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Abstract 
 
Because of the special flavour and of the therapeutic properties, Pleurotus ostreatus and Lentinus edodes are among 
the most cultivated and  consumed mushrooms species. This work aimed to evaluate the antioxidant properties and free 
radical scavenger activities of Pleurotus ostreatus and Lentinus edodes methanol extracts by phosphomolibdenum and 
DPPH- assays respectively, total phenolic content (Folin – Ciocalteu) and identification of bioactive compounds by 
HPTLC (high-performance thin layer chromatography). The obtained fingerprints of extracts, in tree systems  (for 
phenols, coumarins and triterpenoid saponins) have shown the presence of ferulic acid as main compounds in Pleurotus 
ostreatus extract and ergosterol (provitamin D2) in both of them. Total phenol content  was 2.03 g/100g for Lentinus 
edodes extract and 1.24 g/100g for Pleurotus ostreatus extract. Radical scavenger activity and total antioxidant 
capacity, was higher for Lentinus edodes extract (90.14%, 203.05 mg AA) in comparison with the results obtained for 
Pleurotus ostreatus extract (85.32%, 168.34mg AA). The mushrooms examined in this work could represent important 
and accessible sources of natural antioxidants for food, food supplement and cosmetic industry.  
 
Key words: mushrooms, Pleurotus ostreatus, Lentinus edodes, HPTLC, antioxidant. 
 
INTRODUCTION  
 
The use of natural remedies is one of the most 
exciting areas of interest that is supported by a 
long history of traditional use and of scientific 
research results. Mushrooms are part of natural 
ecosystems having an important role in the 
health maintaining process. Also, for centuries, 
mushrooms are used in food industry and in 
traditional medicine. Edible and/or medicinal 
mushrooms are either collected from nature or 
cultivated.  Mushrooms cultivation is important 
for nutritional security, for recycling solutions 
of agro-waste and also for providing quality 
controlled products. The nutritional and 
chemical composition of mushrooms is 
responsible for their therapeutic properties. 
Pleurotus ostreatus - oyster mushroom 
(Pleurotaceae) was cultivated for the first time 
during the Word War I, as a subsistence 
measure (Eger et al., 1976). Now is the third 
most cultivated mushroom around the world, 
having a high nutritional value because of the 

content in essential amino-acids as alanine, 
arginine, glutamine and glutamic acid, 
carbohydrates–specially glucans, water, 
proteins, vitamins B,C,D,K and minerals Ca, 
P, Fe, K, Mn, Cu, Zn, Mg and Se, ascorbic and 
folic acids (Fernandes et al., 2015; Fontes 
Vieira et al., 2013; Xia et al., 2011). The 
mushroom also, contain essentials unsaturated 
fatty acids palmitic, stearic, oleic and linoleic 
acids (Hadar  and Cohen-Arzi 1986) and 
phenolic compounds as ferulic, p-coumaric, 
galic, gentisic and homogentisic acids (Palacios 
et al., 2011) and ergothioneine (Dubost et al. 
2007; Bhattacharya et al., 2014). Correlated 
with the chemical composition, Pleurotus 
ostreatus extracts have antioxidant, 
immunomodulatory, anti-inflammatory 
properties and lowering cholesterol and 
triglycerides levels activity (Fengguo et al. 
2011; Fontes Vieira et al, 2013; Facchini et al. 
2014; Sanjana et al. 2013; Tong et al. 2009).  
Lentinus edodes (Pleurotaceae) has excellent 
nutritional values. The Japanese name of this 
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mushroom is Shiitake derived from the 
association with Shii tree (Castanopsis 
cuspidate Schottky) and – take the Japanese 
word for mushroom. Fructification body 
contains 88-92% water, proteins, lipids, 
carbohydrates, vitamins and minerals. Dry 
mushroom has higher nutritional values as of 
most of the vegetable consumed every day. Dry 
mushroom is rich in carbohydrates and protein, 
containing 58-60% carbohydrates, 20-30% 
protein (which are digested at a rate of 80-87%) 
9-10% fibre, 3-4% fat and 4-5% ash (Rahman 
and Choudhury, 2012).  
Shiitake is a considerable source of vitamins, 
particularly provitamin D2 (ergosterol) - 
325mg%, which under ultraviolet light (UV) 
and heat turn into calciferol (vitamin D2), 
containing also B vitamins, thiamine (B1), 
riboflavin (B2), niacin (B12) and pantothenic 
acid (Hobbs 1995; Przbylowicz et al., 1990; 
199, Mizuno 1995, 11, 7–21; Hobbs  2000; 
Wasser and Weis, 1997). Minerals identified in 
dry mycelium are Fe, Mn, Ca, Mg, Cd, Cu, P, 
Zn, Ge, Br and Sr (Casaril et al., 2011). 
Shiitake contains water-soluble ((1-4)-,(1-6)-α-
D-glucans) and antitumor polysaccharides 
(lentinan) and fatty acids (linoleic, palmitic, 
oleic, stearic, tetradecenoic and myristic acids). 
Being one of the most studied mushrooms, with 
a large utilization in traditional medicine 
shiitake has proved pharmacological effects as: 
immunomodulatory, anticarcinogenic, 
antitumor, cardiovascular, hepatoprotective, 
antiviral, antibacterial and antiparasitic (Wasser 
2005). 
This paper aims to present the HPTLC profiles 
of bioactive compounds – phenolic – of the 
methanolic extracts obtained from the two 
mushroom species Pleurotus ostreatus and 
Lentinus edodes cultivated in Romania, as well 
as total polyphenolic content and antioxidant 
activity by DPPH and phosphomolibdenum 
assays. 
 
MATERIALS AND METHODS 
 
Raw material – Pleurotus ostreatus (fruiting 
body) sample and Lentinus edodes sample 
(fruiting body) were obtained from local 
mushroom producers. Voucher specimens are 
deposited in INCDCF-ICCF Plant Material 
Storing Room. 

Sample preparation: the samples were prepared 
by extraction with methanol - vegetal material/ 
solvent rate -1/10m/v for 1h at boiling 
temperature of the solvent. The solutions were 
filtered and frozen until analysis. 
HPTLC Analysis - The analysis was made 
according to TLC Atlas - Plant Drug Analyses 
(Wagner and Bladt, 1996) for the determination 
of characteristic fingerprint for chemical 
compounds. 3-7µl of the samples and 1-5µl of 
references substances (10-3M ferulic acid T1, 
chlorogenic acid –T2 and 1mg/ml ergosterol 
T3-Sigma-Aldrich) were loaded as 10mm band 
length in the 20 x 10 Silica gel 60F254 TLC 
plate using Hamilton- Bonaduz, Schweiz 
syringe and CAMAG LINOMAT 5 instrument. 
Polyphenolic compounds: the mobile phases 
(A) consisted in 100:11:11:27 (v/v/v/v) ethyl 
acetate-acetic acid-formic acid-water and (B) 
consisted in 1:1 (v/v) toluene-diethyl ether. The 
TLC twin chamber was pre-saturated with 
mobile phase for 30 min at ~20°C. The plate 
was developed in the mobile phase up to 
90mm. After development, plates were dried 
and derivatized in for A system in  Natural 
Product followed by PEG4000 reagent and for 
B in KOH 10%. The fingerprints were 
evaluated at UV with a WinCats and 
VideoScan software. Triterpenoid saponins 
according to American Herbal 
Pharmacopoeia®, Reishi Mushroom, 2006: 3-
12µl of the samples were loaded as 10 mm on 
band length in the 20 x 10 Silica gel 60F254 
TLC. The mobile phase (C) consisted in 9:1 
(v/v) dichloromethane: methanol. The plate 
was developed in the mobile phase up to 
70mm. The plate was dried and derivatized in 
vanillin–sulphuric acid reagent. The fingerprint 
was evaluated in visible light. 
Total phenol content - Total phenol content  
(TPC) determined according to Folin – 
Ciocalteu method (Ph Eur.6). Briefly, 1ml of 
the extract was transferred to a 25ml volumetric 
flask, 10ml of water and 1ml of Folin Ciocalteu 
reagent was added. The volume was made to 
25ml with 5% sodium carbonate (w/v). The 
blend was left at room temperature for 30 
minutes. Then the absorbance of the samples 
was read at 760nm with a UV/VIS 
spectrophotometer (Helios λ, Thermo Electron 
Corporation). Distilled water was used a as 
blank solution.  

  
  
Free radical scavenging assay- was evaluated 
using the Sanchez-Moreno et al. (1998) assay.  
The extracts concentration were 0.1% in 
methanol. 50μl aliquots of the extract were 
mixed with 2950μl of the DPPH methanolic 
solution (0.0025g/l). The radical scavenging 
activity of the extracts against 2,2-diphenyl-1-
picryl hydrazyl radical (Sigma-Aldrich) was 
determined by measuring UV absorbance at 
517nm. A blank solution was prepared 
containing the same amount of methanol and 
DPPH and measured after standing at room 
temperature 30 minutes. The radical 
scavenging activity (RSA) was calculated using 
the following formula:   
% inhibition = {(AB – AA)/AB} x 100.   
Where AB is the absorption of blank sample 
and AA is the absorption of tested extract 
solution.  
Total antioxidant capacity (TAC) assay  
Was assessed by phosphomolybdenum method, 
according to Prieto et al. 1999. To 0.3ml 
ethanolic solution of the sample (concentration  
0.1mg/ml) was added 2.7ml of reagent solution 
(0.6M sulphuric acid, 28mM sodium 
molybdate, and 4mM ammonium phosphate). 
The mixtures were incubated at 950C for 90 

minutes. After cooling the samples to room 
temperature, their extinction was measured at 
695nm with UV-VIS spectrophotometer. 
Ethanol was used as negative control. The 
antioxidant capacity was expressed as ascorbic 
acid equivalent (AA) to 1mg of active 
substance. The calibration curve is linear for 
ascorbic acid in the range of 0.001 to 1mg/ml, 
n= 6, r2=0.999. 
 
RESULTS AND DISCUSSIONS 
 
The HPTLC fingerprint profile is utilized as 
identification method of a species. This is a 
technique that can be use either in research or 
in production processes.  
In figure 1, the polyphenolic fingerprint of 
Pleurotus ostreatus extract (Figure 1- Track 1) 
is characterized by two major blue fluorescent 
zones, one of them – ferulic acid (Rf~0.9) in 
system A. C system is characteristic for 
coumarins according to Wagner and Bladt, 
1996. In the extract were identified ferulic acid 
(Rf~0.55) and coumarins aglycones as tree 
bright blue prominent fluorescent spots at 
Rf~0.1, 0.6 and 0.8. 
 

 
 

Figure 1. HPTLC fingerprint profile of Pleurotus ostreatus mushroom 
1 - Pleurotus ostreatus extract; T1- ferulic acid (ref.); T3 - ergosterol (ref.) 
System  A - 100:11:11:27 (v/v/v/v) ethyl acetate-acetic acid-formic acid-water;  

B - 1:1 (v/v) toluene-diethyl ether;   
C - 9:1 (v/v) dichloromethane: methanol. 

 
B system is used (American Herbal 
Pharmacopoeia®, Reishi Mushroom, 2006) for 
identification of triterpenoid saponins in 
Ganoderma lucidum mushroom. Pleurotus 

ostreatus fingerprint is characterized by the 
presence of ergosterol (T3) and of four major 
purple - brown spots between Rf ~0.3-0.9. 
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Figure 1. HPTLC fingerprint profile of Pleurotus ostreatus mushroom 
1 - Pleurotus ostreatus extract; T1- ferulic acid (ref.); T3 - ergosterol (ref.) 
System  A - 100:11:11:27 (v/v/v/v) ethyl acetate-acetic acid-formic acid-water;  

B - 1:1 (v/v) toluene-diethyl ether;   
C - 9:1 (v/v) dichloromethane: methanol. 

 
B system is used (American Herbal 
Pharmacopoeia®, Reishi Mushroom, 2006) for 
identification of triterpenoid saponins in 
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Figure 2. HPTLC fingerprint profile of Lentinus edodes mushroom 

1 – Lentinus edodes  extract; T1- ferulic acid (ref.); T2 –chlorogenic acid ; T3 - ergosterol (ref.) 
System  A - 100:11:11:27 (v/v/v/v) ethyl acetate-acetic acid-formic acid-water;  

B - 1:1 (v/v) toluene-diethyl ether;   
C - 9:1 (v/v) dichloromethane: methanol. 

 
In figure 2, in A system for Lentinus edodes 
extract there are not specific spots/zones for 
polyphenolic compounds. In C system, in UV-
365 nm, two prominent blue fluorescent zones 
are found in the Rf ranges 0.6 and 0.8, specific 
to simple coumarins and one yellow-green zone 
(non-substituted coumarin) (Rf~0.2) with KOH 
reagent. 
In C system ergosterol was identified at Rf~ 
0.7. Also, there are tree purple-brown zones at 
Rf ranges 0.2-0.9. 
Total phenol content was determined from the 
extrapolation of the calibration curve 
(y=0.0525x-0.020, R2 = 0.992), which was 
obtained for gallic acid reference substance 
(Sigma Chemical Co., St. Louis, USA). The 
results were expressed as grams of gallic acid 
equivalents (GAE) per 100g extract. The results 
obtained for methanolic extract mushrooms 
was 2.03 g/100g for Lentinus edodes extract 
and 1.24 g/100g for Pleurotus ostreatus extract.  
Redox properties of phenolic compounds allow 
them to act as antioxidants agents (Soobrattee 
et al., 2005). Determination of free radical 
scavenging activities by DPPH assay is 
routinely used for plant extracts (Aksoy Lacine,  
et al., 2013).   
DPPH is a stable free radical, that accepts an 
electron or hydrogen radical to become a stable 
molecule.  
For evaluation of total antioxidant capacity was 
used phosphormolybdenum method that is 
based on the reduction of Mo (VI) to Mo (V). 
This reduction is based on the antioxidant 

compound and the formation of green 
phosphate /Mo (V) complex at acidic pH.  
Table 1 presents the antioxidant activity of the 
extracts obtained by the two methods DPPH 
and TAC. 
 

Table 1 Antioxidant activity 

No Extract DPPH radical scavenging 
activity (%)  

TAC (mg ascorbic 
acid equivalents) 

1 Pleurotus 
ostreatus 85.32 ±0.35 168.34 ±0.84 

2 Lentinus 
edodes 90.14±1.21 203.05±2.35 

 
The results obtained in our research showed 
that Lentinus edodes methanolic extract have a 
higher content in TPC, comparative with 
Pleurotus ostreatus methanolic extract. Also, 
radical scavenging activity and TAC are in a 
dose- dependent manner with the total phenol 
content. Research results showed that poly-
phenols are responsible for the antioxidant 
activity of fruits, vegetables and mushrooms 
(Ferreira et al., 2007). Also, ergosterol com-
pound identified in both extract was found to 
have antioxidant activity correlated with the 
content, in a study conducted by Shao S et al, 
2010. 
 
CONCLUSIONS  
 
Mushrooms are important sources of 
antioxidant compounds that are capable of 
reducing the effects of free radicals. Our results 
show that Lentinus edodes and Pleurotus 

  
  
ostreatus mushroom species could play a 
protective role in diseases related to oxidative 
stress and also can be important sources of 
phenolic acids and ergosterol. 
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Figure 2. HPTLC fingerprint profile of Lentinus edodes mushroom 

1 – Lentinus edodes  extract; T1- ferulic acid (ref.); T2 –chlorogenic acid ; T3 - ergosterol (ref.) 
System  A - 100:11:11:27 (v/v/v/v) ethyl acetate-acetic acid-formic acid-water;  

B - 1:1 (v/v) toluene-diethyl ether;   
C - 9:1 (v/v) dichloromethane: methanol. 

 
In figure 2, in A system for Lentinus edodes 
extract there are not specific spots/zones for 
polyphenolic compounds. In C system, in UV-
365 nm, two prominent blue fluorescent zones 
are found in the Rf ranges 0.6 and 0.8, specific 
to simple coumarins and one yellow-green zone 
(non-substituted coumarin) (Rf~0.2) with KOH 
reagent. 
In C system ergosterol was identified at Rf~ 
0.7. Also, there are tree purple-brown zones at 
Rf ranges 0.2-0.9. 
Total phenol content was determined from the 
extrapolation of the calibration curve 
(y=0.0525x-0.020, R2 = 0.992), which was 
obtained for gallic acid reference substance 
(Sigma Chemical Co., St. Louis, USA). The 
results were expressed as grams of gallic acid 
equivalents (GAE) per 100g extract. The results 
obtained for methanolic extract mushrooms 
was 2.03 g/100g for Lentinus edodes extract 
and 1.24 g/100g for Pleurotus ostreatus extract.  
Redox properties of phenolic compounds allow 
them to act as antioxidants agents (Soobrattee 
et al., 2005). Determination of free radical 
scavenging activities by DPPH assay is 
routinely used for plant extracts (Aksoy Lacine,  
et al., 2013).   
DPPH is a stable free radical, that accepts an 
electron or hydrogen radical to become a stable 
molecule.  
For evaluation of total antioxidant capacity was 
used phosphormolybdenum method that is 
based on the reduction of Mo (VI) to Mo (V). 
This reduction is based on the antioxidant 

compound and the formation of green 
phosphate /Mo (V) complex at acidic pH.  
Table 1 presents the antioxidant activity of the 
extracts obtained by the two methods DPPH 
and TAC. 
 

Table 1 Antioxidant activity 

No Extract DPPH radical scavenging 
activity (%)  

TAC (mg ascorbic 
acid equivalents) 

1 Pleurotus 
ostreatus 85.32 ±0.35 168.34 ±0.84 

2 Lentinus 
edodes 90.14±1.21 203.05±2.35 

 
The results obtained in our research showed 
that Lentinus edodes methanolic extract have a 
higher content in TPC, comparative with 
Pleurotus ostreatus methanolic extract. Also, 
radical scavenging activity and TAC are in a 
dose- dependent manner with the total phenol 
content. Research results showed that poly-
phenols are responsible for the antioxidant 
activity of fruits, vegetables and mushrooms 
(Ferreira et al., 2007). Also, ergosterol com-
pound identified in both extract was found to 
have antioxidant activity correlated with the 
content, in a study conducted by Shao S et al, 
2010. 
 
CONCLUSIONS  
 
Mushrooms are important sources of 
antioxidant compounds that are capable of 
reducing the effects of free radicals. Our results 
show that Lentinus edodes and Pleurotus 

  
  
ostreatus mushroom species could play a 
protective role in diseases related to oxidative 
stress and also can be important sources of 
phenolic acids and ergosterol. 
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Abstract 
 
Mountain or winter savory Satureja montana L. is one of the most cultivated aromatic plant from Lamiaceae family. As 
most of the species from their genus, Satureja montana L. contains essential oils which differ in chemical composition 
as plants are from different origin or has been dried in different regime. This study has been shown that chemical 
composition and antioxidant capacity are different for dry and fresh herba and even has been varying if the herba was 
dried in air or in the oven. It has been demonstrated that the major compound, carvacrol, of volatile oils from dry herba 
was found to be in higher percent than in volatile oils extracted from fresh herba. In contrast, different sesquiterpenes 
concentrations were higher for fresh herba. The antioxidant capacity was two times bigger for the oil extracted from 
dry herba. This surprising feature could be explained by the higher carvacrol concentration and lower thymol 
concentration determined in volatile oil extracted from dry herba. 
 
Key words: Satureja montana L., volatile oils, carvacrol, fresh and dry herba.  
 
INTRODUCTION 
 
Since ancient times, aromatic herbs and spices, 
rich in volatile oils, have been used as additives 
because of their ability to improve flavor and 
food-preservation properties. Today, they are 
not only valuated for improvement of 
organoleptic properties, but also for their 
nutritive and medicinal benefits (Cavar et al., 
2008; Vidovic et al., 2014) as well as for their 
potential in commercial exploitation in various 
fields such as aroma and flavor enhancers, 
cosmetics and pharmaceutic products (Mirjana 
and Nada, 2004).  
One of the most important families of 
medicinal plants is Lamiaceae, which consists 
of over 3000 species (Vladic et al., 2016). The 
genus Satureja belongs to the Lamiaceae 
family, and comprises over 30 herbs, sub-
shrubs, and shrubs (Cavar et al., 2008; Garcia-
Rellan et al., 2015; Kremer et al., 2015). 
Satureja montana L., commonly called winter 
or mountain savory, is a bushy perennial 
subshrub with woody stems at the base, small 

linear leaves, pale pink and white flowers 
(Chizzola, 2003; Wesolowska et al., 2014). 
Satureja species are used widely as a flavoring 
agent of food products, and as traditional herbal 
medicine for the treatment of gastrointestinal 
disorders (antispasmodic and antidiarrhoeal) 
(Marin et al., 2012).  
Because of its preference for dry climatic 
conditions, S. montana has developed several 
morphological and physiological adaptations, 
effecting oil yields and composition (Mirjana 
and Nada, 2004).  
Most of the Satureja species contain essential 
oil in all their aerial botanical parts. The yield 
of volatile oils obtained by hydro-distillation of 
aerial parts of those plants species have been 
found between 0.3 - 5%. Volatile oils are rich 
in aromatic monoterpenes such as carvacrol, 
thymol, p-cymene, �-caryophyllene, �-
terpinene and linalool, which are responsible 
for the characteristic smell and taste (Chizzola, 
2003; Ciulei, 1993; Jafari et al., 2016) and give 
the oil certain biological properties such as 
antibacterial, fungicidal, antiviral, antioxidant, 




