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Abstract:
Purpose: It is known that the combination of bioprocesses can contribute to obtaining better results compared to those
achieved by applying each process individually. Solid state fermentation of Vitis labrusca grape pomace was carried out
using different saprotrophic fungi following a vermicomposting process.
Method: A palatability test was performed to evaluate the permanence of Eisenia foetida adults on pomace transformed
by fungi. Subsequently, pomace treated with Ulocladium botrytis LPSc 813 was vermicomposted for 90 days to evaluate
comparatively the earthworm population dynamics and different physio-chemical and biological parameters with respect to
control treatment.
Results: The pomace treated with Coriolopsis rigida LPSc 232 and U. botrytis showed a 100% permanence of the
earthworms, though only this last fungus was able to modify the acidity of the parent grape pomace (pH 7.66± 0.84)
without increasing its salinity. The combination of U. botrytis-vermicomposting showed a reduction in the adult and
juvenile earthworm number at 60 days and presented a higher germination index compared to the control.
Conclusion: Results suggest that grape pomace pretreated with U. botrytis could be an optimal starting substrate for
vermicomposting, obtaining an organic fertilizer in a short period.

Keywords: Vitis labrusca; Solid state fermentation; Saprotrophic fungi; Eisenia foetida; Organic fertilizer

1. Introduction

In terms of circular economy, agro-industries produce a lot
of waste that is a potential source of products to which
value could be added (Nizami et al. 2017). The grape
pomace (GP) (seed, skin, and remnant pulp of grapes)
is the main derivative of wine elaboration. Each year,
1.05−1.31×1010 kg of this waste is produced worldwide
(Dávila et al. 2017). A large amount of GP is produced in
a short period; only a small fraction is used to obtain new
products and the remaining part is generally incinerated or
disposed of on land, causing environ-mental damage (Beres

et al. 2017).
Vermicomposting is a biological treatment that stands out
as one of the main alternatives that could reduce the large
amounts of agro-wastes, allowing to revalue of these re-
mains as organic fertilizers (Bhat et al. 2018). This bio-
process, which is applied on organic substrates, involves
the action of microorganisms and earthworms through
mainly degradation and stabilization reactions (Nogales
et al. 2005; Martı́nez-Cordeiro et al. 2013; Domı́nguez et
al. 2017). Among earthworm species, Eisenia foetida (An-
nelida, Oligochaeta), which is an epigeic one, is the most
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used for the management of organic wastes due to its high
voracity, high reproductive capacity, easy handling, and
ability to adapt to adverse conditions (Gunadi et al. 2002;
Pérez-Godı́nez et al. 2017).
Recalcitrant agro-wastes, rich in lignin and/or other phe-
nolic compounds that are toxic, are not generally used for
composting due to their negative effects on microorganisms
and earthworms involved in the process (Arora and Kaur
2019; Gong et al. 2019). Previous studies reported that Vitis
vinifera GP biomass was reduced in a vermireactor with
E. foetida (Domı́nguez et al. 2014) or plastic containers
using Eisenia andrei (Gómez-Brandón et al. 2011); though
in both cases a long time is required to utilize this mate-
rial as organic fertilizer. Therefore, one of the alternatives
that might contribute to overcoming this problem could be
the incorporation of a previous treatment on the GP, which
could generate a more palatable substrate for earthworms
and microorganisms.
In recent times, solid state fermentation (SSF) with fungi
has become a frequently utilized strategy to treat agro-
wastes, since it is a low-cost technology to obtain a broad
spectrum of products (Manan and Webb 2017). The use of
saprotrophic fungi as transformation agents of V. labrusca
GP has been studied and constitutes a promising alternative
(Troncozo et al. 2019; Troncozo et al. 2020). The informa-
tion available on how to obtain organic fertilizers through
the synergistic effect of two bioprocesses, such as SSF with
saprotrophic fungi followed by vermicomposting, is limited
(Singh et al. 2018; Arora and Kaur 2019; Gong et al. 2019).
The present work first evaluated the potential of several
saprotrophic fungi to increase the palatability of V. labrusca
GP to E. foetida earthworms. Then, the pomace treated with
a selected saprotrophic fungus was subjected to vermicom-
posting, where physico-chemical and biological parameters
were evaluated.

2. Material and methods

2.1 Pomace, saprotrophic fungi and earthworms
Ten random samples (2 Kg each) of GP from isabella culti-
var were collected from “Cooperativa de La Costa” (Berisso,
Buenos Aires, Argentina 34°53′22.70′′S/57°49′21.11′′O) to
obtain a composite sample. The lignocell lignocellulosic
material was dried in an oven with forced air circulation
at 60°C for 48 h and then stored at room temperature and
protected from light in a hermetic box until use.
The fungal strains were selected due to their ability to trans-
form and reduce GP toxicity in lettuce and tomato seeds
(Troncozo et al. 2019). Five strains were obtained from the
Instituto Spegazzini (LPSc) culture collection: Coriolop-
sis rigida LPSc 232, Gloeophyllum sepiarium LPSc 735,
Peniophora albobadia LPSc 285, Pycnoporus sanguineus
LPSc 163, and Ulocladium botrytis LPSc 813; while Tricho-
derma harzianum 18 was obtained from Facultad Ciencias
Agrarias y Forestales, UNLP (FALH). Stock cultures of
the strains were kept at 4°C on 2% (w/v) malt-agar slants
(Saparrat et al. 2000).
Clitelated earthworm specimens of E. foetida were obtained
from División Zoologı́a Invertebrados, Museo de La Plata,
Facultad de Ciencias Naturales y Museo, Universidad Na-

cional de La Plata. The earthworm population was main-
tained according to (Schuldt et al. 2005).

2.2 Transformation of GP under SSF with saprotrophic
fungi

The fungal transformation with the previous mentioned
strains was carried out in autoclavable bags containing 250
g of GP steam-sterilized (121ºC at 1 atm for 30 min) at a hu-
midity level adjusted to 70% and posteriorly inoculated with
a mycelial suspension at 20% p/v (Troncozo et al. 2019).
Static incubation of inoculated bags was performed at 28°C
for 30 days. Control treatments were prepared incubating
non-inoculated sterilized GP under the same conditions.
The experiment presented a completely random design, and
each treatment was replicated four times.
Three physical-chemical parameters were analyzed in the
water-soluble fraction (WSF) of GP at 1:5 proportion
(Saparrat et al. 2008). The values of EC and pH were
measured by conductometry and potentiometry using a
Benchtop pH/mv meter (Sper Scientific) (Jackson and Barak
2005). The water-soluble phenol (WSP) content was deter-
mined according to the Folin–Ciocalteau method and the
absorbance was estimated at 760 nm utilizing a spectropho-
tometer (Shimazdu, Tokyo, Japan) (Osono and Takeda
2001). A one-way ANOVA and Tukey test (P < 0.05) were
used to evaluate differences between the fungal species.

2.3 Palatability test
The effect of GP treated with fungi on earthworms was
evaluated following the procedure reported by Ferreira et
al. (2021) with modifications. Briefly, the different sub-
strates obtained with SSF (humidity of 80%) were placed
in cylindrical containers (500 cm3) where four clitellated
worms were added for a period of 72 hours in the dark.
The experiment presented a completely random design and
four replicates per treatment were made. The number of
earthworms that remained in the substrate was estimated
and expressed as a percentage. A one-way ANOVA and
Tukey test (P < 0.05) were used to evaluate differences be-
tween the activity triggered by each one of the tested fungi.
Data obtained were transformed using arc sen

√
P, prior to

statistical analysis.

2.4 Vermicomposting of GP transformed by U. botrytis
According to results obtained in the palatability test, the GP
transformed by SSF with U. botrytis was subjected to vermi-
composting following the methodology reported by Nogales
et al. (2005) with modifications. The GP treated with the
fungus was obtained as was previously described. Perfo-
rated plastic containers (5 L) were filled to three quarters
of the capacity with the moistened substrate transformed
with the fungus (80% humidity). Considering the rate of
substrate consumption per day reported by Pérez-Godı́nez
et al. (2017), a total of 15 earthworm adults per container
were placed on the surface of the substrate. A control treat-
ment was incorporated that consisted of GP composted
for 30 days, prior to the vermicomposting process. All
containers were covered with a shade mesh to reduce wa-
ter evaporation and kept in darkness throughout the whole
vermicomposting period. The experimental design was
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completely randomized, and each treatment was replicated
four times. The number of cocoons, juveniles, and adults
were monitored monthly for 90 days (Schuldt et al. 2005).
Also, samples of vermicomposted GP were randomly re-
moved monthly per container without repositioning. One
part of the collected material was stored in a plastic vial
at 4°C and microbial activity was estimated by dehydro-
genase activity (Thalmann 1968), using 0.5% TTC (2, 3,
5-triphenyl tetrazolium chloride) in 0.1 M Tris-buffer (pH
8) as substrate. The absorbance was estimated at 546 nm in
the spectrophotometer (Shimazdu, Tokyo, Japan). The re-
maining material was utilized to analyze physical-chemical
parameters and carry out a phytotoxicity bioassay. The
pH, EC, and WSP were determined as previously described.
The phenol-hypochlorite reaction was used to determine the
NH+

4 -N content and the absorbance was estimated at 635
nm using a spectrophotometer (Shimazdu, Tokyo, Japan)
(King et al. 1990). The methodology proposed by Tiquia
et al. (1996) was followed to carry out the bioassay. For this
experiment, lettuce (Lactuca sativa) was used as a plant test.
The percentage of germination (G), root length, and germi-
nation index (GI) were calculated and interpreted according
to classification criteria proposed by (Zucconi et al. 1985).
A two-way nested ANOVA with two main effects “Treat-
ment (T)” and “vermicomposting time (VT)” was applied
for all the variables analyzed (P < 0.05). Discrete data were
transformed using ln prior to statistical analyses.

3. Results and discussion

3.1 Screening of fungi for GP transformation to increase
its palatability to E. foetida earthworms

The earthworms are very sensitive to changes in the envi-
ronment, such as ones caused by fungal activity on organic
matter; the reason why, it is essential to elucidate the factors
that are more influential on the permanence of the annelids
in the substrate (Edwards and Fletcher 1988; Ansari and
Humphrey 2015; Arora and Kaur 2019).
In this study, all fungi tested colonized the GP and their
activity produced changes in the pH, EC, and WSP content,
and affected the permanence of E. foetida on the substrate
(Table 1). A neutral pH and low salt content (≤ 4 dS/m) in
the substrate are considered optimal for earthworm activity
(Pellegrini et al. 2014). Only U. botrytis LPSc 813 pro-
duced an increase of 127.37±24.8% in the pH, neutralizing
the characteristic acidity of pomace. As regards salinity,
all fungi showed values below the reported limiting value.
Cova et al. (2007) suggested that polyphenolic compounds
represent earthworm anti-nutritional factors and have anti-
reproductive effects that interfere with their biology. In this
work, P. albobadia LPSc 285 presented the greatest reduc-
ing effect on the WSP content of GP (80.7± 2.2%). Fur-
thermore, it was observed that a particulate material (1−2
cm) was generated by fungal action on GP which would
favor ingestion and assimilation by earthworms (Curry and
Schmidt 2007; Palaniappan et al. 2018). Only C. rigida
LPSc 232 did not produce this material size, showing an
agglutination of all the GP particles.
Although, the SSF with the fungal isolate C. rigida LPSc
232, P. albobadia LPSc 285, T. harzianum FALH 18, and

U. botrytis LPSc 813 increased the persistence of the earth-
worms to invade GP, only U. botrytis and C. rigida proved
to develop the best habitat for earthworms (100% perma-
nence). So, what is it that favors the permanence of the
worms on the pomace transformed by these last two fungi?
The “Dematiaceous” fungus U. botrytis stood out since it
kept an optimal particle size similar to the parent substrate,
reduced the soluble phenol content, and mainly because it
altered the initial GP pH, which could be due to the fact
that the enzymatic system is optimal in the range of 7−8
pH (Saparrat et al. 2007). On the other hand, the lignocel-
lulolytic fungus C. rigida was one of the most efficient in
removing the phenol content but under acidic conditions
and agglomerating the GP particles.

To consider only the physio-chemical parameters may
not be enough to determine whether the earthworms have
a preference to stay in the pomace, in this sense it is pos-
sible to formulate other hypotheses. It has been reported
that worms in natural environments incorporate fungi in
their diet and it is quite possible that E. foetida is selec-
tive about the organisms it digests (Bonkowski et al. 2000).
Californian earthworms might have a strong preference for
dark pigmented fungi (hyphae and/or conidia) since these
contain more nitrogen compounds and other important ele-
ments for animal nutrition, such is the case of U. botrytis
(Maraun et al. 2003; Saparrat et al. 2007). On the other
hand, some fungi might have a greater enzyme ability to
degrade/detoxify recalcitrant polymers of plant residues,
providing better quality food for the earthworm, as reported
by U. botrytis and C. rigida (Moody et al. 1995; Maraun
et al. 2003; Saparrat et al. 2014; Troncozo et al. 2019). All
this suggests that it would be necessary to include in future
studies the examination of the alimentary tract content of E.
foetida earthworms after vermicomposting with GP treated
with saprotrophic fungi, to establish which is the role in
the fungus-earthworm interaction and its influence in the
vermicomposting process. Overall, considering the physico-
chemical changes produced in the GP by U. botrytis and the
potential nutritional input for the earthworms, this fungal
treatment was selected to evaluate further the combination
fungus-vermicomposting.

3.2 Vermicomposting the GP treated with U. botrytis

Fig. 1 shows the population dynamics of adult and juve-
nile earthworms, as well as the number of cocoons of E.
foetida during the vermicomposting process. The two-way
nested ANOVA showed that the adult earthworms and co-
coon number were different among the vermicomposting
time and different treatments (composting or SSF with U.
botrytis) (P < 0.05). The reduction in the number of adult
earthworms (88.9±3.1%) in the GP treated with the fungus
at day 60 could be due to a lack of availability of nutrients
in the substrate (Fig. 1a) (Usmani et al. 2019). The juve-
nile population was only affected by vermicomposting time
(P < 0.05) (Fig. 1b). In addition to the scarce presence of
nutrients, the reduction in the juvenile earthworms could
be due to intraspecific competition with adult earthworms
(Ansari and Humphrey 2015). The highest production of
cocoons was observed in the composted GP at day 60 but
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Figure 1. Changes in the number of adult (a), juvenile (b), and cocoon (c) number of Eisenia foetida at different times of
vermicomposting (VT: 30, 60 and 90 days) under two conditions of treatment of grape pomace (T): Composted control (C)
and treated by solid state fermentation with Ulocladium botrytis (Ub).
Different letters among boxplots indicate significant differences (Tukey test, P < 0.05).

with a high statistical dispersion in the data (Fig. 1c). This
dispersion could be related to antinutritional/toxic factors
in the food substrate that may reverse sexual maturity in
earthworms (loss of clitellum) or causing sterility (Nogales
et al. 1999; Das et al. 2015).
Several physio-chemical properties of composted GP and
SSF with U. botrytis during the vermicomposting process
were evaluated (Fig. 2a-d). A two-way nested ANOVA
showed differences in WSP and NH+

4 -N content, as well
as in E.C. among the vermicomposting time and the type
of bioprocess combination (P < 0.05). The combination
fungus-earthworm was more efficient in maintaining lower
WSP levels than the control treatment during the first 30
days (Fig. 2a). The highest content of free NH+

4 -N was ob-
served at day 30 in both bioprocesses; however, the NH+

4 -N
level was low in the GP treated with the fungus at initial
time (Fig. 2b). Troncozo et al. showed that U. botrytis
effectively reduced the availability of toxic monoaromatic
compounds and did not participate actively in ammonium
liberation in the GP, supporting the results obtained in this
work (Troncozo et al. 2019). Variations in pH values during
the vermicomposting time were significant (P < 0.05), with
a slight tendency from alkaline to neutral (Fig. 2c). The
degradation of organic compounds by microorganisms, with
the subsequent liberation of NH+

4 -N, could be the cause of
the slight alkaline pH observed at the initial stages of ver-
micomposting (Gong et al. 2019). Although a high E.C.
was registered at the initial time of vermicomposting with
the GP treated with the fungus, optimal values of salinity
were observed after vermicomposting which would favor
the utilization as organic fertilizer (< 4 dS/m) (Fig. 2d).
This reduction in the E.C. could be attributed to the action
of microorganisms, including the fungus inoculated, which
immobilize the ions in their biomass or due to the loss of
salts by leaching (Bhat et al. 2018).
Usmani et al. mentioned that the excavation of the substrate
by the worms, in combination with the secretion of sev-
eral digestive exoenzymes from their intestines that cleave
macromolecules, stimulates the proliferation of microorgan-
isms (Usmani et al. 2019). While a reduction in microbial
activity could be due to the fact that the same microorgan-

isms are incorporated into the earthworms’ diet (Suthar
and Singh 2008), significant differences were observed in
DH-ase activity levels (biological indicator of microbial
activity) among the vermicomposting time, and among the
different treatments (P < 0.05), showing a similar reduction
in enzymatic activity after 60 days in both treatments (Fig.
2e). These results suggest that the reduction in activity of
microbial population in the substrate could be attributed to
a depletion in nutrients availability caused by the reduction
in the number of adult and juvenile earthworms from the
substrate observed at this time (Fig. 1a, b).
The phytotoxicity bioassay is commonly used to evaluate
the vermicompost maturity, being the germination index the
most efficient parameter to elucidate the absence or pres-
ence of toxic substances (Gong et al. 2019). The two-way
nested ANOVA showed differences in germination and root
length, as well as in the germination index of lettuce due to
interaction among initial treatments of GP and vermicom-
posting time (P < 0.05) (Fig. 2f, g, h). High germination
values (≥ 80%) were obtained in this study (Fig. 2f), sug-
gesting that the treated substrates did not affect this stage.
The seeds were able to come out of the dormant state and
this could be due to the absence in the GP of organic and/or
inorganic substances (Paradelo et al. 2009). Although at
the beginning of the experiment, an inhibitory activity on
root length was observed in the fungus-treated GP, this ef-
fect was posteriorly reversed during the vermicomposting
process (Fig. 2g). The increase in root length could be due
to the biological activity of earthworms on the substrate
and also to the ability of U. botrytis to reduce monomeric
phenolic compounds with inhibitory activity, as previously
discussed. Finally, the GP transformed with the fungus
increased the germination index in a short time compared
with the control (Fig. 2h), nevertheless, the values obtained
(< 50%) suggest the presence of moderate amounts of phy-
totoxic substances in the GP, indicating that maturity has
not yet been reached in the system (Zucconi et al. 1985).
The integration of bioprocesses allows combining the best
attributes of each one to improve the general process and
the quality of the desired product (Ndegwa and Thompson
2001; Pérez-Godı́nez et al. 2017; Esmaeili et al. 2020). In
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Figure 2. Changes in the physio-chemical and biological parameters evaluated on grape pomace treated (T) by solid state
fermentation with Ulocladium botrytis (Ub) and composting (C; control group) during the vermicomposting time (VT: 0,
30, 60 and 90 days).
Different letters among boxplots indicate significant differences (Tukey test, P < 0.05).

the composting-vermicomposting combination, it is known
that composting might provide a partial degradation and
disinfection of the food material for earthworms, likewise,
the required period of pretreatment is essential to avoid
mortality of earthworms during vermicomposting (Gunadi
et al. 2002).
Several studies establish that the main attribute of the com-
bination of bioprocesses is that the transformation of lig-

nocellulosic substrates with fungi under SSF constitutes a
promising strategy to increase the availability of nutrients
that are incorporated by earthworms and microorganisms in
the vermicompost in association with the removal of toxic
or inhibiting compounds in the system (Fataei et al. 2011;
Azizi et al. 2014; Gong et al. 2019). However, another
advantage of this combination is that, as the substrate is
sterilized before the incubation of fungi, the absence of
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pathogens that may be harmful to the earthworms is guar-
anteed (Gowda and Manvi 2019). According to the results
obtained in this study, it could be concluded that the fungal
action in the substrate would allow the vermicomposting to
develop as a more stable process over time. Further studies
are needed to elucidate if there might be other benefits of
SSF with a fungi-vermicomposting system that have not
been revealed.

4. Conclusion
The novelty of this work is that specific saprotrophic
fungi that utilize different metabolic strategies to enhance
the earthworm’s tolerance to GP were tested. The best
result was found with the dematiaceous fungus U. botrytis,
which conditioned the substrate for vermicomposting to an
optimal pH and salinity level and reduced the WSP content.
In consequence, GP pretreatment with U. botrytis reduced
the active phase and phytotoxicity in the vermicomposting
process. These results suggest that the treatment of V.
labrusca GP with U. botrytis following vermicomposting
is potentially suitable to be used as an organic fertilizer,
though more studies are needed to evaluate the benefits of
combining both technologies.
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