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ABSTRACT

Eleven trace elements (Macro elements-Na, K, P, @@, and micro elements-Zn, Cu, Mn, Fe, Pb, Cd) in
sixdifferent mushroom species were determinedgutame photometer, spectrophotometer and atonmsorgdion
spectrometry after microwave digestion. The musmogamples were collected from Western Ghats ofidgfai
forest regions, Karnataka. The ranges of elemententrations for macro elements Na, K, P, Ca andwWége
1.340.1-3.940.3,followed by 1.5+1.0-22.342.1, 1.4406.440.5, 0.2040.01-1.440.1 and 0.1040.02-1.5+0nhereas
micro elements such aszn, Cu, Mn, Fe, Pb and Ce wW2r1+3.3-65.445.3, 9.440.5-43.943.9, 13.941.2-948.1,
179+10.8-381+25.4, 7.940.8-12.2+1.1 and 0.1140.0168+0.04mg/kg, respectively.

Keywords. Trace elements; Macro and micro elements; Wild Masims; Atomic absorption spectrometry;
Western Ghats

INTRODUCTION

Mushroom is a fleshy, spore bearing fruiting baayyngus, typically produced above ground on sodrits food
source. Mushroom is most often applied to fungisiB@mycota, Agaricomycetes, order Boletales amdilfa
Boletaceae) that have stem (stipe), a cap (Pikeud)gills (Lamellae) on the other side of the Cilpe seasons are
normally wet and mild. The climate, especially prisg and autumn, is ideal for fungal growth [1]ushrooms
such as théPleurotusspecies are known to be among the largest fungiaprophytic eukaryotes composed of
hyphae filament that thrives very well in damp ooish condition, some mushrooms especially membérthe
genusAmanitasp are extremely poisonous [2].

Mushrooms are important in ecosystem because ttewlde to biodegrade the substrate and therefegethe
wastes of agricultural production [3]. Heavy meatahcentrations in mushroom are considerable hitgtzer those in
agricultural crop plants, vegetables and fruit [Mushrooms are valuable health foods, low in calyrihigh in
vegetable proteins, iron, zinc, chitin, fibre, witms and minerals. Mushrooms also have a longlyistbruse in
traditional Chinese medicine [5]. In general, thiiiting bodies, on a dryweight basis, contain @b89.9%
carbohydrate, 17.5% protein and 2.9% fats withrdst constituting theminerals [6, 7]. Wild-growingacrofungi
have been a favouritedelicacy in many countriesné&Speople collect macrofungito make a substantiatribution
to food intake.Therefore, it is necessary to knbevlevels of toxic and essential elements in edilshrooms [8].

Many wild growing species accumulate elements gh ldoncentrations, especially cadmium, mercuryd laad
copper, considerably exceeding those in other fo&dkble mushrooms may contain higher amounts @ivie
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metals than plants. Mushrooms have been considerathy food because they contain high quality girotvhich
contains all the essential amino acids, vitamin®88,C and D and minerals such as A, K, Zn, Na, Fe, Ragnd
low fat [9].

Mushrooms have been a food supplement in varioltsres and they are cultivated and eaten forthdibikty and
delicacy. They fall between the best vegetablesamiichal protein source. Mushrooms are considerezbasce of
proteins, vitamins, fats, carbohydrates, aminosaeitd minerals [10]. All essential amino acids@esent as well
as water-solublevitamins and all the essential raisd11]. Mushroom are good sources of vitamike liboflavin,
biotin and thiamine [12,13], indicated that mushmois about 16.5% dry matter out of which 7.4% igder fiber,
14.6% is crude protein and 4.48% is fat and oibtéin contents vary between 4 to 9%Aaricularia sp and
between 24 to 44% iAgaricus pecies. The protein value of mushrooms is twicthasof asparagus and potatoes,
four times as that of tomatoes and carrots, antimias as that of oranges [10].

In recent times, mushrooms have assumed greatevrtamge in the diets of both rural and urban dwelle
Mushrooms are now marketed along major highwaysusibdn centers. They are also relatively much obietifan
beef, pork and chicken that contain similar nutsei4]. Hence, the purpose of this study is tedetnation of
trace elements (Na, K, P, Ca, Mg, Zn, Cu, Mn, He,aRd Cd) in fruit bodies of some mushroom spefii@s
Western Ghats regions of Shivammogga, Karnataka.

EXPERIMENTAL SECTION

Collection of M ushrooms

Fresh and succulent mushroom samples were obt&ioedfive different vegetation sites, tropical wetergreen
forest, tropical semi evergreen forest, moist dewits forest, dry deciduous forest and tropicalrtforest [15] of
Western Ghats forest regions of Shivammogga (sitlbetween 13°27' and 14°39' N latitude and 74188'76°34"'
E longitude) district, Karnataka, India, in themaseason, between the months of June-October, 2013

Characterization, | dentification and Preservation of M ushrooms

Each of the collected samples were characterizedigentification was done by comparing their modpleal,

anatomical and physiological characteristics asrilesd [16, 17] monographs with descriptions giuethe manual
[18] and also through the electronic data on idieation keys of mushrooms [19]. All the specimensre
preserved in the Department of Post Graduate Stwadid Research in Applied Botany, Mycology LabanatBio-

Science Complex, Jnana Sahyadri, Kuvempu UniverSiywvammogga (Dist), Karnataka, India. The analygas
made at the same Department and the Central CRH#eearch Institute (CCRI) Balehonnur, Chickamageistrict

of Karnataka, India.

M ushroom handling procedures

Collected samples were sun-dried for two to fouysdas a means of preservation. The sun-dried mostwovere
homogenized and stored in acool, dry and air tighitainer to avoid growth of other fungi during trealysis. Sun-
dried mushrooms were weighed in a crucible in quplitate, dried to constant weight in an oven a#G%C for

24hours and then cooled in desiccators and weighath prior to grinding.The dried mushroom was grbto fine

powder using clean pestle and mortar, this powdas wtored in an air tight black polythene bag anro
temperature, until required for use.

ANALYSISOF TRACE ELEMENTS

The crude powder (2g), before subjecting it to masi organic solvents, was ashes in an oven at &0°Ghours,
0.5g of the cooled ash was digested by heating2faurs with a mixture of 10ml Hydrochloric acid (HC
Nitricacid (HNQO;) and Hydrogen tetra oxochloric acid (HC}OThe digested mixture was evaporated down to 5ml
using rotator evaporator; it was then made up tml2ith 2M HNGO; and to which was added 30ml of distilled
water and kept in a 100ml beaker. Reagent blanlpksmvere also prepared, these sample were andigzedn,

Cu, Mn, Fe, Pb and Cd using Winlad 32 software 8atomic absorption spectro photometer (AAS), white K,

P, Ca and Mg, were determined by flame emissiontepghotometry [20].
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DETERMINATION OF MICRO ELEMENTS

Analysis of Zinc, Copper and M anganese

The 2ml of digested samples were taken and diltaesDm| and the sample was aspiratedof at the wagéh of
213.9, 324.75 and 279.5 of AAS to detect concdotrabf Zn, Cu and Mn respectively. Finally, the wed of
micronutrients are expressed in ppm by the hefpltfwing formula [21].

ppm of Zn / Cu / Mn = ppm / 1000 x Dilution factor x Volume of sample digestion made / Weight of the
mushroom sample x 100

Analysisof Iron, Lead and Cadmium

The 2ml of digested samples were taken and dilttddOml. The presence of lead andcadmium weretetevith
the help of AAS by aspirating the sample at the el@vgth of 217nm and 228nm with appropriate larijbpe ppm
of lead and cadmium were calculated by the hefpltfwing formula [21].

ppm of Fe/ Pb / Cd = ppm / 1000 x Dilution factor x Volume of sample digestion made / Weight of the
mushroom sample x 100

DETERMINATION OF MACRO ELEMENTS

Determination of Sodium / Potassium

The concentration of potassium was determined with help of flame photometer using separate stasdaf
potassium. The yellow colored solution was aspitadé¢ the wavelength of flame photometer to detbet t
concentration of potassium. Finally the percentafgeotassium was calculated with the help of follegvformula.

% of Na/ K = Graph ppm / 106 x Dilution factor x Volume of sample digestion made / Weight of the
mushroom sample x 100

Deter mination of Phosphorous

Orthophosphate (phosphorous) present in the musiwomas determined by vanadomolybdate yellow colour
method. The 5ml of aliquot of mushroom digested wasen in 50ml volumetric flask and mixed with 10ml
vanadomolybdate reagent. Having thoroughly mixedfittal volume was adjusted to 50ml by distillectevaAfter
30min the developed yellow colour was measured ospectrophotometer at 470nm. The concentration of
phosphorous was calculated with the help of stahdeaph. The percentage of phosphorous is calculaith the
help of following formula.

% of P = Graph ppm / 106 x Volume of digestion made / Aliquot x Volume of sampledigestion made/ Weight
of the mushroom sample x 100

Determination of Calcium and M agnesium

1ml of aliquot mushrooms digested material was riake50ml by volumetric flask, finalvolume was asfied to
50ml by adding distils water. The presence of calcand magnesium were determined at the wavelet&#tty and
228.2nm of AAS respectively. The percentage of imelcand magnesium were calculated with the help of
following formula.

% of Ca/ Mg = Graph ppm / 106 x Dilution factor x Volume of sample digestion made / Weight of the
mushroom sample x 100

STATISTICAL ANALYSIS

Experimental values are given as means + standasidtibn (SD). Statistical significance was detered by one-
way variance analysis (ANOVA). Differences at P.@®were considered to be significant.
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Table 1: Collected Wild Mushroom samples encountered in forest regions of Shivammogga

Sl. No | Vernacular Name | Species Name Encountered forest regions | Habitat Edibility
1 Kulebaddeanabe | Scleroderma bermudensge Sringeri Terricolou: | Edible
2 Haigenanabe Hygrocybe parvula Haniya Terricolout | Not known
3 Nakshathranabe | Geastrum triplex Kotegudda Terricolou: | Not known
4 Maradanabe Ganoderma applannatum Kodachadri Lignicolous | Suspect
5 Maradanabe Ganoderma sinense Aagumbe Lignicolous | Suspect
6 Kolikalanabe Clavaria rosea HulikalGhat Terricolous | Not known

Table 2: Concentration of trace microelements (as mg/kg) in mushroom species

M ushr oom species Zn Cu Mn Fe Pb Cd

Scleroderma bermuder | 48.1+3.2| 14.4+0.9 16.4+1.%5 179410[8 10.2+0.D.12+0.01
Hygrocybe parvula 50.9+1.1| 39.3+2.3 35.0+1.2 2274207 11.1+0.6.68+0.04
Geastrum triplex 42.1+3.3| 26.3+t1.5 13.9+1.2 202+11}2  8.9+0{40.19+0.01
Ganodermaapplanatur | 52.8+4.6| 12.9+1.00 21.9+1.83 331+22|6 9.940/30.11+0.01
Ganoderm sinens 65.445.2 | 9.440.F | 24.8+1.5 | 37€+21.C | 7.9+0.6 | 0.13+0.01
Clavaria rosea 57.9+4.7| 43.9+3.9 94.3+8.1 381+25{4 12.2+1.0.11+0.01

Table 3: Concentration of trace macro elements (as mg/kg) in mushroom species

M ushroom species Na K P Ca Mg
Scleroderma bermuder | 1.3+0.1 | 10.2+0.7| 2.4+0.1 0.22+0.07 Oz
Hygrocybeparvule 1.4+0.1| 1.5+1.0| 5.8+0.6 0.20+0.010.14+0.0:
Geastrum triple 2.4+0.1| 13.0£1.1| 2.7+0.2 1.3+0.1 1.1
Ganoderm applanatun | 3.240.2 | 9.2+0.6 | 1.4+0.1 | 0.27+0.0¢ | 0.1¢+0.01
Ganodermasinens 1.6+0.1| 9.5¢0.8 | 1.6+0.7] 0.36x0.02 0204
Clavaria rosei 3.940.3| 22.3+2.1| 6.440.5 1.4+0.1 1£0.1

MICRO ELEMENTS

Fig 1: Distribution of zinc (Zn) in mushroom species
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Fig 2: Distribution of copper (Cu) in mushroom species: 1. S. bermudense; 2. H. parvula; 3. G. triplex; 4. G. applanatum; 5. G. sinense and
6. C.rosea
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Fig 3: Distribution of manganese (M n) in mushroom species: 1. S. bermudense; 2. H. parvula; 3. G. triplex; 4. G.applanatum; 5. G. sinense
and 6. C. rosea
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Fig 4: Distribution of iron (Fe) in mushroom species
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Fig 5: Distribution of lead (Pb) in mushroom species: 1. Scleroderma bermudense; 2. Hygrocybe parvula; 3. Geastrum triplex; 4.
Ganoderma applanatum; 5. Ganoderma sinense and 6. Clavaria rosea
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Fig 6: Distribution of cadmium (Cd) in mushroom species
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MACRO ELEMENTS

Fig 7: Distribution of sodium (Na) in mushroom species: SB=S. bermudense; HP=H. parvula; GT=G. triplex; GA=G.applanatum; GS=G.
sinense and CR=C. rosea
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Fig 8: Distribution of potassium (K) in mushroom species: Sb=S. bermudense; Hp=H. parvula; Gt=G. triplex; Ga=G.applanatum; Gs=G.
sinense and Cr=C. rosea
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Fig 9: Distribution of phosphorous (P) in mushroom species: S. bermudense; H. parwvula; G. triplex; G.applanatum; G. sinense and C. rosea
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Fig 10: Distribution of calcium (Ca) in mushroom species
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Fig 11: Distribution of magnesium (Mg) in mushr oom species at concentrations (mg/kg)
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RESULTS

Trace elements

Determination of trace elementssix naturally growing wild mushrooms sampksscountered fro five different
vegetation sites like, tropical wet evergreen forépical semi evergreen forest, moist decidufarest, dry
deciduous forest and tropical thorn fos of Western Ghats regions of Shivammaglistrict, Karnataka, IndiThe
vernacular names, species names, encountered fteiess, habitats and edibility of mushroomspearesgiven ir
Table-1The concentrations of trace macro and microelemig wild mushroom species analyzed are show
Table-2 and 3.

2132



Ashok Chittaragi and Raja Naika J. Chem. Pharm. Res., 2014, 6(7):2124-2135

Trace element concentrations were determined omdight as mg/kg and the relative standard deviatigere less
than 10% for all elements.The heavy metal conctatrain mushrooms are mainly affected by acidid arganic
matter contents of the ecosystem and soil. Thekaptémetal ions in mushrooms is in many respeitsrdnt from

plants; thus, the concentrations of metals depenaashroom species and their ecosystems and il [2

Micro elements

Results for macro elemental composition of wild hmeems is presented in Table-2, these results shdigh
concentrations of microelements such aszinc 48HKgndollowed by 50.9, 42.1, 52.8, 65.4 and 57.9rgg/k
respectively (Fig-1), copper 14.4mg/kg, respectived.3, 26.3, 12.9, 9.4 and 43.9 (Fig-2), mangariésémg/kg,
35.0, 13.9, 21.9, 24.8 and 94.3mg/kg respectivielg-8), iron (179mg/kg, 227, 202, 331, 376 and 38§&ky (Fig-

4). However, other elements such as lead 10.2md/kdl, 8.9, 9.9, 7.9 and 12.2mg/kg (Fig-5) and dadm
(0.12mg/kg, followed by 0.68, 0.19, 0.11, 0.13 &ntllmg/kg respectively) Fig-6, were found inmodesaslight
concentrations in all six mushrooms species suchSeleroderma bermudense, Hygrocybe parvula, Geastrum
triplex, Ganoderma applanatum, Ganoderma siners#Clavaria rosea.

Macro elements

Results for macro elemental composition of wild hmeems is presented in Table-3, these results sthongelerate
concentration of calcium 0.22mg/kg, followed by@®@.2.3, 0.27, 0.36 and 1.4 (Fig-10) and magnesiurirdg/kg,
followed by 0.14, 1.5, 0.19, 0.21 and 1.2 respetyiv(Fig-11). Highly presence of potassium 10.2rgg/k
respectively 1.5, 13.0, 9.2, 9.5 and 22.3 (Figp8jpsphorus 2.4, 5.8, 2.7, 1.4, 1.6 and 6.4mg/kgr9iand sodium
1.3mg/kg, followed by 1.4, 2.4, 3.2, 1.6 and 3.8pextively (Fig-7) were observed in all six enceued
mushrooms samples such@bermudense, H.parvula, G. triplex, G.applanatGmsjnenseandC. rosea.

DISCUSSION

The contents of macro elements like, Na, K, P, @hMgin mushroom species were found to be 1.3+(00%83,
followed by 1.5+1.0-22.3+2.1, 1.4+0.1-6.4+0.5, G:Q®M1-1.4+0.1 and 0.10+0.02-1.5+0.1 where as mitements
such as Zn, Cu, Mn, Fe, Pb and Cd were 42.1+38+653, 9.440.5-43.9+3.9, 13.9+1.2-94.348.1, 179810.
381+25.4, 7.940.8-12.2+1.1 and 0.11+0.01-0.68+0 .G respectively.

Minimum and maximum values of iron were 179 andr8g§/lkg. The highest and lowest levels of iron wenad in
Claveria roseaandScleroderma bermudengkig-4). The highest content of manganese wasn®@//d) inClaveria
roseg where as the lowest manganese content was 1X@mmg/Geastrum triplex(Fig-3). Zinc levels were
determined to be 65.4mg/kg ®anoderma sinensand 42.1mg/kg iGeastrum tripleXFig-1). Zinc is wide spread
among living organisms due to its biological sigrahce. Mushrooms are known as zinc accumulatodstias
sporophore: substrate ratio for Zn ranges from 1Gmg/kg [23, 8]. In this study, the highest coppentent was
43.9mg/kg inC. rosea the lowest was 9.4mg/kg iB. sinensgFig-2). The lead concentrations were highGn
rosea (Fig-5) and ranged from 7.9 to 12.2mg/kg. Cadmiuvntents were between 0.11 and 0.68mg/kg in the
samples. The highest cadmium content was foutttl jparvula(Fig-6). The average sodium concentration was 1.3-
3.29mg/kg. The lowest and highest sodium valuegwbserved its. bermudenséi. parvulaandG. sinensé€Fig-

7). Maximum potash level was 22.3mg/kgdnroseaand minimum potash level was 1.5 mg/kgHnparvula(Fig-

8). The range of phosphorous concentrations waé.4.4ng/kg inG. applanatunandC. rosea(Fig-9).

Iron contents of mushrooms were lower than ourslt®é other studies [24]. The reported manganvasees for
mushrooms were 6.78-63.6mg/kg, 7.6-56.2mg/kg antiathg/kg, respectively [7, 8, 24]. Our zinc resualte lower
than those reported earlier [8, 25]. Copper costemtre similar in other studies [5, 25]. Copperueal were
reported as 34.5-83.0mg/kg, 10.0-14.0mg/kg and-22.6mg/kg, respectively [1, 8, 24]. Lead concditre are
very low compared to our results [26, 27]. Reportadmium levels are very highcompared to our redudlt 25,
28]. Calcium contents were lower than literaturbuga and magnesium contents were higher thantliteraalues.
Phosphorous values have been reported as 10.5-¢&&for different mushroom species [24].

The above observed elements have physiologicalrtapce and maintenance of cellular enzymatic fonsti these
elements are required for normal growth, muscutivity and skeletal muscle development, especiadlicium
[29], blood viscosity; Calcium, manganese and dplmtygen transport and cellular activity are erdegh by
elements such as copper and iron. Manganese isl f@ith lecithin and needed as a co-factor for semeymes,
especially in the synthesis of fatty acids and esi@rol, it is also involved in chemical reactibe body and assists
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in intestinal nutrients absorption; it is also ampobrtant cofactor in energy production through Afd?ase channel
and by supporting immune system [30]. Manganeseptoowith Vitamin K to enhance blood clotting factand

with Vitamin-B complex to reduce effect of stre88], thus providing astrong anti-oxidant effectctamed [31].

Sodium and potassium are required for the maintamahfluid balance, while potassium and calciumiarportant

in stimulating action potential across nerve ensgingnd also to enhance heart contractile rate. isohighly

required physiologically formation and to enhangggen carrying capacity of red blood cells. Zinaisimportant
requirement in protein synthesis, normal body dgwelent and recovery from illnesses. it is a cofaatothe

function of the enzyme carbonic anhydrase requioedarbon dioxide transport and as part of pegedaneeded
for protein digestion [30], it is also a necesgaayt of DNA, for cell division and synthesis heriteimportance in
wound healing [32].

This result is not a surprise because the vegetafithese areas is typical of wild fungi. Specifiashroom tropical
rainforest, which support the luxuriant growth pésies were collected from different forest stutbaa. The results
only provide indication of the areas where the sparps could be collected in large quantities [33].

CONCLUSION

The results of the determination of trace micro aratro elements of the six wild mushroom speciesveld that
G. sinensdad the highest levels of zinc, followed Hy parvula (cadmium),C. rosearecorded the highest copper,
manganese iron, lead, sodium potassium, phosphandscalcium contents. It can be reasonably coedud
following the results of this study that these witdishrooms hold tremendous promise in complemeiritiadrace
elements supply deficiencies prevalent in develpgountries.

The results of the study showed appreciable lewélgon, manganese and copper, which is known ds an
tumorigenic and hypochlestrolaemic agent. This iegplthat mushrooms hold special attraction and toey
recommended for people with Cholesterol relatecheiilt [34]. Due to high level of most mineral elenseim the
species, the three mushroon@& 6inense, H. paruland C. rosed can be essential for normal metabolic reaction,
transmission of nerve impulse, regulation of wated salt balance and rigid bone formation.

The results suggest that the mushrooms hold greahipe of alleviating the problem of human beingisice
mushrooms are highly nutritional and can compavedeably with egg, meat and milk. However, for theritional
potential of mushrooms to be realized, sustaindéartsf must be geared towards the husbandry (ctikivpand
popularization of the more nutritious species.
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