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Abstract

This study aims to provide an in vitro evidence for the potential antibacterial activity of the ethanolic 
and aqueous extracts from fruiting bodies of the Pycnoporus sanguineus (L.: Fr.) Murrill mushroom via 
agar well diffusion method (concentration of extracts 250 mg/mL) and determination of the antibacterial 
activity and minimum inhibitory concentrations (MIC) of ethanolic and aqueous extracts from the fruiting 
bodies of this mushroom by agar dilution method (concentration range of 25; 12.5; 6.25; 3.125 and 1.5625 
mg/mL). Ampicillin was used as a positive control for these assays. The results shows that the ethanolic and 
aqueous extracts from fruiting bodies of the P. sanguineus mushroom created the antibacterial halo ring 
(6 - 11 mm) on five bacteria strains (E. coli, P. aeruginosa, S. faecalis, S. aureus, and K. pneumoniae). The 
ampicillin created a fairly large antibacterial halo ring (19 - 34 mm) on three strains of E. coli, S. faecalis 
and S. aureus. The MIC values of two types of extracts from the fruiting bodies of the this mushroom on the 
five tested strains of bacteria were all ≤ 25 mg/mL. However, the MIC value of the aqueous extract (≤ 6.25 
mg/mL) was lower than that of the ethanolic extract (≤ 25 mg/mL). The obtained results indicate that both 
ethanolic and aqueous extracts from fruiting bodies of the P. sanguineus were able to fight against the five 
bacteria strains. The P. sanguineus mushroom is potentially used as a natural herbal in antibacterial activity.
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Tóm tắt

Mục tiêu của nghiên cứu này là cung cấp bằng chứng in vitro về tiềm năng kháng khuẩn của cao chiết 
ethanol và cao chiết nước quả thể nấm vân chi đỏ (Pycnoporus sanguineus) qua phương pháp khuếch tán 
chất thử (nồng độ cao chiết 250 mg/mL) qua giếng thạch và xác định nồng độ tối thiểu ức chế vi khuẩn 
(MIC) của cao chiết ethanol và cao chiết nước quả thể nấm bằng phương pháp pha loãng chất thử trong 
thạch ở các nồng độ giảm theo cấp số mũ (25; 12,5; 6,25; 3,125 và 1,5625 mg/mL). Ampicillin được sử 
dụng làm chất đối chiếu cho các thử nghiệm này. Kết quả cho thấy cao chiết ethanol và cao chiết nước 
quả thể nấm vân chi đỏ tạo được các vòng kháng khuẩn (6 - 11 mm) trên 5 chủng vi khuẩn (E. coli,          
P. aeruginosa, S. faecalis, S. aureus và K. pneumoniae). Giá trị MIC của cả 2 loại cao chiết trên 5 chủng 
vi khuẩn thử nghiệm đều ≤ 25 mg/mL. Tuy nhiên, giá trị MIC của cao chiết nước (≤ 6,25 mg/mL) thấp 
hơn so với cao chiết ethanol (≤ 25 mg/mL). Từ những kết quả thử nghiệm trên cho phép kết luận cao chiết 
ethanol và cao chiết nước quả thể nấm vân chi đỏ đều có thể chống lại 5 chủng vi khuẩn gây bệnh. Nấm 
vân chi đỏ có tiềm năng được sử dụng như một loại thảo dược tự nhiên có khả năng kháng khuẩn.

Từ khoá: Hoạt tính kháng khuẩn, nấm vân chi đỏ, vòng kháng khuẩn.
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1. Introduction
Pycnoporus sanguineus (L.: Fr.) Murrill 

mushroom has been considered as one of the 
25 major medicinal macrofungi worldwide 
(Boa,  2004) .  This  mushroom is  known to 
be rich in various bioactive substances with 
antibacterial, antifungal, antiviral, antiparasitic, 
antioxidant, antiinflammatory, antiproliferative, 
anticancer, antitumour, cytotoxic, anti-HIV, 
hypocholesterolemic, antidiabetic, anticoagulant, 
hepatoprotective, and more other activities (Wasser 
& Weis, 1999; Ajith & Janardhanan, 2017; Tran 
et al., 2018). Qualitative phytochemical analysis 
of the extracts from fruiting bodies of the P. 
sanguineus revealed the presence of flavonoids, 
saponins, tannins, and terpenoids (Tran et al., 
2018). P. sanguineus mushroom has also been 
successfully cultivated on various agricultural by-
products such as corn cobs, melaleuca bark and rice 
husk (Tran et al., 2017; Tran et al., 2019).

In the world, especially developing countries, 
the problem of antimicrobial (Drug) resistance 
has become alarming. The burden of treatment 
costs caused by bacterial infections is quite 
large due to the replacement of old antibiotics 
with new, expensive ones. Medicinal herbs and 
mushrooms are increasingly demonstrating their 
important roles in the pharmaceutical industry as 
a biosafety alternative to synthetic chemical drugs 
(Mahesh & Satish, 2008; Nguyen & Bui, 2013). 
The Pycnoporus sanguineus mushroom has long 
been used by indigenous peoples of the tribes 
of Africa and the Americas to treat a number of 
diseases and skin lesions (Alibert, 1944; Fidalgo, 
1965; Fidalgo & Hirata, 1979; Pérez-Silva et al., 
1988). Nowadays, the increased level of antibiotics 
resistance of pathogenic microorganisms requires 
an attempt to search for alternative drugs from 
medicinal plants with less adverse effects than that 
of existing drugs. Therefore, natural medicinal 
mushroom sources containing compounds with 
antibacterial effects are prioritized.

2. Materials and methods
2.1. Materials
Pycnoporus sp. mushroom was collected from 

Tay Ninh province, Vietnam. Based on the DNA 
sequencing the 606 bp ITS region in combination 
with morphological characterization of the trimitic 
hyphal system and basidiocarb, this mushroom was 
identified as Pycnoporus sanguineus (L.:Fr) Murill, 
and the accession number supplied by NCBI was 
MH225776. This mushroom was planted on the 
formula of compost consisting of 50% corn cobs 
and 50% rubber sawdust at the Biotechnology 
Research and Development Institute, Can Tho 
University, Vietnam.

2.2. Chemicals and reagents
Mueller-Hinton agar (Merck, Germany), 

nutrient broth (Merck, Germany), tryptic soy 
broth (Merck, Germany), tryptic soy agar (Merck, 
Germany), ampicillin 500 mg (Mekophar, Vietnam). 
Escherichia coli ATCC 25922, Pseudomonas 
aeruginosa ATCC 27853, Streptococcus faecalis 
ATCC 29212, Staphylococcus aureus ATCC 29213, 
Klebsiella pneumoniae ATCC 35657 were provided 
by Saigon Center for Pharmaceutical Science and 
Technology, Ho Chi Minh University of Medicine 
and Pharmacy.

2.3. Methods
2.3.1. Extraction
After being crushed, the fruiting bodies of 

P. sanguineus were soaked in solvents (ethanol 96% 
v/v at room temperature for 72 hours and water 
at 80ºC for 7 hours) at the ratio of 1:15. Soaking 
solution was filtered through filter paper. The filtrate 
was concentrated to remove solvents with a vacuum 
rotary evaporator (IKA RV 05 Basic, Germany), 
yielding total ethanolic and aqueous extracts (Nguyen 
& Nguyen, 2010; Nguyen, 2009).

2.3.2. In vitro assay of antibacterial activity of 
ethanolic and aqueous extracts from the P. sanguineus 
mushroom by agar well diffusion method

The experiment was performed by agar well 
diffusion method (concentration 250 mg/mL) 
described by Andrews (2001). Testing on bacteria 
included E. coli, P. aeruginosa, S. faecalis, S. 
aureus and K. pneumoniae. Evaluating size of 
antibacterial halo ring (mm) appeared in the agar 
well diffusion of extracts from the P. sanguineus 
mushroom.
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2.3.3. Determination of MIC of ethanolic and 
aqueous extracts from the fruiting bodies of P. san-
guineus mushroom by agar dilution method

The experiment was performed by agar 
d i l u t i on  me thod ,  whe reby  exponen t i a l l y 
decreasing concentrations of the extracts from 
the P. sanguineus mushroom (concentration range 
of 25; 12.5; 6.25; 3.125 and 1.5625 mg/mL) and 
determining minimum inhibitory concentrations of 
ethanolic and aqueous extracts from the fruiting 

bodies of P. sanguineus mushroom. 
3. Results and discussion
3.1. Antibacterial activity of ethanolic and 

aqueous extracts from the fruiting bodies of the 
Pycnoporus sanguineus mushroom

As shown in Table 1 and Figure 1, ethanolic 
and aqueous extracts from fruiting bodies of the 
P. sanguineus created the antibacterial halo ring 
(6 - 11 mm) on five bacteria strains.

Table 1. The diameter of the antibacterial halo ring (mm) 

Samples E. coli
ATCC 25922 

P. aeruginosa 
ATCC 27853

S. faecalis 
ATCC 29212

S. aureus 
ATCC 29213

K. pneumoniae 
ATCC 35657 

Ethanolic extract 9 8 8 11 6

Aqueous extract 7 6 8 8 9

Control - - - - -

Ampicillin 34 - 19 26 -

Notes: Samples (-) without antibacterial activity; the diameter of the antibacterial halo ring includes the diameter 
of the agar well of 4 mm.

  

Figure 1. The antibacterial halo ring appeared 
on assay of antibacterial activity of ethanolic and aqueous extracts from the fruiting bodies of the 

P. sanguineus mushroom
Notes: Sample 1 (ethanolic extract); Sample 2 (aqueous extract); Sample control (distilled water).
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The antibacterial activity of the P. sanguineus 
related to biological compounds such as polyphenols, 
saponins, tannins and triterpenoids has been 
determined (Tran et al., 2018). Polyphenols become 
antibiotics due to their ability to complexize with 
proteins that inactivates the function of that protein 
in pathogenic bacteria. Polyphenols can also break 

down bacterial membranes by interacting with 
membrane lipids (Cushnie & Lamb, 2005). Saponins 
are considered as natural antibiotic compounds in the 
protective systems of plants and mushrooms (Hassan 
et al., 2010). Tannins and triterpenoids have a strong 
antibacterial activity (James et al., 2016; Rabi & 
Bishayee, 2009; Wagner & Elmadfa, 2003).

 Figure 2. The antibacterial halo ring appeared on assay of ampicillin's antibacterial activity

3.2. Minimum inhibitory concentration 
(MIC) values of ethanolic and aqueous extracts 
from the fruiting bodies of the Pycnoporus 
sanguineus mushroom

As seen in Table 2, Figure 3 and Figure 4 show 
that the minimum bacterial inhibitory concentration 
(MIC) values of the two types of extracts from the 
fruiting bodies of the P. sanguineus mushroom on 
five tested strains of bacteria were all ≤ 25 mg/mL. 
However, the MIC value of the aqueous extract (≤ 
6.25 mg/mL) was lower than that of the ethanolic 
extract (≤ 25 mg/mL). The results of this study 
are consistent with that of Deka et al. (2017) on 
studying the antibacterial activity of ethanolic 
extract from the fruiting bodies of three types of 

mushrooms on the tested bacterial strains (E. coli, 
P. aeruginosa, S. aureus...) with variable MIC 
values in the concentration range (12.5 - 25 mg/mL 
for P. sanguineus, T. versicolor) and (12.5 - 50 mg/
mL for T. elegans). The antibacterial activity of 
ethanolic extract (MIC ≤ 25 mg/mL) and aqueous 
extract (MIC ≤ 6.25 mg / mL) from P. sanguineus 
are similar to ethanolic extract (MIC = 20 - 30 
mg/mL) from Allium schoenoprasum on bacteria 
strains (E. coli, Pseudomonas sp., S. aureus) (Le 
Thi Huong Ha et al., 2013), but are higher than that 
of ethanolic extracts (MIC = 15.63 - 125 mg/mL) 
and aqueous extract (MIC = 62.5 - 125 mg/mL) 
from the fruit of Lycoperdon perlatum mushroom 
(Akpi et al., 2017).
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Table 2. MIC values (mg/mL) of ethanolic and aqueous extracts from the fruiting bodies of the 
P. sanguineus mushroom and ampicillin

Samples E. coli                  
ATCC 25922 

P. aeruginosa 
ATCC 27853

S. faecalis 
ATCC 29212

S. aureus 
ATCC 29213

K. pneumoniae 
ATCC 35657 

Ethanolic extract 12,5 12.5 25 3.125 < 1.5625

Aqueous extract 6.25 6.25 3.125 < 1.5625 < 1.5625

Ampicillin < 0.000125 - 0.001 < 0.000125 -

Note: Non-determination of MIC (-).

                                                25 mg/mL                   12.5 mg/mL                    6.25 mg/mL
 

                 

               3.125 mg/mL                  1.5625 mg/mL              Control

 Figure 3. Image of Minimum inhibitory concentration (MIC) test of ethanolic extract
Notes: E. coli (E), P. aeruginosa (P), S. faecalis (S), S. aureus (Sta), K. pneumoniae (K).

                                                        25 mg/mL            12.5 mg/mL              6.25 mg/mL

  

                                      3.125 g/mL             1.5625 mg/mL                  Control
Figure 4. Image of Minimum inhibitory concentration (MIC) test of aqueous extract

Notes: E. coli (E), P. aeruginosa (P), S. faecalis (S), S. aureus (Sta), K. pneumoniae (K).

Dong Thap University Journal of Science, Vol. 11, No. 5, 2022, 104-111
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                             0.016 mg/mL         0.008 mg/mL   0.004 mg/mL              0.002 mg/mL
 
                                     

          0.001 mg/mL                  0.0005 mg/mL               0.00025 mg/mL            0.000125 mg/mL

 Figure 5. Image of Minimum inhibitory concentration (MIC) test of ampicillin
Notes: E. coli (E), P. aeruginosa (P), S. faecalis (S), S. aureus (Sta), K. pneumoniae (K).

4. Conclusion
Pycnoporus sanguineus (Trametes sanguinea) 

shows the potential to be used as a natural source of 
antibacterial compounds. The results prove that both 
ethanolic and aqueous extracts from fruiting bodies 
of the P. sanguineus are able to fight against five 
bacteria strains (E. coli, P. aeruginosa, S. faecalis, 
S. aureus and K. pneumoniae). Hence, it could be of 
great importance to develop further studies addressing 
the issues such as the purification and identification of 
these compounds responsible for antibacterial activity 
of P. sanguineus mushroom.
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