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Pleurotus djamor, commonly known as the pink oyster mushroom, has garnered attention for its significant medicinal
and nutritional value. Due to the limited scientific information available on the optimal cultivation conditions for
this macro fungus, the objective of this study was to identify suitable temperature, media, and spawning material

for upscaling mycelium, as well as an appropriate substrate for cultivating the P. djamor strain PN2. The mycelium
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of strain PN2 exhibited the most robust growth when cultured on YMA and Raper media at 25°C. The optimal
spawning material for upscaling the mycelium of strain PN2 comprised 79% rice grain, 18% sawdust, 2% rice
bran, and 1% CaCO . Additionally, cotton waste was identified as the optimal substrate for cultivating P. djamor,
resulting in a remarkable biological efficiency of 48.56%. Collectively, our findings provide useful information for
the industrialization of P. djamor cultivation.

1. INTRODUCTION

The genus Pleurotus, commonly known as the oyster mushroom,
belongs to the family Pleurotaceae within the order Agaricales [1]. The
commercial production of this genus has significantly increased over
the past few decades [2]. In addition to their nutritional and medicinal
value, Pleurotus species can also biosorb various environmental
contaminants [3].

P. djamor is widely distributed across tropical and subtropical regions
[4]. Like other Pleurotus species, this species possesses high medicinal
and nutritional value. The protein and carbohydrate content of P.
djamor ranges from 11.3% to 43.1% and 35.5% to 42.4%, respectively
[5]. RNAse purified from P. djamor has shown the ability to inhibit
the proliferation of breast cancer and hepatoma cells [6]. Among the
Pleurotus species, P. djamor stands out for its capacity to accumulate
significant quantities of heavy metals, particularly lead [7]. Therefore,
P. djamor can be used to bioremediate heavy metal-contaminated soil
in the environment [8]. Chromium, copper, iron, and zinc contents
found in wild P. djamor were 0.38-0.95, 12.08-16.26, 22.92-32.07, and
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12.02-19.58 mg/kg, respectively [9]. The cultivation of P. djamor on
heavy metal-containing substrates may pose risks to consumers.

The cultivation of mushrooms is a cost-efficient method for transforming
lignocellulosic waste materials [10]. Pleurotus mushroom species are
decomposers with the capacity to effectively break down and absorb
components of substrate materials [11]. Therefore, oyster mushrooms
can be easily cultivated on substrates made from organic agricultural
waste. Pleurotus species are among the most widely cultivated
mushrooms [6]. In general, the substrate for mushroom cultivation
comprises basal substrates such as straws, sugarcane bagasse, and
cotton waste, along with supplements like rice bran, urea, and wheat
bran [12]. P. djamor can be grown on corn cobs [13], paddy straw [14],
wheat straw [15], combined dairy manure-food waste digestate [16],
and coffee pulp [5]. P. djamor cultivated on cotton waste exhibited a
higher yield than that on wheat straw and paddy straw [17]. According
to Selvakumar, straw is a more suitable basal substrate for cultivating
P. djamor than sugarcane bagasse, cotton waste, sawdust, and coir pith
[18]. Quinoa stalk was identified as the best basal substrate for the
cultivation of P. djamor [19]. Bean straw and safflower can be used
as an alternate substrate to sawdust and wheat straw for P. djamor
growth [20]. There is a relationship between the cultivation substrate
and the concentration of bioactive molecules in the fruiting body of P
djamor [21]. Combinations of substrates can enhance the nutritional
parameters of P. djamor [5]. For example, P. djamor cultivated on
wheat straw and quinoa stalk exhibited a higher total antioxidant assay
than wheat straw or quinoa stalk alone [22]. The spent substrate from
P. djamor cultivation has been reported to control the reproduction of
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Meloidogyne javanica on lettuce [23]. P. djamor can grow in regions
characterized by elevated temperatures, less rainfall, and humidity
[24].

Although P. djamor possesses high medicinal and nutritional values,
no studies have been conducted to optimize culture conditions for P,
djamor cultivation in Vietnam. This study aimed to investigate the
optimal temperature, media, and spawning material for upscaling
mycelium and the basal substrate for cultivating P. djamor. The
recommended cultural conditions are expected to contribute
significantly to the development of the mushroom industry in Vietnam.

2. MATERIALS AND METHODS

2.1. Mushroom Strain

P. djamor strain PN2 was procured from the Research Institute of
Edible and Medicinal Mushroom, Vietnam National University of
Agriculture. The strain was preserved on potato glucose agar (PGA)
slants at 10°C under complete darkness for further use. The optimal
cultural conditions for the mycelial growth of pure culture and master
spawn and the basal substrate for cultivation of strain PN2 were
identified by one individual factor at a time [Figure 1].

2.2. Determination of Culture Conditions for the
Myecelial Growth of P. djamor

The effect of temperature on the growth of strain PN2 was determined
at 15°C, 20°C, 25°C, 30°C, and 35°C on PGA medium. From

Table 1: The composition of the culture medium was used to determine the

optimal culture conditions for the mycelial growth of P. djamor:

Composition PDA PGA YMA
(g
Potato 200 200 - - -

Dextrin 20 - - - -
Glucose - 20 - - 20

Czapek  Raper

Yeast extract - - 2 - 2
Pepton - - - - 2
Maltose - - 20 - -
Sucrose - - - 30 -
NaNO, - - - 2 -
KH,PO, - - - 1 0.46
MgSO,.7H,0 - - - 0.5 0.5
FeSO,.7H,0 - - - 0.01 -
KcCl - - - 0.5 -
K,HPO, - - - - 1
Agar 17 17 17 17 17

Pleurotus djamor strain PN2

1. Pure culture

Experiment #1: Determine optimal temperature
(15, 20, 25, 30, and 35 °C)

25°C

Experiment #2: Identify optimal medium for mycelial growth
(PDA, PGA, YMA, Czapek, and Raper)

25 °C, Raper medium
2. Master spawn

Experiment #3: Determine optimal spawning material for upscaling of the mycelium
(Treatments|, I, IlI, IV, V, VI, and VII)

[Treatment | (rice grain 79%, rice bran
2%, sawdust 18%, CaCO; 1%)
3. Cultivation

Experiment #4: |dentify suitable basal substrate for cultivation of strain PN2
(Cotton, rice straw, sawdust, and corn cob)

Figure 1: Flow chart showing the steps for optimizing culture conditions for
cultivating strain PN2. Initially, strain PN2 was cultured on PDA medium
at temperatures of 15°C, 20°C, 25°C, and 35°C to determine the ideal
temperature for mycelial growth. The selected optimal temperature was then
used to assess the impact of different media (PDA, PGA, YMA, Czapek, and
Raper media) on the growth of pure culture mycelium. Strain PN2 cultivated
on Raper medium at 25°C was transferred to spawning materials to scale
up the mycelium. Following the identification of treatment II as the optimal
spawning material for master spawn, the strain grown on this treatment was
inoculated onto basal substrates. The optimized conditions are
highlighted in bold.

experiment #1, 25°C was identified as the optimal temperature for the
mycelial growth of strain PN2. Therefore, to determine the optimal
agar medium for mycelial growth, strain PN2 was incubated at 25°C in
five different media [i.e. Potato Dextrose Agar (PDA), Potato Glucose
Agar (PGA), Yease Mannitol Agar (YMA), Czapek, and Raper]. The
composition of each medium is listed in Table 1.

2.3. Effect of Spawning Material on Upscaling of the
Mycelium

From experiment #2, Raper medium was identified as the optimal agar
medium for the mycelial growth of pure spawn. Subsequently, mycelia
grown in Raper medium was inoculated on seven different spawning
materials (Experiment #3). The composition of those materials in
Experiment #3 is given in Table 2. Each treatment was conducted with
six replicates.

In the preparation of the spawning materials, rice grains were first
washed and soaked in water overnight and were subsequently boiled
for 20-25 min until achieving a soft consistency. Rubberwood sawdust
was mixed with a lime solution (0.4%) and fermented for 5-7 days. The

Table 2: The composition of spawning material was used to optimize media for mycelial growth of mother spawn.

Composition (%) Treatment Treatment Treatment
1 11 11
Rice grain 99 79 59
Rice bran 0 2 4
Sawdust 0 18 36

CaCo, 1 1 1

Treatment Treatment Treatment Treatment
v \% VI VII
39 19 0 0
6 8 10 0
54 72 89 99

1 1 1 1
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Table 3: Effect of temperature on the mycelial growth of strain PN2.

Temperature (°C) Myecelial diameter (mm)
3 days 6 days

15 0.00 £ 0.00¢ 17.08 £ 0.24¢
20 10.58 + 0.24¢ 29.75+£0.67¢
25 33.17+£0.77¢ 83.25+0.28
30 2225+ 1.17° 69.75+ 1.77°
35 0.00 £ 0.00¢ 0.00 £ 0.00°
Tukey’s HSD, 2.65 3.59

Table 4: Effect of media on the mycelial growth of strain PN2.

Media Mycelial diameter (mm)

3 days 6 days
PDA 0.00 +0.00¢ 0.00 £ 0.00¢
PGA 16.58 +£0.47° 39.17+1.71°
YMA 30.58 + 1.60° 78.17 £ 1.54*
Czapek 12.08 £ 0.20¢ 22.75 £ 0.40¢
Raper 33.75+ 1.09* 82.33+£0.62°
Tukey’s HSD, 3.71 4.48

Values are mean + standard error. Different letters represent significant differences
(P <0.05).

moisture content of rubberwood sawdust was adjusted to 65% using
tap water. Rice grains, rubberwood, rice bran, and CaCO, were mixed
based on the composition of each spawning material listed in Table 2,
filled into three-quarters of 24 mL round-bottom tubes, and sterilized
for 60 min at 121°C. The spawning materials were cooled down to
25°C. Then, a (5 mm X 5 mm) piece of mycelia culture grown in Raper
medium was inoculated into the spawning material and incubated for
20 days at 25 + 1°C in a light-free environment.

2.4. Substrate Preparation for Cultivation of P. djamor

Cotton waste without seeds, rice straw, rubber wood sawdust, and
corncob were selected to determine the optimal basal substrate for
cultivating P. djamor (Experiment #4). Rice straws were chopped into
5-6 cm pieces. Basal substrates (cotton waste, rice straw, sawdust,
and corncob) were soaked in a 0.4% lime solution until they reached
a moisture content of 65%. Basal substrates were then composted
separately in 1.5x1.5%1.5 m piles: rice straw, sawdust, and corncob
for 5 days and cotton waste for 2 days. 1.2 kg of cultivation substrate
(87% basal substrate, 12% wheat bran, and 1% CaCO,) was mixed and
placed in polythene bags and autoclaved for 90 min at 121°C.

From experiment #3, treatment II (79% rice grain, 18% sawdust,
2% rice bran, and 1% CaCOs) was found to be the ideal spawning
material, mother spawn grown on this treatment was inoculated into
cultivation substrate substrates, transferred to the spawn running
room, and incubated in darkness for 20 days at 25°C. To induce the
formation of fruiting bodies, P. djamor was transferred from the spawn
running room to the cultivation room and incubated at 25°C with 85%
relative air humidity. The air humidity was controlled using a humidity
controller. Mature mushrooms were carefully handpicked without

Values are mean + standard error. Different letters represent significant differences
(P <0.05).

causing any damage to the substrate as soon as they began to show
wrinkling.

2.5. Data Records and Statistical Analysis

The mycelial morphology of strain PN2 grown on agar medium
was characterized by assessing the following parameters: mycelial
growth diameter (mm), growth rate (mm/day), and density. The
mycelial growth rate on agar media was calculated by dividing the
diameter of the mycelial (mm) by the incubation time (day) [25].
For spawning material and cultivation substrate, the growth rate was
estimated by dividing the mycelial height (mm) by the colonization
time (days) [26]. The density was determined as high, regular, or low
based on visual observation.

The yield was calculated based on the total fresh weight of the fruiting
body (g) per bag. The spawn running period (in days) referred to the
time it took for strain PN2 to fully colonize the substrate. The day
of pinhead formation (days) was determined as the time required for
primordia to appear after the substrate was fully colonized by the
mycelium. To calculate the biological efficiency (BE, as a percentage),
we used the ratio of the fresh weight of the fruiting bodies (in grams)
to the dry weight of the substrate (in grams) [27]. The cultivation
substrate was kept in an oven at 65°C overnight after autoclaving to
determine the dry weight.

The data analysis was performed by utilizing GraphPad Prism (version
9.0, GraphPad Software Inc., San Diego, CA). Each experiment was
carried out in triplicate. The collected data were subjected to a one-
way analysis of variance (ANOVA), followed by Tukey’s honestly

Table 5: Effect of spawn substrates on the mycelial diameter (A) and growth rate (B) of strain PN2.

Treatment Mycelial diameter (mm) Growth rate (mm/day)
5 days 10 days 15 days 5 days 10 days 15 days

I 30.17 £ 0.82* 69.33 £ 1.63* 106.33 £ 1.26* 6.03+£0.17¢ 6.93 +0.16° 7.09 +0.08*
I 2550 £2.31%® 59.50 + 1.23% 99.42 £ 1.96® 5.10 £ 0.46® 5.95+0.12% 6.63 £0.13%
I 21.83 +£1.85%® 51.75 £2.52¢¢ 93.87 +£2.50° 4.67 £0.37® 5.18 £0.25% 6.26+0.17°
v 25.50 + 2.49%® 56.00 + 2.48% 95.17 £ 1.92° 5.10 £ 0.50® 5.60 +0.25" 6.34+0.13"
\Y 26.50 £2.71%® 56.42 +3.02% 95.25 +£2.53 5.30 £ 0.54 5.64 +0.30° 6.35+0.17°
VI 17.92 £2.76° 45.08 +3.08° 83.75+£2.73¢ 3.58 £0.55" 4.51+031¢° 5.58 +£0.18°
VII 29.75 +2.68° 59.75 + 2.53%d 93.33 £ 2.44¢ 5.95+0.54° 5.98 +£0.25% 6.22 +£0.16"
Tukey’s HSD, . 10.27 10.78 2.05 1.08 0.66

Values are mean + standard error. Different letters represent significant differences (P < 0.05).
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Table 6: Effect of basal substrates on the mycelial growth (A), growth rate (B), complete spawn mycelium running on the substrate (C), and times required for

primordia formation (D) of strain PN2.

Basal Myecelial diameter (mm) Growth rate (mm/day) Complete Times
substrates  5g4au¢  10days 15 days 25 days 5 days 10 days 15 days 25 days spawn required for
mycelium primordia
running on formation
the substrate (days)
(days)
Cotton 2644120 66.5+1.8" 100.2+1.2° 133.3+0.8° 5294023 6.65+0.18 6.68+0.08 533+0.03* 2588+0.30" 11.25+0.25"
waste
Rice straw  26.8+1.1* 70.2+1.0® 109.9+1.1° 133.0+0.9° 5364022 7.02+0.10" 7.33+0.08 532+0.04* 2622+047" 10.33+£0.29
Sawdust 26.6+0.70 60.0+0.66 89.4+1.0° 119.8+1.2¢ 531+0.15 6.00+0.06° 5.96+0.07° 4.79+0.05¢ 27.33+0.33"* 14.00+0.29°
Corncob  26.0+£0.8* 72.0+1.5* 103.1+1.2° 126.7+1.0° 520+0.15* 7.20+0.15* 6.87+0.08 5.07+0.04> 29.11+0.42* 10.44+£0.29"
Tukey’s 0.36 0.50 0.43 0.37 0.73 0.50 0.29 0.15 1.50 1.09
HSDO.OS
Values are mean =+ standard error. Different letters represent significant differences (P < 0.05).
Table 7: Effect of substrates on the number of fruiting bodies per bunch, cap diameter, yield, and biological efficiency of strain PN2.
Basal substrates Number of fruiting bodies/bunch Cap diameter (cm) Yield (g/bag) BE (%)
Cotton waste 8.81 +£0.53¢ 5.17+0.12° 582.71 £21.48 48.56 +5.37°
Rice straw 7.91 +0.64® 4.60 £0.15° 462.04 £13.39° 38.51 £3.35°
Sawdust 9.12+0.75* 4.62+0.14° 447.380 + 17.44> 37.28 + 4.40%
Corn cob 6.40 + 0.35° 3.5+£0.16° 398.88 + 7.87¢ 33.24+1.97¢
Tukey’s HSD 2.07 0.53 60.78 5.07

Values are mean + standard error. Different letters represent significant differences (P < 0.05).

significant difference test (P < 0.05), with the results indicated using
letters to show the significance of the differences between treatments.

3. RESULTS

3.1. Effect of Temperature on Mycelial Growth

The mycelial growth of strain PN2 was influenced by incubation
temperature [Table 3]. Strain PN2 can grow within the temperature
range of 15°C-30°C but not at 35°C. After 6 days of incubation, the
mycelial diameter of the strain grown on PGA medium was highest at
25°C (83.25 mm), followed by 30°C (69.67 mm) and 20°C (29.75 mm).
The mycelial density of strain PN2 was significantly higher at 25°C and
30°C, while it was lower at 15°C. Therefore, 25°C was considered the
optimal temperature for the mycelial growth of strain PN2.

3.2. Effect of Media on Mycelial Growth

After 3 days of incubation at 25°C, no mycelial growth of strain PN2
was observed on the PDA medium [Table 4]. Strain PN2, when grown
on Raper medium, exhibited a mycelial diameter of 82.33 mm on day
6, which was higher than that on other media. The strain displayed
high-density mycelial growth when cultured on YMA and Raper
media. Collectively, the Raper medium was determined to be the
optimal medium for the growth of strain PN2.

3.3. Mycelial Growth on Spawn Substrates

Strain PN2 displayed growth on all spawn substrate formulas. After
15 days of incubation, the strain exhibited the highest mycelial
diameter and high mycelial density in Treatment I (106.33 mm)

and Treatment II (99.42 mm) [Table 5]. In contrast, the strain
showed lower mycelial diameter in Treatment VI (83.75 mm)
compared to all other treatments (P < 0.05), except Treatment VII.
The lowest growth rate was observed when strain PN2 was grown
on Treatment VI. Considering mycelial density, growth rate, and
the cost-effectiveness of sawdust compared to rice grain, Treatment
IT (79% rice grain, 18% sawdust, 2% rice bran, 1% CaCO;) was
the optimal spawn substrate for producing mother spawn for the
cultivation of strain PN2.

3.4. Cultivation Characteristics

Mycelial growth of strain PN2 was observed in all cultivation
substrates [Table 6]. The time required for complete mycelial growth
significantly varied (P < 0.05) among the treatments. After 25 days of
incubation, strain PN2 displayed a higher mycelial diameter on cotton
waste (13.33 cm) and rice straw (13.3 cm) compared to sawdust (11.98
cm) and corn cob (12.67 cm) (P < 0.05). The growth rate of strain PN2
was not significantly different across substrates on day 5. However,
rice straw resulted in the highest growth rate of strain PN2 (7.3 mm/
day) on day 15. The strain cultivated on corn cobs required 29.11
days after spawn inoculation to complete spawn mycelium running,
which was longer than on cotton waste, rice straw, and sawdust. In
contrast, strain PN2 exhibited the fastest mycelial extension when
grown on cotton waste, requiring a relatively short time (26.22 days)
for complete mycelium to run on this substrate. The minimum time
required for pinhead initiation of strain PN2, when cultivated on cotton
waste, rice straw, sawdust, and corn cob, was 11.25, 10.33, 14.0, and
10.44 days, respectively. In terms of mycelial density, strain PN2
exhibited a higher density when grown on cotton waste compared to
other substrates [Figure 2].
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Figure 2: Density of mycelium of strain PN2 cultivated on cotton (A),

rice straw (B), sawdust (C), and corn cob (D).

Different cultivation substrates exhibited significant effects on the
number of fruiting bodies per bunch, cap diameter, yield, and BE of
strain PN2 [Table 7]. Among the tested cultivation substrates, corn cob
showed the lowest number of fruiting bodies per bunch (6.39 fruiting
bodies/bunch) and the smallest cap diameter (3.55 cm) [Figure 3]. In
contrast, cotton waste yielded the largest cap diameter (5.17 cm) and
the highest yield (582.711 g/bag). Strain PN2 achieved the highest
biological efficiency (BE) when cultivated on cotton waste (48.56%),
followed by rice straw (38.51%) and sawdust (37.28%). Based on the
mycelial growth rate, the time required for complete spawn mycelium
colonization of the substrates, primordia formation, and BE, cotton
waste was identified as the most suitable substrate for cultivating strain
PN2.

4. DISCUSSION

Determining the optimal culture conditions for mushroom mycelial
growth is a crucial step in the cultivation of mushrooms. Generally,
the ideal temperature for mycelial growth varies depending on
the mushroom species. For instance, Tuber koreanum, Pleurotus
ostreatus, and Lepista sordida exhibited their highest mycelial growth
rates at 25°C [28], 28°C [29], and 20-25°C [30], respectively. Based
on growth diameter and mycelial density, 25°C is considered the
optimal temperature for the mycelial growth of strain PN2 [Table 3].
This temperature falls within the optimal range (ranging from 23°C to
30°C) for the mycelia of five wild P. djamor strains [31].

Since the medium is the primary source of essential nutrients for
mushroom growth, it plays a pivotal role in mushroom production
[30]. The optimal medium for mushroom growth appears to be genus-
and species-specific. For example, PDA, oatmeal yeast agar, and
malt yeast peptone agar media were highly effective in promoting the
mycelial growth of Lepista sordida [30], Hericium erinaceus [32],
and Coprinus comatus [33], respectively. PDA and YDA were the
most suitable media for the mycelial growth of the oyster mushroom
Pleurotus ostreatus [34]. In contrast, four media (PDA, YDA, sweet
potato dextrose agar, and malt extract agar) did not significantly differ
in supporting mycelium growth for the oyster mushroom Pleurotus
cystidiosus [34]. Considering mycelial growth rate and density, Raper

Figure 3: Fruiting body of strain PN2 cultivated cotton waste (A),
rice straw (B), sawdust (C), and corn cob (D). Bar scale, 2 cm.

medium (glucose 20 g/1, yeast extract 2 g/L, pepton 2 g/L, KH,PO,
0.46 g/L, MgS0..7H,O 0.5 g/L, K.HPO, 1 g/L, agar 17 g/L) was
identified as the optimal medium for the growth of P. djamor PN2.

Spawn materials significantly impact the time required for spawn
colonization and the mushroom yield [35]. Four types of spawn
materials are used in mushroom cultivation: sawdust spawn, grain
spawn, liquid spawn, and stick spawn [35]. Although grain spawn is
the most commonly used, it causes increased production costs. Given
that rice grain is more expensive than sawdust, using sawdust as a
substrate for upscaling the mycelium is more economically efficient
[36, 37]. Moreover, the nutrient content of rice grain is higher than
that of sawdust, leading to a higher risk of contamination. Rice grain
comprises protein (5%-12%), starch (50%-90%), vitamins (thiamine,
riboflavin, and niacin), minerals (Ca, Mg, and P), and trace elements
(Fe, Cu, Zn, and Mn) [38]. The main components of the sawdust are
cellulose (47.82%) and lignin (33.29%) [39]. Therefore, in this study,
we aimed to optimize spawn substrates for upscaling pink oyster
mushroom mycelium by investigating various ratios of rice grain to
sawdust. The ratio of grain to sawdust significantly affected the mycelial
growth rate of strain PN2 [Table 5]. While no significant difference in
mycelial diameter and growth rate was observed between treatment [
(99% rice grain and 1% CaCQOs) and treatment II (79% rice grain, 18%
sawdust, 2% rice bran, and 1% CaCQ,), treatment Il was identified as a
suitable spawn substrate for scaling the mycelial growth of strain PN2
due to its cost-effectiveness compared to treatment I. When mycelium
is inoculated into a new medium, it requires time to adapt and begin
colonizing the surrounding environment, resulting in a slow growth
rate in this phase. As the mycelium grows and utilizes nutrients from
the medium, the availability of these nutrients diminishes over time,
causing a gradually declining growth rate [Tables 5 and 6]. This could
explain why the mycelial growth rate of strain PN2 varied depending
on the duration of incubation, which is consistent with findings from
previous studies on Pycnoporus sanguineus [40], Auricularia sp. [41],
and Fomitopsis betulina [42] [Tables 5 and 6].

Substrate composition is an essential factor affecting mushroom yield
and nutritional value [43, 44]. Since substrates rich in lignocellulosic
materials, such as straw, sawdust, and cotton waste, are cost-effective,
renewable, and plentiful, they are the preferred choices for mushroom
cultivation [45, 46]. In Vietnam, cotton, sawdust, rice straw, and corncob
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are abundant agro-residues and are selected as the primary materials
for mushroom cultivation. Therefore, we used these waste materials to
optimize the cultivation of strain PN2. Nitrogen is an essential element
required by all fungi for synthesizing nitrogen-containing compounds,
such as pyrimidines, purines, proteins, and chitin, which forms the
cell wall and consists of a (1-4)-linked unit of N-acetylglucosamine
[44]. The substrate material used alone for cultivating mushrooms may
lack sufficient nitrogen and other essential nutrients to ensure optimal
growth [47]. For example, Mandeel et al. reported that P. ostreatus
cultivated on sawdust exhibited a low yield due to the low nitrogen
content of sawdust, which is insufficient to support mycelial growth
[48]. Supplementing the cultivation substrate with wheat bran can
enhance the yield and biological efficiency of oyster mushrooms [49,
50]. Accordingly, in this study, we added wheat bran to the cultivation
substrate to provide a nitrogen source for the growth of pink oyster
mushrooms.

The time required for complete mycelium colonization of spawn media
depended on cultivation substrates [Table 6], which is consistent with
a previous study conducted by Igbal [51]. The minimum time for
Pleurotus sp. to fully colonize substrates was 37 and 40 days for rice
straw and sugarcane bagasse, respectively [51]. These differences in
mycelium running time may be related to the different compositions
of polysaccharide content in each type of substrate [10]. Additionally,
the mycelial growth rate of oyster mushrooms is influenced by
substrate particle size [52]. Smaller substrate particles (typically
cut to 5-6 cm) provide a larger surface area for microorganisms to
thrive. However, the use of very small particles can lead to substrate
compaction, which may hinder proper aeration and reduce the oxygen
available for microorganisms [52]. The variation in pinhead formation
depends on various factors, such as temperature and substrate [53].
For Pleurotus ostreatus cultivated on waste paper, the typical pinhead
initiation period falls within 9 to 14 days [53]. Substrates containing
high-quality lignin and cellulose also take longer to initiate pinning
than substrates with lower lignin and cellulose contents [54]. Since
sawdust has higher-quality lignin and cellulose contents, the minimum
time required for pinhead initiation of strain PN2 cultivated on this
substrate is longer than that of other substrates [Table 6].

Few studies have optimized the substrate for cultivating P. djamor. This
macro fungus can form fruiting bodies when cultivated on corn cobs
[13], paddy straw [14], wheat straw [15], combined dairy manure-food
waste digestate [16], and coffee pulp [5]. Previous studies identified
quinoa stalk and bean straw as suitable substrates for the cultivation of
P. djamor [19, 20]. Additionally, wheat straw has been found to be more
effective than paddy straw and chickpea straw for cultivating P. djamor
[15]. The highest biological efficiency for P. djamor was achieved using
a combination of rice straw, cocopeat, and rice bran in a 7:3:1 ratio [55].
Selvakumar reported that straw is a more suitable basal substrate for
cultivating P. djamor compared to sugarcane bagasse, cotton waste,
sawdust, and coir pith [18]. The contrasting findings across studies
could stem from variations in strains and culture conditions, such as
temperature and humidity. Substrate selection for mushroom cultivation
typically depends on locally available lignocellulosic waste. Because
quinoa, wheat straw, chickpea straw, and cocopeat are not widely
available in Vietnam, we could not use these substrates to optimize the
cultivation of P. djamor. Instead, we selected cotton waste, rice straw,
sawdust, and corncob, which are abundant in Vietnam. Our findings
revealed that cotton waste is an ideal substrate for the cultivation of P.
djamor, which is consistent with a study conducted by Ashraf[17]. Since
each substrate contains different amounts of cellulose, hemicellulose,
and lignin, the use of substrate mixtures may enhance the biological

efficiency of mushrooms compared with using individual substrates [56].
Accordingly, further studies are required to analyze the composition of
substrate materials and optimize the combination of cotton with other
substrates to enhance the yield of P. djamor. Among the various wild
pink oyster mushroom strains examined by Kalaw et al., strain TLPD3
displayed a biological efficiency of 25.07% [31], which was lower
than that of strain PN2 in this study [Table 7]. Therefore, strain PN2
is a promising candidate for commercial cultivation on an industrial
scale. Further research is needed to optimize culture conditions, such
as temperature and humidity, to enhance biological efficiency for
commercial-scale production.

5. CONCLUSIONS

The present study demonstrated that P. djamor PN2 exhibited the
most robust mycelial growth when cultivated on YMA and Raper
media at 25°C. The optimal spawning material for scaling up the
mycelial growth of strain PN2 was determined to be treatment II (79%
rice grain, 18% sawdust, 2% rice bran, and 1% CaCQO,). Our study
emphasizes that the use of cotton waste as a substrate for cultivating
P. djamor results in a high yield, making it a promising option for P.
djamor cultivation. This study offers valuable insights into the large-
scale cultivation of P. djamor.
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