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Abstract
There is a growing importance of alternative anticancer and anti-inflammatory treatments. 
Current interest lies in natural medicine and secondary metabolites present in plants, particularly 
focusing on triterpenes. Ganoderma lucidum is a fungal species of significant commercial 
interest due to its therapeutic and medicinal properties resulting from secondary metabolites 
such as polysaccharides and triterpenes. These compounds exhibit antitumor activity and 
bolster the immune system. The study aimed to assess the antimicrobial activity of G. lucidum 
extracts, both commercial and wild. The content of ganoderic acids in all extracts showed 
a slight difference in concentration between commercial and wild extracts. However, no 
bacterial inhibition halos were observed in any of the strains used. The presence of varying 
concentrations of ganoderic acids among treatments underscores the importance of optimizing 
and standardizing a comprehensive strategy for extracting secondary metabolites, focusing 
on producing high-quality supplements and pharmaceutical products. Furthermore, preserving 
the stability of the obtained triterpenes is necessary due to their importance in the medicinal 
properties of the fungus.
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Resumen
Existe una creciente importancia de los tratamientos alternativos anticancerígenos y 
antiinflamatorios. El interés actual radica en la medicina natural y los metabolitos secundarios 
presentes en plantas, con un enfoque particular en los triterpenos. Ganoderma lucidum es una 
especie fúngica de gran interés comercial por sus propiedades terapéuticas y medicinales 
debido a la presencia de metabolitos secundarios como polisacáridos y triterpenos, que 
presentan actividad antimicrobiana. El objetivo del estudio fue la evaluación de la actividad 
antimicrobiana de extractos de G. lucidum, tanto comerciales como silvestres. El contenido 
de ácidos ganodéricos en todos los extractos tienen una leve diferencia en la concentración 
entre los extractos comerciales y silvestres. Sin embargo, no se obtuvieron halos de inhibición 
bacteriana en ninguna de las cepas utilizadas. La presencia de diferentes concentraciones de 
ácidos ganodéricos entre los tratamientos, resalta la importancia de optimizar y estandarizar 
una estrategia integral de extracción de metabolitos secundarios, con un enfoque dirigido 
hacia la producción de suplementos y productos farmacéuticos de alta calidad. Además, es 
necesario preservar la estabilidad de los triterpenos obtenidos, dada su importancia en las 
propiedades medicinales del hongo.

Introduction
The fungus Ganoderma lucidum (commonly known as Reishi) is naturally distributed in Central 
America, characterized by a basidiocarp that grows near tree trunks and is renowned in medicinal 
fields for treating diseases. Polysaccharides and triterpenes are their primary components with 
significant physiological activity [1]. There exists substantial potential as an antiviral agent due 
to its capacity to enhance immune defenses through ganoderic acids (GA), ganodermanondiol, 
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lucidumol, and ganodermanontriol. Commonly employed extraction methods include hot water 
extraction, ultrasonic bath, maceration, and solvent-based extraction [2]. Quantification of 
different metabolites is primarily conducted using HPTLC techniques [3].
The key secondary metabolites of G. lucidum are triterpenes, which belong to the subgroup 
of terpenes [4]. These exhibit antimicrobial activity by disrupting specific sites on the bacterial 
plasma membrane [5]. Therefore, this study aimed to evaluate the antimicrobial activity of both 
commercial and wild natural extracts of G. lucidum, in addition to obtaining Ganoderma profiles 
(GA) for their potential use in the pharmaceutical industry.

Materials and Methods

Collection of Fungi
The wild mushrooms were collected from the green areas of the Omar Dengo Campus of the 
National University, located in Heredia, Costa Rica (latitude 10°00 ‘02.08” N, longitude 84°06 
‘34.61” W) in September 2023. On the other hand, the commercial powdered extract was 
obtained from a Costa Rican distributor. The experiments were conducted at the Teaching 
Biotechnology Laboratory (LABID), the Phytochemistry Laboratory (LAFIT), and the Microbial 
Biotechnology Laboratory (LABIMI) of the same university.

Extraction Process
The fungus was lyophilized, ground, and sieved to obtain particles smaller than 1 mm [7]. On the 
other hand, for the extract preparation, 2 g of mushroom and 200 mg of the commercial sample 
were weighed and dissolved in 15 mL and 2 mL of 95% ethanol:water (7:3), respectively [3]. 
The wild extract was obtained through sonication in an ultrasonic bath (40 KHz) for 5 minutes. 
The supernatant obtained was passed through a 0.45 μm filter using a syringe. The process 
was carried out in triplicate until a volume of 15 mL was obtained. Subsequently, the G. lucidum 
extract was concentrated using the Büchi Rotavapor R-200 equipment with a water bath at 40°C 
[8]. Once the solvent was evaporated, the solids were weighed and dissolved in 95% ethanol 
and water at a 1:1 ratio to achieve a final concentration of 100 mg/mL for both extracts.

Determination of terpenes by HPTLC
The Camag Autosampler ATS4, Derivatizer, and CAMAG TLC Visualizer 3 equipment were 
employed. The selected mobile phase consisted of a mixture of dichloromethane:ethyl 
acetate:cyclohexane: formic acid:ethanol (8:3:9:0.8:0.5) [8]. Aluminum-backed plates with a 
stationary phase composed of Silica gel 60 F254, measuring 20 x 10 cm, were used in the 
procedure. For band visualization, the plates were exposed to wavelengths of 366 nm and 254 
nm. Additionally, the following reference standards were incorporated: ganoderic acid AG-B, 
AG-D, and AG-F from the commercial house Sigma Aldrich, with the purpose of identifying the 
secondary metabolites of interest.

Antimicrobial assessment
The fungal extract was used to evaluate its antimicrobial inhibition capacity by forming inhibition 
zones. To achieve this, bacterial strains of Escherichia coli, Staphylococcus aureus and Proteus 
vulgaris were cultured with a concentration of 0.5 on the McFarland scale. These strains were 
transferred to test tubes containing 0.85% saline solution. Subsequently, 50 mL Falcon tubes 
were prepared with 25 mL of Muller-Hinton agar and 1 mL of each bacterial strain. After pouring 
the agar into Petri dishes, wells were created for the Ganoderma extracts and Streptomycin/
Penicillin (500 μg/mL) as a positive control, dispensing 50 μL in the wells. Finally, the Petri dishes 
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were incubated for 24 hours at 35°C for observation and measurement of the inhibition zones 
[5]. The collected data underwent statistical analysis using a mixed linear model with Poisson 
distribution, specifically designed to address the problem of inflated zero counts [6], and these 
were analyzed using the R Studio program (version 4.2.2).

Results
In Figure 1, the HPTLC chromatography for GA is shown, confirming the presence of terpenoids 
in all extracts obtained from G. lucidum. The band of GA from the wild ethanol extract (GA Wild 
Ganoderma) is observed with less intensity compared to the bands of the commercial extract. 
However, the concentrated sample of the wild extract (GA Wild Ganoderma 5:1) displays 
improved GA bands and a greater variety of compounds.

Figure 1. Profiles of ganoderic acid were analyzed from commercial and wild G. lucidum extracts 
using HPTLC. Band profile: Lane 1, GA-B standard. Lane 2, GA-D. Lane 3, GA-F. Lane 4, Commercial 
Ganoderma 1. Lane 5, Unconcentrated Wild Ganoderma. Lane 6, Duplicate Commercial Ganoderma. 

Lane 7, Concentrated Wild Ganoderma. Lane 8, Triplicate Commercial Ganoderma

In the evaluation of the antimicrobial effect, no bacterial inhibition halos were detected in any 
of the strains used for both extracts (F:17.45; df:2; p<0.05), despite the presence of ganoderic 
acids in the samples (see Figure 2).
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Figure 2. Antimicrobial tests of ethanolic extracts. Three positive controls with antibiotics are presented for three 
different strains: (A) E. coli, (B) S. aureus, and (C) P. vulgaris. In addition, plates with (D) commercial extract in E. 

coli, (E) wild extract in E. coli and (F) wild extract in S. aureus are shown, with a comparison to the positive controls

Discussion
In the chromatographic analysis, the absence of GA-F in the extracts indicates a lack of 
similarity with the reference pattern [9]. These differences are related to the generation of GA, 
specifically in the lanosterol biosynthesis process, which is influenced by structural changes 
through acetylation, methylation, and hydroxylation reactions [10]. On the other hand, the proper 
composition of GA is influenced by the substrate in which the fruiting body is found, due to the 
presence of fundamental enzymes that catalyze triterpene differentiation reactions, which are 
specific to certain substrates [11].
In the antibacterial tests conducted, the lack of bacterial inhibition could be related to the 
solvent used or the extraction time [7, 12]. Another potential extract type is the acetonic extracts, 
which have been reported to possess antimicrobial activity [13]. Additionally, the contents of 
antimicrobial compounds vary according to the culture conditions as well as the growth stage 
of G. lucidum [14]. In this case, to obtain high-quality extracts, it is recommended to employ 
specific culture media and adjust the culture conditions to maximize the yield of G. lucidum [15].
The stability of terpenes is of utmost importance due to their fundamental role in the medicinal 
properties of the fungus. The degradation of triterpenoids can compromise the quality and 
efficacy of the extracts. It is noteworthy that many triterpenes have demonstrated a wide range 
of biological activities, emphasizing the need to preserve their stability for application [16].
The need for optimization and standardization of bioactive extraction significantly impacts 
obtaining high-quality extracts and has the potential to drive the production of high-quality 
supplements and pharmaceutical products. This optimization is crucial for both public health 
benefits and the country’s economic development [17]. Despite the recent disclosure of data 
related to the genome and transcriptome of G. lucidum, there are still areas of knowledge that 
need exploration, including its potential in the antimicrobial field [18].
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Conclusion
There was no antimicrobial activity in both the commercial and wild extracts, as they did not 
reveal inhibitory effects on bacterial growth. It is suggested that factors such as time and the 
extraction solvent were not suitable for the specific growth conditions of the fungus. Finally, the 
optimization and standardization of extraction methods allow for producing high-quality extracts 
with potential applications in the pharmaceutical industry.

Acknowledgments
We would like to thank our colleague Andrew Lindwedel Cruz for the guidance provided during 
the analysis of the results.

References
[1]  L. F. Arce-Torres, I. Gómez-Díaz, M. Monge-Artavia, J. Prado-Cordero, “Metabolitos secundarios con actividad 

medicinal extraídos de hongos provenientes de Centroamérica”, Revista Tecnología En Marcha, vol. 33, no. 3, 
pp. 80–89, 2020. https://doi.org/10.18845/tm.v33i3.4416

[2]  E. Ekiz, E. Oz, A. M. A. El-Aty, C. Proestos, C. S. Brennan, M. Zeng, I. Tomasevic, T. Elobeid, K. Çadirci, M. 
Bayrak, & F. Oz, “Exploring the potential medicinal benefits of Ganoderma lucidum: From metabolic disorders 
to coronavirus infections,” Foods, vol. 12, no. 7, p. 1512, 2023. https://doi.org/10.3390/foods12071512 

[3]  S. Zheng, W. Zhang, & S. Liu, “Optimization of ultrasonic-assisted extraction of polysaccharides and triterpe-
noids from the medicinal mushroom Ganoderma lucidum and evaluation of their in vitro antioxidant capacities,” 
PLOS ONE, vol. 15, no. 12, e0244749, 2020. https://doi.org/10.1371/journal.pone.0244749 

[4]  R. A. Hill & J. D. Connolly, “Triterpenoids,” Natural Product Reports, vol. 37, no. 7, pp. 962–998, 2019. https://
doi.org/10.1039/c9np00067d 

[5]  L. A. Segovia-Tello, “Evaluación de la actividad antimicrobiana del extracto etanólico obtenido de Ganoderma 
lucidum frente a Escherichia coli, Staphylococcus aureus y Proteus mirabilis,” Tesis de Grado, Escuela 
Superior Politécnica de Chimborazo, 2017.

[6]  Hilbe, J. M., “The statistical analysis of count data/El análisis estadístico de los datos de recuento”, Cultura y 
Educación, vol. 29, no. 3, 409-460., 2017

[7]  R. Noverita & Y. H. LumbanTobing, “Antibacterial Activities of Ethanol Extracts Fruit Bodies of Ganoderma luci-
dum and Rigidoporus microphorus Against Escherichia coli and Staphlyococcus aureus,” Journal of Tropical 
Biodiversity, vol. 1, no. 1, pp. 35-46, 2020. http://e-journal.unas.ac.id/index.php/bio/article/view/25 

[8]  M. Abate, G. Pepe, R. Randino, S. Pisanti, M. G. Basilicata, V. Covelli, M. Bifulco, W. Cabri, A. M. D’Ursi, P. 
Campiglia, & M. Rodriquez, “Ganoderma lucidum ethanol extracts enhance Re-Epithelialization and prevent 
keratinocytes from Free-Radical injury,” Pharmaceuticals, vol. 13, no. 9, p. 224, 2020. https://doi.org/10.3390/
ph13090224 

[9]  D. Frommenwiler, D. Trefzer, M. Schmid, S. Cañigueral, & E. Reich, “Comprehensive HPTLC Fingerprinting: 
A novel economic approach to evaluating the quality of Ganoderma lucidum fruiting body,” Journal of Liquid 
Chromatography & Related Technologies, vol. 43, no. 11-12, pp. 414-423, 2020. https://doi.org/10.1080/1082
6076.2020.1725560 

[10]  W. Wang, H. Xiao, & J. Zhong, “Biosynthesis of a novel ganoderic acid by expressing CYP genes from 
Ganoderma lucidum in Saccharomyces cerevisiae,” Applied Microbiology and Biotechnology, vol. 106, no. 2, 
pp. 523-534, 2021. https://doi.org/10.1007/s00253-021-11717-w 

[11]  P. Bondzie-Quaye, M. S. Swallah, A. Acheampong, S. M. Elsherbiny, E. O. Acheampong, & Q. Huang, 
“Advances in the biosynthesis, diversification, and hyperproduction of ganoderic acids in Ganoderma luci-
dum,” Mycological Progress, vol. 22, no. 4, pp. 1-17, 2023. https://doi.org/10.1007/s11557-023-01881-w 

[12]  S. Quereshi, A. Pandey, & S. Sandhu, “Evaluation of antibacterial activity of different Ganoderma lucidum 
extract,” People’s Journal of Scientific Research, vol. 3, no. 1, pp. 9-13, 2010. https://doi.org/10.5281/zeno-
do.8285679 

[13]  D. Cör, Ž. Knez, & L. Chen, “Antitumour, antimicrobial, antioxidant and antiacetylcholinesterase effect of 
Ganoderma lucidum terpenoids and polysaccharides: a review,” Molecules, vol. 23, no. 3, p. 649, 2018. 
https://doi.org/10.3390/molecules23030649 



Tecnología en Marcha. Vol. 37, special issue. August, 2024
IEEE International Conference on Bioinspired Processing74

[14]  C. Rodríguez-Farinango, J. Pineda-Insuasti, D. A. B. Revelo, F. Ariel, M. Puetate, & C. A. P. Soto, “Producción 
de Ganoderma lucidum y su potencial medicinal: una revisión,” Revista Biorrefinería, vol. 4, no. 4, pp. 1–9, 
2021. https://www.cebaecuador.org/wp-content/uploads/2022/01/17.pdf 

[15]  A. M. Torres López, J. C. Quintero Díaz, & L. Atehortua Garcés, “Efecto de nutrientes sobre la producción de 
biomasa del hongo medicinal Ganoderma lucidum,” Revista Colombiana de Biotecnología, vol. 13, no. 1, pp. 
103-109, 2011. https://doaj.org/article/8e9e094bf8ab4827a9b89bd4a221cc92 

[16]  D. Castañeda-Antonio, “Caracterización fisicoquímica del extracto estandarizado del hongo medicinal 
Ganoderma lucidum y análisis de su impacto potencial en la salud humana,” Tesis doctoral en ciencias, 
Instituto de enseñanza e investigación en ciencias agrícolas, 2019.

[17]  R. A. Alsaheb, K. Z. Zjeh, R. A. Malek, J. K. Abdullah, A. El Baz, N. El Deeb, et al., “Bioprocess optimization 
for exopolysaccharides production by Ganoderma lucidum in semi-industrial scale,” Recent Patents on Food, 
Nutrition & Agriculture, vol. 11, no. 3, pp. 211-218, 2020. https://doi.org/10.2174/22127984116662003161531
48 

[18]  G. J. Yu, Y. L. Yin, W. H. Yu, W. Liu, Y. X. Jin, A. Shrestha, et al., “Proteome exploration to provide a resource for 
the investigation of Ganoderma lucidum,” PLoS One, vol. 10, no. 3, e0119439, 2015. https://doi.org/10.1371/
journal.pone.0119439 


