
http://doi.org/10.32604/phyton.2026.078088

ARTICLE

Evaluation of the Antifungal Activity of Aqueous Extracts of
Corrigiola telephiifolia and Marrubium vulgare against Major Post-Harvest
Citrus Diseases

Hajar Zennouhi1,2, Rachid Ez-zouggari1,3, Mamadou Traoré1, Abderrahim Lazraq2,
Saadia Belmalha4 and Rachid Lahlali1,*

1Phytopathology Unit, Department of Plant Protection, Ecole Nationale d’Agriculture de Meknès, Km10, Rte Haj Kaddour,
Meknes, Morocco

2Laboratory of Functional Ecology and Environmental Engineering, Sidi Mohamed Ben Abdellah University, Fez, Morocco
3Laboratory of Biotechnology, Conservation and Valorisation of Bioresources (LBCVBR), Faculty of Sciences, Dhar El Mehraz,
Sidi Mohamed Ben Abdallah University, Fez, Morocco

4Department of Plant and Environment Protection, National School of Agriculture, Ecole Nationale d’Agriculture de Meknes,
Route Haj Kaddour, Meknes, Morocco
*Corresponding Author: Rachid Lahlali. Email: rlahlali@enameknes.ac.ma

Received: 23 December 2025; Accepted: 09 March 2026; Published: 28 April 2026

ABSTRACT: Citrus fruits are highly susceptible to post-harvest diseases such as green rot (Penicillium digitatum),
blue rot (P. italicum), and sour rot (Geotrichum citri-aurantii), causing significant economic losses. Due to the risks
associated with synthetic fungicides and the emergence of resistant strains, natural alternatives are needed. This
study evaluated the antifungal activity of aqueous extracts of Corrigiola telephiifolia and Marrubium vulgare. In
vitro tests were conducted using PDA medium with extract concentrations of 12.5–100 mg/mL and in vivo assays
were performed on artificially wounded oranges with the same extract concentrations. In vitro tests showed strong
inhibition of mycelial growth and spore germination, with C. telephiifolia reducing pathogen growth by over 70–89%.
In vivo assays confirmed its effectiveness, completely preventing green rot at 12.5 mg/mL and significantly reducing
sour rot. Phytochemical analysis revealed high levels of polyphenols and flavonoids in C. telephiifolia. These findings
suggest that aqueous extracts of C. telephiifolia are a safe and sustainable alternative to synthetic fungicides for
managing post-harvest citrus diseases.

KEYWORDS: Corrigiola telephiifolia; Marrubium vulgare; Penicillium digitatum; Penicillium italicum; Geotrichum
citri-aurantii; antifungal activity; citrus fruits; postharvest diseases; plant extracts; biocontrol

1 Introduction

Citrus fruits, belonging to the Rutaceae family, are among the world’s leading fruit crops, with global
production reaching 169.39 million tons in 2023 covering 10.2 million hectares, thus confirming their
position among the world’s major horticultural products. They are grown in more than 140 countries [1,2].
Citrus fruits, characterized by numerous varieties, are available on the global market. The orange Citrus
sinensis (L.) Osbeck is the most produced variety with 89.8 million tons in 2023, followed by Citrus reticulata
Blanco with 38.6 million tons [2]. Citrus fruits are among the most widely consumed fruits in the world.
They are valued for their distinctive flavor, nutritional value, and health benefits, including the prevention
of diseases such as cardiovascular disease, cancer, diabetes, and other chronic diseases.
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After harvesting, citrus fruits undergo various stages (transport, packaging, storage) that cause
mechanical damage to the fruit, making it more susceptible to fungal infections, which penetrate the fruit
through these wounds and cause it to rot [3]. Conditions favorable to their development lead to deterioration
in fruit quality, significantly reducing their shelf life and causing significant economic losses [4]. After
harvesting, citrus fruits are exposed to three pathogenic fungi responsible for the main diseases affecting
this crop: green rot caused by Penicillium digitatum, blue rot caused by P. italicum, and sour rot caused by
Geotrichum citri-aurantii. These diseases are a crucial post-harvest health problem, causing 35% of total
losses [5]. Green rot is the most serious disease, causing 90% of recorded post-harvest losses [6]. The
application of chemical fungicides such as benomyl and imazalil is the traditional method of controlling the
development of these pathogens on citrus fruits [7]. However, its effectiveness is decreasing more and more
due to the emergence of resistant strains of the fungus P. digitatum and P. italicum, and its use has been
associated with significant adverse effects on human health and the environment, including the presence of
toxic residues in fruit and soil contamination [8]. In this context, research focuses on developing alternatives
to chemical control methods to ensure the quality and safety of citrus fruits, taking into account growing
concerns related to food safety, sustainability, fungal resistance to fungicides, and human health [9]. It
is recommended to use non-chemical alternatives sensitive to biological methods, including the use of
biological agents, bacteria, yeasts and other control microorganisms, for our health and out of respect for the
environment [10–12]. Another control method involves the use of medicinal and aromatic plants, which are
attracting growing interest due to their powerful natural antifungal properties, biodegradability, and lack
of toxicity. They contain several bioactive compounds, such as phenols and flavonoids. Another method of
control involves using medicinal and aromatic plants, which are attracting increasing interest due to their
potent natural antifungal properties, biodegradability, and safety. These properties are due to bioactive
compounds such as phenols and flavonoids, demonstrating the potential of their essential oils to combat the
pathogens responsible for post-harvest diseases [13]. Numerous studies focus on plant extracts and their
antifungal activity, thanks to their richness in biologically active compounds such as terpenes, flavonoids
and phenols, their effectiveness against phytopathogenic fungi and their potential as sustainable alternatives
to synthetic fungicides in post-harvest disease management [14]. Recently, combining plant extracts with
nanomaterials has emerged as an innovative approach to enhancing antifungal efficacy. For example,
zinc-based nanoparticles, synthesized from plant extracts such as Trispermum ammi, have demonstrated
significant antifungal activity against post-harvest fruit pathogens, while also providing improved stability
and reducing environmental impact [15]. Aqueous extracts are among the most effective extracts for
post-harvest protection, particularly against citrus diseases, as confirmed by numerous studies [16].

Corrigiola telephiifolia (Polygonaceae) is a halophytic plant native to arid regions. Thanks to its
secondary metabolites rich in polyphenols, it is used in traditional medicine to treat microbial infections [17].
Marobium vulgaris (Lamiaceae) is an aromatic plant valued for its antifungal properties against pathogenic
fungi, which are attributed to diterpenes and flavonoids [18]. In this context, our study aims to evaluate the
antifungal activity of two plant species, The effect of aqueous extracts of Corrigiola telephiifolia harvested
from two different regions of Agourai and Azrou, and of Marrubium vulgare, was studied against the main
pathogens responsible for post-harvest citrus diseases, namely P. italicum, P. digitatum and G. citri-aurantii.
Therefore, the specific objective of this work was to evaluate the inhibitory effect of aqueous extracts of these
plants on mycelial growth in vitro, evaluate their inhibitory effect on fungal spore germination; examine
their effectiveness in reducing fruit damage in vivo, and finally, perform a phytochemical characterization
of the aqueous extracts.
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2 Material and Methods

2.1 Plant Material

This study focused on two plant species Corrigiola telephiifolia was collected from two separate sites
(Agourai and Azrou) in the Fes-Meknes region of Morocco, while Marrubium vulgare was collected near
the teaching farm of the National School of Agriculture in Meknes. Both species were harvested in March,
at the pre-flowering stage, before the flowers appeared. The samples were dried in an oven at 40◦C and
then mechanically ground. The resulting powder was stored in the dark pending analysis.

2.2 Extraction Method

The maceration method in water was used to obtain the aqueous extract [19]: 10 g of plant powder
was mixed with 100 mL of distilled water (10% w/v) under continuous stirring at room temperature for 12 h.
The extract was filtered and centrifuged (5000 rpm, 10 min). The solvent was removed by lyophilization
to avoid thermal degradation and residual water. The aqueous extracts were freshly prepared prior to
each experiment and stored at 4◦C for no longer than 72 h before use. This short-term storage ensured the
maintenance of their antifungal activity. Long-term stability and shelf-life assessments were not performed
in the present study and are recommended for future research to determine the practical feasibility of these
extracts for post-harvest applications. The extraction yield was calculated using the following equation:

Extraction yield (%) = Mass of dry extract (g)
Mass of initial dry plant powder (g) × 100

All extract concentrations were expressed consistently as % (w/v). The pH of the extracts was not
measured and is acknowledged as a limitation. Fresh extracts were stored at 4◦C for no longer than 72 h
prior to use.

2.3 Preparation of Fungal Pathogens

The antifungal activity of these plant extracts was tested against three pathogenic fungi from the
collection of the phytopathology laboratory at the National School of Agriculture in Meknes, Morocco,
which were already isolated from rotten oranges exhibiting the symptoms of the 3 pathogens These fungi
were P. italicum (PX640585), P. digitatum (OR616652), and G. citri-aurantii (PX640586). The fungi were
grown on potato dextrose agar medium (15 g/L agar, 20 g/L glucose, pH 5.6) and incubated at 25◦C for
5 days. The cultures were stored at 4◦C until use. A spore suspension was prepared from each 5-day culture
by scraping the surface of the culture with a sterile scalpel and suspending the spores in sterile distilled
water containing 0.05% Tween 20. To recover only the spores and remove debris from the medium and
fungal hyphae, the suspension was then filtered through Watman filter paper. The final concentrations of
the spore suspensions were adjusted using a hemocytometer to 1 × 104 spores⋅mL−1 for P. italicum and
P. digitatum, and to 1 × 107 spores mL−1 for G. citri-aurantii [16,20].

2.4 In-Vitro Antifungal Activity of Aqueous Extracts of C. telephiifolia and Marrubium vulgare

2.4.1 Effect on Mycelial Growth

To quantify the inhibition of mycelial growth, the aqueous extracts were mixed with PDA medium
using the dilution method to achieve final concentrations of 12.5, 25, 50, and 100 mg⋅mL−1. Each Petri
dish was then inoculated in the center with a 5 mm mycelial disc from a 5-day culture. Control dishes
containing only PDA were prepared in parallel. The dishes were then placed at 25◦C for 7 days, and the
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entire treatment was repeated four times. Antifungal activity was expressed as the percentage of mycelial
growth inhibition (MGI, %), calculated after seven days of incubation using the following formula [21]:

MGI (%) =
𝐷𝑐 − 𝐷𝑡

𝐷𝑐
× 100

where Dc represents the average diameter (in mm) of the control colony and Dt represents the average
diameter (in mm) of the treated colony.

2.4.2 Effect on Spore Germination

Evaluation of the antifungal activity of aqueous plant extracts on the germination of P. italicum,
P. digitatum, and G. citri-aurantii spores, the spore suspension prepared in PDB broth (50 µL) was mixed
with extracts at different concentrations (12.5, 25, 50, and 100 mg/mL) in a 1:1 ratio. A control consisting
of the spore suspension with distilled water (50 µL) added instead of the extract was included. After
incubation for 24 h at 25◦C [22]. Germination was studied by optical microscopy (400×). For each repetition,
observations were made on 100 spores: the spore was considered germinated if the length of its germination
tube exceeded its own diameter. The inhibition rate (GI, %) was calculated using the following formula [23]:

GI (%) = 𝐺𝑐 − 𝐺𝑡

𝐺𝑐
× 100

where Gc represents the average number of spores germinated in the control tubes and Gt represents the
average number of spores germinated in the treated tubes.

2.5 In-Vivo Evaluation of the Antifungal Activity of Aqueous Extracts of C. telephiifolia and M. vulgare

Citrus fruits (Citrus sinensis var. “Maroc-Late”) were collected from fields in the Moroccan province
of El Gharb. No synthetic pesticides were applied preharvest. Only fruits uniform in size, shape, and
ripeness, and free of rot or deterioration, were selected. Fruits were either used immediately or stored at
4◦C for up to seven days prior to experiments. To ensure surface sterility, fruits were submerged in 2%
sodium hypochlorite solution for 2 min, rinsed twice with distilled water, and dried under a laminar flow
hood. Each fruit was wounded twice at the equatorial zone using a sterilized stainless steel rod (5 mm
in diameter, 4 mm deep), each lesion being treated with 30 µL of plant extract at concentrations of 12.5,
25, 50, and 100 mg/mL. After 2 h of incubation at room temperature under a laminar flow hood, each
wound was inoculated with 20 µL of a fungal spore suspension at a concentration of 1 × 104 spores mL−1
for P. italicum and P. digitatum, and 1 × 107 spores mL−1 for G. citri-aurantii [24]. Fruits treated with the
fungicide imazalil (1 ppm) and those treated with sterile distilled water served as positive and negative
controls, respectively. The treated oranges were incubated in plastic boxes at a temperature of 24◦C, with
relative humidity controlled at 70%. Five fruits were used per treatment, with three independent replicates.
Lesion measurements were performed consistently, and all experiments were conducted independently.
Data from replicates were pooled for statistical analysis. Disease severity (DS, %) is determined for each
treatment after 7 days of incubation using the following formula [25]:

DS (%) = 𝐷𝑡

𝐷𝑐
× 100

where (Dt) is the average diameter of lesions on untreated fruit inoculated only with the pathogenic fungus
(in mm) and (Dc) is the average diameter of lesions on treated fruit (in mm).
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2.6 Determination of Total Phenolic and Flavonoid Contents in C. telephiifolia and M. vulgare Extracts

2.6.1 Total Phenolic

The total amount of phenolic compounds was measured using the Folin-Denis reagent [26]. Two ml
of Folin-Denis reagent (previously diluted 10 times in distilled water) were added to 400 µL of 1 mg/mL
extract. After 4 min, 1600 µL of sodium carbonate solution (75 mg/mL) were added to the solution. After 2 h
of incubation in the dark at room temperature, the absorbance was measured at 765 nm using a UV-visible
spectrophotometer. Calibration was performed with gallic acid (0–300 µg/mL in methanol). Reagent
preparation: 75 mL of distilled water, 10 g of sodium tungstate, 2 g of phosphomolybdic acid, and 15 mL of
concentrated phosphoric acid were added to a volumetric flask, and the mixture was boiled for 2 h. After
cooling, it was transferred to a 100 mL volumetric flask and diluted to 100 mL with distilled water.

2.6.2 Total Flavonoid

The total flavonoid content was measured using the colorimetric method described by Hssaini et al. [27].
Thus, to 2 mL of the extract previously diluted to 1 mg/mL, an equal amount of AlCl3 solution (2% in
methanol) is added and incubated for 10 min in the dark at room temperature before measuring the
absorbance at 430 nm by UV-visible spectrophotometry with a blank. For calibration, quercetin was used at
a calibrated concentration (0 to 40 µg/mL in the same solvent).

2.7 Phytochemical Screening of C. telephiifolia and M. vulgare Aqueous Extracts

The main objective of phytochemical screening is to identify the main classes of secondary metabolites
such as terpenoids, alkaloids, flavonoids, glycosides, tannins, coumarins, saponins, and steroids present
in plant extract of C. telephiifolia and M. vulgare. This screening was performed using infused aqueous
extracts prepared according to the method described by [27]. The decoction was made using 2 g of treated
plant powder and 80 mL of boiling distilled water, which was left to infuse for 24 h. After cooling, the
extract was filtered through a Whatman filter.

2.7.1 Terpenoids

A Salkowski test was performed by adding 2 mL of chloroform and 3 mL of sulfuric acid to 2 mL of the
infused solution. The appearance of a reddish-brown color indicates the presence of terpenoids [28].

2.7.2 Alkaloids

The presence of alkaloids was demonstrated by the formation of an orange or red precipitate during
alkaloid testing, which consisted of mixing 5 mL of the infused solution with 2 mL of hydrochloric acid and
1 mL of Dragendorff’s reagent (iodobismuthate reagent) [29].

2.7.3 Flavonoids

To detect flavonoids, an alkaline test was performed by adding 2 mL of NaOH (2%) to 2 mL of the
infused solution. The appearance of a reddish-brown color indicates the presence of terpenoids [30].

2.7.4 Glycosides

The presence of glycosides was demonstrated by the Keller-Kiliani test, consisting of adding 2 mL of
acetic acid and 2 mL of sulfuric acid to 2 mL of infused solution. The presence of glycosides was confirmed
by the appearance of a red color [28].
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2.7.5 Hydrolyzable Tannins

One ml of 1% FeCl3 was mixed with 2 mL of infusion. Two cases can be observed: the appearance of a
greenish color reveals the presence of catechins. Conversely, a blue-black color indicates the presence of
gallic tannins [31].

2.7.6 Condensed Tannins

In a boiling water bath, a mixture made from 2 mL of an infuscate, and 2 mL of hydrochloric acid was
infused for 5 min. The appearance of a persistent red color indicates the presence of condensed tannins [32].

2.7.7 Coumarins

In a beaker covered with filter paper soaked in NaOH (10%), 2 mL of infused solution was poured.
The mixture was brought to a boil until the paper dried. The presence of coumarins was revealed by the
appearance of yellow fluorescence on the paper, observed under UV light at 365 nm [33].

2.7.8 Saponins

A foam test was performed by vigorously shaking 2 mL of infusion for 30 s. After resting for 15 to
20 min, the appearance of persistent foam ≥1 cm in height indicates the presence of saponins [34].

2.7.9 Steroids

Steroids were detected using the Liberman-Burchard test with a few drops of acetic anhydride, 2 mL of
chloroform, 2 mL of sulfuric acid, and 2 mL of the solution. The presence of steroids was confirmed by the
appearance of a red color. The presence of glycosides was determined using the Keller-Kiliani test, which
involves adding 2 mL of acetic acid and 2 mL of sulfuric acid to 2 mL of infused solution [28].

2.8 Measurement by Fourier Transform Infrared Spectroscopy

Fourier transform infrared (FTIR) spectroscopy measurements were performed on the studied species
using a Bruker Vertex 70 FTIR spectrometer equipped with an Attenuated Total Reflectance (ATR) accessory
(Bruker Optics Inc., Ettlingen, Germany). Powder samples from the three plants were deposited onto a
176 µm crystal plate and exposed to an infrared beam with a wavelength between 2.5 and 25 µm. The
samples were analyzed in the infrared region between 450 and 4000 cm−1 with a resolution of 4 cm−1 and a
peak-to-peak signal-to-noise ratio of 9300:1 for 5 s. The results were then visualized and interpreted using
Origin Lab software. The values of the characteristic FTIR peaks were measured, and their functional groups
were determined [35]. The integration of areas corresponding to specific spectral bands was performed in
order to identify constituents such as proteins, lignin, cellulose, hemicellulose, and pectin [36].

2.9 Statistical Analysis

The results obtained from in vitro and in vivo tests, as well as phytochemical analyses, were subjected
to one-way ANOVA followed by Tukey’s HSD post-hoc test at a significance level of p < 0.05, using SPSS
version 25 software. Each experiment was conducted with five replicates (n = 5), and all tables report
mean ± SD values.
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3 Results

3.1 Extraction Yields

The aqueous extract of C. telephiifolia yielded 17.43% for samples taken in Agourai and 18.13% for
those taken in Azrou, while the aqueous extract of M. vulgare yielded 12.56%.

3.2 In Vitro Effect of Aqueous Extracts of C. telephiifolia and M. vulgare

3.2.1 Effect on Mycelial Growth

Table 1 shows the inhibitory effect of aqueous extracts of C. telephiifolia andM. vulgare on the mycelial
growth of P. italicum, P. digitatum, and G. citri-aurantii in vitro. Both extracts significantly reduced fungal
growth compared to the control, and this inhibitory effect was observed at all concentrations and was
statistically very significant (p < 0.05).

In particular, aqueous extracts of C. telephiifolia (Agourai and Azrou) proved to be significantly more
effective than those of M. vulgare. Extracts of C. telephiifolia from Agourai showed strong inhibitory
activity against the three fungi, with inhibition rates exceeding 62% even at the lowest concentration tested
(12.5 mg/mL), reaching 76.46% for P. italicum, 89.09% for P. digitatum, and 90.94% for G. citri-aurantii at a
concentration of 100 mg/mL. The other aqueous extract from the same species, collected in Azrou, also
demonstrated very significant antifungal activity, with inhibition rates of 68.18%, 87.92%, and 86.30% for
P. italicum, P. digitatum, and G. candidum, respectively. In contrast, the aqueous extract of M. vulgare
showed weaker antifungal activity, with maximum inhibition observed only against P. digitatum (71.85%
at 100 mg/mL), while its effect against P. italicum and G. citri-aurantii remained limited (≤15.3%) at all
concentrations tested. Overall, these results demonstrate that aqueous extracts of C. telephiifolia, particularly
those from the Agourai region, have significant antifungal activity against the three fungal species tested,
and that this activity increases proportionally with the concentration of the extract.

Table 1: In vitro effect of concentrations of aqueous extracts of C. telephiifolia and M. vulgare on the mycelial growth
of P. italicum, P. digitatum, and G. citri-aurantii after 10 days of incubation at 25◦C.

Inhibition Rate of Mycelial Growth (%)
Plant Concentration (mg/mL) P. italicum P. digitatum G. citri-aurantii

C. telephiifolia Agourai

100 76.46 ± 1.86d 89.09 ± 0.29e 90.94 ± 0.42h
50 70.15 ± 1.02d 88.74 ± 0.32e 90.69 ± 0.12h
25 67.20 ± 3.4d 88.01 ± 0.63e 90.67 ± 0.24h
12.5 62.78 ± 3.69cd 88.65 ± 0.84e 90.38 ± 0.18h

C. telephiifolia Azrou

100 68.18 ± 2.64d 87.92 ± 0.82de 86.30 ± 0.34h
50 63.76 ± 0.45cd 87.74 ± 0.53de 69.46 ± 2.79g
25 61.49 ± 0.97cd 87.57 ± 0.69de 57.15 ± 1.54f
12.5 54.42 ± 1.46c 85.33 ± 0.57d 52.57 ± 0.78f

M.vulgare

100 5.92 ± 2.99a 71.85 ± 2.16d 11.94 ± 0.53e
50 11.10 ± 2.8ab 66.29 ± 2.85d 7.16 ± 1.43bcd
25 13.3 ± 2.12b 45.25 ± 2.93c 6.32 ± 2.28bc
12.5 15.29 ± 2.42b 24.12 ± 2.14b 5.12 ± 2.17b

Control (Without extract) 0 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a

The results are presented as mean ± standard deviation (n = 5). They are derived from the meaning of two separate experiments,
each with five replicates. Data were analyzed using one-way ANOVA followed by Tukey’s test (p < 0.05), inhibition levels followed
by the same letter in a given column are not significantly different.
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3.2.2 Effect on Spore Germination

The results presented in Table 2 highlight a notable antifungal effect of aqueous extracts of
C. telephiifolia (Agourai and Azrou) and M. vulgare on the germination of spores from the three pathogenic
fungi studied. In general, these aqueous extracts inhibit or reduce spore germination, and the percentage of
germination inhibition increases proportionally to the concentration applied, indicating a dose-response
relationship. The aqueous extract of C. telephiifolia (Agourai) was the most active, with a minimum
concentration of 12.5 mg/mL, inhibition rates above 87% for P. digitatum and G. candidum, and even
above 90% at a concentration of 100 mg/mL. In contrast, for P. italicum, the effect remained moderate
but showed a dose-dependent trend, with germination inhibition increasing from 3.0% at 12.5 mg/mL to
71.1% at 100 mg/mL. For the extract of C. telephiifolia (Azrou), no effect was observed against P. digitatum
(inhibition of 87.4% at 12.5 mg/mL and 92.3% at 100 mg/mL). This extract also reduced the germination
rate of G. citri-aurantii spores, with inhibition of 79.17% at 50 mg/mL and 90.28% at 100 mg/mL. However,
on P. italicum, the effect remained limited, with rates below 31% even at the maximum concentration.
In comparison, M. vulgare extract effectively inhibited the germination of G. citri-aurantii spores, with
an inhibition percentage exceeding 93% at 100 mg/mL. However, this same extract was significantly less
effective against P. italicum and P. digitatum, where inhibition percentages remained low to moderate.

Table 2: Effect of concentrations of aqueous extracts of C. telephiifolia and M. vulgare on the on-spore germination of
P. italicum, P. digitatum, and G. citri-aurantii after 24 h of incubation at 25◦C.

Spore Germination Inhibition Rate (%)
Plant Concentration (mg/mL) P. italicum P. digitatum G. citri-aurantii

C. telephiifolia Agourai

100 71.12 ± 3.37j 92.31 ± 3.43e 96.53 ± 1.21d
50 46.74 ± 1.69ij 90.11 ± 2.85e 91.67 ± 2.09d
25 10.46 ± 1.52cde 87.92 ± 3.43e 84.03 ± 6.02d
12.5 3.03 ± 3.17ab 87.37 ± 2.52e 70.83 ± 12.67d

C. telephiifolia Azrou

100 42.64 ± 3.23hi 92.32 ± 2.52e 90.28 ± 1.21d
50 27.02 ± 2.5fgh 92.31 ± 4.15e 79.17 ± 2.09d
25 15.04 ± 3.37def 89.57 ± 3.43e 61.80 ± 3.18c
12.5 6.80 ± 0.48abc 87.37 ± 2.52e 42.36 ± 3.89b

M.vulgare

100 30.96 ± 2.86gh 60.47 ± 5.94d 93.06 ± 1.20d
50 28.21 ± 1.21fgh 48.37 ± 3.30c 88.89 ± 1.20d
25 21.49 ± 3.99efg 47.29 ± 2.24c 86.81 ± 2.40d
12.5 7.98 ± 2.85bcd 34.66 ± 3.03b 80.56 ± 2.40d

Control (Without extract) 0 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a

The results are presented as mean ± standard deviation (n = 5). They are derived from the meaning of two separate experiments,
each with five replicates. Data were analyzed using one-way ANOVA followed by Tukey’s test (p < 0.05), inhibition levels followed
by the same letter in a given column are not significantly different.

3.3 Effect of Aqueous Extracts of C. telephiifolia and M. vulgare on the Severity of Orange Rot

In vivo tests showed that aqueous extracts from the three plants studied exhibited varying degrees of
activity in reducing the severity of three pathogens (Table 3, Fig. 1).

The aqueous extract of C. telephiifolia from Azrou proved to be the most effective in completely
reducing the severity of the disease (0%) caused by P. digitatum green rot at all concentrations tested (25,
50, and 100 mg/mL). A similar effect was observed with the extract of the same species from Agourai, but
only at the highest concentration (100 mg/mL), confirming the strong antifungal potential of C. telephiifolia
against P. digitatum. Conversely, the filtrate of M. vulgare showed no significant activity against this
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phytopathogen, with the severity of green rot remaining at over 70%, comparable to the untreated control.
With regard to P. italicum, which causes blue mold, the three extracts tested showed no significant effect,
with disease levels ranging from 73.13% to 97.01% depending on the concentration, indicating that the
extracts tested had little effect against this fungus. Compared to the control, only C. telephiifolia from Azrou
reduced the severity of acid rot, by 19.32% at 100 mg/mL and 37.73% at 50 mg/mL. In contrast, the filtrates
of Agourai and M. vulgare proved to be ineffective, with the severity of the disease remaining high (>70%)
for all concentrations tested (25, 50, and 100 mg/mL). The synthetic fungicide (Imazalil), used as a positive
control, showed a disease severity of 81.37 ± 2.05% for P. italicum, and a total reduction for P. digitatum and
G. citri-aurantii.

 

Figure 1: Effect of aqueous extracts on the development of green, blue, and sour mold lesions on oranges after
10 days of incubation at 25◦C. (A) untreated control inoculated with P. digitatum, (B) treated with M. vulgare against
P. digitatum, (C) treatment with C. telephiifolia (Agourai) against P. digitatum, (D) treatment with C. telephiifolia
(Azrou) against P. digitatum, (E) positive control with the fungicide Imazalil against P. digitatum, (F) control inoculated
with G. citri-aurantii, (G) treatment with M. vulgare against G. citri-aurantii, (H) treatment with C. telephiifolia
(Agourai) against G. citri-aurantii, (I) treatment with C. telephiifolia (Azrou) against G. citri-aurantii, (J) control treated
with Imazalil against G. citri-aurantii, (K) control inoculated with P. italicum, (L) treatment with M. vulgare against
P. italicum, (M) treatment with C. telephiifolia (Agourai) against P. italicum, (N) treatment with C. telephiifolia (Azrou)
against P. italicum, and (O) control treated with Imazalil against P. italicum.
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Table 3: Effect of aqueous extracts of C. telephiifolia and M. vulgare on the severity (%) of green, blue, and sour rot of
orange after 7 days of incubation at 25◦C.

Disease Severity (DS, %)
Plant Concentration P. italicum P. digitatum G. citri-aurantii

C. telephiifolia (Agourai)

100 mg/mL 81.46 ± 2.28c 0.00 ± 0.00a 71.67 ± 0.49d
50 mg/mL 88.09 ± 1.54b 41.30 ± 1.02b 75.27 ± 0.69c
25 mg/mL 93.38 ± 3.34ab 45.22 ± 0.44b 82.66 ± 3.96b
12.5 mg/mL 96.56 ± 2.45a 46.78 ± 1.25b 84.98 ± 2.90b

C. telephiifolia (Azrou)

100 mg/mL 85.43 ± 1.78bc 0.00 ± 0.00a 19.32 ± 0.63g
50 mg/mL 94.95 ± 1.50ab 0.00 ± 0.00a 37.73 ± 5.61f
25 mg/mL 96.73 ± 1.92a 0.00 ± 0.00a 66.82 ± 1.28e
12.5 mg/mL 98.56 ± 2.78a 0.00 ± 0.00a 68.56 ± 1.56e

M.vulgare

100 mg/mL 73.13 ± 2.78d 71.57 ± 1.53c 59.84 ± 1.03ef
50 mg/mL 87.81 ± 1.64bc 89.41 ± 1.81d 74.03 ± 2.13cd
25 mg/mL 97.01 ± 2.80a 92.61 ± 0.87d 77.12 ± 1.27c
12.5 mg/mL 99.45 ± 1.67a 96.56 ± 0.12a 80.45 ± 2.12b

Imazalil fungicide 1ppm 81.37 ± 2.05c 0.00 ± 0.00a 0.00 ± 0.00a

Untreated control 0 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a

Negative control 0 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a

The results are presented as mean ± standard deviation (n = 5). They are derived from the meaning of two separate experiments,
each with five replicates. Data were analyzed using one-way ANOVA followed by Tukey’s test (p < 0.05), inhibition levels followed
by the same letter in a given column are not significantly different.

3.4 Total Polyphenol and Flavonoid Content

The results presented in Table 4 revealed that the aqueous extract of C. telephiifolia from Agourai was
the richest in total polyphenols (13.61 µg GAE/mg) and had a relatively high flavonoid content (4.96 µg
QE/mg), followed by the aqueous extract of C. telephiifolia from Azrou with (12.91 µg GAE/mg and 3.70 µg
QE/mg), while M. vulgare had the lowest concentration of polyphenols (9.93 µg GAE/mg) but the highest
flavonoid content compared to the other aqueous extracts (5.28 µg QE/mg).

Table 4: Total polyphenols and flavonoids contents, values with different letters are significantly different,
C. telephiifolia Azrou, C. telephiifolia Agourai, M. vulgare.

Total Polyphenols Content
(µg EAG/mg of Extrait)

Total Flavonoids Content
(µg EQ/mg of Extrait)

C. telephiifolia Azrou 12.91a 3.70d
C. telephiifolia Agourai 13.61a 4.96c

M.vulgare 9.93b 5.28c

The values represent the mean ± standard deviation. Data followed by the same letter in each column do not differ significantly
according to Tukey’s test (p < 0.05).

3.5 Phytochemical Screening

Qualitative phytochemical analysis (Table 5) revealed marked variations in the secondary metabolic
profiles of the three plants studied.

Aqueous extracts of C. telephiofolia from both locations are characterized by a high presence of
terpenes, saponins, and unsaturated sterols (+++). However, the Agourai sample has a notable abundance of
glycosides (+++), whereas they are completely absent from the Azrou sample. Traces of condensed tannins
are observed in the Azrou sample but not detected in the Agourai sample. Saponins, unsaturated sterols,
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and coumarins are present in both samples, although in greater quantities in the Azrou sample. On the
other hand, neither extract contains hydrolysable tannins or steroids. The aqueous extract of M. vulgare
is rich in flavonoids (+++) and unsaturated sterols (+++) and has a moderate concentration of glycosides,
condensed tannins, terpenes, alkaloids, and coumarins (++). Traces of steroids have been detected, while
hydrolysable tannins and saponins are absent.

Table 5: Phytochemical screening results, (+++) = very rich, (++) = moderately rich, (+) = traces, (-) = absent.

Tests C. telephiifolia (Azrou) C. telephiifolia (Agourai) M. vulgare

Flavonoids ++ ++ +++
Glycosides - +++ ++
Steroids - - +

Hydrolyzable tannins - - -
Condensed tannins + - ++

Terpenoids +++ +++ ++
Insaturated sterols +++ ++ +++

Saponins +++ ++ -
Alkaloids + + ++
Coumarins ++ + ++

3.6 Fourier Transform Infrared Spectroscopy Analysis

The peaks of the FT-IR analysis of C. telephiofolia (Azrou and Agourai) and M. vulgare powders are
shown in Fig. 2. These spectra allow the determination of the main functional groups of the chemical
compounds in the samples. Spectral analysis of the plants studied revealed a broad absorption band around
3313 cm−1, attributed to the stretching vibrations of alcohols, phenols, and proteins (O–H and N–H). The
peaks between 2919 cm−1 and 2851 cm−1 correspond to the vibrations of the C–H bonds of lipids and
polysaccharides. A well-defined absorption band at 1627 cm−1, characteristic of the amide I region of
proteins and pectin’s, corresponds to C=O bonds, while the signal at 1409 cm−1 is associated with O–H and
C–N groups in lignin’s and hemicelluloses. In addition, an intense peak, attributed to the C–O vibrations of
glycosidic polysaccharides, particularly cellulose and hemicelluloses, is observed at 1027 cm−1. Overall, the
three plants have the same functional group, composed of phenolic, polysaccharide, and protein compounds
C. telephiofolia (Azrou), with the most intense peaks at 3313, 1627, and 1027 cm−1, provides a differentiation
in the relative proportions of these biomolecules among the species studied.

The absorbance values corresponding to the main functional groups identified by FTIR spectroscopy
are presented in Table 6. Quantitative analysis of the FTIR bands reveals clear differences among the three
studied plants. The absorbance values are highest for C. telephiofolia (Azrou) for most characteristic bands,
particularly those of pectin’s (1760–1720 cm−1), proteins (1710–1620 cm−1), lignin (1615–1590 cm−1), and
cellulose (1090–1022 cm−1), with significant differences (p < 0.05) compared to other species. Conversely,
C. telephiofolia (Agourai) shows the lowest values for most bands, reflecting a lower content of structural
macromolecules. M. vulgare occupies an intermediate position, displaying moderate values for most peaks.
These results indicate that the chemical composition of the three plants differs considerably according to
species and geographical origin.



12 Phyton-Int J Exp Bot. 2026;95(4):7

Figure 2: Representation of absorbance bands recorded in the 4000–500 cm−1 region of C. telephiifolia Agourai
(C.T.Ag), C. telephiifolia Azrou (C.T.Az), and M. vulgare (M.V).

Table 6: Comparative analysis of the integrated spectral bands of the FTIR spectra of: C. telephifolia (from Azrou and
Agourai) and M. vulgare.

C. telephiifolia Azrou C. telephiifolia Agourai M. vulgare

Pectin 1760–1720 0.177 ± 0.041a 0.097 ± 0.006b 0.140 ± 0.012ab
Proteins (Amide I) 1710–1620 0.671 ± 0.153a 0.35 ± 0.02b 0.370 ± 0.030b
Lignin (aromatic) 1615–1590 0.227 ± 0.052a 0.12 ± 0.01b 0.147 ± 0.013b
Lignin (aliphatic) 1480–1455 0.13 ± 0.03a 0.070 ± 0.004b 0.090 ± 0.008b

Hemicellulose (aliphatic) 1445–1410 0.23 ± 0.06a 0.120 ± 0.008b 0.149 ± 0.013b
Hemicellulose (glycosidic) 1261–1200 1.30 ± 0.31a 0.156 ± 0.010b 0.237 ± 0.019b

Cellulose 1090–1022 0.95 ± 0.23a 0.499 ± 0.033b 0.486 ± 0.043b

The values represent the mean ± standard deviation. Data followed by the same letter in each column do not differ significantly
according to Tukey’s test (p < 0.05).

4 Discussions

Fungicide application is the primary methods for controlling fruit pathogens post-harvest. However,
he persistence of residues of these chemicals on the surface of the fruit poses a risk to human health and has
a negative impact on the environment. In addition, the continued application of chemical fungicides leads
to the emergence of pathogen strains that are resistant to these products [37]. Several studies demonstrate
the potential of plant extracts in the formulation of plant-based biological fungicides to inhibit post-harvest
infections [21,38]. Plant extracts have gained increasing importance due to their antifungal activity,
research has highlighted the abundance of bioactive compounds with antifungal potential and identified
these molecules as effective strategies [39]. Natural compounds capable of inhibiting the development and
spread of pathogens through direct or indirect mechanisms promote the emergence of resistance and the
suppression of fruit diseases [40]. Plant extracts are of interest to researchers studying their antimicrobial
and antifungal effects due to the presence of various phenolic compounds. These compounds play an
important role, as they allow plant extracts to be used as biocides and preservatives to control fruit diseases
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post-harvest [41]. Aqueous extracts are generally considered safer than other extracts, particularly ethanol
extracts, because their solvent is water, which limits adverse effects and reduces environmental impact. The
extraction method is very simple, energy efficient, and uses a renewable solvent. In addition, these extracts
are suitable for food applications because they do not alter the quality or taste of the products [42]. To our
knowledge, no study has yet examined the efficacy of aqueous extracts of M. vulgare and C. telephiifolia
against post-harvest fruit diseases. Our work therefore enabled us to evaluate the antifungal activity of
these extracts against P. digitatum, P. italicum, and G. citri-aurantii, which are responsible for green, blue,
and sour rot in citrus fruits, respectively. In vitro and in vivo tests were carried out at four concentrations
(12.5, 25, 50, and 100 mg/mL), and the results reveal the potential of these extracts for the prevention and
control of fruit diseases.

The antifungal activity of aqueous extracts of C. telephiifolia (Agourai and Azrou) and M. vulgare was
studied in vitro against P. digitatum, P. italicum, and G. citri-aurantii. The results of this study showed that
aqueous extracts of C. telephiifolia had significant antifungal activity, with the Agourai plant inhibiting
more than 89% of P. digitatum and G. citri-aurantii, and more than 76% of P. italicum at 100 mg/mL, with
the Azrou extract also showing significant antifungal efficacy. These results suggest that C. telephiifolia
contains water-soluble compounds whose metabolites may be responsible for the plant’s antifungal effects.
Studies have also demonstrated this activity in plants rich in flavonoids, phenolic acids, tannins, saponins,
etc. These compounds, produced during growth, can alter the cell wall of certain pathogens, leading to
a change in membrane permeability and inhibiting metabolic enzymes [43]. The difference in activity
between extracts from Agourai and Azrou, which come from the same plant, could be explained by the
influence of soil and climate conditions on the biosynthesis of secondary metabolites [44]. The differences
observed between the extracts from Agourai and Azrou could be explained by variations in phytochemical
composition linked to geographical origin. Indeed, El Yaagoubi et al. [45] studied C. telephiifolia plants
harvested in several regions of Morocco (Agourai, Sefrou, Azrou) and showed that the content of total
phenolic compounds and total flavonoids varied considerably depending on the site of origin and the
extraction solvent, with maximum values recorded in the raw extract from Agourai (44.76 ± 0.05 mg
EAG/g DM and 20.80 ± 0.01 mg QAE/g DM). The same study also demonstrated that Agourai extracts had
the highest antioxidant and antimicrobial activity, particularly against Escherichia coli and Pseudomonas
aeruginosa. These results confirm that the high phenolic and flavonoid content in the Agourai samples
could explain their superior antifungal activity observed in our study. However, FT-IR remains a global
characterization technique and does not allow for the precise identification of active compounds or the
evaluation of their individual contribution to antifungal activity. Additional analyzes, such as HPLC or
LC-MS, combined with fractionation guided by biological activity, are generally required to identify and
characterize the molecules responsible for the observed effect [46].

However, M. vulgare extract is only effective against P. digitatum (71.8% at 100 mg/mL), with little
effect against P. italicum and G. citri-aurantii. This plant is very rich in antifungal compounds, particularly
diterpenes and phenolic compounds [47]. In addition, recent studies have shown that methanolic and
acetone extracts of M. vulgare exhibit antifungal activity against several fungi, including Botrytis cinerea
and Pythium ultimum, revealing limited inhibition, with marrubiin exerting only a moderate effect (32.4%
against B. cinerea) and even stimulating the growth of P. italicum at high concentrations. These observations
confirm that the polar components of M. vulgare are weakly active against phytopathogens, which explains
the low activity recorded in our study with the aqueous extract [18].

Spore germination tests reveal that C. telephiifolia extract inhibits the germination of P. digitatum and
G. citri-aurantii by more than 70% at 12.5 mg/mL. The aqueous extract ofM. vulgare inhibits the germination
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of G. citri-aurantii by more than 93% at 100 mg/mL. In addition, the Agourai extract of C. telephiifolia
is the only one to inhibit the germination of P. italicum by 70% at 100 mg/mL. Furthermore, macerated
extraction of M. vulgare has recently been shown to have strong antifungal activity against B. cinerea, the
agent responsible for gray mold in tomatoes, completely inhibiting spore germination, while the extraction
method has a significant impact on biological efficacy. The authors noted that this activity is related to the
high quantity of terpenoids and phenolic compounds known for their antifungal activity. This suggests
that the low efficacy observed in our research could be due to the aqueous nature of the extract, which has
a low extraction capacity for these bioactive compounds [48].

In vivo tests were conducted to evaluate the effectiveness of aqueous plant extracts in mitigating
the severity of diseases caused by P. digitatum, P. italicum, and G. citri-aurantii. The aqueous extract of
C. telephiifolia from Azrou proved to be the most effective: it completely inhibited green rot at 25 mg/mL,
showing its strong antifungal properties in inhibiting the development of P. digitatum on fruit. The same
result was observed for the extract of the same species from Agourai, but only at the highest concentration
(100 mg/mL). Not all of the extracts tested prevented the development of blue mold caused by P. italicum, as
this pathogen quickly colonizes fruit tissue and resists the action of the water-soluble bioactive compounds
they contain. Studies confirm that a low dose of imazalil (1 ppm) is insufficient to control Penicillium
italiensis, with concentrations between 5 and 10 ppm generally required for effective inhibition, depending
on factors such as strain resistance and inoculum quantity. Furthermore, imazalil requires concentrations
≥ 5 ppm for optimal control of Penicillium italiensis in post-harvest citrus, highlighting the variability
related to fruit ripening and experimental conditions [49,50]. The C. telephiifolia extract from Azrou
reduced the severity of sour rot by 19.32% at 100 mg/mL, while the aqueous extract of M. vulgare proved
ineffective. The reduced effectiveness of aqueous antifungal extracts against sour rot caused by the fungus
G. citri-aurantii can be explained by several factors. The cell wall of this fungus is rich in complex sugars,
chitin, and beta-glucans, which limit the penetration of water-soluble bioactive compounds. Microscopic
analysis shows that antifungals inhibit the synthesis of chitin (CHS2 and chsA genes) and glucans (Glu1 and
Glu2), thereby increasing the permeability of the cell wall without inducing initial changes in the plasma
membrane [51]. In addition, the antifungal compounds present in this fungus may be lipophilic, such as
terpenes and nonpolar phenolic compounds. These compounds are difficult to extract with water but are
easier to extract with other organic solvents like acetone or methanol. Studies confirm the superior efficacy
of alcoholic extracts and essential oils rich in lipophilic terpenes such as citral and trans-2-hexenal, which
disrupt the integrity of the fungal membrane by altering β-glucan polysaccharides and ergosterol inhibits
the development ofG. citri-aurantii [52]. Similarly, methanolic and acetone extracts of ginger spices revealed
that fractions of these extracts inhibit the fungal growth of G. citri-aurantii with inhibition diameters of
20–25 mm at 25 mg/mL, compared to only 8–12 mm for aqueous extracts, thanks to better extraction of
lipophilic terpene [53]. Thus, the results of this study highlight the limitations of aqueous extracts in
controlling G. citri-aurantii, while confirming their targeted efficacy against post-harvest pathogens in
citrus fruits. Future prospects include exploring other extraction methods, such as alcoholic extraction or
the use of essential oils, as well as combined applications involving plant extracts, antagonistic yeasts, or
GRAS salts, in order to improve efficacy against acid rot as part of an integrated and sustainable approach.

The absence of a significant preventive effect of the aqueous plant extracts against sour rot caused by
G. citri-aurantii can be attributed to a combination of biological and chemical factors. This pathogen is
characterized by a complex cell wall architecture predominantly composed of chitin and β-glucans, which
may limit the diffusion and bioavailability of hydrophilic antifungal compounds, thereby reducing their
effectiveness [54]. In parallel, several studies have demonstrated that the compounds most active against
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G. citri-aurantii, including terpenoids and non-polar phenolic molecules, are mainly lipophilic in nature
and are therefore poorly extracted using water as a solvent. By contrast, alcoholic extracts and essential
oils, which are richer in these lipophilic constituents, generally exhibit higher antifungal activity against
sour rot pathogens [55]. For instance, methanolic and acetone extracts, as well as essential oils enriched in
monoterpenes and aldehydes such as citral and trans-2-hexenal, have been reported to significantly inhibit
the growth of G. citri-aurantii, notably through alterations of cell wall integrity and interference with
membrane-associated sterol metabolism [52]. Taken together, these observations highlight the intrinsic
limitations of aqueous plant extracts for the control of sour rot, while confirming their selective efficacy
against other postharvest citrus pathogens. From a practical perspective, future investigations should
therefore explore alternative extraction procedures (e.g., alcoholic extraction or essential oils) or combined
application strategies involving plant extracts, antagonistic microorganisms, or GRAS salts, as part of an
integrated and sustainable postharvest disease management approach.

With regard to the in vivo development of the three pathogens, significant differences were observed
in the phytochemical composition of the extracts of C. telephiifolia and M. vulgare. These differences lie
mainly in the presence of saponins in the extracts of C. telephiifolia, which are completely absent from the
extracts of M. vulgare. Saponins are compounds characterized by their ability to bind to sterols, proteins,
and phospholipids in the fungal cell membrane, causing a loss of structural integrity in this membrane and,
simultaneously, an increase in its permeability [56].

Phytochemical examination revealed that the aqueous extract ofM. vulgare was very rich in flavonoids
and unsaturated sterols, as well as glycosides, condensed tannins, terpenes, alkaloids, and coumarins.
No hydrolyzable tannins or saponins were detected. Traces of steroids were found. This observation
is consistent with those of Hayat et al. [57], concerning the presence of flavonoids and terpenes, but
differs from those of the same author with regard to the presence of coumarins and alkaloids. Similarly,
Bouterfas et al. [58] observed the presence of condensed tannins in crude extracts of M. vulgare, but did not
detect coumarins. These two authors also note the significant differences in chemical composition, which
depend on the growing conditions to which the plants were subjected locally. Phytochemical analysis of
aqueous extracts of C. telephiifolia from both sites (Agourai and Azrou) showed the presence of flavonoids
in relatively modest quantities, high-density terpenoid compositions, and traces of alkaloids in all samples.
Only the Agourai sample contained high levels of glycosides, which were absent from the Azrou sample.
Traces of condensed tannins were observed in the Azrou sample, but were absent from the Agourai sample.
In this extract, saponins, unsaturated sterols, and coumarins were observed in considerable quantities, but
they were more abundant in the Azrou sample. Neither sample contained hydrolyzable tannins or steroids.
These observations are consistent with those of [17,59] which mention that the nature and concentration
of these compounds depend on the degree of maturity of the plant and the environmental conditions in
which it grew. This could explain the differences observed between the two samples of C. telephiifolia.

5 Conclusion

This study demonstrates that aqueous extracts of C. telephiifolia possess selective antifungal activity
against major post-harvest citrus pathogens. Strong inhibition was observed against G. citri-aurantii,
moderate activity against P. digitatum, while P. italicum showed limited and inconsistent responses, reflecting
its resistance to water-soluble bioactive compounds. Extracts from Agourai displayed higher efficacy than
those from Azrou, likely due to higher concentrations of saponins, polyphenols, flavonoids, and terpenoids
influenced by geographic origin and environmental conditions. In contrast, aqueous extracts of M. vulgare,
which lack saponins and contain mainly flavonoids and sterols, exhibited weak or negligible activity. These
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findings highlight both the potential and the limitations of aqueous plant extracts for post-harvest disease
management. Future research should focus on identifying the specific active compounds, optimizing
extraction methods (e.g., alcoholic solvents or essential oils), and evaluating integrated strategies combining
plant extracts with other biological or GRAS treatments to improve efficacy against resistant pathogens.
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