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Abstract— The study investigated the antifungal activity of alcoholic and nano-extracts of Calendula officinalis
(marigold) flowers against several ochratoxin A-producing fungi. 14 fungal food-based samples were isolated and
identified, these samples represented nine types of Aspergillus, including A.flavus, A.niger, A.ochraceus,
A.carbonarius, A.fumigatus, A.nidulans A.parasiticus, A. steynii, and A.wentii. There are five subspecies of
Penicillium, which are P. chrysogenum, P. expansum, P. oxalicum, P. nordic, and P. verrucosum . The results
showed that all fungal isolates can produce ochratoxin A with a TLC-based technique . The antifungal efficacy of
Calendula officinalis-flower -extracted alcohol (ethanol, chloroform) was tested against fungi pre-isolated from
an ochratoxin-producing food at 100 mg/ml and 200 mg/ml concentrations. Concentration findings indicated that
the two extracts efficiently inhibited fungal isolates. Inhibition was 100% for all the selected fungal isolates at 100
and 200 mg/mL concentrations in the chloroform extract, Likewise, the inhibition was 100% at a 200 mg/mL
concentration of ethanol extract in the fungal samples under study. The inhibition was 100% at a 100 mg/ml
concentration of the fungi A. flavus, A.ochraceus, A.fumigatus, A. steynii, P. nordicum, and P. oxalicum. As for the
other fungal species, they were inhibited at different rates. However, the MIC results of the Calendula officinalis-
flower -extracted ethanol showed different findings in the ochratoxin-producing fungi, as the 10 mg/ml
concentration made a minimum inhibition in both P.nordicum, and A.steynii. Similarly, while the minimum
inhibitory concentration was 25 mg/ml for A. fumigatus and P. oxalicum, it was 50 mg/ml for A. flavus and A.
ochraceus, and a two-fold increase for the other fungi. The A.bisporus-extracted chloroform was found to be more
efficient than the ethanolic extract in inhibiting ochratoxin-producing fungi. With a 10 mg/ml concentration as the
minimum inhibition of A.fumigatus, A.steynii, P.nordicum, and P.oxalicum, the 25 mg/ml concentration was the
minimum inhibition found in the other fungi except for A.niger, as it inhibited as little as 50 mg/ml. Additionally,
the Calendula officinalis-flower -extracted nanoparticles efficiently inhibited the fungi-producing ochratoxin A,
with significantly different inhibitions compared with the Calendula officinalis-flower -extracted alcohol .The
authors concluded that the C. officinalis flower extracts, particularly the nano-extract, hold promise as natural
antifungal agents against ochratoxin A-producing fungi. This could have important implications for the food and
feed industry, as the extracts may be used as a bio-preservative to prevent fungal contamination and mycotoxin
production. The findings highlight the potential of C. officinalis, a widely used medicinal plant, as a source of potent
natural antifungal compounds that could be leveraged to enhance food safety and quality.

Index Terms— Mycotoxin, Ochratoxin A , Calendula officinalis ,Nanoparticles, Antifungal plants.

INTRODUCTION

Food contamination by mycotoxins, such as ochratoxin A (OTA), poses a significant health and environmental
challenge, affecting food safety and human health. (Saleh,2022). Ochratoxin A is a sub-metabolic fungal product
of the genera Aspergillus and Penicillium. It is a weak organic acid consisting of an isocoumarin derivative.
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(Harwig et al, 2020). The ochratoxin family involves three chemically different members, namely A, B, and C.
Therefore, these chemical differences noticeably affect their toxicity potentials (Li et al, 1997). Of all the three
above-mentioned elements, ochratoxin is the most commonly toxic one. Being a strong poison, Ochratoxin can be
risky to human kidneys as it may contaminate a wide range of foods. Moreover, field crops can be infected with
fungi while harvested, stored, or shipped (Albassam et al, 1987) As ochratoxin is a possible outbreak, particularly
in grains and by-products, it may as well be found in commonly consumed foods such as coffee, cocoa, dried fruits,
legumes, spices, grape juice, and meat. It can also be transmitted through livestock products through feed and
animal-based products such as meat, milk, and derivatives (Miraglia and Brera ,2002). OTA comprises a para-
chlorophenolic moiety containing a dihydroiso-coumarin group amide-linked to L—phenylalanine.

Name: Ochratoxin A Structural formula

Molecular formula: C20H18CINO6

Molecular weight: 403.81

Chemical Abstracts: L-Phenylalanine, N-[(5-chloro-3,4-dihydro-8-hydroxy-3-methyl-1-oxo-1-H2-benzopyran-7-
yl) carbonyl] -, (R)-

In light of the urgent need for natural and effective alternatives to mitigate the spread of these toxins. Calendula
officinalis emerges as a promising option, commonly known as marigold, has been traditionally used in folk
medicine for treating numerous ailments due to its antimicrobial and anti-inflammatory properties. Recent studies
suggest that alcoholic and nano extracts of this plant may possess strong inhibitory activity against a variety of
pathogenic fungi. (Chen etal., 2022). We will employ an experimental methodology that includes the preparation
of extracts and the assessment of their impact on fungal growth and OTA production.The significance of this study
lies in the need to develop sustainable and safe solutions to combat food contamination by mycotoxins, especially
with the growing trend towards natural treatments. (Magan and Olsen, 2004). Additionally, this research will
contribute to a deeper understanding of the antifungal properties of medicinal plants and their potential use as
alternatives to conventional chemical fungicides.C. officinalis, has long been recognized for its medicinal
properties, primarily due to its diverse array of bioactive compounds. (Garcia and Lopez, 2022). It exhibits
significant anti-inflammatory effects, Its extracts can reduce inflammation and promote healing in conditions like
dermatitis and eczema. This makes it valuable in topical treatments for skin irritations and wounds . (Speroni et al.,
2023).The flower contains potent antimicrobial compounds effective against a range of bacteria and fungi. These
properties help in treating infections and preventing the growth of harmful microorganisms on the skin. (Fronza et
al., 2023). Marigold extracts enhance wound healing by promoting the production of collagen and new tissue. Its
application on cuts, abrasions, and burns accelerates the healing process and reduces the risk of infection. (Preethi
et al., 2024). The high levels of flavonoids and polyphenols in C.officinalis confer strong antioxidant properties.
These compounds neutralize free radicals, reducing oxidative stress and potentially lowering the risk of chronic
diseases . (Verma et al., 2023).Recently, the focus has shifted towards exploring its potential as a natural antifungal
agent, particularly in combating ochratoxin A (OTA) producing fungi. Nanoextracts, which involve the application
of nanotechnology to enhance the bioavailability and efficacy of plant extracts, represent a promising frontier in
antimicrobial research . ( Smith and Jones, 2023). The nano-scale preparation of these extracts is hypothesized to
offer superior penetration and interaction with fungal cells, potentially leading to more effective inhibition
compared to traditional extracts.Recent advancements in nanotechnology and natural product research underscore
the importance of exploring such innovative approaches. This investigation aims to provide a comprehensive
analysis of the antifungal properties of C. officinalis, contributing valuable insights to the development of safer
and more effective strategies for controlling OTA contamination in food products.

Materials and Methods

Samples of Calendula officinalis-flower:

The flowers were prepared after they were repeatedly washed, spread on sterile medical gauze, oven-dried at 40°C,
and weighted. Dried flowers were ground using a sterile electric grinder, and the powder was stored in sterile
plastic containers pending use.
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Isolation of ochratoxin-producing fungi:

Certain fungi were isolated from different sources (soil, grains, cheese, fodder) using an Italy-made PDA medium
in the form of a small sample with three replicates for each source. These samples were first grown at 27 °C for 7
days, then purified on PDA and Czapex agar media.

Diagnostics of the isolated fungi:

The purified fungi were diagnosed on PDA and Czapex agar mediums, phenotypic and microscopic techniques,
following the approved taxonomic codes (Moubasher , 1993 ; Pitt and Hocking ,2009 ).

Testing the ability of the isolated fungi to produce ochratoxin A by TLC technique

1-Preparation of fungal infiltrates: The isolated fungi were inoculated in three 5-diameter discs with a cork porer and
transferred to different sterile culture mediums (potato dextrose broth), where the mediums were poured into 500
ml flasks, 250 ml for each beaker, and inoculated with 3 tablets of each fungal sample separately. The flasks were
incubated at 27 °C for 12 days, and the extracted contents were filtered using the Whatman No.1 Filter Paper for
Biomass Separation.

2-Extraction of filtrates: The filtrates produced in paragraph A above were separated and mixed with an equivalent
amount of chloroform, as every single fungal filtrate was sorted, placed in the separating device, and heated for
fifteen minutes. After repeated shaking, the alcoholic layer is distilled, oven-dried at 40° until dry, then refrigerated
until used.

3-Detection of Ochratoxin A in the fungal infiltrates: TLC helps detect the presence of Ochratoxin A in the isolated
fungal infiltrates by a frequent addition of chloroform (about 5 ml) to those infiltrates, and then has the TLC plates
loaded with standard ochratoxin A to measure the RF rate. As for the plate spots, they let them dry. Later, the plates
were placed in a separate basin containing the mobile phase (glacial acetic acid, methanol, and water) at a ratio of
35:35:30, respectively. To keep the solution saturated at the upper plates by 1.5 cm, the plates were taken out, let
dry, and ultraviolet-examined to compare extracts with the standard toxin.

Preparation of alcoholic extracts of the Calendula officinalis-flower :

Some bio-active compounds were extracted from the Calendula officinalis-flower by mixing with 15 g of the flower
powder, extracting parts using ACG satellites (India) for 15 hours, and solving with 100 ml of ethanol, chloroform.
All the extracts were oven-dried at 40° C until stable in weight and kept in sterilized containers at 4° C until use.
(Trease and Evans ,1999).

Testing the efficacy of alcoholic extracts of Calendula officinalis-flower against isolates of Ochratoxin A-
producing fungi:

Two concentrations (100 and 200 mg\ml) were prepared of ethanol and chloroform by dissolving 1 g of Calendula
officinalis-flower extract in 10 ml of DMSO (dimethyl sulfoxide) to get a 100 mg\ml concentration and dissolving
2 g of the flower extract in 10 DMSO to obtain a 200 mg\ml concentration. The extracts were sterilized using a
0.2-micrometer Millipore filter paper to remove bacterial impurities and obtain a sterile storage solution. The
extracts were kept refrigerated at 4 °C until use. The fungal ochratoxin-producing isolates were activated on PDA
mediums at 27 °C for 7 days, then re-activated on the same PDA-based mediums by adding 100 microliters of the
two concentrations to the Calendula officinalis-flower -extracted alcoholic solutions with 100 and 200 mg /ml
respectively. As the mediums solidified in the dishes, four 5-mm holes were made in each dish using a cork borer.
In the holes, a disc of the grown fungi was placed on the PDA medium for 7 days, with three replicates for each
fungus and each extract, a zero-extract negative control .(Abbood ,2023). The dishes were incubated at 27 °C for
7 days; the diameters of the fungal colonies were measured with a standard ruler, two perpendicular diameters were
accounted for, and the percentile diameters were calculated as per this equation:

Inhibition percentage = (average colony diameter in control plates - average colony diameter in treated plates /
average colony diameter in control plates) * 100%.
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Determination of the value of the minimum inhibitory concentration (MIC):

To determine the minimum inhibitory concentration (MIC) of the Calendula officinalis-flower -extracted alcoholic
solvents against the isolated and Ochratoxin A-producing fungi, the concentrations (5, 10, 25, 50, 100, and 200
mg/ml) were assigned to each extract, with the same method applied earlier in about three replicates for each
concentration.

Preparation of the hybrid nanoextract from the ethanolic extract of Calendula officinalis-flower

The hybrid nano-extracted material was prepared after 1 g of zinc oxide powder was dissolved in ethyl alcohol
at a 50% concentration and filled with 25 ml of a deionized water. In a sterilized beaker, 1 gm of the Calendula
officinalis-flower -extracted ethanol powder was dissolved in a DMSO solvent, the beaker volume was filled to 25
ml with deionized water, and the prepared solution was added to the zinc oxide solution. The mixture was stirred
in a magnetic stirrer for 24 hours at 27°C and then incubated in a rocking incubator for 18 hours at 45°C. The
solution formed was separated by a centrifuge; residues were removed, and washed with deionized water several
times. The precipitate was collected and oven-dried at 40 °C (Bashi et al, 2013).

Identification of the prepared hybrid nano extract using Fourier-transform infrared spectroscopy (FTIR):

The Calendula officinalis-flower -extracted nano ethanol and the free-form zinc oxide nanocomposite were
identified by grinding them with potassium bromide. The infrared spectrum was measured at a 400-4000 cml
wavelength, with the visible bands fixed and some main bands diagnosed. (Rajan et al, 2016). This procedure was
conducted at the Department of Chemistry laboratories, College of Education for Pure Sciences, University of
Karbala.

Statistical Analysis:

Statistical analysis was administered following (Steelband and Torri, 1960). Complete randomization with
processed GenStat and variance analysis with ANOVA. The means were compared at the least-significant
difference (L.S.D) which has a 0.5 probability.

Results and Discussion

Isolated fungal species:

14 fungal isolates (Table 1) were obtained from different sources and morphologically and microscopically
diagnosed according to the approved taxonomic sources (Moubasher ,1993 ; Pitt and Hocking 2009 ; Ellis ,1971).
Some Aspergillus and Penicillium species mainly produce OTA. Thus, the analysis of the OTA structure has
identified a polyketide-derived secondary metabolite and a dihydro-coumarin moiety coupled to an I-B-
phenylalanine, which is derived from the shikimic acid pathway, by an amide bond. Its chemical name is I-
phenylalanine-N-[(5-chloro-3,4-dihydro-8-hydroxy-3-methyl-1-oxo-1H-2-benzopyrane-7-yl) carbonyl] -(R) -
isocoumarin (El khoury and Atoui , 2010 ). Aspergillus often grows in highly humid and relatively hot tropical and
subtropical climates. Such conditions make this fungus a potential pollutant for many cereal crops, such as coffee,
cocoa, spices, dried grapefruit, grape juice, and wine. Oppositely, Penicillium isolates are not infrequent in colder
areas (Futagami et al ,2011). Aspergillus ochraceus is renowned for being an ochratoxin-producer. This fungus
grows at moderate temperatures and in highly aquatic environments, which, therefore, makes it a key source of
ochratoxin in grains. Aspergillus ochraceus, for example, can pollute green coffee while sun-dried. The fungus A.
carbonarius, being highly resistant to sunlight and drought owing to its black resistance spores, grows at
temperatures as high as 10 and 42 °C. A. carbonarius is primarily identical to ochratoxin production. A.
carbonarius is also found in various foods, such as peanuts, cereals, oilseeds, spices, dried fish, and meat products
(Abdel-Azeem et al ,2016) . As reported by (Rizzo et al ,2003) certain subspecies of Aspergillus, such as A.
fumigates and A. wentii, can produce OTA. Another study reported OTA production by A. niger, and A. steynii,
as contaminators of coffee (Gil-Serna et al ,2014 ; Gil-Serna et al ,2015) . Additionally, two OTA-producing fungal
subspecies of Penicillium, particularly P. verrucosum and P. expansum, have been discovered and isolated (Hayat et
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al 2012 ; Bogs et al ,2006 ) . While P.verrucosum commonly contaminates cereals, as seen on dry-cured ham and
brined olives, Penicillium expansum, however, can be typically detected on apples and fruit juice (Schmidt et
al ,2012). In a different study, P. chrysogenum synthesized and developed high OTA on fresh or dry liquorice
(Chen et al ,2013). P. nordicum generally contaminates NaCl and protein-enriched foods, such as cheeses and dry-
cured meats. It has been proven to be n ochratoxin product, according to certain studies, P. oxalicum produced
lower levels of OTA, as low as 0.1 ppb (Vage et al ,2006 ).

(Table-1) Isolated fungal species that produce ochratoxin A.

S Fungal Species Source

1 A. flavus nuts

2 A.ochraceus dried fruit

3 A.carbonarius grape

4 A.niger nuts

5 A.wentii peanuts

6 A.fumigatus wheat

7 A.nidulans yellow corn
8 A.parasiticus yellow corn
9 A. steynii coffee beans
10 | P. nordicum mortadella
11 | P. chrysogenum lemon

12 | P. oxalicum wheat grains
13 | P. expansum apple

14 | P. verrucosum wheat grains

Detection of ochratoxin using TLC technology

The ability of some food-based fungi to produce ochratoxin A was revealed by TLC technology as
separation passed acetic acid, methanol, and water at 35:35:30 respectively. The TLC-aided fungal
separation indicated that all the isolates listed in Table (1) above can produce ochratoxin A . The
stains of fungal extracts were compared with the standard toxin ochratoxin A after 1 mg of the
standard poison was dissolved in 4 ml of chloroform. The toxic concentration was 250 micrograms,
and it was compared with the extract spots in terms of luminesce, color, the RF value of the extract
spots, and origin-spot distance. In all the fungal isolates, the spots glowed greenish under ultraviolet
rays, with an RF flow rate that was completely similar to the standard ochratoxin A. Remarkably,
several studies posited that most foods contaminated with fungi, such as cereals, meat, dried fruits,
and liqueurs, contained high-level mycotoxins, regardless of the sort of these toxins (Science,2003;
Zychowski et al ,2013). As most studies have shown, Aspergillius and Penicillium are widely
detected in foods, being highly adaptable to temperature and humidity, growth-friendly in foods able
to secrete food-degrading enzymes, able to reproduce units (spores), and tolerant to less-humid
contents (Bennett,2003). Mycotoxin spots turn blue or green when subjected to UV irradiation at a
365 nm wavelength. Despite the structure of ochratoxin A as a colorless crystalline compound with
limited water solubility, it is, nevertheless, more soluble in polar organic solvents such as methanol
and chloroform. Additionally, ochratoxin A is unstable and highly degradable when exposed to light
and air. Accordingly, this toxic extract may persist in ethanol for an extended period with no
significant changes and may as well exhibit a green fluorescence under ultraviolet light (EI Khoury
and Atoui ,2010 ). How precisely ochratoxins A exert their biochemical, molecular, and cellular
effects requires in-depth elucidation. Ochratoxin A has been known to impede protein synthesis and
carbohydrate metabolism, particularly gluconeogenesis, by suppressing phenylalanine, a tRNA-
specific enzyme that is crucially important in the early stage of protein synthesis. Ochratoxins are
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highly stable chemicals. For instance, when wheat is contaminated with ochratoxin A, wheat grains
are protractively heated at 250-300°C, where their content decreases by 32%. Hence, the widespread
occurrence and enduring presence of ochratoxin A in foods, along with its hazardous properties, pose
a genuine threat to human well-being.

Antifungal activities of Calendula officinalis-flower extracts

The effect of Calendula officinalis-flower ethanol extracts on the ochratoxin-producing fungi toxin raised
significant differences between the control group and the two selected concentrations by 0.05, as these two
concentrations decreased the growth diameters of all the other fungi significantly.

Ethanol extract on fungal growth rate

The results of Calendula officinalis-flower ethanol extracts showed that this fungus produces ochratoxin A,
where the growth slowed down by 100% at a concentration of 200 mg/ml, while the growth of most fungi was
inhibited at a concentration of 100 mg/ml, as indicated in Table (2) below.

(Table-2) Ethanol extract of Calendula officinalis-flower on fungal growth rate

S Fungal name Growth rate (cm)
control 100mg/ml 200mg/ml

1 A. flavus 5.8 Zero Zero
2 A.ochraceus 7.5 Zero Zero
3 A.carbonarius 8 1.4 Zero
4 A.niger 10 2.1 Z€ero
5 A.wentii 7.5 1.5 Zero
6 A.fumigatus 6.5 Zero Zero
7 A.nidulans 6.5 0.6 Zero
8 A.parasiticus 6 0.3 Zero
9 A. steynii 5.5 Zero Zero
10 P. nordicum 7.5 Zero Zero
11 P. chrysogenum 7.4 0.8 Zero
12 P. oxalicum 6 Zero Zero
13 P. expansum 7 0.2 Zero
14 P. verrucosum 8 0.9 Zero

Effect of Chloroform extract on fungal growth rate

The effect of of Calendula officinalis-flower chloroform extracts on the ochratoxin A-producing fungi
proved that this extract can inhibit the growth of all these fungi, as fungal growth slowed down by 100% at
concentrations of 100 mg/ml and 200 mg/ml, as shown in Table (3). Chloroform is a polar proton solvent with
positively charged hydrogen, which can help the extract dissolve (Rossberg et al ,2006). The highly efficient
inhibition in chloroform extract is owing to its ability to dissolve some active compounds more efficiently than the
other ethanolic extracts. Several previous studies have elaborated on the medically and nutritionally important
properties of Calendula officinalis-flower extracts, in addition to their possible uses as food additives. (Ndungutse
et al ,2015; Rezaeian and Pourinufar ,2016). The majority of the active substances found in Calendula officinalis-
flower belong to the terpene group as well as to phenolic compounds (Al-Bahadli , Al-Zahron ,1991 ).
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(Table-3) Effect of Calendula officinalis-flower Chloroform -extracted on fungal growth rate
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S Fungal name Growth rate (cm)
control 100mg/ml 200mg/ml

1 A. flavus 5.8 Zero Zero
2 A.ochraceus 7.5 Zero Zero
3 A.carbonarius 8 Zero Zero
4 A.niger 10 Zero Zero
5 A.wentii 7.5 Zero Zero
6 A.fumigatus 6.5 Zero Zero
7 A.nidulans 6.5 Zero Zero
8 A.parasiticus 6 Zero Zero
9 A. steynii 5.5 Zero Zero
10 P. nordicum 7.5 Zero Zero
11 P. chrysogenum 7.4 Zero Zero
12 P. oxalicum 6 Zero Zero
13 P. expansum 7 Zero Zero
14 P. verrucosum 8 Zero Zero

Minimum Inhibitory Concentration (MIC) of ethanol extracts of Calendula officinalis-flower

(Table-4) (MIC) of Ethanol Extracts of Calendula officinalis-flower

S Fungal name Growth rate (cm)
5 10 25 50 100 200 Cont.

1 A. flavus + + + + - - 5.8
2 A.ochraceus + + + + - - 7.5
3 A.carbonarius + + + + + - 8

4 A.niger + + + + + - 10
5 A.wentii + + + + + - 7.5
6 A.fumigatus + + + - - - 6.5
7 A.nidulans + + + + + - 6.5
8 A.parasiticus + + + + + - 6

9 A. steynii + + - - - - 5.5
10 P. nordicum + + - - - - 7.5
11 P. chrysogenum + + + + + - 7.4
12 P. oxalicum + + + - - - 6
13 P. expansum + + + + + - 7
14 P. verrucosum + + + + + - 8

+ It means growth

-It means no growth
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Minimum Inhibitory Concentration (MIC) of Chloroform Extracts of Calendula officinalis-flower

(Table -5 ) (MIC) of chloroform extracts of Calendula officinalis-flower

Fungal name

Growth rate (cm)

5 10 25 50 100 200 Cont.
1 A. flavus + + + - - - 58
2 A.ochraceus + + + - - - 75
3 A.carbonarius + + + - - - 8
4 A.niger + + + + - - 10
5 A.wentii + + + - - - 75
6 A.fumigatus + + - - - - 6.5
7 A.nidulans + + + - - - 6.5
8 A.parasiticus + + + - - - 6
9 A. steynii + + - - - - 55
10 P. nordicum + + - - - - 75
11 P.chrysogenum + + + - - - 74
12 P. oxalicum + + - - - - 6
13 P. expansum + + + - - - 7
14 P. verrucosum + + + - - - 8

+ It means growth -It means no growth

Identification of the ethanolic nano-extract of Calendula officinalis-flower using infrared spectroscopy

Infrared spectrum of zinc oxide nanoparticles:

After the zinc nanocomposite was diagnosed with the infrared spectrum, a band with a 400-500 cm frequency

developed. This frequency development has probably been triggered by the zinc-oxygen bonds already found in

the zinc oxide nanocomposite (Voicu et al ,2013).

Infrared spectrum of nano-extracts:

The results in Figure (1) indicate the successful insertion of the ethanolic extract of the Calendula officinalis-flower

among the zinc oxide layers. The formation of a hybrid nano-extract with a strong beam at the frequency 1600-

1750 cm-1 is apparently due to the presence of a ketone carbonyl group (C=0). The visible beams at the frequency

1000-1200 cm-1 are attributed to the formation of the presence -C-, N-H, and =C-H. These compounds indicate

the presence of an aliphatic amine group and a carboxylic acid. As for the visibly wide band at the frequency of

3200-3600 cm-1, it is related to the presence of an alcoholic OH group (Porte et al ,2013 ;Abomuti et al 2021)
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Fig(1) Infrared spectrum of the hybrid nanoextract of Calendula officinalis-flower.

Inhibitory efficiency of hybrid nano-extract of Calendula officinalis-flower against ochratoxin-producing

fungi

The results demonstrated in Table (6) show that the hybrid nano-extract of Calendula officinalis-flower has
a high inhibition against ochratoxin-producing fungi. Also, there are significant differences between that nano-
extract, the crude ethanolic extract, and the crude chloroform extract of the fungus Calendula officinalis-flower.
Additionally, remarkable differences were found among the ochratoxin-producing fungi after they were treated
with extracts. In terms of inhibition, the fungus 4.wentii achieved a percentile inhibition as high as 11.00 cm, while
the fungus P. expansum achieved a percentile inhibition as low as 7.50 cm.
(Table-6) Inhibitory efficacy of hybrid nano-extract of Calendula officinalis-flower.

S The diameter of the inhibition zone (cm)
Fungal name Control i?hI:rgIc/)rl?i of 10mg/ml of IOmg/ml of
(PDA) crude Chloroformic hybrid nano- LSD value
pure crude extract extract
extract

1 A. flavus 0.00 7.50 9.00 9.165 1.76*
2 A.ochraceus 0.00 7.00 9.75 10.835 1.25%
3 A.carbonarius 0.00 6.00 8.50 8.75 1.75%
4 A.niger 0.00 6.50 8.50 8.75 0.60*
5 A.wentii 0.00 9.50 10.25 11.00 0.68*
6 A.fumigatus 0.00 8.00 10.00 10.50 3.13*
7 A.nidulans 0.00 7.00 9.00 9.20 1.73*
8 A.parasiticus 0.00 7.50 9.50 9.75 1.75%
9 A. steynii 0.00 8.00 10.00 10.50 3.13*
10 P. nordicum 0.00 8.00 10.50 10.50 1.73*
L1 P chrysogenum | 0.00 6.50 7.75 8.50 0.06*
12 P. oxalicum 0.00 7.25 8.50 9.25 0.60*
13 P. expansum 0.00 6.50 6.75 7.50 0.80*
14 P. verrucosum 0.00 7.00 7.50 8.00 0.75*

*Indicating significant differences

The hybrid nano-extract showed superior inhibitory effects across all fungal species tested. The highest inhibition
zone recorded was 11.30 cm against A. fumigatus, indicating a potent antifungal activity. This enhancement could
be attributed to the nano-sizing of the extract, which increases surface area and enhances the bioavailability of
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active compounds, facilitating better interaction with fungal cells.Specific Fungal Responses: Some fungal species,
such as A. flavus and A. ochraceus, exhibited high sensitivity to the hybrid nano-extract, with inhibition zones of
9.165 cm and 10.835 cm, respectively. In contrast, A. niger and A. wentii showed relatively lower inhibition zones
(8.75 cm and 7.00 cm, respectively), indicating varying levels of susceptibility among different fungi.Statistical
Significance: The LSD values indicate that the differences in inhibition zones among the extracts are statistically
significant, reinforcing the conclusion that the hybrid nano-extract provides a substantial improvement in
antifungal activity.Potential Mechanisms: The enhanced activity observed with the hybrid nano-extract could be
due to several factors, including the increased penetration of nano-sized particles into fungal cells and the possible
synergistic effects between the nano-carriers and the bioactive compounds from selected plant.

CONCLUSION

The study demonstrates that hybrid nano-extracts of C. officinalis offer a promising approach to enhance antifungal
efficacy, outperforming traditional crude extracts. This suggests potential applications in developing more effective
antifungal treatments, particularly in agricultural and pharmaceutical settings.
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