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ABSTRACT 

	Essential oils (EOs) are extensively investigated for their bioactive compounds, which may provide natural alternatives to synthetic fungicides and plant growth regulators. 
This study aimed to characterize the chemical composition of essential oils (EOs) from Ocimum gratissimum and Lippia multiflora, evaluate their antifungal activity against Aspergillus flavus and Aspergillus parasiticus, and assess their phytotoxic effects on the germination of Zea mays, Arachis hypogaea, and Vigna unguiculata. 
Essential oils were obtained by hydrodistillation and analyzed by GC–MS. Antifungal activity was assessed using a broth microdilution assay to determine minimum inhibitory concentrations (MIC) and minimum fungicidal concentrations (MFC). Phytotoxicity was evaluated throught seed germination and seedling development assays at concentrations of 1.5, 3, and 5 µL/mL. Data were analyzed statistically using ANOVA.
The EO of L. multiflora contained 16 compounds, predominantly β‑caryophyllene and p‑cymene, whereas O. gratissimum oil comprised 10 compounds mainly γ‑terpinene and thymol. Both oils exhibited antifungal activity, with O. gratissimum showing greater efficacy (MIC 1.25 µL/mL). In phytotoxicity assays, L. multiflora strongly inhibited germination (10–25%) and seedling growth (15–28%) of Zea mays. In Vigna unguiculata, inhibition ranged from 11–25% for germination and 28–43% for seedling growth. Arachis hypogaea was the least affected by the essential oils. 
The EOs demonstrated promising antifungal properties; however, their phytotoxic effects may limit direct agricultural application. 
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1. INTRODUCTION 

Post-harvest preservation of Z. mays, A. hypogaea, and V. unguiculata remains a major challenge for producers worldwide (Negasa et al., 2021; Berhe et al., 2022). These crops are highly susceptible to contamination by mycotoxigenic fungi, particularly A. flavus and A. parasiticus, which produce aflatoxins with well-established carcinogenic potential (Falade et al., 2022; Bayala-Yaї et al., 2025). Such infestations result in substantial economic losses and deterioration of nutritional quality (Ayo et al., 2017; Negasa et al., 2021). Although synthetic fungicides have been employed to mitigate these effects, their use raises concerns regarding human health and environmental safety. Essential oils (EOs), rich in bioactive compounds, exhibit a broad spectrum of biological activities and are increasingly attracting interest for food preservation (Sumalan et al., 2019; Bezabih et al., 2022; Ayllón-Gutiérrez et al., 2024). Nevertheless, EO use may also cause to undesirable effects including phytotoxicity (Kalorizou et al., 2022). Recent advances in green technologies highlight the importance of natural products as safer alternatives to synthetic chemicals in crop protection (Borromeo et al., 2023). However, variability in EO composition remains a major limitation to their standardized use (Dossa et al., 2024). In addition, interactions between EO constituents and seed physiology remain poorly understood, necessitating further investigation to balance antifungal efficacy with seed viability. This study therefore aims to characterize the chemical composition of Lippia multiflora and Ocimum gratissimum essential oils, and to evaluate their antifungal activity against mycotoxigenic fungi, as well as their phytotoxic effects on seeds of Z. mays, A. hypogaea, and V.unguiculata.

2. material and methods 

2.1. Plant materials 
Fresh leaves of O. gratissimum L. and L. multiflora Mold. were collected in Burkina Faso. The geographic coordinates of the collection sites were 12°25′ N, 1°29′ W for O. gratissimum and 12°29′21.9″ N, 1°24′17.3″ W for L. multiflora. The plant samples were identified at the Herbarium of the Center for Biodiversity, Joseph KI-ZERBO University (Ouagadougou) and deposited under accession numbers 17951 (L. multiflora) and 17953 (O. gratissimum).
2.2. Biological Materials
Seeds of Z. mays, A. hypogaea and V. unguiculata obtained from the Institute of Environment and Agricultural Research, Burkina Faso, were used for the phytotoxicity tests. 
2.3. Fungal species
Fungal species used were A. flavus (GenBank accession number OL907105) and A. parasiticus (GenBank accession number OL907106). Both species were maintained on Potato Dextrose Agar (PDA) at 25 ± 2°C and sub-cultured in PDA broth one week before the experiments.
2.4. Extraction of essential oils  
Three hundred grams (300 g) of each plant were subjected by hydrodistillation using a Clevenger apparatus for 3 hours. Traces of water in EOs were removed with anhydrous sodium sulfate (Sigma-Aldrich, USA). The EOs were stored at 4 °C in amber bottles to protect them from light until use
2.5. Chemical composition analysis
The chemical analysis was performed by  using GC–MS equipped with a flame ionization detector (FID) and a DB 5 capillary column (30 m × 0.25 mm, 0.25 µm film thickness); a 1 µL aliquot of a 1% (v/v) essential oil solution in acetone was injected with a split ratio of 1:150; the oven temperature program was set from 60 °C to 165 °C at a rate of 8 °C/min, then from 165 °C to 280 °C at 20 °C/min, followed by a 1 minute post- run at 280 °C; helium was used as the carrier gas at a flow rate of 1.0 mL/min. Injector and detector temperatures were maintained at 250 °C and 280 °C, respectively.  Mass spectrometry was performed with an ionization energy of 70 eV, an electron multiplier voltage of 1500 V, and an ion source temperature of 230 °C; mass spectra were recorded over the range m/z 33–450.
2.6. Antifungal activity of essential oils
The Broth microdilution method, according to Clinical Laboratory Standards Institute (CLSI,2008), was used to determine the minimum inhibitory concentration (MIC) with slight modifications. Double serial two-fold dilution of EOs from 5 to 0.039 µL/mL were prepared in 96-well microtiter plate, then 100 μL of an inoculum at 106 spores/mL was added in each well. Spore growth was assessed by using negative control without EO. P-iodonitrotetrazolium (INT) violet at 0.2 mg/mL was used as indicator of fungal growth inhibition (Mahlo et al.,2013). Trays were incubated at 25C for 72 h after which MIC values were determined. To determine the minimum fungicidal concentration (MFC), 50 μL from wells without visible fungus growth was subcultured on Potato Dextrose Agar in Petri dishes. Experiments were conducted in three replicates.
2.7. Assessment of the phytotoxic effects of essential oils
The soil was prepared by mixing sand, organic fertilizer, and sandy clay soil in proportions of 1/4, 1/4 and 2/4, respectively. This mixture was lightly moistened, placed in fabric bags and sterilized in an autoclave at 121C for 1 h 30 minutes (Nikiéma et al., 2019). Phytotoxic effects were evaluated following the method of Kordali et al. (2008). Two hundred (200) seeds were used for each crop. EOs were dissolved in dimethyl sulfoxide (DMSO) to obtain concentrations of 1.5, 3 and 5 µL/mL. Seeds were moistened with 2 mL of each concentration, sealed, and incubated at 25 ± 2 C for 24 hours. A control was prepared under the same conditions using DMSO (5%) without EOs. The treated seeds were then sown in cell trays filled with potting soil. The experiment followed a Fisher block design with four replicates of 50 seeds each. Seed germination assessment including recording the number of germinated seeds (GS) and non-germinated seeds (NGS), as well as normal seedlings (NS) and abnormal seedlings (AS). The germination rate was calculated as:   
Germination rate = (Number of germinated seeds / Number of seeds sown) × 100                                                  
2.8. Statistical analysis. 
Experimental data was processed using GraphPad Prism 5.0 Software (GraphPad Software, San Diego, CA, USA). Statistical analysis of the results was performed using two-way ANOVA.  Results are expressed as mean ± standard deviation (n = 3). P < 0.05 was considered statistically significant.

3. results 

3.1. Chemical composition
The essential oil of L. multiflora contained 16 chemical compounds, representing 99.8% of the total composition. Hydrocarbon monoterpenes (32.0%) and oxygenated monoterpenes (31.9%) were the predominant, followed by hydrocarbon sesquiterpenes (25.8%). The major constituents were β caryophyllene (19.1%), p cymene (15.6%), thymol acetate (13.0%),1,8 cineole (10.6%) and thymol (8.3%). The EO of O. gratissimum comprised 10 compounds including hydrocarbon monoterpenes (62.7%), oxygenated monoterpenes (28.5%) and hydrocarbon sesquiterpenes (6.8%). The predominant constituents were γ terpinene (33.8%), thymol (28.5%) and p cymene (12.9%) (Table 1).

Table 1: Chemical composition of the essential oils
	Component
	Indice of Retention
	Lippia
multiflora (%)
	Ocimum
gratissimum (%)

	α-thujene
	925
	1.6
	5.0

	α-pinene
	933
	0.9
	3.4

	Sabinene
	975
	-
	0.8

	β-pinene
	981
	-
	2.5

	Myrcene
	992
	-
	4.3

	α-phellandrene
	1003
	3.1
	-

	α- terpinene
	1017
	1.41
	-

	p-cymene
	1027
	15.6
	12.9

	1,8-cineole
	1034
	10.6
	-

	β-ocimene
	1048
	9.4
	-

	γ-terpinene
	1061
	-
	33.8

	Thymol
	1288
	8.3
	28.5

	Thymol acetate
	1355
	13.0
	

	β-caryophyllene
	1415
	19.1
	1.9

	α-humulene
	1442
	4.8
	-

	α -amorphene
	1485
	1.4
	-

	germacrene D
	1495
	1.5
	4.9

	Elemol
	1545
	2.1
	-

	Caryophyllene oxide
	1581
	4.5
	-

	β -eudesmol
	1650
	2.5
	-

	Hydrocarbon monoterpenes
	32.01
	62.7
	

	Oxygenated monoterpenes
	31.9
	28.5
	

	Hydrocarbon sesquiterpenes
	26.8
	6.8
	

	Oxygenated sesquiterpenes
	9.1
	-
	

	Total
	
	99.8
	98







3.2. Antifungal activity of essential oils 
Both essential oils of L. multiflora and O. gratissimum exhibited antifungal activity against A. flavus and A. parasiticus. MIC values for L. multiflora EO were 2.75 and 2.50 µL/mL for A. flavus and A. parasiticus, respectively. O. gratissimum EO showed MIC values of 1.25 µL/mL for both fungi.   MFC values for L. multiflora EO were 3.93 and 3.73 µL/mL for A. flavus and A. parasiticus, respectively whereas O. gratissimum EO showed MFC values of 1.250 and 1.77 µL/mL, respectively (Table 2).

Table 2: Minimum Inhibitory and Fungicidal Concentrations of Essential Oils of Lippia multiflora and Ocimum gratissimum

	
Essential Oils
	MIC (µL/mL)
	[bookmark: _Hlk80502124]MFC (µL/mL)

	
	A. flavus  
	A. parasiticus 
	A. flavus  
	A. parasiticus 

	Lippia multiflora
	2.75 ± 0.05b
	2.50 ± 0.10b  
	3.93 ± 0.09b
	3.73 ± 0.05b

	[bookmark: _Hlk80502087]Ocimum gratissimum
	1.25 ± 0.03a
	1.25 ± 0.08a
	1.25 ± 0.11a
	1.77 ± 0.08a


Values are expressed as means (n = 3) ± SD. Letters (a–c) indicate comparison indices. Means followed by the same letter within the same column are not significantly different according to ANOVA multiple comparison tests (P < 0.05).

3.3. Effect of essential oils on seed germination and seedlings
In the control, Z. mays seeds showed 96% germination, with 92% developing into normal seedlings and 4% abnormal. Treatment with L multiflora EO reduced germination to 86.5%, 72%, and 71% at 1.5, 3, and 5 µL/mL, respectively, indicating dose dependent inhibition. Normal seedling proportions declined to 77%, 63%, and 63.7%. O. gratissimum EO had no significant effect at 1.5 µL/mL, but germination decreased markedly at 3 and 5 µL/mL. Normal seedling percentages (84%, 66.5%, and 67.7%) remained lower than control (Table 3). Neither EO significantly affected the germination rate of A. hypogaea, particularly at 1.5 and 3 µL/mL. A similar result was observed for normal seedlings treated with O. gratissimum EO; however, a significant reduction was recorded for L. multiflora EO at 3 and 5 µL/mL in terms of normal seedling development (Table 4). L. multiflora EO negatively affected the germination of V. unguiculata seeds. At concentrations of 1.5, 3, and 5 µL/mL, reductions in germination rate and normal seedlings proportion of were statistically significant compared with the control. A similar trend was observed with O. gratissimum EO (Table 5).

Table 3: Effect of essential oils on Zea mays seeds
	Conc (µL/mL)
	GS (%)
	NGS (%)
	NS (%)
	AS (%)

	EO of Lippia multiflora

	Control
	96.0±2.6a
	4.0 ±2.6a
	92.0 ± 1.6 a
	4.0 ±3.5a

	1.5
	86.5±3.0b
	13.5±3.0b
	77.0±4.7b
	9.5±1.9a

	3
	72.0±5.4c
	28.0±5.4c
	63.0±2.5c
	9.0±4.1a

	5
	71.0±2.1c
	29.0±2.1c
	63.7±3.0c
	7.2±2.0 a

	EO of Ocimum gratissimum

	Control
	96.0±2.6a
	4.0 ±2.6a
	92.0 ± 1.6a
	4.0 ±3.5a

	1.5
	93.0±4.7a
	7.0±2.5a
	84.0±1.6b
	9.0±2.0a

	3
	72.0±1.9b
	28.0±1.6b
	66.5±3.4c
	5.5±1.9a

	5
	71.5±2.5b
	28.5±2.5b
	67.7±1.7c
	3.7±0.9a


Values are expressed as means (n = 3) ± SD. Letters (a–c) indicate comparison indices. Means followed by the same letter within the same column are not significantly different according to ANOVA multiple comparison tests (P < 0.05). GS : Germinated Seeds, NGS : Non- Germinated Seeds, NS : Normal Seedlings AS: Abnormal Seedlings, Conc.:Concentration

Table 4: Effect of essential oils on Arachis hypogaea seeds
	Conc. (µL/mL) 
	GS (%)
	NGS (%)
	NS (%)
	AS (%)

	EO of Lippia multiflora

	Control
	94.0±1.0a
	6.0 ± 1.0a
	85.0± 4.0a
	9.0± 3.4a

	1.5
	91.5±1.9a
	8.5±1.9a
	81.5±4.4a
	10.0±5.2a

	3
	89.5±3.8a
	10.0±2.8b
	77.5±3.4b
	10.5±1.9a

	5
	87.8±3.3b
	12.2±3.3b
	79.3±3.6b
	8.5±1.7a

	EO of Ocimum gratissimum

	Control
	94.0±1.0a
	6.0 ± 1.0 a
	85.0± 4.0a
	9.0± 3.4a

	1.5
	92.0±2.3a
	8.0±2.3a
	86.0±3.6a
	6.0±1.6b

	3
	89.8±2.2a
	10.3±2.2b
	83.5±3.0a
	6.25±1.9b

	5
	88.3±2.2b
	11.7±2.2b
	81.8±1.7a
	6.5±2.6 b


Values are expressed as means (n = 3) ± SD. Letters (a–c) indicate comparison indices. Means followed by the same letter within the same column are not significantly different according to ANOVA multiple comparison tests (P < 0.05). GS : Germinated Seeds, NGS : Non- Germinated Seeds, NS : Normal Seedlings AS: Abnormal Seedlings, Conc.:Concentration.

Table 5: Effect of essential oils on Vigna unguiculata seeds
	Conc. (µL/mL)
	GS (%)
	NGS (%)
	NS (%)
	AS (%)

	EO of Lippia multiflora

	Control 
	91.0±1.9a
	9.0±1.9a
	85.5±1.9a
	5.5±2.5a

	1.5
	82.0±3.7b
	18.0±3.7b
	57.5±4.4b
	24.5±3.0b

	3
	67.5±3.0c
	32.5±3.0c
	42.0±2.8c
	25.5±1.9b

	5
	65.7±3.6c
	34.7±3.3c
	42.0±2.8c
	23.7±2.2b

	EO of Ocimum gratissimum

	Control
	91.0±1.9a
	9.0±1.9a
	85.5±1.9a
	5.5±2.5a

	1.5
	83.0±5.0b
	17.0±5.0b
	77.0±5.0b
	6.0±1.6a

	3
	76.0±2.8c
	25.5±3.0c
	53.5±1.9c
	20.0±3.2b

	5
	73.7±2.6c
	26.3±2.6c
	54.0±2.2c
	19.7±3.6b


Values are expressed as means (n = 3) ± SD. Letters (a–c) indicate comparison indices. Means followed by the same letter within the same column are not significantly different according to ANOVA multiple comparison tests (P < 0.05). GS : Germinated Seeds, NGS : Non- Germinated Seeds, NS : Normal Seedlings AS: Abnormal Seedlings, Conc.:Concentration

4. DISCUSSION
The major constituents of L. multiflora EO identified in this study differed from those reported by Juliani et al. (2008), who characterized the oil by the presence of 1,8‑cineole, linalool, and germacrene D. In Nigeria, this EO was reported to be rich in 1,8‑cineole (60.5%), sabinene (16.9%), α‑terpineol (14.1%), and α‑pinene (4.4%) (Owolabi et al., 2009). According to Kobenan et al. (2022), α‑phellandrene (22.8%), geranial (14.5%), and neral (11%) were the predominant components in samples from Ivory Coast. However, similarities were observed between the present findings and those reported in Burkina Faso by Bassolé et al. (2010). This variability highlights the influence of geographic origin on EO chemical composition. Previous studies on O. gratissimum EO reported results consistent with the present work, identifying thymol (28.3–37.7%) and γ-terpinene (12.5–19.3%) as dominant constituents. The same compounds, in different proportions, thymol (26%), γ‑terpinene (20%) and p‑cymene (17.6%) were identified by Adjou et al. (2013). In contrast, Melo et al. (2019) reported eugenol (74.83%) and 1,8-cineole (15.16%) as major constituents. Other studies reported eugenol (68.81%) and methyl eugenol (13.21%) (Matasyoh et al., 2007) as well as linalool (32.9%) and 1,8-cineole (21.9%) (Silou et al., 2017).Factors, such as plant genetics, harvest timing, climatic and geographic conditions, light exposure, seasonal variation and extraction methods, may explain  differences in the relative abundance of major EO constituents (Gomes et al., 2019; Almeida et al., 2018; Tran et al., 2018). 
EOs of L. multiflora and O. gratissimum significantly   reduced mycelial viability in both fungal strains. However, O.  gratissimum EO of showed stronger antifungal activity against A. flavus and A. parasiticus than L. multiflora EO. Similar antifungal effects have been reported previously. For example, coating maize and sorghum seeds with L. multiflora EO produced a fungistatic effect against A. flavus (Mohamed et al., 2020). L. multiflora EO also demonstrated high antifungal activity against A. flavus, with MIC and MFC values of 1.66 and 2.08 μL/mL, respectively (Goly et al., 2015). Other Lippia species, such as L. alba and L. turbinate, also showed antifungal activity against A. flavus (Pandey et al., 2016; Girardi et al., 2017).
The EO of O. gratissimum exhibited significant fungistatic activity against A. flavus, Aspergillus tamarii, Fusarium poae, Fusarium. verticillioides, Penicillium citrinum, and Penicillium griseofulvum in Benin, with MIC values ranging from 800 to 1000 mg/L (Philippe et al., 2012). In another study in Benin, MIC and MFC values of 7500 and 8000 ppm were reported against A. flavus and A. parasiticus, respectively (Adjou et al., 2013). Overall, O. gratissimum EO displayed higher antifungal activity than L. multiflora; possibly due to the presence of thymol, considered one of the most active antimicrobial compounds, compared with β-caryophyllene and p-cymene in L. multiflora EO (Cakir et al., 2004; López-Malo et al., 2005; Ben Arfa et al., 2006). According to Ultee et al. (2002), compounds such as thymol and carvacrol, which possess delocalized electrons system and a hydroxyl group, exhibit higher antimicrobial activity than other EO constituents. Matan et al. (2013) reported that p-cymene, a major component of L. multiflora EO, did not show antifungal activity against A. niger (MIC: >300 μL/mL). Although antifungal activity of an EO is often attributed to major compounds, the synergistic or antagonistic effects of minor constituents should also be considered (Cakir et al., 2004).
Phytotoxic assessment revealed variable effects on seed germination depending on seed species and EO concentrations.  A reduction in germination rate was observed for both oils, although to different extents. Previous studies reported contrasting findings, showing that   O. gratissimum EO enhanced the germination of treated rice, maize, and sorghum seeds (Tagne et al., 2013; Mohamed et al., 2020). Soybean seedlings from seeds treated with O. gratissimum EO were also more vigorous than controls (Yaouba et al., 2017). Coating seeds with L. multiflora EO alone completely inhibited germination of maize and sorghum whereas combining this EO with chitosan reduced plant height (Mohamed et al., 2020). Similarly, high concentrations of L. sidoides EO increased average germination time of Lactuca sativa L., Eruca sativa Mill., and Brassica oleracea L. by approximately 63% compared with the control (Marco et al., 2012).Thiesen et al. (2019) reported that L. alba EO inhibited lettuce seeds, significantly reducing germination, vigor, and seedling emergence at 0.25% In the present study, L. multiflora EO consistently reduced germination rate across concentrations, although the decrease was not always statistically significant. The reduction observed for both oils may be related to the predominance of monoterpenes, consistent with reports that inhibitory activity increases with total monoterpene content (Verdeguer et al., 2020). If monoterpenes alone were responsible for phytotoxicity, O. gratissimum EO would be expected to exert a stronger effect than L. multiflora. However, the opposite was observed, suggesting that sesquiterpenes may also contribute to the phytotoxic activity of L. multiflora.

5. Conclusion

Essential oils of L. multiflora and O. gratissimum exhibit complex chemical profiles dominated by monoterpenes and sesquiterpenes. Both oils showed strong antifungal activity against A. flavus and A. parasiticus, with O. gratissimum EO being more effective. However, phytotoxic effects were observed, particularly for L. multiflora EO, which markedly reduced germination and normal seedling development in Z. mays and V. unguiculata. In contrast, A. hypogaea seeds showed greater tolerance with only minor adverse effects. These EOs therefore present promising potential as biocontrol agents, although their agricultural application requires optimized to minimize negative effects on crop germination and seedling growth.
[bookmark: _GoBack]
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