
Conclusions
According to the result, these aqueous extracts of A. cylindracea bio-residues can be considered a natural source of phenolic compounds, compounds with antioxidant activity and β-glucans. The POM extract
should continue to be investigated to learn more about its bioactive potential. Thus, the valorisation of these bio-residues is viable by developing “green” value-added products with great potential for
application in nutraceutical and food products such as food conservatives or food coatings, contributing to a circular economy.

Acknowledgements
The authors are grateful to FCT, Portugal and FEDER under Programme PT2020. This work is funded by the European Regional Development Fund (ERDF) through the Competitiveness and Internationalization Operational
Program (POCI), within the scope of project MicoBioExtract (POCI-01-0247-FEDER- 033939). We also acknowledge scientific collaboration by the National Funds of FCT through project UIDB/50016/2020.

Antibacterial and antioxidant potential of aqueous 
extracts of bio-residues from Agrocybe cylindracea

and Pleurotus ostreatus mycelium
Ana Sofia Sousa1, Catarina Nunes2, Joana Barros2, Inês Ferreira2, Ana C. Freitas1, Alcina M. M. B. 

Morais1, João Nunes2, Manuela Pintado1*

1Universidade Católica Portuguesa, CBQF - Centro de Biotecnologia e Química Fina – Laboratório Associado, Escola Superior de Biotecnologia, Rua Diogo
Botelho 1327, 4169-005 Porto, Portugal; *mpintado@ucp.pt
2Association BLC3 – Technology and Innovation Campus, Centre Bio R&D Unit, Rua Nossa Senhora da Conceição, n2, 3405-155 Oliveira do Hospital, Portugal.

ABTS methods.

Methods
A. cylindracea bio-residues and P. ostreatus mycelium were provided by Voz da Natureza, Lda and
were cleaned and frozen after harvest. The extraction was performed using water as the only
solvent, in order to obtain a process as green as possible, with minimal costs and easily scaled up at
industrial level. The aqueous extracts were obtained according to two different methods (1 and 2).

Figure 2. Extraction methods.
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Figure 4. Example of an 
antimicrobial test microplate.

Results
Total phenolic compounds (TPC) content and antioxidant activity

β-glucans

Antibacterial activity

β-glucans represent 4–
13% of the total dietary 
fiber. The POM extract 

had more a-glucan 
content than b-glucans.
Extract 1A has a higher 
β-glucan content, which 

allows for predicting a 
potential natural source 

of these compounds with 
immunological and 
prebiotic activity. 

The extract of P. ostreatus
mycelium (10 mg/ml) did not 

have a genotoxic effect. 
Regarding the extracts from A. 

cylindracea (40 mg/ml), only 
extract 1A showed cytotoxicity 
and genotoxic effects. In this 
sense, extracts 2A and 2B are 

expected to be safe for 
application in food products.

Table 3. MIC values (mg/ml) of extracts from A. cylindracea against against Gram-negative
bacteria.

Table 2. MIC values (mg/ml) of extracts from A. cylindracea
against Gram-positive bacteria.

In general, the aqueous extracts of A.
cylindracea did not inhibit bacterial growth.

Toxicity

Introduction & Objectives

The MAIN GOAL of this work is to evaluate the total phenolic
compounds content, the content in β-glucans and bioactivity
properties from bio-residues obtained from Agrocybe cylindracea (AC)
and Pleurotus ostreatus mycelium (POM) in order to develop a circular
bioeconomy approach.

Figure 1. Examples of bio-residues

Bio-residues include caps, stalks,
mushrooms of irregular dimensions
and shape and basal material

The mushrooms' global 
production and consumption

are increasing each year.

The production of mushrooms results
in a large number of bio-residues,
with a high environmental impact and
costs for the industry.

Edible mushroom

Bioactive 
compounds

• Phenols
• Polysaccharides (β-glucans)
• Fatty acids
• Proteins
• Terpenes
•Others compoundsEssential nutrients

Prebiotic
Antioxidant

Antimicrobial
Antiproliferative

Anti-inflammatory
Immunomodulatory

Potential bioactive 
properties

The valorisation of mushroom bio-residues provides an opportunity
for the development of innovative high-value products and can lead to
an increase in the sustainability of the mushroom productive chain.

Mushrooms residues are promising sources of valuable
compounds, which may be used due to their functional properties
and nutritional value.

DM - dry matter

ANALYSIS

➜Total phenolic content: Folin-Ciocalteu colourimetry method
➜Antioxidant activity: ABTS, DPPH and ORAC assays
➜β-glucans content: "β-Glucan Assay Kit Yeast & Mushroom” assay kit (Megazyme)
➜Antibacterial activity: determination of minimum inhibitory concentration (MIC) through

microdilution method and the rapid p-iodonitrotetrazolium chloride (INT) colourimetric
assay

➜Cytotoxicity: PrestoBlue
➜Mutagenicity: Ames Test

§ STATISTICAL ANALYSIS: one-way ANOVA test (p< 0.05) was used to compare the mean of extracts from A. Cylindracea.

All extracts were good sources of
natural phenolic compounds. In
general, the extracts from AC
showed higher antioxidant capacity
than extract from POM.

Figure 3. Total phenolic content.
Results are the means of three
determinations ± standard deviation.
Different letters indicate a significant
difference (p < 0.05) between extracts
from A. cylindracea.

Figure 4. Antioxidant activity (ABTS, DPPH and
ORAC assays). Results are the means of three
determinations ± standard deviation. Different
letters in the column with the same colour are
significantly different (p < 0.05) between
extracts from A. cylindracea.

Table 1. TPC and antioxidant activity of extracts
from P. ostreatusmycelium (mean ± SD).

 Extract POM 

Folin-Ciocalteu 
(mg gallic acid equivalent / g dry weight) 10.03 ± 0.08 

ABTS assay 
(mg ascorbic acid equivalent / g dry weight) 4.14 ± 0.52 

DPPH assay 
(mg trolox equivalent / g dry weight) 3.00 ± 0.55 
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Table 1. Glucan content (all glucans, a-glucans, b-
glucans) of bio-residues and aqueous extracts from A.
cylindracea and P. ostreatus mycelium (mean ± SD). All
results are expressed on a g/100 g dry weight basis.

In each column different letters (a-d) mean significant
differences (p < 0.05).

Total Glucan

(g/100g dwb)

a-Glucan

(g/100g dwb)

b-Glucan

(g/100g dwb)

Extract POM 1.01 ± 0.07 0.89 ± 0.05 0.12 ± 0.00

AC Bio-residues 43.53 ± 0.73a 10.37 ± 0.14a 33.16 ± 0.87a

AC Extract 1A 12.38 ± 0.24b 0.55 ± 0.01a,b 11.83 ± 0.23b

AC Extract 2A 8.47 ± 0.28c 0.34 ± 0.01b 8.13 ± 0.27c

AC Extract 2B 6.31 ± 0.10d 0.38 ± 0.01a,b 5.93 ± 0.08d

Extracts were 
freeze-dried

 Bacillus cereus Listeria monocytogenes Staphylococcus aureus 

Extract 1A > 40 10 > 40 

Extract 2A > 40 > 20 > 40 

Extract 2B > 40 > 20 > 40 

 

The antimicrobial activity of the POM extract was evaluated
through growth curves of E. coli, P. aeruginosa and S. aureus. There
was only inhibition of growth in E. coli (28% after 24h).

Salmonella 
enterica

Escherichia 
coli

Pseudomonas 
aeruginosa

P.  
fluorescens

P.  tolaasii P. agarici
Yersinia 

enterocolitica

Extract 1A 40 > 40 > 40 > 40 > 40 > 40 40

Extract 2A 20 > 40 > 40 > 40 > 40 > 40 20

Extract 2B > 40 > 40 > 40 > 40 > 40 > 40 40


