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ABSTRACT 

  

Anthracnose is a major disease of cowpea caused by Colletotrichum capsici, responsible 
for yield losses of up to 85% in the field. Although synthetic fungicides are commonly used 
to control this disease and are generally effective, their use has detrimental effects on the 
environment and human health. Therefore, plant extracts represent a promising 
alternative. This study aimed to investigate the antifungal activity of phytochemical 
compounds present in Balanites aegyptiaca (L.) Del. seed extracts, as identified by GC-
MS, against C. capsici. Phytochemical screening and GC-MS analyses were carried out, 
and in vitro inhibition tests were conducted using aqueous and organic (methanolic and 
acetonic) extracts of B. aegyptiaca seeds at concentrations of 12.5, 25 and 50 μL·mL⁻¹, 
compared with a control (0 μL·mL⁻¹) and a commercial fungicide containing 80% Maneb 
at 3.33 g·L⁻¹. The tests were performed against two isolates of C. capsici collected from 
the Akonolinga locality. Mycelial growth, as well as the minimal inhibitory concentrations 
(MIC₅₀ and MIC₉₀), were evaluated. The results showed that phytochemical screening and 
GC-MS analysis revealed the presence of several secondary metabolites and bioactive 
compounds in B. aegyptiaca seed extracts with known antifungal properties. The most 
abundant compounds were pyridine (52.05%) in the aqueous extract and 9-
octadecenamide (29.79%) in the organic extracts. Both aqueous and organic extracts at 
50 μL·mL⁻¹ inhibited up to 93% of mycelial growth in the two C. capsici isolates. The lowest 

MIC₅₀ values were obtained with the aqueous extract (5.81 μL·mL⁻¹ and 9.21 μL·mL⁻¹) for 
isolates CAK01 and CAK05, respectively. Based on these results, B. aegyptiaca seed 
extract appears to be a promising natural antifungal source, warranting further field trials 
to confirm its potential efficacy under natural conditions. 

  

 
. 
INTRODUCTION 
 
Cowpea (Vigna unguiculata L. Walp.) is one of the 
most important legumes cultivated in the hot, arid, and 
semi-arid regions of sub-Saharan Africa, where other 
crops often fail due to their poor adaptation to drought, 
high temperatures, and poor soils (Lalsaga and Drabo, 
2017; Hamidou et al., 2018). Rich in protein (23–25%) 
and carbohydrates (64%), cowpea grain also contains 
essential nutrients such as thiamine, niacin and 
riboflavin (Jackson, 2009; Modu et al., 2010). It is an 
important source of protein and essential amino acids 
including lysine, tryptophan, phenylalanine, valine, 
threonine and methionine in the human diet (USDA, 
2004; Néya et al., 2019). Cowpea is also recognized 
for its ability to fix atmospheric nitrogen, up to 240 
kg/ha, through a symbiotic association with Rhizobium 
bacteria present in the nodules of its roots, thus 
contributing to improved soil fertility (Kaboré, 2004; 
Husson et al., 2010). 

Despite its many roles, the cultivation of this 
legume remains subject to various biotic and abiotic 
stresses. Among these, fungal diseases represent a 
major constraint, leading to significant economic losses 
in terms of yield (Chowdappa et al., 2013). 
Anthracnose, caused by Colletotrichum capsici (Syd.) 
Butler & Bisby, is one of the most devastating diseases 
of cowpea, especially during periods of high humidity, 
potentially causing up to 85% yield losses in the field 
without appropriate phytosanitary measures (Alabi, 
1994). To limit the damage caused by this disease, 
producers resort to synthetic fungicides; however, 
these have toxic effects on the environment and 
human health and promote the emergence of resistant 
pathogenic strains (Adam et al., 2010). In this context, 
biopesticides appear as a promising alternative, as 

they are locally available, biodegradable, and non-toxic 
to humans and the environment (Faye, 2010; Sané et 
al., 2018; Traoré et al., 2019). Numerous studies have 
also highlighted the biopesticidal efficacy of plant 
extracts rich in natural bioactive compounds (Djeugap 
et al., 2023; Dida et al., 2024; Bolie et al., 2025). 

Plant extracts rich in secondary metabolites 
such as terpenoids, phenols, tannins, and nitrogen 
compounds have attracted increasing attention in 
recent years as alternative strategies for controlling 
plant diseases and pests. These extracts contain 
bioactive compounds capable of triggering plant 
defense mechanisms and inducing systemic 
resistance against phytopathogenic fungi (Desoky et 
al., 2019). 

Balanites aegyptiaca (L.) Del., belonging to the 
family Balanitaceae, is widely distributed across 
southern Asia and Africa. It is a multi-branched, thorny 
tree adapted to arid and semi-arid environments. This 
species is valued in traditional medicine and used as a 
source of food, oil, and fodder. Moreover, it serves as 
a potential agroforestry and windbreak species (Elfeel 
and Warrag, 2011). Several studies have reported its 
insecticidal (Elamin and Satti, 2013), fungicidal 
(Haruna et al., 2020; Toka et al., 2023), antimicrobial 
(Emad et al., 2012), vermifugal and anthelmintic 
(Dwivedi et al., 2009), as well as fasciolicidal (Al Ashaal 
et al., 2010) properties. The antiparasitic activity of B. 
aegyptiaca bark, root, and seed extracts has also been 
extensively documented. The present study aimed to 
evaluate the antifungal activity of phytochemical 
compounds detected in B. aegyptiaca (L.) Del. seed 
extracts by GC-MS against Colletotrichum capsici. 
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MATERIALS AND METHODS 
 
Isolation and identification of Colletotrichum 
capsici 

 
The plant material consists of cowpea pods 

harvested from the experimental field not treated with 
synthetic fungicide. The field is located in Akonolinga, 
Nyong et Mfoumou Department in the Centre Region 
of Cameroon (N 03°48', E 012°15'). Isolates were 
obtained using the method used by Photita et al. (2005) 
and coded (CAK01 and CAK05). Cowpea pods of the 
symptomatic plants were cut (small fragments of 3 mm) 
and washed with distilled water, followed by blotting of 
excess moisture and disinfected with sodium 
hypochlorite (10%) solution for 2 min. These fragments 
were deposited on Potato dextrose agar (PDA) 
amended with ampicillin (250 mg/L) and streptomycine 
(200 mg/L) for fungus isolation and Petri dishes were 
incubated for 6 days at 27 °C. The mycelium that 
emerged was subcultured on a PDA medium to obtain 
a pure explant (Hibar et al., 2007). The identification of 
the different pure isolates was made by observing the 
different cultural and microscopic characteristics of 
Colletotrichum capsici and their comparison to a 
reference C. capsici isolate. In culture on PDA culture 
medium, C. capsici has a gray mycelial mass 
characterized by an absence of sclerotia. Under the 
microscope, the acervuli are made up of conidiophores 
producing conidia and numerous long, black-brown to 
black bristles protruding from the conidial mass. The 
conidia are unicellular, hyaline, fusoid with rounded 
and slightly hooked ends, most often falcate (Sérémé 
et al., 2001) 
 
Preparation of Balanites aegyptiaca seeds extracts  

 
The mature fruits of B. aegyptiaca were 

collected from Bibemi district, Northern Region of 
Cameroon (N 04°12', E 11°24', then the identification 
was confirmed at a National Herbarium. The seeds 
kernels were grounded using manual hand mill grinder. 
Acetone and methanol extracts were prepared by 
macerate 500 g of powder in 2 liters of each solvent for 
72 hours. After filtration using filter paper, the solutions 
were transferred to the rotary vapor (Büchi R-200 
Rotary Evaporator at 60 °C), for the separation of the 
solvent from the extractable compounds (Gayathri and 
Sahu, 2015; Zhang et al., 2018; Haruna et al., 2020). 
The extract obtained after evaporation was stored in 
refrigerator at 4 °C until use. The aqueous extracts 
were obtained by maceration of 100 g of powder in 200 
mL of distilled water and filtered through of fine muslin 
(Zhang et al., 2018).  
 
Phytochemical screening of extracts 

 
The classes of secondary metabolites present 

in the aqueous, methanol and acetone extracts of B. 
aegyptiaca seeds were determined by adapting 
standard procedures described by Alhassan et al. 
(2018). Tannins and polyphenols were identified by the 
FeCl3 test and Stiasny's reagent; flavonoids by the 
cyanidin reaction; saponosides by the foam test; 

quinones by the Bornträger test; triterpenes and 
steroids by the Liebermann-Burchard test and finally 
alkaloids by the Mayer and Dragendorf tests (Koffi et 
al., 2015). These techniques are based on the turbidity, 
precipitation and foam of the extracts in the presence 
of different reagents characterizing each class of 
secondary metabolites. 
 
Extracts analysis Through Gas Chromatography-
Mass Spectrometry (GC-MS) Method 

 
Balanites aegyptiaca seed extracts (aqueous, 

methanol and acetone) were analyzed by gas 
chromatography coupled with mass spectrometry (CG-
MS), using an Autosystem XL gas chromatograph 
(Agilent GC 7890A) equipped with a split mode 
vaporization injector (1:50) interfaced with a 
Turbomass Perkin-Elmer mass spectrometer (Agilent 
5975 C TAD VL MSD). The analytical parameters were 
helium as the carrier gas with the column flow rate of 
1.21 mL/min. The oven temperature program was 
40 °C for 3 min, then increased at 5 °C/min to 180 °C, 
followed by 15 °C/min to 240 °C and finally 10 °C/min 
to 300 °C (isotherm 15 min). A fused silica capillary 
column, 30 × 25 mm internal diameter and 30 × 32 mm 
(DB-1; 100 % di-15099 Methylpolysiloxane) was used.  

The ion source and transfer line were 
maintained at 200 and 280 ºC, respectively. Electron 
ionization mass spectra in the 40-500 Da range were 
recorded at an electron energy of 70 eV. The sweep 
time was 1 ms, the multiplier potential 430 V and the 
source pressure 10 Torr. A computer recorded all the 
data and the compounds were identified by 
comparison with the spectral database of the Wiley and 
NIST libraries. The fraction previously evaporated and 
re-suspended in dichloromethane was analyzed twice 
(1 mL; hot needle) and for semi-quantitative purposes 
the mean percentage composition was calculated from 
the normalized peak areas without using correction 
factors (Nayak and Padhy, 2017; Isam et al., 2019). 
 
In vitro evaluation of the antifungal activities of 
Balanites eagyptiaca seeds extracts 

 
A stock solution of 500 µL/mL was prepared by 

mixing 50 mL of each extract (with 100 mL of solvent 
(acetone and methanol). Concentrations of 12.5; 25 
and 50 µL.mL-1 of aqueous extract (AqE), acetone 
extract (AcE) and methanol extract (ME) were then 
prepared by taking successively 0.75 ; 1.5 and 3 mL of 
the stock solution and adding 59.25 ; 58.5 et 57 mL 
PDA, respectively, to give a final volume of 60 mL 
each. The mixture was poured into 90 mm Petri dishes 
at a rate of 20 mL per dish. These volumes were 
obtained using the formula (CiVi = CfVf) 
(Gatagonçalves, 2001). The preparation of the medium 
enriched with the synthetic fungicide (Monchamp) with 
active ingredient 80 % maneb was used at 3.33 g/L 
concentration recommended. 

 For the control, a solution of 20 mL of PDA 
medium was poured directly into a Petri dish. There 
were three replications of each treatment. The mycelial 
growth of C. capsici isolates was evaluated from the 
second day after inoculation and every day until the 
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control dish was completely colonized by the pathogen, 
by measuring the two perpendicular diameters of the 
culture according to the formula of Singh et al. (1993). 
                                                  RG = (d1 + d2)/2 – d0 
Where: RG = radial growth; d1 and d2 = diameters of 
the culture; d0 = explant diameter. 
The inhibition percentage (IP) of mycelial growth 
related to the control was calculated for all 
concentrations of each extract using the following 
formula. 
                      IP = (MGc-MGt)/MGc x 100 

Where: MGc = mycelial growth in the control; MGt = 
mycelial growth in the treatment (Sharma and Rana, 
2018). 
 
Determination of the minimal inhibition 
concentration (MIC) of the different extracts 

 
The minimum inhibiting concentration 50 and 

90 % (MIC50 and MIC90) was determined by 
comparing the values of the percentage inhibition (PI) 
with those of the natural logarithm of the corresponding 
concentrations (Ci): PI = f (ln Ci). The linear regression 
line of the type Y = ax + b from the function I = f (ln Ci) 
thus made it possible to determine the MIC50 and 
MIC90 (Griffin et al., 2000).  
 

Where: Y = inhibition rate (%), a = slope of the line, b 
= constant  
 
Statistical analysis 

 
The data obtained from mycelial growth were 

subjected to one-way analysis of variance (ANOVA) 
using the R software version 4.0.4 (R development 
Core Team 2022). Means were separated by Tukey’s 
multiple range test (HSD) when the significance level 
was assessed at the 5 % threshold.  
 
 
RESULTS 
 
Morphological characterization of Colletotrichum 
capsici isolates 

 
Two isolates were obtained using infected 

cowpea pods on PDA medium. Morphological 
characterization was used to identify fungus. 
Macroscopic observation showed white to grey 
mycelium colonies, sparse and aerial (Fig. 1A). 
Microscopic observation of the isolates showed falcate 
conidia (Fig. 1B). These morphological characteristics 
of the isolates belong to Colletotrichum capsici. Two of 
the five isolates that rapidly filled the Petri dishes (5 
days after incubation) were used for the in vitro test. 

 

 
Fig. 1. Macroscopic and microscopic observation of Colletotrichum capsici conidia; A: Pure culture; B: 

Conidia of isolate (magnification X 40). 
 
Phytochemical screening of Balanites aegyptiaca 
extracts 

 
Phytochemical screening test of B. aegyptiaca 

seed extracts revealed the presence of several 
secondary metabolites. Alkaloids, phenols, steroids, 

saponins and terpenoids were present in aqueous, 
methanol and acetone extracts. Anthraquinones, 
flavonoids and tannins were absent in methanol 
extract. The biological activities of these secondary 
metabolites are described in the table 1. 

 
Table 1. Families of chemical compounds identified in Balanites aegyptiaca seed extracts with their 
biological activities 

Secondary Metabolites Extracts of Balanites aegyptiaca 

AcE AqE MeE 

Alkaloids +++ ++ + 
Anthraquinones   - + - 
Flavonoids +++ + - 
Glycosides + +++ ++ 
Phenols ++ ++ + 
Steroids + + + + 
Saponins ++ +++ + 
Terpenoids + ++ ++ 
Tannins ++ +  - 

(+++) abundant; (++) moderate abundant; (+) present; (-) absent AcE: Acetone extract; MeE: Methanol extract; 
AqE: Aqueous extract.;  

A B 
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GC-MS analysis of Balanites aegyptiaca seed 
extracts  
 
The biochemical profile of the aqueous, methanolic, 
and acetone extracts reveals the presence of 
numerous compounds distributed as ultra-minor, 
minor, and major (Fig. 2 A, B, and C). The aqueous 
extract contains 20 biochemical compounds, the most 
abundant of which are 9-Octadecenamide (29.79%), 3-

O-Methyl-D-glucose (21.03%), and 13-Docosenamide 
(Z)- (20.51%) (Table 2). The acetone extract contains 
12 chemical compounds dominated by pyridine 
(52.04%) and 1,3,5-Trimethyl-1H-pyrazol-4-amine 
(10.62%) (Table 3). Similarly, the methanolic extract 
comprises 12 compounds, among which pyridine 
(52.05%), N-Methoxymethane sulfonamide (22.83%) 
and (3,7-Dimethyl-1-phenyl-octa-2,6-dienyl)-
trimethylsilane (2.21%) predominate (Table 4).

 

 
 
Fig. 2. Gas chromatographic mass spectrometry profile of the aqueous (A), acetone (B) and    methanol (C) extract 
of Balanites aegyptiaca seeds 
 
Table 2. Biochemical compounds identified in the aqueous extract of Balanites aegyptiaca seeds by GC-MS 

Peaks Rt 
(min.) 

Area 
(%) 

Formula  MW 
(g /mol) 

Compounds names 

01 5.731 0.41 C16H22O2 246.34 Cyclohexane carboxylic acid, 3-phenylpropyl ester 

02 7.058 0.47 C19H40 268.5 Octadecane, 6-methyl- 
03 8.191 0.32 C12H13N7 255.28 3-[N’-(3H-Indol-3-yl methylene)-hydrazino]-5-methyl-

[1,2,4]triazol-4-ylamine 
04 11.029 0.32 C14H20O2 220.31 Methyl 2,4-tridecadiynoate 
05 13.33 6.61 C18H32O16 504.42 Melezitose 
06 16.419 21.03 C7H14O6 194.18 3-O-Methyl-d-glucose 
07 17.301 0.57 C17H34O2  270.5 Hexadecanoic acid, methyl ester 
08 17.884 0.32 C28H58O9 538.8 Octaethylene glycol monododecyl ether 
09 18.931 0.77 C19H34O2 294.5 9,12-Octadecadienoic acid (Z, Z) - methyl ester 
10 18.983 0.72 C19H36O2 296.5 11-Octadecenoic acid, methyl ester 
11 19.206 0.42 C19H38O2 298.5 Heptadecanoic acid, 16-methyl-, methyl ester 
12 19.75 4.68 C16H33NO 255.44 Hexadecanamide 
13 21.329 29.79 C18H35NO 281.5 9-Octadecenamide 
14 21.501 3.42 C18H37NO 283.5 Octadecanamide 
15 22.376 0.74 C19H34O6 358.5 Dodecanoic acid, 2,3-bis(acetyloxy)propyl ester 
16 22.462 2.55 C19H38O4 330.5 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl) ethyl 

ester 
17 23.847 2.28 C21H38O3 338.5 Glycidyl oleate 
18 24.007 3.46 C21H42O4 358.6 Octadecanoicacid,2-hydroxy-(hydroxymethyl)ethyl 

ester 
19 24.51 20.51 C22H43NO 337.6 13-Docosenamide, (Z)- 
20 31.394 0.6 C29H50O 414.7 Gamma-Sitosterol 

Rt: Retention time; MW:  Molecular weigh 
 
 

A B C 
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Table 3. Chemical compounds identified in the acetone extract of Balanites aegyptiaca seeds by GC-MS 

Peaks Rt 
(min) 

Area (%) Formula MW 
(g /mol) 

Compounds names 

01 2.10 52.05 C5H5N 79.10 Pyridine 
02 3.71 1.59 C8H15N 125.21 2-(1-Cyclohexenyl) ethylamine 
03 3.81 10.62 C2H7NO3S 125.15  N-(Methylsulfonyl)-O-methylhydroxylamine 
04 3.98 4.15 C6H7NO 109.13 5-methyl-2(1H-pyridinone 
05 3.98 4.15 C6H7NS 125.19 3-Aminobenzenethiol 
06 3.98 4.15 C4H7NO  85.10 Cyclopropane carboxamide 
07 4.51 10.62 C6H11N3 125.17 1,3,5-Trimethyl-1H-pyrazol-4-amine 
08 5.37 1.13 C3H8Cl4Si2 242.1 Trichloro-[[chloro(dimethyl) silyl] methyl] silane 
09 5.82 1.83 C17H34O3 286.45 Methoxyacetic acid Tetradecyl ester 
10 6.52 0.89 C7H11NO 125.17 Dicyclopropyl ketoxime 
11 9.57 1.83 C7H11NO 125.17 2-Acetyl-3,4,5,6-tetrahydropyridine 
12 10.61 2.03 C8H15N  125.21 1-Azabicyclo [3.2.1] octane, 6-methyl-, exo- 

Rt: Retention time; MW:  Molecular weigh 
 
Table 4. Chemical compounds identified in the methanol extract of Balanites aegyptiaca seeds by GC-MS 

Peaks Rt 
(min.) 

Area 
(%) 

Formula MW 
(g /mol) 

Compounds names 

01 1.16 1.59 C8H6Cl2O3  221.04 2,4-Dichlorophenoxyacetic acid, 2-chloroethyl ester 
02 1.16 1.59 C2H6FN 63.07 Dimethylfluoroamine 
03 1.16 1.59 C4H7Cl3O4S2 289.6 3,3,5-Trichloro-2,4-dithiahexane 2,2,4,4-tetroxide 
04 3.91 1.97 C6H7NS 125.19 3-Aminobenzenethiol 
05 3.91 2.21 C6H7NO 109.13 2-(1H)-Pyridinethione, 5-methyl- 
06 3.91 2.21 C4H7NO 85.11 Cyclopropanecarboxamide 
07 3.98 2.21 C13H26Si 210.43 (3,7-Dimethyl-1-phenyl-octa-2,6-dienyl)-trimethyl-

silane 
 08 4.34 22.83 C2H7NO3S 125.15 N-(Methylsulfonyl)-O-methylhydroxylamine 
09 4.34 52.05 C5H5N 79.10 Pyridine 
10 4.41 1.11 C6H7NS 125.19 2(1H)-Pyridinethione, 3-methyl- 
11 9.57 1.17 C3H8Cl4Si2 242.1 Trichloro-[[chloro(dimethyl) silyl] methyl] silane 
12 9.92 0.78 C17H34O3 63.07 Methoxyacetic acid Tétradecyl ester 

Rt: Retention time; MW:  Molecular weigh 
 
In vitro antifungal activity of Balanites aegyptiaca 
seeds extract on Colletotrichum capsici isolates 

 
A significant difference (P < 0.05) was observed 

in the mycelial growth of the two C. capsici isolates (Fig. 
3A and 3B). The inhibition percentages of the C. capsici 
isolates increased with the concentration of the B. 
aegyptiaca seed extracts. At a concentration C3 = 50 

µL/mL, the inhibition percentage recorded for isolate 
CAK01 was 93.14% with the aqueous extract, 81.63% 
with the acetone extract, and 73.39% with the methanolic 
extract (Fig. 3A). As for the CAK05 isolate, at the same 
concentration (C3 = 50 µL/mL), the recorded inhibition 
was 71.06% with the acetone extract, 53.16% with the 
methanolic extract and 78.87% with the aqueous extract 
(Fig. 3B). 
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Fig. 3. Inhibition percentage of mycelial growth in A: CAK01 and B: CAK05 isolates of C. capsici; where (T-): 
Negative control; (C1): 12.5 μLmL-1; (C2): 25 μL. mL-1; (C3): 50 μL.mL-1; (T+): Positive control ; AcE: Extracted with 
Acetone; MeE: Extracted with Methanol; AqE: Aqueous Extract. The histograms surmounted by the same letters 
are not significantly different at the 5 % level. 
 

 
Fig. 4. In vitro inhibitory activity of aqueous and organic extracts of B. eagyptiaca seeds on the mycelial growth of 
CAK01 isolate after 6 days of incubation on PDA medium. (T-): negative control; (C1): 12.5 µL.mL-1; (C2): 25 µL.mL-

1; (C3): 50 µL.mL-1and (T+) : 3.33 g.L-1 of fungicide; A= Acetone extract; B = Methanol extract; C = aqueous extract     
 
 
Minimum inhibitory concentrations of Balanites 
aegyptiaca seed extract  

 
Minimal inhibitory concentrations (MIC) were 

determined using linear regression for the acetone 
extracts (y = 32.19x - 9.8433 and y = 29.13x - 16.173), 

methanol extracts (y = 32.37x - 18.477 and y = 23.415x 
- 17.443), and aqueous extracts (y = 37.45x - 15.78 
and y = 33.31x - 24.043), respectively for the CAK01 
and CAK05 isolates. For CAK01, the lowest MIC 
values were observed with the aqueous extract (5.81 

and 16.78 µL·mL⁻¹), followed by the acetone extract 
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(6.42 and 22.20 µL·mL⁻¹), while the highest MIC values 
were recorded with the methanol extract (8.33 and 

28.50 µL·mL⁻¹), corresponding to MIC₅₀ and MIC₉₀, 
respectively (Table 5). Regarding CAK05, the lowest 
MIC values were also obtained with the aqueous 

extract (9.21 and 30.57 µL·mL⁻¹), followed by the 

acetone extract (9.68 and 37.34 µL·mL⁻¹), whereas the 
methanol extract exhibited the highest values (17.81 

and 98.50 µL·mL⁻¹) for MIC₅₀ and MIC₉₀, respectively 
(Table 5).

 
Table 5. Minimal inhibition concentration (MIC) of the mycelial growth of two isolates of C. capsici in (µL.mL-1). 
Colletotrichum isolates 01 & 05 (CAK01 & CAK05) from the Akonolinga locality  

 
 
 
 
 
 
 

Fungicidal or fungistatic activity of the extracts 
 

The antifungal activity of B. aegyptiaca seed 
extracts against Colletotrichum capsici is presented in 

Table 6. At the concentration C3 (50 µL·mL⁻¹), the 
extracts inhibited 81.63% and 93% of the mycelial growth 
of the CAK01 isolate, exhibiting fungicidal effects for the 

acetone and aqueous extracts, and fungistatic activity for 
the methanolic extract. For the CAK05 isolate, the 

concentration of 50 µL·mL⁻¹ showed fungistatic effects 
with the organic extracts and fungicidal effects with the 
aqueous extract. 

 
Table 6. Fungicidal and fungistatic effect of Balanites aegyptiaca seed extracts  

Isolates Extracts (50 µL. mL-1) Effect 

 
CAK01 

Acetone extract  Fungicidal 

Methanol extract Fungistatic 

Aqueous extract Fungicidal 

 
CAK05 

Acetone extract  Fungistatic 

Methanol extract Fungistatic 

Aqueous extract Fungicidal 

 
 
DISCUSSION 
 

Anthracnose affects the plant throughout its 
entire developmental cycle. Although the infected plant 
does not die at the seedling stage, secondary 
symptoms appear as it grows, affecting stems, leaves, 
and pods (Adegbite and Amusa, 2008). Initially 
brownish-black, the lesions gradually turn straw-yellow 
on the stems, often leading to complete flower abortion 
or deformation of immature pods. Pods may be 
infected at any stage of development, showing brown 
lesions with variable shading. Under favorable humidity 
conditions, the fungus can fructify on dried pods 
(Sérémé and Mathur, 1996). To protect cowpea crops, 
farmers commonly resort to synthetic fungicides, which 
are toxic to both humans and the environment. Given 
these concerns, it is essential to identify 
environmentally friendly alternatives that safeguard 
human health. The present study therefore 
investigates the antifungal potential of phytochemical 
compounds from Balanites aegyptiaca (L.) Del. seed 
extracts, as identified by GC-MS analysis, 
against Colletotrichum capsici 

The morphological characteristics of the two 
collected C. capsici isolates were characterized by 
white to gray, aerial mycelial colonies, sometimes 
exhibiting beige spore masses. Microscopic 
observation of the isolates revealed falcate conidia. 
According to Sérémé et al. (2001), C. capsici colonies 
are white to gray and display diurnal zonation, 
alternating between areas of high and low mycelial 

density, with aerial mycelium and occasionally beige 
spore masses. 

Phytochemical screening of the seed extracts 
revealed the presence of several families of secondary 
metabolites belonging to various classes, including 
alkaloids, saponins, terpenoids, steroids, phenols, 
flavonoids, glycosides, anthraquinones, and tannins. 
All these secondary metabolites were detected in the 
aqueous extract, while in the methanolic extract, 
anthraquinones, flavonoids, and tannins were absent. 
Among the identified compounds, phenolic compounds 
are known for their diverse pharmacological and 
biological activities (Mhya et al., 2016). 

Phytochemical analyses performed by GC-MS 
revealed the presence of several biochemical 
compounds in the acetone, methanol, and aqueous 
extracts, such as (2,4-dichlorophenoxy)acetic acid, 2-
chloroethyl ester, pyridine, 2-(1-
cyclohexenyl)ethylamine, N-
methoxymethanesulfonamide,5methyl2(1H)pyridinone
,3aminobenzenethiol,cyclopropanecarboxamide,1,3,5t
rime1Hpyrazol4amine,4(1trichlorosilyl3,3dimethylbutyl
)cyclopentane,tetradecylmethoxyacetate,dicyclopropyl
ketoxime,1-azabicyclo[3.2.1]octane,6-
methyl,exo-,9,12-methyloctadecadienoate (Z,Z) and 
methyl 11-octadecenoate, known for their fungicidal 
and insecticidal properties. 

GC-MS analysis of aqueous and methanolic 
extracts of Balanites aegyptiaca (L.) Del. seed oil, 
conducted by Mokhtar et al. (2021), revealed the 
presence of various phytochemicals, with phenolic 

Extracts  
               CAK01                                        CAK05 

MIC50  MIC90  MIC50  MIC90  

Acetone extract  6.42 22.20 9.68 37.34 

Methanol extract 8.33 28.50 17.81 98.49 

Aqueous extract 5.81 16.78 9.21 30.57 
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compounds and fatty acids being the most abundant in 
different parts of the plant. The aqueous extract was 
found to be the richest in natural bioactive substances. 
Indeed, according to Emad et al. (2012) and Haruna et 
al. (2020), GC-MS analysis of B. aegyptiaca seeds 
showed that the aqueous extract contained a wide 
variety of phytochemicals. 

B. aegyptiaca extracts inhibited the growth of 
C. capsici. For the highest concentration (C3 = 50 

µL·mL⁻¹), the inhibition rates observed after six days of 
incubation were 93.14%, 81.63%, and 73.39% for the 
aqueous, acetone, and methanol extracts of isolate 
CAK01 (Colletotrchum from Akonolinga localaity 
number 01), respectively. For isolate CAK05 
(Colletotrchum from Akonolinga localaity number 05), 
the inhibition rates were 78.87% with the aqueous 
extract and 71.06% with the acetone extract. 

This inhibitory activity of B. aegyptiaca seed 
extracts is attributed to the presence of phytochemicals 
with fungicidal activity, such as n-hexadecanoic acid, 
9,12-octadecadienoic acid (Z,Z), methyl 
hexadecanoate, cis-13-octadecenoic acid, 1-pentene-
3-ol, 4-methylpentane, 2,2,4-trimethyl, and 
octadecanoic acid. Among these compounds, several 
fatty acids, particularly n-hexadecanoic acid, are 
known for their strong biological activities, including 
antimicrobial, anti-inflammatory, and antioxidant 
activity (Natarajan et al., 2014; Okolie et al., 2019). 

Several researchers have reported that n-
hexadecanoic acid exhibits strong antifungal potential 
against Alternaria solani, Aspergillus fumigatus, 
Penicillium chrysogenum, and Colletotrichum 
gloeosporioides (Karim et al., 2017). Meanwhile, 
Djeugap et al. (2023), Koné et al. (2018), Bolie et al. 
(2021), Manga et al. (2021), and Toka et al. (2023) 
demonstrated that the plant extracts used possess 
significant antifungal activity against Cercospora 
malayensis, Sclerotinia sclerotiorum, Fusarium 
oxysporum, and Phytophthora infestans. This activity 
is attributed to the chemical compounds present in the 
various plant extracts studied. 

The bioactive compounds identified in 
Balanites aegyptiaca seed extracts have been 
described in several studies as having antifungal, 
antimicrobial, insecticidal, and antibacterial properties 
(Rubila and Ranganathan, 2014). Furthermore, 
Habieballa et al. (2021) showed that B. aegyptiaca 
seed extracts also possess antimicrobial, antibacterial, 
larvicidal, antidiabetic, and antifungal activities. 
Although the precise mechanism of action of the 
chemical compounds in the plant extracts remains 
poorly understood, it is likely that these molecules form 
complexes with polysaccharides and proteins in the 
outer layer of fungal cells, causing destabilization of the 
cell membrane and, consequently, the death of the 
pathogen (Rongai et al., 2017). 

The inhibition percentages obtained allowed 
the determination of the minimum inhibitory 

concentrations (MIC₅₀ and MIC₉₀), corresponding to a 
50% and 90% reduction in mycelial growth, 
respectively. The lowest inhibitory concentrations were 
recorded with the aqueous extracts (AqE), namely 5.81 
and 16.78 µL·mL⁻¹ for MIC₅₀ and MIC₉₀, respectively, 
followed by the acetone extracts (AcE) with values of 

6.42 and 22.20 µL·mL⁻¹ for the CAK01 strain. 
Regarding strain CAK05, the lowest inhibitory 
concentrations were also observed with aqueous 

extracts (AqE), namely 9.21 and 30.57 µL·mL⁻¹ for 
MIC₅₀ and MIC₉₀, respectively, followed by acetone 
extracts (AcE), showing values of 9.68 and 37.34 

µL·mL⁻¹ for MIC₅₀ and MIC₉₀, respectively. These 
results highlight the effectiveness of the extracts on the 
mycelial growth of the pathogen, consistent with the 
observations of Doumbouya et al. (2012), who also 
reported strong inhibition of phytopathogenic fungal 
development by Ocimum gratissimum extracts at low 
minimum inhibitory concentrations. 
 
CONCLUSION  
 

The general objective of this work is to 
evaluate the antifungal activity of phytochemical 
compounds from extracts of Balanites aegyptiaca (L.) 
Del. seeds, identified by gas chromatography-mass 
spectrometry (GC-MS), against Colletotrichum capsici. 
GC-MS analysis revealed the presence of several 
bioactive compounds, including cyclohexanecarboxylic 
acid, a 3-phenylpropyl ester known for its fungicidal 
properties. At a concentration of 50 μL/mL, the 
aqueous and acetone extracts inhibited the mycelial 
growth of C. capsici by 93.14% and 81.63%, 
respectively, values comparable to those obtained with 
the synthetic fungicide (100% inhibition). These results 
highlight the significant antifungal potential of aqueous 
and organic extracts from B. aegyptiaca seeds and 
suggest their use as biological alternatives to chemical 
products in the integrated pest management of cowpea 
anthracnose. Looking ahead, further studies on the 
isolation and characterization of active molecules, as 
well as their mechanisms of action in vitro and in 
planta, could promote the development of more 
effective and environmentally sustainable biofungicide 
formulations. 
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AcE :  Acetone Extracted 
AqE :  Aqueous Extract 
CAK 01 : Colletotrchum from Akonolinga 

localaity 01 
CAK 05 : Colletotrchum from Akonolinga 

localaity 05 
Fig : Figure 
GC-MS : Gas Chromatography coupled with 

Mass Spectrometry 
IP : Inhibition Percentage 
MeE : Methanol Extracted 
MGc : Mycelial Growth in the control 
MGt : Mycelial Growth in the treatment 
MIC : Minimum Inhibitory Concentrations 
MINADER : Ministry of Agriculture and Rural 

Development  
MW :  Molecular Weight  
PDA : Potato Dextrose Agar 
RG : Radial Growth 
Rt : Retention time 
  

 
REFERENCES 
 
Adam, S., Edorh, P. A., Totin, H., Koumoulou, L., 

Amoussou, E., Aklikokou, K. and Boko, M. 
(2010). Pesticides and heavy metals in drinking 
water, soils and sediments in the cotton belt of 
Gogounou, Kandi and Banikoara (Benin). 
International Journal of Biological and Chemical 
Sciences, 4, 1170–1179. 

Adegbite, A. A. and Amusa, N. A. (2008). The major 
economic field diseases of cowpea in the humid 
agro-ecologies of South-Western Nigeria. 
African Journal of Biotechnology, 7(25), 4706–
4712. 

Al Ashaal, H. A., Farghaly, A. A., Abd El Aziz, M. M. 
and Ali, M. A. (2010). Phytochemical 
investigation and medicinal evaluation of fixed 
oil of Balanites aegyptiaca fruits. Journal of 
Ethnopharmacology, 127, 495–501. 

Alabi, O. (1994). Epidemiology of cowpea brown blotch 
induced by Colletotrichum capsici and 
assessment of crop losses due to the disease. 
PhD Thesis, Ahmadu Bello University, Zaria, 
Nigeria, 95 pp. 

Alhassan, A. J., Muhammad, I. U., Idi, A., Dangambo, 
M. A., Ramatu, Y., Mohammad, A., Nasir, A., 
Yaradua, A. I., Adamu, S. M. and Alexander, I. 
(2018). Phytochemical screening and proximate 
analysis of Balanites aegyptiaca kernel. Food 
Science and Quality Management, 74, 37–41. 

Bolie, H., Tonfack, L. B., Dida, L. S. L., Ngatsi, Z. P., 
Abega, J. P., Ndongo, B. E., Tsogo, C. S., Tize, 
T. and Ndongo, B. (2025). Soursop (Annona 
muricata L.) seed extracts: phytochemical 
composition and biocontrol potential against 
cercosporiosis in okra (Abelmoschus esculentus 
L. Moench). Investigational Medicinal Chemistry 
and Pharmacology, 8(1), 108. 

Bolie, H., Ndongo, B., Ngatsi, Z. P., Kuate, T. W. N., 
Dida, L. S. L., Etame, E. A., Essomé, S. C. and 
Tonfack, L. B. (2021). Antifungal activity of 
Annona muricata seed extracts against 
Cercospora malayensis, causal agent of 
Cercospora leaf spot disease of okra 
(Abelmoschus esculentus L.). International 
Journal of Pathogens, 6(4), 12–24. 

Chowdappa, P., Kumar, S. M., Lakshmi, M. J. and 
Upreti, K. (2013). Growth stimulation and 
induction of systemic resistance in tomato 
against early and late blight by Bacillus subtilis 
or Trichoderma harzianum. Biological Control, 
65, 109–117. 

Desoky, E. S. M., ElSayed, A. I., Merwad, A. R. M. A. 
and Rady, M. M. (2019). Stimulating antioxidant 
defenses, antioxidant gene expression and salt 
tolerance in Pisum sativum seedlings by 
pretreatment using licorice root extract as an 
organic biostimulant. Plant Physiology and 
Biochemistry, 142, 292–302. 

Dida, L. S. L., Kuate, T. W. N., Ngatsi, Z. P., Alain, H., 
Mboussi, S. B., Kone, S. A. N., Gbaporo, G. F. 
and Ambang, Z. (2024). First report of different 
mating types of Phytophthora infestans isolates 
from potatoes in Cameroon and their control 
using Thevetia peruviana seed extracts 
analyzed by GC–MS. Indian Phytopathology. 
https://doi.org/10.1007/s42360-024-00720-6 

Djeugap, J., Mbatkam, B., Sonkoue, M. A., Dida, L. S. 
L., Galani, Y. H. J., Mbia, L. C. M. and Anchang, 
K. Y. (2023). Field efficacy of aqueous extracts 
of Artemisia annua, Commelina benghalensis 
and Euphorbia hirta on rice growth, yield and 
brown spot disease incidence. Agricultural and 
Natural Resources, 57, 417–426. 

Doumbouya, M., Abo, K., Lepengue, H. N., Camara, 
B., Kanko, K., Aidara, D. and Kone, D. (2012). In 
vitro comparative activity of synthetic fungicides 
and essential oils on soil-borne fungi of market 
gardening. Journal of Applied Biosciences, 50, 
3520–3532. 

Dwivedi, A., Joshi, V., Barpete, P. K., Akhtar, A. K., 
Kaur, A. and Kumar, S. (2009). Anthelmintic 
activity of root bark of Balanites aegyptiaca (L.) 
Del. Ethnobotanical Leaflets, 13, 564–567. 

Elamin, M. M. and Satti, A. A. (2013). Insecticidal 
potentialities of Balanites aegyptiaca extracts 
against the khapra beetle (Trogoderma 
granarium). Global Advanced Research Journal 
of Environmental Science and Toxicology, 2, 
005–010. 

Elfeel, A. A. and Warrag, E. I. (2011). Conservation 
status of Balanites aegyptiaca (L.) Del. in Sudan: 
local people’s perspective. Journal of 
Agricultural Science, 3, 86–90. 

Emad, A. M., Hsouna, A. B., Khalifa, S. and Al-Khalifa. 
(2012). Antimicrobial, antioxidant and 
phytochemical investigation of Balanites 
aegyptiaca edible fruit. African Journal of 
Biotechnology, 11(52), 11535–11542. 

Faye, M. (2010). New neem seed fractionation process 
(Azadirachta indica A. Juss.): production of a 

https://doi.org/10.1007/s42360-024-00720-6


Tize et al / Greener Journal of Agricultural Sciences         19 
 

biopesticide from oil and meal. PhD Thesis, 
University of Toulouse, France, 267 pp. 

Gayatri, N. and Sahu, R. K. (2015). Biopesticidal effect 
of neem (Azadirachta indica) leaf extract on 
growth parameters and diseases of tomato. 
Journal of Applied and Natural Science, 7(1), 
482–488. 

Griffin, S. G. J. L., Markham, J. L. and Leach, D. N. 
(2000). An agar dilution method for the 
determination of the minimum inhibitory 
concentration of essential oils. Journal of 
Essential Oil Research, 12, 249–255. 

Habieballa, A. G., Alebead, H. E., Koko, M. K., Ibrahim, 
A. S. and Wady, A. F. (2021). Antimicrobial 
activity and physicochemical properties of 
Balanites aegyptiaca seed oil. European Journal 
of Chemistry, 12, 450–453. 

Hamidou, F., Harou, A., Achirou, B., Halilou, O. and 
Bakasso, Y. (2018). Nitrogen fixation in 
groundnuts and cowpeas under drought 
conditions to improve productivity in the Sahel. 
Tropicultura, 36(1), 63–79. 

Haruna, A., Jada, M. Y., Gali, A. and Abaka, A. K. 
(2020). Antifungal Activities and Phytochemical 
Analysis of Balanites aegyptiaca Seed Kernel 
Extract Against Colletotrichum gloeosporioides 
causing Anthracnose Disease in Mango. Dutse 
Journal of Agriculture and Food Security, 7(1): 
48-54. 

Hibar, K., Edel-Herman, V., Steinberg, C., Gautheron, 
N., Daami-Remadi, M., Alabouvette, C. and El 
Mahjoub, M. (2007). Genetic diversity of 
Fusarium oxysporum populations isolated from 
tomato plants in Tunisia. Journal of 
Phytopathology, 115, 136-142. 

Husson, O., Charpentier, H., Razanamparany, C., 
Moussa, N., Michellon, R., Naudin, K., 
Razafintsalama, H., Rakotoarinivo, C., 
Rakotondramanana, Enjalric, F. and Seguy, L. 
(2010). Maize or sorghum associated with a 
twining food legume (cowpea or Vigna 
umbellata). Practical manual of direct seeding in 
Madagascar, Volume I, Chapter I. 

Isam, M.A. Z, Saed, A. A., Ghada, A. E. H., Sameera, 
A. A. A. and Omer, A. A. H. (2019). 
Phytochemical and GC-MS Analysis of Bioactive 
Compounds from Balanites aegyptiaca. Acta 
Scientific Pharmaceutical Sciences, 3(10), 129-
134. 

Jackson, J. C. (2009). Protein nutritional of cowpea 
quality and navy bean residue fractions. African 
Journal of Food, Agriculture, Nutrition and 
Development, 9, 764-778. 

Kabore, B. (2004). Nitrogen contributions of legumes, 
organomineral amendments in cropping 
systems: impact on cereal yields and long-term 
soil fertility. Thesis IDRI/Agronomy/Polytechnic 
University of Bobo Dioulasso, Burkina Faso, 77 
p. 

Karim, M., Jabeen, K., Iqbal, S. and Javaid, A. (2017). 
Bioefficacy of a common weed Datura metel 
against Colletotrichum gloeosporioides. Planta 
Daninha, 35 (106), 77–85. 

Koné, N. A. N., Ndongo, B., Mountapmbeme, M. M., 
Manga, E. F. R., Heu, A., Mvondo, N. D., 
Mboussi, S. B. and Ambang, Z. (2018). Anti-
Fungal Activities of Jatropha curcas Seeds 
Extracts against Cercospora malayensis 
Causative Agent of Sigatoka of Okra Leaves. 
International Journal of Science and Research, 
9(1), 95-109. 

Koffi, A., Bla, K., Yapi, H., Bidie, A. and Djaman, A. 
(2015). Phytochemical Screening of Some 
Medicinal Plants in Côte d’Ivoire and Evaluation 
of their Extraction Efficiency. International 
Journal of Pharmacognosy and Phytochemical 
Research, 7(3), 563-569. 

Lalsaga, W. J. A. and Drabo, I. (2017). Evaluation of 
fifteen genotypes of cowpea [Vigna unguiculata 
(L.) Walp.] Under rainfed conditions in the North 
and Center West of Burkina Faso. International 
Journal of Biological and Chemical Sciences, 
11(6), 2756-2763. 

Manga, A. D., Ndongo, B., Biye, E. H., Kuate, T. W. N., 
Ngatsi, Z. P. and Ngono, A. V. (2021). 
Effectiveness of Anonidium mannii seed extracts 
against Colletotrichum lindemuthianum and 
Fusarium solani, agents responsible for 
anthracnose and Fusarium of common beans 
(Phaseolus vulgaris L.) in the Center Region-
Cameroon. International Journal of Current 
Research in Biosciences and Plant Biology, 
8(2), 23-33. 

Mhya, D. H., Anigo, K. M. and Umar, I. A. (2016). 
Evaluation of hypoglycemic potential of extracts 
of Balanites aegyptiaca parts. International 
Journal of Innovative and Advanced Studies, 
3(9), 1–5. 

Modu, Y., Putai, A. J. and Petu-Ibikunle, A. M. (2010). 
An Economic Analysis of Cowpea Production 
among Women Farmers in Askira/Uba Local 
Government Area Borno State Nigeria. African 
Journal of General Agriculture, 6, 7-17. 

Mokhtar, M. M., Jianfeng, L., Zhiping, D. and Fangqin, 
C. (2021). Insecticidal efficacy and chemical 
composition of Balanites aegyptiaca (L.) Delile 
seed oils against Tribolium castaneum Herbst 
(Coleoptera: Tenebrionidae). Chilean Journal of 
Agricultural Research, 81(1), 102-108. 

Natarajan, D., Srinivasan, R. and Shivakumar, M. S. 
(2014). Phyllanthus wightianus Mull. Arg.: A 
Potential Source for Natural Antimicrobial 
Agents. Biomed Research International, 1–9. 

Nayak, N. and Padhy, R. N. (2017). GC-MS Analysis 
of bioactive compounds and host-toxicity studies 
of Azolla caroliniana symbiotic with the 
Cyanobacterium Anabaena azollae. Indian 
Journal of Pharmaceutical Education, 51(2), 24-
33. 

Néya, J. B., Zida, E. P., Zinga, I., Zemba, P.  and 
Traoré, O. (2019). Pathogenic, serological and 
molecular characterization of cowpea mosaic 
virus (Vigna unguiculata (L.) Walp.) transmitted 
by aphids (CABMV) in isolates from Burkina 
Faso, Cameroon and the Central African 
Republic. International Journal of Biological and 
Chemical Sciences, 13(1), 382-398. 



20    Tize et al / Greener Journal of Agricultural Sciences 
 
Okolie, A. C., Kale, O. E. and Osilesi, O. (2019). 

Chemoprotective effects of butanol fraction of 
Buchholzia coriacea (Capparidaceae) against 
type 2 diabetes and oxidative stress in male 
Wistar rats. Bioscience Reports, 39, 
BSR20170665. 

Photita, W., Taylor, P. W. J., Ford, R., Lumyong, P., 
McKenzie, H. C. and Hyde, K. D. (2005). 
Morphological and molecular characterization of 
Colletotrichum species from herbaceous plants 
in Thailand. Fungal Diversity, 18, 117–33. 

Rongai, D. P., Pulcini, B. P. and Milan, F. (2017). 
Antifungal activity of pomegranate peel extract 
against Fusarium wilt of tomato. European 
Journal of Plant Pathology, 147, 229 - 238. 

Rubila, S. and Ranganathan, T. V. (2014). Evaluation 
of phytochemical constituents in various heat 
treatments of Zingiber officinale Roscoe and In 
vitro antioxidant assay systems. International 
Research Journal of Biological Sciences, 3, 54-
58. 

Sané, B., Badiane, D., Gueye, M. T. and Faye, O. 
(2018). Evaluation of the biological efficacy of 
extract of neem (Azadirachta indica Juss.) as an 
alternative to pyrethroids for the control of the 
main cotton pests (Gossypium hirsutum L.) in 
Senegal. International Journal of Biological and 
Chemical Sciences, 12(1), 157-167. 

Sérémé, P. and Mathur, S. B. (1996). Occurrence of 
seed infection by Colletotrichum capsici (Syd.) 
Butler and Bisby in cowpea grown in Burkina 
Faso: significance and control by benlate-thiram. 
African Journal of Plant Protection, 6, 90-95. 

Sérémé, P., Diasso, G. A. and Ake, S. (2001). Mise en 
évidence au Burkina Faso d’un nouveau taxon 
de Colletotrichum dans l’étiologie de la maladie 

des taches brunes de niébé. Tropicultura, 19(3), 
156-160. 

Sharma, R. K. and Rana, B. K. (2018). Studies on 
Antimicrobial Activity and Kinetics of Inhibition 
by Plant Products in India (1990–2016). Journal 
of AOAC International, 101(4), 948-955. 

Singh, G., Padvay, R. K., Narayanam, C. S., 
Padmhurmeri, K. P. and Rao, G. P. (1993). 
Chemical and fungistatic investigation out the 
essential oil Citrus. Pers. Z. Pflanzenkrankh. 
Pflanzenschutz, 100, 69-74. 

Traoré, F., Waongo, A., Drabo, E., Yamkoulga, M., 
Dabire-Binso, C. and Sanon, A. (2019). Effect of 
periods of spreading neem oils (Azadirachta 
indica L.) on populations of Megalurothrips 
sjostedti Trybom and Maruca vitrata Fabricius in 
cowpea crops. International Journal of Biological 
and Chemical Sciences, 13(3), 1300-1307. 

Toka, N. A., Ngatsi, Z. P., Dida, L. S. L., Tene, T. P. M., 
Kuate, T. N. W., Bolie, H., Atindo, S. T., Tize, T. 
and Ndongo, B. (2023). Phytochemical analysis 
and antifungal activity of Azadirachta indica and 
Balanites aegyptiaca seed extracts against 
Fusarium oxysporum isolate on tomatoes. 
Journal of Global Innovations in Agricultural and 
Social Sciences, 11(3), 293-304. 

USDA. (2004). USDA national nutrient database for 
standard reference, release 17. U.S. 
Department of Agriculture, Agricultural 
Research Service, Nutrient Data laboratory, 
Beltsville Md, United States. 

Zhang, Q. W., Lin, L. G. and Ye, W. C. (2018). 
Techniques for extraction and isolation of natural 
products: a comprehensive review. Chinese 
Medicine, 13, 20 p. 

 
 

Cite this Article: Tize Tize; Bolie, H; Lontsi, Lsd; Tonfack, Lb; Zemko Ngatsi, P; Kuate, Wn; Biyo’a Ndongo, E; Toka Njome, 

A; Abega, Jp; Wandji Tchasep, N; Songwe Atindo, T; Tsogo, Cs; Bekolo Ndongo (2026). Phytochemical composition and 

antifungal activity of Balanites aegyptiaca seed extracts against Colletotrichum capsici causing cowpea anthracnose. 

Greener Journal of Agricultural Sciences, 16(1): 9-20, https://doi.org/10.15580/gjas.2026.1.122625206. 

 

https://doi.org/10.15580/gjas.2026.1.122625206

