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Abstract  In this study, the chemical composition and bioactive compounds present in the extract of Agaricus bisporus 

were investigated using GC–MS, HPLC, UV–Vis, and FTIR analytical techniques. The GC–MS analysis revealed the 

presence of various bioactive constituents, including trans-caryophyllene, farnesene, phytol, fatty acids, squalene, and 

tocopherol derivatives. Among these, α-tocopherol (vitamin E) was identified as the predominant component, accounting for 

63.61% of the total composition. HPLC analysis demonstrated that the extract possesses a complex multi-component profile 

with numerous detectable peaks. UV–Vis and FTIR spectral analyses confirmed the presence of functional groups 

characteristic of tocopherol-type antioxidant compounds. The obtained results indicate that Agaricus bisporus is a rich source 

of biologically active secondary metabolites with significant antioxidant potential. The identification of major compounds 

was performed based on chromatographic and spectroscopic data.  
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1. Introduction 

The isolation of biologically active compounds from 

natural sources and the study of their chemical properties 

represent one of the key directions in modern biochemistry 

and pharmaceutical sciences. Secondary metabolites found 

in plants and fungi exhibit a wide range of biological activities, 

including antioxidant, antimicrobial, anti-inflammatory, and 

other pharmacological effects. Mushrooms of the genus 

Agaricus have been recognized as promising natural sources 

of bioactive compounds with antioxidant and antimicrobial 

properties, as well as inhibitory effects against bacterial 

activity [19]. In particular, extracts of Agaricus bisporus  

are known for their strong antifungal activity [17]. Among 

biologically active compounds, α-tocopherol (vitamin E) is 

of particular importance as a lipophilic compound with strong 

antioxidant properties. It protects cell membranes from oxidative 

stress, neutralizes free radicals, and ensures the stability   

of essential physiological processes in the human body.  

Due to these properties, tocopherols are widely used in the 

food, pharmaceutical, and nutraceutical industries. Previous 

studies have shown that normal-phase high-performance 

liquid chromatography (NP-HPLC) is an effective method 

for the determination  of tocopherols in Agaricus  species. 
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Chromatographic separation using a hexane and ethyl acetate 

mixture enables rapid and accurate identification of tocopherol 

components, demonstrating high sensitivity and precision 

[1–3]. Furthermore, differences have been observed between 

the tocopherol content and antioxidant activity of mushroom 

fruiting bodies and mycelium cultivated under laboratory 

conditions. Specifically, fruiting bodies generally exhibit 

higher antioxidant activity, whereas mycelium may contain 

relatively higher levels of γ-tocopherol [4]. The antioxidant 

activity of mushrooms varies depending on their 

developmental stage, which is directly related to their chemical 

composition [18]. In addition, wild mushrooms contain phenolic 

compounds, tocopherols, and other bioactive constituents 

that contribute to antioxidant activity by scavenging free 

radicals and inhibiting lipid peroxidation [5,6]. However, 

processing and storage conditions can negatively affect the 

biological value of mushrooms. In particular, technological 

treatments may lead to a reduction in the content of tocopherols 

and other bioactive compounds [7,8]. At the same time, 

Agaricus bisporus is an important source of B-group 

vitamins, especially niacin and riboflavin. Overall, Agaricus 

bisporus is rich in antioxidants and essential minerals, with 

its fruiting body representing a valuable source of bioactive 

compounds, while the mycelium is considered a relatively 

safe and clean alternative source [20]. Various biologically 

active compounds, including sterols, fatty acids, terpenoids, 

and vitamins, have been identified in this species. Modern 
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analytical techniques play a crucial role in the identification 

of bioactive compounds. Gas chromatography–mass 

spectrometry (GC–MS) is widely used for compound 

identification, while high-performance liquid chromatography 

(HPLC) is employed for quantitative analysis. UV–Vis   

and FTIR spectroscopy provide valuable information on 

chemical structure and functional groups. The aim of this 

study is to isolate α-tocopherol from Agaricus bisporus 

extract and to determine its chemical composition using 

modern analytical methods. 

2. Materials and Methods 

Extraction and Column Chromatography. The ethanol 

extract of Agaricus bisporus was obtained, and the solvent 

was removed by evaporation to yield a dry extract. The 

obtained dry extract was subjected to fractionation using 

column chromatography on silica gel as the stationary phase. 

A mixture of hexane and chloroform (9:1, v/v) was used as 

the eluent system. 

The collected fractions were monitored by thin-layer 

chromatography (TLC). One of the fractions exhibited a spot 

with an Rf value characteristic of tocopherols. The isolated 

compound was further analyzed using UV–Vis and FTIR 

spectroscopic methods to determine its chemical structure. 

Based on the obtained spectral data, the compound was 

identified as α-tocopherol (vitamin E). 

3. Results and Discussion 

Quantitative Analysis of Secondary Metabolites in 

Agaricus bisporus Extract by HPLC. High-performance 

liquid chromatography with photodiode array detection 

(HPLC–PDA) was employed to identify and quantify 

biologically active compounds present in the extract of 

Agaricus bisporus. According to the obtained chromatographic 

results, a total of 40 distinct peaks were detected in the 

extract, with a cumulative retention time of 34.891 min. 

These findings indicate that the extract possesses a complex 

and multi-component chemical composition. 

Further analysis of the chromatographic data revealed that 

the major component of the extract was detected at a 

retention time of 2.915 min, accounting for 19.614% of the 

total peak area. The second predominant component was 

observed at 2.746 min with a relative abundance of 18.860%. 

In addition, several other components were identified at 

retention times of 2.239 min (3.783%), 1.982 min (3.456%), 

1.410 min (2.468%), 0.876 min (2.441%), 6.693 min (2.234%), 

and 7.616 min (2.893%). Moreover, minor constituents were 

detected at retention times of 5.188 min (1.936%), 3.568 min 

(1.593%), 4.437 min (1.981%), 12.585 min (1.110%), and 

16.903 min (0.945%). The remaining peaks exhibited relative 

abundances in the range of 0.03–1.0%, corresponding to 

trace-level metabolites present in the extract. These results 

indicate that the Agaricus bisporus extract contains a diverse 

range of biologically active secondary metabolites, including 

sterols, terpenoids, phenolic compounds, and other bioactive 

substances. The chromatographic profile confirms that the 

extract represents a complex, multi-component chemical 

system. The results show that the large number of peaks 

detected in the extract indicates that the mushroom has a 

complex secondary metabolite system. The high percentage 

of major components indicates that these substances play  

an important role in biological activity. Minor constituents 

are by-products of metabolism or trace compounds formed 

during the extraction process, which enrich the overall 

chemical profile. 

 

 

Figure 1.  HPLC–PDA chromatogram of Agaricus bisporus extract 
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Figure 2.  GC–MS spectrum of Agaricus bisporus extract 

 

Identification of Secondary Metabolites by GC–MS 

Analysis. The GC–MS analysis of the extract obtained from 

the biomass of Agaricus bisporus revealed the presence of 

various biologically active compounds, including lipids, 

terpenoids, and vitamins. A total of 10 major peaks were 

observed in the chromatogram, which were identified based 

on their retention times and relative peak areas. 

The GC–MS analysis revealed that the most intense peak 

was observed at a retention time (RT) of 79.156 min, with a 

relative abundance of 63.61%. Comparison with the NIST 

mass spectral library identified this compound as vitamin   

E (α-tocopherol). This result indicates that tocopherols 

represent the major components of the extract. The second 

most abundant peak was detected at RT = 43.236 min, 

accounting for 17.53% of the total composition, and was 

identified as squalene, an important precursor in sterol 

biosynthesis. Additionally, a peak observed at RT = 35.033 

min with a relative abundance of 3.55% was assigned to 

phytol, a diterpene alcohol known for its antioxidant and 

biological activity. Several fatty acids were also identified in 

the extract, including palmitic acid (RT = 39.976 min, 

3.84%), linolenic acid (RT = 47.072 min, 2.97%), myristic 

acid (RT = 36.166 min, 1.22%), and linolenic acid ester  

(RT = 45.332 min, 1.16%). Among the detected terpenoids, 

caryophyllene (3.17%) and farnesene (1.69%) were also 

identified. The high concentration of α-tocopherol is 

explained by its lipophilic nature and good release during 

ethanol extraction. In addition, this compound is one of the 

main antioxidants that protect fungal cells from oxidation. 

The identified sesquiterpenoids, such as caryophyllene and 

farnesene, are naturally occurring biologically active compounds 

in mushrooms that possess antioxidant, anti-inflammatory, 

and antimicrobial properties. Their presence indicates the 

presence of active terpenoid biosynthesis processes in the 

mushroom. 

Table 1.  GC–MS analysis results of the extract obtained from the biomass 
of Agaricus bisporus 

№ RT (min) Peak area (%) Identified substance 

1 11.455 3.17 
Caryophyllene 

(sesquiterpene hydrocarbon) 

2 25.156 1.69 
Farnesene (sesquiterpene 

compound) 

3 35.033 3.55 Phytol (diterpene alcohol) 

4 36.166 1.22 Myristic acid 

5 39.976 3.84 Palmitic acid 

6 43.236 17.53 
Squalene (triterpene 

hydrocarbon) 

7 44.212 1.24 Octadecadienol derivative 

8 45.332 1.16 Linoleic acid methyl ester 

9 47.072 2.97 Linolenic acid derivative 

10 79.156 63.61 Vitamin E (α-tocopherol) 

UV–Vis Spectral Analysis 

The extract sample was fractionated using column 

chromatography, and the obtained fractions were subsequently 

analyzed by UV–Vis spectroscopy. This method is considered 

one of the important analytical techniques for the 

identification of biologically active compounds in complex 

mixtures. According to the UV–Vis spectral analysis results, 

distinct absorption maxima were observed at approximately 

220 nm and 290 nm in the spectra of the isolated fractions. 

The absorption band around 220 nm is mainly associated 

with π → π* electronic transitions in organic molecules, 

indicating the presence of compounds containing aromatic 

ring systems in the extract. 
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Figure 3.  UV–Vis spectrum of α-tocopherol 

 

Figure 4.  FTIR spectrum of α-tocopherol 

 

In addition, the absorption maximum observed around  

290 nm is a characteristic spectral feature of compounds 

belonging to the tocopherol group. In particular, the 

chromanol ring present in the α-tocopherol (vitamin E) 

molecule is responsible for strong absorption at this 

wavelength. The obtained spectral data indicate the presence 

of α-tocopherol (vitamin E) in the extract. This compound is 

a biologically active antioxidant of significant importance, 

known for its ability to neutralize free radicals, inhibit lipid 

peroxidation, and protect cell membranes from oxidative 

damage. Furthermore, the results obtained from UV–Vis 

spectroscopy are consistent with those obtained from other 

analytical techniques, particularly chromatographic analysis. 

The presence of vitamin E (α-tocopherol) in the extract   

was also confirmed by chromatographic methods, thereby 

supporting the UV–Vis spectral findings. The maximum 

around 290 nm is characteristic of tocopherols, which confirms 

the presence of a chromanol ring and is fully consistent with 

the GC-MS results. Overall, the results demonstrate that the 

studied extract contains tocopherol-type biologically active 

antioxidant compounds. This confirms the biological and 

pharmacological significance of the mushroom extract and 

highlights its potential applications in the nutraceutical and 

pharmaceutical industries. 

FTIR Spectral Analysis 

Fourier Transform Infrared (FTIR) spectroscopy was 

employed to determine the chemical structure of the isolated 

fraction. The obtained spectral data revealed the presence of 

various functional groups in the sample. 

The FTIR spectrum exhibited a broad absorption band 

around 3400 cm⁻¹, corresponding to the stretching vibrations 

of the phenolic O–H group. This band indicates the presence 

of a hydroxyl group attached to an aromatic ring, which is 

characteristic of the tocopherol structure. Additionally, 

absorption bands observed at approximately 2920 cm⁻¹ and 

2850 cm⁻¹ were attributed to the asymmetric and symmetric 

stretching vibrations of aliphatic –CH₂– groups, indicating 

the presence of long hydrocarbon chains. This is consistent 
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with the structure of tocopherols, which contain a long 

isoprenoid side chain. Furthermore, absorption bands in the 

range of 1460–1370 cm⁻¹ were assigned to the bending 

vibrations of –CH₂– and –CH₃ groups. Peaks detected in the 

region of 1260–1050 cm⁻¹ correspond to C–O stretching 

vibrations, confirming the presence of phenolic and ether 

functional groups. The obtained spectral data confirm that 

the isolated fraction contains functional groups characteristic 

of α-tocopherol (vitamin E). These findings are in good 

agreement with the results of UV–Vis spectroscopy and 

chromatographic analyses, further confirming the presence 

of tocopherol-type biologically active antioxidant compounds 

in the extract and supporting the proposed structure of the 

compound. The absorption lines in the range of 1460–1370 

cm⁻¹ correspond to the deformation vibrations of the –CH₂ 

and –CH₃ groups in aliphatic chains. These functional groups 

are widely found in fatty acids, terpenoids, and tocopherols, 

which confirms the presence of this class of compounds in 

the extract. 

 

Figure 5.  Chemical structure of α-tocopherol (vitamin E) 

4. Conclusions 

In the present study, the profile of biologically active 

secondary metabolites in the extract of Agaricus bisporus 

was comprehensively investigated using GC–MS analysis. 

The results revealed a chemically diverse composition, 

including terpenoids, fatty acids, and fat-soluble vitamins. 

Among the identified compounds, α-tocopherol (vitamin E) 

was determined to be the dominant constituent, with a relative 

abundance of 63.61%, indicating its major contribution to 

the overall bioactivity of the extract. 

The high content of α-tocopherol suggests a strong antioxidant 

potential of the mushroom extract, likely associated with its 

ability to inhibit lipid peroxidation and protect biological 

membranes from oxidative damage. Compared to previously 

reported data on mushroom-derived metabolites, the relatively 

elevated proportion of α-tocopherol highlights the significance 

of Agaricus bisporus as a valuable and accessible natural 

source of vitamin E–like compounds. 

Despite these promising findings, the study is limited   

by the use of a single analytical approach (GC–MS) and   

the absence of in vitro or in vivo biological activity assays. 

Therefore, further studies are required to validate the 

antioxidant capacity and to elucidate the pharmacological 

mechanisms of action of the identified compounds. 

Overall, the results provide important insights into the 

chemical composition and functional properties of Agaricus 

bisporus extracts and support their potential application in 

the development of natural antioxidant formulations for food, 

pharmaceutical, and nutraceutical industries. Future research 

should focus on bioactivity-guided fractionation, quantitative 

validation, and formulation development to fully realize the 

applied potential of these mushroom-derived compounds. 
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