ANTIBACTERIAL ACTIVITY OF THAI EDIBLE MUSHROOM EXTRACTS AGAINST FOOD-BORNE PATHOGENIC BACTERIA
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  ABSTRACT
Dry fruit bodies from 15 strains of edible mushrooms were extracted and investigated for their antibacterial activity against food-borne pathogenic bacteria: Bacillus cereus, Enterobacter aerogenes, Escherichia coli, Micrococcus luteus, Proteus vulgaris, Salmonella typhimurium and Staphylococcus aureus. The extracts of Flammulina velutipes, Ganoderma lucidum, Pleurotus ostreatus and Pleurotus pulmonarius inhibited both Gram-positive and -negative bacteria. The growths of Gram-positive bacteria; B. cereus and M. luteus were well inhibited (15 mm) by P. pulmonarius in water extracts, while Gram-negative; E. coli and                         S. typhimurium resisted to most extract. Only water extract from P. pulmonarius showed antibacterial activity against all tested bacteria. The MICs of M. luteus and P. vulgaris had the lowest MIC range (25-50 µg mL-1) , whereas the B. cereus had the highest MICs (25-100 µg mL-1) in F. velutipes in ethylacetate extract, G. lucidum in methanol extract, P. ostreatus in ethylacetate extract and P. pulmonarius in water extract. This suggested that the compounds derived from the mushroom extracts exhibited weak inhibition activity against B. cereus.         The water-extracted bioactive compounds produced by P. pulmonarius was characterized and identified on the basis of 1H-NMR as a polysaccharide. This compound not only showed broad-spectrum activity, but it was also non-toxic and might be applied for human use.
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INTRODUCTION
Food-borne pathogenic bacteria are the group of bacteria cause food spoilage and its may produce toxins, off-flavors, lytic enzyme and rotting.  The most dangerous belongs to the Bacillus cereus, Enterobacter aeroginese, Escherichia coli, Micrococcus luteus, Proteus vulgaris, Staphylococcus aureus and Salmonella typhimurium that cause toxins contaminated foods promoting diarrhea in human and and animal (17). The lytic enzyme derived from these pathogens including lipase, protease and carbohydrase can deteriorate of food sensorial properties (1). Moreover, their enterotoxins are significant to human health because these toxic contaminated foods have associated with causing of liver and kidney tumors (3). As we know that multidrug resistance in pathogenic microorganisms has been developed due to indiscriminate use of commercial antimicrobial drugs in the treatment of infectious disease. This has led to the urgent need for new antibiotics to treat infections caused by this group of resistant bacteria including also the infection by food-borne pathogenic bacteria.

Mushrooms are macro fungi with a distinctive fruit body. Some mushrooms serve as food, while others have been used extensively in traditional medicine (2). Many mushrooms have been found to possess various disease therapeutic properties, such as anti-carcinogenic, anti-inflammatory, immune-suppressing and antimicrobial activities (4, 5, 6). Some edible mushrooms, commonly consumed in many Asian countries, are considered to be a good source of proteins and phenolic antioxidants (7). Antimicrobial activities of the compounds derived from many polypores and agarics have been screened from both basidiocarps and mycelia in liquid cultures. By these reasons, mushrooms accumulate a variety of secondary metabolites, including phenolic compounds, polyketides, terpenes and steroids (21). Metabolites such as phenolics compounds have been responsible for their antimicrobial activity. These compounds could inhibit low density lipoprotein oxidation (28) and inhibit also the occurrences of atherosclerosis and cancer (21). The extractable products from medicinal mushrooms, designed to supplement the human diet not only a form of regular food but also the enhancer for health and fitness, which can be classified as medicinal therapy. However, it has been estimated that only 5% of the approximately 1.5 million fungal species have been described and chemically characterized (2). Thus, fungi especially for mushrooms, could offer a particularly rich source of the new potential medicines. 
Researchers revealed antimicrobial activity of several mushrooms extracts (4). The extraction and solvents used are significant parameters to obtain valuable bioactive compounds from mushrooms. Various solvents such as water, ethanol, methanol, acetone, chloroform, and ethyl acetate have been employed for the extraction of bioactive compounds (11). The chloroform and ethyl acetate extracts of dried mushroom; Lactarius deliciosus, Sarcodon imbricatus and Tricholoma portensosum exhibited antibacterial activity against Streptococcus mutans and Prevotella intermedia (12). The mushroom extracts from several genera, such as Ganoderma, Cantharellus, Lentinus, Russula, Agaricus and Pleurotus, have been reported to show some antimicrobial potentials (8, 9, 10, 11, 13). The antimicrobial activity of mushrooms extracts obtained varied depending on the mushrooms strains, which possess the different bioactive compounds. However, relatively few studies have reported on the antimicrobial activity of edible mushrooms. Jonathan and Fasidi (2003) (15) tested the antibacterial activities of some selected mushrooms, such as Agaricus bisporus, Auricularia auricula, Lentinula edodes and Pleurotus sp., and reported inhibitory responses against some bacteria including an acid-fast bacterium; Mycobacterium smegmatis and pathogenic strains of yeast; Candida albicans. Although the wide variety of edible mushrooms particularly in the tropical region has been consumed regularly, but the information regarding to the antimicrobial potentials of their extracts are still limit. 
Edible-mushrooms represent a potential rich of untapped source for new antimicrobial agents. In this study, we screened a library of crude extracts obtained from Thai edible mushrooms using several solvents (hexane, ethylacetate, methanol, ethanol and water) for antibacterial activity assays against food-borne pathogenic bacteria. Elucidation process of distinctive bioactive compound derived from mushroom extract was carried out by nuclear magnetic resonance (NMR) analysis. We proposed to evaluate the antibacterial potentials of Thai edible mushroom extracts aiming to discover some novel natural compounds with low toxicity that could be used further to treat infections caused by multi-drug resistant strains of food-borne pathogenic bacteria. 
MATERIAL AND METHODS
Preparation of mushroom extracts

Edible mushrooms (Table 1) were collected from the Department of Horticulture, Faculty of Agricultural Production, Maejo University, Chiang Mai, Thailand. Fresh mushrooms were air-dried in an oven at 40ºC before extraction. Hexane, ethyl acetate, 95% ethanol, 95% methanol and sterile distilled water were used as extraction solvents, all the chemical solvents were purchased from Merck, Germany. Dried mushroom samples            (20 g each) were extracted by stirring with 100 mL of each solvent at 30ºC, 150 rpm for 24 h, and then filtering through Whatman No.4 filter paper. The mushroom residue was extracted repeatedly twice by adding 100 ml portions of the same solvent used. The extraction were pooled and evaporated at 50ºC until dry and re-dissolved in the same solvent used with the final concentration of 10 mg mL-1,  then stored at 4ºC for further use.

Antimicrobial activity

Microorganisms

The following strains of tested bacteria were used: Bacillus cereus ATCC 11778, Enterobacter aerogenes, Escherichia coli O157:H7, Micrococcus luteus ATCC 9341, Proteus vulgaris ATCC13315, Salmonella typhimurium ATCC13311, and Staphylococcus aureus ATCC 25923. The bacteria were obtained from the culture collection of the Department of Biology, Faculty of Science, Maejo University, Chiang Mai, Thailand. Each bacterial stain isolate was sub-cultured on nutrient agar (Merck, Germany) to ensure the purity of the culture. The bacteria were grown in nutrient broth (NB) overnight at 37°C before use in antimicrobial assay. 

Screening of antibacterial activity of mushroom extracts

Antibacterial activity of the crude extracts derived from Thai edible mushrooms was determined by agar disc diffusion assay (18). The concentrations of the bacterial suspensions after incubation at 37ºC for 24 h were adjusted by comparison with     1.0 McFarland turbidity standard tubes (106 CFU mL-1). Nutrient agar (NA) (20 mL) was poured mixed homogenously with the bacterial cultures (100 µL) onto each sterilized Petri dish (9 cm diameter). The dry mushroom extracts were dissolved in 100% dimethyl sulfoxide (DMSO) to a final concentration of 20% (v/v) and sterilized by filtration through 0.22-µm membrane filter (Whatman, UK) (24). Each prepared mushroom extract (20 µL) was filled onto paper disc     (6 mm diameter), placed on a bacteria-seeded plate of NA, and incubated at 37ºC for 24 h. Amoxicillin (20 µg) was used as a positive control, preparation in the same manner. All experiment was performed in triplicate. At the end of the incubation period, positive antibacterial activities were determined by measuring the diameter (in mm) of the inhibition zone, and the mean value was calculated. 

Determination of minimum inhibitory concentration (MIC)

MIC tests were used to determine the lowest concentration of each mushroom extract that could inhibit the growth of food-borne pathogenic bacteria by the modified technique described by Hirasawa et al. (1999) (11). Briefly, bacterial strains were cultured overnight at 37ºC for 24 h on nutrient broth (NB) and adjusted to a final density of 106 CFU mL-1, and used to inoculate (1/10) 96-well microlitre plates containing serial twofold dilutions of the mushroom extracts (10-100 µg mL-1) on nutrient broth. Plated were incubated at 37ºC for     24 h. Bacterial growth was monitored by a absorbance at 600 nm in a microlitre plate reader (Metrolab, Argentina). Absence of growth was also confirmed by spreading 0.1 ml of broth on nutrient agar plate. The MIC was defined as the concentration of mushroom extracts inhibited the visible growth of the test strain. All the experiment was performed in triplicate. 

Bioassay-guided separation

The most broad spectrum for antibacterial activity of mushroom extract was fractionated by preparative thin layer chromatography (TLC), using 500-mm-thick Whatman 20×20 cm2 silica gel plates with fluorescent indicator (PromoKine, Germany), and then eluting with benzene-acetone-acetic acid  (7:3:0.5 v/v/v). Following development of the TLC plates, the active fraction with activity against tested bacteria was visualized under UV light (254 nm). The mushroom extract was used for subsequent structural elucidation. Structural analyses were performed using proton nuclear magnetic resonance (NMR) spectroscopy    (300 MHz).

Statistical analysis

Statistical significance was determined by one-way analysis of variance (ANOVA). A comparison of multiple means was performed using the SPSS 16.0 computer program (SPSS, Chicago IL, USA). The experiments were evaluated using triplicate.

RESULTS
Total yield of Thai edible mushroom extracts using different solvents 

Fifteen edible mushroom species from the north of Thailand were extracted and screened for their antimicrobial activity. The total yields of the mushroom extracts using different solvents are shown in Table 2. The yields of the mushroom extracts varied depending on the mushroom strains and solvents used. Volvariella volvacea in water extract showed significantly highest yield of crude extract (55.6 mg), while Lentinula edodes and Lentinus polychrous in hexane extract not significantly different as gave less yielded of crude extract (0.6 mg).

Effect of mushroom strains

New drugs needed to treat infections caused by food-borne pathogenic bacteria. In an attempt to find new drugs to treat infections, 75 Thai edible mushroom crude extracts were tested for antibacterial activity. The result was show that Agrocybe cytindracea (4 extracts), Auricularia auricular (4 extracts), Flammulina velutipes (5 extracts), Ganoderma lucidum    (5 extracts), Lentinula edodes (4 extracts), Lentinus polychrous (4 extracts), Pleurotus ostreatus (Fr.) Guel. (4 extracts) and P. pulmonarius (4 extracts) were show strong strain which the crude extracts were show antibacterial activity against tested pathogenic bacteria, while, the crude extracts from Hypsizygus marmoreus (1 extract), Pleurotus ostreatus (Fr.) Kummer     (1 extract) and Volvariella volvacea (2 extracts) were show the weak strain which the crude extracts from these strains show less antibacterial activity (Table 3).
Effect of solvent

Fifteen mushroom species were fractionated into hexane, ethyl-acetate, methanol, ethanol and distilled water. Varying levels of antibacterial activity were observed in all fractions with zone of inhibition range from (6-20 mm). Potency of the fractions was in order of ethyl-acetate   (14 extracts) ( ethanol (13 extracts) ( methanol (12 extracts) fraction, while, hexane (6 extracts) and water (6 extracts) showed the weak antibacterial activity against food-borne pathogenic bacteria (Table 3). The result was show that the mushroom extracts contain different bioactive compound at varying levels.
Antibacterial activities of Thai edible mushroom extracts

The antibacterial activity of 15 species of mushroom extracts was determined by agar disc diffusion method against seven food-borne pathogenic bacteria. The results are shown in Table 3. Forty-seven different extracts showed inhibitory effects against tested bacteria, and 23 extracts showed broad-spectrum activity against both Gram-positive and -negative bacteria. However, only 4 extracts ; F. velutipes in  ethyl acetate extract, G. lucidum in methanol extract, P. pulmonarius in water extract and P. ostreatus in ethyl acetate extract were showed inhibition zones against tested bacteria greater than 10 mm against test bacteria (Table 3 and Fig 1). The DMSO controls displayed no zone of inhibition, whereas amoxicillin; a positive control, displayed a large inhibition zone (20-25 mm) against all tested bacteria. The ethyl acetate extracts showed broad-spectrum activity against all tested bacteria in Flamulina velutipes, Ganoderma lucidum, Hypsizygus marmoreus, Pleurotus ostratus (Fr.) Kummer, Pleurotus  pulmonarius and Volvariella volvacea, while hexane extracts in Auricularia auricular, F. velutipes, G. lucidum, Lentinus polychrous, P. ostreatus (Fr.) Guel and Tremella fusiformis were showed weak activity only against the Gram-positive bacterium Bacillus cereus. Ganoderma lucidum in methanol extract showed significantly highest against Bacillus cereus and Micrococcus luteus (20 mm), while, aqueous extracts of P. pulmonarius  showed significantly highest against all of the bacteria tested (Table 3). 
MICs of most distinctive Thai edible mushroom extracts 
The MIC values of selected extracts of the mushrooms species Flammulina velutipes, Ganoderma lucidum, Pleurotus pulmonarius and P. ostreatus (Fr.) Guel. are shown significantly broad-spectrum activity against all tested bacteria (Table 4). Micrococcus luteus and Proteus vulgaris had the lowest MICs range (25-50 µg mL-1), and Bacillus cereus had the highest MICs (25-100 µg mL-1). The lowest MIC value of the extracts was 25µg mL-1, while amoxicillin was significantly higher inhibitory effect (two to five times) against most of the bacteria tested. The in vitro activity test of some mushroom extracts suggested that the compound has weak activity against    B. cereus. 

In the subsequent screening of the mushroom crude extracts, an extract from Pleurotus pulmonarius was significantly highest against all tested bacteria (Table 4). The zone of antibacterial activity obtained from this extract was larger (7.5-15 mm), followed by              F. velutipes in ethyl acetate extract (7-10 mm) and P. ostreatus (Fr.) Guel. in ethyl acetate extract (7-9 mm) (Table 3).

NMR structure elucidation 
Water extract obtained from Pleurotus pulmonarius was a light yellow color. The major compound was separated using preparative TLC with the Rf value of 0.48. The separated compound was subjected to analysis using 1H-NMR, focusing on the interpretation of mainly functional groups. In the 1H-NMR spectrum of the main compound, which indicated the presence of polysaccharides, there were signals of different intensities as well, including the anomeric proton signals for four rhamnose residues at d 4.98, 5.04 and 5.06 (2H) (broadened singlets) and one Fuc3HAc residue at d 5.11 (doublet). Only two anomeric proton signals of the minor series were clearly observed, at d 4.94 (broadened singlet, Rha H1) and 5.13 (doublet, Fuc3HAc H1).

DISCUSSION
Edible mushroom commonly consumed in Thailand extracted by solvents with different in polarity were tested against food-borne pathogenic bacteria. In this study, the crude extracts obtained from all of the mushroom strains were relatively low in yields due to the gel formation of some mushrooms leading to the difficulty in filtration (4). The water extraction was revealed significantly highest yields of crude extracts, while, hexane extraction gave the lowest amount. These results agree with those reported by Ijeh et al. (2005) (13), who documented the higher proportion of water-soluble constituents in mushrooms. Due to the mushroom extracts are usually applied in traditional medical treatments, therefore, the water extraction can be an option of advantageous and safety process.

The antibacterial activities from mushroom extracts were present at varied levels.    This could be explained by the difference in solubility in the organic solvents and water of the presented constituents within each strain of mushroom. The considerable benefits of aqueous extracts, however, may generally have been underestimated; since the most active components of mushrooms are generally water-insoluble. Moreover, the higher concentration of the constituents in the extracts did not always mean higher in antibacterial activities. Since the crude extracts have mixture of phytoconstituents, which may influence the diffusion power of the active constituents. For example some water-soluble compounds may have a higher diffusion power and lower antibacterial activity. On the other hand, these test strains may have different level of intrinsic tolerance to antibacterial and the inhibition effect differ from isolate to isolate. In this study, the water extract of Volvariella volvacea significantly higher amount of yield than the other solvent extracts (Table 2) but had lower antibacterial activities      (Table 3). The observed inhibitory activities revealed higher, when ethyl acetate was used for extraction of bioactive compounds from the mushrooms. Nonetheless, the water extracts of the mushrooms especially for Flammulina velutipes, Ganoderma lucidum, Pleurotus pulmonarius and Pleurotus ostreatus (Fr.) Guel. significantly inhibited the growth of all tested bacteria, similar to the other previous reports (22, 23). Only aqueous extracts from                 P. pulmonarius showed significantly antibacterial activity against all tested bacteria, and also with greater inhibitory activity compared to ethyl acetate extracts. Our results showed higher antibacterial activity of P. pulmonarius than those activities found in previous reports (25, 26). This study indicated that there are differences in the antibacterial effects of mushroom strains, due to phytochemical differences among species and the sensitivity of microorganisms to the chemotherapeutic compounds which can change even against different strains (26). Furthermore, the aqueous extract of P. pulmonarius may contain antibacterial compounds that can dissolve in water. The difference in the inhibitory effect of water extract may be attributed to the production of some secondary metabolites from the shikimic acid and cinnamic acid pathways during lignocellulosic degradation by Pleurotus spp., which may have antibacterial activity (20).

Antibacterial assay of hexane extracts from Auricularia auricula, Flammulina velutipes, Ganoderma lucidum, Pleurotus ostreatus and Tremella fuciformis showed weak activity only against Bacillus cereus (6.1-9.0 mm). Ethyl acetate extracts of F. velutipes,       G. lucidum, Hypsizygus marmoreus, Lentinula edodes and P. ostreatus significantly inhibited both Gram-positive and -negative bacteria The extracts of F. velutipes, G. lucidum and           P. ostreatus significantly exhibited maximum zones of inhibition against Escherichia coli. Some reports have documented the effective antibacterial activity of methanol and ethanol extracts of mushroom species against bacterial strains; these were also resulted for the alcohol extracts of Ganoderma lucidum, a popular medicinal mushroom (14). Methanol extract of    G. lucidum showed significantly strong activity against all tested Gram-positive bacteria, and also moderate activity against some Gram-negative bacteria (Escherichia coli and Salmonella typhimurium). The cell membrane of Gram-negative bacteria contained outer membrane, which is formed by lipoproteins, lipopolysaccharides and phospholipid that shown lipophilicity, however, the major compound derived from mushroom extracts shown water-solubility, which makes the compound difficult to transport through outer membrane of the Gram-negative cell (23). These results agree with previous studies of methanol extract of G. lucidum from India, which demonstrated efficient antibacterial activity against Staphylococcus aureus, Bacillus subtilis, Escherichia coli and Salmonella sp. (11, 26). The broad-spectrum inhibition of the mushroom extracts against different groups of bacteria might concern the physicochemical properties of the bioactive compounds in the solvents used (2). However, the variations in these antibacterial activities might due to differences in their bioactive compositions or concentrations, methods of extraction, and the susceptibilities of the different bacterial strains tested (27). 
The major constituents of the aqueous extract from Pleurotus pulmonarius appeared to be polysaccharides, which supported the presumption that the antibacterial activity could be due to the presence of these polysaccharides (22, 23). The use of synthetic bacteriocides to control food spoilage bacteria has been discouraged due to their effects on food, acute residual toxicity, long-term degradation and other side-effect in human (26). The major problems related to the use of chemicals were the resistant of pathogenic bacteria. The use of higher concentration of chemical causes the microbial resistance and enhances the high level toxic residues in products. Furthermore, bioactive compounds are biodegradable and are nearly non-toxic residues in nature and safety to develop for commercial purposes with lower cost.
In conclusion, different crude extracts of edible mushrooms can be used in vitro to inhibit the growth of pathogenic bacteria. The results showed that the organic extracts of Ganoderma lucidum inhibited most of the pathogenic bacteria tested. This suggested that      G. lucidum is a potential source of pharmacological substances. Aqueous extract of Pleurotus pulmonarius revealed antibacterial activity against all of the tested bacteria. It could be suggested that the aqueous extract contains potential antibacterial compounds, and the obtained results may be useful for evaluating substances of interest. Further investigations into the isolation and structural elucidation of the potential antibacterial compounds are preliminary indicated as a polysaccharide substance derived from the aqueous extracts of                        Pleurotus pulmonarius. 
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 Table 1 List of Thai edible mushrooms used in this study

	Mushroom Family
	Strain/Species of Mushrooms

	Family Agaricaceae
	Hypsizgus marmoreus

	Family Amanitaceae
	Amanita  vaginata (Fr.)  Quel. var. fulva

	Family Auriculariaceae
	Auricularia auricular (Hook.)  Underw.

	Family Ganodermataceae
	Ganoderma lucidum (Fr.) Karst.

	Family Pleurotaceae
	Lentinula edodes (Berk.) Sing., Lentinus  polychrous   Lev., Lentinus squarrosulus Mont., Pleurotus  ostreatus (Fr.) Guel,  Pleurotus  ostreatus  (Fr.)  Kummer,  Pleurotus  pulmonarius (Fr.) Quelet and Pleurotus  sajarcaju (Fr.) Sing

	Family Russulaceae
	Agrocybe cytindracea (Fr.) Gill.

	Family Tremellaceae
	Tremella  fusiformis  Berk.


	Family Tricholomataceae
	Flammulina velutipes (Fr.) Curt.

	Family Volvariaceae
	Volvariella  volvacea  (Bull. Ex. Fr.) Sing.


Table 2 Total yield of crude extract obtained from mushroom species using different extraction solvents   

	Strain/Species of Mushroom
	Yield (mg) of crude extract / Solvent

	
	Hexane
	Ethyl acetate
	Methanol
	Ethanol
	Water

	Agrocybe  cytindracea (Pers.) Fayod
	0.7 k
	2.1 j
	19.3 e
	8.0 g
	16.5 f

	Amanita vaginata (Bull. Ex. Fr.) Vitt.
	9.6 g
	12.6 f
	28.8 cd
	21.8 d
	29.2 cd

	Auricularia auricular (Hook.) Undrew.
	0.8 k
	1.4 j
	2.7 i
	1.6 j
	6.0 h

	Flammulina velutipes (Curtis) Sing.
	0.8 k
	1.9 j
	23.8 d
	14.6 f
	25.0 d

	Ganoderma lucidum (Fr.) Karst.
	0.7 k
	5.4 h
	7.0 h
	5.1 h
	13.5 f

	Hypsizygus  marmoreus
	0.8 k
	1.5 j
	3.1 i
	1.9 j
	5.9 h

	Lentinula edodes (Berk.) Sing.
	0.6 k
	1.6 j
	2.9 i
	1.7 i
	6.8 h

	Lentinus  polychrous Lev.
	0.6 k
	1.4 j
	3.5 i
	2.1 i
	14.0 f

	Lentinus squarrosulus Mont.
	0.7 k
	1.3 j
	2.5 i
	1.5 j
	7.5 g

	Pleurotus ostreatus (Fr.) Quel.
	1.3 j
	1.5 j
	12.0 f
	7.3 h
	32.0 c

	Pleurotus ostreatus (Fr.) Kummer
	1.0 k
	2.9 i
	20.1 e
	9.9 g
	44.5 b

	Pleurotus pulmonarius (Fr.) Quel.
	0.8 k
	1.8 j
	15.6 f
	5.7 h
	24.5 d

	Pleurotus sajarcaju (Fr.) Sing.
	0.9 k
	2.5 i
	19.0 e
	8.8 g
	40.3 b

	Tremella fusiformis Berk.
	0.7 k
	5.7 h
	4.0 h
	1.7 j
	15.0 f

	Volvariella volvacea(Bull. Ex. Fr.) Sing.
	0.9 k
	1.5 j
	30 c
	12f
	55.6 a


* The results are means ± SD. Means with different letter are significantly different from each other. The same letters of homogeneity groups denote non-significant difference of ANOVA test (P≤0.01) among averages of yield of crude extract.

Table 3 Inhibitory effect of crude extracts derived from mushroom on some food-borne pathogenic bacteria 

	Mushroom
	Solvent
	Inhibition zone (mm)

	
	
	Gram –positive bacteria
	Gram-negative bacteria

	
	
	BC1
	ML1
	SA1
	EA2
	EC2
	PV2
	ST2

	Agrocybe  cytindracea 
	Hexane
	-
	-
	-
	-
	-
	-
	-

	
	Ethyl acetate
	7.2±0.25d
	-
	6.1±0.10d
	6.2±0.15d
	-
	-
	-

	
	Methanol
	-
	-
	7.0±0.15d
	-
	-
	-
	-

	
	Ethanol
	-
	6.5±0.15d
	7.0±0.20d
	-
	-
	-
	-

	
	H2O
	6.5±0.25d
	6.6±0.20d
	6.2±0.25d
	6.2±0.15d
	-
	6.6±0.15d
	6.2±0.25d

	Amanita  vaginata
	Hexane
	-
	-
	-
	-
	-
	-
	-

	
	Ethyl acetate
	6.2±0.15d
	-
	-
	6.1±0.10d
	-
	6.2±0.25d
	6.4±0.35d

	
	Methanol
	-
	-
	-
	-
	-
	-
	6.4±0.25d

	
	Ethanol
	7.0±0.10d
	6.2±0.15d
	-
	-
	-
	-
	6.5±0.25d

	
	H2O
	-
	-
	-
	-
	-
	-
	-

	Auricularia  auricula
	Hexane
	6.5±0.25d
	-
	-
	-
	-
	-
	-

	
	Ethyl acetate
	7.0±0.35d
	-
	-
	6.2±0.25d
	-
	6.3±0.15d
	6.1±0.20d

	
	Methanol
	6.5±0.15d
	-
	-
	-
	-
	-
	-

	
	Ethanol
	7.0±0.35d
	-
	-
	-
	-
	6.1±0.10d
	-

	
	H2O
	-
	-
	-
	-
	-
	-
	-

	Flammulina  velutipes
	Hexane
	6.5±0.25d
	-
	-
	-
	-
	-
	-

	
	Ethyl acetate
	7.0±0.35d
	9.0±0.35c
	-
	10.0±0.50b
	9.0±0.35c
	8.0±0.15cd
	7.0±0.10d

	
	Methanol
	-
	-
	-
	6.2±0.10d
	-
	-
	-

	
	Ethanol
	6.5±0.10d
	-
	-
	-
	-
	-
	-

	
	H2O
	-
	-
	-
	6.5±0.15d
	-
	-
	-

	Ganoderma  lucidum
	Hexane
	6.1±0.50d
	-
	-
	-
	-
	-
	-

	
	Ethyl acetate
	8.0±0.35c
	8.5±0.35c
	8.5±0.25c
	6.2±0.25d
	8.5±0.35c
	7.0±0.20d
	8.0±0.15c

	
	Methanol
	20.0±0.50a
	11.0±0.35b
	14.0±0.25b
	-
	11.0±0.35b
	-
	13.0±0.25b

	
	Ethanol
	8.0±0.20c
	8.5±0.20cd
	8.5±0.35cd
	6.2±0.25d
	8.5±0.20cd
	7.0±0.15d
	8.0±0.35c

	
	H2O
	8.5±0.25c
	6.2±0.25d
	-
	-
	6.2±0.25d 
	-
	-

	Hypsizygus  marmoreus
	Hexane
	-
	-
	-
	-
	-
	-
	-

	
	Ethyl acetate
	7.2±0.15d
	6.9±0.35d
	6.1±0.15d
	6.5±0.15d
	6.9±0.35d
	8.0±0.35cd
	-

	
	Methanol
	-
	-
	-
	-
	-
	-
	-

	
	Ethanol
	-
	-
	-
	-
	-
	-
	-

	
	H2O
	-
	-
	-
	-
	-
	-
	-

	Lentinula  edodes
	Hexane
	-
	-
	-
	-
	-
	-
	-

	
	Ethyl acetate
	6.5±0.15d
	6.3±0.15d
	6.2±0.35d
	6.8±0.10d
	6.3±0.15d
	6.9±0.25d
	6.8±0.15d

	
	Methanol
	7.0±0.25d
	-
	-
	-
	-
	-
	6.2±0.10d

	
	Ethanol
	6.8±0.15d
	-
	-
	-
	-
	-
	-

	
	H2O
	6.1±0.10d
	-
	6.1±0.25d
	-
	-
	6.2±0.15d
	6.3±0.35d

	Lentinus  polychrous
	Hexane
	6.3±0.25d
	-
	-
	-
	-
	-
	-

	
	Ethyl acetate
	-
	6.1±0.10d
	-
	6.1±0.35d
	6.1±0.10d
	6.2±0.15d
	-

	
	Methanol
	-
	-
	-
	-
	-
	-
	-

	
	Ethanol
	7.5±0.25d
	-
	-
	-
	-
	7.5±0.35d
	-

	
	H2O
	-
	-
	6.1±0.15d
	6.2±0.25d
	-
	6.4±0.10d
	6.2±0.25d

	Lentinus squarrosulus
	Hexane
	-
	-
	-
	-
	-
	-
	-

	
	Ethyl acetate
	7.2±0.15d
	6.2±0.25d
	-
	6.5±0.10d
	6.2±0.25d
	-
	6.1±0.10d

	
	Methanol
	-
	-
	-
	6.4±0.15d
	-
	6.3±0.25d
	-

	
	Ethanol
	-
	-
	-
	-
	-
	-
	6.2±0.25d

	
	H2O
	-
	-
	-
	-
	-
	-
	-

	Pleurotus ostreatus (Fr.) Guel.
	Hexane
	6.5±0.15d
	-
	-
	-
	-
	-
	-

	
	Ethyl acetate
	9.0±0.45c
	9.0±0.75c
	-
	7.0±0.25d
	9.0±0.75c
	8.5±0.25c
	7.0±0.25d

	
	Methanol
	6.5±0.10d
	6.3±0.20d
	-
	-
	6.3±0.20d
	-
	6.5±0.25d

	
	Ethanol
	12.0±0.45b
	-
	-
	8.0±0.50cd
	-
	6.1±0.25d
	7.1±0.25d

	
	H2O
	-
	-
	-
	-
	-
	-
	-

	Pleurotus ostreatus (Fr.) Kummer
	Hexane
	-
	-
	-
	-
	-
	-
	-

	
	Ethyl acetate
	7.1±0.25d
	6.4±0.15d
	6.1±0.25d
	6.5±0.15d
	6.4±0.15d
	7.0±0.45d
	6.5±0.15d

	
	Methanol
	-
	-
	-
	-
	-
	-
	-

	
	Ethanol
	-
	-
	-
	-
	-
	-
	-

	
	H2O
	-
	-
	-
	-
	-
	-
	-

	Pleurotus  pulmonarius
	Hexane
	-
	-
	-
	-
	-
	-
	-

	
	Ethyl acetate
	7.1±0.25d
	6.3±0.20d
	6.1±0.20d
	6.2±0.15d
	6.3±0.20d
	6.3±0.15d
	6.3±0.25d

	
	Methanol
	7.0±0.15d
	-
	-
	-
	-
	-
	-

	
	Ethanol
	-
	-
	-
	-
	-
	-
	-

	
	H2O
	15.0±0.50b
	8.0±0.35cd
	7.5±0.25d
	8.5±0.35c
	8.0±0.35cd
	8.0±0.50cd
	9.0±0.15c

	Pleurotus  sajarcaju
	Hexane
	-
	-
	-
	-
	-
	-
	-

	
	Ethyl acetate
	-
	-
	-
	6.1±0.15d
	-
	-
	-

	
	Methanol
	-
	-
	-
	-
	-
	-
	-

	
	Ethanol
	-
	-
	-
	-
	-
	-
	-

	
	H2O
	-
	-
	-
	-
	-
	-
	-

	Tremella  fusiformis
	Hexane
	9.0±0.35c
	-
	-
	-
	-
	-
	-

	
	Ethyl acetate
	-
	-
	-
	-
	-
	-
	-

	
	Methanol
	6.2±0.10d
	-
	-
	-
	-
	-
	-

	
	Ethanol
	-
	-
	-
	-
	-
	-
	-

	
	H2O
	-
	-
	-
	-
	-
	-
	-

	Volvariella   volvacea
	Hexane
	-
	-
	-
	-
	-
	-
	-

	
	Ethyl acetate
	7.0±0.25d
	6.1±0.15d
	6.1±0.15d
	6.2±0.10d
	6.1±0.15d
	6.1±0.15d
	6.1±0.20d

	
	Methanol
	-
	-
	-
	-
	-
	-
	6.1±0.10d

	
	Ethanol
	7.0±0.15d
	-
	-
	-
	-
	6.1±0.15d
	-

	
	H2O
	-
	-
	-
	-
	-
	-
	-

	Amoxycillin
	20±0.50a
	
	
	20±0.25 a
	25±0.25a
	20±0.35a
	20±0.25a

	DMSO
	-
	-
	-
	-
	-
	-
	-


Extracts were used at the final concentration of 20 µL mL-1, each paper disc was soaked with 20 µL of the aliquot. -; Not detect, Bacillus cereus (BC),  Enterobacter aerogenes (EA), Escherichia coli (EC), Micrococus  luteus (ML),  Proteus vulgaris (PV),  Salmonella typhimurium (ST),  Staphylococcus aureus (SA)  Inhibition zone was measured (n=3) after 24 h at inhibition at 37ºC.

Mean with the same letter are not significantly different of ANOVA test (P ≤0.01) among averages of inhibitory effect of crude extracts.

Table 4 The minimal inhibitory concentration (MIC) of some mushroom extracts against food-borne pathogenic bacteria 

	Mushroom
	MIC (µg mL-1)

	
	Gram-positive bacteria
	Gram-negative bacteria

	
	Solvent
	BC
	ML
	SA
	EA
	EC
	PV
	ST

	Flammulina velutipes Karst.
	Ethyl acetate
	50
	50
	25
	50
	50
	25
	ND

	Ganoderma lucidum (Fr.) Karst.
	Methanol
	50
	25
	50
	ND
	50
	ND
	50

	Pleurotus pulmonarius (Fr.) Quelet
	H2O
	100
	50
	50
	50
	50
	50
	50

	Pleurotus ostreatus (Fr.) Guel.
	Ethyl acetate
	25
	25
	25
	50
	50
	25
	ND

	Amoxycillin (positive control)
	
	25
	10
	10
	10
	20
	10
	20


Each paper disc was soaked with 20 µL of the aliquot with the varied final concentration (10-100 µg mL-1), amoxicillin was used as a positive control. Bacillus cereus (BC), Micrococus luteus (ML), Staphylococcus aureus (SA), Enterobacter aerogenes (EA), Escherichia coli (EC),  Proteus vulgaris (PV),  Salmonella typhimurium (ST).
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Figure 1 Inhibitory effects of Pleurotus pulmanarius in water extract on the bacterial growths, Bacillus cereus (A), Micrococus luteus (B), Proteus vulgaris (C). 1 = DMSO 20 µL, 2 = amoxicillin (0.02 mg mL-1), 20 µL and 3, 4, 5 = crude extract 20 µL.
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