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Phone: ( 33) 67 63 55 25; Fax: (33) 67 54 75 33.

ABSTRACT. - Aqueous and methanol extracts obtained from fruiting bodies of lignicolous basidiomycete mushrooms
Pholiota squarrosa, Pholiota gummosa, Kiihneromyces mutabilis, Pleurotus ostreatus and Armillaria mellea (Basidiomy-
cetes) have been studied for content of free sugars. free amino acids, phenolic acids, fungal toxins, glycosides, alkaloids and
nitrogen compounds. Thin layer chromatography (TLC), high performance liquid chromatography (HPLC) and qualitative
chemical reactions have been used. Phenolic acids (4-hydroxybenzoic, 4-hydroxycinnamic, 4-hydroxy-3-methoxybenzoic,
and 3,4-dihydroxyphenylacetic), free amino acids (alanine, valine, serine, proline, methionine, asparagine), cortinarin A,
steroid glycosides and choline were mostly observed within tested species. Free sugars, particularly glucose, arabinose, fruc-
tose, galactose, thamnose, and sucrose have not been observed by our methods. The obtained data indicated the presence of
biological active substances, such as phenolic acids. choline, and steroid glycosides in analysed mushroom samples.

Key words: mushrooms; choline; cortinarin A; phenolic acids; glycosides,; amino acids, TLC; HPLC.

INTRODUCTION

Investigated species Pholiota gummosa (Lasch) Sing., Ph. squarrosa (Mull. : Fr.) Kumm., Kiihneromyces mutabilis
-(Scop. : Fr.) Sing., Armillaria mellea (Vahl. : Fr.) Kumm., and Pleurotus ostreatus (Jacq. : Fr.) Kumm. are belong to wood-
inhabiting widespread ecological group of mushroems [8]. To the best of our knowledge, few data exist about the chemical
constituents of the fruiting bodies (FB) of these mushrooms. The data concerning the chemical content of A. mellea and P.
ostreatus mycelia has been reported [7, 10, 13. 14, 19, 20-22].

A data of comparative analyses of the chemical constituents of methanol and aqueous extracts obtained from the fruiting
bodies of 5 mushroom species was presented.

MATERIALS AND METHODS
The five species were collected from France (Languedoc-Roussillon) and Germany (Bavaria) (Table 1). After the mor-
phological identification of mushroom specimens, they were dried and preserved. The homogeneous fine powder was used
in chemical analyses.

Table 1
The ecology and systematics of investigated mushrooms
Species Family Origination Collection date
Pholiota gummosa Strophariaceae France October, 1979
Pholiota squarrosa - " _ " October. 1980
Kiihneromyces mutabilis " " October, 1979
Armillaria mellea Tricholomataceae . September, 1982
Pleurotus ostreatus Pleurotaceae Germany October, 1993

Preparation of mushroom extracts

* To whom correspondence should be addressed
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Methanol and aqueous extractions were carried out according to Badalyan et a/. [4].

The residues of methanol extracts were used for TLC (free amino acids, free sugars, fungal toxins, atkaloids
and nitrogen content compounds), HPLC (phenolic acids) and qualitative chemical methods (glycosides). Free
sugars, alkaloids and nitrogen-content compounds of freeze-dried residues of the aqueous extracts were investi-
gated by TLC, whereas glycosides by chemical reactions. Concentrations and Rf values of standard solutions
were previously described [1, 4, 16, 17]. -

Qualitative estimation of free sugars

The method of TLC was used to analyze the aqueous and methanol extracts of five species on silica plate 60
Fase (Merck, ref. 5715) in the following solvent systems: ethanol-water (EW, 98:2, V/V); isopropanol-water (PW,
2:1, VIV), ethyl-acetate-methanol-chloroform-water (AMCW, 7:2:1:1, V/V) and n-butanol-acetic acid-water (BAW,
4:5:1). The TLC plates were sprayed by 2% benzidine reagent (0.5 g benzidine, 20 ml acetic acid, 80 ml ethanol)
and aniline-phthaleine reagent (9.2 ml aniline, 16 g phthalic acid, 490 ml r+butanol, 490 ml ethyl ester, 20 ml wa-
ter) at 110°C for 5 min. The TLC profiles of the extracts were compared with 0.1% sugar standard water solutions
(W/V). The following colors and Rf values in BAW (4:5:1, V/V) solvent system were revealed: rhamnose
(Rf=0.50, yellow-brownish), arabinose (Rf=0.31, reddish), fructose (Rf=0.29, yellow) glucose (Rf=0.24, brownish),
galactose (Rf=0.23, brown), and sucrose (Rf=0.23, brown) [17].

The TLC analyses of methanol and aqueous extracts of tested mushrooms were performed using cellulose
plates (Merck, ref.'5577) and in BAW solvent system (4:5:1, V/V) and developed with aniline phthaleine reagent.

" Qualitative estimation of phenolic acids

Aliquots (1 ml) of the 20% (W/V) methanol extracts [1] were evaporated to dryness, then treated by 2 mL 5%
NaOH in water (W/V) and extracted by diethylether (x3; 5 ml). The water solution was adjusted to pH 4-3 using
10% H,SO, solution and partitioned with diethylether (x3; 5ml). The combined organic phases were dehydrated
by Na,SO. and evaporated to dryness. The residue was diluted by 0.5 ml 50% methanol solution for HPLC
analysis.

Aliquot (3 pl) was injected into a Separon SGX - 7 ym, 150 mm43.3 mm column on a HPP 400 chromato-
graph with a WCP 2563 detector. The mobile phase was methanol-isopropanol-heptan-ethyl acetate solution
(1:3:97:99, V/V) at a flow rate of 0.2 m¥/min. The phenolic acids were revealed by their fluorescence at 254 nm

and compared with 0.1% 'detected “ standard niethanol- soltions - (W/V):- 4-hydroxybenzoic- acid - (HBA), 4

hydroxycinnamic acid (HCA), 3,4-dihyc_iroxyphenylacetic acid (DPHA), and 4-hydroxy-3-methoxy-benzoic acid
(HMBA). Their retention times (min) at 20-22°C were 16.0, 15.0, 14.6 and 13.6 for HMBA, DPHA, HCA and HBA,
respectively.

Qualitative detection of alkaloids and nitrogen content compounds

The chloroform-ethanol solution (CE, 3:1, V/V) was used as a mobile phase [3] to test the methanol extracts
on silica plates (Merck, ref. 5735). The TLC plates were sprayed by Dragendorff reagent according to Munier and
Macheboeuf (Stahl, 1969). The Rf values, colors and concentrations of standard solutions (W/V) were the follow-
ing: 0.25% choline-chloride in methanol-water (1:1) (Rf=0.70, red-brown), 0.2% betaine in methanol (Rf=0.56,
orange), 0.1% citizine in methanol (Rf=0.55, brownish), and 0.2% berbenne in methanol (Rf—O 49, brown).

Qualitative estimation of free amino acids

The composition of free amino acids was determined in methanol extracts on cellulose plates (Merck, ref.
5577) in n-butanol-acetic acid-water (BAW, 40:15:5, V/V) solvent system. TLC plates were sprayed by 2% ‘ninhy-
drine reagent (Stahl, 1969). The following Rf values and colours of 0.5 % standard solutions in methanol-water
(15:85) were observed: methionine (Rf=0.39, dark-violet), valine (Rf=0.32, bright violet), alanine (Rf=0.21, dark-
violet), proline (Rf=0.18, yellow), serine (Rf=0.08, violet) and asparagine (Rf=0.06, violet).

Qualitative detection of glycosides

The methanol and aqueous extracts of mushroom specimens were investigated for glycosides by the following
chemical reactions [2]: Keller-Killiany (for detection of sugar in glycoside molecules), Legal (for detection of five-
part lactore ring in glycoside molecules) and Molich (for detection of steroid glycosides).

Qualitative estimation of other fungal metabolites: cortinarin A and orellanine

The methanolic extracts were analyzed for the presence of cortinarin A and orellanine S, 15].

RESULTS AND DISCUSSION

Free sugar content
Free sugars in the methanolic and aqueous extracts of the five tested species were not detected. Therefore,

further glycoside tests revealed the bounded forms of sugar molecules in the analyzed extracts.
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Phenolic acid content v

HPLC examination of the methanol extracts of all tested species showed the presence of 4-hydroxybenzoic
acid in all specimens. This phenolic acid was previously detected by TLC analyses within Cortinarius armillatus
[4] and three Hypholoma species [5].

The DPHA was detected within four tested specimens except Ph. gummosa. Meanwhile, the HMBA was ob-
served within A. meflea and FPh. gummosa, whereas HCA - only within Ph. gurnmosa. Both Pholiota species were
found different by their phenolic acid content.

According to the bibliographic data the mushroom derived phenolic compounds including phenolic acids pos-
sess antiseptic, antioxidant and antifungal effects [6, 11, 12].

Alkaloid and nitrogen content compounds

Choline chloride, as dark-brown spots was identified in the five samples of tested mushroom extracts. It is
well known that choline plays an important role in lecithin metabolism and transmethylation reactions and can be
used as nutritional and lipotropic agent. Citizine, berberine, betaine and other nitrogen content compounds were
not detected within tested mushroom species.

‘Free amino acid content - ;

Accordmg to Chivrina et al (1969) glutammlc acid, asparagine and alanine are w:dely dlstrlbuted in basndlo-
mycete mushrooms. Alanine;serine and proline were detected in all extract specimens. -Methionine and aspar-
agine were not identified in Ph. gummosa and Ph. squarrosa, respectively. Valine was.absent in both Pholiota
species, and P. ostreatus. - -

Glycoside content

Glycosides are biologically active substances well studied within plants. However, there is not enough data
concerning mushroom-origin glycosides, their physiological activity and applications in pharmacology [5, 18].
Meanwhile, these compounds are precursors of the D-vitamin and steroid hormone synthesis. They possess
cytotoxic (cytotoxic steroids) and neurotoxic activities (neurotoxic glycosides).

High amounts of glycosides, detected by Keller-Killiany qualitative reactions, were found in methanol extracts
Ph. squarrosa, K. mutabilis, and A. mellea, whereas in water extracts were detected only within Ph. gummosa.
The lower amounts of methanol extracts were revealed within £. ostreatus and Ph. gummosa (Table 2). Five-
lactone ring glycoside. molecules, detected by L gal react:or' were revealed within all tested samples. The pres-
ence of steroid glycosides was found only in P/7 squarrosa methanol extract by Molich reaction.

Table 2.
‘Glycoside content in fruiting body extracts of tested mushrooms
Methanol extracts Aqueous extracts
Species o ) . ] . Keller-Killiany reac-
Keller-Killiany-reaction Legal reaction - Molich reaction i
ion
Ph. gummosa +¥ e+ - e
Ph. squarrosa +++ T+t +++ T+
K. mutabilis +++ N I 1 -
A. mellea +++ +++ - -
P. ostreatus + +++ - -
otes:

" (-): absence; from (+) to (+++): presence
Other fungal metabolites content

Other fungal metabolites, such as cortinarin A were present in all mushroom extract samples, meanwhile
orellanine - was not detected within any of them.

CONCLUSION

Data concerning the TLC, HPLC and qualitative chemical analyses of methanol and aqueous extracts of PA.
gummosa, Ph. squarrosa, K. mutabilis, A. mellea and P. ostreatus showed that these mushrooms contain biologi-
cally active substances.  Phenolic acids, such as 4-hydroxybenzoic, 4-hydroxy-3-methoxybenzoic, 4-
hydroxycinnamic, 3,4-dihydroxyphenylacetic, as well as nitrogen content compounds (choline-chloride), free
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amino acids (alanine, asparagine, valine, serine, proline, and methionine); cortinarin A and glycosides were de-
tected by our methods. The sugars (glucose, arabinose, fructose, galactose, rhamnose and sucrose) were mainly
found in the bounded state.

Further investigations of the physiological and myco-pharmacological activities of screened mushrooms are in

progress.
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Udtnthnid
U.U.PUAUL3UL, d.3.ULUSULUL3UL, U.NUTPNP, d.¢.UBNdULN, L.uULIUNrb

nPNG vuubrh MSNUUUPUPLLENP ERUSPULSLENP
fhUbULUL WURUP JUUBUUSULUL NFUNFULUUPPANY

Ownwpluwy pwqhnpw dwhpnulynwhl uGybph (Pholiota squarrosa, Pholiota gummosa, Kbhneromyces mu-
labilis, Pleurotus ostreatus and Armillaria mellea) wunnwiwnihGitinhg unwgywé ppwhG L dkpwn wihl tpun-
pwlywnGtipp nwnuibwuhpyb; 50 Gpwig ke wqun pwpwpltiph, wehbnppnilbiph, $tGniwshG ppniGtph, uGlwhG
winpuhGGtiph, gihYnghnGtiph, wihwnhnGlph L wonuwihl ShwgnipyntGibph pwgwhwndws Owwtnwyny: Up-
punyt) 6 Gppwzbipn U pwpdp Ebblnhdnep)wb htinnly ppndwnngpudhwitph dbpnntbpp, hGswbu Gul npw-
Yulwb phihwlwb nbwlghwibn:

Neunuibwuppywé tputnpuinGipnud hhdGwhwlnud pwgwhwjnyby GG $GaniwhG ppnlbbip (4-hhnpopuhpbiG-
qnuljwl ppnt, 4-hhnpopuhnunsGuppnt, 4-hhnpopuh-3-dtpopuhptiignwlywl ppnt L 3,4-nhhhnpopuhdbilih pw-
guifuwppnt),  wquwn wihbnppnibtp (wiwlhb, YuihG, ubph, wpnihG, dtphnGhG, wuujwpwagh), Ynpunhhwphb
A, uwnbpnhnuwihG qihynghnGlp L fumhG: Uquw wpwplbiphg, dwubGwynpuwbu gpniynqul, wpwphGnqu,

“prnuinquil, qujwlnnqub, nwilnqul L uwhiwenqui 66 pwgwhwjinyt) dbp Ynnihg Yhpwndwd dhpnnGb-

nny:
Uunwgdwéd ndjwibbipp dwinbwbznud 50 niunudGwuppdwd nbuwlGbph pwnwnpnipjwb dbe YeGuwpwnpbG

wyinhy dhwgnipyniGObph ($LGnwha ppniltiph, funihlh, unbipnhnwihG ShwgnupntGGbph) welwynipynuip:
Pe3ome

C.M.BAAAAAH, B.AMHALAKAHAH, C.PAMUOP, XX X .CEPPAHO U K. AHAAPU

CPABHUTEALHOE W3YHEHUE XI/IM'I/I'-IECKOI'O‘ COCTABA 3KCTPAKTOB
NAOCAOBBLIX TEA HEKOTOPLIX TPUEOB

BoaHble U MEMaHOAbHbIE 3KCMPaKMbl NOAYUEHHbIE U3 NAOAOBLIX MeA BazuauanbHbIX AepeBopaspyWwaloLuX
Makpomuuemos (Fholiota squarrosa, Pholiota gummosa, Kehneromyces mutabilis, Pleurotus ostreatus and Armil-
laria melle) GbIAU aHAAU3UPOBaHBI HA HAAUUUE B HUX CBOBOAHBIX CAXapoB, aMUHOKUCAOM, heHOAbHBIX KucAom,
rPUBHLIX MOKCUHOB, FAUKO3UAOB, aAKaAOUAOB U a30MCOAEPXalluX COEAUHEHUU C UCNOAb30BAHUEM Memoaos
moHkocAouHou (TCX) u sbicokoadbdrekmuBHOU xuakocmHou (BIXKX) xpomamorpadmu a maKxe KauecmBeH-
HbIX XUMUUYECKUX peakuud,

B mecmupyembix rpubHeix 0bpasuax B OCHOBHOM BbiAU OGHAPYXEHbI (DEHOALHBIE KUCAOMbI (4-ruapokcubeH-
30uHas, 4-ruApoKCOKOpuUUHas, 4-ruapokcu-3-MemoKcubeHsolHas u 3,4-AurugapoKCudeHUAYKCYCHaR KUCAOMb),
cB060AHBIE AMUHOKUCAOMBI (aAGHUH, BaAUH, CEpUH, NPOAUH, MEMUOHUH, acnaparuH), KOopmuHapuH A, cmepoua-
HbIE FAUKO3UAbI U XOAUH. CB0GOAHbLIE caxapaé B UaCMHOCMU FAIOKO3a, apabuHosa, (hpykmosa, rarakmosa, pam-
HO3a U caxapo3aé He 6blAu 0BHapYXeHb) HalWUMU Memoaamu.

MoAyueHHble pe3yabmamsbl yKa3biBalom Ha HaAuuue BUOAOTUYECKU AaKMUBHbIX COBAUHEHUL! {(DEHOABHBIX KUC-
AOM, XOAUHA, CMEPOUADB) B SKCMPaKmMax NAOAOBbIX MeA UCCAEAOBAHHbIX BUAOB rpubos.
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