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LIPID COMPONENTS OF A MALAYSIAN EDIBLE
MUSHROOM, TERMITOMYCES HEIMII NATARAJAN

Sri Nurestri Abd Malek!, Gowri Kanagasabapathy!,
Vikineswary Sabaratnam!, Noorlidah Abdullah!,
and Hashim Yaacob?

!Institute of Biological Sciences, Faculty of Science, University of Malaya, Kuala
Lumpur, Malaysia

2 International University College of Nursing, Petaling Jaya, Selangor Darul Ehsan,
Malaysia

Termitomyces heimii is highly priced due to its unique taste unlike many other cultivated
mushrooms. Termitomyces heimii, an edible mushroom, has high nutritive value. It is a
Sfungus that usually lives in termite hills. There are limited reports on the chemical investi-
gations of Termitomyces heimii. This may be due to difficulty in obtaining wild fruit bodies,
as these are seasonal mushrooms. Twenty-eight compounds were identified from the extract
of ethyl acetate fraction of the fruiting bodies of Termitomyces heimii using spectrometric
and spectroscopic techniques. The components in the sub-fractions from the ethyl acetate
extract were identifed by gas chromatography-mass spectrometry and NMR analysis. The
compounds identified included fatty acids and the methyl and ethyl esters and sterols. To our
knowledge, this is the first report on the isolation and identification of components from
Termitomyces heimii.

Keywords: Secondary metabolites, Ergosterol, Termitomyces heimii, Linoleic acid.

INTRODUCTION

Mushrooms have long been valued as delicious and nutritious foods in many coun-
tries. Currently, mushrooms are appreciated, not only for texture and flavour but also for
their chemical and nutritional characteristics.["*) Mushrooms are now becoming attractive
as functional foods, and as a source of physiologically beneficial nutraceuticals. Recently,
three species, including Grifola frondosa (maitake), Morchella esculenta (morel), and
Termitomyces spp. (termite mushrooms also known as ‘cendawan busut’) have become
highly valued, partially due to their rareness and difficulty in cultivation.¥! Termitomyces
spp remain elusive and even laboratory trials to culture and cultivate them are far from
success stories. They are called termite mushrooms as they are only able to survive and con-
tinue their progeny while in symbiotic growth together with termites in their hills. These
highly palatable fungi with high umami have a close association that has reached a high
degree of specialization with termites. These termites construct ‘fungus-gardens’ within
their nests and cultivate a basidiomycete fungus belonging to the genus Termitomyces.
The fungus gardens produce numerous pearly white nodules known as primordial.[* Wild
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mushrooms of the genus Termitomyces, such as Termitomyces eurhizus (Berk) Heim, T.
clypeatus Heim, T. striatus (Beeli) Heim, T. robustus (Beeli) Heim, T. microcapus (Berk
and Broome) Heim, and 7. heimii Natarajan have been identified as edible mushrooms with
high nutritive values.>! Termitomyces robustus and T. striatus are two examples often used
as pot-herbs.[%!

Edible mushrooms have their characteristic smell and taste because of their chem-
ical components. Termitomyces spp. fetches a high price due to the taste that is unlike
many cultivated mushrooms. There are also reports on their medicinal properties including
antioxidant potentials.l”) However, reports on chemical constituents of Termitoniyces spp.
are limited.”®! This could be due to difficulty in obtaining wild fruiting bodies, as these
are seasonal mushrooms. In Malaysia, Termitomyces heimii is one of the Termitomyces
spp. that is commonly encountered in the wild and is considered as a delicacy.”®! It would
be interesting to study the chemical compounds present in the fresh fruiting bodies of
Termitomyces heimii.

MATERIALS AND METHODS
Mushroom Samples

The fresh fruiting bodies of Termitomyces heiimi were collected from Kuala Selangor
(location: 3°21'19.20” N; 101°14/36.35” E), Selangor Darul Ehsan, Malaysia in March
2007 and was processed immediately.

Preparation of Extracts

The fruiting bodies (5000 g) were washed, freeze-dried, and ground to a fine powder
using a Waring blender (Waring Commercials, USA). The dried, ground sample (524 g)
was then soaked in ethanol and water (8:2 ratio) (1.5 L) for 3 days at 27 + 2°C (room
temperature). The solvent-containing extract was then decanted and filtered through cotton
and filter paper. The extraction of the ground sample was further repeated (3 x) each with
1.5 L of ethanol and water (8:2 ratio). The filtrate from each extraction was combined
and the excess solvent was evaporated under reduced pressure using a rotary evaporator to
give a yellowish brown thick extract (60 g). The crude extract was further extracted with a
mixture of ethyl acetate and water (1:1) to give an ethyl acetate-soluble fraction (7.55 g).

Isolation of Secondary Metabolites

The ethyl acetate extract (5 g) was mixed with silica gel (0.063—-0.200 nm; mesh:
70-230) (Merck, Germany). The extract mixture was further dried to a powder in an
oven. The powdered mixture of ethyl acetate extract and silica was subjected to col-
umn chromatography initially eluting with 100% hexane followed by hexane enriched
with increasing percentages of acetone. Fractions of 25 ml were collected in numbered
vials. The eluted compounds were monitored using thin layer chromatography (TLC).
TLC was carried out using pre-coated TLC plates 60 F,s4 (thickness of 20.25 mm) pur-
chased from Merck and spots were visualized in UV light (254 and/or 365 nm) and/or
iodine vapour. The fractions were pooled according to the spots on thin layer chromatog-
raphy. The excess solvent in the pooled fractions was evaporated under reduced pressure
using a rotary evaporator. Components in the isolated fractions were identified using gas
chromatography-mass spectrometry (GC-MS) and NMR.
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Instrument Used

The GC-MS analysis was performed using a 6890 N gas chromatograph (Agilent
Technologies) equipped with a 5979 mass selective detector (70 eV direct inlet); a HP-
S5ms (5% phenylmethylpolysiloxane; Agilent Technologies, Germany) capillary column
(30.0 m x 250 um ID x 0.25 pm film thickness) initially set at 150°C, then programmed
to 280°C at 5°C per min using helium as the carrier gas at a flow rate of 1 ml/min, was
used. The total ion chromatogram obtained was auto-integrated by Chemstation and the
constituents were identified by comparison with an accompanying mass spectral data base
(NIST Library, 2005). NMR spectra were recorded on a Bruker Avance DPX-500 spec-
trometer (Bruker Bio Spin, USA) for Iy, 13C, COSY, DEPT, HMBC, and HMQC NMR.
The internal standard used in "H NMR spectra was TMS (8: 0.00) for CDCl;; in '3C NMR
it was CDClj5 (6: 77.0).

RESULTS AND DISCUSSION

Column chromatography of the ethyl acetate extract yielded five fractions that
were labeled as ET1, ET2, ET3, ET4, and ETS, respectively (Fig. 1). All components
present in the fractions were identified by GC-MS analysis. Fraction ET1 (0.47 g) was
light-yellow viscous oil containing tetracosane (8.29 g/100 g extract), methyl palmi-
tate (0.19 g/100 g extract), ethyl palmitate (24.68 g/100 g extract), methyl linoleate
(2.85 g/100 g extract), ethyl linoleate (47.66 g/100 g extract), ethyl oleate (8.51 g/100 g
extract), ethyl eicosanoate (0.23 g/100 g extract), and ethyl tetracosanoate (31.28 g/100 g
extract).

Fraction ET2 (0.43 g) was white vicious oil containing ebericol (23.26 g/100 g
extract.), lanosterol (26.51 g/100 g extract), palmitic acid (25.58 g/100 g extract), oleic
acid (10.93 g/100 g of extract), and stearic acid (32.09 g/100 g extract). Palmitic acid
exhibited a parent ion at m/z 256 in the EI-MS spectrum that is consistent with the

Dried, ground fruit bodies
(2090 g)

Extraction with water: ethanol
(ratio 1:1) (3X)
Concentration under reduced pressure

Crude extract (40 g)

Partition (v/v)
Ethyl acetate: water (ratio 1:1)

Ethyl acetate-soluble fraction (3.55 g) |

Column chromatography
Acetone: hexane (2:8)

A A A4

Fraction Fraction Fraction Fraction Fraction
ET1 ET2 ET3 ET4 ET5

Figure 1 Fractionation and isolation of compounds of Termitomyces heimii.
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molecular formula C;¢H3,0,. The base peak at m/z 60 is a characteristic peak resulting
from the McLafferty rearrangement. Besides the McLafferty rearrangement peak, the spec-
trum also showed loss of clusters of 14 (CH;,) mass units typical of long-chain carboxylic
acid.

Fraction ET3 (0.54 g) consisted of colorless needle-like crystals containing
ergosterol (25.51%) as the major constituent and neoergosterol (1.67 g/100 g extract),
ergosta-5,8-dien-3-ol (5.14 g/100 g extract), ergosta-5,8(14)-dien-3-ol (0.74 g/100 g
extract), 7-ergostenol (1.85 g/100 g extract), brassicasterol (0.92 g/100 g extract), and
y-egrostenol (1.85 g/100 g extract) as minor components. Ergosterol was isolated as
colourless needles and identified using GC-MS analysis and NMR (1H, 13C, DEPT, COSY,
HMBC, and HMQC NMR) spectral data. The proton NMR is consistent with the structure
of ergosterol. Two singlets at §0.61 and 0.92 were assigned to the 18- and 19-methyl pro-
tons, respectively, whilst doublets at 60.78 (1 H, d, J = 2.7 Hz) and 60.82 (1 H, d, J =
2.7 Hz) were consistent with the 26- and 27-methyl protons. The 21- and 28-methyl pro-
tons were expected to resonate at lower fields (60.90, 1.02) as they were in close proximity
to the double bond at C-22. Both methyl protons appeared as doublet with a coupling
constant of 8.1 Hz each. The two olefinic protons at §5.56 (1 H, dd, J = 2.7, 5.4 Hz)
and 65.36 (1 H, m) were assigned to H-6 and H-7, respectively, whilst superimposed dd
at 65.15-5.32 were assigned to the olefinic protons H-22 and H-23. Multiplets centred
at 63.62 were consistent with H-3. The C-13 spectrum showed the presence of 28 car-
bons consistent with 10 methine carbons, 7 methylene and 6 methyl, 1 olefinic methine,
2 quatenary carbons, and 2 quatenary olefinic carbons.

Even though mushrooms are deficient in vitamin D,, earlier researchers have found
them to be a rich source of ergosterol. Mushrooms are considered a delicacy, highly
accepted by vegetarians and non vegetarians.!'”) Ergosterol was the major component
in Termitomyces heimii and may act as a biological precursor to vitamin D;. It can
form viosterol by ultraviolet light, irradiation temperature, and moisture,!'!! which is
then converted to ergocalciferol, a form of vitamin D, used for pharmaceutical applica-
tions and food supplements. Ergosterol, which is common in all mushrooms, has been
shown to inhibit phorbol-12-myristate 13 acetate (TPA)-induced inflammatory condi-
tions in mice,!"?! and vitamin D, has been shown to offer protection against colon and
prostate cancer.'3! Ergosterol peroxide of selected mushrooms has been reported to supress
inflammatory responses of macrophages and growth of colon adenocarcinoma cells!'*!
and TPA-induced inflammation.['?) However, despite being common in many mushrooms,
ergosterol peroxide was not detected in all extracts analysed in this study.

Fraction ET4 (0.78 g) was a yellow viscous oil containing linoleic acid
(88.47 g/100 g extract) as the major component. Linoleic acid is a polyunsatutared fatty
acid and is a member of the group of essential fatty acids called omega-6 fatty acids
because they are an essential dietary requirement for all mammals. Essential fatty acids
(EFAs) are fatty acids that cannot be constructed within an organism from other compo-
nents by any known chemical pathways; therefore, they must be obtained from the diet.
Linoleic acid is the raw material for a number of compounds vital for health (e.g., arachi-
donic acid, which is involved in inflammation response). Linoleic acid is important for
the proper growth and development of infants. It was once known as vitamin F but is no
longer regarded as a vitamin.">! Linoleic acid produces compounds called prostaglandins,
and prostaglandins are substances that are found in every cell for the body’s health main-
tenance. In the body, EFAs are primarily used to produce hormone-like substances that
regulate a wide range of functions, including blood pressure, blood clotting, blood lipid
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levels, the immune response, and the inflammation response to injury infection. In addition,
linoleic acid also been proven to reduce tumor size through its effect on a gene that controls
the apoptosis rate; in another study, multiple sclerosis patients supplemented with linoleic
acid show a smaller increase in disability and reduced severity and duration of attacks than
those without linoleic acid supplements./'®! It has also been reported that unsaturated fatty
acids are dominant fatty acids in apples and pears, thus also making 7. heimii a good source
of edible oils.!!”!

Fraction ET5 (0.68 g) was a yellow viscous oil containing myristic acid (1.32 g/100 g
extract), linoleic acid (49.41 g/100 g extract), benzaldehyde, 4-hydroxy (0.40 g/100 g
extract), benzeneacetamide (14.85 g/100 g extract), cinnamic acid (2.02 g/100 g extract),
and nicotinamide (26.47 g/100 g extract). Nicotinamide, also known as niacinamide and
nicotinic acid amide, is the amide of nicotinic acid (vitamin Bj/niacin). Nicotinamide
has demonstrated anti-inflammatory and anti-anxiety properties.''81°1 It rarely causes side
effects, and is considered generally safe as a food additive, and as a component in cosmet-
ics and medication. Nicotinamide also prevents immunosuppression caused by UVA and
UVB radiation, and can, therefore, be added to sunscreen for added protection.|20I

CONCLUSION

Termitomyces heimii is a rare and highly sought after edible fungus that grows sea-
sonally, and in symbiosis with termites. It is difficult to cultivate. Twenty-eight compounds,
mainly fatty acids esters of fatty acids and ergosterol were present in Termitomyces heimii
extract. Ergosterol was found to be the major component followed by linoleic acid; thus,
making Termitomyces heimii a good source of these two components. Ergosterol is the
precursor of ergocalciferol, which is extensively used as a dietary calcium supplement in
people suffering from hypocalcinaemia and osteoporosis. Linoleic acid is important for
bodily growth; maintainance of health through the production of prostaglandins; regula-
tion of blood pressure, blood lipid, immune response, inflammation, and apoptosis. Thus,
the findings support the therapeutic claims of this mushroom. Further, the consumption of
T. heimii would be beneficial for health purposes and may have chemopreventive proper-
ties of selected diseases of humankind. However, studies to elucidate the mechanisms of
possible biological activity are needed to validate the claims.
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