


Comprehensive Investigation of Phytochemicals, Vitamins, and Antioxidant Properties of Ganoderma sichuanense, Using Gas Chromatography-Flame Ionization Detector (GC-FID)
Abstract
Ganoderma sichuanense are edible and cheap mushrooms that are rich in nutrients with the potential to be harnessed in traditional medicine as functional foods for disease prevention and treatment. This study assessed the quantitative phytochemicals, vitamins, and antioxidant properties of Ganoderma sichuanense. The GC-FID phytochemical analysis of the edible mushroom revealed high amounts of kaempferol (38.870 ppm), isorhamnetin (19.477 ppm), luteolin (14.359 ppm), and naringenin (8.812 ppm). Other phytochemicals detected were catechin, quercetin, artemetin, apigenin, retusin, ellagic acid, hesperidin, myricetin, lunamarin, gallocatechin, vanillic acid, daidzein, genistein, baicalin, epicatechin, and naringin. Estimation of the vitamin composition revealed the highest concentration of vitamin C (61.911±0.198 mg/100g), followed by vitamins D (56.98±0.198 mg/100g), E (17.961±0.099 mg/100g), A (14.179±0.112 mg/100g), B12 (6.259±0.077 mg/100g), B6 (0.10±0.099 mg/100g), B1 (0.052±0.012 mg/100g), and B2 (0.024±0.011 mg/100g). Ethanolic extracts of G.  sichuanense showed a concentration-dependent rise in the scavenging activity. The DPPH free radical was scavenged maximally at a low concentration of the ethanolic extract (10 mg/ml). Also, the extract was equally effective in scavenging the FRAP radical in a concentration-dependent manner, showing a concentration-dependent rise up to the highest concentration used (80 mg/ml). The results of this study portray that G. sichuanense represents a valuable source of nutrients and bioactive compounds with potential health-promoting properties like hepatoprotective, anti-cancer, cardiovascular, neuroprotective, antibacterial, anti-diabetic, and hypolipidemic actions.
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1. Introduction
[bookmark: _Hlk223966037]Fungi are among the most diverse eukaryotic organisms, occupying vital ecological, nutritional, and medicinal roles in the environment (Corbu et al., 2023). Mushrooms, which are macro-fungi capable of thriving on lignocellulosic substrates, grow widely in tropical and temperate regions and are recognised for their rapid growth and rich biochemical composition (Kumla et al., 2020). Over the past decade, medicinal mushrooms have gained increasing attention due to their nutritional value and the presence of numerous bioactive compounds that contribute to human health. Species such as Ganoderma lucidum, Pleurotus ostreatus, Lentinula edodes, Calocybe indica, and Ganoderma sichuanense are notable for their functional food properties and pharmacological activities (Ekiz et al., 2021; Niego et al., 2021). Ganoderma sichuanense, a member of the family Ganodermataceae, is gaining increasing value in Africa, including Nigeria, for its medicinal and nutritional properties. While widely known in Asia as “Lingzhi” or "Reishi", the mushroom has gained local relevance due to its documented antioxidant, immunomodulatory, hepatoprotective, antimicrobial, and anti-inflammatory effects (Zhao et al., 2025). The therapeutic potential of Ganoderma species has been strongly attributed to their rich composition of vitamins, polysaccharides, terpenoids, phenolics, flavonoids, and sterols, which have been reported to modulate oxidative stress and enhance immune function (Karunarathna et al., 2025).
Vitamins are essential micronutrients required in small quantities for normal physiological functions, including immunity, metabolism, vision, and maintenance of cellular integrity (Awuchi et al., 2020). Mushrooms generally contain appreciable quantities of vitamins A, C, D, E, and several B-complex vitamins, which support biological processes such as tissue repair, antioxidation, energy metabolism, and bone health (Singh et al., 2025; Noreen et al., 2025). Vitamins C and E function as potent antioxidants that protect against oxidative damage, while vitamin D2, derived from the fungal sterol ergosterol, contributes to bone mineralisation and immune regulation (Cardwell et al., 2018; Mottaghi & Nasri, 2021). The vitamin profile of mushrooms is influenced by the type of species, environmental exposure, substrate composition, and post-harvest handling.
Phytochemicals constitute another important group of bioactive metabolites abundantly present in mushrooms. These include flavonoids, phenolic acids, terpenoids, alkaloids, and sterols, which have been shown to possess antioxidant, anticancer, anti-inflammatory, antimicrobial, and immunomodulatory properties (Rodríguez-Negrete et al., 2024). Flavonoid compounds such as quercetin, catechins, tangeretin, naringenin, and apigenin play significant roles in scavenging free radicals and reducing oxidative stress (Zahra et al., 2024; Mir et al., 2024). As oxidative stress is implicated in degenerative diseases such as cancer, diabetes, cardiovascular diseases, and neurodegenerative disorders, mushrooms rich in phenolic and flavonoid compounds offer promising dietary protection (Liuzzi et al., 2023). Oxidative stress occurs when the production of reactive oxygen species (ROS) exceeds the body’s antioxidant defense mechanisms, leading to cellular damage and inflammatory responses (Pizzino et al., 2017). Natural antioxidants from edible mushrooms have gained increased interest as safer alternatives to synthetic antioxidants such as BHT and BHA. Antioxidant assays such as DPPH and FRAP are widely used to evaluate the radical-scavenging and reducing capacities of mushroom extracts, thereby establishing their nutritional and therapeutic relevance (Michalska et al., 2025).
The growing interest in Ganoderma sichuanense as a nutritionally relevant and medicinally important mushroom underscores the importance of understanding its biochemical makeup. Recent reports highlight its richness in vitamins, amino acids, polysaccharides, phenolics, and other bioactive constituents that contribute to its nutritional and therapeutic attributes (Apiwatanapiwat et al., 2025; Wang et al., 2025; Karunarathna et al., 2025). Detailed knowledge of its vitamin composition, phytochemical constituents, and antioxidant capacity provides valuable insight into its functional potential and enhances its relevance within food and wellness industries. Such biochemical information supports its incorporation into food, nutraceutical, and health-promoting formulations, reflecting its increasing recognition as a beneficial natural resource in contemporary nutrition and herbal therapy. Thus, the aim of this study is to investigate the quantitative phytochemicals, vitamins, and antioxidant properties of Ganoderma sichuanense, with a view to establishing its rich nutritional values and therapeutic potentials.
2. Materials and Methods 
2.1 Collection of Ganoderma sichuanense 
Two kilograms of fresh Ganoderma sichuanense were bought from Princess Roseline Egbo’s farm located in Amechi Uwani, Enugu South, Enugu State, Nigeria. The species was confirmed by the Applied Biology Department at Enugu State University of Science and Technology, Agbani, Enugu State.
2.2 Preparation of Ganoderma sichuanense 
The Ganoderma sichuanense was cleaned to remove any dirt and gently wiped with a sterile cloth to eliminate any water left on its surface. The cleaned mushrooms were placed in the shade and dried at a temperature of 30°C until they reached a constant weight. After drying, the sample was blended into a fine powder and weighed. The resulting powder was cooled to room temperature and kept in airtight containers for further use (Roghini et al., 2018).
2.3 Determination of Phytochemical Constituents Using Gas Chromatography-Flame Ionization Detector (GC-FID) 
For the GC-FID analysis, one gram of the powdered Ganoderma sichuanense was placed in a test tube. Fifteen milliliters of ethanol and ten milliliters of 50% w/v potassium hydroxide were added to the test tube. The tube was left in a water bath at 60°C for 60 minutes. The content was then carefully poured into a separatory funnel. The test tube was rinsed with 10 mL of cold water, 10 mL of hot water, 20 mL of ethanol, and 3 mL of hexane, and this was added to the funnel. The extract was washed three times with 10 mL of 10% v/v ethanol solution. The extract was then dried using anhydrous sodium sulfate, and the solvent was removed by evaporation. The dried extract was dissolved in 100 µL of pyridine, and 20 µL of this solution was transferred to a vial for gas chromatography analysis. The GC-FID analysis was carried out on a BUCK M910 Gas Chromatograph (GC) (BUCK Scientific, USA) with a flame ionization detector (FID) (Sofowora, 2008).
2.4 Determination of Vitamin Composition of Ganoderma sichuanense 
2.4.1 Determination of Vitamin A Content 
The vitamin A content was determined following the method described by Bao et al. (2005).  This method involves assessing the color produced by vitamin A acetate or palmitate when combined with TCA, using spectrophotometric analysis. The entire process was conducted in the dark. One gram of the sample was mixed with 1.0 ml of saponification mixture and heated at 60°C for 20 minutes. After cooling, 20 ml of water was added, and the mixture was thoroughly shaken. The sample was then extracted twice with 10 ml of petroleum ether (40–60°C). Both extracts were combined and washed thoroughly with water. Anhydrous sodium sulfate was used to remove any excess moisture. A 1.0 ml portion of the sample was collected and evaporated at 60°C. The residue was then dissolved in 1.0 ml of chloroform. A series of test tubes containing standards (vitamin A palmitate) in concentrations ranging from 0 to 7.5 µg were prepared, each containing 1.0 ml of chloroform. Two milliliters of TCA reagent were added to each tube, and the absorbance was measured immediately at 620 nm using a UV-visible spectrophotometer. The same procedure was repeated for the sample tubes. The concentration of vitamin A was expressed in micrograms per gram.
2.4.2 Determination of Vitamins B1 and B2 Contents 
Vitamins B1 and B2 were measured using the methods outlined by Uzoekwe et al. (2021) and Kirk and Sawyer (1991). One gram of the sample was dissolved in a conical flask containing 100 ml of deionized water. The mixture was shaken well, heated for five minutes, cooled, and then filtered. The filtrate was placed in a cuvette, and the absorbance of vitamins B1 and B2 was measured at wavelengths of 261 nm and 242 nm, respectively, using a UV-visible spectrophotometer.
Calculations:

Where, Ab = absorbance, EC = extinction coefficient (25 for B1 and B2), DF = dilution factor, and VC = Volume of cuvette (5 ml)
2.4.3 Determination of Vitamin B6 Content
Determination of vitamin B6 content was according to Kirk and Sawyer (1991). Five grams (5 g) of sample were dissolved in a mixture of 5 ml of anhydrous glacial acetic acid and 6 ml of 0.1 M mercury II acetate solution. Two drops of crystal violet were added as an indicator and titrated with 0.1 M perchloric acid to a green color endpoint. Each milliliter of 0.1M perchloric acid was calculated to be equivalent to 0.02056 g of C₈H₁₁NO₃HCl.
2.4.4 Determination of Vitamin B12 Content 
The vitamin B12 content was measured using a spectrophotometric method with pyridine coupling, as described by Thakur et al. (2022).  A 0.1 ml portion of the sample extract, equivalent in weight, was placed in a separator. Five ml of water were added, and the mixture was thoroughly shaken. The sample was then extracted with 5 ml of chloroform. After removing the water layer, the chloroform layer was added to a dry 50 ml volumetric flask. The chloroform solution was passed through anhydrous sodium sulfate and brought up to 50 ml with additional chloroform. Two test tubes were prepared: one containing 2 ml of the sample and one containing the blank solution. Two ml of a 0.2% phenyl hydrazine solution, prepared in a 1:5 volume ratio of alcohol to hydrochloric acid, was added to each test tube. The mixture was heated on a water bath until nearly dry, then cooled to room temperature. In each test tube, 2 ml of a solution combination (a 1:1 mixture of alcohol and ammonia) and 1 ml of pyridine were added. The absorbance was measured at 635 nm against a blank. Standard cobalamin was prepared and treated the same way as the sample. A calibration curve was plotted, and the concentration of the sample was determined from the curve.
2.4.5 Determination of Vitamin C Content
The method described by Roe and Keuther (1943) was used to determine the amount of vitamin C in Ganoderma sichuanense. To begin, one gram of the sample was mixed with 4% trichloroacetic acid (TCA) to extract ascorbate, and the total volume was adjusted to 10 ml using the same solution. The mixture was then centrifuged at 2000 revolutions per minute for 10 minutes. The liquid on top was treated with a small amount of activated charcoal, mixed vigorously with a cyclomixer, and left to rest for 5 minutes. The charcoal was removed by centrifugation, and portions of this liquid were used for further analysis. Approximately 0.5 to 1.0 ml of the liquid was taken, along with 0.2 to 1.0 ml of a standard ascorbate solution. Then, 4% TCA was added to bring the total volume to 2.0 ml. After adding 0.5 ml of DNPH reagent, two drops of a 10% thiourea solution were added to each tube. The mixture was combined and left to incubate for three hours at a temperature of 37°C. The resulting osazone crystals were then dissolved in 2.5 ml of 85% sulfuric acid in cold water. After adding sulfuric acid, DNPH reagent, and thiourea, the solutions were used in place of the blank. Once the tubes were cooled in ice, the absorbance was measured at 540 nm using a spectrophotometer. A standard graph was created using an electronic calculator set to perform linear regression. The concentration of ascorbate in the sample was calculated and recorded in milligrams per gram of sample. It was determined that 0.00886 grams of vitamin C is released from one milliliter of a 0.05 M iodine solution.
2.4.6 Determination of Vitamin D 
The vitamin D content in the sample was determined using the method outlined by Ashok & Kumar (2012).  A quantity of 25 milligrams (25 mg) of Vitamin D3 working standard was dissolved in a 25 ml volumetric flask containing a mixture of chloroform and methanol in a 1:9 ratio. The solution was then diluted to the 25 ml mark. For the sample, an equivalent amount of the sample (0.1 ml) was dissolved in a 25 ml volumetric flask with the same chloroform-methanol mixture and diluted to 25 ml. To both the standard and sample solutions, 0.5 ml of 15.0% trichloroacetic acid (TCA), 1.6 ml of 0.25N hydrochloric acid (HCl), and 0.5 ml of 0.375% thiobarbituric acid (TBA) were added. The absorbance of the mixture was measured and recorded at a wavelength of 264 nm, with a blank solution as the reference.
2.4.7 Determination of Vitamin E Content 
The vitamin E content in Ganoderma sichuanense was assessed using the Emmerie-Engel reaction, as described by Rosenberg (1945).  This method relies on vitamin E reducing ferric ions to ferrous ions, resulting in a red color when combined with 2,2'-dipyridyl. A 2.5 g sample was homogenized in 50 ml of 0.1 N sulfuric acid in a conical flask and left to stand overnight. The mixture was then filtered using Whatman No. 1 filter paper to obtain the filtrate. Carotene levels were measured by transferring 1.5 ml of sample, 1.5 ml of standard, and 1.5 ml of water into separate stoppered centrifuge tubes. To each tube, 1.5 ml of ethanol and 1.5 ml of xylene were added. The tubes were mixed and centrifuged. Approximately 1.0 ml of the xylene layer was transferred to separate stoppered tubes. The absorbance of this layer was measured at 460 nm, which provides data for both carotene and vitamin E. To correct for carotene, 1.5 ml of ferric chloride and 1.0 ml of dipyridyl reagent were added to the tubes. After thorough mixing, 1.5 ml of the mixture was transferred to a cuvette, and the absorbance was measured at 520 nm. This reading gives the vitamin E content, as carotenes do not react with ferric chloride in the same way. The difference in absorbance between the 520 nm reading and a blank, adjusted for the 460 nm reading, was used to calculate the vitamin E content.
2.5 Antioxidant Assay 
2.5.1 Preparation of Ganoderma sichuanense Extract 
Fifty (50) grams of ground Ganoderma sichuanense were soaked in 500 ml of 95% ethanol at room temperature (28°C) for 24 hours.  The extracts were filtered using a Buchner funnel and Whatman No. 1 (125 mm) filter paper. The filtrate was concentrated by drying at 50°C in a water bath to produce a crude paste-like extract. The extract was weighed, placed in an airtight plastic container containing EDTA, and stored in the refrigerator at 4°C for use in the study.
2.5.2 DPPH Spectrophotometric Assay 
The ability of the sample extract to scavenge the stable free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) was measured using the method developed by Mensor et al. (2001). This method evaluates the hydrogen-donating capacity of the extract by observing the decolorization of DPPH in methanol solution. In methanol, DPPH produces a purple color that turns yellow in the presence of antioxidants. Different concentrations of the sample extract (20 μl) were added to 0.5 ml of 0.1 mM DPPH in methanol and 0.48 ml of methanol. The mixture was allowed to react in the dark at room temperature for 30 minutes. Methanol was used as the blank, DPPH in methanol as the positive control, and butylated hydroxytoluene (BHT) as the reference. The absorbance of the mixture was measured at 518 nm using a spectrophotometer (Genesys 10-S, USA). The percentage DPPH radical scavenging activity was calculated using the formula: 
 
[bookmark: _Hlk209861748]where Ab(sample) is the absorbance of the test sample and Ab(control) is the absorbance of the control. 
2.5.3 Ferric Reducing Antioxidant Property (FRAP) Assay 
The reducing capacity of the sample extract was determined using the method described by Pulido et al. (2000).  The principle of the assay involves measuring the reduction of ferric ions (Fe³⁺) to ferrous ions (Fe²⁺) by the extract, which forms a complex with the reagent. A volume of 0.25 ml of the extract was mixed with 0.25 ml of 200 mM sodium phosphate buffer (pH 6.6) and 0.25 ml of 1% potassium ferrocyanide. The mixture was incubated at 50°C for 20 minutes. Then, 0.25 ml of 10% trichloroacetic acid was added, and the mixture was centrifuged at 2000 rpm for 10 minutes. One ml of the supernatant was combined with 1 ml of distilled water and 0.2 ml of ferric chloride. The absorbance of the resulting solution was measured at 700 nm using a UV–VIS spectrophotometer. Gallic acid served as the reference standard. The antioxidant activity of the extract was expressed as milligrams of ferrous sulfate equivalents per 100 grams of the sample extract. The percentage Ferric Reducing Antioxidant Property (FRAP) was calculated using the formula:

Where As​ = Absorbance of the sample mixed with the FRAP reagent, Ab​ = Absorbance of the blank (distilled water mixed with the FRAP reagent). Ac​: Absorbance of the positive control (gallic acid mixed with the FRAP reagent).
2.5 Statistical Analysis 
All experiments were conducted in duplicate.  Data were analyzed using Microsoft Excel and presented as the mean along with the standard deviation.
3.0 RESULTS
3.1 Phytochemical composition of Ganoderma sichuanense
[bookmark: _Hlk223992874][image: ]Figure 1 shows the chromatogram of Ganoderma sichuanense phytochemicals separated using Gas Chromatography-Flame Ionization Detector (GC-FID).
Figure 1: Chromatogram of Ganoderma sichuanense phytochemicals
Results of the quantitative estimation of the phytochemical constituents in edible Ganoderma sichuanense are presented in Table 1. Of the twenty-one (21) phytochemicals identified in Ganoderma sichuanense, tangeretin (92.585 ppm) recorded the highest concentration, followed by kaempferol (38.870 ppm), isorhamnetin (19.477 ppm), luteolin (14.359 ppm), and naringenin (8.812 ppm). Catechin, quercetin, artemetin, apigenin, retusin, ellagic acid, hesperidin, myricetin, lunamarine, gallocatechin, vanillic acid, daidzein, genistein, baicalin, epicatechin, and naringin were also detected. Gallocatechin showed the least phytochemical content (0.132 ppm).
Table 1: Phytochemical composition of Ganoderma sichuanense	
	Phytochemical composition  
	Retention time (min)
	Concentration (ppm)

	Kaempferol
	3.092
	38.870

	Catechin
	4.683
	4.838

	Quercetin 
	5.749
	0. 650

	Luteolin
	6.490
	14.359

	Artemetin
	7.383
	4.592

	Retusin
	7.578
	0.604

	Ellagic acid
	7.717
	0.796

	Vanillic
	8.118
	0.591

	Naringenin
	8.211
	8.812

	Hesperidin
	8.797
	0.514

	Isorhamnetin
	9.458
	19.477

	Myricetin 
	9.581
	2.306

	Daidzein 
	10.227
	0.393

	Genistein
	10.348
	0.449

	Apigenin
	11.111
	5.466

	Lunamarine
	11.708
	3.289

	Gallocatechin
	12.181
	0.132

	Baicalin
	18.615
	0.204

	Tangeretin
	14.834
	92.585

	Epicatechin
	9.684
	2.310

	Naringin  
	15.428
	2.960


3.2 Vitamin composition of Ganoderma sichuanense 
Table 2 shows the mean ± SD values of fat- and water-soluble vitamins found in Ganoderma sichuanense. The result shows the presence of the highest concentration of vitamin C (61.911±0.198 mg/100g), followed by vitamins D (56.98±0.198 mg/100g), E (17.961±0.099 mg/100g), A (14.179±0.112 mg/100g), B12 (6.259±0.077 mg/100g), B6 (0.10±0.099 mg/100g), B1 (0.052±0.012 mg/100g), and lastly, B2 (0.024±0.011 mg/100g).





Table 2: Vitamin composition of Ganoderma sichuanense 
	Vitamin composition
	Concentration (mg/100g)

	Fat Soluble Vitamins
	

	Vitamin D 
	56.98±0.198 

	Vitamin E 
	17.961±0.099

	Vitamin A 
	14.179±0.112

	Water Soluble Vitamins
	

	Vitamin C 
	61.911±0.198

	Vitamin B12 
	6.259 ±0.077

	Vitamin B6 
	0.10±0.099 

	Vitamin B1
	0.052±0.012

	Vitamin B2 
	0.024±0.011


3.3 Antioxidant activity of Ganoderma sichuanense
3.3.1 DPPH Free-Radical Scavenging Activity
Ethanolic extracts of Ganoderma sichuanense showed a concentration-dependent rise in the scavenging of DPPH free radicals, and a maximum scavenging activity was recorded at a concentration of 10 mg/ml ethanolic extract. Thereafter, the scavenging effect declined (Table 3). The extract was best at its low concentration, scavenging a higher amount (87.27±0.126%) of DPPH free radicals.
Table 3: DPPH free-radical scavenging activity of Ganoderma sichuanense
	Concentration (mg/ml)
	BHT scavenging activity (%)
	Ganoderma sichuanense scavenging activity (%)

	5
	91.41±0.112
	86.11±0.085

	10
	94.44±0.085
	87.27±0.126

	50
	96.18±0.112
	86.61±0.085

	100
	97.98±0.085
	84.47±0.226


3.3.2 Ferric-reducing antioxidant potential  
The ability of ethanolic extract of Ganoderma sichuanense to decrease ferric ion production was measured. The FRAP of ethanolic extract of Ganoderma sichuanense showed a concentration-dependent rise from 10 mg/ml to 80 mg/ml, the highest concentration evaluated. The extract was equally effective in scavenging the FRAP radical in a concentration-dependent manner (Table 3).
Table 3: Ferric-reducing antioxidant potential of Ganoderma sichuanense
	Concentration (mg/ml)
	Gallic acid reducing potential (%)
	Ganoderma sichuanense reducing potential (%)

	10
	69.11±0.126
	34.35±0.112

	20
	84.22±0.121
	61.99±0.014

	40
	89.69±0.126
	77.20±0.114

	80
	91.29±0.122
	79.61±0.057


Discussion
Ganoderma sichuanense contains many active substances, such as polysaccharides, triterpenoids, steroids, and nucleotides, along with small quantities of amino acids and proteins. Among these, polysaccharides and triterpenes are the key components that show biological activity (Apiwatanapiwat et al., 2025; Liu et al., 2025). The compounds found in Ganoderma have a wide range of chemical structures and show diverse biological effects (Deepalakshmi et al., 2011). These compounds are known to provide numerous health benefits, such as fighting cancer, reducing inflammation, controlling tumors, protecting against oxidative stress, supporting the immune system, managing diabetes, fighting viruses, bacteria, fungi, high blood pressure, arterial plaque, aging, male hormone-related issues, protecting the liver, and eliminating harmful free radicals. They also help in protecting the nervous system, improving sleep, reducing cholesterol production, preventing low blood sugar, reducing harmful lipid reactions and DNA damage, maintaining gut health, preventing obesity, and promoting beneficial bacteria in the gut (De Silva et al., 2013).
In this study, Ganoderma sichuanense was identified, and its chemical composition, vitamin content, and antioxidant properties were analyzed using standard techniques. The GC-FID analysis of the chemical components showed a good number of phenolic substances (flavonoids and non-flavonoid phenolics) and alkaloids (Figure 1 and Table 2). Flavonoids found included naringenin, kaempferol, catechin, quercetin, luteolin, artemetin, retusin, hesperidin, isorhamnetin, myricetin, apigenin, gallocatechin, baicalin, tangeretin, daidzein, genistein, epicatechin, and naringin. Non-flavonoid phenolic compounds identified were ellagic acid and vanillic acid. The only alkaloid found was lunamarine (Table 2). Phenolic compounds are secondary plant materials found in various plant tissues, which are known to show a range of biological functions, such as antioxidant, antimicrobial, and anti-inflammatory effects (Sun & Shahrajabian, 2023). The properties of these bioactive components are largely influenced by their structural features, including the positions and numbers of hydroxyl groups and molecular weight (Ruseva et al., 2025). Flavonoids help protect against allergies, free radicals, platelet aggregation, ulcers, liver toxins, viruses, and tumors. They also have scavenging, antimicrobial, anti-leukemic, vasodilator, anticancer, antibacterial effects, and are useful for improving brain circulation in Alzheimer’s patients (Nkwocha et al., 2024). Tangeretin had the highest concentration (92.585 ppm) among the phytochemicals detected, followed by kaempferol (38.870 ppm), isorhamnetin (19.477 ppm), luteolin (14.359 ppm), naringenin (8.812 ppm), and others. According to Arafa et al. (2021), tangeretin is effective against cancer, helps prevent heart disease, liver disease, kidney problems, and high cholesterol, and also helps reduce inflammation and oxidative stress. Tangeretin is also beneficial in treating Parkinson’s, Alzheimer’s, and epilepsy (Youn et al., 2017; Arafa et al., 2021). Kaempferol and isorhamnetin are linked to various bioactive properties, including antimicrobial, antioxidant, anti-inflammatory, anti-apoptotic, and anticancer effects (Chen et al., 2023; Rana et al., 2025). Luteolin has strong anti-inflammatory, antioxidant, neuroprotective, and pain-relieving properties (Ntalouka & Tsirivakou, 2023). Naringenin has been found to improve synaptic plasticity and neurogenesis, which are important for memory and learning (Emran et al., 2022). Ellagic acid and vanillic acid, the non-flavonoid phenolic compounds, are well known for their antioxidant and NF-κB inhibitory effects (Bains et al., 2022). Alkaloids have various biological activities such as antimicrobial, analgesic, antimalarial, and anticancer properties (Mohammed et al., 2024). Lunamarine, a quinoline alkaloid, has been shown to lower blood pressure, scavenge free radicals, and have antimicrobial effects (Ojo et al., 2022).
Vitamins are essential for both nutrition and human health. Mushrooms are a good source of several vitamins, including the B complex (B1, B2, B3, B9, and B12), vitamin C, vitamin D2, ergosterol (a precursor of vitamin D2), and vitamin E (Dimopoulou et al., 2022; Singh et al., 2025). In this study, the highest concentration of vitamin C was recorded (61.911±0.198 mg/100g), followed by vitamin D (56.98±0.198 mg/100g), vitamin E (17.961±0.099 mg/100g), vitamin A (14.179±0.112 mg/100g), vitamin B12 (6.259±0.077 mg/100g), vitamin B6 (0.10±0.099 mg/100g), vitamin B1 (0.052±0.012 mg/100g), and vitamin B2 (0.024±0.011 mg/100g) (Figure 1). Ganoderma lucidum is reported to be rich in vitamins B1, B2, B3, B6, β-carotene, C, D, and E by Ahmad (2020) and El Sheikha et al. (2022). Also, reasonable levels of vitamins K, B2, E, A, D, B1, B3, B5, B6, and C have been found in Ganoderma lucidum by Shady et al. (2025). Rahman et al. (2020) reported 32.2±1.16 mg/100g, 30.58±1.13 mg/100g and 31.3±1.18 mg/100g of vitamin C (ascorbic acid) in G. lucidum 7, G. lucidum 5 and G. lucidum mix respectively. Vitamin C is a powerful antioxidant that directly interacts with harmful reactive oxygen species, stops the chain reaction started by free radicals through electron transfer, and helps in the regeneration of other antioxidants back to their active state (Rahman et al., 2020). Vitamin D helps the body produce proteins that transport calcium in the small intestine, improving dietary calcium absorption and thus lowering the risk of osteomalacia in adults and rickets in children (Biasucc et al., 2024; Sahay et al., 2012). The vitamin D content in mushrooms is significantly higher than that found in fortified foods (Ibrahim et al., 2022). Mushrooms are the only natural source of vitamin D2 and can provide over 100% of the required vitamin D intake in one serving (Elkhateeb & Daba, 2024; Starck et al., 2024). Antioxidants like vitamins C, D, and E act as non-enzymatic scavengers of free radicals. Vitamin C, being water-soluble, is especially effective in fighting both internal and external damage caused by free radicals (Shady et al., 2025). Vitamins such as A, B, C, D, and E contribute to immune function, while vitamins B6 and B12 help in DNA production and repair and also support immune cell activity (Ekiz et al., 2023).
Oxidative stress occurs when the production of reactive oxygen species (ROS) overwhelms the ROS scavenging, leading to genomic instability, epigenetic regulation, proteostasis imbalance, and lipid peroxidation, subsequently causing the occurrence and development of numerous diseases (Qin et al., 2026). The long-term presence of free radicals and ROS accelerates aging and numerous age-associated illnesses (El Sheikha et al., 2022). Ganoderma sichuanense is rich in antioxidants, which can combat oxidative stress in the body. Wickramasinghe et al. (2023) reported the antioxidant properties of four commercially grown mushroom species in Sri Lanka: button (Agaricus bisporus), oyster (Pleurotus ostreatus), Makandura white (Calocybe sp.), and Reishi (Ganoderma lucidum). Phenolic compounds and flavonoids derived from Ganoderma have consistently demonstrated excellent antioxidant activities (Cada et al., 2026; Obodai et al., 2017). Studies have confirmed its potential as an anti-tumor, antiviral, anti-aging, hypoglycemic, hypocholesterolemic, hepatoprotective, hypotensive, and antioxidant agent (Li et al., 2023; Pessoa et al., 2026). The results of FRAP and DPPH free radical scavenging assays demonstrate promising antioxidant potentials of G. sichuanense. The ethanolic extract of G. sichuanense scavenged 87.27±0.126% of DPPH free radicals at a low concentration of 10 mg/ml relative to 94.44±0.085% of BHT (reference) scavenging activity recorded at the same concentration (Table 3). Similarly, Nsude et al. (2025) presented a maximum DPPH radical scavenging activity of 87.05±0.212% at 10 mg/ml of ethanolic extract of oyster mushroom. Also, G. lucidum and G. leucocontextum displayed scavenging efficiencies at low concentrations of 2 mg/mL to 4 mg/ml (Peng et al., 2024). The extract decreased ferric ion production in a concentration-dependent manner up to the highest assay concentration (80 mg/ml) (Table 4). Pessoa et al. (2026) reported a concentration-dependent increase in antioxidant activity for G. sichuanense. The elevated ferric reducing antioxidant potential (FRAP) and high DPPH scavenging activity shown by G. sichuanense portray its outstanding antioxidant potentials.
Conclusion
Ganoderma sichuanense is a widely studied medicinal mushroom whose GC-FID phytochemicals, vitamins, and antioxidant potentials have been scarcely evaluated. This study revealed that G. sichuanense is very rich in natural flavonoids (tangeretin, kaempferol, Luteolin, naringenin, isorhamnetin, catechin, quercetin, artemetin, retusin, hesperidin, myricetin, apigenin, gallocatechin, baicalin, epicatechin, naringin daidzein and genistein), nonflavonoid phenolic compounds (ellagic acid, vanillic acid), alkaloid (lunamarine) and antioxidant vitamins (Vitamins C, D and A). The presence of reseanable amounts these bioactive compounds and antioxidant vitamins in the mushroom suggestively contribute to its biological and therapeutic activities such as antioxidants, antimicrobial, anti-aging, anticancer and anti-inflammatory properties.
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