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Abstract: The purpose of the work was to compare the mycochemical composition and antioxidant properties of acetate 

extracts of Penicillium oxalicum from two different sources, soil and leaves of Solanum lycopersicum (tomato). After 

extraction of the metabolites on rice medium, qualitative analyses of the extracts were carried out by colorimetric tests and thin 

layer chromatography (TLC). The contents of total polyphenols and flavonoids were determined respectively by the Folin-

Ciocalteu method and the AlCl3 method. For antioxidant capacity, the 1,1-diphenyl-2picrylhydrazyl free radical trapping 

method and the FRAP method were used. Penicillium oxalicum from the soil was characterised by molecular biology. 

Mycochemical analysis revealed the existence of polyphenols, flavonoids, alkaloids, polyterpenes and sterols and saponosides 

in the extract of Penicillium oxalicum from soil. Except for saponosides, the other secondary metabolites were present in the 

endophyte extract but in low quantities. In addition, the contents of total flavonoids and phenols in soil Penicillium oxalicum, 

which are respectively 11.67 ± 1.03 mg QE/ g extract and 58.36 ± 2.779 mg GAE/ g extract, were higher than those of the 

endophyte 6.03 ± 0.95 mg QE/ g extract and 36.66 ± 2.01 mg GAE/ g extract. Concerning the antioxidant activity, the IC50 of 

Penicillium oxalicum extracts were 67.73 ± 0.58 µg/mL for the soil extract and 2.74 ± 0.33 mg/mL for the endophyte extract. 

The reducing power of Penicillium oxalicum from the soil is higher than that of the endophyte. It appears that Penicillium 

oxalicum from soil is rich in secondary metabolites. Also, it showed a better antioxidant activity. This work shows that soil 

Penicillium oxalicum is the best candidate for the production of antioxidant compounds. 
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1. Introduction 

Oxidative stress is an etiological factor implicated in the cause 

of various human diseases, such as cancer, diabetes mellitus, 

cardiovascular and neurodegenerative diseases, inflammation, 

ageing, skin damage and arthritis [1-3]. Indeed, oxidative 

damage is achieved by free radical attack on various 

biomolecules, in particular proteins, lipids and DNA, ultimately 

resulting in cell degradation and death [4, 5]. To protect itself 

against this damage, the body has defence systems [6, 7]. 

However, these are not always effective. Therefore, antioxidants 

are used to form a cooperative defence system. Antioxidants are 

defined as compounds that possess the ability to protect 

biological systems from the potentially harmful effects of 

processes or reactions that may cause excessive oxidation [8]. 

Many synthetic antioxidants such as butylated hydroxyanisole 

(BHA), tert-butylhydroxyquinone (TBHQ) and butylated 

hydroxytoluene (BHT) exist, but they are suspected of causing 

liver damage and carcinogenesis [9-11]. 

As a result of the above, the search for new bioactive 

molecules in plants, as well as in fungi such as Penicillium 

oxalicum, becomes imperative. 

Fungi live in both terrestrial and aquatic environments 

[12]. Thus, they readily synthesise a wide range of 

metabolites such as alkaloids, benzoquinones, flavanoids, 

phenols, steroids, terpenoids, tetralones and xanthones [13]. 
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These metabolites possess several bioactive properties 

including antioxidant properties [14]. 

Among the fungi, Penicillium oxalicum drew our attention. 

Penicillium oxalicum is a ubiquitous fungus in soil, seas and 

plants [15]. 

Studies conducted on Penicillium oxalicum isolated from 

medicinal plants have shown its antioxidant activity [16- 

20]. However, the origin (soil and plant), environmental 

cues and harvesting period of the fungi, influence their 

bioactive properties [21-23]. Solanum lycopersicum 

(tomato), an herbaceous plant belonging to the Solanaceae 

family, is one of the most widely grown vegetable crops in 

the world [24]. The antioxidant activity of tomato leaves 

was reported by [25]. The aim of the present work was to 

compare the antioxidant activities of two Penicillium 

oxalicum extracts from different sources and their 

mycochemical screening. 

2. Material and Method 

2.1. Material 

Two Penicillium oxalicum from different sources were 

used as fungal material in this study. One was isolated from 

the leaves of Solanum lycopersicum (tomato) (NR121232.1) 

under high parasitic pressure and the other from the soil in 

Songon located 1 Km from the Abidjan-Dabou road axis in 

the South of Côte d'Ivoire, whose coordinates are (5°18′ 5 ′′ 

North, 4°14′ 56′′ West) with an altitude of 10 m. The 

endophyte was provided by the Laboratory of Bacteriology 

and Virology of the UFR of Medical Sciences (Felix 

Houphouët Boigny University). 

2.2. Methods 

2.2.1. Isolation 

The soil sample was collected from the same Solanum 

lycopersicum plot in Songon according to the method 

described by [26]. Briefly, on the plot, using a sterile spatula, 

100 g of soil was carefully taken at random and stored in a 

sterile packaging bag (L x W: 200 x 145 mm). This soil 

sample was placed in a cooler and immediately transported to 

the laboratory where it was stored at 4°C. 

Penicillium oxalicum was isolated by the suspension-

dilution method [27] on Potato Dextrose Agar (PDA) 

medium (Conda SA, Spain). The stock suspension was 

prepared by mixing 1 g of soil in 9 mL of sterile distilled 

water. After vertexing the mixture for 5 min, a series of 

decimal dilutions from 10
0
 to 10

-5
 was performed. 

Suspensions of 10
-3

 to 10
-5

 were plated on PDA medium 

supplemented with Chloramphenicol. Three trials were 

performed. The plates were incubated at 28°C for 7 days. The 

colonies obtained were subcultured several times on PDA 

medium until pure cultures were obtained. 

2.2.2. Molecular Identification 

(i). DNA Extraction 

The extraction of genomic DNA from Penicillium 

oxalicum was performed as described by [28] with some 

modifications. To extract the DNA, the fungal isolate was 

grown on PDA agar and incubated at 28°C for 7 days for 

mycelial growth. Next, liquid culture of the fungal isolate 

was performed by adding 100 µL of the fungal suspension to 

3 mL of Potato Dextrose Broth (PDB) medium, which was 

incubated at 28°C for 3 days. Then, 1.5 mL of the mixture 

was placed in a cryotube and centrifuged at 10,000 g for 

three (3) minutes. After removal of the supernatant, the pellet 

was homogenised in 400 µL of TBS buffer (0.4 M NaCl, 10 

mM Tris-HCl pH 8 and 2 mM EDTA pH 8) and vortexed for 

1 min. Then, 40 µL of 20% SDS and 8 µL of Proteinase K 

(20 mg/mL) were added. The mixture was incubated at 60°C 

for 3 hours. After incubation, 300 µL of 6 M NaCl was added 

to the tube which was also vortexed for 30 seconds and then 

centrifuged at 10,000 g for 30 min at 4°C. The supernatant 

was transferred to a 2 mL tube to which an equal volume of 

100% Isopropanol was added. This tube was incubated at -

20°C for one hour and then centrifuged at 10,000g for 20 min 

at 4°C. The pellet was washed with 70% ethanol and then 

centrifuged again for 10 min at 10,000 g. The pellet from the 

latter centrifugation was recovered and dried at 37°C for 5 

min. The resulting DNA was re-suspended in 300 µL of 

sterile Tris-EDTA (TE) buffer and stored at -20°C for 

amplification. 

(ii). PCR Amplification of the Internal Transcribed Spacer 

(ITS) 

The fungal isolate was identified by sequencing the ITS 

(Internal Transcribed Spacer) regions of the rDNA (Eurofins 

Genomics ITS4 and ITS5). For this purpose, four (4) µL of 

5x Master Mix buffer (Slis biodyne FIREPOL), 0.75 µL of 

each fungal primer at 10µM, 5 µL of fungal DNA were 

combined in a final volume of 25 µL. PCR amplifications 

were performed with primers ITS4 

(TCCTCCGGCTTATTGATATGC) and ITS5 

(GGAAGTAAAAGTCGTAACAAGG) according to the 

following program: 4 min at 94°C, followed by 35 cycles of 

1 min at 94°C, 1 min at 55°C and 2 min at 72°C, with a final 

extension of 15 min at 72°C. 

(iii). Sequencing and Sequence Comparison with the 

Database 

The resulting amplificate was packaged and sent to 

Eurofin Genomic for Sanger sequencing according to the 

recommendations of the service provider. Analysis of the 

sequence obtained after PCR was performed with the BLAST 

local base alignment tool from GenBank 

(http://www.ncbi.nlm.nih.gov).  

2.2.3. Extraction of Metabolites from Penicillium oxalicum 

For the extraction of metabolites, each Penicillium 

oxalicum was pre-picked on PDA medium and incubated at 

28°C for 7 days. From the obtained young fungal cultures, a 

suspension of spores was made in sterile distilled water. One 

millilitre (1mL) of suspension was transferred to rice 

medium. In total, the fungal suspension was spread on ten 

plates of rice medium and incubated at 28°C for 21 days for 
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each of the fungi. At the end of the incubation, the cultures 

were collected in 1L Erlenmeyer flasks to which 500 mL of 

ethyl acetate was added and macerated for 24 h under 

agitation at room temperature (about 28°C). The solutions 

obtained after maceration were filtered three times on cotton 

wool and once on wattman paper. The filtrates recovered 

were concentrated using a rotary evaporator. The extracts 

obtained were respectively the acetate extract of Penicillium 

oxalicum from soil and that of Solanum lycopersicum [29]. 

2.2.4. Qualitative Screening of Secondary Metabolites 

The mycochemical screening consisted in characterising 

some chemical groups present in the ethyl acetate extracts of 

Penicillium oxalicum. Thus, chemical groups such as 

alkaloids, polyphenols, flavonoids, tannins, saponosides, 

quinones, polyterpenes and sterols were searched for in the 

extracts by the methods described by [30]. Table 1 

summarises the reagents for the secondary metabolites of 

interest and the characteristic reaction results. 

Table 1. Reagents corresponding to the secondary metabolites investigated and characteristic reaction results. 

Secondary metabolites Reagents Reaction indicating the positivity of the test 

Alkaloids 
Dragendorff Orange precipitate. 

Bouchardât Reddish brown precipitate. 

Flavonoids Cyanidin Purplish coloration. 

Polyphenols Ferric chloride More or less dark blue-black or green colouring. 

Quinones Bornstraegen Red or yellow colouring violet. 

Saponosides Foam test Persistent moss, larger than 1 cm. 

Sterols and Polyterpenes Liebermann The appearance at the interface of a purplish purple ring, which then turns blue and then green. 

Tannins Stiasny 
Catechic: precipitate in large flakes. 

Gallic: intense blue-black colouring. 

 

2.2.5. Thin Layer Chromatography (TLC) 

The support used in this study is a 20 × 20 cm silica gel 

aluminium plate (silica gel 60 F254). Ethyl acetate/methanol 

(9:1) was the only migration system used for performing 

TLC of alkaloid, phenolic and terpene compounds. The 

visualisation of the spots was done by UV lamp at 

wavelengths of 254 and 365 nm. The reagents used were 

Draggendorf reagent for alkaloid compounds and FastBlue 

reagent for phenolic compounds. For terpenic compounds 

and sterols, the TLC plates were heated to 100°C after 

immersion in sulphuric vanillin. 

2.2.6. Determination of Total Flavonoids 

To a volume of 5 mL (0.1 mg/mL) of extract, 1.5 mL of 

methanol, 0.1 mL of 10% aluminium trichloride, 0.1 mL of 

potassium acetate (1M) and 2.5 mL of distilled water are 

added successively. After incubation at room temperature for 

30 min, the optical densities are read with a 

spectrophotometer at 415 nm. 

The flavonoid concentration was deduced from the range 

of the calibration curve established with Quercetin (0-100 

µg/mL) used as standard. The result was expressed as 

milligram quercetin equivalent per gram of extract (mg EQ/g 

extract) [31]. 

2.2.7. Determination of Total Phenols 

To 100 µL of extract dissolved in methanol (1 mg/mL), 

500 µL of Folin-Ciocalteau reagent (10-fold dilution) was 

added. After 2 minutes, 1.5 mL of 20% Na2CO3 was added to 

the mixture. The final volume was made up to 5 mL by 

adding distilled water. The mixture was incubated in the dark 

at room temperature for 30 minutes and the absorbance was 

read at 765 nm. Quantification was done according to the 

standard curve for gallic acid. The result was expressed as 

milligram of gallic acid equivalent (GAE) per gram of extract 

(mg GAE/g extract) [32]. 

2.2.8. Assessment of Antioxidant Activity 

(i). Measurement of Antiradical Activity by the 1, 1-

diphenyl-2-picrylhydrazyl (DPPH) Test 

The antiradical activity of the fungal extract was measured 

by the 2,2'-diphenyl-1-picrylhydrazyl (DPPH) test according 

to the method of [33]. 

A range of concentrations (0-200 µg/mL) of fungal extract 

or ascorbic acid (reference antioxidant) is prepared in 

methanol. An equal volume of DPPH solution (0.5 

mmol/mL) was added to the test sample or control and 

incubated for 30 minutes at room temperature in the dark. 

After 30 min of incubation, the absorbance of the sample was 

measured at 517 nm using a spectrophotometer (Jenway 

7305). The inhibition of the DPPH radical by a given extract 

is expressed as a percentage (%) and determined by the 

following formula: 

I(%) = [(Abs control - Abs test) / Abs control] × 100 

I(%): percentage of free radical inhibition; 

Abs control: absorbance of the medium containing all 

reagents except the extract. 

Abs test: absorbance of the reaction medium containing 

the DPPH and the test extract. 

(ii). FRAP Method (Reducing Power of Iron) 

The FRAP test was carried out according to the method of 

[34] with some modifications. The FRAP working solution is 

prepared by mixing in a volume ratio (10 - 1 - 1) the 

following three solutions: a 300 mM sodium acetate buffer 

solution (pH= 3.6), a 10 mM TPTZ solution (40 mM HCl as 

solvent) and a 20 mM FeCl solution respectively. The FRAP 

working solution is kept in a water bath at 37°C. The test 

consists of reacting 100 µL of each extract with 3 mL of the 

FRAP working solution in glass haemolysis tubes. The 

absorbance of the reaction mixture was measured at 593 nm 
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after 4 min incubation at room temperature. This was done in 

triplicate. 

2.2.9. Statistical Analysis 

Analyses of variance (ANOVA) were carried out to 

highlight significant differences between the contents of 

flavonoid, polyphenol, IC50 and the reducing power of the 

fungal crude extract, using GraphPad Prism 5.0 software. 

3. Results and Discussion 

3.1. Identification of the Isolate 

The main objective of our study was to compare the 

antioxidant activity of Penicillium oxalicum in the soil and in 

the plant. 

After isolation of the fungal strain from the soil, 

identification was made on the basis of morphological and 

molecular characters. Colonies were fast growing reaching a 

diameter of 3.2 cm on PDA medium after 3 - 4 days at 28°C 

and were dark green, powdery showing abundant sporulation 

without reverse pigmentation (Figure 1A). The hyphae were 

septate ending in conidiophores passing through phialides 

(Figure 1B). 

Following sequencing, a sequence length of 554 bp and a 

percentage of 98.91% of the sample was obtained. A BLASTn 

with the Megablast program was used to process the sequence. 

The database used was RNA typestrains / ITS_RefSeq Fungi. 

Thus, the isolate was identified as P. oxalicum on the basis of 

morphological and molecular characteristics [35]. Table 2 

shows all the information collected. 

 

Figure 1. (A) Macroscopic observation of the morphology of Penicillium 

oxalicum colonies on PDA medium (1440×720); (B): Microscopic 

observation of the shape of the mycelium and spores (G×100). 

3.2. Mycochemical Screening 

The mycochemical screening showed the presence of 

different chemical groups in the acetate extract of Penicillium 

oxalicum from the soil and that of the endophyte of Solanum 

lycopersicum. Thus, from the intensity of the staining 

obtained for each of the characterisation tests, it appears that: 

The acetate extract of Penicillium oxalicum from the soil 

contained a high amount of polyphenols, flavonoids and 

alkaloids, whereas the extract of Penicillium oxalicum 

endophytic contained an average amount of these three 

secondary metabolites. Sterols and polyterpenes were in 

average quantity in both extracts. Regarding quinones, they 

were present only in the soil extract of Penicillium oxalicum. 

However, an absence of saponoside and tannins was 

observed in both extracts (Table 3). Thin layer 

chromatography confirmed the presence of the different 

chemical groups sought Table 4. 

Table 2. Identification of the fungus isolated from the soil. 

Source DNA sequence of the isolate (FASTA file) Name of the fungus 

Soil 

5'-GGAAGGACATTACCGAGTGAGGGCCCTCTGGGTCCACCT 

CCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCC 

GCCTCACGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGC 

GCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGAT 

TGCAGTCTGAGTACTTGACTAAATCAGTTAAAACTTTCA 

ACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA 

GCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTG 

AATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTA 

TTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCT 

CAAGCACGGCTTGTGTGTTGGGCTCTCGCCCCCCGTTTCC 

GGGGGGCGGGCCCGAAAGGCAGCGGCGGCACCGCATCC 

GGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAG 

GCCCGGCCGGCGCCCGCCGGAGAACACCATCAATCTTAA 

CCAGGTTGACCTCGGATCATGTAGGGATACCCGCTGAAC 

TTACGCG-3' 

Penicillium oxalicum 

Table 3. Secondary metabolite composition of ethyl acetate fungal extracts. 

Reclaimed mycocomposites Penicillium oxalicum from soil Penicillium oxalicum endophytic 

Sterols and polyterpenes 1 1 

Polyphenols 2 1 

Flavonoids 2 1 

Tannins 0 0 

Quinones 1 0 

Alkaloids 2 1 

Saponosides 0 0 

(2): Abundance; (1): Presence; (0): Absence. 
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Table 4. Characterisation of compounds by thin layer chromatography. 

Mycochemicals Revealer Penicillium oxalicum from soil Penicillium oxalicum endophytic 

Alkaloids Dragerndorff x X 

Polyphenols Fast blue B x X 

Sterols and terpenes Vanillin-sulfuric acid x X 

(x): presence. 

The secondary metabolites detected in the extracts are 

known to have beneficial use in the pharmaceutical industry. 

It has been reported that polyphenols exhibit antimicrobial, 

anti-inflammatory, antimutagenic, antitumour and 

antioxidant activities [36]. Concerning, flavonoids, they have 

antibacterial, antiviral, antidiabetic, antioxidant activities 

[37]. For terpenes, activities such as antibacterial, anti-

inflammatory, antioxidant have been reported [38]. As for 

alkaloids, they have anticholinergic, antitumor, antidiuretic, 

antiviral, antihypertensive, antidepressant, antimicrobial, 

antioxidant and anti-inflammatory activities [39]. Quinones 

exhibit anticancer and antioxidant activities [40]. 

This study showed that P. oxalicum from the soil is richer 

in secondary metabolites compared to that of the endophyte. 

3.3. Determination of Total Flavonoids and Polyphenols 

Polyphenols are the main antioxidant components derived 

from fungi, as are flavonoids, which are considered the most 

important class of polyphenols. Thus, the determination of 

antioxidant capacity in various studies has focused mainly on 

these compounds [12, 41]. Therefore, the total content of 

flavonoids and polyphenols in the extracts of the tested fungi 

were determined quantitatively. The total phenol content of 

the extracts was determined graphically by linear regression 

of the ascorbic acid standard curve (y=10.122x + 0.0778; R
2
= 

0.9939) and expressed as ascorbic acid equivalent. The 

results show that the soil extract of P. oxalicum had a content 

of 58.36 ± 2.779 mg EAG/ g extract and that of the 

endophyte 36.66 ± 2.01 mg EAG/ g extract. The total 

flavonoid content of the extracts was determined graphically 

by linear regression of the quercetin standard curve 

(y=13.7009x; R
2
= 0.9976) and expressed as Quercetin 

equivalent. The results reveal that the total flavonoid content 

of the P. oxalicum soil extract was 11.67 ± 1.03 mg EQ/g 

extract and for that of the endophyte, 6.03 ± 0.95 mg EQ/g 

extract. 

It is inferred that the P. oxalicum extract from the soil had 

high levels compared to that of the endophyte. 

The total polyphenol content of P. oxalicum in the soil is 

much higher than that obtained by Arora and Chandra [42] in 

the extract of Aspergillus fumigatus (5.68 mg GAE/g), the 

same for the work of Abo-Elmagd [43] in the acetate extract 

of Chaetomium madrasense (17.43 mg GAE/g), the same is 

true for Arora and Chandra [44] in the freeze-dried 

extracellular extract of Penicillium citrimum (28 mg GAE/g), 

and finally for Arora and Chandra [45] in the extract of 

Aspergillus PR78 (17.32 mg GAE/g). The composition of the 

phenolic content of fungi generally depends on genetic, 

environmental and other factors [46]. 

3.4. Assessment of Antioxidant Activity 

To determine the in vitro antioxidant activity of acetate 

extracts of P. oxalicum from soil and endophyte, DPPH and 

FRAP assays were performed. Antioxidants scavenge 

radicals through hydrogen donation to form the stable DPPH 

molecule. The antioxidant activity of an extract is related to 

its low inhibitory concentration. Indeed, a low IC50 value 

indicates a better antioxidant activity [47]. Thus, the best free 

radical scavenging activity was obtained with vitamin C, the 

reference molecule (IC50 8.64 ± 0.13µg/mL), followed by the 

acetate extract of P. oxalicum from soil (IC50 67.73 ± 0.58 

µg/mL), and finally the acetate extract of endophytic P. 

oxalicum (IC50 2.74 ± 0.33 mg/mL). 

The best antiradical activity observed with the P. oxalicum 

extract from the soil, would be due to the phenolic 

compounds [48]. Indeed, similar results have been reported 

by other authors who have shown that there is a relationship 

between the content of phenolic compounds and the 

antiradical activity of fungi extracts [49, 50]. The antiradical 

effect of polyphenols, especially flavonoids, is attributed to 

their low redox potential which makes them 

thermodynamically capable of reducing free radicals by 

transferring hydrogen atoms from hydroxyl groups [51, 52]. 

For the FRAP test, recall that the method is based on the 

ability of the extract to reduce ferric Fe
3+

 to ferrous Fe 
2+

[47]. 

The antioxidants reduce the Fe
3+

 ferricyanide complex to the 

ferrous form by donating an electron. The colour of the 

solution to be examined then changes from yellow to various 

shades of green and blue [53]. 

The FRAP values of soil P. oxalicum and endophyte P. 

oxalicum were 260.9 ± 24.68 and 143.80 ± 1.43 µmol Eq 

Trolox/ g EXS, respectively. The FRAP value of soil P. 

oxalicum was significantly higher than that of the endophyte. 

This ability to reduce Fe (III) is attributed to phenolic 

compounds that can donate hydrogen atoms [54]. Generally, 

the reducing properties are associated with breaking the 

radical chain by donating a hydrogen atom [55]. Extracts 

from fungi that have shown the presence of the compounds 

and total flavonoids would act in the same way. 

4. Conclusion 

From this study, it was found that Penicillium oxalicum 

from soil, in addition to quinones, is richer in phenolic, 

alkaloid and terpene compounds than that isolated from 

tomato leaves. 

Also, Penicillium oxalicum from soil showed a higher 

antioxidant potential than that of the endophyte, as indicated 

by its DPPH free radical scavenging capacity and its iron 
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reducing capacity. The antioxidant activity of Penicillium 

oxalicum from soil was attributed to phenolic compounds. 

Such compounds found in soil Penicillium oxalicum with 

antioxidant activity, makes this fungus an interesting natural 

source for its industrial and medical use.  
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