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Abstract 
The probiotic potential of a strain of Lactobacillus plantarum isolated from fermenting corn slurry was investigated. The isolate displayed a 
good inhibitory action against some pathogenic and spoilage bacteria with zones of inhibition between 1–4 mm. The adhesive ability of the 
strain (3 bacteria/IEC) to ileal epithelial cell (IEC) of rat was also adequate. Beneficial effects such as lower serum aminotransferases and 
cholesterol was recorded for rats dosed with Lactobacillus plantarum (LS). Moreover, the serum alkaline phosphatase activity was also low but 
not significant (P<0.05) from control (CS). However there was an increase in the level of these biomarkers in the serum of the rats dosed with 
Lactobacillus plantarum and simultaneously challenged with E. coli (LC). 
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Introduction 
Probiotics are viable microbial food supplements, which 
beneficially influence the health of the host 1. Tissier 2  first 
observed that children with diarrhoea had in their stools a low 
number of bacteria characterised by a peculiar, Y shaped 
morphology. These “bifid” bacteria were, on the contrary, 
abundant in healthy children. He later suggested that these 
bacteria could be administered to patients with diarrhoea to help 
restore a healthy gut flora.  Members of the genera, Lactobacillus 
and Bifidobacterium are mainly used, but not exclusively, as 
probiotic microorganisms and a growing number of probiotic 
foods are available to consumers 3. Lactobacilli are important 
for the maintenance of the intestinal microbial ecosystem 4. They 
are one of the early coloniser of the small intestine as they are 
found within the first week of life 5.   Several beneficial effects 
of these groups of bacteria in the gut had been reported. Such 
beneficial effects include growth promotion of farm animal 6 , 
protection from pathogens7 , alleviation of lactose intolerance 
8, relief of constipation 9, anticholesterolaemic effect 1, 10 and 
immunostimulation 11 .  A potential probiotic organism must 
possess the following attributes: ability to survive the condition 
in the gut, antimicrobial production, and ability to adhere to the 
intestinal cell of the host 12 ,13. The present study is therefore 
aimed at studying the probiotic properties of a strain of 
Lactobacillus plantarum sourced from fermenting corn slurry 
(Ogi) using in-vitro and in-vivo parameters. 

Materials and Methods 
Source of Lactobacillus isolate: Lactobacillus plantarum was 
isolated from fermenting corn slurry on deMann Rogosa and 
Sharpe (MRS) agar (LAB M) after serial dilution to 10-5 dilution 
factor. The isolate was characterised using colonial, 
morphological and biochemical characteristics14. 

Detection of antagonistic activity:  The well diffusion assay 
of Schillinger and Lucke 15 was used to detect the inhibitory 
effect of Lactobacillus plantarum against six indicator bacteria. 
This involves seeding petri dishes with the test bacteria and 
introducing 0.05 ml (50µl) of Lactobacillus plantarum 
supernatant into holes bored with 3 mm cork borer. The plates 
were incubated anaerobically at 150C for 24 h after which they 
were examined for zones of inhibition. 

In-vivo adhesion assay: Ileum epithelial cell (IEC) of 4-week- 
old albino rat was prepared by adapting the method of Jin et 
al. 16. The IEC was then suspended to a concentration of 6x105 
cell/ml. Cells from overnight anaerobic culture of Lactobacillus 
plantarum in MRS broth was washed and suspended in 
phosphate buffer solution (PBS) to a density of 108 cells/ml. 
One fifth of 1 ml (0.2 ml) of epithelial cell suspension was 
added to 0.8 ml of the overnight an aerobic broth culture of 
Lactobacillus plantarum and incubated for 1 h at 370C. 
Adhesion of Lactobacillus plantarum to rat’s IEC was assessed 
using light microscope with phase contrast illumination of x10. 

Experimental design: Sixteen (16) albino rats (Rattus 
norvegicus) aged 5–6 weeks were obtained from Department 
of Physiology, University of Ibadan. The rats were fed on basal 
diet purchased from Bendel feed (Table 1) for 1 week ad libitum 
before the treatment. The rats were randomly assigned to 4 
treatments of 4 rats each. Lyophilised Lactobacillus plantarum 
isolates were reconstituted by dissolving 1 g in 10 ml of sterile 
water. Group CS was fed on the basal diet alone (Control). 
Group LS was fed on the diet and orogastrically dosed with 
0.3 ml of reconstituted Lactobacillus plantarum. Group LC 
was fed on the diet, dosed with 0.3 ml Lactobacillus plantarum 
and simultaneously infected with 0.3 ml of 105 cfu/ml of 
enteropathogenic E. coli (ETEC). Group CC was fed with the 
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basal diet and infected with the same concentration of ETEC 
above. The treatment above was repeated the second day. A 
post ingestion period of 18 days was observed after the 
administration of the culture. The rats were collected into EDTA 
bottles for analyses of some serum biomarkers. 

Biochemical assay:  Reflotron M06.02<06.00 (Boehringer 
Mannheim Company) was used for the analysis of some serum 
biochemical parameters that can reveal the effects of the 
administered Lactobacillus isolates. The biomarkers assayed 
for are: total cholesterol, aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), and alkaline phosphatase 
(ALP). Standardized amount of the sample was automatically 
pipetted and applied on to the test zone of the appropriate test 
strip. The strip was inserted into the test chamber and the flap 
closed. The result was displayed after some seconds on the 
computer monitor. Tests were carried out at 250C. 

Statistical analysis:  The data gathered from toxicological assay 
and faecal flora assay were processed using one way analysis 
of variance (ANOVA), SPSS 10.0. The level of significance 
was set at P < 0.05. Means were compared by Dunnet T- tests. 

Results 
The antagonistic effect of Lactobacillus plantarum against 
indicator bacteria is presented in Table 2. All the indicator 
bacteria except Staphylococcus aureus NCIB 8588 were 
inhibited. The antagonistic effect of the isolate was more 
pronounced on Bacillus cereus NCIB 6349, E. coli NCIB 86, 
and Klebsiella pneumoniae NCIB 950 with zones of inhibition 
of more than 4 mm against these bacteria. The ability of 
Lactobacillus plantarum to adhere to the ileal epithelial cells 
(IEC) of albino rats is shown in Table 3. Adhesive capability 
was 3 bacteria/IEC.  Serum biomarkers in rats after the feeding 
trial are shown in Table 4. Aspartate aminotransferase (AST) 
level was lowest (79.00 iu/l) in group LS. AST was particularly 
high (169.27 iu/l) in group LC, and significantly different 
(P<0.05) from the control (CS) (93.47 iu/l). Alanine 
aminotransferase ALT also has a similar trend in all the groups. 
ALT was lowest in group LS (20.57 iu/l) and highest in group 

LC (110.77 iu/l). 
 There was no significant difference (P>0.05) in the alkaline 
phosphatase level of the rats in control (CS) (32.00 iu/l) and 
the group dosed with Lactobacillus plantarum (LS) (32.93 iu/ 
l). However, serum ALP was higher and significantly different 
(P<0.05) in groups LC (695.00 iu/l) and CC (512.00 iu/l). 
Serum cholesterol was also lowest in group LS (99.67mg/dl). 
This biomarker was also higher in group LC (115.67mg/dl) 
and significantly different (P<0.05) from the control 
(109.67mg/dl). 

Discussion 
 A great number of studies has revealed the probiotic potential 
of lactobacilli as promoter of good health and performance in 
animals. There are few or no available reports on the probiotic 
potential of Lactobacillus plantarum sourced from fermenting 
corn slurry. Lactobacillus plantarum is one of the bacteria 
associated with the fermentation of corn in the production of 
Ogi 17. Locally, the water obtained from fermenting corn slurry 
is used to treat incidence of diarrhea in goats. 
 In vitro inhibitory capability of Lactobacillus plantarum against 
indicator bacteria is a good probiotic property. Salminen et al.5 
stated that if antimicrobial activities could be transferable to in 
vivo conditions, it seems beneficial for the maintenance of the 
intestinal microflora. There are several reports on the growth 
inhibition of  Salmonella strains, E. coli, Staphylococcus aureus 
and Shigella spp. 16, 18. The antibacterial properties of lactobacilli 
have been related to their metabolic products such as organic 
acids, bacteriocins and hydrogen peroxides19 . 
  The adhesion properties of specific bacterial strains to intestinal 
cells enhance colonization and have become standard procedure 
for selecting new probiotic strains 9 . Perderson and Tannock 20 
stated that adhesion is high when 15 bacteria adhere per 
epithelial cell and low when less than 3 bacteria adhere per 
epithelial cell. Adhesion of 3 bacteria/IEC recorded in this study 
is quite adequate. Serum aminotransferases  (AST and ALT) 
were lower in rats dosed with Lactobacillus plantarum (LS) 
than in the other groups. Bertazzoni et al. 10  reported a reduction 
in the level of these enzymes in the serum of rats dosed 
Lactobacillus casei sourced from European cheese. AST and 
ALT are enzymes that are produced in the liver and they leak 

Table 2. Antimicrobial activities of wild strain of 
Lactobacillus plantarum towards indicator bacteria. 
 
Indicator bacteria* Activity 
Bacillus cereus NCIB 6349 
E. coli Type 1 NCIB 86 
Pseudomonas aeruginosa NCIB 14070 
Klebsiella pneumoniae NCIB 950 
Staphylococcus aureus NCIB 8588 
Shigella dysenteriae  Clinical isolate 
 

  ++ 
  ++ 
   +       
   ++    
     - 
     + 

Bacteria sourced from stock culture collection of the Department of Microbiology,   
Obafemi Awolowo University, Ile-Ife, Nigeria. +: Clear zone of inhibition of 2 mm or more
++ : Clear zone of inhibition of 4 mm or more; -: No zone of inhibition. 

Table 1. Composition of basal diet.  
Ingredients   Level in diet 
Crude protein, % 
      “   fat, %  
      “   fibre, % 
      “   ash, %  
Calcium, % 
Phosphorus, %  
Lysine,% 
Methionine, % 
Vit. A., iu 
Vit. D3,  iu 
Vit. E, mg 
Vit. B2, mg 
Vit.C, mg  
Manganese, mg  
Zinc, mg  
Sodium, % 
Metabolisable energy, kcal/kg 
   

    14.5 
      4.8 
      7.2 
      8.0 
      0.8 
      0.62 
      0.6 
      0.29 
8,000 
2,400 
     15   
     40  
     50   
     30 
     30 
       0.15 
2,300  

Source: Product of Bendel feed, Edo State, Nigeria. 

*Value is the mean of 3 replicate. Contact time: 1 hour. 

Lactobacillus species  Number of bacteria / IEC 
Lactobacillus plantarum               3* 

Table 3. Adhesion of Lactobacillus plantarum to the IEC of albino rat. 
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out into the general circulation when the liver is injured 21. ALT 
is considered to be more specific indicator of liver inflammation, 
since AST may be elevated in diseases of other organs such as 
heart spleen and muscle22. The lower AST and ALT activities 
observed in the serum of rats fed Lactobacillus plantarum (LS), 
is an indication of improved liver function. This function was 
however affected when the rats were dosed with Lactobacillus 
and simultaneously infected with E. coli.  Increased ALP had 
been associated with cholestasis (lack of bile flow) 23 . The lower 
ALP in group LS is an indication that the incidence of cholestasis 
is unlikely. This report also shows a reduction of the serum 
cholesterol in groups LS (99.67 mg/dl) when compared with 
the other groups. Some lactobacilli have direct effect on 
cholesterol levels by assimilation and removal from growth 
medium9. Reduction of serum cholesterol can prevent various 
ischemic heart syndrome24. 
 The ability of Lactobacillus plantarum to antagonize the 
indicator bacteria, adhere to IEC of rats, enhance better liver 
function by lowering aminotranferases levels and reduction of 
serum cholesterol makes it a potential strain for use as probiotic 
agent. However, when orogastric dosing with Lactobacillus 
plantarum was followed with infection with E. coli, the values 
of the serum biomarkers increased significantly. 
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Table 4. Serum biomarkers of rats after in-vivo feeding trial. 

Treatment AST (iu/l)  ALT (iu/l) ALP (iu/l)  Cholesterol (mg/dl) 

CS 

LS 

LC 

CC 

93.47±12.07 

79.00±46.97 

168.27*±31.04 

86.40±6.43 

31.43±1.13 

20.57±1.28 

110.77*±23.97 

39.06±2.50 

32.00±0.00 

32.93±0.03 

695.00*±9.99 

512.00*±18.59 

109.67±7.09 

99.67±7.09 

115.67*±3.89 

109.67±1.45 

Values are means ± SEM of 4 rats per treatment. *Values along column are higher and significantly different (P<0.05) from control (CS). 
CS: Rats placed on basal diet alone (control); LS: Rats placed on basal diet and dosed with Lactobacillus plantarum. LC: Rats placed on basal diet, dosed    
 with Lactobacillus plantarum, and challenged with E. coli. CC: Rats placed on basal diet and challenged with E. coli. 
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