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Fruiting bodies of mushrooms belonging to the
taxon Basidiomycota are a known source of a vari-
ety of biologically active compounds belonging to
both primary and secondary metabolites (1, 2). The
best known fungal polysaccharides are used for anti-
cancer therapy (3, 4). Recently, MuszyÒska (5ñ7)
have hinted at the occurrence of numerous non-hal-
lucinogenic indole compounds in edible, condition-
ally edible and inedible Basidiomycota species. A
number of recent mycochemical papers have report-
ed on the presence of many different terpene com-
pounds (8). Studies of Barros (9, 10) indicated
antioxidant activity of fruiting bodies extracts from
several Basidiomycota species and attributed it to
tetraterpenes, carotenoids. Under the influence of
carotenes occurring mainly in the intestinal wall and
the hepatocytes, β-carotene breaks down to vitamin
A (retinol). Retinol is a part of the rhodopsin and is
responsible for proper vision twilight. It is necessary
for the proper functioning of the epithelium, partici-
pates in the divisions of the epithelium and protects
cells from damage caused by solar radiation and free
radicals (11). Quantitative analysis of carotenoids in
fruiting bodies of one of the species investigated by
that team, Cantharellus cibarius, has demonstrated
that fungal fruiting bodies can be a valuable rich
source of those antioxidants. 

The aim of the present study was to initiate
Calocera viscose culture in vitro, determine optimal
conditions for mycelia growth and to evaluate the
β,β-carotene contents in extracts of fruiting bodies
and mycelia from Calocera viscosa (Pers.; Fr.) Fr. in
vitro cultures. Calocera viscosa is a species common

in Polish, European and Asiatic coniferous forests,
which develops intensely yellow-orange branched,
bush-like fruiting bodies. This species is a good
source of free exo- and endogenous amino acids,
indole compounds, sterols (especially ergosterol)
and unsaturated fatty acids (12). The carotenoids
content in Calocera viscosa fruiting bodies growing
in Poland was investigated by Czeczuga (13) at the
end of the seventies years of the 20th century. 

In this study, for the first time we analyzed
extracts from in vitro cultures that had been estab-
lished earlier by MuszyÒska (12). The cultures were
maintained under different conditions to optimize
biomass growth and to establish the most beneficial
conditions for β,β-carotene accumulation.

EXPERIMENTAL

Origin of fruiting bodies

The studies were conducted on fruiting bodies
of Calocera viscosa (Pers.; Fr.) Fr. collected at nat-
ural sites in mixed and coniferous forests in south-
ern Poland (deposited in the Department of
Pharmaceutical Botany, Jagiellonian University,
Collegium Medicum, KrakÛw, Poland). 

Initial culture

Initial cultures were derived from explants
originating from the top parts of branched, bushlike
fruiting bodies of Calocera viscosa. These pieces of
fruiting bodies were sterilized with 70% ethyl alco-
hol and placed on Petri dishes with solid Oddoux
medium (14). Cultures were incubated at a tempera-
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ture 25±2OC under 12-h light (900 lx)/12 dark cycle
and were subcultured every second week. For more
details see MuszyÒska (12).

Experimental in vitro cultures
Solid culture was maintained on Petri dishes,

on Oddoux medium (14). Stationary liquid culture
was established from the solid culture by transfer-
ring 0.1 g of mycelium into an Erlenmayer flask
(500 mL) containing 250 mL of liquid Oddoux
medium. Both types of experimental cultures were
maintained under the same conditions as initial cul-
ture and were subcultured every two weeks. 

Extraction

Lyophilized fruiting bodies and mycelia from
Calocera viscosa in vitro cultures on solid and liquid
media were extracted in a percolator with petroleum
ether. Extracts were concentrated in a vacuum evap-
orator. 

For the purification of the extracts, we used
preparative PTLC method on aluminum  silica 60
plates (Merck, Art. No 1.05554.0001), on which 2
mL of the extracts was loaded and chromatograms
were developed in mobile faze: petroleum ether :
ethyl acetate (20 : 1, v/v). The obtained fractions
were concentrated to dry extracts and after dissolv-

Figure 1. Spectrum EIMS of β,β-carotene from mycelium of Calocera viscosa (solid medium)

Figure 2. Spectrum EIMS of β,β-carotene from mycelium of Calocera viscosa (liquid medium)
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ing in chloroform were analyzed by UV-Vis, EIMS
and HPLC methods. 

UV-VIS analysis of ββ,ββ-carotene

Purified by PTLC method extracts of fruiting
bodies and mycelia from cultures in vitro on solid
and liquid medium were analyzed for the presence
of β,β-carotene by spectrophotometry using UV-Vis
instrument ñ UV-Vis Cary-Varian Spectrophoto-
meter. Absorption measurements were carried out at
λ = 400ñ500 nm; solvent: chloroform AR; standard:
β,β-carotene (Sigma-Aldrich). In all three extracts
was found an increase of the growth of absorption
maxima at λmax = 415 and λmax = 440 nm characteris-
tic for β,β-carotene.

EIMS analysis of ββ,ββ-carotene

Electron Impact Mass Spectrometry
Analysis (EIMS) was performed at the Regional
Laboratory of Physicochemical Analyses and
Structural Research. Apparatus: High Resolution
Mass Spectrometer with options: EI, ESI, GC-MS,
Finnigan MAT 95S. In the results of these studies,
the spectra were obtained for the chloroform
extracts from the fruiting bodies and mycelia
from cultures on solid and liquid medium. The
EIMS spectra for the chloroform extracts from the
fruiting bodies and mycelia from in vitro cultures
on solid and liquid medium containing peaks
characteristic for β,β-carotene are shown in
Figures 1ñ3.

Figure 3. Spectrum EIMS of β,β-carotene from fruiting bodies of Calocera viscosa

Table 1. Contents of β-carotene (mg/g d.w.) in wild, commercial mushrooms and in mycelia from cultures in vitro.

Species Author Contents of β-carotene 
µg/g d.w. 

Agaricus bisporus Barros, (9, 10) 1.95 ± 0.10
Agaricus silvaticus 5.42 ± 0.10
Agaricus silvicola 3.02 ± 0.12
Boletus edulis 2.73 ± 0.32
Calocybe gambosa 6.41 ± 1.27
Cantharellus cibarius 13.56 ± 0.51
Craterellus cornucopoides 12.77 ± 0.19
Marasmius oreades 1.99 ± 0.14

Calocera viscosa Czeczuga, (13) 2.46

Calocera viscosa (fruiting bodies) MuszyÒska (this paper) 7.5 ± 0.15
Calocera viscosa (mycelium from 3.5 ± 0.10
liquid cultures in vitro) 
Calocera viscosa (mycelium from 7.1 ± 0.32
solid cultures in vitro)
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Estimation of ββ,ββ-carotene by HPLC method

Contents of β,β-carotene in extracts from fruit-
ing bodies and in mycelia maintained in in vitro cul-
tures on solid and liquid medium were determined
after preliminary separation with PTLC method.
Qualitative and quantitive analyses were made by
HPLC method according to the procedure described
by Britton (15). Briefly, the analytical conditions
were as follows: 

HPLC apparatus: Merck/Hitachi; pump-L-
7100; column-Purospher RPñ18 (4 ◊ 200 mm, 5
µm); solvent system: acetonitrile/methanol/water
(76:6:1, v/v/v); flow rate 1 mL/min; detector
Lñ7400, λ = 450 nm; standard: β,β-carotene
(Sigma-Aldrich).

RESULTS AND DISCUSSION 

A 20-fold fresh biomass growth in PTLC, UV
Vis, EIMS and HPLC cultures on solid medium and
a 15-fold growth in liquid cultures were obtained
within a 14-day growth cycle. The identity of β,β-
carotene was confirmed on the basis of its parame-
ters PTLC, UV-Vis, EIMS and HPLC methods. The
identity of β,β-carotene by EIMS method also was
made and described by Lutneas (16). The HPLC
method was used for quantitation of β,β-carotene in
extracts from fruiting bodies and in mycelia from in
vitro cultures on solid and liquid medium. 

β,β-Carotene content in biomass from solid cul-
tures was comparable with that found in fruiting bod-
ies (7.1 and 7.5 mg/g d.w., respectively). Mycelia from
liquid cultures contained half of that β,β-carotene
amount which equaled 3.5 mg/g d.w. (Tab. 1).

These contents are higher than those deter-
mined by Czeczuga (13), in Calocera viscosa fruit-
ing bodies collected in Poland, which were estimat-
ed spectrophotometrically as 2.46 mg/g d.w.. Barros
demonstrated that of six Basidiomycota species col-
lected from natural sites in the northwestern
Portugal, Cantharellus cibarius (Chantarelle) con-
tained the greatest amounts of β,β-carotene (13.56
mg/g d.w.), whereas the contents of this metabolite
in the remaining species ranged from 1.95 to 12.77
mg/g d.w. (9). β,β-Carotene from Cantharellus
cibarius is used to color eggs and broilers skins. In
recent years, there was a systematic decline of this
species and their commercial cultures were not
obtained till now. So, Calocera viscose is the new,
potential source of β,β-carotene. The similar con-
tents of β,β-carotene in mycelia from in vitro culture
on solid medium and fruiting bodies collected from
natural conditions indicates that it may be possible to
use this culture as a model for studies on the biosyn-

thesis and accumulation of this compound. The con-
tents of β,β-carotene obtained in the present study in
Calocera viscose mycelium indicate that after opti-
mization of culture conditions to facilitate the antiox-
idant accumulation, our in vitro cultures may become
its competitive source in the future. This is the first
report of the quantification of β,β-carotene in
mycelia of Calocera viscosa cultured in vitro.

REFERENCES

1. Bernaú E., Jaworska G., Lisiewska Z.: Acta
Scientiarum Polonorum Technologia
Alimentaria 5, 5 (2006).

2. Pochanavanich P., Suntornsuk W.: Lett. Appl.
Microbiol. 35, 17 (2002). 

3. Ohstuka S., Ueno S., Yoshikumi C., Hirose F.,
Ohmura Y., Wada T., Fujii T., Takahashi E.:
UK Patent 1331513, 26 September (1973).

4. Su≥kowska-Ziaja K., MuszyÒska B., KoÒska G.:
Acta Pol. Pharm. Drug Res. 62, 153 (2005). 

5. MuszyÒska B., Maúlanka A., Su≥kowska-Ziaja
K., Krzek J.: J. Planar Chromat. 20, 55 (2007).

6. MuszyÒska B., Ziaja K., Ekiert H.: Pharmazie
64, 479 (2009).

7. MuszyÒska B., Su≥kowska-Ziaja K., Ekiert H. :
Food Chem. 125, 1306 (2011). 

8. Solomon P., Wasser S. P., Weis A.: Crit. Rev.
Immunol. 19, 65 (1999).

9. Barros L., Cruz T., Baptista P., Esterinho L. M.,
Ferreira I. C.: Food Chem. Toxicol. 46, 2742
(2008).

10. Barros L., Venturini B.A., Esterinho C.M.,
Ferreira L.C.: J. Agric. Food Chem. 28, 3856
(2008).

11. Kostowski W., Herman Z.S.: Pharmacology.
The principles of pharmacotherapy (Polish). pp.
127, 214, 686, PZWL, Warszawa 2007. 

12. MuszyÒska B.: Chemical and biological studies
of fruiting bodies and mycelium from solid and
liquid cultures of Calocera viscosa (Pers.: Fr.)
Fr. Doctorís thesis, Pharmaceutical Faculty,
Jagiellonian University 1999.

13. Czeczuga B.: Acta Mycol. 16, 115 (1980).
14. Oddoux L.: ActivitÈ antibiotique des myceli-

ums díhomobasidien culture pure. Lyon (1960).
15. Britton G.: HPLC and Other Chromatographic

Methods For Purification and Analysis of
Carotenoids. Department of Biochemistry,
University of Liverpool (1995). 

16. Lutneas B.F., Bruas L., Kildahl-Andersen G.,
Krane J., Liaaen-Jensen S.: Org. Biomol. Chem.
1, 4046 (2003).

Received: 26. 10. 2010



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


