


Quantitative Evaluation of Pleurotus ostreatus (oyster mushroom) Vitamin Content, GC-FID Phytochemical Profile, and Antioxidant Activity

Abstract
Pleurotus ostreatus are edible mushrooms that are affordable and rich in nutrients, with the potential to help address current and future food shortages. They also have the ability to serve as functional foods that may help in preventing and treating diseases. This study analyzed the profiles of vitamins, phytochemicals, and antioxidant activity in Pleurotus ostreatus. To do this, an analytical system using gas chromatography with flame ionization detection (GC-FID) was used to identify the phytochemicals present in the mushrooms. The vitamin content showed high levels of vitamin C (58.73±0.099 mg/100g), vitamin D (49.83±0.099 mg/100g), vitamin E (19.53±0.198 mg/100g), and vitamin A (12.51±0.127 mg/100g), moderate levels of vitamin B12 (4.10±0.057 mg/100g), and small amounts of vitamin B6 (0.09±0.014 mg/100g), vitamin B1 (0.07±0.014 mg/100g), and vitamin B2 (0.07±0.021 mg/100g). A total of twenty-one (21) phytochemicals were identified from the GC-FID analysis of the oyster mushroom. These included a high concentration of quercetin, epicatechin, naringin, luteolin, artemetin, ellagic acid, naringenin, hesperidin, resveratrol, tangeretin, and isorhamnetin, ranging from 2.500 to 23.000 ppm. Moderate amounts of kaempferol, catechin, rutin, vanillic acid, apigenin, myricetin, epicatechin, daidzein, genistein, apigenin, lunamarin, and gallocatechin were found in the range of 0.10 to 0.90 ppm. Tangeretin had the highest phytochemical content at 22.329 ppm, while genistein had the lowest at 0.155 ppm. The ethanolic extract of P. ostreatus showed a strong ability to neutralize the DPPH radical, compared to BHT. It was also effective in scavenging FRAP radicals in a dose-dependent manner, similar to gallic acid. The findings of this study highlight the health benefits of consuming oyster mushrooms and support the idea of including them in the human diet as functional foods that can help in disease prevention and treatment.
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1. Introduction
Fungi, along with animals and plants, are one of the major eukaryotic life forms. A mushroom is a simple fungus that depends on various lignocellulosic materials or substrates for its nutrition and growth. They are widely distributed in temperate and tropical regions, and it actually takes days or weeks for one to grow, develop, and mature (Ofodile et al., 2020). The popular fungi worldwide are Pleurotus ostreatus (oyster mushroom), Volvariella volvacea (paddy straw mushroom), Lentinula edodes (shiitake mushroom), Morchella esculenta (morel’s mushroom), and Calocybe indica (milky white mushroom) (Pawar and Jadhav, 2025). Currently, oyster mushrooms are the world's third largest, unusually placed species of cultivated mushrooms after button and shiitake mushrooms (Fernandes et al., 2015). Pleurotus ostreatus, a member of the order Agaricales, subclass Hollobasidiomycetidae, and class Basidiomycetes, is a delicious and flavorful oyster mushroom (Faiq et al., 2025). Because of their nutritional and therapeutic qualities, these fleshy edible fungi have gained enormous significance (Islam and Riaz, 2017).
Oyster mushrooms are categorized as functional foods due to their rich nutritional profile and beneficial bioactive compounds (Tiupova et al., 2025). Nutritionally the Pleurotus ostreatus is a source of vitamins B1 (Thiamin) B2 (Riboflavin), B3 (niacin), B9 (folic acid), and ascorbic acid (Kadam et al., 2023). Additionally, vitamins B-complex (notably riboflavin/B2), D2, and E contribute to energy metabolism, bone health, and immune system support (Effiong et al., 2023). The phenolic, polyphenolic compounds as well as Vitamins C and E in Pleurotus ostreatus, are a potent hepatoprotective, antioxidative and anti-inflammatory agents which will be beneficial to the consumer (Igile et al., 2020).
Phytochemicals are bioactive compounds like carotenoids, flavonoids, terpenes, and polyphenols, which are found in edible plants, such as fruits, vegetables, seeds, nuts, and cereals, that have been demonstrated to exhibit health benefits, such as antioxidant, antimicrobial, anti-inflammatory, and anticancer effects (Hu et al., 2023). Their health-promoting properties have led to their incorporation into a wide range of products, including dietary supplements, herbal medicines, and functional foods (Hossain et al., 2025). The primary bioactive components of mushrooms include phenolic compounds (phenolic acid and flavonoids), tocopherols, ascorbic acid, and carotenoids (Ambhore et al., 2024). Bioactive components such as phenolics, terpenoids, polysaccharides, glucans, and lectins have been reported to put forth more than 126 health-benefiting effects, including anti-microbial, immune-modulating, antioxidant, antiviral, and hypocholesterolemic (Badalyan, 2014). Pleurotus mushrooms are rich in bioactive components like polysaccharide-proteins, polysaccharopeptides, functional proteins (ubiquitin-like peptide, ubiquinone-9, glycoprotein, and nebrodeolysin), proteoglycans, and glucans, which are capable of enhancing or balancing an immune response in the human body (Oloke et al., 2015). The presence of phenolic compounds and ergosterol peroxide in numerous mushrooms was found to exert in vitro antiviral effects against influenza viruses (Ali et al., 2003). Bioactive compounds such as ergothioneine, phenolics, and flavonoids demonstrate remarkable antioxidant properties by neutralizing harmful free radicals, thereby reducing oxidative stress and preventing cellular damage (Maurya et al., 2025; Yan et al., 2019).
2. MATERIALS AND METHODS 
Two kilograms (2 kg) of fresh oyster mushrooms (Pleurotus ostreatus) were purchased from Princess Roseline Egbo farm in Amechi Uwani, Enugu South, Enugu State, Nigeria. The species purchased was authenticated by the Applied Biology Department, Enugu State University of Science and Technology, Agbani, Enugu State.
2.2 Sample Preparation
Pleurotus ostreatus was washed to remove impurities and wiped neatly with sterile cloth to remove water traces on its surface. The washed Pleurotus ostreatus were dried in shade at room temperature (28°C) to constant weights. The dried sample was then ground to powder using a blender and weighed. The resulting powder was cooled to room temperature and then stored in airtightcontainers for further use (Roghini et al., 2018). 
2.3 Determination of Vitamin Content of Pleurotus ostreatus
2.3.1 Determination of Vitamin A Content
The vitamin A content of the Pleurotus ostreatus was determined using the method described in Bao et al. (2005). The analysis was based on the spectrophotometric assessment of color formed by vitamin A acetate or palmitate with TCA. The entire experiment was carried out in the dark. The sample (1 g) was mixed with 1.0 ml of saponification mixture and refluxed at 60°C for 20 minutes at 60°C. After cooling, 20 ml of water was added to the tubes and thoroughly mixed. Ten milliliters (10 ml) of petroleum ether (40–60 degrees Celsius) were used twice to extract vitamin A. The two samples were combined and given a thorough water wash. To get rid of extra moisture, anhydrous sodium sulfate was used. At 60°C, a 1.0 ml aliquot of the sample was collected and dried by evaporation. One milliliter (1.0 ml) of chloroform was used to dissolve the residue. A range of test tubes were pipetted with standards (vitamin A palmitate) in concentrations ranging from 0 to 7.5 µg. Chloroform was added until the volume in each tube reached 1.0 ml. Two milliliters (2.0 ml) of TCA reagent were quickly added and mixed, and the absorbance was read immediately at 620 nm in a UV-visible spectrophotometer. A similar process was carried out again for the sample tubes. The concentration of vitamin A was stated as µg/g.
 2.3.2 Determination of Vitamins B1 and B2 Contents
Vitamins B1 and B2 contents were determined using the methods described in Uzoekwe et al. (2021) and Kirk and Sawyer (1991). The sample (1 g) was dissolved in a conical flask containing 100 ml of deionized water. The mixture was given a good shake, cooked for five minutes, cooled, and then filtered. The filtrate was put into a cuvette, and a UV-visible spectrophotometer was used to measure the absorbances of vitamins B1 and B2 at wavelengths of 261 and 242 nm, respectively.
Calculations:

Where, A = absorbance
	       E = extinction coefficient = 25 for B1 and B2
                   DF = dilution factor
2.1 Collection and Identification of Oyster Mushroom
2.3.3 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.
2.3.4 Determination of Vitamin B12 Content
Spectrophotometric measurement of vitamin B12 (cyanocobalamin) content was made using coupling reactions with pyridine. A 0.1 ml of the sample extract, weight equivalent, was placed in the separator. Five milliliters (5 ml) of water were put into the separator, thoroughly mixed, and then extracted with 5 ml of chloroform. After discarding the water layer, the chloroform layer was added to a dry 50 ml volumetric flask by passing it through anhydrous sodium sulfate and adding enough chloroform to reach 50 ml. Two test tubes containing two milliliters (2 ml) of the sample and blank solution were used. Two milliliters of a 0.2% phenyl hydrazine solution (in a 1:5 v/v ratio of alcohol to hydrochloric acid) were carefully combined into each test tube. After heating the mixture on a water bath until it was nearly dry, it was allowed to cool to room temperature. In each test tube, 2 ml of the solution combination (a 1:1 mixture of alcohol and ammonia) and 1 ml of pyridine were added. When measured against a blank at 635 nm, its absorption was noted. Standard cobalamin was examined and handled similarly to the sample. A calibration curve was plotted, and the concentration of the sample was extrapolated (Hasfat, 2010).
2.3.5 Determination of Vitamin C Content
The spectrophotometric technique outlined by Roe and Keuther (1943) was used to analyze the vitamin C content of Pleurotus ostreatus.  Ascorbate is converted into dehydroascorbate on treatment with activated charcoal, which reacts with 2,4-dinitrophenyl hydrazine to form osazones. When dissolved in sulfuric acid, these osazones produce an orange-colored solution whose absorbance can be determined by spectrophotometry at 540 nm. One gram (1 g) of the sample was treated with 4% TCA to extract ascorbate, and the volume was increased to 10 ml using the same solution. After centrifuging at 2000 rpm for 10 minutes, the supernatant was treated with a pinch of activated charcoal, violently agitated with a cyclomixer, and allowed to sit for 5 minutes. Centrifugation was employed to remove the charcoal particles, and aliquots were used for estimation. About 0.5 and 1.0 milliliters of the supernatant were collected, along with 0.2 to 1.0 milliliters of standard ascorbate. Four percent (4%) TCA was added to bring the volume up to 2.0 ml. Two drops of a 10% thiourea solution were added to each tube after 0.5 ml of DNPH reagent. Osazane crystals were formed when the materials were combined and incubated for three hours at 37°C. In cold water, the crystals were dissolved in 2.5 ml of 85% sulfuric acid. After adding sulfuric acid, DNPH reagent, and thiourea, they were applied to the blank alone. After cooling the tubes in ice, a spectrophotometer was used to measure the absorbance at 540 nm. An electronic calculator in the linear regression mode was used to generate a standard graph. The ascorbate concentration in the sample was determined and reported as milligrams per gram of sample. 0.00886 g of vitamin C is released from one milliliter of 0.05 M iodine solution.
2.3.6 Determination of Vitamin D
The vitamin D content of the sample was measured using the method described by Rajput et al. (2011). Twenty-five milligrams (25 mg) of Vitamin D3 working standard were dissolved in a 25 ml capacity volumetric flask containing a mixture of chloroform and methanol (1:9 ratio), and then diluted to the 25 ml mark of the flask with the solution mixture. The equivalent weight of the sample (0.1 ml) was dissolved in a 25 ml capacity volumetric flask containing a mixture of chloroform and methanol (1:9 ratio), and then diluted to the 25 ml mark of the flask with the solution mixture. Volumes of 0.5 ml of 15.0% trichloroacetic acid (TCA), 1.6 ml of 0.25N HCL, and 0.5 ml of 0.375% thiobarbituric acid (TBA) were added to both the standard and sample solutions. Absorbance was measured and recorded at 264 nm against a blank.
2.3.7 Determination of Vitamin E Content
The Emmerie-Engel reaction was used to evaluate the vitamin E content of Pleurotus ostreatus, as described by Rosenberg (1992). The basic principle of the Emmerie-Engel reaction is the reduction of ferric to ferrous ions by vitamin E, which yields a red color when combined with 2,2'-dipyridyl. The sample (2.5 g) was homogenized in 50 ml of 0.1 N sulfuric acid in a conical flask and allowed to stand overnight.  The sample mixture was filtered through a Whatman No. 1 filter paper to obtain the filtrate.  First, carotene measurement was carried out by pipetting 1.5 ml of sample, 1.5 ml of standard, and 1.5 ml of water into separate stoppered centrifuge tubes.  This was followed by the addition of 1.5 ml of ethanol and 1.5 ml of xylene to each tube. The tubes were mixed well and centrifuged. About 1.0 ml of the xylene layers was transferred to separate stoppered tubes. Absorbance of the xylene layer was read at 460 nm.  This measures both carotene and vitamin E contents.  A correction was made for carotene by adding 1.5 ml of ferric chloride and 1.0 ml of dipyridyl reagent to the tubes.  The tubes were mixed well, and 1.5 ml of the mixture was taken into a cuvette for absorbance reading at 520 nm.  This measures only the vitamin E, 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 contribution from the 460 nm reading, was used to calculate the vitamin E content. 
2.4 Identification and Quantification of Bioactive Constituents Using Gas Chromatography-Flame Ionization Detector (GC-FID)
For the GC-FID analysis, 1 g of the powdered sample was weighed and transferred into a test tube. Exactly 15 mL of ethanol and 10 mL of 50% w/v potassium hydroxide were added to the sample in the test tube. The test tube was allowed to stand in a water bath at 60°C for 60 minutes. Then the content of the test tube was carefully transferred into a separatory funnel, and the tube was rinsed into the same funnel with 10 mL of cold water, 10 mL of hot water, 20 mL of ethanol, and 3 mL of hexane. The extract in the test tube was washed three times with 10 mL of 10% v/v ethanol solution. The extract solution was then dried with anhydrous sodium sulfate, and the solvent was evaporated. A sample of the extract was then made soluble in 100 µL of pyridine, of which 20 µL was transferred into a vial on the gas chromatography machine for phytochemical analysis. The GC-FID phytochemical analysis was performed on a BUCK M910 Gas Chromatograph (GC) (BUCK Scientific, USA), equipped with a flame ionization detector (FID) (Sofowora, 2008).
2.5 Antioxidant Assay
2.5.1 Extract Preparation
Fifty (50) grams of ground Pleurotus ostreatus were soaked in 500 ml of 95% ethanol for 24 h at room temperature (28°C). Extracts were filtered using a Buchner funnel and Whatman No. 1 (125 mm) filter paper. The filtrate was dried using a water bath at 50°C to concentrate in order to obtain a crude paste-like extract, which was weighed and stored in an airtightplastic (EDTA) container, then stored in the refrigerator at 4°C and used for the study.
2.5.2 DPPH Spectrophotometric Assay 
The scavenging ability of the natural antioxidants of the sample extract towards the stable free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) was measured using the method described by Mensor et al. (2001). The ability of the plant extract to donate hydrogen atoms was determined by the decolorization of DPPH in methanol solution. In methanol solution, DPPH produces a purple color and changes to a yellow color in the presence of antioxidants. Various concentrations of sample extract (20 μl) were added to 0.5 ml of 0.1 mM DPPH in methanol solution and 0.48 ml of methanol. The mixture was allowed to react in the dark at room temperature for 30 minutes. Methanol served as the blank, and DPPH in methanol served as the positive control, while butylated hydroxytoluene (BHT) served as the reference. The absorbance of the mixture was measured at 518 nm in a spectrophotometer (Genesys 10-S, USA). Percentage DPPH radical scavenging activity was calculated as follows:
 
[bookmark: _Hlk209861748][bookmark: _Hlk209862358]where A518 (sample) is the absorbance of the test sample at 518nm and A518 (sample) is the absorbance of the control at 518nm.
2.5.3 Ferric Reducing Antioxidant Property Assay 
The reducing property of the sample extract was determined as described by Pulido et al. (2000). The principle of the assay was the quantification of the ferric degradation product by its condensation with the extract. About 0.25 ml of the extracts was mixed with 0.25 ml of 200 mM sodium phosphate buffer at pH 6.6 and 0.25 ml of 1% potassium ferrocyanide. The mixture was incubated at 50°C for 20 min; thereafter 0.25 ml of 10% trichloroacetic acid was added and centrifuged at 2000 rpm for 10 min. 1 ml of the supernatant was mixed with 1 ml of distilled water and 0.2 ml of ferric chloride, and the absorbance was measured at 700 nm using a UV–VIS spectrophotometer. Gallic acid served as a reference. Antioxidant activity of the extract was based on its ability to reduce ferric ions and was expressed as milligram ferrous sulfate equivalents/100 g of sample extract.
 
2.6 Statistical Analysis
Experiments were carried out in duplicates. Data analysis was carried out using the Microsoft Excel statistical package and presented as mean ± standard deviation.
3. Result
3.1 Vitamin Composition of Oyster Mushroom (Pleurotus ostreatus)
The vitamin content of oyster mushrooms (Pleurotus ostreatus) is presented in Table 1. It shows that Pleurotus ostreatus are rich in fat- and water-soluble vitamins. The result shows the presence of high contents of vitamin C (58.73±0.099 mg/100g), vitamin D (49.83±0.099 mg/100g), vitamin E (19.53±0.198 mg/100g), and vitamin A (12.51±0.127 mg/100g); moderate contents of vitamin B12 (4.10±0.057 mg/100g); and trace amounts of vitamin B6 (0.09±0.014 mg/100g), vitamin B1 (0.07±0.014 mg/100g), and vitamin B2 (0.07±0.021 mg/100g), which have very essential roles to play in human and animal health.
Table 1: Vitamin composition of Pleurotus ostreatus
	Vitamin composition
	Concentration (mg/100g)

	Fat soluble vitamins
	

	Vitamin A 
	12.51±0.127

	Vitamin E 
	19.53±0.198

	Vitamin D 
	49.83±0.099

	Water soluble vitamins
	

	Vitamin C 
	58.73±0.099

	Vitamin B1 
	0.07±0.014

	Vitamin B2 
	0.07±0.021

	Vitamin B6 
	0.09±0.014

	Vitamin B12 
	4.10±0.057


[bookmark: _Hlk209873636]Values are mean ± standard deviation (n=2)
3.2 Phytochemical Contents of Oyster Mushroom (Pleurotus ostreatus)
Figure 1 shows the chromatogram of Pleurotus ostreatus phytochemicals separated using Gas Chromatography-Flame Ionization Detector (GC-FID). A total of twenty-one (21) phytochemicals were detected in this study. Table 2 showed the quantitative phytochemical constituents of oyster mushroom (Pleurotus ostreatus). The oyster mushroom contains a copious presence of phytochemicals such as quercetin, epicatechin, naringin, luteolin, artemetin, ellagic acid, naringenin, hesperidin, resveratrol, tangeretin, and isorhamnetin in the range of 2,500 to 23,000 ppm. Kaempferol, catechin, retusin, vanillic acid, apigenin, myricetin, daidzein, genistein, lunamarin, and gallocatechin are in moderate amounts (range of 0.10 to 0.90 ppm). Tangeretin showed the highest phytochemical content (22.329 ppm), while genistein showed the least phytochemical content (0.155 ppm).
[image: ] 
Figure 1: Chromatogram of Pleurotus ostreatus phytochemicals
Table 2: Phytochemical constituents of Pleurotus ostreatus
	[bookmark: _Hlk211414401]Phytochemical composition  
	Retention time (min)
	Concentration (ppm)

	Kaempferol 
	4.177
	0.833

	Catechin
	5.513
	0.507

	Quercetin 
	5.945
	2.756 

	Luteolin
	6.328
	2.513

	Artemetin
	7.258
	7.675

	Retusin
	7.628
	0.469

	Ellagic acid
	7.823
	5.809

	Vanillic
	8.156
	0.565

	Naringenin
	8.349
	3.676

	Apigenin
	8.664
	0.312

	Hesperidin
	8.844
	2.680

	Isorhamnetin
	9.233
	2.993

	Maricetin 
	9.583
	0.374

	Daidzein 
	10.143
	0.875

	Genistein
	10.353
	0.155

	Apigenin
	11.058
	0.168

	Lunamarin
	11.526
	0.482

	Gallocatechin
	12.165
	0.388

	Reveratrol 
	12.674
	2.694

	Tangeretein
	14.966
	22.329

	Epicatechin
	15.301
	7.846

	Naringin  
	15.444
	7.069



3.3 Antioxidant Activity
3.3.1 DPPH Free-Radical Scavenging Activity
The ethanolic extracts of Pleurotus ostreatus 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, as its low concentration scavenged a higher amount of DPPH free radicals.
Table 3: DPPH free-radical scavenging activity of Pleurotus ostreatus
	Concentration (mg/ml)
	BHT scavenging activity (%)
	[bookmark: _Hlk209871813]Pleurotus ostreatus scavenging activity (%)

	5
	94.24±0.085
	85.73±0.113

	[bookmark: _Hlk210642847]10
	96.41±0.014
	87.05±0.212

	50
	97.12±0.240
	80.85±0.198

	100
	98.24±0.057
	84.30±0.226


Values are mean ± standard deviation (n=2)
3.3.2 Ferric-Reducing Antioxidant Potential  
The ability of ethanolic extract of Pleurotus ostreatus to decrease ferric ion generation was measured. At the maximum concentration assessed, 80 mg/ml, the FRAP of the ethanolic extract of Pleurotus ostreatus increased concentration-dependently. Table 4 shows that the extract scavenged the FRAP radical with comparable potential to gallic acid.
 Table 4: Ferric-reducing antioxidant potential of Pleurotus ostreatus
	Concentration (mg/ml)
	Gallic acid reducing potential (%)
	Pleurotus ostreatus reducing potential (%)

	10
	69.107±0.12
	73.753±0.014

	20
	84.220±0.212
	82.621±0.240

	40
	89.686±0.057
	88.650±0.212

	80
	91.294±0.014
	90.056±0.112


Values are mean ± standard deviation (n=2)
4. Discussion
[bookmark: _Hlk210210244][bookmark: _Hlk210223284]Oyster mushrooms are widely recognized for their numerous uses in the culinary industry, nutritional value and traits. They are ideal for vegans and those who are health-conscious because they contain essential vitamins, minerals, and bioactive compounds together with high-quality protein. This study was aimed at determining the quantitative vitamin, phytochemical contents and antioxidant activity of oyster mushroom (Pleurotus ostreatus). Vitamins are an organized set of chemical compounds that are necessary for maintaining normal health and biochemical integrity in small quantities (micrograms or milligrams per day) through diet (Bender, 2003). Table 1 shows the vitamin composition of oyster mushrooms (Pleurotus ostreatus). This indicates that Pleurotus ostreatus is a good source of water-soluble and fat-soluble vitamins. The results revealed that vitamin C had the highest concentration of  (58.73±0.099 mg/100g), followed by vitamins D (49.83±0.099 mg/100g), E (19.53±0.198 mg/100g), and A (12.51±0.127 mg/100g), B12 (4.10±0.057 mg/100g), B6 (0.09±0.014 mg/100g), B1 (0.07±0.014 mg/100g), and lastly, B2 (0.07±0.021 mg/100g). These nutrients are vital for both human and animal health.
[bookmark: _Hlk210225901]Vitamin C is needed to form collagen that gives strength to the connective tissues and is required for wound healing and a normal immune function (Bechara et al., 2022). Vitamin C acts as an antioxidant and free oxygen radical scavenger and can be used topically in skin disorders, including those caused by photo-aging (Pullar et al. 2017). Nasiruddin Bernas et al. (2018) reported a high quantity of vitamin C (68.06 mg/kg) from P. ostreatus.  Also, Igile et al. (2020) and Gebru et al. (2024) presented vitamin C contents of 27.88±0.05 mg/100 g and 10.61 mg/100 g, respectively, which were lower than our findings (58.73±0.099 mg/100 g) in oyster mushrooms. Though the quantity of vitamin C in mushrooms varies according to the type, the soil, the climate where it was grown, the duration of time since it was harvested, the storage environment, and the preparation technique (Sultana et al., 2024). The high value (58.73±0.099 mg/100 g) reported in this work is comparable with the 60 mg/day RNI demand, thereby making oyster mushrooms a good source of vitamin C for human and animal diets. The human vitamin D supply comes mainly from animal sources or is synthesized following skin exposure to sunlight. The two major forms of vitamin D are vitamin D2 (ergocalciferol), which is found in certain fungi, including wild mushrooms, and vitamin D3 (cholecalciferol), which is found mainly in animal-based foodstuffs (e.g., fish, shrimp, and cod liver oil) (Ross et al., 2014).  Vitamin D stimulates the normal mineralization of bones, increases the tubular reabsorption of phosphate, and also possesses antioxidant properties (Akram et al., 2020; Gaman et al., 2019). Sridonpai et al. (2023) reported vitamin D2 levels of 15.88 ± 7.31 and 7.15 ± 0.67 μg/100 g in lung oyster and termite mushrooms, respectively. Vitamin D concentration (49.83±0.099 mg/100g) obtained in this study was considerably higher than the values reported by the above authors. According to Starck et al. (2024), mushrooms generally contain lower vitamin D2 levels unless exposed to sunlight or UV treatment. Mushrooms contain ergosterol (21–107 mg/100 g), which, when exposed to UV light, transforms into ergocalciferol, or vitamin D2. (Haytowitz, 2025). The elevated concentration in this study may be attributed to natural light exposure during cultivation, which enhances ergosterol conversion to vitamin D2. Vitamin D-enhanced mushrooms have the potential to be a primary source of dietary vitamin D for vegans and vegetarians (Cardwell et al., 2018). Vitamin E (tocopherol) constitutes one of the major groups of compounds acting as an anti-sterility factor and a free radical terminator (natural antioxidant). It functions as a lipid antioxidant and maintains the integrity of the membrane. Its deficiency results in signs of membrane dysfunction (Effiong et al., 2024). The vitamin E value of 19.53 ± 0.198 mg/100 g obtained in this study is comparable to the findings of Effiong et al. (2024) and Igile et al. (2020), who reported appreciable vitamin E content of 21.50 ± 0.14 mg/100 g and 24.61 ± 0.60 mg/100 g in P. ostreatus. Thus, the consumption of oyster mushrooms can supply the 30 I.U. RDA for vitamin E needed for functional and structural integrity of cell membranes. Vitamin A is a micronutrient that is crucial for maintaining vision, promoting growth and development, and protecting epithelium and mucus integrity in the body (Huang et al., 2018). The vitamin A content of Pleurotus ostreatus was 12.51±0.127 mg/100 g. This result was higher than the findings of Elkanah et al. (2023) and Effiong et al. (2024), who reported 0.14 mg/100 g and 0.23–2.21 mg/100 g, respectively. This difference may be linked to strain diversity and substrate enrichment, which can boost carotenoid biosynthesis (Naz et al., 2023).
Oyster mushrooms contain water-soluble vitamins such as B1, B2, B3, B4, B5, B6, B7, B8, B9, B10, B11, and B12 (Effiong et al., 2024). The concentrations of water-soluble B vitamins (B1: 0.07±0.014 mg/100g; B2: 0.07±0.021 mg/100g; B6: 0.09±0.014 mg/100g; B12: 4.10±0.057 mg/100g) were relatively low, except for Vitamin B12. Igile et al. (2020) observed higher thiamine (B1), riboflavin (B2), and cobalamin (B12) levels in commercial mushrooms. The lower values found in this study may be due to strain differences or nutrient losses during drying. Interestingly, the vitamin B12 value (4.101 mg/100 g) in this work was higher than the 0.16 mg value reported by Majesty et al. (2019), who noted that mushrooms generally contain only trace amounts. The comparatively high B12 in this study could be linked to microbial interactions in the substrate that enhance cobalamin synthesis (Deokar et al., 2025). This vitamin is essential for the formation of red blood cells, supports the brain and nervous system, and acts as a cofactor in the metabolism of lipids, carbohydrates, amino acids, and nucleic acids (Abdel-Baki et al., 2024). The findings of this study agree with previous reports that oyster mushrooms are a reliable source of vitamins (Kadam et al., 2023; Igile et al., 2020). The variations observed across studies can be explained by differences in mushroom strain, cultivation techniques, substrate composition, environmental exposure (light, humidity, temperature), and analytical methodologies used (Trivedi et al., 2024).
[bookmark: _Hlk210643820]Phytochemicals have numerous medicinal potentials, including anti-aging, anti-carcinogenic, anti-microbial, anti-oxidant, and anti-inflammatory activity in medicine. The chromatogram of Pleurotus ostreatus phytochemicals separated using Gas Chromatography-Flame Ionization Detector (GC-FID) indicated the richness of the fungus in phenols, polyphenols (flavonoids), and alkaloids, as shown in Figure 1. Flavonoids have served various functions in human cells, including antioxidant, antimalarial, and antimicrobial activities. Alkaloids show several pharmacological activities on human health, such as anti-cancer, anti-inflammatory, anti-malarial, anti-microbial, anti-hypertensive, anti-diabetic, anti-oxidant, anesthetic, and cardioprotective (Rajput et al., 2022, Heinrich et al., 2021). A total of twenty-one (21) phytochemical constituents were quantitatively identified in Pleurotus ostreatus (Table 2). Tangeretin (22.329 ppm) was found to be the highest, followed by epicatechin (7.846 ppm), artemetin (7.675 ppm), naringin (7.069 ppm), and ellagic acid (5.809 ppm). Isorhamnetin, kaempferol, quercetin, apigenin, luteolin, naringenin, catechins, retusin, hesperidin, myricetin, daidzein, genistein, gallocatechin, resveratrol, vanillic acid, and lunamarin were also detected. Genistein showed the least phytochemical content (0.155 ppm). Tangeretin, a polymethoxylated flavone, has been reported to exhibit multiple pharmacological activities, including antioxidant, anti-inflammatory, and anticancer effects. Its mechanism of action has been associated with inhibition of cancer cell proliferation, induction of apoptosis, and modulation of signaling pathways such as PI3K/Akt and MAPK (Arafa et al., 2021). The high concentration of tangeretin in P. ostreatus suggests that regular consumption of the oyster mushroom could contribute meaningfully to cancer prevention strategies and to the management of oxidative stress-related conditions. Also, the presence of tangeretin adds value to P. ostreatus as a potential natural source of therapeutic compounds for nutraceutical development. Epicatechin is ais a well-known-known flavonoid recognized for its antihypertensive effect and multiple beneficial actionsactions in the cardiovascular system (Bernatova et al., 2021). It enhances endothelial function, promotes vascular relaxation, and reduces the risk of cardiovascular diseases through its role in nitric oxide modulation. Artemetin has anti-malarial, anti-oxidant, anti-apoptotic, anti-microbial, anti-tumoral, anti-atherosclerotic, anti-inflammatory, hypotensive, and hepatoprotective effects (Patel et al., 2024).  2024).  Although kaempferol was detected in relatively lower concentrations (0.833 ppm), its importance should not be underestimated. Kaempferol is a flavonol with antioxidant, anti-inflammatory, and anticancer properties, acting through multiple signaling pathways including NF-κB, Akt, and MAPK (Qattan et al., 2022). Despite being modestly represented in this study, its presence further strengthens the pharmacological potential of P. ostreatus. Daidzein, also detected at a lower concentration of 0.875 ppm, contributes to the mushroom’s profile as a phytoestrogen. Isoflavones such as daidzein are structurally similar to estrogen and have been linked to bone health, reduction of menopausal symptoms, and hormone-related disease prevention (Praisthy Lj et al., 2025). The presence of these phytochemicals in Pleurotus ostreatus shows that it could serve important physiological functions with good nutritional and therapeutic value.
Oyster mushroom (Pleurotus ostreatus) has antioxidants, which can provide an effective solution against oxidative species and the resultant stress (Yan et al., 2019). Oxidative stress is induced in the cells and tissue after the activation of reactive oxygen species (ROS) such as superoxides, peroxides, and hydroxyl radicals (Pizzino et al., 2017). The extract was best, as its low concentration scavenged a higher amount of DPPH free radicals. Ethanolic extract of Pleurotus ostreatus showed a concentration-dependent rise in DPPH free radical scavenging potential with a maximum scavenging activity (87.05±0.212%) recorded at a concentration of 10 mg/ml of the extract. This value is comparable to the 96.41±0.014% DPPH free radical scavenging activity recorded for BHT (standard antioxidant). The standard demonstrated greater DPPH scavenging action than Pleurotus ostreatus extract, possibly due to its high affinity for DPPH radicals (Effiong et al., 2024). The DPPH scavenging activity of oyster mushrooms may be due to the presence of flavonoids and other polyphenols in the extracts, as indicated in the present study. Woldegiorgis et al. (2014) revealed that Pleurotus eryngii has excellent antioxidant activity and was able to scavenge free radicals and possessed reducing power. According to Barros et al. (2007), Pleurotus ferulae, Clitocybe maxima, and Pleurotus ostreatus contained phenolic compounds that helped them fight the oxidative stress system. The reducing capacity of Pleurotus ostreatus is also an important indicator of its potential antioxidative activity (Chanda et al., 2013). It measures the ability of the antioxidant (extract) to donate electrons. The ferric reducing antioxidant potential (FRAP) of ethanolic extract of Pleurotus ostreatus and the standard (gallic acid) showed a concentration-dependent rise up to 80 mg/ml, the highest concentration evaluated. The high reducing capacity recorded for P. ostreatus (90.056±0.112%) is comparable to the 91.294±0.014% FRAP value obtained for gallic acid. High DPPH scavenging activity and FRAP values recorded for Pleurotus ostreatus suggest that it is a strong antioxidant that can provide an effective solution against oxidative species.
Conclusion 
Mushroom can serve as a dietary supplement for vitamins and phytochemicals as well as cheap and easily accessible source for natural antioxidants for both man and live stocks. This study estimated the vitamins, phytochemical contents and antioxidant activity of Pleurotus ostreatus. The vitamin content analysis results showed that Pleurotus ostreatus contained high amount of vitamins C, D, A and B12 with lower concentrations of vitamins B6, B1 and B2. The phytochemical analysis revealed a high amount of tangeretein, epicatechin, artemetin, naringin and ellagic acid compared to other phytochemicals. The result also showed high DPPH scavenging activity and ferric reducing antioxidant potential (FRAP) values for Pleurotus ostreatus. These findings reveal that Pleurotus ostreatus can be utilized as an easily accessible source of natural nutrient and antioxidants. Therefore, consumption of these mushroom species might be beneficial to protect human body against oxidative damage and diseases caused by the reactive oxygen species (ROS). 
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