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Abstract | High demand, low-cost production, and vigorous mycelium growth of grey oyster mushroom
(Pleurotus sajor-caju) make it popular among small farmers to commercially cultivate it in Malaysia. This study
explored the impact of different physical stimulations on the growth and yield of grey oyster mushrooms. The
treatments included individual applications of electrical shock (12V; 13A) and high light intensity (1500 Lux)
which were studied previously, as well as combined treatments of electrical shock with high light intensity
(ES-HLI) and alternating treatments of these two stimuli (alternate ES-HLI). All the physically stimulated
mushroom bags took a shorter spawning period (25-30 days) compared to the control (37 days). Electrical
shock and combined ES-HLI treated bags had a faster mycelium growth rate of around 0.94 - 0.96 cm/
day whereas control treatment had only 0.62 cm/day. The duration for the first mushroom harvesting was
led by treatment of combined ES-HLI with 30.4 days. Electrical shock has also resulted in the highest
yield and percentage biological efficiency of 378.5 g and 75.7% respectively. The average pileus diameter in
control was only 6.16 cm, however, high light intensity treatment produced a larger size of mushroom with an
average pileus diameter of 10.09 cm and had the lightest colour compared to other treatments. In conclusion,
the application of electrical shock stimulation emerged as the most effective treatment among the various
physical stimulants investigated in this study, attributed to its shorter spawning time and the highest yield of
mushrooms produced.
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Introduction are getting attention in commercial cultivation
due to their adaptability and diverse benefits. They
|_\ {I ushrooms from the Pleurotus genus, like are gastronomically, nutritionally, and medicinally

grey oyster mushrooms (Pleurotus sajor-caju), ~valuable, making them suitable for large-scale
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cultivation on various substrates (Torres-Martinez ez
al.,2022; Zmitrovich and Wasser, 2016). Medicinally,
these mushrooms are recommended for obese and
diabetic individuals due to their low-calorie, low-
sugar, and starch-free nature. Oyster mushrooms
offer decent protein, high dietary fiber, amino acids,
minerals, and vitamins. They contain 1.6 to 2.5%
protein and niacin levels ten times higher than other
vegetables, helping lower cholesterol and triglycerides
in the blood (Ayimbila and Keawsompong, 2023;
Naeem et al., 2020).

Oyster mushrooms grow well in favorable conditions
and require strict hygiene practices. They thrive
at temperatures between 20 to 30°C and with
humidity levels of 80-90%, typically on agricultural
waste substrates like kernel and sawdust (Tesfaw,
2015). In developing and underdeveloped countries,
disposing of large amounts of agricultural waste
poses environmental challenges. The resistance to
degradation in these waste materials is mainly due to
the presence of lignin. However, mushrooms, being
efficient fungi, are effective in breaking down and
metabolizing these residues (Kumar and Chandra,

2020).

The life cycle of a mushroom comprises two
distinct phases: Vegetative and reproductive growth.
During the vegetative growth phase, fungal mycelia
extend linearly, breaking down complex substrate
components into simpler molecules and absorbing
them as nutrients. This phase typically lasts between
30 to 90 days, depending on the quality of the
spawn and environmental conditions. When the
provides temperatures, high
humidity, ample oxygen, and occasionally light, the
mycelia shift from vegetative growth to reproductive
growth. In this phase, they form a fruiting body,
or mature mushroom, which takes several days to
develop. Mushroom cultivation involves the artificial
repetition of these two growth stages to produce the
fruiting body (Riquelme ez a/, 2018).

environment low

Under typical conditions, it takes at least a month
for the mycelium to fully grow in a standard
18-centimeter mushroom bag. The first mushroom
harvest takes even longer, delaying income from
sales. Mushroom cultivation is risky, requiring a
clean house far from contaminants, as bags are
easily affected. Contamination can spread, causing
the entire mushroom house to be compromised.

Addressing contamination is expensive and time-
consuming, leading to temporary halts in production
and financial losses.

Despite these challenges, the inconsistent mushroom
supply has prompted research to find solutions for
improved productivity. Hence, given this situation,
there is a need for studies to address the current
challenge. The application of suitable physical
stimulants is believed to boost the mycelium growth
rate. Growers could use these stimulants to expedite
mycelium growth, reducing the production time
and ultimately increasing mushroom yields. Some
stimulations require multiple treatments applied in
combination or alternating ways. The applications
of these electrical shock and high light intensity
stimulants were cost-effective as they could shorten
the mushroom growth period, and the stimuli were
very easy and simple to apply resulting in a higher
yield of mushrooms (Ibrahim, 2023; Ibrahim ez 4/,
2020).

Physical stimulants like sound, light, electrical shock,
and cold shock have been linked to enhancing
the growth and yield of mushrooms and other
living organisms (Ibrahim ez a/, 2015). Studies
have highlighted the positive effects of electrical
shock and high light intensity on mushrooms, with
instances of increased mushroom growth observed
around lightning-hit areas (Ryall, 2010; Tsukamoto
et al., 2005). The mechanism behind the mushroom
outbreak is not entirely clear, but researchers propose
two possibilities. One is the creation of cracks in
mycelium hyphae caused by lightning, as mushroom
fruit bodies develop from these cracks. The other
involves the activation of enzymes; some studies show
that applying a pulse electric field activates enzymes,
leading to the active development of mushroom
fruit bodies (Ibrahim e al., 2020; Atri ez al., 2012;
Tsukamoto ez al., 2005).

'The most effective physical method to boost vegetable
production involves employing various physical
factors or plant treatments, particularly focusing on
dill seed enhancement through high light intensity
and electro-culture treatment (Sharma ez al., 2019).
The term electro-culture has historical roots, where
electrical treatments, such as applying an electric
charge to the soil, were utilized in prehistoric times
to increase crop growth and yield (Barman and
Bhattacharya, 2016). It has been observed that plants’
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roots respond to the electric pulse treatment by
morphologically measured parameters, indicating an
unknown signal generated by the electric pulse (Yi,
2012).

Light plays a crucial role in determining the yield
and morphological characteristics of grey oyster
mushrooms. It is involved in phototropic responses
and the formation of reproductive structures,
influencing the expansion of the pileus and playing a
significant role in spore dissemination (Sharma e al.,
2015). Studies by Miyazaki e a/. (2011) and Ibrahim
et al. (2015) have confirmed that the development of
fruiting bodies, including stipe elongation and cap
formation, is induced by light in standard mushroom
cultivations. Light also plays a crucial role in the
colour of mushrooms. Low light intensity or absence
of light can result in pale, deformed mushrooms
with elongated stalks and reduced cap color. Some
mushrooms, like those of the Pleurotus species,
require light for primordial formation (Abdullah ez
al., 2023).

'The primary objective of this study is to explore the
effects of particular physical stimulants, specifically
high light intensity and electrical shock treatments,
on the growth morphology, yield enhancement, and
quality of grey oyster mushrooms (P, sajor-caju).

Materials and Methods

Mushroom bag preparation

'The experimental phase of this study was carried out
at the Food Microbiology Laboratory and Institute
of Sustainable Agrotechnology, Universiti Malaysia
Perlis. A Mushroom substrate comprising sawdust,
rice bran, and calcium carbonate (CaCO,) in a
proportion of 100:10:1 was mixed. This mixture was
then filled into substrate bags, standardized at a length
of 18 cm and diameter of 12 cm. The bags underwent
sterilization using an autoclave at 121°C and 15 psi
tor 30 minutes. Following sterilization, the bags were
left to cool overnight before the inoculation process.
About 10 g of mushroom spawn was put/inoculated
into each mushroom bag. After inoculation, all
bags were placed in a dark spawning room with
approximately 10% light exposure (successfully done
by using 90% shade of black netting). To expedite
mycelium growth, the mushroom bags were arranged
vertically. The incubation temperature was maintained
at around 25-30 [J.

Physical stimulation treatments

Difterent physical stimulants were applied to the
mushroom bags at five-day intervals. These actions
were repeated until the fifth harvest. For electrical
shock treatment, the mushroom bags were placed
horizontally on a table. A wire was planted in the
substrate from the mouth to the bottom of the
mushroom bag. A voltage adapter that supplied 12V
of electrical shock was used to run through the bag
and held for 10 seconds. Before the wire was planted,
70% ethanol solution was sprayed on the wire and let
dry as an aseptic technique to prevent contamination.
After passing through the electrical current for 10
seconds, the wire was pulled out and adhesive tape
was used to cover the hole caused by the wire planted
earlier. The same procedures were carried out on each
bag in the dark with at least 10% light exposure.

For high-light intensity treatment, the environment
surrounding the mushroom bags was controlled
to not exceed 3 lux. A 10-watt spotlight was set up
and the distance between the spotlight and the light
intensity of 1500 lux was measured using a Lux meter
and marked. Mushroom bags were arranged vertically
on the 1500 lux mark and were subjected to 10 pulses/
blinkings of the bright light and each time the bright
light was held for 2 seconds. The procedures were
repeated on the other side of mushroom bags where
the bags were turned to face the spotlight.

Combined treatments of ES-HLI were done by
applying both electrical shock and high light intensity
treatments on the same day at every 5-day interval.
Whilst alternate treatment of ES-HLI was applied
alternately every 5 days (i.e. on day 5 electrical shock
treatment, on day 10 high light intensity treatment,
on day 15 electrical shock treatment again, and so on).

After the mushroom bags were filled with mycelium,
they were moved to a mushroom house, and the caps
were opened to facilitate mushroom fruiting. The
conditions inside the mushroom house were carefully
managed, maintaining a temperature of approximately
25-30°C, humidity levels between 85-90%, and
subdued lighting with less than 30% brightness.

Determination of growth performance

During the spawning period, the length of mycelium
growth that traveled down the bag was measured and
recorded. A ruler was used to measure the distance
traveled by mycelium at five-day intervals. The number
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of days taken for the mycelium to fill up the bag (fully
colonized) until the bottom of the bag was recorded
for each treatment. Upon complete colonization
of the bags by the mycelium, the bag caps were
opened, and the duration for pinhead emergence was
recorded, followed by the formation of fruiting bodies
(indicating when the mushrooms fruiting bodies were

fully developed and ready for harvest).

Determination of mushroom yield

'The yield of mushrooms in terms of the total weight
of fruiting bodies after five harvesting cycles and
percentage biological efficiency were calculated. The
freshly harvested fruit bodies were weighed and
recorded. This method was repeated until the fifth
harvesting. The formula below was used to calculate
the percentage of biological efficiency of mushrooms

(Ahmed ez al., 2016).

Mushroom fresh weight (g)
Dry weight of substrate (500 g)

Biological Efficiency (%) = X 100 ..(1)

Determination of pileus diameter

The diameter of the pileus of freshly harvested
mushrooms was measured using a ruler and recorded.
'The longest measurement of the mushroom was taken
since the mushroom was not completely round.

Determination of pileus colour

'The Minolta Chromameter was employed to analyze
the pileus color of the harvested mushroom, utilizing
the CIELAB color parameters L* a*, and b* values.
This measurement took place immediately after the
harvesting process. Three distinct points were selected
from the same surface of the harvested mushroom
pileus, and the L*, a*, and b* values were determined.
'The L* value signifies a monochrome scale indicating
the level of light reflected, where 100 represents pure
white and 0 denotes matte black. The a* value ranges
from greenness (-) to redness (+), while the b* value
spans from blueness (-) to yellowness (+) (Ibrahim ez

al.,2017).

Experimental design and statistical analyses

This study utilized completely randomized design
(CRD) to examine four different treatments: A control
group (without any stimulant), electrical shock (ES),
high light intensity (HLI), a combination of ES and
HLI, and alternating ES and HLI. The results were
analyzed using SAS version 16.0 statistical software.
Differences among treatments were assessed with

a One-Way Analysis of Variance (ANOVA), and

significance was determined at (P < 0.05) using
the Duncan Multiple Range Test (DMRT). Each

treatment was represented by 5 mushroom bags.
Results and Discussion

Growth performance

Mycelium growth rate: Significant differences
(P<0.05) in the mycelium growth rate were observed
among different treatments, as indicated in Table
1. ES and combined ES-HLI treatments showed a
taster growth rate of 0.962 cm/day and 0.94 cm/day
respectively, followed by alternate ES-HLI (0.89 cm/
day), HLI (0.78 cm/day) and the slowest was control
(0.62 cm/day). Since in this study, the composition
and condition of the substrate were standardized,
therefore, it is evident that nutritional contents
along with some other factors (physical stimulants)
influence the differences in mycelium growth
observed. Therefore, treatments like electrical shock
and high light intensity most probably provoke and
cause sufficient stress to the mycelium to shorten the
period to fill up the bag as well as increase the growth
rate (Ibrahim, 2023).

Table 1: The growth rate of mycelium to fill-up 18 cm
length of mushroom bag subjected to different physical

stimulant treatments.

Treatments Growth rate (cm/day)
Control 0.62+0.017°

Electric shock (ES) 0.96+0.240~

High light intensity (HLI) 0.78+0.0602>
Combined ES-HLI 0.94+0.160~

Alternate ES-HLI 0.89+0.1502>

Note: Values represent the means of 5 replicates. Means (n=5) +
standard deviation. a-b: Values with different superscripts within

the same column are deemed significantly different at a 5% level of
significance (P<0.05).

Mycelium fill-up the bag, pinhead emergence and first
harvesting

Referring to Table 2, it is evident that all bags
subjected to physical stimulation significantly
(P<0.05) demonstrated a shorter duration for
mycelium colonization, ranging from 25 to 30 days,
in contrast to the control group, which took 37 days.
For pinhead emergence, treatment with HLI and
combined ES-HLI took a shorter time (2.8-3.2
days), followed by alternate ES-HLI (3.4 days), ES
(4.4 days) and the longest was control (10.8 days).
Pinhead emergence was initiated by abrupt changes
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Table 2: 7he duration for mycelium to fill up the bag, pinhead emergence, fruiting body formation and total time taken
until the first mushroom harvesting subjected to different physical stimulant treatments.

Treatments Mycelium fill-up  Pinhead emergence Fruiting body Total time taken until
the bag (day) (day) formation (day) first harvesting (day)

Control 37.0£1.002 10.8+7.40¢ 3.2+0.45° 51.00

Electric shock (ES) 25.0+5.39® 4.4+2 512> 2.8+0.482 32.2P

High light intensity (HLI) 29.8+2.28P 2.8+2.95° 3.0£0.71» 35.6%

Combine ES-HLI 25.0+4.42° 3.2+1.48° 2.2+0.452 30.4¢

Alternate ES-HLI 26.4+3.85° 3.4+2.302 3.0£1.00? 32.8

Note: Values represent the means of 5 replicates. Means (n=5) + standard deviation. a-c: Values with different superscripts within the same
column are deemed significantly different at a 5% level of significance (P<0.05).

in the environment such as light intensity, exposure
to high concentrations of carbon dioxide, increase in
humidity and increase in temperature (Mandal and
Sadhukhan, 2019). Khan e a/. (2013) reported that
small pinheads-like were formed 6-7 days after the

spawn running and full colonization.

Fruiting body formation is another reproductive stage
and final stage during mushroom cultivation (Khan ez
al.,2013).’The time taken for fruiting body formation
was recorded by counting from the day of pinhead
emergence until the day developed fruiting bodies can
be harvested. The results obtained from Table 2 show
that there was no significant difference (P>0.05) in
the number of days for fruiting body formation in all
the treatments which ranged from 2.2 to 3.2 days.

Among all the treatments, the least total time taken for
the first harvesting of mushrooms was led by treatment
with combined ES-HLI (30.4 days), followed by HLI
(35.6 days), ES (32.2 days) and Alternate ES-HLI
(32.8 days) whereas control took the longest time of
51 days. Sakamoto (2018) reported that mushroom
bags treated with high light intensity positively affect
both the aggregation of hyphae and the maturation of
the fruiting bodies. In addition, the normal expansion
of pileus requires light and the formation of spores
requires phototropism (Sakamoto, 2018; Khan and
Chandra, 2017). This statement was complemented
by the results obtained in this study where treatment
involving high light intensity had a shorter period to
complete both vegetative and reproductive stages.

Mushroom yield

'The mushroom yield can be quantified directly by
summing up the fresh weight of mushroom fruiting
bodies across five harvesting cycles or indirectly by
determining the biological efficiency percentage.

Results presented in Table 3 highlighted the
significant increase in mushroom yield from electrical
shock treatment with a total weight of 375.5 g and
75.7% biological efficiency. The treatment with the
second-highest yield was the alternate ES-HLI
(319.5 g), succeeded by combined ES-HLI, HLI,
and the control. Notably, there was no significant
difference (P>0.05) in yields among these three
treatments, ranging from 259.5 to 285.0 g, and the
corresponding percentages were 51.9-57.0%. In
general, treatments that involved electrical shock
had relatively higher yields. Electrical shock-related
research done by Ibrahim ez a/. (2020) on mushrooms
also displayed a better yield of mushrooms. Similar
results were also reported by Takaki ez a/. (2014) where
the fruit body formation of mushrooms increased
1.3-1.9 times as measured by the total weight when
using electrical stimulation. The migrating electrical
charges through the substrate particles may induce a
change in environments and activate specific enzymes
in mycelium to produce a higher yield of mushroom
fruiting bodies.

Table 3: Yield of grey oyster mushroom in term of
total weight and percentage biological efficiency (of 5
harvesting cycles) subjected to different physical stimulant
treatments.

Treatment Total weight (g) Biological
efficiency (%)
Control 259.5+£31.19® 51.9+6.24°
Electric shock (ES) 378.5+39.03¢  75.7+7.812
High light intensity (HLI)  275.5£29.28>  55.1+5.86P
Combine ES-HLI 285.0+£29.32b 57.0+5.86P
Alternate ES-HLI 319.5+£30.592>  63.9+6122b

Note: Values represent the means of 5 replicates. Means (n=5) +
standard deviation. a-b: Values with different superscripts within
the same column are deemed significantly different at a 5% level of
significance (P<0.05).
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According to Ibrahim (2023), The fundamental
process of these physical stimulant treatments (in
this case electrical shock) involves subjecting the
mushroom hyphae to specific conditions (such as
intensity, duration, and treatment frequency) to induce
stress and create injuries or ruptures. This, in turn,
triggers enzyme activity and boosts cell metabolisms
for recovery. However, the stimulant treatment must
be optimal, as inadequate or excessive treatment may
lead to reduced or negative eftects.

Pileus diameter

Table 4 shows the average diameter of mushroom
pileus from different physical stimulant treatments.
The results show that the high light intensity
treatment has significantly (P<0.05) the longest
diameter indicating the largest pileus of 10.09 cm
compared to other treatments. This is followed by
combined ES-HLI (9.81 cm), alternate ES-HLI
(9.76 cm) and electrical shock (9.02 cm). However,
mushrooms from control bags were relatively smaller
in size with a mean of only 6.48 cm pileus diameter.
Large pileus size may be one of the contributors to
higher mushroom yield.

Table 4: The diameter of pileus of grey oyster mushroom
subjected to different physical stimulant treatments.

Treatment Pileus diameter (cm)
Control 6.16+1.20¢

Electric Shock (ES) 9.02+2.89>

High Light Intensity (HLI) 10.09+2.442
Combine ES-HLI 9.81+1.95®
Alternate ES-HLI 9.76+1.83®

Note: Values represent the means of 5 replicates. Means (n=5) *
standard deviation. a-b: Values with different superscripts within
the same column are deemed significantly different at a 5% level of
significance (P<0.05).

Table 5: The color of P sajor-caju subjected to different

physical stimulant treatments.

Treatments Colour

L* value a*value b* value
Control 62.35+4.23> 4.50+0.46 14.77+0.80%
Electric shock (ES) 64.43+4.30> 4.21+0.63= 15.69+1.86°
High light intensity 72.63+7.74% 2.65+1.28> 14.08+1.112
(HLI)

Combine ES-HLI
Alternate ES-HLI

67.00£8.82:> 3.49+1.252> 14.80+1.65*
65.72+2.33* 3.97+0.28* 15.00+0.66*

Note: Values represent the means of 9 replicates. Means (n=9)
standard deviation. a-b: Values with different superscripts within
the same column are deemed significantly different at a 5% level of
significance (P<0.05).

Pileus color

'The color of mushroom pileus subjected to different
physical stimulant treatments was compared by
using a chromameter as shown in Table 5. There
were 3 parameters for color where the color L* value
represents the lightness of the pileus color which
ranges from 0 (black) to 100 (white). According to
the results presented, there are significant differences
(P<0.05) in color L*values among different treatments.
'The lightest pileus color was from high light intensity
treatment (72.63) followed by combined ES-HLI,
alternate ES-HLI, electrical shock, and control with
color L* values of 67.00, 65.72, 64.43 and 62.348
respectively. In this study, mushroom bags subjected
to high light intensity were exposed to 1500 lux for
a short time. Ballettini ez a/. (2019) claimed that
light intensity influenced the colour of the pileus.
Insufficient amounts of light resulted in the pale-
colored pileus. However, the results obtained in this
study showed the opposite outcome.

Significant distinctions (P<0.05) in color a* values
(indicating redness) were noted across all the
treatments. Mushrooms from control, ES and
alternate ES-HLI treatments had higher (P<0.05) a*
values of 4.50, 4.21 and 3.97, respectively compared
to other treatments. The a* values obtained were also
inversely proportional to their respective L* values
for every treatment. On the other hand, for b* values
(indicating yellowness), no significant difference
(P>0.05) was noted among the various physical
stimulant treatments, with values ranging from 14.08
to 15.69. The insignificant values of b* might be due
to the physical stimulants applied not having much
effect on the color or pigments (yellowness) in the
grey oyster mushroom pileus.

Conclusions and Recommendations

In conclusion, the effect of high light intensity and
electrical shock treatments has proven to have a
positive impact on the growth performance and
yield of grey oyster mushrooms (P sajor-caju).
Spawn-running time was shown the shortest when
stimulated by ES, alternate ES-HLI and combined
ES-HLI treatments. Time taken for pinhead
emergence was led by HLI meanwhile combined ES-
HLI treatment was the fastest for overall spawning
until the formation of fruiting bodies for first
harvesting. Among all the treatments in this study,
mushroom stimulated with electrical shock seems to
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be the most effective treatment compared to others
due to the highest yield, shorter growth period and
comparable postharvest quality. Nevertheless, the
treatment of high light intensity appeared to have
the largest diameter of pileus with the lightest color
whereas the control treatment had the highest color
a* value (redness). Mushroom growers can use these
physical stimulants to improve the productivity of the
mushroom industry. Further research is warranted to
explore the optimal conditions, including intensity,
duration, and treatment frequency, for each stimulant.
Additionally, investigating the synergistic effects of
combining these stimulants holds significant potential
and merits further exploration.
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