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Instrumental neutron activation analysis (INAA) has 
been applied to multielement determination of three 
Pleurotus strains grown on composted sawdust of 
Triplochiton scleroxylon popularly known in Ghana 
as “ëwawaí”. The three Pleurotus strains used are 
Pleurotus ostreatus (P7), P. pulmonarius (P27), and 
P. ostreatus B soyz (P9). Concentrations of eight 
elements Ca, Cu, Fe, Mg, Mn, K, Na, and P have 
been determined by short, me di um, and long ir ra -
di a tion times with a ther mal neutron fl ux of 5 × 1011 
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n.cm–2.s–1. Of these Ca and Mg are found to be present 
at trace level, Cu, Mn, K, and Fe at the minor level 
and Na generally at the major level. Standard Refer-
ence Material was analyzed si mul ta neous ly with the 
samples. The precision and accuracy of the method 
was evaluated using real samples and the standard 
ref er ence material (Peech leaves). It was found out 
that the elemental con cen tra tions mea sured in the 
reference material are gen er al ly within ±10% of the 
reported val ues.

Mushrooms have become attractive as a func tion al 
food and as a source for the development of drugs 
and nutraceuticals. In addition to dried mush rooms, 
myce lia could also be used as food and food-fl avour-
ing materials, or in the formulation of nutraceuticals. 
The added value arising from mush rooms/mycelia 
bioactive properties can lead to in creased mushroom 
con sump tion and therefore stim u late the com mer cial -
iza tion of local edible spe cies and the in vitro produc-
tion of mushroom myce lia (e.g., for the phar ma ceu ti cal 
in dus try). Leucopaxillus giganteus (Sowerby) Singer 
(Agaricales s.l., Tri cho lo mataceae) is a common 
Por tu guese edible mushroom. This species is used 
in the chemical industry for extraction of clitocybin 
an ti bi ot ic. Only 15% of all products of medicinal 

mushroom are based on extracts from mycelia. Usu-
 al ly, the type of culture medium is important for the 
yield of any cul ti va tion products and the nitrogen 
source, which plays a signifi cant role, is essential for 
cell pro lif er a tion and metabolite biosynthesis. 

In this work, we evaluated the effects of various 
nitrogen sources (KNO3, NH4NO3, (NH4)2HPO4, and 
NaNO2) on phenol/fl avonoid production and the func-
 tion al properties of L. giganteus mycelium, namely, 
antimicrobial and antioxidant properties. 

The mycelium growth was observed for 15, 30, 
45, and 60 days, and the antimicrobial activity was 
screened using different microorganisms, namely, 
Gram pos i tive (Bacillus cereus, B. subtilis, and 
Staphylo coccus aureus) and Gram negative (Pseudo-
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monas aeruginosa, Es cher i chia coli, and Klebsiella 
pneu moniae) bacteria and fun gi (Can di da albicans, 
Cryp to coc cus neofor mans) pro vid ed by collection 
strains or clinical iso lates. The an ti ox i dant activity was 
eval u at ed for each nitrogen source and for each growth 
day, using several assays: DPPH (2,2-diphe nyl-1-pic-
rylhydrazyl) free-rad i cal scav eng ing ca pac i ty, re duc ing 
power, oxidative erythrocytes hemol y sis in hi bi tion, 
and lipid peroxi dation in hi bi tion. All these antioxidant 
activity pa ram e ters were correlated to the phenolic and 
fl avonoidic content present in the sam ples.

The mycelium growth in the presence of KNO3, 
NH4NO3, and (NH4)2HPO4 signifi cantly increased dur-
 ing 15 days of incubation, signifi cantly main tain ing 
the growth after that time. In the case of NaNO2, 
the myce li um growth increased signifi cantly for 45 
days, re main ing with a similar dry weight until 60 
days of growth. 

Despite all the mycelia obtained in the presence 
of different nitrogen sources revealing antimicrobial 
ac tiv i ty, the response for each microorganism tested 
was different. The extracts presented similar an ti mi -
cro bi al capacity, inhibiting only Gram + bacteria and 
in the order S. aureus > B. cereus > B. subtilis. The 
tested Gram – bacteria (E. coli, P. aeruginosa and 
K. pneu moniae) and fungi (C. albicans and C. neofor-
mans) species were resistant to all samples. (NH4)2 
HPO4 proved to be the most promising ni tro gen source 
to produce bioactive compounds that inhibit Gram + 
bac te ria growth, presenting lower MICs and higher 
growth inhibition zones. 

Ammonium hydrogenophosphate proved to be 
the best nitrogen source in the synthesis of phenol 
and fl avonoid compounds, showing the highest con-
 tent at all growth times, which could be the result of 
ox i da tive stress and therefore free-radical pro duc tion. 
The amount of phenols was even higher than the 
value found in fresh mushroom. This source, at all 
growth times, revealed better antioxidant prop er ties 
(sig nifi   cant ly lower EC50 values) than the other nitro-
gen sources, which is in agreement with the higher 
con tent of phenols and fl a vonoids found in the fi rst 
case. Signifi cantly, negative linear regressions were 
es tab lished between the phe nol/fl avonoid con tents, 
which increased along the myce lia growth time, and 
an ti ox i dant activity.

In conclusion, the results obtained in this study 
demonstrate that mushrooms as well as cultivated 
myce lia may be good candidates for use as an ti mi -
cro bi al agents against bacteria responsible for human 
gas trointes ti nal and respiratory tract infections. Mush-
 room mycelia may also constitute a good source of 
healthy compounds, namely, phenols and fl a vonoids, 
sug gest ing that it could be useful in the prevention of 
diseases in which free radicals are implicated. 
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Mushrooms have bioactive compounds that serve as 
therapeutics for human kind and also are im por tant nu-
tritients that can be evaluated as nutraceuticals. There 
have been many studies on functional prop er ties and 
bioactive compounds separated and iden ti fi ed with 
ad vanced methods such as chromatography and mass 
spec tro pho tom e ter and also in vitro and in vivo as-
says. Today, rising interest and consumption trends of 

nutraceuticals can be seen with mushrooms and their 
products. There are nearly 2000 known safe species 
of mushrooms, about 650 may have medicinal value 
and can be considered healthy foods. There are 50 
cul ti vat ed mushroom species, from which about 20 
cul ti vat ed in the industry. 

The edible and medicinal properties of mush rooms 
have been known for a long time. Certain ancient re-
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 li gious scriptures, such as Vedas, have mentioned 
their me dic i nal importance, e.g., Romans considered 
mush rooms to be the foods of the Gods, and the Chi-
nese declared them as the Elixir of life. Bio chem i cal 
com po si tion of the mushrooms was established, which 
pro vid ed ev i dence for these com pounds as curing 
and clin i cal agents for humans. The main medicinal 
mush rooms are Ganoderma lucidum, G. applanatum, 
Pholiota nameko, Schizophyllum com mune, Hericium 
erinaceus, Tricho lama matsu take, Volvarella volva-
cea, Tremella fuci formis, Flammunila velutipes, 
Lentinus edodes, Grifola frondosa, Auricularia au-
 ric u la, Trametes ver si col or, Pleurotus spp., Agaricus 
bisporus, etc. 

The principal biochemical components and their 
properties can be summarized as follows: 1. Bioactive 
compounds are various polysaccharides and protogly-
cans as well as other special compounds. 2. Homo- and 
heteroglucans with β; 1-3, 1-4, 1-6 glycosid bonds have 
a medicinal effect; citin is a fi ber of mush rooms. 3. 
Citin is formed from polymeric N-acetil gluco samine, 
which is a prebiotic and has the effect of re duc ing serum 
cholesterol. Several species of higher Ba sid i o mycet es 
were re port ed to produce anti-tumor polysac cha ride 
protein complexes. These fungi are known as having 
anticarcinogenic, anticholesterol, and antiviral prop-

 er ties as well as pro phy lac tic properties with regard to 
coronary heart dis ease and hypertension. Mush rooms 
have nutritients that can be defi ned as nutraceuticals 
such as essential min er als, e.g, Zn, P, Cu, Mg, K and Na 
balance, B vitamins such as niacin, folic acid, ribofl avin, 
vitamin D, and the quantity and quality of protein. In 
nature vitamin D sources are very limited among plant 
and animal prod ucts. Mushrooms are rich in vitamin 
D. The edible wild mushrooms should contain more 
quan ti ty of vitamin D than cultivated mushrooms that 
are grown in closed rooms. Quantity and composition of 
mushroom pro teins are superior in comparison with the 
plant orig i nat ed proteins; this makes mushrooms well 
accepted into various kinds of food products. The im-
 por tance of the nutritional value of  mushrooms should 
be de pen dent upon their protein con tent and quality. 
A great proportion of the car bo hy drate com pounds 
occur in the form of polysac cha rides with particles of 
different size. These car bo hy drates are chitin, glucans, 
dietary fi ber, cel lu lose, and mannans. On one hand, 
mushrooms can be an alternative food item for people 
who are es pe cial ly suffering from lack and/or insuf-
fi cient nutrition. On the other hand, mushrooms can 
be collected and con tam i nat ed by heavy metals and 
radiation due to the ecological conditions in which 
they are grown. 

Mushrooms, such as Ganoderma lucidum (W. Curt.: 
Fr.) P. Karst., have been used for thousands of years in 
traditional Far East folk medicine. It has gained wide 
spread popularity as a cultivated edible mush room 
with high-nutritious value and extremely prom is ing 
me dic i nal properties. Water and alcohol extracts of 
G. lucidum are rich in intracellular and ex tra cel lu lar 
polysac cha rides, oxygenated triterpenes, and ganoderic 
acids. New, spe cial types of beer with new fl avor be-
come more and more popular on the mar ket. We inves-
tigated the pos si bil i ties of adding ex tracts of bioactive 
components of the mushroom G. lucidum and herbal 

extracts (Linden, Ging-Seng, Artichoke, Echinacea, 
Ginkgo) in beer and tested their sensorial evaluation. 
To consumers’ ac cep tance of the beer, we used fi ve 
main characteristics: aroma, taste intensity of bitterness, 
quality of bit ter ness, and general impression.

Extracts from dry fruit bodies of G. lucidum 
(iso lat ed in Serbia) is preformed as a hot water ex-
 trac tion with alcohol precipitation. Ethanol ex trac tion 
was ob tained with 50, 57, and 70% vol. so lu tion of 
grain and vine distillate for 21 days of maceration. 
Maceration was preformed on powdered and chopped 
fruit bod ies of G. lucidum. Different kinds of  ex tracts 
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were also used in conbinations (water extract + etha-
nol extract).

Effects of these extracts depend on their com po -
si tion, way of extraction, and refi ning. Results of the 
sensori-evaluation of the fi nal beer product showed 
that a dosage of 1.5 ml/l of concentrated ethanol ex tract 
gave the beer better sensori-characteristics, while the 
attempt of adding a combination of water and eth a nol 

extract produced a beer with less fa vor able sensori-
char ac ter is tics. Water extract added at a dosage of 3 
ml/l gave the beer equal or similar characteristics.

The attempt of adding other herb extracts (Ging-
Seng, Artichoke, Echinacea, Ginkgo) produced a beer 
with worse sensori-characteristics but a mixture of 
lin den and grain alcohol extract from G. lucidum 
yield ed very signifi cant results. 
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Several mushroom species, including the three most 
widely cultivated ones, were analyzed for their di etary 
fi ber, glucan, and mineral composition. The species 
were Lentinus edodes, Pleurotus ostreatus, P. eryn-
gii, white and brown Agaricus bisporus, commercial 
mix ture of Boletus edulis and B. pinophilus, Albatrel-
lus ovinus, Craterellus cornucopioides, Cantharellus 
tubaeformis, and C. cibarius. Samples were dried in 
30°C in darkness, milled to pass 0.5 mm sieve and 
kept protected from light in NTP until analyzed. 

The soluble, non-soluble, and total dietary fi ber 
content of samples was analyzed using standard 
meth ods recommended by AOAC. The total, α- and 
β-glucan con tent of these commercially interesting 
mush room spe cies were analyzed in triplicates by 
using the mush room and yeast Beta-glucan assay 
procedure de vel oped by Megazyme International Ire-
 land Ltd. For an a lyz ing the elements in the pow dered 
samples, the samples were liquefi ed with the CEM 
MARS5TM- microwave ac cel er at ed reaction system. 
The actual anal y sis was conducted with inductively 
coupled plas ma optical emission spec trom e try (ICP-
OES) according to standard pro to cols.

Both the contents of various dietary fi ber frac tions 
and different types of glucans differed sig nifi   cant ly 

between the 10 studied mushroom species. The ma-
 jor i ty of fi ber in all mushroom species was in insoluble 
forms (30%–50% of total dry weight). Albatrellus, 
two Cantharellus species, Craterellus, and Lentinus 
con tained the highest levels of insoluble and total 
fi  bers whereas in species of Agaricus the content of 
total fi ber was lowest, less than 30%. Species ana-
lyzed formed clear groups in terms of (1→3) (1→
6)-β-D-glucan content. Both Agaricus species and 
Boletus contained signifi cantly less β-glucan than 
other spe cies (mean of this group 7.4% DW/ DW), 
while the group consisting of Cantharellus related 
species rep re sent ed the mean of all species studied 
(11.7%). Lentinus, both Pleurotus species and Alba-
trellus ovinus, formed the most β-glucan rich group 
(mean 14.8%). Noteworthy, results con sist of high 
Ca- and K- content in both Agaricus species as well 
as very high iron content in Cantharellus related 
species. Un usu al ly high se le ni um content in Boletus 
(Boletus edulis and B. pinophilus) was also noted in 
this study. Pre vi ous ly, Boletus had been seen as an 
effi cient collector of toxic heavy metals. According 
to our results, Cantharellus related species as well 
as Albatrellus ovinus contain several heavy metals 
in markedly larger amounts than Boletus. 




