
                               
136                                                                                                        Nor. Afr. J. Food Nutr. Res. • Volume 7 • Issue 16 • 2023 
 
 

Nor. Afr. J. Food Nutr. Res. 2023; 7 (16): 136 – 145          https://doi.org/10.51745/najfnr.7.16.136-145   

 
h t t p s : / /www.na j fn r . co m     
       

ORIGINAL ARTICLE 
Food Chemistry, Engineering, Processing and Packaging     
Food Microbiology, Safety and Toxicology  

 

In vitro antifungal activity of aqueous extract and essential oil of 
African basil (Ocimum gratissimum L.) 
 
Amenan Fanny Akpo 1, Yardjouma Silué 1*    , Charlemagne Nindjin 2     , Kablan Tano 3      , Kohi 
Alfred Kouamé 2       , Fabrice Achille Tetchi 3, Felicie Lopez-Lauri 4 

     
1. Avignon University, F-84916 Avignon, France / Department of Agricultural Sciences, Laboratory of Fruit and Vegetable Physiology (EA4279), Swiss Center for Scientific 

Research in Côte d’Ivoire, Nangui Abrogoua University, Abidjan, Côte d’Ivoire. fannyakpo01@gmail.com / silue.yardjouma@univ-na.ci  
2. Swiss Center for Scientific Research in Côte d’Ivoire, Nangui Abrogoua University, Abidjan, Côte d’Ivoire. charlemagne.nindjin1@csrs.ci  
3. Nangui Abrogoua University, Abidjan, Côte d’Ivoire. pasqual_kab@hotmail.com /tetchifa2017@gmail.com  
4. Avignon University, F-84916 Avignon, France / Department of Agricultural Sciences, Laboratory of Fruit and Vegetable Physiology (EA4279). felicie.lauri@univ-avignon.fr  

 
 

ABSTRACT         ARTICLE INFORMATION 
 

Background: Fruit and vegetables are threatened by several diseases. These 
diseases are mainly treated with chemicals representing a real danger to human 
health and the environment. Aims: This study aims to develop safe and non-
polluting alternatives such as medicinal plants to control fungal phytopathogens. 
Material and Methods: In the present study, the aqueous extract and essential 
oil of the medicinal plant Ocimum gratissimum L. were tested in vitro against 
Botrytis cinerea, Colletotrichum gloeosporioides and Fusarium oxysporum. Results: 
The results show that the essential oil of Ocimum gratissimum L. has significant 
antifungal activity on the studied strains. It inhibits completely the growth of 
Botrytis cinerea and Colletotrichum gloeosporioides from the concentration of 500 
ppm. While at least 750 ppm is required for complete inhibition of the growth 
of Fusarium oxysporum. Regarding the aqueous extract, total inhibition has been 
observed at the 60% concentration for Botrytis cinerea and Colletotrichum 
gloeosporioides. However, no concentration of aqueous extract completely 
inhibited the growth of Fusarium oxysporum. Conclusion: This study can be a 
starting point for research on a promising solution using the essential oil and 
aqueous extract of O. gratissimum L. as alternatives to chemicals to manage 
anthracnose (caused by C. gloeosporioides) and gray mold (caused by B. cinerea). 
 
Keywords: Antifungal activity, aqueous extract, essential oil, Ocimum 
gratissimum L. 
 

 

 

1 Introduction 

Fruit and vegetables (quantity and quality) strongly influence 
food security and the global economy as they are an essential 
source of economic income and nutrients (vitamins, 
polyphenols, minerals) 1. However, they are susceptible to 
heavy attack by a variety of pathogenic microorganisms, 
including bacteria, viruses, and fungi 2. These plant pathogens 
can cause considerable economic damage to plant products. 

The most important plant pathogens are fungi that cause 
serious diseases in fruit and vegetables during the different 
stages of plant growth and after harvest 3. Various approaches 
have been put forward to prevent, control, or eradicate plant 
diseases. Among them, synthetic fungicides are the most 
common approach used to control several post-harvest plant 
diseases. However, their continuous or repeated use can 
disrupt the balance of ecosystems (soil, water, and air), develop 
pathogens resistant to one or more chemicals, and be toxic to 
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non-target organisms 4. In addition, failure to comply with 
recommended doses results in the bioaccumulation or 
bioconcentration of residues in the food chain beyond safe 
limits 5. This poses a risk to human and animal health and the 
environment 6. Therefore, there is a need to develop an 
alternative control method that is eco-friendly, sustainable, 
safe, and efficient for plant disease management. Hence, 
researchers are focused on the biological approach to control 
many plant diseases and overcome the resistance of new 
mutants to chemicals 7. This approach involves balancing a 
pest population (insects, pathogens) with their natural or 
antagonistic predators until total elimination of the target 
pathogen or pest is achieved 8. However, this approach is less 
effective, especially when a large number of pests or pathogens 
has to be eliminated 9. Although the use of chemicals of plant 
origins is also chemical control, it is worth exploring because 
its residues are less harmful than those of synthetic fungicides. 
Thus, in recent years, the use of medicinal plants (organic or 
aqueous extracts and essential oils), has proven to be efficient 
against many plant pathogens and is known to be safe for the 
consumer and the environment 1, 10, 11. Scientific studies have 
also revealed that Ocimum gratissimum L. has natural 
substances that can inhibit or kill a wide variety of fungi, 
bacteria, and insects 12, 13. Ocimum gratissimum L. commonly 
known as African basil or clove basil belongs to the family 
Lamiaceae 14. It is an important aromatic and medicinal plant 
that grows abundantly in tropical and subtropical regions. The 
plant has a wide geographical distribution due to its ability to 
adapt to water deficit 15; mineral deficiency (K and Ca), and 
light  16, 17. The uses of Ocimum gratissimum L. are quite varied 
and diverse and depend on the region. In Africa, African basil 
is used in traditional medicine to treat diarrhea, vomiting, 
pregnancy termination, digestive disorders, fever, headaches, 
abdominal pain, colds and malaria, and convulsions 18, 19. 
While in Brazil, it is used as a sedative for children and in the 
treatment of coughs, bronchitis, and sore throat  20, 21. In Asia, 
the plant is used as an anti-inflammatory and in the treatment 
of influenza  22. In all regions where Ocimum gratissimum L. 
grows, it is used as a condiment or flavoring in food to give a 
specific taste or smell to food. The leaves of O. gratissimum are 
traditionally used to flavor foods and prevent spoilage23, 24. 
Extracts of Ocimum gratissimum L. leaves have important 
biological and pharmacological properties. These properties 
include antioxidants  13, 25, antimalarial  26, antimicrobial 27; 
insecticide 28. However, despite their potent properties, this 
plant species is almost employed exclusively in medicine and 
pharmacopoeia. Yet, instead of using synthetic chemicals, 
their properties can be exploited in agriculture to manage 
post-harvest microbial diseases such as anthracnose (mango, 
papaya, and banana) and gray mold (tomato), etc. The present 
study was carried out to investigate the "in vitro" antifungal 
activity of the essential oil and aqueous extract of Ocimum 
gratissimum L. against Colletotrichum gloeosporioides, Botrytis 

cinerea and Fusarium oxysporum which are well known as 
causal agents of main postharvest diseases. 

2 Material and methods 

2.1 Plant material  

Fresh leaves of Ocimum gratissimum L. were collected in 
Dabou located on the outskirts of Abidjan, Côte d'Ivoire, and 
sent for identification to the botany laboratory, Department 
of Natural Sciences, Nangui Abrogoua University. The leaves 
were carefully washed, shade air-dried (16-18°C) for 7 days 
and ground into powder. The powder was sealed in 
polyethylene jars and transferred to the Laboratory of Fruit 
and Vegetable Physiology, Avignon University, France. The 
powdered samples were stored at 4 °C until further use. The 
essential oil of Ocimum gratissimum L., commercially known 
as "Oshadi basil pungent Ocimum gratissimum", was 
purchased from the local supermarket in the city of Avignon, 
southern France. 

2.2  Fungal material 

The Three phytopathogenic fungi including Colletotrichum 
gloeosporioides, Botrytis cinerea and Fusarium oxysporum 
constituted the fungal material. C. gloeosporioides and F. 
oxysporum were provided by CIRAD, Montpellier and the 
University of Montpellier, France, respectively. The B. cinerea 
was provided by INRAE Monfavet, Avignon, France. Each 
fungus was grown in a Potato Dextrose Agar medium for at 
least 7 days and stored at 4°C until use. We used C. 
gloeosporioides (anthracnose), B. cinerea (gray mold), and F. 
oxysparium (vascular wilts diseases) for their widespread 
impact on various fruits such as mango, banana, avocado, 
orange, papaya, tomato, apple, etc. In addition, these 
pathogens can cause losses before and over post-harvest 
storage. 

2.3 Preparation of the aqueous extract  

The crude aqueous extracts of Ocimum gratissimum L. leaves 
were reconstituted to a concentration of 10 % (w/v). Thus, 
100 g of powder was added to 1000 mL of ultrapure water. 
The mixture was autoclaved at 121 °C for 20 min. After 
cooling, three filtrations were performed using Whatman No1 
filter paper, sterile cheesecloth folds and cotton. The filtrate 
obtained was used to evaluate the antifungal activity tests. All 
filtration equipment was autoclaved to avoid bacterial 
contamination and aseptic conditions were ensured by a 0.42 
m/s airflow extractor hood. 

2.4 In vitro antifungal activity of aqueous 
extracts and essential oil against the fungal 
mycelial growth  

The “in vitro” antifungal assays were performed using the 
poisoned food technique as described by Busuman et al. 11 
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with slight modifications. The extract was added directly to 
the PDA medium previously prepared following the 
manufacturer's instructions that recommend 39g of PDA to 
1L of water and autoclaved at 121°C for 15 minutes. The 
concentrations of 30%, 40%, 50%, 60% and 70% (v/v) were 
constituted for the aqueous extract and the concentrations of 
250, 500 and 750 ppm for the essential oil. To facilitate the 
miscibility of the essential oil in the PDA medium, 0.05% 
Tween 80 was added. The mixture was then stirred manually 
to obtain a homogeneous medium. For each concentration, 
approximately 20 mL of the warm mixture (45-50 °C) was 
poured into sterile Petri dishes under an extractor hood (0.42 
m/s). After solidification, 5 µL of fungal suspension (106 
cells/mL) was aseptically deposited in the center of each Petri 
dish. A Bunsen burner was placed in the extractor hood to 
reinforce the aseptic conditions avoiding all possible 
contamination during the inoculation. The same procedure 
was used for the control experiments except the PDA medium 
was prepared exclusively with ultrapure water (the essential oil 
control contains Tween 80 (0.05%)). For each concentration, 
the experiments were performed in five replicates and the 
experiment was repeated twice. The inoculated Petri dishes 
were sealed with adhesive parafilm and incubated at 30 °C for 
seven days. Every 24 hours, pictures of the incubated dishes 
were taken, and the mycelial growth area was measured using 
ImageJ software. Fungal susceptibility was calculated as the 
percentage of inhibition of the surface growth (expansion) of 
mycelium compared to the control using the following 
formula 29: 

                    𝑃𝑃𝑃𝑃𝑃𝑃 = 𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚−𝑇𝑇
𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚

× 100 

Where: PGI = Percentage of growth inhibition (%); Cmoy = 
average surface area of pathogen growth in the control plate; 
T = average surface area of pathogen growth in the treated 
plate. 

2.5 Minimum inhibitory concentration and 
minimum fungicidal concentration  

The nature of the toxicity (fungistatic/fungicidal) of the oil 
and aqueous extract was determined following Thompson’s 
method 30. For concentrations where there is no mycelium 
growth, the inoculum deposited in their plates was re-
inoculated into a fresh PDA medium without plant extracts. 
The renewed growth expresses a fungistatic effect and the 
lowest concentration which produces that effect is considered 
as Minimum Inhibitory Concentration (MIC). On the other 
hand, the absence of growth means that the plant extracts have 
a fungicidal effect and the lowest concentration inducing that 
effect is the Minimum Fungicidal Concentration (MFC). 

2.6 Effect of essential oil and aqueous Extract 
on germination  

To evaluate the effect of the treatments on spore germination, 
Potato Dextrose Broth (PDB) was used following the method 
of Tian et al. 31 with some modifications. Different 
concentrations of essential oil and aqueous extract were 
prepared as described above except for the PDA medium 
replaced by PDB. A 5 µL suspension (8.106 spores/mL) of 
each fungus was added separately to 95 µL of each sample in 
an Eppendorf tube. Five replicates per concentration were 
performed simultaneously and incubation was performed at 
30°C. After 6, 24, 48 and 72 hours, the germination rate was 
determined using a hemocytometer and a light microscope. 
Germination was recorded when the germ tube could be 
identified.  

2.7 Statistical analysis 

Data were subjected to analysis of variance (ANOVA) to 
determine any differences between the treatments. The 
significant difference was assessed using Tukey's adjustment 
for multiple comparisons at p ≤ 0.05. For non-parametric 
data, a Kruskal-Wallis test with Bonferroni adjustment for 
multiple comparisons was used to determine differences (p ≤ 
0.05) between means. Statistical analysis was performed using 
RStudio software. 

3 Results  

A total of 130 questionnaires were administered. Three 
questionnaires were discarded due to errors and incomplete 
data. As a result, 127 questionnaires were analyzed giving a 
response rate of 97.7%. 

3.1 In vitro effect of essential oil on mycelial 
growth of Colletotrichum gloeosporioides, 
Botrytis cinerea and Fusarium oxysporum 

Figure 1 shows the effect of the essential oil of Ocimum 
gratissimum L., on the three phytopathogenic fungi in the "in 
vitro" test. The results revealed that the essential oil of 
Ocimum gratissimum L. has strong antifungal activity against 
Colletotrichum gloeosporioides (100% at 500 ppm), Botrytis 
cinerea (100% at 500 ppm), and Fusarium oxysporum (100% 
at 750 ppm). Furthermore, the efficacy of the essential oil 
increases with concentration and decreases with the 
incubation time. 
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3.2 In vitro effect of an aqueous extract on the 
growth of mycelia of Colletotrichum 
gloeosporioides, Botrytis cinerea and 
Fusarium oxysporum 

The aqueous extract caused inhibition of the mycelial growth 
of Botrytis cinerea, Colletotrichum gloeosporioides and Fusarium 
oxysporum (Figure 2). Its activity on the three fungal 
pathogens varied with the concentrations and decreased with 
the incubation period. Thus, the inhibition rate of Botrytis 
cinerea varies from 57.98 ± 1.06 to 100 %. While the 
inhibition rates of Colletotrichum gloeosporioides and Fusarium 
oxysporum vary from 22.37 ± 0.66 to 100 % and from 49.37 
± 2.75 to 96.4 ± 0.25 %, respectively. The decrease of effect 
on Colletotrichum gloeosporioides is higher than that of the 
other pathogens.  

3.3 Sensitivity of three pathogens to the 
aqueous extract and essential oil of 
Ocimum gratissimum L. 

For all concentrations, the essential oil reduced the mycelial 
growth of Colletotrichum gloeosporioides and Botrytis cinerea by 
more than 50 % after seven days. In contrast, for Fusarium 
oxysporum, mycelial growth was inhibited to less than 50 % 
except for the 750-ppm concentration which completely 
reduced growth (100 %) after 7 days (Figure 3). The aqueous 
extract completely inhibited the mycelial growth of Botrytis 
cinerea and Colletotrichum gloeosporioides from the 60 % (v/v) 
concentration. No concentration aqueous extract used in this 
study was able to completely stop the mycelial growth of 
Fusarium oxysporum. Globally, the three pathogens are more 
sensitive to essential oil than aqueous extract. 

 
Figure 1. Antifungal activity Ocimum gratissimum L., essential oil on the mycelial growth of Botrytis cinerea, Colletotrichum 

gloeosporioides and Fusarium oxysporum during incubation 
Means affected by different letter(s) above the bars are significantly different at the 5% level as determined by Tukey HSD or Bonferroni multiple 

comparison tests based on normal distribution of data and homogeneity of variances. 
 

 

 

 

 

Figure 2. Antifungal activity Ocimum gratissimum L., on the mycelial growth of Botrytis cinerea, Colletotrichum 
gloeosporioides and Fusarium oxysporum during incubation 

Means affected by different letter(s) above the bars are significantly different at the 5% level as determined by Tukey HSD or Bonferroni 
multiple comparison tests based on normal distribution of data and homogeneity of variances. 
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3.4 Antifungal parameters of the aqueous 
extract and essential oil of Ocimum 
gratissimum L. 

Regardless of the pathogen, the antifungal activity of Ocimum 
gratissimum L. (aqueous extract and essential oil) was strongly 
correlated with concentration (Table 1). The minimum 
inhibitory concentration for Colletotrichum gloeosporioides and 
Botrytis cinerea was the same for both aqueous extract and 
essential oil. For the essential oil, the MIC and MFC are the 
same and equal to 500 ppm for both C. gloeosporioides and B. 
cinerea. The same observation was noted with aqueous extract 
with a concentration of 60 %. These concentrations inhibited 
and killed Colletotrichum gloeosporioides and Botrytis cinerea 
over the incubation time. 

3.5 Effect of plant extracts on pathogen 
germination 

Table 2 exhibits the results of the effect of the different extracts 
of Ocimum gratissimum L. on the germination of the three 
pathogens. The results show that the aqueous extract and the 
essential oil have inhibitory properties against the germination 
of the pathogens used in this work. On the germination of 
Colletotrichum gloeosporioides, from the concentration of 40 % 
(v/v) of aqueous extract and 500 ppm of essential oil, the 
inhibition is complete (100 %) after 6 h of incubation. 
However, after 48 h of incubation, the inhibition rate was 
recorded below 50 % and even null for the 30% and 40% 
(v/v) concentrations. Only the concentration of 750 ppm 
completely stopped the germination of Colletotrichum 
gloeosporioides. 

 

 

 

Table 1. Antifungal parameters of the aqueous extract and 
essential oil of Ocimum gratissimum L. on the mycelial growth 
of Botrytis cinerea, Colletotrichum gloeosporioides, and Fusarium 
oxysporum 

 
Pathogens 

B. 
cinerea 

C. 
gloeosporioides 

F. 
oxysporum 

Aqueous 
extract 

MIC (%, 
v/v) 60 60 - 

MFC (%, 
v/v) 60 60 - 

r 0.96 0.93 0.96 

Essential 
oil 

MIC 
(ppm) 500 500 750 

MFC 
(ppm) 500 500 - 

r 0.84 0.95 0.96 
r: Spearman's Rho, MIC: minimum inhibitory concentration; MFC: minimum fungicidal 
concentration. 

For Botrytis cinerea and Fusarium oxysporum, during the first 
two days (24h and 48h), no germination was observed even in 
the control tube. Furthermore, the results revealed that the 
inhibition of germination of Botrytis cinerea and Fusarium 
oxysporum was complete during the whole incubation period 
at all concentrations of essential oil and aqueous extract 
(except for 30 %). 

4 Discussion 

Post-harvest diseases control using plant extracts is a 
promising alternative method for post-harvest product 
management and ensures Global Health. The fungicidal 
activity of some plant extracts to control different plant 
pathogens has been reported by several authors 32, 33. This 
work aims to evaluate the antifungal activity of Ocimum 
gratissimum L. (aqueous extract and essential oil) to use as a 
natural fungicide in the treatment of post-harvest diseases of 

 

Figure 3. Sensitivity of the three pathogens to essential oil and aqueous extract of Ocimum gratissimum L. after seven 
days of incubation 

Means affected by different letter(s) above the bars are significantly different at the 5% level as determined by Tukey HSD or Bonferroni multiple 
comparison tests based on normal distribution of data and homogeneity of variances. 
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fruit and vegetables such as mango, tomato, banana, and 
others. The results revealed that O. gratissimum L. aqueous 
extract and essential oil have strong antifungal activity against 
Colletotrichum gloeosporioides (causal agent of mango 
anthracnose), Botrytis cinerea (gray mold in tomato and 
mango) and Fusarium oxysporum (fusarium rot in tomato or 
mango maturity malformation). The antifungal activity of O. 
gratissimum L. could be associated with its phytochemical 
composition. According to the literature, the bioactive 
compounds in the essential oil of O. gratissimum L. are mainly 
thymol, carvacrol, citral, eugenol, geraniol, and linalool 34, 35. 
Yet, the antimicrobial properties of some of these compounds 
have been widely demonstrated such as eugenol 36; thymol 37, 

38 or linalool 39. Regarding the aqueous extract, it is thought 
to be composed of monoterpenes and sesquiterpenes which 
can induce antifungal effects by establishing hydrogen bonds 
with the active sites of target enzymes 40. Thus, the antifungal 
activity of the aqueous extract would be related to 
monoterpenes and sesquiterpenes that possess aromatic rings 
and phenolic groups. Moreover, as basil compounds, the 
inhibition rate is strongly correlated with concentrations of 
aqueous extract and essential oil of O. gratissimum L. The 
antifungal activity of essential oil and aqueous extract increases 
with concentration and decreases with the incubation time. 
This implies that the essential oil and aqueous extract of O. 
gratissimum L. have a dose-response antifungal activity as a 
function of time. The decrease of the inhibitory effect with 
time could be due to the volatilization of the active 
compounds. As the Petri dishes were sealed, this suggests that 
the essential oil or aqueous of African basil would be a contact-
antifungal agent. Even though, other phenomena like the 
adaptation of the fungus or breakdown of the active molecules 

may result in decreasing inhibitory effects. The minimum 
inhibitory concentrations of the essential oil and aqueous 
extract required to inhibit C. gloeosporioides and B. cinerea, 
were equal and estimated at 500 ppm and 60% (v/v) 
respectively. Yet, Anaruma et al. 41 reported 2000 ppm from 
Brazil as MIC against the mycelial growth of Colletotrichum 
gloeosporioides. While, for Fusarium oxysporum, the minimum 
inhibitory concentration of the essential oil found in our work 
is 750 ppm. This disagrees with Soro et al. 38 who indicate 250 
ppm as the minimum inhibitory concentration of essential oil 
of O. gratissimum L. for mycelial growth of F. oxysporum. 
Nakamura et al. 42 have reported 750 and 1500 µg/ml of O. 
gratissimum essential oil as MIC for Candida albicans and 
Candida tropicalis, respectively. Furthermore, according to the 
results reported by Stan (Tudora) et al. 43, the inhibitory 
activity of O. gratissimum against Botrytis cinerea and F. 
oxysporum is higher than that of Ocimum basilicum. These 
differences can be explained by chemical composition related 
to the geographical location of the plant. However, this 
difference can be associated with other factors including the 
age of the plant, extracting solvent, method of extraction, 
climatic conditions, harvest time, or plant part collected 10, 44. 
However, it has been reported that hydroethanolic and 
ethanolic extracts derived from O. gratissimum have not 
inhibitory effect on Candida strain ATCC 90028  45. Globally, 
the activity of essential oil is higher than aqueous extract. This 
indicates that essential oil is more concentrated in active 
compounds than aqueous extract leading to the extensive 
antifungal spectrum and broad uses of essential oil as reported 
in the literature. In addition, C. gloeosporioides and B. cinerea 
are more sensitive to the essential oil and aqueous extract of 
O. gratissimum L. than F. oxysporum. This suggests that 

Table 2. Influence of aqueous extract and essential oil of Ocimum gratissimum L. on the germination of Botrytis cinerea, Colletotrichum 
gloeosporioides and Fusarium oxysporum 

 
 Germination inhibition (%) 

 
Plant extracts 

 Botrytis cinerae Fusarium oxysporum C. gloeosporioides 

Dose 6h 24h 48h 72h 6h 24h 48h 72h 6h 24h 48h 72h 

Aqueous 
extract (%, 

v/v) 

30 - - - 0,00a - - - 0,00a 26,32±9,12bc 17,51±2,93e 0,00e - 

40 - - - 100b - - - 100b 100a 34,00±3,69d 0,00e - 

50 - - - 100b - - - 100b 100a 48,69±6,97d 4,80±4,76d - 

60 - - - 100b - - - 100b 100a 85,31±4,00c 31,20±3,11c - 

70 - - - 100b - - - 100b 100a 96,70±2,53b 46,80±6,38bc - 

Essential oil 
(ppm) 

250 - - - 100b - - - 100b 83,40±3,79b 4,4±2,07f 0,00e - 

500 - - - 100b - - - 100b 100a 97±0,71b 88,40±2,88ab - 

750 - - - 100b - - - 100b 100a 100a 100a - 

Values (mean ± SE) affected by different letter(s) are significantly different at the 5% level as determined by Tukey HSD or Bonferroni multiple comparison 
tests based on normal distribution of data and homogeneity of variances. 
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essential oil and aqueous extract are more indicated for the 
treatment of anthracnose (mango) and gray mold (tomato). 
The results showed that the O. gratissimum L. essential oil 
inhibits the germination of C. gloeosporioides at a 
concentration of 750 ppm. This observation indicates that O. 
gratissimum L. essential oil is fungistatic (at 500 ppm) and 
fungicide (at 750 ppm). Therefore, this confirms that the 
essential oil of African basil (O. gratissimum L.) can be used as 
an alternative to chemicals in the postharvest treatment of 
mango anthracnose. The minimum concentration required to 
completely inhibit the mycelial growth of C. gloeosporioides or 
B. cinerea is equal to that which definitively eliminates the 
strain with both the aqueous extract and the essential oil. 

5 Conclusion 

From the results of this study, it can be concluded that the 
aqueous extract and the essential oil of Ocimum gratissimum 
L. have high antifungal activities against Botrytis cinerea, 
Colletotrichum gloeosporioides and Fusarium oxysporum. 
Furthermore, our results showed that essential oil is more 
effective as an antifungal agent than the aqueous extract even 
though the difference in origin might affect these results. This 
study also shows that Colletotrichum gloeosporioides and 
Botrytis cinerea are more susceptible than Fusarium oxysporum. 
Therefore, essential oil and aqueous extract of Ocimum 
gratissimum L. can be recommended as a valid alternative to 
control mango anthracnose (caused by Colletotrichum 
gloeosporioides) and tomato gray mold (caused by Botrytis 
cinerea). 
 

Funding: This work is funded by Education and Research Ministry of 
Côte d’Ivoire as part of the Debt Reduction-Development Contracts 
(C2Ds) 
Acknowledgments: This project is funded by the Education and Research 
Ministry of Côte d’Ivoire as part of the Debt Reduction-Development 
Contracts (C2Ds) managed by IRD (French National Research Institute 
for Sustainable Development). 
Previous submissions: I didn’t publish with NAJFNR before 
Authors' Contribution: AFA and YS: As the lead authors of the study, 
they were responsible for conceptualizing the research idea, designing the 
study methodology, collecting, and analyzing the data, and drafting the 
manuscript. YS also took the lead in coordinating the collaboration 
among the co-authors, addressing reviewer comments, and finalizing the 
manuscript for submission, CN and FLL significantly developed the 
research design and methodology. They contributed to data collection, 
conducted statistical analyses, and provided valuable insights during the 
interpretation of results, KT critically reviewed and provided feedback on 
multiple drafts of the manuscript, enhancing its overall quality. He played 
a key role in reviewing and editing the manuscript, ensuring its clarity and 
coherence, FAT contributed to the literature review, gathering relevant 
references, and synthesizing previous research findings. He actively 
participated in data analysis discussions and contributed to the 
interpretation of results. Furthermore, He contributed to the revision 
process by providing critical feedback and suggestions for improving the 
manuscript. 
Conflicts of Interest: The authors declare that they are no competing 
interests. 
 

References 

[1] Talibi, I., Askarne, L., Boubaker, H., Boudyach, E. H., 
Msanda, F., Saadi, B., & Ait Ben Aoumar, A. 
(2012). Antifungal activity of some Moroccan 
plants against Geotrichum candidum, the causal 
agent of postharvest citrus sour rot. Crop Protection 
(Guildford, Surrey), 35, 41–46. 
https://doi.org/10.1016/j.cropro.2011.12.016   

[2] Montesinos, E. (2003). Development, registration and 
commercialization of microbial pesticides for plant 
protection. International Microbiology: The Official 
Journal of the Spanish Society for Microbiology, 6(4), 
245–252. https://doi.org/10.1007/s10123-003-
0144-x   

[3] Chang, H., Cheng, Y., Wu, C., Chang, S., Chang, T., 
& Su, Y. (2008). Antifungal activity of essential oil 
and its constituents from Calocedrus macrolepis 
var. formosana Florin leaf against plant pathogenic 
fungi. Bioresource Technology, 99(14), 6266–6270. 
https://doi.org/10.1016/j.biortech.2007.12.005   

[4] Brown, E. D., & Wright, G. D. (2016). Antibacterial 
drug discovery in the resistance 
era. Nature, 529(7586), 336–343. 
https://doi.org/10.1038/nature17042  

[5] Lee, Y.-S., Kim, J., Shin, S.-C., Lee, S.-G., & Park, I.-K. 
(2008). Antifungal activity of Myrtaceae essential 
oils and their components against three 
phytopathogenic fungi. Flavour and Fragrance 
Journal, 23(1), 23–28. 
https://doi.org/10.1002/ffj.1850   

[6] Hossain, M. A., Kabir, M. J., Salehuddin, S. M., 
Rahman, S. M. M., Das, A. K., Singha, S. K., Alam, 
M. K., & Rahman, A. (2010). Antibacterial 
properties of essential oils and methanol extracts of 
sweet basilOcimum basilicumoccurring in 
Bangladesh. Pharmaceutical Biology, 48(5), 504–
511. https://doi.org/10.3109/13880200903190977  

[7] Cragg, G. M., & Newman, D. J. (2013). Natural 
products: A continuing source of novel drug 
leads. Biochimica et Biophysica Acta. General 
Subjects, 1830(6), 3670–3695. 
https://doi.org/10.1016/j.bbagen.2013.02.008  

[8] Bellows, T. S. (2001). Restoring population balance 
through natural enemy introductions. Biological 
Control: Theory and Applications in Pest 

https://doi.org/10.1016/j.cropro.2011.12.016
https://doi.org/10.1007/s10123-003-0144-x
https://doi.org/10.1007/s10123-003-0144-x
https://doi.org/10.1016/j.biortech.2007.12.005
https://doi.org/10.1038/nature17042
https://doi.org/10.1002/ffj.1850
https://doi.org/10.3109/13880200903190977
https://doi.org/10.1016/j.bbagen.2013.02.008


 Akpo et al.                                                                                                                       Antifungal activity of African basil (Ocimum gratissimum L.) 
 

                                  
 Nor. Afr. J. Food Nutr. Res. • Volume 7 • Issue 16 • 2023                                                                                                                                           143 

 
     
 

Management, 21(3), 199–205. 
https://doi.org/10.1006/bcon.2001.0936  

[9] Droby, S., Wisniewski, M., Macarisin, D., & Wilson, C. 
(2009). Twenty years of postharvest biocontrol 
research: Is it time for a new paradigm? Postharvest 
Biology and Technology, 52(2), 137–145. 
https://doi.org/10.1016/j.postharvbio.2008.11.009  

[10] Bautista-Baños, S., Hernández-López, M., Bosquez-
Molina, E., & Wilson, C. L. (2003). Effects of 
chitosan and plant extracts on growth of 
Colletotrichum gloeosporioides, anthracnose levels 
and quality of papaya fruit. Crop Protection 
(Guildford, Surrey), 22(9), 1087–1092. 
https://doi.org/10.1016/s0261-2194(03)00117-0   

[11] Bussaman, P., Namsena, P., Rattanasena, P., & 
Chandrapatya, A. (2012). Effect of crude leaf 
extracts onColletotrichum gloeosporioides(Penz.) 
Sacc. Psyche; a Journal of Entomology, 2012, 1–6. 
https://doi.org/10.1155/2012/309046  

[12] Okigbo, R. N., & Ogbonnaya, U. O. (2006). Antifungal 
effects of two tropical plant leaf extracts (Ocimum 
gratissimum and Aframomum melegueta) on 
postharvest yam (Dioscorea spp.) rot. African 
Journal of Biotechnology, 5(9), 727–731  

[13] Adeola, S. A., Folorunso, O. S., Okedeyi, O. O., 
Ogungbe, B. F., Babatimehi, O. B., & Thanni, O. 
Z. (2014). Antioxidant and Antimicrobial Activities 
of the Volatile Oil of Ocimum gratissimum and its 
Inhibition on Partially Purified and Characterized 
Extracellular Protease of Salmonella 
enteritidis. American Journal of Drug Discovery and 
Development, 4(3), 180–193. 
https://doi.org/10.3923/ajdd.2014.180.193  

[14] Nweze, E. I., & Eze, E. E. (2009). Justification for the 
use of Ocimum gratissimum L in herbal medicine 
and its interaction with disc antibiotics. BMC 
Complementary and Alternative Medicine, 9(1). 
https://doi.org/10.1186/1472-6882-9-37  

[15] Mahajan, M., & Pal, P. K. (2023). Drought and salinity 
stress in medicinal and aromatic plants: 
Physiological response, adaptive mechanism, 
management/amelioration strategies, and an 
opportunity for production of bioactive 
compounds. In Advances in Agronomy (pp. 221–
273). Elsevier. 

[16] García-Caparrós, P., Romero, M., Llanderal, A., 
Cermeño, P., Lao, M., & Segura, M. (2019). 

Effects of drought stress on biomass, essential oil 
content, nutritional parameters, and costs of 
production in six Lamiaceae species. Water, 11(3), 
573. https://doi.org/10.3390/w11030573 

[17] Mollel, H. G., Ndunguru, J., Sseruwagi, P., Alicai, T., 
Colvin, J., Navas-Castillo, J., & Fiallo-Olivé, E. 
(2020). African basil (Ocimum gratissimum) is a 
reservoir of divergent begomoviruses in 
Uganda. Plant Disease, 104(3), 853–859. 
https://doi.org/10.1094/pdis-08-19-1675-re  

[18] Bariş, Ö., Güllüce, M., Şahi̇n, F., Özer, H., Kiliç, H., 
Özkan, H., Sökmen, M., & Özbek, T. (2006). 
Biological activities of the essential oil and methanol 
extract of Achillea biebersteinii Afan. 
(Asteraceae). Turk Biyoloji Dergisi [Turkish Journal 
of Biology], 30(2), 65–73. 
https://journals.tubitak.gov.tr/biology/vol30/iss2/2  

[19] Effraim, K. D., Jacks, T. W., & Sadipo, O. A. (2010). 
Histopathological studies on the toxicity 
of Ocimum gratissimumleave extract on some organs 
of rabbit. African Journal of Biomedical Research: 
AJBR, 6(1). 
https://doi.org/10.4314/ajbr.v6i1.54018  

[20] Freire, C. M. M., Marques, M. O. M., & Costa, M. 
(2006). Effects of seasonal variation on the central 
nervous system activity of Ocimum gratissimum L. 
essential oil. Journal of Ethnopharmacology, 105(1–
2), 161–166. 
https://doi.org/10.1016/j.jep.2005.10.013  

[21] Vieira, R. F., & Simon, J. E. (2000). Chemical 
Characterization of basil (Ocimum Spp.) found in 
the markets and used in traditional medicine in 
Brazil. Economic Botany, 54(2), 207–216. 
https://doi.org/10.1007/bf02907824  

[22] Prajapati, N.D., Purohit, S.S., Sharma, S.S., and Kumar, 
T. (2006). A handbook of medicinal plants: a 
complete source book. Agrobios. 

[23] Matasyoh, L. G., Matasyoh, J. C., Wachira, F. N., 
Kinyua, M. G., Muigai, T., & Mukiama, T. K. 
(2007). Chemical composition and antimicrobial 
activity of the essential oil of Ocimum gratissimum 
L. growing in Eastern Kenya. African Journal of 
Biotechnology, 6, 760–765. 

[24] Soumanou, M.M., and Adjou, E.S. (2016). Sweet 
Fennel (Ocimum gratissimum) Oils. In Essential Oils 
in Food Preservation, Flavor and Safety (Elsevier), pp. 

https://doi.org/10.1006/bcon.2001.0936
https://doi.org/10.1016/j.postharvbio.2008.11.009
https://doi.org/10.1016/s0261-2194(03)00117-0
https://doi.org/10.1155/2012/309046
https://doi.org/10.3923/ajdd.2014.180.193
https://doi.org/10.1186/1472-6882-9-37
https://doi.org/10.3390/w11030573
https://doi.org/10.1094/pdis-08-19-1675-re
https://journals.tubitak.gov.tr/biology/vol30/iss2/2
https://doi.org/10.4314/ajbr.v6i1.54018
https://doi.org/10.1016/j.jep.2005.10.013
https://doi.org/10.1007/bf02907824


 Akpo et al.      Antifungal activity of African basil (Ocimum gratissimum L.) 
 

 
144                                                                                                       Nor. Afr. J. Food Nutr. Res. • Volume 7 • Issue 16 • 2023 

 
 

765–773. https://doi.org/10.1016/B978-0-12-
416641-7.00087-0  

[25] Oyem, J. C., Chris-Ozoko, L. E., Enaohwo, M. T., 
Otabor, F. O., Okudayo, V. A., & Udi, O. A. 
(2021). Antioxidative properties of Ocimum 
gratissimum alters Lead acetate induced oxidative 
damage in lymphoid tissues and hematological 
parameters of adult Wistar rats. Toxicology 
Reports, 8, 215–222. 
https://doi.org/10.1016/j.toxrep.2021.01.003  

[26] Ileke, K. D., & Adesina, J. M. (2019). Toxicity of 
Ocimum basilicum and Ocimum gratissimum 
Extracts against Main Malaria Vector, Anopheles 
gambiae (Diptera: Culicidae) in Nigeria. Journal of 
Arthropod-Borne Diseases, 13(4), 362–368. 
https://doi.org/10.18502/jad.v13i4.2232  

[27] Faria, T. de J., Ferreira, R. S., Yassumoto, L., Souza, J. 
R. P. de, Ishikawa, N. K., & Barbosa, A. de M. 
(2006). Antifungal activity of essential oil isolated 
from Ocimum gratissimum L. (eugenol 
chemotype) against phytopathogenic 
fungi. Brazilian Archives of Biology and 
Technology, 49(6), 867–871. 
https://doi.org/10.1590/s1516-89132006000700002  

[28] Benelli, G., Pavela, R., Maggi, F., Nkuimi Wandjou, J. 
G., Yvette Fofie, N. G. B., Koné-Bamba, D., 
Sagratini, G., Vittori, S., & Caprioli, G. (2019). 
Insecticidal activity of the essential oil and polar 
extracts from Ocimum gratissimum grown in Ivory 
Coast: Efficacy on insect pests and vectors and 
impact on non-target species. Industrial Crops and 
Products, 132, 377–385. 
https://doi.org/10.1016/j.indcrop.2019.02.047  

[29] Kwazou, N. I., Dongmo, P. M. J., Ngoune, L. T., 
Sameza, M. I., Dongmo, B. M., Zollo, P. H. A., & 
Menut, C. (2009). Propriétés antifongiques des 
huiles essentielles de quelques plantes du genre 
Aframomum du Cameroun contre Aspergillus 
flavus. Cameroon Journal of Experimental 
Biology, 5(1). https://doi.org/10.4314/cajeb.v5i1.44456  

[30] Thompson D. P. (1989) Fungitoxic Activity of Essential 
Oil Components on Food Storage Fungi, 
Mycologia, 81:1, 151-153, 
https://doi.org/10.1080/00275514.1989.12025637  

[31] Tian, S. P., Fan, Q., Xu, Y., & Jiang, A. L. (2002). 
Effects of calcium on biocontrol activity of yeast 
antagonists against the postharvest fungal 

pathogen Rhizopus stolonifer. Plant 
Pathology, 51(3), 352–358. 
https://doi.org/10.1046/j.1365-3059.2002.00711.x  

[32] Adepoju, A., Femi-Adepoju, A., & Ogunkunle, T. 
(2014). Antifungal Activities of Seed Oil of Neem 
(Azadirachta indica A. Juss.). 
https://papers.ssrn.com/abstract=4459174  

[33] Jayaseelan, C., Ramkumar, R., Rahuman, A. A., & 
Perumal, P. (2013). Green synthesis of gold 
nanoparticles using seed aqueous extract of 
Abelmoschus esculentus and its antifungal 
activity. Industrial Crops and Products, 45, 423–
429. https://doi.org/10.1016/j.indcrop.2012.12.019  

[34] Mith, H., Yayi-Ladékan, E., Sika Kpoviessi, S. D., Yaou 
Bokossa, I., Moudachirou, M., Daube, G., & 
Clinquart, A. (2016). Chemical composition and 
antimicrobial activity of essential oils ofOcimum 
basilicum,Ocimum canumandOcimum 
gratissimumin function of harvesting time. Journal 
of Essential Oil-Bearing Plants, 19(6), 1413–1425. 
https://doi.org/10.1080/0972060x.2014.890076  

[35] Koffi, A. M., Tonzibo, Z. F., Delort, L., Ruiz, N., 
Caldefie-Chézet, L., & Chalchat, J. C. (2013). 
Corrélation entre la composition chimique et 
l’activité antifongique des huiles essentielles à 
prédominance thymol sur Candida albicans et 
Aspergillus fumigatus. Phytothérapie, 11(2), 134–
139. https://doi.org/10.1007/s10298-013-0767-9  

[36] Rizvi, A., Khan, M., Verma, P., Saxena, G. (2014). 
Biochemical Activity of Ocimum 
gratissimum Essential Oil Against Fruit-Rotting 
Fungi Penicillium expansum and Penicillium 
digitatum. In: Kharwar, R., Upadhyay, R., Dubey, 
N., Raghuwanshi, R. (eds) Microbial Diversity and 
Biotechnology in Food Security. Springer, New Delhi. 
https://doi.org/10.1007/978-81-322-1801-2_30    

[37] Chillet, M., Minier, J., Hoarau, M., & Meile, J.-C. 
(2019). Potential use of thymol to control 
anthracnose development in mango. European 
Journal of Plant Pathology, 155(3), 943–952. 
https://doi.org/10.1007/s10658-019-01825-9  

[38] Soro, S., Abo, K., Kone, D., Coffi, K., & Kouadio, J. Y. 
(2011). Comparaison de l’efficacité antifongique de 
l’huile essentielle d’Ocimum gratissimum L. et du 
fongicide de synthèse mancozèbe contre le 
mycopathogène tellurique, Fusarium oxysporum f. 
Sp. Radicis-lycopersici en cultures de tomate 

https://doi.org/10.1016/B978-0-12-416641-7.00087-0
https://doi.org/10.1016/B978-0-12-416641-7.00087-0
https://doi.org/10.1016/j.toxrep.2021.01.003
https://doi.org/10.18502/jad.v13i4.2232
https://doi.org/10.1590/s1516-89132006000700002
https://doi.org/10.1016/j.indcrop.2019.02.047
https://doi.org/10.4314/cajeb.v5i1.44456
https://doi.org/10.1080/00275514.1989.12025637
https://doi.org/10.1046/j.1365-3059.2002.00711.x
https://papers.ssrn.com/abstract=4459174
https://doi.org/10.1016/j.indcrop.2012.12.019
https://doi.org/10.1080/0972060x.2014.890076
https://doi.org/10.1007/s10298-013-0767-9
https://doi.org/10.1007/978-81-322-1801-2_30
https://doi.org/10.1007/s10658-019-01825-9


 Akpo et al.                                                                                                                       Antifungal activity of African basil (Ocimum gratissimum L.) 
 

                                  
 Nor. Afr. J. Food Nutr. Res. • Volume 7 • Issue 16 • 2023                                                                                                                                           145 

 
     
 

(Lycopersicon esculentum mill.) Sous abri en Côte 
d’Ivoire. Agronomie Africaine, 23, 43–52 

[39] Pandey, A. K., Singh, P., & Tripathi, N. N. (2014). 
Chemistry and bioactivities of essential oils of some 
Ocimum species: an overview. Asian Pacific Journal 
of Tropical Biomedicine, 4(9), 682–694. 
https://doi.org/10.12980/apjtb.4.2014c77  

[40] Mohr, F. B. M., Lermen, C., Gazim, Z. C., Gonçalves, 
J. E., & Alberton, O. (2017). Antifungal activity, 
yield, and composition of Ocimum gratissimum 
essential oil. Genetics and Molecular Research: 
GMR, 16(1). https://doi.org/10.4238/gmr16019542  

[41] Anaruma, N. D., Schmidt, F. L., Duarte, M. C. T., 
Figueira, G. M., Delarmelina, C., Benato, E. A., & 
Sartoratto, A. (2010). Control of Colletotrichum 
gloeosporioides (penz.) Sacc. In yellow passion fruit 
using Cymbopogon citratus essential oil. Brazilian 
Journal of Microbiology, 41(1), 66–73. 
https://doi.org/10.1590/s1517-83822010000100012  

[42] Nakamura, C. V., Ishida, K., Faccin, L. C., Filho, B. P. 
D., Cortez, D. A. G., Rozental, S., de Souza, W., & 
Ueda-Nakamura, T. (2004). In vitro activity of 
essential oil from Ocimum gratissimum L. against 
four Candida species. Research in 
Microbiology, 155(7), 579–586. 
https://doi.org/10.1016/j.resmic.2004.04.004  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[43] Stan (Tudora), C., Nenciu, F., Muscalu, A., Vlăduț, V. 
N., Burnichi, F., Popescu, C., Gatea, F., Boiu-
Sicuia, O. A., & Israel-Roming, F. (2022). 
Chemical composition, antioxidant and 
antimicrobial effects of essential oils extracted from 
two new Ocimum basilicum L. 
varieties. Diversity, 14(12), 1048. 
https://doi.org/10.3390/d14121048  

[44] Okigbo, R. N. (2005). Biological control of postharvest 
fungal rot of yam (Dioscorea spp.) withBacillus 
subtilis. Mycopathologia, 159(2), 307–314. 
https://doi.org/10.1007/s11046-004-2454-8  

[45] Klotoe, J. R., Fanou, B. A., Agbodjento, E., Houehou, 
A., Fah, L., Dougnon, V., Assogba, P., & Loko, F. 
(2021). Antifungal activity of Ocimum 
gratissimum L., Lantana camara L. & Pteleopsis 
suberosa Engl. & Dies used in the treatment of 
vulvovaginal candidiasis in Benin. Future Journal of 
Pharmaceutical Sciences, 7(1). 
https://doi.org/10.1186/s43094-021-00383-4  
 

 

 

 

 

 

 

 

 

https://doi.org/10.12980/apjtb.4.2014c77
https://doi.org/10.4238/gmr16019542
https://doi.org/10.1590/s1517-83822010000100012
https://doi.org/10.1016/j.resmic.2004.04.004
https://doi.org/10.3390/d14121048
https://doi.org/10.1007/s11046-004-2454-8
https://doi.org/10.1186/s43094-021-00383-4

	1 Introduction
	2 Material and methods
	2.1 Plant material
	2.2  Fungal material
	2.3 Preparation of the aqueous extract
	2.4 In vitro antifungal activity of aqueous extracts and essential oil against the fungal mycelial growth
	2.5 Minimum inhibitory concentration and minimum fungicidal concentration
	2.6 Effect of essential oil and aqueous Extract on germination
	2.7 Statistical analysis

	3 Results
	3.1 In vitro effect of essential oil on mycelial growth of Colletotrichum gloeosporioides, Botrytis cinerea and Fusarium oxysporum
	3.2 In vitro effect of an aqueous extract on the growth of mycelia of Colletotrichum gloeosporioides, Botrytis cinerea and Fusarium oxysporum
	3.3 Sensitivity of three pathogens to the aqueous extract and essential oil of Ocimum gratissimum L.
	3.4 Antifungal parameters of the aqueous extract and essential oil of Ocimum gratissimum L.
	3.5 Effect of plant extracts on pathogen germination

	4 Discussion
	5 Conclusion
	References

