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Abstract

The use of medicinal plants is crucial in traditional and modern medicine. In Africa, fungal infections, particularly those caused by foodstuffs such as
charmout (dried meat) in Chad, are a significant public health problem. The present study evaluated the phytochemical and antifungal potential of extracts
from Cymbopogon citratus leaves, Xylopia aethiopica fruit, and essential oil from Cymbopogon citratus against the microflora that causes charmout spoilage
(Aspergillus niger, Mucor sp., Fusarium sp.). Phytochemical analysis revealed that both plants are rich in secondary metabolites. The levels of phenol in X.
aethiopica and C. citratus were found to be 72.37 + 0.59 mgEqAG/gMS and 74.96 + 0.85 mgEqAG/gMS, respectively. The presence of saponins was also
detected, with X. aethiopica being particularly rich in these compounds. X. aethiopica was distinguished by a greater abundance of tannins and alkaloids in
comparison the C. citratus. The ethanolic extracts of both plants exhibited strong inhibitory activity at concentrations of 1 and 2 mg/mL. The ethanolic
extract of Cymbopogon citratus demonstrated a high level of inhibition against Mucor sp. and Fusarium sp. over a period of seven days at elevated
concentrations. In contrast, the aqueous extracts showed negligible activity after three days, highlighting the ineffectiveness of water in extracting the major
active compounds. The study corroborates the substantial potential of these plants as effective biopreservatives for the fungicidal protection of charmourt,
emphasising the necessity for optimisation of concentrations to ensure sustainable protection.

INTRODUCTION

The utilisation of medicinal plants is an age-old practice that persists in the global healthcare systems. According to the World Health Organisation (WHO),
herbal preparations constitute a fundamental component of primary healthcare for up to 80% of the global population (WHO, 2007). The significance of
natural resources is increasing not only in traditional medicine, but also in modern medicine, where almost 74% of plant-based medicines have uses that
overlap with their traditional applications (Saggar et al. 2022; Al-worafi et al.2022). In the face of emergence of antimicrobial resistance and persistent
challenges in the treatment of various diseases, the search for new bioactive molecules particularly antiviral, antibacterial and antifungal compounds has
become a priority (Kieltyka-Dadasiewicz et al. 2024). These phytochemical compounds, obtained through traditional or modern processes (e.g. maceration,
decoction, extraction, etc.), offer significant therapeutic potential against a wide range of human and animal diseases (Agaie et al. 2007; Da et al. 2015;
Ouédraogo et al. 2019; Ouédraogo et al. 2021). In numerous developing countries, opportunistic fungal diseases and fungal contamination of foodstuffs
constitute a substantial public health problem (Okigbo et al. 2008). It is evident that the preservation of foodstuffs represents a significant challenge.
Charmout (smoked and dried meat), a widely consumed foodstuff in Chad, is particularly vulnerable to spoilage by fungal flora. This contamination not only
compromises the quality and shelf life of the product, but also exposes consumers to the risk of mycotoxins. (Maloba et al. 2025). In this context, the use of
natural substances is particularly appropriate.

The present study evaluated the phytochemical potential and activity of extracts of Xylopia aethiopica and Cymbopogon citratus for the conservation and
preservation of charmout quality.

MATERIAL AND METHODS
Plant material

The plant material utilised in this study encompassed fresh leaves of Cymbopogon citratus (Fig. 2a) harvested on 22 October 2024 in the Sabangali district
and fruits of Xylopia aethiopica (Fig. 2b) procured at the central market in N'Djamena (Fig. 1) on 25 October 2024.

The samples were dispatched to the Food Science and Nutrition Research Laboratory (LaRSAN). Subsequent to the process of transportation, the material
underwent a drying procedure at ambient temperature, in conditions that were devoid of both light and dust. The drying time for Cymbopogon citratus leaves
was three to four days.

The samples were then subjected to grinding using a mechanical grinder, with approximately 1 kg of powder being obtained from each sample. This powder
was subsequently packaged in plastic bags and stored in a manner that ensured it was protected from light and moisture pending extraction.

Fungal material

The fungal material utilised in this study comprises moulds previously isolated from samples of charmout collected from diverse markets in N'Djamena. The
aforementioned samples were identified as Aspergillus niger, Mucor sp. and Fusarium sp., which are considered to be the primary agents of contamination
and biodeterioration of the foodstuff in question. These organisms are frequently implicated in the production of mycotoxins (Pandey et al. 2023).

The fungal strains were maintained and cultured on Sabouraud medium, with the addition of chloramphenicol to inhibit bacterial growth and ensure the purity
of the cultures.

Phytochemical study

A preliminary phytochemical study of the extract powder was conducted using conventional analytical chemistry methods with the objective of determining
the presence of major classes of phenolic and nitrogenous compounds, including alkaloids, saponins, tannins, glycosides and flavonoids.

Alkaloid test (Wagner's reagent):
The add a few drops of Dragendorff's reagent to a 2-mL extract is required to facilitate the desired reaction. The presence of an orange colour or precipitate
is indicative of the presence of alkaloids. In the event of a positive test result, the presence of polyphenols must be confirmed using Nessler's reagent.
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Subsequently, two to three drops of Nessler's reagent should be addited to 2 mL of extract. The presence of a yellowish precipitate is indicative to the
presence of alkaloids (Harbone, 1973; Wagner, 1983).

Saponin test (foaming test)

The quantity of plant powder required for this experiment is 1 g. This should be placed in a 250 mL Erlenmeyer flask. The next step is to added 100 mL of
distilled water. The mixture should be heated gently. The substance should then be filtered, cooled and made up to 100 mL with distilled water. The filtrate
(10 mL) should then be transferred into a test tube and vigorously shaken for 15 seconds. The tube should be placed in an upright position for a period of 15
minutes. Should the foam persist beyond this designated period, it can be deduced that the plant drug contains saponins (Wagner, 1983).

Tannin test:

A quantity of 5 g of the powder is to be placed in 100 mL of boiling water in an Erlenmeyer flask. Following a 15-minute infusion, the solution should be
filtered and made up to 100 mL with distilled water. Five (5) mL of the 5% infusion is placed into a test tube, followed by the addition of 1 millilitre of a 1%
aqueous solution of FeCls. In the presence of gallic tannins, a greenish or blue-black colouration is observed to develop. The presence of catechin tannins is
revealed through the use of Stiasny's reagent, as evidenced by research conducted by Edeoga et al.(2005) and Koffi et al.(2015).

Glycoside test (Benedict's reagent):

A quantity of 0.5 g of the powder was mixed with 10 mL of boiling distilled water for the purpose of extraction. Glycoside hydrolysis was performed on 2 mL
of the filtrate by the addition of concentrated hydrochloric acid, followed by the subsequent alkalisation with ammonia. Five drops of the hydrolysed solution
were then boiled with 2 mL of Benedict's reagent. The formation of a reddish-brown precipitate was indicative of the presence of glycosides.

Flavonoid test

In a test tube, 2 mL of hydrochloric alcohol (a mixture of 95% ethanol, distilled water and concentrated hydrochloric acid, equivalent to the volume of the
mixture) was added to 1 mL of n-amyl alcohol, along with a few magnesium shavings, to which 2 mL of infusate was added. The presence of a pink-orange
(flavones) or pink-purple (flavanones) or red (flavonones, flavanonols) hue in the isoamyl alcohol superiores layer is indicative of the presence of a free
flavonoid (genin). The presence of flavone glycosides results in a reduction of colour intensity (Wagner, 1983).

Quantitative study

The quantitative analysis of secondary metabolites in Xylopia aethiopica and Cymbopogon citratus is based on the use of spectrophotometric methods,
which require the establishment of calibration curves (Fig. 3) to determine the concentration of the compounds of interest.

Evaluation of the antifungal bioactivity of extracts
Preparation of total extracts

The pulverised plant samples were then subjected to extraction. For each plant organ (Cymbopogon citratus and Xylopia aethiopica), two types of crude
extracts were prepared: an aqueous extract and an ethanolic extract.

Preparation of aqueous extracts

A 50 g sample of plant powder was macerated in 500 mL of distilled water for 48 hours at room temperature, with constant agitation using a magnetic
stirrer. Following the maceration process, the extract solution was subjected to a dual filtration procedure on cotton (utilising a funnel) with the objective of
removing plant debris. The filtrate obtained was then collected in a ceramic dish and placed in an oven at 50°C for a period of 72 hours, in order to facilitate
complete drying. Subsequent to the desiccation of the extract, the residual aqueous solution was meticulously removed, weighed and transferred to an
airtight container. This procedure enabled the calculation of the extraction yield (Compaore et al. 2021).

Preparation of ethanol extracts

The extraction of Ethanolic extraction was conducted through the process of maceration, involving the immersion of 50 g of plant materiel in 500 mL of
ethanol solution at ambient temperature for a duration of 24 hours, with continuous mechanical agitation. Following filtration, the filtrate was subjected to
complete evaporation at 50°C using an oven in order to obtain the crude extract (Compaoré et al. 2021).

Determination of extraction yield

The extraction yield (R) was determined for each type of extract (aqueous and ethanolic) using the following formula :

\varvecM \varveca\varvecs\varvecs \varveco\varvecf \varvece\varvecz

varvecR (\varvec%) =
\ ( ‘) \varvecM \varveca\varvecs\varvecs \varveco\varvecf \varvecv\varvece\varvecg\varvece\varvect\varveca\

In vitro evaluation of antifungal activity

The antifungal activity of the crude extracts and essential oil was determined in vitro by the agar incorporation method according to Senhaji et al. (2005), by
measuring the inhibition of mycelial growth of fungal strains isolated from charmout. The experimental tests were conducted using crude extracts (aqueous
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and ethanolic) from Cymbopogon citratus leaves and Xylopia aethiopica seeds, in addition to essential oil extracted from Cymbopogon citratus leaves.

This evaluation enabled the determination of the primary parameters of antifungal activity, including the diameters of the inhibition zones, the Minimum
Inhibitory Concentration (MIC) and the Minimum Fungicidal Concentration (MFC) (Skandamis and Nychas, 2001). The A method was utilised to determine
this. The immersion of discs in oil B was conducted in a Petri dish containing agar, with an essential oil disc positioned centrally. The experimental part
comprised the following materials materials and methods : micro-dilution in liquid medium. The essential oil is initially prepared by means of emulsion in an
ethanol solvent at a concentration of 1 mg/pl, with a view to dispersing the compounds and improve enhancing their contact with the germs to be tested.
Subsequent dilutions of the solution obtained are then carried out by geometric progression to obtain the following dilutions. According to the Clinical and
Laboratory Standards Institute (CLSI, 2008), the following values should be used : 1/2,1/4,1/8,1/16,1/32,1/64 and 1/128.

Preparation of extract solutions
The essential oil (EO) of Cymbopogon citratus was solubilised in ethanol at a ratio of 1:9 (v/v).

Stock solutions of aqueous and ethanolic extracts of C. citratus and X. aethiopica at a concentration of 20 mg/mL were prepared under aseptic conditions in
a laminar flow hood.

A series of dilutions of each stock solution was carried out in Sabouraud Dextrose Agar (SDA) culture medium, with the addition of chloramphenicol as a
preservative. The following final concentrations were obtained in the agar for testing : 0.15, 0.25, 0.5, 0.75, 1, and 2 mg/mL (Bakarnga-VIA et al. 2022).

Preparation of Petri dishes

The prepared media, containing the different concentrations of essential oils, were poured into sterile Petri dishes (90 mm in diameter) at a rate of 20
mL/dish and left under the fume hood until solidification. Dishes devoid of any extract were utilised as growth controls.

Inoculation and monitoring of fungal growth

Each Petri dish was inoculated in the centre with a 6 mm diameter mycelial disc (explant) taken from a young culture (3 to 4 days old) using a sterile cookie
cutter. The boxes were hermetically sealed and then placed into an inverted position within an incubator set to a temperature of 37°C. Mycelial growth was
monitored on a daily basis over a period of seven days. Growth was quantified by measuring two perpendicular diameters (D1 and D2) marked on the reverse
of each Petri dish (Akakpo et al. 2023).

The diameter of daily mycelial growth (D) was calculated by subtracting the diameter of the explant (DE) from the average of the two measured diameters :

D \varvecD1 + \varvecD2
B 2

— \varvecD\varvecE

The antifungal activity of the essential oil was evaluated by the percentage of inhibition (% 1), calculated in relation to the average diameter of fungal growth
in the control box (Dt), according to the following formula :

D t — D
%I — \varvecD\varvec . \varvecD\varvece 100

Where "De" represents the average diameter of fungal growth in the box containing the extract.

Determination of Minimum Inhibitory and Fungicidal Concentrations

Following a period incubation spanning seven days, the Minimum Inhibitory Concentration (MIC) was determined as the lowest extract concentration that
resulted in no observable macroscopic mycelial growth in the Petri dishes.

The minimum fungicidal concentration (MFC) and the nature of the inhibition were determined by subculture. Explantations that exhibited no visible growth
after seven days of incubation at the MIC and higher concentrations were transferred to new Petri dishes containing sterile culture medium without extract
supplementation.

Following a subsequent incubation period :

¢ Should mycelial growth be observed once more, the extract will be designated as fungistatic, a classification that denotes its capacity to impede fungal
growth without exerting an lethal effect.

¢ In the absence of observed growth, the extract is designated as fungicidal, that is to say, it is lethal to the fungus. The lowest of these concentrations is
thus defined as the FIC.

The fungicidal nature of the extract was quantified by the MIC/CMF ratio. A ratio equal to 1 or 2 indicates a fungicidal effect, while a ratio greater than 2
indicates a fungistatic effect (CLSI, 2002).

RESULTS
Extraction yields
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The extraction yields for both plants (Xylopia aethiopica and Cymbopogon citratus) were calculated using two solvents (water and ethanol), and the results
are presented in Table 1.

Table 1
Extraction yield
‘ Plants Partused Aqueous extract Ethanolic extract ‘
‘ Xylopia aethiopica ~ Fruit 8.2 30 ‘
‘ Cymbopogon citratus  Leaf 16 19 ‘

The extraction yield ranged from 8.2 to 30%. The lowest yields were obtained with the aqueous extract for both species. In contrast, the ethanolic extract
yielded the highest yields for Xylopia aethiopica (30%) and Cymbopogon citratus (19%).

Phytochemical screening results
Qualitative phytochemistry

The results of the comparative phytochemical analysis of Guinea fruit (Xylopia aethiopica) and lemongrass leaves (Cymbopogon citratus) are presented in
Table 2, with the emphasis on the richness and relative abundance of four major classes of chemical compounds in each plant sample.

Table 2
Chemical characterisation results for Cymbopogon citratus and
Xylopia aethiopica
Chemical groups  Xylopia aethiopica = Cymbopogon citratus
Alkaloids ++ +
Tannins ++ +
Saponins +++ ++
Phenols +++ +++

Key

(-) = Totally absent ; (+) = Slightly present ; (++) = Moderately abundant ; (+++) = Very abundant.

Quantitative phytochemistry
As illustrated in Fig. 3, the secondary metabolism curves for Xylopia aethiopica and Cymbopogon citratus are presented.

Table 3 below shows the quantified contents of the main chemical groups in the crude extract of the two plants, expressed in milligrams of standard
equivalent per gram of dry matter (mg/gDM), with their margins of error.

Table 3

Results of quantitative analysis of secondary metabolites of Cymbopogon citratus and Xylopia aethiopica
Chemical groups Cymbopogon citratus Xylopia aethiopica Calibration unit
Phenols 72.37+0.59 74.96 +0.85 mgEqAG/gMS
Tannins 26.41+0.13 44.35+0.62 mgEqCat/gDM
Saponins 63.29+0.78 61.47+0.73 mgEqGal/gDM
Alkaloids 41.52 +0.44 46.17 +0.67 mgEqQui/gDM
The following abbreviations are employed in this text: mgEqAG/gDM: milligram of gallic acid equivalent per gram of dry matter; mgEqCat/gDM: milligram
of catechin equivalent per gram of dry matter; mgEqGal/gDM: milligram of galactose equivalent per gram of dry matter; mgEqQui/gDM: milligrams of
quinine equivalent per gram of dry matter

Evaluation of the antifungal activity of crude extracts
Summary of inhibitory activity at 72 hours

Macroscopic observations made after 72 hours of incubation revealed strong inhibition of fungal growth in the boxes containing the extracts in comparison
to the control (Sabouraud medium alone). The results of this study are presented in Table 4.
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Table 4
Results of exposure to the crude extract after 72 hours of incubation

Plant species PU 24H 48H 72hours Macroscopic characteristics of colonies (size, appearance, colour, etc.)
Xylopia aethiopica EE - - + Small, round colonies

EA + + + Small, granular, beige colonies
Cymbopogon citratus EE - + + Small, flat, yellow colonies

EA + + + Medium, granular, yellowish colonies

‘ Key: PU: Part used; EE: Ethanolic extract; EA: Aqueous extract

The antifungal activity of the aqueous and ethanolic extracts is demonstrated in Figs. 4 and 5, respectively, at varying concentrations and after an incubation
period of 7 days

Qualitative evaluation of the efficacy of the extracts on fungal strains

As illustrated in Table 5, the evaluation of antifungal activity on various fungal genera was conducted after 72 hours peroid. The findings of this evaluation
demonstrate that the ethanol extracts exhibited superior inhibitory activity.

Results of the evaluation of the antiIL?r?gIJZISactivity of extracts on fungal genera

‘ Strains Plants Aqueous extract  Ethanol extract
Aspergillus niger ~ Xylopia aethiopica  + -
Lemongrass - -
Mucor Xylopia aethiopica - -
Lemongrass + -
Fusarium Xylopia aethiopica  + +
Lemongrass + -

key: - = No colony; + = Colony present

This observation indicates that the ethanol extracts of Xylopia aethiopica and Cymbopogon citratus demonstrate a degree of activity, in contrast to the
aqueous extracts, which exhibit reduced activity at the concentrations examined.

Evaluation of the inhibitory effects of the extracts

Daily monitoring of mycelial growth over on seven days at a temperature of 27°C permitted the inhibitory effect of the various concentrations of extracts to
be evaluated (Table 6).
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Table 6

Results of the inhibitory effects of aqueous and ethanolic extracts of C. citratus and X. aethiopica on the
three fungal strains

Extracts

Aqueous

Ethanolic

Plants

C. citratus

X. aethiopica

C. citratus

X. aethiopica

C. citratus

X. aethiopica

C. citratus

C. citratus

C. citratus

X. aethiopica

X. aethiopica

Microorganisms

A. Niger

A. Niger

Mucor sp.

Mucor sp.

Fusarium sp.

Fusarium sp.

A. Niger

Mucor sp.

Fusarium sp.

A. Niger

Mucor sp.

Day

to7

3to7
1105

o o b
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Concentrations

0.15 025 0.5 075 1 2
1.01 110 1.09 0.55 0.02 0.03
1.02 191 1.01 098 0.53 0.08
+ + + + + +
1.01 1.18 1.06 093 0.06 0.06
123 171 113 096 0.13 0.09

1.01 098 1.06 093 0.04 0.06
1.02 1.02 1.01 096 0.13 0.09
099 1.00 0.06 1.06 0.03 0.79
041 028 1.01 0.75 0.08 0.07

1.01 196 1.06 093 0.04 0.03
1.62 1.01 1.01 0.73 0.13 0.08

+ + + + + +
0.07 - - - - -
0.81 048 - - - -

1.62 1.07 024 091 0.07 0.06
1.76 122 027 1.06 0.13 0.09

0.04 0.01 0.03 0.07 0.84 0.02
0.07 020 0.05 1.05 0.69 0.12
0.81 0.46 0.08 199 031 022

038 1.08 0.015 - - -
1.03 0.63 0.035 - - -
096 0.01 0.024 - - -

007 - - - - -
081 048 - - - -
015 025 05 075 1 2

1.65 0.14 033 031 - -
1.71 122 0.88 1.03 - -

0.03 1.12 0.06 - - -
0.53 0.18 1.01 - - -
043 024 0.06 033 1.09 0.01
1.21 0.60 0.08 0.54 1.63 0.05




7 1.81 0.78 0.09 097 171 0.03
X. aethiopica  Fusarium sp. 1to4 - - - - - -

5 0.04 0.01 0.03 038 - -

6 172 030 0.02 0.01 0.63 1.02

7 1.81 0.44 0.07 0.03 0.51 1.02

Legend
[C] = concentration in mg/mL. Values are colony diameter in mm. (+) = Full colony; (=) = No colony.
NB

below (last page) find Table 6

Inhibitory effects of aqueous extracts from both plants

The aqueous extracts exhibited an insignificant inhibitory effect on all strains examined, particularly during the initial 3 to 4 days of incubation (Table 6).

In the case of Aspergillus niger, Cymbopogon citratus exhibited minimal mycelial growth during the first two days, but underwent accelerated development
from the third to the seventh day across all concentrations (0.15 to 2 mg/mL).

The aqueous extract of Xylopia aethiopica demonstrated significant growth from the first three days, followed by uninhibited growth from the fourth to the
seventh day.

In the case of Mucor sp., the aqueous extract of Cymbopon citratus and the aqueous extract of Xylopia aethiopica exhibited no significant inhibitory effect on
this genus, with growth observed from the first to the last day.

In the case of Fusarium sp., the aqueous extract of Xylopia aethiopica and the aqueous extract of Cymbopogon citratus demonstrate no inhibitory effects,
with high mycelial development observed from the first day.

Inhibitory effects of ethanolic extracts from both plants
Ethanolic extracts exhibit considerable inhibitory potential, particularly at elevated concentrations (Table 6).

In the case of A. niger, ethanol extracts of Cymbopogon citratus have been observed to result in a complete cessation of growth inhibition from the first to
the fourth day at all concentrations. Although there is a resumption of partial growth resumes from the fifth to the seventh day, inhibition is maintained at low
concentrations.

In the case of Mucor sp., the ethanol extract of Cymbopogon citratus demonstrated complete inhibition on the first four days. Growth resumed from the fifth
to the seventh day at low concentrations (0.15, 0.25 and 0.5 mg/mL), but inhibition was maintained at high concentrations (0.75, 1 and 2 mg/mL).

In the case of Fusarium sp., for the ethanolic extract of Cymbopogon citratus exhibited significant inhibition from the first to the fifth day. Mycelial growth
was found to be weak on the sixth and seventh days at low concentrations (0.15 and 0.25 mg/mL), but inhibition was complete at higher concentrations.

The effect of the ethanolic extract of Xylopia aethiopica on A. niger shows total inhibition of mycelial development from the first to the fourth day. Growth is
found to be completely inhibited at high concentrations (1 and 2 mg/mL) from the fifth to the seventh day.

In the case of Mucor sp., Xylopia aethiopica, the ethanolic extract demonstrated complete inhibition on the first two days. Inhibition is sustained at elevated
concentrations (0.75, 1 and 2 mg/mL) on the ensuing days.

In the case of Fusarium sp., the inhibition of the ethanolic extract of Xylopia aethiopica exhibits complete inhibition at all concentrations and over the entire
duration of the experiment, from the first to the fourth day. It is evident that, with the exception of the highest concentrations, growth resumes partially from
the fifth to the seventh day.

The findings indicate that the ethanol extracts of both plants demonstrate robust antifungal properties, frequently resulting in lethal or sustainable inhibition,
particularly at the highest concentrations. In contrast, the aqueous extracts exhibit only marginal effectiveness.

DISCUSSION

Phytochemical screening revealed that both plants are abundant in secondary metabolites including phenols, tannins, saponins and alkaloids. Quantitatively,
Xylopia aethiopica has higher levels of tannins (44.35 + 0.62 mgEqCat/gMS) and alkaloids (46.17 + 0.67 mgEqQui/gMS) than Cymbopogon citratus. These
classes of compounds, most notably polyphenols (phenols and tannins), are widely recognised for their antifungal properties, which arise from the disruption
of the cell membrane of fungi.

A thorough analysis of the results unequivocally demonstrates the antifungal potential of the plant species studied, thereby highlighting a general inhibitory
effect on the growth of the isolated fungal genera. However, it should be noted that the efficacy of this method is contingent upon the concentration of the
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extract employed, as well as the type of extraction solvent utilised.

The effectiveness of the ethanolic extract on fungal growth varies depending on the concentrations considered. Consequently, optimal inhibition is frequently
only attained at elevated concentrations (Syed et al. 2018).

Concomitantly, other researchers, including Kaboré et al. (2007), have documented substantial inhibitory effects, including complete mycelial inhibition
(100%) with Cymbopogon citratus extract, thereby validating the pronounced potential of this species as a natural antifungal agent.

The solvent employed for extraction exerts a substantial influence on the type and quantity of phytochemicals extracted and, consequently on the resulting
biological activity.

The results obtained in this study are similar to those reported by Tiendrebeogo et al. (2017) on C. citratus, as well as the observations of Chidozie et al.
(2024), which tend to indicate that the ethanolic extract is often the most fungitoxic.

Xylopia aethiopica, for instance, exhibited the most pronounced fungitoxic activity with the ethanolic extract, exhibiting the capacity to inhibit the majority of
the fungal flora examined (Chidozie et al.2024).

This phenomenon is attributed to the capacity of ethanol to extract a broader spectrum of secondary metabolites, including polyphenols, flavonoids,
terpenes, and alkaloids. These secondary metabolites are frequently the active ingredients responsible for antifungal activity and are less soluble in water.

The low activity observed with aqueous extracts can be attributed to the fact that water is predominantly responsible for the extraction of polar compounds.
In the event that the key antifungal compounds are not very polar, it can be hypothesised that the aqueous extract may prove to be less active than
hydroalcoholic extracts. A substantial body of research has demonstrated that ethanol extracts exhibit superior antifungal properties in comparison to
aqueous extracts (Petrasch et al. 2019).

In contrast in to the results reported by Chidozie et al. (2024), the inactivity observed in the present study may also be attributable to experimental factors,
such as the extraction method, the specific plant part utilised, and the fungal strain employed. Alternatively, these outcomes could be attributed to
geographical and seasonal variations in the plant's metabolites.

The antifungal effect of C. citratus on pathogenic species such as Aspergillus nigeris well established (Syed et al. 2018), thus supporting the hypothesis that
this plant can be used as a natural antifungal agent. C. citratus essential oil has also been shown to be very effective against A. niger, A. flavus and P.
digitatum (Bakarnga-Via et al. 2022).

The phenomenon of C. citratus's occasional ineffectiveness, particularly in the context of aqueous extracts, can be attributed to the inherent resilience of
moulds. It has been established that microorganisms possess the capacity to develop defence mechanisms against natural substances (efflux of
compounds, modification of the cell wall). Consequently higher minimum inhibitory concentrations (MICs) are required to ensure effective control.

CONCLUSION

The study demonstrated that both plants are rich in phenols, tannins, saponins and alkaloids. Extracts of Xylopia aethiopicaand Cymbopogon citratus have
been identified as promising natural sources for controlling fungal biodeterioration of charmout. The antifungal activity exhibited by these samples was
found to be strongly correlated with the extraction solvent employed. The ethanolic extract demonstrated greater efficacy in solubilising secondary
metabolites, resulting in complete and prolonged inhibition of moulds (A. niger, Mucor sp., Fusarium sp.). The essential oil of Cymbopogon citratus, whose
activity is corroborated by its lipophilic nature, appears to be the most relevant agent for biopreservation. The results of the study indicate the necessity of
employing concentrated, lipophilic matrices to achieve a sustained fungicidal action capable of controlling mycelial growth on charmout.
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Figure 1
Study area

Figure 2

(a) Leaves of Cymbopogon citratus and (b) Fruits of Xylopia aethiopica
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Figure 3

Calibration curves for secondary metabolites of Xylopia aethiopicaand Cymbopogon
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Antifungal activity of crude extracts of Cymbopogon citratus
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Figure 5

Antifungal activity of crude extracts of Xylopia aethiopica
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