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ABSTRACT

The aim of this study was to determine the content of fat and fatty acids profile in wild
Boletus edulis. The research material consisted of 33 samples of wild Boletus edulis in the
form of caps and stems, collected from selected regions of Poland. Methyl esters of fatty
acids were prepared by Peisker’s method. Separation of the examined compounds was
performed by gas chromatography (FID). The dominant fatty acids in all samples under
study were: C18:2, C18:1 and C16:0. The profile of fatty acids in Boletus edulis varied
between the regions where the mushrooms were collected as well as the morphological
parts of the fruiting body.
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1. INTRODUCTION

Edible wild mushrooms are a raw material consumed in many countries of the world as a
delicacy (RIBEIRO et al., 2009). They are most appreciated by gourmets as well as
enthusiasts of mushroom plckmg which, apart from being a piece of cultural heritage, has
recently become a highly valued recreational activity (KALAC, 2009; 2013). Widespread
consumption of mushrooms is related primarily to their taste and smell properties, which
give a sophisticated flavor to dishes. In our previous studies we examined the
toxicological aspects of edible mushrooms (chlorinated hydrocarbons residues) due to the
fact they are considered to be bioindicators of the level of environment contamination
(GALGOWSKA et al., 2012). Nevertheless, in recent years, researchers have begun to focus
on to their significant role in human nutrition. The growing awareness of consumers of
food quality has made mushrooms a subject of scientific interest. The attention of
researchers has been focused on their chemical composition and content of necessary
nutrients essential for basic human diet supplementation. Since the last decade, a synoptic
knowledge of the composition and nutritional value of the most important species of
edible mushrooms has been available.

Bano suggested that the food value of mushrooms lies between vegetables and meat.
Mushrooms are source of beneficial bioactive compounds (BANO, 1976). They are quite
rich in protein, providing all the essential amino acids and contain relatively high amounts
of carbohydrates and fiber (KALAGC, 2009). Due to the fact that mushrooms have a low fat
content, they are considered low-energy functional foods, which could significantly
contribute to the design of healthy dietary patterns (ALOBO, 2003; BARROS et al., 2007;
KAVISHREE et al., 2008; LEE et al., 2011). They contain significant amounts of vitamins
and vitamin precursors, minerals and trace elements (KALAC, 2009; 2013). Mushrooms
also include sterols, with the predominance of ergosterol, the precursor of vitamin D
(KALOGEROPOULOS et al., 2013). Apart from rich composition, mushrooms have
therapeutic properties, including prevention of such health problems as: atherosclerosis,
diabetes mellitus, chronic inflammation, cancer and aging (YILMAZ et al., 2006).

Physical and psychological development and health maintenance involves supplying the
human body with proper nutrients, including animal and vegetable fat (BARROS et al.
2008, MOIOLI et al., 2007). Lipids are a basic component of a diet and play many varied
roles in the organism, primarily as the richest and the most concentrated source of energy
(GAWECKI and HRYNIEWIECKI, 2000). Lipid consumption provides the body with the
proper amounts of fatty acids, including saturated (SFA), monounsaturated (MUFA) and
polyunsaturated fatty acids (PUFA). Although each member of the group of fatty acids is
important in the human diet, it is also necessary to preserve the relative proportions of
their consumption. Interest in MUFAs is related to their function in preventing
cardiovascular diseases such as atherosclerosis (HUNTER et al., 2010; KANU et al., 2007;
MOTARD-BELANGER et al., 2008; VON SCHACKY and HARRIS, 2007). The dietetic
value of fat is to the highest extent, determined by the presence of PUFAs in its content,
particularly of linoleic (C18:2 n-6) and a-linoleic acid (C18:3 n-3), which form a family of
so-called “essential” fatty acids (INNIS, 2005, PRZYSLAWSKI and BOLESLAWSKA,
2006). They are converted to tissue hormones, which affect the functions of numerous
tissues and organs and reinforce or weaken the regulatory effect of the hormonal and
nervous systems. EFAs (essential fatty acids) prevent blood clotting and hypertension.
Additionally, they increase the blood supply to the heart and contribute to the proper
distribution of cholesterol in the body (KRIS-ETHERTON and ETHERTON, 2003;
WILLIAMS, 2000).

Polish literature contains only few references concerning the profile of fatty acids in edible
mushrooms. Based on international reports, mushrooms contain significant amounts of
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unsaturated acids and low amounts of saturated acids (RIBEIRO et al., 2009; KALAC, 2009;
2013; BARROS et al., 2007; KAVISHREE et al., 2008; YILMAZ et al., 2006; BARROS et al.,
2008; PEDNEAULT et al., 2006). This is an important reason to recommend the raw
material in various diets. The growing interest in the consumption of edible mushrooms
provides an incentive to carry out a broad scope of analytical research concerning the
composition of fatty acids in these raw materials.

In Poland, the picking and consumption of mushrooms is very popular due to the
occurrence of large areas of forests. Of the many species of mushrooms, Boletus edulis, (a
member of the Boletaceae family), is highly valued by consumers due to its unique flavor
characteristics.

Taking the above into account, the aim of this study was to determine the content of the fat
and fatty acid profile in wild Boletus edulis, indicate potential differences in the
composition of fatty acids between the various morphological parts and examine the
impact of the mushrooms’ vegetative sites on the fatty acid profile.

2. MATERIALS AND METHODS

The research material consisted of 33 samples of whole fruiting bodies of wild Boletus
edulis from four selected regions of Poland (Fig. 1) and 29 averaged samples in the form of
caps and stems, collected in 2010 during the period from July to September. The samples
were prepared (selected, cleaned, dried in a fruit and vegetable drier) according to PN-
68/ A-78508-1968 (PN-68/A-78508-1968). The dried and finely cut-up material was
subjected to extraction in a Soxhlet’s apparatus in order to obtain lipid substances PN-A-
78509:2007 (PN-A-78509:2007). Methyl esters of fatty acids were prepared by Peisker’s
method, using a mixture of methyl alcohol, sulphurous acid and chloroform (PEISKER,
1964).

Figure 1: Location of sampling of Boletus edulis.
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Separation of the examined compounds was performed by gas chromatography. The
conditions of chromatographic separation involved a gas chromatographer (7890A Agilent
Technologies) and a flame ionization detector (FID); capillary column Supelcowax 10:
length - 30 m, inside diameter - 0.32 mm, liquid phase — Supelcowax 10, film thickness 0.25
um; temperature: detector — 250°C, dispenser — 230°C and column — 195°C; carrier gas -
helium, flow rate - 1.5 ml/min (51 cm/s); split 50:1.

The identification of fatty acids was carried out on the basis of their retention time in
relation to the standard retention time of fatty acid methyl esters. For this purpose, a
mixture of 37 standards of Supelco 37 Component FAME Mix (10 mg/ml in methylene
chloride (varied)) was applied. For the calculation of the percentage share of fatty acids, a
Chemostation computer program was used. In the experiment, there were 17 fatty acids
identified from C12:0 to C24:1, which were divided into three groups: saturated (SFA),
monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA).

Statistical analyses were conducted with Microsoft Excel software, which included
calculation of the mean values as well as the standard deviations. The significance of
difference of the mean values between the samples was determined using Statistica 10
software (Duncan’s test, analysis at the level of significance of p=0.05).

3. RESULTS AND DISCUSSIONS

The fatty acid profiles of Boletus edulis are shown in Tables 1 and 2 and in Figs. 3 and 4.
Statistical differences were found in the fat content, depending on the morphological parts
of a mushroom. The average fat content in caps and stems of Boletus edulis was 4.38% and
1.75%, respectively (Fig. 2).

In Boletus edulis there 17 different fatty acids from C 12:0 to C24:1 were determined. Table
1 presents the fatty acids composition in whole fruiting bodies of wild Boletus edulis
depending on research regions.
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Figure 2: The average content of fat in Boletus edulis depending on the morphological parts of fruiting body.
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The content of every fatty acid was varied depending on the region. Analyzing the
dominant acids (C16, C18: 1 and 18: 2), the highest percentage of palmitic acid was found
in the region B, while the lowest - statistically different from the rest - in the region A.
However, for the region A, was the highest percentage share of C18:1 acid reported. The
lowest contribution of this acid was observed for the region B. In the case of C18:2 acid no
statistically significant differences were found between regions A and B. The highest
content of this acid was indicated for the region D, and the lowest for region C.
Determinated differences between regions can be related with different composition of the
soil, weather conditions, et al.

Table 1: The fatty acids profile in Boletus edulis originating from different regions of Poland (n= 33).

Region
Fatty acids A B C D
(n=4) (n=9) (n=10) (n=10)
C12:0 0.100.00% 0.41+0.06° 0.22+0.04° 0.77+0.09°
C14:0 0.13+0.01% 1.1120.18° 0.65+0.11° 0.76+0.13°
C15:0 0.10+0.00% 0.89+0.14° 1.00+0.13° 0.50+0.09°
C16:0 8.39+0.42% 28.84+3.35° 25.10+1.03° 16.82+1.21°
C16:1 0.75+0.06% 1.69+0.14° 1.50+0.18° 1.1120.19°
C17:0 0.10+0.00% 0.24+0.04° 0.32+0.07° 0.19+0.03°
C18:0 3.12+0.04° 2.87+0.27%° 2.78+0.38% 2.49+0.30°
Cc18:1 44.75+0.70° 19.56+3.11° 31.71+2.56° 24.33+0.95"
C18:2 40.71+0.51° 40.07+4.02° 32.78+2.60% 50.62+2.00°
C18:3 0.31£0.02° 1.3020.22° 0.60+0.12° 0.42+0.06"
C20:0 0.40+0.01° 0.23+0.02% 0.27+0.06%° 0.40+0.07%°
C20:1 0.74+0.05" 0.35+0.06" 0.73+0.11° 0.35+0.05%
C20:2 0.20+0.01% 0.92+0.16° 0.29+0.04° 0.18+0.02%
C22:0 0.26+0.08° 0.68+0.09° 0.54+0.06% 0.44+0.06"
c22:1 0.16+0.04% 0.23+0.04% 0.53+0.08° 0.43+0.07°
C24:0 0.10+0.00% 0.51+0.10° 0.77+0.11° 0.10+0.02%
C24:1 0.11+0.01% 0.10+0.00% 0.22+0.05" 0.10+0.01%

¢ The significance of difference of the mean values between the samples; p = 0.05.

A similar relation in the case of content of predominant fatty acids (linoleic acid (C18:2),
oleic (C18:1) and palmitic (C16:0)) in this species was also observed by other authors
(KAVISHREE et al., 2008, BARROS et al. 2008). In presented studies, linoleic acid content
ranged from 32.78-50.62%. A similar amount of C18:2 was found by the following authors:
BARROS et al. (2008) - 44.32% (Portugal), KAVISHREE et al. (2008) - 33.80% (India),
PEDNEAULT et al. (2006) - 42.20% (Canada), YILMAZ et al. (2006) - 33.60% (Turkey). The
content of C18:1 acid in the Boletus edulis under study ranged from 19.56 to 44.75%. In their
research BARROS et al. (2008) found 39.72%, PEDNEAULT et al. (2006) - 36.01%,
KAVISHREE et al. (2008) - 31.10%, YILMAZ et al. (2006) - 30.20%. Palmitic acid (C16:0) was
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found in samples in the range of 8.39 - 28.84%. The content of the acid in the studies of
PEDNEAULT et al. (2006) was that of 9.80%, of KAVISHREE et al. (2008) - 21.60% and of
BARROS et al. (2008) - 10.03%.

In none of the samples were short-chained fatty acids detected, while BARROS et al. (2008)
and PEDNEAULT et al. (2006) observed the presence of trace amounts of C6:0, C8:0 and
C10:0 in Boletus edulis. The presence of fatty acids in the trans configuration was also not
stated.

The obtained results varied depending on the morphological parts of the mushroom, what
is presented in Table 2.

Table 2: The fatty acids profile in Boletus edulis depending on morphological parts of the mushroom.

Fatty acids Caps Stems

(n=15) (n=14)
c12:0 0.57+0.16° 0.30+0.07%
C14:.0 0.69+0.03% 0.61+0.07%
C15:0 0.46+0.11% 1.4520.20°
C16:0 15.964.77° 35.95+0.95"
Cc16:1 1.11x0.07° 1.9420.11°
C17:0 0.16+0.02° 0.26+0.06"
C18:0 2.69+0.48% 2.40+0.14%
c18:1 34.510.80° 20.69+1.12%
c18:2 40.71+1.41° 32.68+1.18%
Cc18:3 0.90+0.20° 0.48+0.04°
C20:0 0.36+0.08% 0.33+0.02%
C20:1 0.61+0.09° 0.35+0.05%
C20:2 0.26+0.06% 0.18+0.03%
C22:0 0.36+0.03% 0.85+0.11°
c22:1 0.31+0.08% 0.55+0.07°
C24:0 0.23+0.02° 0.86+0.12°
C24:1 0.10+0.01% 0.11+0.02%

¢ The significance of difference of the mean values between the samples; p = 0.05.

The predominant fatty acids in caps were C18:2, C18:1 and C16:0 (40.71%, 34.51%, 15.96%,
respectively). In the case of three predominant fatty acids in stems, the biggest share had
C16:0 (35.95 %), next — C18:2 and C18:1 (32.68%, 20.69%, respectively).

In the examined morphological parts of the mushrooms statistically significant differences
in the content of C18:2 acid were found, where in the caps 40.71% was determined and
32.68% in the stems. The stems of the same species of mushroom from Turkey had 28.40%
C18:2 acid content (YILMAZ et al., 2006). A statistically significant difference in the content
of oleic acid (C18:1) in the caps (34.51%) and stems (20.69%) was found. The content of this
acid in the stems at level of 8.30% was determined by YILMAZ et al. (2006). The stems of
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Boletus edulis (35.95%) were characterized by a significantly higher content of C16:0 acid
compared to caps (15.96%).

The content of other fatty acids ranged from 0.10 - 2.69% and was dependent on the
morphological parts of the mushroom.

It was found that the percentage share of each group of fatty acids (SFA, MUFA PUFA) in
the studied morphological parts of Boletus edulis was statistically different (Fig. 3).

DA 50 B Caps
43.01b 41.87b

Stems

NI

SFA MUFA PUFA

*IThe significance of difference of the mean values between the samples; p = 0.05.

Figure 3: Percentage contribution of SFA, MUFA, PUFA in Boletus edulis depending on morphological parts
of the mushroom.

In the case of saturated fatty acids the share was about twice as high in caps (43.01%) than
in the stems (21.48%). The caps were characterized by a higher contribution of
monounsaturated (36.64%) and polyunsaturated fatty acids (41.87%) compared to the
stems (23.64% and 33.34%, respectively).

The main groups of fatty acids present in the mushrooms under study were unsaturated
fatty acids (from 64.22 to 87.73 %). PEDNEAULT et al. (2006) also obtained similar
amounts 84.50%. There were significant statistical differences found in the contents of
particular groups of fatty acids (SFA, MUFA, PUFA) in Boletus edulis from different
regions (Fig. 4). The analyzed samples had the largest share of polyunsaturated (33.67 -
51.21%) and the lowest contribution of saturated fatty acids 12.70 - 35.78%.

The biggest share of unsaturated fatty acids (41.22% of PUFA and 46.51% of MUFA) was
observed in Boletus edulis from region A (87.73%). In the regions B and C there were
similar contributions of unsaturated fatty acids (64.22% and 68.35%, respectively)
determined. Nevertheless the region B characterized the higher content of PUFA (42.29%)
and only 21.92% of MUFA, while in the region C there was indicated 33.67% of PUFA and
34.68% of MUFA. The mushrooms from the region D were the richest source of PUFA
(51.21%) (Fig. 4).
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*AThe significance of difference of the mean values between the samples; p = 0.05.

Figure 4: Percentage contribution of SFA, MUFA, PUFA in Boletus edulis originating from different regions of
Poland.

4. CONCLUSIONS

The profile of fatty acids in Boletus edulis varied between the regions where the
mushrooms were collected as well as the morphological parts of the fruiting body. This
confirms view of SANMEE et al. (2003) and DIEZ and ALVAREZ (2001), that a number of
factors usually influence the nutritional composition of mushrooms. These factors include
growing site, type of substrates, mushroom type, developmental stages and part of the
fungal samples analyzed (DIEZ and ALVAREZ, 2001; SANMEE et al., 2003). The observed
differences in the fatty acids content in mushrooms under study may result, among others,
from the different chemical composition of the substrate in particular regions. However,
this thesis requires confirmation in further studies.

In terms of human nutrition, caps of Boletus edulis are a more valuable raw material than
stems due to the significantly higher content of MUFA and PUFA and lower SFA. Among
polyunsaturated fatty acids, the most noteworthy is linoleic acid C18:2 (Q-6), which is a
precursor of l-acetic-3-ol the major component of mushrooms giving them a specific
aroma (RIBEIRO et al., 2009; BARROS et al., 2007). The high content of this acid in Polish
Boletus edulis provides that the mushroom may be recommended in different types of diets
for people with high blood cholesterol (KAVISHREE et al., 2008; VAZ et al., 2011).
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