., Morrow, A.L., (2005). Human milk glycans
protect infants against enteric pathogens. Ann. Rev. Nutr. 25, 37–58
Nishie, M., Nagao, J.and Sonomoto, K.,(2012). Antibacterial Peptides “Bacteriocins”:
An Overview of Their Diverse Characteristics and Applications. Biocontrol
Science, 17(1), pp.1-16.
Nuraida, L. (2015). A review: health promoting Lactic Acid Bacteria in traditional
Indonesian fermented foods. Food Science and Human Wellness, 4, pp. 47-55.
97

O’Mahony, L., McCarthy, J., Kelly, P., Hurley, G., Luo, F., Chen, K., O’Sullivan, G.C.,
Kiely, B., Collins, J.K., Shanahan, F. and Quigley, E.M., (2005). Lactobacillus
and bifidobacterium in irritable bowel syndrome: symptom responses and
relationship to cytokine profiles. Gastroenterology, 128(3), pp.541-551.

Oberg, T. S.,

Steele, J. L.,

Smeianov, V. V.,

Briczinski, E. P.,

Abdalla, A.

and

Broadbent, J. R., (2011). Intrinsic and inducible resistance to hydrogen peroxide
in

Bifidobacterium

species. Journal

of

Industrial

Microbiology

&

Biotechnology, 38(12), pp.1947-1953.
O'Callaghan, A. andVan Sinderen, D., (2016). Bifidobacteria and Their Role as
Members of the Human Gut Microbiota. Frontiers in Microbiology, 7.
O'Shea, E. F., Cotter, P. D., Stanton, C., Ross, R. P. and Hill, C., (2012). Production of
bioactive substances by intestinal bacteria as a basis for explaining probiotic
mechanisms: Bacteriocins and conjugated linoleic acid. International Journal of
Food Microbiology, 152(3), pp.189-205.
Palmeira, P. and Carneiro-Sampaio, M., (2016). Immunology of breast milk. Revista da
Associação Médica Brasileira, 62(6), pp.584-593.
Petersen, C. and Round, J. L., (2014). Defining dysbiosis and its influence on host
immunity and disease. Cellular Microbiology, 16(7), pp.1024-1033.
Plaza-Díaz, J., Fontana, L. Gil, A., (2018). Human Milk Oligosaccharides and Immune
System Development. Nutrients, 10(8), p.1038.
Pokusaeva, K.,

Fitzgerald, G. F.and

Van

Sinderen, D.,

(2011).

Carbohydrate

metabolism in Bifidobacteria. Genes & Nutrition, 6(3), pp.285-306.

98

Prosekov, A., Dyshlyuk, L., Milentyeva, I., Sukhih, S., Babich, O., Ivanova, S, Pavskyi,
V., Shishin, M. and Matskova, L., (2015). Antioxidant, antimicrobial and
antitumor activity of bacteria of the genus Bifidobacterium, selected from the
gastrointestinal tract of human. Integrative Molecular Medicine, 2(5).
Quinn, V., et al., (2007). Nutrition and breastfeeding promotion. In J. Lawn & K.
Kerber (Eds.), Opportunities for Africa's newborns: practical data, policy and
programmatic support for newborn care in Africa (pp. 101-112). Retrieved from
https://www.who.int/pmnch/media/publications/africanewborns/en/
Rada, V., Vlkova, E., Nevoral, J. and Trojanova, I.,(2006). Comparison of bacterial
flora and enzymatic activity in faeces of infants and calves, FEMS Microbiol
Lett., 258, pp. 25–28.
Ren, J., Ni, H., Walayat, S., Kim, M., Balouch, I.and Asche, C.,(2016). Efficacy of
Bifidobacterium infantis 35624 in patients with irritable bowel syndrome: a
meta-analysis. Value in Health, 19(3), p.A317.

Rodríguez, E.,

Arqués, J. L.,

Rodríguez, R.,

Peirotén, Á.,

Landete, J. M.

and

Medina, M.,(2012). Antimicrobial properties of probiotic strains isolated from
breast-fed

infants.

Journal

of

Functional

Foods,

4(2),

pp.542-551.

doi:10.1016/j.jff.2012.02.015
Rodríguez, J.M., Murphy, K., Stanton, C., Ross, R.P., Kober, O.I., Juge, N., Avershina,
E., Rudi, K., Narbad, A., Jenmalm, M.C. and Marchesi, J.R., (2015). The
composition of the gut microbiota throughout life, with an emphasis on early life.
Microbial ecology in health and disease, 26(1), p.26050.

99

Rossi, M., Amaretti, A. and Raimondi, S.,(2011). Folate Production by Probiotic
Bacteria. Nutrients, 3(1), pp.118-134.
Ruas-Madiedo, P., Gueimonde, M., Arigoni, F., De los Reyes-Gavilan, C. G. and
Margolles, A., (2008). Bile Affects the Synthesis of Exopolysaccharides by
Bifidobacterium animalis. Applied and Environmental Microbiology, 75(4),
pp.1204-1207.
Ruas-Madiedo, P.,

Hernandez-Barranco, A.,

Margolles, A.and

De

los

Reyes-

Gavilan, C. G.,(2005). A Bile Salt-Resistant Derivative of Bifidobacterium
animalishas an Altered Fermentation Pattern When Grown on Glucose and
Maltose. Applied and Environmental Microbiology, 71(11), pp.6564-6570.
doi:10.1128/aem.71.11.6564-6570.2005
Ruiz, L.,

Ruas-Madiedo, P.,

Gueimonde, M.,

De

los

Reyes-Gavilán, C. G.,

Margolles, A.and Sánchez, B.,(2011). How do Bifidobacteria counteract
environmental

challenges?

Mechanisms

involved

and

physiological

consequences. Genes & Nutrition, 6(3), pp.307-318.
Ruiz, L., Gueimonde, M., Ruas-Madiedo, P., Ribbera, A., Clara, G., Ventura, M.,
Margolles, A. and Sánchez, B., (2012). Molecular clues to understand the
aerotolerance phenotype of Bifidobacterium animalis subsp. lactis. Appl.
Environ. Microbiol., 78(3), pp.644-650.
Ruiz, L., Delgado, S., Ruas-Madiedo, P., Margolles, A., Sánchez, B., 2016.
Proteinaceous molecules mediating Bifidobacterium–host interactions. Front.
Microbiol. 7, 1193.

100

Ruiz, L., Margolles, A. and Sánchez, B., (2013). Bile resistance mechanisms in
Lactobacillus and Bifidobacterium. Frontiers in Microbiology, 4.
Sánchez, B., Champomier-Vergès, M.C., del Carmen Collado, M., Anglade, P.,
Baraige, F., Sanz, Y., Clara, G., Margolles, A. and Zagorec, M., (2007). LowpH adaptation and the acid tolerance response of Bifidobacterium longum
biotype longum. Applied and Environmental Microbiology, 73(20), pp.64506459.
Schell, M.A., Karmirantzou, M., Snel, B., Vilanova, D., Berger, B., Pessi, G., Zwahlen,
M.C., Desiere, F., Bork, P., Delley, M. and Pridmore, R.D., (2002). The genome
sequence of Bifidobacterium longum reflects its adaptation to the human
gastrointestinal tract. Proceedings of the National Academy of Sciences, 99(22),
pp.14422-14427.
Sela, D. A., (2011). Bifidobacterial utilization of human milk oligosaccharides.
International Journal of Food Microbiology, 149(1), pp.58-64.
Sela, D.A., Chapman, J., Adeuya, A., Kim, J.H., Chen, F., Whitehead, T.R., Lapidus, A.,
Rokhsar, D.S., Lebrilla, C.B., German, J.B. and Price, N.P., (2008). The genome
sequence of Bifidobacterium longum subsp. infantis reveals adaptations for milk
utilization within the infant microbiome. Proceedings of the National Academy
of Sciences, 105(48), pp.18964-18969.
Shamir, R., (2016). The benefits of breast feeding. In: Nestle Nutrition Institute
Workshop Series, vol. 86, pp. 67–76.

101

Shigwedha, N. and Jia, L., (2013). Bifidobacterium in human GI tract: screening,
isolation, survival and growth kinetics in simulated gastrointestinal conditions.
InTech-Open Access Company.
Sidarenka, A. V., Novik, G. I. and Akimov, V. N., (2008). Application of molecular
methods to classification and identification of bacteria of the genus
Bifidobacterium. Microbiology, 77(3), pp.251-260.
Singleton, P. and Sainsbury, D., (2006). Dictionary of Microbiology and Molecular
Biology (3rd Edition). West Sussex, England: John Wiley & Sons Ltd.
Slykerman, R.F., Thompson, J., Waldie, K.E., Murphy, R., Wall, C.and Mitchell, E.A.,
(2017). Antibiotics in the First Year of Life and subsequent outcomes. Acta
Paediatr, 108, pp.352-365.
Talwalkar, A.and Kailasapathy, K., (2003). Metabolic and Biochemical Responses of
Probiotic Bacteria to Oxygen. Journal of Dairy Science, 86(8), pp.2537-2546.
Tejero-Sariñena, S., Barlow, J., Costabile, A., Gibson, G. and Rowland, I., (2012).
In vitro evaluation of the antimicrobial activity of a range of probiotics against
pathogens: Evidence for the effects of organic acids. Anaerobe, 18(5), pp.530538.
Tojo, R., et al., (2014). Intestinal microbiota in health and disease: Role of
Bifidobacteria in gut homeostasis. World Journal of Gastroenterology, 20(41),
p.15163.

Toure, R., Kheadr, E., Lacroix, C., Moroni, O.and Fliss, I., (2003). Production of
antibacterial substances by Bifidobacterial isolates from infant stool active

102

against Listeria monocytogenes. Journal of Applied Microbiology, 95(5),
p.1058-1069.
Turroni, F., Peano, C., Pass, D.A., Foroni, E., Severgnini, M., Claesson, M.J., Kerr, C.,
Hourihane, J., Murray, D., Fuligni, F. and Gueimonde, M., (2012). Diversity of
Bifidobacteria within the infant gut microbiota. PloS one, 7(5), p.e36957.
Turroni, F.,

Duranti, S.,

Bottacini, F.,

Guglielmetti, S.,

Van

Sinderen, D.

and

Ventura, M., (2014). Bifidobacterium bifidum as an example of a specialized
human gut commensal. Frontiers in Microbiology, 5.
Turroni, F., Milani, C., Duranti, S., Ferrario, C., Lugli, G.A., Mancabelli, L., van
Sinderen, D. and Ventura, M., (2018). Bifidobacteria and the infant gut: an
example of co-evolution and natural selection. Cellular and Molecular Life
Sciences, 75(1), pp.103-118.
Uiaoney, S., Chandra, J., Faddoul, F., Chane, M., Wang, J., Taifour, L., Mamtani, M.R.,
Thakre, T.P., Kulkarni, H., Mukherjee, P. and Ghannoum, M.A., (2014). In vitro
effect of over-the-counter probiotics on the ability of Candida albicans to form
biofilm on denture srips. J Dent Hyg, 88, pp.83-189.
Uraipan, S.and Hongpattarakere, T., (2015). Antagonistic Characteristics Against Foodborne Pathogenic Bacteria of Lactic Acid Bacteria and Bifidobacteria Isolated
from Feces of Healthy Thai Infants. Jundishapur Journal of Microbiology, 8(5),
pp.1-9.
Ventura, M., Fitzgerald, G. F.and van Sinderen, D., (2005). Genetic and transcriptional
organization of the clpC locus in Bifidobacterium breve UCC 2003. Applied and
environmental microbiology, 71(10), pp.6282-6291.
103

Ventura, M., Canchaya, C., Del Casale, A., Dellaglio, F., Neviani, E., Fitzgerald, G.F.
and Van Sinderen, D., (2006). Analysis of bifidobacterial evolution using a
multilocus approach. International journal of systematic and evolutionary
microbiology, 56(12), pp.2783-2792.
Ventura, M., Turroni, F., Zomer, A., Foroni, E., Giubellini, V., Bottacini, F., Canchaya,
C., Claesson, M.J., He, F., Mantzourani, M. and Mulas, L., (2009). The
Bifidobacterium dentium Bd1 genome sequence reflects its genetic adaptation to
the human oral cavity. PLoS genetics, 5(12), p.e1000785.
Ventura, M., Turroni, F., Bottacini, F., Foroni, E. and van Sinderen, D., (2010).
Genomics of Bifidobacteria: where we stand now and where we are going.
Bifidobacteria: Genomics and molecular aspects. Mayo B, van Sinderen D (eds),
Caister Academic Press, Norfolk, pp.17-30.
Waddington, L., Cyr, T., Hefford, M., Hansen, L. T.and Kalmokoff, M., (2010).
Understanding the acid tolerance response of Bifidobacteria. Journal of Applied
Microbiology, 108(4), pp.1408-1420.
Walker, C.L.F., Rudan, I., Liu, L., Nair, H., Theodoratou, E., Bhutta, Z.A., O'Brien,
K.L., Campbell, H. and Black, R.E., (2013). Global burden of childhood
pneumonia and diarrhoea. The Lancet, 381(9875), pp.1405-1416.
Walker, W. A.and Iyengar, R. S., (2014). Breast milk, microbiota and intestinal
immune homeostasis. Pediatric Research, 77(1-2), pp.220-228.
Wang, M.,

Li, M.,

Wu, S.,

Lebrilla, C. B.,

Chapkin, R. S.,

Ivanov, I.and

Donovan, S. M.,(2015a). Fecal Microbiota Composition of Breast-Fed Infants Is
Correlated With Human Milk Oligosaccharides Consumed. Journal of Pediatric
Gastroenterology and Nutrition, 60(6), pp.825-833.
104

Wang, S., Wang, J., Mou, H., Luo, B. and Jiang, X., (2015b). Inhibition of Adhesion of
Intestinal Pathogens (Escherichia coli, Vibrio cholerae, Campylobacter jejuni,
and Salmonella Typhimurium) by Common Oligosaccharides. Foodborne
Pathogens and Disease, 12(4), pp.360-365.
Weizman, Z.and Alsheikh, A., (2006). Safety and Tolerance of a Probiotic Formula
in Early Infancy Comparing Two Probiotic Agents: A Pilot Study. Journal of
the American College of Nutrition, 25(5), pp.415-419.
West, N. P., Horn, P. L., Pyne, D. B., Gebski, V. J., Lahtinen, S. J., Fricker, P. A. and
Cripps, A. W.,(2014).

Probiotic

supplementation

for

respiratory

and

gastrointestinal illness symptoms in healthy physically active individuals.
Clinical Nutrition, 33(4), pp.581-587.
Xiao, M., Xu, P., Zhao, J., Wang, Z., Zuo, F., Zhang, J., Ren, F., Li, P., Chen, S. and
Ma, H., (2011). Oxidative stress-related responses of Bifidobacterium longum
subsp. longum BBMN68 at the proteomic level after exposure to oxygen.
Microbiology, 157(6), pp.1573-1588.
Xue, C. H., Zhang, L. W., Li, H. B.and Wang, S. M.,(2014). Selection and Evaluation
of Potential Probiotic Lactic Acid Bacteria and Bifidobacteria Isolated from
Human Intestinal Tract. Advanced Materials Research, 910, pp.137-140.
Yasmin, F., Tun, H. M., Konya, T. B., Guttman, D. S., Chari, R. S.and Field, C. J.,
(2017). Cesarean Section, Formula Feeding, and Infant Antibiotic Exposure:
Separate and Combined Impacts on Gut Microbial Changes in Later Infancy.
Frontiers in Pediatrics, 5, p.200
Yatsunenko, T., Rey, F.E., Manary, M.J., Trehan, I., Dominguez-Bello, M.G.,
Contreras, M., Magris, M., Hidalgo, G., Baldassano, R.N., Anokhin, A.P.
105

and Heath, A.C., (2012). Human gut microbiome viewed across age and
geography. Nature, 486(7402), p.222.
Zhang, G., Gao, B., Adeolu, M., Khadka, B. and Gupta, R. (2016). Phylogenomic
Analyses and Comparative Studies on Genomes of the Bifidobacteriales:
Identification

of

Molecular

Signatures

Specific

for

the

Order

Bifidobacteriales and Its Different Subclades. Frontiers in Microbiology, 7.
Zinedine, A. and Faid, M., (2007). Isolation and characterization of strains of
Bifidobacteria with probiotic proprieties in vitro. World Journal of Dairy &
Food Sciences, 2(1), pp.28-34.

106

APPENDICES
APPENDIX 1
1. Gram staining procedures
1. A loopful of a freshly prepared bacterial colony (72 hrs) was transferred to a clean
microscope slide, followed by the addition of a drop of double distilled water and spread
in a circle on a slide.

2. The slide was then heat fixed by passing through a flame 3 times.

3. The slide was then flooded with 1% crystal violet for 1 minute and rinsed with water.
4. Gram’s iodine solution was then used to flood the slide for 1 minute and rinsed with
distilled water.

5. The slide was then decolourized using 70 %ethanol for 30 seconds and rinsed with
distilled water.

6. Slides were then flooded with Safranin for 1 minute and rinsed with distilled water.

7. Lastly, the slide was air dried and viewed under light microscope (Olympus BX%!,
Japan) at 1000 x magnification, using oil immersion.
2. Catalase test
A drop of 4 % and 32 %solution of hydrogen peroxide (H2O2) was placed on a clean
microscope slide and a 24hour old culture colony from MRS agar with L-cysteine and
BSM agar media were picked using a sterile inoculating loop. The production of bubbles
indicated the catalase positive test.
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3. Procedures for DNA extraction using ZYMO Bacterial or Fungal DNA
Extraction Kit
1. Fungal/ bacterial cells were suspended in 200μl of sterilized double distilled water and
transferred into a ZR bashingBead lysis tube.
2. The BashingBead solution (750 μl) was added into the tube followed by voltexing at
high speed for 50 minutes.
3. The ZR bashingBead lysis tube was centrifuged in a microfuge (Eppendorff, USA) at
10,000×g for 1minute.
4. The supernatant (400 μl) was transferred to a Zymo-spin IV spin filter in a collection
tube and centrifuged at 7,000 rpm for 1 minute.
5. Then, 1200 μl of fungal/ bacterial DNA binding buffer was added to the filtrate in the
collection tube from step 4.
6. The mixture from step 5 (800 μl) was transferred to a Zymo-spinTM 11C colum in a
new collection tube and centrifuged at 10000g for 1minute.
7. The flow through from the collection tube was discarded and step 6 was repeated.
8. Then 200 μl of DNA pre-Wash Buffer was added to the Zymo-spin TM 11C column
in a new collection tube and centrifuged at 10000g for 1 minute.
9. Funga/Bacterial DNA Wash Buffer (500 μl) was then added to Zymo-spinTM 11C
column and centrifuged at 10000g for 1 minute.
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10. The Zymo-Spin 11C column was transferred to a clean 1.5 ml microcentrifuge tube
followed by the addition of 100 μl DNA Elution Buffer directly onto the column matrix
and centrifuged at 10000g for 30 seconds to elute the DNA.
11. Resultant DNA was quantified by runniing 1 % agarose gel
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APPENDIX 2
1. Wilcoxon’s test result for comparison of median difference of the inhibitory factor for bifidobacteriaisolates
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2. Student’s T test results for the significant difference testing of TMPC and BPC in the bifidobacteria isisolates

One Sample T-Test
t

df p

Mean Difference

Cohen's d

TMPC

8.459

24 < .001

70.353

1.692

BPC

7.912

24 < .001

3.564

1.582

Note. Student's t-test.
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APPENDIX 3
Mean ZOI ±SD of select bifidobacteriaisolates to 10 different antibiotics.
Isolate

NA

CN10

P10

E15

T30C

DA2

AP30C

NS100

SXT

C30

HNO

0.0±0.00

11.5±0.71

0.0±0.00

28.5±2.12

29.5±0.71 16.5±2.12

24.5±0.71 0.0±0.00 0.0±0.00 24.5±0.71

BLC

0.0±0.00

15.0±4.24

0.0±0.00

25.0±2.83

24.5±0.71 21.0±1.41

23.0±2.83 0.0±0.00 0.0±0.00 21.5±2.12

BLG

0.0±0.00

14.0±1.41

0.0±0.00

31.0±0.00

30.0±1.41 181.0±0..41 28.5±0.71 0.0±0.00 0.0±0.00 25.0±1.41

7X00

0.0±0.00

12.0±1.41

0.0±0.00

275±3.54

13.0±1.41 12.8±1.77

20.0±1.41 0.0±0.00 0.0±0.00 23.5±2.12

7X07

0.0±0.00

16.0±1.41

0.0±0.00

24.0±1.41

21.5±2.12 14.0±1.41

18.5±0.71 0.0±0.00 0.0±0.00 22.5±3.54

7X09

0.0±0.00

16.0±1.41

0.0±0.00

24.0±1.41

25.5±2.12 20.0±1.41

28.0±1.41 0.0±0.00 0.0±0.00 23.0±1.41

7Y50

0.0±0.00

12.0±1.41

0.0±0.00

25.502.12

19.5±0.71 14.0±1.41

28.0±2.83 0.0±0.00 0.0±0.00 23.0±1.41

AP- Ampicillin; DA- Clindomycin; T- Tetracycliine; E- Erythromycin; P- Penicillin; CN- Gentamycin; C- Chloramphenicol; SXTSulphamethoxazole; NS- Nystatin; NA- Nalidixic acid
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APPENDIX 4

Figure 1

Figure 2
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APPENDIX 5

UNIVERSITY OF NAMIBIA
Private Bag 13301, 340 Mandume Ndemufayo Avenue, Pionierspark,
Windhoek, Namibia

CONFIDENTIALITY AGREEMENT
Title of Research Project: Assessment of the Genetic diversity of Bifidobacteria
populations in infants in the Khomas Region, Namibia

I,_________________________________ , Identity number: ________________
hereby take this oath of confidentiality for the above mentioned research study at the
University of Namibia under the Department of Biological Sciences.
By signing this agreement I, the undersigned, acknowledge, understand and agree to
adhere to the following conditions:





I will maintain the privacy and confidentiality of all accessible project data,
which will only be accessed and utilized for the purpose for which I am
authorised.
Patient identity will be protected by use of a number and letter combination so as
to prevent identification of subject.
I will store subject information under lock and key of which I will have sole
access.
I will not disclose data or information to anyone other than those to whom I am
authorised to do so.

Signature:---------------------Date:----------------
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UNIVERSITY OF NAMIBIA
Private Bag 13301, 340 Mandume Ndemufayo Avenue, Pionierspark,
Windhoek, Namibia

Part 1: Information Sheet
Introduction
I am a graduate student (Student number 200715968) at the University of Namibia. I am
doing research to determine the genetic diversity of Bifidobacteria populations in
Namibia. These bacteria are beneficial, conferring a number of health benefits to the
human host. I am now going to inform you about these bacteria and hereby invite you to
allow your child to take part in this study. You, as the parent, do not have to feel
pressured to allow your children to partake in this research. Before you decide, I would
like to take a moment to provide you with a brief overview of my research study.
Purpose of the research
Bifidobacteria are bacterial species that are commonly found in the intestinal tract of
humans. Infants are known to have the largest number of these beneficial bacteria
residing their stomachs. Contrary to a popular belief that all bacteria are bad, this group
of bacteria are in fact, beneficial. As mentioned earlier, these bacteria convey a number
of health benefits to humans. In infants, they help in stimulating the defense system to
be more able to fight against a number of infections. These bacteria are also more
effective in reducing the chances of diarrheal infection in infants.
The main reason for doing this research is that even though, this bacteria is present in
all humans and studies have been conducted in other countries to determine the
Bifidobacteria populations, there has been very little research conducted on the members
of this genus in Namibia.
Type of Research Intervention
This research will involve collection of faecal samples from infant diapers.
Participant selection
I am inviting all infants born at these hospitals to participate in the research for the
determination of Bifidobacteria populations.
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UNIVERSITY OF NAMIBIA
Private Bag 13301, 340 Mandume Ndemufayo Avenue, Pionierspark,
Windhoek, Namibia
Procedures and Protocol
As I am not aware of which Bifidobacteria populations are present in Namibia or which
ones are the dominate one between infants who are breast-fed and those that are
formula-fed, a comparison between the two feeding types will be conducted. To do this,
the infants partaking in this study will be grouped in to two groups. The groups are to be
selected by chance.
Samples in one group are from infants who have only been breast-fed since birth, while
the other group are those have only been formula-fed. At the collection point, faecal
samples from breast-fed infants will be identified by a blue sticker and the other samples
by a yellow sticker. After collection, the samples will be analysed and the results from
the two groups compared.
The samples will only be collected once, followed by analysis in the faecal samples will
be done. If there are any faecal samples remaining following the duration of the research
experiment, they will be destroyed. Faecal matter in the diapers will be discarded into
the toilet and flushed. The diaper will be wrapped and placed into a Ziploc bag, placed
into an autoclavable plastic bag and autoclaved. The bags will then be disposed into the
outdoor trash bin.
On the first day, diapers will be collected and number of bacterial colonies will be
determined. Colonies will be tested for the presence of catalase activity, gram reaction
and F6PPK enzyme. Following this, colonies that test positive to all these test will be
cultured and purified on media. Genetic material will be taken from the purified
isolates, amplified, viewed with on a gel and sent for sequencing. Following this, the
name and identify of the particular Bifidobacteria.
Duration
The research will take over four to five months. During this time, it will not be
necessary to bring the infant in for further sample collection.
Benefits
There may not be any benefit for you but your participation is likely to help us find the
answer to the research question. There may not be any benefit to the society at this stage
of the research, but future generations are likely to benefit.
Reimbursements
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You or your child will not be given any other money or gifts to take part in this research.
Confidentiality
With this research, something out of the ordinary is being done in our country. It is
possible that if others in the community are aware that you are participating, they may
ask you questions. We will not be sharing the identity of those participating in the
research.
The information collected from this research project will be kept confidential.
Information about you that will be collected during the research will be put away and
no-one but the researcher will be able to have access to it or see it. Any information
about you will have a letter and number combination on it instead of your name. Only
the researchers will know what your number is and that information up with a lock and
key. It will not be shared with or given toanyone except [name who will have access to
the information, such as research sponsors, your doctor, your clinician, etc]
Right to Refuse or Withdraw
You or child do not have to take part in this research if you do not wish to do so. You
may also stop participation in the research at any time you choose. It is your choice and
all of your rights will still be respected.
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UNIVERSITY OF NAMIBIA

Private Bag 13301, 340 Mandume Ndemufayo Avenue, Pionierspark,
Windhoek, Namibia

Prior Informed Consent form

SCREENING THE GENETIC DIVERSITY OF BIFIDOBACTERIA POPULATIONS IN
NAMIBIA

I…………………………………….., parent of subject [
] voluntarily
agree to allow my child to partake in the above-mentioned research study conducted by
Ms Aina M. Nambundunga ( Student Number: 200715968).
I understand that as the parent it is my right to withdraw the samples or prevent my child
from partaking in this study, without any questions being asked or the risk of negative
repercussions.
I have full comprehension of the nature of the study to be undertaken and its purpose.
The study was fully and understandably explained to me in writing and hereby I
acknowledge that I am given the opportunity to ask questions regarding any part of the
study for my clarification at any stage of the study.
It is my understanding that all the information provided by will be treated with the
outmost confidentiality. I understand that neither I nor my child will be provided with
any monetary reimbursements in order to partake in the study.
I have been made fully aware and assured that neither my identity nor that of my child
will not be revealed during the study. My name and that of my child are to be
anonymous and will only be represented using a letter and number combination.
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I understand that if I inform the researcher that I or someone else is at risk of harm they
may have to report this to the relevant authorities - they will discuss this with me first
but may be required to report with or without my permission.
I understand that signed consent forms will be retained in Masters’ laboratory under lock
and key and only the researcher ill have access to it until such a time of the confirmation
of the researcher’s thesis results by the regulatory board.
I understand that under freedom of information legalisation, I am entitled to access the
information I have provided at any time while it is in storage as specified above.
I understand that I am free to contact any of the people involved in the research to seek
further clarification and information
A copy of this consent form has been forwarded to me.

____________________________
My Signature

________________________
Date

____________________________
My Printed Name (Researcher)

________________________
Signature of the Researcher

My Printed Name (Supervisor)

Signature of the Supervisor
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