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Evaluación preliminar de compuestos fenólicos, actividad antioxidante y compuestos 
bioactivos de algunas especies de hongos basidiomicetes de Paraguay. Se realizó la 
identificación cualitativa de metabolitos secundarios y se cuantificó el contenido de compuestos 
fenólicos y el potencial antioxidante de extractos etanólicos de ocho géneros de macrohongos 
Amylosporus, Gloeophyllum, Hydnopolyporus, Inonotus, Laccaria, Lentinus, Pisolithus y Trametes 
por primera vez para el Paraguay. Los análisis químicos cualitativos revelaron la presencia de 
varios metabolitos secundarios tales como compuestos fenólicos, esteroles y terpenos. La especie 
Inonotus splitgerberi presentó valores de 64,81 ± 2,70 mg GAE.g-1 de compuestos fenólicos totales 
comparables con la especie medicinal Inonotus obliquus. También se proporcionan datos noveles 
para la especie Amylosporus guaraniticus. 
Palabras claves: hongos, metabolitos secundarios, micoquímica. 

Preliminary evaluation of phenolic compounds, antioxidant activity and bioactive 
compounds in some species of basidiomycetes from Paraguay. The qualitative identification 
of secondary metabolites was carried out along with the quantification of the content of total 
phenolic compounds and the antioxidant potential of ethanolic extracts of eight genera of fungi 
Amylosporus, Gloeophyllum, Hydnopolyporus, Inonotus, Laccaria, Lentinus, Pisolithus and 
Trametes for the first time in Paraguay. Qualitative chemical analyses revealed the presence of 
several secondary metabolites, such as phenolic compounds, sterols and terpenes. The species 
Inonotus splitgerberi showed values of 64.81 ± 2.70 mg GAE. g-1 of total phenolic compounds 
comparable with the medicinal species Inonotus obliquus. Novel data for the species Amylosporus 
guaraniticus are also provided.  
Key words: fungi, secondary metabolites, mycochemistry. 

INTRODUCTION 

Secondary metabolites can be 
considered as natural products originating 
as response to the stress caused by the 
ecological niche, the adaptation of an 
organism to the environment, and are 

produced by a variety of mushrooms 
(Arango, 2008; Zaidman et al., 2005; De 
Silva et al., 2013). These arise from 
intermediates of primary metabolism, but 
they can be classified according to their 
biosynthetic pathway into five main meta-
bolic sources: (1) polysaccharides and pep-
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tidopolysaccharides, (2) the mevalonic 
acid pathway from acetyl coenzyme A 
which functions in primary metabolism for 
the synthesis of sterols, (3) amino acid-de-
rived pathways in the secondary meta-
bolism, (4) the shikimic acid pathway for 
the biosynthesis of aromatic amino acids, 
(5) the acetate–malonate pathway from 
acetyl coenzyme A (Zaidman et al., 2005). 
Fungi (as well as plants) accumulate a wide 
variety of secondary metabolites, including 
phenolic compounds, polyketides, terpenes 
and steroids (De Silva et al., 2013; Stadler 
and Hoffmeister, 2015; Sandargo, 2019). 

Phenolic compounds contain one or 
more aromatic rings and one or more 
hydroxyl groups. They include phenolic 
acids, flavonoids, hydroxybenzoic acids, 
lignins, tannins and oxidized polyphenols 
(Côté, Caillet & Doyon, 2010; D'Archivio, 
Filesi & Vari, 2010; Sánchez, 2017). 
Terpenoids are fairly common among 
mushroom metabolites, with sesquiterpe-
noids, diterpenoids and triterpenoids being 
the most commonly isolated metabolites 
from Basidiomycota. Among these, triter-
penes are a predominant class of secondary 
metabolites, especially for the wood-inha-
biting polypore species, where they are of-
ten present in large quantities in the basi-
diomata (Sandargo et al., 2019). Alkaloids 
are a large family of more than 15,000 se-
condary metabolites; they are nitrogenous 
substances, basic, of natural origin and res-
tricted distribution. Alkaloids have a com-
plex structure and share three charac-
teristics in common: they are soluble in 
water, contain at least one atom of nitrogen 
in the molecule, and exhibit biological acti-
vity (Ávalos & Pérez, 2009). 

Oxidative stress can be defined as the 
state where there is an imbalance between 
prooxidants and antioxidants, this distur-

bance results in the increase of oxidative 
stress and molecular damage of proteins, 
lipids, carbohydrates and DNA, leading to 
diseases such as cancer, rheumatoid arthri-
tis, and associated cellular degeneration 
(Dubost et al., 2007; Lung & Huang, 
2012). Antioxidant compounds have the 
important ability to eliminate free radicals 
and inhibit the oxidative mechanisms that 
lead to degenerative diseases; these are dis-
tributed in various products from living or-
ganisms such as grains, fruits, vegetables, 
teas, spices, herbs, and fungi (Dubost et al., 
2007; Klaus et al., 2011). Numerous wild 
mushroom species were reported to have 
antioxidant activity and these properties 
have been studied extensively (Song and 
Yen 2002; De Silva et al., 2013). For 
example, basidiomata of Fomitopsis 
pinicola (Sw.) P. Karst. and Pleurotus 
ostreatus (Jacq.) P. Kumm. show powerful 
antioxidant capacity related to low mole-
cular weight compounds, in particular tho-
se from the phenolic fractions (Ferreira et 
al., 2009; Heleno et al., 2011; Mohsin et 
al., 2011; Reis et al., 2011; Akata et al., 
2012). 

Mushrooms seem to be particularly ta-
lented in producing unique terpenoids, for 
example pleuromutilin, a tricyclic diter-
penoid, is a naturally occurring antibiotic 
from the culture of the mushroom 
Clitopilus passeckerianus (Pilát) Singer 
(Kavanagh, 1947; Stadler and Hoffmeister, 
2015; Sandargo et al., 2019). Other exam-
ples are strobilurins, one of the most su-
ccessful class of agrochemical fungicides; 
and illudins from Lampteromyces Singer 
and Omphalotus Fayod species (Ompha-
lotaceae) which are sesquiterpenes featu-
ring an unusual cyclopropane as source of 
potential anticancer drugs and agrochemi-
cal pesticides (Tanasova and Sturla, 2012). 
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In recent years, a number of alkaloids 
have been discovered in Basidiomycota; 
fungi produce natural alkaloids, the most 
studied groups are the indoles and isoxa-
zoles, two simple indole alkaloids: psilocin 
(3- [2 (dimethylamino) ethyl] -4-indolol) 
and psilocybin ([3- (2-dimethyl-
aminoethyl) - 1H-indol4-yl] dihydrogen 
phosphate) are present in many mushroom 
species (Wieczorek et al., 2015; Sandargo, 
2019). Other isolated alkaloids are the 
Erinacerines commonly isolated from 
both the cultures and fruiting bodies of 
Hericium erinaceus (Bull.) Pers. (Sandar-
go, 2019), and the Rosellins A and B, red 
diketopiperazine alkaloids, isolated from 
the fruiting bodies of the mushroom 
Mycena rosella (Fr.) P. Kumm. (Lohmann 
et al., 2018), the Phlebopines A–C pyrrole 
alkaloids isolated from fruit bodies of 
Phlebopus portentosus (Berk. & Broome) 
(Sun et al., 2018; Sandargo, 2019). 

Research applied to the chemical profi-
le and biological potential of the native 
species of macroscopic fungi is underdeve-
loped in Paraguay. Many novel biologica-
lly active compounds have been reported 
as a result of research on medicinal mush-
rooms (De Silva et al., 2013, Staniszewska 
et al., 2017). The search for secondary me-
tabolites of natural products in Paraguay is 
limited to the Plantae Kingdom, thus res-
tricting the discovery and application of 
new sources of secondary metabolites with 
possible biological activities of the Fungi 
Kingdom, which has been cataloged as the 
second most diverse group of organisms 
(2,2 to 3,8 million species) around the 
world (Hawksworth & Lücking, 2017), 
exceeding that of terrestrial plants by one 

order of magnitude (Blackwell, 2011; Dai, 
2010), and with immense diversity of spe-
cies in the different ecoregions of our 
country. Two records of the mycochemical 
and biological profile of a species of the 
genus Laetiporus are reported in Paraguay, 
ergosterol (ergosta-5,7,22-trien-3β-ol) was 
isolated, crystallized and elucidated for the 
first time  (Vila et al., 2015; Campi, 2017). 
Herein the chemical profile of nine species 
of native mushrooms is studied, thus provi-
ding novel information for the area of che-
mistry of natural products with mycolo-
gical profile in Paraguay.  

MATERIALS AND METHODS 

Collection and ethanol extraction: 
Basidiomata were collected in the Depart-
ments of Alto Paraguay,  Alto Paraná, Cen-
tral and Cordillera. A sample of each spe-
cies was deposited in the FACEN Herba-
rium. The samples were determined taxo-
nomically in the Laboratorio de Recursos 
Vegetales- Área de Micología following 
the alignments of Robledo & Urcelay 
(2009) and Wright and Albertó (2002) 
(Table 1), 20 g of each dried mushroom 
powder underwent thorough maceration 
with ethanol 96% for a period of 48 hours, 
and then every 24 hours until third 
extractions were completed under periodic 
agitation. The solution was filtered by gra-
vity and then concentrated with subsequent 
evaporation of the solvent in a rotary eva-
porator (Rotav, China). The crude extracts 
were coded (Table 1) and stored in glass 
containers at 4 ± 0.5 °C until use (Tiwari et 
al., 2011 with modifications). 
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Table 1. Collection of information and codification of each studied species. 

Species/Code Origin 
Collection 
number 

Determination 

Amylosporus guaraniticus 
Campi & Robledo 
/(AG001) 

Central Department, 
San Lorenzo city, 
university campus

M. Campi 014 
Campi, Robledo &

Maubet 

Gloeophyllum striatum 
(Fr.) Murrill /(GS002) 

Alto Paraná 
Department, Bahía 
Negra city, Estación 
Biológica 3 Gigantes

M. Campi 149 Campi 

Hydnopolyporus 
fimbriatus 
(Cooke) D.A. Reid / 
(HF003) 

Central Department, 
San Lorenzo city, 
university campus 

M. Campi 019 Campi 

Inonotus splitgerberi 
(Mont.) Ryvarden (IS004) 

Cordillera Department, 
Atyra city, Los Agüero 
country house

M. Campi 049 Campi & Robledo 

Inonotus rickii (Pat.) D.A. 
Reid /(IR005) 

Central Department, 
San Lorenzo city, 
university campus

M. Campi 270 Campi 

Lentinus lindquistii 
(Singer) B.E. Lechner & 
Albertó) /(LL006) 

Central Department, 
San Lorenzo city, 
university campus

M. Campi 274 Campi & Maubet 

Laccaria fraterna (Sacc.) 
Pegler /(LF007) 

Cordillera Department, 
Piribebuy city

C. Mancuello 
001

Campi, Maubet & 
Niveiro 

Pisolithus arhizus (Scop.) 
Rauschert /(PA008) 

Central Department, 
San Lorenzo city, 
university campus

M. Campi 035 Campi & Maubet 

Trametes cubensis (Mont.) 
Sacc. /(TC009) 

Alto Paraná 
Department, 
Hernandarias city, 
Refugio Biológico 
Itabó 

M. Campi 007 Campi & Robledo 

Qualitative assays of secondary 
metabolites and reducing sugars: To 
identify secondary metabolites and reduce 
sugars of fungal extracts, solutions were 
prepared and subjected to multiple tests: 
Dragendorff, Wagner and Mayer for 
alkaloids; Liebermann-Burchard and 
Salkowski for triterpenes and steroids and 
FeCl3 for tannins; Rosenhein for 
coumarins; and Fehling for reducing sugar 

(Adebayo, Olok & Olukemi, 2012; 
Amador et al., 2006; Koolen et al., 2013; 
Llata, 1994). Each test was performed in 
triplicate and compared with a positive and 
negative control sample. The following 
was used as a criterion to evaluate the 
results, in relation to the positive control: 
(+) = faint reaction/coloration, (++) = 
medium reaction/coloration, (+++) = 
intense reaction/coloration, (-) = absence. 
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Total phenolic compounds: The con- 
centration of total phenolics was measured 
by the method described by Turkoglu et al. 
(2007) with modifications. From the crude 
extracts, methanolic solutions with a con-
centration of 1 mg.mL-1 were prepared, 2 
mL of ddH2O and 200 μL of the Folin 
Ciocalteu 2N (analytical grade, Merck) 
reagent were added to each 1 mL of solu-
tion; the mixtures were homogenized and 
left to stand for 5 minutes, 1.5 mL of 20% 
sodium carbonate were added, and then the 
mixtures weres brought to a volume of 10 
mL with distilled water. As a prepared 
blank, 1 mL of methanol was used with the 
same treatment. The samples were homo-
genized, and after 1 hour of resting in the 
dark the absorbance at 760 nm was read in 
the spectrophotometer. To construct the 
calibration curve, a gallic acid solution 
(Sigma-Aldrich®) with concentrations of 
0-50 μg.mL-1 was used, and 200 μL of each 
concentration was treated in the same way 
as the sample solutions. The equivalent 
concentrations of gallic acid of each sam-
ple extract were determined from the cur-
ve. The results were expressed as the mean 
of the triplicates of the absorbances in mi-
lligrams of gallic acid equivalent per grams 
of crude extract (mg.g-1) ± standard 
deviation (SD). 

Concentration and antioxidant 
activity:  The concentration and oxidant 
activity were determined with the DPPH 
radical absorbance method according to 
Barros et al. (2007) with modifications.  
Methanolic solutions of 1 mg.mL-1 were 
prepared from the crude extracts, from 
which 100 μL were taken, 3.9 mL of 
methanolic solution of the DPPH• (Merck) 
radical (0.02 mg. mL-1) were added. As a 
negative control, 100 μL of methanol and 
3.9 mL of methanol solution of the DPPH• 

radical was used. The samples were homo-
genized and incubated in the dark for 1 
hour. The reduction of the reagent was evi-
denced by the change in coloration from 
dark violet to light yellow, which was mea-
sured with a UV-VIS spectrophotometer 
(Thermo SCIENTIFIC Genesys 10S 
Model) at λ =  517 nm. For the calibration 
curve, a methanolic solution of 1 mg.mL-1 
of ascorbic acid was used, from which dilu-
tions of 10 to 100 μg.mL-1 were prepared; 
100 μL were taken from each dilution, 
which received the same treatment as the 
samples. From the results of the curve, the 
equivalent concentration of ascorbic acid 
was determined. The results were expre-
ssed as the mean of the analysis performed 
in triplicate in milligrams of Ascorbic Acid 
Equivalent per g of crude extract (mg.g-1) 
± standard deviation (SD). To calculate the 
percentage of activity, the following for-
mula was used: % activity = [(absorbance 
of DPPH - absorbance of the solution) / 
absorbance of DPPH] × 100. 

RESULTS AND DISCUSSION 

Mushrooms have become an attractive 
food and medicinal source. Basidiomy-
cotae produce a wide range of secondary 
metabolites ranging from structural com-
ponents with antitumor activity and immu-
nological active to antimicrobial, antifun-
gal, antiviral, cytostatic, enzymes, growth 
regulators and flavorings (Rathee et al., 
2012; De Silva et al., 2013; Stadler and 
Hoffmeister, 2015; Sandargo, 2019). The 
mycochemical properties of the basidio-
mycotae of Paraguay was evaluated. 

Qualitative essays 
As shown in Table 2, the crude extracts 

of the basidiomata studied contain second-
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dary metabolites such as alkaloids, ste-
roids, coumarins. The presence of reducing 
sugars in ethanolic extracts was also exa-
mined. 

Alkaloids: between the tested extracts 
LL006 (Lentinus lindquistii) showed a red 
precipitate, which indicates the presence of 
alkaloids, as confirmed by Hashimoto et al. 
(1972), who described Eritadenine for 
Lentinula edodes (Berk.) Singer, an 
alkaloid with hypoglycemic properties. 
Another extract that showed a strong 
positive reaction was LF007 (Laccaria 
fraterna); Matsuda et al. (1996) described 
the alkaloid Laccarin for Laccaria 
vinaceoavellanea Hongo, and Spiteller and 
Schrey  (2019) described the E-Z-
proxamidine, two isomeric alkaloids with 
a highly unusual core structure for 
Laccaria proxima (Boud.) Pat.; TC009 
(Trametes cubensis) showed positive re-
sults for alkaloids, previous reports by 
Bian et al. (2017) for the species Trametes 
trogii Berk., reported the presence of 
Trametramide (a pyrimidic alkaloid), 
qualitative studies revealed the presence of 
alkaloids in T. versicolor (Leliebre-Lara et 
al., 2015). 

The presence of terpenoid compounds -
and sterols in the ethanolic extract of all the 
species studied was checked qualitatively; 
this coincides with the work of  Yokoyama, 
Natori and Aoshima (1975), who indicated 
that triterpene carboxylic acids with a 
lanostane skeleton occur rather widely in 
Polyporaceae and related higher fungi. The 
crude extracts that showed the greatest 
change in coloration were: IR005 (Inono-
tus rickii), previous studies reported ses-
quiterpenes as inonotic acid A and B in the 
species I. rickii and in the close species I. 
obliquus; the presence of inotodiol, 
lanosterol,  β-sitosterol, romadendrane 

sesquiterpenoids named inonotins (iso-
lated from the culture) and nostane-type 
triterpenoids was also established for the 
genus Inonotus (Nomura et al., 2008; Kim 
et al., 2011; Chen et al., 2014; Isaka et al., 
2017). Another positive species was 
PA008; Lobo et al. (1983, 1988), Baumert 
et al. (1997), Zamuner et al. (2005) and 
Márquez-Fernandez (2013) described 
several types of sterols for Pisolithus 
tinctorius (Pisolithus arhizus) among them 
ergosterol, lanosterol and derivatives, 
agnosterol, piscolactone and the pisos-
teral. Regarding TC009, the positive re-
sults coincide with those of Leliebre-Lara 
et al. (2015) who obtained positive results 
for the species T. versicolor; with respect 
to AG001 the extract indicated the presen-
ce of terpenoid compounds and sterols, 
previous studies.   
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of the genus revealed the presence of 
terpenoid compounds (Juma et al., 2016); 
with regard to GS002, positive results 
agree with the work by Cateni et al. 
(2015), who described two triterpene 
acids for Gloeophyllum odoratum 
(Wulfen) Imazeki, and 10 new ergoste-
roids, (gloeophyllins A-J) for Gloeophy-
llum abietinum (Bull.) P. Karst (Han et al., 
2015). 

As for coumarins (Rosenhein and 
Balje test) ,all the extracts were positive; 
for the genus Gloeophyllum, Oosponol 
was reported as an isocoumarin for the 
culture (Rasser et al., 2000). The reducing 
sugars were analyzed by the Fehling test, 
the extracts that gave positive with greater 
intensity were IR005 and PA008, 
previous studies on I. obliquus (Lin et al., 
2012) reported the presence of reducing 
sugars in its ethanolic extracts. 

Quantitative studies 
The crude extracts show a content of 

total phenolic compounds with variable 
ranges (Table 3). The content of total 
phenolic compounds (TPC) of Amy-
losporus guaraniticus (AG001) was 9,30 
± 0,82 mg.g-1 of gallic acid equivalents 
(GAE); these results are higher than those 
found by Juma et al. (2016) for the 
Amylosporus genus, where they reported 
values corresponding to 2.47 to 3.90 mg. 
g-1 GAE.g-1 (TPC). These results cons-
titute novel information because it is the 
first chemical study ever done since the 
description of this native species of 
Paraguay (Robledo & Campi, 2017). 

The TPC values of Gloeophyllum 
striatum (GS002) were 17.01 ± 1.56 mg 
GAE.g-1, similar to those found by 
Sulkowska -Ziaja et al. (2012) of 19.88 ± 

2.00 mg GAE.g-1 (TPC) for the species 
Gloeophyllum sepiarium (Wulfen) P. 
Karst. 

Regarding Hydnopolyporus fimbriatus 
(HF003), values of 6.66 ± 0.79 mg 
GAE.g-1 (TPC) were determined, for the 
TPCs the reported range is lower than 
those found by Graça et al. (2016) where 
they obtained a concentration of 25.85 mg 
GAE.g-1 (TPC), it is worth mentioning 
that they analyzed extracts from the myce-
lial tissue and not from the basidiomata. 

Inonotus rickii (IR005) presented 
values of 3.70 ± 0.48 mg GAE.g-1 (TPC), 
well below the results found by Zhang et 
al., (2015) which cited values of 55.94 mg 
GAE. g-1 (TPC) for Inonotus obliquus 
(Fr.) Pilát, considered a medicinal mush-
room; Inonotus splitgerberi (IS004), on 
the other hand, showed values of 64, 81 ± 
2.70 mg GAE.g-1 (TPC), comparable to 
the medicinal species.  

Regarding Lentinus lindquistii 
(LL006), values of 15.11 ± 1.12 mg 
GAE.g-1(TPC) were obtained, reports of 
species of the same genus cited by Reis et 
al., (2011) for Lentinus tigrinus (Bull.) Fr. 
reported 17.3 mg GAE.g-1 (TPC) similar 
to those obtained with LL006. These 
results provide important information to 
be classified as an edible fungus. 

Laccaria fraterna (LF007) yielded 
results of 6.76 ± 0.30 mg GAE.g-1 (TPC); 
in terms of total phenolic compounds, the 
results obtained are greater than those re-
ported by Heleno et al. (2010), who re-
ported 2.85 mg.g-1 GAE.g-1 for Lacaria 
amethystina Cooke and 1.59 mg GAE.g-1 
for Laccaria laccata (Scop.) Cooke., 
meanwhile Liu et al. (2012) reported 
results of 9.8 mg GAE.g-1 (TPC) for 
Lacaria amethystina. 
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With respect to Pisolithus arhizus 
(PA008), 64.45 ± 3.88 mg GAE.g-1 
(TPC) were obtained; Reis et al.(2011) 
reported concentrations of 298 mg 
GAE.g-1 (TPC), much higher than those 
found in PA008, however to Khadhri, 
Aouadhi & Aschi-Smiti (2017) found 
values of 16.0 ± 0.3 mg GAE.g-1 for 
Pisolithus albus. 

Trametes cubensis (TC009) presented 
total phenolic compound values of 8.98 ± 
0.89mg.g-1 GAE.g-1 (TPC), these repre-
sent results similar to those found by 
Orhan & Üstün (2011) for Trametes 
versicolor (L.) Lloyd where they reported 
values of 9.58 mg.g-1 GAE.g-1; however, 
Matijašević et al. (2016), found higher 

values for the same species: 25.8 mg.g-1 
GAE.g-1 (TPC). 

It is worth mentioning that the species 
with the highest GAE content is Inonotus 
splitgerberi (IS004), with values of 64.81 
± 2.70 mg GAE.g-1, this could be due to 
the fact that the Hymenochataceae group  
which includes Phellinus and Inonotus 
species were shown to produce phenolic 
compounds such as phelligridins and 
inonoblins (Lee et al., 2007; De Silva et 
al., 2014). 

Mushrooms do not contain flavonoids 
Although several authors confirm the 

presence of "total flavonoids" in fungal 
extracts, (until October 2015 a total of 136 

Table 3. Values of total phenolic compounds, DPPH and percentage of antioxidant 
activity 

Species 
Phenolic compounds

(mg GAE.g-1) 
Antioxidant concentration 

(mg.g-1 AAE) 
% Activity 

AG001  9.30 ± 0.82  7.64 ± 0.87  3.88 

GS002  17.01 ± 1.56  10.00 ± 1.00  7.02 

HF003  6.66 ± 0.79  4.95 ± 1.69  4.80 

IS004  64.81 ± 2.70  94.12 ± 0.87  12.4 

IR005  3.70 ± 0.48  7.27 ± 0.49  7.20 

LL006  15.11 ± 1.12  9.51 ± 0.35  6.65 

LF007  6.76 ± 0.30  5.37 ± 0.37  6.09 

PA008  64.45 ± 3.88  36.66 ± 0.51  9.13 

TC009  8.98 ± 0.89  5.94 ± 1.14  4.80 

*GAE: Gallic Acid Equivalents QE: quercetin equivalents AAE: Ascorbic acid
equivalent. 
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scientific reports were published descry-
bing the presence of flavonoids for fungi 
(Gil-Ramírez et al., 2016)) others sustain 
the absence of this metabolite within the 
Fungi Kingdom (Ruíz-Rodríguez et al., 
2009; Gil-Ramírez et al., 2016).  

Most of the authors used an unspecific 
colorimetric method developed to deter-
mine them in plants or plant products; the 
colorimetric method used is aluminum 
chloride (AlCl3) as a selective reaction 
agent with certain flavonoids depending 
on the reaction medium used (Christ & 
Müller, 1960), this technique is nonspe-
cific for fungi, since they contain chloro-
genic acid, hydroxycinnamic acid, o-
diphenols and molecules that include cate-
chol residues as pigments; all of these in-
cluded ergosterol, and can give false po-
sitives in the AlCl3 colorimetric assays 
(Gil-Ramírez et al., 2016). 

In addition to these possible false 
positives, no coding sequences for chal-
cone synthase or chalcone isomerase (key 
enzymes involved in the biosynthetic 
pathway of flavonoids) have been 
identified for fungi, this would imply the 
impossibility of transforming phenolic 
compounds to flavonoids due to the ab-
sence of the transformation catalysts (Gil-
Ramírez et al., 2016). However, several 
authors confirmed the presence of flavo-
noids such as: quercetin, luteolin, myri-
cetin, naringenin, naringin, hesperetin, 
rutin, morin, kaempferol, chrysin and de-
rivatives, genistein, apigenin or catechin 
(Mattila et al., 2001; Ribeiro et al., 2006; 
Ribeiro et al., 2007; Turkoglu et al., 2007; 
Kim et al., 2008; Barros et al., 2009; 
Palacios et al., 2011; Gąsecka et al., 
2017). Notably, these studies rarely used 
state-of-the-art analytical chemistry inclu-
ding analytical and preparative HPLC, 
high resolution mass spectrometry and 

NMR spectroscopy (De Silva et al., 
2013). 

The lack of coding sequences for en-
zymes involved in the flavonoid biosyn-
thetic pathway in mushrooms is determi-
nant to confirm the absence of production 
of flavonoids in the Fungi Kingdom, the 
use of nonspecific techniques developed 
in plants is the first error committed over 
time. Today we know that fungi are orga-
nisms with a metabolism independent 
from plants and therefore we must esta-
blish specific tests taking into account the 
metabolites produced by them. 

With respect to the DPPH assay and 
the percentage of antioxidant activity 
(Table 2), the extracts AG001, GS002, 
HF003, IR005, LL006, LF007 and 
TC009 showed positive correlation bet-
ween the concentrations of phenolic com-
pounds and the antioxidant activity: low 
concentrations of these compounds (Table 
1) indicated moderate to low antioxidant
activity (Table 2), consistent with 
Olennikov (2011) and Keleş et al. (2011) 
who explain that these are the main anti-
oxidant compounds of the secondary me-
tabolism of fungi, mainly emphasizing 
phenolic compounds. 

However, PA008 extract showed mo-
derate concentrations of total phenolic 
compounds (Table 1), without expressing 
efficient antioxidant capacity (Table 2) 
(9.13% and DPPH 36.66 ± 0.51 mg.g-1), 
these results are reflected in the work of 
Reis et al. (2011), where they reported 
high concentrations of total phenolic com-
pounds but specify low antioxidant power, 
this could be understood as a contradiction 
to the assertions that total phenolic com-
pounds are the main metabolites contribu-
tors in the antioxidant action of fungal ex-
tracts (Keleş et al., 2011). 
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CONCLUSIONS 

Regarding the crude extracts analyzed, 
the species Inonotus splitgerberi IS004, 
Inonotus rickii IR005 and Pisolithus 
arhizus PA008 presented a good chemical 
profile when testing positive bioactive se-
condary metabolites such as phenolic 
compounds, reducing sugars and alka-
loids, among others; as well as a high 
percentage of antioxidant activity. IS004 
showed a chemical profile similar to the 
Inonotus obliquus species considered me-
dicinal, used as an antitumor and im-
munomodulatory agent. These prelimina-
ry results confirm the presence of meta-
bolites with possible biological properties 
and mark the beginning of the chemical 
study within the Fungi Kingdom in Para-
guay. Future studies of isolation and 
elucidation of metabolites through analy-
tical and preparative HPLC, high resolu-
tion mass spectrometry, and NMR spec-
troscopy of those extracts that showed a 
good chemical profile are necessary. 

REFERENCES 

Adebayo, E., Oloke, J. K., Ayandele, A. 
A., & Adegunlola, C. O. (2012). 
Phytochemical, antioxidant and anti-
microbial assay of mushroom meta-
bolite from Pleurotus pulmonarius–
LAU 09 (JF736658). Journal of Mi-
crobiology and Biotechnology Re-
search (CAN). 2(2): 366-374. 

Akata, I., Ergönül, B., & Kalyoncu, F. 
(2012). Chemical compositions and 
antioxidant activities of 16 wild edible 
mushroom species grown in Anatolia. 
Int J Pharmacol, 8(2), 134-138.  

Amador, V., del Carmen, M., Morón 
Rodríguez, F., Morejón Rodríguez, Z., 
Martínez Guerra, M. J., & López 

Barreiro, M. (2006). Tamizaje fito-
químico, actividad antiinflamatoria y 
toxicidad aguda de extractos de hojas 
de Annona squamosa L. Revista Cu-
bana de Plantas Medicinales, 11(1),1–
12. 

Arango, G. (2008). Alcaloides y compues-
tos nitrogenados. Universidad de An-
tioquía, Medellín. Págs, 3-16.  

Barros, L., Calhelha, R. C., Vaz, J. A., 
Ferreira, I. C., Baptista, P., & 
Estevinho, L. M. (2007). Antimi-
crobial activity and bioactive com-
pounds of Portuguese wild edible 
mushrooms methanolic extracts. 
European Food Research and 
Technology, 225(2), 151-156 

Barros, L., Dueñas, M., Ferreira, I. C., 
Baptista, P., & Santos-Buelga, C. 
(2009). Phenolic acids determination 
by HPLC–DAD–ESI/MS in sixteen 
different Portuguese wild mushrooms 
species. Food and Chemical 
Toxicology, 47(6), 1076-1079. 

Baumert, A., Schumann, B., Porzel, A., 
Schmidt, J., & Strack, D. (1997). 
Triterpenoids from Pisolithus 
tinctorius isolates and ectomy-
corrhizas. Phytochemistry, 45(3), 499-
504. 

Bian, X., Bai, J., Sun, K., Huang, S., 
Wang, K., Tang, S., & Pei, Y. (2016). 
Trametramide A, a new pyridone 
alkaloid from the fungus Trametes 
trogii TGC-P-3. Magnetic resonance 
in chemistry: MRC, 54(9), 773. 

Blackwell, M. (2011). The Fungi: 1, 2, 
3… 5.1 million species?. American 
journal of botany, 98(3), 426-438. 

Campi, M., Maubet, Y., Grassi, E., & 
Robledo, G. L. (2017). Amylosporus 
guaraniticus sp nov (Wrightoporia-
ceae, Russulales) a new neotropical 

36 



Campi, M. et al. Evaluation of phenolic compounds, antioxidant activity and bioactive 
compounds in fungi 

species from Paraguay. Mycosphere, 
8(6), 1060-1069. 

Cateni, F., Lucchini, V., Zacchigna, M., 
Procida, G., Doljak, B., & Anderluh, 
M. (2015). New triterpenes from the 
fungus Gloeophyllum odoratum. 
Chemistry of natural compounds, 
51(1), 74-80. 

Chen, H. P., Dong, W. B., Feng, T., Yin, 
X., Li, Z. H., Dong, Z. J., & Liu, J. K. 
(2014). Four new sesquiterpenoids 
from fruiting bodies of the fungus Ino-
notus rickii. Journal of Asian natural 
products research, 16(6), 581-586. 

Christ, B., & Müller, K. H. (1960). Zur 
serienmäßigen Bestimmung des 
Gehaltes an Flavonol‐Derivaten in 
Drogen. Archiv der Pharmazie, 
293(12), 1033-1042. 

Côté, J., Caillet, S., Doyon, G., Sylvain, J. 
F., & Lacroix, M. (2010). Bioactive 
compounds in cranberries and their 
biological properties. Critical reviews 
in food science and nutrition, 50(7), 
666-679 

Dai, Y. C. (2010). Hymenochaetaceae 
(Basidiomycota) in China. Fungal 
Diversity, 45(1), 131-343. 

D’Archivio, M., Filesi, C., Varì, R., 
Scazzocchio, B., & Masella, R. (2010). 
Bioavailability of the polyphenols: 
status and controversies. International 
journal of molecular sciences, 11(4), 
1321-1342. 

De Silva, D. D., Rapior, S., Sudarman, E., 
Stadler, M., Xu, J., Alias, S. A., & 
Hyde, K. D. (2013). Bioactive meta-
bolites from macrofungi: ethnophar-
macology, biological activities and 
chemistry. Fungal Diversity, 62(1), 1-
40. 

Dubost, N. J., Ou, B., & Beelman, R. B. 
(2007). Quantification of polyphenols 
and ergothioneine in cultivated mush-

rooms and correlation to total anti-
oxidant capacity. Food Chemistry, 
105(2), 727-735. 

Gąsecka, M., Siwulski, M., & Mleczek, 
M. (2017). Evaluation of bioactive 
compounds content and antioxidant 
properties of soil‐growing and wood-
growing edible mushrooms. Journal of 
Food Processing and Preservation, 
42(1), e13386. 

Gil-Ramírez, A., Pavo-Caballero, C., 
Baeza, E., Baenas, N., Garcia-Viguera, 
C., Marín, F. R., & Soler-Rivas, C. 
(2016). Mushrooms do not contain 
flavonoids. Journal of functional 
foods, 25, 1-13. 

Graça, A., Brugnari, T., Neiverth de 
Freitas, E., Marques Nolli, M., Peralta, 
R.M., Giatti, C. 2016. Evaluation of 
the antioxidant capacity by the method 
of phenolic compounds, TEAC and 
FRAP of extracts from mycelia produ-
ced by submerged fermentation. Anais 
do 6ª Congresso de Ciencias Farma-
ceuticas do Mercosul. http://eventos 
unioeste.unioeste.br/images/cosimp/a
nais/pages/artigos/13326.pdf. 

Han, J. J., Bao, L., Tao, Q. Q., Yao, Y. J., 
Liu, X. Z., Yin, W. B., & Liu, H. W. 
(2015). Gloeophyllins A–J, cytotoxic 
ergosteroids with various skeletons 
from a Chinese Tibet fungus Gloeo-
phyllum abietinum. Organic letters, 
17(10), 2538-2541. 

Hashimoto, M., Saito, Y., Seki, H., & 
Kamiya, T. (1972). Hypocholeste-
rolemic Alkaloids of Lentinus edodes 
(BERK.) SING. IV. Synthesis of Three 
Stereoisomers of Eritadenine. Chemi-
cal and Pharmaceutical Bulletin, 
20(7), 1374-1379. 

Hawksworth, D. L., & Luecking, R. 
(2017). Fungal Diversity Revisited: 

37 



Steviana Vol. 11 (1), 2019 

2.2 to 3.8 Million Species. Microbio-
logy spectrum, 5(4). 

Heleno, S. A., Barros, L., Sousa, M. J., 
Martins, A., & Ferreira, I. C. (2010). 
Tocopherols composition of Portu-
guese wild mushrooms with anti-
oxidant capacity. Food Chemistry, 
119(4), 1443-1450. 

Heleno, S. A., Barros, L., Sousa, M. J., 
Martins, A., Santos-Buelga, C., & 
Ferreira, I. C. (2011). Targeted 
metabolites analysis in wild Boletus 
species. LWT-Food Science and 
Technology, 44(6), 1343-1348.  

Isaka, M., Sappan, M., Supothina, S., 
Srichomthong, K., Komwijit, S., & 
Boonpratuang, T. (2017). Alliacane 
sesquiterpenoids from submerged cul-
tures of the basidiomycete Inonotus sp. 
BCC 22670. Phytochemistry, 136, 
175-181. 

Juma, I., Mshandete, A. M., Tibuhwa, D. 
D., & Kivaisi, A. (2016). Assessment 
of antioxidant potentials of the wild 
and domesticated saprophytic edible 
mushrooms from Tanzania. Curr Res 
Environ App Mycol, 6(2016), 1-10. 

Kavanagh, F. (1947). Chemical determi-
nation of pleurotin, an antibacterial 
substance from Pleurotus griseus. Ar-
chives of biochemistry, 15(1), 95-98. 

Keleş, A., Koca, I., & Gençcelep, H. 
(2011). Antioxidant properties of wild 
edible mushrooms. Journal of Food 
Processing & Technology, 2(6), 2-6. 

Khadhri, A., Aouadhi, C., & Aschi-Smiti, 
S. (2017). Screening of bioactive com-
pounds of medicinal mushrooms co-
llected on Tunisian Territory. Inter-
national journal of medicinal mush-
rooms, 19(2). 

Kim, M. Y., Seguin, P., Ahn, J. K., Kim, 
J. J., Chun, S. C., Kim, E. H., ... & Ro, 
H. M. (2008). Phenolic compound 

concentration and antioxidant 
activities of edible and medicinal 
mushrooms from Korea. Journal of 
Agricultural and Food Chemistry, 
56(16), 7265-7270. 

Kim, Y. J., Park, J., Min, B. S., & Shim, 
S. H. (2011). Chemical constituents 
from the sclerotia of Inonotus 
obliquus. Journal of the Korean So-
ciety for Applied Biological Chemi-
stry, 54(2), 287-294. 

Klaus, A., Kozarski, M., & Nikšiæ, M. 
(2011). Antioxidative activities of the 
polysaccharides extracted from the 
mushroom Ganoderma lucidum. In 11 
th International Congress on Engi-
neering and Food, Food Process Engi-
neering in a Changing World, Athens, 
Greece, Congress Proceeding (Vol. 2, 
pp. 1383-1384). 

Koolen, H. H., da Silva, F. M., Gozzo, F. 
C., de Souza, A. Q., & de Souza, A. D. 
(2013). Antioxidant, antimicrobial 
activities and characterization of 
phenolic compounds from buriti 
(Mauritia flexuosa L. f.) by UPLC–
ESI-MS/MS. Food Research Inte-
rnational, 51(2), 467-473. 

Llata Loyola, María Dolores de la. (1994). 
Química Orgánica. Editorial el 
Progreso, S.A. 101-102. 

Lee, I. K., & Yun, B. S. (2007). Highly 
oxygennated and unsaturated metabo-
lites providing a diversity of hispidin 
class antioxidants in the medicinal 
mushrooms Inonotus and Phellinus. 
Bioorganic & medicinal chemistry, 
15(10), 3309-3314.  

Leliebre-Lara, V., García, M., Nogueiras, 
C., & Monzote, L. (2015). Qualitative 
analysis of an ethanolic extract from 
Trametes versicolor and biological 
screening against Leishmania amazo-

38 



Campi, M. et al. Evaluation of phenolic compounds, antioxidant activity and bioactive 
compounds in fungi 

nensis. Emirates Journal of Food and 
Agriculture, 592-595. 

Lin, S. Y., Yeh, C. C., Liang, C. H., & 
Mau, J. L. (2012). Preparation of Cha-
ga Medicinal Mushroom, Inonotus 
obliquus− Fermented Rice Using 
Solid-State Fermentation and its Taste 
Quality and Antioxidant Property. 
International journal of medicinal 
mushrooms, 14(6). 

Liu, Y. T., Sun, J., Luo, Z. Y., Rao, S. Q., 
Su, Y. J., Xu, R. R., & Yang, Y. J. 
(2012). Chemical composition of five 
wild edible mushrooms collected from 
Southwest China and their antihyper-
glycemic and antioxidant activity. 
Food and Chemical Toxicology, 50(5), 
1238-1244. 

Lobo, A. M., de Abreu, P. M., Prabhakar, 
S., Godinho, L. S., & Williams, D. J. 
(1983). Piscolactone, a novel triter-
penoid isolated from the fungus piso-
lithus tinctorius. Tetrahedron Letters, 
24(21), 2205-2208. 

Lobo, A. M., De Abreu, M., Prabhakar, S., 
Godinho, L. S., Jones, R., Rzepa, H. S., 
& Williams, D. J. (1988). Triterpe-
noids of the fungus Pisolithus 
tinctorius. Phytochemistry, 27(11), 
3569-3574.  

Lohmann, J. S., von Nussbaum, M., 
Brandt, W., Mülbradt, J., Steglich, W., 
& Spiteller, P. (2018). Rosellin A and 
B, two red diketopiperazine alkaloids 
from the mushroom Mycena rosella. 
Tetrahedron, 74(38), 5113-5118. 

Lung, M. Y., & Huang, W. Z. (2012). 
Antioxidant properties of polysaccha-
rides from Laetiporus sulphureus in 
submerged cultures. African Journal of 
Biotechnology, 11(23), 6350-6358. 

Márquez-Fernández, O., Herrera, E., 
Castellanos-Onorio, O., Estrada-
Torres, A., & Trigos, Á. (2013). Iden-

tificación de un derivado de lanosterol 
procedente del hongo cultivado 
Pisolithus arhizus (scop.) Rauschert. 
Revista Chapingo serie ciencias 
forestales y del ambiente, 19(2), 217-
224. 

Matijašević, D., Pantić, M., Rašković, B., 
Pavlović, V., Duvnjak, D., Sknepnek, 
A., & Nikšić, M. (2016). The antibac-
terial activity of Coriolus versicolor 
methanol extract and its effect on 
ultrastructural changes of Staphyloco-
ccus aureus and Salmonella Enteriti-
dis. Frontiers in microbiology, 7, 
1226. 

Matsuda, M., Kobayashi, T., Nagao, S., 
Ohta, T., & Nozoe, S. (1996). 
Laccarin, a new alkaloid from the 
mushroom, Laccaria vinaceo-
avellanea. Heterocycles, 3(43), 611-
617. 

Mattila, P., Könkö, K., Eurola, M., 
Pihlava, J. M., Astola, J., Vahteristo, 
L., ... & Piironen, V. (2001). Contents 
of vitamins, mineral elements, and so-
me phenolic compounds in culti-vated 
mushrooms. Journal of agricultural 
and food chemistry, 49(5), 2343-2348. 

Mohsin M, Negi P, Ahmed Z (2011) 
Determination of the antioxidant acti-
vity and polyphenol contents of wild 
Lingzhi or Reishi medicinal mush-
room, Ganoderma lucidum (W.Curt. 
Fr.) P. Karst. (Higher Basidiomycetes) 
from central Himalayan hills of India. 
Int J Med Mushrooms 13(6), 535–544. 

Nomura M, Takahashi T, Uesugi A, 
Tanaka R, Kobayashi S (2008) Ino-
todiol, a lanostane triterpenoid, from 
Inonotus obliquus inhibits cell prolife-
ration through caspase-3-depen-dent 
apoptosis. Anticancer Res 28(5A), 
2691–2696 

39 



Steviana Vol. 11 (1), 2019 

Olennikov, D. N., Tankhaeva, L. M., & 
Agafonova, S. V. (2011). Antioxidant 
components of Laetiporus sulphureus 
(Bull.: Fr.) Murr. fruit bodies. Applied 
biochemistry and microbiology, 47(4), 
419-425. 

Orhan, I., & Üstün, O. (2011). Determi-
nation of total phenol content, anti-
oxidant activity and acetylcholi-
nesterase inhibition in selected mush-
rooms from Turkey. Journal of Food 
Composition and Analysis, 24(3), 386-
390. 

Palacios, I., Lozano, M., Moro, C., 
D’arrigo, M., Rostagno, M. A., Mar-
tínez, J. and Villares, A. (2011). 
Antioxidant properties of phenolic 
compounds occurring in edible 
mushrooms. Food Chemistry, 128(3), 
674-678. 

Rasser, F., Anke, T., & Sterner, O. (2000). 
Secondary metabolites from a 
Gloeophyllum species. Phytoche-
mistry, 54(5), 511-516. 

Rathee, S., Rathee, D., Rathee, D., Kumar, 
V., & Rathee, P. (2012). Mushrooms 
as therapeutic agents. Revista Bra-
sileira de Farmacognosia, 22(2), 459-
474. 

Reis, F. S., Pereira, E., Barros, L., Sousa, 
M. J., Martins, A., & Ferreira, I. C. 
(2011). Biomolecule profiles in ine-
dible wild mushrooms with anti-
oxidant value. Molecules, 16(6), 4328-
4338. 

Ribeiro, B., Rangel, J., Valentão, P., 
Baptista, P., Seabra, R. M., & 
Andrade, P. B. (2006). Contents of 
carboxylic acids and two phenolics and 
antioxidant activity of dried Portu-
guese wild edible mushrooms. Journal 
of agricultural and food chemistry, 
54(22), 8530-8537. 

Ribeiro, B., Valentão, P., Baptista, P., 
Seabra, R. M., & Andrade, P. B. 
(2007). Phenolic compounds, organic 
acids profiles and antioxidative 
properties of beefsteak fungus (Fistuli-
na hepatica). Food and Chemical 
Toxicology, 45(10), 1805-1813. 

Robledo, G., & Urcelay, C. (2009). 
Hongos de la madera en árboles nati-
vos del centro de Argentina (No. 
582.28 (823)). Universidad Nacional 
de Córdoba. 

Ruíz-Rodriguez, A., Santoyo, S., & Soler-
Rivas, C. (2009). Antioxidant proper-
ties of edible mushrooms. Funct Plant 
Sci Biotechnol, 3(Special Issue 1), 92-
102. 

Sánchez, C. (2017). Reactive oxygen spe-
cies and antioxidant properties from 
mushrooms. Synthetic and systems 
biotechnology, 2(1), 13-22. 

Sandargo, B., Chepkirui, C., Cheng, T., 
Chaverra-Munoz, L., Thongbai, B., 
Stadler, M., & Hüttel, S. (2019). Bio-
logical and chemical diversity go hand 
in hand: Basidomycota as source of 
new pharmaceuticals and agrochemi-
cals. Biotechnology advances. 

Song T., Yen G. (2002) Antioxidant pro-
perties of Antrodia camphorate in sub-
merged culture. J Agric Food Chem 
50: 3322–3327 

Spiteller, P., & Schrey, H. (2019). E‐and 
Z‐Proxamidines, Unprecedented 1, 3‐
Diazacyclooct‐1‐ene Alkaloids from 
Fruiting Bodies of Laccaria proxima. 
Chemistry–A European Journal. 

Stadler, M., & Hoffmeister, D. (2015). 
Fungal natural products the mushroom 
perspective. Frontiers in micro-
biology, 6, 127. 

Staniszewska, J., Szymański, M., & 
Ignatowicz, E. (2017). Antitumor and 
immunomodulatory activity of Inono-

40 



Campi, M. et al. Evaluation of phenolic compounds, antioxidant activity and bioactive 
compounds in fungi 

tus obliquus. Herba Polonica, 63(2): 
48-58. 

Sulkowska-Ziaja, K., Muszynska, B., 
Motyl, P., Pasko, P., & Ekiert, H. 
(2012). Phenolic compounds and 
antioxidant activity in some species of 
polyporoid mushrooms from Poland. 
International journal of medicinal 
mushrooms, 14(4). 

Sun, Z., Hu, M., Sun, Z., Zhu, N., Yang, 
J., Ma, G., Xu, X., Sun, Z., Hu, M., 
Sun, Z., Zhu, N., Yang, J., Ma, G., Xu, 
X., (2018). Pyrrole alkaloids from the 
edible mushroom Phlebopus portento-
sus with their bioactive activities. 
Molecules 23, 1198. https://doi.org/ 
10.3390/molecules2305119 

Tanasova, M., & Sturla, S. J. (2012). 
Chemistry and biology of acylfulve 
nes: sesquiterpene-derived antitumor 
agents. Chemical Reviews, 112(6), 
3578-3610. 

Tiwari, P., Kumar, B., Kaur, M., Kaur, G., 
& Kaur, H. (2011). Phytochemical 
screening and extraction: a review. 
Internationale pharmaceutica scien 
cia, 1(1), 98-106. 

Turkoglu, A., Duru, M. E., Mercan, N., 
Kivrak, I., & Gezer, K. (2007). Anti-
oxidant and antimicrobial activities of 
Laetiporus sulphureus (Bull.) Murrill. 
Food Chemistry, 101(1), 267-273.  

Vila, J. L., Martinez, M., Torrez, A. S., 
Campi, M. G., & Bravo, J. A. (2015). 

Ergosterol from the mushroom Laeti-
porus sp.: isolation and structural cha-
racterization. Revista Boliviana de 
Química, 32(4). 

Wieczorek, P. P., Witkowska, D., Jasicka-
Misiak, I., Poliwoda, A., Oterman, M., 
& Zielińska, K. (2015). Bioactive 
alkaloids of hallucinogenic mush-
rooms. In Studies in Natural Products 
Chemistry (Vol. 46, pp. 133-168). 
Elsevier.  

Wright JE, Albertó E (2002) Guía de los 
Hongos de la Región Pampeana. Tomo 
I. Hongos con Laminillas. Literature of 
Latin America, Buenos Aires, 280 pp. 

Zaidman, B., Yassin, M., Mahajna J, 
Wasser, P. (2005). Medicinal mush-
room modulators of molecular targets 
as cancer therapeutics. Appl Microbiol 
Biotechnol 67: 453–468 

Zamuner, M., Cortez, D. A., Dias Filho, 
B. P., Lima, M. I. S., & Rodrigues-
Filho, E. (2005). Lanostane triterpenes 
from the fungus Pisolithus tinctorius. 
Journal of the Brazilian Chemical 
Society, 16(4), 863-867. 

Zhang, N., Chen, H., Zhang, Y., Xing, L., 
Li, S., Wang, X., & Sun, Z. (2015). 
Chemical composition and antioxidant 
properties of five edible Hymenomy-
cetes mushrooms. International Jour-
nal of Food Scien. 

41 




