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Abstract 
___________________________________________________________________________________________________________________ 

Background: Candidiasis is a fungal disease caused by Candida albicans, a yeast that preferentially 
affects mucous membranes. These diseases are more and more recurrent because of the generalized 
decline in immunity and the appearance of resistance to classical antifungal drugs. Therefore, fighting 
against therapeutic failures becomes necessary. The objective of this study is to contribute to the fight 
against candidiasis through the research of new antifungal molecules. To do so, the hydroalcoholic 
extracts of Terminalia catappa, Terminalia glaucescens, Terminalia ivorensis, Terminalia mantaly and 
Terminalia superba, five plant species used in traditional medicine against dermatoses, were tested on 
the in vitro growth of resistant strains of Candida albicans. In addition, the polyphenol composition of 
these plants was carried out in order to evaluate their protective powers. 

Methods: The antifungal tests were performed by the solid-state dilution method. While the 
determination of polyphenols was performed by the photometric method. 

Results: The results showed an inhibition of the growth of germs by four plants except Terminalia 
catappa. The minimum inhibitory concentrations (MIC) obtained are as follows: MIC (T. ivorensis) 
=0.25 mg/mL; MIC (T. glaucescens) =0.50 mg/mL; MIC (T. superba) = 4 mg/ML; MIC (T. mantaly) = 2 
mg/mL. 

Conclusion: This study indicates that T. ivorensis is the most active and has the highest content of 
phenolic compounds. This plant could be a source of effective molecules in the treatment of 
candidiasis. 
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INTRODUCTION 

Candidiasis is one of the most frequent fungal pathologies in 
men.  They are caused by Candida albicans, a commensal yeast 
that preferentially affects the vaginal mucosa 1,2, making 
vulvovaginal candidiasis the second most common condition 
after bacterial vaginosis. An estimated 75% of women will 
have at least one episode of Candida vaginitis in their lifetime 
3,1. In Côte d'Ivoire, Candida albicans accounts for 72.6% of 
yeast strains isolated from vaginal swabs 4. However, 
candidiasis is also often found in the mouth and intestinal 
walls. Conventional treatment of these conditions is based on 
Amphotericin B, 5-fluorocytosine, Fluconazole, Itraconazole 
and Voriconazole. But also, the use of plants in traditional 
medicine has sometimes shown spectacular results in the 
treatment of various fungal diseases, especially plants 
belonging to the genus Terminalia. Thus, studies have shown 
that several species of Terminalia are endowed with antifungal 
powers 5 including Terminalia ivorensis which is very active on 
Aspergillus fumigatus 6 and Terminalia mantaly, active on 
Candida albicans 7 . The inappropriate use of classical 
antifungal drugs has favored the appearance of resistant 
strains 4 which are responsible for therapeutic failure in the 
management of certain candidiasis, especially in 

immunocompromised individuals. Faced with this difficulty, 
research of new antifungal molecules effective against 
candidiasis resistant to classical molecules is necessary. The 
study of Terminalia species seems to be a promising avenue 
for the discovery of effective drugs. The general objective of 
this study is to identify a species of the genus Terminalia likely 
to contain an active principle effective against candidiasis. To 
achieve this, the hydroalcoholic extracts of five species of 
Terminalia, namely: Terminalia catappa, Terminalia 
glaucescens, Terminalia ivorensis, Terminalia mantaly and 
Terminalia superba, were prepared, and then, their antifungal 
powers on C. albicans and antioxidants were evaluated. 

MATERIALS AND METHODS 

1. Material  

Plant material 

The plant material consisted of the bark of five Terminalia 
species listed below (Table 1). These plants were collected in 
Taabo (160 km from Abidjan) and in Agboville (82 km from 
Abidjan). They were then identified at the Centre National de 
Floristique of Félix HOUPHOUET-BOIGNY University. 
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Table 1: Plant material 

Plant species  Herbarium 
numbers  

Place of 
collection 

Terminalia catappa UCJ003136 Agboville  

Terminalia glaucescens UCJ003137 Taabo  

Terminalia ivorensis UCJ0033156 Agboville 

Terminalia mantaly UCJ003173 Agboville 

Terminalia superba UCJ003188 Agboville 

 

Microorganisms 

The germs tested were composed of three strains of Candida 
albicans of oral origin with the following resistance profiles 

Candida albicans 2 (susceptible) 

Candida albicans 370 (Amphotericin BR) 

Candida albicans 479 (FluconazoleR ItraconazoleR 

VoriconazoleR)  

2. Methods 

2.1. Preparation of hydroalcoholic plant extracts 

Harvested barks were cleaned and washed with clean water to 
remove traces of mold and other waste. They were then cut 
into small fragments and dried in an oven at 50°C for 5 days. 
These dried barks were then reduced to very fine powders 
which will be used for the preparation of hydroethanol 
extracts according to the method described by Ouattara et 
al.8 with some modifications. Indeed, 100 g of plant powder 
were shaken vigorously in 1L of 70% ethanol using an electric 
mixer. The resulting mixture was filtered through a sieve and 
then the residues were mixed in 500 mL of 70% ethanol, twice 
in a row. Another filtration is performed, once on percale cloth 
and twice on increasingly tightly packed hydrophilic cotton, in 
a funnel. The resulting liquid hydroalcoholic extract is 
evaporated in an oven at 50°C to obtain a dry extract. 

Calculation of the extraction yield 

The extraction yield (ER) is defined as the ratio between the 
mass of dry hydroalcoholic extract obtained (M') and the mass 
of plant material (bark powder) used (M). The yield is 
expressed as a percentage. It is calculated by the following 
formula: 

RE () =  
  

 
 100 

RE: Extraction yield in %. 
M': Mass of dry hydroalcoholic extract obtained in grams.  
M : Mass of fresh plant material (leaf) used in gram. 

2.2. Evaluation of antifungal activities of plant 
extracts 

The antifungal activity is evaluated by the solid-state dilution 
method and the antifungal parameters of Minimum Inhibitory 
Concentration (MIC) and Minimum Fungicidal Concentration 
(MFC) are determined 9. 

Incorporation of plant extracts into Sabouraud agar  

The incorporation of plant extracts into the agar was 
performed using the double dilution tube method. Each series 
consisted of 10 tubes containing the plant extract 
incorporated into the culture medium and 2 control tubes 
containing gel medium, one of which was without plant extract 
for germ growth control (TC) and the other without plant 
extract or germ for sterility control (TS) of the culture medium 

10,11. The test tubes contain a range of decreasing 
concentrations of extract that varies from 8 mg/mL to 0.0156 
mg/mL by describing a geometric sequence of reason 1/2. To 
perform the double dilution, 320 mg of plant extract was 
homogenized in 40 mL of liquefied Sabouraud agar in tube T1, 
giving a concentration of 8 mg/ mL. The other nine tubes 
contained 20 mL of liquid agar.  Then, 20 mL of the 
homogeneous mixture from tube T1 was transferred to the 
next tube (T2), containing 20 mL of Sabouraud agar and this 
mixture was homogenized. This operation was repeated 
successively for the other tubes until tube 10 (T10), containing 
the lowest concentration (0.0156 mg/mL). For this last tube, 
half of the content was discarded to adjust the volumes. The 
tubes thus prepared were sterilized at 121 °C by autoclaving 
for 15 min. The sterile contents of each tube were inverted 
into a petri dish under sterile conditions and then left at 
laboratory temperature to allow cooling and solidification of 
the agar 12. 

 Fungal inoculum preparation, plating and incubation  

The fungal inoculum was prepared from 24 h young colonies. 
For each strain, a perfectly isolated colony of C. albicans was 
suspended in 10 mL of sterile distilled water to give a 
microbial suspension estimated at 106 cfu/mL. A 1:10 dilution 
of this bacterial suspension was then performed to give our 
fungal inoculum estimated at 105 cfu/mL. Next, each of the 
petri dishes containing the extract concentrations were 
seeded by 5 mm streaks with 10 μL of each inoculum. The 
inoculated petri dishes were incubated at 30°C for 48 h 13.  

Determination of antifungal parameters (MIC and MFC) 

After 48 h of incubation, the growth of germs is observed in 
the petri dishes of each series of culture. The Minimum 
Inhibitory Concentration (MIC) of each C. albicans strain is 
determined for each extract. This is the minimum 
concentration for which there is no visible growth of the germ 
with the naked eye. The Minimum Fungicidal Concentration 
(MFC) is also determined. This is the lowest concentration of 
extract that results in at least 99.99% inhibition of germ 
growth, compared to the growth control. In practice, the MFC 
was determined by sterility testing of streaks that showed no 
visible growth from the MIC. Transplants of streaks with no 
visible growth were performed on a Petri dish containing new 
Sabouraud agar and containing neither plant extract nor 
antifungal substance. Indeed, the platinum loop was passed 
over the surface of each streak without visible microbial 
growth and then inoculations were made, again per streak, on 
new agar. After 48 hours of incubation at 30°C, the CMF was 
identified. 

2.3. Determination of phenolic compounds  

One milliliter of a methanolic solution of plant extract of 
concentration 1 mg/mL is introduced into a test tube. 1 mL of 
Folin-Ciocalteu reagent is added. This tube is then left to stand 
for 3 min and 1 mL of 20% (w/v) sodium carbonate solution is 
added. The contents of the tube are made up to 10 mL with 
distilled water and the tube is placed in the dark for 60 min. 
Optical Density (OD) reading is then taken at 745 nm against a 
blank with a spectrophotometer (DRAWELL DU-8200). A 
calibration line established from a concentration range of a 
stock solution of gallic acid, at 1 mg/mL, treated under the 
same conditions as the assay was used to determine the 
amount of phenolic compound in the sample 14,15. 

RESULT AND DISCUSSION 

The preparation of hydroethanol extracts from 100 g of plant 
powder yielded 10.13 g of T superba extract, 13.34 g of T 
glaucescens, 21.64 g of T ivorensis, 10.47 g of T mantaly and 
12.63 g of T catappa, corresponding to 10.13%, 13.34%, 
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21.64%, 10.47%, and 12.63%, respectively (Figure 1). The 
analysis of this result shows that Terminalia ivorensis has the 
best extraction efficiency. This is in agreement with the work 
of Moomin et al 16 who obtained such high yield with the 
same plant.  This result means that this plant is relatively more 
concentrated in secondary metabolites extractable by ethanol-
water solvent (70/30, v/v). 

The study of in vitro antifungal potencies on candida albicans 
gave the results reported in Table 2 below. These results show 
that Terminalia ivorensis has the highest inhibitory power with 
an MIC of 0.25 mg/mL and a BMC of 2 mg/mL on each of the 
three strains of candida albicans. Next comes Terminalia 
glaucescens which inhibits each of the strains with an MIC of 
0.5 mg/mL. On the other hand, Terminalia catappa showed no 
inhibition of the fungal strains up to the maximum 
concentration used. Its MIC is certainly higher than 8 mg/mL. 
This plant is the least active on C. albicans strains, among the 
five species studied. 

 

Figure 1: Extraction yields 

 

Table 2: Antifungal parameters of different Terminalia species 

 

Plant extracts 

FUNGAL STRAINS 

Candida albicans 2 Candida albicans 370 Candida albicans 479 

MIC MFC MIC MFC MIC MFC 

Terminalia ivorensis 0,25 2 0,25 2 0,25 2 

Terminalia superba 4 8 4 8 4 8 

Terminalia glaucescens 0,5 2 0,5 2 0,5 2 

Terminalia Mantaly 4 >8 2 8 2 8 

Terminalia catappa >8 >8 >8 >8 >8 >8 

 

This study also shows that the hydroethanolic extracts of the 
four plants T superba, T glaucescens, T ivorensis and T mantaly 
are active, with a predominance of T. ivorensis, on Candida 
albicans strains resistant to Amphotericin B, Fluconazole, 
Itraconazole and Voriconazole, which are reference molecules 
in the treatment of candidiasis. The results show that these 
plants contain active ingredients that are effective on these 
resistant strains and that T. ivorensis is more concentrated in 
anti-candidus active ingredients. This observation is in phase 
with the extraction yields obtained. The active ingredients of 
T. ivorensis could substitute the classical molecules and cure 
the cases of resistant candidiasis. Previous works have shown 
that Terminalia are generally endowed with antifungal powers 
17,18 and T. ivorensis is particularly very active, notably on 
Aspergillus fumigatus 6 and Candida albicans. Therefore, this 
plant can be used in the composition of a biopesticide and a 

medical cream for its antifungal activity 19,20. The study of the 
polyphenol content of these five plants shows that their 
compositions differ from each other. Indeed T. ivorensis is the 
richest in polyphenols with 93.76 mg EAG/g. Terminalia 
glaucescens comes second with 80.79 mg GAE/g. Then follow 
respectively T. catappa 68.35 mg EAG/g and T. mantaly 62.49 
mg EAG/g. Terminalia superba is the least rich in phenolic 
compounds with 20.79 mg EAG/g (Figure 2). The high content 
of phenolic compounds in T. ivorensis indicates that this plant 
might be endowed with antioxidant property 21. This property 
would be useful in the protection and repair of mucosal tissues 
infected by Candida albicans. 

Finally, among the five Terminalia species studied, Terminalia 
ivorensis appears to be the best candidate for the preparation 
of phytomedicines or extraction of molecules effective against 
resistant candidiasis. 

 

Figure 2: Total polyphenol content of hydroethanol extracts of Terminalia 
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CONCLUSION  

This study, which evaluated the inhibition potential of five 
Terminalia species on resistant and multi-resistant strains of 
Candida albicans, revealed that Terminalia ivorensis is a 
promising plant. It could be used for the preparation of 
improved phytomedicines or for the extraction of new 
antifungal molecules capable of effectively curing resistant 
candidiasis. This study also constitutes a justification for the 
use of plants of the genus Terminalia in the traditional 
treatment of mycosis in general. 
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