
_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: hgonsu@gmail.com; 
 
 
 

Microbiology Research Journal International 
 
27(2): 1-9, 2019; Article no.MRJI.48119 
ISSN: 2456-7043  
(Past name: British Microbiology Research Journal, Past ISSN: 2231-0886, NLM ID: 101608140) 

 
 

 

In vitro Evaluation of Antifungal Activity of Virgin 
Coconut oil and White Palm Kernel Oil on Candida 

Species-Experimental Study 
 

Hortense Gonsu Kamga1,2*, Sarah Riwom Essama3,  
Yves Le Grand Napa Tchuedji3, Maurice Boda3, Stève Henri Voundi Olugu4,   

Patrick Betote Diboue3, Emilia Lyonga Mbamyah1, William Abange Baiye2, 
Anicette Chafa Betbeui2, Francis Ekwin1 and Francois-Xavier Etoa3 

 
1
Department of Microbiology, Parasitology, Haematology and Infectious Diseases, Faculty of 

Medicine and Biomedical Sciences, University of Yaoundé I, Yaoundé, Cameroon. 
2
Laboratory of Bacteriology, Yaoundé University Teaching Hospital, Yaoundé, Cameroon. 

3Department of Microbiology, Laboratory of Microbiology, University of Yaoundé I, Yaoundé, 
Cameroon. 

4
University Institute of Technology, University of Douala, Douala, Cameroon.  

 
Authors’ contributions  

 
This work was carried out in collaboration among all authors. Authors HGK, SRE and YLGNT 

designed the study, performed the statistical analysis, wrote the protocol, and wrote the first draft of 
the manuscript.  Authors MB, SVO and PBD acquired, analyzed, interpreted data. Authors FE, ELM, 

WAB and ACB managed the literature searches and revised article critically. Author FXE revised 
article critically. All authors have seen and approved the final version of the manuscript. 

 
Article Information 

 
DOI: 10.9734/MRJI/2019/v27i230092 

Editor(s): 
(1) Dr. Laleh Naraghi, Department of Plant Disease Research, Iranian Research Institute of Plant Protection, Tehran,  

Iran.  
Reviewers: 

(1) Dr. Dennis Amaechi, Veritas University, Abuja, Nigeria. 
(2) Eray Tulukcu, University of Selcuk, Turkey. 

(3) Dr. G. V. Pavan Kumar, Jawaharlal Nehru Technological University, India. 
Complete Peer review History: http://www.sdiarticle3.com/review-history/48119 

 
 
 

Received 06 January 2019  
Accepted 23 March 2019 
Published 01 April 2019 

 
 

ABSTRACT 
 
Aims: The aim of this study is to evaluate in vitro the antifungal activity of virgin coconut oil and the 
white palm kernel oil on the growth of six species of the genus Candida. 
Study Design: This study is an experimental study. 
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Place and Duration of the Study: Department of Microbiology, Laboratory of Microbiology of the 
University of Yaoundé I. Laboratory of Bacteriology, Yaoundé University teaching Hospital between 
April to September 2017. 
Methodology: We included six species of Candida. The method of diffusion discs in agar 
medium was used for Sensitivity tests and macro-dilution in liquid medium was used for dilution. 
Results: Majority of the species tested were resistant to conventional antifungals used. Candida 
hoemulonii was the most sensitive species to virgin coconut oil with percentages of inhibitions higher 
than 50 % when the concentration of oil was only 3.125 mg/mL and a maximum inhibition 
percentage of 90.10 % when the concentration of oil was 100 mg/mL. Candida albicans, was the 
least susceptible species to virgin coconut oil with a maximum inhibition percentage of 59.85 % 
when the concentration of oil was 100 mg/mL.  Candida lipolytica was the most sensitive specie to 
white palm kernel oil with a maximum inhibition percentage of 90,26 % when the concentration of 
oil was 100 mg/mL and Candida parapsilosis was the least susceptible species to white palm kernel 
oil with a maximum inhibition percentage of 52,69 % at the same concentration. In addition, the 
white palm kernel oil which was more active (P˂0.05) than virgin coconut oil was introduced in the 
Sabouraud broth and the MIC and MFC obtained with Fluconazole was lower on Candida albicans 
and Candida parapsilosis compared to activity of Fluconazole without palm kernel oil in the medium. 
Nystatin showed also lower MIC and MFC values on Candida parapsilosis when palm kernel oil was 
present in the culture medium. 
Conclusion: These results prove that these oils can be used to develop antifungals drugs. 
 

 
Keywords: Candidiasis; vegetable oils; combinations; antifungal activity; species. 
 
ABBREVIATIONS 
 
PIg: growth inhibition percentages (%); SEM: 
Standard error of the mean 
R: Resistant; I: Intermediate; S: Sensitive 
Ne48h: Number of cells obtained from 
experimental fungal cultures after 48 hours; 
Ne0h: Number of initial cells of experimental 
fungal cultures; 
Nc48h: Number of cells obtained from the fungal 
culture control after 48 hours. 
Nc0h: Number of initial cells of the control fungal 
culture 
 

1. INTRODUCTION 
 
During the past decade, the incidence of 
opportunistic fungal infections has steadily 
increased. Among these diseases candidiasis 
constitute real public health problems in the 
world, this more especially as the prevalence of 
both superficial and deep candidiasis has not 
ceased increasing in recent years [1]. During 
their life 70 to 75% of healthy women have at 
least one episode of vulvovaginal candidiasis 
[2]. The situation is still very worrying in 
Cameroon among HIV- positive patients, who 
have 28.3% gastrointestinal candidiasis, 39.7% 
oesophageal candidiasis and 79.6% oral 
candidiasis [3]. The management of candidiasis 
is based on the use of antifungals. However, 
their use is not without side effects. Moreover, 

the emergence of new pathogenic strains and 
the increase in resistance to these antifungals 
increases the risk of infection and predisposes 
patients to life-threatening relapses. 
 

It is therefore necessary to research and develop 
new therapeutic approaches that can be used as 
an alternative to conventional therapies. One 
strategy is the use of white palm kernel oil and 
virgin coconut oil used in traditional medicine 
and potential sources of bioactive compounds 
(lauric acid, caprylic acid, capric acid). The 
objective of this work is to evaluate the antifungal 
activity of virgin coconut oil and white palm 
kernel oil on Candida species. 
 

2. MATERIALS AND METHODS 
 

2.1 Microorganisms 
 
Candida parapsilosis, Candida hoemulonii, 
Candida tropicalis, Candida lipolytica are clinical 
isolates from the Centre Pasteur of Yaoundé. 
Candida albicans ATCC 37037 and Candida 
krusei (clinical isolate) were obtained from the 
Laboratory of Microbiology of the University of 
Yaoundé I. 
 

2.2 Plants 
 
Palm kernel were collected at Melong in Ouest 
region of Cameroon and coconut were collected 
at Kribi in Sud region of Cameroon. They were 
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identified at the national herbarium of Cameroon. 
 

2.3 Preparation of Vegetable Oils 
 
2.3.1 Extraction of virgin coconut oil 
 
The endocarp of the nut was first removed, then 
the fresh coconut was grated and pressed. The 
resulting coconut milk was left at rest during 48 
hours in a sterile and closed container. After this 
time, the liquid and solid parts were separated. 
The oil found on the surface was then extracted 
and stored in a dark and sterile bottle at 4°C until 
use. 
   
2.3.1.1 Extraction of white palm kernel oil 
 
The palm kernel nuts were previously sun dried 
for 72 hours. The palm kernels were then 
introduced into a machine which exerts a 
mechanical pressure on these nuts until obtaining 
the crushed product which is conveyed into a 
filter system. After filtration the oil was collected 
in a sterile bottle and stored at 4°C until use. For 
each oil, the yield was determined.  
 
2.3.2 Sensitivity tests of Candida species to 

antifungals 
 
Sensitivity tests was carried out on the basis of 
direct examination with the presence of fungic 
shapes under microscopy and colonies in the 
culture medium. The following six antifungal 
disks were used: Fluconazole 25, Nystatin 100, 
Cotrimazole 10, Amphotericin B 100, 
Ketoconazole 50, 5-Fluorocytosine 1. The 
method of diffusion discs in agar medium was 
performed according to the recommendations of 
the Antibiogram Committee of the French 
Society for Microbiology [4]. 
 
The standardized inoculum was prepared from a 
pure culture of 24 at 48 hours of yeast obtained 
on Sabouraud + Chloramphenicol medium. 
Turbidity was adjusted to 3 McFarland by 
addition of physiological saline. After having 
streaked the Sabouraud + Chloramphenicol 
medium by swabbing, the preparation was 
incubated at 37°C. The reading was performed 
after 24 hours of incubation for Candida 
albicans, Candida krusei, Candida tropicalis and 
48 hours later for Candida hoemulonii, Candida 
lipolytica and Candida parapsilosis. 
 

2.4 Macrodilution 
 
The effects of each vegetable oil and antifungal 

were evaluated on the growth of Candida 
species by the method of macrodilution 
according to the protocol of Clinical Laboratory 
Standard Institute [5] adapted to this work with 
some modifications. 
 
Effect of white palm kernel and virgin coconut 
oils 
 
To determine growth inhibition percentages, 
yeast cultures were harvested and then 
suspended in sterile saline (0.8% NaCl) and 
the cell density was adjusted to 2.105 cells/mL. 
Yeasts were allowed to grow in 1 mL of 
Sabouraud broth (supplemented with 1% tween 
80) at different concentrations of each vegetable 
oil. The doubling dilution technique was used for 
vegetables oil. This led to a decreasing 
concentration range of the vegetable oils varying 
from 100 mg / mL to 1.56 mg / mL. In parallel, a 
growth control tube and a sterility control tube of 
the medium were made.  All tubes were 
incubated at 37°C for 48 hours. After incubation 
each tube was homogenized, and the number of 
yeasts was determined by counting using the 
Malassez cell. The tests were repeated 3 times. 
The growth inhibition percentages (PIg) were 
determined according to the formula below: 
 

 
 

Ig: growth inhibition percentages (%); 
Ne48h: Number of cells obtained from 
experimental fungal cultures after 48 hours; 
Ne0h: Number of initial cells of experimental 
fungal cultures; 
Nc48h: Number of cells obtained from the 

fungal culture control after 48 hours. Nc0h: 
Number of initial cells of the control fungal 
culture. 

 
Effect of Nystatin and Fluconazole on Candida 
Growth 
 
For MIC (Minimal inhibitory concentration) 
determination, yeast of Candida species at 2.10

5 

cells/mL were allowed to grow in 1 mL of 
Sabouraud broth at different concentration of 
each antifungal. The stock solutions of these 
antifungals were prepared at 20 mg/mL followed 
by a geometric progression of 2 until the 7th 
dilution. In parallel, the yeast growth control and 
the sterility control of the medium were made. 
All tubes were incubated at 37°C for 48 hours. 
 
MFC (Minimal fungicidal concentration) were 
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determined by inoculating 10µL of culture 
medium at greater than or equal to the MICs on 
to Sabouraud dextrose agar and incubated for 
48h. The tests were repeated three times. 
 
2.4.1 Effects of Nystatin and Fluconazole 

with the presence of palm kernel oil in 
the culture medium 

 
The effects of Nystatin and Fluconazole were 
evaluated with the presence of palm kernel oil on 
Candida growth to appreciate their activities 
compared to activities without palm kernel oil in 
the culture medium. To do this, palm kernel oil 

was introduced into Sabouraud broth 
(supplemented with 1% tween 80) medium for a 
final concentration equal to IC50 in each tube. 
Successives dilutions of geometric reason 2 
were carried out with each antifungal in 
Sabouraud + palm kernel oil. The 7 experimental 
tubes and the growth control tube were 
inoculated with 1 ml of the inoculum at 2.105

  

cells / ml. This led to a decreasing range of 
antifungal concentration ranging from 5mg / mL 
to 0.078mg / mL. All tubes were incubated at 
37°C for 48 hours. The MIC was determined for 
each antifungal. The tubes of concentrations 
greater than or equal to the MICs were seeded 
in Sabouraud + chloramphenicol agar with a 
volume of 10 μL to determine the MFC. The 
tests were repeated 3 times. 
 

2.5 Statistical Analysis 
 
Statistical analysis and graphs were performed 
with the GraphPad software, version 5.03. Mean 
±SEM values were indicated on the graphs. The 
student test was used to compare the activities 
of virgin coconut oil and white palm kernel oil on 
all Candida species studied. 

3. RESULTS AND DISCUSSION 
 

3.1 Extraction Yield 
 
Extraction of the virgin coconut oil gave a mass 
of 239.09 g, a yield of 23.90% per 1000 g of 
coconut. As for white palm kernel oil, for 1000 g 
of palm kernel nut we obtained a mass of 233.8g, 
a yield of 23.38%. These two fruits belong to the 
same family and have similar compounds. This 
could justify this similarity of yields. 
 
3.1.1 Sensitivity profile of candida species to 

antifungals 
 
The observation of the clinical categorization in 
Table 1 reveals several resistances of the 
different species studied to antifungals. However, 
Nystatin and Amphotericin B were the most 
effective antifungals with their activities observed 
in the majority of species except Candida 
hoemulonii, which proved more resistant. This 
activity is thought to be due to the mechanism of 
action of the polyenes (Nystatin, Amphotericin 
B), which act by altering the functioning of the 
cell membrane, resulting in death of the fungal 
cell [6]. These results corroborate those of [7] 
who showed that Candida albicans, Candida 
tropicalis and Candida parapsilosis are sensitive 
to Amphotericin B. 5-Fluorocytosine is the least 
active antifungal because the diameters of the 
zones of inhibition obtained on all species not 
exceeding 10 mm and fluconazole is the second 
weakest antifungal after 5-fluorocytosine 
because two species only, namely Candida 
parapsilosis and Candida tropicalis were 
sensitive to this azole with respective inhibition 
diameters of 30 mm and 20 mm. The activity of 
Fluconazole is limited [8].  

 
Table 1. Correspondence diameter and clinical categorization 

 
Antifungals Candida species Diameters of the 

zones of 
inhibition 
measured 
(mm) 

Critical 
diameters 
(mm) [9], [10], 

Clinical 
categorization 
 

R        I         S 

Fluconazole 
 

Candida albicans 
ATTC 37037 

0  Resistant 
 

Candida 
parapsilosis 

30 Sensitive 

Candida tropicalis 20 ≤14        ≥19 Sensitive 
Candida 
hoemulonii 

0  Resistant 
 

Candida lipolytica 0 Resistant 
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Candida krusei 12 Resistant 
Nystatin 
 

Candida albicans 
ATTC 37037 

20  Sensitive 

Candida 
parapsilosis 

21 Sensitive 

Candida tropicalis 21 ≤10       ˃10 Sensitive 
Candida 
hoemulonii 

10  Resistant 
 

Candida lipolytica 20 Sensitive 
Candida krusei 20 Sensitive 

Amphotericin B 
 
 
 

Candida albicans 
ATTC 37037 

11  Sensitive 

Candida 
parapsilosis 

11 Sensitive 

Candida tropicalis 12 ˂10        ˃10 Sensitive 
Candida 
hoemulonii 

0  Resistant 
 

Candida lipolytica 12 Sensitive 
Candida krusei 11 Sensitive 

5-Fluorocytosine 
 

Candida albicans 
ATTC 37037 

0  Resistant 
 

Candida 
parapsilosis 

0  Resistant 
 

Candida tropicalis 10 Resistant 
Candida 
hoemulonii 

0 ≤10             
≥20 

Resistant 

Candida lipolytica 0  Resistant 
Candida krusei 0 Resistant 

Kétoconazole 
 

Candida albicans 
ATTC 37037 

12  Intermediate 

Candida 
parapsilosis 

35 Sensitive 

Candida tropicalis 13 Intermediate 
Candida 
hoemulonii 

60 ≤10 ≥20 Sensitive 

Candida lipolytica 11  Intermediate 
Candida krusei 22 Sensitive 

Clotrimazole 
 

Candida albicans 
ATTC 37037 

7  Resistant 
 

 Candida 
parapsilosis 

30 Sensitive 

 Candida tropicalis 25 Sensitive 
 Candida 

hoemulonii 
0 ≤10 ≥20 Resistant 

 
 Candida lipolytica 0  Resistant 
 Candida krusei 15 Intermediate 

R: Resistant I: Intermediate S: Sensitive 

 
3.1.2 Effect of palm kernel oil on the growth 

of candida species 
 
The antifungal activity of palm kernel and 
coconut oils was evaluated in vitro against the 
six Candida species by determining percent 
inhibition of fungal growth (PIg) after 48 hours of 
culture. The yeast count was carried out under an 
optical microscope on a Malassez cell. The 

results obtained are represented in graphs 
expressing the percentages of inhibition of the 
growth according to the concentration of each 
oil. 
 
It appears from Fig. 1 that white palm kernel oil 
exerts antifungal activity on all six Candida 
species and this activity increases with the 
concentration of palm kernel oil. Organization of 
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African Unity [11] proved that palm kernel oil has 
antimicrobial activities and is used in the 
treatment of dermatoses. This activity is due to 
the presence of bioactive compounds such as 
capric acid and lauric acid. Studies have 
evaluated the antifungal activities of capric acid 
and lauric acid (major components of palm 
kernel oil) in vitro on Candida albicans and have 
shown that these acids are fungicidal [12]. 
 
The inhibiting capacity of fungal growth is 
greater with concentrations ranging from 50 to 
100 mg / mL in the majority of species except 
Candida parapsilosis, the least sensitive species 
that showed a maximum inhibition percentage 
of 52, 69% at the maximum concentration of 
palm kernel oil which is 100 mg / mL. 

 
3.1.3 Effect of virgin coconut oil on the 

growth of Candida species 
 
Fig. 2 shows the inhibition percentages of virgin 
coconut oil on the growth of Candida species. 
An evolution of inhibition percentages is 
observed on the species when the concentration 
of the virgin coconut oil increases. Inhibition 
percentages greater than 50% are observed 
from concentrations of 3.125 mg / mL of oil on 
Candida hoemulonii, 12.5 mg / mL of oil on 
Candida lipolytica, 25 mg / mL of oil on Candida 
tropicalis, 50 mg / mL of oil on Candida krusei 
and Candida parapsilosis. Candida hoemulonii 

appears to be the most sensitive species to virgin 
coconut oil with a maximum inhibition 
percentage of 90.10% at the concentration of 
100 mg / mL. Candida albicans is the least 
sensitive species to virgin coconut oil with a 
maximum growth inhibition percentage of 
59.85% at the maximum concentration of virgin 
coconut oil. The inhibitory power of coconut oil 
might be due to its composition of capric and 
lauric acid which exert antifungal activities by 
disintegrating the cell wall [13]. 
 
The antifungal susceptibility was determined 
with a presence and absence of palm kernel oil 
in the culture medium by using the macrodilution 
technique. This consisted to determining the 
MIC and MFC. The results summarised in Table 
2 shows a strong fungicidal effect of Nystatin in 
the absence of palm kernel oil, with MICs 
ranging from 0.078 mg / mL to 0.625 mg / mL 
apart from Candida parapsilosis, where the 
antifungal activity was fungistatic. Fluconazole 
exerted fungistatic effect in the absence of palm 
kernel oil with MICs ranging from 0.07 mg / mL to 
1.25 mg / mL. This was predictable on Candida 
krusei because this species has an intrinsic 
resistance to Fluconazole [14]. This further 
confirms the observation that Fluconazole 
appears as a weakly active antifungal on 
Candida species.  
 

 

 
  

Fig. 1. Percentages of inhibition of white palm kernel oil on the growth of Candida species 
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Fig. 2. Percentages of inhibition of the virgin coconut oil on the growth of Candida species 

Minimal Inhibitory Concentration (MIC) and Minimal Fungicidal Concentration (MFC) of 
Nystatin and Fluconazole 

 
Regarding the outcome in the presence of palm 
kernel oil in the culture medium, The CMI of 
Fluconazole are 4 times weaker on Candida 
tropicalis and Candida albicans compared to the 
CMI obtained without palm kernel oil in the 
culture medium. Moreover on Candida 
parapsilosis the CMI decreased with a value 
lower than 0,078 mg/mL. In light of the problems 
posed by the use of dispersants [15], we chose 
tween as an emulsifier because it is used in 

several studies. Tested in our study at a 
concentration of 1%, it proved to be devoid of 
any detrimental effect on fungal growth. 
 
Statistical analysis 
 
ANOVA analysis was performed to compare the 
activities of the two oils. The student test was 
used with α = 0.05. 

 
Table 2. Minimal inhibitory concentrations, minimum fungicidal concentrations of nystatin 

and fluconazole with presence / absence of palm kernel oil in the medium 
 

Candida species Fluconazole (mg/mL) Nystatin (mg/mL) 
Absence of 
palm kernel 
oil 

Presence of 
palm kernel oil 

Absence of 
palm kernel 
oil 

Presence of 
palm kernel oil 

MIC/MFC MIC/MFC MIC/MFC MIC/MFC 
Candida tropicalis 0,625 /5 0,156 /5 0,156 /0,312 0,156 /0,312 
Candida parapsilosis 0,078 /1,25 ˂0,078 / ˂ 0,078 0,625 /5 ˂ 0,078 /˂ 0,078 
Candida krusei 0,312 /2,5 0,312 /2,5 0,078 /0,156 0,078 /0,156 
Candida albicans 0,625 /5 0,156 /2,5 0,156 /0,312 0,156 /0,312 
Candida Hoemumonii 0,625 /5 ͓ 0,625 /1,25 ͓ 
Candida lipolytica  1,25 /5 ͓ 0,625/1,25 ͓ 

MIC, minimal inhibitory concentration; MFC, minimal Fungicidal concentration; (*), not evaluated 

 
Table 3. Comparison of the activities of white palm kernel and virgin coconut oils on 

Candida albicans 
 
Indicator Groups     Means      t test P value    ˂ 0,05 = * 
 Maximum inhibition percentage    Palm kernel oil     75,28       

                                                      Virgin coconut oil       59,85            3,493    0,025                * 
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Table 4. Comparison of the activities of white palm kernel and virgin coconut oils on 
 

Candida lipolytica  
Indicator Groups Means t test P value ˂ 0,05 = * 
Maximum inhibition Palm kernel oil 90,26    
percentage Virgin coconut oil 76,60 2,229 0,089  
 

Table 5. Comparison of the activities of white palm kernel and virgin coconut oils on 
Candida hoemulonii 

 
Indicator Groups Means t test P value ˂ 0,05 = * 
Maximum inhibition Palm kernel oil 90,99    
percentage  Virgin coconut oil 90,10 0,760 0,489  
 

Table 6. Comparison of the activities of white palm kernel and virgin coconut oils on 
Candida krusei 

 
Indicator Groups Means t test P value ˂ 0,05 = * 
Maximum inhibition Palm kernel oil 74,44    
percentage Virgin coconut oil 63,10 6,544 0,002 * 
 

Table 7. Comparison of the activities of white palm kernel and virgin coconut oils on 
Candida parapsilosis 

 
Indicator Groups Means t test P value ˂ 0,05 = * 
Maximum inhibition Palm kernel oil 52,69    
percentage Virgin coconut oil 60,59 1,355 0,246  

 
Table 8. Comparison of the activities of white palm kernel and virgin coconut oils on 

Candida tropicalis 
 
   Indicator                                            Groups  Means t test P value     ˂ 0,05= *      
Maximum inhibition percentage      Palm kernel oil    76,50 
                                                       Virgin coconut oil             57,87        1,107            0,330 
  
 

4. CONCLUSION 
 

Vegetable oils used in this work have displayed 
the capacity to inhibit fungal growth of six 
candida species. Among the vegetable oils 
tested, palm kernel oil appears to be more active 
compared to virgin coconut oil. Furthermore, its 
presence in the culture medium improves the 
antifungal effect of Fluconazole and Nystatin. 
Nevertheless, further studies must be conducted 
on others yeasts. 
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