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ABSTRACT

Blue eye mold disease cause significant post harvest losses of grains in storage. The need to control the plant
disease with the use of bio friendly agents is of paramount importance. This research assessed the antifungal
effect of Bacillus subtilis and Yeast (Saccharomyces cerevisiae) in the control of blue eye mold disease that
affects maize and Rice grains in storage. The diseased grains were gotten from two storage barns which were
Bukuru and Katako market storage barns of Jos Metropolis and the ability of these organisms to inhibit the
growth of the pathogenic fungi (Aspergillus glaucus) found in Maize and Rice grain. The research work was
carried out at African Center for Phyto medicine and Research University of Jos, Plateau State. The pathogenic
organism was isolated by culturing it on the SDA Media in an aseptic condition. Several other subcultures
were carried out in order to get the pure isolates of the fungi. Organisms which served as biocontrol were
gotten from National Veterinary Research Institute Vom (NVRI), these organisms were incubated on the same
plate with the pathogenic fungi. For Bacillus subtilis, it was incubated at 25°C while that of the Yeast was
incubated at 30°C. Results showed that Bacillus subtilis inhibited at 59.40% while Yeast inhibited at 95.84%in
maize grains from Bukuru while Bacillus subtilis inhibited at 64.80% and yeast at 69.70%. For Katako market
B. subtilis inhibited at 57.48% while yeast inhibited at 64.84% for maize grains while for Rice grains B. subtilis
inhibited at 48.93% and Yeast inhibited at 54.27%. Comparing both organisms that served as Biocontrol
agents, Yeast is seen to be the better inhibitor compared to Bacillus subtilis. Both organisms are seen to have
antifungal effects and perform antagonistic activity against Aspergillus glaucus therefore bio fungicides can
be made out of these organisms in order to reduce the spread of fungal diseases in stored grains. Further
research should be carried out in order to authenticate the effects of these strains produced by the organisms.
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INTRODUCTION

Blue eye mold is one of the most prevalent post-harvest
diseases that affect grains and other crops. This condition is
caused by the growth of fungal species such as Aspergillus
glaucus and Penicillium spp., which thrive under high
humidity and poor storage conditions (Magan & Aldred,
2007). These fungi not only degrade the quality of grains but
also pose significant health risks due to the production of
mycotoxins, which are toxic secondary metabolites (Miller,
1995). The presence of blue eye mold is strongly associated
with improper storage practices. According to Bocarov-
Stanci¢ and Miladinovi¢ (2015), factors such as high moisture
content, inadequate ventilation, and delayed drying contribute
to fungal colonization. Grains with moisture levels exceeding
14% are particularly susceptible, emphasizing the need for
rigorous post-harvest management (Hell & Mutegi, 2011).
Fungal contamination of stored grains like maize (Zea mays)
and rice (Oryza sativa) has severe implications for global food
security. Maize and rice are staple foods consumed by
millions worldwide, and their contamination during storage
can result in significant economic losses and food shortages
(Food and Agriculture Organization of the United Nations,
2019). Furthermore, the rapid growth rate of molds, such as
those causing blue eye mold, highlights the critical window of
24-48 hours within which preventative measures must be
implemented (Ngugi & Scherm, 2006). The impact of fungal
contamination extends beyond food supply to health and
safety.

Mycotoxins produced by species like Aspergillus and
Penicillium are linked to acute and chronic health conditions,

including respiratory problems, immunosuppression, and
carcinogenesis (Pitt & Hocking, 2009). Therefore, effective
control strategies, such as proper drying, use of fungicides,
and improved storage infrastructure, are crucial (Magan &
Aldred, 2007). In recent years, alternative approaches to
manage fungal contamination have gained attention. For
instance, the use of natural antifungal agents, such as plant
extracts and other biological organisms such a Yeast and
Bacillus subtilis has shown promise in mitigating post-harvest
diseases (Jia et al., 2013). Studies have demonstrated the
efficacy of botanical extracts in reducing fungal growth and
mycotoxin production, offering a sustainable alternative to
synthetic fungicides (Bocarov-Stanc¢i¢ & Miladinovi¢, 2015).
Overall, understanding the biological and environmental
factors that promote blue eye mold is essential for developing
effective prevention and management strategies. As
highlighted by Hell and Mutegi (2011), integrating traditional
and modern storage practices can significantly reduce post-
harvest losses and ensure the safety and availability of staple
foods.

MATERIALS AND METHODS

A survey was carried out in different Maize and Rice stores
within Jos South and Jos North Local government areas in
Plateau State. The survey was done in order to check for the
occurrence of Blue eye mold disease affecting the storage
barns of Maize and Rice. This was carried out using random
sampling methods to check out for disease symptoms. The
samples with visible symptoms were collected from Bukuru
market of Jos South Local government and Katako market of
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Jos North Local government using sterile swabs and adhesive
tape for culturing and microscopy.

Biocontrol Organisms Sample Collection

Isolated and already identified organisms (Bacillus subtilis)
and (Saccharomyces cerevisiae) were collected from the
Microbiology Laboratory of National Veterinary Research
Institute Vom (NVRI) and brought to the Laboratory in
African Center for Phytomedicine and Research University of
Jos, Plateau State for further use.

Preparation of Media

Sabroaud Dextrose Agar was used to culture the disease
grains in order to grow the pathogenic fungi. The media was
prepared according to the manufacturer’s instructions.

Isolation of Pathogenic Fungi

5ml of 80% Gentamycin was poured in sterile plates. 20 ml of
Sabroaud Dextrose Agar was added in the sterile plates and
allowed to solidify. The diseased grains were then dropped in
1% Sodium Hypo Chloride for 18 seconds. The grains are
then carefully rinsed in distilled water. The grains are then
inoculated on then solidified Sabroaud medium under aseptic
conditions. The inoculated Petri dishes were the incubated at
30°C for 3 to 5 days. The pure fungal isolates were then
obtained after two subcultures on Sabroaud Dextrose Agar.
The sub culturing was done by taking a small portion of the
pathogenic fungi or the fungi mycelia and then streaked on
the media using the wire loop. The culture is then incubated
at 30°C for 3 to 5 days. Pure culture of the organism was
produced and the macroscopic and microscopic features of the
fungi were observed (Zhao et al., 2013)

Identification of Pathogenic Fungi

The fungus was identified microscopically using Lacto
phenol and a Light Microscope at X10 magnification. While
its cultural characteristics were used for the macroscopic
identification

RESULTS AND DISCUSSION
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Experimental Design and Antifungal Test

The experiment was laid out in a completely randomized
design (CRD) with two biocontrol agents and 5 replicates.
These biocontrol agents were Bacillus subtilis and
Saccharomyces cerevisiae. The pathogenic fungi and the
biocontrol agents were incubated and inoculated on the same
plate. SDA (Sabroaud Dextrose Agar) was prepared
according to the manufacturer’s instructions, 20mls of SDA
was poured in a Petri dish and allowed to solidify. A well was
bored in the middle of the media on the Petri dish using a
borer. The biocontrol agent which is yeast is then inoculated
in the well that was bored. The pathogenic fungus
(Aspergillus glaucus) was then streaked in a square manner
on the surface of the agar on the same plate with the biocontrol
agent. The plate was then incubated for 5 days at 37°C (Jia et
al., 2013).

In vitro antagonistic assay was performed according to the
dual culture method on the SDA Medium. Bacillus subtilis
was disposed at the center of the Petri dish and the fungal
strains were streaked around the agar disk in a square manner.
The plate is then incubated at 25°C for 5 days.

Zone of Inhibition

The zone of inhibition was measured using the meter rule in
cm. The meter rule was placed at the center of the disk. The
measurement was taken from the center of the disk to the edge
of the area with zero growth (Bauer et al., 1966)

Percentage of Zone of Inhibition

The percentage of the Zone of inhibition was calculated using
the formula

Percentage Change(%) = % X 100

Where:

D5 = Length of the Specimen in cm on day 5

D1= Length of the specimen in cm on day 1

Table 1: Descriptive Statistics of the Antifungal Effect of Yeast and Bacillus Subtillis from Bukuru Market Jos

Location Extract

% Mean £S.D

Bukuru Market Bacillus Subtilis (Rice)

Yeast (Rice)

Bacillus Subtilis (Maize)

Yeast (Maize)
Total

64.79+50.08
69.69+21.40
59.39+32.33
95.84+35.36
72.43+36.25

The mean difference is significant at P <0.05

Table 2: Descriptive Statistics of the Antifungal Effect of Yeast and Bacillus Subtillis from Katako Market Jos

Location Extract

9% Mean +S.D

Katako market Bacillus Subtilis (Rice)

Yeast (Rice)

Bacillus Subtilis (Maize)

Yeast (Maize)
Total

48.93+8.30

54.25+13.76
57.48+21.64
64.83+38.58
56.37+22.39

The mean difference is significant at P <0.05

Table 1 shows the antifungal activity of various microbial
extracts on grains (rice and maize) collected from Bukuru
Market, with results represented as the mean percentage
inhibition of fungal growth, along with standard deviation
(S.D.). The inhibition rates of the microbial extracts vary
significantly between different treatments. Yeast extract from
maize shows the highest mean inhibition rate (95.84%) with

a fairly high standard deviation (35.36%). Despite the
variability, this indicates that yeast may be particularly
effective against fungal growth on maize. Bacillus Subtilis
extracts, both for rice (64.79%) and maize (59.39%), exhibit
lower inhibition rates. This suggests that Bacillus subtilis
might be less effective than yeast at inhibiting fungal growth
on both types of grains. The high standard deviations for some
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of the results, particularly for Bacillus subtilis (Rice)
(50.08%) and Yeast (Maize) (35.36%), indicate substantial
variability in the effectiveness of these treatments. This
suggests that the microbial extracts' efficacy may be
inconsistent, possibly due to environmental factors or
differences in the fungal strains present. On the other hand,
yeast extract on rice and maize (69.69% + 21.40%)
demonstrates lower variability, indicating a more consistent
effect in inhibiting fungal growth. Yeast seems to perform
better on maize (95.84%) compared to rice (69.69%), with a
significant difference in inhibition rates. Bacillus Subtilis has
a similar trend: 64.79% inhibition on rice and 59.39% on
maize. The differences suggest that Bacillus subtilis might
have a slight preference for rice, though the inhibition effect
is less pronounced than with yeast. The total average
inhibition rate for all treatments is 72.43%, which indicates a
moderate level of overall effectiveness in preventing fungal
growth.

Table 2 presents the antifungal effects of various microbial
extracts on rice and maize at Katako Market, with results in
terms of percentage inhibition of fungal growth, including
standard deviation (S.D.). Yeast treatment in Maize shows
the highest mean inhibition rate at 64.83%, followed by
Bacillus Subtilis treatment in Maize at 57.48%. This is

Nnebechukwu et al.,
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consistent with the trend observed in the Bukuru Market
results, where yeast also exhibited stronger inhibition on
maize. Yeast treatment in Rice at 54.25% and Bacillus
subtilis treatment in Rice at 48.93% both show moderate
effectiveness in inhibiting fungal growth on rice. Bacillus
Subtilis appears to be slightly less effective than yeast in this
case. There is significant variability in the effectiveness of the
treatments, especially in Yeast treatment in Maize at 38.58%.
The smaller standard deviations for Bacillus subtilis
treatment in Rice at 8.30% and Yeast treatment in Rice at
13.76% suggest relatively more consistent performance in
inhibiting fungal growth on rice, compared to the variability
seen in maize. Maize generally shows higher inhibition rates
than Rice, particularly with Yeast. This suggests that the yeast
may be more effective at inhibiting fungal growth on maize.
Bacillus subtilis seems to have slightly better performance on
Maize (57.48%) compared to Rice (48.93%), but the
difference is not as pronounced as with yeast. The total
average inhibition rate across all extracts is 56.37%, which is
lower than the Bukuru Market average of 72.43%.

Yeast appears to be the most effective treatment for inhibiting
fungal growth, with the highest mean inhibition rate of
95.84%. Despite the variability, its overall effectiveness
makes it a strong candidate for future applications.

% Increase Of Growth

120 4

% Increase of Growth

Bacillus Subtilis {Rice) “east (Rice)

Bacillus Subtilis (Maize} “east (Maize)
Extract

Location
mm BUKURL MARKET
 KATAKO MARKET

‘east (Rice)

Figure 1: Zone of inhibition result showing the increase in growth of biocontrol agents

Figure 1 shows the comparism of the rate of growth of Bacillus subtilis and Yeast in Maize and Rice. bars of each extract in
percentage shows that they are significantly different as calculated by Games-Howell post hoc analysis (P< 0.005
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Plate 2: Pure isolates of Aspergillus glaucus in Rice grains

Plate 3: Microscopic view of Aspergillus glaucus
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Plate 5: The zone of Inhibition of Yeast against Aspergillus glaucus in Diseased Rice and Maize

Discussion

This research shows how Aspergillus glaucus found in Maize
and Rice grains were successfully isolated and the pure
culture obtained as seen in (Plate 1 and 2) as compared to
(Bernard et al., 2013). Result of the experiment shows that
Bacillus subtilis inhibited the growth of Phyto pathogenic
fungi (Guzel et al., 2017) Yeast also inhibited the growth of
Phyto pathogenic fungi as compared to (Marcos et al., 2023).
This report can be slightly compared to the result of this
experiment.

Chemical fungicides were superior and a better remedy in the
control fungal diseases. This study and recent approaches
have stated that Bacillus subtilis treated seeds can prevent or
reduce the occurrence of fungal diseases especially the Blue
eye mold disease in stored Maize and Rice grains.

The antagonistic strains or effect of Bacillus subtilis was
clearly observed due to the inhibition of Aspergillus glaucus
mycelia growth since day one (Jonathan et al., 2014). The
average percentage of inhibition of Bacillus subtilis in Maize
grains from the first sample survey site which is Bukuru
market of Jos South Plateau State was 59.40% while the
average percentage of Bacillus subtilis for Rice grains was
64.80%. For the second sample survey site, which was Katako
market of Jos North, the average percentage for it was
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48.93%. Therefore, Bacillus subtilis act on pathogenic fungi
either by producing antifungal substances or by colonizing the
media faster than the surface fungi. Mostly, Bacillus subtilis
is known for producing antifungal substances and most
predominantly Iturin which seen as lipopeptides (Haobin et
al., 2017)

The major and more interesting characteristics of yeast as a
biocontrol agent is the fact that it grows faster than other fungi
pathogens and it needs little nutritional requirements that
gives it the ability to colonize faster (Alessandra et al., 2021)
this is also seen at the end of the Research that the yeast
colonized the whole plate due to its highly competitive nature.
Hollith and Anu-Appaiad, (2018) showed that antagonistic
effect of yeast (Saccharomyces cerevisiae) was clearly
observed due to the inhibition of the growth of Aspergillus
glaucus by strongly competing and colonizing the entire agar
plate, this is slightly relatable to this research.

The average percentage of inhibition of yeast (Saccharomyces
cerevisiae) in the first sample site survey which is Bukuru
market of Jos South, Plateau state was 95.85% for maize
grains and 69.70% for rice grains where as the second
location, the average percentage of inhibition was 64.84% for
Maize and 54.26% for Rice grains.
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This result shows there was a significant difference between
the percentage increase of Bacillus subtilis and yeast on
Aspergillus glaucus on maize and rice in Bukuru market P<
0.05. There was a significant difference between the
percentage increase of Bacillus and Yeast on Aspergillus
glaucus found in Maize and Rice from Katako market P<0.05.

CONCLUSION

Blue eye mold disease caused by Aspergillus glaucus has
been a major threat to grains especially in storage. Several
control measures needs to be put in place in order to reduce
the risk that comes with this disease. Bacillus subtilis and
Saccharomyces cerevisiae have not been usually considered
as biocontrol agents for fungal diseases in grains. These
findings could open new grounds for further research on how
these organisms can be used in the production of fungicides.
This research has also brought to light that Bacillus subtilis
and Saccharomyces cerevisiae can be used as a crop
protestant and also an alternative to chemical fungicides
which needs to be exploited. Based on this study recent
research needs to be carried out in order to ascertain the
effects of these antifungal compounds produced by Bacillus
subtilis which are (Iturin, Fengycin, and Sufactin) to these
grains and to also the human health. Further research should
also be carried out on the Volatile Compounds (VOC)
produced by yeast in order to ascertain its effects on the
grains. Experiments are recommended to be conducted before
the commercial use of these organisms such as the
confirmation of the organisms’ efficacy against post harvest
diseases and how they should be applied under natural
conditions.
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