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Solvent Based Variations in Yield of Bioactive
Extracts from the Sclerotium of Pleurotus
tuber-regium

Abstract

Background: The therapeutic effectiveness of herbs and fungi used for medicinal
purposes is not only a factor of their bioactive constituents but also a factor of
both the extraction solvent and extraction method.

Objective: The objective of this study is to extract and analyze the bioactive
components in the sclerotum of Pleurotus tuber-regium using different solvents,
as to ascertain the solvent that gives a better yield.

Method: A quantity of 10.0 kg of fresh sclerotia of P. tuber-regium purchased
at Zarama Market in Southern Nigeria was washed, peeled and the white inner
parts were sliced using a sterilized knife. The sliced samples were dried at room
temperature for fourteen days. After grinding, the bioactive components were
extracted by weighing 10 g of sample into three well stopper bottles and each
was extracted in 20 mL of specific extraction solvent (methanol, hexane and
dichloromethane), while that of soxleth extraction was done in a soxleth apparatus,
using ethanol as the solvent. The process was repeated twice and the combined
aliquot obtained were concentrated to 5.0 mL and purified. Two milliliters of the
extracts were used for gas chromatographic and mass spectroscopy analysis.

Result: The highest peak on the chromatogram for the methanol extract was
observed at 32.644 min., while hexane, dichloromethane and soxhlet extracts
had their highest peaks at 31.459 min., 14.254 min. and 18.060 min. respectively.
The highest bioactive component in methanol extract was (3aR,4R,7R)-1,4,9,9-
Tetramethyl-3, 4,5,6,7,8-hexahydro-2H-3a,7-methane with a value of 62.856
%, while hexane, dichloromethane and soxhlet extracts had Hexasiloxane,
tetradecamethyl- , Bis(2-ethylhexyl) phthalate and Phthalic acid, 3-chlorobenzyl
butyl ester with values of 29.170 %, 5.092 % and 25.490 % respectively.

Conclusion: Hexane and dichloromethane extracts yielded more bioactive
components with better nutriceutical and medicinal properties and may be
regarded as better solvents for mushroom and fungi extractions.
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Introduction

Different plants and fungal materials have been used in traditional
medicine to solve varieties of health problems. The effectiveness
of various combinations of herbs and other ingredients used by
traditional medical practitioners depends on the constituents
of the selected plant or fungi materials. The availability of the

constituents is a factor of the adopted extraction method. The
extraction of a given compound from a substrate depends on
both the solubility of the compound and the polarity of the
solvent. Modern extraction techniques such as accelerated
solvent extraction, supercritical fluid extraction, microwave-
assisted extraction and ultrasound-assisted extraction are
presently explored in nutraceuticals extractions from plants.
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These modern techniques are mainly targeted at decreasing
extraction time, while increasing yield and enhancing extract’s
quality with a reduced solvent consumption. Dadi et al. [1]
improve the total phenolic content, total flavonoid content, and
antioxidant activity assessed from Moringa stenopetala leaves by
optimizing ultrasonic-assisted extraction using response surface
methodology. They recorded an extraction time of 26 min, 68 %
ethanol concentration, and solvent-to-sample ratio of 42 mL/g.

Oil extraction is mainly a diffusion process in which the solvent
penetrates into the lipid containing cells of a raw sample
material, thereby forming a solution of the oil in the solvent.
Though some of these plants and fungal materials are still very
relevant in traditional medicine for treatment of diseases mainly
of microbial related infections [2], most of their isolates have
shown potential anti-inflammatory and antidiabetic properties in
preliminary studies [3].

Pleurotus tuberregium is a notable saprotroph that produces a
food storage sclerotium upon its consumption of decaying wood
[4]. It is one mushroom that both its basidiocarp and sclerotium
are of economic importance due to their nutritive and medicinal
properties [4]. The extract of this notable fungus has been used
in traditional combinations for the treatment and management
of diseases ranging from skin infections, inflammation, childhood
malnutrition, headache, stomach problem, cold, asthma, fever,
high blood pressure, diabetes and small pox [5]. Isikhuehmen and
LeBauer [6] reported the use of this mushroom and its extract in
Eastern Nigeria as a thicker and flavoring agent for soups and for
the treatment of heart related ailments, while it is used for the
treatment and management of asthma, cough and obesity in the
Southern part of Nigeria [6]. Aside Nigeria and Africa, P. tuber-
regium also grows in Asia and Australia [7].

activities  such  as
immunomodaulatory, antioxidant, anti-inflammatory,
hypocholesterolaemic, antihypertensive, antihyperglycaemic,
antimicrobial and antiviral activities Pleurotus spp. has also been
reported [8]. Though these therapeutic activities are exhibited
by the extracts or isolated compounds, fermentation broth,
mycelia and fruiting bodies of Pleurotus spp. [9], the biochemical
mechanisms are still elusive due poor characterization and
identification of the bioactive components. The aim of this present
study is to extract the bioactive components in the sclerotum of
P. tuber-regium using different solvents, to analyze the extracts
obtained for identification of the bioactive components and to
ascertain the solvent that gives a better yield.

MATERIALS AND METHODS

Sample collection, preparation and extraction

Other therapeutic antitumour,

A quantity of 10.0 kg of fresh sclerotia of Pleurotus tuberregium
purchased at Zarama Market in Southern Nigeria was washed,
peeled and the white inner parts were sliced using a sterilized
knife. The sliced samples were allowed to dry at room
temperature in a dust free environment for a period of fourteen
days. The samples were ground in a warring blender into a fine
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powder. Using an analytical weighing balance, 10 g of the ground
sample was weighed into three well stopper bottles. A volume
of 20 mL of a specific extraction solvent (methanol, hexane
and dichloromethane) was added to each stopper bottle. The
mixtures were vigorously agitated and were left to stand for 5
days, while that of soxleth extraction was done in a soxleth
apparatus, using ethanol as the solvent. The crude extract from
each process was collected by filtering into a quartz beaker in a
fume hood. The process was repeated twice and the combined
aliquot collected from each extraction solvent were separately
concentrated on a steam berth to 5.0 mL and purified by passing
through a pasture pipette packed with silica gel and anhydrous
sodium sulphate. The purified samples were air dried to 2.0 mL
for gas chromatographic analysis.

2.2 GC-MS analysis of extracts

The extracts were analysed 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 x 250 pm x 0.25 pm, using Helium as a carrier gas at initial
column temperature 120°C for 5 minutes. Thereafter, the column
temperature was increased at 5°C per minutes to 320°C and held
for 5 minutes. Electron impact ionization for mass spectroscopy
was done at ionization energy of 70 eV. The oil was diluted with
98% hexane and 2 pL of the diluted sample was automatically
injected into Agilent Tech. model 5973 mass spectrometer. The
constituent compounds were identified using the Chem-Office
software attached tothe MS library. The names and structures
of the component oils were confirmed using the database of
National Institute of Standard and Technology (NIST).

Results

The Chromatogram of bioactive components of methanol,
hexane, dichloromethane and soxhlet extracts of the sclerotia
of P. tuberregium are shown in Figures 1-4, respectively. The
highest peak for the methanol extract was observe at 32.644
min. Hexane extract has its highest peak at 31.459 min., while
dichloromethane and soxhlet extracts have their highest peaks at
14.254 min. and 18.060 min. respectively.

The retention time, percentage concentration, molecular
formula, molecular weight and structures of the bioactive
components of methanol, hexane, dichloromethane and
soxhlet extracts of the sclerotia of P. tuberregium are shown in
Tables 1-4. (3aR, 4R, 7R)-1,4,9,9-Tetramethyl-3,
4,5,6,7,8-hexahydro-2H-3a,7-methane was the highest bioactive
component in the methanol extract with a value of 62.856 %
followed by Urs-12-en-28-oic acid, 3-hydroxy-,methyl ester,
(3.beta.)- With a value of 23.151 %. Hexane extract has it highest
bioactive component as Hexasiloxane, tetradecamethyl- with
a value of 29.170 % followed by Hexacosane, 13-dodecyl- with
a value of 28.339 %, while Bis(2-ethylhexyl) phthalate and
Eicosane were the highest bioactive components observed in
dichloromethane extract with values of 5.092% and 4.721%
respectively. The highest bioactive component observed in the
sohxlet extract was Phthalic acid, 3-chlorobenzyl butyl ester
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k Figure 1 Chromatogram of bioactive components of methanol extracts of the sclerotia of P. tuberregium. J
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Figure2 Chromatogram of bioactive components of hexane extract of the sclerotia of P. tuberregium.
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Figure 3 Chromatogram of bioactive components of dichloromathane extract of the sclerotia of P. tuberregium. J
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Figure 4 Chromatogram of bioactive components of sohxlet extract of the sclerotia of P. tuberregium. J

N

This article is available in: http://Chem Sin.imedpub.com/archive.php



2019

Der Chemica Sinica Vol.10 No.1:1

Table 1: Bioactive components of methanol extract of sclerotia of P. tuberregium

Retention Percentage of Molecular | Molecular

X . . Structure
Time (min) the total formula weight

S/N Compound

(3aR,4R,7R)-1,4,9,9-Tetramethyl-3,
2 |4,5,6,7,8-hexahydro-2H-3a,7- 32.644 62.856 CH N 153.22
methane
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Table 2: Bioactive components of hexane extract of sclerotia of P. tuberregium

Retention Percentage Molecular Molecular

. . . Structure
Time (min)  of the total formula weight
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Table 3: Bioactive components of dichloromethane extract of sclerotia of P. tuberregium

S/N

Compound

Carbonic acid, nonyl
vinyl ester

Hexadecane

9.440

11.962

Retention
Time (min)

Percentage
of the total

0.792

1.672
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with a value of 25.490 % followed by 1,4-Naphthalenedione,
5,8-dihydroxy-2,7-dimethoxy- with a value of 23.513 %.

Discussion

The disparity in both compound quantity and concentration
observed in the methanol, hexane, dichloromethane and
soxhlet extracts of the sclerotia of P. tuberregium shows varying
capabilities of different solvents to dissolve and liberate different
compounds from a substrate. The ability of methanol to extract
only three uncommon polycyclic compounds (2H-Cyclopropal[a]
naphthalen-2-one, (3aR,4R,7R)-1,4,9,9-Tetramethyl-3,4,5,6,7,8-
hexahydro-2H-3a,7-methane  and  Urs-12-en-28-oic  acid,
3-hydroxy-, methyl ester, (3.beta.)-) from the sclerotia of this
mushroom. Table 1 indicates that the use of methanol as an
extraction solvent may favour the extraction of polycyclic
compounds especially in a lignin based substrate like mushroom.
As a very polar compound, the yield and concentration of extracts
in methanol extraction may be lower than in a non-polar solvent.
This indicates that methanol can dissolve a larger proportion of
polar compounds. However, its solubility may reduce when used
as solvent for the extraction non-polar compounds. The result of
this study is an indication that methanol may not be a solvent of
choice for extraction where both polar and non-polar compounds
are needed from a substrate.

Although different solvents has been used for extraction, hexane
has been considered ideal for extraction processes because of
its non-polar properties, low boiling point (67°C), and its high
solubility of lipid compounds. Moreover, Clough and Mulholland
[10] also reported that the low reactivity exhibited by hexane
also makes it a suitable solvent for the extraction of reactive
compounds. The hexane extract of the sclerotia of this mushroom
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shows the presence of 49 different bioactive components made
up of linear, branched, monocyclic and polycyclic compounds
(Table 2). The large number of compounds observed in the hexane
extract shows the ability of hexane to penetrate, solubilize and
release these compounds from the substrate.

The 45 components observed from the dichloromethane extract
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to dissolve a wide range of organic compounds makes it a useful
solvent for many chemical processes [11]. The presence of both
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CONCLUSION
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