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Abstract: This study was to examine the fatty acid profile and detect some major elements
which these nutritional components are crucial and helpful to the human health system. The
study samples three wild-grown edible mushroom species Tricholoma terreum (Schaeff.) P.
Kumm., Marasmius oreades (Bolton) Fr. and Coprinus comatus (O. F. Mull.) Pers. were
collected from the Tokat region and detected 8 different fatty acid levels and major elements
such as Fe, Cu, Mn, and Zn. Among these varieties of fatty acids; the highest levels of Palmitic,
stearic, linoleic and oleic acids were determined. Palmitic acid was detected in 16.43-34.15%,
stearic acid 16.73-50.24%, linoleic acid 28.19-32.40% and oleic acid 15.35-18.10% across all
samples. These ranges of fatty acids are important for preventing or reducing the risk of
cardiovascular disease, metabolic syndrome, Alzheimer’s disease and many biological
activities. When we compared the study samples according to the number of fatty acids they
contained; Coprinus comatus species had the highest percentages of myristic, pentadecanoic,
palmitic, palmitoleic and linolenic (which as called Q3) and their percentages were respectively,
1.48, 0.41, 34.15, 3.02, and 0.67%. In addition, stearic and linoleic acid ranges were 32.40-
50.24% seen at Tricholoma terreum, and the highest range of oleic acid was detected at
Maramius oreades. Besides, major minerals like zinc, iron, manganese and copper were
measured in very high concentrations. Marasmius oreades had the highest element levels, Fe
and Cu, whereas Coprinus comatus had Mn and the last of Tricholoma terreum had Zn
elements. When we ask why minor or major elements are important because of, they are healthy
for the human neurologic, hepatic, and skeletal systems and they act as immunomodulators.
The highest amount of mineral in study samples belonged to zinc and its range was detected to
be 152.40-416.40mg/kg, secondly was iron and its range was 86.16-478.00mg/kg. The highest
copper level was detected in Marasmius oreades as 72.20 mg/kg and the highest manganese
was 57.24 mg/kg in Coprinus comatus. The study aims to prove that these mushroom species
can be able to stock a very high quantity of minerals that are macro minerals, and vital fatty acid
varieties. We can say that these wild edible fungus specimens can be improved and used as
human nutritional supplements by looking at their fatty acid profiles and mineral content.
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Introduction

Mushrooms have been historically used since ancient
times. They have been known and used in very
different ways for human health and when they
became known, their importance increased for
humanities. Their use has expanded up to have been
used for pharmaceutical, nutraceutical, economic

and cosmeceuticals for humankind to be developed to
improve their areas of use and make it beneficial for
human health. According to estimates based on
literature data; mushrooms have a diversity of about
12000 species worldwide, of which about 2000 have
been recorded as edible. About 35 edible species can
be cultivated commercially, but only about 200 wild
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species can be used for medicinal purposes (Ayaz et
al.,, 2011; Baum et al.,, 2012; Beulah et al., 2013;
Demirbas, 2001; Gengcelep et al., 2009; Konuk et al.,
2007).

Literature data have established that edible
mushrooms can contain various nutraceutical
compounds such as low calories, fatty acids,
vitamins, protein, minerals, dietary fibre, peptides,
glycoproteins, antioxidants such as phenolic and
flavonoid compounds, etc. (Barros et al.,, 2007;
Florczak et al., 2004; Hugges and Sammon, 2006;
Pardeshi and Pardeshi 2009). Therefore, edible
mushroom species have been the focus of
researchers' interest and they provide and select
specific bioactive compounds. These compounds act
as biological activities such as antioxidant,
antibacterial, antifungal, anti-immunomodulatory,
antitumour, anti-inflammatory and cytotoxic effects
(Komura et al., 2010; Turkoglu et al., 2007; Zhangi et
al.,, 2007). In addition, the presence of important
compounds makes these mushrooms therapeutically
valuable resources ranging from the strengthening of
the immune system to the cure and prevention of
serious diseases such as hypertension, heart disease,
cancer, Alzheimer's disease, stroke and nervous
disorders (Kavishree et al., 2008; Kim et al., 2005;
Kivipelto and Solomon, 2006; Shabab et al., 2007).
Lipids are essential biological molecules in cell
structure and metabolism, lipids are more important
in energy storage than caloric energy, protein or
carbohydrates (Hugges and Sammon, 2006; Kalac,
2009). Lipids perform important functions as critical
structural components of biological membranes,
provide readily available energy reserves, and serve as
essential vitamins and hormones, but also aid in the
solubilisation of dietary lipids in human health and
physiology (Pardeshi and Pardeshi, 20098; Wasser
and Weis, 1999; Zhangi et al., 2007).

Mushrooms could accumulate and form important
minerals from the soil conditions of their habitats.
Some minerals are called major, essential and minor
elements, but human body needs these major or
minor elements and has to get some form of nutrition
so mushroom becomes important at this point. Some
of these major elements are listed as Fe, Zn, Mn, Na,
Ni, Mg, AL, K, Ni and Zn and they act as
immunomodulator, regulator for life element cycle
system, haematopoietic agents etc. (Barros et al.,
2008; Manzi et al., 2001; Mleczek et al., 2021). Iron is
an essential element for humans and other living
organisms and functions as an integral part of

haemoglobin and myoglobin, and it also functions in
the critical roles of oxygen delivery to tissues and
energy conversion. Zinc is also required for the
enzymes involved in metabolic activities such as the
release of carbon dioxide from tissues into the lungs,
the synthesis of protein, DNA and RNA, and
carbohydrate metabolism. Copper plays an important
role in the formation of collagen and the synthesis of
haemoglobin with iron. It is also involved in skeletal
development, the immune system and melanin
production. In addition, manganese acts to activate a
wide range of enzymes such as decarboxylases,
kinases and transferases. It performs biochemical
oxidative phosphorylation, fatty acid metabolism,
protein synthesis and cholesterol (Anderson and
Cockayne, 2003; Beulah et al., 2013; Wasser and
Weis, 1999).

In many countries, fungi are consumed as a natural
food source and are of great importance due to their
high nutritional, medicinal and economic value.
Turkey has a remarkably rich diversity of wild edible
mushroom species and a high potential for
consumption and export of edible mushrooms. The
urban population uses some of the known edible
species in Turkey, but not every wild edible mushroom
species is known. Therefore, many more edible
mushroom species should be introduced to people
with benefits. With this study, we want to introduce
some wild edible mushroom species that have a very
high level of fatty acids and minerals that are very
important for the human body.

According to the results of this study, more
awareness has been created about these mushroom
species and their availability as dietary supplements
has been proposed.

Material ve Methods

The mushroom species were collected from different
localities from Tokat in Turkey. The habitat and
macroscopic properties were noted and
photographed. The samples were brought to the
laboratory and described (Breitenbach and Krazlin,
2000; Bresinsky and Besl, 1990; Knudsen and
Vesterholt, 2008, 2012; Phillips, 2006).

The process steps of microwave digestion systems
and AAS (Atomic Absorption Spectrometer)
analysis

MARS 6 ONE-TOUCH (CEM-USA) model equipment is
used for the microwave digestion system. Before this,
the samples are weighed as 0,5 gr and filled up to
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teflon tubes of the device, then added 10 mL HNOz and
close the mouth tightly. The method is chosen which
record before at the device was. The temperature is
increased about max 210 C at 15 minutes and waits
during this time. The total time is 30 minutes and the
device works with 1800W and giving to the AAS (Perkin
Elmer, AAS 800 model, USA) device. In this device,
each sample is read with hollow cathode lamp,
wavelength and standard graphics which are the
specifications for each element, then samples are
read 3 times and the average levels is taken for each.

The process steps of GC-MS and preparing the
samples

Hara and Radin (1978) method for lipid extraction from
ground mushroom samples was used revised. For
this, the plant sample was homogenized in 10 mL of
hexane / isopropanol (3: 2) and centrifuged at 5000
rom for 10 min (Hara and Radin, 1978). The organic
phase was removed and placed in the test tubes. Fatty
acids need to be derivatized in order to be able to look
at GC. Derivatization with methyl esters was often
preferred. For this purpose, Christie (1990) method
was preferred because it is practical and highly
efficient. According to this method; the lipid extract
prepared above was taken out of the mouth-capped
tubes to prepare methyl esters. 5 mL of 2% methanolic
sulfuric acid was added and vortexed. This mixture
was left to stand for 15 hours of methylation at 50 °C.
At the end of this period, the tubes were removed,
cooled to room temperature, and vortexed with the
addition of 5 mL of 5% NaCl. The fatty acid methyl
esters (FAME) formed in the tubes were extracted with
5 mL of hexane and the hexane phase was taken up
from the top and treated with 5 mL of 2% NaHCO3 and
waited for 2 hours to separate the phases. The solvent
of the mixture containing the methyl esters was then
evaporated under nitrogen at 45 °C and the fatty acids
below the test tubes were dissolved in 1 mL of hexane
and analyzed by GC-MS using amber GC vials.

The chromatographic conditions of the GC-MS
instrument are as follows

Agilent brand 7890A / 5970 C model GC-MS
instrument (USA) and SGE Analytical BPX90 100m x
0.25mmx0.25 um column (Australia) was used for the
GC-MS analysis. The temperature program was
regulated as step by step from 120 °C to 250 °C and the
total time is set to 40 minutes which is heated up to
120 °C and 250 °C at 5 °C / min and is held at this

temperature for 14 minutes. The program
automatically set the injection volume 1uL and split
ratio is 20:1, solvent delay time is 12 minutes, carrier
gas He is selected and constant gas flow is set at
TmL/min, H; flow 35 mL/min, dry air flow 350 mL/min
and N,20.227 mL/min. The results of GC-FID and MS
are recorded simultaneously and are a comparison to
NIST and WHILEY libraries data which are registered
on the device.

Results
Samples were collected from different habitats in
Tokat province and dried under laboratory conditions.
The samples were analysed using AAS and GC-MS
methods. The study measured the amounts of iron,
copper, manganese and zinc, which are major
elements, as well as eight different types of fatty acids.
The mineral contents of the samples were major
minerals and it was found that all 4 types of elements
were present in high amounts. The highest values of
each mineral among the species; 478.00 mg/kg iron
and 72.240 mg/kg copper values were measured in
Marasmius oreades, the highest manganese value of
57.240 mg/kg was measured in Coprinus comatus and
finally the amount of zinc of 416.40 mg/kg was
measured in Tricholoma terreum (Figure 1)). The
lowest amounts of minerals, usually 86.160 mg/kg of
iron, 37.36 mg/kg of copper and 7.92 mg/kg of
manganese, were found in the T. terreum species,
while the lowest zinc value was found in C. comatus
with 152.40 mg/kg. The mineral contents of the
species are given in Table 1.

Fe+Cu+Mn+Zn; ¥ Fe+Cu+Mn+Zn;
Marasmius Tricholoma

oreades; — terreum;
55,59%; 28% | ‘ 54,78%; 27%

Fe+Cu+Mn+Zn;
Coprinus
comatus;

89,38%; 45%

Figure 1. Percentage ratios of minerals

Table 1. Mineral amounts of species (were measured mg/kg™")

Mushroom species Fe Cu Mn Zn

Tricholoma terreum 86.160 37.360 7.920 416.400
Marasmius oreades 478.000 72.240 47.640 275.960
Coprinus comatus 295.680 50.640 57.240 152.400
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Another data from our study was the detection of 8
different fatty acids. These fatty acids are myristic,
pentadecanoic, palmitic, palmitoleic, stearic, oleic,
linoleic and linolenic. Among the fatty acid types, if we
look at the percentages of these three types, the most
abundant ones, palmitic, stearic, linoleic and oleic
acids are found in high amounts in all types (Table 2).
Types of study according to the highest content of fatty
acids; C. comatus, high myristic, pentadecanoic
palmitic, palmitoleic and linoleic types T. terreum in
search of stearic and linoleic acid are a high ratio,
while M. oreades only when it is observed that oleic
acid was found to have the highest. When we studied
the species in terms of MUFA, PUFA and SFA content,
the highest SFA content was found in T. terreum with
67.34%, the highest MUFA content was found in M.
oreades species with 18.70% and finally the highest
PUFA content was found in Tricholoma species with
32.40% (Figure 2).

Table 2. Fatty acid profiles of mushroom samples (as %) (C14:
Miristic, C15: Pentadecanoic, C16: Palmitic, C16:1: Palmitoleic,
C18: Stearic, C18:1: Oleic, C18:2: Linoleic, C18:3: Linolenic)

Tricholoma Marasmius Coprinus
terreum oreades comatus
C14:0 0,36 0,49 1,48
C15:0 0,31 0,00 0,41
Cc16:0 16,43 32,96 34,15
Cc18:0 50,24 18,87 16,73
Cc16:1 0,26 0,60 3,02
Cc18:1 0,00 18,10 15,35
C18:2 32,40 28,98 28,19
C18:3 0,00 0,00 0,67
70
60
50 52,77
40
30
20
18,37
: N

MUFA PUFA
w Tricholoma terreum m Marasmius oreades Coprinus comatus
Figure 2. SFA; Saturated fatty acid (C14,C15,C16,C18), MUFA;

Monounsaturated fatty acids (C16:1,C18:1), PFA:Poliunsaturated
fatty acids (C:18:2,C18:3)

Discussion

According to the major mineral contents selected in
our study (Fe, Cu, Mn and Zn), T. terreum species has
approximately 54% of these major type contents,
while M. oreades species has 89% and C. comatus

species has the lowest 55% of these major minerals.
In the research samples, other major and minor
minerals were found in percentage proportions of
mineral content (Figure 1).

Mushrooms contain 20-30 g of different fatty acids
in their dry weight. These fatty acids are classified
according to the number of carbon atoms and double
bonds they contain. They are divided into three groups:
saturated, monounsaturated and polyunsaturated
fatty acids. Saturated fatty acids (SFA) are classified
as C14,15,16,18, while monounsaturated fatty acids
(MUFA) are divided into C16:1 and C18:1, and
polyunsaturated fatty acids (PUFA) are divided into
C18:2 (W-3) and C18:3 (W-6) (Pompili et al., 2017). In
the 1950s, studies suggested that consumption of SFA
increased low-density lipoprotein cholesterol (LDL-C).
However, more recent studies suggest that MUFAs
and PUFAs are essential for heart health (Baum et al.,
2012). According to literature, PUFA intake could be
used as an inflammatory biomarker for cardiovascular
disease and could be useful for secondary prevention
of dietary patterns (Bercsch-Ferreira et al.,, 2017;
Beulah et al., 2013).

The study included samples with different levels of
MUFA, PUFA and SFA. The highest level of SFA was
observed in T. terreum at 67.34%, while the other
species had levels close to 52%. Marasmius and
Coprinus had the highest levels of MUFA at around
18%, while Tricholoma had the highest level of PUFA at
32.40%. Marasmius and Coprinus had similar levels of
PUFA at 28.98% and 28.86% respectively (Figure 2).

Today, dietary supplements have become an
important area of research. Scientists are
investigating the essential elements and ingredients in
these supplements to help diagnose, treat and
prevent a range of diseases. Some studies suggest
that changes in metabolites and lipid levels in the body
are associated with the development of Alzheimer's
disease. Fatty acids, which are biomolecules that
contribute to cell structure, energy storage and
signalling in neurons, are particularly important in this
process. Neuronal membranes are mainly composed
of polyunsaturated fatty acids, which make up about
50% of the total. Another conducted research that
showed that SFA (saturated fatty acids) may be the
most important biomarker for Alzheimer's disease,
based on studies of patients of different ages and diets
(Kivipelto and Solomon, 2006; Pompili et al., 2017;
Shabab et al., 2005; Wang et al.,, 2012). Another
research is about suicidal disorders and they
suggested that increasing PUFA intake could be
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relevantin the treatment of depression, but there is no
supporting data on the prevention of suicide cases
(Pompili et al., 2007). Another study on fatty acids and
metabolites in blood serum mentions that
combinations of fatty acids can be used as
determinants for some metabolic and cardiovascular
disorders (Skeaff et al., 2006; Vessby et al., 2002; Yu et
al., 2012). FA levels predict the long-term
development of MetS, which is the metabolic
syndrome, a cluster of abnormalities such as obesity,
dyslipidaemia, hyperglycaemia and hypertension
(Kabagambe et al., 2008; Warensjo et al., 2005).

Serum minerals such as zinc, iron and copper are
associated with metabolic syndrome (MetS). Zinc has
been shown to have a beneficial effect on total
cholesterol and low-density lipoprotein cholesterol
(LDL-C). In addition, some elements play an essential
role as cofactors in fatty acid synthesis (Clejan et al.,
1982; Mahfouz and Kummerow, 1989). The
recommended daily intake of copper is 2-4 mg. Adults
generally consume 1-2 mg of copper daily from food,
while children aged 2 years consume 0.6-0.8 mg. Note
that copper in drinking water is not included in these
calculations. Copper is essential for a number of
functions, including skin and hair colour, red blood
cell production, metabolic processes and the immune
system. Copper deficiency can lead to conditions
such as anaemia, low immunity, eczema, and also
acts as a cofactor for several essential enzymes. It
also plays an important role in regulating
angiogenesis, neurohormone release, oxygen
transport and genetic structure. Excess copper can
lead to atherosclerosis and cataracts, while it
regulates the function of several enzymes and the
work of the heart. Copperintake can also speed up the
healing of broken bones (BruBe et al., 2007).

The human body contains 2-2.5g of zinc. More than
half of this amount (55%) is found in the muscles, 30%
in the bones and the rest in the blood, red blood cells,
prostate, liver and pancreas. Zinc is only absorbed by
the carrier effect and diffusion processes, which
ensures that the element is more effectively absorbed
in moderate (30%) and deficient conditions if it is
ingested in sufficient quantities with the diet (BruBe et
al., 2007; Chesters, 1997). The daily requirement of
zinc is 6-15 mg. Deficiency can result in conditions
such as poor development and dwarfism or short
stature, anorexia, parakeratotic skin lesions,
diarrhoea, loss of appetite, impaired testicular
development, impaired immune function, impaired

learning function, scaling of the skin, hair loss, delayed
wound healing, frequent infections (Atabey, 2005;
Gerald, 2005; Halilova, 2009; Shabab et al., 2005;
Skeaff et al., 2006). Zinc is a common element in daily
vitamin and mineral supplements. It is known for its
antioxidant properties, which can prevent premature
ageing of the skin and muscles (Aguilar et al., 2007;
Anderson and Cockayne, 2003). Zinc is an essential
component of at least 50 different enzymes and plays
a vital role in their catalytic, co-catalytic or structural
functions, mostly through histidine, glutamyl or
aspartyl residues. Low levels of zinc in the body can
increase the risk of osteoporosis and susceptibility to
oxidative stress. However, excessive use of zinc
supplements can interfere with copper metabolism
and lead to copper depletion in the body. Continuous
exposure to high levels of zinc (100 mg) can also
reduce HDL cholesterol levels through immune
function (Gerald, 2005). In 1982, the FAO/WHO and
JECFA recommended that the daily requirement for
zinc in the human body was 0.3 mg per kilogram of
body weight. At the same time, JECFA set the
maximum daily intake of zinc at 1 mg. The
recommended daily intake of zinc for adults is 6-15
mg/day. It has been reported that drinking water
containing more than 3 mg/l of zinc may have adverse
health effects (Wang et al., 2012).

Manganese is atrace element thatis requiredin the
daily diet of humans at a level of 30-50 pg/kg body
weight. This element is required for some enzymes
involved in the process of carbohydrate metabolism.
Although manganese is widely distributed in non-
calcified tissues, with the highest concentration in the
liver, little is known about its absorption, transport and
uptake. The body needs an average daily intake of 2-5
mg of manganese, which is essential for activating
antioxidant enzymes, metabolizing fat, making
cartilage, detoxifying the body and keeping cells
young. Deficiency can lead to weak bones, nerves and
frequent infections. Although manganese is not very
toxic, its intensive accumulation in tissues has been
found to cause toxic effects in the brain and lungs and
irreversible brain damage such as Parkinson's and
Alzheimer's (BruBe et al., 2007; Shabab et al., 2005;
Skeaff et al., 2006; Wang et al., 2012).

Iron is essential for the production of substances
that give color to our blood and muscles, carry oxygen
and produce enzymes that speed up metabolism and
help conserve energy during high performance. Iron
deficiency can lead to weakness, shortness of breath,
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jaundice, recurrent headaches, anemia, a habit of
eating clay and ice, sleep disturbances, extreme
fatigue, sunken nails, breakage and hair loss (Atabey,
2005; Gerald, 2005; Halilova, 2009; Mleczek et al.,
2021). The human body typically contains 5 mg of iron,
which plays a vital role in iron metabolism by
transporting oxygen and electrons throughout the
body. Iron is a redox factor that facilitates many
enzyme reactions, including the oxidation and
reduction of substrates. Men and women consume
6% and 13%, respectively, of their daily food intake as
iron. However, in cases of severe iron deficiency, this
percentage can rise to 50%. Chronic iron overload is
mainly caused by a genetic disorder called
haemochromatosis or a condition that requires
frequent blood transfusions. A daily intake of 0.4-1
mg/kg body weight is considered safe for healthy
people and is unlikely to cause any adverse effects.
The accumulation of iron oxides in the lungs is called
"siderosis" and is often seen in people who work in the

Table 3. Comparison of the Literature data about the study samples

iron and steel industry (Aguilar et al., 2007; Mleckzek
et al. 2021; Shabab et al., 2005; Skeaff et al., 2006;
Wang et al., 2012).

Table 3 shows the closest results from previous
studies in the country that have examined
mushrooms. The species Marasmius oreades had the
highest content of iron and copper with 478.00 mg and
72.24 mg respectively. Meanwhile, the species
Coprinus comatus had the highest level of manganese
at 57.24 mg and the species Tricholoma terreum had
the highest level of zinc at 416.60 mg. Although the
results were high compared to the FAO/WHO criteria,
the mushrooms in the study could still meetimportant
mineral needs based on people's dietary habits and
frequency of mushroom consumption.

Although these species are widespread, their
edibility is not well known. However, this study
demonstrates the potential health benefits of
mushrooms whose medicinal properties are not yet
fully understood.

Comparison literature data Mushroom Species Fe Cu Mn Zn
Tricholoma terreum 86.160 37.360 7.920 416.400
Cinar Yilmaz 2021 Marasmius oreades 478.000 72.240 47.640 275.960
Coprinus comatus 295.680 50.640 57.240 152.400
Senetal., 2014 Tricholoma terreum - 28.90 43.15 68.07
T. terreum 4236.0 21.9 55.6 61.7
Dursun etal., 2006 Coprinus comatus 1354.8 48.7 24.0 51.6
T. terreum from road side 741 25 19 179
Yilmaz etal., 2003 T. terreum background 1042 39 20 228
Gengcelep et al., 2009 Marasmius oreades 305 9.23 26.7 61.2
Isildak et al., 2004 M. oreades 335 61.5 27.7 47.8
Isildak et al., 2007 T. terreum 253.65 34.86 23.23 54.13
Sesli et al., 2008 M. oreades 150 30.5 13 135
Uzun et al., 2011 M. oreades 17 54 18.4 260
T. terreum 49 77.2 12.3 17.02
Sesli and Tuzen, 1999 M. oreades 270 61.5 44 .1 77.4
C. comatus 264 71.4 12.3 32.0
Yamag et al. 2009 C. comatus 3640 60.60 81.40 63.40
Tuzen et al. 2007 T. terreum 963 32.8 120 88.3
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