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Abstract
King tuber mushroom (Pleurotus tuber-regium) is a tropical mushroom commonly seen in
Australia, Africa and Asia. Trado-medical practitioners use the sclerotia for the treatment of
various health disorders. This research aimed at identifying the biologically active
compounds present in the sclerotia of this mushroom. In this study, the fungus was first
extracted with methanol and re-extracted with ethyl acetate (EA) and dichloromethane
(DCM) separately to obtain EA and DCM extracts. Gas chromatography–mass spectrometric
(GC-MS) technique was used for the identification of compounds present in EA and DCM
extracts. Results revealed the presence of a total of at least twenty-six (26) compounds with
14 and 12 from EA and DCM extracts respectively. The bioactives include n-Hexadecanoic
acid, Oleic acid, 10-Octadecenal, Palmitoleic acid, 9, 17-octadecadienal-(z), 11-octadecenoic
and methyl ester-(z). In EA extract, n-Hexadecanoic acid had highest concentration
(37.67%) followed by 20.65% of 9,12 Octadecadienoic acid and the least was 9,17
Octadecadienal with 0.539%. In DCM extract, 11-Octadecenoic acid methyl ester was most
abundant (18.344%) followed by Pentadecanoic acid 14 methyl-methyl ester (14.105%)
and the least (4.058%) was 9,12-Octadecadienoic acid. These compounds possess various
reported medicinal properties (such as the treatment of high blood pressure, diabetes,
asthma, fever and cancer) that could be harnessed for health benefits. Other identified
compounds with unknown functions are Trans-2-Dodecen-1-ol trifluoroacetate, cis-11Hexadecenal, Methyl-18-methylnonadecanoate and Methyl-18-methyl-tetracosanoate. This
identification is useful for the establishment of the medicinal properties of the mushroom
and isolation of the bioactive compounds, which production can further be enhanced by
cost-effective biotechnology techniques.
Keywords: King tuber mushroom, Pleurotus tuber-regium, GC-MS, medicinal properties
*Corresponding Author’s Email: jessyodiase@gmail.com,
blessing.agoreyo@uniben.edu/agoreyobo@yahoo.com
Introduction
Mushroom is a fungus that grows above or
under the ground. Mushrooms, being fungi, are
heterotrophs, lacking chlorophyll, hence do not
photosynthesize but obtain nutrients from other
sources (Christopher et al., 2012). Over 10, 000
species of mushrooms are known today; some
species are generally known to be edible; others

are poisonous (Wasser, 2002). The major way
one can reliably discern the poisonous species is
by accurate identification of the species. Over
twenty-five (25) species of mushroom are
generally considered as safe foods worldwide
and are commercially cultivated (Cho, 2004;
Maria et al., 2014). These edible species of
mushroom are considered delicacies and are
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consumed for their nutritional values. Because
of their low level of fat and high levels of
protein, fibre, vitamin and mineral they are
valued for their nutritional purpose (Mattila et
al., 2001; Barros et al., 2007). For a vegetarian’s
diet, mushrooms are useful because of their
capability of providing essential amino acids and
that their protein contents are higher than many
vegetables (Bilal et al., 2010).

“eronsu” in Ibo, “orlu” in Yoruba and “katala” or
“rumbagada” in Hausa Languages. The P. tuberregium is the only specie that produces true
sclerotia (Isikhuemhen et al., 2000). The outer
portion of the sclerotium which is brown is
usually peeled off and the inner portion which is
white is cut into small pieces, ground and used
in making soup. This mushroom may be used as
a substitute or an addiction to melon in soup
(Agoreyo and Oseghale, 2019). The fruiting
bodies and sclerotia are rich in proteins while
the sclerotia contain considerable amounts of
carbohydrates, fats and fibre. The sclerotia also
contain non-starch polysaccharides that are
responsible for some of pharmacological actions
(Tao et al., 2006).

Furthermore, mushrooms are utilized either for
their organoleptic merits or their medicinal
values (Agoreyo and
Oseghale, 2019).
Compounds with a lot of health benefits are
contained in edible mushrooms. Apart from the
fact that they are valued for their nutritional
purpose, some species of these mushrooms are
explored for their anticancer, anti-inflammatory,
anti-diabetic, antimicrobial and antihypertensive
properties (Huang et al., 2012) because of the
health-promoting compounds contained in them
(Agoreyo and Oseghale, 2019; Zeb and Lee,
2021).

Extracts of P. tuber-regium sclerotia have been
reportedly used traditionally in preparations for
cures for various ailments such as headache,
stomach diseases, asthma, high blood pressure
(Guillam´on et al., 2010). The extracts have also
been reported to serve as good antitumor
(Abdullah et al., 2022), anti-hyperglycemic and
anti-hypertensive agents (Zhang et al., 2007).
This study was carried out to assess the
bioactive compounds present in the ethyl
acetate and dichloromethane extracts of the
sclerotia, in order to establish the medicinal
properties of this mushroom. Moreover, these
bioactive compounds, when identified, could be
used for drug development.

The rate of the cultivation of mushrooms in the
world is at a spontaneous due to their medical
value (Ergonul et al., 2013). The genus
Pleurotus spp. are fast growing fungus which
belongs to the Basidiomycota group. They also
are comprised of most popular edible
mushrooms which are known for their medicinal
properties, dynamic growth and undemanding
cultivation conditions (Andrej and Jure, 2007).
They have been used as part of human diets
throughout the world due to their rich nutrients
such as protein, fibre, carbohydrate, minerals,
vitamins and lipids. An increasing number of
studies from different centres confirm the fact
that mushroom species of the Pleurotus genus
exhibit multidirectional health-promoting effects
(Correa et al., 2016) which can be extracted
from different parts such as fruiting body,
sclerotia, mycelia and culture broth.

Materials and Methods

Collection of Samples

Freshly harvested sclerotia of the mushroom
were procured from the forest at Ugbojobo,
Ovia North-East LGA, Edo State, identified and
authenticated at the Forest Research Institute of
Nigeria (FRIN), Ibadan, Oyo State and African
Centre for Mushroom Research and Technology
Innovation, University of Benin, Nigeria.

Preparation of Sample Extract

Pleurotus tuber-regium is a mushroom that has

The outer dark-brown layer (Plate 1a) of the
freshly harvested sclerotia of Pleurotus tuberregium were carefully peeled using a clean
knife. The white sclerotia (Plate 1b) were
chopped into bits and pulverized. A 700g of the
pulverized sample was placed in an extraction
jar to which 2.5 litres of absolute methanol was
added and covered for proper interaction of the
pulverized sample with the solvent so as to

a mycelium known as a sclerotium that can be
ellipsoid in shape, white on the inside and darkbrown on the outside (Isikhuemhen and
Lebauer, 2004). This mushroom is of great
economic importance in all parts of Nigeria and
its sclerotia are usually harvested from the
forest for eating (Ohiri et al., 2018). In Nigeria,
it is known among different tribes as “osu” or
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concentrated using a rotary evaporator at 50oC.
The concentrate was transferred into a crucible
and evaporated to dryness using a water bath at
50oC. The concentrate was carefully scraped off
from the crucible and transferred into another
crucible which was kept in a desiccator to
properly remove moisture. The powdered form
of the concentrate (crude extract) obtained was
transferred to a glass container and covered for
further
analysis.

obtain the crude extract. Maceration lasted for
72 hours during which the sample was regularly
agitated by stirring with a glass rod to allow
proper solute-solvent interaction between the
sample and the methanol. After 72 hours, the
mixture was filtered through 2 layers of
cheesecloth and squeezed properly. The residue
was re-extracted twice by soaking in absolute
methanol for 72 hours each time, to allow
exhaustive extraction. The filtrate from each
round of extraction was collected and

(a)
Plate

1:

(a)

Unpeeled

(b)
sclerotia

(b)

Peeled

Gas Chromatography– Mass Spectrometry (GcMs) Analysis

sclerotia

of

Pleurotus

tuber-regium

column used was Agilent H5MS column
measuring 30 m in length, 0.320 mm in
diameter and 0.25 µm in thickness. Helium gas
was used as carrier gas at a flow rate of 0.5
ml/min. A sample volume of 1 µL was injected
into the gas chromatograph. The oven
temperature was programmed initially at 80˚C
for 2 minutes with a gradual increase of 10˚C
per minute until a final temperature of 240˚C for
6 minutes. The total time for running was 90
minutes. The GC-MS analysis was done by using
electron impact ionization at 70 eV and total ion
count (TIC) was used to evaluate the data for a
proper
compound
identification
and
quantification. A comparison was done between
the spectrum of the components and the
database of spectrum of known compounds
stored in the data system of the National
Institute of Standards and Technology (NIST)
library.

Gas Chromatography-Mass Spectrometry (GCMS) analysis was done on dichloromethane
(DCM) and ethyl acetate (EA) extracts of P.
tuberregium. To obtain the DCM extract, 1g of
the crude (methanolic) extract was dissolved in
10 mL of DCM, thereafter a solid phase
extraction process was used to filter to remove
impurities. For the ethyl acetate extract, 1.0 g of
the crude (methanolic) extract was dissolved in
10 mL of ethyl acetate and filtration was also
carried out using a solid phase extraction
process. The filtrate was then used for the GCMS analysis.
The analysis was carried out using Gas
Chromatograph (Agilent technologies, 7890 GC
system) coupled with a Mass Spectrometry
detector (Agilent technologies 5975). The
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Results
The GC-MS analysis of the ethyl acetate and
dichloromethane extracts of the sclerotia of P.
tuber-regium carried out showed a total of
twenty-six (26) compounds that are present in
both the ethyl acetate and dichloromethane
extracts. The GC-MS analysis of ethyl acetate
and dichloromethane extracts of the sclerotia of
P. tuber-regium yielded many peaks with well
identified 16 and 12 peaks respectively. The GCMS Chromatogram and the compounds of ethyl
acetate extract of the sclerotia of P. tuberregium are shown in Figure 1 and Table 1. The

compound n-Hexadecanoic acid was revealed to
be the highest in concentration with 37.67%
and a retention time of 15.020, followed by 9,12
octadecadienoic acid with a 20.65% in
concentration and a retention time of 16.425.
The least was found to be 9,17 Octadecadienal
with 0.539% in concentration and retention time
of 18.598. The peaks with the retention times of
18.642 and 19.701 were identified to be 9, 12Octadecadienoic
acid-(z,z)
and
9,
17octadecadienal-(z)
respectively.
These
compounds were not repeated in the Table 1
since they have been listed for other retention

Abundance

1.4e+07
1.3e+07
1.2e+07

15.023

1.1e+07

16.485

1e+07

16.427

9000000
8000000
7000000
6000000

16.652

5000000
4000000
3000000
15.723
14.065
14.771

2000000
1000000
4.00

6.00

8.00

10.00

12.00

14.00

16.00

19.701
18.642
19.002
17.487 18.810
17.443 18.598
21.020
18.351
19.819

18.00

20.00

Time-->

Figure 1: Total ion chromatogram (TIC) of ethyl acetate extract of the sclerotia of King Tuber mushroom
(Pleurotus tuber- regium).
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Table 1: GC-MS compounds of ethyl acetate extract of the sclerotia of King Tuber mushroom (Pleurotus

tuber-regium)

Compound name;
Chemical formula
Pentadecanoic acid
C15H30O2

Retention
time (min)
14.065

Area
(%)
1.549

Common names; Molecular Weight; Chemical
structure; Biological activities.
Pentadecylic acid; 242.403g/mol

Palmitoleic acid
C16H30O2

14.771

1.696

Anti-inflammatory, antifibrotic, red blood cellstabilizing and mitochondrial-reparative activities
(Venn-Watson et al., 2020).
cis-9-Hexadecenoic acid;254.41g/mol

n-Hexadecanoic acid
C16H32O2

15.023

37.67

**Anti-inflammatory.
Palmitic Acid; 256.42g/mol

9- Tetradecenal-(z)
C14H26O

15.723

0.94

Anti-inflammatory (Aparna et al., 2012).
**Antioxidant, hypocholesterolemic, nematicide,
pesticide, anti-androgenic flavour, hemolytic, 5alpha reductase inhibitor and potent mosquito
larvicide.
210.36g/mol

9,
12-Octadecadienoic
acid-(z,z)
C18H32O2

16.427

20.65

**Sex pheromone.
Linoleic acid; 280.4455g/mol

**Anti-inflammatory,
hypocholesterolemic,
cancer preventive, hepatoprotective, nematicide,
insectifuge(cide), antihistaminic and antieczemic.
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Oleic acid
C18H34O2

16.485

Octadecanoic acid
C18H36O2

16.652

Trans-2-Dodecen-1-ol,
trifluoroacetate
C12H23F3O2

17.443

43

100

18.57

cis-9-Octadecenoic acid; 282.5g/mol

4.89

Cancer preventive, anemiagenic, insectifuge,
antiandrogenic, dermatitigenic and antibacterial
(Awa et al., 2012).
Stearic acid; 284.5g/mol

69

0.67%

Anti-microbial activity (Rahuman et al., 2000).
280.33g/mol

55

O
F

82
O

96

50

F

F

29

*BANF
109
138
124
166
Petrosenilic153acid;
180282.5g/mol
193
211

6-Octadecenoic acid-(z)
C18H34O2

17.487
15
0

1.14

9, 17-Octadecadienal-(z)
C18H32O

18.598

0.539

**Cancer preventive and insectifuge.
264.4g/mol

20
40
60
80
100
(mainlib) trans-2-Dodecen-1-ol, trifluoroacetate

120

140

160

180

200

220

240

252
260

280
280

Glycerol 1-palmitate
C19H38O4

18.811

2.93

**Anti-inflammatory,
antioxidant
antimicrobial.
Monopalmitin; 330.5g/mol

Bis
phthalate
C24H38O4

19.002

1.34

**Cytotoxicity and anti-viral.
390.564g/mol

5.45

**Anticancer agent.
266.5g/mol

(2-ethylhexyl)

10-Octadecenal
C18H34O

19.819

**Antibacterial.
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cis-11-Hexadecenal
C16H30O

21.020

100

55

1.38%

Hexadec-11-enal; 238.41g/mol
O

41
50

69

81
95

0

*BANF135

111 121

29
15

149

163

177

191

207

220

238

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
**Duke (2016); *BANF:(mainlib)
Biological
Activity Not Found
cis-11-Hexadecenal

times of 16.427 and 18.598. The GC-MS
Chromatogram
and
compounds
of
dichloromethane extract of the sclerotia of P.
tuber-regium are shown below in Figure 2 and
Table 2. The compound: 11-Octadecenoic acid
methyl ester was revealed to be the highest in
concentration with 18.344% and a retention

time of 16.044, followed by Pentadecanoic acid
14 methyl-methyl ester with a 14.105% in
concentration and a retention time of 14.602.
The least was found to be 9,12-Octadecadienoic
acid with 4.058% in concentration and retention
time of 16.336.

Abundance
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16.088
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17.804
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19.110
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500000
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6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

Time-->

Figure 2: Total ion chromatogram (TIC) of dichloromethane extract of the sclerotia of King Tuber
mushroom (Pleurotus tuber-regium).
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Table 2: GC-MS compounds of dichloromethane extract of the sclerotia of King Tuber mushroom
(Pleurotus tuber-regium)
Compound name;
Retention
Area (%) Common names; Molecular Weight; Chemical
Chemical formula
time (min)
structure; Biological activities.
Pentadecanoic
acid-14- 14.602
14.105
Palmitic acid methyl ester; 270.4507g/mol
methyl-methyl ester
C17H34O2

n-hexadecanoic acid
C16H32O2

14.955

11.276

Antioxidant, antifungi and antimicrobial (Arumugam
and Vijisaral., 2014).
Palmitic acid; 256.42g/mol

9, 12- octadecadienoic acid(z-z)- methyl ester
C19H34O2

15.971

7.871

**Anti-inflammatory,
antioxidant,
hypocholesterolemic,
nematicide,
pesticide,
antiandrogenic flavour, hemolytic, 5-alpha reductase
inhibitor and potent mosquito larvicide.
Methyl linoleate; 294.479g/mol

11octadecenoic
methyl ester
C19H36O2

16.044

18.344

**Anti-hypertensive, antioxidant and anticancer.
Methyloctadecenoate; 296.495g/mol

acid,

Anti-cholesterolemic and anti-carcinogenic (Asghar
et al., 2011).
11-Octadecenoic,
ester-(z)
C19H36O2

Methyl stearate
C19H38O2

methyl

16.088

4.122

Methyl cis-Vaccenate; 296.4879g/mol

16.274

7.438

**Antibacterial and hypolipidemia effect.
Stearic acid methyl ester; 298.511g/mol

White crystal semi-solid ester; flavour component in
food;
lubricant,
used
in
manufacture
of
pharmaceuticals, cosmetics and soaps; surfactant
and softening agents (Enas and Duha, 2014).
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9, 12-Octadecadienoic acid(z-z)
C18H32O2

Oleic acid
C18H34O2

16.336

4.058

16.387

Linoleic acid; 280.4455g/mol

**Anti-inflammatory, hypocholesterolemic, cancer
preventive,
hepatoprotective,
nematicide,
insectifuge(cide), antihistaminic and antieczemic.
cis-9-Octadecenoic acid; 282.5g/mol

6.456

Cancer
preventive,
anemiagenic,
antiandrogenic, dermatitigenic and
(Awa et al., 2012).
9-Octadecenoic
hydroxy-methyl
(Z))
C19H36O3

acid,
ester,

12(R-

17.434

10.081

insectifuge,
antibacterial

Methyl ricinoleate; 312.4673g/mol

**Lubricant, cutting oil additive, wetting agent,
corrosive inhibitors and anti-scaling agent.
Methyl-18methylnonadecanoate
C21H42O2

17.804100

74

1.802

326.557g/mol
87

O
O

50

43
55

Methyl-18-methyltetracosanoate
C26H52O2

19.007

5.498
100

0

15

57

*BANF
143
396.7g/mol
97
111

29

20
40
60
80 87 100
(mainlib) Methyl 18-methylnonadecanoate

50

Cyclohexanepropanol-2,
dimethyl-6-methylene
C12H22O

74
83

2-

19.110

83

8.949

129

120

140

157 171 185 199 213 227 241 255 269
160

180

220

240

60 80 100 120 140
(mainlib) Methyl 18-methyl-tetracosanoate

160

180

279

213 227

200

220

240

260

280
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280

325

300

**Raw material for active drugs.
**Duke (2016); *BANF: Biological Activity Not Found

260

297
O 311
300
O

320

396
*BANF 143
97
3-(2',2'-dimethyl-6'-methylidenecyclohexyl)-1111
353
199
129
propanol;
182.3g/mol
241 255
297 311
185
157
171

0

200

326

283

320

362 381

340

360

380

400

340
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Discussion
In the extracts, the compounds identified are
known to have varying biological activities.
Among them n-Hexadecanoic acid revealed to
be the highest in concentration as seen in the
results of ethyl acetate extract is an antiinflammatory compound (Beschi et al., 2021)
which is found to bind at the active site of
phospholipase A2 competitively inhibiting this
enzyme thereby preventing inflammation
(Vasudevan et al., 2012). Other compounds in
the extracts that have anti-inflammatory
properties include palmitoleic acid, linoleic acid,
and 9,17-Octadecadienal. Oleic acid and 6octadecanoic acid also found in the ethyl acetate
extracts are known to have cancer preventive
properties, they are believed to inhibit the
enzymes involved in DNA synthesis in tumour
cells. Oleic acid is known to suppress the overexpression of HER (erbB-2) gene, a well
characterized oncogene which plays a key role
in several human cancers (Menendez et al.,
2005; Ozge Ozsen et al., 2019). The following
detected
compounds
in
the
extracts:
Octadecenoic acid and 10-Octadecenal have
antimicrobial property and may play this role by
inhibiting enzyme activities, impair nutrient
uptake and also causes the generation of
peroxidation and auto-oxidation degradation
products or initiate direct lysis of microbial cells
(Guillermo et al., 2012).

various ailments. The identified compounds can
be developed into useful drugs.
Acknowledgement
The authors are grateful to the University of
Benin and Prof. B. O. Agoreyo’s Lab for the
support by providing some facilities needed
during the study.
References
Abdullah, E., Abidin, N. Z. and Abdullah, N.
(2022). Cytotoxic proteins from King Tuber
Oyster medicinal mushroom, Pleurotus tuberregium (Agaricomycetes), sclerotium against
human MDA-MB-231 breast cancer cells. Int. J.
Med. Mush. 24(1): 27-40.
Agoreyo, B. O. and Oseghale, E. I. (2019).
Effect of post-harvest storage at ambient
temperature on nutritional constituents, in vitro
antioxidant activity and GC-MS profile of king
tuber mushroom (Pleurotus tuber-regium). Eur.
J. Food Sci. Technol. 7(3): 22-26.
Andrej, G. and Jure, P. (2007). Cultivation
techniques and medicinal properties of Pleurotus
spp. J. Food Technol. Biotechnol. 45(3): 1-3.
Aparna, V., Dileep, K. V., Mandal, P. K., Karthe,
P., Sadasivan, C. and Haridas, M. (2012). Antiinflammatory property of n-hexadecanoic acid:
Structural evidence and kinetic assessment.
Chem. Biol. Drug Des. 80: 434–439.

The 9, 12-Octadecadienoic acid-(z,z) and 9, 17Octadecadienal-(z) that were associated with
two different peaks respectively may each exist
in two forms in the mushroom sclerotia. Also,
the compounds without traced or known
biological activity may be novel that need to be
further investigated to reveal their functions.
The varying biological activities of the bioactive
compounds found in the extracts of the sclerotia
of Pleurotus tuber-regium may account for the
trado-medicinal use of the sclerotia for the
treatment of health disorders such as high blood
pressure, diabetes, asthma, fever and cancer
(Agoreyo and Oseghale, 2019; Oni et al., 2020).

Arumugam, S. and Vijisaral, E. D. (2014). GC-MS
analysis of bioactive constituents of Indigofera
suffruticosa leaves. J. Chem. Pharm. Res. 6(8):
294-300.
Asghar, S. F., Rehman, H. U., Choudahry, M. I.
and
Atta-ur-Rahman
(2011).
Gas
chromatography-mass spectrometry (GC-MS)
analysis of petroleum ether extract (oil) and bioassays of crude extract of Iris germanica. Int. J.
Genet. Mol. Biol. 3(7): 95-100.
Awa, E. P., Ibrahim, S. and Ameh, D. A. (2012).
GC/MS analysis and antimicrobial activity of
diethyl ether fraction of methanolic extract from
the stem bark of Annona senegalensis Pers. Int.
J. Pharm. Sci. Res. 3: 4213–4218.

Conclusion
The GC-MS analysis of the dichloromethane and
ethyl acetate extracts of the sclerotia of P.
tuber-regium revealed a number of bioactive
compounds thereby giving credence to its
application traditionally in the treatments of

Barros, L., Baptista, P., Correia, D. M., Casal, S.,
Oliveira, B. and Ferreira, I. C. F. R. (2007).

48

Odiase-Omoighe and Agoreyo. / Nig. J. Biotech. Spec. Edtn: 39-50 (May, 2022)
“Fatty acid and sugar compositions, and
nutritional value of five wild edible mushrooms
from Northeast Portugal”. Food Chem. 105(1):
140–145.

Patrick, G., Sund, A. D. and Klaus, B. (2012).
Bacterial cell wall compounds as promising
targets
of
anti-microbial
peptides
and
lipopolyamines. Curr. Drug Targets. 13(9):
1121-1130.

Beschi, D. A., Appavoo, M. R. and Wilsy, I. J.
(2021). GC-MS analysis of Dendrophthoe falcate
(L.f) Ettingsh leaves collected from Kavalkinaru
area, Tirunelveli District, Tamil Nadu, India.
Eur. J. Mol. Clin. Med. 8(11): 11-14.

Huang, H. Y., Mallikarjuna, K., Chaing, T. Y. and
Tsai, Y. C. (2012). Pleurotus tuber-regium
polysaccharides attenuate hyperglycemia and
oxidative stress in experimental diabetic rats.
Evid. Based Complementary Altern. Med. (7): 18.

Bilal, A. W., Bodha, R. H. and Wani, A. H.
(2010). Nutritional and medicinal importance of
mushrooms. J. Med. Plant Res. 4(24): 25982604.

Isikhuemhen, O. S., Monocalvo, J., Nerud, F.
and Vilgalys, R. (2000). Mating compatibility and
phylogeography in Pleurotus tuberregium.
Mycol. Res. 104(6): 732-737.

Cho, S. B. (2004). Oyster mushroom cultivation.
Mushworld Publication. 1: 1-3.

Isikhuemhen, S. O. and LeBauer, D. S. (2004).
Growing Pleurotus tuberregium. Mushworld
Publication. 11: 264-274.

Christopher, R. L., Lori, M. C. and Carroll, M. S.
(2012). Introduction to fungi. Plant Health Instr.
10: 1-30.

Maria, E. V., Talia, H. P. and Octavio, P. L.
(2014). Edible mushroom: improving human
health and promoting quality life. Int J.
Microbiol. 1155: 1-14.

Correa, R. G. G., Brugnari, T., Bracht A., Peralta
R. M. and Ferreira I. C. F. R. (2016).
Biotechnological, nutritional and therapeutic
uses of Pleurotus spp. (Oyster mushrooms)
related with its chemical composition: A review
on the past decade findings. Trends Food Sci.
Technol. 50: 103-117.

Mattila, P., Konko, K. and Eurola, M. (2001).
“Contents of vitamins, mineral elements, and
some phenolic compounds in cultivated
mushrooms”. J. Agric. Food Chem. 49(5): 2343–
2348.

Duke, J. A. (2016). Dr. Duke’s Phytochemical
and Ethnobotanical Databases – USDA
https://phytochem.nal.usda.gov/phytochem/sea
rch. pp. 1.
Enas, J. K. and Duha, A. A. (2014).
Phytochemical characterization using GC-MS
analysis of methanolic extract of Moringa olifera
(Family Moringaceae) plant cultivated in Iraq.
Chem. Mater. Res. 6(5): 9-26.

Menendez, J. A., Vellon, I., Colomer, R. and
Lupu, R. (2005). Oleic acid, the main
monounsaturated fatty acid of olive oil,
suppresses HER-2 (erbB-2). Expression and
synergistically enhances the growth inhibitory
effect of trastuzumab (Herceptin) in breast
cancer cells with HER-2 oncogene amplification.
Ann. Oncol. 16(3): 359-371.

Ergonul, P. G., Akata, I. Kalyoncu, F. and
Ergonul, B. (2013). “Fatty acid compositions of
six wild edible mushroom species”. The Sci.
World Journal. 1: 163961-163964.

Ohiri, R. C., Amadi, B. A. and Isoje, F. E. (2018).
Phytochemical confinement in sections of
Pleurotus tuber-regium (King Tuber Mushroom)
basidocarp. Am. J. Biomed. Sci. 10(4): 195-201.

Guillam´on, E., Garc´ıa-Lafuente, A. and
Lozano, M. (2010) “Edible mushrooms: role in
the prevention of cardiovascular diseases”,
Fitoterapia. 81(7): 715-723.

Oni, J. O., Akomaye, F. A., Markson, A. A. and
Egwu, A. C. (2020). GC-MS analysis of bioactive
compounds in some wild edible mushrooms
from Calabar, Southern Nigeria. European J.
Biol. Biotechnol. 1(6): 1-9.

Guillermo, M. T., Susana, S., Ina. K., Yani, K.,
Jorg, A., Tobias, S., Mathias, H., Aline, D.,

Ozge Ozsen, B., Ismail, I., Ozlem, A. and Ilknur,

49

Odiase-Omoighe and Agoreyo. / Nig. J. Biotech. Spec. Edtn: 39-50 (May, 2022)
D. (2019). Biotransformation of oleic acid and
antimicrobial and anticancer activities of its
biotransformation
extracts.
Bulg. Chem. Commun. 51(2): 200-205.

(2020). Efficacy of dietary odd-chain saturated
fatty acid pentadecanoic acid parallels broad
associated health benefits in humans: could it
be essential? Sci. Rep. 2020: 1-14.

Rahuman, A. A., Gopalakrishnan, G., Ghouse, B.
S., Arumugam, S. and Himalayan, B. (2000).
Effect of Feronia limonia on mosquito larvae.
Fitoteapia. 71: 553–555.

Wasser, S. (2002). Medicinal mushrooms as a
source of antitumor and immune-modulating
polysaccharides. Appl. Microbiol. Biotechnol. 60:
258-274.

Tao, Y., Zhang, L. and Cheung, P. C. K. (2006):
Physicochemical properties and antitumor
activities of water-soluble native and sulfated
hyperbranched
mushroom
polysaccharides.
Carbohydr. Res. 13: 2261–2269.

Zeb, M. and Lee, C. H. (2021). Medicinal
properties and bioactive compounds from wild
mushrooms native to North America. Mol. 26(2):
251-275.
Zhang, M., Cui, S. W., Cheung, P. C. K. and
Wang, Q. (2007). Antitumor polysaccharides
from mushrooms: a review on their isolation
process, structural characteristics and antitumor
activity. Trends Food Sci. Technol. 18(1): 4-19.

Vasudevan, A., Kalarickal, V. D., Pradeep, K. M.,
Ponnuraj,
K.,
Chittalakkotu,
S.
and
Madathikovilathu, H. (2012). Chem. Biol. Drug
Des. 80(3): 434-439.
Venn-Watson, S., Lumpkin, R. and Dennis, E. A.

50

