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Abstract
The use of synthetic chemicals in food preservation have constituted threats to consumers due to their apparent hazardous side

effects. Therefore, there is need to search for effective alternative with minimal side effects. An attempt is made in this study to evalu-

ate the antimicrobial activity of Bacillus subtilis metabolites against selected food borne pathogens with the view of determining its
potentials in food preservation and shelf-life extension.

Bacteria were isolated from ogiri, okpehe, and iru. They were identified using culture dependent method and morphological and

biochemical characterization. The inhibitory substances such as alkaloids, lactic acid, saponin and enzymes present in the filterate
of the bacteria were screened for using standard methods while antimicrobial activity was determined using the agar well dilution

method. The minimum inhibitory concentration and the minimum bactericidal concentration was estimated using the broth tube
dilution method.

Isolates were identified as Bacillus subtilis, Bacillus licheniformis, Bacillus pumilus and Bacillus polymyxa. However, B. subtilis

showed the highest antimicrobial activity and was used for further studies. The screening experiments showed alkaloids, lactic acid,

saponin and enzymes were present in the filtrate. B. subtilis metabolites inhibited: Pseudomonas aeruginosa, Staphylococcus aureus,

Escherichia coli, Proteus mirabilis, Klebsiella pneumoniae, Salmonella typhi, Bacillus cereus, Corynebacterium diphtheria and Shigella
dysentriae showing inhibitory values of 15mm, 10mm, 11mm, 8mm, 4mm, 12mm, 7mm, 10mm and 12mm respectively which were

significantly different at p±≤0.05. Therefore, it can be concluded that B. subtilis metabolites demonstrated high inhibitory zones and
could be used as bio preservative agent in foods.

Keywords: Bacillus subtilis; Minimum Inhibitory Concentration; Minimum Bactericidal Concentration; Optimization; Agar Well
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Introduction
The genus Bacillus are a group of Gram-positive aerobic endos-

pore forming bacteria that are rod shaped. They are ubiquitous in
nature, produced among genus Streptomyces and Bacillus [1]. A

very vital functional property attributed to the Bacillus strains is

the ability to produce different types of antimicrobial compounds
having a broad spectrum of activity against bacteria and fungi [2].
The incidence of infections have been drastically increased over
the past three decades, and this trend is likely to continue because

some microorganisms have continue to develop multi-drug resis-

tance against antibiotics treatment, therefore, there is need for al-

ternative sources of antibiotics from natural products such as food
[3]. Bacillus species have been reported in literature to produce na-

tural bioactive compounds that possess diverse forms of structures
and showing a broad spectrum of biological activities against food
borne pathogens [3].

The Bacillus species are able to produce different types of me-

tabolites that are stable over a wide range of pH and temperature.
They secrete numerous types of extracellular carbohydrases such

as amylases, glucanases, cellulases, pectinases and pullulanases [2].
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The increase of antibiotic resistant bacteria in food during the

past few decades and the consumer demand for foods without or
with a reduced use of chemical preservatives has geared up the

Materials and Methods
•

search for natural antimicrobial agents such as foods, plant extracts, enzymes, bacteriopages, essential oils and antimicrobial

peptides that are ideal for food preservation due to the absence of
harmful side effects on humans and their broad spectrum of activity against specific food borne pathogens Nasser and Samar [4].

•

To produce these metabolites from Bacillus species, it is impor-

tant to design an appropriate fermentation medium. Developing
a suitable and an ideal basal medium will play an important role

in the metabolite optimization [5]. secondary metabolites produc-

tion is influenced by various environmental factors including nutrients such as: nitrogen, phosphorus and carbon sources, growth
rate, oxygen supply, light, temperature, etc. [6-8]. In addition, pro-

duction of valuable metabolites by microbes differs qualitatively
and quantitatively depending on the strains used in fermentation.

The production of antimicrobial metabolites, enzymes, lactic

acid, saponin and alkaloid have shown antagonistic activity against

various Gram positive and Gram negative bacteria, Ouoba., et al.
[9], Xie., et al [10]. According to literature, more than 500 bio-

preservatives have been discovered and the genus Bacillus have

produced more than 50 antimicrobial compounds some of which
are used as pharmacological agents, food spoilage control agents

while others are used to control plant diseases, Stein [11]. Accord-

•

90

Sample collection: Fresh ogiri, okpehe, iru woro and iru
pete samples were purchased randomly from local markets
in Osogbo and Ibadan metropolis and transported in sterile
polythene bags to the University of Ibadan Food and Biotechnology Laboratory for further works.

Isolation of bacteria: Isolation of B. subtilis from ogiri, okpehe, iru woro and iru pete was carried out by employing
serial dilution using the method of Oguntoyinbo., et al [12].
10g of the samples was weighed and serially diluted to a dilution of 10-4 and 10-5. 0.5ml of the diluents were plated out
using the pour plate method on 20ml nutrient agar and incubated aerobically for 24-48 hr at 30oC and the plates was
examined for microbial growth.
Identification of bacteria: The plates were examined for
microbial growth and pure cultures obtained was maintained on nutrient agar slants in MacCartney bottles and
stored in the refrigerator at 4oC. Pure isolates were identi-

fied based on morphological and biochemical characteristics
such as indole, nitrate, citrate and urease with reference to
Bergy’s manual of systematic bacteriology [12].

Determination of inhibitory substances produced by B. subtilis
Alkaloids
One gram of the sample (W) was transferred into an conical

ing to Odunfa (1985), food condiments such as iru, dawadawa, ogi-

flask containing 20 ml 10% acetic acid and ethanol. The solution

fermentation in the homes by using rudimentary utensils. Studies

drop of concentrated ammonia was added. The precipitate formed

ri, okpehe and ugba constitutes 10% of the daily calorie intake and
5% of the total protein intake. They are produced by spontaneous
have shown that aerobic spore-forming bacteria, especially the Ba-

cillus species are the dominant microorganisms in their fermentation and that due to the presence of proteolytic activities, the bac-

teria are able to release amino acids, ammonia and other volatile
compounds which helps to give pleasant aroma, taste and texture
to the food products.

This study was therefore carried out to screen for antibacte-

rial activities of Bacillus subtilis from fermented food condiments
against selected food spoilage pathogens with the aim of using it as
a bio-preservative agent.

was shaken, allowed to stand for 4 hours and filtered. The filtrate

was evaporated to about a quarter of its original volume and one
was filtered through a weighed (W1) filter paper and left to dry in
the oven at 600 C. The dried filter paper was weighed to a constant
weight (W2) and the % alkaloids was calculated by the formula; %
Alkaloids =

Saponins

W2 – W1
W

× 100. Harborne, 1973.

One gram of the sample was transferred into 5 ml 20% ethanol

inside a conical flask and placed in a water bath at 550C for 4 hr.
The filtered residue was washed with 20% ethanol twice. The extract was reduced to about 5 ml in the oven, and 5 ml of petroleum

ether was added. The petroleum ether layer was discarded and 3
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ml of butanol was added. The mixture was washed with 5 ml 5%

using a sterile swab stick for each plate. Wells of 5mm diameter

due was weighed. Ejikeme., et al [13].

leakage. 100μl of the indicator organisms was dispensed into the

sodium chloride and the butanol layer poured into a weighed petri

dish then placed in the oven to evaporate to dryness. The final resiLactic acid

Three drops of phenolphthalin indicator was added to 25ml

of B. subtilis supernatant in 150ml Erlenmeyer flask and titrated

with 0.1m NaOH until the color changes to pink. One (1) ml of 0.1M
NaOH solution is equivalent to 90.80g of lactic acid. Marcela., et al.

2016.

Enzyme assay
Cellulase activity
B. subtilis was grown on carboxymethyl cellulose liquid medi-

um (CMC: Peptone, 1.5 g; Yeast extract, 1.5 g, CMC, 35 g; Distilled

water, 1 L) at 30°C for 48 hr. The culture was centrifuged at 10,000
g for 20 minutes and the pH adjusted to 7.0. The CMC agar plate
was incubated at 37°C for five days to allow for the secretion of cel-

lulose enzyme. At the end of the incubation, the plate was flooded
with aqueous solution of Congo red (1% w/v) for 10minutes. The

Congo red solution was then poured off and the plate was further
treated by flooding with 1 ml NaCl for 10 minutes. The formation
of a clear zone of hydrolysis indicated cellulose degradation [14].
Protease activity

B. subtilis was inoculated into liquid Luria medium (Peptone,

10 g; Yeast extract, 5 g; NaCl, 5 g; glucose, 1 g; distilled water, 100

ml) and incubated at 37°C for 24hr. The culture was then filtered to

was cut aseptically into the seeded MHA plates by using a sterile
cork borer. A droplet of the MHA was added to each well to prevent

wells with the aid of a micro liter pipette and allowed to diffuse at

room temperature for 18-24 hr. The antimicrobial effects were recorded by measuring the zone of inhibition around the wells. Oyedele and Ogunbanwo [15].

Determination of MIC and MBC
Minimum inhibitory concentration (MIC) was determined by

using the “broth dilution technique”. A two fold dilution of the cell

suspension was used to obtain concentrations of 25mg/ml, 50mg/

ml, 100mg/ml respectively. This was done to reduce the concentration of the culture filtrate by half. Two (2ml) of nutrient broth

was dispensed into each test tube and sterilized. 1% of the filtrate

was introduced into the first and second test tubes, the second test
tube was serially diluted. Each of the test tube was inoculated with

100 µl of the indicator organisms containing 1.5×108 cfu/ml (0.5
McFarland,s standard) from a 24 hr old culture and incubated at

37ºC for 24h. A tube containing nutrient broth only was differently
inoculated with each of the test bacteria and incubated at the same
temperature and time, this serves as the control. The tubes were

examined for bacterial growth based on turbidity. The minimum
inhibitory concentration is the lowest concentration of B. subtilis
metabolites that completely inhibits the growth of the indicator
organisms.

To determine the MBC, one ml of broth was collected from the

obtain cell free supernatants which were spotted (15 µl on a circle

tubes which did not show any growth and inoculated on sterile

for formation of clear zone of hydrolysis [14].

bactericidal concentration [16]. MBC is defined as the lowest of

of Whatmann paper of 5 mm diameter) on protease test medium

plate. The plates were observed after 24 hr of incubation at 37°C
Antibacterial activity

B. subtilis metabolites was evaluated using the agar well diffu-

sion method. P. aeruginosa, S. aureus, E. coli, P. mirabilis, K. pneu-

moniae, S. typhi, B. cereus, C. diphtheriae and S. dysentriae were the

indicator organisms used. They were obtained from The Nigerian
Institute of Medical Research (NIMR), Yaba, Lagos and grown in

nutrient agar by streaking. After incubation the concentration at

which there was no visible growth was recorded as the minimum
concentration of B. subtilis at which 99.9% of the indicator organisms were killed. Each experiment was repeated twice. Turbidity or
cloudiness was observed in the broth culture and bacteria growth
colonies were observed on the nutrient agar plates [16].

Results

Results of alkaloid, saponin and lactic acid showed that the B.

nutrient broth, incubated at 37oC for 24 hr. The number of colony

subtilis metabolites contained moderate quantities of alkaloids

100μl of the cell suspension containing 1.5×108cfu/ml was

ferent in K. pneumoniae and Proteus mirabilis. Showing inhibition

forming units (CFU) was determined by plating of dilution 105 of
the culture broth onto nutrient agar.

used to seed the surface of Mueller Hinton agar (MHA) plates by

and saponin and abundant quantity of lactic acid.

The antimicrobial activity of B. subtilis was not significantly dif-

zones of 4.00 ± 1.5 and 8.00 ± 0.58 respectively at 100mg/ml. The
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highest activity was observed in Pseudomonas aeruginosa, having

an inhibition zone of 15.00 ± 1.53 at 100mg/ml. Hence, the metabolites of B. subtilis showed highest antimicrobial activity against
Pseudomonas aeruginosa.

Tests

Probable organism
(Bacillus subtilis)

Starch hydrolysis

+

S/no
1

2

Citrate

3

Gelatin hydrolysis

6

Maltose

4

5

7

Galactose

11

Mannose

9

10

12

+

+

Lactose

+
-

Xylose

Corynebacterium diphtheriae
Shigella dysentriae

12.00 ± 0.00d

Bacillus cereus

+

Indicator organisms

100

75

50

MIC (mg/ml)

+

+

100

+

Staphylococcus aureus

-

+

+

Bacillus cereus

-

Voges Proskauer

+

Shigella dysentriae

+

Proteus mirabilis

18

19
20

Urease

Growth in 5% NaCl

Growth in 10% NaCl
Nitrate

-

Escherichia coli

+

Corynebacterium diphtheriae

+

Pseudomonas aeruginosa

Table 1: Biochemical characteristics B. subtilis isolated
from ogiri, iru and okpehe.
Legend: “+” (positive); “-” (negative)

Constituents
Alkaloids
Saponin

Lactic acid

10.00 ± 0.00b
12.00± 0.00b

Concentration (mg/ml)

16

17

8.00 ± 0.58ab

Means with same superscript letter in each column are not
significantly different at p≤0.05

+

Methyl red

15 .00± 1.53e

Staphylococcus aureus
Salmonella typhi

Casein hydrolysis

15

11.00 ± 0.00d

Pseudomonas aeruginosa

13

Indole

7.00 ± 0.70b

Escherichia coli

Klebsiella pneumoniae

14

10.00 ± 1.41c

Table 3: Antimicrobial activity of B. subtilis metabolites against
food spoilage microorganisms.

+

Fructose

4.00 ± 1.5a

+

+

Sucrose

8

Klebsiella pneumoniae

Proteus mirabilis

+

Mannitol

Diameter of inhibition in mm
(Mean ± S.D) at 100mg/ml

+

+

Glucose

Test Organisms

92

Results
++

++
+++

Table 2: Qualitative determination of inhibitory substances:
alkaloids, saponin, lactic acid and enzymes respectively
Key: ++ moderately present, +++ abundant

-

-

-

-

-

-

+

-

-

-

-

+

+

-

75

75

+

100

+

75

+

+

75

+

75

100

Table 4: MIC of B. subtilis metabolites against indicator organisms.
Legend: - (no growth observed); + (growth observed)
Concentration (mg/ml)

Indicator organisms

100

75

50

MBC (mg/ml)

Klebsiella pneumoniae

-

+

+

100

-

+

+

100

Escherichia coli
Staphylococcus aureus
Shigella dysentriae
Corynebacterium diphtheriae
Bacillus cereus
Proteus mirabilis
Pseudomonas aeruginosa

-

+
+
+
+
+
+

+
+
+
+
+
+

100
100
100
100
100
100

Table 5: MBC of B. subtilis metabolites against indicator organisms.
Legend: - (no growth observed); + (growth observed)
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The increase in pH in alkaline fermentation might be due to

the proteolytic activity of the Bacillus species responsible for the

fermentation [9]. Mohan and Janardhanan [25] reported that the
prohibitive cost of animal proteins in developing countries includ-

ing Nigeria, calls for extensive exploitation of plant protein sources,
which are economically cheaper. Ojinnaka., et al. [26] reported that

there is likelihood of obtaining species that would serve as biotechnologically useful materials as starter cultures for use as biopreser-

vatives of food condiments. Most authors now agree that there is
predominant development of Bacillus species during the various
Figure 1: Enzymatic assay of Bacillus species isolated from
the fermented condiments.

Discussion and Conclusion
In this study, the predominant organisms isolated from the

condiments were Bacillus species namely: B. subtilis, B. licheniformis, B. pumilus and B. polymyxa. The species with the highest fre-

quency of occurrence was identified as B. subtilis. This confirms

legume fermentation processes [9]. Omafuvbe., et al. [27] tested
three Bacillus species namely: B. subtilis, B. licheniformis and B.
pumilus singly and in combination for their ability to ferment soy-

bean for the production of daddawa. B. subtilis as single or member

of a mixed starter produced by soy-daddawa, which was consid-

ered most suitable as it gave acceptable pure culture condiment
supposedly due to its proteolytic enzyme activity and high level of
free amino acids. Bacillus species have been reported as produc-

ers of certain enzymes such as protease, cellulase, amylase, galac-

tanase, glucosidase and fructofuranosidase which are involved in
the degradation of carbonhydrates, Omafuvbe., et al [27] and Kiers.,

the earlier works reported on the dominance of Bacillus species

et al [28]. Maatalah., et al [29] reported the presence of saponin and

al. [12]. However, reports from Azokpota., et al. [18] shows that

The presence of lactic acid bacteria in food enhances digestibility,

especially Bacillus subtilis during the production of indigenous
condiments [17], Okanlawon., et al. (2010) and Oguntoyinbo., et

Bacillus licheniformis was the dominant Bacillus species isolated

alkaloids in B. species which are able to show antibacterial activity against most Gram positive bacteria and a few Gram negatives.

improves nutritional value, therapeutic benefits and also provides
safety against pathogens [30-38].

in okpehe. This agrees with the findings of this work as Bacillus
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