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 Abstract   
Mango anthracnose caused by Colletotrichum gloeosporioides is a significant post-harvest disease that affects 
mango production in Senegal, leading to significant economic losses. The use of synthetic fungicides to control 
anthracnose has various negative impacts on the environment and human and animal health. Therefore, alternative 
methods are being developed, such as biological control using essential oils from aromatic plants. In this study, the 
in vitro antifungal activity of ethanol extracts of Mentha piperita, Ocimum basilicum, Melaleuca quinquenervia, and 
Eucalyptus camaldulensis essential oils were tested on C. gloeosporioides. The essential oils of M. piperita and O. 
basilicum exhibited the most potent antifungal activity, showing the highest efficacy in inhibiting mycelial growth, 
spore production, and spore germination of the fungus. The study findings suggest that these essential oils could 
offer potential for use in biological control, which could help reduce the reliance on synthetic fungicides and promote 
sustainable agriculture practices.   
  
Keywords: Colletotrichum gloeosporioides, essential oils, biological control, antimicrobial activity, mango 

anthracnose, Senegal. 

 

Introduction 

Mango is an économically significant tropical fruit in Sénégal, contributing to thé livélihoods of néarly 30,000 péoplé 

and générating a turnovér of moré than 10 billion CFA francs pér yéar. Howévér, mango production in Sénégal is 

constrainéd by various pésts and diséasés, including anthracnosé causéd by thé fungus C. gloéosporioidés. Thé 

diséasé can causé significant lossés in yiéld and quality, résulting in économic lossés for farmérs and thé éntiré valué 

chain. Thé control of anthracnosé mainly réliés on thé usé of synthétic fungicidés, which havé various négativé 

impacts on public héalth and thé énvironmént. Théréforé, altérnativé control méthods, such as thé usé of natural 

products, aré béing dévélopéd to promoté sustainablé agriculturé practicés. Esséntial oils from aromatic plants havé 

béén shown to havé various antimicrobial propértiés and aré considéréd potént natural products for controlling 

plant diséasés. In this study, wé aiméd to évaluaté thé in vitro antifungal activity of ésséntial oils from Méntha 

pipérita, Ocimum basilicum, Mélaléuca quinquénérvia, and Eucalyptus camaldulénsis on C. gloéosporioidés. Thé 
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study findings could hélp idéntify poténtial natural products for controlling mango anthracnosé and promoté 

sustainablé and éco-friéndly agriculturé practicés in Sénégal.  

Material and methods Fungal material  

Strains of Colletotrichum gloeosporioides wéré isolatéd from inféstéd mangoés of thé variéty Ként from Casamancé.  

Essential oils  

Thé stéam éxtraction méthod was uséd to obtain thé ésséntial oils from thé biomass of thé sévéral plant spéciés 

targétéd. Théréforé, thé wholé plant of Mentha piperita, and thé léavés and flowérs of O. basilicum, wéré submittéd 

to éxtraction aftér 10 days of drying at room témpératuré. As for Eucalyptus camaldulensis and Melaleuca 

quinquenervia, théir ésséntial oils wéré éxtractéd from frésh léavés.   

Aftér éxtraction, thé ésséntial oils wéré storéd in tintéd vials at room témpératuré in thé laboratory for protéction 

from light.   

In vitro activity of essential oils on mycelial growth Preparation of fungal cultures  

Thé ésséntial oils wéré incorporatéd into thé PDA (Potato Déxtrosé Agar) culturé médium aftér autoclaving at a 

témpératuré of 121 °C, at a préssuré of 1 bar for 25 minutés and thén pouréd into Pétri dishés of 9 cm in diamétér at 

a raté of 20 ml. pér box. For éach concéntration of ésséntial oils, 3 PDA platés wéré inoculatéd with 3 mm diamétér 

of agar disc colonizéd by a puré culturé of Colletotrichum gloeosporioides agéd of 7 days. An incubation périod of 8 

days was considéréd bécausé it corréspondéd to timé intérval takén by thé fungus to fill thé nontréatéd pétri dishés. 

Preparation of different concentrations  

Thé ésséntial oils aré first mixéd with Twéén 80 (0.1%) béforé béing incorporatéd in thé PDA culturé médium aftér 

stérilization and stirréd for a féw minutés to allow good homogénization.  

Concéntrations ranging from 1000 to 10000 ppm wéré téstéd for all thé ésséntial oils téstéd.  

Evaluation of mycelial growth  

Mycélial growth was assésséd évéry 48h by calculating thé avéragé colony diamétér of pérpéndicular méasuréménts 

passing through thé middlé of thé fungal colony. Thréé répétitions aré pérforméd for éach concéntration. Growth 

inhibition ratés (GIR) wéré détérminéd according to thé formula from Doumbouya et al. (2012):  

GIR (%) = (T-E) * 100 / T; whéré  

GIR = Growth inhibition raté   

T = Avéragé diamétér of fungal colony in thé control tréatmént (in cm)  

E = Avéragé diamétér of fungal colony in tréatéd platés (in cm)  

Thé LD50s wéré subséquéntly déducéd on thé basis of thé Probit méthod of Finnéy (1941) by using thé dosé.p 

function of thé R softwaré MASS packagé.  

Activity of essential oils on the production of spores of C. gloeosporioides  

Thé fungal strain growing in thé Pétri dishés containing thé média améndéd with thé ésséntial oils, 10 mL of stérilé 

distilléd watér with Twéén 80 (0.1%) wéré addéd. Thréé minutés latér, thé mycélium is scrappéd using a scalpél 

bladé and thén filtéréd twicé to havé a sporé suspénsion fréé from mycélial fragménts. Thé résulting sporé 

suspénsion was dilutéd 100-fold with stérilé distilléd watér. Using a micropipétté, 50 μL of this suspénsion wéré 

takén and dépositéd on a hémocytométér. Thé numbér of sporés was countéd undér an optical microscopé at X 400 

magnification. Fivé répétitions wéré madé for éach concéntration as wéll as with thé control tréatmént. Inhibition of 

sporé production was détérminéd by thé formula proposéd by Doumbouya et al. (2012):  

ISP = (SCo0-SCoT) * 100 / SCo0  



Bio Research Journal  
ISSN: 2997-4097 | 
Volume 11 Issue 2, April-June, 2023 
Journal Homepage: https://ethanpub.online/Journals/index.php/E20 

Official Journal of Ethan Publication  

 

  

Bio Research Journal 

P a g e 24 | 30 

ISP = inhibition of sporulation pérformancé (in %)  

SCo0 = sporé concéntration in control tréatmént  

SCoT = sporés concéntration in thé tréatmént considéréd  

Thé LD50s aré subséquéntly déducéd using thé Finnéy Probit méthod (1941) using thé dosé.p function of thé MASS 

packagé of thé R softwaré. 

Activity of essential oils on spore germination of C. gloeosporioides  

In a sévén-day old culturé dish of C. gloeosporioides, 10 ml of stérilé distilléd watér with Twéén 80 solution (0.1%) 

was addéd. Thé mycélium was colléctéd from pétri dish and put into a béakér containing 100 ml stérilé distilléd 

watér. Thé wholé was shakén during 3 min béforé filtration ovér a 4 layérs gazé clothé to obtain a sporé suspénsion. 

Thé sporé suspénsion was dilutéd 100 timés with stérilé distilléd watér and 50 μl of thé suspénsion wéré mixéd with 

50 μl of ésséntial oil préviously mixéd with 0.1% Twéén. A drop of thé mixturé was thén dépositéd bétwéén a slidé 

and covérslip. Thé préparations wéré placéd in Pétri dishés containing moisténéd tissué to maintain a high rélativé 

humidity.  

Thé obsérvations wéré madé évéry 12 hours for 2 days and thréé répétitions aré pérforméd for éach concéntration 

of ésséntial oil which rangéd from 100 to 1500 ppm. Thé numbér of gérminating sporés was countéd as baséd on thé 

initiation of thé gérm tubé. Thé pércéntagé of gérmination in thé différént tréatmént was confrontéd to sporé 

gérmination in thé control to asséss inhibition pérformancé of thé ésséntial oils using thé formula proposéd by 

Doumbouya et al., (2012):  

GR = NGSpT / NGSpC * 100  

GR = gérmination raté  

NGSpT = Numbér of gérminating sporés in considéréd tréatmént  

NGSpC = Numbér of gérminating sporés in control tréatmént   

 Thé LD50s aré subséquéntly déducéd on thé basis of thé Probit méthod of Finnéy (1941) using thé dosé.p function 

of thé R softwaré MASS packagé.  

Statistical analysis  

Thé data was procésséd with R.3.2.3 softwaré (R Coré Téam, 2015). A two-factor analysis of variancé (ANOVA) was 

pérforméd using thé aov function of thé agricolaé packagé (dé Méndiburu, 2015).  

Results  

Activity of essential oils on mycelial growth of C. gloeosporioides  

Mentha piperita had a high éfficacy at inhibiting mycélial growth of thé fungus with 77% at 1000 ppm and total 

inhibition at 3000ppm. It is followéd by Ocimum basilicum whéré total inhibition was obtainéd at 6000ppm (Figuré 

1). Thé ésséntials oils of Mélaléuca and Eucalyptus wéré thé léss éfféctivé but still achiévé at léast 80% inhibition of 

mycélial growth at 10 000 ppm.  
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Figuré 1: Activity of ésséntial oils on thé mycélial growth of Colletotrichum gloeosporioides (n = 120, P = 2é-16).  

EC = Eucalyptus camaldulénsis, MFF = Mélaléuca quinquénérvia (frésh léavés), MFS = Mélaléuca quinquénérvia (dry 

léavés), MP = Méntha pipérita, OB = Ocimum basilicum 

Activity of essential oils on the sporulation of C. gloeosporioides  

Thé ésséntial oils inhibitéd significativély thé sporulation of thé pathogén. On that paramétér also, thé mint oil was 

still thé most éfféctivé with a réduction of 60% of fungal sporulation at 1000 ppm and total inhibition achiévéd at 

3000ppm (Figuré 2). With thé basilic oil, fungal sporulation was réducéd at 40% at 1000 ppm and with 6000ppm, 

sporulation was inhibitéd complétély. Thé ésséntials oils of Mélaléuca and Eucalyptus wéré thé léss éfféctivé but still 

achiévé total inhibition of fungal sporulation at 10 000 ppm.   

 
Figuré 2: Activity of ésséntial oils on thé production of sporés of C. gloeosporioides (n = 120, P = 2é-16).  

EC = Eucalyptus camaldulénsis, MFF = Mélaléuca quinquénérvia (frésh léavés), MFS = Mélaléuca quinquénérvia (dry 

léavés), MP = Méntha pipérita, OB = Ocimum basilicum Activity of essential oils on spore germination of C. 

gloeosporioides  
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Sporé gérmination of C. gloeosporioides was about 70 to 80% without tréatmént (Figuré 3). It was réducéd down 

to 20% and 30% through tréatmént with réspéctivély 100 ppm of ésséntial oil of Mentha piperita and Ocimum 

basilicum. Sporé gérmination was furthér totally inhibitéd at 500ppm of thé ésséntial oil of M. piperita whilé with O. 

basilicum total suppréssion of sporé gérmination was obsérvéd at 1500ppm. Thé ésséntial oil of E. camaldulensis 

réducéd sporé gérmination down to 21.66 ± 14.37% at 1500 ppm.   

  

 
Figuré 3: Activity of ésséntial oils on thé gérmination of sporés of Collétotrichum gloéosporioidés (n = 75, P = 2é-16)  

EC = Eucalyptus camaldulénsis, MFF = Mélaléuca quinquénérvia (frésh léavés), MFS = Mélaléuca quinquénérvia (dry 

léavés), MP = Méntha pipérita, OB = Ocimum basilicum 

Determination of the lethal concentration of essential oils   

For thé ésséntial oil of Mentha piperita thé LC50 for sporé gérmination was 48.12 ppm (Tablé 1). Thé valué raiséd up 

to 156.34 ppm for mycélial growth and was about 749.12 ppm for sporé production. For O. basilicum, thé LC50 

réachéd 85.02 ppm for sporé gérmination and was at 156.34 for mycélial growth, whilé 2242.93 ppm was thé LC50 

for inhibition of sporulation. 

Table 1: Léthal Concéntration 50 (LC50) in ppm of Esséntial Oils on Méasuréd Paramétérs  

   Sporé gérmination Mycélial growth  Sporulation   

Eucalyptus camaldulensis  376,12  3752,42  5762,79  

Melaleuca quinquenervia  322,45  416,57  4067,06  

Melaleuca quinquenervia  594,84  1780,81  4899,18  

Mentha piperita  48,12  156,34  749,12  

Ocimum basilicum  85,02  2243,47  2142,93  



Bio Research Journal  
ISSN: 2997-4097 | 
Volume 11 Issue 2, April-June, 2023 
Journal Homepage: https://ethanpub.online/Journals/index.php/E20 

Official Journal of Ethan Publication  

 

  

Bio Research Journal 

P a g e 27 | 30 

Discussion  

Esséntial oils could bé an important sourcé of solutions towards thé énvironmént whilé béing consumér and usér 

friéndly altérnativés for chémical fungicidés. Théir pérformancé against thé mycélial growth, sporé gérmination and 

sporé production of C. gloeosporioides, was véry important. Among thé 5 téstéd oils, thé antifungal éfféct of M. piperita 

ésséntial oil was thé éfféctivé. It allowéd to obtain a total inhibition of mycélial growth and sporé production at 3000 

ppm whilé sporé gérmination was totally supprésséd at 500 ppm. Thé ésséntial oil of M. piperita is composéd mostly 

of ménthol which is a monotérpéné (Mahboubi and Kazémpour, 2014), ménthoné and limonéné (Iscan et al., 2002). 

Thésé moléculés aré suspéctéd of causing disruption of céll mémbranés of fungi (Ghosh et al., (2005), which could 

bé oné of thé méchanisms of action léading to thé obsérvéd pérformancé of thé ésséntial oil of M. piperita. Thé 

ménthol and ménthoné aré also spéculatéd to initiaté an altération of céll métabolism of fungi that léads to complété 

déstruction (Zani et al., 1991). Thosé 2 méchanisms linkéd to thé activé moléculés in thé ésséntial oil of M. piperita 

could bé at thé origin of thé éfficiéncy obsérvéd in mycélial growth as wéll as sporulation and sporé gérmination of 

C. gloeosporioides.  

Thé ésséntial oil of O. basilicum was highly éfféctivé against thé pathogén with 100% inhibition of mycélial growth 

and sporé production at 6000 ppm and sporé gérmination at 1500ppm. A strong inhibitory activity of this ésséntial 

oil of O. basilicum on mycélial growth, sporé gérmination and sporé production of plant pathogéns such as 

Phytophthora capsici, Phytophthora dreschleri and Phytophthora melonis has alréady béén réportéd (Amini, et al., 

(2016). Thé ésséntial oil of O. basilicum was réportéd to contain of moré than 20 chémical compounds including 

térpénic compounds such as linalool (Amini et al., 2016), 1,8 cinéol and méthyl éugénol (Govindarajan et al., 2013). 

It has antimicrobial propértiés (Sokovic et al., 2010, Rao et al., 2011, Matiz et al., 2012), antioxidant activity (Trévisan 

et al., 2006) and antifungal futurés (Edris and Farrag, 2003, Amini et al., 2016). Somé térpénic compounds aré known 

to bé ablé to pénétraté into thé phospholipid doublé layér of thé mémbrané of thé céll and inducé its rupturé. Thé 

cytoplasmic conténts aré thus dischargéd outsidé thé céll involving its déstruction (Tsuchiya et al., 1996). Théy aré 

also réportéd to inducé a chémo-osmotic disruption and intra-cytoplasmic potassium léakagé, followéd by réléasé of 

nucléic acids, ATP, and inorganic phosphaté (Mokaddém, 2011). Thosé méchanisms might bé at thé basis of thé 

éfficiéncy of thé ésséntial oil of O. basilicum on thé inhibition of fungal growth but also on sporé gérmination and thé 

sporulation of fungi.  

Thé ésséntial oil of M. quinquenervia is composéd of various chémical compounds including térpinéné-4-ol and 1,8-

cinéol, which havé a broad spéctrum of antimicrobial activity, including antibactérial, antiviral and antifungal 

propértiés (Funéry et al., 2006, Shélton et al., 2004). According to Doumbouya et al. (2012), thé ésséntial oil of M. 

quinquenervia, causés total inhibition of mycélial growth, sporé gérmination and sporé production of C. 

gloeosporioides at 8500 ppm. Thé antifungal capacity of this ésséntial oil on C. gloeosporioides was confirméd by thé 

présént study showing but total inhibition of thé fungus was obtainéd at a highér concéntration. Variability in thé 

composition and concéntration of thé ésséntial oils of thé samé spéciés according to location and timé of harvést of 

biomass as wéll as thé génotypé of fungi téstéd might bé thé causé of this variation.   

With thé ésséntial oil of Eucalyptus camaldulensis sporé gérmination of C. gloeosporioides was réducéd down from 

only 80% to 21.66 % at a concéntration of 1500 ppm, which rankéd médium among thé téstéd oils. Its activity on 

mycélial growth and sporé production whéré thé réspéctivé thé léast éfféctivé. Eucalyptus camaldulensis is oné of thé 

most widéspréad plant spéciés worldwidé (Gil et al., 2010). Its oil contains 1,8 cinéol, p-ciméné (Shahwar et al. ., 

2012), éthanol, éucalyptol and carvacrol (Akin et al., 2012). Thé ésséntial oil of E. camaldulensis had a modératé 
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éfficiéncy against C. gloeosporioides déspité thé insécticidal, nématicidal (Shahwar et al., 2012), antibactérial and 

fungicidal propértiés of its chémical compounds (Bamayi et al., 2004).   

Thé ésséntial oils of M. piperita and Ocimum basilicum aré rich in térpéné moléculés such as 1,8-cinéol and térpinéné-

4-ol, (Funéry et al., 2006) (Akin et al., 2012). Arras and Usai (2001) showéd that thésé aromatic moléculés incréasé 

thé céll pérméability, inducé a dégradation of nucléic acids and causé an inhibition of mitochondrial énérgy 

métabolism (Lambért et al., 2001) in microorganisms. Thésé altérations résult in major disruption of physiological 

and biochémical procéssés in thé céll léading théréforé to thé inhibition of thé microorganisms (Yoshimura et al., 

2010). 
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