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The aim of the study was to determine the composition of the sclerotium of  Pleurotus tuber-regium 
and to analyze its nutritional potential. Major minerals and micronutrients content of the P. tuber-regium 
sclerotium were determined. The study has shown fairly high concentrations of potassium and magnesium as 
major minerals with values of 60.66 ± 4.13 and 41.79 ± 3.14 mg/kg, while manganese and zinc were micronu-
trients with the highest values of 1.20 ± 0.10 and 0.95 ± 0.07 mg/kg. Glutamic acid and aspartic acid were also 
observed in high concentrations with values of 11.51 ± 1.01 and 5.52 ± 0.86 mg/kg. The mushroom powder of 
P. tuber-regium was a source for production of oil, which was analyzed by GC-MS method. Benzenedicarbo-
xylic acid mono-(2-ethylhexyl) ester and benzenedicarboxylic acid butyl-cyclohexyl ester were volatile con-
stituents predominating with percentage total of 78.7 and 5.2, respectively. It is concluded that the presence of 
mineral elements, amino acids and volatile components observed in this fungus indicated the presence of the 
nutritional potential in the sclerotia of P. tuber-regium.

K e y w o r d s: Pleurotus tuber-regium sclerotium, mineral elements, amino acids, volatile components, me-
dicinal properties.

G lobally, the consumption of mushrooms 
has remained an alternative and affordable 
source of quality protein, mineral elements 

and other nutrients. While about 81.7% of such con-
sumption are based on these nutritional benefits, 
93.5 and 15.1% are based on palatability and medici-
nal properties respectively [1]. Unlike in Japan and 
China where medicinal properties of mushrooms are 
well documented, information on their medicinal ap-
plications in Africa are obtained from local herba
list who may not be able to document their finding 
or may not like to disclose the components of their 
preparations. Although must edible mushrooms are 
important sources of nutrients and relevant pharma-
cological compounds, information on the medicinal 
properties of non-edible and most wild mushrooms 
are scientifically inadequate. The presence of rele­
vant health promoting compounds such as antioxi-
dant, antimicrobial, anticancer, cholesterol lowering 
and immunostimulatory effects of some species of 
mushrooms have been reported [2]. These health 
enhancing properties have been attributed to the 
presence of some biologically active compounds 

such as glycolipids, shikimic acid derivatives, aro-
matic phenols, fatty acid derivatives, polyacety-
lamine, polyketides, nucleosides, sesterterpenes, and 
many other substances of different origins in some 
mushrooms [3]. One mushroom with a notable phar-
macological history is the Pleurotus tuber-regium. 
P. tuber-regium is a wood consuming fungi that pro-
duces a dark brown storage tuber (sclerotium) whose 
circumference may grow to about 35 cm. Though 
the sclerotium and the fruiting bodies are edible, 
the saprotrophic and nematophagous properties of 
the fruiting bodies have been reported [4], while 
the whitish interior of the sclerotium is use in the 
western part of Africa as thickener and flavouring 
agent in the preparation of soups. The purpose of 
this study is to reveal the nutritive properties of the 
sclerotium of P. tuber-regium and to identify the me-
dicinal properties of its components.

Materials and Methods

Sample collection and preparation. Fresh scle-
rotium of P. tuber-regium was collected from its 
natural environment in Aluu community, about 10 
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kilometres from the University of Port Harcourt in 
Nigeria. The mushroom was identified at the Faculty 
of Agriculture, University of Port Harcourt. A quan-
tity of the sclerotium (1.0 kg) was thoroughly washed 
and air dried at room temperature for one (1) week 
in a clean dust free environment. The dried samples 
were peeled and sliced with a sterilized knife and 
ground into a fine smooth powder using Thomas 
Scientific, (Model 4) Wiley’s mill.

Determination mineral elements and amino 
acid content. Major minerals and trace elements 
content of the sclerotium of P. tuber-regium were 
determined by the method of the Association of Of-
ficial Analytical Chemists (A.O.A.C.) [5]. Nineteen 
of the twenty amino acids and tryptophan were de-
termined by the methods of Benitez [6] and Robel 
[7] respectively.

GC-MS analysis of mushroom oil. Ground 
mushroom powder (100 g) was added to 3 dm3 of 
distilled water and the oil obtained by hydro-distil-
lation was collected into hexane and concentrated by 
evaporation at room temperature. The oil was ana-
lysed using a combined gas chromatograph model 
HP 6890 and mass spectrometer model 5973 (Agilent 
Tech.) fitted with a capillary column HP-5 MS (5% 
phenylmethylsiloxane) 30.0 m × 250 μm × 0.25 μm, 
using Helium as a carrier gas at initial column tem-
perature 120 °C for 5 min. Thereafter, the column 
temperature was increased at 5 °C per minutes to 
320 °C and held for 5 min. Electron impact ioniza-
tion for mass spectroscopy was done at ionization 
energy of 70 eV. The oil was diluted with 98% hexa
ne and 2 μl of the diluted sample was automatically 

injected into Agilent Tech. model 5973 mass spec-
trometer. The constituent compounds were identified 
using the Chem-Office software attached to the MS 
library. The names and structures of the component 
oils were confirmed using the database of National 
Institute of Standard and Technology (NIST).

Statistical analysis. Data are presented as mean 
± standard deviation (SD) of triplicate determina-
tions. Mean values were obtained using 2010 Micro-
soft Excel software program. 

Results and Discussion

The result of this study showed the presence 
of major-minerals, micronutrients, amino-acids, 
and seventeen volatile constituents in sclerotium of 
P. tuber-regium. From the result of the macro-ele-
ments (fig. 1), potassium had the highest concentra-
tion with a value of 60.66 ± 4.13 mg/kg followed by 
magnesium and calcium, with values of 41.79 ± 3.14 
and 31.24 ± 0.96 mg/kg respectively, while phos-
phorus had the lowest concentration with a value 
of 0.83 ± 0.14 mg/kg. Amongst the micronutrients 
(fig. 2), manganese, zinc and nickel had the highest 
concentrations with values of 1.20 ± 0.10; 0.95 ± 0.07 
and 0.27 ± 0.03 mg/kg respectively, while cobalt and 
cadmium had the lowest concentration with values 
of 0.05 ± 0.00 and 0.06 ± 0.01 mg/kg respectively. 

Glutamic acids was the highest amino 
acid observed in this mushroom with a value of  
11.51 ± 1.01 mg/kg, followed by aspartic acid, ar-
ginine and leucine with values of 5.52 ± 0.86, 
4.93 ± 0.71 and 3.78 ± 0.28 mg/kg respectively. Al-
though glutamine and asparagine were not detec

Fig. 1. Major-mineral concentration (mg/kg) in 
sclerotium of P. tuber-regium. Values plotted are 
means ± SD of triplicate determination

Fig. 2. micronutrients concentration (mg/kg) in 
sclerotium of P. tuber-regium. Values plotted are 
means ± SD of triplicate determination
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ted in the sclerotium of P. tuber-regium, cysteine 
had the lowest concentration with a value of 
0.27 ± 0.03 mg/kg followed by methionine with a 
value of 0.83 ± 0.06 mg/kg (fig. 3). 

The seventeen volatile constituents from the 
sclerotium of P. tuber-regium, their gas chromato-
gram and individual spectrum are shown in Table, 
Fig. 4 and Figs. 5, A–P respectively. 1,2-Benzenedi-
carboxylic acid, mono (2-ethylhexyl) ester was the 
most predominant volatile component observed in 
this mushroom with a RT of 23.485 min and a per-

Fig. 3. Amino-acid concentration (mg/kg) in sclerotium of P. tuber-regium. Values plotted are means ± SD of 
triplicate determination
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centage total 78.713, followed by 1,2-Benzenedi-
carboxylic acid, butyl cyclohexyl ester with a RT 
of 16.147 min and a percentage total of 5.157, while 
Farnesol isomer A and cis-Vaccenic acid had RT 
29.739 and 24.243 min and percentage total of 2.021 
and 1.955 respectively. These four major constituents 
represent 87.846% of the total volatile constituents in 
the sclerotium of P. tuber-regium, while the thirteen 
minor constituents represent 12.154%. 

The high concentration of potassium and mag-
nesium observed in this mushroom shows it ability 

Fig. 4. Gas Chromatogram of the volatile components of sclerotium of P. tuber-regium
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Results of GC-MS analysis of volatile components of sclerotium of P. tuber-regium

S/N Compound Retention 
time, min

Percen-
tage of 

the total
Peak area Molecular 

formula

Molecular 
weight, 
g/mol

1 3-Chloropropionic acid, 
heptadecyl ester

12.890 0.657 601352 C19H37ClO2 332.949

2 1-Nonadecene 15.273 0.726 664796 C19H38 266.5050
3 1,2-Benzenedicarboxylic acid, 

butyl cyclohexyl ester
16.147 5.157 1129778 C18H24O4 304.3808

4 Dibutyl phthalate 16.648 1.885 1725265 C16H22O4 278.3400

5 Pentadecanoic acid, 
14-methyl-, methyl ester

16.720 1.021 934655 C17H34O2 270.4507

6 Bromoacetic acid, hexadecyl ester 17.406 0.545 499276 C18H35BrO2 363.373

7 1,2-Benzenedicarboxylic 
acid, butyl decyl ester

18.101 0.512 468603 C22H34O4 362.5030

8 11-Octadecenoic acid, methyl ester 18.485 1.626 1488668 C19H36O2 296.4879

9 Acetic acid, 
4-(7-methylydenebicyclo[3.3.1] 
non-2-en-3 yloxy)butyl ester

18.736 0.838 767166 C16H24O3 264.3510

10 Methyl 2-hydroxy-eicosanoate 20.091 0.758 694256 C21H42O3 342.556

11 Didodecyl phthalate 20.504 1.302 1191513 C32H54O4 502.7688

12 Cyclodecacyclotetradecene, 1,2,3,4,5,6,
7,8,9,10,11,12,13,14,15,16,17,18,19,
20-eicosahydro-

22.000 1.168 1069292 C22H40 304.5530

13 1-Eicosene 22.636 1.095 1002144 C20H40 280.5316
14 1,2-Benzenedicarboxylic acid, 

mono (2-ethylhexyl) ester
23.485 78.713 72060173 C16H22O4 278.3435

15 2-Methyl-7-nonadecene 23.587 0.021 19336 C20H40 280.5320

16 cis-Vaccenic acid 24.243 1.955 1790129 C18H34O2 282.4610

17 Farnesol isomer a 29.739 2.021 1849743 C15H26O 222.3663

to absorb and bioaccumulate these elements from its 
growth medium. The result of this study corrobo-
rate the findings of Falandysz and Borovička [8], 
which reported the ability of macro-fungi to accu-
mulate extremely high concentrations of metallic 
elements even when grown on a low metal contai
ning medium. Mallikarjuna et al. [9], also reported 
high concentrations of metallic elements like potas-
sium and magnesium in wild Lentinus cladopus, and 
Pleurotus djamor and cultivated Lentinula edodes, 
Pleurotus florida mushrooms. Because of its high 
potassium content, the consumption of the sclero-
tium of P. tuber-regium may help in the regulation 

of acid-base balance, nerve impulse transmission 
and also in muscle contraction [10]. Its high mag-
nesium content shows that the consumption of this 
mushroom may be relevant in some enzymatic reac-
tions, protein syntheses, cyclic AMP formation and 
also in neuromuscular transmission [11]. The fairly 
high concentration of manganese and zinc observed 
in this study contradicts the finding of Mallikarjuna 
et al. [9],  which reported a relatively low concen-
tration of manganese in all their four studied mush-
rooms. This indicates that mineral element content 
of a mushroom may be a factor of mushroom variety, 
part of mushroom analysed, or the growth medium 

R. C. Ohiri 
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Fig. 5. Mass spectrum: A – 3-Chloropropionic acid, heptadecyl ester (RT: 12.890); B – 1-Nonadecene 
(RT:  15.273); C – 1,2-Benzenedicarboxylic acid,butyl cyclohexyl ester (RT:16.147); D – Dibutyl phthalate 
(RT: 16.648); E – Pentadecanoic acid, 14-methyl-, methyl ester (RT: 16.720); F – Bromoacetic acid, hexadecyl 
ester (RT: 17.406); G – 1,2-Benzene dicarboxylic acid, butyl decyl ester (RT: 18.101); H – 11-Octadecenoic 
acid, methyl ester (RT: 18.485); I – Acetic acid, 4-(7-methylydenebicyclo[3.3.1]non-2-en-3 yloxy)butyl ester 
(RT: 18.736); J – Methyl 2-hydroxy-eicosanoate (RT: 20.091); K – Didodecyl phthalate (RT: 20.504)
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Fig. 5. Mass spectrum: L – Cyclodecacyclotetradecene, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20-eico-
sahydro- (RT: 22.000); M – 1-Eicosene (RT: 22.636); N – 1,2-Benzenedicarboxylic acid, mono (2-ethylhexyl) 
ester (RT: 23.485); O – 2-Methyl-7-nonadecene (RT: 23.587); P – cis-Vaccenic acid (RT: 24.243); Q – Farnesol 
isomer A (RT: 29.739)
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of the mushroom. As a micro-element, manganese 
acts either as a cofactor activating a number of en-
zymes thereby forming metal-enzyme complexes 
or as an integral part of some metalloenzymes [12], 
while zinc has been reported to increase the activi-
ties of more than 70 enzymes [13]. Moreover, a re-
tarded DNA, RNA and protein synthesis and subse-
quent impairment in cellular division, growth and 
repair of worn-out tissues has also been reported in 
zinc deficient animals [14].

Amongst the eighteen amino acids observed in 
this mushroom, glutamic acid and aspartic acid were 
in fairly high concentrations. This contradicts the 
findings of Oyetayo et al. [15], which reported leu-
cine as the most abundant amino acid in both wild 
and cultivated varieties of Pleurotus sajor-caju. They 
subsequently stated that amino acid concentration of 
a mushroom is a function of mushroom variety and 
the specific part of the mushroom that was selected 
for analysis [22]. Since glutamic acid is known for 
its contribution in the flavouring of foods [16], its ob-
served high concentration shows that this mushroom 
not only serve as a soup thicker but also as a flavour 

enhancer. Although glutamic acid is a non-essential 
amino acid, its role as an excitatory neurotransmitter 
makes it one of the most abundant molecules in the 
brain [17]. Because of its role in synaptic plasticity, 
glutamate is involved in cognitive functions such as 
learning and memory in the brain [17]. About 95% 
of the dietary glutamate is metabolized by intestinal 
cells [18], thereby allowing the absorption and addi-
tion of only 5% of dietary glutamate to the concen-
tration synthesized by the body. This indicates that 
the ingestion of natural food substances of high glu-
tamic acid concentration as observed in this mush-
room should be encouraged.

As a non-essential proteinogenic amino acid, 
the high concentration of aspartic acid in this mush-
room may not be of much importance to human con-
sumers. However, Aspartic acid has been reported 
to acts as hydrogen acceptor in a chain of ATP syn-
thase catalysed reactions, the role of its carboxylate 
anion (aspartate) as a metabolite in the urea cycle 
and its activity in gluconeogenesis has been reported 
[19]. In the malate-aspartate shuttle, aspartate carries 
reducing equivalents, which generates malic acid de-
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rivatives in the enzymatic conversion of aspartate to 
oxaloacetate [19]. The donation of a nitrogen atom in 
the biosynthesis of inosine also reveals the relevance 
of aspartate in purine synthesis [19]. The presence 
of arginine as the third most predominant amino 
acid observed in this reflects the nutritional impor-
tance of this mushroom and its relevance to human 
health. The role of arginine in cell division, wound 
healing, immune function, the release of hormones 
and the removal of ammonia from the body has been 
reported [20]. Reports also indicates that adequate 
arginine concentration in the body can reduce the 
repair time of damaged tissue and also enhances the 
healing of fracture and other bone injuries [20]. As a 
precursor for the synthesis of nitric oxide (NO), ar-
ginine has been reported to decrease blood pressure 
in clinical hypertensive subjects [21]. 

1,2-Benzenedicarboxylic acid, mono (2-ethyl-
hexyl) ester was the most predominant of the seven
teen different compounds detected in the GC-MS 
analysis of the volatile component of this mush-
room. As a phthalates, this compound has been 
under severe criticism. Exposure to high doses of 
phthalates to rats has been reported to cause both 
changes in hormonal concentration and birth de-
fects [22], while those fed with high concentrations 
of specific phthalates showed hepatic and testicu-
lar damage [5]. Based on this facts, World Health 
Organisation (WHO), European Commission (EC) 
and International Agency for Research on Cancer 
(IARC) listed di(2-ethylhexyl) phthalate as a possi-
ble carcinogen [23]. However, studies on primates 
revealed that the carcinogenic mechanism of di(2-
ethylhexyl) phthalate is rodent specific and thus hu-
mans are not susceptible to such effect [23]. Sequel 
to this findings, the carcinogen classification of di(2-
ethylhexyl) phthalate was withdrawn. Kannabiran et 
al. [24], reported cytotoxic activity of the pure 1,2- 
benzene dicarboxylic acid, mono 2- ethylhexyl ester 
derived from marine actinomycete Streptomyces sp. 
VITSJK8 on mouse embryonic fibroblast (NIH 3T3), 
human keratinocyte (HaCaT) normal cell lines, hu-
man hepatocellular liver carcinoma (HepG 2) and 
human breast adenocarcinoma (MCF-7) cell lines. 
They concluded that 1,2-benzene dicarboxylic acid, 
mono 2-ethylhexyl ester exhibited potential cyto-
toxic effect against HepG 2 and MCF-7 cancer cell 
lines [24], indicating that 1,2-benzene dicarboxylic 

acid, mono 2-ethylhexyl ester and other phthalate 
esters such as 1,2-Benzenedicarboxylic acid, butyl 
cyclohexyl ester may be further explored for the 
treatment and management of cancer. 

Farnesol is a non-irritant, non-bacteriostatic 
essential oil that occurs in plants such as star ani
se, cassia, musk seed, balsam, citronella and also in 
rose. It action as pheromone for most insects, and as 
a natural pesticide for termites [25], shows its role 
in the protection of this mushroom from termites 
and other insects. The use of Farnesol to emphasize 
the aroma of perfumes is based on its activity as a 
co-solvent that regulates the volatility of the compo-
nent aromas of perfumes, [17], while its antibacte-
rial property makes it a potential deodorant in cos-
metic products [26]. Farnesol and its derivatives has 
been reported as important starter in the synthesis 
of both natural and artificial organic compounds 
[27]. Phosphate activated derivatives of farnesol in 
both plants and animals are used in the synthesis of 
acyclic sesquiterpenoids, which doubles to form a 
30-carbon squalene, that later serves as a precursor 
for the synthesis of steroids [28]. Though farnesol 
has been reported to act as a quorum sensing mole
cule that inhibits filamentation in the opportunisti-
cally pathogenic fungus Candida albicans [28], its 
chemopreventative and anti-tumor properties has 
also been reported in rats [29]. As an omega-7 fatty 
acid, the presence of cis-vaccenic acid in this mush-
room provides a major source for the extraction of 
this compound. Abbas et al. [30], reported the role 
of cis-vaccenic acid in the suppression of some ad-
hesion molecules that are linked to atherosclerosis. 
They reported the ability of this compound to sig-
nificantly suppress vascular cellular adhesion mole­
cule-1 (VCAM-1) and intra cellular adhesion mole-
cule-1 (ICAM-1) in human microvascular endothelial 
cells (HMECs), thereby making cis-vaccenic acid a 
possible agents in the treatment and management of 
atherosclerosis [30]. 

In conclusion, the presence and nutriceutical 
potentials of the mineral elements, amino acids and 
the volatile components observed in this mushroom 
indicates that the consumption of this mushroom or 
its extracts may aid in the treatment and manage-
ment of some nutrient deficiency induced disease 
conditions. 
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Метою дослідження було визначення скла-
ду склероцію Pleurotis tuber-regium та аналіз 
його нутрицевтичного потенціалу. Під час 
визначення вмісту макро- та мікроелементів 
P.  tuber-regium встановлено досить високі 
концентрації калію і магнію зі значеннями 
60,66  ± 4,13 і 41,79 ± 3,14 мг/кг, а також мар-
ганцю і цинку – 1,20 ± 0,10 і 0,95 ± 0,07 мг/кг, 
відповідно. Глутамінова та аспарагінова кислоти 
також спостерігалися у високих концентраціях 
із величинами 11,51 ± 1,01 і 5,52  ±  0,86 мг/кг. 
Методом ГХ/МС-аналізу олійної фракції, що 
була одержана зі склероцію P. tubber-regium, 
охарактеризовано 17 летючих компонентів, 
серед яких переважали моно- (2-етилгексил) 
естер бензолдикарбонової кислоти та бутилци-
клогексиловий ефір бензолдикарбонової кисло-
ти із загальним співвідношенням 78,7 та 5,2%, 
відповідно. Дійшли висновку, що високий вміст 
мінеральних елементів, амінокислот та летючих 
компонентів у досліджених зразках, вказує на 
поживні та лікувальні властивості склероцію 
P. tuber-regium.

К л ю ч о в і  с л о в а: Pleurotus tuber-re-
gium, мікроелементи, амінокислоти, летючі 
компоненти, лікарські властивості.
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Целью работы было определение состава 
склероция Pleurotus tuber-regium и анализ его 
нутрицевтического потенциала. При определе-
нии макро- и микроэлементов P. tuber-regium 
было обнаружено высокое содержание калия 
и магния, которое составляло 60,66 ± 4,13 и 
41,79 ± 3,14 мг/кг, а также  марганца и цинка – 
1,20  ± 0,10 и 0,95 ± 0,07 мг/кг, соответственно. 
Кроме того, обнаружено высокое содержа-
ние глутаминовой и аспарагиновой кислот: 
11,51 ± 1,01 и 5,52 ± 0,86 мг/кг. Методом ГХ/МС-
анализа масляной фракции, полученной из скле-
роция P. tuber-regium, охарактеризовано 17 ле-
тучих компонентов, среди которых преобладали 
моно- (2-этилгексил) эфир бензолдикарбоновой 
кислоты и бутилциклогексиловый эфир бензол-
дикарбоновой кислоты с общим содержанием 
78,7 и 5,2%, соответственно. Сделан вывод, что 
высокое содержание минеральных элементов, 
аминокислот и летучих компонентов в исследу-
емых образцах, свидетельствуют о питательных 
и лечебных свойствах склероция P. tuber-regium.

К л ю ч е в ы е  с л о в а: Pleurotus tuber-
regium, микроэлементы, аминокислоты, летучие 
компоненты, лекарственные свойства.
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