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ABSTRACT
Moulds are contaminants of foodstuffs, particularly cereals. They produce toxins with harmful effects on consumer
health. The objective of this work was to select isolates of lactic acid bacteria (LAB) from maize (Zea mays), with
antifungal activity, for a probable biological control of fungal germs contaminating maize. Thus, the microbiological
analysis of the fermented maize paste allowed the isolation of forty (40) isolates of lactic bacteria, including 3 bacilli
(7.5%) heterofermentative, 10 bacilli (25%) homofermentative and 27 cocci (67.5%) homofermentative. The
comparison test between mycotoxin-producing moulds of the genus Aspergillus (flavus and niger), Fusarium sp and
Penicilium sp and each isolate of lactic acid bacteria, carried out on MRS agar (CondiLab, Spain), revealed their
inhibitory effect on the growth of these moulds from maize. Of the 40 LAB isolates obtained during the 3 days of
fermentation, 34 (85%) isolates showed antagonistic activity on the 4 fungal germs tested. The isolates LABT0.2,
LABT0.7, LABT1.6, LABT1.7, LABT2.10, LABT3.2, LABT3.4, LABT3.6, LABT3.9 and LABT3.10 were the ones
with very good antifungal activity, with inhibition diameters ranging from 5.0 ± 0.0 to 7.1 ±0.14 cm. In sum, this study
revealed the existence of lactic acid bacteria with antifungal activity, which can be exploited for biological control of
cereal contaminants in general, and those of maize in particular, with a view to guaranteeing the safety of food for
human consumption.
Keywords: Mycotoxins, lactic acid bacteria with antifungal activity, biological control, food safety, maize (zea mays).
INTRODUCTION
Maize (zea mays) is a tropical plant of the Gramineae
family, widely used in human and animal food (poultry,
pigs, cattle) (Boukar, 2017). In Côte d'Ivoire, maize is
grown in several agro-ecological regions. Constituting
the staple food of many Ivorian populations, maize is
also used as a raw material in certain industries such as
breweries, soap factories and oil mills. After harvesting,
maize is generally preserved in small-scale storage
facilities for varying lengths of time, depending on
human and animal consumption needs. However, during
storage, maize grains are contaminated by fungal
pathogens. These fungi, which cause considerable crop
losses and deterioration of grain quality, are linked to
diseases such as fusariosis and aspergillosis, involving
moulds of the genera Fusarium and Aspergillus
(Munkacsi et al., 2007). Indeed, these strains produce
mycotoxins, substances that are pathogenic for humans
and animals (Dupuy, 1994). These substances lead to
losses of cereals and their derivatives estimated at 5 to
10% worldwide (Pfohl-Leszkowicz et al., 1999; De
Muynck et al. 2004). The fight against the contamination

of food products by mycotoxins constitutes a major stake
for all the operators of the food industry. The use of
chemical products is currently the most widely used
technique to control these harmful moulds. However, the
intensive and indiscriminate use of these products has led
to contamination of the biosphere and the food chain
(FAO/WHO, 2015). Also, decontamination by physical
treatments such as irradiation-ionisation, thermal
irradiation, adsorption aiming to reduce the number of
mycotoxins in food, impact on the nutrients and vitamins
of the food by releasing free radicals that cause cancer
and cellular ageing (Assaoui, 2018). This suggests the
search for means of biological decontamination of food
products in general, and those made from maize in
particular, contaminated by toxigenic moulds. Biological
decontamination against maize mycotoxins, through the
use of numerous micro-organisms including yeasts,
fungi and bacteria, inducing transformation and/or
enzymatic degradation of toxins into less toxic products,
are increasingly used (Bhatnagar, 1998; Delos et al.
2013; Assaoui, 2018). This study focused on a biological
control trial using antifungal lactic acid bacteria (LAB)
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from maize, which are the best candidatesInternational
to meet these
requirements (Gerez et al. 2009), and can be an
alternative to the use of chemicals and physical
treatments, simply to ensure the safety of food for human
consumption.
MATERIALS AND METHODS
Collection of maize samples
Five (5) kg of maize (zea mays), at a rate of one kilogram
of maize grains per vendor, were purchased in June
2020, at the large market of Adjamé in the District of
Abidjan (Côte d'Ivoire), from 5 different vendors chosen
at random and far from each other. The maize grains,
once collected, were put in hermetically sealed sterile
plastic bags and transported to the laboratory for
analysis.
Processing of maize grains into flour and
fermentation of maize paste
Two hundred and fifty (250) grams of maize kernels,
weighed with a METTLER electronic balance with a
precision of 0.001, are sorted, cleaned, dehulled and
washed with distilled water. These grains are then
soaked in distilled water (1/2 : m/v) for 48 hours in a jar.
The moistened grains are drained at room temperature
and then ground using a mechanical mill. The flour
obtained is defibrated by sieving with water through a
muslin cloth. The starch milk collected is subjected to
decantation for 4 hours (Louembé et al 2003). The maize
paste obtained after decantation is mixed with distilled
water (m/v) and fermented spontaneously in a
hermetically sealed jar for 72 hours at room temperature
in the dark (Nche et al 1994).
Search for lactic acid bacteria isolates in fermented
maize dough
The isolation of lactic acid bacteria during the
fermentation of fermented maize dough was performed
according to the method described by Vermeiren et al.
For this purpose, 10 g of fermented flour were taken at
24-hour intervals for 72 hours and homogenised in 90
mL of buffered peptone water (BioRad, France), which
constitutes the enrichment broth. A decimal dilution
ranges from 10-2 to 10-8 was performed with a triptone
salt solution (BioRad, France). MRS agar (Condilab,
Spain) supplemented with 0.1% nystatin was streaked
with 100 µL of each dilution. The inoculated Petri dishes
were incubated at 30°C for 48 hours in an oven
(MEMMERT, Germany). The catalase test described by
Prescott et al. (2003), the detection of cytochrome
oxidase according to the method of Kovacs et al. (1995),
the determination of the fermentative type of the
presumptive colonies described by Badis et al. (2005)
and the Gram staining test were used to investigate the
biochemical characteristics of the LAB isolates.
Screening of LAB antagonistic to moulds from maize
grains
The antagonistic activity of LAB isolates was carried out
on moulds of the genus Aspergillus (flavus and niger),
Fusarium sp and Penicilium sp, previously isolated from
maize seeds (Yobouet, 2020). The screening of lactic
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acid bacteria
isolates with antifungal
activity was
carried
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out by the double layer or overlay method as described
1(1)
by Magnusson et al. (2003) with some modifications.
The LAB isolates were first streaked (two) 2 cm on MRS
agar (Condilab, Spain), previously poured into Petri
dishes, and then the whole set was incubated
anaerobically at 30 °C for 48 hours. The colonies
obtained were then covered with 10 mL of Sabouraud
medium (BioRad, France), previously inoculated with
the spores of the different moulds and maintained in
supercooling. After 72 h of incubation at 30 °C, the
diameters of the inhibition zones around each streak of
lactic acid bacteria isolates were measured.
Statistical analysis of the data obtained
Analysis of variance (ANOVA) followed by Tukey's test
with R software version 3.1 was used to compare the
means of the diameters of the inhibition zones.
Differences are considered significant for values of P <
0.05.
RESULTS AND DISCUSSION
Isolation and determination of biochemical
characteristics of lactic acid bacteria isolates from
fermented maize pulp
The microbiological analysis of the fermented maize
pasta, the macroscopic and microscopic tests (Gram
staining, colony appearance), as well as the biochemical
tests (catalase, oxidase and the search for the
fermentative type) carried out on presumptive lactic
bacteria colonies revealed the presence of 40 lactic
bacteria isolates. The presumptive colonies of lactic acid
bacteria, during the fermentation time, are mostly in the
form of cocci (Figure 1).

Day 0

Day 1

Day 2

Day 3

Figure 1. Distribution of LAB forms during the
fermentation of maize dough
Of these isolates, 3 bacilli (7.5%) are heterofermentative,
10 bacilli (25%) are homofermentative and 27 cocci
(67.5%) are homofermentative (Figure 2).
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At the end of fermentation (D3), all LAB isolates showed

Figure 2. Photographs of agar tubes showing the
fermentative type of lactic acid bacteria isolates from
fermented maize paste
A : homofermentative type ; B : heterofermentative type
; T : negative control
Antifungal activities of lactic acid bacteria isolates
from fermented maize dough
In this study, we hypothesized that LAB could inhibit the
development of fungi isolated from the same substrates.
The antifungal activity of the lactic acid bacteria by
overlay was carried out for all 40 isolates of lactic acid
bacteria from fermented maize dough, against the four
mould strains previously isolated from maize grains
(Aspergillus niger, Aspergillus flavus, Fusarium sp and
Penicillium sp). Screening of the antifungal activity of
the LAB isolates against these spoilage fungi showed
that out of 40 LAB isolates obtained during the 3 days of
fermentation, only 34 (85%) inhibited the growth of the
indicator fungal strain. The diameter of the clear zone
around the two lines of each LAB isolate varied from 0.3
± 0d cm to 9.0 ± 0.0a cm (Figure 3).
At day D0, the lactic acid bacteria isolate LAB T0.2 and
LAB T0.7, obtained before the fermentation of the maize
dough, were the ones that showed a very good
antagonistic activity on the tested fungal germs, with
diameters of the inhibition zones varying from 3. 4 ±
0.14b cm to 6.0 ± 0.0a cm for isolate LABT0.2 ; and from
3.30 ± 0.28b cm to 5.50 ± 0.07a cm for isolate LAB T0.7.
However, isolate LABT0.2 was more active on
Apergillus niger (5.2 ± 0.28a cm), Aspergillus flavus (5.5
± 0.28a cm) and Fusarium sp (6.0 ± 0.0a cm) (Table 1).

A

C

B

D

Figure 3. Antifungal activity of LAB isolated from
fermented maize by the overlay test
A: Overlay of LAB T1.9 by Aspergillus niger; B:
Overlay of LAB T0.2 by Aspergillus flavus; C: Overlay

very good activity on Fusarium sp. However, isolates
LABT3.2, LABT3.4, LABT3.6, LABT3.9 and
LABT3.10 showed very good activity on the 4 germs
tested, with inhibition diameters ranging from 5.4± 0.14 c
to 6.7±0.14a cm for LABT3. 2, from 4.5 ± 0.28 c cm to
7.0 ± 0a cm for LABT3.4, from 5.1 ± 0.14 c cm to 7.1
±0.14a cm for LABT3.6, from 4.6 ± 0.14b cm to 7.1
±0.14a cm for LABT3.9 and from 5.4 ±0.28 b cm to 7.1
±0a cm for LABT3.10 (Table 4).
The isolates LABT1.6 and LABT1.7, obtained after 24 h
of fermentation (D1), also show a very good antagonistic
activity on the 4 fungal germs tested with inhibition
diameters varying from 3.50 ± 0.14 c cm to 7.10 ± 0.14a
cm for isolate LABT1. 6 and from 4.5 ± 0.0b cm to 6.9 ±
0.14a cm for isolate LABT1.7. However, both isolates
were more active on Fusarium sp and Penicillium sp
(Table 2).
Table 1. Table of diameters of the inhibition zones of
LAB isolates at day 0 on the fungal germs tested
N°
isolate
s

Asperg
illus
niger

Asperg
illus
flavus

Fusar
ium
sp

Penicil
lium sp

LABT
0.1

Shapes /
Type
fermenta
tion
Coccus/
Homo

4.90 ±
0.14b

4.80 ±
0.14b

2.90 ±
0.14c

LABT
0.2
LABT
0.3
LABT
0.4
LABT
0.5
LABT
0.6
LABT
0.7

Coccus/
Homo
Coccus/
Homo
Coccus/
Homo
Coccus/
Homo
Coccus/
Homo
Coccus/
Homo

5.2 ±
0.28a
4.2 ±
0.0b
6.50 ±
0.28a
2.7 ±
0.28c
5.4 ±
0.28a
5.50 ±
0.28a

5.5 ±
0.28a
3.9 ±
0.14b
3.95 ±
0.07c
4.4 ±
0.28b
3.0 ±
0.0c
3.30 ±
0.28b

LABT
0.8

Coccus/
Homo

5.00 ±
0.0b

2.85 ±
0.21c

LABT
0.9
LABT
0.10

Coccus/
Homo
Coccus/
Homo

1.7 ±
0.14d
3.9 ±
0.14b

9.0 ±
0.0a
3.2 ±
0.14c

5.65
±
0.21a
6.0 ±
0.0a
6.1 ±
0.14a
4.90±
0.14b
5.8 ±
0.14a
4.0 ±
0.0b
5.15
±
0.07a
6.20
±
0.14a
5.5 ±
0.0b
5.6 ±
0.14a

3.4 ±
0.14b
3.1 ±
0.14c
2.90 ±
0.14d
6.1 ±
0.14a
5.0 ±
0.0a
3.50 ±
0.0b
3.30 ±
0.14c
2.6 ±
0.14c
0± 0.0d

Also, of the 10 lactic acid bacteria isolates obtained on
the second day of fermentation, only isolate LABT2.10
was very active on both Aspergillus flavus (6.9 ± 0.14 a
cm) and Fusarium sp (7.1 ± 0.14a cm) (Table 3).
In sum, of these 34 lactic acid bacteria isolates with
antagonistic activity on the fungal germs tested, the
isolates LABT0.2, LABT0.7, LABT1.6, LABT1.7,
LABT2.10, LABT3.2, LABT3.4, LABT3.6, LABT3.9
and LABT3.10 are those with very good antifungal
activity. From this point of view they could be used for
a probable biological control of cereal contaminants in
general and those of maize in particular.
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Table 2. Table of diameters of the inhibition
zones of
International
LAB isolates at day 1 on the fungal germs tested
N°
Shapes / Asper Asper Fusa Penici
Isolat Type
gillus
gillus
rium
llium
es
ferment niger
flavus sp
sp
ation
LAB
Coccus/ 3.9 ± 3.2 ± 5.6 ± 0 ± 0d
T1.1
Homo
0.14b
0.14c
0.14a
LAB
Coccus/ 3.5 ± 4.2 ± 5.9 ± 4.1 ±
T1.2
Homo
0.28b
0.14b
0.14a 0.14b
LAB
Coccus/ 2.7 ± 5.1 ± 6.4 ± 4.6 ±
T1.3
Homo
0.14c
0.14b
0.14a 0.14b
LAB
Coccus/ 4.0 ± 5.6 ± 0.0 ± 6.0 ±
T1.4
Homo
0.14b
0.14a
0c
0.0a
LAB
Coccus/ 2.3 ± 3.6 ± 7.0 ± 4.2 ±
T1.5
Homo
0.14d
0.14c
0a
0.14b
LAB
Bacill / 4.55 ± 3.50 ± 7.10± 6.70 ±
T1.6
Homo
0.07b
0.14c
0.14a 0.14a
LAB
Coccus/ 4.5 ± 4.9 ± 6.9 ± 6.8 ±
T1.7
Homo
0b
0.14b
0.14a 0.14a
LAB
Bacill / 2.2 ± 4.5 ± 7.3 ± 6.0 ±
T1.8
Homo
0.14d
0c
0.14a 0b
LAB
Coccus/ 2.0 ± 4.4 ± 5.2 ± 3.8 ±
T1.9
Homo
0.0d
0.14b
0.14a 0.14c
LAB
Coccus/ 9.0 ± 4.0 ± 6.5 ± 5.1 ±
T1.10 Homo
0a
0d
0b
0.14c

Table 3. Table of diameters of the inhibition zones of
LAB isolates at day 2 on the fungal germs tested
N°
isolate
s
LABT
2.1
LABT
2.2
LABT
2.3
LABT
2.4
LABT
2.5
LABT
2.6
LABT
2.7
LABT
2.8
LABT
2.9
LABT
2.10

Shapes /
Type
fermenta
tion
Coccus/
Homo
Coccus/
Homo
Coccus/
Homo
Bacill /
Homo
Coccus/
Homo
Coccus/
Homo
Coccus/
Homo
Coccus/
Homo
Coccus/
Homo
Coccus/
Homo

Asperg
illus
niger

Asperg
illus
flavus

Fusar
ium
sp

Penicil
lium sp

2.1 ±
0.14c
3.9 ±
0.14c
3.7 ±
0.14c
4.9 ±
0.14b
2.30 ±
0.14c
4.65 ±
0.07c
3.6 ±
0.14b
2.4 ±
0.0c
4.1 ±
0.14c
5.0 ±
0b

5.5 ±
0.28b
4.9 ±
0.14b
6.0 ±
0.0a
6.4 ±
0.14a
5.35 ±
0.21b
6.90 ±
0.14a
4.5 ±
0.0a
4.4 ±
0.28b
5.1 ±
0.14b
6.9 ±
0.14a

6.3 ±
0.14a
0 ± 0d
6.0 ±
0.0a
0.0 ±
0.0c
6.50 ±
0.0a
5.70±
0.14b
0 ± 0c

6.1 ±
0.14ab
5.8 ±
0.14a
5.0 ±
0.0b
6.0 ±
0.0a
2.20 ±
0.14c
3.50 ±
0.28d
0 ± 0c

6.9 ±
0.14a
7.2 ±
0.14a
7.1 ±
0.14a

1.3 ±
0.0d
3.2 ±
0.14d
5.3 ±
0.14b

Table 4.of
Table
of diametersand
of the
inhibition
zones of
Journal
Agricultural
Applied
Sciences
LAB isolates at day 3 on the fungal germs tested
1(1)
N°
isolat
es

Shapes/ Asper
Type
gillus
ferment niger
ation
LAB
Bacill/
5.3 ±
T3.1
Hetro
0.14b
LAB
Coccus/ 6
±
T3.2
Homo
0.14b
LAB
Coccus/ 6.1 ±
T3.3
Homo
0.14b
LAB
Bacill/
5.4 ±
T3.4
Hetero
0.14b
LAB
Bacill / 5.0 ±
T3.5
Homo
0c
LAB
Bacill / 5.1 ±
T3.6
Homo
0.14c
LAB
Bacill/
6.0 ±
T3.7
Hetero
0.14b
LAB
Coccus/ 5.6 ±
T3.8
Homo
0.14c
LAB
Bacill / 6.5 ±
T3.9
Homo
0.28a
LAB
Coccus/ 5.4 ±
T3.10 Homo
0.28b
Homo: Homofermentative;
Heterofermentative

Asper
gillus
flavus

Fusa
rium
sp

5.1 ± 6.9 ±
0.14b
0.14a
5.4 ± 6.5 ±
0.14c
0a
0.3 ± 6.5 ±
0c
0ab
4.5 ± 7.0 ±
0.28c
0a
5.8 ± 6.4 ±
0.14b
0.14a
5.6 ± 7.1 ±
0b
0.14a
5.5 ± 6.9 ±
0c
0.14a
5.4 ± 7.2 ±
0c
0.14a
4.6 ± 7.1 ±
0.14b
0.14a
5.9 ± 6.8 ±
0.14b
0.14a
Bacill: Bacillus;

Penici
llium
sp
0 ± 0c

6.7 ±
0.14a
6.9 ±
0.14a
6.4 ±
0.14a
5.5 ±
0b
7.0 ±
0a
0 ± 0d
6.4 ±
0.14b
6.8 ±
0.14a
7.1 ±
0a
Hetero:

Cereals are foodstuffs that are frequently contaminated
by moulds. Contamination can occur before harvest, in
the field, during drying, or during grain storage. Fungal
contamination is one of the main causes of cereal grain
deterioration, impacting on variations in grain
technological parameters and leading to considerable
losses (Atalla et al., 2003; Molinie et al., 2005). The
different genera of moulds contaminating foodstuffs are
Fusarium sp and especially Aspergillus sp and
Penicillium sp (Doguiet, 2017; Abdellah, 2004), which
are known to produce mycotoxins such as ochratoxin A
(OTA), citrinin (CIT) and aflatoxin B (AFB) during
grain storage by moulds of the genera Aspergillus and
Penicillium (Pitt, 2000). Cases of food poisoning related
to maize flour contaminated with mycotoxins have been
reported by Fofana-Diomande et al. (2019). Also, the
biological effect of these toxins causes damage to human
organs such as the liver, kidneys and brain. Found in
finished by-products, these toxins can be mutagenic,
teratogenic, carcinogenic and immunotoxic (Abdalah,
2004). The present work, devoted to the selection of
antifungal lactic acid bacteria, reveals their capacity to
release probable antifungal substance (Doguiet, 2017).
Indeed, recovery tests have shown that the growth of
moulds is effectively inhibited by the presence of lactic
acid bacteria isolates. This antifungal activity of lactic
acid bacteria isolates would explain the decrease in
mould growth. In a previous study, Muhialdin et al
(2018) evaluated the antifungal activity of 870 LAB
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isolates from Malaysian fermented foodsInternational
against bakery
spoilage fungi, namely Aspergillus niger, Aspergillus
flavus MD3, Penicillium roqueforti MD4; and the LAB
isolates showed activity against other selected fungi.
This would imply that the fermentative process of certain
foods, such as fermenting corn dough, would favour its
decontamination in mycotoxins, under the action of
isolates of lactic acid bacteria holding antifungal
compounds involved in this antifungal activity. The use
of chemical preservatives in food products would justify
the implementation of this study on the possible use of
these LAB isolates as biopreservatives against food
pathogens. Foods that can serve as a source of beneficial
and varied LABs for consumers should be increasingly
popularised. From this point of view, bacterial isolates
inhibiting all targeted fungal strains appear to be
particularly interesting strains to be used as
biopreservatives in the preservation of cereals in general
and maize in particular.
CONCLUSION
The objective of the present study was to select isolates
of lactic acid bacteria with antagonistic effects on the
growth of toxigenic moulds, for probable biological
control of maize moulds. The results show that
fermented maize dough contains antifungal LAB isolates
that can be used as food additives. These LAB isolates
are reported to contain components that inhibit the
development of foodborne pathogens, suggesting that
they can replace chemical additives and provide
attractive and diversified food products. Also, the proven
inhibitory effect of this bacterial flora shows a real
possibility of biotechnological application, for the
biopreservation of food in general and maize in
particular. This would contribute to ensuring food safety
by producing food suitable for human consumption.
REFERENCES
Abdellah, Z 2004.Determination of mycotoxins in food
and study of the reduction of aflatoxins by lactic
acid bacteria isolated from traditional bread
ferments. Doctoral thesis from the Sidi
Mohammed ben Abdellah University, Algeria,
PP. 162.
Assaoui, M 2018. Contamination of food by mycotoxins:
methods
of
prevention,
control
and
decontamination. Doctoral thesis from the Faculty
of Science and
pharmacies-rabat, Morocco,
PP. 195.
Atalla, MM., Mohamed-Hassanein, N., Atef-Elbeih, A.
and Yoyssef, A 2003. Mycotoxin production in
wheat grains by different Aspergillus in relation
to different relative humidity and storage periods.
Food Nahrung, 47 (1): 6-10.
Badis, A., Laouabdia-Sellami, N., Guetarni, D., Kihal,
M. and Ouzrout, R 2005. Phenotypic
Characterization of Lactic Bacteria Isolated from
Raw Goat Milk of Two Local Goat Populations

International Journal of Agricultural and Applied Sciences 3(1)

and Kabile). Science
& Technology.
23:
Journal(Arabia
of Agricultural
and Applied
Sciences
30- 37.
1(1)
Bhatnagar, D 1998. Mycotoxins in agriculture and food
safety. Irish Journal of Agricultural and Food
Research., 39: 235-244.
Boukar, I 2017. Behavior of some imported maize
varieties with respect to environmental conditions
in the Adrar region. Master's thesis, Faculty of
Sciences of Nature and Life (SNV),
Abdelhamid Ibn Badis-Mostaganem University,
Algeria, PP 61.
De Muynck, C., Leroy, AIJ., De Maeseneire, S., Arnaut,
F., Soetaert, W and Vandamme, EJ. 2004.
Potential of selected lactic acid bacteria to
produce food compatible antifungal metabolites.
Microbiol Res., 159: 339–346.
Delos, D., Maak, TG and Rodeo, SA. 2013.
Microbiological changes in mawè during natural
fermentation. Anaerobe., 5 (4): 346-352.
Doguiet, KD 2017.Biocontrol of Fusarium molds
producing fumonisins by selection of indigenous
corn lactic bacteria. Thesis of
Doctorate
from the University of Bordeaux, France, PP. 184.
Dupuy, J 1994. Main mycotoxins produced by Fusarium
strains isolated from cereals. Doctoral thesis of
the National Polytechnic Institute of Toulouse,
France,
PP. 142.
FAO / WHO, 2015. Globally Harmonized System of
Classification and Labeling of Chemicals (GHS).
6th revised edition. Part 3 - Health hazards.
United Nations, New York and Geneva.
Fofana-Diomande, A., Kouakou, KJM, Aka –
Diemeleou, C., Traore, KS and Dembele, A.
2019. Dietary exposure to carcinogenic
mycotoxins in the department
from
Séguéla (north-west of Cote d'Ivoire): case of
aflatoxin B1. Biology Chemitist Science. 13 (2):
937-949.
Gerez CL, Torino MI, Rollan G, De Valdez GF 2009.
Prevention of bread mold spoilage by using lactic
acid bacteria with antifungal properties. Food
Control., 20: 144–148
Kovacs, BI and Peter, G. 1995. Lipid peroxidation by
activated platets: A possible link between
thrombosis and atherogenesis. Elsevier., 115 (1):
121-128.
Louembé, D., Kéléké, S., Kobawila, SC and Nzouzi, JP.
2003. Microbiological and biochemical study of
“poto-poto” corn porridge. Microbiology-FoodNutrition., 21 (1): 3-9.
Magnusson, J., Ström K., Roos, S., Sjörgen J and
Schnürer, J. 2003. Broad and complex antifungal
activity among environmental isolates of lactic
acid bacteria. FEMS Microbiol. Lett., 219: 129–
135.
Molinie, A., Faucet, V., Castegnaro, M and PfohlLeszkowicz, A. 2005. Analysis of some breakfast
cereals collected on the French market for their
content in OTA, Citrinin and Fumonisin B1.

62

Delphine et al.

Development of a new method forInternational
simultaneous
extraction of OTA and Citrinin. Food Chemistry.,
92 (3): 391-400.
Muhialdin, BJ., Hassan, Z and Saari, N. 2018. In vitro
antifungal activity of lactic acid bacteria low
molecular peptides against spoilage fungi of
bakery products. Annals of Microbiology., 68 (9):
557-567.http://dx.doi.org/10.1007/s13213-0181363-x.
Munkacsi, AB., Stoxen, S. and May, G.
2007.Domestication of maize, sorghum and sugar
cane did not drive the divergence of their smut
pathogens. Evolution., 61: 388-403.
Nche, PF., Nout, PF and Hollman, CH. 1994.
Investigation of the presence of biogenic amines
and ethyl carbonate in kenkey made with maize
and maise-cowpea mixtures as influenced by
process conditions. Food Additives &
Contaminants., 11 (3): 397-402.
Pfohl-leszkowicz, A., Minh, T., Nguyen, B., Tran, A.
2007. Occurrence of aflatoxin B1, citrinin and
ochratoxin A in rice in five provinces of the
central region of Vietnam. Science Direct. 105
(1): 42-47.

International Journal of Agricultural and Applied Sciences 3(1)

Pitt, JI. 2000.
Toxigenic fungi
andApplied
mycotoxins.
British
Journal
of Agricultural
and
Sciences
Medical Bulletin., 56 (1): 184-192
1(1)
Prescott, P., Kenneth, S., Kendler, MD., Carol, A. and
Myers, MS. 2003. The Structure of Genetic and
Environmental Risk Factors for Common
Psychiatric and Substance Use Disorders in Men
and Women, Archives of General Psychiatry., 60
(9): 929-937.
Vermeiren, L., Devlieghere F and Debever, J. 2004.
Evaluation of meat born lactic bacteria as
protective culture for the biopreservation of
cooked meat product. Food Microbiology., 96 (2):
149-164.
Yobouet, KS 2021. Biological control approach against
Mycotoxins contaminating maize (Zea mays) by
screening for lactic acid bacteria with antifungal
activity. Master thesis presented for obtaining the
master's degree in biotechnologies - biosafety bioresources from Félix Houphouët-Boigny
University, PP. 65.

Citation: Delphine, N.Y.; Carole, B.A.; Mariame, C.; Tierry, Z.L. and Michel, K.D. 2022. Perspective of biological
fight against fungal germs contaminant corn (Zea mays): Case of the use of lactic bacteria. International
Journal of Agricultural and Applied Sciences, 3(1):58-63. https://doi.org/10.52804/ijaas2022.3110
Copyright: © Delphine et al. 2022. Creative Commons Attribution 4.0 International License. IJAAS allows
unrestricted use, reproduction, and distribution of this article in any medium by providing adequate credit
to the author(s) and the source of publication.

63

