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Fifteen Lactic acid bacterial (LAB) strains were isolated from milk and milk 
products. They were identified as Lactobacillus plantarum(3)Lactobacillus 
fermentum (2), Lactococcus lactis subspecie cremoris(3) Lactobacillus 
acidophilus (3), Lactobacillus brevis (3) and Streptococcus thermophillus (1). 
The entire LAB isolated inhibited all the Pseudomonas species with the 
exception of Lactococcus lactis subspecies cremoris that did not inhibit 
Pseudomonas putida, Pseudomonas aeroginosa III and Pseudomonas 
flourescens. Lactobacillus plantarum produces the highest quantity of lactic 
acid at 72 hours of incubation (2.89g/l) while Lactobacillus fermentum 
followed closely (1.11g/l). Inhibitory activity of organic acid such as Lactic, 
glacial acetic and citric acid was tested against indicator microorganisms. 
Lactic acid had the highest inhibitory activity against Pseudomonas 
aeroginosa I and Pseudomonas flourescens with 28mm zones of inhibition 
each, followed closely by Acetic acid having 20mm zone of inhibition against 
Pseudomonas aeroginosa III. Citric acid had the lowest zone of inhibition 
(12mm) against Pseudomonas putida I and Pseudomonas putida II. Results of 
the high performance liquid chromatography (HPLC) used to quantify 
organic acid revealed that, Lactobacillus plantarum produced the highest 
yield of Lactic acid (280.16 mg/ml) closely followed by Lactobacillus 
fermentum (215.9 mg/ml). Whereas the lowest yield (48.253mg/ml) was 
produced by Lactococcus lactis subsp cremoris with the retention time of 
3.231. Thus, the present study showed that the antimicrobials produced by 
LAB have the potential to inhibit pathogenic and food-spoilage 
microorganisms, especially Pseudomonas species used in this work.   
  
Key Words: Lactic acid bacteria, pseudomonas species, organic acid, high 
performance liquid chromatography, man ragosa sharpe, analytical profile index,  

 
 
 
INTRODUCTION 
 
Lactic acid bacteria (LAB) display numerous antimicrobial 
activities in the fermented foods. This is mainly due to the 
production of organic acids, ethanol, Hydrogen peroxide, 
diacetyl and reuterin. Lactic acid bacteria also play an 
important role in food industry as starter cultures to 

improve food quality and safety (Zhennai, 2000). It is a 
widely used chemical that has found application in many 
industries and various commercial purposes. It is used in 
leather tanning and textile dyeing and in making inks, 

solvents and lacquers. Lactic acid is an organic acid 
produced as a result of fermentation metabolism by the 
lactic acid bacteria. (Narayanan et al., 2004).  Lactic acid is 
also used as acidulate, flavoring, pH buffering agent or 
inhibitor of bacterial spoilage in many processed food. The 
esters of lactic acid are used in baking foods, and as 
emulsifying agents (Datta, 1995; Narayanan et al., 2004). 

Production of Lactic acid can be performed in two ways: 
chemical     synthesis     and      carbohydrate     fermentation  
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(Narayanan et al., 2004). The carbohydrate fermentation 
method is relatively cheaper and so it is preferable.  

Lactobacillus is the main genus of LAB, and plays an 
important role in balancing microflora in the gut ecosystem 
of human and animals (Lee, 1997; Brashears et al., 2005; 
Canibe et al., 2007).  

Recently, it was reported that, bacterial  metabolites 
display also a wide  inhibitory activity against  various  
pathogens  such  as  Escherichia  coli,  Salmonella 
typhimurium  and  Pseudomonas aeruginosa (Savadogo  et 
al.,  2006; Gaggìa  et al.,  2010;  Thanh  et  al.,  2010,). 

Nowadays people are faced with a lot of health problems 
caused by their life style. Human cardiovascular disease is 
the most important problem in many countries due to 
hyper cholesterol levels (Kim et al., 2008). LAB such as 
probiotics has a long history of application and 
consumption by human as safe (Holzapfel et al., 1995). 

Antimicrobial substances produced by Lactobacillus 
species possess inhibitory activity against Salmonella and 
Pseudomonas as well as other pathogens and food- 
poisoning agents affecting animal health (Adams and Hall, 
1988; Savadogo et al., 2006;  Thanh  et  al.,  2010). Recently, 
it was reported that the bacterial  metabolites  display a 
wide  inhibitory activity against  various  species of  
pathogens  such  as  Escherichia  coli, S. typhimurium  and  P. 
aeruginosa (Savadogo  et al.,  2006; Gaggìa  et  al.,  2010; 
Thanh  et  al.,  2010) 

The genus pseudomonas corresponds to a diverse and 
ecologically significant group of bacteria which are found in 
a very large number of natural environments, e.g., 
terrestrial, freshwater or marine-water.  

Pseudomonas species are motile (rarely non-motile), 
Gram negative, catalase and oxidase positive or negative, 
straight or slightly curved rods. They are aerobes, having a 
strict respiratory type of metabolism with oxygen as the 
terminal electron acceptor. 

Pseudomonas has a great practical impact in several 
ways; many can degrade an exceptionally wide variety of 
organic molecules, thus they are very important in 
mineralization process. Some pseudomonas species are 
major animal and plant pathogens.  

P. aeruginosa is a ubiquitous bacterial strain occurs in 
soil, animal, feces, water, and food. It is involved in enteritis 
transmitted by water and foods, and causes cystic fibrosis 
in patients with low resistance (Nudda et al., 2006). It also 
invades burns and causes urinary tract infection. P. syringae 
is an important plant pathogen, P. fluorescens is involved in 
the spoilage of refrigerated milk, meat, egg and seafood 
because it grows at 4°C and degrades lipid and proteins 
(Savadogo et al., 2006). 

A variety of selective and differential media has been 
proposed, particularly for the detection of Pseudomonas 
species isolated from clinical, environmental, and food 
samples. Some problems may arise especially when 
quantitative recovery is required or in cases where large 
numbers  of  competing  flora  are  present.  (Holzapfel et al., 

 
 
 
 
1995).  

The aim of the present study was to: a) isolate and 
characterize some of lactic acid bacteria; b) quantitatively 
determine the organic acids produced by the lactic acid 
bacterial strains; and c) ascertain the anti-pseudomonas 
activity of the produced organic acids. (LAB)  
 
  
MATERIALS AND METHODS 
 
Sample Collection 
 
Milk and milk products, used for this study, were purchased 
locally at Bodija and Ojoo market of Ibadan Oyo State. The 
samples (Yorghurt, Local cheese (wara), goat milk and cow 
milk) were collected with a sterile McCartney bottle and 
transported to Microbiology laboratory of University of 
Ibadan under hygienic conditions. The clinical indicator 
strains were collected from University College Hospital, 
Microbiology and parasitological laboratory, while 
indicator strains from the environment were collected from 
the Environmental microbiology laboratory, University of 
Ibadan, Nigeria 
 
Culture Media  
 
MRS (de Man Ragossa Sharpe) broth and agar medium, 
Nutrient agar, and Peptone water were prepared and 
homogenized according to the manufacturer’s instructions. 
Sterilization of medium was carried out at 121°C for 15min, 
autoclaved, and cooled to a temperature of 45 °C before use. 
 
Isolation of microorganisms  
 
Serial dilutions were made from the samples by mixing 10 
ml sample to 90 ml of sterile peptone water from various 
dilutions to give 1:10 dilution. Dilution was made up to 10-8, 
using a sterile pipette. One ml of appropriate dilutions was 
plated out using different culture media (Harrigan and 
McCance, 1966). The plates were left for solidifying, 
inoculated in duplicates, and inverted. MRS plates were 
incubated at 37 °C for 48hours under aerobic conditions. 
Nutrient agar was used to resuscitate the indicator 
organisms, which were incubated aerobically at 30 °C - 37 

°C for 24hours. After incubation period, representative 
colonies of various isolates were selected at random and 
sub-cultured repeatedly to obtain a pure culture. 
 
Culture Preservation 
 
Pure cultures of LAB isolates were sub- cultured into MRS 
broth /agar and incubated at 30°C until growth becomes 
visible, and overlaid then with 12% (v/v) glycerol for 
maintenance of medium. The stock cultures were stored at 
4 °C for subsequent use and sub-cultured at 4 weeks 
interval. 
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Plate 1: API  Kit +  Medium+ 

LAB before incubation 
Plate2:  API Kit + Medium 

+ LAB  after  incubation.  
 

   Figure1: ApI 50CHL Kit for the identification of    LAB Isolates. 

 
 
 
 
Characterization of isolates  

 
Characterization   of   isolates   was   carried   out   by   
employing   macroscopic, microscopic and biochemical 
tests using API50CHL strip. One milliliter of broth cultures 
of each isolate was used for all the tests except where 
otherwise stated.  
 
Macroscopic Examination 
 
The isolates were examined for growth type, shape, 
elevation, size, pigmentation and consistency. 
 
Sugar fermentation test 
 
API 50CHL strip is a standardized system associating 50 
biochemical test which is used for the study of the 
carbohydrate metabolism of microorganism. The 
fermentation tests are inoculated with API 50CHL medium 
which rehydrates the substrates, during incubation, 
fermentation is revealed by a color change in the tube, 
caused by the anaerobic production of acid and detected by 
the pH indicator present in the chosen medium. The first 
tube which does not contain any active ingredient is used as 
a negative control.  
 
Detection of Antagonistic activity of LAB strains against 
some indicator organisms 
 
A well diffusion assay was used (Schillinger and Lucke 
1987). Pre poured indicator organism was dispensed into 
agar plate (4mm depth) and was overlaid with a 10ml soft 
agar (0.7%) lawn of indicator culture. The indicator lawn 
was prepared by adding 250µl of a 10-1 dilution from an 

overnight culture to 10ml of indicator organism. Wells 
(5mm in diameter) were bore into the already prepared 
agar using a cork borer, and 100µl of the already prepare 
supernatant of the test organism was dispensed into each 
well. The plates were incubated aerobically (Figure 1). 
 
Antagonistic activity of Organic acid against Indicator 
organisms 
 
The inhibitory activity of organic acids such as Lactic, Acetic 
and Citric acid were tested against indicator organisms 
used in this work. The various concentrations used for the 
test include: Acetic acid (0.1M) and Citric acid 1M and 
Lactic acid 0.1M(Figure 2) 
 
Preparation of indicator organism  
 
A well diffusion assay was used (Schillinger and Lucke, 
1987). Pre-poured indicator organisms (Pathogenic) agar 
plate (4mm depth) was overlaid with a 10ml soft agar 
(0.7%) lawn of indicator culture. The indicator lawn was 
prepared by adding 250µl of a 10-1 dilution from an 
overnight culture to 10ml of indicator organism soft agar. 
Wells of 5mm in diameter were cut into these agar plates 
by using a cork borer and 0.1µl of the organic acid diluted 
into various concentrations was placed into each well. The 
plates were incubated aerobically at 37 °C for the indicators 
organisms overnight. The plates was examined for zones of 
inhibition which was scored positive if the width of the 
clear zone was 0.5mm or larger. This diffusion zone was 
also used for the quantitative assay. The diameter of the 
inhibition zones was taken to be proportional to the log of 
the antimicrobial concentration that is expression in 
arbitral unit.  
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Figure: 2 Antagonistic activities of organic acids on indicator organism 

 
 

Table 1. Frequency of occurrence of LAB isolated from fermented Milk and milk products 
 

Isolates Substrates Number Percentage (%) 
Lactobacillus brevis  
Lactobacillus plantarum 
Lactobacillus fermentum  
Lactococcus lactis subspecie cremoris 
Lactobacillus acidophillus 
Streptococcus thermophillus 

Cow 
Goat milk 

 
Local cheese (wara) 

 
Nono 

3 
 

5 
3 
3 
1 

20 
 

33.3 
 

40 
6.7 

Total  15 100 

 
 
 
Quantification of organic acids (HPLC)  
 
Lactic and acetic acids were quantified by high pressure 
liquid chromatography (HPLC) of   12000 series. The 
analysis of both Lactic and Acetic acids were performed 
according to the methods described by the manufacturer 
(OACD.M) at ambient temperature of 20 to 
25°C.Quantification was carried out via an ion exchange 
column using the following separation techniques: 
The flow rate of 1ml/min of MeOH: 
25mMKH2PO4(20:80)% mobile phase, injection volume of 
1.25/ 2.5, 5.0/ 7.5 and 10mg/ml respectively, UV detection 
at 60°C, Retention /Elution time of 3-4mins and Column of 
supelcosil c18 (250×4.6)mm,5µm. 
 
 
RESULTS AND DISCUSSION 
 
A total of fifteen LAB were isolated from fermented milk 
and milk products. The isolated bacteria were screened 
down to five strains using biochemical, physiological, and 
morphological tests as indicated above. They were 
identified as Lactobacillus plantarum, Lactobacillus 

fermentum, Lactobacillus acidophilus, Streptococcus 
thermophillus and Lactococcus lactis, subspecies cremoris as 
shown in Table 1. 

The API 50CHL kit used in this work was able to 
differentiate the isolate to strain level the entire LAB 
fermented glucose, fructose, lactose, maltose and galactose. 
However there is variation in fermentation of other sugars. 

The cultural and biochemical properties of LAB strains 
were in conformity with Bergey’s Manual of Systematic 
Bacteriology (Holt et al., 2000). All the Lactic acid Bacteria 
fermented glucose, mannitol and fructose and this agreed 
with the work of Knox et al. (1964) who reported the ability 
of members of the LAB to ferment glucose and other sugar 
such as lactose, sucrose and maltose.  

Antagonistic activity of Lactic acid bacteria strains 
against the pathogenic/spoilage Pseudomonas strains was 
carried out. 80% of all LAB isolates showed antagonistic 
activity against most of the indicator organism which is 
attributed to the low pH, undissociated acid and production 
of other primary and secondary antimicrobial metabolites 
(Ten Brink et al., 1994). 

However, Lactobacillus plantarum and Lactobacillus 
fermentum had the highest antagonistic activity against the  



 
 
 
 
tested indicator organisms. This agrees with the work of 
Ogunbanwo et al., (2004) and Hernandez et al. (2001), who 
reported that Lactic acid bacteria exert a strong 
antagonistic activity against food contaminating 
microorganisms (Spoilage and Pathogenic). This is 
attributed to the presence of acids, a low pH (Steinkraus, 
2002) and antimicrobial compounds produced by Lactic 
acid bacteria. Acidity is probably in most cases the primary 
factor responsible for the preservation of lactic acid 
fermented foods, however a number of agents may also be 
responsible for inhibition e.g. bacteriocins, diacetyl, carbon 
dioxide, hydrogen peroxide and ethanol (Holzapfel et al., 
1995; Adams and Nicholaides, 1997; Helander et al., 1997). 

 However for the quantitative estimation of Lactic Acid 
Bacteria, it was observed that as the incubation period 
increases Lactic acid concentration increases. Lactobacillus 
plantarum produces the highest quantity of antimicrobial at 
72hours of incubation followed closely by Lactobacillus 
fermentum as this agrees with the work of (Ogunbanwo et 
al. 2004; Ten Brink et al., 1994).Organic acids (Lactic, 
Glacial acetic and Citric acid) that was tested against the 
indicator organisms used in this work showed appreciable 
zones of inhibition against Pseudomonas species. This 
agrees with the work of Foo et al. (2003) who reported that  
during  the  production of metabolites by Lactobacillus 
plantarum strains, lactic and acetic acids are  produced  to  
promote  the  growth  of  producer  cells. Both lactic and 
acetic  acids  are  the  major  contributors  to  the  acidic 
environment  and  they  maintain  the  acidic pH  of 
metabolites (Brashears  et  al.,  2005). 

Ability of different LAB species to produce organic acid 
varies from species to species and this is a critical feature in 
characterization of some LAB species. In general, it was 
observed that Lactobacillus plantarum and Lactobacillus 
fermentum were the best producers of Lactic acid when 
compared with Lactococcus lactis subspecie cremoris and 
Lactobacillus acidophilus. The production ability of these 
organisms also serves as a characterization parameter for 
identifying the organisms. It was clear that the impact of 
species was significant on organic acid distribution of Lactic 
acid Bacteria. As indicated by previous researchers (Cunha 
et al., 2002; Karadeniz, 2004). 

Chromatographic techniques allow simultaneous analysis 
of most of the organic acids, confirming the accuracy of the 
separation and analysis conditions. In this field, high 
performance liquid chromatography (HPLC) is one of the 
most promising and more useful techniques, either by 
direct determination or by the analysis of derived products. 
it utilize either reverse phase partition chromatography or 
ion exchange chromatography (Casella and Gatta, 2001; ). 

Isolated colonies appeared creamy or whitish on MRS 
agar plate with raised edges.  They were gram positive long 
and short rods, cocci or coccobacilli, non-motile non-
endospore formers and catalase negative.  Biochemical 
tests revealed that all LAB strains are facultative anaerobes, 
positive to methyl red, negative to  indole,  catalase, oxidase  
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production, hydrogen sulphide, and gelatin hydrolysis tests.  
Almost all the isolates are non-spore forming and grow at 
45  °C and 15°C except few.Only Lactobacillus acidophilus 
was found to grow at 4% NaCl, while most others grow at 
6% NaCl. Most isolates did not hydrolyse starch or casein.  
Negative result was recorded for nitrate reduction, and 
Voges-Proskauer test (Table 2).   

In Table 3  and Figure 3 result produced showed that the 
entire LAB strains isolated from milk and milk products, 
produced metabolite that inhibit all the Pseudomonas 
species with the exception of P.putida, P. aeruginosa III and 
P. flourescens which showed resistance to the metabolites 
produced by Streptococcus thermophillus and Lactobacillus 
lactis,Subspecie cremonis. Lactobacillus fermentum had the 
highest inhibitory activity against P. flourescens with 20mm 
zone of inhibition followed closely by L.plantarum that 
inhibited P. aeruginosa II with 19mm zone of inhibition and 
the lowest zone of inhibition was recorded against P. putida 
by the metabolites produced by for Lactobacillus lactis, 
subspecie cremoris. The entire Lactic acid bacteria inhibited 
P.aeruginosa I, and Pseudomonas aeruginosa II with zone of 
inhibition ranging from 12mm-19mm. Additionally,  the  
inhibitory  ability  of LAB was  due  to  the  presence  of  
various  types and  concentration  of  antimicrobial  
substances,  such  as bacteriocins  and  organic  acids   
(Savadogo  et  al.,  2006). 

A few organic acids (e.g Lactic, Acetic and Citric acid) 
were tested against indicator organisms, Therefore 
inhibition of indicator organisms by organic acid was 
clearly detected as large zones were seen around the 
culture plate this was carried out to further confirm the 
potency of these antimicrobials against the indicator 
organisms used in this work. Table 4. 

The organic acid production ability of different LAB 
species vary and this is a critical feature in characterization 
of some LAB species. In the analysis for the five species of 
LAB used, it was clear that their production of Lactic acid 
and Acetic acid varied considerably as shown by the 
chromatographs in Figure 2). 

The separation of the two organic acids in the standard 
mixture was performed. The optimization of the 
chromatograph conditions, i.e., the pH and flow rate of the 
mobile phase, column temperature as well as the 
absorption wavelength, all affect the separation degree and 
peak shape of the organic acid, as they were obtained. The 
ability of organic acid production by different LAB species 
varies, and this is a critical feature in characterization of 
some LAB species. Production of Lactic acid and Acetic acid 
by the four species of LAB revealed that, Lactic acid and 
Acetic acid varied considerably as shown by the 
chromatographs (Figure 4, 5 and Table.5)In Figure 4, L. 
plantarum had the highest quantity of Lactic acid 
(280.16mg/ml) followed closely by L.fermentum 
(215.9mg/ml) while Lactococcus lactis sub. cremoris 
produced the lowest level (48.253mg/ml).On other side, L. 
plantarum has the highest production of Acetic  acid  with a  
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Table 2. Biochemical and Physiological Characteristics  of LAB Isolated from fermented milk and milk products 
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LAB1 + S. Rod - - - - - -  + - - - + - - - - + - F HE 
LAB2 + Cocci - - - - - - - + - - - + - - - - + - F HO 
LAB3 + Cocci - - - - - - - + - - - + - - - - + + F HO 
LAB4 + Cocci - - - - - -  + - - - + - - - - + + F HO 
LAB5 + Cocci - - - - - - - + - - - + + + - - + - F HO 
LAB6 + S.Rod - - - - - - - + - - - + + - - - + + F HO 
LAB7 + Cocci - - - - - - - + - - - + + - + - + - F HO 
LAB9 + L.rod - - - - - - - + - - - + + - + - + - F HO 
LAB10 + Cocci - - - - - - - + - - - + - - + - + - F HE 
LB11 + L.Rod - - - - - - - + - - - + + - - - + - F HE 
LB12 + S.Rod - - - - - -  + - - - + - - - - + - F HE 
LAB13 + S. Rod - - - - - -  + - - - + - - - - + + F HO 
LAB13 + S.Rod - - - - - - - + - - - + - - + - + + F HO 
LAB14 + Cocci - - - - - - - + - - - + + - - - + + F HE 
LAB15 + Cocci - - - - - -  + - - - + + - - - + + F HO 

 
KEY 
HE: Heterofermenter HO:Homofermenters  S:Short 

 
 
Table 3. Antagonistic Activity of LAB against some Pseudomonas species 
 

Indicator                           LAB Isolates/Zone of inhibition (mm) 
 L. plantarum S. thermophillus L. fermentum L. acidophilus Lactococcus lactis sub.sp cremoris 
P. putida I SO(10) R(0) S(12) S(14) R(0) 
P.putida II SO(7) S(13) S(9) R(0) S(13) 
P. aeroginosa I S(14.5) S(16) S(15) S(11) S(12) 
P. aeroginosa II S(19) S(10) S(17) S(14) S(15) 
P. aeroginosa III S(15) S(13) S(14) R(0) R(0) 
P. flourscens S(14) S(15) S(20) S(13) R(0) 
      

 

Key:  R –  Resistant S –  Susceptibility SO- 

 
 

 

 
 

A 
B 

C 
D 

A 
B 

C 
D 

Pseudomonas aeroginosa Pseudomonas flourescens 
 

 

Figure 3:Antagonistic activity of LAB isolates against some Pseudomonas species 
L. plantarum, B: L fermentum.C:L. acidophillus. D: Strept. thermophillus  
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Table 4. Organic acid Concentration and Inhibitory activity. Zones of Inhibition in (mm) 
 

Organic acids 
 

Indicator Organisms 
 

PELI PEL11 PSU001 PSU00II PSO003 PF0I 
Lactic acid +15mm +20mm +25mm +26mm +28mm +28mm 
Acetic acid +14mm +18mm +14mm +19mm +20mm +19mm 
Citric acid +12mm +12mm +15mm +13mm +11mm +17mm 

 

Key: PELI-P. putida1,PELII-P putidaII,PSU0I-P. aeruginosaI, PSU00II-P.aeruginosaII,  PSO00III-,P.aeruginosa III, 
PF0I- P.flourescens  

 
 

 
 

Figure 4: Quantiy of  Lactic and Acetic acid produced by  LAB  Isolates  (HPLC) 

 
 

 
 

Figure: 5 Chromatograph of Lactic and Acetic acid showing the Peak area, Retention time and Elution of 

Lactobacillus fermentum and Lactococcus lactis subsp.cremoris. 
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Table 5. Quantity of Lactic and Acetic acid Produced by LAB isolates in (mg/ml) and their percentage change (HPLC) 
 

 Sample ID Lactic (mg/ml) Acetic (mg/ml) % change  
 L.acidophillus 48.2533392 35.55191372 35.72642  
 L.l sub s. cremoris 47.15250257 52.07231973 9.448047  
 L. plantarum 280.1629238 163.0894481 71.78483  
 L. fermentum 215.9474534 200.0951575 7.922379  

 
 
 
value of 200mg/ml followed closely by L. fermentum 
(16.3mg/ml). Lactococcus lactis sub. cremoris and 
L.acidophilus showed the lowest values of 52mg/ml and 
35.5mg/ml, respectively (Figure 5). In general, it was 
observed that L. fermentum and L. plantarum were the best 
producers of Lactic acid when compared with Lactococcus 
lactis subspecies cremoris and L.acidophilus. The quantity 
and concentration of Lactic acid and Acetic acid produced 
by LAB were converted to percentage as shown in Table: 5. 
However, changes in the value of organic acids is based on 
their difference in quantity (mg/ml).  It was observed that, 
L. plantarum had the highest percentage change in Lactic 
and acetic acid values (71.7%) showing a high variability in 
organic acid production. L. acidophillus had a percentage 
change in organic acid values of 35.7, while Lactococcus 
lactis sub. cremoris and Lactobacillus plantarum had 9.44% 
and 7.92%, respectively (Table 5), showing their variability 
status with regards to organic acid production.   
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