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 Background: Mushroom had been consumed as food because of its delightful flavor. 
Many edible species of mushrooms have been discovered and enjoyed by man for 
example the white button mushroom, shiitake and the oyster mushroom. However, 
some wild mushroom can be poisonous and therefore non-edible. They may contain 
mutagenic compounds that can cause genomic damage and capable of inducing cancer. 
Several other methods have been developed to evaluate the toxicity of substances. The 
Ames Salmonella/microsome mutagenicity assay or commonly known as Ames test 
was specifically designed to detect mutagenic chemicals. In this study, two species of 
wild mushrooms were collected from Kg. Pintas Beaufort, Sabah forest. The Ames test 
was performed with and without metabolic activation by using Salmonella typhimurium 
bacterial strains TA98 and TA100 to evaluate the mutagenicity of these mushrooms. 
Five concentrations of the mushrooms ranging from 62.5 to 0.6 mg/mL were used for 
the evaluation. At the end of this test, the colonies were then counted and the results 
expressed as the number of revertant colonies per plate. Results derived from the Ames 
test suggested that both mushrooms were non mutagenic because no dose-related 
increase in the number or revertant colonies was observed for both strains TA98 and 
TA100. 
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INTRODUCTION 

 
 Mushrooms were defined as macrofungi with distinctive fruiting bodies commonly occurring in fungi of the 
class Basidiomycetes and sometimes in the class of Ascomycetes. They may be edible or non-edible, poisonous 
or medicinal species, with hypogeous or epigeous spore-bearing fruiting bodies, and their texture may be fleshy 
or non-fleshy. Mushrooms are cultivated for food supplements and certain fungi are used in the manufacture of 
fermented food products. In ancient times, Chinese used mushrooms in the preparation of herbal medicine and 
food [1]. Nowadays, people have become more concerned about their nutrition. Due to this awareness, the 
cultivation of mushrooms has increased. However, some wild mushrooms may contain mutagenic compounds. 
According to Tejs [2], the identification of substances capable of inducing mutations has become an important 
procedure in safety assessment. These mutagenic chemicals can cause damage leading to fertility problems in 
future generations and capable of inducing cancer. Several other methods have been developed to evaluate the 
toxicity of substances. The Ames test was specifically designed to detect a wide range of mutagenic chemicals. 
It is used world-wide as an initial screening to determine the mutagenic potential of new chemicals and drugs as 
discussed by Mortelmans & Zeiger [3]. This test uses amino acid-dependent strain of Salmonella typhimurium 
and Escherichia coli with different pre-existing mutations that enable bacteria to synthesize the required amino 
acid and histidine. Therefore, the bacteria are unable to grow and form colonies in the absence of this amino 
acid. Only histidine independent bacteria are able to form revertant colonies constantly and in the presence of 
mutagen, the number of revertant colonies per plate increased in a dose-related manner [2]. 
 
2. Objectives: 
 The objective of this study was to examine the features of the mushrooms by light microscope and to 
evaluate the toxicity of two selected wild mushrooms by Ames test in the presence and absence of metabolic 
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activation by using TA98 and TA100 of Salmonella typhimurium bacterial strains. 

MATERIALS AND METHOD 

 

 Cellophane tape and methylene blue were obtained from UiTM microbiology laboratory. All chemicals and 

raw materials for the Ames test were purchased from Molecular Technology Inc. (MOLTOX) United States. 

Two wild mushrooms were collected from Kg. Pintas Beaufort Sabah forest and labeled as Mushroom A and 

mushroom B. 

 

3.1 Mycelia Isolation: 

 Mycelia isolation was carried out according to procedure described by Bankole and Adekunle [4]. The 

mushroom tissues were seeded into petri dishes with previously prepared potato dextrose agar (PDA). The 

plates were incubated at room temperature for 4 days until full grown. The mycelia were sub-cultured onto 

freshly prepared PDA plates and incubated until the mycelia begin to grow. This was followed by subsequent 

sub culturing three times to ensure pure mycelial isolate. 

 

3.2 Adhesive tape preparation for examination of fungi: 

 A drop of methylene blue was dispensed on the glass slide. One end of the tape was stick on thumb and the 

other end was stick to the middle finger. The pointer finger was pressed down to sample the fungal growth in the 

middle of the colony. The tape was placed on the slide previously drooped with methylene blue. The adhesive 

tape preparation was viewed under microscope. 

 

3.3 Organic extraction of mushroom: 

 Organic extraction was performed according to the method described by Khlood [5]. Fresh mushrooms was 

wiped and cleaned with alcohol, air dried, followed by drying in an oven at 45°C for 24 hours. Equal volumes of 

methanol and chloroform were added at 8 mL/g. The homogenate was agitated for 2 hours, filtrated with normal 

filter paper, refluxed for 3 hours or until completely dry with a rotary evaporator at 50°C, and finally dissolved 

with dimethyl sulfoxide (DMSO). 

 

3.4 Dose selection: 

 A three-fold dilution was performed to obtain a wide range of concentrations with a total of five 

concentrations of tested chemicals. 

 

3.5 Pre-culture of Salmonella tester strains: 

 Prior to performing the experiment, 12 µL of Salmonella cultures (from -80°C) was inoculated in 12 mL of 

nutrient broth in 60 mL conical flask and transferred into fridge at temperature between 2°C to 8°C for 7 hours. 

After 7 hours of incubation, the culture was transferred to 100 rpm rotary shaker for 12 to 16 hours at 37°C. 

 

3.6 Toxicity evaluation of mushroom extracts: 

 Ames test was performed as described by Ames [6]. Before performing the experiment, an appropriate 

number of Growth Minimal (GM) agar plates and sterile test tubes for each test chemical were labeled. 

Metabolic activation system was prepared and kept on ice until use. Top agar was melted and supplemented 

with 0.05 mM histidine and biotin and maintained at temperature between 43°C to 48°C. To the 100 mL sterile 

test tubes maintained at 43°C, 0.01 mL of the test chemical dilution, 2.5 mL of molten top agar with overnight 

culture of the Salmonella strain (about 10
8
), and 0.5 mL of metabolic activation (S9) mix was added in an order 

with mixing after each addition. The contents of the test tubes were then mixed and poured onto the surface of 

GM agar plates. When the top agar has hardened (about 2 to 3 minutes), the plates were inverted and placed in a 

37°C incubator for 48 hours. The colonies were counted and the results were expressed as the number of 

revertant colonies per plate. 

RESULTS AND DISCUSSIONS 
 

 Figure 1 shows two species of mushrooms collected from Kg. Pintas Beaufort Sabah forests. Both 

mushrooms were found to be saprophytic as they live on dead trunk. Mushroom A has crust-like structures 

which are hard and thick while mushroom B has thin fleshy white structure with funnel-shaped cap. They both 

have an aromatic mushroom odor. 

 Morphological characteristics of fungi can be observed by culturing. Figure 2 shows mushroom tissue 

cultures on PDA plates. These mushrooms cultures were incubated at room temperature for 4 days until full 

mycelia grown. 

 Fruiting structures, spores, mycelia, and morphologies of various organs in nature may be observed initially 

in cultures. Figure 3 shows microscopic observations of mushroom A and mushroom B. Any fungus can be 

identified if their morphologies are observed clearly. Spores and hyphae are the important characteristics for 
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identification of fungi. Some Basidiomycetous fungi may be readily differentiated on the basis of clamped 

hyphae. However, identification of Basidiomycetes is very difficult although their colonies are clearly 

differentiated from one another. To identify unknown Basidiomycetous fungi, it is essential to compare them 

with already known isolates culturally or cultures derived from natural fruiting structures. 

 

                                                      
 

Fig. 1: Wild mushrooms collected from Kg. Pintas Beaufort Sabah forests. 

(a) Mushroom A. (b) Mushroom B. 

 

  
 

Fig. 2: Wild mushrooms cultured on PDA plates. (a) Mushroom A (b) Mushroom B. 

 

 

                                        
 

Fig. 3: Spore and hyphae of mushrooms observed under 1000X magnification. 

(1a) Spore of mushroom A (1b) Spore of mushroom B  

(2a) Hyphae of mushroom A (2b) Hyphae of mushroom B. 

 

 Based on the microscopic observations, the spore of mushroom A was subglobose in shape and brownish in 

colour while the spore of mushroom B was elliptical in shape and violet brownish. The clamp hyphae were 

observed in both mushrooms suggested that these two mushrooms are the member of the Basidiomycota. The 

hyphae were septate with one or two nuclei per cell in vegetative hyphae.  

a 

a 

b 

b 

1a 1b 

2a 2b 
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 Table 1 shows the mean number of revertant colonies per plate (M), the standards deviation (SD) of 5 

different concentrations of mushrooms extract tested. In the absence of metabolic activation S9, no mutagenicity 

was detected in tested strains TA98 and TA100 for both mushroom A and mushroom B. In the presence of 

metabolic activation, the number of revertant colonies per plate is not increased in a dose-related manner 

indicates no mutagenicity was found for both mushroom A and mushroom B. Therefore, both mushrooms were 

considered non mutagen as the number of revertant colonies produce were not increase over the concentration 

range tested. The presence of colonies on the negative control plate was due to the spontaneous reversions 

mutations. However, it will occur at very low frequencies.  

 Wild type of Salmonella typhimurium can grow on media without amino acid added into the media. This is 

because they synthesize their own amino acid through several biosynthesis pathways. In Ames test the mutant 

strain of Salmonella typhimurium was used. They were not able to synthesize histidine because the mutant was 

lack of the gene encoded one of the 9 enzymes which are used in histidine biosynthesis pathway. It is called 

auxotroph mutant. Therefore, the mutant will only grow if histidine is supplied into the media. If this auxotroph 

mutant interact with a substance that can change it into prototroph, it means that the substance have a potency to 

be mutagenic. Prototroph mutant can grow on media without histidine. 

 
Table 1: Mutagenic activity expressed as the mean (M) and standard deviation (SD) of revertant colonies per plate in bacterial strains TA98 

and TA100 treated with various dosage of mushrooms extract, with (+S9) and without (-S9) metabolic activation.  

Mushroom 
extracts 

Treatment 
mg/mL 

Number of revertants/ plate in S.typhimurium strains (M ± SD) 

 

TA98 TA100 

  

 
 

A 

 -S9 
 

+S9 -S9 +S9 

50 26.7 ± 3 19.7 ± 6 20 ± 4 130 ± 10 

16.7 34.3 ± 4 29.3 ± 2 38 ± 8 143.3 ± 16 

5.6 47.3 ± 2 27.3 ± 2 46 ± 3 135.3 ± 18 

1.9 44 ± 5 28.7 ± 6 48 ± 11 123 ± 14 

0.6 34.3 ± 5 22 ± 2 42 ± 6 121 ± 7 

Positive control 35.3 ± 6 43.7 ± 4 198 ± 6 178 ± 8 

Negative control 33.7 ± 6 32.3 ± 13 51 ± 4 121.7 ± 20 

B 

 
 

 

62.5 33.7 ± 4 24 ± 1 49 ± 6 104. 3 ± 17 

20.8 35 ± 7 26.7 ± 2 61 ±4 135 ± 6 

6.9 25.3 ± 6 21 ±7 53 ± 7 132. 7 ± 19 

2.3 30 ± 4 24.7 ± 3 58 ± 12 127. 3 ± 10 

0.8 33.7 ± 7 24.7 ± 11 65 ± 3 128. 3 ± 9 

Positive control 35.3 ± 6 43.7 ± 14 315 ± 54 178 ± 8 

Negative control 33.7 ± 6 32.3 ± 13 56 ± 13 121.7 ± 21 

 

 The use of metabolic activation is to enable bacteria to metabolize chemical via cytochrome P450, as in 

mammals and other vertebrates. Some mutagenic chemicals are found to be active with and without metabolism, 

while others are active only under one condition or the other. The small amount of the histidine used in this test 

allows all the plated bacteria to undergo a few cell divisions. This limited growth is essential for mutagenesis to 

occur.  

 TA98 (frameshift mutation) and TA100 (base-pair substitution) are two common strains of Salmonella 

typhimurium assessed in Ames testing. It has been shown in the previous study that testing with strains TA98 

and TA100 with and without metabolic activation was sufficient to identify approximately 90% of the mutagens 

in a populations containing about 35% mutagenic chemicals. Both strains have rfa mutations, a defective 

lipopolysaccharide layer that makes bacteria more permeable to larger molecules; uvrB mutations, which 

eliminate excision repair of DNA damage and the pKM101 plasmid, which increases error-prone repair of DNA 

damage. Both Salmonella typhimurium bacterial strain TA98 and TA100 have been shown to be reliable and 

reproducibly responsive between laboratories.  

 According to the OECD Guidelines for Testing of Chemicals in 1997, an extensive data base has 

demonstrated that many chemicals that are positive in this test also exhibit mutagenic activity in other tests. 

 Nevertheless, since some Basidiomycetes species are poisonous, it is necessary to obtain epidemiological 

and experimental data on the beneficial effects of the extracts of the species studied as discussed by Guterres et 

al. [7]. In Nordic countries, there is a risk assessment of mushrooms within the legal framework for the 

European Community for food stuff. According to the risk analysis principle, it is the task of the scientist to 

perform the risk assessment as a basis for differentiating between mushrooms suitable to be marketed as food 

mushrooms and those are not by using Ames test to detect mutagenic compound in mushrooms as described by 

Jorn and Anderson [8]. 
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5. Conclusion: 

 Given the above results, it shows that both mushroom A and mushroom B were found to be non mutagenic 

based on the initial screening by Ames test. However, these mushrooms cannot be concluded as non poisonous 

and safe to be consumed. Further test should be carried out for their carcinogenic and toxicological properties. 

Molecular technique of PCR amplification should be done to identify and confirm the species of both 

mushrooms.  
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