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Abstract
The aim of the present work was to evaluate the nematicidal potential of Flammulina velutipes and its spent mushroom 
compost. Additionally, the nematicidal activity of enzymes and metabolites was analyzed. Isolated F. velutipes and its SMC 
had significant nematicidal effect on Panagrellus sp. larvae. The percentages of reduction in relation to the control group 
were: 69, 57.5 and 70% for SMC and 56, 24.5 and 26.6% for the isolated fungus, for 24, 48 and 72 h, respectively. The active 
SMC crude extract showed nematicidal action with reduction percentages of 43 and 57% for 24 and 48 h of incubation, 
respectively. The boiled crude extract also showed nematicidal action, however, the reduction percentages were lower than 
those of the active extract. This demonstrated that the nematicidal action was due to enzyme activities and other metabolites. 
The results demonstrated that SMC, the isolated fungus, the crude extract and the boiled crude extract showed a significant 
percentage of reduction on Panagrellus sp. larvae. SMC evidenced a higher nematicidal activity than the isolated fungus. 
In addition, nematophagous activity of F. velutipes was observed for the first time.
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Introduction

Edible mushrooms have outstanding importance concerning 
their nutritional composition. It is a rich source of essential 
amino acids, vitamins and fibers. In addition, it is a source 
for possible pharmaceutical drugs, considering that certain 
polysaccharides have antimicrobial and antioxidant activity 
described (Dong et al. 2017; Jing et al. 2014; Leung et al. 
1997). Eight million tons of mushrooms are consumed per 
year, mainly in Asian countries (Nakamura et al. 2011). 
Worldwide consumption of edible mushrooms increased 
from 1 to 4.7 kg in the period from 1997 to 2013 (Royse 
et al. 2017). The Golden Needle Mushroom or Enokitake 

(Flammulina velutipes) is the fourth most consumed edi-
ble mushroom in the world. It has innumerable nutritional 
properties, since it is rich in β-glucans, terpenes, mineral 
elements, unsaturated fatty acids, ascorbic acid, phenolic 
and other compounds (Rathore et al. 2017). It also has phar-
macological properties such as antimicrobial, antioxidant, 
immunomodulatory and antitumor activities (Jing et al. 
2014; Leifa et al. 2001; Leung et al. 1997).

Most of the industrial production of F. velutipes uses lig-
nocellulose rich agricultural residues such as paper waste, 
hazelnut leaves, wheat straw or sawdust as substrates (Leifa 
et al. 2001; Yildiz et al. 2002). The waste product of the 
mushroom industry, known as spent mushroom compost 
(SMC), contains residual organic and inorganic substances, 
like nitrogen, potassium and phosphorus, mushroom myce-
lium as well as a large number of enzymes just as cellu-
lase, hemicellulase, protease and laccase (Zhang and Sun 
2014). One kg of fresh mushrooms results in 5 kg of SMC 
(Finney et al. 2009), so a huge amount of SMC is generated. 
The amount of SMC discarded per year can be estimated 
at approximately 210,000 tons (Ishihara et al. 2018). Thus, 
the elimination of such an amount of waste poses a serious 
problem for the mushroom industry. Therefore, recycling 
SMC is beneficial and urgent.
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Several possible uses of SMC, derived from the produc-
tion of many mushroom species, are being studied. SMCs 
can be used as a substrate for other fungi, animal feed, the 
promotion of animal health in bioremediation, the manu-
facturing of packaging and building materials, biofuels and 
enzymes (Grimm and Wösten 2018). In addition, certain 
edible mushrooms are known for having nematophagous 
action and producing nematicidal metabolites (Genier et al. 
2015; Soares et al. 2019; Sufiate et al. 2017).

Every year, plant-parasitic nematodes cause serious eco-
nomic loss, threatening global food security. It is estimated 
that the losses mount up to more than 215 billion US dol-
lars around the world due to plant pathologies caused by 
nematodes, and the crop yield losses may be higher than 
those caused by insect pests or weeds. The reason for the 
arduous nematode control lies in the insidious nature of the 
nematode and the difficulty to detect the pathology, as the 
cause of the plant symptoms can be easily confounded with 
other pathogens or abiotic factors. As a result, every year 
about 500 million US dollars are spent on nematode control 
(Abd-Elgawad and Askary 2018; Hassan et al. 2012).

Chemical nematicides are very efficient, however, the 
pressure to use ecofriendly products for pest control manage-
ment is growing daily. Biological control or biopesticides are 
alternatives available to substitute these products. Biologi-
cal control uses nematode antagonists such as nematopha-
gous fungi, while biopesticides are products from plants or 
microorganisms containing such compounds as enzymes 
or other metabolites with nematicidal effects (Akhtar and 
Malik 2000). Nematophagous fungi have shown different 
strategies to predate nematodes and are able to adhere and 
penetrate the cuticle of all stages, using the nematode as 
a nutrient source. However, the fungus is sensitive to abi-
otic factors, such as humidity. At this point, SMC has great 
potential as a product for biological control due to its high 
levels of mycelium, residual enzymes, high humidity and 
unique microbiota that may contain other nematode antago-
nists (Aslam 2013; Siddiqui and Mahmood 1996).

Thus, the aim of the present work is to evaluate the 
nematicidal potential of F. velutipes, its spent mushroom 
compost and metabolites.

Materials and methods

Organisms

The spent mushroom compost (SMC) from the production of 
F. velutipes species was obtained from the Urakami Group, 
Mogi das Cruzes, São Paulo-Brazil. A few grams of the 
SMC were added to a Petri dish containing Potato Dextrose 
Agar (PDA) medium and chloramphenicol (0.5 g/l). After 

2 weeks, the fungus F. velutipes was isolated in another Petri 
dish containing PDA medium and identified by compari-
son with what is described in the literature (Redhead and 
Petersen 1999). In addition, the crude extract was obtained 
from the SMC with water, following the methodology 
described by Nakajima et al. (2018).

Free-living nematodes of the genus Panagrellus were 
used in the experiment. These organisms are being kept in 
Petri dishes in an oatmeal-based culture medium, in the Lab-
oratory of Pathology of Invertebrates, Institute of Tropical 
Pathology and Public Health (IPTSP) of the Federal Univer-
sity of Goiás, Brazil. Panagrellus are free-living nematodes 
used worldwide as a model for studies in many laboratories, 
including for tests with nematophagous fungi (Gomes et al. 
2000).

Enzyme assay

Proteolytic activity of the extract obtained from the SMC 
was measured (Soares et al. 2013). The volumes of the solu-
tions were: 100 µl of crude extract, 400 µl of citrate–phos-
phate buffer 100 mM, pH 6.0 and 500 µl of casein 1%. The 
reaction medium was incubated for 60 min at 37 °C after 
which the reaction was stopped by adding 1 ml of trichloro-
acetic acid (TCA) 10%. After 10 min, the reaction medium 
was centrifuged at 10,000g for 5 min and the supernatant 
was collected for the determination of absorbance in a spec-
trophotometer at 280 nm. A standard tyrosine curve was 
constructed for the quantification of the enzymatic activ-
ity. One protease unit was defined as the amount of enzyme 
required to release 1.0 μm tyrosine per minute under the 
assay conditions.

Experimental assays

Flammulina velutipes

Two groups were formed in Petri dishes of 4.5 cm in diam-
eter containing 2% water-agar (WA2%), one treated group 
and one control group, with 8 replicates for each group. In 
the treated group, after the growth (5 days) of the fungus 
F. velutipes in WA2% medium, approximately 1000 larvae 
Panagrellus sp. were added to the middle of the plate. The 
control group contained only 1000 larvae of Panagrellus sp. 
(without fungus). Both groups of plates were incubated in 
the dark, at 28 °C. For 3 days, every 24 h, 10 random fields 
in each plate of the treated and control groups were observed 
under an optical microscope at 10 × objective, counting the 
number of intact larvae (Sufiate et al. 2017). Photomicro-
graphs were performed to prove the activity of nematode 
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destruction and the possible production of toxin microbeads. 
The experiment was repeated three times.

Spent mushroom compost (SMC)

Analogously to the F. velutipes assay, a Petri dish assay 
using the spent mushroom compost was performed. Two 
groups were formed in Petri dishes of 4.5 cm in diam-
eter containing WA2%, one treated group and one con-
trol group, with 8 replicates for each group. In the treated 
group, approximately 0.1 g of the SMC of F. velutipes 
was inoculated in the middle of Petri dishes containing 
medium WA2% and, after 5 days, approximately 1000 
larvae Panagrellus sp. were added to the middle of the 
plate. The control group contained only the 1000 larvae 
of Panagrellus sp. (without SMC). Both groups of plates 
were incubated in the dark, at 28 °C. The analysis was 
performed as previously described. The experiment was 
repeated three times.

Crude extract

Nematicidal activity of the extract obtained from the SMC 
was evaluated on the model nematodes Panagrellus sp. 
Three groups were formed in sterile microtubes, two treated 
groups and one control group. Eight replicates were per-
formed for each group. In one treated group, about 50 larvae 
of Panagrellus sp. were put into sterile microtubes contain-
ing the crude extract of F. velutipes SMC. In another treated 
group, about 50 larvae of Panagrellus sp. were put into 
sterile microtubes containing the boiled extract with dena-
tured enzymes (without protease activity). The control group 
contained approximately 50 larvae of Panagrellus sp. in the 
presence of distilled water. The microtubes were incubated 
at 28 °C, in the dark, for 24, 48 and 72 h. After this period, 
the number of intact larvae in each microtube was counted 
with an optical microscope at 10 × objective (Sufiate et al. 
2017). The experiment was repeated three times.

Statistical analysis

Efficient Panagrellus sp. larvae destruction in relation to the 
control group was evaluated for the three experimental trials 
(F. velutipes, SMC and crude extract). Data were statistically 
interpreted by analysis of variance at significance levels of 1 
and 5% of probability and by Tukey test at 1% level of prob-
ability (Ayres et al. 2003). Subsequently, the average reduction 
percentage of the larvae was calculated:

%Reduction

=
(Average of control larvae − Average of treatment larvae)

Average of control larvae

× 100.

Results and discussion

Nematophagous behavior was first described by Drechsler 
(1941). In relation to predatory activity, those fungi have sev-
eral attack mechanisms on nematodes (Soares et al. 2018). 
In the present study, the nematophagous effect of the edible 
fungus F. velutipes was demonstrated for the first time.

Isolated F. velutipes and its SMC had significant nemati-
cidal effect (p < 0.01) on the larvae of Panagrellus sp. SMC had 
greater action on the nematodes, presenting a significant differ-
ence (p < 0.01) when compared to the group treated only with 
the isolated fungus F. velutipes, in the time intervals of 48 and 
72 h. However, after 24 h, there was no significant difference 
between the groups treated with SMC and the isolated fungus. 
The percentages of reduction in relation to the control group 
were: 69, 57.5 and 70% for SMC and 56, 24.5 and 26.6% for 
the isolated fungus, for 24, 48 and 72 h, respectively (Fig. 1a).

Fig. 1   a Averages, standard error and percentage reduction of Pana-
grellus sp. larvae in water-agar (2% WA) during treatment with the 
edible fungus Flammulina velutipes, its spent mushroom compost 
(SMC) and the control group without fungus. Averages followed by 
equal letters in the same column do not differ significantly from each 
other by Tukey test at 1% probability level. b Averages, standard error 
and percentage reduction of Panagrellus sp. larvae during treatment 
with the crude extract obtained from the spent mushroom compost 
(SMC) of the edible fungus Flammulina velutipes. Averages followed 
by equal letters (lower case) in the same column do not differ signifi-
cantly from each other by Tukey test at 1% probability level. The cap-
ital letter denotes difference (p < 0.05)
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SMCs have a very diverse microbial population, besides 
the cultivated fungus itself. Several populations of bacte-
ria, archaebacteria and fungi have already been detected in 
SMCs. Bacteria of several genera have been found, from 
mesophilic to thermophilic bacteria, e.g. Paenibacillus spp., 
Bacillus spp., Pseudomonas spp., Streptomyces spp., Ther-
mornonospora spp., Microbacterium spp., Stenotrophomonas 
spp. Likewise, several fungal genera have already been iso-
lated from SMCs, e.g., Aspergillus spp., Penicillium spp., 
Mucor spp., Nigrosporaspp., Oidiodendron spp. (Kleyn and 
Wetzler 1981; Ribas et al. 2009; Watabe et al. 2004). Prob-
ably, these other microorganisms also had effect on nema-
todes, explaining the higher nematicidal activity of the SMC 
compared to the isolated fungus. This also suggests that the 
application of SMC has a more promising potential than the 
isolated fungus for use in the control of these organisms.

There are several studies involving the SMC of F. 
velutipes, from studies concerning methane production 
(Luo et al. 2018) to antioxidative activities (Bao et al. 2010). 
However, this is the first report on the use of isolated F. 
velutipes and its SMC in the control of nematodes.

Mushrooms belong to a toxin-producing group of 
nematophagous fungi. These fungi produce certain toxins 
that paralyze and/or kill nematodes (Soares et al. 2018). 
Besides that, enzymes are important actors in the process 
of nematode infection and digestion by nematophagous 
mushrooms (Genier et  al. 2015). However, the produc-
tion of nematicidal toxins and enzymes by F. velutipes is 
still unknown. As described by Degenkolb and Vilcinskas 
(2016), nematophagous basidiomycetes produce a wide vari-
ety of metabolites, including toxins, with nematicidal activ-
ity. The production of toxins by nematophagous fungi has 
been studied for a long time and described for many species 
(Cairol et al. 1989; Nordbring-Hertz et al. 2011). This way, 
isolated F. velutipes and its SMC are also a source of many 
of these biomolecules, thus holding a great biotechnologi-
cal potential for biological nematode control (Soares et al. 
2013, 2019). In this sense, we sought to observe whether 

the fungus produced any such toxins and enzymes that have 
destructive nematicidal action, and therefore we analyzed 
nematicidal activity of the crude extract of the isolated 
fungus.

Flammulina velutipes SMC crude extract was a poor 
source of proteases (0.05 U/ml). On the other hand, the 
active (non-boiled) crude extract obtained from the SMC 
showed a significant (p < 0.01) nematicidal action on the 
larvae of Panagrellus sp., with reduction percentages of 43 
and 57% for 24 and 48 h of incubation, respectively, com-
pared to the water control group. The boiled crude extract 
also showed a significant (p < 0.01) nematicidal action on the 
larvae of Panagrellus sp. However, the reduction percent-
ages were lower than those of the active extract (Fig. 1b). As 
pointed out by Sufiate et al. (2017), boiling the extract dena-
tures the enzymes. Thus, in the present study, we can sug-
gest that the nematicidal action was due not only to enzyme 
activities, but also due to the presence of other metabolites. 
This becomes clear by comparing the data of the active 
extract treated group with the boiled extract treated group, 
which showed a significant difference (p < 0.01).

Previous studies have demonstrated that Hypsizygus mar-
moreus SMC is a rich source of proteases and has nemati-
cidal activity against Panagrellus sp., with a percentage 
reduction of 52%, after 24 h (Soares et al. 2019). These data 
corroborate the present study, since the SMC of F. velutipes 
has also shown to contain proteases (despite the low activ-
ity) and having nematicidal action with similar percentage 
reduction after 24 h of assay (43%).

In addition, we could observe the production of metabo-
lite containing drops (Fig. 2a), presence of adhesive hyphae 
(Fig. 2b) and nematode destruction (Fig. 2c). Despite the 
absence of tests to assure the drop content and based solely 
on the test results with crude extract, we suggest that these 
drops contain metabolites that cause nematode immobiliza-
tion (Degenkolb and Vilcinskas 2016; Lopez-Llorca et al. 
2008). Moreover, the presence of adhesive hyphae has 
already been described for other edible mushrooms, such as 

Fig. 2   Nematophagous action of the fungus Flammulina velutipes on Panagrellus sp. larvae: a production of drops containing toxic metabolites; 
b formation of adhesive hyphae. White Arrows: possible toxin drops
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Pleurotus ostreatus, as shown by Thorn and Barron (1984), 
what confirms that the F. velutipes hyphae shown in Fig. 1b 
are adhesive hyphae.

Furthermore, the evidence of F. velutipes SMC nemati-
cidal activity contributes to integrated nematode manage-
ment (INM) programs. Commercial bio-nematicides based 
on nematophagous fungi and bacteria found a substantial 
space on the marketplace, especially after the ban of several 
chemical nematicides. However, bioproducts are more sen-
sible to abiotic factor than chemical products. In face of that 
challenge, the use of SMC can be an efficient strategy in the 
search for bio-nematicide development, mainly considering 
that SMC presented higher nematicidal activity.

The development of efficient formulations for these bio-
products are another challenge, and the use of this industrial 
residue would reduce the formulation costs (Abd-Elgawad and 
Askary 2018). This would also aggregate value to an industrial 
residue and generate a sustainable product as has been sug-
gested for other edible mushrooms SMCs (Grujié et al. 2015; 
Lau et al. 2003). This work thus focused on evaluating whether 
F. velutipes and its SMC had nematicidal activity due to attack 
mechanisms or enzyme and metabolite activity and therefore, 
no comparison to any chemical nematicides was made.

Conclusions

This is the first report of the nematophagous action of the 
fungus F. velutipes, an edible mushroom very popular in the 
culinary world. We demonstrated for the first time that its SMC 
equally shows nematicidal activity, even higher (p < 0.01) than 
the isolated fungus. In addition, this is the first study dem-
onstrating nematicidal activity of the crude extract from F. 
velutipes SMC. Moreover, we demonstrated that the extract 
from the SMC contains proteases that probably act in the pro-
cess of nematode destruction.

Further research is necessary to clarify the nematicidal 
metabolites produced by this edible mushroom and its SMC. 
Additionally, more studies can result in a product based on F. 
velutipes SMC for biocontrol of nematodes, contributing to 
INM programs.
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