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Abstract: In the context of sustainable and eco-friendly agriculture, current scientific researches are focusing
on plant-based bioproducts to remedy the toxicity caused by chemical fertilizers and pesticides. This study was
conducted on cladodes of Opuntia ficus-indicato screen the bioactive molecules and to evaluate the activity
againstfungal agentsisolated from tomato fruits. Quantitative analysis of the methanolic extractrevealed its
richeness in total polyphenols (86.6 mg GAE/100 g FW), flavonoids (13.4 mg QE/100 g FW), condensed tannins
(08.9 mg TAE/100 g FW), and carotenoids(0.9 mg (3-CE/100 g FW). DPPH test revealed that the cladodes extract
had a high antioxidant potential (0.6 mg/ml). On the other hand, 7 fungal agents were isolated from infected
tomato fruits and identifyed asbelonging to the following genera: Rhizoctonia (EC2), Fusarium (EC1 and EC3),
Alternaria (EC4), Mucor (EC5), Aspergillus (EC6) and Penicillium (EC7). At a concentration 0.02% of
cladodehydro-ethanolic extract, results of the antifungal activity showed aninhibition of mycelial growth up
to70% for the isolates ofAlternariaspEC4 (70.91%), Rhizoctonia solaniEC2 (58.49%), Fusarium oxysporiumEC3
(57.63%) and Fusarium solaniEC1 (53.13%). While,inhibitory activities lower than 50% were obtained for fungal
isolates MucorspEC6 (31.08%), Aspergillus sp EC5 (35.14%) and Penicillium sp EC7 (28.38%).At 0.04%all
thecladode hydro-ethanolic extractwere able to inhibit mycelium growth in more than 50%.Similarly,
maximum spore inhibition development were obtained with 0.04 cladode hydro-ethanolicreaching more than
60%. Inhibition percentages of 83.02%, 85.96%, 87.76% and 90.20% were obtained for fungal isolates Fusarium
oxysporium EC3, Fusarium solani EC1, Rhizoctonia solani EC2 and Alternaria sp EC4, respectively. All together,
the results show that Opuntia ficus-indica extract has potential tobe used effectively as a biopesticide against
fungal agents of tomato fruits.

Keywords: Opuntia ficus-indica; cladodes; bioactive molecules; fungal agents;
Solanum lycopersicum L; antifungal activity

1. Introduction

Tomato was ranked as the third most relevant vegetablein the world because it is grown in
almost in more than 130 major countries over an estimated area of 2.5 million hectares [2]. Tomato is
a short cycle crop, usually with high yields. In Algeria, tomatoes account for 1% of world production,
30% of which was produced in the Mediterranean [1]. According to FAO (2022), total world tomato
production for both processing and fresh tomatoin 2021 amounted to over 189.1 million metric
tonnes, with an increment of 2% per from 2018 to 2020[3].

However, tomato crops are at risck of being attacked by almost an handred of well known
biological pests, as well as by new diseases emerging at an alarming rate [3]. These
numerousdeseasedcan affect roots, crown, stem, leaves and even tomato fruits [4]. They are generally
the result of unfavourable weather conditions or nutrient deficiencies [5]. Recent studies based on
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surveys and statistics in various countries have revealed that losses of fruit and vegetables due to
fungal infections are estimated at an average of 60 million tonnes per year at consumer level. This
represents 16% of the food that reaches consumers. Of this amount, 80% of food could be avoided or
potentially avoided by improving home storage conditions, a saving of 47 million tonnes per year
[6]. Tomatoes with a short shelf life, are considered to be one of the most easily spoiled products [5].
Several fungi belonging to the genera Aspergillus, Penicillium and Fusarium are known to contaminate
agricultural products and/or to produce toxic secondary metabolites [7,8]. These fungican cause yield
losses between 30 and 50% of the crop in the event of epidemic development [9]. Once harvested,
tomatoes are also subject to various fungal infections that limit their shelf life to just a few days.
Among the fungimost found in fresh tomatoes are Aspergillussp, Mucorsp, Fusarium oxysporum,
Fusarium solani and Alternariasp [5]. Chemical pesticides, using fungicides and insecticides [10],
mainly control these diseases. However, numerous studies indicate the emergence of fungi resistance
to these chemical substances. These substances cause both toxicological and ecological problems [11].
In addition, they have negative effects on other microorganisms that are a source of soil fertilization
and important components of the soilfood webs [12]. To remedy this situation, scientific research has
turned to our natural heritage, in particular aromatic and medicinal plants. Plants represent an
inexhaustible source of substances and natural bioactive compounds. Numerous studies have
highlighted the presence of secondary metabolites with biological activities such as polyphenols,
alkaloids and terpenes [13].

Nowadays, Opuntia cladodes, fruits and flowers are the subject of numerous studies due to their
sought-after properties in the food, cosmetic and pharmaceutical fields [14-16]. The Opuntiaficus-
indica fruit, theprickly pear, is essentially found in the western Mediterranean: southern Spain,
Portugal and North Africa (Tunisia, Algeria and Morocco)[17,18]. The genus Opuntia belongs to the
Cactaceae family and account approximately with 300 species [19]. Itoriginated in Mexico and grows
in arid and semi-arid regions [20]. Despite this, the Opuntia ficus-indica species is the most widely
consumed and studied. The cladodes of this species are characterised by their high mucilage
production [21] mainly composed of polysaccharides, minerals, amino acids, vitamins, phenolic acids
and flavonoids [22-24], and by their therapeutical potential, antibacterial, and antifungal function
[25]. Algeria has a rich and diverse plant life. Among the medicinal plants that make up the plant
cover,Opuntia genus is widely distributed, especially in arid and semi-arid regions. This plant species
is used in many regions of the world, mainly for food and traditional medicine [26]. This study
focused mainly on thecharacterization of the phytochemical composition of extracts obtained by
assaying bioactive substances and determining the antifungal activity of extracts of Opuntia ficus
indica L cladodes against certain fungal agents isolated from tomato fruits.

2. Materials and Methods
2.1. Sampling of Plant Material

2.1.1. Opuntia Ficus Indica

The cladodes of Opuntia ficus indica L plant used in this study were collected in a rural area called
Douar Al-Abayatt affiliated to the commune of Sidi Kadaa, located 18 km from the department of
Mascara (Figure 1). Harvesting tooked place during February 2023, at 35°20'51.3”"N 0°18'46.
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Figure 1. Map showing the localization of the sampling place of plant material extracted from
https://mol.org/regions/ (A: Mascara department, B: Sidi Kada (Douar El-Abyatt), C: Algeria country)
and specimen OFI-02-2023 of Opuntia ficus indica L (D: Opuntia ficus-indica plant; E: Opuntia ficus-indica
cladode).

2.1.2. Tomato Fruits

Seven (07) infected tomato fruit samples (E1, E2, E3, E4, E5, E6 and E7) were obtained from
various vegetable marchants in Mascara department which showed visual symptoms of various
tomato diseases.Characterization of tomato fungal diseases was carried based on naked eye
observable symptomssuch as glueiness and the appearance of necrotic spots or lesions.

2.2. Isolation and Identification of Fungal Agents

2.2.1. Isolation

Infected tomato fruits were cleaned with sterile distilled water. They were then rinsed with
alcohol to remove surface microorganisms and kept until drying [27]. For the isolation of fungal
agents, PDA (Potato Dextrose Agar) medium was used. Fragments of infected tomato fruits obtained
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were aseptically inoculated into Petri dishes containing PDA medium at rate of one fragment per
dish.The Petri dishes were then sealed with parafilm and incubated at 25°C for 7 days [28].

2.2.2. Purification

Successive transplantof fungal isolates formed was performed aseptically. Culture explants
were selected from the peripheral zone of colony growth and transferred to Petri dishes containing
PDA medium.Incubation was performed at 25°C for 7 days. Purification was repeated 3 to4 times
[29].

2.2.3. Identification

2.2.3.1. Macroscopic Identification

Macroscopic identification was carried out by examining cultures formed on PDA medium
incubated at 25°C for 7 days. The examination aimed to determine the following cultural
characteristics: growth rate, texture and colour of the verso (front) side of the thallusand recto (back)
coloursideof colony [30].

2.2.3.2. Microscopic Identification

Microscopic observation of fingalisolates was carried out using the scotch tape method, which
involved making an imprint on colony surface of the fungal isolate using adhesive tape. Once
removed from the culture, the scotch tape was placed on a slide containing methylene blue. The
preparation was observed by experts in fungal identification based on morphological characters
using optical microscope at magnifications x10 and x40[31]Microscopic observation aimed at:
examination of the mycelium (presence or absence of partitions, and branching mode); determination
of the fruiting bodies (sporulation) and their contents (shape) and study of the conidia (morphology)
[30].

2.3. Screening of Bioactive Molecules

2.3.1. Preparation of the Methanolic Extract

The methanolic extract of Opuntia ficus-indicawas prepared by homogenising 10 g of cladodes
FW in 10 mL of methanol 95% (vol/vol) followed bystirring at 700 rpm for 30min at room
temperature. The extractwas filtered through filter paper to remove solid particles [32], the liquid
was keped for subsequent analysis.

2.3.2. Determination of Total Polyphenols

The total phenolic content of Opuntia ficus-indica cladodes was determined using Folin-
Ciocalteaumodified method [33]. Briefly, 100 pL of methanolic extract was mixed with 900 pL of
Folin-Ciocalteau reagent (diluted 1:10 with water). After 5 min, 750 uL of sodium bicarbonate aquous
solution (7%) was added to the mixture and vortexed for 30 s. The above solution was then left to
incubateat room temperature for 90 min and the absorbance was measured at 765 nm. Resultswere
expressed as the mean (mg Gallic Acid Equivalent+SD/100 g Fresh Weight (FW)) for 3 replicates.
Total polyphenol content was expressed as Gallic Acid Equivalents (GAE) utilizing gallic acid
calibration curve from 0.006 mg/mL to 0.2 mg/mL.

2.3.3. Determination of Total Flavonoids

Total flavonoids were determined using the method described by Dehpeur et al. [34]. 500 uL of
methanolic extract was added to 1500 uL of methanol (95%), 100 pL of 10% (w/v) AICI3, 100 ul of
sodium acetate (1 M) and 2.8 mL of distilled water. The mixture was stirred and incubated in the dark
at room temperature for 30 min. Then, absorbance was measured at 415 nm.The blank was prepared
by replacing the extract with methanol (95%). Results were expressed as the mean (mg Quercetin

doi:10.20944/preprints202402.0362.v1
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Equivalent+SD/100 g Fresh Weight (FW)) for 3 replicates. Total flavonoid content was expressed as
Quercetin Equivalent (QE) using calibration curve ofquercetin from 0.0025 mg/ml to 0.08 mg/ml.

2.3.4. Determination of Condensed Tannins

This assay was carried out using the colorimetric method offoslyn [35].Whichis based on the
reduction of phosphomolybdic and tungstic acid in an alkaline medium. In the presence of tannins,
itgives a blue colour whose intensity is measured at 760 nm. 0.5 m of methanolicextract, 2.5 mL of
Folin-Ciocalteu reagent solution and 5 mL of sodium carbonate (7.5%). The mixture formed was then
left to stand for 30 min at room temperature in the dark; followed by incubationfor 5 min at 55°C.
The solutionwas piked in cold water for 30 min. Then, absorbance was measured using a
spectrophotometer at 760 nm. Results were expressed as the mean (mg Tannic Acid
Equivalent+SD/100 g Fresh Weight (FW)) for 3 replicates. Condensed tanninsconcentrationwas
expressed as Tannic Acid Equivalent (TAE)utilizing tannic acid calibration curve ranging from 0.02
mg/L to 0.1 mg/mL.

2.3.5. Determination of Carotenoids

The modified method of Sass-kiss et al. [36] was adopted for the determination of carotenoid
content. It consisted of homogenising 4g of cladodes with 10 mL of a mixture of solvents
(hexane/acetone/ethanol) (1V:2V:2V); followed by shaking at 300-400 rpm/15 min. The solution was
centrifugated at 5500 rpm/15minat 4 °C. The top layer of hexane containing the pigment was sampled
and its absorbance was measured at 430 nm. A blank was prepared in 95% methanol.Results were
expressed as mean (mg [(-carotene equivalent+ SD/100 g Fresh Weight (FW)). Total carotenoid
content was expressed as [3-carotene equivalent (3-CE) by extrapolation on a [3-carotene calibration
curve from 0.002 mg/mLto 0.01 mg/mL.

2.3.6. Determination of Antioxidant Activity Using DPPH Test

DPPH (2, 2-diphenyl-1-picryl hydrazyl) assay was performed as described by Aruwa et al. [37].
50 uL of each dilution of the extract (1 to 5 mg/ml) with 5 ml of 0.004% (w/v) DPPH solution was
vortexed for 30s and incubated in the dark for 30 min at room temperature. The absorbances of the
mixtures obtained were read using a UV-visible spectrophotometer at 517 nm. The blank was
prepared in methanol 80% (v/v) and DPPH in methanol was used as a negative control. Ascorbic acid
was used as a positive control. DPPH is a stable violet free radical in solution,its colour disappears
rapidly when it is reduced to diphenyl picryl hydrazine (yellow) by a compound with anti-radical
properties, resulting in discolouration. The intensity of the colour is perversely proportional to the
capacity of the antioxidants present in the medium to donate protons. It has a characteristic
absorbance in the range 512 to 517 nm [38].

The percentage of DPPH inhibition was calculated using the following formula:

[ 1= [(A0-A1)/A0]x100 ]

Where:

AQ: Absorbance of the negative control

A1l: Absorbance of the extract/standard

The percentage of radical scavenging activity relative to the extract concentration curve was
plotted and the sample concentration that was required for 50% radical scavenging activity was
determined and expressed as the EC50 value. Lower EC50 values indicate high antioxidant capacity.
The experiment was carried out in triplicate.


https://doi.org/10.20944/preprints202402.0362.v1

Preprints.org (Wwww.preprints.org) | NOT PEER-REVIEWED | Posted: 6 February 2024

2.4. Antifungal Activity

2.4.1. Preparation of Ethanolic Extract

Hydro-ethanolic extracts were prepared according to the modified method of Ghoul et al. [32].
300 g of Opuntia ficus-indica cladodes were homogenised in ethanol 70% (vol/vol) with stirring at
XXXX rpm for xxx min, at room temperature. The mixture was filtered through a filter paper to
remove solid particles. The filtrate was evaporated to dryness at 40 °C. Six g of the dry extractwere
recovered. 2 g and 4 g of the dry extract were homogenized in two tubes containing 10 mL of distilled
waterto obtain the concentrations of 0.2 and 0.4 g/mL. The hydroalcoholic extract of the cladodes was
sterilised under UV light for 1-2 days.

2.4.2. Preparation of PDA Medium with Different Concentrations of Cladode Hydro-Ethanolic
Extract

Under sterile conditions, 10 mL of hydro-ethanolic extract of Opuntia ficus-indica cladodes
containing 0.2 or 0.4 g/mLwere mixed with PDA medium (10 mLof extract + 90 mLof PDA medium).
Followed by, shaking until homogenization of each mixture at temperature of 50°C. The extracts were
prepared at final concentrations in the culture medium of 0.02% and 0.04% [39, modified].

2.4.3. Antifungal Activity

2.4.3.1. Cladode hydro-Ethanolic Effect on Mycelial Growth

Agar discs with 6 mm diameter of each fungus culture (grown at 25°C for 7) days were
aseptically placed in the center of Petri dishes containing PDA medium at different concentrations of
hydro-ethanolic extract (0.02% and 0.04%) [39, modified]. The dishes were then sealed with para-film.
Petri dishes wereincubated at 25 °C for 7 days. Controls were prepared by inoculating each fungus
on PDA medium alone (without the hydroalcoholic extract). Results were expressed by measuring
the diameters of the inhibition zones formed (in mm). The antifungal activity was determined by the
percentage of inhibition using the following formula [40]:

[ MGIP (%) = [(DO-D1)/ DO]x 100 1

Where:

MGIP (%): Mycelial growth inhibition percentage
DO: Growth diameter of the control

D1: Growth diameter with hydro-ethanolic extract

2.4.3.2. Cladodehydro-ethanoliceffect on Sporulation

Treated dishes previously used to determine the effect of cladode extract on mycelial growth
were also used to test its effect on sporulation. For each fungal isolate, an explant forming a surface
area of 1 cm? was taken from a culture on PDA medium incubated at 25 °C/10 days and introduced
into test tubes containing 10 ml of sterile distilled water. The spore suspension was vortexed and
filtered through filter paper to remove mycelial fragments. The total number of spores was counted
using a Malassez cell as follows: a drop of the spore suspension was introduced using a Pasteur
pipette into the space between the slide and coverslip. The spores are counted using the Mallassez
cell counting perimeters. Sporulation results were expressed as spores/ml compared to control and
antifungal activity was determined by the percentage of inhibition using the following formula [41].

[ SIP (%) = [(ST-S1) / S0] X 100 ]

Where:
SIP (%): Sporulation inhibition percentage.

doi:10.20944/preprints202402.0362.v1
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ST: Average number of spores estimated in the control.
S1: Average number of spores estimated in the presence of treatment
Statistical Analysis

The data experiments expressing antifungal activity of cladode hydro-ethanolic effect on
myecelial growth and sporulation were analysed by 5% one-way ANOVA followed by 5% Tukey-
Kramer HSD, and compared by correlationtests using JMP 17 software.

3. Results

3.1. Characterisation of Tomato Fungal Diseases

The seven (07) infected tomato fruit samples obtained (E1, E2, E3, E4, E5, E6 and E7) presented:
black, white, brown or grey spots or soft, moist tissue(Figure 2).

Figure 2. Disease symptoms in samples of infected tomato fruits.

Table 1 summarises the symptoms, fungal disease agent and diseases of the infected tomato fruit
samplescolected.

Table 1. Symptoms, fungi and diseases of the infested tomato fruit samples.

Samples Symptom Fungiisolated Disease
E1l White spots Fusarium solani Fusariosis
E2 Black spots Rhizoctonia solani Brown rot
E3 Brown spots Fusarium oxysporium Fusariosis
E4 Black spots Alternaria sp Alternariosis
E5 Soft, dampfabric Mucor sp Mucormycosis
E6 Grey stains Asperqillus sp Aspergillosis
E7 Green stains Penicillium sp Penicillosis

3.2. Identification of Fungal Agents

3.2.1. Macroscopic Identification
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Macroscopic characterization of the 7 fungal agentsisolated from infected tomato fruits are
summarised in Table S1. The 7 isolates revealed different types of colonies (Figure 3). Macroscopic
observation of isolate EC1 showed a snow-white colony colour with a cottony appearance, a beige-
white colour of verso and an average mycelial growth rate. Macroscopic observation of isolate EC2
revealed orange colony and a dark orange of the verso. The surface had cottony texture and mycelium
growth was slow. Macroscopic observation of isolate EC3 showed a pinkish-whitecolour at the end
of the colonies and a beige colour on the verso, with a cottony, dry appearance on the surface and
slow mycelial growth. Macroscopic observation of isolate EC4 revealed brownish-blackcoloured
colonies at the ends and a black colour on the verso. The texture was cottony and thick on the surface
and the rate of mycelial growth was slow. Macroscopic observation of isolate EC5 showed black
colonies with a beigecolour of the verso. The surface was granular and dry, and rapid growth rate.
Macroscopic observation of isolate EC6 revealed a green coloration of the colonies and a yellow
colour of the verso, with a granular and powdery appearance. Macroscopic observation of isolate
EC7 showed bluish-green colonies and a beige-yellow colour of the verso, with a very powdery
surface texture with the presence of droplets.

Microscopic Isolate identification
detail

Fusarium solani

EC2 e ;i 3 J/‘R Rhizoctonia solani

EC3 . .
Fusarium oxysporium

2}

EC4 qd ! » Alternaria sp

EC5 " Mucor sp

EC6 Aspergillus sp

EC7 ~_ Penicillium sp

Figure 3. Macroscopic and microscopic aspects of fungal agentsobtained from infected tomato fruits
(v: verso sides of colonies). You need to introduce details on the microscopic observation (optic
maicrospyobservation , xx x amplification) Photos wer obtained with .......

3.2.2. Microscopic Identification

Microscopic characteristics of the 7 fungal agents isolated from infected tomato fruits are
grouped in (Spplemanty material: Table S2).

Microscopic identification of the 7 fungal isolates showed different aspects (Figure 3).
Microscopic observation of isolate EC1 revealed the presence of septate mycelia, cylindrical
microconidia, frequent chlamydospores and branched conidiophores. Microscopic observation of
isolate EC2 revealed the presence of septate mycelia with elongated and often slightly swollen
hyphae, branched at right angles. Microscopic observation of isolate EC3 showed septate mycelium
with septate hyphae. Also, smooth or rough, globose hyaline chlamydospores, fusiform, multi-
septate septate macroconidia produced by phialides onconidiophores. Microscopic observation of
isolate EC4 revealed septate mycelium bearing numerous chains of conidia. The conidia are
multicellular asexual spores divided by transverse and/or longitudinal partitions.Microscopic
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observation of isolate EC5 showed non-partitioned mycelia with non-septate thallus, and black
globose unicellular conidia. Microscopic observation of isolate EC6 revealed the presence of septate
myecelia, septate thallus, conidiophores terminated by an erect globose head, unicellular and globose
conidia. Microscopic observation of isolate EC7 showed the presence of septate haylans hyphae, with
septate mycelia, numerous isolated and branched conidiophores, and branched phialides.

Identification of the 7 fungal agents isolated from infected tomato fruits is shown in Table 2. This
identification revealed that the isolates belonged to 6 genera: Rhizoctonia (EC2), Fusarium (EC1 and
EC3), Alternaria (EC4), Mucor (EC5), Aspergillus (EC6) and Penicillium (EC7).

Table 2. Genus and species identification of fungal agents isolated from infected tomato fruits.

Isolate code Identification (Genus/species)
EC1 Fusarium solani

EC2 Rhizoctonia solani

EC3 Fusarium oxysporium

EC4 Alternaria sp

EC5 Mucor sp

ECo6 Aspergillus sp

EC7 Penicillium sp

3.3. Screening of Bioactive Molecules

Table 3 shows the results of the determination of the main secondary metabolites of the
specimens obtained from Opuntia ficus indica cladodes, including total polyphenols, flavonoids,
condensed tannins and carotenoids.

Table 3. Phytochemical screening of bioactive molecules in Opuntia ficus indica cladodes.

Component Content
Total polyphenols 86.63+0 .008 mg GAE/100g FW
Flavonoids 13.40+0.01 mg QE/100g FW

Condensed tannins 08.90+0.11mg TAE/100g FW

Carotenoids 0.94+0.02 mg p-CE /100g FW
IC 50 (%)
Antioxidant activity Cladode extract Ascorbic acid
(DPPH test)
0.64+0.005 mg/ml 0.39+0.003 mg/ml

GAE: Gallic Acid Equivalent; QE: Quercetin Equivalent; TAE: Tannic Acid Equivalent; 3-CE: p-carotene
Equivalent.

In this study, the result of the determination of total polyphenols in the extract of Opuntia ficus-
indica cladodes was estimated at a value of 86.63+0.008 mg GAE/100 g FW. Furthermore, the value
determined for flavonoids was 13.4+0.01 mg QE/100g FW. The content of condensed tannins in the
extract of Opuntia ficu- indica cladodes was estimated to be 08.9£0.11 mg TAE/100 g FW. For
carotenoids, the assay revealed a content of 0.94+0.17mg [3-CE /100 g FW.The results of the evaluation
of the antiradical activity of showed that the IC50 of Opuntia ficus indica cladode extract was
0.64+0.005mg/ml compared to the control (ascorbic acid) which was 0.39+0.003mg/ml.
Thus,expressing good free radical (DPPH) scavenging and antioxidant capacities.
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3.4. Antifungal Activity

3.4.1. Cladode Hydro-Ethanoliceffecton Mycelial Growth

Antifungal effect of Opuntia ficus indica cladode extract on the mycelial growth of the fungi
isolated is shown in (Spplemanty material: Figure S1).

Extract of Opuntia ficus indica cladodes exhibited significant inhibitory activitiesof the mycelial
growth against all the fungal agentstested (Figure 5). At a concentration 0.02% of cladode extract, the
fungus EC4 showed high sensitivity characterised by an inhibition percentage of 70.91%, followed
by the fungal isolates EC2, EC3 and EC1 representing inhibition percentages of of 58.49%, 57.63% and
53.13%, respectively.Fungal isolates EC5, EC6 and EC7 showed low inhibition percentages matching
35.14%, 31.08%, and 28.38%, respectively. At a concentration 0.04% of cladode extract, the results
showed an increase in the inhibition percentage compared with the 0.02% concentration, reaching
more than 50% and in variable levels. Maximum inhibition percentages of 90.63%, 91.53%, 92.45%,
and 94.55% were obtained for fungal isolates EC1, EC3, EC2 and EC4, respectively. Followed by the
inhibition percentages of fungal isolates EC6, EC7 and EC5, revealing inhibition percentages of
mycelial growthcorrespending to 52.70%, 54.05% and 56.76%, respectively. Thus, it seems clearly to
be a proportional relationship between the concentration of Opuntia ficus indica cladode extract and
the inhibition of fungal mycelial growth.
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Figure 5. Effect of Opuntia ficus indica cladode extract on mycelial growth of fungal agentsisolated
from infected tomato fruits. MGIP (%): Mycelial growth inhibition percentage; CEC: Cladode extract
concentration.Data are expressed as means.d. (P < 0.05, same letter show no significant difference in
one-way ANOVA followed by Tukey-Kramer HSD test).

3.4.2. Cladode Hydro-Ethanolic Effect on Sporulation

Results of the effect of Opuntia ficus indica cladode extract on sporulation expressed as a
percentage of inhibition showed variable levels compared with the control (Figure 6). Opuntia ficus
indica cladode extract showed sporulation inhibitory activity against all the fungal isolates tested. At
a concentration 0.02% of cladode extract, the highest sporulation inhibition levels were 60.78%,
61.22%, 64.15%, and 68.42% obtained for fungal isolates EC4, EC2, EC3 and EC]1, respectively. While,
average activity values, less than 50%, were obtained for fungal isolates EC6, EC5 and EC7 resulting
in sporulation inhibition rates of 49.38%, 47.56%, and 47.97%, respectively. At a concentration 0.04%
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of cladode extract, the results showed an increase in the rate of sporulation inhibition reaching more
than 50% for all the fungal isolates and at varying proportions.Maximum sporulation inhibition was
observed for fungal isolates EC4, EC2, EC1, and EC3 characterizied by inhibition percentages of
90.20%, 87.76%, 85.96%, and 83.02, respectively. For fungal isolates EC6, EC5, and EC7 sporulation
inhibition percentages of 70.37%, 68.29%, and 60.76% were obtained, respectively.

100 =
00 DO CEC (0.02%)

90 + @ CEC (0.04%)

80 +o
70 +
60 +

50 +

SIP (%)

40 -
30 +o
20 -+
10 +

0

EC1 EC2 EC3 EC4 EC5 EC6 EC7
Fungi isolates

Figure 6. Effect of Opuntia ficus indica cladode extract on sporulation of fungal agents isolated from
infected tomato fruits. SIP (%): Sporulation inhibition percentage; CEC: Cladode extract
concentration.Data are expressed as meanss.d. (P < 0.05, same letter show no significant difference in
one-way ANOVA followed by Tukey-Kramer HSD test).

Comparaison of the effect of Opuntia ficus indica cladode extract on fungal agents by correlation
test showed that the results of mycelial growth inhibition are in perfect agreement with the results of
sporulation inhibition. The correlation coeficents unregistered were 0.827 and 0.949 for CEC
concentrations 0.02% and 0.04%, respectively (Figure 7).
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Figure 7. Correlation test of MGIP (%) vs SIP (%) for CEC (0.02% and 0.04%).
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4. Discussion

The use and characterisation of plant extracts seems to be verypromisingfor the biological
control of fungal agents and an alternative to chemical pesticides protecting major crops of
worldwide importance such as tomatoes. The mycelium of F. oxysporum is septate and spindle-
shaped, and multi-septate macroconidia are produced [42]. Under microscope (x40 magnification),
the hyphae of Alternaria sp are septate, the conidiophores are simple, smooth and sometimes
branched. The conidia are divided by transverse and/or longitudinal partitions [30]. Microscopic
observation of Mucor sp is characterizied also by an unpartitioned mycelium and black globular
unicellular conidia [31]. Aspergillus sp show compartmentalised mycelia and globular unicellular
conidia [43,44]. Penicillium sp manifest septate hyphae bearing conidiophores, and branching penicilli
consisting of phialides. Fusarium solani present numerous unicellular or bicellular microconidia, and
macroconidia [42]. The mycelia formed by Rhizoctonia solani were septate, showing 90° branching and
a slight constriction at their base, browning as they age, with elongated and often slightly swollen
hyphal cells [45].

Total polyphenols represent between 8 and 9 mg/100g FW (Fresh Weight) in Opuntia ficusindica
cladodes [46]. According to the study established by [47], the value varies from 41.6 to 23.4 mg
GAE/100 g, to 45.6-52.6 mg GAE/100 ml of fresh cladode juice [48]. According to another study, in
two-year-old cladodes, the content is also higher, reaching 73.9 mg GAE/100 g MF [49]. Various
studies have shown that external factors (geographical and climatic), genetic factors, but also the
degree of maturity of the plant and storage time have an important influence on the metabolism of
polyphenols [50]. Phenol content differs according to tissue type, stage of development and post-
harvest handling. Chlorenchyma contains more than parenchyma, young nopals exceed old cladodes
and cooked ones are less abundant in polyphenols than raw ones [51]. Phenolic compounds are
secondary metabolites that constitute one of the most representative and widespread groups in the
plant kingdom, with more than 8,000 phenolic combinations [52,53]. Ferulic acid, coumaric acid,
hydroxybenzoic acid, caffeic acid, salicylic acid and gallic acid are among the phenolic acids detected
in this plant part [46,54].

The total flavonoid content of Opuntia ficus indica cladodes measured in this study appears to be
higher than the content reported by Boutakiot [48], which is 1.24+0.01 mg RE (Rutin equivalent)/100
ml juice. While, according to another study reported by Boukhalfa and Hamdi [55] the total flavonoid
content of Opuntia ficus indica is 240 mg QE/g FW. Variation in flavonoid content is related to cultivar
type, extraction methods, protocol, dosage and environmental conditions [56]. Flavonoids are
universal plant pigments, responsible for the colouring of flowers, fruit and leaves, and are almost
always water-soluble. They play a role in the defence and protection of tissues against the harmful
effects of ultraviolet radiation [13]. The term flavonoids refer to a very large group of natural
compounds belonging to the polyphenol family [57], which are complex phenolic compounds with
a structure consisting of two aromatic rings (rings A and B) and an oxygenated heterocycle (ring C)
[58,59]. Some of them also play a key role in phytoalexins, i.e., metabolites that the plant uses in large
quantities to suppress infections caused by fungi or bacteria [60]. In Opuntia ficus indica cladodes,
examples of these molecules include isorhamnetin, kaempferol, quercetin and iso-quercitrin, rutin,
catechin and epicatechin, nicotiflorin and narcissi [46,54]. The main functions of flavonoids are to
contribute to plant colour, and they can also play a crutialrole in plant protection. Flavonoids have
other interesting functions in controlling plant growth and development by interacting in complex
ways with various growth hormones [60].

Hadj Sadok [47], reported that condensed tannins content varying between 6.45 and 6.93 mg/100
g FW. According to another the study established by Boutakiout [48], cladode juice is richer in
condensed tannins containing 18.23+0.36 mg TAE/100 ml. The level of tannins in a plant depends on
two main factors: the stage of vegetative development and environmental conditions. Their
concentration varies considerably between different plant species and within the same species, as it
depends on the degree of maturity, the age of the leaves and flowers and the season [61]. Tannin
compounds are poorly represented in cladodes and are responsible for the astringency of certain
fruits and beverages [62,63]. They are widely available in the plant kingdom, since all organs can
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close them: root, rhizome, bark, leaf, flower, fruit, rosehip, seed and wood. Their molecular weight
varies from 500 to 3,000 Daltons. They have a polyphenolic structure, are soluble in water, alcohol
and acetone, and sparingly soluble in ether [13]. Tannin synthesis is a method of defence against free-
living plant pathogens (bacteria, fungi and viruses) or those transmitted by nematodes, as well as
predators (insects and herbivores) [64-66].

Somme investigation reported an increase in carotenoid content during growth ranging between
0.047+0.05 to 0.077+0.06 mg/100 g FW [47]. In terms of variables linked to plant development
conditions, the polarity of the different classes of carotenoids (xanthophylls, carotenes, and
carotenoid esters) has more influence than their solubility in the extraction solvent and therefore the
extraction itself [67]. Carotenoids and their antioxidant activity is linked to the long-chain polyene
that reacts with ROO, HO, Oz and R radicals by adding a simple electrotransferase [68]. According to
Robards [69], extraction of carotenoids using organic solvents is the most widely used and cost-
effective method. Hexane is the best solvent for polar electrolytes while ethanol remains the best
choice in the case of polar carotenoids [70]. Carotenoids in Opuntia ficus indica are subdivided into a-
cryptoxanthin (20%), 3-carotene (36%) and lutein (44%), totalling 229 ug/g DM [71]. Carotenoids play
several essential roles in photosynthesis, helping to collect light energy, maintain the structure and
functionality of photosynthetic complexes and act as protective agents dealing with reactive oxygen
species and the dissipation of excess light energy [72]. Carotenoids are also precursors of vitamin A
[73].

The results of the assessment of antioxidant activity in this investigation revealed good activity.
Similarly, Msaddak [74] mentioned 1.45 mg/ml which indicate significant anti-radical activity. Also,
according to the study conducedby Boutakiout [48], cladode juice is characterised by its antioxidant
richness of 1.78+0.03 umol TE (Trolox Equivalent)/ml, which is considered to be a powerful
antioxidant source. The polyphenols contained in cladode extract are probably responsible for the
antioxidant activity. Studies show that anti-free radical activity is correlated with the level of
polyphenols and flavonoids in medicinal plant extracts [75]. Cladodes are an important source of
natural antioxidants in the same way as other known conventional sources [49]. The ability of plant
species to resist attack from insects and micro-organisms is often linked to their phenolic compound
content. These compounds have anticancer, anti-inflammatory, anti-arteriosclerotic, analgesic,
anticoagulant, antimicrobial, antiviral, anticancer, antiallergic, vasodilatory and antioxidant activities
[76]. The DPPH test is one of the most widely used tests for determining the anti-free radical activity
of plant extracts [77].

Taken together, the effect study of Opuntiaficus indica cladode extract on fungal agents showed
that the results of mycelial growth inhibition are in perfect agreement with the results of sporulation
inhibition. The antifungal activity on mycelial growth and sporulation of the fungal agents tested is
probably related to the high levels of secondary metabolites (flavonoids, polyphenolsand tannins) in
the extract of Opuntia ficus indica cladodes. These compounds can cross cell membranes, penetrate the
cell interior and interact with critical intracellular sites such as enzymes and proteins, leading to cell
death [78]. Flavonoids are metabolites that plants synthesise in large quantities to combat infections
caused by fungi [76]. Among the polyphenols, significant synthesis of tannins in parasitized plants
corresponds to a defence reaction [79]. A number of investigations had established the high
antifungal activities of Opuntia ficus-indica cladodes. The antimicrobial activity of O. ficus-indica
aqueous and ethanolic extracts demonstrated distinct responses against 7 pathogenic fungi:
Aspergillus niger (MT628904.1), Curvularia khuzestanica (MH688044.1), Penicillium funiculosum
(JX500735.1), Talaromyces funiculosus (KX262973.1), Penicillium minioluteum (JN620402.1), Aspergillus
chevalieri (MT487830.1), and Aspergillus terreus (MT558939.1). T. funiculosus exhibited the highest
inhibition zone against ethanolic extract (0.40+0.10 mm) among the examined fungus, while P.
funiculosum displayed a smaller zone of inhibition (0.07 + 0.06 mm). The examined fungi all displayed
low levels of antibacterial activity in the aqueous extract, ranging from 0.13 to 0.17 [80]. Moreover,
Hajar et al. [81] reported that two types of fungi were used to test the efficacy of the methanolic
extracts: Aspergillus fumigatus and Aspergillus flavus. The research demonstrated that the investigated
extracts’ effectiveness in preventing the growth of the fungi under study varied. The methanolic
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extracts of cladodes inhibited the growth of A. fumigatus by a ratio of 89.57% at a concentration of
1000 mg/ml, whereas they inhibited the growth of A. flavus by a ratio of 85.40% at the same
concentration. In an additional investigation focused on assessing the antifungal efficacy against
Aspergillus niger, the cladode methanolic extract demonstrated inhibiting ratios of 73.49% and 76.14%
at the 500 mg/ml and 1000 mg/ml, respectively, compared to the fluconazole inhibiting ratio of 65.66%
at the tested concentration. Conversely, the lowest effect was achieved by the aqueous extracts, which
inhibited ratios to 12.53% at a concentration of 1000 mg/ml [82].

No bioproducts or biopesticides based on Opuntia ficus-indica cladode extract are currently
commercialized on the market. Except a number of investigations which have described the extract
of this plant’s cladodes as insecticidal [83,84] or larvicidal [85] bioproduct. This encourages the
development of a new bio-fungicide against tomato pests.

5. Conclusion

Within the general framework of biofungicidefrom plants, Opuntia ficus-indica was chosen for
this study. It is a succulent xerophytic plant of the CAM (Crassulacean Acid Metabolism) type
belonging to cactus family. Results of phytochemical screening of the methanolic extract carried out
on Opuntia ficus-indica cladodes showed that they contain a high percentage of phenolic compounds
(flavonoids, polyphenols, carotenoid, and condensed tannins). On the other hand, seven species of
fungi were isolated from infected tomato fruits and identified (macroscopic identification and
microscopic identification) which belong to six different genera/species: Fusarium oxysporium,
Fusarium solani, Rhizoctonia solani, Alternaria sp, Mucor sp, Aspergillus sp and Penicillium sp.

Antifungal activity of hydo-ethanoic extract was evaluated with two concentrations (0.02% and
0.04%) using two tests: the effect of the extract on mycelial growth and the effect of the extract on
sporulation of fungal isolates. Those results showed maximum inhibition percentages at a
concentration of 0.04% of the cladodes extract, compared with the 0.02% concentration, reaching
more than 50% for the fungal isolates Fusarium oxysporium (91.33%), Fusarium solani (90.63%) and
Rhizoctonia solani (92%), Alternariasp (94.55%). Opuntia ficus indica cladodes extract also showed
significant inhibitory activity on sporulation at the 0.04% concentration against all the fungal isolates
tested, reaching over 60%. These inhibitory effects (effect on mycelial growth and effect on
sporulation) seem to variate according to the concentration of cladode extract and the fungal isolate
tested. This study is an important preliminary step in the characterisation of Opuntia ficus indica
cladodes extract for possible use as a biopesticide against fungal agents of tomato fruits, including
during the biological conservation or control of diseases caused to field or greenhouse crops.
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