Use of Bacillus subtilisstrainsBK1 and BT2 in the
Biocontrol Plantain(Musa paradisiaca L. cornl
variety)Spoilage fungi.

ABSTRACT

The plantain occupiesfourth place in terms of live production in Céte d'lvoire. However, itissubject to
fungalattacksduringits post-harvest conservation, leading to a depreciation of itsmarketabilityleading to
countlesslosses. The aim of thisworkwas to evaluate the antagonisticproperties of twaostrains of
Bacillus subtilis (BK1 and BT2) against the fungi responsible for spoilage of plantain:variety Corn 1 in
Céte d’lvoire. To do this, a total of 180 samplescomposed of healthy and. spoiled bananas wereused
for fungal isolations, carrying out biocontrol and fruit protection tests: The results of
thisstudyshowedthatnine (8) fungalisolates:Aspergillussp, Rhizopussp; Rhizomucorsp,
Colletotrichumsp, Rhizoctoniasp, Fusariumsp, Lasiodiplodiasp and Geotrichumspwereidentified as
responsible for the alterations of plantain. In vitroantagonism and: biocontrol tests showedthat the
twostrains of Bacillus subtilis BK1 and BT2 have inhibition capacities on all 8fungalisolates. Thus the
use of the supernatant of BK1 and BT2 allowed. the reduction of alterations of plantains between
80.06+2.81% and 58.44+4.50%. The twobiocontrol agents testedwere able to extend the shelf life of
bananas over a period of 12 days. Bacillus subtilis BK1 and BT2 couldthereforebeused as biocontrol

agents in the fightagainstfungal damage to plantain in Cote d'lvoire.
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1. INTRODUCTION

Plantains (Musa paradisiaca L.) constitute a large-scalefoodcropfood and economic importance in
tropical and intertropical humidforest zones. Around 85% of production is self-consumed and/or
soldlocally in different countries in Africa, Latin America and Asia [1,2]. In terms of world production,
plantain is the.fourth agricultural productafterrice, wheat and corn. In Cbte d’lvoire, plantain is the
fourthlargestfoodcropafteryams, cassava and rice, with a production of 1,600,000 tonnes/year[3]. In
Africa, Céte d'lvoireis the leading plantain exporting country [4]. It constitutes the basis of foodsecurity
for many populations [5,6]. From a culinary point of view, two types of bananas are distinguished,
namely dessert bananas and plantains [7]. Bananas offer multiple uses. They are consumedmainly as
a cooked or friedvegetable but are also the subject of numeroustransformations: chips, fries, donuts,
mash, jam and beer[6]. Despiteits capital importance, from a food and economic point of view,
thisseasonal and highlyperishablecropissubject to post-harvest conservation problemswhich cause
enormouslosses[8,9]. In fact, the conservation of plantain islimited by poor conditionsharvesting,
transport, storage and marketing. These conditions contribute to the development of plantain
spoilagegermsafterharvest[10]. Microscopic fungi are the greatest agents of spoilage of plantain

afterharvest. They alter the organolepticquality of the plantain causingenormouseconomiclosses.



Thesemicroscopic  fungi, oftenpresent on plantains from the field, attack bananas
throughwoundscausedduringharvesting, transport, storage and sale [11,12]. Chemical control with the
use of chemicalfungicidesis the main route used by farmersagainstthesegerms. Thesechemical
pesticides, although effective, have effectsdevastatingeffects on the environment and biodiversity and
presentrisks for consumers. Fromfarm to fork, these pesticides are oftenfound, aftertreatment, in plant
products[13]. Research and development of new techniques isthereforejudicious and justified. Plantain
conservation techniques that are more concernedwith consumer well-being, biodiversity and the
environment have been implementedaccording to severalstudies. Among the latter, the moststudied
are cold preservation, preservation in controlledatmosphere, ionizing radiation, polyethylene films
[8,9]. In addition to the effectiveness of these techniques, they are expensive,and rigorous for
farmersbecausethey are meticulous and requirespecial attention withqualifiedlabor. Thus, in addition
to these techniques, the use of microorganisms as bio-preservativespresentsitself as:the:mostsuitable
alternative solution to combat post-harvestlossescaused by microorganisms. Indeed, scientificstudies
have demonstrated the ability of Bacillus subtilis to inhibit the growth of pathogenic fungi fruits and
vegetables in Cote d’lvoire. The use of Bacillus subtilis GAl as a biopesticide made it possible to
inhibitvariousmicroorganismssuch as Colletotrichumsp, Candidasp (a), Penicilliumsp, Candidasp (s),
Pseudomonassp and a lacticacidbacteriaisolatedfrommangoes and made it possible to store mangoes
for more thantendays. Thus, Bacillus subtilis GA1 couldbeused as'a biopesticide for the conservation
of mangoes in Cote d’'lvoire[15]. Thesevariousworksthusmakeit pessible to justify the choice made on
Bacillus subtilis in order to fightagainst plantain spoilage, fungi and to extend the shelf life of
thisfoodstuff. It iswithinthisframeworkthatthisstudyfalls, the general objective of whichwas to evaluate
the antagonisticproperties of Bacillus.subtilis BK1 and BT2 against plantain spoilage fungi in the city of
Abidjan (Céte d'lvaire).

2. MATERIAL AND METHODS
2.1 Material

The plant materialused for thisstudyconsisted of healthy plantains and spoiled plantains of Corn 1
variety(Fig.1). Twostrains of Bacillus, Bacillus subtilis BT2 and Bacillus subtilis BK1 isolatedfrom the
rhizosphere of‘the cocoatree and preserved in cryotubes in a freezer (-80°C) wereused as bacterial

biopesticides.



2.2 Methods

2.2.1 Sampling

One hundred and eighty (180) samples of plantains weretakendirectlyfromthe 3 plantain unloading
platforms in the city of Abidjan (Céte d'lvoire) at a rate of 60 plantains per site. These 180 bananas
were made up of 45 spoiled plantains for fungal isolations and 135 healthy plantains for. biocontrol and
conservation tests collectedfrom 5 sellers. Once collected, the .., different fruits
werepackagedindividually in bagsplastic stomachers, labeled, sealedthenkept:in a coelercontaining
dry icewhere the temperatureismaintained at 4°C. Microbiologicalanalyzeswerecarried out 2 to 3

hoursafter sampling.

2.2.2 Isolation of plantain spoilage fungi

The direct contact isolation technique on PDA agar as described by [15]wasused to isolate plantain
spoilage fungi. Threespoiled plantains werechosen at randomfromeachsamplethendisinfectedwith 2%
bleach for 2 min in order to eliminate the exogenousmicroflorathenrinsedtwicewithsteriledistilled water
in order to eliminate the bleachresidue. The bananas are dried in
steriletraysthendisinfectedwithhydrophiliccottonsoakedin ~ 70%  ethanolbefore sampling. Three
fragments of banana peels and banana fleshwillberemovedusing a sterile scalpel. These fragments
willbeplacedseparately on Petri dishescontaining Potato Dextrose Agar (PDA). The plates
willbeincubated at 28°C for 5 to 7 days. To obtain a pure strain, several subcultures on PDA medium
are carried out. The choice of species to besampledis made by eye, takingintoaccount the
resemblance of thalli and spores. Once these are isolated in pure culture, they are subcultured on
PDA medium to measuretheir apical growth speed and observe the macroscopic and

microscopiccharacteristics:

2.2.3 Identification of isolated fungi

The magroscopic-identification of the isolated fungi wascarried out according to the method of [16]by
examining the culture on PDA agar. Cultural characteristicsdeterminedwere the appearance of the
colonies, (fluffy, woolly, cottony, velvety, powdery or granular), the relief of the colonies (flat, rounded,
wrinkled, etc.), the color of the colonies (white, cream or colored, yellow, orange, brown , green, gray
up to black), the size of the colonies (small, extensive or invasive), the speed of growth (fast or slow)
as well as the color of the back of the Petri dish and the diffusion of the mycelium in the agar. The
methoddescribed by Guiraud (1998) wasused by removing a filament using forceps thenplaced in a
drop of methyleneblue, placed on a slide and coveredwith a coverslipthenobservedunder an optical
microscope LEICA DM750 with X40 and X100 lens. The characteristicsobservedwere the appearance
of the mycelium (compartmentalized or not), the presence and shape of the spores (oval, spherical,
round, etc.), the shape of the conidialheads and the size of the conidiospores (short or long). The

frequency of mushroom isolation wascalculatedaccording to the method of [17].



IF : Isolation frequency in percentage
NI : Number of isolations of a fungalgenus
TNI : Total number of fungalgenera isolations

2.2.4 Culture of Bacillus subtilisstrainsBK1 and BT2

Bacillus subtilisstrainsweresubculturedusing the streakmethod on YPGA agar from colonies
alreadyisolated, identified and stored at -80°C. The plates wereincubated at 30°C for 24 hours to
obtainyoung cultures. The isolated colonies wereused for carrying out fruit antagonism and protection

tests.

2.2.5 Antagonism test

This test wascarried out with the aim of verifying the existence of an antifungalpotential of Bacillus
subtilis BT2, Bacillus subtilis BK1 on each of the isolatedmolds.The invitroantifungalactivity of Bacillus
subtilisstrainswascarried out with the supernatant of the twostrains of Bacillus subtilis. This test
wascarried out according to the methoddescribedby [14]. The twostrains of Bacillus subtilis, BK1 and
BT2, wereeach spread on Petri dishescontaining YPGA medium by making a longitudinal
streakdividing the dishintotwoequal parts using a:sterileplatinumloop. Subsequently, a fragment of the
mycelium of the samemushroomwasdepositedon eitherside of the streak at a distance of 1 cm from
the edge of the box. This operationwascatried out with all fungalisolates. The control dishesconsisted
of inoculating the mold by transplantingit to the center of the Petri dishwheretherewas no inoculation
with Bacillus subtilis. Incubation wascarried out at 30°C for 7 days. The evolution of the confrontation
of the colonies of pathogenicmolds and strains of Bacillus subtilis wereobservedeverydayuntil the
seventhday. After 7 days, the percentage of growth of the fungus in the boxes wasdeterminedusing

the methodof [18],then the inhibition rate wasdeducedaccording to the followingformula:

r : Radial growth of.the microorganismwithantagonism
R : Radial growth of the microorganismwithout confrontation of antagonism

2.2.6 Biocontrol test

This test wascarried out to evaluate the ability of Bacillus subtilis to reduce or stabilize a alteration due
to isolated fungi. Healthy plantains withoutalterations have been used. The bananas werewashed in
tap water, rinsedthree times withdistilled water sterile and disinfectedusingpapertowelssoakedin 70%
ethanol. Using a sterile micropipette tip, twowells of 3 mm in diameter and 5 mm in depthwere made
on each banana [19]. A total of threetreatmentswereperformed. The first treatmentconsisted of treating
the bananas with the supernatant of Bacillus subtilis BT2 by adding to eachwell a volume of 50 pL of

suspension loading 10° CFU/mL of each of the isolated fungi. The fungiwereaddedindividually.



Anothertreatmentwascarried out with all isolates. The second treatmentwascarried out by adding 50
uL of Bacillus subtilis BK1 supernatant. The thirdtreatmentwascarried out by replacing Bacillus subtilis
with 50 pL of steriledistilled water as a control to evaluate the antifungalactivity of Bacillus subtilis.
Infection with the isolateswascarried out at the same time as the treatmentwith a 10° CFU/mLload
suspension of Bacillus subtilis BT2 and BK1 by adding the same volume. The treated bananas
wereincubated at room temperature (25°C) for 7 days. The resultswereexpressed as a percentage

reduction in infection according to the formula [19].

P : percentage reduction in infection.
K : diameter of the well.

De et Dtrepresentrespectively the lesiondiametermeasured on.the spoilage control and on the control

plantains.

2.2.7 Fruit protection test

This protection test on fruits wascarried out using the immersion technique describedby [20]. This
technique involvesimmersinghealthy plantains in a container, containing the supernatant of Bacillus
subtilis. The immersion time is not important but you must ensurethat the surface of the plantains has
been completelywet. A preculture ofseachstrain of Bacillus subtilis, BT2 and BK1, wascarried out by
subculture in 50 mL of YPG brothusing a sterilelogp. It wasincubated at 30°C withshaking at 105 rpm
for 8 hours. The precultureobtainedwasused to inoculate, in duplicate, 500 ml of YPG brothcontained
in an Erlenmeyer flaskwith a capacity of 2 L: The inoculatedbrothwasincubated at 30°C withstirring at
105 rpm for 72 hours. After 72 hours ofiincubation, the biomass solution obtainedwascentrifugedusing
a centrifuge at 3000 rpm for 10 min‘as describedby [14] in order to recover the supernatant. Healthy
plantains wetecarefullywashed in tap water and rinsedthree times withsteriledistilled water and
disinfectedusingpapertowelssoakedin 70% ethanol. They are thenimmersed in two types of Bacillus
subtilis “solutions. The first containing the BT2 supernatant, the second containing the BK1
supernatant. The control was not immersed in the biomass solution. The bananas werethendried in
the open,air and finallystored at room temperature (25°C) for sevendays. Treated plantains are
compared to controlsthat have not receivedanytreatment in order to assess the effectiveness of the

biopesticide.

2.2.8 Statisticalanalysis

R software version 4.0.4 for Windows wasused for statisticalanalysis. The analysis of variance
(ANOVA) wascarried out to first compare the averagediameters of spoilageobservedaftertreatment of

plantains. Secondly, itwasused to compare the inhibition rates of fungi isolated by Bacillus



subtilisstrains. The Tukey test wascarried out to determine the different classes of homogeneitywith a

significancethreshold of 5%.

3. RESULTS

3.1 Microscopicspoilage fungi isolatedfrom plantain

Plantain samples are contaminatedwithmoldsexhibiting colonies of variousappearances, textures and
colors. Subsequently, 244 fungalisolateswereisolatedtakingintoaccount the resemblance of thalli and
spores. Phenotypic identification according to the macroscopiccharacteristics of the colonies
(appearance, color, shape, contour, etc.) and on the basis of the microscopiccharacteristics of the
mycelium and conidia or spores (compartmentalization of the mycelium, shape of the spores, shape of
the reproductive organs , etc.) made it possible to highlight fungi belonging to 8 genera,
namelyAspergillus, Rhizopus, Rhizomucor, Colletotrichum, Rhizoctonia, Fusarium, Lasiodiplodia and a
yeastincludingGeotrichum.(Fig. 2, Fig. 3, Fig. 4, Fig. 5, Fig. 6, Fig. 7, Fig..8 and Fig. 9).

Isolation frequency of fungalisolates

In total, 244 fungalisolatesincludingeight (08) genera’ of “mold and one (1) genus of
yeastwereisolatedfromspoiled plantains comingfromthreemarkets in Abidjan. Theseeight (08)
generawerefound in all samples of spoiled bananas fromthesethreemarkets. Amongtheseisolated
fungi, Fusarium sp, Lasiodiplodiaspand Colletotrichumsp are in the majoritywith respective frequencies
of 14.34%, 13.93% and 13.93% (Table.IX):

Biocontrol and antagonisticactivities of Bacillus subtilisstrains






3.2 Frequency of isolation of fungalstrains

In total, 244 fungal isolates including eight (08) genera of molds and one (1) genus of yeast were
isolated from spoiled plantains. These.eight (08) genera were found in all samples of spoiled bananas.
Among these isolated fungi, Aspergillussp, Fusariumsp, Lasiodiplodiasp and Colletotrichumsp are in
the majority with respective frequencies of 19.68 %, 14.34%, 13.93% and 13.93% (Table 1). The
minority fungi ‘were :Geotrichumsp and Rhizomucorsp with respective frequencies of 8.20% and
7.79%:

Table 1.Isolation frequency of fungal

Fungal isolates Frequency (%)
Fusarium sp 14,34 (35)
Lasiodiplodiasp 13,93 (34)
Colletotrichumsp 13,93 (34)
Rhizoctoniasp 11,88 (29)

Aspergillus sp 19,68 (52)



Rhizopussp 10,25 (25)

Geotrichumsp 8,20 (20)
Rhizomucorsp 7,79 (19)
Total 100 (244)

Numbers in parenthesesrepresent the number of isolates of eachfungalspecies.
3.3 Antagonismin vitro

The twostrains of Bacillus subtilis, BK1 and BT2, have inhibition capacities on all 9 fungalisolates
(Table 2). Table 4 illustrates the inhibition rates of plantain spoilage fungi by Bacillus.subtilis BK1 and
BT2 strains. Bothstrainsinhibited the growth of all fungalisolates. The BK1 and BT2 strainsreacted in
the samewayagainst the fungalisolatesexcept the moldColletotrichumspwhere the BT2 strainproved to
be more effective than the BK1 strainwith a respective inhibition rate «of 75.67+£0.69 and 73.29+0.34.
The highest inhibition rates wereobservedwithColletotrichumsp, Aspergillus spl and sp2 with more
than 70% inhibition with the twostrains of Bacillus subtilis. Rhizomucorsppresented the lowest
inhibition rate withboth biopesticides (52.04+1.59 for BK1 and.53.86+0.09 for BT2).

Table I. Rate of inhibition of plantain spoilage fungi by Bacillus subtilis BK1 and BT2 strains

Strains BK1 BT2
Rhizopus sp ,65+1, ,2610,
hi (62,6 20)° (62,26%0,92)%
Rhizomucorsp (52,04+1,59)% (53,86+0,09)?
Rhizoctoniasp ,63+0,85 ,58+0,11
hi i (60,63+0,85)" (60,58+0,11)%
olletotrichum sp 73,29+0,34 75,6740,
Coll ich (32903)D (75,67+0,69)%
Aspergillus sp 76,90+0, 76,30+1,25
ill (76,90+0,92)? (76,30+1,25)%
Fusarium sp 56,74+1,4 56,16+1,4
i (56 3)* (56,16 2)%
Geotrichumsp (65,25+1,20)% (64,26%0,92)%
Lasiodiplodiasp (65,17+0.72)% (66,51+2.31)%

On the same .line,. values with the sameletters are statisticallyidentical at the 5% threshold and
thosewithdifferentletters are statisticallydifferent at the 5% threshold.

3.4 Biocontrol

Treatments of bananas withBacillus subtilis BT2 and Bacillus subtilis BK1 strainsled to a reduction in
the spoilage of plantains by pathogenicisolates (Table 3and4).Thealterationscaused by the
strainsColletotrichumsp, Lasiodiplodiasp, Aspergillus spl and sp2 were the mostreduced at more than
70%. The maximum reduction in infection wasachievedwithLasiodiplodiaspwith 78.84+0.57 by BK1
and 80.06+2.81 by BT2. The alterationscaused by Rhizomucorspwere the least reducedwith
58.44+4.50 by BK1 and 60.01+1.59 by BT2. The alterations made by otherpathogenswereinhibited by

more than 60%.



Table 3.Percentage (%) reduction in damage by the supernatant of Bacillus subtilis BK1 and

BT2
Souches BK1 BT2
Rhizopus sp (67,15+2,33)? (69,09+0,50)%

Rhizomucorsp
Rhizoctoniasp
Colletotrichum sp
Aspergillus sp
Fusarium sp
Geotrichumsp

Lasiodiplodiasp

(58,44+4,50)%
(64,22+2,05)%
(72,36%1,18)%
(74,44+3,50)
(64,13+4,50)°
(64,44+4,50)%

(78,84%0,57)%

(60,01%1,59)%
(62,44+0,90)%
(70,41+2,11)%
(72,44+2 44)
(70,44%1,12)
(70,44+4,50)%

(80,06+2,81)*

Tablell. Appearance of plantains after the confrontation: betweenfungalpathogens and the

supernatant of biopesticides
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3.5 Fruitiprotection

For carrying out plantain protection tests, mature plantains of apparentlyhealthyCorn lvarietywereused
(Fig.10).Symptoms of spoilagewereobserved on plantains thathad not receivedtreatmentfrom the
fifthday (Fig.11)while the treated plantains remainedintact (Fig.12 and Fig.13). On the tenthday the
control bananas werecompletelydamaged and wiltedwithunpleasantodors. Theyhadyellowish and
whitishmycelium and spores on their surface,while the pulphad black spots. On the tenthday, the
plantains treatedwith the BK1 and BT2 supernatantsremainedapparently intact, both the surface and

the pulp. Signs of spoilagewereobserved on treated plantains only on the twelfthdayaftertreatmentwith



black spots on the fruit. However, the inside of his bananas showed no signs of deterioration, nor the
release of unpleasantodors, nor change in color of the pulp(Fig.12 and Fig.13). The twoBacillus

subtilisstrains BK1 and BT2 showedsimilarresults in plantain protection tests.

Fig.12. Ap ance of plantains treatedwith the supernatant of Bacillus subtilis BT2 after 5
days (A), 10 days (B) and 12 days (C).
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4. DISCUSSION

Microscopic fungi are real agents of post-harvestalteration of the plantain. The general objective of
thisworkwas to evaluate the antagonisticproperties of twostrains of Bacillus subtilis (BK1 and BT2)
against the fungi responsible for spoilage of plantain variety .Corn' 1. inCéte d’lvoire. The
resultsobtainedfollowing the phenotypic identification <of the fungalstrainsisolatedplantains have
shownthat 8 fungalgenera are responsible for Post-harvestalterations of plantains in Céte
d’'lvoireThese 8 genera are Aspergillus, Rhizopus; Rhizomucor, Colletotrichum, Rhizoctonia,
Fusarium, Lasiodiplodiaand a yeastincludingGeotrichum. The results of pathogenicity tests carried out
on plantains have showedthat all theseisolated.fungi were agents responsible for fruit deterioration.
These tests thus made it possible to demonstratethatFusariumspRhizopussp, Rhizomucorsp,
ColletotrichumspLasiodiplodiasp and, Rhizoctoniaspwereresponsible for a more significantdeterioration
of the plantain. Theseresults, similar to thoseof [21]whoisolated the fungi Botryodiplodiatheobromae,
Colletotrichummusae, Aspergillus niger, ‘Fusarium moniliforme, Geotrichumcandidum, Fusarium
semitectum and Aspergillus™ flavusfrom dessert bananas in Coéte d’lvoire. [10]isolated the
generaColletotrichum; Fusarium, Aspergillus, Phoma, Penicillium, Curvularia,
BotryodiplodiaandRhizoctoniafrom banana, mango and avocado in Cote d'lvoire. The presence of
these fungi_and theirdiversitycouldbeexplained by factorssuch as the environment, the degree of

sanitation, harvesting, transport and storagemethods[22].

According to [23] these fungi are known to cause the deterioration of manyproductssuch as fruits,
seeds, vegetables and tubersboth in the field and duringstorage. Amongthese 8 isolatedgenera,
Colletotrichumsp, Lasiodiplodiasp and Fusariumspwere the mostisolated. Thesethree (3)
generawereidentified as thosehavingcaused the mostseriousalterations of plantain. This
couldbeexplained by the factthatthesethreegenera are the main agents of deterioration of the plantain.
As a result, thesemoldswouldeasilyproliferate in plantains. Theseresults are in agreement withthose of
[24],those of [21,25]whoidentifiedthesegenera as the mostoftenencountered and most important
pathogens on bananas during conservation. The work of [21]showedthatLasiodiplodiaspis the main
causal agent of post-harvest banana rot. He wasalsoidentified as the main yamadulterer in Céte

d’lvoire by [26] The high isolation rate of Colletotrichumspcouldbeexplained by itsease of colonizing



plantains. Theseresults are consistent with the workof [10]whorecorded a high prevalence of
Colletotrichum on avocado, mango and banana in Cobte d'lvoire. The high prevalence of
Fusariumspcouldbeexplained by the factthat the plantain is a preferred host for thisgender. It
veryeasilycolonizes the surface of fruits and itsproliferationwould lead to the degradation of the
fruit'snutrients. Theseresults are consistent withthoseof [25]whoshowed a prevalence of the
Fusariumgenus on fruits. This genusrepresents 53% of the spoilagefungal flora of tropical fruits in
Madagascar. The presence of Rhizoctoniaspcouldbeexplained by the factthatitistelluric. Indeed,
investigations have shownthatduring sale, plantains are exposed to the ground, whichwould
encourage their contamination by Rhizoctonia and storage conditions wouldbe -the cause of
itsproliferation. Theseresultscorroboratethose of [27]whoshowedthat one of the
mostpathogenicspecies of thisgenus, Rhizoctoniasolani, attacks a verywide @range of;horticultural,
cereal or ornamentalcrops and ispresent in mostsoils. [28]alsoshowedthatRhizoctoniasolaniis the main
pathogenresponsible for brownrhizoctonia of potatoes in Algeria. Cool, moistsoil conditions at the time
of sowing are favorable for itsgrowth. The presence of the Rhizopusgenus in plantains isconfirmedwith
the work of [29]and those of [30]. Indeed, [29]showedthat fungi of the-genusRhizepusare the second
cause of fungal contamination of seeds and fruits sold in Kenyan markets. The presence of
Aspergillussp on plantain couldbe due to the factthatit has a /mode of saprophytic life
whichwouldfavortheir associations withstored agricultural products. Theseresultscorroboratethoseof
[21]and thoseof [10]whoisolated the genusAspergillus from dessert bananas in Cote d'lvoire. The
presence of Rhizomucorsp and Geotrichumspwould have;originated in markets. In fact, the type
Rhizomucorisrenowned for the damage it causes to tomatoes. The genusGeotrichumspis the major
alterator of citrus fruits. Since banana. and tomato traders are nearby, these types couldcontaminate
plantains through hand-borne contamination and wind. Theseresults are consistent withthose of
[30]whoidentifiedRhizomucormiehei as a fungalspoilage agent of tomato in Algeria. Accordingto
[31]the genusGeotrichum, is-a microorganismcommonlyassociatedwith the spoilage of several fruits
and vegetablessuch as tomatoes, cucumbers, carrots and manyother fruits and vegetables. The in
vitro and in vivocomparison of the twostrains of Bacillus subtilis BK1 and BT2 and the
spoilagegermsrevealedthat the strains of Bacillus subtilis have the capacity to inhibit the growth of the
main fungalstrainsresponsible for spoilage of plantain. . The twostrains of Bacillus subtilis BK1 and
BT2 hadsimilar-. actions on the fungalisolates. This couldbeexplained by the
factthatthesetwostrainsproduce the sameantifungalcompound. The effectiveness of thesetwostrains of
Bacilluswouldbelinked to theircapacity for thisbacterium to produce, duringitsstationarygrowth phase,
metabolites of antifungal nature such as fengycins, iturins and surfatins. Theseresults are consistent
withthose of [2]Jand those of [32]whoshowedthat the biocontrolpotential of Bacillus
subtilisstrainsdepended on fengycin and iturinbiosynthesisgenes in conservation.
postharvestingcocoapods. The percentages of reduction in plantain spoilagewerebetween
80.06+£2.81% and 58.44+4.50%. Theseresults are close to thoseobtainedby [14], duringtheirwork on
mango conservation. Theyfoundthat Bacillus subtilis GA1 inhibited major spoilagefungalstrains at rates
thatwerebetween 59.37% and 84.78%. Also, the work of [33]showed the effectiveness of Bacillus
subtilis GA1 in inhibiting the growth of Aspergillussp by 81.42% duringpineapple conservation. During



in vitro and in vivo confrontations, the alterationscaused by Rhizomucorspwere least reduced. This
couldbeexplained by the factthatRhizomucorgrowsveryquickly. As a result, itwoulddevelopbefore the
strains of Bacillus subtilis have time to produce the antifungalcompound. The weatherthat the strains
of Bacillus subtilis takewouldthereforebesufficient for Rhizomucorsp to proliferate. This wouldexplain
the major differencebetween the in vitro and in vivo confrontations concerningthismold. Plantain
protection tests revealedthat the twobiocontrol agents testedexert an inhibitory action on pathogens.
Indeed, immersing plantains in the supernatant of Bacillus subtilis BK1 and BT2 made it possible to
prevent the proliferation of pathogens on the surface and inside of the fruits and to preserve the
firmness of the fruit as well as itsorganolepticcharacteristics. The appearance of black spots on the
twelfthdaycouldbe due to the normal ripening process of the plantain, The plantains
couldthereforebepreservedthanks to the metabolites of the twobiocontrol agents for more than 12
dayswithoutbeingspoiled, unlike the controlswhichshowedsigns of spoilagefrom. “the fifthday.
Theseresultscorroboratethose of [14]and those[33] whorespectivelypreservedmangoes for 10 days

and pineapples for 14 days in Cbte d’'lvoireusingBacillus subtilis GA1.
5. CONCLUSION

This presentstudy made it possible to contribute to the biologicalfightagainst fungi plantain spoilage.
Fromthisstudy, eight (08) genera of fungi hamelyAspergillus, Rhizopus, Rhizomucor, Colletotrichum,
Rhizoctonia, Fusarium, Lasiodiplodiaand Geotrichum ‘have been. identified as the spoilage flora of
plantain. Most listed and mostincriminated in the alteration of plantain wereColletotrichumsp,
Lasiodiplodiasp and Fusariumsp. The use of Bacillus subtilis BK1 and BT2 as biopesticides made it
possible to inhibitdifferentmicro-organisms.and preserve bananas plantains for more than 12 days.
Thus, thesetwobacteriacould serve as a good biopesticide for the conservation of plantains in Cote

d’'lvoire.
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