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ABSTRACT 
 

The avocado (Persea americana Mill.) is a dicotyledonous plant of the Lauraceae family. It is a fruit 
rich in nutrients, which has many benefits for human health. It is especially appreciated for its taste 
quality. However, post-harvest diseases of avocados due to fungal attacks are one of the main 
constraints on conservation and marketing in Côte d’Ivoire. The aim is to achieve biological control 
of avocado spoilage fungal strains during post-harvest conservation using Pseudomonas 
fluorescens and Bacillus subtilis BT2. Thus, 200 sampled lawyers were used for this study. 
Identification of the fruit spoilage fungal flora on PDA (Potato Dextrose Agar) medium, pathogenicity 
tests, antagonism and biocontrol tests using P. fluorescens and B.subtilis BT2 were carried out. The 
results obtained made it possible to identify six (6) fungal genera on spoiled avocados including 
Colletotrichum, Botryodiplodia, Absidia, Rhizopus, Alternaria and Aspergillus. The respective 
isolation frequencies were 42.03%, 22.70%, 15.46%, 8.21%, 5.8% and 5.8%. Bacillus subtilis and 
Pseudomonas fluorescens presented inhibition rates of these fungal genera which vary from 
38.72±2.21% to 65.17±0.72% for B. subtilis BT2 and from 44.05±3.25% at 66.51±0.71% for P. 
fluorescens. Also, these two bacteria inhibited the growth of these spoilage fungi in vivo. The 
protection tests of healthy avocado fruits with the supernatant of P. fluorescens and B.subtilis BT2 
made it possible to preserve the avocado fruits for eight days without any alteration of the pulp. The 
results of this study therefore made it possible to highlight the effectiveness of P. fluorescens and B. 
subtilis BT2 as good biocontrol agents for the conservation of avocado fruits in Côte d'Ivoire.  
 

 
Keywords: Avocado; Spoilage fungi; Bacillus subtilis BT2; Pseudomonas fluorenscens; biocontrol. 
 

1. INTRODUCTION 
 
The avocado (Percea americana Mill), known as 
the alligator pear or butter pear, belongs to the 
Lauraceae family [1]. It is a subtropical or tropical 
fruit native to Mexico and Central America. In 
Côte d’Ivoire, avocado cultivation began in 1960. 
At that time, Côte d’Ivoire avocado was exported. 
From 1980, with the withdrawal of agricultural 
sectors, avocado cultivation lost intensity. 
Avocado orchards occupy only 300 ha with 
production estimated at only 4.6% of African 
production and the main producing areas are 
located in the Central and Southern regions of 
the country [2,3]. As an oilseed fruit, avocado is 
increasingly consumed, not only for its flavor but 
also for its high nutritional value. The fruit has 
gained popularity due to increasing consumers 
and awareness of its dietary value. Indeed, 
avocado has a considerable content of 
monounsaturated fatty acids as well as minerals, 
vitamins and other antioxidant phytochemicals 
[4,5]. Despite its nutritional and economic 
importance, the avocado sector faces several 
problems of post-harvest spoilage due to the 
increase in pathogens. Difficulties in applying 
good agricultural practices and especially 
inadequate post-harvest handling of fruits are the 
main causes of these parasitic infections [6]. 
Contamination of avocado fruits by 
microorganisms occurs in particular in the fields, 
during post-harvest packaging and during 
storage [2]. The development of these species 

fungi is favored by the ripening process of the 
fruits but especially by their composition. These 
rots affect the organoleptic properties and the 
market value of the fruits, which causes 
enormous losses of up to 90% [7]. To date, the 
preservation methods used are physical and 
chemical. However, these methods remain 
insufficient. Furthermore, the plant protection 
products used have harmful effects on the health 
of the consumer and can be responsible for 
public health problems [8]. These chemical 
control methods used also pose growing 
resistance constraints for pathogens. These 
disadvantages of chemical pesticides have led to 
the search for alternatives for the development of 
other products that are more respectful of the 
environment and the health of the consumer in 
order to fight against phytopathogens. Thus, 
biological control through the use of bacteria 
generally recognized as safe has been widely 
studied (GRAS). Bacillus subtilis and 
Pseudomonas fluorescens, existing biological 
control agents are then long used as 
biopesticides due to their antibacterial and 
antifungal properties. Thus, several research 
studies have demonstrated the effectiveness of 
Bacillus subtilis and Pseudomonas fluorescens in 
the biological control of fruit pathogens [9,10]. 
The work of [11] showed that the use of Bacillus 
subtilis GA1 as a biopesticide allowed the 
inhibition of various pathogenic microorganisms 
of mango, thus improving their shelf life. Also, 
[12] also reported that the Bacillus subtilis 
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species isolated from the cocoa rhizosphere had 
the capacity to inhibit pod deterioration germs but 
also to induce resistance against fungal and viral 
phytopathogens in particular swollen shoot virus 
(CSSV). The work of [13] showed that 
Pseudomonas fluorescens could be used in the 
reduction of post-harvest spoilage of cashew 
nuts, namely Aspergillus, Penicillium and 
Rhizopus. Pseudomonas fluorescens was also 
tested in vivo for inhibition of the growth of 
Geotrichum sp, a tomato pathogen [14]. 
However, there is little data on the use of 
bacterial biopesticides in the biological control of 
avocado fungal diseases in Côte d'Ivoire. It is in 
this context of biocontrol of fungal diseases that 
this study takes place, the general objective of 
which is to carry out biocontrol of fungal strains 
of avocado spoilage during post-harvest 
conservation using Pseudomonas fluorescens 
and Bacillus subtilis BT2. 
 

2. MATERIALS AND METHODS 
 

2.1 Material 
 

The plant material consisted of healthy and 
spoiled mature avocado fruits of the Mexicola 
variety (Fig. 1) obtained directly from the 
markets. Two bacterial strains including 
Pseudomonas fluorescens isolated from the 
rhizosphere of the cashew tree and Bacillus 
subtilis BT2 isolated from the rhizosphere of the 
cocoa tree preserved in cryotubes in a freezer             
(-80°C) were used in this study. 
 

2.2 Methods 
 

2.2.1 Sampling 
 

Samples were collected from 5 sellers taken at 
random from the main markets. From each of the 

5 sellers, 5 samples of spoiled avocados and 5 
samples of healthy avocados were taken at 
random, making a total of 200 samples in all 4 
municipalities. Once collected, the different fruits 
were individually packaged in Stomacher plastic 
bags, labeled, sealed then kept in a cooler 
containing dry ice where the temperature is 
maintained at 4°C, by cold accumulators. The 
transport of the samples was carried out on the 
same day of collection and did not exceed two 
hours for the analysis of the different test 
portions. 
 
2.2.2 Isolation of avocado spoilage fungal 

strains 
 
The microorganisms were isolated by direct 
contact on Potato Dextrose Agar (PDA) agar 
[15]. Thus, three spoiled avocados were 
randomly chosen from each sample, washed 
with tap water containing 2% bleach for 2 min, 
rinsed three times with sterile distilled water and 
disinfected using household paper soaked in 
70% ethanol in order to eliminate exogenous 
microflora. Using a previously sterilized scalpel 
and tweezers. Under aseptic conditions, external 
(skin) and internal (pulp) fragments were 
collected from each spoiled fruit and inoculated 
into Petri dishes containing Potato Dextrose Agar 
(PDA) medium. The plates were then incubated 
at 28°C for 5 to 7 days. To obtain a pure culture, 
transfer of colonies to PDA medium according to 
the method described by [16,17] was produced. 
Thus, a mold colony filament was taken using 
sterile forceps then placed at a single point in the 
center of a Petri dish containing the PDA medium 
in order to obtain typical mold development. 
Incubation is carried out at 28°C for 7 days. This 
method is repeated until pure colonies are 
obtained. 

 

 
 

Fig. 1. Healthy (a) and altered (b) avocados 



 
 
 
 

Koffi et al.; Microbiol. Res. J. Int., vol. 34, no. 9, pp. 86-100, 2024; Article no.MRJI.122287 
 
 

 
89 

 

2.2.3 Identification of avocado spoilage molds 
 
Identification of molds was carried out on the 
basis of macroscopic and microscopic 
observations according to the method of [16,18]. 
Macroscopic Identification was carried out 
according to the method of [16] through an 
examination of culture on PDA. The cultural 
characteristics determined were the appearance 
of the colonies (fluffy, woolly, cottony, velvety, 
powdery or granular), the shape of the colonies 
(regular or irregular), the relief of the colonies 
(flat, convex, pleated, etc.), the color of the 
colonies (white, cream or colored, yellow, 
orange, brown, green, gray to black), colony size 
(small, extensive or invasive) and growth (rapid 
or slow). The isolated fungi were identified on the 
basis of their morphological characteristics 
according to the method described by [18]. To 
carry out the microscopic examination, a drop of 
methylene blue was placed on a clean slide, a 
small fragment of the isolate was placed on the 
drop using forceps and covered with a coverslip 
then observed under an electron microscope with 
an objective 40x and the size of the 
conidiospores (short or long). 
 
2.2.4 Culture of Pseudomonas fluorescens 

and Bacillus subtilis BT2 
 
The strains of P. fluorescens and B. subtilis BT2 
were respectively subcultured on KING B agar 
and on Mossel medium by the streak method 
from colonies already isolated, and preserved. 
The plates were incubated at 30°C for 24 hours 
to obtain young cultures and isolated colonies 
which were used to carry out the antagonism 
tests. 
 
2.2.5 Antagonism test 
 
This test was carried out in order to verify the 
existence of a possible inhibitory action of P. 
fluorescens and B subtilis on one or more 
isolated molds. The method of [11] was used. In 
Petri dishes containing YPGA medium, the 
bacteria P. fluorescens and B. subtilis 
(antagonists) were spread by making a 
longitudinal streak dividing the dish into two 
equal parts. Subsequently, two discs each 
having the diameter of the tip of a Pasteur pipette 
(0.3 cm), obtained with a cookie cutter from a 
fungal culture are placed on either side of the 
streak at a distance of 1 cm from the edge of the 
box in three steps. The control dishes consisted 
of inoculating the mold by transplanting it to the 
center of the Petri dish where there was no 

inoculation with P. fluorescens and B subtilis. 
Incubation is carried out at 30°C for 4 days. 
Colony growth of pathogens (molds) and 
antagonistic agents (P. fluorescens and B. 
subtilis) is observed every day until the seventh 
day. After 4 days, the percentage of growth of 
the fungus in the boxes was determined using 
the method of [19], then the inhibition rate was 
deduced according to the following formula: 
 

Inhibition rate (%) = [(R –r) / R] x 100 
 

r : Radial growth of the microorganism with 
antagonism 
R : Radial growth of the microorganism 
without confrontation of antagonism 

 
2.2.6 Biocontrol test 
 
A pre-culture of P. fluorescens and B. subtilis is 
carried out by seeding 24-hour colonies in 25 mL 
of YPG broth for 8 hours at 30°C. The pre-culture 
was used to inoculate two 100 mL YPG broths 
and incubated at 30°C for 48 h. After 48 hours of 
incubation, the culture is centrifuged at 7000 rpm 
for 10 min [20]. The supernatant is then collected 
and stored at -4°C for in vivo antagonism tests. 
Healthy avocados were washed in tap water 
containing 2% bleach, rinsed three times with 
sterile distilled water, disinfected using 
household paper soaked in 90% ethanol and 
injured with a scalpel (three injuries per lawyer). 
Then, 50 µL of the supernatant of P. fluorescens 
and B. subtilis were applied into the wounds, 
then each inoculated with 50 µL of the mold 
spore solution (pathogen) prepared according to 
the method of [21] as described in paragraph 5.1. 
Finally, the fruits were kept in sterile jars for 5 
days [22]. The controls consisted of inoculating 
the avocados with suspensions of spores of the 
pathogenic strains without application of the 
supernatant of P. fluorescens and B. subtilis.  
 
2.2.7 Fruit protection test 
 
2.2.7.1 Production and harvesting of biomass 

and supernatant of biocontrol agents 
 
The production of biomass and supernatant of 
the two bacterial biocontrol agents was used to 
carry out the various protection tests on fruits. 
250 mL Erlenmeyer flasks containing 65 mL of 
YPG medium were each inoculated with a 24-
hour colony of the biocontrol agents. The pre-
cultures were incubated at 30°C with shaking at 
105 rpm for 8 hours. These pre-cultures were 
used to inoculate 2L Erlenmeyer flasks 
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containing 500 ml of YPG medium. Two 
Erlenmeyer flasks, each containing 500 ml of 
sterile YPG medium, were each inoculated with 
65 ml of the pre-culture. The Erlenmeyer flasks 
were incubated at 30°C with shaking at 105 rpm 
for 48 hours. The biomass was harvested after 
centrifugation of the medium at 3500 rpm for 10 
minutes. The pellet which represents the 
biomass was separated from the supernatant 
and washed three times with physiological water 
(9 ‰ NaCl). The biomass and supernatant were 
stored at -4°C for conservation tests. 
 

2.2.7.2 Preservation of fruits with the supernatant 
 

The protection test on fruits was carried out by 
immersion as described by [23]. It consisted of 
immersing the fruits in a container containing the 
supernatant of the biocontrol agents. You must 
ensure that the entire surface of the fruit is 
immersed. Thus, the healthy fruits were carefully 
washed in tap water containing 2% bleach, 
rinsed three times with sterile distilled water and 
disinfected using household paper soaked in 
90% ethanol then immersed for 5 minutes in the 
supernatant and dried in the open air. The 
controls having undergone the same steps were 

not treated with the supernatant. The fruits were 
stored at room temperature (25oC) after 
immersion. 
 
2.2.8 Statistical analysis 
 
R software version 4.0.4 for Windows, one-way 
analysis of variance (ANOVA), was performed to 
compare the biomass inhibition rates of P. 
fluorescens and Bacillus subtilis BT2 against 
fungal isolates. 
 

3. RESULTS 
 

3.1 Avocado Spoilage Fungal Strains 
 
The results of the analysis showed contamination 
of the avocado samples by fungi which 
presented in various aspects, textures and 
colors. A total of 207 fungal isolates were 
isolated taking into account the resemblance of 
thalli and spores. The phenotypic identification 
made it possible to highlight 6 fungal genera, 
namely Aspergillus, Rhizopus, Absidia, 
Colletotrichum, Botryodiplodia and Alternaria 
(Fig. 2, Fig. 3, Fig. 4, Fig. 5, Fig. 6 and Fig. 7). 

 

 
 

Fig. 2. Macroscopic appearance (A) and microscopic appearance (B) of Colletotrichum sp. on 
PDA medium 

 

 
 

Fig. 3. Macroscopic appearance (C) and microscopic appearance (D) of Botryodiplodia sp. on 
PDA medium 
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Fig. 4. Macroscopic appearance (E) and microscopic appearance (F) of Absidia sp. on PDA 
medium 

 

 
 

Fig. 5. Microscopic appearance (G) and macroscopic appearance (H) of Aspergillus sp. on PDA 
medium 

 

 
 

Fig. 6. Macroscopic appearance (I) and microscopic appearance (J) of Rhizopus sp. on PDA 
medium 

 

3.2 Frequency of Isolation of Fungal 
Strains 

 

In total, 207 mold isolates were obtained from 
samples. Among these isolated molds, 
Colletotrichum sp and Botryodiplodia sp are the 
majority with respective isolation frequencies of 

42.03% and 22.07%. Concerning the other 
fungal strains, they were isolated with 
frequencies of 15.46 and 8.21% respectively for 
Absisia sp and Rhizopus sp; As for Alternaria sp 
and Aspergillus sp, they presented low isolation 
frequencies, namely 5.8% for Alternaria sp and 
5.80% for Aspergillus sp (Table 1). 
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Fig. 7. Macroscopic appearance (K) and microscopic appearance (L) of Alternaria sp. on PDA 
medium 

 

Table 1. Frequency of isolation of avocado spoilage fungi 
 

Fungal isolates Isolation frequency of fungi isolates (%) 

Colletotrichum sp 42,03 (87) 
Botryodiplodia sp 22,70 (47) 
Absidia sp 15,46 (32) 
Rhizopus sp 8,21 (17) 
AspergilLus sp 5,80 (12) 
Aternaria sp 5,8 (12) 
Total 100 (207) 

Numbers in parentheses represent the number of isolates of each fungal species 
 

3.3 In vitro Antagonistic Activity of P. 
fluorescens and B. subtilis BT2 

 

The in vitro antagonism tests carried out made it 
possible to demonstrate the rate of inhibition of 
the growth of fungal isolates by P. fluorescens 
and B. subtilis BT2. These tests showed that P. 
fluorescens presents a higher inhibition rate on 
all the molds isolated than B. subtilis BT2 with 
the highest inhibition rate observed in Rhizopus 
sp 66.51±0.71%. There is no significant 
difference in the inhibition rates between P. 
fluorescens and B. subtilis BT2 at the threshold 
of 0.05 for all the fungi isolated except for the 
molds Colletotrichum sp and Absidia sp in which 
the inhibition rates inhibition were significantly 
different at the threshold of 0.05. The 
confrontation of bacteria with Rhizopus sp 
presented the highest inhibition rates 

66.51±0.71% for P. fluorescens and 
65.17±0.72% for B.subtilis BT2. On the other 
hand, the lowest rates of reduction in fungal 
growth were observed in Aspergillus sp 
38.72±2.21% for B.subtilis BT2 and 44.05±3.25% 
for P. fluorescens (Table 2). The control 
consisted of transplanting the mold into the 
center of the PDA agar without seeding bacteria. 
The molds grew normally, hence there was no 
inhibition.  
 

3.4 Biocontrol 
 

The results obtained showed that after 5 days of 
storage, the fruits having received an application 
of the supernatant of the biocontrol agents and 
inoculated with the suspension of spores of                 
the pathogen showed no growth of mold          
(Table 3). 

 

Table 2. Statistical values of in vitro comparisons of biopesticides and fungi isolates 
 

Strains B. subtilis BT2 P. fluorescens 

Colletotrichum sp  (52,50±0.80)b (61,47±0.70)a 
Btryodiplodia sp (55,82±1,63)a (57,93±0.70)a 
Absidia sp  (56,69±0.33)b (61,82±1.60)a 
Rhizopus sp  (65,17±0.72)a (66,51±0.71)a 
Aspergillus sp  (38,72±2,21)a (44,05±3,25)a 
Alternaria sp (53,83±1,65)a (54,15±0.17)a 
For the same line, the values assigned to the same alphabetical letter are not statistically different and p<0.05 

corresponds to the significance threshold 
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Table 3. Appearance of Avocados 5 days after treatment with biopesticide supernatant and inoculation with pathogen spore suspension 
 

fungal strains Appearance of avocados 

Control (untreated) after 5 days Fruits after 5 days of treatment 

B. subtilis P. fluorescens 

Colletotrichum sp 

   
Botryodiplodia sp 

 
  

Absidia sp 
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Fungal strains Appearance of avocados 

Control (untreated) after 5 days  Fruits after 5 days of treatment 

B. subtilis P. fluorescens 

Alternaria sp 

   
Rhizopus sp 
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Fungal strains Appearance of avocados 

Control (untreated) after 5 days  Fruits after 5 days of treatment 

B. subtilis P. fluorescens 

Aspergillus sp 
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Table 4. Appearance of fruits 8 days after treatment with biopesticide supernatant 
 

Duration Control (fruits not treated with 
supernatant) 

Fruits treated with supernatant 

Supernatant of B. subtilis Supernatant of P. fluorescens 

Three (3) days 

   
Five (5) days 

   
Eight (8) days 
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3.5 Fruit Storage 
 
Avocados treated with the supernatant                              
of B. subtilis BT2 and P. fluorescens                           
did not show signs of damage after eight (8) 
days. The witness was altered after 5 days 
(Table 4). 
 

4. DISCUSSION 
 
In order to contribute to the fight against post-
harvest losses of avocados in Côte d’Ivoire due 
to fungal contaminants, this study was carried 
out. The results obtained following the 
phenotypic identification of fungal strains isolated 
from avocados showed that a diversity of molds 
is responsible for the deterioration of avocados in 
Côte d'Ivoire. Six (6) genera of molds have been 
identified and they are, Colletotrichum, 
Botryodiplodia, Absidia, Rhizopus, Alternaria and 
Aspergillus. These results are in agreement with 
the work carried out by [24,25,26,27] who 
isolated and identified the genera Colletotrichum, 
Aspergillus and Botryodiplodia on avocado and 
mango fruits. These fungi are known to cause 
the deterioration of many products such as fruits, 
seeds, vegetables and tubers, both in the fields 
and during storage. The presence of these molds 
could be explained by several environmental 
factors, such as aeration, pH, water availability, 
nutrients and temperature which would favor the 
growth of molds in preserved agricultural 
products.The infection of fruits by these molds 
could have their origin from the fields, and 
according to [28] fungal attacks occur normally 
produce when the fruits are in the field but often 
show no symptoms until storage or transport 
after harvest and its climacteric ripening mode 
which is characterized by a high accumulation of 
ethylene, which stimulates more rapid ripening 
due high rate of respiration [29]. Among the 6 
genera identified, Colletotrichum sp and 
Botryodiplodia sp are in the majority with 
respective isolation frequencies of 42.03% and 
22.07%; These two fungal genera would be the 
main agents of spoilage of avocados. This 
corroborates with those of [30] who showed that 
Colletotrichum sp main spoiler of tropical fruits 
and leafy vegetables has been reported on many 
fruits such as avocado, almond, coffee, guava, 
apple, dragon fruit, cassava, mango, sorghum 
and strawberries. Also, according to [31] 
Botryodiplodia sp was identified as the most 
isolated pathogen on avocado in Chile, Spain, 
Mexico, New Zealand, Peru, South Africa and 
the United States. These strains have been 
identified as main spoilage agents in South Africa 

and on the Hass variety in Colombia [32,33,34]. 
Generally, contamination of agricultural products 
depends on several factors and can occur 
before, during and after harvest, depending on 
handling, packaging and storage methods [35]. It 
could therefore be attributed to post-harvest 
practices. The use of bacterial biocontrol agents 
in this study showed the capacity of these agents 
to inhibit the main fungal strains responsible for 
spoilage of avocado fruits, in particular isolates of 
Colletotrichum sp, Absisia sp, Botryodiplodia sp, 
Rhizopus sp , Aspergillus sp1, Aspergillus sp2 
and Alternaria sp. This inhibition by P. 
fluorescens and B. subtilis BT2 was 
demonstrated by in vitro antagonism and 
biocontrol tests. The results of the in vitro tests 
presented inhibition rates greater than 50% of 
the growth of the strains with a high inhibition 
rate observed in Rhizopus sp. This would be due 
to the fact that these biocontrol agents produce 
antifungal substances that would inhibit the 
growth of mold. These results are similar to those 
obtained by [11] who showed the inhibitory 
power of Bacillus subtilis GA1 against spoilage 
germs in the conservation of mangoes in Côte 
d’Ivoire. As part of a similar study of the fight 
against Geotrichum sp on tomato, [14] also 
showed that Pseudomonas fluorescens F19 had 
the ability to inhibit the growth of Geotrichum sp. 
This reduction in the incidence of 
microorganisms in the spoilage of avocado fruits 
could be explained by the fact that these 
biocontrol agents produce antifungal substances 
which inhibit the growth of molds through the 
production of lipopeptide molecules by B. subtilis 
GA1 notably fengycin, surfactins and iturins 
which manifest themselves by the bursting of the 
cell wall of fungi [9]. The latter can either activate 
plant defenses or have a direct antibacterial or 
antifungal effect [36]. Likewise, Pseudomonas 
fluorescens F19 produces metabolites such as 
Phenazines and Pyrrolnitrin and also 
siderophores which are iron chelating agents 
preventing its use by pathogens [37]. 
Pseudomonas fluorescens would have acted 
either by mycoparasitism, which is a trophic 
relationship established by a microorganism to 
the detriment of a fungus [38]. This action results 
from the production of lytic enzymes such as 
glucanase and chitinase, or from the induction of 
resistance or even antibiosis. However, 
biocontrol agents were less effective on 
Aspergillus isolates with inhibition rates below 
50%. This could be explained by the very slow 
growth of these strains during in vitro 
confrontation tests or their resistance to these 
biocontrol agents. The biocontrol tests showed 
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that the supernatant of the bacterial biocontrol 
agents has the ability to inhibit the growth of 
mold over a period of 5 days with fewer signs of 
fruit spoilage compared to the control. Mold 
growth had already been observed from the third 
day of storage. [14] reported that tomatoes 
treated for 24 hours with P. fluorescens F19 
before pathogen inoculation showed a significant 
reduction in the incidence of rot caused by 
Geotrichum sp. These results reflect the capacity 
of biocontrol agents to produce antifungal 
molecules which could protect fruits against 
fungal damage. Healthy fruit preservation tests 
revealed that the supernatant of the bacterial 
biocontrol agents tested exert an inhibitory action 
on pathogens. Indeed, the colonization of 
avocado fruits made it possible to prevent the 
proliferation of pathogenic fungi inside the                  
fruits. This made it possible to preserve the 
firmness of the fruit. This could mean that the 
antifungal substances produced by the bacteria 
would be contained in the supernatant. These 
results are in accordance with those of the               
work of [10] who using B. subtilis GA1, 
Pseudomonas fluorescens CI and Pseudomonas 
fluorescens F19 were able to preserve pineapple 
for 14 days.  
 

5. CONCLUSION 
 
This work was carried out with the aim of 
contributing to the biopreservation of avocado 
fruits exposed to fungal contaminants 
responsible for spoilage and post-harvest losses 
through the use of Pseudomonas fluorescens 
and Bacillus subtilis as bacterial biocontrol 
agents. The fungal profile of the avocado 
samples was evaluated. Six fungal genera 
including Colletotrichum, Botryodiplodia, Absidia, 
Rhizopus, Alternaria and Aspergillus have been 
identified. The genera Colletotrichum and 
Botryodiplodia were predominant and caused the 
most alterations. The different antifungal 
activities of Pseudomonas fluorescens and 
Bacillus subtilis BT2 were evaluated in vitro and 
in vivo. In both cases, these two bacteria                      
have shown their ability to reduce or inhibit the 
fungal strains responsible for spoilage of 
avocado fruits. The preservation of avocado 
fruits using these bacterial biocontrol agents 
made it possible to preserve the fruits for at                  
least eight days compared to the control which 
was completely spoiled after 5 days. In view of 
these results, these two bacteria could be used 
in the formulation of biopesticides for                             
the preservation of avocado fruits in Côte 
d’Ivoire. 
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