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Abstract: This study investigated the production and characterization of fungal biomass and
exopolysaccharides (EPS) from the indigenous edible wild-type mushroom Lentinus squarrosulus (L.
squarrosulus) grown in submerged fermentation. This mushroom is widely consumed in rural
communities but remains underexplored for industrial development of bioproducts. Two nutrient media,
Potato dextrose broth (PDB) and Yeast extract broth (YEB) were used for cultivation over 21 days. The
biomass yield, EPS concentration and pH changes were measured at intervals of 3 days. The highest EPS
(0.46 £ 0.01 mg/mL) and biomass (6.83 = 0.043 mg/mL) production was achieved on day 9 in PDB
compared to lesser production with YEB. The nature of EPS was determined by Fourier-transform
infrared (FT-IR) spectroscopy, which indicated the presence of characteristic functional groups of
polysaccharide B-glycosidic bonds. Functional analysis revealed high water solubility (54.55 + 0.80%)
and water absorbing capacity (91.40 = 1.20%), antioxidant assay showed highly active radical scavenging
properties (87.41 = 1.05% equivalent to 0.415 + 0.004 mg/mL gallic acid). Protein and carbohydrate
profiles indicated that EPS was predominantly carbohydrate (62.26 = 0.16%). These results show that
EPS from L. squarrosulus possess favourable structural and bioactive attributes that strongly support its

potential use in food-based applications.
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1. Introduction

Mushrooms are macrofungi that belong to the phyla Ascomycota and Basidiomycota, together
forming the sub-kingdom Dikarya (Hibbett et al., 2007). Their rich enzymatic systems enable
them to efficiently degrade complex lignocellulosic substrates (Kumla er al., 2020). Although
only about 200 out of the estimated 140,000 mushroom species that exist globally are considered
edible, and fewer than 25 have been widely cultivated commercially (Stabnikova et al., 2024).
This disparity underscores the insufficient utilisation of many indigenous species, that have
potential nutritional and industrial values.

Among valuable microbial metabolites, exopolysaccharides (EPS) have attracted considerable
interest for industrial applications due to their hydrophilicity, non-toxicity, biocompatibility, and
broad functional versatility (Kiran ez al., 2024). Diverse biological activities, such as antioxidant,
antibacterial, anticancer, and immunomodulatory properties of fungal EPS have been shown
from numerous studies (Salimi and Farrokh, 2023) and are increasingly considered sustainable
alternatives to plant- and seaweed-derived polysaccharides, especially for food, pharmaceutical
and cosmetic industries (Abd-Alla et al., 2025).

Structurally, EPS may be categorised as homo-exopolysaccharides (HoEPS), which are made up
of a single monosaccharide or hetero-exopolysaccharides (HeEPS), which contain multiple sugar
residues (Abd-Alla et al., 2025). It is important to understand their biochemical structure because
functional properties such as antioxidant activity, solubility, viscosity and gelling potential are
strongly determined by their glycosidic linkages and monosaccharide composition (Wang et al.,
2023). As a result, current efforts in research lay emphasis on identifying efficient microbial
strains, optimisation of culture conditions and characterisation of the biological and structural
attributes of EPS.

Despite the growing interest, most studies on fungal EPS have focused on common mushrooms
like Ganoderma lucidum, Lentinula edodes, and Pleurotus spp. (Lysakowska et al., 2023).
Conversely, many edible tropical mushrooms, including Lentinus squarrosulus (L.
squarrosulus), remain sparsely investigated with respect to biomass composition, EPS yield and
functional properties. This knowledge gap is more evident in biodiversity-rich regions such as

Nigeria, where there is an abundance of edible mushrooms which are under-utilised due to
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limited scientific characterisation and dependence on imported bioactive ingredients (Asonibare
etal.,2023).

The present study addresses these knowledge gaps by investigating biomass production and
exopolysaccharide yield from L. squarrosulus cultivated under submerged fermentation.

This study aims to evaluate the production and characterisation of biomass and EPS from L.
squarrosulus cultivated under submerged fermentation. The physicochemical and biological
properties of the extracted EPS were assessed to determine its potential for food and
pharmaceutical applications. It is hypothesised that L. squarrosulus produces EPS with
favourable physicochemical characteristics and significant antioxidant activity suitable for

industrial applications.

2. Materials and Methods

Culture maintenance

The macrofungal species L. squarrosulus used in this study is a wild-type, indigenous strain
originally isolated from a natural habitat and preserved in the culture collection of the
Department of Microbiology and Biotechnology, Abiola Ajimobi Technical University, Ibadan,
Nigeria. Stock cultures were maintained on Potato dextrose agar (PDA) slants at 4°C.

Mpycelial transfer and inoculum preparation

The stock culture of L. squarrosulus was subcultured onto freshly prepared PDA plates using a
sterile inoculating needle under aseptic conditions. The inoculated plates were incubated at
28 £2°C for 5 days to obtain a pure culture.

Submerged cultivation of L. squarrosulus for EPS production

Actively growing mycelial regions from pure culture were excised using a sterile 1 mm cork
borer. These mycelial plugs were then transferred into separate 250 mL Erlenmeyer flasks, each
containing 30 mL fresh culture media, which included Yeast extract broth (YEB) and Potato
dextrose broth (PDB). Flasks were incubated at 28 +£2°C on a rotary shaker at 120 rpm for 21
days. Sampling was performed at intervals of 3 days by withdrawing one flask for each medium.
For each sampling, the pH, EPS production, and biomass yield were evaluated using standard
procedures. The quantity of the inoculation for each culture medium was 10% (v/v). Submerged

fermentation was carried out in the Erlenmeyer flasks for 21 days at 28°C in the two different
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liquid media under sterile conditions with shaking at 120 rpm (Ogidi et a/., 2020). At intervals of
every 3 days, one flask from each medium was sampled to monitor pH, EPS production, and
biomass accumulation.

Samples were taken at 3-day intervals for 21 days, pH was determined, and the dry biomass of L.
squarrosulus was determined by weighing the pellet after centrifugation and oven drying.
Determination of biomass yield

Biomass of L. squarrosulus was separated from the broth medium by centrifugation at 4000 x g
for 15 min. The resulting mycelial pellet was dried in an oven at 60°C until a constant weight
was achieved.

Determination of pH of culture medium

The pH of the culture supernatant was measured at every sampling interval using a calibrated
digital pH meter.

Extraction of exopolysaccharides

Crude exopolysaccharide was precipitated by adding cold 95% ethanol to the culture supernatant
in a 1:4 (v/v) ratio and incubating at 4°C overnight to allow complete precipitation of EPS.
Exopolysaccharide was collected as a pellet after centrifugation at 10000 x g for 20 min at 4°C.
The resulting pellet was washed with 75% ethanol to remove impurities and centrifuged again at
10000 x g for 20 min at 4°C (Ogidi ef al., 2020). The EPS pellet was dried in a hot air oven at
60°C, and the weight was recorded as EPS yield in mg/mL.

Characterization of exopolysaccharides

Fourier Transform-Infrared (FT-IR) spectroscopy of exopolysaccharides

The functional groups present in the exopolysaccharide were identified using Fourier transform-
infrared (FT-IR) spectroscopy. Two milligrams of EPS powder were ground with 200 mg of dry
potassium bromide (KBr) of spectroscopic grade and compressed into a thin pellet. The FT-IR
spectrum of the EPS pellet was recorded using a Shimadzu IR Affinity-1S FTIR
spectrophotometer (Shimadzu Corporation, Japan) over the spectral range of 4000-400 cm™! with
a resolution of 4 cm™ at room temperature. The resultant spectrum was analysed to determine the
characteristic functional groups and linkages based on their corresponding molecular
frequencies. Assigned peaks were cross-referenced with standard FT-IR spectral databases with

known absorption patterns, including Sigma-Aldrich IR Spectrum Table version 2019.
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Water solubility and water absorption capacity of EPS

The water solubility index (WSI) and water absorption capacity (WAC) of the crude EPS were
determined. Exactly 1.1 mg of each EPS sample was weighed into a pre-weighed centrifuge
tube. To this, 1 mL of sterile distilled water was added. The mixture was vortexed and
continuously stirred for 30 min at 30°C in a water bath. The suspension was centrifuged at 3000
x g for 10 min to separate the soluble fraction (supernatant) from the insoluble residue (pellet).
The supernatant was carefully decanted into a pre-weighed glass Petri dish and dried at 105°C
for 4 h in a hot air oven to obtain the weight of dried soluble solids. The remaining wet residue in
the centrifuge tube was also weighed (Reddy ef al., 2013).

The WSI and WAC were calculated using the following equations:

weight of dry =olid in supernatant

WSI (%) — ( weight of dry EPS sample

]xmu

weight of swet residue

WAC (%) = (weight of dry EPS zample —weight of dry =olid

)xmn

Antioxidant activity assay of EPS

The antioxidant activity of the EPS was performed using the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging procedure (Gyamfi et al., 1999), with slight modifications. Gallic
acid was used as the standard antioxidant. The assay is based on the reduction of DPPH by
antioxidants, which results in a change in colour from deep violet to light yellow monitored at
517 nm.

A 0.1 mM DPPH solution was prepared by dissolving it in methanol. Gallic acid standard
solutions of different concentrations (1.00, 0.50, 0.25, 0.125 and 0.0313 mg/mL) were obtained
by serial dilution in methanol. One milliliter of DPPH solution was mixed with 1 mL of 0.016
mg/mL Exopolysaccharide solution. A solution of methanol and the sample, without DPPH,
served as a blank. The control solution was prepared by mixing methanol and the DPPH radical
solution. The incubation of all mixtures was carried out for 30 min in the dark, and absorbance
was measured at 517 nm using a UV-Visible spectrophotometer.

The percentage DPPH radical scavenging activity (AA%) was determined based on the

expression:
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Absog neroi-AP S5anpie

AAY%= ( Abscontrol

]xmn

Where, AA% = antioxidant activity (%)

Abssample = absorbance of the sample

ADbScontrol = absorbance of the control.

The standard curve was generated by plotting the percentage inhibition of gallic acid against
concentration. The antioxidant capacity of the EPS was expressed as gallic acid antioxidant
capacity (GAEAC) using the equation of the trendline obtained from the graph.

Determination of protein content of EPS

The protein content of the EPS was determined using the method described by Lowry et al.
(1951). The assay is based on the reaction of peptide bonds with copper (II) ions under alkaline
conditions (biuret reaction), followed by reduction of the Folin—Ciocalteu reagent by the copper—
protein complex, producing a blue colour whose intensity is proportional to the protein
concentration. Bovine serum albumin (BSA) was used as the standard protein. A series of
standard solutions of BSA (0—100 pg/mL) was prepared by serial dilution in distilled water. One
milliliter of EPS solution (or standard) was mixed with 5 mL of alkaline copper solution
containing 2% Na.COs in 0.1 N NaOH, 0.5% CuSOs, and 1% sodium potassium tartrate. The
mixture was incubated at room temperature for 10 min, after which 0.5 mL of freshly diluted
Folin—Ciocalteu reagent (IN) was rapidly added with mixing. The reaction mixtures were
allowed to stand at room temperature for 30 min for colour development.

The absorbance of the developed colour was measured at 750 nm using a UV—Visible
spectrophotometer against a reagent blank. A standard calibration curve was constructed by
plotting absorbance against BSA concentration, and the protein content of EPS samples was
determined from the curve and expressed as pg/mL.

Determination of carbohydrate content of EPS

The carbohydrate content of the exopolysaccharide (EPS) was estimated using the phenol—
sulfuric acid method (Dubois ef al., 1956). The principle of this method is based on the
dehydration of carbohydrate molecules by concentrated sulfuric acid, forming furfural
derivatives that react with phenol to produce a coloured complex measurable at 490 nm. EPS
was dissolved in distilled water to prepare the test solution. Glucose was used as the reference

standard. One milliliter (1 mL) of EPS solution or standard glucose solution (0—100 pg/mL) was
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pipetted into a test tube. To this, 1 mL of 5% phenol solution was added, followed immediately
by 5 mL of concentrated sulfuric acid. The tubes were mixed thoroughly and allowed to stand at
room temperature for 30 min for colour development. The absorbance of the reaction mixtures
was read at 490 nm against a reagent blank using a UV—Visible spectrophotometer. A calibration
curve was constructed by plotting absorbance values against standard glucose concentrations.
The carbohydrate content of the EPS was then calculated from the curve and expressed as
pg/mL.

Biomass characterization

Determination of protein content of biomass

The protein content of the mycelial biomass was determined following the procedure (Lowry et
al., 1951). The mycelial biomass was first homogenized and extracted in distilled water. The
extract was centrifuged at 5,000 x g for 10 min to remove insoluble materials, and the
supernatant was collected as the protein extract. Protein content in the mycelial biomass extract
was expressed as pg/mL.

Determination of Carbohydrate Content of Biomass

The carbohydrate content of the mycelial biomass was determined using the phenol—sulfuric acid
method (Dubois ef al., 1956). Carbohydrate content in the biomass extract was expressed as
pg/mL.

Statistical analysis

All experiments were conducted in triplicate, and results are expressed as mean + standard error
(SE). Statistical analysis was performed using two-way analysis of variance (ANOVA). Where
significant effects were detected, Tukey’s post hoc test was applied to identify differences among
means. Statistical analyses were carried out using Microsoft Excel (version 2019, Microsoft
Corporation, Redmond, WA, USA), and differences were considered statistically significant at p
<0.05.

3. Results and discussion

Growth and exopolysaccharide production of L. squarrosulus

The temporal patterns of exopolysaccharide (EPS) production and fungal biomass accumulation
of L. squarrosulus cultured in Potato dextrose broth (PDB) and Yeast extract broth (YEB) over a

21-day fermentation period are presented in Figure la and b, respectively. In PDB, EPS
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concentration increased progressively up to day 9, reaching a maximum of 0.46 + 0.01 mg/mL,
followed by a gradual decline toward day 21. A similar trend was observed for biomass
accumulation, which peaked at 6.83 + 0.04 mg/mL on day 9 before decreasing thereafter. In
contrast, YEB supported comparatively lower and more variable EPS and biomass production,
characterized by an early increase up to day 9, a decline by day 15, and a delayed secondary peak
on day 18 for both parameters.

Statistical analysis revealed that culture medium, fermentation time, and their interaction
significantly influenced EPS production and biomass accumulation (p < 0.05), confirming
distinct metabolic responses of L. squarrosulus in the two media. The higher EPS yield and
biomass accumulation observed in PDB are likely attributable to its high carbohydrate content,
which provides readily available carbon sources that support sustained mycelial growth and
facilitate the redirection of excess carbon toward polysaccharide synthesis after the exponential
growth phase (Kadam et al., 2022). Conversely, YEB is predominantly nitrogen-rich with
comparatively lower fermentable carbohydrate content, resulting in fluctuating biomass
formation and intermittent EPS accumulation. The delayed secondary peaks observed in YEB
may reflect metabolic adaptation or utilization of alternative nutrient reserves during later stages
of fermentation, as previously reported in submerged fungal cultures under nutrient-limited

conditions (Yau et al., 2024).
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Fig. 1. Growth and exopolysaccharide production of L. squarrosulus during submerged

fermentation. (a) Exopolysaccharide (EPS) concentration (mg/mL) and (b) fungal biomass (mg/mL) measured

over a 21-day fermentation period in Potato Dextrose Broth (PDB) and Yeast Extract Broth (YEB). Values represent
mean =+ standard error (n = 3). Two-way ANOVA showed significant effects of culture medium, fermentation time,
and their interaction on EPS production and biomass accumulation (p < 0.05). PDB, Potato Dextrose Broth; YEB,
Yeast Extract Broth.

PH dynamics in PDB and YEB media during 21-day fermentation

To evaluate the metabolic activity of L. squarrosulus during submerged fermentation, pH
changes in PDB and YEB were monitored over a 21-day period (Figure 2). In PDB, the initial
pH of 5.60 + 0.02 at day O declined steadily to a minimum value of 2.83 £+ 0.02 on day 18,
followed by a slight increase to 2.90 + 0.08 on day 21. In contrast, YEB exhibited greater pH
variability, beginning with a higher initial pH of 6.31 £+ 0.02, decreasing sharply to 4.50 + 0.04
by day 3, increasing slightly to 5.09 &+ 0.02 on day 6, and subsequently declining to its lowest pH
of 3.00 £ 0.07 on day 18 before rising marginally to 3.14 + 0.04 on day 21. Statistical analysis
revealed that culture medium, fermentation time, and their interaction significantly influenced
pH changes during fermentation (p < 0.05).

The progressive acidification observed in PDB suggests active carbohydrate metabolism by L.
squarrosulus, where the utilization of dextrose and potato-derived sugars likely resulted in the
accumulation of organic acids. This metabolic behavior is commonly associated with enhanced
fungal activity and has been reported to accompany exopolysaccharide (EPS) production during

submerged fermentation (Sepulveda et a/., 2025). Dynamic pH changes are known to influence



Innovative Romanian Food Biotechnology

https://www.gup.ugal.ro/ugaljournals/index.php/IFRB Vol. 29,2026
2026 by Galati University Press Received November 2025/Accepted December 2026
RESEARCH ARTICLE

fungal growth performance and metabolite synthesis, including antioxidant activity, which aligns
with the trends observed in this study. In contrast, the fluctuating pH profile observed in YEB
may be attributed to its nutrient composition, which is rich in amino acids, peptides, and vitamins
but relatively low in fermentable carbohydrates. Additionally, the intrinsic buffering capacity of
yeast extract may limit drastic pH shifts, thereby reducing acidogenic metabolism and

contributing to the observed variability in pH changes (Suyoon et al., 2024).

0 3 6 9 12 15 18 21
Time (Days)

Fig. 2. pH profile of L. squarrosulus culture media during fermentation. This line graph illustrates the

changes in pH levels measured over a 21-day period for L. squarrosulus cultures grown in Potato Dextrose Broth
(PDB) and Yeast Extract Broth (YEB). Values represent mean + standard error (n = 3). Statistical analysis was
performed using two-way ANOVA, with significance set at p < 0.05. PDB, Potato Dextrose Broth; YEB, Yeast
Extract Broth.

FT-IR profile of exopolysaccharide

The structural features of the extracted exopolysaccharide were examined using FT-IR
spectroscopy, and the resulting FT-IR spectrum is presented in Figure 3. The spectrum indicated
absorption bands at the following wavenumbers and corresponding absorbance strength: 3277.4
cm' (broad, intense), 2921.8 cm™! (medium), 2852.4 cm™' (medium), 1637.4 cm™ (moderate),
1544.0 cm™ (weak—moderate), 1368.5 cm™' (medium), 1313.7 cm™ (weak), 1204.0 cm™
(medium), 1027.3 cm™ (strong), and 893.4 cm™ (sharp, weak). The FT-IR spectrum revealed
multiple characteristic absorption bands across the mid-infrared region, providing the spectral
fingerprint of the extracted exopolysaccharide. Peaks at 2921.8 cm™' and 2852.4 cm™! correspond
to carbon-hydrogen (C-H) stretching vibrations of aliphatic methyl and methylene groups, which

10
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are indicative of sugar chains in exopolysaccharides (Patel ef al., 2023). A broad peak observed
at 3277.37 em™! is indicative of hydroxyl (O-H) stretching vibrations, which shows a high density
of O-H bonds common to carbohydrate molecules and polyhydroxilic compounds contributing to
their hydrophilic nature (Bhandary and Alagesan, 2024).

A moderate peak at 1637.40 cm™ can be associated with carbonyl (C=0) stretching (Bhandary
and Alagesan, 2024). This peak may also indicate bending vibrations of uronic acid groups
commonly associated with hydrated microbial EPS (Chen et al., 2023).

The absorption band at 1368.5 cm™ corresponds to C-H bending or symmetric stretching of
COO™ groups, which is often present in acidic polysaccharides with a high content of uronic acid
(Yang et al., 2024). The peaks at 1313.7 cm™! and 1544 cm™ may indicate amide II and amide I
regions, indicating trace levels of proteinaceous components which might have been co-extracted
with EPS (Sandt, 2024). The band at 893.4 cm™ indicates the presence of B-glycosidic linkages
between the monosaccharide units, a common configuration in exopolysaccharides (Chen ef al.,
2023). A notable strong band at 1027.25 cm™' was observed, which corresponds to C-O
stretching vibrations of glycosidic linkages and pyran ring configuration, which is a key structure

and a characteristic peak of polysaccharide molecules (Huang ez al., 2025).
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Fig. 3. FTIR Spectrum of exopolysaccharides (EPS) produced from L. squarrosulus. This spectrum

illustrates the percentage transmittance (%T) across a range of wavenumbers (cm™ 1Y) showing characteristic
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absorption bands corresponding to functional groups present in the EPS. Key peaks include 3277.37 cm™ (O-H
stretching), 2921.8 and 2852.4 cm™' (C—H stretching), 1637.4 cm™ (amide I, C=O stretching), 1544 cm™ (amide I,
N-H bending), 1368.5 cm™ (C-H bending), 1313.7 cm™ (C-O stretching), 1204 and 1027.25 cm™ (C—O—-C and C—

O stretching of polysaccharides), and 893.4 cm™ (anomeric region indicating B-glycosidic linkages).

Water solubility and water absorption capacity of exopolysaccharide

The water solubility index and water absorption capacity of the crude EPS are shown in Table 1.
The crude EPS exhibited a WSI of 54.55 £+ 0.80% and a WAC of 91.40 + 1.20%. The extracted
EPS showed moderate solubility in water and a high ability to absorb water. The water solubility
of the exopolysaccharide (>40%) is consistent with previous reports for EPS produced
(Ogunremi and Oriyomi, 2025) and aligns with the properties of fungal exopolysaccharides
(EPS), which often consist of mannans and water-soluble S-glucans (Amanda ef al., 2024).
While the remaining insoluble fraction may be made up of complex or high-molecular-weight
polysaccharides that are less likely to dissolve, the solubility indicates that a sizable amount of
the EPS dissolves in water, most likely as a result of hydrophilic polysaccharide structures (Ben
Akacha et al., 2023). The high-water absorption capacity (WAC) shows that the EPS can absorb
water at a rate of 91.40% of its weight. Fungal polysaccharides, especially f-glucans, have a
great ability to store water and create gel-like structures by hydrogen bonding (Ogunremi and
Oriyomi, 2025). With respect to the WAC, the EPS possesses significant hydration qualities,
which increase its potential for use in medicines, food, and cosmetics.

Table 1. Functional properties of exopolysaccharides from L. squarrosulus

Parameter Value (%)
Water Solubility Index (WSI) 54.55+0.80
Water Absorption Capacity (WAC) 91.40 +£1.20

Values are mean =+ standard error (n = 3)

Antioxidant activity of exopolysaccharide

The antioxidant capacity of the extracted EPS was determined using the DPPH radical
scavenging assay, and the values are presented in Table 2. The EPS sample at 0.016 mg/mL gave
an absorbance of 0.034, which corresponds to a percentage DPPH radical scavenging activity of
87.41 = 1.05%. The antioxidant activity of the EPS sample was equivalent to 0.415 £+ 0.004

mg/mL of gallic acid using the equation generated from the trendline of the gallic acid standard

12
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curve (y = 14.897x + 81.222). The EPS showed a high DPPH radical scavenging activity at low
concentration, with equivalent antioxidant strength comparable to gallic acid.

The antioxidant activity of the EPS from this study demonstrated a strong free radical scavenging
potential. At a concentration of 0.016 mg/mL, the EPS achieved an inhibition of 87.41%, which
corresponds to a gallic acid equivalent of approximately 0.415 mg/mL. This level of inhibition is
notably attained at a lower concentration than that required for gallic acid to produce a
comparable effect. The observed antioxidant activity is possibly due to phenolic structures and
hydroxyl groups that are able to donate hydrogen atoms or electrons (Chotmanee et al., 2025).
Furthermore, the functional groups and monosaccharide compositions of EPS are prominently
suggested to contribute to their antioxidant activity (Bouzaiene ef al., 2024).

Table 2. Antioxidant activity of exopolysaccharides from L. squarrosulus

Sample Concentration (mg/mL)  DPPH scavenging activity (%) GAE (mg/mL)

EPS 0.016 87.41 £1.05 0.415 + 0.004

Values are mean =+ standard error (n = 3). GAE = gallic acid equivalent EPS = exopolysaccharides

Protein and carbohydrate content of mycelial biomass and exopolysaccharides

The protein and carbohydrate compositions of the mycelial biomass and EPS are shown in Table
3. While the exopolysaccharide showed 24.34 + 0.44% and 62.26 = 0.16% protein and
carbohydrate content, respectively. YEB biomass gave a protein content of 42.91 + 0.41% and
carbohydrate content of 49.04 + 0.84%. and PDB biomass showed a protein content of 17.03 +
0.04% and carbohydrate content of 32.84 + 1.02%. The EPS exhibited the highest carbohydrate
proportion, whereas biomass produced in YEB contained the highest protein content.

The compositional analysis of cellular biomass and exopolysaccharides (EPS) revealed notable
differences in protein and carbohydrate distribution depending on the growth medium. The EPS
fraction was predominantly carbohydrate-rich, with 62.26% carbohydrate and 24.34% protein,
consistent with the biochemical nature of EPS as high-molecular-weight sugar polymers often
conjugated with small amounts of proteins or glycoproteins. This carbohydrate-rich profile of
EPS aligns with other reports, which described EPS as predominantly polysaccharide in nature
(Mouro et al., 2024). In contrast, the cellular biomass composition varied substantially between
media. Biomass derived from YEB medium exhibited higher protein content (42.91%) compared

to carbohydrate (49.04%), reflecting the nitrogen-rich nature of YEB that promotes protein
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synthesis and structural macromolecule formation. Conversely, Potato Dextrose Broth (PDB)
biomass contained lower protein levels (17.03%) and a more moderate carbohydrate fraction
(32.84%), suggesting a metabolism directed primarily towards carbohydrate utilization and
energy storage rather than protein accumulation.

Table 3. Protein and carbohydrate content of mycelial biomass and exopolysaccharide from L.
squarrosulus

Sample Protein Content (%) Carbohydrate Content (%)
EPS 2434 +£0.44 62.26 £0.16
Biomass in YEB 4291 +0.41 49.04 +£ 0.84
Biomass in PDB 17.03 +£0.04 32.84 +£1.02

Values are mean + standard error (n = 3). EPS = Exopolysaccharides, YEB=Yeast Extract Broth. PDB = Potato
Dextrose Broth

Conclusions

This study demonstrated the successful production and characterisation of exopolysaccharides
(EPS) and biomass from L. squarrosulus using Potatoes Dextrose Broth (PDB) and Yeast Extract
Broth (YEB) under submerged fermentation. PDB supported higher EPS and biomass compared
to YEB, with notable variations over the 21 days. FT-IR analysis confirmed the polysaccharide
nature of the EPS. The crude EPS showed good water absorption capacity and strong antioxidant
activity. These findings suggest L. squarrosulus EPS possesses desirable structural and

functional properties with potential pharmaceutical applications.

Acknowledgments. The authors acknowledge the technical assistance provided by the
laboratory technologists and the administrative support given by the department. We also

acknowledge the assistance from colleagues who contributed to routine analysis.

References

1. Abd-Alla M.H., Hassan E.A., Mohammed E.A., Khalaf D.M., Bashandy S.R. (2025) Bacterial
exopolysaccharides: a comprehensive review on sustainable production from spoiled fruit wastes.

Biocatalysis and Agricultural Biotechnology, 66, 103607. https://doi.org/10.1016/j.bcab.2025.103607

2. Asonibare A.O., Olasupo O.0., Osunlaja O.A., Oladipo A.D., Olaoti-Laaro S.O., Abdazeez A.O.

(2023) Effects of mineral composition of different wood wastes in Ibadan on proximate composition

14



Innovative Romanian Food Biotechnology

https://www.gup.ugal.ro/ugaljournals/index.php/IFRB Vol. 29,2026
2026 by Galati University Press Received November 2025/Accepted December 2026
RESEARCH ARTICLE

10.

11.

of L. squarrosulus (Mont.). Journal of Applied Sciences and Environmental Management, 27, 1413—
1416. https://doi.org/10.4314/jasem.v27i7.12

Ben Akacha B., Michalak M., Najar B., Venturi F., Taglieri 1., Kac¢aniova M. et al. (2023) Recent
advances in the incorporation of polysaccharides with antioxidant and antibacterial functions to
preserve the quality and shelf life of meat products. Foods, 12, 1647.
https://doi.org/10.3390/foods12081647

Bhandary T., Alagesan P.K. (2024) Assessment of bioactivity of the novel exopolysaccharide
secreted by Bacillus subtilis isolated from the gut of marine anchovies. Journal of Applied Biology

and Biotechnology, 12, 205-212.

Bouzaiene T., Vall M., Ziadi M., Rejeb 1., Yangui 1., Abdelkarim A. et al. (2024) Exopolysaccharides
from Lactiplantibacillus plantarum C7 exhibited antibacterial, antioxidant, anti-enzymatic, and

prebiotic activities. Fermentation, 10, 339. https://doi.org/10.3390/fermentation10070339

Chen C.C., Nargotra P., Kuo C.H., Liu Y.C. (2023) High-molecular-weight exopolysaccharides
production from Tuber brockii cultivated by submerged fermentation. International Journal of

Molecular Sciences, 24, 4875. https://doi.org/10.3390/ijms24054875

Chotmanee T., Suwannarach N., Kumla J., Phongphisutthinant R., Chaipoot S., Wiriyacharee P.,
Tantibhadrasapa A., Li S., Thiennimitr P., Lumyong S. (2025) Exopolysaccharide production by
seven basidiomycetous fungi and their antioxidant and immunomodulatory activities against
Salmonella infection., Frontiers in Cellular and Infection Microbiology, 15, 1610403. DOI:
10.3389/fcimb.2025.1610403.

Dubois M., Gilles K.A., Hamilton J.K., Rebers P.A., Smith F. (1956) Colorimetric method for

determination of sugars and related substances. Analytical Chemistry, 28, 350-356.

Fischer A., Castagna V., Omer S., Marmorstein M., Wu J., Ceballos S., Skoog E., Lebrilla C.B.,
Suarez C., Schnitzler A. (2024) Characterization of the exopolysaccharides produced by the industrial

yeast Komagataella phaffii., Journal of Industrial Microbiology and Biotechnology, 51, kuae(046.
DOI: 10.1093/jimb/kuae046.

Gyamfi M.A., Yonamine M., Aniya Y. (1999) Free radical scavenging action of medicinal herbs from
Ghana: Thonningia sanguinea on experimentally induced liver injuries. General Pharmacology, 32,
661-667.

Hibbett D.S., Binder M., Bischoff J.F., Blackwell M., Cannon P.F. et al. (2007) A higher-level

phylogenetic  classification of the Fungi. Mycological Research, 111, 509-547.
https://doi.org/10.1016/j.mycres.2007.03.004

15



Innovative Romanian Food Biotechnology

https://www.gup.ugal.ro/ugaljournals/index.php/IFRB Vol. 29,2026
2026 by Galati University Press Received November 2025/Accepted December 2026

RESEARCH ARTICLE
12. Huang Y., Liang W., Lu Y., Xiong J., Liu D., Jia X. (2025) Identification, antioxidant and

13.

14.

15.

16.

17.

18.

19.

20.

21.

immunomodulatory activities of a neutral exopolysaccharide from Lactiplantibacillus plantarum

DMDL 9010., Nutrients, 17(14), 2265. https://doi.org/10.3390/nul7142265

Kadam S., Karne S., Maybhate M., Maniyar A., Gore A., Mehta H. (2022) Support by potato dextrose

agar for fungal and bacterial growth at 40°C. International Journal of Microbial Science, 3.

Kiran N.S., Yashaswini C., Singh S., Prajapati B.G. (2024) Revisiting microbial exopolysaccharides:
a biocompatible and sustainable polymeric material for multifaceted biomedical applications. 3

Biotech, 14, 95.

Kumla J., Suwannarach N., Sujarit K., Penkhrue W., Kakumyan P., Jatuwong K., Vadthanarat S.,
Lumyong S. (2020) Cultivation of mushrooms and their lignocellulolytic enzyme production through
the utilization of agro-industrial waste. Molecules, 25, 2811.

https://doi.org/10.3390/molecules25122811

Lee S., Kim E., Jo M., Choi Y.J. (2024) Characterization of yeast protein isolates extracted via high-
pressure homogenization and pH shift: A promising protein source enriched with essential amino
acids and branched-chain amino acids., Journal of Food Science, 89, €16918.

https://doi.org/10.1111/1750-3841.16918

LuY. Qin Y., Sun Y., Joseph C.M.L., Bisson L.F., Song Y., Liu Y. (2024) Insight into the growth
and metabolic characteristics of indigenous commercial Saccharomyces cerevisiae NX11424 at high

and low levels of yeast assimilable nitrogen based on metabolomic approach., Food Microbiology,

124, 104593. https://doi.org/10.1016/j.fm.2024.104593

Lowry O.H., Rosebrough N.J., Farr A.L., Randall R.J. (1951) Protein measurement with the Folin
phenol reagent. Journal of Biological Chemistry, 193, 265-275.
Lysakowska P., Sobota A., Wirkijowska A. (2023) Medicinal mushrooms: their bioactive

components, nutritional value and application in functional food production. Molecules, 28, 5393.

https://doi.org/10.3390/molecules28175393

Mouro C., Gomes A.P., Gouveia 1.C. (2024) Microbial exopolysaccharides: Structure, diversity,
applications, and future frontiers in sustainable functional materials., Polysaccharides, 5(3), 241-287.

https://doi.org/10.3390/polysaccharides5030018

Ogidi C.O., Ubaru A.M., Ladi-Lawal T., Thonda O.A., Aladejana O.M., Malomo O. (2020)
Bioactivity assessment of exopolysaccharides produced by Pleurotus pulmonarius in submerged

culture with different agro-waste residues. Heliyon, 6, e05685.

16



Innovative Romanian Food Biotechnology
https://www.gup.ugal.ro/ugaljournals/index.php/IFRB Vol. 29,2026
2026 by Galati University Press Received November 2025/Accepted December 2026

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

RESEARCH ARTICLE

Ogunremi O.R., Oriyomi O.V. (2025) Technological and functional properties of exopolysaccharides
produced by Weissella confusa strains isolated from kunu-zaki. Food Science and Technology

International.

Patel V.H., Shah K., Patel F.R. (2023) Physical characterization and structure elucidation of
exopolysaccharide from marine halotolerant bacterium Enterobacter cloacae VHP-34. Industrial

Biotechnology, 19. https://doi.org/10.1089/ind.2023.0020

Reddy C.K., Suriya M., Haripriya S. (2013) Physico-chemical and functional properties of resistant
starch from red kidney beans (Phaseolus vulgaris L.) prepared by enzymatic method. Carbohydrate
Polymers. https://doi.org/10.1016/j.carbpol.2013.02.060

Ruas-Madiedo P., Salazar N., de los Reyes-Gavilan C.G. (2010) Exopolysaccharides produced by
lactic acid bacteria in food and probiotic applications. In: Holst O., Brennan P.J., von Itzstein M.,

Moran A.P. (eds.) Microbial Glycobiology, Academic Press, 885-902.

Salimi F., Farrokh P. (2023) Recent advances in the biological activities of microbial

exopolysaccharides. World Journal of Microbiology and Biotechnology, 39, 213.

Sandt C. (2024) Identification and classification of proteins by FTIR microspectroscopy: A proof of
concept., Biochimica et Biophysica Acta — General Subjects, 1868(10), 130688. DOI:
10.1016/j.bbagen.2024.130688.

Sepulveda Del Rio Hamacek H., Tingajeva O., Ostertag K., Rekéna A., Illarionov A., Joul P.,
Monteiro de Oliveira P., Martin-Hernandez G.L.C., Miiller B., Bonturi N., Passoth V., Lahtvee P.,
Kumar R. (2025) Acidification by nitrogen metabolism triggers extracellular biopolymer production
in an oleaginous yeast., Applied and Environmental Microbiology, 91, ¢00947-25. DOI:
10.1128/aem.00947-25.

Stabnikova O., Stabnikov V., Paredes-Lopez O. (2024) Wild and cultivated mushrooms as food,

pharmaceutical and industrial products. Ukrainian Food Journal, 13, 20-59.

Synytsya A., Novak M. (2014) Structural analysis of glucans. Annals of Translational Medicine, 2,
17.

Wang C.S., Virgilio N., Wood-Adams P.M., Heuzey M.C. (2018) A gelation mechanism for
gelatin/polysaccharide aqueous mixtures. Food Hydrocolloids, 79, 462-472.

https://doi.org/10.1016/j.foodhyd.2018.01.016

32.

Wang W., Ju Y., Liu N., Hao L. (2023) Structural characteristics of microbial exopolysaccharides in

association with their biological activities. Chemical and Biological Technologies in Agriculture, 10.

17



Innovative Romanian Food Biotechnology

https://www.gup.ugal.ro/ugaljournals/index.php/IFRB

Vol. 29,2026
2026 by Galati University Press

Received November 2025/Accepted December 2026

RESEARCH ARTICLE

33. Yang R., Liu L., Gao D., Zhao D. (2024) Purification, structural characterization, and bioactive
properties of exopolysaccharides from Saccharomyces cerevisiae HD-01. Frontiers in Bioengineering

and Biotechnology, 12, 1455708. https://doi.org/10.3389/fbioe.2024.1455708

18



Innovative Romanian Food Biotechnology
https://www.gup.ugal.ro/ugaljournals/index.php/IFRB Vol. 29,2026
2026 by Galati University Press Received November 2025/Accepted December 2026

RESEARCH ARTICLE

SUPPLEMENTARY MATERIAL

Supplementary Table S1. FT-IR fingerprints of EPS from L. squarrosulus

Wavenumber Transmittance Functional Group / Functional Reference
(cm™) (%T) Vibration Property
893.4 ~90% B-Glycosidic linkage Indicates B-
‘ ' (Mouro et
(C—H deformation) configuration of
al., 2024)
sugar monomers
1027.25 ~88% Cc-0 stretching Core
(pyranose ring) polysaccharide (Mouro et
structure / al., 2024)
fingerprint region
1204.0 ~94% C-O-H or C-O-C Glycosidic
o ) ) (Mouro et
vibration linkage in sugar
' al., 2024)
rings
1313.7 ~94% C-N stretch / CH: Amine group,
wag potential
. (Chen et al.,
nitrogen-
o 2023)
containing
residues
1368.5 ~93% C-H bending / COO~ Uronic acid
symmetric stretch presence / acidic (Yang et al.,
polysaccharide 2024)
marker
1544.0 ~93% Amide II (N-H Possible protein
. . . (Chen et al.,
bending) residue or amine
o 2023)
contamination
1637.40 ~92% C=0 stretching / O— Carboxylic
' (Chen et al.,
H bending groups, water
2023)
content
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2852.4 ~91% C-H symmetric (Mouro et
stretching (—CHs) aliphatic groups  al., 2024)
2921.8 ~91% C-H asymmetric of (Mouro et
stretching (—CHz) sugar rings al., 2024)
3277.37 ~89% O-H stretching
. (Mouro et
(estimate) (broad)

hydrophilicity

al., 2024)
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