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Abstract

Mushrooms are the spore-bearing fruiting body of fungi with significant potential for numerous
applications like pharmaceuticals, the textile industry, bioremediation, soil management, alternatives
to toxic packaging materials, and environmental sustainability. Mushrooms generally belong to the
class Basidiomycota or Ascomycota. They are typically made of hyphae, the tiniest threads which
comprise most fungi. Mycelia are tiny thread-like structures that help in making the vegetative part of
the fungus. In this study, the growth of mycelia from four edible mushroom species Agaricus bisporus,
Pleurotus ostreatus, Ganoderma lucidum, Hericium erinaceus in Potato Dextrose Agar (PDA), and
Potato Dextrose Broth (PDB) was compared. For identification of mycelia lactophenol cotton blue
staining was performed. Interestingly, there was a noticeable difference in the mycelial biomass yield
between (PDA) and (PDB). We report morphological characteristics of the mycelia based on color,
texture, and growth time requirement. There was a significant difference in yield of mycelial biomass
in the (PDA) and (PDB). We could recover 1.760 gm of Pleurotus ostreatus mycelia, of 0.260 gm
Agaricus bisporus mycelia, 0.038gm of Ganoderma lucidum, and 0.427 g of Hericium erinaceus
mycelial biomass after 15 days of culturing on (PDA) agar plates. Recovery of mycelial biomass on
(PDA) was better than (PDB). One of the effective methods for producing fungal biomass is to cultivate
it on PDA. Our findings showed that the two media differed significantly in the mycelial biomass output,
with (PDA) generally outperforming (PDB). These findings underscore the importance of cultivation
medium selection in maximizing mycelial biomass production. The utilization of fungal biomass can
prove to be helpful in different areas such as medicine, nutrition, agriculture, and the sustainability of
the environment.
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bioactive constituents, various pharmacological effects can be observed, such as antiviral, antioxidant,
hypocholesterolemic, hypoglycemic, and antitumor effects [5].

The fungal mycelium is a thread-like structure that is scattered throughout the soil and acts as a soil
holder [6]. For culturing mycelia, it is important to consider various factors, such as the need for a
particular growth environment along with specific nutritional requirements. The mycelia of different
mushrooms grow differently with respect to color, texture, and other characteristics [7]. Mycelium
ingests carbon and nitrogen for their growth [8]. The mycelial network connects and spreads all over
by taking plant-based waste such as sawdust [9]. Hyphae were observed in the fungal cell walls. These
hyphae were helpful in mycelia formation. The hyphae are thready-thin but comprise connections of
chitin, which makes it quite sturdy [10]. Other polysaccharides, such as glucan cellulose and a small
quantity of glycoproteins, are also present [11].

Agaricus bisporus and Pleurotus ostreatus mushrooms are known for their consumption, and
mycelial growth is rapid. Although the growth of Ganoderma lucidum and Hericium erinaceus is quite
slow, they are highly preferred for their medicinal uses [12]. Mushrooms are popular owing to their
anti-inflammatory, anti-allergic, and antioxidant properties. Mycelia of mushrooms contain numerous
bioactive compounds. These bioactive compounds are also anti-inflammatory, contain antioxidants, and
can be utilized for consumption [13]. In addition, the anti-inflammatory, anti-oxidative, and
immunostimulatory properties of mycelia have various promising health characteristics [14]. Mycelia
can be grown in culture media. These culture media are gaining popularity for the easy incubation of
growth environments [15]. Substrate availability is necessary, along with moisture, as mycelial growth
requires a humid environment for growth, and suitable temperature, pH, and nutrient availability are
required for mycelial growth [16]. The time required for mycelial growth varied according to the type
of mushroom. Each type of mushroom has a different mycelial growth time. Usually, favorable
temperature requirements are 25-27°C [17].

To obtain fungal biomass, growing mycelia over synthetic media is a suitable approach, as it is not
very complicated. Mycelia contains many bioactive compounds. Fungal biomass has numerous
applications in various sectors. First, it is an effective way for bioremediate mycelia to digest pollutants
and is a good source of toxins from the soil. Mycelia destroy the pollutants caused by pesticides, heavy
metals, etc., and the use of mycelia is an organic way to reduce soil pollution [18]. Second, it can be
used as a packaging material. Plastic packaging is harmful to the environment because it does not
easily decompose [19]. Mycelium-based packaging is a good alternative to reduce environmental
pollution. Mycelia can also be used as a sustainable and non-toxic construction material [20]. In the
textile industry, mycelia can be used as an alternative to leather [21]. Mycelia can be utilized by the
food industry to produce sustainable consumable protein products for humans [22]. In
pharmaceuticals, mycelia can be used to extract bioactive compounds, as these bioactive compounds
have anti-cancer, anti-inflammatory, anti-allergic, and antioxidant properties [23]. Furthermore,
mycelia can facilitate the production of biofuels, which can help reduce air pollution compared to
fossil fuels [22, 23]. They also play a crucial role in maintaining soil health, effective waste
management, decomposing organic waste, and mitigating landfill-related pollution [25]. This study
compares the growth, physical characteristics, and morphological characteristics of four different
mycelia (Agaricus bisporus, Pleurotus ostreatus, Ganoderma lucidum, and Hericium erinaceus) in
two different media, PDA and PDB.

MATERIAL AND METHODS
Materials

Potato Dextrose Agar (PDA), Potato Dextrose Broth media, Agaricus bisporus, Pleurotus ostreatus,
Ganoderma lucidum, Hericium erinaceus spawn Petri plates, flasks, cotton plugs (Potato Dextrose
Agar), and Potato Dextrose Broth (PDB) are required for mycelium culture.
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Culturing of Mycelia

To obtain the growth of mycelia along with morphological and physical characteristics in two

different media, the mycelia were grown in two different media:

1. Culturing of mycelia in PDA (Potato Dextrose Agar) solidifies, unlike culturing in broth. PDA
was used as the substrate for mycelial growth [26]. Media (200 ml) were autoclaved along with
the Petri dishes. Four autoclaved Petri dishes were inoculated with four different spawns:
Agaricus bisporus, Pleurotus ostreatus, Ganoderma lucidum, and Hericium erinaceus. Inside the
laminar airflow under sterile conditions, the PDA medium was poured into four Petri plates, and
the medium was allowed to harden. The individual plates were inoculated with individual
spawns. The plates were then closed and maintained at 27°C for 15 d in an incubator. Table 1
shows the mycelia of Agaricus bisporus, Pleurotus ostreatus, Ganoderma lucidum, and Hericium
erinaceus grown on PDA.

2. Culturing of mycelia in PDB (Potato Dextrose Broth)—four different mushroom spawns were
prepared: Agaricus bisporus, Pleurotus ostreatus, Ganoderma lucidum, and Hericium erinaceus.
Next, 200 ml of PDB was prepared. The right mushroom spawn was added to each of the four
PDB flasks. To ensure sterility, the PDB medium was autoclaved before inoculation. To avoid
contamination, inoculation was carried out under laminar airflow. After inserting cotton plugs
into the flasks, the incubator was turned on at 27°C. After 15-20 days, the surface of the media
inside each flask showed a white, thread-like structure that was indicative of mycelial growth.
Table 2 shows the mycelia of Agaricus bisporus, Pleurotus ostreatus, Ganoderma lucidum, and
Hericium erinaceus grown on PDB.

Lactophenol Cotton Blue Test

The lactophenol cotton blue test is highly suitable for mycology sample testing to identify and
characterize a particular fungus. Mycelia can be easily characterized using (LCB) test. Figure 1
illustrates the filamentous structure of mycelia.

The requirement for making lactophenol cotton blue stain is 0.05 g; cotton blue, 20 g; phenol crystals
40 ml; glycerol 20 ml; lactic acid, 20 ml;- distilled water [27].

First, cotton blue was added to distilled water until it dissolved and kept overnight. Second, the phenol
crystals were placed in a glass beaker along with lactic acid and then magnetically stirred until the phenol
dissolved completely. When mixed with glycerol, the combination was filtered with cotton blue solution
inside the phenol, glycerol solution, and lactic acid, and left to sit at room temperature [27].

On a clean glass slide. A drop of 95% alcohol was placed on a glass slide. With the help of an
inoculating loop tease the mycelia growth, spread it, and wait for the alcohol to evaporate, a drop of
lactophenol cotton blue stain was added. Wait for 3—4 minutes. It was then carefully rinsed with 95%
ethanol and allowed to dry. A clean coverslip was placed on the slide. Slides were maintained for
microscopic studies [27].

RESULTS AND DISCUSSION
Growth in Potato Dextrose Agar (PDA)

Potato Dextrose Agar—The growth of all four mycelia is shown in Table 1. The mycelia grew best at
25-27°C and pH 6, and minimum growth of mycelia was observed at pH 4.

Growth in Potato Dextrose Broth (PDB)

The mycelia are grown on plates, by utilizing the substrate (PDA potato dextrose agar). The growth
of all four mycelia is shown in Table 2. Mycelia grow best at 25-27°C with pH 6, and minimum growth
of mycelia can be seen at pH -4 [28].
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Table 1. Growth of mycelia in PDA (potato dextrose agar) after 15 days.
Myecelia growth in PDA Texture Color Density Growth time Biomass
recovered
Agaricus bisporus Fluffy-like in | White and a | Not very scarce | 15 days 0.260 gm
F - texture bit yellow in | density mycelia
the center
Rl
Ganoderma lucidum Fine cotton-like | white The density of | 15 days 0.038gm
6 5 ; texture mycelia is very
B light and not
?s;..?;il scarce
m;k T/
Pleurotus ostreatus Flat cotton-like | Pure white The density is | 15 days 1.760 gm
F - texture scarce
R il

| . _
Hericium erinaceus Pure white fur- | Milky white The density is | 15 days 0.427 gm
B ~ .

like texture abundant and

scarce

| —ll

Table 2. Growth of myc

elia in PDB (potato dextrose broth) after 15 days.

of mycelia

Myecelia growth in PDB Texture Color Density Growth time
Agaricus bisporus Plain white cotton-like structure | White Not very scarce | 15 days

density of
mycelia

The sponge-like texture of | White The density is | 15 days

mycelia scarce

Less growth was visible Foamy white Very 15 days
transparent

White cloudy-like foam texture | Foamy white The density is | 15 days

abundant and

scarce

Lactophenol Cotton Blue Test
The morphological characteristics of the mycelia were highlighted using lactophenol cotton blue
staining. By using the lactophenol cotton blue test, the visibility of all the hyphae under a microscope
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anoderm;z lucidum V ' o ' Hericium erinaeus
Figure 1. The figure represents the filamentous structure of mycelia stained with lactophenol
cotton blue stain.

was better. The filamentous structure of the mycelia consisted of hyphae. Hyphae have a capability that
is very important for nutrient absorption. The hyphae of all four mycelia, Agaricus bisporus, Pleurotus
ostreatus, Ganoderma lucidum, and Hericium erinaceus, and their branching are shown in Figure 1.
The mycelia of Agaricus bisporus showed less filamentous hyphae structure than those of Pleurotus
ostreatus, Ganoderma lucidum, and Hericium erinaceus (Figure 1).

CONCLUSION

The growth of mycelia from four mushroom species, Agaricus bisporus, Pleurotus ostreatus,
Ganoderma lucidum, and Hericium erinaceus in PDA and PDB were compared. PDA is a good medium
for culturing fungal mycelia. The growth of mycelia on PDA was better than that on PDB. The physical
characteristics of the mycelia, such as color, texture, and morphological characteristics, were optimized
in the agar media. We report the recovery of 1.760 g of Pleurotus ostreatus mycelia, 0.260 g of Agaricus
bisporus mycelia, 0.038 g of Ganoderma lucidum, and 0.427 g of Hericium erinaceus mycelial biomass
in PDA within 15 days of culturing. Biomass recovery in PDA can be further optimized for suitable
industrial applications. In the future, mycelia should be extracted to prepare appropriate products
according to the needs of various industries. Extraction of bioactive compounds from mycelia can be
performed and utilized by the pharmaceutical industry, as these bioactive compounds have anti-
inflammatory, anti-allergic, and antioxidant properties and can be utilized for consumption as well.
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