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ABSTRACT 
 

Animals have been used in the evaluation of probiotic potentials of lactic acid bacteria for the 
development of functional food as only in-vitro tests may not be enough to ascertain the probiotic 
ability of an organism and its safety in a living host. The action of a probiotic Pediococcus 
acidilactici strain isolated from Wara, a Nigerian milk product, in the treatment of Diarrhea in wistar 
rats infected orally with Diarrhoeagenic Enterotoxigenic Escherichia coli as well as the survival and 
microflora modulation of the probiotic strain in the gastrointestinal tract were evaluated. Five groups 
of seven rats each were infected and treated as the case may be with the pathogen and probiotic 
respectively. Each group received specific treatments for 30 days, during which the animals were 
closely monitored and the faecal samples were analyzed for the trend of E. coli and LAB counts. 
Also, specific organs of the Gastrointestinal tract (GIT) were examined for any histomorphological 
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disparity after 30 days of daily treatment. Clinical signs were observed in the pathogen challenged 
animals while the probiotic treated groups displayed less pronounced Diarrheal symptoms and a 
negligible E. coli count. The strain adhered to the mucosal wall and did not initiate any adverse 
effect on the organs of the GIT after treatment. It was concluded that Pediococcus acidilactici 
isolated from Wara, a Nigerian milk product, was able to improve gut health through pathogen 
exclusion and had no adverse effect on the general health of the host. 
 

 
Keywords: Probiotic; Pediococcus acidilactici; Wara; diarrhea; Escherichia coli. 
 
ABBREVIATIONS 
 
BV : Blood Vessels 
CC : Chief Cells 
CT : Connective Tissues 
DPX : Distrene Plasticizer and Xylene 
GC : Goblet Cells 
GP : Gastric Pits 
IEC : Intestinal Epithelial Cells 
IG : Intestinal Glands 
IVS : Intravillous Space 
LP : Lamina Propria 
ME : Muscularis Externae 
MM : Muscularis Mucosa 
PC : Parietal Cells 
SE : Surface Epithelium 
SM : Sub-Mucosa 
TES : Tissue Embedding Station 
TFM : Temporary Fold of the Mucosa 
V : Villi 
 

1. INTRODUCTION 

 
Probiotics are generally defined as live 
microorganisms that confer beneficial effects on 
the health of a host when administered in 
adequate amount [1]. Several in-vitro assays 
have been successful in the investigation of 
probiotic potentials of organisms but the use of 
animal models and human cells has gained 
much attention recently in the preparations and 
development of functional foods as the 
organisms might not replicate such attributes in a 
living host [2].  
 
Previously, the use of antibiotics in reducing the 
frequencies of disorders such as Diarrhea was 
commonly employed but has since become a 
point of concern as antibiotics contribute greatly 
to the increase in bacterial antibiotic resistance 
[3]. Furthermore, the consumer’s desire for safe 
food products with minimal or no chemical 
processing has shifted attention to the use of 
natural strategies one of which is the use of 
probiotics to improve gut development and health 
[4]. Many strains of lactic acid bacteria have 

been investigated for probiotic attributes in the 
development of functional foods based on their 
ability to survive harsh conditions and are 
considered to possess the generally regarded as 
safe ‘GRAS’ status. However, further basic and 
safety characteristics are still required before 
they can be considered as probiotics. 
 

Investigation of probiotic effects of LAB In-vivo 
may be approached by either examining the 
quantitative and qualitative characteristics of 
bacterial microflora in animals using cultivation 
and/or molecular biology techniques, monitoring 
the effect of the probiotic on health indices or 
evaluating treatment efficiency indirectly by using 
it to cure an artificially induced disease [5]. 
 

Diarrheal diseases are one of the leading causes 
of deaths in children below five years accounting 
for about 16% deaths annually estimated at 
150,000 and 2.5 billion cases in Nigeria and 
globally respectively [6]. Enterotoxigenic E. coli 
(ETEC) is associated with infant and traveler’s 
diarrhea and it initiates infection in a host by 
colonizing the gastrointestinal tract (GIT) and 
producing heat labile and/or heat stable toxins 
[7]. Probiotic bacterial strains, however, provide 
protection from such pathogens by the reduction 
of biofilm development and inhibition of adhesion 
to the intestinal walls [8]. Due to their long history 
in the development of functional foods, strains of 
Lactobacillus and Bifidobacterium are mostly 
used as probiotics but recently, strains of other 
bacterial species are reported to possess 
probiotic abilities [9]. For instance, the probiotic 
potentials of different strains of Pediococcus 
acidilactici has been reported and documented 
[10,11,12]. It is known for its ability to survive 
serious stress conditions such as acid and bile 
conditions of the GIT thus colonizing it and 
modulating the intestinal microbiota [13].   
 

The probiotic strain used in this study was 
isolated from Wara, a Nigerian cheese curd 
locally made from fresh cow milk. The strain was 
identified by 16S RNA gene sequence as 
Pediococcus acidilactici. It is Gram-positive 
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cocci, Catalase negative and exhibits excellent 
ability to survive high acidic conditions as well as 
other stress conditions of gastro-intestinal tract. 
The aim of the study was to investigate the 
therapeutic tendency of the probiotic strain 
against a Diarrheagenic ETEC strain in Wistar 
rats and to evaluate its effect on the host’s 
microflora and organs of the GIT after 30 days of 
daily feeding. 
 

2. MATERIALS AND METHODS 
 
Pediococcus acidilactici strain was stored and 
maintained on deMan Rogosa and Sharpe Agar 
(MRSA) slant in low temperature (4

o
C). The 

strain was re-suspended in deMan Rogosa and 
Sharpe Broth (MRSB) and sub-cultured on 
MRSA plates. The pure colonies were subjected 
to Gram staining and Catalase test to confirm the 
organism’s viability before the animal model 
experiments. Rats aged 6–8 weeks old (120-180 
g) were housed under natural conditions of light 
and dark cycle at room temperature and humidity 
with free access to feed and water. The animals 
were obtained from the animal house, Multi-
Diciplinary Laboratories, College of Health 
Sciences, Obafemi Awolowo University, Ile-Ife, 
Nigeria.  
 

2.1 Preparation of Indicator Organism 
 
Pathogenic indicator organism, Diarrhoeagenic 
Enterotoxigenic Escherichia coli was obtained 
from the Department of Microbiology, Obafemi 
Awolowo University, Ile-Ife, Nigeria. The 
organism was freshly grown in nutrient broth for 
18 h at 37oC. The culture was centrifuged at 
10,000 rpm for 10 minutes and the cells were 
suspended in Phosphate Buffered Saline (PBS) 
(pH 7.2) and standardized to 0.5 McFarland to 
obtain 2×10

8
 CFU/mL of bacterial cells using a 

spectrophotometer [14]. 
  

2.2 Preparation of Test Organisms 
 

For experimental inoculation, 18 h old MRSB 
cultures of the probiotic LAB isolate was 
centrifuged at 8000 rpm for 10 mins and pellets 
were washed with PBS (pH 7.2). The cells were 
re-suspended in PBS (pH 7.2) and standardized 
to contain 1x10

9
 CFU/mL using a 

spectrophotometer. 
 

2.3 Experimental Design  
 

Thirty-five male albino rats were used for the 
study and the rats were randomly divided into 5 

groups, each containing 7 rats. The experimental 
rats were fed intra esophageally via oral cannula 
with microorganisms. Group I (Pathogen–
infected) animals were challenged once orally 
with a single dose (1 mL) of the previously 
standardized cell suspension of ETEC, Group II 
(Pathogen–LAB) animals were challenged once 
orally with a single dose (1 mL) of the previously 
standardized cell suspension of ETEC and after 
24 h, were fed orally with 1.5 mL of the 
standardized LAB suspension daily for 30 days. 
Group III (Pathogen–LAB in Milk) animals were 
challenged once orally with a single dose (1 mL) 
of the standardized cell suspension of ETEC and 
after 24 h, the animals were fed orally with 1.5 
mL of standardized LAB in milk in ratio 1:1 daily 
for 30 days. Group IV (LAB alone) animals were 
fed daily with 1.5 mL of the standardized cell 
suspension of LAB for 30 days and Group V 
(Control) animals were fed daily with a dose of (1 
mL) PBS (pH 7.2) for 30 days. 

 
2.4 Clinical Observation in Rats 
 
Clinical observations such as behavioral pattern, 
salivation, stool consistency, lethargy, sleep, 
posture and response to handling were made on 
animals prior to exposure to the pathogen 
(ETEC) and test (probiotic LAB) organisms. 
Following administration, the rats were observed 
again for clinical signs each day for 30 days and 
observations were recorded. 
 
2.5 Enumeration of Pathogens in Feaces  
 
Pathogens in the faecal samples of animals in all 
the groups were enumerated. One gram of 
freshly passed faecal sample of rats was 
suspended in 9 mL normal saline in sterile 
stomacher bags and macerated. The mixture 
was further diluted serially up to 10

-6
 and 0.1 mL 

of diluted faecal sample was spread-plated on 
Eosin Methylene Blue (EMB) agar plates, 
incubated at 37

o
C for 24 hours and colony 

forming units (CFU) were counted.  

 
2.6 Enumeration of LAB in Feaces  
 
1 g of freshly voided faecal samples of rats in all 
the groups were suspended in 9 mL normal 
saline and serially diluted to obtain 10

-6
 dilution 

after proper maceration in stomacher bags. 0.1 
mL of appropriately diluted sample was spread-
plated on MRS agar, incubated at 37ºC for 24 – 
48 hours and colony forming units (CFU) were 
counted. 



2.7 Gross Examination, Sacrifice and 
Organ Cropping 

 
After appropriate treatments in respective 
groups, the rats were fasted overnight and 
sacrificed 24 hours after the last administration 
through cervical dislocation. The stomach, 
duodenum, transverse colon and rectum of the 
animals were aseptically and carefully excised 
and the tissues were fixed in 10% buffered 
formalin (Phosphate buffer and formalin in ratio 
9:1) at pH 7.2 to prevent putrefac
autolysis before histological assessment [15].
 

2.8 Histological Assessment  
 
The fixed tissues were processed for paraffin 
wax embedding, stained with Gram stain to 
detect the pathogenic (ETEC) and probiotic 
(LAB) organisms and stained with 
and Eosin to detect any histomorphologic 
disparity in the mucosa lining of the 
gastrointestinal organs. After staining, the tissues 
were examined under the light microscope [15].
 

2.9 Gram Stain 
 

A section of the tissue was smeared on a 
grease-free slide and left to dry for adequate 
fixing. The fixed smear was flooded with crystal 
violet for 2 minutes and rinsed briefly under 
gently running tap water. Thereafter, slide was 
flooded with Gram’s iodine for 2 minutes and 
differentiated in acetone for 3-5 minutes and the 
 

 
Plate 1. Changes observed in the appearance of experimental animal’s feaces. A
stool sample from a representative animal in group 1 after infection with ETEC, B
faecal sample from a non-infected

substance in the faecal sample of an infected animal
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Gross Examination, Sacrifice and 

After appropriate treatments in respective 
groups, the rats were fasted overnight and 
sacrificed 24 hours after the last administration 

gh cervical dislocation. The stomach, 
duodenum, transverse colon and rectum of the 
animals were aseptically and carefully excised 
and the tissues were fixed in 10% buffered 
formalin (Phosphate buffer and formalin in ratio 
9:1) at pH 7.2 to prevent putrefaction and 
autolysis before histological assessment [15]. 

 

The fixed tissues were processed for paraffin 
wax embedding, stained with Gram stain to 
detect the pathogenic (ETEC) and probiotic 
(LAB) organisms and stained with Haematoxylin 
and Eosin to detect any histomorphologic 
disparity in the mucosa lining of the 
gastrointestinal organs. After staining, the tissues 
were examined under the light microscope [15]. 

A section of the tissue was smeared on a 
free slide and left to dry for adequate 

fixing. The fixed smear was flooded with crystal 
violet for 2 minutes and rinsed briefly under 
gently running tap water. Thereafter, slide was 

e for 2 minutes and 
5 minutes and the 

slide was rinsed under gently running tap water. 
The smear was counter-stained with 1% safranin 
for 10 seconds. The slide was washed in water 
and blotted dry. Dehydration was done using 
aniline-xylene (2:1) for 2 minutes. The slide was 
viewed under light microscope with 100 X 
objective under oil-immersion. Gram positive 
organism (LAB) stained blue-black while the 
Gram negative organism (E. coli) stained shades 
of red. 
 
2.10 Statistical Analysis 
 
Data were subjected to analysis of variance 
(ANOVA) using Graph pad prism v.6.0 to 
determine significant difference between means. 
Statistical significance was set at 0.05 (
Values were recorded as mean ± standard error 
of mean. 
 
3. RESULTS 
 
After inoculation with a single dose of 
standardized (2 × 108 CFU/mL) diarrhoeagenic 
ETEC, the infected animals in group 1 were 
observed to release semi-solid stool consistently 
as well as presence of a mucoid substance in 
their feaces (Plate 1) for a period of 2
post infection while animals in other groups 
released more compact feaces during this 
period. Also, during this period, a drop in    
appetite was observed in the ETEC challenged         
animals leading to weight loss and
weakness.  

Plate 1. Changes observed in the appearance of experimental animal’s feaces. A
stool sample from a representative animal in group 1 after infection with ETEC, B

infected representative animal in group 5, C-Presence of mucoid 
substance in the faecal sample of an infected animal 
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slide was rinsed under gently running tap water. 
stained with 1% safranin 

for 10 seconds. The slide was washed in water 
and blotted dry. Dehydration was done using 

xylene (2:1) for 2 minutes. The slide was 
viewed under light microscope with 100 X 

immersion. Gram positive 
black while the 
) stained shades 

Data were subjected to analysis of variance 
(ANOVA) using Graph pad prism v.6.0 to 
determine significant difference between means. 
Statistical significance was set at 0.05 (P = 0.05). 
Values were recorded as mean ± standard error 

After inoculation with a single dose of 
CFU/mL) diarrhoeagenic 

in group 1 were 
solid stool consistently 

as well as presence of a mucoid substance in 
(Plate 1) for a period of 2-5 days 

post infection while animals in other groups 
released more compact feaces during this 
period. Also, during this period, a drop in    
appetite was observed in the ETEC challenged         
animals leading to weight loss and body 

 

Plate 1. Changes observed in the appearance of experimental animal’s feaces. A-Semi solid 
stool sample from a representative animal in group 1 after infection with ETEC, B-Compact 

Presence of mucoid 
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3.1 Count of Pathogens in Feaces of 
Animals in Each Treatment Group 

 
E. coli count in the feaces of animals in group 1, 
which were fed with a single dose of 
standardized (2 × 10

8
 CFU/mL) cell suspension 

of ETEC, significantly increased (63.36 × 104 ± 
3.7) (P < 0.0001) after 3 days of administration 
till the 15th day after which a steady decline was 
observed (Fig. 1). However, for animals in group 
2, fed with a single dose of standardized          
ETEC cell suspension and then 1.5 mL of 
standardized (1 × 10

9
 CFU/mL) cell suspension 

of LAB in PBS after 24 h, there was a significant 
increase (37.66 × 10

4 
± 1.45) (P < 0.0001) in the 

E. coli count within the first 3 days of 
administration after which a decline was 
observed. Similarly for animals in group 3, fed 
with 1.5 mL of standardized cell suspension of 
LAB in milk (1:1) 24 h after they were fed            
with a single dose of ETEC, there was a 
significant increase (41.32× 10

4 
±3.7) (P < 

0.0001) in E. coli count within 3 days of 
administration after which there was a decline in 
the pathogen count. Furthermore, there was no 
significant difference in the faecal E. coli count of 
animals in group 4 fed with 1.5mL of 
standardized cell suspension of LAB when 
compared with the control group. 
 

3.2 Count of LAB in Feaces of Animals 
in Each Treatment Group 

 

Lactic acid bacteria count was observed to be 
low in group 1 animals, which were challenged 
once with 1 mL of standardized (2 × 108 
CFU/mL) cell suspension of ETEC. While there 
was an increase in LAB count in the feaces of 
animals in group 2, which were treated with 1.5 

mL of standardized cell suspension of LAB 24 h 
after they were challenged with a single dose of 
standardized cell suspension of ETEC after 12 
days. However, the highest significant increase ( 
125×104 ± 5.2) (P < 0.0001) in LAB count was 
observed in group 3 animals, which were treated 
with standardized cell suspension of LAB in milk 
for 30 days 24 hours after they were challenged 
with a single dose of standardized cell 
suspension of ETEC. Similarly, significant 
increase (73×10

4 
± 1.7) (P < 0.0001) in LAB 

count was observed in group 4 animals which 
were treated with 1.5 mL of standardized LAB 
cell suspension daily for 30 days. While LAB 
count in group 5 animals, which were 
administered with 1 mL of PBS daily was low 
compared to the groups treated with 
standardized suspension of probiotic LAB          
(Fig. 2). 
 
The representative micrographs of smears of 
rat’s stomach, duodenum, transverse colon and 
rectum stained with Gram stain are as presented 
in Figs. 3-6. Diarrhoeagenic ETEC, which are 
Gram negative organisms, were more abundant 
in the stained smears of pathogen treated group 
(Group 1) than Gram positive organisms after 30 
days. Furthermore, the probiotic LAB strain 
chosen for the present study adhered well to the 
mucosal wall as there was higher occurrence of 
Gram positive organisms in the stained tissues of 
animals treated with probiotic LAB in groups 2, 3 
and 4 while the occurrence of Gram negative 
organisms was very low and negligible after 30 
days. Also, representative photomicrographs 
obtained after 30 days from the animals fed with 
1 mL PBS (Group 5) showed fewer occurrence of 
both Gram positive and Gram-negative 
organisms in all the stained smears. 

 

 
 

Fig. 1. E. coli count in feaces of animals in different treatment groups for 30 days 
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Fig. 2. LAB count in feaces of animals in different treatment groups for 30 days 
morphology of stained organ smears 

 

 
 

Fig. 3. Representative micrographs of smears of rat’s stomach mucosa subjected to gram 
stain 

Observe: 1, 5: Presence of Gram positive (G+) and Gram negative (G-) bacteria while in 2, 3, and 4, Gram 
positive (G+) bacteria mostly seen 

 

 
 

Fig. 4. Representative micrographs of smears of rats’ duodenum mucosa subjected to gram 
stain  

Observe: 1 Presence of numerous Gram negative (G-) bacteria closely arranged, 2 and 4, Gram positive (G+) 
bacteria mostly seen. Gram positive and Gram-negative bacteria were present in 3 and 5 
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Fig. 5. Representative micrographs of smears of rats’ transverse colon mucosa subjected to 
gram stain 

Observe: 1, 2 and 5, Presence of Gram positive (G+) and Gram negative (G-) bacteria while in 3 and 4, Gram 
positive (G+) bacteria mostly seen 

  

 
 

Fig. 6. Representative micrograph of smears of rats’ rectum mucosa subjected to gram stain 
Observe: 1, 2, Presence of Gram positive (G+) and Gram negative (G-) bacteria while in 3, 4 and 5, Gram 

positive (G+) bacteria mostly seen 

 
3.3 Haematoxylin and Eosin Stain of 

Organ Sections 
 

The representative micrographs of sections of 
rat’s stomach stained with Haematoxylin and 
Eosin stains show that the mucosa,           
submucosa and muscularis externae layers in 
the stomach of representative animals were 
intact. The epithelium (innermost part of the 
mucosa) formed different invaginations known as 

the gastric pits while the lamina propria (middle 
part of the mucosa) with strongly eosinophilic 
parietal cells and the muscularis mucosa 
(outermost part of the mucosa) with prominent 
layer of smooth muscle were intact across the 
groups (Fig. 7). In the duodenum, the mucosa, 
submucosa and the muscularis externae were 
intact. In the mucosa are prominent intestinal 
epithelial cells (IEC), plicae circularis with 
prominent intervillous space (IVS) and laminar 
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propria (Fig. 8). In the transverse colon, 
temporary folds of the mucosa with numerous 
goblet cells (GC) were observed for 
representative animals in each of the groups. 
Furthermore, the muscularis mucosae, 
submucosa, muscularis externae were intact 
across the groups with distinct inner circular and 

prominent outer longitudinal layers (Fig. 9). In the 
rectum, the temporary fold of rectal mucosa with 
projecting surface epithelium as well as goblet 
cells (GC) were prominent across groups. Also, 
other layers of the GIT such as the muscularis 
mucosae, submucosa, muscularis externae were 
intact across all groups (Fig. 10). 

 

 
 

Fig. 7. Micrographs of sections of rats’ stomach mucosa subjected to H & E stains  
Intact arrangements in the mucosa with distinct gastric pits (GP), lamina propria (LP) with strongly eosinophilic 

parietal cells (PC) having round centrally located nucleus and strongly basophilic chief cells (CC) in their 
mucosae and goblet cells (GC). Muscularis mucosa (MM), submucosa (SM), muscularis externae (ME) layers 

are intact across the groups. Magnification: 100x 

 

 
 

Fig. 8. Micrographs of sections of rats’ duodenum subjected to H & E stains 
Permanent spiral folds or elevations of the mucosa plicae circulares (PC), with prominent villi (V) and intestinal 

epithelial cells (IEC). Submucosa (SM) with loose connective tissues (CT) and blood vessels (BV) and muscularis 
mucosal as well as the muscularis externae (ME) are intact in these groups. Magnification:100x 
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Fig. 9. Micrographs of sections of rats’ transverse colon subjected to H & E stains 
Temporary fold of the mucosa (TFM) across the groups. Goblet cells (GC) are distinct in all the groups 

interspersed among the columnar absorptive cells of the intestinal epithelium. Prominent blood vessels (BV) were 
also found around the Submucosa in groups 2 and 4. Muscularis mucosae (MM), submucosa (SM), muscularis 
externae (ME) with its distinct inner circular (ICML) and outer longitudinal muscle layers (OLML) are prominent 

across the groups. Magnification: 100x 

 

 
 

Fig. 10. Micrographs of sections of rats’ rectum subjected to H & E stains 
Temporary fold of rectal mucosa (TFM) with their projecting surface epithelium (SE) with prominent intestinal 
glands (IG) in the mucosa across the groups. The mucularis mucosae (MM), submucosa (SM) with prominent 

venules (V), thick muscularis externae (ME) are intact across the groups. Magnification: 100x 
 

4. DISCUSSION 
 

Diarrhea is characterized with discharge of 
watery stools more than 3 times/day sometimes 
with the presence of blood or mucus in the stool, 
as well as loss of appetite, weight loss and 
general body weakness [16]. Enterotoxigenic 

Escherichia coli (ETEC) has been reported to be 
the leading cause of bacterial diarrhea amongst 
the various Escherichia coli pathotypes. ETEC 
strains initiate diarrhea by colonizing the small 
intestine followed by the production of 
enterotoxins. They are one of the most common 
causes of diarrhea in children and traveler’s 
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diarrhea in developing countries [17]. In the 
present study, observations such as appetite and 
weight loss, watery stool and appearance of 
mucus indicated the initiation of diarrhea in the 
experimental animals. Also, the observation of 
clinical signs of diarrhea within 2-5 days of 
infection with ETEC is consistent with the report 
that clinical signs of diarrhea are usually 
identified within 72 hours of exposure to the 
pathogen [16].  
 
It has been reported that there is an increase in 
the population of Enterobacteriaceae during 
disease in a susceptible host although the 
mechanism behind this is not fully known [18]. 
The proliferation of E. coli within the first 15 days 
of infection in group 1 animals, which were 
challenged with infective dose of ETEC, as 
isolated from their feaces could be due to the 
ability of the pathogen to colonize the mucosal 
site, suppress the host immune system and 
initiate disease within this period. It has also 
been reported that the level of oxygen in the 
gastrointestinal epithelium supports the 
proliferation of E. coli, based on the ability of the 
organism to regulate genetic networks for oxygen 
sensing [19]. The increased LAB count in 
animals treated with probiotic organisms in this 
study indicated the ability of the probiotic strain to 
survive gastric and intestinal conditions in the 
animal gut. This is very essential for the 
organism to elicit beneficial effects in the host. 
This observation is consistent with other results 
that recorded a significant increase in the LAB 
count of the faecal samples of experimental 
animals treated with probiotics [14]. Furthermore, 
the higher count of LAB in the feaces of animals 
in group 3 (animals treated with LAB in milk) 
could be due to the ability of the probiotic 
organism to utilize the additional nutrients 
present in the milk such as calcium, vitamins, 
carbohydrates and proteins for proliferation. Thus 
indicating the use of milk and other suitable dairy 
products as a veritable carrier for probiotic 
administration in a living host [20].  
 
The decrease in the E. coli count in the feaces of 
animals treated with probiotics 3 days after they 
have been challenged with the pathogen (groups 
2 and 3) signals the inhibitory effect of the 
probiotic strain on the pathogen. Probiotics 
possess the ability for modification of the 
physiological homeostasis of the intestinal 
microbiota. They block the invasion of intestinal 
cells by pathogenic bacteria and modulate the 
intestinal immune response to up-regulate 
immunoglobulins, down-regulate inflammatory 

cytokines and protect mucosal barrier [21]. 
Furthermore, probiotics are expected to adhere 
well enough to the mucosal layer in the GIT since 
they need to compete with other pathogens for 
nutrient uptake [22]. The abundance of Gram-
positive organisms in the Gram stained organs of 
animals treated with probiotics indicates the 
adhesive ability and the resistance to harsh 
luminal gastrointestinal tract conditions exhibited 
by the probiotic strain. Also, the lower occurrence 
of Gram-negative organisms in animals treated 
with the probiotic LAB is due to the activity of the 
organism to maintain gut microbiota and reduce 
the occurrence of pathogenic organisms in the 
gut. Probiotics are able to achieve this 
phenomenon of competitive exclusion by 
competing vigorously with pathogens for binding 
sites through the production of antimicrobial 
metabolites such as organic acids, bacteriocins 
and successful competition for available nutrients 
[23]. 
 
The high occurrence of Gram-negative 
organisms in the duodenum of group 1 animals 
challenged with the pathogen obtained after 
Gram stain could be due to the stress conditions 
the animals were exposed to during the period of 
the experiment. This is supported by a previous 
report which illustrated that stress levels can 
initiate the increase of E. coli concentration in the 
proximal sections (duodenum and jejunum) of 
the digestive tract [24]. Furthermore, the 
proliferation of E. coli could encourage the 
growth of other pathogens such as Bacteroidetes 
sp. which are Gram negative bacteria largely 
associated with the GIT [25]. 
 
Hematoxylin and Eosin stains have been very 
essential for histologic examination and the 
recognition of various tissue types and the 
morphologic changes that form the basis for 
contemporary cellular pathology [26]. 
Histologically, the morphological integrity of the 
organs (stomach, duodenum, transverse colon 
and rectum) stained with hematoxylin and eosin 
stains was preserved across the groups in the 
present study. The result obtained in group 1 
animals which were challenged with ETEC 
indicates the possibility of the animals to have 
recovered naturally from the induced diarrhea 
before 30 days. It has been reported that 
individuals infected with ETEC can recover within 
7-12 days of infection depending on the host’s 
immune system and the virulence of the 
pathogen involved [27]. An important factor 
considered in the administration of probiotics is 
that the probiotic strain must be tolerated by the 
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host’s immune system and be able to stimulate 
the immune system against pathogens and not 
by itself provoke local or general pathogenic, 
allergic, mutagenic or carcinogenic reactions 
[22]. The intact mucosal arrangement without 
any histomorphologic disparity observed in 
animals treated with the standardized cell 
suspension of the probiotic strain in PBS (groups 
2 and 4) and in milk (group 3) indicates the 
safety of the probiotic both in a normal 
suspension and in a carrier system over a long 
period of consistent intake. This is consistent 
with the evaluation of the effects of a probiotic 
LAB in the prevention of Helicobacter pylori in 
the stomach tissue of mice [28]. Furthermore, the 
intact mucosal arrangement observed in the 
control animals (Group 5) suggests that healthy 
animals were selected for the study and there 
was no environmental contamination or possible 
error during the experiment. 
 

5. CONCLUSION 
 
In conclusion, the results obtained from this 
study indicates that Pediococcus acidilactici 
isolated from Wara was able to act as a 
therapeutic agent against a Diarrhoeagenic 
Enterotoxigenic E. coli and improve gut health 
through the adherence to mucosal wall and 
exclusion of pathogenic bacterial strains from the 
organs of the GIT without any adverse effect on 
the wellbeing of the host.  
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