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Abstract 

Post-harvest fruit diseases, mainly due to fungi microscopic, constitute one of the main factors of fruit deterioration 
during their conservation. Unlike chemical control, biological control is more beneficial given its ecological and health 
nature for the consumer. However, this fight could have impacts on biochemical parameters and organoleptic of 
preserved fruits. The objective of this study is to highlight the inhibitory activity of bacterial biocontrol agents isolated 
from the rhizosphere of the cashew tree on the germs responsible for post-harvest spoilage of the orange. To do this, 
300 oranges were collected from the fruit market in Côte d’Ivoire. The flora fungal spoilage of these oranges was isolated 
on PDA medium and conservation tests of the oranges with the supernatant of bacterial biocontrol agents were carried 
out. The results obtained made it possible to identify three (3) genera of fungi on spoiled oranges including 
Colletotrichum, Alternaria and Lasiodiplodia with respective isolation frequencies of 11%, 33% and 56%. Also, 
preserving the oranges with the supernatant of the bacterial biocontrol agents made it possible, over 14 days, to note 
an absence of growth of fungi and no sign of spoilage unlike the control oranges. 
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1. Introduction

Citrus fruits are the fruits whose production is the second largest in the world with more than 115 million tons per year 
[1]. The citrus group belongs to the Rutaceae family. They originate from South Asia. Their distribution took place in the 
world through commercial exchanges [2]. Citrus fruits are classified into several groups namely oranges, lemons, limes, 
pomelos, clementines, tangerines etc. Orange is a citrus fruit very important in the world [3]. Global citrus production 
is around 99 million tons, of which 73% of production is consumed fresh, 26% is intended for processing and 9% for 
export. This production is divided into several varieties citrus fruits of which orange represents 57% [4]. In Côte 
d’Ivoire, the orange sector is largely dominated by the informal sector and constitutes a source of income for the rural 
population. Also, the orange has several nutritional properties in that it constitutes an important source of antioxidant 
agents including phenolic compounds, flavonoids and ascorbic acid. Indeed, these compounds have beneficial effects on 
human health because they possess numerous antioxidant, anti-inflammatory and antibacterial activities. These 
different properties of oranges protect and inhibit the harmful effects of free radicals on the human body [5]. However, 
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the storage of Oranges remain a crucial problem for producers and traders in Côte d’Ivoire. Indeed, several 
environmental factors such as humidity, temperature and storage duration of oranges favor the growth of fungi such as 
the genera Alternaria, Scleratonia, Colletotrichum, Fusarium and Penicillium. These fungi are responsible for the rotting 
of orange during storage [6]. To overcome this problem, several conservation techniques including modified 
atmospheres, the addition of antioxidants (ascorbic acid, citric acid) and firming agents have been developed [7]. 
However, these techniques do not really satisfy producers who instead resort to synthetic pesticides. However, the use 
of chemical pesticides in the preservation of oranges could have harmful effects on the environment and the health of 
the consumer. Biological control is therefore necessary. Indeed, providing producers with organic material promoting 
the protection and conservation of fruits without having harmful effects on the consumer and the environment would 
be an adequate solution for the scientific and agricultural community. In this context, Studies have been carried out in 
particular on pineapple and mango. Indeed, the work of [8] made it possible to preserve pineapple over a period of two 
weeks (15 days) using Pseudomonas fluorescens CI. Also, [9] were able to preserve mango over a period of 15 days with 
Bacillus subtilis GA1. Despite all the advantages that biological control presents, it is clear that the organoleptic and 
nutritional characteristics of preserved fruits could undergo modifications. This could constitute a real obstacle to the 
marketing, processing and consumption of these fruits. Indeed, previous studies carried out have focused on 
preservation and without paying attention to their influence on organoleptic characteristics. Furthermore, in Côte 
d’Ivoire, there are rarely fields of orange trees under cultivation alone. Indeed, in the east of the country, the orange tree 
is cultivated in plantation with the cashew tree which shares the same rhizospheric flora. Therefore, this work sets the 
general objective of highlighting the inhibitory activity of bacterial biocontrol agents isolated from the rhizosphere of 
the cashew tree on postharvest spoilage germs of the orange. 

2. Material and methods 

2.1. Material  

The material consisted of orange (Citrus sinensis). On the one hand, oranges healthy ones for conservation tests and on 
the other hand altered oranges for the search for spoilage molds were used (Figure 1). Four bacteria, two of which 
Gram-positive bacilli (Bacillus) and two Gram-negative bacilli (Pseudomonas) were used as biocontrol agents for orange. 
These biocontrol agents were isolated from the rhizosphere of the cashew tree in Côte d’Ivoire. 

 

Figure 1 Study materials. (A- Healthy orange and B- Spoiled orange) 

2.2. Methods 

2.2.1. Sampling 

The orange studied were collected from the fruit market in Abidjan (Côte d’Ivoire). In total, 30 orange fruit samples 
were taken during this study at a rate of 10 oranges per sample. Then the orange were transported in a cooler with cold 
accumulators, in order to maintain the temperature at 4 °C, to the Laboratory for analyses. 

2.2.2. Isolation and identification of Orange spoilage fungi 

The isolation of the fungi was carried out by direct contact on PDA agar (Potato Dextrose Agar) according to the method 
described by [10] (Figure 2). So the orange altered are washed, and cut into small fragments. The fragments obtained 
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are disinfected with 2% bleach for 2 min then rinsed twice with sterile distilled water with the aim of to eliminate 
exogenous microflora. Then three fragments are placed on Petri dishes containing the PDA agar using forceps previously 
sterilized under the conditions aseptic and the plates are incubated at 30 °C for 5 to 7 days. After 7 days incubation, the 
molds were purified by transfer of colonies on to PDA agar according to the method described by [11] and [12]. Thus, a 
filament of fungal colony was taken using sterile forceps then placed at a single point on the center of a Petri dish 
containing PDA agar in order to obtain typical development mold. Incubation is carried out at 30 °C for 7 days. This 
method is repeated until pure colonies are obtained. 

Phenotypic identification of fungi was carried out based on observations macroscopic and microscopic according to the 
method of [11] and [12]. Identification was carried out according to the method of [11] by examining the culture on 
PDA agar. The cultural characteristics determined were the appearance of the colonies (fluffy, woolly, cottony, velvety, 
powdery or granular), the relief of the colonies (flat, convex, pleated, etc.), the color of the colonies (white, cream or 
colored, yellow, orange, brown, green, gray up to black), the size of the colonies (small, widespread or invasive) and 
growth (rapid or slow). It was carried out according to the method described by [13] by removing a filament using 
forceps then placed in a drop of heat-fixed methylene blue, placed on an object slide and covered with a coverslip then 
observed under an optical microscope with an X40 objective. The characteristics observed were the appearance of the 
mycelium (compartmentalized or not), the shape of the spores (oval, spherical, round, etc.), the shape of the conidial 
heads and the size of the conidiospores (short or long). 

2.2.3. Conservation of orange 

Supernatant production of bacterial biocontrol agents 

A pre-culture of bacterial biopesticide is carried out by seeding 24-hour colonies in 25 mL of Yeast Extract Peptone 
Glucose (YPG) broth for 8 hours at 30 °C. The pre-culture was used to inoculate 4 broths of 200 mL YPG and incubated 
at 30 °C for 72 h. After 72 hours of incubation, centrifugation of the culture is carried out at 6000 rpm for 10 min at 4 °C 
[14]. The supernatant is then collected and stored at 4°C for conservation tests. 

Inoculation of healthy orange with fungal and with the supernatant of the agents bacterial biocontrol 

The healthy orange were disinfected with 70° ethanol and drained using paper household use, soaked in 70° ethanol. 
Then they were soaked in 100 ml of spores of pathogenic mold and allowed to dry at room temperature. Once dried, the 
orange inoculated with pathogenic mold spores were immersed in 100 ml of supernatant of biocontrol agents then 
preserved [15]. Witnesses consisted of orange inoculated with suspensions of spores of pathogenic strains without 
application of bacterial supernatant. 

3. Results 

3.1. Isolation and identification of orange spoilage fungi  

The results of the analysis made it possible to show the involvement of fungi in the post-harvest rot of oranges. In total, 
55 fungal isolates were identified. These identifications focused on the macroscopic and microscopic aspects of the said 
fungi. The results made it possible to highlight three (3) genera of fungi including the genera Alternaria sp, 
Colletotrichum sp and Lasiodiplodia sp. (Figures 2, 3 et 4).  

 

Figure 2 Macroscopic and microscopic aspects of Colletotrichum sp: (A- macroscopic appearance and B- microscopic 
appearance) 
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Figure 3 Macroscopic and microscopic aspects of Alternaria sp: (A- macroscopic appearance and B- microscopic 
appearance) 

 

 

Figure 4 Macroscopic and microscopic aspects of Lasiodiplodia sp: (A- macroscopic appearance and B- microscopic 
appearance) 

3.2. Frequency of Fungi isolation 

In total, 55 fungal isolates were identified from spoiled orange samples. The 55 fungal isolates were grouped into three 
fungal genera, namely the genera Lasiodiplodia, Alternaria and Colletotrichum. However, the genus Lasiodiplodia 
presents a frequency of isolation superior to the two other genera which are Alternaria and Colletotrichum. These 
frequencies isolation are 56%, 33% and 11% respectively for the genera Lasiodiplodia, Alternaria and Colletotrichum 
(Table 1). 

Table 1 Frequency of isolation of orange spoilage fungi 

Isolated fungal genera Number of isolates Isolation frequency (%) 

Lasiodiplodia  31 56 % 

Alternaria  18 33 % 

Colletotrichum  6 11 % 

Total 55 100 % 

3.3. Biocontrol test of orange with supernatants of bacterial biocontrol agents 

The results obtained after conservation of the orange carried out with the supernatants of the bacterial biocontrol 
agents are presented in Figure 5. After 14 days of conservation, the oranges preserved with the bacterial supernatants 
did not present any major alteration inside and outside of the fruits (Figure 5 B, C, D et E). By against control oranges 
inoculated with fungus spores and not treated with supernatants, showed signs of deterioration from the 7th day of 
storage which were resulting in brown rot of oranges inside and out (Figure 5 A) 
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Figure 5 External and internal aspects of oranges preserved after 14 days 

(A: Control orange; B: Orange with Bacillus sp 1; C: Orange with Bacillus sp 2, D: Pseudomonas sp1 and E: Orange with 
Pseudomonas sp 2) 

4. Discussion 

Oranges are fruits very vulnerable to microbial contamination since the phase of picking through its transformation 
through its conservation. In fact, the decline observed production would be due to competition from other markets and, 
mainly to the quality of orange which was greatly depreciated by the presence of diseases fungi including rot caused by 
Phomopsiscitri, Lasiodiplodia natalensis, Colletotrichum sp, Alternaria sp [16]. These fungal activities can also lead to 
mycotoxin contamination, and could represent a risk for the health of consumers [17]. Based on this analysis, it is 
therefore necessary to limit or even inhibit the action of these germs pathogens. Thus, the isolation and identification 
of pathogenic fungi involved in the alteration of oranges in Côte d’Ivoire made it possible to isolate three fungal genera. 
These three fungal genera are Colletotricum, Alternaria and Lasiodiplodia with respective isolation frequencies of 11%, 
33% and 56%. The presence of these fungi could be explained by several environmental factors, such as aeration, pH, 
availability of water, nutrients and temperature that would favor their growth in agricultural products in conservation. 
The genus Lasiodiplodia was the majority in the spoiled orange fruit. These results are similar to the work of [18] who 
showed that the genus Lasiodiplodia was the most common with a frequency isolation rate of 83.33% in diseased citrus 
tissues. Also, [19] in their work highlighted the presence of these three fungal genera in rot citrus fruits and estimated 
that the genus Lasiodiplodia sp was the majority. Regarding the use of biocontrol agents, this study showed the capacity 
of these bacterial agents to inhibit the main fungal strains responsible for spoilage of orange. The preservation of 
oranges over a period of 14 days by the supernatant bacteria could be explained by the presence of substances produced 
by these bacteria during their metabolism in their respective growth environments. In fact, the presence of these 
substances would more or less limit the establishment of pathogenic germs on the skin of oranges. The production of 
lipopeptide molecules by these different bacteria including fengycin, surfactins and iturins produced by Bacillus sp 
promotes the bursting of the cell wall of fungi [20]. Also, in stationary phase of growth, Pseudomonas fluorescens CI 
produces several metabolites with high antifungal properties such as phenazines, pyrrolnitrin, pyoluteorin and 2,4-
diacetylphloroglucinol (2,4-DAPG) which inhibit the growth of pathogenic fungi [21]. These results are in agreement 
with several studies carried out on the biological control of orange pathogenic fungi such as that Alternaria alternata 
using biological control agents including bacterial and fungal. Also in in vivo conditions, use Bacillus subtilis at 3×107 
cfu/g and of Bacillus megaterium at 25×106 cfu/g sprayed on the orange tree would decrease the incidence of rot [22]. 
According to [22], essays in vitro of Trichoderma harzianum and Bacillus subtilis showed an antagonistic action effect on 
a highly pathogenic isolate of Alternaria citri, with respective degrees of inhibition of 86.7% and 69.4%. At the same 
time, the work of [23] using Bacillus megaterium, Bacillus subtilis, Bacillus cereus, Paenibacillus polymxa, Pantoea 
agglomerans, Pseudomonas fluorescens and Trichoderma harzianum in the in vitro fight against Alternaria alternata 
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showed inhibition rates greater than 67%. Thus, [23] with the use of Bacillus subtilis GA1 in the post-harvest 
conservation of mangoes showed that this strain could inhibit the growth of fungal strains and bacterial pathogens of 
mangoes and to keep them for more than ten days. 

5. Conclusion 

The present study aimed to contribute to the fight against fungal alterations orange in Côte d’Ivoire using bacteria 
isolated from the rhizosphere of the cashew tree. The results of the microbiological analyzes obtained showed that 
orange are contaminated by fungi of the genus Colletotrichum, Alternaria and Lasiodiplodia. Lasiodiplodia was the most 
widely isolated fungus. The results concerning conservation tests of oranges with the supernatant of bacterial 
biocontrol agents showed good preservation of oranges in the presence of these bacteria over a period of 14 days.  
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