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ARTICLE INFO ABSTRACT

Objective: To evaluate the potential of commercial fermented products sold in the
country, and strains of Lactobacillus plantarum (L. plantarum) as prophylaxis and
therapy against diarrhoea in children.

Methods: The antimicrobial potential of cultures of lactobacilli enriched from 4 Zim-
babwean commercial food/beverage products: Dairibord Lacto sour milk (DLSM), Pro-
brand sour milk (PSM), Kefalos Vuka cheese (KVC) and Chibuku opaque beer (COB);
and four strains of L. plantarum obtained from Balkan traditional cheeses against clinical
strains of Escherichia coli (E. coli) was assayed using the well diffusion method. Three
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Pregl:‘i}gtrics commercial paediatric antidiarrhoeal drug products: Biogaia (BG), Prolife (PL) and
Inhibition Probio Junior (PJ) and a mutant strain of E. coli [strain 11105 (ATCC) — a vitamin B-12

auxotroph and penicillin G acylase-producing strain] were used as controls. An agar
diffusion assay and a competitive exclusion assay were carried out on Mueller Hinton
agar.

Results: Crude cultures of putative lactobacillus strains obtained from Zimbabwean
dairy products (Probrand sour milk, Kefalos Vuka vuka cheese and Chibuku opaque beer)
had significantly higher antimicrobial activities against clinical strains of E. coli than
strains of L. plantarum isolated from Balkan cheeses (CLP1, CLP2 or CLP3) and crude
microbial cultures from commercial paediatric probiotic products (BG, PJ and PL) of a
culture of Lactobacillus rhamnosus LGG (P < 0.05).

Conclusions: The putative Lactobacilli from four commercial Zimbabwean dairy
products (Probrand sour milk, Kefalos Vuka vuka cheese and Chibuku opaque beer), and
three strains of L. plantarum from Balkan cheeses (CLP1, CLP2 or CLP3) exhibited high
antibacterial activities that can be harnessed to control paediatric diarrhoea that is caused
by pathogenic strains of E. coli. Studies to characterise the probiotic potential of the live
cultures in the products and the new strains of L. plantarum are underway.
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1. Introduction shown to inhibit enteropathogens including strains of

Escherichia coli (E. coli) 1241, Campylobacter jejuni [5] and

Probiotic bacteria are known to impart positive health effects
on the host [1]. A number of probiotic microorganisms have been
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rotavirus  [6].  Strains of  Lactobacillus  rhamnosus
(L. rhamnosus) GG are known to inhibit bacterial agents of
diarrhoea, particularly E. coli, Campylobacter jejuni and
Shigella species [7]. Additionally, a number of probiotic
products have been used to treat diarrhoea, including milk
products such as fermented milk and yoghurt [8], and
medicines (suspensions, powders or capsules) containing live

probiotic microorganisms [9].
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A number of probiotics reportedly control enteropathogens
through the following mechanisms: (i) direct antimicrobial ac-
tivity through production of bacteriocins or inhibitors of viru-
lence gene expression [10]; (il) competitive exclusion by
preventing access of the pathogen to binding
stimulation of epithelial barrier function [2]; (iii) stimulation of
immune responses through the regulated expression of
secretory immunoglobulin A (sIgA), and anti-inflammatory
and pro-inflammatory cytokines [11]; and (iv) inhibition of the
virulence gene or protein expression in gastrointestinal
pathogens [12].

Despite the availability of probiotic products that are report-
edly efficacious against diarrhoea, the race is on to identify more
naturally occurring probiotics or engineer new microbial strains
with greater efficacies than the existing ones. Bacteriocins are
frequently shown to inhibit enteropathogens in different studies.
Several bacterial strains have been shown to produce bacterio-
cins, including Lactobacillus plantarum (L. plantarum) [13],
Lactobacillus acidophilus (L. acidophilus) (141, Enterococcus
faecium KH24 [15], nonpathogenic E. coli (microcins from
E. coli strain Nissle 1917) [16.17], bacilli [16.18] and yeasts such
as Saccharomyces boulardii [16]. Competitive exclusion was
shown to occur against E. coli K1 by LGG on Caco-2 cells [19].

We aimed to validate the novelty of our isolates, which were
shown in our previous studies to (i) inhibit a clinical strain
of rotavirus [20] and Listeria monocytogenes
(unpublished), (ii) have immunomodulatory activities [20] and
(iii) maintain polarity in porcine enterocytes in vitro [211.
Based on preliminary studies on their bioactivities in vitro,
we hypothesised that a selection of our collection of putative
probiotics had greater inhibition against diarrheagenic strains
of E. coli compared to the single or multi-strain commercial
probiotic products. We therefore set to determine the inhibition
of a standard strain of E. coli (ATCC 11105) and 6 clinical
strains of E. coli, isolated from infants who visited a paediatric
clinic in Slovenia and Zimbabwe presenting with diarrhoea, by
probiotic strains isolated from commercial probiotic products
and probiotic isolates from Balkan cheeses. E. coli (ATCC
11105), a mutant, is a vitamin B-12 auxotroph and a penicillin
G acylase-producing strain [22]. We tested seven commercial
probiotic products, namely Biogaia (BG), Prolife (PL) and
Probio Junior (PJ), Dairibord Lacto sour milk (DLSM),
Kefalos Vuka vuka cheese (KVC), Probrand sour milk (PSM)
and L. rhamnosus GG (enriched for probiotic bacteria in
MRS or Nutrient Agar) against the collection of strains of
E. coli.

sites or

in vitro

2. Materials and methods

The efficacy of probiotic strains to inhibit clinical isolates of
E. coli, obtained from infants suffering from diarrhoea at a
paediatric facility of the University of Maribor Hospital,
Slovenia and at a hospital in Bindura, Zimbabwe, and a control
E. coli strain (ATCC 11105), was tested using well diffusion
method. Probiotic products, L. plantarum or L. rhamnosus GG
(LGG) strains were introduced into MRS broth or nutrient broth
(NB) depending on the strain/strains included in the product.
Nutrient broth would allow microorganisms such as Bacillus
coagulans and Streptococcus thermophilus to grow, while MRS
broth allows Lactobacillus spp. and Bifidobacterium spp. to
grow. The broth cultures were incubated at 37 °C (aerobically or
anaerobically according to microorganisms contained).

2.1. Well diffusion assay

From isolated colonies on streak plates, strains of
L. plantarum (CLP1-4) were incubated anaerobically overnight
in MRS broth (Sigma—Aldrich, Missouri, USA). The single or
multi-strain probiotic products were cultured in MRS broth
(Sigma—Aldrich, Missouri, USA) and nutrient broth (NB)
(Sigma—Aldrich, Missouri, USA) depending on the strains
included in the product. One mL of each ProLife (liquid
product) or 1 g of PJ or BG was inoculated into NB or MRS
broth. MRS broth tubes were incubated anaerobically at 37 °C
for 24 h, while NB tubes were incubated aerobically at 37 °C for
24 h. At the same time, strains of E. coli were inoculated in
MacConkey broth and incubated aerobically at 37 °C for 24 h
(Table 1).

Overnight probiotic cultures in MRS/nutrient broth were
spun at 2000 rpm in a centrifuge, and the supernatants were
removed and stored. The pellet of each probiotic strain was then
washed once with Ringer's solution to remove the broth from the
cells. The pellets were then re-suspended in 2 mL of Ringer's
solution (pH 7.4) and their absorbance was adjusted to an OD of
1 at 650 nm equivalent to 2 x 108 colony forming units per
millilitre (CFU/mL), as previously reported by Polak-Berecka
et al. 23] using a Multiskan (Thermo Electron Oy, Vaanta,
Finland). The E. coli broth cultures were also adjusted (in
nutrient broth) to an OD at 650 nm of 1, which is equivalent
to 5 x 108 CFU/mL as previously reported by Brimacombe
et al. [24]. The E. coli cultures were then spread evenly on
nutrient agar using sterile cotton tipped swabs to achieve a
lawn of growth. A sterile cock-borer (4 mm in diameter) was
used to drill 5 evenly spaced holes in an agar plate. A total of
60 LL of the probiotic cultures, supernatant fractions or solutions
of a standard antibiotic [garamycin (40 mg/mL)] were intro-
duced into each well, and the plates were incubated aerobically
(NA) at 37 °C for 24 h.

After 24 h of further anaerobic incubation at 37 °C, the zones
of inhibition for each E. coli strain were measured using a ruler.
Mean inhibition scores for each probiotic product/strain against
a particular strain of E. coli were recorded.

Table 1
Probiotic composition of commercial products tested.

Product

Prolife (PL) (Manufactured
by Jadran-Galenski
Laboratorij d.d., Rijeka, Croatia)

Composition

2.6 x 10® living bacterial
cells/mL. Bifidobacterium
coagulans, Lactobacillus
acidophilus, Streptococcus
thermophilus and Lactobacillus
bulgaricus, Bifidobacterium
bifidum.

1 x 10° CFU per bag, namely
L. casei, L. rhamnosus,

S. thermophilus, B. breve,

L. acidophilus, B. infantis and
L. bulgaricus.

Probio Junior (PJ) (Manufactured
by Fidimed, Trzin, Slovenia)

BioGaia (BG) (Manufactured
by BioGaia AB, Stockholm,
Sweden)

Dairibord Lacto sour milk
Kefalos Vuka vuka cheese
Zimbabwe Probrand sour milk

2 x 10° CFU/mL, sunflower oil,
medium chain triglyceride oil
and L. reuteri DSM 17938

(L. reuteri Protectis).
Lactobacillus spp. (unspecified)
Cultures not specified

Cultures not specified
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2.2. Statistical analysis

For the well diffusion assay, a one-way analysis of variance
(ANOVA) was performed with post-hoc tests for Least Signif-
icant Difference (LSD) to determine the effect on the size of
inhibition zone of the probiotic strain/product treatments
(P < 0.05). Differences between treatments were tested using
ANOVA with post-hoc tests for Least Significant Difference
(LSD) to rank performances of each probiotic product or strain
against the E. coli strains (P < 0.05). Calculations were per-
formed using the SPSS software v.18 (Chicago, ILL, USA).

3. Results

CLP1, CLP2 or CLP3 exhibited significantly greater inhibi-
tion of the clinical E. coli strain COA6479 compared to PL and
PJ (cultured in NB), and PJ (cultured in MRS) (P < 0.05). Only
CLP2 exhibited significantly greater inhibition than LGG
(P < 0.05) (Figure 1).

All probiotic strains and products showed significantly lower
inhibition against E. coli (approximately 30% less) than gara-
mycin (40 mg/mL) (P < 0.05) (Figure 2).

Exposure to the probiotic products (PL) or LGG had no
inhibitory effect against the clinical strain of E. coli COA6597.
However, all strains of L. plantarum CLP1, CLP2, CLP3 and
CLP4 exhibited high inhibition against COA6507 (12—-14 mm
diameter of clearance). Exposure to PL (MRS) had significant
greater inhibitory effect than PL or PJ (in NB) against E. coli
COA6507 (P < 0.001) (Figure 3).

CLP1 and CLP4 exhibited significantly greater inhibition of
the clinical E. coli strain COA6497 compared to PL or BG
(cultured in MRS broth) (P < 0.05). When PL or BG was
cultured in NB, they did not inhibit the growth of E. coli
COA6497. Zones of inhibition of the E. coli strain by LGG or
PL cultured in MRS was not significantly greater than that
caused by CLP1 or CLP4 (P > 0.60) (Figure 4).

CLP1 and CLP2 had significantly greater inhibition of E. coli
strain COA6961 than PJ enriched in nutrient broth or PL
enriched in nutrient and MRS broth. However, PL, PJ, BG or
LGG (each cultured in MRS broth) had significantly greater
inhibition than PJ (cultured in NB) against strain COA6961
(P < 0.05). Exposure of COA6961 to CLP1 produced significant
inhibition than that caused by LGG (P < 0.05) (Figure 5).
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Figure 2. Inhibition (mm) of E. coli COA6507 using crude single-strain
cultures enriched in MRS broth from Balkan cheeses (CLP1, CLP2,
CLP3, CLP4 or LGG) or multi-strain paediatric antidiarrhoeal probiotic
products (PL, PJ or BG) after 24 h incubation at 37 °C.

Values shown are means (bar = SE) of 3 independent experiments.
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CLP1, 2 and 3 exhibited significantly greater inhibition of the
clinical E. coli strain COA6525 than PL (cultured in NB) or PJ
(cultured in NB or MRS) (P < 0.05). Only CLP2 exhibited
significantly greater inhibition than LGG (P < 0.05). However,
LGG (cultured in MRS) exhibited no significantly different in-
hibition against strain COA6525 compared to that of CLP1 and
CLP4 (P > 0.05), but had a significantly greater inhibition
compared to that of PL and PJ (cultured in NB or MRS)
(P < 0.05) (Figure 6).

Products PJ (cultured in NB/MRS) had no effect against
strain COA6488; as such strains CLP1-4 had inhibition zones
that were significantly greater than that of PJ/PL.

All L. plantarum strains (CLP1 to 4) showed significantly
greater inhibition than PJ and PL (P < 0.05), but not BG or LGG
(Figure 7).

Generally, CLP1, 2, 3 and 4 had significantly greater anti-
microbial activity against most of the clinical isolates of E. coli
against the commercial probiotic products tested, namely Pro-
life, Probio Junior and Biogaia (P < 0.05). However, CLP1 and
CLP4 showed the greatest inhibition effect against most of the
clinical strains of E. coli, and a standard strain of E. coli (ATCC
11105) (Table 2).

Pellets of crude cultures of putative lactobacilli that were
cultured in MRS broth from fermented Zimbabwean products,
namely DSLM, KVC, PSM and COB, showed significantly
greater inhibition of a clinical strain of E. coli (BIN7000) than
probiotic products that are in use against diarrhoea in children
(BG, PJ and PL) and LGG (P < 0.05). Furthermore, washed
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Figure 1. Inhibition (mm) of E. coli COA6479 using crude single-strain cultures enriched in MRS broth from Balkan cheeses (CLP1, CLP2, CLP3, CLP4
or LGG) or multi-strain paediatric antidiarrhoeal probiotic products (PL, PJ or BG) after 24 h incubation at 37 °C.

Values shown are means (bar = SE) of 3 independent experiments.
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Figure 3. Inhibition (mm) of E. coli COA6497 using crude single-strain cultures enriched in MRS broth from Balkan cheeses (CLP1, CLP2, CLP3, CLP4
or LGG) or multi-strain paediatric antidiarrhoeal probiotic products (PL, PJ or BG) after 24 h incubation at 37 °C.

Values shown are means (bar = SE) of 3 independent experiments.
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Figure 4. Inhibition (mm) of E. coli COA6961 using crude single-strain cultures enriched in MRS broth from Balkan cheeses (CLP1, CLP2, CLP3, CLP4
or LGG) or multi-strain paediatric antidiarrhoeal probiotic products (PL, PJ or BG) after 24 h incubation at 37 °C.

Values shown are means (bar = SE) of 3 independent experiments.
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Figure 5. Inhibition (mm) of E. coli COA6525 using crude single-strain cultures enriched in MRS broth from Balkan cheeses (CLP1, CLP2, CLP3, CLP4
or LGG) or multi-strain paediatric antidiarrhoeal probiotic products (PL, PJ or BG) after 24 h incubation at 37 °C.

Values shown are means (bar = SE) of 3 independent experiments.

pellets from most of probiotic cultures (PSM, DSLM, PVC,
COB, PJ and BG) obtained after incubation for 24 h showed
significantly greater inhibition than the E. coli strain (BIN7000)
compared to that obtained after incubation of the same cultures
for 12 h (Table 2).

Extracts of crude cultures of putative lactobacilli that were
cultured in MRS broth from some fermented Zimbabwean
products, namely PSM, DLSM, KVC, COB, showed signifi-
cantly greater inhibition of a clinical strain of E. coli (BIN7000)
than those from probiotic products that are in use against
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Figure 6. Inhibition (mm) of E. coli COA6488 using crude single-strain cultures enriched in MRS broth from Balkan cheeses (CLP1, CLP2, CLP3, CLP4
or LGG) or multi-strain paediatric antidiarrhoeal probiotic products (PL, PJ or BG) after 24 h incubation at 37 °C.

Values shown are means (bar = SE) of 3 independent experiments.
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Figure 7. Inhibition (mm) of control strain of E. coli (ATCC 11105) using crude single-strain cultures enriched in MRS broth from Balkan cheeses (CLP1,
CLP2, CLP3, CLP4 or LGG) or multi-strain paediatric antidiarrhoeal probiotic products (PL, PJ or BG) after 24 h incubation at 37 °C.

Values shown are means (bar = SE) of 3 independent experiments.

Table 2
Inhibition of a strain of E. coli (BIN7000) by washed cells and super-
natants of putative lactobacilli cultured from Zimbabwean.

Groups Washed cells Supernatants
12 h 24 h 12 h 24 h

PSM 90+20 17520 175+x40 155=%=1.0
DLSM 11510 170+x1.0 17010 150=%1.0
KvC 0 16510 165+x1.0 155=%1.0
COB 0 175+10 17510 135=%1.0
BCLP1 11.0£20 140+x1.0 140+20 150«1.0
BCLP2 14020 160+x20 13.0+x20 14020
BCLP3 100£1.0 11.0+x1.0 11.0x1.0 100=«1.0
BCLP4 15010 170x20 14010 150=+2.0
PJ (NB) 12020 13.0+x4.0 140+40 150=«1.0
PI(MRS) 100+1.0 11.0+x10 120+1.0 10.0+1.0
BioGaia 90+1.0 10010 140+x1.0 13.0+1.0
LGG 140+£1.0 140+=1.0 - -

(i) Commercial probiotic products (DSLM, KVC, PSM), (ii) single-
strain cultures of putative probiotic strains from Balkan traditional
cheese (CLP1, CLP2, CLP3, CLP4 or LGG), (iii) enriched multistrain
commercial paediatric antidiarrhoeal probiotic products (PL, PJ or BG)
and (iv) L. rhamnosus LGG strain. ANOVA was used to assess differ-
ences between the different mixtures and the single strains.

diarrhoea in children (PL (MRS) and BG), and LGG (P < 0.05).
Furthermore, extracts from most of probiotic cultures (DLSM
and COB) obtained after incubation for 12 h showed signifi-
cantly greater inhibition than the E. coli strain (BIN7000)
compared to those obtained after incubation of the same cultures
for 24 h.

4. Discussion

We report high inhibition of clinical strains of E. coli asso-
ciated with paediatric gastroenteritis and a standard strain of
E. coli (ATCC 11105) by pellet, extract or crude cultures of
putative lactobacilli from the fermented foods (Probrand sour
milk and Kefalos Vuka vuka cheese) and beverages (Chibuku
opaque beer), and from the strains of L. plantarum (CLP1, CLP2
and CLP3). The clinical strains of E. coli used in this study,
having been isolated from children who visited a Slovenian
clinic with symptoms of diarrhoea were implicated for the
occurrence of diarrhoea in the children. Several distinct trains of
E. coli have been shown to cause various forms of diarrhoea,
particularly (i) traveller's diarrhoea (enterotoxigenic E. coli, or
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ETEC), (ii) hemorrhagic colitis and haemolytic-uraemic syn-
drome (enterohemorrhagic E. coli, or EHEC), (iii) persistent
diarrhoea (enteroaggregative E. coli, or EAEC), and (iv) watery
diarrhoea of infants (enteropathogenic E. coli, or EPEC) [25].
The observed high in vitro inhibition of clinical paediatric
strains of E. coli by putative lactobacilli from a selection of
Zimbabwean products or three strains of L. plantarum, namely
CLP1, CLP2 and CLP3, may imply great prophylactic or
therapeutic potential of the products or the novel strains of
L. plantarum against diarrhoea in infants. A wider selection of
our strains of Lactobacillus spp. has been shown to harbour
great gut integrity protective potential. Nissen er al.
demonstrated the enhancement of transepithelial electrical
resistance (TER) across monolayers of pig small intestinal
epithelial cells (PSIcl) in an established functional intestinal
cell model including pig blood monocytes (PoM2) by strains
of Lactobacillus spp. (PCS26, PCK87 and PCK66) that were
isolated from Balkan fermented foods.

While a selection of paediatric antidiarrhoeal probiotic
products contain bacterial strains that are widely shown to
inhibit diarrhoea in infants, namely Bacillus coagulans,
L. acidophilus, Streptococcus thermophilus and Lactobacillus
bulgaricus (L. bulgaricus), Bifidobacterium bifidum (Prolife),
Lactobacillus casei (L. casei), L. rhamnosus, Streptococcus
thermophilus, Bifidobacterium breve, L. acidophilus, Bifido-
bacterium infantis and L. bulgaricus (Probio Junior), or
L. reuteri DSM 17938 (L. reuteri Protectis) (BioGaia), our new
strains of L. plantarum and those that are borne in commercial
Zimbabwean probiotic foods/products (Probrand sour milk,
Dairibord Lacto sour milk, Kefalos Cheese and Chibuku opaque
beer) demonstrated a greater antimicrobial effect. The fermented
foods and beverages that are consumed in Zimbabwe may have
prophylactic, therapeutic or both effects against diarrhoea that is
caused by E. coli. Zimbabwe, like her neighbours in Southern
Africa, is plagued with high prevalence of HIV infections, which
often complicate the control of diarrhoeal infections due to the
associated fall in immunity [26]. Realisation of the full potential
of such products in the control of diarrhoea and other diseases
may lie in further studies that will provide information on the
concentrations of live bacteria that should be introduced in the
products, improved storage methods and the possible use of
adjuvants to potentiate the probiotic effects of fermented
products. Diarrhoea is a common clinical manifestation of
HIV infection affecting at least 50% of HIV patients
regardless of the stage of the disease [26].

An interesting finding in this study is that inhibition of strains
of E. coli occurred when either supernatant extracts or pellets
were used. The observed antimicrobial activities of extracts can
be attributed to microbial metabolites. Inhibition by washed cells
could imply a possible competitive exclusion of E. coli by the
lactobacilli, or antimicrobial activities of metabolites of the
lactobacilli or both effects. Studies to determine the exact
mechanisms of action and the types of metabolites that are
released by lactobacilli (our new strains and those isolated a
selection of fermented Zimbabwean foods/probiotic products)
are underway.

It was also interesting to note that greater inhibition tended to
occur with washed lactobacilli after 24 h of incubation in MRS
broth than 12 h. On the contrary, the supernatant extracts were
shown to have reduced effect with time of incubation (12 h vs
24 h). This discovery may be an important consideration if the
any products would emanate from the study. Lactobacillus

species are shown to enter into their exponential phase after
about 8 h of incubation and stationary phase after 24 h (Saa-
datzadeh et al.) [27]. Furthermore, Saadatzadeh et al. [27] have
shown a reduction in the concentration of lactic acid in
extracts of L. casei with time (12-48) h. A reduction in the
antimicrobial activity of our microbial extracts may be
attributed to attrition in antimicrobial active compounds.

While L. rhamnosus LGG is frequently included in probiotic
products that are claimed to treat diarrhoea, our cultures of pu-
tative lactobacilli and strains of L. plantarum (CLP1, CLP2 and
CLP3) and those cultured from fermented Zimbabwean products
showed significantly greater inhibition (P < 0.05) of diarrhea-
genic/clinical strains of E. coli. Based on this in vitro study, our
collection of putative lactobacilli from the Zimbabwean products
and the strains of L. plantarum (CLP1, CLP2 and CLP3) may be
good candidates for use in the control of diarrhoea in infants.
More studies are required to reveal the mechanisms at play and
validate the current findings.

Results here-in, based on comparative data gathered, present
two L. plantarum strains (CLP1 and CLP4) with greater high
inhibition against clinical strains of E. coli in comparison with
the widely used L. rhamnosus LGG strain and probiotic prod-
ucts. Notably, CLP4 strain showed the greatest inhibition against
most strains of clinical E. coli, and had greater inhibition
compared to that of L. rhamnosus LGG. However, Probio Junior
(containing L. casei, L. rhamnosus, Streptococcus thermophilus,
Bifidobacterium breve, L. acidophilus, Bifidobacterium infantis,
and L. bulgaricus) was shown to be competitive compared to our
new strains. However all probiotic strains and products showed
significantly lower inhibition against E. coli (approximately 30%
less) than garamycin (40 mg/mL) (P < 0.05). Generally the
E. coli strains tested showed variable susceptibility to probiotic
strains or their combinations, and to antibiotics. Besides the
inhibition of E. coli in vitro, our previous studies have shown
that the new probiotics harbour immunomodulatory activities,
ability to maintain gut health and antiviral activities against
rotavirus. With these properties, fermented Zimbabwean prod-
ucts and novel strains of L. plantarum (CLP1, CLP2 and CLP3)
have great potential for use against diarrhoea in infants and,
perhaps, older persons. However, the observed characteristics
need validation, and the safety of the strains remains to be
studied.
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