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ABSTRACT 
Natural products contain several ingredients that can treat number of ailments. Due to the 

increase in antibiotic-resistant microorganisms, natural resources are being looked at as an 

alternative source to combat harmful microbes. This can reduce the effects on harmful 

microbes by obtaining antibacterial compounds derived from natural resources. The aim of 

present study is to explore some new potent varieties of unexplored wild mushroom species 

to investigate their effects on microbial activity. In this study hexane, chloroform, methanol, 

70% ethanol, and hot water extracts of Cantharellus cibarius, Phellinus pectinatus, Laccaria laccata, 

Trametes versicolor, and Gloeophyllum sepiarium were tested for antibacterial activity against 

nine bacterial strains namely Bacillus subtilis, Staphylococcus aureus, Escherichia coli, Klebsiella 

pneumoniae, Pseudomonas aerouginosa, Acinetobacter baumannii, Pseudomonas fluorescens, 

Enterobacter aerogenes, Proteus mirabilis by disk diffusion method. The present study showing 

that Phellinus pectinatus and Gloeophyllum sepiarium mushroom species methanol and Ethanol 

extracts are most active against Bacillus subtilis, Klebsiella pneumoniae, Acinetobacter baumannii, 

Enterobacter aerogenes and Pseudomonas aerouginosa bacterial strains. The present study reveals 

important secondary metabolites compounds including alkaloids, flavonoids, carbohydrates, 

glycosides, etc. were present in wild mushroom extracts. Out of 5 extracts, methanol and 

ethanol extract have been shown a great potential as antimicrobial secondary metabolites 

compared to other extracts. The result of present research is expressing the high potency of 

extracts to stop the growth of bacteria and this extract can be further suggested for medical 

utilizations and could be used as natural antimicrobial source. 

 

  

 

 

 

 

 

 

 

 INTRODUCTION 

Unlike other fungi, mushrooms (macrofungi) have a large fruiting body that is visible 

by naked eyes. Some mushrooms are edible, while others are non-edible. The 

nutritional value of some mushrooms makes them functional foods, while other 

mushrooms have been used expansively in traditional medicament, and as a source of 

development of drugs and nutritious medicinal substances [1]. 

There are approximately 0.14 million mushroom species worldwide, 14,000 of which 

are known species, 7000 of which are edible, 20,000 of which are protected, and 700 of 

which are said to have substantial pharmacological capabilities. A wide range of 

medicinal and sanitary properties are found in wild mushrooms viz., antibacterial, 

antifungal, antiviral, antiparasitic, antioxidant, anticancer, anti-inflammatory, anti-HIV, 

antitumor, antidiabetic, cytotoxic, anticoagulant, hepatoprotective, hypocholesterolemic, 

antiproliferative [2,3]. 

The fruiting body of mushrooms contains various types of bioactive compounds like 

terpenoids, steroids, flavonoids, polyketides, alkaloids, dietary fibers, polyphenol, and 

polysaccharides (especially β-glucans). Mushrooms contain highly healthy most 
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valuable nutritional compounds such as proteins, minerals, vitamins (vitamins B 

complex, vitamin C and D2), true elements, as well as low calories, low fat, and limited 

amounts of cholesterol [4]. 

The development of new drugs or finding natural products to support antibiotics has 

become essential since antimicrobial resistance has spread around the globe. According 

to a World Health Organization report, antibacterial resistance is a threat to the 

prevention and treatment of infections caused by microbes. A real threat to society is 

the development of resistant strains such as Staphylococcus aureus, Klebsiella pneumonia, 

and Escherichia coli.  

The threat of infectious diseases has become a significant issue for public health 

worldwide. In recent years, antibiotics have proven to be very valuable in treating 

infections caused by a variety of pathogens. In the meantime, there is increasing 

resistance to conventional antibiotics, contributing to decreased morbidity and 

mortality, extended hospital stays, and higher hospital charges [5]. Mushrooms are 

among the natural resources that have been exploited in the past years and might serve 

as a source of new antimicrobials. 

Prophylactic and therapeutic use of antimicrobials has been around for decades. A 

major clinical problem in treating infectious diseases has been the resistance of 

microorganisms to antibiotics. The goal of the present study must look at the 

antibacterial activities of five wild mushrooms found in Uttarakhand Himalayan, 

namely Cantharellus cibarius, Phellinus pectinatus, Laccaria laccata, Trametes versicolor, and 

Gloeophyllum sepiarium. The present result in this article and some of the investigation 

may help to guide future investigation to discover new compounds that may be safe, 

effective, and potent in fighting microbes. 

 

MATERIALS AND METHODS 

Collection of specimens 

Five species of wild mushrooms Cantharellus cibarius, Phellinus pectinatus, Laccaria laccata, 

Trametes versicolor, and Gloeophyllum sepiarium were obtained from diverse local 

woodlands in the Himalayan region Uttarakhand. Several trips were made to the 

Uttarakhand Himalayas between July 2019 and January 2020 to collect fresh fruiting 

bodies of these mushrooms, the morphology characteristics were observed and 

recorded in the field. For further investigation, the mushrooms were wrapped in paper 

bags and brought to the laboratory for extraction. The identification was also done 

through the available field guide of macrofungi, monographs, review of relevant 

literature like Adhikari, 2000; Vishwakarma et al., 2011; Bhatt et al., 2018; Singha et al., 

2020; Khadka and Aryal, 2021 and available web resources mycokey.com, MykoWeb, 

www. mushrooms, etc. and identified based on macro– morphological [6]. All the 

identified specimens have been submitted to SGRRU Patel Nagar Microbiology 

Department in Dehradun, Uttarakhand, India, for further examination (Figure 1-2, and 

Table 1).                                                 

 

Extraction of mushroom specimens 

The powders of each mushroom were extracted sequentially in hexane, chloroform, 

methanol, 70%, ethanol, and hot water. For this, the material was taken in a conical 

flask and the flask was covered with aluminum foil. It was then left in a rotary shaker 

for 72h. So that the contents can be mixed well.  After complete extraction, the extracts 
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were centrifuged at 3000 rpm for 15min. After that, the extract was filtered with the 

help of Whatman no 1 filter paper. Rotary evaporation was then used to evaporate and 

dry the extract. After drying the extract was stored at 4°C [7,8] as shown in Figure 3 and 

Table 2). 

 

 
Figure 1.  Pictorial view of wild mushroom; A) Cantharellus cibarius, B) Phellinus pectinatus, C) Laccaria laccata, 

D) Trametes versicolor, and E) Gloeophyllum sepiarium. 

 

Table 1. Summary of wild mushrooms selected from Garhwal Himalayan region. 

S. 

No. 

  Name of macrofungi 

(Mushrooms) 

Family  Seasons 

 

Duration of   

collection 

Habitat Region 

1 Cantharellus cibarius Cantharellaceae Monsoon July Green grassland Tehri Garhwal   

Uttarakhand 

2 Phellinus 

pectinatus 

Hymenochaetace Autumn November Living tree trunk Uttarkashi 

Uttarakhand 

3 Laccaria laccata Hydnangiaceae Monsoon August Green grassland Tehri Garhwal 

Uttarakhand 

4 Trametes versicolor Polyporaceae Winter January Living tree trunk Dehradun 

Uttarakhand 

5 Gloeophyllum sepiarium Gloeophyllaceae Monsoon September Deadwood 

log 

Tehri Garhwal 

Uttarakhand 

*Table shows the variety and habitat of wild mushrooms with their regional distribution 
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Figure 2. 3D view of sample collection sites of Uttarakhand Himalayan region, India.     

 

Table 2. Solvents used for extraction: physico-chemical properties [9]. 

S. 

No 

Solvent Chemical Formula Molecular 

weight 

Boiling 

point 

 

Polarity 

index 

 

Viscosity 

(cP) 

Solubility 

in water 

1 Hexane C₆H₁₄ 86.18 g/mol 68.7°C 0.1 0.31 Insoluble 

2 Chloroform CHCl₃ 119.38 g/mol 61.2 °C 4.1 0.56 Slightly 

soluble 

3 Methanol CH3OH 32.04 g/mol 64.7 °C 5.1 0.59 Miscible 

4 70%Ethanol C2H5OH 46.07 g/mol 78.5° C 6.34 0.79 Miscible 

5 Hot water H₂O 18.01528 g/mol 100 °C 10.2 1 Miscible 

*Solvent used as per their polarity 

 

Test strains  

A total number of nine bacterial strains, including Bacillus subtilis, Staphylococcus aureus, 

Escherichia coli, Klebsiella pneumoniae, Pseudomonas aerouginosa, Acinetobacter baumannii, 

Pseudomonas fluorescens, Enterobacter aerogenes, Proteus mirabilis. were used in this study. 

These strains are obtained from the Department of Microbiology, SGRR School of Basic 

& Applied Sciences, SGRR University Dehradun, Uttarakhand, India.  

 

Evaluation of antimicrobial activity  

Antimicrobial testing was conducted by the disc diffusion method on sterilized Mueller 

Hinton Agar medium (MHA). Luria Bertani broth was prepared and taken up to 5 ml in 

each culture tube and followed by autoclave at 121°C for 15 min. Each tube containing 

the LB broth were then inoculated separately with selected bacterial strains. Turbidity 

of 0.5 McFarland standard 1 ×10 8 CFU was obtained after 24 h of incubation at 37°C. On 

each Mueller Hinton agar (MHA) plate, the bacterial suspension (100 µl) containing 1 

×10 8 CFU/ml was poured, respectively. Then, Whatman filter paper (6 mm in diameter) 

was impregnated with 100 µl of each mushroom extract and placed them evenly on the 
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surface of Mueller-Hinton agar plate. All the plate is incubated at 37°C for 24 - 48 hours. 

After the incubation period, the diameter of a well-defined inhibition zone was 

measured by ruler [10]. Streptomycin was used as positive control.  

 

 

Figure 3. Extraction process of wild macrofungi (Mushrooms). 

 

Qualitative phytochemical analysis 

The most active extracts methanol and ethanol were used for Phytochemical analysis 

such as alkaloids, steroids, glycosides, flavonoids, carbohydrates, etc. The procedure 

described by [11-13] was followed.  

 

Test for alkaloids  

Mayer’s test: A few drops of Mayer's reagent were added to 5ml of the extract on the 

side of the test tube. Positive findings were observed in the form of a white creamy 

precipitate. 

Dragendorff’s test: 1 or 2 mL of Dragendorff's reagent were added to 5 mL of 

mushroom extract. Positive results are denoted by a conspicuous orange and yellow 

precipitate. 

Wagner’s test: 1-2 drops of Wagner's reagent are added to 5 ml of the extract by the side 

of a test tube. The reddish-brown precipitate ensures the test is positive.  
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Test for terpenoids:  4-5 ml of extract is taken in a test tube. After that 2 ml of 

chloroform is added and again conc. sulfuric acid is carefully poured through the side 

of the test tube. The presence of terpenoids is indicated by a reddish-brown color. 

Test for steroids: (a) 2 ml of chloroform was added to the extract and concentrated 

sulfuric acid was poured through the side of the test tube. Red color formation on the 

lower surface indicates the presence of steroids. (b) In two ml of chloroform, two ml of 

concentrated sulfuric acid, and two ml of acetic acid, were added to the extract. The 

presence of green color indicates the steroids. 

 

Test for glycosides 

Libermann Burchard’s test: 2ml chloroform and 2 ml acetic acid were added to the 

extract. after that, the mixture was cooled in the ice. After cooling, sulfuric acid was 

added to it. A change in color from violet to blue and from blue to green indicates the 

presence of glycosides.   

Keller-Killiani test: One milliliter of glacial acetic acid, a few drops of ferric chloride 

solution, and concentrated sulfuric acid are slowly added to the extract from the sides 

of the test tube. The presence of a glycoside is indicated by a reddish-brown ring at the 

interface.  

 

Test for flavonoids 

Ferric chloride test: A few drops of 5% ferric chloride are added to 2-3ml of the extract. 

the presence of dark green color indicates flavonoids. 

Alkaline reagent test: A few drops of sodium hydroxide are added to the test solution. 

if after this a dark yellow color is formed, then a few drops of dilute acetic acid are 

added, after which it becomes colorless, which indicates the presence of flavonoids. 

 

Test for phenolic compounds 

Ferric chloride test: A few drops of 5% ferric chloride are added to 2-3ml of the extract. 

the presence of bluish-black precipitate indicates phenolic compounds.  

Lead acetate test: A few drops of 10% lead acetate reagent are added to the test solution. 

The presence of white precipitates indicates the presence of phenolic compounds. 

 

Test for carbohydrates 

Fehling’s test: Reagents fehling’s A and fehling’s B are mixed with each other in equal 

amounts and then added to1- 2 ml of extract and boiled slowly. The presence of a brick 

red color indicates the reducing sugar.  

Benedict’s test: The extract is treated with 1-2 ml of benedicts reagent and then gently 

heated. The presence of reducing sugar is indicated by the formation of an orange-red 

precipitate. 

Molisch's test: A few drops of α - naphthol are added to 2ml of extract. After that two 

ml of concentrated sulfuric acid is added slowly from the sides of the test tube. The 

formation of a purple ring at the junction indicates the presence of carbohydrates. 
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Barfoed’s test: A sample of 2 ml extract is treated with 1 ml of barfoed’s reagent and 

then heated. Precipitate with a red-orange color indicates the presence of non-reducible 

sugar. 

 

Test for proteins (amino acids) 

Ninhydrin test: The solution is treated with a few drops of Ninhydrin reagent. The 

presence of blue color signifies a positive result. 

Millon’s test: A few drops of Millon’s reagent are added to a 2 ml extract. The presence 

of proteins is shown by a white precipitate. 

Xanthoproteic test: A few drops of concentrated nitric acid added to the extract. Yellow 

coloration indicates the presence of protein. 

 

Test for saponins 

Foam test: 1 ml of extract is boiled with 5-6 ml distilled water and after that, it is shaken 

rapidly. The formation of foam indicates the presence of saponins. 

 

Test for organic acid 

Malic acid test: Two to three drops of 40% FeCl are added to the test solution. The 

presence of yellow color indicates organic acids.  

 

Test of inorganic acid 

Carbonate test: for test solution add dilute HCL. If CO gas is liberated it indicates the 

presence of carbonate. 

 

Statistical analysis 

All tests were carried out in a triplicate manner. Means ± standard deviations (SDs) are 

used to represent experimental results. IBM SPSS 2019 software was used for the 

statistical analysis. 

 

RESULTS  

Effect of mushrooms extract on microbial activity  

A total of five wild mushrooms species were taken to examine their effects on microbial 

activity.  

Significant microbial activity was shown by five wild mushrooms Cantharellus cibarius, 

Phellinus pectinatus, Laccaria laccata, Trametes versicolor, and Gloeophyllum sepiarium 

(Table 3-7, and Figure 4). For this, the extracts of these mushrooms were extracted in 

different solvent systems viz. Hexane, chloroform, methanol, 70% ethanol, and hot 

water. After that, the microbial activity of mushroom extracts was observed against 

nine bacterial strains respectively Bacillus subtilis, Staphylococcus aureus, Escherichia coli, 

Klebsiella pneumoniae, Pseudomonas aerouginosa, Acinetobacter baumannii, Pseudomonas 

fluorescens, Enterobacter aerogenes, Proteus mirabilis.  
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Out of five extracts of Cantharellus cibarius species of mushroom, ethanol showed higher 

antimicrobial potency. In second place chloroform and methanol recorded moderate 

antimicrobial potency. Other solvents showed little or negative antimicrobial efficacy. 

Maximum 29.6 ±1.72 mm and 29.6±1.45mm zone of inhibition was recorded against the 

Staphylococcus aureus and Klebsiella pneumoniae in the ethanol solvent. A minimum zone 

of inhibition was observed in Escherichia coli, Pseudomonas aeruginosa in the hexane 

solvent system. In addition, chloroform and ethanol solvent systems showed low 

inhibition zones against Pseudomonas fluorescens.  

Mushroom Phellinus pectinatus was also extracted with a five solvent system Hexane, 

chloroform, methanol, 70% ethanol, and hot water respectively.  The highest effect of 

mushroom extracts on microbial activity was observed in ethanol and methanol 

solvents of Phellinus pectinatus. After these, the moderate effect on microbial activity 

was recorded in hexane, chloroform, and hot water. Hexane, chloroform, 70% ethanol, 

methanol, and hot water showed the highest activity against Klebsiella pneumoniae 

among all solvent systems. Hexane, 70% ethanol, methanol, and hot water showed a 

high zone size i.e 22 ±1.13mm, 16.6±1.45 mm, 28 ±2.26mm, 26.3±1.72mm, respectively 

against Acinetobacter baumannii. The lowest activity was observed against Bacillus 

subtilis, Escherichia coli, Staphylococcus aureus, and Enterobacter aerogenes. No activity was 

recorded in Pseudomonas aeruginosa, Pseudomonas fluorescens and Proteus mirabilis. 

High antimicrobial potency against Pseudomonas aeruginosa was observed in the 

methanol and hot water extract of Laccaria laccata also recorded a good zone of 

inhibition against Acinetobacter baumannii in ethanol and hot water extract. A zone of 

low inhibition was recorded against Bacillus subtilis, staphylococcus aureus, Enterobacter 

aerogenes. No inhibition zones were recorded in Klebsiella pneumoniae, Pseudomonas 

fluorescens, and Proteus mirabilis. 

Ethanol extract of Trametes versicolor mushroom showed high microbicidal effect 

against Bacillus subtilis and Staphylococcus aureus up to 28 ±0.95 and 30.2±0.84mm, 

respectively. The chloroform extract showed moderate microbial activity in 

Staphylococcus aureus, Pseudomonas aeruginosa, and Enterobacter aerogenes strains. Zone of 

inhibition was recorded at the lowest levels in Escherichia coli and Acinetobacter 

baumannii. Furthermore, no antimicrobial potency was recorded for Klebsiella 

pneumoniae, Pseudomonas fluorescens, and Proteus mirabilis in any of the mushroom 

extracts. 

Areas of high inhibition against Bacillus subtilis were observed in ethanol, methanol, 

and hot water extract of Gloeophyllum sepiarium mushroom respectively 28.8 ±0.86, 29.5 

±0.85, and 20 ±1.13. Pseudomonas aeruginosa also recorded a region of higher inhibition 

in ethanol and methanol extracts. The zone of inhibition was recorded in ethanol and 

methanol extracts at moderate levels for Enterobacter aerogenes.  Acinetobacter baumannii 

showed the lowest inhibition zone in the extract of hexane and chloroform. No regions 

of inhibition were recorded in Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, 

Pseudomonas fluorescens, and Proteus mirabilis. Streptomycin antibiotic used was a 

positive control and exhibits moderate to high activity effect, like mushroom extract 

(zone of inhibition moderate 20.1±1.42 and high 28.9 ±0.70). Thus, mushroom extract 

worked simultaneously like antibiotic and can be used in place of antibiotic (Table 3-7, 

and Figure 4). 
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Table 3. Effect of Cantharellus cibarius extracts on microbial activity. 

 

Bacterial strains 

Zone of inhibition (mm) 

Hexane Chloroform Ethanol Methanol Hot water STM  

B.  subtilis - 8.3 ±1.72 20.3±1.72 - - 25.8±1.16 

S. aureus - - 29.6 ±1.72 - - 26.6±0.68 

E. coli 9.33 ±1.72 - 29 ±2.26 - - 26.2±0.50 

K. pneumoniae - - 29.6±1.45 - - 27.5±1.13 

P. aeruginosa 8 ±0.57 10.16 ±0.86 - - - 26.2±0.54 

A. baumannii - -  19 ±0.57 - 28.9 ±0.70 

P.  fluorescens - 9.33 ±0.65 9.66±0.65  - 15.9±0.70 

E. aerogenes - - - 11.6 ±1.72 - 20.1±1.42 

P.mirabilis - 20.3±0.88 - - - 22.6±1.96 

*Results are expressed as mean+ standard error. (-) = No zone of inhibition. All study was carried out in a triplicate manner 

*STM: Streptomycin zone of inhibition as contro 
 

 

Table 4. Effect of Phellinus pectinatus extracts on microbial activity. 

Bacterial strains Zone of inhibition (mm) 

Hexane Chloroform Ethanol Methanol Hot water STM 

B.  subtilis - 11 ±1.13 - 10.4±0.69 - 25.8±1.16 

S. aureus - - 10.6 ±0.65 - - 26.6±0.68 

E. coli - - - 11.3±0.5 - 26.2±0.50 

K.pneumoniae 20.6±0.65 20.6±0.98 25.3 ±0.77 29 ±1.13 28.6±1.72 27.5±1.13 

P.aeruginosa - - - - - 26.2±0.54 

A. baumannii 22 ±1.13 - 16.6±1.45 28 ±2.26 26.3±1.72 28.9 ±0.70 

P. fluorescens - - - - - 15.9±0.70 

E. aerogenes - 9 ±0.57 - 10.6±1.72 - 20.1±1.42 

P.mirabilis - - - - - 22.6±1.96 

*Results are expressed as mean+ standard error. (-) = No zone of inhibition.  All study was carried out in a triplicate manner  

*STM: Streptomycin zone of inhibition as control 
 

 

Table 5.  Effect of Laccaria lacta extracts on microbial activity. 

Bacterial strains Zone of inhibition (mm) 

Hexane Chloroform Ethanol Methanol Hot water STM 

B.  subtilis - 8 ±0.95  - - - 25.8±1.16 

S. aureus - - 10.3 ±0.72 - - 26.6±0.68 

E. coli - 12.3 ±1.72 - - - 26.2±0.50 

K. pneumoniae - - - - - 27.5±1.13 

P. aeruginosa - - - 23 ±2.26 28.5 ±1.06 26.2±0.54 

A. baumannii - - 29.8±0.86  25.5 ±0.56 28.9 ±0.70 

P.  fluorescens - - - - - 15.9±0.70 

E. aerogenes 8 ±0.56 9 ±0.47 - - - 20.1±1.42 

P.mirabilis - - - - - 22.6±1.96 

*Results are expressed as mean+ standard error. (-) = No zone of inhibition. All study was carried out in a triplicate manner  

*STM: Streptomycin zone of inhibition as control 
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Table 6. Effect of Trametes versicolor extracts on microbial activity. 

Bacterial strains Zone of inhibition (mm) 

Hexane Chloroform Ethanol Methanol Hot water STM 

B.  subtilis - - 28 ±0.95 - - 25.8±1.16 

S. aureus - 12.16 ±0.55 30.2±0.84 - - 26.6±0.68 

E. coli 8.3 ±0.71 9 ±0.47 - - - 26.2±0.50 

K. pneumoniae - - - - - 27.5±1.13 

P. aeruginosa - 15.5 ±0.56 - - - 26.2±0.54 

A. baumannii - - - 9 ±1.13 - 28.9 ±0.70 

P.  fluorescens - - - - - 15.9±0.70 

E. aerogenes - 14 ±0.67 - - - 20.1±1.42 

P.mirabilis - - - - - 22.6±1.96 

*Results are expressed as mean+ standard error. (-) = No zone of inhibition. All study was carried out in a triplicate manner 

*STM: Streptomycin zone of inhibition as control 

 

Table 7. Effect of Gloeophyllum sepiarium extracts on microbial activity. 

Bacterial strains Zone of inhibition (mm) 

Hexane Chloroform Ethanol Methanol Hot water STM 

B.  subtilis - - 28.8 ±0.86 29.5±0.85 20 ±1.13 25.8±1.16 

S. aureus - - - - - 26.6±0.68 

E. coli - - - - - 26.2±0.50 

K. pneumoniae - - - - - 27.5±1.13 

P. aeruginosa - - 27 ±2.26 28.3±0.65 - 26.2±0.54 

A. baumannii 9.5 ±0.47 8.33±0.54 - - - 28.9 ±0.70 

P.  fluorescens - - - - - 15.9±0.70 

E. aerogenes - - 9.33 ±0.65 18.3±0.54 - 20.1±1.42 

P.mirabilis - - - - - 22.6±1.96 

*Results are expressed as mean+ standard error. (-) = No zone of inhibition. All study was carried out in a triplicate manner 

*STM: Streptomycin zone of inhibition as control 
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Figure 4. Effect of different mushrooms extracts on microbial activity. (A)  Cantharellus  cibarius extracts 

against Bacillus subtilis, (B) Cantharellus  cibarius extracts against Klebsiella pneumoniae, (c) Phellinus pectinatus 

extracts against Acinetobacter baumannii, (D) Phellinus pectinatus extracts against Klebsiella pneumoniae, (E) 

Laccaria laccata extracts against Pseudomonas aeruginosa, (F) Laccaria laccata extracts against Acinetobacter 

baumannii, (G) Trametes versicolor extracts against Pseudomonas aeruginosa, (H) Trametes versicolor extracts 

against Bacillus  subtilis, (I) Gloeophyllum sepiarium extracts against Enterobacter aerogenes,  (J) Gloeophyllum 

sepiarium extracts against Bacillus subtilis, (K) Streptomycin (S25mcg) against active strains Bacillus subtilis (L) 

Streptomycin (S25mcg) against active strains Acinetobacter baumannii, and (M) Streptomycin (S25mcg) against 

active strains Klebsiella pneumoniae. 
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Phytochemical analysis 

The most active solvents of the methanol and ethanol extracts of Cantharellus cibarius, 

Phellinus pectinatus, Laccaria laccata, Trametes versicolor, and Gloeophyllum sepiarium 

mushrooms were contained most active phytoconstituents. 

Among the compounds found in Cantharellus cibarius (Ethanol extract) are terpenoids, 

steroids, glycosides, while alkaloids, flavonoids, phenolic compounds, carbohydrates, 

amino acids, saponins, and inorganic acids are found to be negative. A methanol extract 

of Phellinus pectinatus was found positive for terpenoids, steroids, glycosides (Keller-

killiani test), flavonoids, phenolic compounds (ferric chloride test), carbohydrates, and 

amino acids. Alkaloids (Wagner’s test), glycosides (Libermann Burchard’s test), 

phenolic compounds (lead acetate test), amino acids (Ninhydrin test, Millon's test), 

saponins, and inorganic acids were all found negative. Laccaria laccata (ethanol extract) 

terpenoids, steroids, glycosides (Libermann Burchard’s test), flavonoids (Ferric chloride 

test), carbohydrates (Barfoed test), and amino acids (Ninhydrin test) were found 

positive while alkaloids, glycosides (Keller-Killiani test), flavonoids (Alkaline reagent 

test), phenolic compounds (Lead acetate test), carbohydrates, amino acids (Millon's test 

and xanthoproteic), saponins, and inorganic acids was not present in extract. The tests 

for terpenoids, steroids, glycosides, flavonoids, carbohydrates, and amino acids were 

found positive for Trametes versicolor (ethanol extract); the tests for alkaloids, flavonoids, 

phenolic compounds, carbohydrates (Benedict’s test, Barfoed test), amino acids 

(Millon’s test, Xanthoproteic), saponins, and inorganic acids were negative. alkaloids, 

terpenoids, steroids, glycosides (Keller-Killiani test), flavonoids (alkaline reagent test), 

carbohydrates and amino acids (xanthoproteic) were positively detected in 

Gloeophyllum sepiarium (methanol extract). Whereas glycosides (Libermann Burchard’s 

test), flavonoids (ferric chloride test), phenolic compounds, amino acids (ninhydrin test, 

and millon's test), saponins and inorganic acids were not present in extract (Table 8). 

 

Table 8. Phytochemical analysis for five wild macrofungi. 

S. 

No. 

Phytoconstituents Cantharellus 

cibarius  

Phellinus 

pectinatus 

Laccaria 

laccata  

Trametes 

versicolor 

Gloeophyllum 

sepiarium  

EtOH 

extract 

MeOH 

extract 

EtOH 

extract 

EtOH 

extract 

MeOH 

extract 

1 Test for Alkaloids  

a) Mayer’s test 

b) Dragendorff’s 

test 

c) Wagner’s test 

 

Negative  

Negative  

Negative  

 

Positive  

Positive 

Negative  

 

Negative  

Negative  

Negative 

 

Negative  

Negative  

Negative 

 

Positive  

Positive 

positive 

2  Test for terpenoids Positive  Positive  Positive Positive Positive 

3 Test for steroids Positive  Positive  Positive Positive Positive 

4 Test for Glycosides 

a) Libermann 

Burchard’s test 

b) Keller-Killiani 

test 

 

Positive  

 

Positive  

 

Negative 

 

Positive  

 

Positive 

 

Negative 

 

Negative 

 

Positive 

 

Negative 

 

Positive 

5 Test for Flavonoids 

a) Alkaline reagent 

test 

(b)  Ferric chloride 

test 

 

Negative  

 

Negative  

 

Positive  

 

Positive  

 

Negative 

 

Positive 

 

Negative 

 

Positive 

 

Positive  

 

Negative 
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6 Test for Phenolic 

compounds 

a) Ferric chloride 

test  

b) Lead acetate test  

 

 

Negative  

Negative  

 

 

Positive  

Negative  

 

 

Positive  

Negative 

 

 

Negative  

Negative 

 

 

Negative  

Negative 

7 

 

Test for 

carbohydrates 

a)  Fehling’s test 

b)  Benedict’s test 

c) Molisch's test 

d) Barfoed test  

 

Negative  

Negative  

Negative  

Negative 

 

Positive  

Positive 

Positive  

Positive 

 

Negative 

Negative  

Negative  

Positive 

 

Positive 

Negative 

Positive 

Negative 

 

Positive  

Positive 

Positive  

Positive 

8 Test for Amino 

acids  

a) Ninhydrin test  

b) Millon's test  

c) Xanthoproteic 

 

Negative  

Negative  

Negative  

 

Negative  

Negative  

Positive  

 

Positive 

Negative  

Negative  

 

Positive 

Negative  

Negative  

 

Negative  

Negative  

Positive 

9 Test for Saponins 

a) Froth test  

 

Negative  

 

Negative  

 

Negative 

 

Negative 

 

Negative 

*Phytochemical test methods are useful for the identification of secondary metabolites, active against many microbes. * Ethanol extract - EtOH, 

Methanol extract - MeOH 

 

DISCUSSION 

A growing number of infectious diseases are increasingly being treated with reduced 

success due to the emergence of multidrug-resistant organisms. Due to this, we 

urgently need to develop new and effective antibiotics against the present antibiotic-

resistant pathogens [14]. The present study has outlined all five mushroom genera 

which assessed and demonstrated antimicrobial properties. 

Different levels of antimicrobial activity were observed for selected wild mushrooms 

against the tested bacterial strains. Ethanol, methanol, and chloroform extracts were 

found to be able to reduce the growth effect of various bacteria strains as compared to 

the hexane and hot water extracts of Cantharellus cibarius.  

All extracts of Phellinus pectinatus have shown prominent effects against bacterial 

strains, except Pseudomonas aeruginosa, Pseudomonas fluorescens, Proteus mirabilis. The 

study suggests that all extracts of Phellinus pectinatus have the ability to reduce 

microorganisms. 

The ethanol and hot water extract of Laccaria laccata (were found to be more capable of 

reducing the growth effects of microbial strains. While other extracts of the species 

showed moderate to lowest antimicrobial effects.  

Ethanol and chloroform extracts of Trametes versicolor showed significant effect on 

microbial activity. Other extracts showed very minimal antimicrobial activity. This 

shows that ethanol and chloroform extracts of Trametes versicolor are capable of 

inhibiting microorganisms. 

Ethanol and methanol extracts of Gloeophyllum sepiarium showed wide spectrum 

antimicrobial effect. Whereas other extracts showed a moderate level of antimicrobial 

activity.  From this, it is known that methanol and ethanol extracts of Gloeophyllum 

sepiarium may be able to kill more bacterial strains. Significant antimicrobial activity 

was observed in all species of mushrooms. 

 As a discussion, we see here that ethanol and methanol extract gave the highest 

bacterial growth inhibition, and it was followed by chloroform and hexane. The least 

amount of antibacterial activity was demonstrated by the water extract. Studies show 
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that mushrooms contain active components that affect the growth of highly sensitive 

bacteria that may be better soluble in organic solvents than in aqueous solvents. These 

findings are consistently described in the literature indicating that organic solvent 

extracts exhibit higher consistent antibacterial activity than water extracts [15,16].  It 

was found that ethanol extracts and methanol extracts were more effective than other 

extracts. This indicates that they have a broad spectrum of antibacterial effects.  

Several investigations have shown that the methanol and ethanol extract have 

antibacterial properties against bacterial infections [1,17-19]. Numerous researchers 

have reported that mushroom extracts in a variety of solvent systems possess an 

excellent antimicrobial activity [20-22]. This study suggests that mushrooms can be a 

potential source of antimicrobials that are good and sustainable. 

A preliminary qualitative phytochemical study was conducted on the most active 

solvents after antimicrobial activity. Ethanol was selected from Cantharellus cibarius, 

Laccaria laccata, and Trametes versicolor, and methanol was selected from Phellinus 

pectinatus and Gloeophyllum sepiarium as the most active solvents. The results obtained 

from phytochemical analysis are indicated in (Table 8). 

In Phytochemical analysis, the higher presence of alkaloids, terpenoids, steroids, 

glycosides, flavonoids, carbohydrates were seen in Phellinus pectinatus and Gloeophyllum 

sepiarium, and after this, the second place was recorded in Cantharellus cibarius, Laccaria 

laccata, and Cantharellus cibarius. The absence of saponin and inorganic acid was 

observed in all mushroom extracts. Possibly many of these compounds exhibit 

antibacterial activity that can be used as an alternative to antibiotics to treat infectious 

diseases caused by microbes. 

A vast variety of flavonoids have antioxidant properties that are effective against a 

wide spectrum of microorganisms. Flavonoids are commonly present in a human meal 

as polyphenolic compounds and are found everywhere in natural sources [23]. 

Flavonoids have antioxidant, anti-inflammatory, anticarcinogenic, and antiviral 

qualities as well as anti-diarrheal, anti-allergic, and antibacterial capabilities [24]. 

Alkaloids are a class of chemical substances that occur in nature and most of which are 

basic nitrogen compounds. Which generally have the disrupts the functioning of the 

DNA of microorganisms [25]. Antiparasitic, Antioxidative, Anti-HIV, Antibacterial, and 

Anticorrosive activity are also found in alkaloids. Molecular structures of terpenoids 

contain a carbon backbone composed of isoprene. Terpenoids have been shown to 

provide a variety of pharmacological advantages, including anti-bacterial, anti-malarial, 

anti-inflammatory, and anti-cancer properties [26]. Glycosides are chemical substances 

that contain a sugar group and a non-sugar group (glycon and aglycon) attached to a 

glycosidic chain. The glycoside class of drugs serves as analgesics, antirheumatics, 

antibiotics, antibacterials, antifungals, cardiotonics, antioxidants, demulcents, 

anticancer agents, antitumoriferous agents, and purgatives [27]. Several autoimmune 

diseases and inflammations can be treated with steroids. The use of steroids can induce 

anesthesia [28]. And used for traumatic spinal cord injury, aspiration pneumonitis, 

ambulatory surgery, hyperreactive airway. Carbohydrates found in mushrooms are 

one of the powerful and common compounds that exhibit many health-benefiting 

activities. Mushrooms carbohydrates have been shown to have antitumor, 

immunomodulatory, and anti-inflammatory activities, one of three health benefits 

investigated by researchers. A high proportion of cardiovascular and hematological 

diseases are treated with carbohydrates-based therapeutics [29].   

The present study suggests that the secondary metabolites appear to be enriched in the 

obtained mushrooms [30]. Preliminary studies indicate the presence of bioactive 
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compounds. There is substantial evidence that these active metabolites cure a variety of 

human diseases such as diarrhea, gastroenteritis, dysentery, menstrual deformation, 

liver disease, spasmodic, chronic eczema, psoriasis [31]. 

Through antimicrobial assays and phytochemical screening, ethanol and methanol 

extract yielded showed best results. Solvents dissolve endogenous compounds 

primarily because they are capable of dissolving them [32], so it is good preparation for 

the curing of diseases. 

 

CONCLUSION  

At present time, the rate of bacterial resistance is increasing day by day due to excessive 

use of antibiotics. Considering the increasing antimicrobial resistance, it becomes 

imperative to find an alternative solution to combat infectious diseases. In such a 

situation, there is a need for such compounds that can reduce the effect of bacterial 

resistance. Wild mushrooms can be an option in this direction. From the present study, 

we find that the mushrooms extracts provide potential antimicrobial agents and 

bioactive active components that can be used as sources of antimicrobial agents that 

may exhibit a variety of therapeutic activities. Studies suggest that these mushrooms 

may be a good source of some natural antibiotics and bioactive compounds.  
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