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Abstract 

Carapa procera oil is traditionally used for various pathologies including dermatoses. This study evaluates two the 
method of extraction of oil. The physicochemical characteristics, the antioxidant activity, and the antifungal properties 
were conducted respectively according to the ISO methods, DPPH method, and disc method plates while a 

phytochemical screening was performed by the colouring method, and the Thin Layer Chromatography (TLC). The 
results revealed that the iodine, saponification and refraction index vary from 68.50 to 73.11 gI2/100 g, 197.70 to 198 
mgKOH/g and 1.46 respectively. The antioxidant activity ranged from 715.8 to 115.3 mg/mL and the inhibition 
diameters on the fungal germs revealed 18 to 21 mm for Candida albicans strains and 23 to 25 mm for Trichophytic 
isolates. The presence of terpenoids, flavonoids, sterols and alkaloids have been proven. The extraction solvent 
assisted method retain the antioxidant activity and antifungal activity.  
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1. Introduction

The vegetable oil obtained from oilseeds not only plays an important role in human nutrition and in industries, but 
also in the economy of the producing countries as well. Most edible oils are obtained from so-called conventional 
plants such as, palm seeds, sunflower, olive etc. Besides this group of conventional oilseed plants, there are 
unconventional oilseeds which represent a very important part of the Africa’s non-timber forest products [1]. The 
fruits of these plants contain 40-60 % fat. They are invisible sources of lipids and could thus constitute a potential raw 
material for oil mills [2]. 

Several of these plants have been studied to determine the physicochemical characteristics of their fat content [1, 2]. 
Among these is the species Carapa procera, a tropical plant that grows in hot, humid areas. 

The oil of this species is known for its anti-inflammatory properties [3]. It is used as anti-mosquito ointment [4], 
antimalarial [5], against termites [6] against dermatophytes [7]. It is also used in cosmetology for the production of 
soap in the treatment of skin and hair care [8]. 

Given the importance of this oil, this present study aims, in addition to the determination of the physicochemical 
characteristics, to evaluate its antioxidant and antifungal properties according to two extraction methods. 
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2. Material and methods 

The biological material consisted on one hand, of the oil obtained from the seeds of Carapa procera, and on the other 
hand microorganisms made up of three fungal germs, they are: 5 strains of Candida albicans (656, 657, 661, 667 and 
669), and 2 isolates (Trichophyton mentagrophytes and Trichophyton soudanense) selected because of their 
mucocutaneous pathogenicity. These germs isolate were provided by the mycology department of the Institut Pasteur 
of Côte d’Ivoire (IPCI). 

The oil used in this study was extracted by two methods: 

On one hand solvent assisted method was used according to ISO 659 [9]. In a balloon containing some pumice stones 
previously dried in an oven and cooled in a desiccator, 150 mL of hexane was added. In a cartridge, 10 g of crushed 
Carapa procera seeds were introduced and fixed to Soxhlet. Continuous extraction was performed at 60 °C for 6 hours. 
At the end of this process, the hexane was removed in a rotavapor and then in an oven at 103 °C for 10 min. The oil 
obtained are named H1F and H1V respectively, when used in the few days following its extraction and when used 6 
months later. 

 And on the other hand, in a traditional extraction method, in this case after harvesting and sorting out, the nuts of 
good quality are boiled in water until softening of the hull. The nuts were then removed from the hulls and put in piles 
and then fermented for a week. They were then stripped of their integument and crushed. The resulting paste was 
roasted in a fire pot with the addition of water gradually. The oily portion was recovered and dried in an oven for 
three hours at 103 °C. The oil, thus obtained are named H2F and H2V when used immediately for the microbiological 
tests and when used after 6 months respectively. 

Furthermore, the determination of the physicochemical characteristics was performed to determine the following 
parameters: density and the pH according to the UICPA method [10], and that of Afane et al., [11] respectively. As well as 
peroxide’s index, refraction, iodine and saponification. These parameters have been determined according to the 
methods described in the ISO standard of 3960 [12], ISO 3657 [13], ISO 6320 [14], and ISO 3961 [15] respectively. And 
the parameters such as color and acidity have been determined according to ISO 27608 [16] and ISO 660 [17] 
respectively. 

Furthermore, a phytochemical screening performed at the same time made it possible to identify the chemical 
compounds contained in this oil extract. This screening was carried out using the conventional colouring reactions 
and by Thin Layer Chromatography (TLC) with the solvent mixture dichloromethane/ethyl acetate/hexane (2/0.5/1) 
(V/V/V) as eluent.  Sterols and terpenes have been revealed by Liebermann-Bürchard's reagent, and Godin's reagent 
has revealed sterols, terpenes and flavonoids. Subsequently the antioxidant activity was determined using the 
spectroscopic assay (DPPH), and the colour intensity was measured in a spectrophotometer. 

Thus, during this experiment, a concentration range of 1000, 800, 600, 400, 200, 100, 50 mg/mL was prepared from 
the oils incorporating chloroform. To a volume of 0.1 mL of each of these concentrations was added 3.9 mL of a 0.06 
mM DPPH solution in methanol (prepared extemporaneously). The absorbance of the mixture was measured at 515 
nm after 20 min. A solution of α-tocopherol, DDPH and methanol were used as a control. The antioxidant activity was 
determined by the ratio: [(OD DPPH-OD oil) / (OD DPPH)] × 100. 

Furthermore IC50 and IC90 values were determined graphically. The antimicrobial tests were performed using the disc 
diffusion method, paper disc were impregnated with Carapa procera oil at a concentration of 200 mg/mL, on the 
surface of an agar medium previously inoculated by flooding with a fungal inoculum Candida albicans of 24 hours or 
Trichophyton of 5 days of culture with an optical density between 0.12 and 0.15 (1-5.106 CFU/mL). 

 Indeed, after flooding, the boxes were put in an oven at 25 °C for 15 min before the dropping of 6 mm diameter disks 
impregnated and sterilized by autoclave for 1 hour. Subsequently the whole was incubated for 18-24 h at 37 °C for 
Candida strains and 5-7 days at 25 °C for Trichophyton isolate. The sensitivity of the fungal strains was evaluated with 
the usual molecules, Miconazole 50 μg (MCZ50), Amphotericin B 100 μg (AB100), Ketoconazole 50 μg (KET50), and 
Clotrimazole 50 μg (CTR50) according to the same protocol. Thus, the diameter of the zone of inhibition makes it 
possible to appreciate the sensitivity and the activity of the oil. The strain is sensitive if the diameter is ≥ 10 mm. 

In addition, the antifungal parameters Minimum Inhibitory Concentration (MIC) and Minimum Fungicidal 
Concentration (MFC) were respectively determined in liquid medium for the MIC by turbidity and then in agar 
medium for the MFC. In fact, in a series of 6 hemolytic tubes numbered from T1 to T6, 1 mL of the pure inoculum was 
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introduced and then 1 mL of concentrated oil extract 200, 100, 50, 25, 12.5 and 6.75. Separately, two control tubes, 
one for growth control and the other for medium sterility control were prepared. In other to facilitate the miscibility 
of the oils in the liquid medium, the Tween 80 has been used. 

After inoculation all test tubes and control tubes were incubated at 37 °C for 24 hours for Candida albicans and 5-7 
days for Trichophyton isolate. The MFC values were determined after reading the value of the MIC value and then 
seeding its content on a petri dish agar medium following inoculum dilution of 10°, 10-1, 10-2, 10-3 and 10-4. 

The software STATISTICA 8.0 was used for analysis of variance and comparison of averages with the Newman-Keuls 
test at the significance level (P ˂ 5 %). 

In addition, the ed50V10 software made it possible to determine the IC50 and IC90 values for the antioxidant capacity 
of each oil.  

3. Results  

The results concerning the physicochemical characteristics of the oils are presented in Table 1. Some parameters 
compared according to the extraction method used are identical: density, pH, the peroxide value, the saponification 
value, the refractive index. On the other hand, other parameters such as colour, acidity, iodine value and impurity 
showed a significant difference at P ˂ 0.05. 

With regard to phytochemical screening, we observed that the oil extracted by both methods contained terpenoid, 
sterol, flavonoid and alkaloids. 

 As for the antioxidant activity, the IC50 value of the oil extracted traditionally was 715.8 ± 5.00 mg/mL against 1151.3 
± 3.00 mg/mL for the oil extracted with solvent. The IC90 values of the two oils are 1429.1 ± 2.00 mg/mL and 2351.2 ± 
0.55 mg/mL for the conventional oil and the solvent extracted oil respectively (Table 1).  

 Table 1 Physicochemical characteristics of oils extracted 

Physicochemical parameters Conventional oil Solvent extracted oil 

Density at 20 °C 0.91 ± 0.01a 0.91 ± 0.07a 

Refraction index at 20 °C 1.46 ± 0.01a 1.46 ± 0.01a 

Saponification value (mg KOH/g) 197.70 ± 0.01a 198.00 ± 0.02a 

Peroxide value (meq O2/kg) 2.89 ± 0.04a 3.09 ± 0.05a 

pH at 20 °C 4.54 ± 0,01a 5.2 ± 0.01b 

Colour at 60 °C 9.10 ± 0.01b 6.2 ± 0.01a 

Iodine value (gI2/100g) 73.11 ± 0.06b 68.50 ± 0.03a 

Acidity 12.72 ± 0.05b 2.88 ± 0.04a 

Impurity (%) 0.28 ± 0,02b 0.13 ± 0.01a 

(a, b) The letters followed by the same figure on the same line are identical 
 

In addition, antifungal activity showed inhibition diameters of 19.33 ± 0.29 to 24.00 ± 1.00 on Candida albicans strains 
and Trichophyton isolate with H1F extract. With the H1V extract, the values vary from 18.67 ± 0.58 to 23.00 ± 0.80 in 
all fungal germs. As for the H2F and H2V oil extracts, the values revealed are 18.00 ± 0.50 to 25.33 ± 1.33 and 18.50 ± 
1.50 to 25.00 ± 1.20. On the same microbial strain, the diameters are statistically identical at (P ˂ 0.05). They form a 
homogeneous group according to the Newman-Keuls test at the threshold (α = 5 %) (Table 2). 
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Table 2 Antifungal activity of Carapa procrera oil 

Type 
of oil 

Candida albicans Trichophyton 
mentagrophytes 

Trichophyton 

soudanense 

657 656 661 667 669 Clinical isolates 

H1F 20.00 

±2.00a 

19.67 

±1.53a 

21.33 

±1.52a 

21.00 

±1.00a 

19.33 

±0.29a 

24.00 ±1.00a 21.67 ±1.53a 

H1V 20.50 

±2.59a 

20.33 

±1.15a 

20.17 

±1.04a 

21.83 

±0.76a 

18.67 

±0.58a 

23.00 

±0.80a 

20.67 

±2.08a 

H2F 21.17 

±2.02a 

20.00 

±1.73a 

20.67 

±2.08a 

19.50 

±1.80a 

18.00 

±0.50a 

25.33 

±1.33a 

24.33 

±1.15a 

H2V 21.00 

±1.65a 

20.83 

±2.02a 

20.83 

±1.26a 

20.00 

±0.50a 

18.50 

±1.50a 

25.00 

±1.20a 

23.67 

±1.10a 

(a, b) The figures followed by the same letter in the column are identical 
 

In addition, the MIC values of the H1F and H2F oils are 25 mg/mL for Candida albicans and 50 mg/mL for 
Trichophyton mentagrophytes. MFC values are 100 mg/mL for Candida albicans and Trichophyton mentagrophytes and 
200 mg/mL for Trichophyton soudanense (Table 3). Concerning the usual molecules, the inhibition diameters are 
represented in the table 4. 

Table 3 Antifungal parameters MIC and MFC of the different oils 

Type of oil Candida  

albicans 

Trichophyton  

mentagrophytes 

Trichophyton soudanense 

MIC MFC MIC MFC MIC MFC 

H1F 25 100 25 100 50 200 

H2F 25 100 25 100 50 200 

H1V nd nd nd nd nd nd 

H2V nd nd nd nd nd nd 

nd : not determined 
 

Table 4 Diameter of zones of inhibition for the usual antifungals 

Usual molecules Inhibition Diameters 

Candida  

albicans 

Trichophyton 
mentagrophytes 

Trichophyton 
soudanense 

MCZ 50 26-38 (S) 28 (S) 28 (S) 

CTR 50 nd 19 (S) 18 (S) 

AB100 nd 7 (R) 7 (R) 

KET50 nd 14 (S) 12.5 (S) 

nd : not determined   S : Sensitive      R : Resistant 
 

In addition, the characterization of the microorganisms is based on the correlation between the parameters the 
synthetic factors also the projection of the fungal germs in the factorial plane. Thus, the extracts (H1F, H1V, H2F, H2V) 
giving a negative correlation at factor 1 (axis1) accumulate 86.90 % of the total variance. The correlation coefficients 
(r) are: - 0.95; - 0.86, - 0.95; - 0.96 for H1F, H1V, H2F and H2V respectively. As for the factor 2  
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(axis 2) the H1V extract is negatively correlated with r = - 0.48; while the H2F extract is positively correlated to this 
same factor with r = 0.30. This factor contributes 9.97 % of the total variance. It is from these correlations between the 
variables and the factors (1 and 2) that the dispersion of the strains in the factorial plane or dispersion plane (Figure 
1) is interpreted. Thus, we distinguished 4 groups of germs’ sensitivities according to the extracts tested (Figure 2): 

- Group 1 consisted of the 4 strains of Candida albicans 661, 656, 657, 669, is characterized by germs sensitive to all 
the oils extracts either extracted in a traditional way, or with the solvent, either fresh or old. 

- Group 2 consisted only of the Candida albicans 667 strain. It is characterized by a slightly more pronounced 
sensitivity to the solvent extraction oil (H1) than the traditional extraction oil (H2). 

- Group 3 consisted of the Trichophyton mentagrophytes isolate with same sensitivity to all oils (H1 and H2). 

- and Group 4 consisted only of the Trichophyton soudanense isolate has a higher sensitivity to H2 (traditional 
extracted oil) than to H1 (solvent extracted oil). 

 

Figure 1 Correlations variables- principal factors 
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Figure 2 Microorganisms group determined by ACP 

                                TM : Trichophyton mentagrophytes isolate ; TS : Trichophyton soudanense isolate 

                          CA656, CA 657, CA661, CA667, CA669 (Candida albicans strains 656, 657, 661, 667, 669). 

4. Discussion 

The physicochemical characterization has shown that the physicochemical parameters such as refractive index, 
density, saponification value and peroxide value are statistically identical in oils obtained from the two extraction 
methods. Unlike the parameters; colour, iodine value, acidity, pH, impurity which is statistically different. The 
variation in the saponification and iodine values highlighted in our study had been confirmed by other studies. 
According to some authors, these values vary from 188-201 for the saponification value and 61.80-73.00 for the 
iodine value [3, 6]. The present study has shown that the saponification value of Carapa procera oil is statistically 
equivalent to that of other oilseeds such as jatropha (199), cotton (195) and palm oil 196-205 [18]. As for the iodine 
value obtained, is higher than that of palm oil whose values ranged between 50-55 [19] and which represents the 
most consumed oil in the world [20]. The results obtained could justify the use of Carapa procera oil in the production 
of soap. In addition, the iodine value (68-73) revealed that Carapa procera oil is more fluid compared to palm oil (50-
55). 

In addition, the acidity of the traditional extracted oil was 12.72 which is much higher than that of the solvent 
extracted oil (2.88). This acidity is linked to the fermentation of oil seeds during the 7 days, thus causing a hydrolysis 
of fatty acids. 

On the other hand, the peroxide values of 2.89 meq O2/kg and 3.09 meq O2/kg obtained for H2 and H1 respectively 
revealed that our oils have been less oxidized. This is in line with the recommendations of 15 meq O2/kg for non-
refined oil [4]. As for the characteristics such as refractive index (1.458) and density (0.9081), they are identical to 
those obtained by Mutinsumu et al. [21]. 

Regarding the antioxidant activity, analysis revealed that oils extracted by the traditional methods (H2) and solvent 
assisted (H1) have IC50 of 715 mg/mL and 1149.6 mg/mL respectively. It turns out that H2 oil has the best 
antioxidant capacity. This could be due to the process of obtaining the H1 oil that would be related to excessive 
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heating. Indeed, according to Ferreira et al. [22], heating during a solvent extraction could be responsible for the 
reduction in the antioxidant capacity of the oil. 

As for the antifungal properties of Carapa procera oil on the growth of Candida albicans strains, Trichophyton 
mentagrophytes and Trichophyton soudanense strains, the study showed that this oil inhibits their growth. 

This antifungal activity is more intense on the Trichophyton mentagrophytes and Trichophyton soudanense isolates. 
Moreover, the inhibition diameters of fungal germs with extracts of Carapa procera are lower than those of 
Miconazole. However, when it comes to the molecules of Ketoconazole, Amphotericin B and Cotrimazole, the 
diameters of inhibition are lower than those obtained with these same oils. Considering the works of Biyiti et al., in 
2004 [23], an extract is considered active if the diameter of the zone of inhibition is greater than or equal to 10 mm. 
Therefore, in view of the values obtained with the Carapa procera oil extracts, it follows that these extracts are active 
on the fungal germs tested. This justifies its traditional use against dermatoses. 

In addition, thin-layer chromatography and conventional colouring tests have revealed terpenoid, flavonoid, sterol 
and alkaloid. These results corroborate with those of Dioum et al., in 2013 [3]. The antimicrobial capacity of Carapa 
procera oil would be related to the presence of these compounds that are known for their antimicrobial properties 
that act through a synergistic action. 

5. Conclusion 

The study of the physicochemical, antioxidant and antifungal properties of the Carapa procera oil has shown that not 
only the values of the parameters obtained confirm those of conventional oleaginous materials but also the antifungal 
effects of these oils on dermatoses. They also justify the fluidity of this oil, as well as its use in local soap production. 
Moreover, these properties are preserved in view of the activities of the extracts (fresh or old). 

In addition, the extraction of this oil according to the solvent assisted method also retains the essential biological 
properties of this oil (anti-radical effects and antimicrobials). It would be necessary to perform bioguided extraction 
to improve on antifungal and anti-radical activity and isolate the molecules responsible for this antifungal activity of 
the oil.  
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