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Commercial fermented milks have health benefit potential attributed to pure probiotics used as starter
culture. Lactic acid bacteria (LABS) are the probiotics and promote stabilization of the gastrointestinal
microecology of humans by producing secondary metabolites like lactic, acetic and propionic acid,
hydrogen peroxide and bacteriocins (bactericidal proteins produced by the lactic acid bacteria). These
metabolites are health benefiting. Mursik, an indigenous fermented milk product is consumed at
households by many Kenyan communities, for example Kalenjin. The fermentation is not based on pure
cultures, instead it is spontaneous. Whether the type and concentration of the probiotics in this
traditionally fermented milk have the same probiotic potential as those of commercial fermented milk is
not documented. This study aimed at isolating mursik probiotics and determining their probiotic
potential. Mursik was obtained from informal women groups and individuals involved in small scale
production and marketing in Bomet County, Kenya. Forty one (41) samples of mursik were collected.
Probiotic isolation was done by pour plate method and the probiotic potential was done by using disc
diffusion method against Salmonella enteritica ATCC 13076, Escherichia coli ATCC 25922 and
Staphylococcus aureus isolate which were used as standard strains of public health concern. Data was
analyzed using analysis of variance (ANOVA) and chi-square tests at a = 0.05. The main probiotics
isolated from mursik include Lactobacillus plantarum, Lactobacillus fermentum, Lactobacillus brevis
and Lactobacillus casei. The metabolites produced by the isolated probiotics in broth demonstrated
significant (P<0.05) antibacterial effect against the standard strains used. The results obtained from this
study confirm that the probiotics in mursik, a traditionally fermented milk product have significant
potential against enteric and environmental pathogens that are of public health concern.

Key words: Mursik, probiotic, lactic acid bacteria, antibacterial activity, Lactobacillus.

INTRODUCTION

The part of fermented milk in human being diet is well to man even during the ancient days of civilization.
accredited and the plusses of these products were known These products have long been an important component
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of nutritional diet. The medicinal and nutritional properties
of various fermented foods have been experienced by
several generations. However, the scientific community
gave impetus to these beliefs and suggested
consumption of lactobacilli fermented milk to prolong life
(Hansen and Sartor, 2015; Ashton, 2013). Further
desirable bacteria in fermented milk could help in
suppressing the undesirable and disease causing
bacteria in the intestine of human beings (Huttenhower et
al., 2014; Ashton, 2013).

In Kenya, traditional fermented milk products are
mainly produced by pastoral communities such as the
Maasai, Borana, Kalenjins and Somali. They are mainly
produced by spontaneous fermentation of the milk in
traditional containers such as gourds and skin bags.
Some of these fermented milks have been reported to
have health beneficial properties such as Kule naoto
produced by the Maasai, Mursik produced by the Kalenjin
(Muigei et al., 2013; De Vuyst and Leroy, 2007) and
Suusac produced by the Borana and Somali (De Vuyst
and Leroy, 2007). Mursik is mainly produced by the
Kalenjin community in Kenya, through spontaneous
fermentation of cow milk in a traditionally prepared gourd
(Muigei et al., 2013), referred to as ‘Sotet’ in Kalenijin. It
forms a major part of the Kalenjin diet due to its delicious
taste and belief that it improves health. The Kalenjin
community also values it as a special drink that is shared
in special occasions to symbolize success of certain
activities such as successful marriage negotiations and
weddings, victory in athletics among other events (Muigei
et al., 2013).

Fermented milk product has been defined by the
International Dairy Federation as the milk product
prepared from skimmed milk or not with specific cultures
(Elaine and Danilo, 2012). The microflora is kept alive
until sale or consumption by the consumers and may not
contain any pathogenic germs. Lactic acid bacteria (LAB)
widely dispersed in the nature and occurring native
microflora in fermented milk that plays an important role
in improving their increased shelf life. Within the LAB
group, the genus Lactobacillus is the most widely
encountered for probiotics because they display
numerous antimicrobial activities. This is mainly due to
the production of antimicrobial metabolites including
organic acids, hydrogen peroxide, and bacteriocins.
Among these, bacteriocins have gained increasing
interest. Bacteriocins, as defined by Coelho et al. (2014)
and Hammes and Vogel (1995) are composites produced
by bacteria that unveil a bactericidal mode of action
against related as well as unrelated organisms.

Bacteriocin generally exert their antimicrobial action by
interfering with the cell wall or the membrane of target
organisms, either by inhibiting cell wall biosynthesis or
causing pore formation, subsequently resulting in death
(Bastos et al., 2015; Ogunbanwo et al.,2003; Sullivan et
al.,, 2002). The highly promising results of these studies
underline the important role that functional LABs strains

may play in the food industry to improve food quality and
safety (De Vuyst and Leroy, 2007). Commercial yoghurt
and fermented milk products are the main source
probiotics. They contain Lactic acid bacteria of known
concentration and type. The functional properties and
safety of these lactic acid bacteria have been extensively
studied and their efficiency for health benefits. However,
probiotics from spontaneous traditional fermented milk
like mursik has not been characterized and that their
potential as health benefiting is unclear. Therefore, the
study isolated Lactobacillus strains as probiotics from
mursik of Kenya in prevention of enteric bacterial
infections.

MATERIALS AND METHODS

Study area

The samples for the study were obtained from Bomet County since
it comprises of high production and consumption of fermented and
non-fermented cow milk. The county has a prominent peri-urban
cow population and thriving cow milk business (Muinde, 2011). The
county covers approximately 1,592.4 km? and lies between latitudes
-0.78333 (latitude in decimal degrees) south of the equator and
between the longitudes 35.35 (Longitude in decimal degrees) east
of Greenwich Meridian. Dairy farming is carried out in the county on
both small scale and large scale that supply milk and milk products
to Bomet town and other towns in the county (Muinde, 2011). This
provides residents with a source of income to supplement other
sources such as horticulture and tea farming.

Samples collection and technique

A total of forty one samples of traditionally fermented, mursik were
collected from informal women groups in Bomet, Kenya.
Snowballing technique was used to identify the women groups
involved in mursik production and consent obtained from the group
leaders on sample collection. The samples were then transported in
ice box to Dairy, Food Science and Technology Department,
Egerton University, Food Microbiology Laboratory for analysis.

Statistical analysis

The experiment was carried out in a completely randomized design
(CRD). Mursik samples were collected randomly from women
groups. Data obtained was computed to analysis of variance
(ANOVA) using SPSS version 20 and least significant difference
(LSD) test used to test significant differences at a = 0.05.

Isolation of Lactobacillus species

Pour plate technique was also used to isolate the organisms.
Samples were serially diluted; 10 g from each mursik sample was
transferred aseptically into 90 g sterile 2% (w/v) peptone water
(CDH) solution and mixed thoroughly. Serial dilutions of up t010° "™
107 were subsequently made using sterile peptone water. 1 ml
aliquot of the samples and dilutions were plated into de-Mann,
Rogosa and Sharpe (MRS) agar (HIMEDIA) (pH 6.2 and 5.5). The
plates were incubated at 30°C for 48 h under anaerobic conditions
(in anaerobe jar using Oxoid anaerogen compact). The use of these
medium aimed to isolate and enumerate lactobacilli. Colonies with



distinct colonies such as colour, shape and size were selected and
purified by streaking three times in MRS Agar (Ashton, 2013).

Identification of Lactobacillus spp.

All strains were maintained by weekly sub culturing on MRS Agar.
All tests were carried out from 48 h MRS Agar cultures. The
morphological characteristics of isolates were examined after
staining by Gram stain. Growth characteristics were monitored daily
at 10, 15 and 45°C in tubes of MRS broth (HIMEDIA) over 7-day
period. Salt tolerance was assessed after 3 days of incubation at
concentration of 4, 6.5, 8 and 10% NaCl in MRS broth. Catalase
test was carried out by transferring a drop of MRS broth culture
onto a clean slide. To the culture, a drop of H,O, was added and
observed for production of effervescence (Barakat et al., 2011).
CO; production from glucose using citrate lacking MRS broth and
inverted Durham tubes were observed at 35°C for 5 days.
Production of ammonia from arginine was detected using Nessler’s
reagent.

Carbohydrate fermentation

All strains were grown overnight at 37°C in MRS broth, but glucose
and meat extract were omitted. Solution of 1% (w/v) of the test
carbohydrate were sterilized by membrane filtration (0.2 pm
cellulose filtrate, Europe PN: 514-0061) and added to sterilized
medium at final concentration of 20 g/L. Carbohydrate utilization
was assessed at 24, 48 and 168 h after incubation of the test
isolate at 37°C (Bezkorvainy, 2001).

Determination of antimicrobial activity

The antagonistic properties of isolated LABs species were
determined by modifying the disc diffusion method. Sterile blotting
paper discs (10millmetres) were dipped into 48 h incubated
Lactobacillus spp. culture broth and then placed on solidified
Nutrient Agar seeded with 3 h old culture of test pathogens, which
included Salmonella enteritica (ATCC 13076), Escherichia coli
(ATCC 25922) and Staphylococcus aureus (Lab. Isolate). The
plates were kept at 4°C for 1 h diffusion and then incubated at 37°C
for 24 h. Zones of inhibition were measured (Bauer et al., 1966).

Acid and bile salt tolerance

Isolated Lactobacillus spp. were inoculated into MRS medium of
varying pH, that is, 2, 3, 4 and 5 as well as broth with varying
concentrations of bile salt (oxgall, 0.5, 1.0, 1.5, and 2.0% w/v), and
incubated at 37°C for 48 h. Then 0.1 ml inoculums was transferred
to MRS agar by pour plate method and incubated at 37°C for 48 h.
The growth of LABs on MRS agar plate was used to designate
isolates as acid or bile salt tolerant (Klaenhammer and Kullen,
1999).

RESULTS AND DISCUSSION

A total 41 mursik samples were analyzed from Bomet
and from the samples 64 isolates were obtained.
However, 16 isolates remained at the end of the isolation,
purification after the loss of unstable isolates during
purification and sub culturing steps. All of the isolates
were gram positive and catalase negative rods. It was
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understood that the isolates from fermented milk were so
sensitive to the sub culturing. According to the
carbohydrate fermentation test results of the 16 isolates
Ba, Bal, Bdl Cd and Ce gave positive results with the
carbohydrates, galactose, lactose, mannose, raffinose,
salicin, sorbitol, trehalose, and esculin and gave negative
results with xylose, ribose, arabinose, mannitol, raffinose,
maltose, sucrose, fructose, lactose, glucose and
rhamnose. Bb, Bbl, Be, Cc and Cf gave positive results
with ribose, arabinose, trehalose, raffinose, galactose,
maltose, sucrose, lactose, glucose and fructose. Isolates
Bc and Bcl gave positive results with xylose, ribose,
arabinose, mannitol, galactose, maltose, sucrose,
mannose and fructose.

Isolates Bd, Ca, Cb and Cfl gave positive results on
ribose, arabinose, trehalose, galactose, maltose,
mannose, fructose, lactose, glucose, esculin and salicin.
The isolates gave different fermentation patterns when
they are compared. The patterns are shown in Table 1.
When the carbohydrate utilization test results were
compared with the literature information, it seems that
isolates Ba, Bal, Bdl and Cd were similar as
Lactobacillus plantarum; Bb, Bb1, Be, Bel, Cc and Cf, as
Lactobacillus fermentum; Bc and Bcl as Lactobacillus
brevis; and Bd, Ca, Cb and Cfl as Lactobacillus casei
(Roos et al., 2005; Hammes and Vogel, 1995; Bergey et
al., 1989). Some similar Lactobacillus spp. were isolated
from traditional dairy products of Ardabil region in Iran by
Jafari et al. (2011).

Antimicrobial effects of LAB were attributed to some
substances such as the undissociated acids and
production of other primary and secondary antimicrobial
metabolites. To date, different studies show that different
species produce different antimicrobial substances which
are affected by factors of the species of microorganisms,
ingredients and pH of medium, incubation temperature
and time (Mohnl et al., 2007). All the Lactobacillus strains
isolated were examined according to their antimicrobial
activity. In this test, all the test strains were inhibited
indicating that the inhibitory metabolites produced by the
isolates were extracellular and diffusible because
inhibition took place by diffusing on the agar layer. All the
four suggested that potential isolates inhibited the growth
of the test strains to varying degrees (Table 2 and Figure
1). The four Lactobacillus spp., L. fermentum, L.
plantarum, L. brevis and L. casei, inhibited the growth of
the test strains to varying degrees. Salmonella enteritica
was the most sensitive to Lactobacillus isolates with
mean diameter of 17.1 + 1.1 mm. The highest diameter of
17.4 + 0.4 mm was observed on Lactobacillus casei while
the lowest diameter of 15.3 + 0.1 mm for L. brevis against
S. enteritica. E. coli was moderately inhibited in the study
with the highest diameter of 17.1 + 0.1 mm was obtained
from Lactobacillus brevis followed by L. plantarum, L.
casei and L. fermentum with zones of inhibition at 16.9,
16.6 and 16.5 mm, respectively. Tests against S. aureus
isolate was observed to exhibit small zones of inhibitions
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Table 1. Carbohydrate Fermentation Test Results of Lactobacillus spp.
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Ba, Bal, Bdl and Cd + - - - - + - + + -+ o+ - + + - + - - + +  Lactobacillus plantarum
Bb, Bb1, Be, Cc and Cf - + + - + + + + + - -+ o+ - - + o+ - - - +  Lactobacillus fermentum
Bc and Bcl + + + + + - - + + + -+ - - + - - + - - Lactobacillus brevis
Bd, Ca, Cb and Cfl + - + - + + + + + -+ -+ + - + o+ - - + - Lactobacillus casei

+: Resembles positive reaction (yellow); —: negative reaction (purple). Letters used in the table refers to isolates obtained after morphological characterization.

when compared with the other test strains, the
zones of inhibition against ranged from 15.6 to
16.9 mm with L. casei showing the least zone of
inhibition while L. brevis showing the highest zone
of inhibition against Staphylococcus aureus.
These varying degree of inhibition could be due to
metabolic pathways controlled by the test
microorganisms gene expressions such as acid-
tolerance response system that protects them
against severe acid stress for longer periods,
hence showing that E. coli (ATCC 25922) and S.
aureus being more tolerant to some organic acids
than S. enteritica (Dardir, 2012).

When mean of the inhibition zones produced by
isolates in specific test microorganisms were
compared, differences were significant (p < 0.05).
Likewise, significant difference was observed in
degree of inhibition between the control and the
LAB strains in all cases (p < 0.05). Based on the
differences in inhibition zones produced by LAB
cultures and the control, the highest inhibition was
observed in the test strains S. enteritica followed
by E. coli and S. aureus in that order. Among the
three test strains used in this study, S. enteritica

subsp. enteritica serovar enteritidis (ATCC 13076)
was relatively susceptible to the antimicrobial
activity of LAB than the Escherichia coli (ATCC
25922) and S. aureus (Isolate). The differences in
antagonistic activity of LABs on tested pathogenic
organisms may be due to production of
antimicrobial compounds such as lactic acid,
acetic acid or bacteriocins to a varying degree
(Buntin et al., 2008). The antimicrobial effect of
lactic acid is due to undissociated form of acid,
which penetrates the membrane and liberates
hydrogen ion in the neutral cytoplasm thus leading
to inhibition of vital cell functions. This might be
due to the production of acetic and lactic acids
that lower the pH of the medium or competition for
nutrients or production of bacteriocins or other
antibacterial compounds (Chuayana et al., 2003;
Quwehand et al., 2002).

Acid and bile salt tolerance

When the isolates were screened whether they
could survive at an acidic pH range of between

1.5 and 3.5, the observations made showed that
L. plantarum, L. fermentum and L. casei isolates
were resistant to low pH except for the L. brevis
isolate which was not resistant to pH at 1.5 and
2.0. However, all the isolated Lactobacillus strains
were tolerant to pH 3.0 and 3.5 (Table 3).

Growth in acidic conditions by the isolates can
be considered as significant character of
probiotics. Because in intestinal tract, acidic pH is
there and isolates should survive from the entry
and to establish in gut. Survival of fermented milk
bacteria in the presence of acid is significant
because in case of human consumption of
fermented milk, they might colonize stomach with
friendly  bacteria  (Srinu et al.,, 2012
Maragkoudakis et al., 2005). This suggests that
bile resistant traits of Lactobacillus spp. are crucial
for maintaining viability during gastrointestinal
transit and are desirable attributes of an orally
administered probiotic. Moreover, it should be
mentioned that probiotic lactic acid bacteria are
mostly consumed in fermented dairy products and
milk proteins may provide a protective martrix
enhancing and supporting survival of bacteria



Table 2. Average diameter of inhibition zone + S.D (Millimetres).
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Test microorganisms

Suggested/Potential

Lactobacillus isolates Salmonella enteritica

Escherichia coli Staphylococcus aureus

(ATCC 13076) (ATCC 25922) (Isolate)

Lactobacillus plantarum 17.3+1.6° 16.9 £ 1.2% 15.7 +0.3°
Lactobacillus fermentum 17.3+0.3%® 16.5 + 0.4%° 15.6 + 0.5
Lactobacillus brevis 15.3+0.1° 17.1+0.1%™ 16.9+0.1°
Lactobacillus casei 17.4 +0.4% 16.6 + 0.4%° 15.6 + 0.4°
Mean + SD 17.1+11 16.8+0.8 15.8+0.6
% CV 6.19 4.64 3.48

Standard 15.6 15.0 15.2

Values are means * standard deviations (SD) of triplicates and diameter of inhibition zone (millimetres) includes the disc diameter of 6.00
millimetres. CV: Coefficient of variation. Mean values in the same column with the same superscript are not significantly different (P >

0.05).

Figure 1. Pictures A, B, C and D showing zones of inhibitions of suggested/Lactobacillus
spp. against the selected test strains Salmonella enteritica, Escherichia coli and

Staphylococcus aureus.

Table 3. Survival of Suggested/Potential Lactobacillus Spp. at acidic pH range results.

Tolerance at acidic pH range

Suggested/Potential Lactobacillus Isolates

15 2.0 3.0 3.5
Lactobacillus plantarum +ve +ve +ve +ve
Lactobacillus fermentum +ve +ve +ve +ve
Lactobacillus brevis -ve -ve +ve +ve
Lactobacillus casei +ve +ve +ve +ve

-ve means no growth, + ve means growth present after incubation at 37°C for 48 h.
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Tolerance of Lacrobacillus species at different oxgall concentration (0.30 to
2.00 %)

—
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Figure 2. Absorbance values of MRS broth inoculated with Suggested/Potential Lactobacillus species at
different bile (oxgall) concentration (0.3 to 2.0%) after incubation at 37°C for 24 h.

in the gastric juice of the stomach (Ouwenhand et al.,
2001; Fernandez et al., 2003; Tambekar and Bhutada,
2010).

Just like resistance to acidic pH tolerance to bile was
considered as a prerequisite for colonization and
metabolic activity of bacteria in intestine of the host
(Dardir, 2012; Zoumpopoulou et al., 2008). In the study, it
was observed that all the LAB strains survived and
tolerated bile salts (Oxgall) concentrations of 0.3 to 2.0%
quite effectively. But a marginal decrease in viability of all
the strains was found when the bile salt concentration
was increased from 0.3 to 2.0% (Figure 2). The
differences in the absorbance values of bile tolerance (at
620 nm) between strains in this study might be due to
differences in their ability to grow and colonize, as the
bile salt concentration was increased from 0.3 to 2.0%.
The ability of strains to de-conjugate bile acids was
decreasing, hence the marginal decreased. Similar to this
study, marginal decrease in viability has been reported by
Barakat (2011) and Shukla et al. (2010).

Among all the suggested/potential Lactobacillus
isolates, isolate L. fermentum showed the highest
absorbance at 620 nm at different bile salt concentrations
ranging between 0.3 and 2.0% (w/v). Implying that L.
fermentum is assumed in the study to be the most
effective strain in de-conjugation by producing high

amounts of bile salt hydrolase (BSH) activity on bile acid
reducing their toxic effects when compared with other
isolates. Bile salt hydrolase activity or possession of the
bile salt hydrolase homologs in their genetic material has
most often been found in organisms isolated from the
commensal inhabitants of the gastrointestinal tract such
Lactobacillus,  Bifidobacterium, Enterococcus, and
Bacteroides species and not in the bacteria isolated from
environments from which bile salts are absent (Holzapfel,
2002; Tanaka et al., 1999; Rana et al., 2011). Property of
tolerance to bile concentrations and acidic pH could be
advantageous for probiotic culture for successful
colonization in gastrointestinal environment.

Conclusion

This study indicated that the suggested/potential isolated
Lactobacillus spp. meet several of the criteria for use as a
probiotic. These characteristics may be advantageous for
a probiotic culture to be successful in colonizing and
competing  with  pathogens in  gastrointestinal
environment. The isolated probiotics have the ability to
survive on acidic conditions, tolerate bile, and produce
antimicrobial compounds that are active against enteric
pathogens of public health concern. Probiotic approach is



to reconstitute natural condition by means of repairing a
deficiency either by producing organic acids,
antimicrobial substance, vitamins, etc., and remove
foreign chemicals from the body, which may have toxic
consequences or as in the case of antibiotics induce
resistance and compromise subsequent therapy.
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