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Bacillus subtilis are beneficial organisms that can be used as biological control agents. A total of 62
species of Bacillus were isolated from four condiments (Ogiri, Iru, Okpehe and Dawadawa) and soil
samples. The isolates were identified as Bacillus subtilis (44%), Bacillus megaterium (16%), Bacillus
licheniformis (14%), Bacillus pumilus (23%) and Bacillus cereus (3%). Nine strains of Bacillus subtilis
were selected based on their antifungal activity against some indicator fungi namely; Aspergillus niger,
A. flavus, Fusarium oxysporum and Rhizopus stolonifer. As potential bio-control agents, a hazard
assessment was conducted on potato tubers and garlic cloves. Only two strains; B. subtilis DB4 and B.
subtilis B6 did not cause soft rot disease in the potato tubers and garlic cloves. The optimal conditions
for the production of antifungal compounds by B. subtilis DB4 was at pH 6.5, 37°C at 24 h while that of
B. subtilis B6 was at neutral pH, 37°C and at 36-48 h. The antifungal activity was optimal in both strains
when sucrose was the carbon source. The antifungal activity of B. subtilis DB4 was optimal when casein

was the nitrogen source, while that of B. subtilis B6 was optimal when urea was used.

Key words: Bacillus subtilis, antifungal, hazard assessment, optimization.

INTRODUCTION

The use of bhiological control in the management of
agriculture pests and diseases is an effective alternative
to the use of pesticides, which are often accumulated in
plants and are lethal to beneficial organisms present in
the soil (Nogoérska et al., 2007). Antifungal agents
produced by microorganisms may be used as bio-control
agents. Some soil borne fungi, bacteria and action-
mycetes have been identified and used as antagonistic
microbes (Sivanantham et al., 2013). Bacillus strains with
broad anti-fungal activity have been reported by Rossall

(1994), Awais et al. (2007) also reported the activities of
B. subtilis and B. pumilus against Micrococcus luteus and
Staphylococcus aureus, Tabbene et al. (2009), reported
the use of a Bacillus subtilis strain against some
pathogenic and spoilage organisms, while Vijayalakshmi
et al. (2011) reported the use of a Bacillus
amyloliquefaciens strain against Staphylococcus aureus.
Considering the amount of money spent on chemical
pesticides, the toxic effects of the pesticides to human
and other non-target species and the environmental effects,
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biological control offers an attractive alternative to synthetic
chemical fungicides. Bio-pesticides can be safer, more
biodegradable, and less expensive to develop. Bio-
pesticides developed from microorganisms are highly
desired for integrated pest management programs in agri-
culture, public health and urban settings. (Whipps (2000)
stated that the key to achieving successful, reproducible
biological controlis the gradual appreciation that knowledge
of the ecological interactions taking place in soil and root
environments is required to predict the conditions under
which bio-control can be achieved (Deacon, 1994; Whipps,
1997). Utkhede and Smith (1992) reported that Bacillus has
the potential for biological control of several tree diseases.

An instance is seen with Fusarium wilt, which causes
huge economic losses in a wide variety of crops (Inoue et
al., 2002). The pathogen, Fusarium oxysporum, infects
plants through the roots by direct penetration or wounds,
colonizes the vascular tissue and causes plant death
(Simons et al., 1998).

Chemical soil fumigation is the main treatment of
Fusarium wilt. Broad-spectrum biocides, particularly
methyl bromide, can be used to fumigate the soil, but
they cause serious environmental damage (Fravel et al.,
2003). Recently, scientists have paid attention to
biological methods of defense against plant diseases.
Control of pathogens by antagonistic microorganisms or
their antibiotic products is now considered a viable
disease control technology (Klich et al., 1994; Cook et al.,
1995; Han et al., 2005).

USEPA (1997) reported earlier works on B. subtilis;
Claus and Berkeley (1986) considered B. subtilis not to
be a plant pathogen, but there are several reports in the
literature that associate B. subtilis with certain plant
diseases. Kararah et al. (1985) produced soft rot of garlic
cloves by injecting B. subtilis into them, Yakovleva et al.
(1990) reported that B. subtilis was the cause of a broad
open cancer ulcers on Norway maples in forests in the
Urals, while Stanghellini and Rasmussen (1989) stated
another report that an organism identified as B. subtilis
was consistently isolated from glasswort (Salicornia) plants
suffering from a soft-rot disease. Therefore, to be an
effective bio-control agent, the organism must not exhibit
any form of hazard effect by causing diseases in crops.

This present study was undertaken to determine the
antagonistic activities of the isolated and identified B.
subtilis strains on some fungal pathogens followed by a
hazard assessment of the strains with the potential to be
used in the biological control of these fungi. This work
also carried out an optimization of antifungal activity of
the B. subtilis strains.

MATERIALS AND METHODS
Isolation and identification of bacterial isolates
Samples of four different condiments namely: Dawadawa, Iru, Ogiri

and Okpe used for the purpose of isolation were obtained from
three different markets in Ibadan, Nigeria, while the soil samples

used were obtained from several locations at the University of
Ibadan, Nigeria. The samples were conveyed to the Department of
Botany and Microbiology University of Ibadan Laboratory in sterile
containers for further analyses. Identification was done using
cultural, morphological and biochemical characteristics using the
methods described by Holt et al. (1994). Elevation, color and shape
were studied on the agar. The cells were Gram stained, tested for
motility, sugar fermentation and other biochemical tests including
starch hydrolysis tests, indole tests, methyl red tests, Voges-
Proskauer tests, citrate tests, urease tests, gelatinase tests, DNase
tests, catalase tests, oxidase tests, and a nitrate tests. A total
number of twenty seven B. subtilis strains were identified and these
were used for further work.

Screening for antifungal producing B. subtilis strains
Preparation of fungal and bacterial inocula

Four different fungi namely; Aspergillus flavus, A. niger, Fusarium
oxysporum, and Rhizopus stolonifer were used as indicator
organisms, they were obtained from the Department of Botany and
Microbiology, University of Ibadan, Nigeria. The moulds were grown
on potato dextrose agar (PDA) slants at 25°C for 7 days and stored
at 5°C. Inoculums containing the spores or conidia were prepared
by growing the moulds on PDA slants and were grown for 7-10
days in the dark to induce sporulation. The spores were harvested
by pouring 10 ml of sterile distilled water on the slants and the
spores suspended by vigorous shaking. Spore suspensions were
filtered using a Whatman No 2 filter to remove hypha fragment
(Magnusson and Schnurer, 2001). The spore concentrations were
then determined using a Buckner heamocytometer and adjusted to
10* spores per ml by adding distilled water (Krauss et al., 1988). For
the preparation of the bacterial inocula, the different B. subtilis
strains were grown at 37°C for 24 h in nutrient broth. The number of
Colony Forming Units (CFU) was determined by plating of dilution
steps of the culture broth onto nutrient agar. Suspensions were
then diluted to a concentration of approximately 4 x 10 CFU/m.

Agar well diffusion test

PDA agar plates containing 10* fungi conidia per ml agar were
prepared, and wells with a diameter of 5 mm were cut in the agar
prepared using a sterile cork borer. A droplet of the agar was added
to each well in order to avoid leakage. From the bacterial inocula of
B. subtilis strain, 70 pl was taken and added to the well and allowed
to diffuse into the agar during a 5 h pre-incubation period at room
temperature. This was followed by aerobic incubation at 37°C for 3
to 5 days. The antimicrobial effects were recorded measuring the
zone of inhibition around the well (Schillinger and Lucke, 1989).

Hazard assessment

The bacterial inoculum was prepared by growing the B. subtilis
strains at 37°C for 24 h in nutrient broth. Cells were harvested by
centrifugation at 3000 revolutions per minute for 20 min and the cell
pellet was washed twice with sterile saline water (0.85% NacCl).
Vegetative cell suspensions were then diluted to a concentration of
approximately 4 x 10® CFU/m. In order to ascertain the influence of
the B. subtilis strains on garlic cloves and potato tubers, healthy
potato tubers and garlic cloves were cleaned and washed with
sterilized distilled water. The experimental garlic cloves and potato
tubers were each injected with 0.1 ml of the bacterial suspension
while 0.1 ml of sterile saline water was injected into the controls.
The experiment was performed in duplicates.
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Table 1. Antifungal activity of B. subtilis against some indicator fungi.

Indicator fungi

Isolate code - - - - - -
Aspergillus flavus  Aspergillus niger Rhizopus stolonifer  Fusarium oxysporum

DB3 +(13.5 mm) +(10.0 mm) +(10.0 mm) +(18.0 mm)

Db4 +(13.0 mm) +(8.5 mm) +(10.0 mm) +(9.0 mm)

113 +(13.5 mm) - +(12.5 mm) +(19.0 mm)

If7 +(12.0 mm) +(11.0 mm) - +(13.0 mm)

Og7 +(15.0 mm) +(22.5 mm) (+14.0 mm) +(17.5 mm)

A6 +(24.5 mm) +(9.0 mm) - +(17.5 mm)

B5 +(10.0 mm) +(10.0 mm) - -

B6 +(21.0 mm) +(19.5 mm) - +(18.5 mm)

B11 +(18.0 mm) +(11.0 mm) - -
+ = sensitive, - = resistance, 10 - 15 mm = very strong inhibition, 5 - 9 mm strong inhibition, 0.5 - 4 mm = weak
inhibition.

Effect of temperature on the production of antifungal
compound

The effect of incubation temperature on the production of antifungal
compound was carried out. Test tubes containing 10 mis of nutrient
broth were each inoculated with 0.1 ml of an overnight culture (4.0
x 10® CFU/mI) of the test organisms. Incubation was done at 4, 30,
37, 40 and 45°C in order to determine the appropriate temperature
for the production of antifungal compound. After 24 h the antifungal
activity was determined using the agar well diffusion method as
described earlier.

Effect of pH on the production of antifungal compound

The effect of initial pH on production of antifungal activity was
investigated by employing media with varying initial pH (5.5, 6.5,
7.0, 7.5, 8.5 and 9.5) adjusted by using different buffers (Na-acetate
buffer for pH 5.5; potassium phosphate buffer for pH 6.5 to 7.5;
Tris-Cl buffer for pH 8.5; Glycine-NaOH for pH 9.5). Each medium
was inoculated with 0.1 ml of an overnight broth culture (4.0 x 10°
CFU/ml) of the test organisms and incubated at 37°C for 24 h and
the antifungal activity was determined using the agar well diffusion
method.

Effect of incubation period on the production of antifungal
compound

The effect of incubation time on the production of antifungal
compound was carried out. Test tubes containing 10 ml of nutrient
broth with an initial pH of 6.5 were each inoculated with 0.1 ml of an
overnight broth culture (4.0 x 10 CFU/mI) of the test organisms,
and incubated at 37°C. The antifungal activity was observed after
12, 24, 36, 48, 56 and 72 h using the agar well diffusion method.

Effect of Carbon sources on the production of antifungal
compound

To test the influence of the type of carbon source, the test
organisms were grown in modified nutrient broth containing
different carbon sources. The basal medium contained 5% NaCl,
2% tryptone, 0.15% MgSO,, 0.15% K;HPO, and 1% of carbon
sources such as glucose, sucrose, mannitol and starch as the
organic carbon source, while CaCOs; was the inorganic carbon

source. They were inoculated with 0.1ml of an overnight broth
culture (4.0 x 10® CFU/ml) of the test organisms and incubated for
24 h at 37°C with an initial pH of 6.5. The antifungal activity was
determined using the agar well diffusion method.

Effect of nitrogen sources on the production of antifungal
compound by B. subtilis strains

To determine the influence of different nitrogen sources, the test
organisms were grown in the basal medium containing 2% glucose,
5% NaCl, 0.15% MgS0O,4, 0.15% K,HPO, and1% of nitrogen
sources such as urea, casein and peptone as the organic nitrogen
source while ammonium sulphate was the inorganic nitrogen
source. They were inoculated with 0.1 ml of an overnight culture
(4.0 x 10® CFU/mI) of the test organisms and incubated for 48 h at
37°C with an initial pH of 6.5. The antifungal activity was
determined using the agar well diffusion.

RESULTS

A total of 62 strains of Bacillus species were isolated from
the condiments (Ogiri, Iru, Okpehe and Dawadawa) and
soil samples. The isolates were identified as Bacillus
subtilis, B. megaterium, B. licheniformis, B. pumilus and
B. cereus. B. subtilis had the highest frequency of
occurrence of 44% followed by B. pumilus, B.
megaterium and B. licheniformis with frequency of
occurrence of 23, 16 and 14%, respectively, while B.
cereus had the lowest occurrence of 3%. The isolated
Bacillus subtilis were used for further work.

As shown in Table 1, Aspergillus flavus was the most
sensitive organism with 100% sensitivity, followed by A.
niger which had 89% sensitivity while R. stolonifer and F.
oxysporum had 44 and 78% sensitivity respectively. B.
subtilis DB3 and Og7 were the only two isolates that
showed antifungal activity against all the indicator
organisms.

The result of the hazard assessment of the B. subtilis
strains on garlic cloves and potato tubers are shown in
Table 2. Only B. subtilis Db4 and B6 did not cause any
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Table 2.
caused by B. subtilis strains.

Degree of soft rot of garlic cloves and potato tubers

Isolate _Effect on garlic cloves Effect on potato tubers
code 7 days 14 days 7 days 14 days
DB3 +++ ++++ - -
Db4 - - - -

I3 - + - -

If7 - - - +
Og7 - - + ++
A6 + + +++ ++++
B5 ++ +++ +++ ++++
B6 - - - -
B11l - + - -

- = no effect; + = Very little; ++= little; +++= strong; ++++= very strong

Plate 1. Soft rot of potato caused by B. subtilis A6.

rot in both the garlic cloves and the potato tubers after
the 14 day trial period. B. subtilis A6 and B5 caused a
degree of rot in both the garlic cloves and the potato
tubers. While all other organisms showed some degree of
rot in either the potato tubers or garlic cloves after the
fourteen day trial period. The effect of the B. subtilis
strains on the potato tubers is shown on Plate 1.

The results of the optimization of the antifungal activity
carried out on the two strains that did not exhibit any
hazard effect are shown in Figures 1 to 5. Figure 1 shows
the effect of temperature on the antifungal activities of B.

subtilis DB4 and B. subtilis B6. Antifungal activity was
recorded between 30 and 37°C, and the activity was
maximum at 37°C. However B. subtilis B6 did not have
any antifungal effect on R. stolonifer irrespective of the
culture temperature. At 40°C very little activity was shown
by B. subtilis DB4 against A. flavus only and activity was
completely lost at 45°C. No antifungal activity was
recorded at 4°C.

The inhibitory effect of the culture broth of these two
strains was influenced by variations of pH. They both had
antifungal effect over a wide range of pH, the antifungal
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Figure 1. Effect of temperature on antifungal activity.
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Figure 2. Effect of pH on antifungal activity.

activity of B. subtilis DB4 was recorded at pH 5.5 to 8.5;
while that of B. subtilis B6 was recorded at pH 5.5 to 9.5.
B. subtilis DB4 showed maximum antifungal activity
against all the indicator fungi at pH 6.5 and still exhibited
antifungal activity at pH 7to 8.5 with moderate reduction,
however, activity was lost against R. stolonifer when the
pH was adjusted from 6.5 to 7.0. At pH 5.5, it had effect
only against A. flavus and no activity was recorded at pH
9.5. B. subtilis B6 did not show any antifungal activity
against R. stolonifer at all the pH condition, it had a very
high activity against A. flavus at pH 6.5 and the optimum
activity was almost stable between neutral conditions to
8.5. It showed very little activity when the pH was adjus-
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ted to 5.5 and 9.5 (Figure 2).

Figure 3 shows the antifungal activities of the two
strains according to the culture time in nutrient broth for
72 h. Antifungal activity was observed at every 12 h
interval but was optimum and almost stable between 24 -
48 h with reduced and low activity at 12 and 72 h. While
B. subtilis B6 did not show antifungal activity against R.
stolonifer irrespective of the time, B. subtilis DB4 showed
antifungal activity against it only at 24 h.

In the investigation of carbon sources on the antifungal
activity of the strains, the basic medium was supplemen-
ted with varying carbon sources. There was a high
degree of variation in the level of antifungal activity when
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Figure 4. Effect of carbon sources on antifungal activity.

the different carbon sources were tested in the medium.
Figure 4 described the results of the antifungal activity.
The best activity was observed when the medium was
supplemented with sucrose and glucose also enhanced
the antifungal activity of B. subtilis DB4 but had little
effect on the activity of B. subtilis B6 while less activity
was observed with mannitol and starch. The inorganic
carbon source (CaCO3) did not enhance the antifungal
activity but repressed it. To examine the effect of nitrogen
sources on the antifungal activity of the strains, the effect
of different organic and inorganic nitrogen sources on the
antifungal activity was studied as shown in Figure 5,

organic nitrogen sources including casein and peptone
fairly supported the antifungal activity of B. subtilis DB4
while urea had no effect on the antifungal activity. In the
case of B. subtilis B6, the organic sources including urea
and peptone fairly supported the antifungal activity with
the activity being optimal with the use of peptone while
casein did not enhance the antifungal activity. It was
observed also that B. subtilis B6 did not have any
antifungal effect on R. stolonifer irrespective of the
carbon source. The inorganic nitrogen source (NH;)>SO4
had no effect on the antifungal activity of the strains, it
greatly repressed it.
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DISCUSSION

In this study, Bacillus species were isolated from soil and
four condiments namely; Iru, Dawadawa, Ogiri and
Okpehe, and were characterized. The predominant
organisms isolated from the condiments were Bacillus
species namely B. subtilis, B. licheniformis, B.
megaterium, B. pumilus and B. cereus. The predominant
species isolated from Iru, Dawadawa and Ogiri was
identified as B. subtilis which confirmed earlier works on
the dominance of Bacillus species especially B. subtilis
during the production of indigenous condiments (O’
Mahony et al, 2001; Okanlawon et al., 2010;
Oguntoyinbo et al., 2010). However in Okpehe, B.
licheniformis was the dominant species isolated.
Azokpota et al. (2006) also reported the predominance of
Bacillus species in three different types of condiments
namely Afitin, Iru and Sonru from Benin, which were
produced from African locust bean (Parkia biglobosa).
Bacillus species was also the predominant organisms
isolated from soil and B. subtilis had the highest
frequency. Aslim et al. (2002), Awais et al. (2007) and
Gajbhiye et al. (2010) have also reported the
predominance of Bacillus species in soil samples.

The present study focused on antifungal properties of
B. subtilis, therefore only the 27 isolated B. subtilis strains
were used for further work. Bacillus species are known to
produce antimicrobial substances against various
organisms (Perez et al., 1992; Ouoba et al., 2007; Xie et
al., 2009; Demirkan and Usta, 2013), they also worked on
the antimicrobial activities of Bacillus species. The
antimicrobial activities of B. subtilis have also been
documented by the earlier works of Zheng and Slavik
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£ [ N
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(1999), Aslim et al. (2002) and Fernandes et al. (2007)
against different bacteria while Liu and Yao (2004) and
Moita et al. (2005) worked on the production of broad-
spectrum antifungal metabolites against selected fungi.
Aslim et al. (2002) showed that the B. subtilis strains
isolated from soil samples did not have antimicrobial
effects, however the present study showed that B. subtilis
strains isolated from soil samples were the predominant
organisms showing antifungal properties.

Several works have been done on Bacillus species and
also B. subtilis as effective biotechnological control
agents against bacteria and some fungi but little has
been done to further assess the hazard effect of these
organisms against non-target plants and plant products.
To be an effective bio-control agent, no incidents of
damage to crops or non-target plants should be reported,
hence a need for the hazard assessment. Claus and
Berkeley (1986), stated that B. subtilis is not considered
to be a plant pathogen, but noted that pectin and
polysaccharides of plant tissues can be decomposed by
B. subtilis and that it can cause soft rot of potato tubers.
Kararah et al. (1985) also produced soft rot of garlic
cloves by injecting B. subtilis into them. Although, USEPA
(2006) in a more recent research, reported that a review
of scientific literature does not indicate that B. subtilis is a
common pathogen or phytotoxic agent , this work carried
out a hazard assessment of the B. subtilis strains
showing antifungal activities on potato tubers and garlic
cloves for a trial period of 14 days. Based on the result of
the trial assessment, only two strains; B. subtilis DB4 and
B. subtilis B6 showed potentials as bio-control agents by
not showing any hazard to the potato tubers and garlic
cloves during the 14 days trial period.
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An assessment of the physicochemical factors showed
that the optimal conditions for antifungal activity of B.
subtilis DB4 was at 37°C, pH 6.5 and at 24 h while that of
B. subtilis B6 was at 37°C, neutral pH, and at 36-48 h.
Earlier works have also reported similar optimal
temperature with lower levels of activity observed at all
other temperatures investigated (Teo and Tan, 2005;
Kumar et al.,, 2009). Chiba et al. (1999) reported that
antimicrobial substances in bacteria, in general, are
produced over a pH range of 6.0 - 7.5. Similar results of
optimal pH at 7.0 have been reported by other
researchers (Gong et al., 2006; Kalpana et al., 2010)
however, Awais et al. (2007), and Demirkan and Usta
(2013) reported higher pH of 7.5 and 8, respectively.
Generally, in Bacillus, the time of antibiotic activity is
between 24-72 h of incubation. The optimal time depends
on the particular species of Bacillus because different
species have different metabolic pathways (Demirkan
and Usta (2013). The range recorded in this work is
supported by earlier findings of Bushra et al. (2007),
Muazz et al. (2007) and Awais et al. (2007).

Antifungal activities of B. subtilis DB4 and B6 were
greatly influenced by nutritional factors. The carbon
source needed for maximal yield of the antifungal activity
seems to be the same among the bacterial strains while
the nitrogen sources were different. The antifungal
activity was optimal in both strains when sucrose was
used as the carbon source and this was followed by
glucose. This agrees with the earlier work of Al-Ajlani et
al. (2007) who observed that sucrose supplementation
caused a marked enhancement in surfactin production by
B. subtilis MZ-7 and also Joshi et al. (2008) who noted
that glucose was found to enhance the production of
lichenysin by B. licheniformis. However, El-Banna (2005)
noted that other carbon sources which include fructose,
ribose, starch, maltose, glycerol and arabinose increased
the antimicrobial activity of various Bacillus species. The
other carbon sources used in this work; mannitol, starch
and the inorganic carbon source (CaCOs) did not
enhance the antifungal activities. While the antifungal
activity of B. subtilis DB4 was optimal when casein was
the nitrogen source, the antifungal activity of B. subtilis
B6 was optimal when urea was used as the nitrogen
source. Depending on the biosynthetic pathways
involved, nitrogen sources may significantly affect
antibiotic formation (Gesheva et al., 2005). The inorganic
nitrogen source used in this work did not increase the
activity but repressed it. This is in accordance to an
earlier work by Yu et al. (2008) which noted that,
compared with inorganic nitrogen sources, organic
nitrogen sources were associated with relatively higher
antifungal antibiotic production from microorganisms.

The research work has demonstrated the antimicrobial
properties of B. subtilis isolated from condiments and soil
against some pathogenic fungi. The trial hazard
assessment carried out suggests two strains B. subtilis
DB4 and B. subtilis B6 as promising agents in the bio-

control of fungal diseases in agriculture. Further hazard
assessment and application of biotechnology and genetic
engineering may make these two organisms valuable
potential bio-control agents.
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