
Australian Journal of Basic and Applied Sciences, 3(4): 4274-4280, 2009

ISSN 1991-8178

 

Corresponding Author: M.E. Zain, Medical Laboratory Sciences Dept., College of Applied Medical Sciences (Al Kharj),

King Saud University, KSA.

4274

Effect of Olive Oil on Secondary Metabolite and Fatty Acid Profiles of Penicillium

Expansum, Aspergillus Flavus, A. Parasiticus and A. Ochraceus

M.E. Zain

Medical Laboratory Sciences Dept., College of Applied Medical Sciences (Al Kharj),

King Saud University, KSA.

Abstract: The secondary metabolite and fatty acid profiles of Aspergillus flavus, A. parasiticus, A.

ochraceus in addition to Penicillium expansum  were determined. The olive oil was found to affect

secondary metabolite and fatty acid profiles when added to the growth medium. Many secondary

metabolites were detected only in presence on olive oil. On the other hand, some fatty acids were not

produced when the fungus grown on medium supplemented with olive oil. Griseofulvin, 6-

Methylsalicylic acid, and rubratoxin B were produced by Penicillium expansum  grown on olive oil-free

medium and on medium supplemented with olive oil in concentration of 2%, 4%, and 6%. However,

Epoxysuccinic acid, (-) flavoskyrin, 2-pyruvoylamino benzamide, Roquefortine B, Roquefortine C, and

Stipitatic acid were produced by P. expansum  only in presence of olive oil. On the other hand, the

presence of olive oil in the growth medium prevented the terrein and xanthomegnin production. The

fatty acids Butyric, caproic, caprylic, capric, undecylic, lauric, myristic, pentadecylic, and palmitoleic

were detected in P. expansum  grown on olive oil-free medium and not detected on medium

supplemented with olive oil. Cyclopenol, desacetylpebrolide, (-) flavoskyrin, fumarprotocetraric acid,

lobaric acid, protocetraric acid, and rubratoxin B were produced by Aspergillus flavus, A. parasiticus

only in presence olive oil. Alectoronic acid, austdiol, cinnamic acid, a-collatolic acid, and fulvic acid

were produced only by A. ochraceus grown on medium supplemented with olive oil. Caprylic, capric,

undecylic, lauric, and myristic were detected in booth A. flavus and A. ochraceus grown on olive oil-

free medium and not detected in A. parasiticus. 
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INTRODUCTION

Fungal secondary metabolites are of intense interest to humankind due to their pharmaceutical (antibiotics)

and/or toxic (mycotoxins) properties (Yu and keller, 2005; Shwab and keller, 2008). In the past decade,

tremendous progress has been made in understanding the genes that are associated with production of various

fungal secondary metabolites. Moreover, the regulatory mechanisms controlling biosynthesis of diverse groups

of secondary metabolites have been unveiled (Yu and keller, 2005). 

These metabolites are clinically relevant because of their importance in fungal pathogenesis. Aspergillus

species secrete secondary metabolites when grown individually and in the presence of other fungal species.

However, it is not known whether secreted secondary metabolites provide a competitive advantage over other

fungal species, or whether competition has any effect on the production of those metabolites (Losada et al.,

2009).

The whole cell fatty acid (FA) profiles have been used as a species identification tool (Moss 1981, Veys

et al. 1989). The value of FA analysis in fungal taxonomy is of increasing interest; FA composition has been

screened and analyzed under several conditions (Menyawi et al., 2000). The genus Aspergillus contains

approximately 250 species (Samson and Varga 2007). Some of these species have been used for many years

in the fermentation industry for the production of organic acids and, more recently, for the production of a

variety of enzymes and other secondary metabolites. On the other hand, some Aspergillus species produce

mycotoxins that cause adverse effects on animal and human health (Samson and Pitt 2000). 

Fungal identification has mainly been performed according to morphological criteria. Until recently, these

techniques have only been used in fungal taxonomy. Although, fewer different FAs are produced by fungi than
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by bacteria (Lechevalier and Lechevalier 1988), these analyses are increasingly used to distinguish different

fungi (Welch 1991, Stahl & Klug 1996, Guarro et al. 1999). 

Recently, developed programs for multivariate discriminate analysis have helped to increase the value of

fungi FA data in routine taxonomy and identification work (Blomquist et al. 1992, Müller et al. 1994, Stahl

& Klug 1996). However, the FA methodology has not been applied as a taxonomic tool for discriminating

amongst Aspergillus spp. The aim of the present work was to investigate the secondary metabolites and FA

composition usages as a taxonomic tool for separating certain Aspergillus spp. and their susceptibility to

environmental conditions.

MATERIAL AND METHODS

Fungal Strains:

The fungal strains namely; Aspergillus flavus, A. parasiticus, A. ochraceus, and Penicillium expansum  were

obtained from the culture collection unit, regional center for mycology and biotechnology, Al-Azhar University,

Cairo, Egypt. 

Media:

Malt Extract Agar (MEA) (malt extract, 20 g; peptone, 1 g; dextrose, 20 g; agar, 20 g; distilled water,

1 L) was used for cultivation of the fungal strains. The same media (without agar) were used for extraction

of the fungal secondary metabolites, and fatty acids.

Secondary Metabolites:

The secondary metabolites were determined according to the method described by Paterson and Bridge

(1994) as follows:

The fungal growth media, the filtrates, were used for determination of extracellular secondary metabolites.

The fungal broth filtrates were extracted with equal volume of chloroform: methanol (2:1, v/v), left to

evaporate till dryness, and then dissolved in 3 ml distilled water. The extracts were spotted on a pre-coated

Thin Layer Chromatography (TLC) plate (20X20 cm aluminum sheet silica gel 60, layer thickening 0.2 mm)

along with griseofulvin as reference standard. The metabolites were eluted using toluene: ethyl acetate: 90 %

formic acid (5:4:1, v/v/v) as solvent system. The developed secondary metabolites spots were visualized for

ftheir colour and R  under white, UV (365 nm), UV (254 nm), and return to UV (365 nm), respectively. The

plate was then sprayed with 0.5 % p-anisaldehyde (in methanol: acetic acid: concentrated sulphuric acid;

17:2:1, v/v/v) and visualized under white light. The plate was heated for 8 minutes at 105°C and visualized

under white, UV (365 nm), UV (254 nm) lights, respectively. Identification of secondary metabolites was

fcarried out by comparing colours and R  values of the obtained spots to those determined by Paterson and

Bridge in (1994).

Fatty Acids:

The fungal mats (50 g) and broth filtrate (400 ml) were extracted with petroleum ether (60-80°C); by

repeated boiling for fungal mat, and shaking on cold in separating funnel for broth filtrate, till complete

extraction. The extracts were dehydrated by filtration over anhydrous sodium sulphate, the filtrates were

distilled off under reduced pressure. The residues were then separately subjected to saponification. Each sample

was saponified by refluxing for 4 hrs with a mixture of 10% alcoholic potassium hydroxide (15 ml) and bezene

(2 ml), then concentrated and filled up with water to 30 ml. The mixtures were extracted separately with

successive portions of ether till complete extraction of the unsaponifiable matter. 

The aqueous mother liquors were acidified with concentrated hydrochloric acid till acidic to litmus. The

liberated fatty acids were extracted with ether. The combined ether extracts were washed with water till

washings are neutral to litmus; dried aver anhydrous sodium sulphate and the solvent distilled off. The liberated

fatty acids were methylated and subjected to GC analysis.

The GC analysis were carried out at the Regional Center for Mycology and Biotechnology. The system

GC/MS with software class 5000; column, DB1, 25 m; 0.53 mm ID; 1.5 mm film; carrier gas, helium;

temperature program, 160°C (1 min.) - 200°C (2 min.) at 3°C/min. - 250°C (5 min.) at 2°C/min.; detector

temperature, 270°C; injector temperature, 280°C.

Results:

The fungal strains were grown on malt extract medium supplemented with olive oil at concentration of

0%, 2%, 4%, and 6%. The cultures were incubated at 28°C for 14 days. The fungi were then subjected to

determination of secondary metabolite and cellular fatty acid profiles as following:
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Secondary Metabolites:

The fungal broth media were subjected for determination of fungal secondary metabolites according to the

method described by Paterson and Bridge in (1994). The secondary metabolite profiles of the investigated

fungal strains; grown on olive oil supplemented to the growth medium in concentration of 0% (control), 2%,

4%, and 6%, were determined.

Penicillium Expansum:

The Penicillium expansum  grown on malt extract medium produced 10 secondary metabolites (Table 1).

Griseofulvin, 6- methylsalicylic acid, palitanin, rubratoxin B, terrein, xanthomegnin and other 4 other secondary

fmetabolites; with different R 's, were identified.

However, epoxysuccinic acid, (-) flavoskyrin, 2-pyruvoylamino benzamide, Roquefortine B, Roquefortine

C, Schizopeltic acid, Stipitatic acid and unidentified secondary metabolite (Unknown H) were produced only

in presence of olive oil (Table 1). On the other hand, olive oil prevents the production of terrain,

xanthomegnin, and unknown G.

Table 1: The secondary metabolites of Penicillium expansum  grown on malt extract medium supplemented with olive oil.

M etabolite Olive oil concentration

--------------------------------------------------------------------------------------------------------------

0 % (control) 2 % 4 % 6 %

Epoxysuccinic acid - - - +

(-) flavoskyrin - + - +

Griseofulvin + + + +

6- Methylsalicylic acid + + + +

Palitanin + + + -

2-pyruvoylamino benzamide - + + -

Roquefortine B - + - +

Roquefortine C - - + +

Rubratoxin B + + + +

Schizopeltic acid - + - -

Stipitatic acid - + - +

Terrein + - - -

Xanthomegnin + - - -

Unknown A + + + +

Unknown B + + + +

Unknown E + + - -

Unknown G + - - -

Unknown H - + + +

Aspergillus Flavus:

The Aspergillus flavus grown on malt extract medium produced 8 secondary metabolites (Table 2).

Dipicolinic acid, Lapidosin, Norstictic acid, Palitanin, Penitrem A, and other 3 unknown secondary metabolites;

fwith different R 's, were identified.

However, cyclopenol, desacetylpebrolide, (-) flavoskyrin, fumarprotocetraric acid, lobaric acid, protocetraric

acid, 2-pyruvoylamino benzamide, rubratoxin B and unidentified secondary metabolite (Unknown F) were

produced only in presence of olive oil (Table 2). On the other hand, olive oil prevents the production of

dipicolinic acid, norstictic acid, and unknown I.

Aspergillus Parasiticus:

The Aspergillus parasiticus grown on malt extract medium produced 8 secondary metabolites (Table 3).

Cyclopenol, lapidosin, penitrem A, protocetraric acid, schizopeltic acid, and other 3 unknown secondary

fmetabolites; with different R 's, were identified.

However, (-) flavoskyrin, fumarprotocetraric acid, lobaric acid, 6- Methylsalicylic acid, rubratoxin B and

unidentified secondary metabolite (Unknown F) were produced only in presence of olive oil (Table 3). 

Aspergillus Ochraceus:

The Aspergillus ochraceus grown on malt extract medium produced 10 secondary metabolites (Table 4).

Austdiol, collensoic acid, cyclopenol, epoxysuccinic acid, lapidosin, palitanin, salazinic acid, schizopeltic acid,

squamatic acid  and stictic acid were identified.

However, alectoronic acid, cinnamic acid, a-collatolic acid, fulvic acid, fumarprotocetraric acid, 6-

methylsalicylic acid, rubratoxin B and unidentified secondary metabolite (Unknown C) were produced only in

presence of olive oil (Table 4). On the other hand, olive oil prevents the production of collensoic acid,

palitanin, and salazinic acid.
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Table 2: The secondary metabolites of Aspergillus flavus grown on malt extract medium supplemented with olive oil.

M etabolite Olive oil concentration

-----------------------------------------------------------------------------------------------------------------

0 % (control) 2 % 4 % 6 %

Cyclopenol - + - +

Desacetylpebrolide - - - +

Dipicolinic acid + - - -

(-) Flavoskyrin - - - +

Fumarprotocetraric acid - - - +

Lapidosin + + + +

Lobaric acid - + - -

Norstictic acid + - - -

Palitanin + + - -

Penitrem A + + + +

Protocetraric acid - + - -

2-pyruvoylamino benzamide - - + +

Rubratoxin B - - + +

Schizopeltic acid + + - -

Unknown C + + + +

Unknown F - - + +

Unknown I + - - -

Table 3: The secondary metabolites of Aspergillus parasiticus grown on malt extract medium supplemented with olive oil.

M etabolite Olive oil concentration

-------------------------------------------------------------------------------------------------------------------

0 % (control) 2 % 4 % 6 %

Cyclopenol + + + +

(-) Flavoskyrin - - - +

Fumarprotocetraric acid - - - +

Lapidosin + + + +

Lobaric acid - + - -

6- Methylsalicylic acid - - + -

Penitrem A + + - -

Protocetraric acid + + + -

Rubratoxin B - + - +

Schizopeltic acid + + + -

Unknown A + + + +

Unknown C + + + +

Unknown D - - - +

Unknown F - + + +

Unknown G + + + -

Table 4: The secondary metabolites of Aspergillus ochraceus grown on malt extract medium supplemented with olive oil.

M etabolite Olive oil concentration

----------------------------------------------------------------------------------------------------------------

0 % (control) 2 % 4 % 6 %

Alectoronic acid - - - +

Austdiol + + + +

Cinnamic acid - - + -

a-Collatolic acid - - + -

Collensoic acid + - - -

Cyclopenol + + + +

Epoxysuccinic acid + + + +

Fulvic acid - - + +

Fumarprotocetraric acid - - - +

Lapidosin + + + +

6- Methylsalicylic acid - + - -

Palitanin + - - -

Rubratoxin B - + - -

Salazinic acid + - - -

Schizopeltic acid + - + -

Squamatic acid + + - -

Stictic acid + + + +

Unknown C - + + -

Fatty Acids:

The fatty acid composition of Penicillium expansum, Aspergillus flavus, A. parasiticus, A. ochraceus grown

on malt extract supplemented with olive oil were determined (Tables 5 - 8). The obtained results revealed that

the production of fatty acids by the investigated fungi was affected by the presence and/or the concentration

of olive oil in the growth medium. 
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Penicillium Expansum:

Butyric, caproic, caprylic, capric, undecylic, lauric, myristic, pentadecylic, palmitic, palmitoleic, margaric,

stearic, oleic, linoleic, and arachidic were detected as fatty acid composition of Penicillium expansum  grown

on olive oil-free malt extract medium (Table 5). However, butyric, caproic, caprylic, capric, undecylic, lauric,

myristic, pentadecylic and palmitoleic were not detected in the fatty acid profile of Penicillium expansum

grown on olive oil malt extract medium.  

Table 5: The fatty acid com position of Penicillium expansum  grown on malt extract medium supplemented with olive oil.

Fatty acid Olive oil concentration

----------------------------------------------------------------------------------------------------------

0 % (control) 2 % 4 % 6 %

Butanoic acid (Butyric) 02.39 00.00 00.00 00.00

Hexanoic acid (Caproic) 00.72 00.00 00.00 00.00

Octanoic acid (Caprylic) 01.73 00.00 00.00 00.00

Decanoic acid (Capric) 02.09 00.00 00.00 00.00

Henedecanoic acid (Undecylic) 02.40 00.00 00.00 00.00

Dodecanoic acid (Lauric) 02.18 00.00 00.00 00.00

Tetradecanoic acid (M yristic) 01.32 00.00 00.00 00.00

Pentadecanoic acid (Pentadecylic) 00.95 00.00 00.00 00.00

Hexadecanoic acid (Palmitic) 23.52 20.80 05.02 10.34

cis-9-Hexadecenoic acid (Palmitoleic) 00.90 00.00 00.00 00.00

Heptadecanoic acid (M argaric) 03.60 26.90 00.65 23.57

Octadecanoic acid (Stearic) 00.64 12.06 04.11 05.47

cis-9-Octadecenoic acid (Oleic) 49.30 13.52 55.68 12.00

cis, cis-9,12-Octadecadienoic acid (Linoleic) 07.18 23.70 32.11 48.62

Eicosanoic acid (Arachidic) 00.10 03.02 02.42 00.00

Total Saturated 41.72 62.78 12.21 39.38

Total Unsaturated 58.28 37.22 87.79 60.62

Aspergillus Flavus:

Caprylic, capric, undecylic, lauric, myristic, palmitic, palmitoleic, margaric, stearic, oleic, linoleic, and

arachidic were detected as fatty acid composition of Aspergillus flavus grown on olive oil-free malt extract

medium (Table 6). However, caprylic, capric, undecylic, lauric, myristic and palmitoleic were not detected in

the fatty acid profile of A. flavus grown on olive oil malt extract medium.  

Table 6: The fatty acid com position of Aspergillus flavus grown on malt extract medium supplemented with olive oil.

Fatty acid Olive oil concentration

----------------------------------------------------------------------------------------------------------

0 % (control) 2 % 4 % 6 %

Octanoic acid (Caprylic) 00.30 00.00 00.00 00.00

Decanoic acid (Capric) 00.80 00.00 00.00 00.00

Henedecanoic acid (Undecylic) 01.04 00.00 00.00 00.00

Dodecanoic acid (Lauric) 01.48 00.00 00.00 00.00

Tetradecanoic acid (M yristic) 00.63 00.00 00.00 00.00

Hexadecanoic acid (Palmitic) 25.76 11.21 24.52 03.77

cis-9-Hexadecenoic acid (Palmitoleic) 00.66 00.00 00.00 00.00

Heptadecanoic acid (M argaric) 14.92 03.59 46.86 34..47

Octadecanoic acid (Stearic) 26.60 09.08 00.00 00.00

cis-9-Octadecenoic acid (Oleic) 09.78 62.81 18.40 03.09

cis, cis-9,12-Octadecadienoic acid (Linoleic) 07.46 10.99 07.47 53..22

Eicosanoic acid (Arachidic) 07.31 00.57 02.74 05.45

Docosanoic acid (Behenic) 03.26 00.00 00.00 00.00

Total Saturated 81.44 26.20 74.13 43.69

Total Unsaturated 18.56 73.80 25.87 56.31

Aspergillus Parasiticus:

Palmitic, margaric, stearic, oleic, linoleic, and arachidic were detected as fatty acid composition of

Aspergillus parasiticus grown on olive oil-free malt extract medium (Table 7). However, the same fatty acid

profile, with different quantity, was detected when A. parasiticus grown on olive oil malt extract medium. 

Aspergillus Ochraceus:

Caprylic, capric, undecylic, lauric, myristic, palmitic, margaric, stearic, oleic, linoleic, and arachidic were

detected as fatty acid composition of Aspergillus ochraceus grown on olive oil-free malt extract medium (Table

8). However, caprylic, capric, undecylic, lauric, and myristic were not detected in the fatty acid profile of A.

ochraceus grown on olive oil malt extract medium.  
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Table 7: The fatty acid com position of Aspergillus parasiticus grown on malt extract medium supplemented with olive oil.

Fatty acid Olive oil concentration

-------------------------------------------------------------------------------------------------------

0 % (control) 2 % 4 % 6 %

Hexadecanoic acid (Palmitic) 04.93 03.65 08.10 58.94

Heptadecanoic acid (M argaric) 00.16 00.00 16.05 12.31

Octadecanoic acid (Stearic) 55.99 30.67 06.29 05.21

cis-9-Octadecenoic acid (Oleic) 21.00 44.11 12.74 03.62

cis, cis-9,12-Octadecadienoic acid (Linoleic) 16.75 02.12 42.90 13.73

Eicosanoic acid (Arachidic) 01.17 19.46 13.91 06.19

Total Saturated 62.25 53.77 44.36 82.65

Total Unsaturated 37.75 46.23 55.64 17.35

Table 8: The fatty acid com position of Aspergillus ochraceus grown on malt extract medium supplemented with olive oil.

Fatty acid Olive oil concentration

----------------------------------------------------------------------------------------------------------

0 % (control) 2 % 4 % 6 %

Octanoic acid (Caprylic) 00.16 00.00 00.00 00.00

Decanoic acid (Capric) 00.19 00.00 00.00 00.00

Henedecanoic acid (Undecylic) 00.22 00.00 00.00 00.00

Dodecanoic acid (Lauric) 00.33 00.00 00.00 00.00

Tetradecanoic acid (M yristic) 00.13 00.00 00.00 00.00

Hexadecanoic acid (Palmitic) 19.21 11.59 18.65 34.80

Heptadecanoic acid (M argaric) 13.65 16.40 18.92 15.19

Octadecanoic acid (Stearic) 03.49 07.86 06.00 13.14

cis-9-Octadecenoic acid (Oleic) 38.21 09.96 10.26 09.17

cis, cis-9,12-Octadecadienoic acid (Linoleic) 22.46 45.55 41.15 22.06

Eicosanoic acid (Arachidic) 01.96 08.64 05.02 05.65

Total Saturated 39.33 44.49 48.59 68.77

Total Unsaturated 60.67 55.51 51.41 31.23

Discussion:

Filamentous fungi have a large number of genes coding for secondary metabolites. These are assembled

in large gene clusters (Tag et al., 2000; Yu & Keller, 2005), and fungi can produce a vast number of very

diverse compounds. The results of the current study revealed that the secondary metabolites of Penicillium

expansum  and the investigated Aspergillus species were affected by the environmental conditions. Different

variety of secondary metabolites has been produced in presence of olive oil. However, for more than 25 year,

profiles of secondary metabolites have been central in the development of fungal systematics, taxonomy, and

ecology, but only occasionally integrated in a polyphasic approach to applied mycology (Frisvad et al., 2008).

The pattern of secondary metabolites production has for a long time been of great use in the identification and

classification of lichens. This pattern has been used less in the taxonomy of ascomycetes and basidiomycetes,

although it is well known that these organisms produce a vast array of such compounds (Carlile and

Watkinson, 1994). Its potential in ascomycete systematics is well illustrated by the chemotaxonomic studies

performed in Eurotiales (Frisvad and Filtenborg, 1983; 1990; Frisvad, 1994) and in Xylariales (Whalley and

Edwards, 1995).

However, Guarro et al. (1999) reported that the use of secondary metabolites in fungal taxonomy is not

accepted because the production of these compounds can be affected by environmental conditions. The obtained

results of the current study revealed that the secondary metabolites are susceptible to the environmental

condition and their production is restricted to certain conditions, therefore their use in fungal taxonomy should

be reconsidered.

On the other hand, the current study revealed that all the species of fungi included in this study have

disparate fatty acid compositions and can be differentiated from one another on this basis. Some of the fungi

analyzed contained the same fatty acids but differed in the relative amounts of each; some fungi differed in

both the kinds of fatty acids produced and in the amounts of others.
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