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Abstract
Purpose The growth behavior of novel fungal isolates along with the production of bioactive compounds from mycelia 
mass during submerged fermentations were investigated using conventional synthetic media and agro-industrial residues as 
fermentation substrates.
Methods Four novel isolated fungi, belonging to edible or medicinal species, were evaluated for their ex-situ growth on 
potato dextrose agar. Specific attention was designated to Sepedonium sp. and Phellinus sp. considering their high growth 
rate in solid state fermentations. Submerged fermentations were subsequently employed using synthetic carbon sources (glu-
cose, fructose and lactose) to assess the fermentation behavior. Following the better growth pattern on glucose and fructose, 
compared to lactose, grape pomace extract (GPE) was applied as nutrient feedstock to assess the production of biomass 
and bioactive compounds. Aqueous extraction was performed to obtain crude intracellular polysaccharides (IPS), that were 
subsequently characterized in terms of antioxidant activity, protein and polysaccharide content.
Results Sepedonium sp. demonstrated the highest biomass production; 11.4 and 10.5 g/L, using glucose and fructose, 
respectively, whereas Phellinus yielded up to 3.8 g/L. Lactose was also assimilated by both fungal strains, however biomass 
production was lower. Utilization of GPE affected biomass production; Sepedonium sp. biomass decreased, whereas biomass 
obtained from Phellinus sp. was enhanced, compared to synthetic sugars. Crude IPS extracts elicit high antioxidant activity 
(> 75% inhibition of  DPPH• free radical).
Conclusion The successful application of conventional and renewable substrates for Sepedonium and Phellinus fermentation 
was demonstrated, while the mycelia mass derived polysaccharide-protein complexes exhibited bioactive properties, and 
thus might be utilized as functional food components.
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Statement of Novelty

In this study four indigenous fungal isolates were investi-
gated, while the initial results indicated the potential of two 
specific species, namely Sepedonium sp. and Phellinus sp. 
These have been reported as potential producers of bioactive 
compounds, however information regarding their fermenta-
tion behavior is scarce in the open literature. In addition, the 
majority of research concerning the production of bioactive 
extracts has been performed on fruiting bodies and rarely on 
the mycelium deriving from synthetic carbon sources. In line 
with the above, and considering that current development 
of novel products should coincide with the bio-economy 
strategy, this study evidenced that the aforementioned spe-
cies had the ability to grow on grape pomace extract and 
produce polysaccharide-protein complexes with antioxidant 

properties. Our findings revealed a profound perspective for 
further investigation of unexplored fungal species towards 
the production of bioactive components of nutraceutical and 
pharmaceutical interest.

Introduction

A recent commentary highlighted the importance of novel 
food innovations and the key role of functional foods to 
actualize Sustainable Development Goals (SDG) target 2 
encompassing food security and improved nutrition, promot-
ing sustainable agriculture as promulgated by the UN [1]. 
The “nutrition transition” includes healthier dietary changes 
to prevent chronic disease and promote human health 
[2]. Equally, the deployment of traditional foods—often 
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disregarded with the development of economic wealth—
could complement the resilience of food systems.

The interest to promote human wellbeing is evidenced by 
the flourishing nutraceutical and dietary supplements mar-
ket, with a Compound Annual Growth Rate (CAGR) of 7.5% 
by 2025 [3]. A recent review by Niego et al. [3], highlighted 
that the market for edible mushrooms is expected to amount 
to US$ 72.5 billion by 2027, whereas, the medicinal mush-
room market is estimated to amount to US$ 13.88 billion by 
2022 indicating a CAGR of 9.15% [3].

Medicinal mushrooms (fungi) including species of Tram-
etes, Ganoderma, Pleurotus, Lentinula and Phellinus spe-
cies have been traditionally used for their beneficial health 
properties, mainly in countries of East Asia [4, 5]. Approxi-
mately 32.5% of the edible mushrooms (650 out of 2000 safe 
species) have evidenced medicinal attributes via the action 
of bioactive compounds, including coriolan, ganoderiol, len-
tinan, schizophyllan, hispidin among others [6–8]. Health 
benefits include anti-diabetic, immunomodulatory, antioxi-
dant, antimicrobial, anticancer and prebiotic properties, indi-
cated by in vitro tests and clinical trials [5, 6]. Mushroom 
polysaccharides and polysaccharides-protein complexes 
confer compounds of vital interest, with established bioac-
tive properties, whereas inclusion in functional foods has 
been also referred [5, 9]. Polysaccharides are distinguished 
as extracellular (exopolysaccharides, EPS) or intracellular 
(IPS), and can be obtained from the fruiting bodies, mycelia 
mass and the culture broth. Several processing methods have 
been employed to isolate fungal polysaccharides, still hot 
water extraction suggests the most beneficial and frequently 
applied method [5]. On top of that, the polysaccharide com-
plexes elicit antioxidant activity, dependent on the tertiary 
structure, conformation, purification level, water solubility 
etc. [10]. The majority of the studies investigating the bio-
active properties of such compounds often undertake the 
implementation of fruiting bodies as opposed to the myce-
lia mass, considering that hot water extracts have been also 
commercialized [11]. Nonetheless, controlled fermentation 
of fungal strains with specific focus on medicinal mush-
rooms, has been successfully performed either in submerged 
or in solid state to generate several metabolites [10, 12, 13]. 
To further advocate the sustainability and the economic fea-
sibility of such processes, that will subsequently conform 
with the bio-economy concept, various agro-industrial waste 
and by-products streams have been examined as fungal fer-
mentation feedstocks [14–16].

The genus Phellinus is a medicinal mushroom, belonging 
to Basidiomycetes, and comprises several species (e.g., P. 
linteus, P. ingiarius, P. baumii) with previously established 
medicinal attributes [5, 10, 17, 18]. However, the natural 
field-cultivation of Phellinus is scarce and requires signifi-
cant amount of time, hence previous studies highlighted 
the prominence of submerged fermentation as an emerging 

alternative [10, 18]. On the other hand, the filamentous fungi 
Sepedonium is a mycoparasitic genus, often infecting the 
basidiocarps of Boletales [19, 20]. Fungal strains of Sepedo-
nium genus have been examined for antibiotic and pigment 
production with potential pharmaceutical applications, with 
specific focus on peptaibols-peptides of diversified structure 
and bioactivity [21].

Thereof, to advance sustainable food systems, research 
should be directed towards the valorization of agro-indus-
trial streams and generate products with bioactive proper-
ties, included in the concept of “nutrition transition” for 
enhanced human health. Likewise, the controlled cultivation 
of medicinal mushrooms with specific focus on polysaccha-
ride-protein complexes is unequivocally of utmost impor-
tance. Hence, the aim of this study was to assess the growth 
behavior and the production of bioactive compounds by two 
novel indigenous fungal isolates, namely, Sepedonium sp. 
and Phellinus sp. Synthetic media with conventional carbon 
sources but also agro-industrial residues, specifically grape 
pomace, were evaluated as substrates during submerged fer-
mentations. The ability to produce bioactive compounds was 
also evaluated, with specific focus on crude IPS and their 
antioxidant activity, along with their preliminary chemi-
cal characterization. In fact, this study elaborates on the 
prominent potential of utilizing the mycelia mass to extract 
bioactive compounds using submerged fermentation on agri-
residues, particularly on grape pomace, in the context of 
sustainable bioprocesses to conform with the principles of 
bio-economy.

Materials and Methods

Biological Material and Culture Conditions

Three indigenous mushrooms, namely Phellinus sp., Mac-
rolepiota procera and Oudemanciella melanotricha, and 
a microfungi strain, namely Sepedonium sp. were used 
in the current study (Fig. 1). All fungal strains were iso-
lated from Kefalonia island and deposited in the fungal 
culture collection of the Laboratory of Food Chemis-
try and Industrial Fermentations of the Department of 
Food Science and Technology at the Ionian University 
(Greece). The strains were maintained in inclined potato 
dextrose agar (PDA) slants, filled with paraffin oil at 
5.0 ± 1.0 °C, and also at − 20.0 ± 1.0 °C in 20% (w/v) 
glycerol. PDA plates were used for the resuscitation of the 
fungal strains. Subsequently, agar plugs (6 mm diameter) 
from PDA plates were used to prepare fresh mycelium 
to be used as inocula for the submerged fermentations in 
a liquid preculture. The liquid precultures were prepared 
in Erlenmeyer flasks (500 mL) filled with 150 mL of a 
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synthetic glucose-based medium (pH 6.2) consisting of 
various nutrients and elements, as previously described 
[12]. The flasks were sterilized for 20 min at 121 ± 1 °C 
and then inoculated. All aforementioned incubations were 
performed at 25.0 ± 0.5 °C at the designated time for each 
strain, whereas liquid precultures were incubated under 
agitated conditions (150 rpm).

Solid State Fermentations (SSF) to Estimate Growth 
Rate

SSF were performed on PDA plates (90 mm diameter) tar-
geting to assess the growth rate of all four fungal strains. 
In particular, a mycelium agar plug (6 mm diameter) was 
obtained from a freshly prepared growing colony and 
aseptically placed at the center of a PDA plate (pH 6.2), 

followed by incubation at 25 ± 0.5 °C. For each strain, at 
least three replicates were performed to study the growth 
kinetics with respect to the radius mycelium growth rate, 
as described in a following section.

Submerged Fermentations (SmF)

Initial submerged fermentations were conducted on synthetic 
media with different commercial carbon sources, namely 
glucose, fructose and lactose at a starting concentration 
of ~ 12 g/L. The composition of the synthetic media was 
as follows (in g/L): yeast extract 2.5; peptone 3.5;  CaCO3 
2.0;  KH2PO4 1.0;  MgSO4·7H2O 0.5;  CaCl2·2H2O 0.23; 
 MnSO4·H2O 0.04;  ZnSO4·7H2O 0.02;  FeCl3·6H2O 0.08 
and the pH was adjusted at 6.2. Subsequently, SmF were 
conducted using as the sole fermentation supplement the 
aqueous extract of grape pomace (GPE). More specifically, 

Fig. 1  Macroscopic and micro-
scopic observation of fungal 
strains during static cultures on 
glucose-based synthetic media 
and the points of fungal isola-
tion in Kefalonia island

Sepedonium sp. Isolation points of fungal strains (Kefalonia 
island)

Phellinus sp.
Fungal hyphae of Sepedonium sp. under 

phase contrast microscope (×40)
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grape pomace was derived from a local vineyard, as a side 
stream of the vinification process of the red variety Mavro-
daphni (Kefalonia, Greece), and included skins and seeds. 
The extraction of free sugars was performed at 50 °C for 1 h, 
at a solid-to-liquid ratio of 1:4 (w/v) with deionized water 
[22]. The initial composition of GPE contained equal quanti-
ties of glucose and fructose and minor quantities of sucrose 
(approximately 10 g/L total sugars). For the SmF, 45 mL of 
each medium was added in Erlenmeyer flasks (200 mL), the 
pH was adjusted at 6.2, autoclaved (121 ± 1 °C, 20 min) and 
inoculated with the preculture (10%, v/v). Incubations were 
conducted in static conditions and duplicate samples were 
collected at specific time intervals to monitor fungal growth 
and sugar consumption. Fermentations were monitored up 
to 13 days.

Analytical Methods

Mycelium Growth Rate

The radius growth rate (Kr, mm/day) of the fungal strains 
was evaluated by measuring the colony diameter on the 
surface of SSF. Measurements were monitored in two per-
pendicular directions every 24 h, until the Petri dish was 
completely colonized by the fungus.

Total Dry Weight (TDW)

TDW (g/L) was determined gravimetrically. First, the fungal 
biomass was separated from the culture broth by filtration 
(Whatman No 1, England) under vacuum, washed twice 
with deionized water and dried in an oven at 60 ± 0.5 °C 
until a constant weight was obtained. The clear filtrate was 
employed for the determination of residual sugars. Dry bio-
mass was also used for further analysis to assess the compo-
sition of the fungal mycelia.

Total Phenolic Content (TPC) and Free Amino Nitrogen 
(FAN)

Total phenolic content (TPC) of dried grape pomace was 
performed using aqueous ethanol solution (70%) following 
the protocol of our previous study [23]. A solid-to-solvent 
ratio of 1 to 40 was utilized and the extraction process was 
carried out in an ultrasonic bath (40 kHz, 130 W, Sonica 
2400 M S3, Soltec, Milano, Italy) for 20 min. The resulting 
extract was evaporated using a vacuum rotary evaporator 
(40 °C), and the dry extract was re-dissolved in 5 mL metha-
nol. The methanolic extracts were stored at − 20 °C, until 
their further characterization. TPC results were expressed as 
gallic acid equivalents. Free amino nitrogen (FAN) con-
centration was measured following a previously described 
method [24].

Preparation of Extract

Hot water extraction was performed on the mycelial bio-
mass to assess the protein content, total sugars and anti-
oxidant activity following a method previously described 
[4, 25]. Briefly, a sample of dried mass was extracted by 
stirring with boiling water at 100 °C at a solid-to-liquid 
ratio (1:10, w/v) for 1 h. The liquid residue was filtered and 
freeze dried. The dried extract was resuspended in deionized 
water (20 mg/mL) and stored at 4 °C prior to further analy-
sis. Aqueous extraction was selected on the basis of future 
implementation of the extract in food formulation.

Sugar Analysis and Protein Content

Glucose, fructose and lactose were determined using 
High Performance Liquid Chromatography analysis 
(HPLC, Agilent), equipped with a ROA-organic acid 
H + (300 mm × 7.8 mm, Phenomenex) column coupled to a 
differential refractometer (RID). Operating conditions were 
as follows: sample volume 10 μL; mobile phase 10 mM 
 H2SO4; flow rate 0.6 mL/min; column temperature 65 °C. 
Samples were diluted and filtered (Whatman®, 0.2 μm) prior 
to analysis.

Characterization of the Aqueous Extract

Polysaccharides content in the extract were determined via 
the phenol–sulfuric method using glucose as the standard 
[26]. The protein content was determined using the Lowry 
method [27]. The antioxidant activity was evaluated using 
the DPPH· (2,2-diphenyl-1-picrylhydrazyl) scavenging radi-
cal method. The percent inhibition (I%) of the free radical 
was estimated using the following equation:

where  ABSDPPH· was the absorbance of the blank and 
 ABSsample was the absorbance of the sample.

Antioxidant activity was also expressed as μg of Trolox 
equivalents per mg of dry fungal extract.

Thin layer chromatography (TLC) method was performed 
as a preliminary tool for amino acids composition using pre-
developed plates (TLC Silica gel 60  F254, Sigma Aldrich) in 
chloroform: methanol (2:1 v/v). The samples (5 μL) were 
developed using chloroform: methanol: glacial acetic acid: 
water (25:15:4:2, v/v) as a solvent system. Dry plates were 
sprayed with a solution of 0.2% (w/v) ninhydrin in ethanol 
and placed in an oven at 100 °C for 15 min to visualize 
amino acid bands.

I% =
ABSDPPH⋅ − ABSsample

ABSDPPH⋅
× 100
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Statistical Analysis

Statistical analysis was performed using Microsoft Excel 
2018, and values are presented as average ± standard 
deviation.

Results and Discussion

Mycelium Growth Rate

Initial experiments targeted the investigation of the myce-
lium growth rate in SSF using PDA, as a conventional and 
beneficial substrate for fungal strains. Figure 2 illustrates 
the average radius growth rate (mm/day) for all strains. It 
can be easily observed that Sepedonium sp. and Phellinus 
sp. demonstrated the maximum linear growth, i.e., ~ 6.71 
and ~ 5.92 mm/day respectively, coinciding with previous 
studies in the open literature. For instance, the diversity of 
35 mycoparasite Sepedonium strains was recently studied 
and the authors reported an in vitro growth rate ranging 
from 4.6 to 7.5 mm/day [20]. The effect of culture condi-
tions on the mycelial growth for three Phellinus spp. has 
been also undertaken [28], whereby the growth was found 
7.63 mm/day and 6.36 mm/day (68.7 and 57.3 mm/9 days) 
for P. baummi and P. gilvus respectively using PDA as the 
substrate. Similarly, PDA performed better among differ-
ent substrates tested for several Phellinus strains, indicating 
an average value of 20.8 mm/10 days [29]. The remaining 
strains demonstrated low linear growth, hence Sepedonium 
sp. and Phellinus sp. were selected for further investigation.

SmF Using Conventional Carbon Sources

Following the results of the linear growth rate, Sepedonium 
sp. and Phellinus sp. were evaluated in SmF cultures using 
conventional synthetic media and different carbon sources 
(Fig. 3). Glucose, fructose and lactose were employed to 
investigate the growth performance, in view of substitut-
ing these commercial carbohydrate sources with nutrients 
obtained from agro-industrial waste and by-products. Fer-
mentations were monitored up to 6 days, where the carbon 
source was depleted, based on preliminary experiments (data 
not shown). As observed in Table 1, Sepedonium sp. dem-
onstrated the highest biomass using glucose and fructose 
(11.4 and 10.5 g/L respectively), whereas lactose entailed 
3.2 g/L of TDW. Likewise, the highest biomass productivity 
 (Qx) was obtained for glucose and fructose. Similarly, Phel-
linus sp. performed better on glucose and fructose, however 
a lower range of biomass production was obtained, yielding 
maximum 3.8 g/L in glucose. Evidently, the results obtained 
for both strains were lower when lactose was implemented. 
In fact, lactose consumption correlates to the amount and 
activity of the enzyme β-galactosidase, that is regulated by 
the Lac operon. When lactose is used as the substrate, a 
part of the available lactose (approximately 50%) will be 
transglycosylated to allolactose to activate the Lac operon 
and produce β-galactosidase. The remaining lactose and part 
of allolactose, will be hydrolyzed to generate glucose and 
galactose. These three enzymatic functions are regulated by 
β-galactosidase. The binding of allolactose in lacZ repressor 
creates a positive feedback loop which regulates the amount 
of β-galactosidase in the cell. Hence, compared to the meta-
bolic pathway of glucose, the process of lactose hydroly-
sis and consumption demonstrates a more complicated and 
potentially more “energy requiring” process [30].

Previous studies have undertaken the study of Phelli-
nus sp. via fermentation on conventional substrates, in an 
attempt to achieve controlled cultivation to obtain target 
compounds for medicinal use [18]. Likewise, various carbon 
and nitrogen sources were employed to evaluate the growth 
and polysaccharides production of P. linteus in submerged 
fermentations [31]. The authors noted that the optimal 
medium included fructose as the carbon source (40 g/L), 
yielding 29.9 g/L of biomass in a jar fermentor after 7 days. 
In another study, experimental design indicated glucose 
as the optimal carbon source for P. nigricans, targeting 
exopolysaccharides production [32]. Cheese whey perme-
ate was evaluated for SSF and SmF of P. linteus mycelium 
using response surface methodology [33]. In the case of 
submerged cultures, a growth rate of 192.1 mg/L per day 
was reported at an initial lactose concentration of 65.3 g/L 
[33], that is lower to the one obtained in this study, yet high-
lights the potential to implement cheese whey as fermenta-
tion supplement. On the other hand, controlled submerged 

Fig. 2  Growth rate (mm/day) of the four different fungal strains on 
PDA agar plates
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fermentations of Sepedonium strains are quite scare in the 
open literature, focusing mainly on pigment synthesis, the 
antibiotic activity of sepedonin, or the antagonistic effect 
against pathogens [34]. For instance, Nagao et al.  studied 
sepedonin production during fermentation of S. chrysosper-
mum NT-1 on CY-1 glucose based medium, to further inves-
tigate the antimicrobial effect on several bacteria, yeasts 
and molds [35]. Sophisticated analysis on the structure of 
secondary metabolites of Sepedonium have been evidenced 
[19, 21]; still, to realize the methodical production of these 
compounds (with biopharmaceutical interest), it is crucial 
to first consider bioprocess optimization through the use of 
diversified carbon substrates, including C5, C6 sugars or 
oligosaccharides.

Evaluation of GPE as Nutrient Feedstock for SmF

Based on the results obtained from commercial carbon 
sources, our study proceeded with the substitution of con-
ventional media with nutrient supplements obtained from 
renewable resources, specifically grape pomace, as a by-
product of wine making. Initially, a preliminary characteri-
zation of GPE was performed to determine the TPC. TPC 
of “Mavrodaphni” variety grape pomace was determined 
0.55 g/100 g dry weight. Generally, TPC of grape pomace 
have been reported in the range of 0.28–8.7 g/100 g grape 
pomace, depending on the variety, consisting mainly of 
anthocyanins, catechins, flavonol glycosides and phenolic 
acids among others [36]. As described earlier, GPE was 
evaluated in SmF during static conditions, using both fungal 

Fig. 3  Production of TDW and 
IPS, and sugars consumption 
(grey bars) along with produc-
tivities (black bars) during the 
fermentation of Sepedonium sp. 
on GPE on Day 13
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Table 1  Maximum 
concentration of total dry 
weight (TDW, g/L), biomass 
productivity  (Qx, g/L/d) and rate 
of sugar consumption during 
static SmF on synthetic media 
and different carbon sources 
using Sepedonium sp. and 
Phellinus sp

Fungal strain Carbon source Biomass (g/L) Qx (g/L/d) Sugars (g/L/d)

Sepedonium sp. Glucose 11.40 ± 0.34 1.82 ± 0.06 1.35 ± 0.04
Lactose 3.20 ± 0.16 0.67 ± 0.03 1.00 ± 0.06
Fructose 10.51 ± 0.43 1.75 ± 0.07 1.21 ± 0.05

Phellinus sp. Glucose 3.80 ± 0.17 0.76 ± 0.02 1.71 ± 0.08
Lactose 3.50 ± 0.14 0.69 ± 0.03 0.91 ± 0.05
Fructose 3.18 ± 0.16 0.62 ± 0.03 0.94 ± 0.05
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strains, and the results are shown in Fig. 3 for Sepedonium 
sp. and Fig. 4 for Phellinus sp. In this case, fermentations 
were monitored up to 13 days and 9 days for Sepedonium 
sp. and Phellinus sp., respectively. TDW production of Sepe-
donium sp. decreased significantly using GPE compared to 
pure glucose (6.8 g/L and 11.4 g/L, respectively), resulting 
in a proportional reduction of biomass productivity (from 
1.82 to 0.72 g/L/d). Still it is worth noting that fungal growth 
was not inhibited by the substrate, considering also that GPE 
was not supplemented with exogenous nitrogen sources. 
Fructose was not totally consumed whereas in the case of 
commercial fructose, complete consumption was obtained.

On the other hand, biomass production of Phellinus sp, 
was enhanced when GPE was applied as nutrient feedstock. 
TDW increased from 3.8 and 3.2 g/L (glucose and fructose, 
respectively) to 4.9 g/L. Fructose consumption was also 
improved; in the case of commercial fructose the strain con-
sumed ~ 46% of the initial fructose, whereas in the case of 
GPE fructose consumption reached ~ 54%. Thus, the effec-
tive utilization of GPE was evidenced for this strain also. 
Substrate to biomass conversion yield  (YX/S) was estimated 
at 0.87 g/g and 0.59 g/g for Sepedonium and Phellinus sp. 
respectively. Previous studies in the literature have indi-
cated a wide range for  YX/S coefficient values, susceptible 
to the strain and the substrate employed [37, 38]. It should 

be noted that GPE contained low amount of free amino 
nitrogen (30–50 mg/L) that was consumed during the fer-
mentation process. It is possible that the addition of yeast 
extract or peptone could further improve biomass produc-
tion (to be comparable with the synthetic media) along with 
the effect of temperature, pH and agitation but this will be 
elaborated in future studies. Likewise, the presence of high 
TPC (602.8 mg/L) in the fermentation feedstock may impair 
on the fungal metabolism; however the obtained results do 
not indicate significant inhibitions. An attempt to assess 
the consumption of phenolics during fermentation was per-
formed but the simultaneous production of several metabolic 
products (e.g., biocolorants) could compromise the results 
obtained using the Folin method (data not shown). Nonethe-
less, the bioprocess for the controlled fermentation of the 
aforementioned fungal strains indicates the potential to be 
integrated in an existing vinification facility and mediate the 
management of wine making by-product streams via the pro-
posed biotechnological route. Evidently, a techno-economic 
evaluation and an environmental impact assessment should 
corroborate on the sustainability of the process.

Fig. 4  Production of TDW and 
IPS, and sugars consumption 
(grey bars) along with produc-
tivities (black bars) during the 
fermentation of Phellinus sp. on 
GPE on Day 9
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Characterization of the Fungal Mycelia Extracts

The ultimate part of the current study entailed a prelimi-
nary characterization of the crude IPS obtained from fun-
gal biomass, at the point where maximum biomass was 
achieved using GPE (Table 2). A preliminary material bal-
ance indicated that processing 1 kg of grape pomace could 
entail the production of 4.36 g/L and 14.68 g/L crude IPS 
using Phellinus and Sepedonium strains, respectively 
(based on the extraction yield). The protein content in the 
extract of Sepedonium sp. was 19.2%, in line with previ-
ous studies [12], whereas the polysaccharide content was 
around 29.2%. The aqueous extract exhibited significant 
antioxidant activity (I% = 78), evidenced by the percentage 
of inhibition of the free DPPH· radical. The antioxidant 
activity was also expressed as 13.8 μg Trolox/mg extract. 
Similarly, Phellinus sp. strain demonstrated adequate pro-
tein content, equal to 26.1%, hence postulating its sig-
nificance as functional component. In fact, mushrooms 
contain significant amount of protein, amino acids and 
bioactive polysaccharides, heteroglucans, peptidoglucans, 
proteoglucans etc. [4, 26]. In a recent study, Lung and 
Deng, refered to the extraction of EPS and IPS from the 
mycelia mass of P. igniarius after SmF in stirrred bioreac-
tor [26]. Therein authors reported a high protein/polysac-
charide ratio (3.02–3.68%). In our study, the polysaccha-
rides content was 16.9%, hence a protein/polysaccharides 
ratio of 1.54 (%, w/w) can be estimated. Nonetheless, in 
our study we performed a preliminary characterization to 
identify the potential of bioactive compounds, consider-
ing the rising interest for EPS, IPS and antioxidants from 
fungal strains with medicinal properties. Likewise, the 
extract demonstrated antioxidant activity, based on the 
reduction of the DPPH· free radical (I% = 75%). In fact, the 
antioxidant activity of extracts obtained from the fruiting 
bodies, but also the mycelia mass, have been previously 
reported [5]; however a precise comparison is hindered 

as it relies on the scavenging method applied during the 
experimental set up. Results of TLC analysis  indicated the 
presence of lysine, aspartic acid, cysteine, leucine and gly-
cine (Fig. 5), still an in-depth analysis of the composition 
of polysaccharide-protein complexes is necessary, which 
is actually the subject of our ongoing research. Previous 
studies on the composition of Phellinus polysaccharides 
have indicated glucose, mannose, galactose, xylose, ara-
binose rhamnose and fucose as the principal constituents 
[18, 32, 39]. In fact, Phellinus polysaccharides confer 
bioactive compounds of paramount importance and could 
elicit benefits for the human health or applied for func-
tional foods development.

Table 2  Characterization of the fungal biomass aqueous extract after static SmF on GPE using Sepedonium sp. and Phellinus sp

Fungal extract Sepedonium sp Phellinus sp

Extraction yield (% mgextract/mgfungal mass) 53.8 ± 2.69 22.2 ± 1.12
Protein content (mg/mL) 3.89 ± 0.18 2.39 ± 0.10
Protein content (%, mg/mgextract) 19.2 ± 0.84 26.1 ± 1.04
Polysaccharide content (mg/mL) 5.92 ± 0.13 1.43 ± 0.03
Polysaccharide content (%, mg/mgextract) 29.2 ± 0.61 16.9 ± 0.39
Antioxidant activity (I%) 78.1 ± 3.75 75.0 ± 2.25
μg Trolox/mgextract 13.8 ± 0.52 31.6 ± 1.47

Fig. 5  Characterization of crude IPS aqueous extract of Sepedonium 
sp and Phellinus sp. from GPE fermentations, using TLC (0.2% w/v 
ninhydrin in ethanol)
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Technological Significance and Future Perspectives

In the context of transitioning to circular economy, the 
design of bioprocesses should address the preservation of 
nutrient circularity. The results of our study demonstrate 
the potential to implement the nutrients contained in grape 
pomace and generate a fermentation supplement for the 
controlled cultivation of mycelium of medicinal fungi. 
Likewise, future studies could allocate a twofold approach. 
First the assessment of other agricultural and food manu-
facturing side streams should be considered. For instance 
citrus peel or bakery waste have previously evidenced the 
ability to provide essential nutrients for fungal growth [40, 
41]. In a similar concept, Sepedonium strain could be eval-
uated for colorant production, given the emerging interest 
and the potential use in medical application. Secondly, 
more elaborative extraction and sophisticated purification 
steps should be employed, to isolate both intracellular and 
extracellular polysaccharides. Likewise, the biological 
activities should be elucidated to determine the potential 
application in the pharmaceutical and/or food industries.

Conclusions

The results of this study demonstrate the growth pattern 
and the fermentation behavior of two novel fungal isolates, 
namely Sepedoniun and Phellinus, using conventional as 
well as renewable substrates. The implementation of GPE 
as a renewable fermentation supplement did not inhibit 
fungal proliferation and the production of bioactive com-
pounds. On top of that, the successful extraction of crude 
IPS from mycelia mass with bioactive attributes is advo-
cated. Evidently, the outcomes of this study contribute on 
the restricted current knowledge about controlled fermen-
tation of medicinal fungi Sepedoniun and Phellinus, and 
highlight the emerging potential to exploit and valorize 
agro-industrial waste and by-products towards the produc-
tion of bioactive molecules envisaging their incorpora-
tion in functional foods to increase the circularity of the 
bioprocess.
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