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ABSTRACT

Ganoderma (Basidiomycota, Ganodermataceae) species are saprophytic mushrooms that are widely
known for their medicinal properties and are used in many Asian countries. This study focused on the
effects of nutritional (culture media), environmental (pH, aeration, illumination, and temperature), and
fructification of six Ganoderma species rescued from Luzon Island, Philippines. Mycelia of the tested
Ganoderma species preferred coconut water agar as their basal culture media with pH levels ranging
from acidic to slightly acidic medium (pH 5.0-6.0) while others were unaffected (pH 5.0-8.0). Aeration
was not a major factor for three species whereas Ganoderma applanatum and Ganoderma lucidum
strain 2 favored sealed conditions and Ganoderma lucidum strain 1 preferred unsealed. Light was
proven to be beneficial for mycelial growth of G. lucidum strain 2 and dark conditions for G.
applanatum though others were not affected. The majority of the Ganoderma species favored room
temperature (30°C) for optimum growth although G. weberianum preferred 23°C. In conclusion,
optimized and domesticated species/strains of Ganoderma showed variation among their fructification
parameters and provide a data baseline for further studies.
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INTRODUCTION

Diverse mushroom species can be found in temperate and tropical regions of the world and
represent a large biodiverse group of organisms (Hawksworth 2001). Fungi play an important role as
pathogens, decomposers, and symbionts in terrestrial ecosystems (Mueller et al. 2007). These are most
visible at the start of the rainy season, but these can also be found in a variety of habitats and substrates,
including rich soils, grassy ground, decaying plant litter, animal manure, and wooden logs in forests
(Loépez-Quintero et al. 2012). Over the years, mushrooms have been collected and consumed as a
delicacy for their nutritional and medicinal properties (Nacua et al. 2018). These are low in calories and
have a rich nutritional value with high protein content, vitamins, minerals, chitin, trace elements,
cholesterol, and other bioactive mycochemicals (Wani et al. 2010). Medicinal activities can be observed
among mushroom species, an example of which is Ganoderma lucidum. It contains triterpenoids,
polysaccharides, mycins, steroids, and organic germanium (Ge) that contribute to its medicinal effects
(Deepalakshmi and Mirunalini 2011; Taofiq et al. 2017).
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The vast ecosystems in the Philippines provide a suitable habitat for various macrofungal
species. Studies with regards to species listing, biodiversity, and distribution have been conducted on
Luzon Island, the Philippines to identify the present mushrooms in the area. Common mushroom genera
found in the wild include Auricularia, Ganoderma, Lentinus, Marasmiellus, Phelinus, Pleurotus,
Schizophyllum, Termitomyces, and Trametes (Dulay et al. 2020; Licyayo 2018; Liwanag et al. 2017).
Ganoderma (Ganodermataceae) are wood-rotting basidiomycetous fungi with a double-walled
basidiospore that are common in tropical areas and have a close relationship to Asian traditional
medicine (Donk 1946; Lin and Zhang 2004). The basidiocarp of this fungus has a laccate (shiny) or
non-laccate (dull) pilear surface, and the basidiospores have an ovoid shape that is enlarged or truncated
at the apex (Monclavo 2000). G. lucidum is a well-studied mushroom for its numerous bioactive
compounds. It is mainly composed of polysaccharides, trace elements, fats, soluble proteins, and fiber,
with domesticated varieties having similar nutritional values to wild types (Wasser 2005). Further
studies show that several species of Ganoderma have antioxidant, antibacterial, and antidiabetic
properties (Ma et al. 2015; Mohammadifar et al. 2020; Osinska-Jaroszuk et al. 2014).

Various Ganoderma spp. were documented, and identified from Luzon Island, the Philippines.
Secondary mycelia of these mushrooms were successfully rescued and added to the culture collections
of Philippine wild mushrooms at the Center for Tropical Mushroom Research and Development,
Central Luzon State University. Knowing the bioactive compounds present in Ganoderma, it is of
valuable interest to understand and determine the optimal culture conditions and fructification
capabilities for mushroom biomass production that can lead to possible pharmacological utilization.
This study sought to determine the optimal growth conditions of six collected Ganoderma
species/strains.

MATERIALS AND METHODS

Evaluation of culture medium and pH. Four indigenous culture media namely: coconut water gelatin
(CWG), potato sucrose gelatin (PSG), rice bran decoction gelatin (RBDG), and corn grit decoction
gelatin (CGDG), and four commercially dehydrated media, such as potato dextrose agar (PDA), malt
extract agar (MEA), Sabouraud dextrose agar (SDA) and mycological agar (MA) were used. Indigenous
cultural media decoctions were prepared separately in 1L of distilled water using 250g of evenly sliced
potato, 50g of rice bran, and 50g of corn grit. These decoctions were boiled separately until
homogenized and strained to remove large particles and impurities. This mixture and coconut water
were added discretely with 10% agar (local crude agar), 1% sucrose (for PSG, RBDG, and CGDG), and
brought to boiling point to further homogenize the media. The dehydrated media were prepared
according to the manufacturer’s instructions: PDA; 39g/1000ml of distilled water (HIMEDIA), SDA,;
659/1000ml of distilled water (HIMEDIA), MA; 35g/1000ml of distilled water (HIMEDIA), and MEA;
33.69/1000ml of distilled water (CONDA). All media were transferred into Erlenmeyer flasks with
cotton plugs, sterilized in an autoclave at 121°C for 15 minutes, pour-plated, and solidified. Three
replicates of the medium were prepared. A seven-day-old pure culture of secondary mycelia of the
mushrooms was used. Each culture medium was aseptically inoculated with 10 mm-diameter mycelial
discs centrally in the plated medium, sealed, and incubated at room temperature. The mycelial growth
diameter of each mushroom species was measured every 24 hours for seven days and mycelial density
was also recorded.

The optimum pH of the medium was determined once the optimal culture medium was
established. Preparation of the media was done under the same procedure with the exception of
adjusting the pH of the culture media from pH 5.0 to 8.0 at 0.5 intervals. Mycelial growth rate and
thickness were also observed.

Evaluation of aeration, illumination, and temperature. The mycelial plate cultures with optimized
medium and pH were subjected to three physical environmental factors, namely: aeration, illumination,
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and temperature, to elucidate the effects on the secondary mycelial growth and density. The plate
cultures were incubated in two aeration conditions (sealed and unsealed), two illumination conditions
[artificial light (322.92 lumens/m?) and complete darkness], and three temperature conditions (6, 23,
and 30°C). Three replicates were prepared for each condition. Mycelial growth rate and mycelial
thickness were noted.

Grain spawn preparation. The substrate used for the spawn production of Ganoderma species was
unmilled rice. Unmilled rice seeds were thoroughly washed and boiled in water until partial cracking
of grains was observed, drained, and packed into 6 x 12 x 0.3 polypropylene bags (PP bags). The grains
were then sterilized in an autoclave at 121 °C for 1 hour. An agar block of mushroom mycelia with the
optimum culture conditions was then inoculated in sterilized grains and allowed for full mycelial
ramification. After full ramification with mycelia, the grain spawns were used as inoculants for the
production of mushrooms.

Fruiting body production. The main substrates used to determine the fruiting body production and
bio-efficiency of Ganoderma species were rice straw and sawdust. Aseptically, 40 g of fully ramified
mushroom grain spawns were inoculated into pasteurized fruiting bags (500g) using 6 x 12 x 0.3
(inches) PP bags containing the formulated rice straw-based substrate (7 rice straw: 3 sawdust v/v),
composed of soaked rice straw for 5 to 7 days for partial degradation of lignin as well as other
components and sawdust obtained from local lumber mills. These two were mixed and maintained a
moisture level of 65% prior to pasteurization (60-100°C) for 8 hours, developed by the CLSU Center
for Tropical Mushroom Research and Development (CLSU-CTMRD). Inoculated fruiting bags were
then incubated at room temperature until the substrate is completely ramified by mycelia. The fully
ramified bags were opened at one end to allow fruiting initials to develop into mature basidiocarps.
Matured fruiting bodies were harvested, evaluated by measuring the pileus and stipe and weighed to
determine the yield per bag and biological efficiency. Periods of incubation and primordial development
were also recorded.

Statistical analysis. The data were analyzed using Analysis of Variance at a 5% level of significance
and compared using Tukey’s honestly significant difference and t-test.

RESULTS AND DISCUSSION

Culture media. In general, mushrooms require sources of carbon and nitrogen to facilitate normal
metabolic processes essential for survival. The different Ganoderma species statistically favored CWG
as their suitable culture media, with the capability to colonize the substrate rapidly (Table 1).

Table 1. Mycelial growth of Ganoderma species on different culture media, pH, aeration, illumination
and temperature.

Factors Mycelial growth rate (day)

Culture G. G. G. G. lucidum  G. lucidum G.

media applanatum  gibbosum australe strain 1 strain 2 weberianum
CWG 13.04£0.32%  15.00+0.00* 15.00+0.00 12.28+0.55% 12.86+0.00®° 15.00+0.00?
PSG 8.21+2.34¢  10.74+0.60% 14.68+0.35* 4.45+1.39° 7.21+0.32%  8.83+1.20°

CGDG 11.47+0.54*  10.01+0.17% 13.26+0.32" 5.57+0.45°" 6.33+0.35% 12.34+0.52b
RBDG 15.00+0.00*  13.27+0.14° 15.00+0.00* 10.97+0.48* 9.53+0.85° 13.76+1.47%
PDA 13.13+0.31* 11.05+0.38° 14.44+0.45° 8.37+0.49% 7.48+0.40 10.65+0.11°%
MEA 10.05+0.78%  7.58+0.28° 13.05+0.72° 7.01+0.75%  3.69+0.767 10.25+1.10%
SDA 14.54+0.40°  9.82+0.78%  14.61+0.397 10.03+0.91° 8.11+0.77°° 13.13+0.66**
MA 9.75+1.20%  6.95+0.18°  12.43+0.28° 5.35°+0.31F 5.27+0.15°  8.81+0.85°
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Factors Mycelial growth rate (day)
Culture G. G. G. G. lucidum  G. lucidum G.
media applanatum  gibbosum australe strain 1 strain 2 weberianum
pH
5.0 13.50+1.49%  12.84+0.41° 15.00+0.00° 11.87+0.44% 11.81+0.42% 12.30+0.03%
55 12.3740.49° 14.27+0.44®® 13.47+0.38° 11.66+1.20% 12.46+0.68* 12.55+0.15%
6.0 14.83+0.30* 13.97+0.04%° 13.32+0.32° 11.32+0.71* 12.86+0.00° 12.29+0.05%
6.5 9.58+0.00¢  13.53+0.84° 12.99+0.05> 8.75+0.84%® 11.98+0.97® 11.90+0.31°
7.0 11.23+0.39%  14.77+0.11% 13.42+0.19° 6.87+1.20° 12.27+0.46° 11.13+0.09°
7.5 10.42+0.71%  14.46+0.56% 11.26+0.13° 8.60+2.30® 11.61+0.18% 10.75+0.33¢
8.0 10.09+0.65¢  15.00+0.00° 13.19+0.17° 8.86+3.36®® 11.52+0.08*  10.07+0.34¢
Aeration
Sealed 18.00+£0.00*  15.00+0.00* 12.78+0.14* 11.67+1.29®° 15.00+0.00* 12.03+0.56%
Unsealed 14.58+0.75° 13.91+1.20° 12.39+0.81* 6.69+0.69° 13.01+0.56° 11.14+0.34%
Illumination
Light 4.73+0.77°  15.00+0.00®° 12.86+0.00* 10.40+0.39® 15.00+0.00% 11.44+0.98?
Dark 18.00+0.00* 15.00+0.00° 12.86+0.00*° 12.86+0.00° 13.50+0.15° 11.57+0.892
Temperature
6°C No Growth ~ No Growth ~ No Growth  No Growth ~ No Growth  No Growth
23°C 15.22+0.24°  14.26+0.66* 14.52+0.83% 14.93+0.12% 12.52+0.61° 12.51+0.08?
30°C 18.00+0.00*  15.00+0.00° 15.00+0.00* 15.00+0.00° 15.00+0.00* 11.90+0.27"

Mature coconut water contains minerals such as K, Ca, Na, Mg, P, Cu, and Fe (Uphade et al.
2008). These elements are necessary for enhanced optimum growth of mycelia and directly affect the
yield of several mushrooms (Jonathan and Fasidi 2001; Siwulski et al. 2019). In addition, most of the
soluble solids found in coconut water are sugars; glucose, fructose, and sorbitol (Shubhashree et al.
2014). These high concentrations of sugar provide the secondary mycelia with large amounts of energy
for substrate colonization. While the aforementioned minerals and sugar constituents are present in
other culture media used in the experiment, the distinct growth rates are accounted for by the
concentration availability of these components from one medium to another.

Similar studies revealed Ganoderma species prefer coconut water gelatin as their basal
medium for optimum growth and biomass production (Bellere 2018; Magday et al. 2014). The outcome
of this experiment also showed that different species of the same genus can favor the same nutritional
requirements. Likewise, Pleurotus citrinopileatus, P. djamor, and P. salmoneostramineus cultured in
CWG had luxuriant growth and thick density (Jacob et al. 2015). The aforementioned findings support
the results from this study that CWG is the best medium for the optimum growth of Ganoderma mycelia.

Effect of pH. Different species of Ganoderma in this study grew favorably in acidic to basic conditions.
G. applanatum, G. australe, and G. weberianum had luxuriant mycelial growth on pH 5.0-6.0 indicating
that these are pH sensitive while G. lucidum strain 1, G. lucidum strain 2, and G. gibbosum were not pH
sensitive, hence having a broad pH range (Table 1). According to research, the optimal pH range for
Ganoderma species is between 5.0 and 9.0 (Jayasinghe et al. 2008; Jo et al. 2009). Moreover, a Thailand
strain of G. australe exhibited optimal growing conditions at pH 7.0-8.0 (Hyde 2017). This is not
consistent with the pH 5.0 requirement of G. australe (Philippine strain) used in this study. This
indicates that optimal pH conditions are species/strain dependent.

Influence of aeration. The presence or absence of air proves to be important for normal mycelial

activity and growth. Table 1 shows no significant difference between G. gibbosum, G. australe, and G.
weberianum under both aeration conditions (sealed and unsealed). Similar conditions were beneficial
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to three strains of Volvariella volvacea (Abon et al. 2020). G. applanatum registered the highest
mycelial growth rate under sealed conditions. This response was observed in G. lucidum, Lentinus
strigosus BIL 1324, and Lentinus swartzii, (Dulay et al. 2017; Dulay et al. 2021; Magday et al. 2014).
Interestingly, the two strains of G. lucidum favored distinct aeration conditions, G.lucidum strain 1
under unsealed conditions and G.lucidum strain 2 under sealed conditions. This outcome is similar to
the study of Kalaw et al. (2021) wherein sealed conditions was ideal for Lentinus squarrosulus strain 1
while Lentinus squarrosulus strain 2 grew luxuriantly in both sealed and unsealed conditions.

Influence of light. In the present study, mycelial growth of G. lucidum strain 2 statistically preferred
lighted conditions while G. gibbosum, G. australe, G. lucidum strain 1, and G. weberianum were
unaffected in both conditions shown in Table 1. Chlorophyllum molybdites and V. volvacea incubated
under lighted and dark conditions displayed no discrepancies in their mycelial growth, indicating similar
responses in other species as well (Abon et al. 2020; Garcia et al. 2020). Interestingly, G. applanatum
favored dark environment as well as Fomitopsis feei, L. swartzii, and L. strigosus (De Leon et al. 2020;
Dulay et al. 2020).

Influence of temperature. The results from this study imply that the Ganoderma species are grouped
as tropical mushrooms due to statistically optimal growing conditions at 30°C. Likewise, two oyster
mushroom species have the same optimal temperature of 28°C followed by 32°C and has improved
growing conditions in autumn and summer seasons of tropical regions (Hoa and Wang 2015). However,
G. weberianum has statistically optimal growth under air-conditioned (23°C). No growth was observed
under refrigerated conditions (6°C) due to reduced enzymatic activity at low temperatures seen in Table
1.

The outcome of this study indicates that optimal temperatures are species/strain dependent.
Other findings show that environmental temperatures between 20-30°C proved beneficial for the
mycelial growth of V. volvacea, P. salmoneostramineus, P. cornicopae, P. eryngii, P. giganetus,
Laetiporus sulphureus and Lentinus conatus (Akinyele et al. 2020; Karunarathna et al. 2014; Luangharn
etal. 2014).

Fructification on rice straw and sawdust-based substrate. Different morphological parameters of
the successfully cultivated Ganoderma species on rice-straw and sawdust-based formulation are shown
in Table 2 and Figure 1. Various Ganoderma species respond differently upon cultivation on the same
formulated substrate. G. australe and G. gibbosum registered the shortest incubation period with 21.3-
21.7 days, followed by G. applanatum, G. lucidum strain 1, G. lucidum strain 2 and G. weberianum
having 24.5-26.8 days. Although these mushroom species were grown under the same conditions,
substrate colonization depends on the carbon and nitrogen concentration requirements of the
species/strain (Hoa et al. 2015). Similar incubation periods can be observed in Lentinus strigosus (23.67
days) (Dulay et al. 2017). The variations may be due to the differences in temperature, species, and
humidity (Suwannarach et al. 2022).

Fully ramified fruiting bags were opened at one end and the days to primordia formation or
fruiting initials were observed. The two strains of G. lucidum displayed significant differences with
strain 1 having the earliest primordia after 19.6 days and strain 2 after 41.1 days. This is followed by
the primordia of G. weberianum, G. australe, G. applanatum, and G. gibbosum after 34.4, 37.9, 39.6,
and 40.0 days, respectively. Subsequently, the opened fruiting bags with emerged fruiting initials were
watered allowing the primordia to further develop into mature fruiting bodies. Matured fruiting bodies
of the Ganoderma species grown on rice straw substrates were measured shown in Table 2. With regards
to the cap diameter, G. australe measures 33.36 mm, G. gibbosum at 30.88 mm, G. applanatum at 28.10
mm, and G. weberianum at 25.6 mm. Interestingly, G. lucidum strain 1 had a wider cap diameter (32.70
mm) when compared with strain 2 (17.12mm) and was the narrowest among the species. In terms of
the stipe, G. lucidum strain 1 demonstrated the longest stipe (14.21 mm) among the species. This is
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followed by G. australe (8.82 mm), G. gibbosum (6.96 mm), G. lucidum strain 2 (3.56 mm), G.
applanatum (3.72 mm), and lastly, G. weberianum (3.14 mm).

w‘ “4

-

Fig. 1. Successfully domesticated Ganoderma species from Luzon Island, Philippines, Ganoderma
applanatum AS4 (A), Ganoderma gibbosum AS10 (B), Ganoderma australe SS54 (C), Ganoderma
lucidum strain 1 CPS6 (D), Ganoderma lucidum strain 2 C006 (E), Ganoderma weberianum DQS74

(F).

The yield and biological efficiency (BE) of the six culturally optimized Ganoderma species
grown on rice-straw and saw dust formulation are displayed in Table 2. It can be perceived that G.
australe had the lowest yield and a conforming BE while the highest recorded yield and BE among the
Ganoderma species tested was that of G. applanatum. This was followed by G. weberianum, G. lucidum
strain 1, G. lucidum strain 2, and G. gibbosum. These outcomes are very low when compared to a
different cultivation method of Ganoderma leucocontextum, G. resinaceum, and G. gibbosum in soil
casing layer (60.43% BE and 253.82 g/kg; 26.94% BE and 7.02 g/kg; 73.80% and 284.15 g/kg,
respectively) and non-casing layer cultivation methods (13.60% BE and 58.18 g/kg; 109.26% BE and
27.75g/kg; 40.26% BE and 172.08g/kg, respectively) (Luangharn et al. 2020). G. lucidum grown in
three different sawdust as basal substrates, on the other hand, yielded 15.059/400gm with 15.69% BE,
1.5¢/400gm with 0.512% BE, and no yield due to poor mycelial growth (Gurung et al. 2012). This
indicates that the basal substrate affects greatly the development and morphology of fruiting bodies in
mushrooms. The variation in the growth performance and morphology can be attributed to the genotype
and physiological differences among the species and strains (Kalaw et al. 2021). Furthermore, different
species of mushrooms require different carbon/nitrogen ratios in the substrate to obtain the highest yield
possible (Kumla et al. 2020). Prevailing environmental conditions also affects the yield and
morphological characteristics of the mushroom species (Chang and Miles 2004; Sher et al. 2010).
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Table 2. Morphological characteristics of successfully cultivated Ganoderma species on rice straw-
based substrate.

Days to

Mushroom Incubation Primordia _Cap Stipe Yield Blo_lo_glcal
. : e Diameter Length per Efficiency
Species Period (days) Initiation
(mm) (mm)  bag (9) (%)
(days)

Sanl‘;?]:;mni‘ 245 396 28.10 3.72 10.61 212
(er) 2 u +3.10 +2.36 +2.75 +135  +3.32 +0.66
QEEOderma 217 40.0 30.88 6.96 7.00 1.40
?IAsfg;Jm +1.25 +2.0 +3.73 +1.69  +1.15 +0.23
Gar:"dlerma 213 37.9 33.36 882 458 0.91
?g;gj)e +1.25 +2.38 +6.96 +1.68  +1.69 +0.34
ﬁi:‘ doudrf]”;‘t"r"ain 24.6 19.6 32.70 14.21 8.7 1.74
1 (CPSE) +151 +0.97 +2.96 +271  +1.63 +0.33
ﬁ"é‘:‘ doud;”:t"r"am 25 411 17.21 3.56 73 1.46
2 (C008) +2.44 +1.66 +2.36 +1.13 +2 +0.4
v%:‘g:ﬂ:mfn 26.8 34.4 25.6 3.14 9.7 1.94
(DOS74) +0.91 +1.63 +1.82 +1.46  +221 +0.44

CONCLUSIONS

The optimal nutritional (culture media) and physical (pH, aeration, illumination, and
temperature) requirements for the secondary mycelial growth of Ganoderma species and cultivation
capacities using rice straw and sawdust-based substrate has been established. These findings prove that
mycelia of Ganoderma species/strains respond differently when cultured under various conditions and
favor different factors per species/strain. The incubation period, primordia initiation, cap diameter, stipe
length, yield, and biological efficiency varied in performance among the species. G. applanatum
exhibited the best cultivation performance among the species evaluated. However, further studies on
the effect of substrate supplementation need to be investigated to improve the yield and biological
efficiency of each species, especially for G. australe and G. gibbosum.
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