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Background and Objectives: Ganoderic acid (GA) is a type of
triterpenoid compound produced by different species of Ganoderma. This
secondary metabolite has garnered significant interest in recent years due
to its remarkable medicinal properties. While Ganoderma lucidium is
renowned for containing this compound, other species are also considered
viable alternatives. Among these species, Ganoderma adspersum holds
great importance. It can be found as a parasite or saprophyte on living
trees, and sometimes on tree stumps. Its basidiocarp bears a striking
resemblance to G. applanatum, often leading to confusion between the two.
This species has been attributed with various medicinal properties,
including but not limited to reducing blood pressure and blood sugar,
strengthening the immune system, and possessing antiviral, antibacterial,
and anti-inflammatory properties. Moreover, it serves as a primary source
for the production of ganoderic acid. In this study, molecular identification
of the fungus was conducted to confirm the species and ultrasound waves
were employed as an elicitor to enhance ganoderic acid production in vitro
conditions. The results were analyzed for both intracellular and
extracellular conditions.

Materials and Methods: Mushrooms were collected in three different
sizes: small, medium, and large. Following purification, they underwent
morphological and molecular identification. The samples were then
cultured in a PDA medium, and after 14 days, they were transferred to a
suspension culture medium (PDB). Subsequently, the samples were
subjected to ultrasound stimulation, with varying parameters including the
number of times exposed to sound (ranging from 1 to 3 times), duration of
exposure (60, 180, and 300 seconds), and sound temperature (30, 40,
and 50 °C). Subsequently, extracts were obtained from both mycelium
and mushroom culture medium in the suspension culture, and the levels
of intracellular and extracellular ganoderic acid were measured. To
accomplish this, the RSM (Response Surface Method) and Box-Behnken
design were employed. In total, 17 experiments were designed using
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Design Expert 7 software, and the software aided in determining the
optimal variable values for achieving maximum ganoderic acid production.

Results: According to morphological and molecular identification, the
selected species of Ganoderma is called adspersum. The presence of
ganoderic acid in this mushroom was proved. It was found that among the
three sizes of mushrooms selected, the larger size (21 x 16 cm) had more
ganoderic acid than the other two sizes, and this size was used for sampling
and elicitor induction. The highest amount of total ganoderic acid was
related to sonication twice for 282 seconds and a temperature of 30 degrees
Celsius (79.21 mg/g), which increased the amount of total ganoderic acid
by 1.6 times compared to the control, while this amount It was 25.48 mg/g
in natural mushroom.

Conclusion: Cultivating mushrooms in invitro rather than relying on forest
harvesting presents a sustainable approach for extracting plant secondary
metabolites. Among the valuable metabolites found in Ganoderma
mushroom species, ganoderic acid stands out as a key compound with
anti-inflammatory and antiviral properties. Given the challenges associated
with extensive forest harvesting and the limited accessibility to forest
resources, it becomes imperative to adopt novel methods of mushroom
cultivation under controlled laboratory conditions as a viable alternative to
forest collection. In line with the objective of enhancing ganoderic acid
production, the current study represents the first investigation conducted on
Ganoderma adspersum. Notably, this fungus is being reported for the first
time on Carpinus betulus. Given the remarkable increase of over 1.5 times
in total ganoderic acid levels following ultrasound treatment compared to
the natural mushroom sample, it is recommended to conduct further
research to achieve more comprehensive identification and characterization
of ganoderic acid types.
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Ganoderma species
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Culture number

IDNA-ITS ailas (gl ; 05 b o s slaejlod

GenBank accession numbers for DNA-ITS region

Ganoderma adspersum
Ganoderma adspersum
Ganoderma applanatum
Ganoderma applanatum
Ganoderma australe
Ganoderma carnosum
Ganoderma chocoense
Ganoderma cupreum
Ganoderma curtisii
Ganoderma destructans
Ganoderma eickeri
Ganoderma enigmaticum
Ganoderma flexipes
Ganoderma fornicatum
Ganoderma gibbosum
Ganoderma japonicum
Ganoderma leucocontextum
Ganoderma lingzhi
Ganoderma lipsiense
Ganoderma lucidum
Ganoderma mastoporum
Ganoderma mbrekobenum
Ganoderma meredithae
Ganoderma multipileum
Ganoderma neojaponicum
Ganoderma oregonense
Ganoderma pfeifferi
Ganoderma philippii
Ganoderma resinaceum
Ganoderma sanduense
Ganoderma shanxiense
Ganoderma sichuanense
Ganoderma tsugae
Ganoderma tropicum
Ganoderma weberianum
Ganoderma wiiroense
Ganoderma adpersum
Pycnoporus megacotyle

IRAN HSBU200882
IRAN HSBU200894
voucher LE 287671
voucher LE 287658
voucher HMAS86595
voucher K(M)109415
QCAM 3123
isolate SUT H1
CBS 100131
CBS 139793
CMW 49692
CBS 139792
voucher Wei5491
AS5.539 type 2
AS5.624 type 4
AS5.69 type 1
GDGM 40200
voucher Wu1006-38
isolate FIN 251R90
IRAN HSBU200898
FRIM 98
MIN 850481
CBS 271.88
voucher Dai9521
AS5.541 type 2
CBS 265.88
voucher K(M)120818
voucher E7425
IRAN HSBU2008100
GACP 18012501
BJTC FM423
voucher HMAS42798
voucher CLZhao 129
voucher Dai9724
isolate SUT H2
MIN 938704
GAl

KT343311
KT343313
MN435140
MN435132
AY884184
AY884175
NR163763
AY569450
JQ781848
NR132919
NR165524
NR132918
JQ781850
AY593860
AY593857
AY593864
NR154902
JQ781858
EF060006
KT343316
AJ627585
NR147647
NR164435
JQ781874
AY593867
JQ781875
AY884185
AJB08713
KT343317
NR164049
NR172766
JQ781877
MG231528
JQ781879
AY569451
NR158480
ON259614
KJ920285

1- Bootstrap
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Figure 1. Macro and micromorphological characteristics of G. adspersum.
a: Basidiocarp; b: Pores (zoom 40X); c: Basidiospores (zoom 40X).
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Figure 2. a: Early mycelium growth from Ganoderma adspersum (for 5 days); b: Mycelial colonies
of G. adspersum: grown on PDA for 3 days and 25 °C; c: for 6 days, d: for 8 days.
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Figure 3. Phylogenetic tree constructed with the Neighbor-Joining method using ITS sequences of some
Ganoderma species to show the phylogenetic position of our isolate.
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Table 3. Comparison of GA in different sizes of G. adspersum with ANOVA test.
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Figure 4. Average GA in different sizes of G. adspersum.
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Table 4. Design layout of the Bencken box experiment and the results obtained.
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Table 5. Analysis of variance and estimated regression coefficients of total GA production.
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Table 6. Comparison of the significant difference between the optimized GA and control with the T-test.
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Figure 7. The average of optimized ganoderic acid and control in G. adspersum.
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