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Abstract
Lactic acid bacteria (LAB) have been found to produce
antimicrobial agents that contribute to inhibition of
pathogens and spoilage microorganism in food. This
research aims at assessing and determining the
antimicrobial substances produced by LAB isolated from
‘pupuru’ against food borne pathogens. Samples of ‘pupuru’
were collected from Ondo State, Nigeria and different
species of LAB were isolated from them. LAB were identified
using standard morphological and biochemical tests. They
were tested against pathogenic organisms using the Agar
well diffusion method. Antibacterial substances produced
were also monitored for five days.

A total of 18 LAB were isolated and identified as L. casei, L.
delbrueckii, L. brevis, L. plantarum, L.pentosus, L. fermentum
and L. acidophilus. Production of antimicrobial substances;
Lactic acid, Diacetyl and Hydrogen peroxide ranges from
(0.010–0.0196 g/L). The highest yield was obtained from L.
plantarum and L. acidophilus; the least being L. pentosus.
Reduction in pH was observed in the fermenting cassava
from 5.8–3.5 on day five.

LAB species from ‘pupuru’ had a considerable inhibitory
effect on food borne pathogens Four species were tested
for antagonistic activity and L. plantarum showed the
highest zone of inhibition on Staphylococcus aureus (24
mm) and Pseudomonas aeruginosa (20 mm) respectively
while the antimicrobial activity decreases with time. The
antimicrobial activities of LAB were shown to significantly
(p<0.05) compare with standard antibiotics used as control.

LAB demonstrated high antimicrobial properties against
food borne pathogens. This potential can be employed as
starters in food industry to inhibit food spoilage microbes
and contaminants.
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Introduction
Antibiotic drug resistance in pathogenic microorganism has

developed due to indiscriminate use of commonly prescribed

antibiotics. This has forced scientists to carry out research for
new antimicrobial component present in microorganisms
isolated from fermented foods [1-3].

Food contamination, food poisoning and food borne- illnesses
is a major public health concern in developing countries, hence
the awareness about food safety and hygiene has increased over
the years. The awareness about the roles being played by
probiotic organisms’ especially lactic acid bacteria and the
bioactive compounds they produce in fermented foods has also
increased over the years.

Lactic acid bacteria (LAB) on the other hand display numerous
antimicrobial activities in the fermented foods. This is mainly
due to the production of bacteriocins, organic acids, ethanol,
Hydrogen peroxide, Diacetyl and reuterin. Lactic acid bacteria
play an important role in food industry by increasing nutritional
values of food and food safety [4,5]. The antimicrobials
produced by LAB have been used widely as bio-preservatives
and shelf life extender and has found application in many
industries and various commercial purposes.

‘Pupuru’ is a fermented cassava product that is consumed by
at least 4-6 million people in Nigeria and more in some African
countries [6]. Cassava is usually processed into various forms in
order to increase the shelf life of the products, facilitate
transportation and marketing, reduce cyanide content and
improved palatability [7]. One of such processed form of cassava
is ‘pupuru’.

Locally, rural women process cassava into ‘pupuru’ by
steeping peeled cassava tubers in stream water and fermenting
it for 4-6 days. This method of processing does have some side
effects such as fouling the water and also increasing the level of
microbial contaminants in the fermented cassava product.
Hence there is need to allow complete fermentation of the
product by LAB [8]. ‘Pupuru’ can be classified as a functional
food which contains LAB that has probiotic and antimicrobial
properties. Evidence suggests that functional foods derived from
the fermentation of such foods with probiotic strains could
prevent infectious diseases in man [2,9-11]. The aim of this work
therefore is to assess and determining the antimicrobial
substances produced by LAB isolated from ‘pupuru’ against food
borne pathogens. The flow chart representing the production of
‘pupuru’ is shown below:
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Figure 1: Flowchart for the production of ‘pupuru’ Source:
Adejuyitan et al. [11].

Materials and Methods
Samples of ‘pupuru’ were collected in a sterile nylon from

Ondo town in Ondo state, Nigeria. Thereafter the ‘pupuru’ were
transported into the laboratory and therefore homogenized
using a stomacher at room temperature. After homogenization,
a tenfold serial dilution using maximum recovery diluent (MRD)
was carried out.

Isolation of the LAB from the samples was done using De man
Rogosa and Sharpe (MRS) Agar using Pour plate technique.
Samples were incubated at 30oC for 48 hrs using an anaerobic
jar [12]. Isolation process and growth of LAB was directly
observed in different forms in terms of shape, size, opacity,
elevation, surface, edge, consistency and the pure isolates were
subjected to different biochemical tests.

Identification of lactic acid bacteria
Lactic acid bacteria were characterized by Gram staining

(positive) and catalase negative reaction using 3% hydrogen
peroxide. The morphology and other biochemical tests for the
Identification of Lactic acid Bacteria were also carried out. The
organisms were identified using Bergey’s Manual of
Determinative Bacteriology [13].

Determination of lactic acid produced by the isolates
Estimation of lactic acid was determined by titration of 25 ml

of broth cultures of the test organism (24 h old) with 0.1N NaOH
with three drops of phenolphthalein (1% w/v) as indicator. The

NaOH solution was added slowly to the sample until a pink
colour appeared. Each ml of 0.1 N NaOH is equivalent to 90.08
mg of lactic acid (Association of Official Analytical Chemist
Methods, 2000). Lactic Acid was calculated using the formula
below:����������   �������= Volume ml of NaOH  ×  Normality of NaOH  ×  Lactic acid equivalentVolume of sample used
--(Eqn 1)

Normality of NaOH=0.1

Lactic acid equivalent = 90.08 mg

Volume of sample used = 25 mL

Determination of diacetyl produced by the lab
isolates

The amount of diacetyl produced by the LAB isolates was
estimated following the method of [14].

To 25 ml of 24 hour old MRS broth culture of the test isolates
in conical flasks was added 7.5 ml hydroxyl amine (0.1M)
solution which served as substrate for residual titration. The
content of the flasks were then titrated with 0.1N HCl to a
green-yellow end-point using bromophenol blue as indicator.
Each 1.00 ml of 0.1N HCl is equivalent to 21.52 mg of diacetyl
(AOAC Methods, 2000). Diacetyl was calculated using the
formula below:�� =   � − � (100− �)�  --(Eqn 2)

AK=Percentage of diacetyl 

B=ml of 0.1N HCl consumed in titration of the sample

E=Equivalent factor of 1 mL of 0.1N HCl to diacetyl=21.52 mg

W=Volume of sample used

S=Volume of ml 0.1N HCl consumed in titration of 7.5 mL
Hydroxyl amine.

Determination of hydrogen peroxide production by
lab isolates

Twenty millilitres of 0.1 M H2SO4 was added to 25 mL of the
24 h old MRS broth cultures of the test isolates. Titration was
carried out with 0.1N potassium permanganate. Each ml of 0.1M
H2SO4 is equivalent to 1.70 mg of Hydrogen peroxide and
decolourization of the sample was regarded as end point [14].
Hydrogen peroxide concentration was calculated using the
formula below:�������� �������� ������������� =  ������4  × �����4   ×� .����2��4   × ������ �� ������ ���� ×   100

--(Eqn 3)

ml KMnO4=Volume of KMNO4 used
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N KMNO4=Normality of KMNO4

ml H2SO4=Volume of H2SO4 added

M.E=Equivalence factor of H2O2=1.701 mg

Determination of pH
The pH of the fermenting cassava was measured at 24 hrs

intervals using an electronic digital pH meter (HANNA
INSTRUMENT 8021). Ten ml of the fermenting water was poured
into a beaker and a pH meter was used to take the readings [14].

Standardization of test isolates
The LAB isolated were tested on standard culture of Gram

positive and Gram negative bacteria obtained from National
Center for Biotechnology Information (NCBI). S. aureus and P.
aeruginosa from contaminated food sources were stored at the
culture collection unit of Microbiology Department, Obafemi
Awolowo University, Ile-Ife, Osun State. S. aureus and P.
aeruginosa respectively were standardized to 0.5 McFarland
standard at a wavelength of 600 nm and 3.0 × 105 cfu/ml using a
colorimeter [15].

Antimicrobial assay
Antimicrobial assay was carried out using the Agar well

diffusion method. Petri dishes were prepared with 20 ml of
sterile Mueller Hinton Agar (MHA). The test culture (1.00 ml)
was swabbed on the top of solidified media and allowed to dry
for 10 mins. About 6mm diameter holes were made into the
Agar gel using a cork borer, 1.00 ml of cell free supernatant
which was concentrated using a rotary evaporator after
centrifugation was introduced into the well. The plates were
incubated for 24 h at 37oC under aerobic conditions. After
incubation, confluent growth of bacteria was observed and
inhibition of growth was measured in mm. A control experiment
was set up using streptomycin at 25 mg/ml.

Results and Discussion
There was a reduction in the pH of the fermenting cassava

from 5.8 to 3.5 during fermentation of cassava for the
production of ‘pupuru’ (Table 1). Production of antimicrobial
agents such as Lactic acid, Diacetyl and Hydrogen peroxide
ranges from (0.010–0.22 g/L). L. plantarum was observed to
produce the highest antimicrobial compounds of lactic acid,
diacetyl, and hydrogen peroxide (0.14, 0.38, 0.22 g/L)
respectively (Figures 1 and 2), the least being L. pentosus
(0.0019, 0.10, 0.129 g/L).

Four species of LAB were tested for antagonistic activity
namely L.plantarum, L. acidophilus, L. brevis and L. casei, and
and all showed zones of inhibition. For P. aeruginosa (20 mm, 15
mm, 19 mm and 4.5 mm respectively) (Figure 3) and S. aureus
(22, 16 mm, 19 mm and 5 mm) (Figure 4) respectively. L.
plantarum showed the highest zone of inhibition while the
antimicrobial activity decreased with time. The antimicrobial
activity of LAB competes favourably with standard antibiotics

used as control. The production of lactic acid and Diacetyl by
LAB was also monitored over a period of five days (Figures 4-7).

Table 1: Changes in the pH of the fermenting Cassava during
fermentation. Each value is the mean ± standard deviation (n=3).
Means with different superscript within rows are significantly
different at p< 0.05.

Sample
code

0 h 24 h 48 h 72 h 96 h

P1 5.80 ±
0.02a

5.01 ±
0.02b

4.77 ±
0.01c

3.70 ±
0.03d

3.50 ±
0.02e

P2 5.47 ±
0.03a

5.03 ±
0.01b

4.75 ±
0.03c

3.73 ±
0.05d

3.49 ±
0.03e

P3 5.84 ±
0.03a

5.02 ±
0.01b

4.78 ±
0.02c

3.73 ±
0.03d

3.50 ±
0.01e

Note: P1, P2 and P3 represent ‘Pupuru’ 1, ‘Pupuru’ 2 and
‘Pupuru’ 3 respectively.

Figure 2: Antimicrobial Compounds produced by L.
plantarum.

Figure 3: Antimicrobial Compounds produced by L.
acidophilus.
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Figure 4: Antimicrobial activity of LAB against P. aeruginosa.

Figure 5: Antimicrobial activity of LAB against S. aureus.

Figure 6: Production of lactic acid by LAB for five days.

Discussion
‘Pupuru’ is a fermented cassava product that is consumed by

some people in Nigeria and more in some African countries [6].
Cassava is usually processed into various forms in order to
increase the shelf life of the products, reduce cyanide and anti-
nutritional content and improve nutrient composition, flavour
and palatability [7].

This research work revealed the antimicrobial compounds
present in strains of LAB isolated from ‘Pupuru’ and its
antimicrobial effect against some bacterial isolates from food
sources. All the lactic acid bacteria isolated from ‘Pupuru’ had

varying degree of production of antimicrobial compounds. The
reduction in the pH of the fermenting cassava from 5.8-3.5 was
able to inhibit the growth of other contaminating
microorganisms. Strains of Lactobacillus plantarum has the
highest production of antimicrobial compounds; this was
followed by L. acidophilus i.e. lactic acid, diacetyl and hydrogen
peroxide respectively (0.14, 0.38, 0.22 g/L) which is similar to
the findings of Ogunbanwo et al. [16] and the least was
produced by L. pentosus (0.0019, 0.10, 0.129 g/L).

Figure 7: Production of diacetyl by LAB monitored for five
days. Key: a1- a9 and b2 are different species of LAB that
were screened for abundant Production of Antimicrobials
a8=L. plantarum; a4=L. acidophilus; a1=L. brevis; a3=L. casei;
a9 and b2 are different L. pentosus strains.

The entire LAB isolated during this research produced lactic
acid, diacetyl and hydrogen peroxide at varying degrees. This
observation is in accordance with the report of Ogunbanwo et
al. [17] who reported that LAB produced the antimicrobial
bacteriocin against some pathogens. Their importance is
associated mainly with their safe metabolic activity while
growing in foods and utilizing available sugar for the production
of organic acids and other metabolites. Their common
occurrence in foods and feeds coupled with their long-lived use
contributes to their natural acceptance as GRAS (Generally
Recognized as Safe) for human consumption [3,9].

Only three out of the LAB were used because a form of
screening was carried out using some technological properties
such as production of metabolites by the selected LAB strains
and production of antimicrobials against selected pathogens and
enzyme production in abundance. The other three organisms
did not produce these metabolites significantly when compared
to the other three isolates that were chosen. These were used as
the basis for selection and screening out the other three
isolates.

The production of antimicrobial compounds by these LAB
strains implies that they can serve as a source of novel
preservative products in food industries. This is in agreement
with an earlier report by Shao-Bin et al. [18] and Kaskokiene et
al. [2]. Considering the increasing importance of LAB as
antibiotics alternative, the knowledge of the antimicrobial
activity of LAB species especially L. plantarum and L. acidophilus
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in particular is of high significance. The antimicrobial activity of
L. plantarum and L. acidophilus shows that it can be used as a
food preservative to reduce contaminants in food. There are
three mechanisms that could explain the antimicrobial activity
of LAB especially
L. plantarum and L. acidophilus; the production of bacteriocins;
the yield of organic acids and other inhibitory substances such as
ethanol, carbon dioxide and hydrogen peroxide; and the
competition for nutrients [3,19]. These cannot be
overemphasized.

The LAB strains isolated were tested against food pathogens
and the zones of inhibition were observed. L. plantarum showed
the highest zones of inhibition on Gram positive and Gram
negative bacteria from food sources this was followed by L.
acidophilus. The report of these findings is similar to the work
reported by Dal Bello et al. [20] and Rodríguez et al. [21] who
reported that antimicrobial compounds such as phenyl-lactic
acid and lactic acid were effective against many Gram-negative
and Gram-positive pathogenic bacteria such as Escherichia coli,
Proteus vulgaris, Pseudomonas aeruginosa, Staphylococcus
aureus, Bacillus subtilis, Enterococcus faecalis. The antagonistic
activity of LAB metabolites against the spoilage bacteria also
agrees with the findings of Vasiee et al. [22].

The inhibitory effect caused by L. plantarum and L.
acidophilus can be considered that the LAB produced organic
acids, especially lactic and acetic acids, exerting a strong
inhibitory effect on Gram-negative and positive bacteria [3,23].
They stated further that the low pH observed during the
fermentation of ‘pupuru’ may not be the sole reason for the
observed inhibition effects. It could however be an important
condition for the passage of organic acids through the
membrane to the intracellular environment, where they will
accumulate and exert inhibitory activity [24-26]. The lowering of
the pH of fermented foods by LAB to below 4 through acid
production inhibits the growth of pathogenic microorganisms
which can cause food spoilage, food contamination and food
poisoning. LAB because of their potential use as natural
antimicrobial agents have been used to enhance the safety of
food products. Most chemical preservatives used in processed
foods have been found to contribute to health hazards among
consumers when used in high doses [27]. Some preservatives
have also been reported by Food and Drug Administration (FDA)
to produce allergic reactions [27].

The increasing resistance of food spoilage microorganisms to
current preservatives, the consumer’s high demand for safe,
minimally processed foods and the hazards associated with the
use of high doses of chemical preservatives has led to the need
for finding safer alternatives in food preservation. The
application of LAB with the simultaneous control of factors that
affect microbial growth can help to minimize food spoilage. The
selection and addition of novel isolates of LAB may be the key to
reducing the use of chemical preservatives, enhancing/
improving nutrients and extending the shelf life of food products
[3,10].

L. plantarum and L. acidophilus strains are effective against a
variety of bacterial pathogens and some food –borne
microorganisms; they can serve as alternative antimicrobial

agents and food preservatives against the corresponding food
borne pathogens. This potential can be harnessed by the food
industries on a large scale as bio-preservatives instead of the
chemical preservatives that we use which have some side
effects.

Conclusion
The increase in food poisoning and contamination is a major

challenge in developing countries. Food safety and hygiene can
be enhanced by the development of new organic antimicrobial
drugs from alternative and natural sources. Bioactive
compounds from microorganisms especially LAB are a source of
bio-preservative agents. Also, the increasing rate of antibiotic
resistance and side effect of chemical and synthetic
preservatives, calls for a need to redirect our minds to the use of
probiotics as alternative remedy. Metabolites produced by LAB
can be of probiotics and bio- preservative benefits.

The promising results of these study underline the important
role that antimicrobial compounds obtained from lactic acid
bacteria may play in food industry so as to improve food quality
and safety; also it can serve as source of novel antimicrobial
agents in food industries and natural bio-preservative
compound.
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