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ABSTRACT  
Mushrooms are considered as an ultimate healthy food and as dietary supplement. It contains many things that fit the definition of food 
supplements such as protein, carbohydrates, minerals, vitamins, unsaturated fatty acids, phenolic compounds, tocopherols, ascorbic acid and 
carotenoids. Thus, mushrooms can be used directly in the diet to promote health. One of these mushrooms is Lentinus squarrosulus an 
edible tropical white rot fungus found in Africa and many parts of Asia. This species is attracting attention due to its rapid mycelial growth 
and potential for use as food, medicine and biodegradation. Recently this species has been found growing in different parts of the country 
during rainy season.  To determine the nutraceutical potential of this mushroom species, the proximate nutrient content, mycochemical 
composition and antibacterial activity were evaluated in this study. Air-dried fruiting bodies were used in the determination of proximate 
nutrient content while hot water extract of mycelial mats was used in the evaluation of mycochemical constituents. The antibacterial activity 
was assayed using disc diffusion method against two bacterial species, namely: Staphylococcus aureus (ATCC 29213) and Escherichia coli 
(ATCC 25992). Results revealed that the fruiting bodies contain high amount of crude protein, carbohydrates, total energy value, crude fiber 
and low concentration of moisture, ash and crude fat. Likewise, hot water extract of mycelia contains flavonoids, saponins, cardiac 
glycosides and alkaloids. Bioassay disc diffusion method revealed that L. squarrosulus exhibited antibacterial activity against E. coli (ATCC 
25992) and S. aureus (ATCC 29213). Based on the results of this research, it shows that L. squarrosulus is an ideal mushroom essential to 
human nutrition and could probably be categorized as a nutraceutical food.  The presence of many biochemical compounds with extra health 
benefits in addition to the basic nutritional value found in this mushroom only proves that L. squarrosulus could be an additional 
contribution to the list of mushroom species that promotes nutritional values and helps maintain good health and fight some diseases. 
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INTRODUCTION 
 

Mushrooms are saprophytes, it include members of the Basidiomycota and some members of the 
Ascomycota. They consist of two main parts, the mycelium and the fruit body (sporocarp). The mycelium 
consists of a treelike structure called hyphae hidden in the soil [1, 2]. They represent only a short reproductive 
stage in their life cycle [3]. Mushrooms are generally classified into four namely, edible, medicinal, poisonous 
and hallucinogenic mushrooms. Edible mushrooms are ideal healthy foods and may contribute enormously to 
the supply of both macro and micro nutrients in our diet [4]. 
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 Mushrooms, though classified as vegetables in the food world, are not technically plants. They belong to 
their own kingdom Fungi and provide several important nutrients [2]. They are known as a well-balanced food 
and good sources of amino acids, minerals and vitamins [5], carbohydrates, unsaturated fatty acids, phenolic 
compounds, tocopherols, ascorbic acid and carotenoids [6]. Mushrooms are also one of the few natural sources 
of vitamin D, which is essential for healthy bones and teeth, are also a good source of the B vitamins, riboflavin 
(B2), niacin (B3) and pantothenic acid (B5). These vitamins help break down proteins, fats and carbohydrates so 
they can be used for energy [7]. Therefore, mushrooms are considered as food supplement and can be used 
directly in the diet and promote health by taking advantage of the additive and synergistic effects of all bioactive 
compounds present in it [6]. 

Mushrooms have continued to generate a lot of interest in its consumption as food, in the cure of diseases, 
in bioremediation and as important items of commerce all over the world [8]. The increased interest in 
consumption of mushrooms as food stems from their nutritional, antioxidant and therapeutic values [8]. From 
the time immemorial, mushrooms are appreciated not only for texture and flavor but also for their many health 
promoting substances such as; antimicrobial, anticancer, antioxidant, cholesterol lowering property, immune 
stimulatory, antiviral, antiparasitic, anti inflammatory, anti proli-ferative, anti malarial, anti Alzheimer, anti 
tumour, cytotoxic, anti diabetic, anticoagulant, hepato-protective compounds, among other effects have been 
documented for some species [9, 10]. 

Interestingly, a number of Lentinus species are also widely used as food and possessed therapeutic 
properties. The status of edibility and medicinal value of some Lentinus species has been reported by many 
researchers. For instance, Watling [11] reported that Lentinus tuber-regium (Fr.) Fr. and L. squarrosulus Mont. 
Singer are edible and used as sources of food throughout Central Africa. L. squarrosulus is also reported as an 
edible tropical white rot fungus which is found across sub-Saharan Africa and many parts of Asia [12], in Enugu 
State Nigeria [13] and Western Ghats of Kanyumari District, India [14]. They claimed that this species is of 
interest due to its bioactive properties. 

Despite the many studies on nutrients and chemical contents of different mushroom species around the 
world, knowledge of the nutritional value and chemical structure of Philippine wild mushrooms has been limited 
and poor, little or no work have been done on L. squarrosulus in the Philippines. Therefore, this study was 
conducted to evaluate L. squarrosulus with the aim of quantifying chemical information that might serve as a 
guide to verify its potential and benefits for human nutrition. The proximate content (crude protein, crude fat, 
crude fiber, moisture, ash content, total carbohydrates and total energy value) mycochemical (tannins, alkaloids, 
flavonoids, saponins, terpenoids, steroids and cardiac glycosides) attributes were determined and the 
antibacterial property against Staphylococcus aureus (ATCC 29213) and Escherichia coli (ATCC 25992) were 
assessed. 

This study provides knowledge on the biochemical constituents of L. squarrosulus that could later on be 
used as food supplement to benefit human health. Researchers may make use of this study as initial information 
with regards to the profile of L. squarrosulus as a medicinal mushroom in the Philippines, which could later on 
be useful for further researches and contributes to the nutraceutical industry in the Philippines.  

 
MATERIALS AND METHOD 

 
Source of mushroom: 

Culture of L. squarrosulus was obtained from the culture collection of the Center for Tropical Mushroom 
Research and Development (CTMRD), Department of Biological Sciences, Central Luzon State University, 
Science City of Muñoz, Nueva Ecija. This mushroom was successfully rescued and cultured by De Leon et al., 
[15, 16] from the Aeta community in Zambales, Central Luzon, Philippines. 

 
Preparation of potato dextrose agar (PDA) culture medium: 

In a liter of distilled water, 39 g of PDA was dissolved in a beaker. Forty ml of the prepared medium was 
dispensed into a clean flat bottle, covered with cotton plug, wrapped with clean recycled paper and secured with 
rubber band. The medium was sterilized for 20 min at 121°C, 15 psi. After sterilization, the bottled medium was 
cooled in a slant position to solidify.  

 
Revival of pure culture: 

A mycelial block of approximately 10 mm² from the pure culture of L. squarrosulus was aseptically 
inoculated into a previously prepared PDA culture medium and incubated at room temperature (32˚C). 

 
Preparation of mycelial mat: 

Twenty grams of malt extract broth (MEB) was dissolved in a liter of distilled water and placed in a sterile 
microwavable plastic (pH 7.7). These were sterilized in an autoclave at 121°C for 20 min. After sterilization, it 
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was allowed to cool before inoculation of pure culture of L. squarrosulus. The inoculated media were incubated 
at room temperature. After the full mycelial ramification, the mycelial mats were harvested and air dried. 

 
Study 1. Proximate Composition: 

Air-dried fruiting bodies of L. squarrosulus (100 g) were sent to Lipa Quality Control Center – Bocaue, 
Bulacan, Philippines for proximate nutritional content analysis. Crude protein, crude fat, crude fiber, ash, and 
moisture content (MC) were analyzed according to the guidelines of the Association of Official Analytical 
Chemist [17]. The Soxhlet apparatus was used to determine the crude fat content, and furnace at 550°C for the 
ash. The crude protein was determined by Kjeldahl method, using the conversion factor N×4.38. Total 
carbohydrate content was calculated as follows: total carbohydrates = 100 - (protein + fiber + fat + ash + MC). 
Energy value was computed as follows: energy value (kcal/100 g) = 4×(g of protein + g of carbohydrates) + 
9×(g of fat). 

 
Study 2.Mycochemical Analysis: 
Preparation of hot water extract: 

Twenty grams of air dried mycelial mat of L. squarrosulus was cut into pieces and powdered using a food 
processor. The functional components were obtained through hot water extraction [18]. Six hundred ml of 
distilled water was added to 20 g of powdered mycelial mat and stirred in a 1000 ml capacity flask. The mixture 
was placed into a double boiler water bath for two hours at 80-90°C. Extracts was filtered using a filter paper 
and refrigerated prior to assay. 

 
Mycochemical screening test: 

Chemical testing was carried out using the hot water extract of the mycelia of L. squarrosulus following the 
standard method of extraction [18].  

Mushroom hot water extract was screened for the presence of tannins, alkaloids, flavonoids, saponins, 
terpenoids, steroids and cardiac glycosides. The tests were done in duplicate and the results were compared with 
distilled water (control). The results were interpreted as (+), if mycochemicals are present in trace amount; (++), 
if the mycochemicals are present in appreciable amount; and (-), if mycochemicals are absent [19]. 

 
Qualitative analysis on mycochemical constituents: 

The mycochemical composition of the mycelial mats were determined following the procedures of 
Guevarra and Recio [19] as described below: 

 
Test for Tannins: 

Powdered sample of mycelial mat of L. squarrosulus (0.5 g) was boiled in 20 ml distilled water in a test 
tube and was filtered. The filtration method includes a conical flask and filter paper wherein, 0.1% ferric 
chloride (FeCl3) was added to the filtered sample and observed for brownish green or blue black coloration, 
which shows the presence of tannins.  

 
Test for Steroids: 

Two ml of acetic anhydride was added to 5 ml hot water extract of the sample with 2 ml sulfuric acid 
(H2SO4). The color change from violet to blue or green indicates the presence of steroids.  
 
Test for Terpenoids: 

Five ml of hot water extract of L. squarrosulus was mixed with 2 ml of chloroform (CHCl3) in a test tube. 
Three ml of concentrated sulphuric acid (H2SO4) was carefully added to the mixture to form a layer. An 
interface with a reddish brown coloration that formed means terpenoids constituents are present. 

 
Test for Flavonoids: 

A few drops of 1% ammonia (NH3) solution were added to 5 ml hot water extract of the sample in a test 
tube. A yellow coloration observed indicates flavonoid compound is present. 

 
Test for Saponins: 

Two grams of powdered mycelia was boiled together with 20 ml of distilled water in a water bath and 
filtered. The filtrates (10 ml) was mixed in 5 ml of distilled water in a test tube and shaken vigorously to obtain 
a stable persistent froth. The frothing was mixed with 3 drops of olive oil and observed for the formation of 
emulsion, which indicates the presence of saponins.  
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Test for Cardiac Glycosides: 
One ml of concentrated H2SO4 was prepared in a test tube, then, 5 ml of hot water extract of L. 

squarrosulus was mixed with 2 ml of glacial acetic acid (CH3CO2H) containing 1 drop of FeCl3. The above 
mixture was carefully added to the 1 ml of concentrated H2SO4 so that the concentrated H2SO4 was underneath 
the mixture. Presence of brown ring indicates the presence of the cardiac glycoside constituent. 

 
Test for Alkaloids: 

Five grams of powdered mycelial mat of L. squarrosulus was prepared in a beaker and 200 ml of 10% 
glacial acetic acid (CH3CO2H) in ethanol (C2H5OH) was added.  The mixture was covered and allowed to stand 
for 4 hours, the mixture was then filtered and the extract was allowed to become concentrated in a water bath 
until it reaches ¼ of the original volume. Concentrated ammonium hydroxide (NH4OH) was added and the 
formation of white precipitate or turbidity indicates the presence of alkaloids.  
 
Study 3. Antibacterial Activity: 
Source of test organisms: 

Two bacterial isolates was used in the study, human pathogens, Escherichia coli (ATCC 25992) and 
Staphylococcus aureus (ATCC 29213). Bacterial cultures were obtained from the UST Microbial Culture 
Collection, Manila. 

 
Preparation of bacterial suspension: 

Five ml of nutrient broth was placed in screw capped test tube. The test tube was sterilized at 15 psi for 15 
minutes. A loopful of bacterial inoculum was inoculated into sterile nutrient broth. The tubes were incubated at 
37°C overnight. The turbidity of the bacterial suspension was compared to 0.5 McFarland standard with 
approximately 1.5 x 108cfu/ml.  

 
Preparation of assay discs: 

Paper discs were prepared using paper puncher for filter paper (Whattman No. 1). These were placed on 
dried petri plates and autoclaved at 15 psi for 20 minutes. Sterilized discs were oven dried for one hour at 45°C 
and dipped into 2 ml of extract for one hour. The discs loaded with extract were then air dried for one hour. 

 
Preparation of the assay plates: 

Prepared Mueller Hinton Agar II (MHA) was placed in sterilized petri plates and allowed to solidify. After 
the medium had solidified, 0.1 ml of broth culture was transferred on the center of the agar plate using a 
micropipette. Using a cooled flame-sterilized L-glass rod, the bacterial inoculum was spread over the surface of 
the plate. 

 
Bioassay testing by disc diffusion method: 

After spreading of bacteria on the agar plates, the bottom of the plates was marked with different 
treatments. The prepared assay disc with L. squarrosulus extracts was carefully laid-out to a pre-labeled seeded 
agar plates using flame sterilized forceps. The plates were incubated for 24 hours at 35˚C in inverted position. 
After 24 hours of incubation, zone of inhibition was measured using a vernier caliper. 

The zones of inhibition produced by L. squarrosulus extracts against the bacterial growth were compared to 
the Streptomycin sulphate and distilled water which served as the positive control and negative control, 
respectively. 

 
RESULTS AND DISCUSSION 

 
Study I. Proximate Composition: 

Consumption and utilization of mushrooms have increased worldwide due to their nutritional and medicinal 
properties [1, 8, 20, 21, 22, 23]. Studies have shown that the edible mushrooms are rich in proteins, minerals, 
vitamins, crude fiber, and carbohydrates with low fat and oil content [4, 5, 13, 21, 22, 23]. Moreover, Randive 
[24] reported that mushrooms are rich in Vitamin C, B complex, and mineral salts required by the human 
body.The proximate composition of air-dried fruiting bodies is presented in Table 1. It can be seen that the 
fruiting bodies contain relatively high carbohydrates, energy value, crude protein and lower crude fat content.   
The energy value is calculated as 328.06 kcal. This result supports the findings of previous researches [25, 26, 
27] that mushrooms have nutritional attributes and have potential applications in industries [2]. 

Mushroom protein is known to contain almost all the essential amino acids [28]. Protein contents of 
mushrooms were reported to vary according to genetic structure of species, and physical and chemical 
differences in the growing medium [29]. The development stage of the mushrooms could also have a significant 
factor affecting the protein content [30]. In addition, the type of mushroom, the part sampled, and the location 
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also affect protein content [31]. Air-dried fruiting body of L. squarrosulus contains 23.42% crude protein which 
is within the 10.26% to 26.74% proteins of most fruiting bodies [32]. The crude protein obtained in this study is 
lower than the crude protein reported in Volvariella volvacea (27.02%) [1] but higher in Pleurotus tuberregium 
(22.10%) [33] and is near to the crude protein of L. squarrosulus (21.54%) reported by Giri et al., [28]. It is also 
higher than those reported for some protein- rich foods such as green vegetables [34], cowpea seeds (22.5%) and 
lima beans (23.3%) [8]. High protein content in L. squarrosulus makes this mushroom an ideal food essential to 
human nutrition [35] and could probably solve the problem of malnutrition [8]. 

On the other hand, dietary fiber helps in digestion process. L. squarrosulus is also rich in crude fiber 
(16.25%), the value obtained in the present study is higher than those present in L. tuberregium [36], Lactarius 
triviralis , Russula vesca [37], and L. squarrosulus [38]. This shows that L. squarrosulus contains considerable 
amount of fiber, thus can be a good source of dietary fiber (roughages). High level of fibre is known as anti-
tumorigenic and hypocholestrolaemic agent [1]. This implies that this mushroom could be recommended for 
people with cholesterol related ailment [39]. 

Mushrooms in general contain low levels of fats and no cholesterol [4] and are highly suitable for obese 
people [40]. All fresh mushrooms are free of trans fats, fat content of edible mushrooms consists mostly of 
unsaturated fatty acids, which are less hazardous to the health than the saturated fatty acids [4]. According to 
Ulziijargal and Mau [32], the fat content of mushrooms ranges from 1.1% to 8.3% in terms of dry weight. The 
fat content of the mushrooms is very low when compared to carbohydrates and proteins, which agrees with 
earlier reports [36, 41, 42, 43].  L. squarrosulus contains 1.42% crude fat which is lower than Lentinula edodes, 
Flammulina velutipes and Pleurotus eryngii [6]. Ragunathan and Swaminathan, [29] also obtain low fat 
concentration in three species of Pleurotus grown on various agro-wastes.  G. lucidum on the other hand, 
exhibited low fats content (2.60%), as reported by Usman et al.,[44] it also shows the health benefits of this 
mushroom by stressing its nutritional value, it is reported that extract from this mushroom has cholesterol 
lowering properties in Hamsters and Minipigs [45] hence, it has an antihypertensive potentials in humans [46]. 
On the other hand, Nwanze et al., [38] reported that L. squarrosulus and Psathyrella atroumbonata contain 
higher fat content compared to the present study.  

Carbohydrate is one of the main nutrients in our diet and is considered as the most important source of 
energy for the body [23]. The carbohydrates of mushroom include polysaccharides, disaccharides, 
monosaccharides, sugar alcohols and sugar acids [47]. The carbohydrate contents obtained in this study is higher 
compared to the reported value of Coprinus comatus which ranges from 32% to 39.07% [48], and other 
mushroom species ranging from 8.00% (Macrolepiota procera) to 32.50% (Pleurotus ostreatus) [8]. This result 
indicates that L. squarrosulus is a very good source of carbohydrates and is a proof of their being a highly 
nutritious food which could probably be categorized as a nutraceutical food good for human consumption. 

Moreover, results showed that L. squarrosulus contain 6.83% ash which is lower than the reported value in 
Clitocybe odora (17.44%) and Lepista nuda (20.56%)[8]. However, this result is higher with Cortinarius sp 
(5.23%) [2], Tricholoma anatolicum (1.30%) [30], L. squarrosulus (1.18%)[13], Pleurotus citrinopileatus 
(7.65%) [49] and L. sulphureus (2.06%) [50]. Ash is the total amount of minerals present in the food [51], ash 
contains minerals like potassium, phosphorus, or magnesium in addition to calcium, copper, iron and zinc [6].  

On the other hand, moisture content is the quantity of water contained in a material. High water content 
promotes susceptibility to microbial growth and enzymes activities [2]. Mushrooms generally have high 
moisture content which accounts for their short shelf life as they deteriorate easily after harvest if preservative 
measures are not employed [7]. The moisture content of L. squarrosulus is 12.93%. This value is higher when 
compared to 9.7%-10.3% moisture content of P. ostreatus, Pleurotus sajor caju and Agaricus bisporus [52] but 
lower compared to C. comatus having 16%-21% moisture content [20]. Kalac [53] reported that nutritional  
profiles of mushrooms are directly affected with their moisture content depending on their harvesting time, 
maturation period and environmental conditions (humidity, temperature, growing period, storage condition etc.). 
Finally, the energy value of L. squarrosulus was calculated as 328.06 kcal. This is higher than the energy value 
of C. comatus (262.92 kcal) and G. lucidum (138.33 kcal) [32].  This result revealed that L. squarrosulus could 
be a good source of energy based on its high energy value. According to the study of Majunathan and  
 
Table 1: Proximate composition of fruiting bodies of Lentinus squarrosulus 

Nutrients Amount 
 

Crude Protein (%) 23.42 
Crude Fiber (%) 16.25 
Crude Fat (%) 1.42 
Total Carbohydrates (%) 55.4 
Ash Content (%) 6.83 
Moisture Content (%) 12.93 
Energy value (kcal) 328.06 

*Total carbohydrates and energy were calculated according to the following equation: Total carbohydrates (%) = 100 - (protein+ fat + 
moisture content +ash content); Total energy (kcal) = 4 x (protein + carbohydrates) + 9 x (fat) 



63                                                                  Melody S. Pascua et al, 2016 
Advances in Environmental Biology, 10(3) March 2016, Pages: 58-68 

 

Kaviyarasan [36], the cultivated L. tuberregium would be a better energy source (338 kcal) than the wildly 
obtained one (318 kcal). In the study of Kalmis et al. [30], they claimed that the highest energy contribution was 
found in the mycelium because it has a relatively higher amount of crude oil and protein content than the 
fruiting bodies. Barros et al. [31] also reported that 100 g of fresh T. portentosum gave 26.46 kcal or 111.98 kJ 
of energy.  

The differences in the amount of nutrients obtained in the study compared to published literatures could be 
due to several factors, such as, the substrate used which can influence the chemical composition of mushroom 
[54]. 

 
Study II. Mycochemical Analysis: 

Mycochemicals are bioactive chemicals that perform metabolic functions and also serve as protection of the 
organisms. The mycochemical content of L. squarrosulus hot water extract is presented in Table 2 and Figure 1. 
Out of seven mycochemical constituents screened, four were found present namely: flavonoids, saponins, 
alkaloids and cardiac glycosides. Flavonoids and saponins were present in appreciable amount while cardiac 
glycosides and alkaloids were present in trace amount. However, tannins, terpenoids, steroids were not detected 
in the extract.  

Mycochemicals are known to exhibit different functionalities. They are naturally occurring constituents of 
fungi particularly mushroom. In this study, flavonoid was present in appreciable amount. Flavonoids are known 
to have anti-oxidative activity, free-radical scavenging capacity, coronary heart disease prevention, and 
anticancer activity [55]. Many studies have attributed that antioxidant properties are due to the presence of 
flavonoids [56]. Several researches confirm presence of flavonoids in certain mushrooms with appreciable 
amount, such as, C.odora, L.nuda, M. procera, L. saeva, L. deliciosus, L. laccata, P. ostreatus, H. erinaceosus 
[8].  However, the result of the present study is in contrast with the report of Dulay et al. [51] that flavonoids, 
phloabatannins and tannins were not detected in Paneolus antillarium. 

The presence of alkaloids  in trace amount suggest that L. squarrosulus is a potential anticancer agent since 
alkaloids are known for their potential use in the elimination and reduction of human cancer cell lines and toxic 
against cells of foreign organisms [57]. Furthermore, alkaloid has been reported to have antimicrobial property 
[58], act as powerful pain reliever and topical anaesthetic in ophthalmology, and has stimulating effects and 
antipuretic action among other uses [59]. Alkaloids are also found present in ten wild Nigerian mushrooms [8] 
as well as Cortinarius sp. [2] and G. lucidum [44]. 

Saponins are also present in L. squarrosulus in appreciable amount. Saponins are known to affect the 
immune system in ways that help to protect the human body against cancers, and lower cholesterol levels 
[60].This compound can also inhibit the growth of cancer cells, boost immune system and energy, lower 
cholesterol, act as natural anti-inflammatory, antibiotic, anti-oxidant, and can reduce the uptake of certain 
nutrients including glucose and cholesterol at the gut through intra lumenal physicochemical interaction [10, 
61]. Saponins are also known to inhibit Na+ efflux by blockage of the influx of concentration in the cells, 
activating a Na+ - Ca2+ antiporter in cardiac muscle. The increase in Ca 2+ influx through this antiporter 
strengthens the contraction of heart muscle [62]. Saponins are also reported to have anti-inflammatory, 
expectorant and immune stimulating effects [63]. The presence of saponins in mushrooms can be used to 
enhance penetration of macromolecules such as proteins through cell membrane and can also be used as 
adjuvant in vaccines [44]. 

 Cardiac glycosides on the other hand, are responsible in cardio activity and increase the function of 
myocardial circulation [64]. They are primarily involved in the treatment of cardiac failure, since it increases 
cardiac output and is used to treat congestive heart failure and cardiac arrhythmia [65]. Thus, the presence of 
cardiac glycosides in L. squarrosulus shows medicinal activity. 

The medicinal values of L. squarrosulus therefore may be attributed to the presence of these 
phytochemicals. However, the absence of terpenoids, steroids and tannins observed in this study strongly 
suggests that mycochemical compositions of L. squarrosulus are substrate dependent. This result is in 
conformity with the findings of Ilondu [66] that steroids were present in L. squarrosulus ethanol extract but not 
in hot water extract. This only proves that there are some factors that can affect the nutritional and chemical  
 
Table 2: Mycochemical analysis of hot water extract of mycelial mats of L. squarrosulus 

Mycochemicals Reactions Presence 
Flavonoids yellow coloration + + 
Terpenoids no reaction - 
Cardiac Glycosides formation of brown ring + 
Steroids no reaction - 
Saponins emulsion and frothing formed ++ 

Alkaloids Turbidityformed + 
Tannins no reaction - 

Legend: (+) present in trace amounts, (+ +) present in appreciable amount, (-) absent  
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Fig. 1: Positive results exhibited by mycelial mat hot water extract of L. squarrosulus (A) Flavonoid- formation 

of yellow coloration (B) Saponins- frothing and emulsion (C) Cardiac glycosides- formation of brown 
ring (D) Alkaloids- turbidity 

 
components of mushroom, such as the substrate used which can influence the chemical composition of 
mushroom [54]. 
 
Antibacterial Activity: 

Bioassay disc diffusion method was used to determine the antibacterial activity of hot water extract of L. 
squarrosulus against E. coli (ATCC 25992) and S. aureus (ATCC 29213). Table 3 presents the zone of inhibition 
produced by the extract and the control. The hot water extract inhibited the growth of both E. coli and S. aureus 
as indicated by clear zone of inhibition (Fig. 2). Larger zone of inhibition was observed in S. aureus while 
smaller zone of inhibition was noted in E. coli. However, statistical analysis revealed that the zone of inhibition 
produced by the extract is comparable to the streptomycin sulphate. This result indicates that the extract contains 
bioactive compounds that can inhibit the growth of both gram positive and gram negative bacteria. Lentinus 
species have been found to contain medicinal properties such as Lentinan which has been evaluated to be a host 
defense potentiator [67].The result of the present study is consistent with the observation of Ishikawa et al. [68], 
who reported that the mycelial culture filtrate of Lentinula edodes inhibited the growth of both Bacillus subtilis 
and S. aureus. The observed inhibitory effect of L. squarrosulus in both bacteria is parallel with the report of 
Komemushi et al. [69] who reported that L. edodes inhibited the growth of Gram-positive and Gram-negative 
bacteria. Imtiaj and Lee [70] also worked on the antibacterial and antifungal activities of Korean wild mushrooms 
and found that filtrates of Sterium ostrea, Pycnoporus cinnabarinus, P. coccineus, Oudemansìella mucida and 
Cordyceps sobolifera inhibited the growth of many pathogenic bacteria such as P. aeruginosa and S. aureus. 
Furthermore, results of the present study is in conformity with the study of Ayodele and Idoko[71] that L. 
squarrosulus showed good antibacterial activities against E. coli and S. aureus. The presence of alkaloids 
explains that the mushroom may have anti bacterial activity.  

It is interesting to note that larger zone of inhibition was obtained in S. aureus compared to E. coli. This 
observation could be due to the difference in the composition and structure of the cell wall of gram positive and 
gram negative bacteria. In the gram-positive bacteria, the cell wall is thick (15-80 nanometers), consisting of 
several layers of peptidoglycan. On the other hand, the cell wall of gram-negative bacteria is relatively thin (10 
nanometers) and is composed of a single layer of peptidoglycan but surrounded by an outer membrane. In the 
present study, E. coli is more resistant to hot water extract than S. aureus because gram-positive bacteria are 
more sensitive to antibiotic than gram-negative bacteria because the peptidoglycan is not protected by an outer 
membrane and it is a more abundant molecule [72]. 

 
Table 3: Zone of inhibition of bacteria exhibited by L. squarrosulus (mm) 

Treatments Organisms 
S. aureus 

 
E. coli  

T1 (Hot water extract) 23.37a 15. 13a 

C1 (+ control, Streptomycin sulphate) 28.76a 24.20b 

C2 (- control, Distilled water) 6.00b 6.00c 

Means with the same superscript in a column are not significantly different at 5% level of significance using LSD. Note: disc size is 6 mm 
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Fig. 2: Zone of inhibition exhibited by hot water extract of L. squarrosulus against E. coli (A) and S. aureus (B) 
 

Based on the results of the study, it can be concluded that L. squarrosulus is rich in crude protein, crude 
carbohydrates, crude fiber, total energy values but low in moisture, ash and crude fat. It contains several 
mycochemicals such as flavonoids, saponins, cardiac glycosides and alkaloids. L. squarrosulus hot water extract  
shows good antibacterial activity against the two bacteria species, E. coli (ATCC 25992) and S. aureus (ATCC 
29213). Therefore this mushroom has a potential to be a nutraceutical and is an addition to the list of mushroom 
species in the Philippines with medicinal attributes. 
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