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Fruiting bodics of Armillaria mellea, Boleius edulis, Bovisia
plumbea, Cantharellus cibarius  var. cibarius, Cantharellus
tubaeformis, Hvdnum repandum, Laccaria laccata, Lactarius
piperatus, Lactarius volemus, Laciarius circellarus, Lentinelfus
cachleatus, Lepista nuda, Lycoperdon pyriforme, Ramaria flava,
Russula delica, Tricholoma imbricanum and Tricholomopsis rusilans
were collected from oriental spruce stands of Arivin province in
Turkey. Micro- and macroelement contents in the fruiting bodies
were determined by atomic absorption specuometry after micro-
wave digestion. The results were (as mg/kg) 0.23-1.59 silver, 20.6~
79.5 aluminium, 0.23-2.74 cadmium, 0.55-2.72 lcad. 23.9-87.8
copper, 139-895 iron, 9.1-93.2 manganese, 38.8-194 zinc, 415~
1503 sodium, 22270-51455 potassium, 3508-3267 calcium and
674~1819 magnesium,
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INTRODUCTION

Mushrooms are valuable health foods, low in calories, high in proteins, iron.
zine, chitin, vitamins and minerals. In general, their fruiting bodies, on a dry
weight basis, contain about 39.9% carbohydrate, 17.5% protein and 2.9% lipids
with the rest constituting the minerals'. Mushrooms have a long history of use in
traditional Chinese medicine. Mushrooms have also been reported as therapeutic
foods, useful in preventing diseases such as hypertension, hypercholesterolemia
and cancer. These functional characteristics are mainly due to their chemical
composition®.

There are numerous species of wild edible mushrooms and their consumption
continues to increase in many countries. Wild growing mushrooms have been a
popular delicacy in many countries. Turkey has a large mushroom potential and
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Is becoming an important exporter of the species of wild growing mushrooms in
the world.

The specimens of macrofungi were collected during field trips in the Province
of Artvin in Turkey. Artvin is in northeastern Turkey on the Goruh River near the
Georgian border. A local market for agricultural and animal products, it is linked
by road with its port of Hopa to the northwest, which is on the Black Sea, and
with Erzurum to the south, Collecting area has a high rainfall and the high
humidity level during the autumn provides ideal atmospheric conditions for the
growth of many mushrooms. The mushrooms are picked from the forest and they
form an integral part of the diet during the growing months when these are
abundantly available.

In a previous work the levels of trace elements in the fruiting bodies of
macrofungi growing in the East Black Sea region of Turkey” have been studied.
Four metals were determined in 56 samples of 23 wild mushroom species by
Svoboda, Zimmermannova and Kalat®. The concentrations of Pb, Cd, Ag, Cu,
Mn, Cr, Co, Ni, Fe, Zn, Na, K, Ca, Mg in fruiting bodies of Xerocomus badius
and the underlying soil substratum were determined by Malinowska, Szefer and
Falandaysz®. Nutritional value of edible wild mushrooms collected from the
Khasi hills of Meghalaya were studied by Agrahar-Murugkar and Subbulakshmi®.
Lithium content of some common edible wild-growing mushrooms were deter-
mined by Vetter’. Micro- and macroelement contents in fruiting bodies of wild
mushrooms from the Notecka forest in West-Central Poland were studied by
Rudawska and Leski®.

On the other hand. Some  species. mainly from the genera Agaricus,
Macrolepiota, Lepista and Calocybe accumulate high levels of cadmium and
mercury even in unpolluted and mildly polluted areas. The concentrations of both
metals and also of lead increase considerably in the heavily polluted sites, such
as in the vicinity of metal smelters®,

In this study, micro- and macroelement contents of the commonly consumed
wild mushrooms collected from Artvin, Turkey were determined by AAS.

EXPERIMENTAL

The specimens of macrofungi were collected during field trips in the province
of Anvin in Turkey. The colour, odour and other apparent properties of
macrofungi were noted at the field. The specimens were examined in the
laboratory at the earljest convenient time after collection. All the spore measyre-

microscopes. Excised pieces of fungus pileus were moistened by addition of a
few drops of Clemencon’s solution [20 mL concentrated ammonia + | g glycer-
ine + 80 mL 96% ethanol} and then sectioned under a binocular loupe'®. The
mushrooms (Table-1) were identified according to Breitenbach and Krinzlin!!
Some specimens were deposited at the fungarium of Faculty of Fatih Education
at Karadeniz Technical University in Trabzon Province of Turkey.
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The samples were dried at 105°C for 24 h for chemical investigations. Dried
samples were homogenized using an agate homogenizer and stored in polyethyl-
ene bottles until analysis. All the plastic and glassware were cleaned by soaking
with the contact overnight in a 10% nitric acid solution and then rinsed with
deionized water. One gram of sample was digested with 6 mL of concentrated
HNOj, (Suprapure. Merck) and 2 mL of concentrated H,0, (Suprapure, Merck)
in Milestone Ethos D model microwave digestion system (maximum pressure
1450 psi and maximum temperature 300°C) and diluted to 10 mL with double
deionized water (Milli-Q Millipore 18.2 MQ cm™ resistivity). A blank digest was
carried out in the same way (digestion conditions for microwave system were
applied as 2 min for 250 W, 2 min for 0 W, 6 min for 250 W, 5 min for 400 W,
8 min for 550 W, vent: 8 min. respectively). The accuracy of the method was
verified by standard reference materials (SRM 1515 apple “leaves). A Perkin-
Elmer Analyst 700 model atomic absorption spectrometer with deuterium back-
ground corrector was used in this study. Silver, aluminium, lead and cadmium
levels in the mushroom samples were determined by HGA graphite furnace using
argon as inert gas. The other elements were determined in air-acetylene flame.

RESULTS AND DISCUSSION

All mushroom species analyzed in this paper are edible. Some species in our
study (Boletus edulis, Cantharellus cibarius var. cibarius, Hvdnum repandim,
Lactarius piperatus, Lactarius volemus and Lepisia nuda are popular and are
exported to Lzuropean destinations. Some other edible species (Armillaria meliea,
Bovista plumbea, Cantharellus tubaeformis, Laccaria laccata, Lactarius cir-
cellatus, Lentinellus cochleatus Lycoperdon pyriforme, Ramaria flava, Russula
delica, Tricholoma imbricanemn and Tricholomopsis rutilans) are collected only
for domestic use in the study area. We have observed that harvesting of
mushrooms in forests, either commercially or recreationally, is increasing in the
study area.

All metal concentrations were determined on a dry weight basis. Table-2
presents the results of the analyses of micro- and macroelement levels (as mg/kg)
in some edible mushroom samples collected from Artvin, Turkey. The lower and
higher silver content was found 0.23 mg/kg in Cantharellus cibarius var. cibarius
and 1.59 mg/kg in Lycoperdon pyriforme, respectively. Silver contents of
mushroom samples have been reported in the range of 0.24-38 mg/kgm; 4.0-5.5
mg/kg'?. Our silver levels were found to be lower than those reported in literature.

Aluminium content ranged from 20.6 mg/kg in Armillaria mellea to 79.5
mg/kg in Bovista plumbea. Aluminium contents of mushroom samples have been
reported in the range of 95-175 mg/kg'’: 8.5-365 mg/kg®; 7.9-943 mg/kg'?,
Aluminium is not considered to be an essential element in humans. Exposure of
aluminium has been implicated in a number of human pathologies including
encephalopathy/dialysis dementia, Parkinson disease and Alzheimer's disease!”.

The permissible aluminium dose for an adult is quite high (60 mg per day)'®.



1427

Contents of Edible Wild Growing Mushrooms of Turkey

Vol. 18, No. 2 (2006)

€LF LI  68F9CCI 8SYTFSHILE 09FLSY 9TFEST SVYFOPS ITFYUT 6STIH9 SO0F090 LOOFI80 TEFYIP SOOFLLO LI
09FSPL OSIFSPLT 098F 689Ly €V F8Ly TOFESL LEFSTr LSFIVY €CFC6C OLOFSTI €IOFOP L SEFC8 L00FT90 9
LOFYZEL BOFO8LI OOLFOSTIC O8F¥S8  OIFZ01 6% F8SS 1TF8ET SEFTLY 0TOTFCET ROOFLLO ¢vTI¢Tr SO0FH60 S|
SLFOLS TOLFBLYI 69SFOVSLY SETPLE  OVF8LL TSTFEYS 99FPSL LVF6IS BI0F 961 SIOFSLT I'PF 165 POOF9C0Q vl
98 FOSII ¥T1 FS00T v€6 FOTYLE €O FOOV] PIFOST STF661 LSTEI9 SCFO6E TIOFEET OLOFVET €T LS9 €1OFOw | €|
6LFSY6  SOFL66 OLYFO9LSE SYFO0S VLFYL8 LPFTEL PLFO6SL 6STFSS vIOFEST INOFENT 1STFLES L00FI80 2l
SOLF 601 ITFILYT 908F STy SOF90L €8FLT6 6TFLIC CHPFL8F 8vFIPS LOOTFI80 91'0F06T 9CFSSO QIOFZITL Il
TEIFL89]  SLTF68SI OL8FESLOY SOIFOSTI TIFSEL 1'1FTOI vhFv0S TOFTSY 800F 680 0OTFLLO I'TFSLT SOOT060 Ol
89F9L6 BEIFOVPST 086 FSLVOS 98F8L6 SOFS98 9t F8Sy 09F0L9 €STFLI SIOFELT vI'OFIST €SF989 SOOFLHO 6
€TI FO8SI 9v1 T 5661 L8IFOBYIT 96F SOl VITFVSI LEFSOr SEF68E €SFTPY €IOTLST 800FT60 SEF69S 00FIH0 3
LLF 8001 VLI FL8ST SO9OFSL8TT vLFQ98 LEFVIP STFRLL €1FTSI €STFLEY LOOFSLO SOOFEY0 6vFTE9 600FSCT L
6LFLVCI 99T 8L LSLFOLIST (STO8S €9FTHL VIFESI ZTFSOT  LETHOb SOOFLYO TOOFSTO CEFI'9 900F9L0 9
88FOEYl Ly F80S 08LFO0968¢ ISTFOV9 89F98L CCT8PE 6VFOSS 9CFETIY 600FL80 61'0FCST LTTSEE S0O0FTZLO S
BSFTEL LEF68S 09SFO00PT SEFOSY LTFSIP 61FITC 91FT0E €1FTST OIOFVT] COOFLED S0FT0E T0OFSTO 't
VS F 98  L9TFO000C OLIFO086E €9F¥SL VSFCHYY $9FLYL GLFOI8 9LFTO08 O0TOFIST SOOFYSO 9CTF6SL t00FW0 '€
SOF8STI 9LFYLY BL8FEYSOT OLFE08 €VFTSS 1STFOPS 9SFHY ¢SFECO [I0FITE €IOFIS] 61FSLI €00F6£0 T
901 F LSEI 00T F¥9ST 889 F LYBLT 68F 196 88F9G6 9LFOC SCF6LS TCFSLE 010F660 LIOFSET TIF¥6l OIOFZIT |
3N o) A EN uz U 34 nD qd PO v 3y odweg

ATNANL ‘NIALIY WO¥H GILOFTT0D SFTINVS INOOYHSNIIN NI (BY/EW SY) STIATT INIWETE OdDVIN ANV Q¥DIN

-d71dVvl



1428 Sesli ef al. ' Astan J. Chem.

The higher and lower cadmium concentration was found 2.74 mg/kg in
Cantharellus tubaeformis and 0.23 mg/kg in Hydnum repandum, respectively.
Cadmium contents of mushroom samples in literature have been reported in the
range of 0.81-7.50 pg/g®. 0.14-0.95 pg/e'’, 0.28-1.6 py/e'®, 0.12-2.60 pe/e’.
Our cadmium values are in agreement with those reported in literature. Cadmium
is accumulated mainly in kidneys, spleen and liver and its level in blood serum
increases considerably following mushroom consumption’. The lead (Pb) content
ranged from a high of 2.72 mg/kg in Bovista plumbea to a low of 0.55 mg/kg in
Tricholomopsis rutilans. 1.ead contents of mushroom samples in literature have
been reported in the range of 0.40-2.80 ug/g*, 0.75-7.77 pg/g'®, 1.43-4.17 pg/e™,
0.75-1.99 pg/g'’. These results conform to the FAO/WHO?! standards for Pb and
Cd toxic metals. The maximum permissible dose for an adult is 3 mg lead and
0.5 mg cadmium per week. k

The copper levels had ranges of 23.9-87.8 mg/kg for Cantharellus cibarius
var. cibarius and Bovista plumbea, respectively. Copper contents of mushroom
samples in literature have been reported in the range of 4.71-51.0 pg/g, 12181
ng/e', 10.3-145 pg/e’, 34.5-83.0 pg/g™. 10.0-14.0 pg/e®, 13.4-50.6 ug/e'’,
respectively. Copper contents found in this study are in agreement with those
reported in literature. Copper concentrations in the accumulating mushroom
species are usually 100300 mg/kg dry matter, which is not considered a health
risk”.

The iron (Fe) content of the mushrooms ranged from 139 mg/ke in Laccaria
laccata 10 895 meg/kg in Bovista plumbea. The average iron contents for the
mushrooms were 509 mg/kg. Iron values in mushroom samples have been
reported in the range of 31.3-1190 pg/g”. 568-3904 pg/g™, 56.1-7162 pg/p™,
102-1580 pg/e', respectively. Our iron values are in agreement with those
reported in literature. It is known that adequate iron in a diet is very important
for decreasing the incidence of anemia.

The manganese (Mn) content of the mushrooms studied ranged from 9.1 mg/kg
in Lactarius volemus 10 93.2 mg/kg in Armillaria mellea. The reported manganese
values in literature for mushrooms were [4.2-69.7 pele, 21.7-74.3 ugle, 7.1-81.3
ug/g”' 20.25 respectively. Our manganese values are in agreement with those
reported in literature.

The zinc (Zn) content was the least (38.8 mg/kg) in Cantharellus cibarius var,
cibarius, whereas in Ramaria flava, it was the highest (194 mg/kg). Zinc
concentrations of mushroom samples in the literature have been reported in the
range of 33.5-89.5 pg/g'’; 29.3-158 ug/p™, 45-188 pg/g™. Zine is known to be
involved in most metabolic pathways in humans and zinc deficiency can lead to
loss of appetite, growth retardation, skin changes and immunological abnormal-
iies.

The order of the levels of macro elements in the mushroom species was found
to be as K > Ca > Mg > Na. The sodium content ranged from a low of 415 mg/kg
in Cantharellus cibarius var. cibarius 10 a high of 1503 mg/kg in Lycoperdon
pyriforme whereas the potassium ranged from a low of 22270 mg/ke in Laccaria
laccata o a high of 51455 me/ke in Lacrarius piperats. The calcium content
was the highest (3267 ma/ke) in Bovisra plimbea, whereas it was the lowest (508
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mg/kg) in Cantharellus iubaeformis. In human body, calcium has a vital rule in
bone structure and dietary calcium plays an integral role in the maintenance of
normal blood pressure. Magnesium levels ranged from 674 mg/kg in Cantharellus
cibarius var. cibarius 10 1819 mg/kg in Lactarius volemus, with an average of
128 mg/kg. Magnesium has ar important role in all biosynthetic processes and
is also essential in the activation of more than 300 enzymes in human body. K.
Ca and Mg levels in mushroom samples have been reported in the range of
10.3-55.1, 0.2-3.6, 0.3-1.2 g/kg. respectiveiyg.
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