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M.L. Garganoa, G. Balenzanoa, G. Venturellab,c, M.M. Cavalluzzid, N.P. Rotondod, G. Lentinid, F. Cirlincioneb, 
G. Mirabileb,c, E. Zaporae, M. Wołkowyckie, L. Pecorarof and V. Ferrarod

aDepartment of Soil, Plant and Food Sciences, University of Bari “Aldo Moro”, Bari, Italy; bDepartment of Agricultural, Food and Forest Sciences, 
University of Palermo, Palermo, Italy; cNBFC, National Biodiversity Future Center, Palermo, Italy; dDepartment of Pharmacy - Pharmaceutical 
Sciences, University of Bari “Aldo Moro”, Bari, Italy; eInstitute of Forest Sciences, Bialystok University of Technology, Bialystok, Poland; fSchool 
of Pharmaceutical Science and Technology, Tianjin University, Tianjin, China

ABSTRACT
Leccinum scabrum (Bull.) Gray (Boletaceae) is an edible mycorrhizal species with potential applica-
tion interest due to its food and medicinal properties. A field investigation carried out during 
summer in the Białowieża Primeval Forest, located along the border between Belarus and Poland 
allowed to collect samples for chemical composition analysis and antibacterial activity evaluation. 
Mushroom extracts were prepared with microwave-assisted as well as ultrasound-assisted extrac-
tion techniques (UAE and MAE). The analysis of a dry sample of L. scabrum showed a significant 
content of vitamins and minerals and also a remarkable content of carbohydrates, protein, dietary 
fibre, total sugars, total free amino acids, and polyunsaturated fatty acids. The antibacterial activity 
of L. scabrum aqueous extracts showed inhibitory activity against all tested bacteria. In general, 
MAE extract exhibits a higher inhibition activity against Listeria monocytogenes ATCC 19114. As 
regards the Minimum Inhibitory Concentration (MIC) values, the high antibacterial activity of MAE 
extract was detected for L. monocytogenes ATCC 19114 and Escherichia coli ATCC 25922. Regarding 
UAE, high antibacterial activity was detected for Salmonella enterica ATCC 13076 and 
L. monocytogenes ATCC 19114. Based on data hereby reported, L. scabrum is a culinary-medicinal 
mushroom with a promising potential use as a high-quality food and nutraceutical mycological 
resource.
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1. Introduction

Among foods, edible mushrooms represent an impor-
tant source of beneficial components, such as carbo-
hydrates, proteins, vitamins, minerals, etc. Moreover, 
thanks to the presence of bioactive compounds, some 
of them have remarkable medicinal properties, such 
as antiviral, anti-inflammatory, antitumor, anti- 
obesity, and antimicrobial activity (Vukajlović et al.  
2021). Leccinum scabrum (Bull.) Gray, is a member of 
the widely distributed family Boletaceae Chevall. It is 
an edible, mycorrhizal mushroom of potential appli-
cation interest for both food and medicinal properties 
and is traditionally consumed in Scandinavia, Central, 
and Eastern Europe. Described in 1783 by French 
naturalist Jean Baptiste Francois (Pierre) Bulliard 
under the name Boletus scaber Bull. it was in 1821 
included in the genus Leccinum by Samuel Frederick 
Gray. Leccinum scabrum is mainly collected under 

birch trees, it prefers deciduous woods and is also 
found under Fagus sylvatica. Leccinum scabrum fructi-
fication period extends from early summer to autumn, 
in grassy areas or with the presence of low bushes, in 
open spaces, or at the edge of the woods. Overall, the 
medicinal properties of L. scabrum are poorly investi-
gated. The few studies about L. scabrum medicinal 
potential reported the presence of health-promoting 
substances, such as flavonoids, phenolic acids, vita-
mins and antioxidants, antiulcer, and cytotoxic activ-
ity of this edible mushroom (Gąsecka et al. 2017). 
Biological activities of acetone extract of L. scabrum 
have been evaluated by Vukajlović et al. (2021). In 
a study on phenolic constituents, antiradical, and 
antimicrobial activity of some wild edible mushrooms 
from Poland (Nowacka et al. 2014) the mushroom 
extract of L. scabrum shows a low total phenolic con-
tent (3.8 mg GAE/g extract) in comparison with other 
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species of Basidiomycetes, a protocatechuic acid con-
tent of 0.23 mg/kg DW, trace of caffeic acid, an IC50 

between 20 and 50 mg/mg DPPH and a low antimi-
crobial activity against Gram-positive and Gram- 
negative bacteria strains.

Considering the current issue of antibiotic resis-
tance of some human pathogenic bacteria and the 
urgency of finding new natural bioactive compounds 
to fight this problem, this paper provides data on the 
chemical composition of L. scabrum and the antibac-
terial activity of its aqueous extracts. Moreover, being 
known that conventional extraction methods of sec-
ondary metabolites from natural sources usually 
require long extraction time as well as large amounts 
of organic solvents, the innovative ultrasound- and 
microwave-assisted extraction techniques (UAE and 
MAE, respectively) were applied to overcome these 
drawbacks and efficiently extract bioactive com-
pounds from L. scabrum powder. To our knowledge, 
this is the first study that tests the antibacterial activ-
ity of aqueous extract of L. scabrum against some 
human pathogenic bacteria.

2. Materials and methods

2.1. Sample collection and evaluation of 
morphological characters

Leccinum scabrum was collected during summer in 
the subcontinental oak-hornbeam forest belonging 
to the plant association Tilia cordata – Carpinetum 
betuli Tracz. 1962 of the Białowieża Forest (87,600  
ha) in Podlaskie Voivodeship 53°20’42’’N 22°46’10’’E, 
situated on the border between Poland and Belarus. 
Białowieża Forest is the only place in Europe where 
fragments of primaeval forests have been preserved 
to this day.

Samples were manually collected in over 
a hundred-year-old, well-preserved stands in which 
no forest management was carried out.

The specimen was transferred to the Department 
of Agricultural, Food and Forest Sciences (SAAF) of 
the University of Palermo and stored at <4 °C for up to 
24 h before morphological characterisation, which 
was carried out according to den Bakker and 
Noordeloos (2005). The macro-morphological fea-
tures (pileus, cuticle, pores, stipe, and context, etc.) 
were recorded on fresh material, while microscopic 
features (hyphal system, generative hyphae, basidia, 

sterigmata, cystidia, cystidioles, and basidiospores) 
were evaluated by using 3% potassium hydroxide 
and ammoniacal Red Congo at light microscope 
(Axioskop; Zeiss, Oberkochen, Germany) coupled to 
an AxioCam MRc5 (Zeiss, Oberkochen, Germany) digi-
tal camera. The images were captured using the soft-
ware AxioVision 4.6 (Zeiss, Oberkochen, Germany). 
Voucher collections of L. scabrum were dried at 
room temperature using a universal dryer (475 Watt) 
and deposited in the Herbarium of the Department of 
Agricultural, Food and Forest Sciences, University of 
Palermo, Palermo, Italy (SAF 545).

2.2. DNA extraction, PCR, and sequencing

DNA was extracted from the innermost tissue L. scabrum 
basidioma using the Extract-N-Amp™ kit (Sigma-Aldrich, 
St. Louis, MO, USA) following the manufacturer’s instruc-
tions. DNA concentration and purity were measured at 
260/280 nm and 260/230 nm using the NanoDrop ND- 
1000 spectrophotometer (Thermo Fisher Scientific, 
Waltham, MA, USA). The internal transcribed spacer 
region of rDNA (ITS) was amplified using ITS1F and 
ITS4 primers by polymerase chain reaction (PCR) in 
a total reaction volume of 20 µL consisting of 4 µL of 
extracted DNA, 10 µL of the Extract-N-Amp PCR reaction 
mix (Sigma-Aldrich, St. Louis, USA), 1 µL of each primer 
at 10 μmol/L and 4 µL of sterilised distilled water. The 
amplification was carried out in a MultiGene OptiMax 
thermocycler (Labnet International Inc., Edison, NJ, USA) 
with an initial denaturation cycle at 94 °C for 3 min, 
followed by 35 cycles at 94 °C for 30 s, annealing at 
55 °C for 30 s, elongation at 72 °C for 45 s, and a final 
extension at 72 °C for 10 min. The PCR product was 
separated by electrophoresis in 1.5% agarose gel and 
detected under a UV transilluminator. The PCR product 
was purified using Exo I-SAP protocol according to the 
manufacturer’s instructions (Applied Biosystems, Foster 
City, CA, USA) and sent to BMR Genomics (Padova, Italy) 
for sequencing. Only primer ITS1F was used in the 
sequencing reaction. The obtained sequence was manu-
ally adjusted and compared with those reported in 
GenBank through the BLASTn tool (https://blast.ncbi. 
nlm.nih.gov). The new sequence was deposited in 
GenBank. Sequence with the 100% of similarity, as well 
as Leccinum spp. representative sequences from pre-
vious ITS-phylogenetic studies (den Bakker et al. 2004; 
Meng et al. 2021) were retrieved from GenBank and 
aligned with the isolate sequence obtained in this 
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study. Alignments were made using ClustalW software 
and manually adjusted if needed. To construct the phy-
logenetic tree, a Neighbour-joining statistical analysis 
was performed using MEGA11. The evolutionary dis-
tances were computed using the Maximum Composite 
Likelihood method, and the phylogenetic tree was auto-
matically generated by the software. Confidence values 
for individual branches were determined by bootstrap 
test (1,000 replicates).

2.3. Evaluation of nutritional value

A dry sample of basidiomes of L. scabrum, suitably 
pulverised using a mill, was entrusted for chemical 
analysis to EcamRicert LTD in Monte di Malo 
(Vicenza, Italy). The results of the test report the 
number 20LA09820 dated 28 July 2020. The con-
tents of vitamins (D3, B1, B2, B3, B5, B6, B8, and 
B12), sodium, potassium, iron, calcium, phosphorus, 
magnesium, zinc, copper, selenium, manganese, 
nickel, chromium, total sulphur, protein, carbohy-
drate, dietary fibre content, sugar composition, 
fatty acid composition, and free amino acid compo-
sition were determined. All analyses were carried 
out according to the analytical methods used for 
chemical control of food by the Italian National 
Institute of Health (Baldini et al. 1996). Protein, car-
bohydrate, lipid, moisture, and ash content, 
expressed as a percentage, were analysed by cen-
tesimal analysis. The analyses were carried out in 
triplicate. By UNI ISO 3534–1:2000, for each value, 
the measurement uncertainty has been taken (it has 
the dimensions of a mean square deviation).

2.4. Preparation of the extracts

Leccinum scabrum extracts were prepared by applica-
tion of two extraction methods: ultrasound-assisted 
extraction (UAE) (Zhang et al. 2013) and microwave- 
assisted extraction (MAE) (Cavalluzzi et al. 2022) with 
some modifications.

For UAE, 90 mL of distilled water was placed in 
a beaker containing 3 g of L. scabrum powder and 
sonicated with Soniprep 150 (MSE, London, UK) for 
30 min. To avoid the solution overheating the beaker 
was placed in an ice-water bath. After sonication, the 
solution was filtered with grade 1 paper (Whatman, 
Maidstone, UK), lyophilised, and stored refrigerated 
(4 °C) until analysis.

For MAE, a closed-system MAE was carried out at 
a constant temperature, with continuous stirring, in 
a CEM Discover Bench Mate microwave reactor 
equipped with Synergy software. The temperature 
was measured and controlled by a built-in infrared 
detector. Briefly, 75 mg of L. scabrum powder in 2 mL 
of water was irradiated with microwaves 30 W at 80 °C 
for 5 min. The solution was then filtered, and the 
solvent was evaporated to dryness under reduced 
pressure to afford a solid which was stored at –20 °C 
until needed for analysis.

2.5. Determination of antimicrobial activity

Before assays, each extract was resuspended in sterile 
water at a concentration of 100 mg/mL.

2.5.1. Bacterial strains and growth conditions
Four bacterial strains provided by the American Type 
Culture Collection (ATCC®) were used for susceptibil-
ity testing of L. scabrum water extracts. They include 
two Gram-negative strains, Escherichia coli ATCC 
25922 and Salmonella enterica subsp. enterica ATCC 
13076, and two Gram-positive strains, Listeria mono-
cytogenes ATCC 19114 and Staphylococcus aureus 
subsp. aureus ATCC 33862. These strains belong to 
the culture collection of the Agricultural 
Microbiology Unit of the Department of 
Agricultural, Food and Forest Sciences (University 
of Palermo, Italy), where they were stored at –80 °C. 
All bacteria were reactivated using test tubes con-
taining Mueller Hinton Broth (Oxoid, Milan, Italy) and 
incubated at 37 °C for 24 h.

2.5.2. In vitro antibacterial activity
The antibacterial activity of L. scabrum extracts was 
tested by applying the paper disk diffusion method 
reported by Ren et al. (2014) with some modifications. 
Briefly, the MH plates were inoculated spreading 10 µL 
of 107 CFU/mL of each pathogen. Subsequently, ster-
ilised paper disks (6 mm in diameter) were placed onto 
the inoculated plates and soaked with 10 µL of each 
L. scabrum extract (100 mg/mL). Paper disks soaked 
with 10 µL of sterile distilled water were used as the 
negative control, while paper disks soaked with 10 µL 
of streptomycin (10% w/v) were used as the positive 
control. The plates were incubated for 24 h at 37 °C, 
and the inhibitory activity was considered positive if 
a clear halo surrounded the disks soaked with fungal 
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extracts. Data were expressed by measuring the dia-
meter (mm) of the halos, and all tests were performed 
in triplicate.

2.5.3. Minimum inhibitory concentration (MIC)
The extracts exhibiting antibacterial activity were also 
analysed to determine their MIC values by using the 
microdilution method (Ren et al. 2014). The microdi-
lution test was performed in a sterile round-bottomed 
96-well microplate (Figure 1). Eight two-fold serial 
dilutions of each extract were prepared at concentra-
tions ranging from 100 to 0.78125 mg/mL. In detail, 
100 µL of MH broth was added to all the wells of the 
plate. In the first well of columns 1 to 4, 100 µL of MAE 
extract (100 mg/mL) was added, while in columns 5 to 
8, 100 µL of UAE extract (100 mg/mL) was added. 
Then, serial dilutions were performed by passing 
100 µL of wells 1 to 8 of line A to the wells of line 
B and so forth with the following proportions: 1:1(A), 
1:2 (B), 1:4(C), 1:8(D), 1:16(E), 1:32(F), 1:64(G), and 
1:128(H). Subsequently in each well (columns 1 to 8) 
were added 10 µL of each bacterial pathogen inocu-
lum. For the negative controls (columns 9 to 12, lines 
A-B-C) 10 µL of inoculum was added, while for the 
positive control (columns 9 to 12, lines D-E-F) 10 µL 
of streptomycin (10% w/v) was added. The test was 
performed in triplicate.

Wells in columns 9 to 12, lines G-H were used as 
blanks. Before incubation, the plate was put in 
a spectrophotometer (ScanReady, Life Real 
Biotechnology CO., Ltd., Hangzhou, China) to read the 
absorbance (OD 540 nm) at T0. Subsequently, the plate 
was incubated at 37 °C for 24 h. After incubation, the 
antibacterial activity was measured by comparing the 
absorbance of wells containing dilutions of fungal 
extracts and negative controls. The percentage of inhi-
bition of bacterial growth was calculated using the 
following formula: Inhibition (%) = [(AB–AC)/AB]  
× 100 where AB was the difference between the absor-
bance of the negative control at T1 and T0; AC was the 
difference between the absorbance of the mixture 
containing the bacterial inoculum and fungal extract 
at T1 and T0. The obtained percentages of inhibition 
were expressed as reported by Ren et al. (2014), i.e. low 
activity (+, ≤35%); moderate activity (++, >35% 
and ≤70%); high activity (+++, >70%); no antibacterial 
activity (-).

2.5.4. Statistical analysis
The effect of the two extracts against each bac-
terial strain was analysed by one-way ANOVA 
using STATGRAPHICS Plus 5.1. Mean values were 
compared using the Tukey HSD test. Statistical 
significance was established as P ≤ 0.01.

Figure 1. Microplates assay with MAE and UAE extracts of Leccinum scabrum (MAE = Microwave-assisted extraction; UAE = Ultrasound- 
assisted extraction).
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3. Results

3.1. Identification and collection site of L. scabrum

L. scabrum collected in Białowieża Forest (Figure 2) 
presented the following features. Cap up to 15 cm 
wide (Figure 3a), off-white to light grey with yellowish 
hues, with margin wavy. The cuticle is velvety or 
smooth and becomes viscous with moisture. 
Hymenium with tubules and pores. Tubes small, circu-
lar, broadly adnexed to the stem, 1–2 cm long, off- 
white, gradually turning slightly browner when 
bruised. Stem, white or buff, sometimes turns slightly 
pink when it is cut or broken, very long relative to the 
width of the cap, about 15 cm × 2 cm, firm, cylindrical, 
slightly tapered near the cap; off-white or grey, cov-
ered with many small dark grey scales. The flesh is off- 
white in colour, tender in cap, and leathery in stem, 
and turns black when handled or after cooking. Smell: 
pleasant, light, and aromatic. Taste grateful, sweet. 
Basidiospores (Figure 3b), 13–21 × 4–6 µm, yellow in 

mass with cinnamon shades, narrowly ellipsoid to sub-
fusiform, smooth, guttulate, thin-walled, with vacuole 
inclusions. To confirm morphological identification, 
a phylogenetic analysis based on ITS sequences was 
performed. The phylogenetic tree showed that our 
isolate grouped with other L. scabrum isolates with 
high bootstrap values (Figure 4).

3.2. Mushroom proximate composition and 
content in elements and vitamins

The results obtained from the analysis performed on 
a dry sample obtained from fresh basidiomata of 
L. scabrum, pulverised, show significant content of 
vitamins and minerals, including vitamin D3, vitamin 
B2, and among minerals, sodium, potassium, iron, and 
calcium (Table 1). On the other hand, the carbohy-
drate, protein, and dietary fibre content are note-
worthy, giving the mushroom an energy value of 
1,361 kJ (Table 2). Regarding total sugars and total 
free amino acids, they were found to be 2.964 and 
5.31 g/100 g, respectively (Tables 3–5). Numerous 
acids also result from the analysis, among which poly-
unsaturated fatty acids represent the most pro-
nounced value (1.98 g/100 g), while saturated fatty 
acids represent the lowest value (0.523 g/100 g).

3.3. Antibacterial activity

3.3.1. Paper disk diffusion assay
The antibacterial activity of L. scabrum aqueous extracts 
(MAE and UAE) evaluated in this survey by the paper 
disk diffusion assay is reported in Table 6. Both extracts 
showed inhibitory activity against all tested bacteria, 
showing a diameter of inhibition zones ranging from 

Figure 2. The habitat of Leccinum scabrum in Białowieża Forest 
(Tilio – Carpinetum subcontinental oak-hornbeam forest).

Figure 3. (a) Leccinum scabrum basidiomata collected in situ; (b) Leccinum scabrum basidiospores at light microscope 100× 
magnification (scale bar = 10 µm).
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10.5 ± 0.2 to 13.5 ± 0.2 mm for MAE extract and from 
10 ± 0.2 to 12.5 ± 0.2 mm for UAE extract. In general, 
MAE extract exhibits a higher inhibition activity against 

L. monocytogenes ATCC 19114, which was the most 
sensitive, with a 13.5 ± 0.2 mm halo. Both extracts 
showed the same effect, i.e. S. aureus ATCC 33862 

Figure 4. Neighbour-joining tree based on phylogenetic analysis of the ITS1–5.8S rDNA-ITS2 sequences of Leccinum spp. Bootstrap 
percentages calculated from 1,000 re-samplings are indicated at nodes. The GenBank number with a triangle represents the sequence 
obtained in this study and deposited in the GenBank database.

Table 1. Protein, carbohydrate, and dietary fibre content of 
Leccinum scabrum.

Centesimal Value/content

Humidity (g/100 g) 8.71 ± 0.38
Protein g/100 g (N × 6.25) 31.7 ± 1.3
Total Fatty Matter (g/100 g) 3.64 ± 0.22
Dietary fibre (high molecular weight) (g/100 g) 18.9 ± 2.0
Ashes (g/100 g) 5.48 ± 0.30
Carbohydrates (g/100 g) 31.57 ± 2.44
Energy value (Kcal/100 g) 324 ± 5
Energy value (Kj/100 g) 1361 ± 21
Dry matter (g/100 g) 91.29 ± 0.38

Table 2. Composition of sugars in Leccinum 
scabrum.

Sugars (g/100 g) Value/content

Glucose 2.63 ± 0.41
Fructose 0.334 ± 0.053
Lactose <0.010
Sucrose <0.010
Maltose <0.010
Total sugars 2.964 ± 0.413

Values are expressed as the average of three measure-
ments ± mean square deviation.
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with a halo of 12.5 ± 0.1 mm, and, in general, the 
weaker effect was expressed on Gram-negative strains.

3.3.2. Minimum inhibitory concentration (MIC)
Since both MAE and UAE extracts had an inhibitory 
effect against all bacterial pathogens in the paper disk 
diffusion assay, we decided to determine the 
Minimum Inhibitory Concentration (MIC) values for 
both of them by the microdilution test.

Results are shown in Table 7. In general, an inhibi-
tion effect was detected for all the bacterial patho-
gens, with both extracts, at all tested concentrations, 
except for the lowest concentration of MAE on E. coli 
ATCC 25922.

According to the classes used to evaluate the inhi-
bitory activity of L. scabrum extracts, based on inhibi-
tion percentages, high antibacterial activities of MAE 
extract were detected at MIC value of 25 mg/mL for 

Table 3. Vitamins and minerals content of 
Leccinum scabrum.

Composition/content Value/content

Vitamin D3 (%) <0.00002
Vitamin B1 (%) <0.00001
Vitamin B2 (%) 0.0016 ± 0.0002
Vitamin B3 (%) 0.0146 ± 0.0015
Vitamin B5 (%) 0.0019 ± 0.0002
Vitamin B6 (%) <0.00003
Vitamin B8 (%) <0.00003
Vitamin B12 (%) <0.000005
Na (mg/kg) 0.028 ± 0.006
K (mg/kg) 2.25 ± 0.53
Fe (mg/kg) <0.003
Ca (mg/kg) <0.025
P (mg/kg) 3,710.0 ± 670.0
Mg (mg/kg) 590.0 ± 130.0
Zn (mg/kg) 71.0 ± 13.0
Cu (mg/kg) 16.8 ± 3.2
Se (mg/kg) 7.4 ± 1.8
Mn (mg/kg) 6.6 ± 1.3
Ni (mg/kg) 1.01 ± 0.18
Cr (mg/kg) 0.84 ± 0.16
S (total) (mg/kg) 8,200.0 ± 1.50

Values are expressed as the average of three measure-
ments ± mean square deviation.

Table 4. Acids composition by weight of Leccinum scabrum.
Composition/content (g/100 g) Value/content

Butyric acid (4:0) <0.010
Caproic acid (6:0) <0.010
Enanthic acid (7:0) <0.010
Caprylic acid (8:0) <0.010
Capric acid (10:0) <0.010
Caproleic acid (10:1) <0.010
Lauric acid (12:0) <0.010
Lauroleic acid (12:1 N-3) <0.010
Isomyristic acid (14:0 iso) 0.0010
Myristic acid (14:0) 0.0073 ± 0.0017
Myristic acid (14:1 total) <0.0010
Pentadecanoic acid (15:0) 0.0094 ± 0.0021
Pentadecanoic acid (15:1 total) 0.0093 ± 0.0021
Sarcinic acid (15:0 ante-iso) <0.0010
Isopalmitic acid (16:0 iso) <0.0010
Ante-iso palmitic acid (16:0 ante-iso) <0.0010
Palmitic acid (16:0) 0.372 ± 0.056
Isopalmitic acid (17:0 ante-iso) 0.0088 ± 0.0020
Margaric acid (17:0) 0.00366 ± 0.00100
Margaric acid (17:0 iso) <0.0010
Margaric acid (17:1 total) 0.0098 ± 0.0020
Palmitoleic acid (16:1 total) 0.0224 ± 0.0048
Isosteraic acid (18:0 iso) 0.0348 ± 0.0074
Anteisosteraic acid (c-18:0 ante-iso) <0.0010
Stearic acid (18:0) 0.075 ± 0.016
Oleic acid (18:1 total) 1.05 ± 0.13
Isononanoic acid (19:0) <0.0010
Ante isononanoic acid (19:0 ante-iso) <0.0010
Neodecanoic acid (19:1 total) <0.0010
Arachidic acid (20:0) 0.0055 ± 0.0013
Isoarachidic acid (20:0 iso) <0.0010
α–Linolenic acid (18:3 total) 0.0085 ± 0.0017
Gadoleic acid (20:1 total) 0.0145 ± 0.0031
Conjugated linoleic acid (all the 18:2 CLA) <0.0010
Heneicosylic acid (21:0) <0.0010
Stearidonic acid (18:4 n-3) 0.0146 ± 0.0031
Behenic acid (22:0) 0.0042 ± 0.0011
Behenic acid (22:1) 0.00206 ± 0.00077
Lignoceric acid (24:0) 0.00231 ± 0.00080
Polyunsaturated fatty acids >C20 0.00183 ± 0.00074
Polyunsaturated fatty acids 1.98 ± 0.23
Saturated fatty acids 0.523 ± 0.059
Mono unsaturated fatty acids 1.11 ± 0.12
The ratio of fatty acids polyunsaturated/fatty acids monounsaturated 1.78 ± 0.29
The ratio of fatty acids polyunsaturated/fatty acids saturated 3.79 ± 0.62

Values are expressed as the average of three measurements ± SD.
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L. monocytogenes ATCC 19114 and E. coli ATCC 25922, 
at MIC value of 50 mg/mL for S. enterica ATCC 13076 
and at MIC value of 100 mg/mL for S. aureus ATCC 
33862; moderate activity was registered at MIC value 
of 3.125 mg/mL, 6.25 mg/mL, 12.5 mg/mL, and 
25 mg/mL for S. enterica ATCC 13076, E. coli ATCC 
25922, L. monocytogenes ATCC 19114, and S. aureus 
ATCC 33862, respectively; low antibacterial activity 
was detected at MIC value of 0.78125 mg/mL (the 
lowest concentration) for all the bacteria strains 
except for E. coli ATCC 25922.

Regarding UAE, high antibacterial activity was 
detected at MIC values of 50 mg/mL for S. enterica 
ATCC 13076 and L. monocytogenes ATCC 19114 and 
at MIC value of 100 mg/mL for S. aureus ATCC 33862 
and E. coli ATCC 25922; moderate activity was 
detected at 6.25 mg/mL for S. enterica ATCC 13076 
and at 25 mg/mL for L. monocytogenes ATCC 19114, 
S. aureus ATCC 33862, and E. coli ATCC 25922; low 
antibacterial activity was registered at MIC value of 
0.78125 mg/mL for all the pathogens.

Results show that MAE had a higher inhibitory 
effect at lower concentrations than UAE both on 
L. monocytogenes ATCC 19114 and E. coli ATCC 
25922 with MIC values of 25 mg/mL for MAE and 50 
and 100 mg/mL, respectively, for UAE.

4. Discussion

Based on the data reported in this study, L. scabrum 
can be included among the foods useful to humans for 
a varied and balanced diet. The mineral content, which 
is essential for growth and health, bone formation, 
regulation of body fluids, and participation in cellular 
life processes, is higher than that detectable in eggs, 
grana cheese (except calcium), and veal as also when 
compared with the contents of the most common 
edible mushrooms namely Agaricus bisporus (J.E. 
Lange) Imbach and Boletus edulis Bull (Venturella 
et al. 2021). The energy value is similar to that of 
grana cheese, the carbohydrate content is higher 
than that of potatoes, porcini, and champignon, and 
the protein content and dietary fibre are higher than 
that found in eggs, veal, potatoes, porcini, and cham-
pignon. In addition, the glucose content is almost 
double that of champignon and the fructose values 
exceed those found in potatoes and champignon 
(Fidanza 1984). Glutamic acid has higher values than 
estimated on potatoes, porcini mushrooms, and cham-
pignons (Fidanza 1984). Although it is a non-essential 
amino acid, it is an important excitatory neurotrans-
mitter and plays an important role in cellular energy 
production and protein synthesis (Wang et al. 2007). 
Alanine, which is essential for improving athletic per-
formance by reducing fatigue and increasing endur-
ance in high-intensity training, has higher values than 
those found in grana cheese, eggs, potatoes, porcini, 
and champignon (Fidanza 1984; Artioli et al. 2012). The 
arginine, glycine, histidine, serine, tyrosine, threonine, 
and total free amino acid values of L. scabrum are 
higher than those found in potatoes, porcini, and 

Table 5. Free amino acid composition of Leccinum scabrum.
Composition/content (g/100 g) Value/content

Aspartic acid 0.1124 ± 0.0082
Glutamic acid 0.4318 ± 0.0313
Alanine 1.0600 ± 0.0769
Arginine 0.4556 ± 0.0331
Asparagine 0.1575 ± 0.0114
Cystine <0.0100
Proline 0.1005 ± 0.0073
Phenylalanine 0.0311 ± 0.0024
Glycine 0.2679 ± 0.0194
Glutamine 0.9199 ± 0.0667
Isoleucine 0.0222 ± 0.0017
Histidine 0.1353 ± 0.0098
Leucine 0.0300 ± 0.0023
Lysine 0.2170 ± 0.0158
Methionine <0.0100
Ornithine 0.2085 ± 0.0151
Serine 0.3202 ± 0.0232
Tyrosine 0.0538 ± 0.0040
Threonine 0.2762 ± 0.0200
Valine 0.1220 ± 0.0089
γ-Aminobutyric acid 0.3900 ± 0.0283
α-Aminobutyric acid <0.0010
Total free amino acids 5.31 ± 0.13

Values are expressed as the average of three measurements ± SD.

Table 6. Inhibitory activity of Leccinum scabrum extracts on Gram + and Gram – bacteria strains.

Species Strains Gram

Inhibitiona (mm)

MAE UAE

Listeria monocytogenes ATCC 19114 + 13.5 ± 0.2a 12.0 ± 0.1b

Staphylococcus aureus subsp. aureus ATCC 33862 + 12.5 ± 0.1a 12.5 ± 0.1a

Salmonella enterica subsp. enterica ATCC 13076 - 11.5 ± 0.2a 11.0 ± 0.1a

Escherichia coli ATCC 25922 - 10.5 ± 0.2a 10.0 ± 0.2a

MAE = Microwave assisted extraction; UAE = Ultrasound assisted extraction; aExtracts activity are indicated as mm of the 
inhibition zone (halos) around the disks. Values are expressed as the average of three measurements ± SD. Values with no 
letters in common within the two extracts are significantly different (P < 0.01).
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champignon (Fidanza 1984). These are very important 
elements for human health being directly involved in 
the functioning of the circulatory system, protein 
synthesis, immune response, digestion, regulating sex-
ual function and sleep-wake cycles, creating barriers 
against viruses and bacteria, and the synthesis of 
important neurotransmitters (Goodman 2010). Also of 
interest is the octadecenoic acid content (18:1 total), 
which is higher than that of eggs, grana cheese, pota-
toes, porcini, and champignon (Fidanza 1984). It is 
known that consumption of monounsaturated fats is 
associated with a reduction in low-density lipoprotein 
(LDL) cholesterol. Eicosenoic acid (20:1 total), 
a prominent component of some fish oils including 
cod liver oil, is present in L. scabrum in higher amounts 
than in eggs while, overall, the amount of saturated 
and polyunsaturated fatty acids is higher than in cham-
pignons (Fidanza 1984).

Besides, protein contents, in agreement with data 
reported by La Guardia et al. (2005) are significantly 
higher than those found in other edible mushrooms 
in which values range from 1.2 to 6 g/100 g [i.e. 
Armillaria mellea (Vahl) P. Kumm. (1.6 g/100 g), 
Boletus edulis Bull. (2.8 g/100 g), Tuber melanos-
porum Vittad. (5.5 g/100 g), Cantharellus cibarius Fr. 
(1.5 g/100 g), and Amanita caesarea (Scop.) Pers. 
(2.0 g/100 g)]. Such differences are also noticeable 
in the case of fats in commonly used edible fungi 
such as A. mellea, Lactarius deliciosus (L.) Gray, 

Leccinum aurantiacum (Bull.) Gray, and Pleurotus 
eryngii (DC.) Quél. Never exceed 0.8 g/100 g and 
also of carbohydrates whose highest value corre-
sponds to 3.4 g/100 g in P. eryngii. All mineral ele-
ments in L. scabrum are higher than those of 
A. mellea, B. edulis, C. cibarius, L. deliciosus, 
A. caesarea, and P. eryngii. On the contrary, the 
amino acid and vitamin content of L. scabrum is 
lower than that detected in other fungi, such as 
C. cibarius, B. edulis, P. eryngii, and L. aurantiacum.

The antibacterial activity of L. scabrum aqueous 
extracts (MAE and UAE) represents another important 
potential aspect for the enhancement of L. scabrum as 
a medicinal mushroom. Both extracts showed inhibi-
tory activity against L. monocytogenes, S. aureus 
subsp. aureus, S. enterica subsp. enterica, and E. coli, 
although MAE had a higher inhibitory effect at lower 
concentrations (lower MIC values) than UAE both on 
L. monocytogenes ATCC 19114 and E. coli ATCC 25922. 
In this regard, similar MIC values were reported by 
Alves et al. (2012) who tested extracts of different 
basidiomycetes against E. coli and L. monocytogenes. 
Moreover, previous research supports the Gram- 
positive bacteria’s susceptibility to mushroom 
extracts (Barros et al. 2007; Alves et al. 2012; Cateni 
et al. 2021; Venturella et al. 2021; Cardoso et al. 2022). 
This occurrence can be explained by the fact that, in 
contrast to Gram-positive bacteria, Gram-negative 
bacteria have a periplasmic gap and an outer 

Table 7. Growth inhibition percentages obtained with microdilution assay used to test antimicrobial activity of Leccinum scabrum 
extracts on pathogenic bacterial strains.

Bacterial strains

Listeria monocytogenes ATCC 19114
Staphylococcus aureus 

ATCC 33862
Salmonella enterica 

ATCC 13076
Escherichia coli 

ATCC 25922

Growth inhibition (%) Growth inhibition (%) Growth inhibition (%) Growth inhibition (%)

Conc. (mg/mL) MAE UAE MAE UAE MAE UAE MAE UAE

100 +++ 
99.80%

+++ 
94.90%

+++ 
99.75%

+++ 
95.38%

+++ 
99.76%

+++ 
99.79%

+++ 
99.83%

+++ 
97.97%

50 +++ 
92.92%

+++ 
79.58%

++ 
61.93%

++ 
66.43%

+++ 
81.77%

+++ 
89.94%

+++ 
93.40%

+++ 
80.07%

25 +++ 
74.11%

++ 
57.60%

++ 
40.82%

++ 
46.76%

++ 
46.65%

++ 
67.62%

+++ 
75.51%

++ 
66.67%

12.5 ++ 
39.15%

+ 
31.08%

+ 
25.04%

+ 
20.75%

++ 
55.39%

++ 
43.44%

++ 
51.32%

++ 
51.94%

6.25 + 
30.12%

+ 
18.33%

+ 
24.32%

+ 
22.30%

++ 
43.22%

++ 
42.82%

++ 
46.73%

++ 
39.26%

3.125 + 
23.97%

+ 
15.58%

+ 
19.03%

+ 
16.33%

++ 
37.26%

+ 
28.90%

+ 
27.61%

+ 
19.13%

1.5625 + 
17.50%

+ 
12.13%

+ 
6.38%

+ 
10.63%

+ 
18.68%

+ 
20.70%

+ 
23.18%

+ 
20.84%

0.78125 + 
14.19%

+ 
11.59%

+ 
4.13%

+ 
10.84%

+ 
5.07%

+ 
7.10%

- 
0.00

+ 
10.52%

Antibacterial activity is based on inhibition percentages: low activity (+, ≤35%); moderate activity (++, >35% and ≤ 70%); high activity (+++, >70%); no 
antibacterial activity (-). Values (±) are referred to the average of three technical replicates.
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membrane enclosing the cell wall. The presence of 
these peculiar structures makes them more resistant 
to the action of extracts (Ren et al. 2014).

Several studies reported the antimicrobial proper-
ties of fungal methanolic, ethanolic, and acetone 
extracts against Gram-positive and Gram-negative 
bacteria, but to our knowledge, this is the first study 
that tests the aqueous extract of L. scabrum. Our 
results are in line with those reported by Nowacka 
et al. (2014) who tested the antimicrobial potential of 
ethanolic extracts of several edible mushrooms, 
including L. scabrum, against some human patho-
genic bacteria (i.e. E. coli and S. aureus). On the other 
hand, Vukajlović et al. (2021) tested the acetone 
extract of L. scabrum against E. coli, S. aureus, and 
other bacterial strains obtaining lower MIC values 
(between 0.078 and 0.039 mg/mL). This could be 
explained by the fact that acetone can extract from 
L. scabrum more effective antibiotic compounds than 
other solvents, including water. To our knowledge, no 
literature data are reported about the antimicrobial 
activity of L. scabrum against L. monocytogenes and 
S. enterica. Regarding the antimicrobial activity of 
other Boletaceae against bacterial human pathogens, 
Kosanić et al. (2012) reported MIC values of acetone 
and methanolic extracts of Boletus aestivalis, B. edulis, 
and L. carpini ranging from 5 to 10 mg/mL for E. coli 
and S. aureus, comparable to those obtained in our 
study.

The antimicrobial performance of our aqueous 
extracts of L. scabrum is similar to those reported for 
methanolic and ethanolic extracts of edible mush-
rooms belonging to other families (Venturella et al.  
2021). Moreover, the MIC results obtained in this 
study are lower than those reported by Chowdhury 
et al. (2015) and Fogarasi et al. (2020) for methanolic 
extracts of edible mushrooms, such as B. edulis, 
A. bisporus, and P. ostreatus.

According to our results and literature data, it is 
important to highlight that the use of water as an 
extraction solvent has a lower environmental impact 
compared with ethanolic, methanolic, and acetone 
extracts, still maintaining high antimicrobial properties. 
Among the innovative extraction methods with low 
environmental impact and eco-friendly solvents, no 
substantial differences emerged between MAE and 
UAE. Moreover, the use of distilled water instead of 
other solvents, such as methanol and ethanol, not 
only reduces the costs of extraction but also reduces 

environmental impact and manipulation risks. This 
could be used as a measure for large-scale industria-
lised extraction, also minimising by-product disposal 
costs and increasing the added value of the products. 
Compared with the traditional methods, UAE and MAE 
also present the advantages of high yield, simple 
operation, high efficiency, and remarkable reduction 
of extraction time (few minutes vs. hours or days). 
Moreover, the novel extraction techniques destroy fun-
gal cells promoting solute diffusion and increasing the 
mass transfer rate from the solid phase to the liquid 
phase, UAE by the application of ultrasound and MAE 
by increasing temperature and pressure. Both methods 
can therefore be considered for further studies also 
against other pathogenic microorganisms.

In conclusion, the results reported in the present 
study demonstrate that L. scabrum can be considered 
a valid source of nutrients that are important to bal-
ance the everyday diet. Its mineral, carbohydrate, and 
protein content, its energy value, and the high pre-
sence of monounsaturated fatty acid could exert 
important benefits on human health. Moreover, the 
antimicrobial activity of L. scabrum aqueous extracts, 
against four of the most common pathogenic bacteria 
for humans, makes this mushroom a potential source 
of natural antimicrobial compounds as an alternative 
to antibiotics, opening up important therapeutic 
perspectives.
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