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Abstract 

Local medicinal mushrooms were collected from the Songkhla, Phatthalung, Trang, and Satun 
provinces during the rainy season. There were 13 specimens identified among the collected samples. 
Among the samples, one species belonged to the genus of Ganoderma and exhibited a value for 1,3-β-
glucan content that was significantly different (p ≤ 0.05) from all other species of local medicinal 
mushrooms. The 1,3-β-glucan content was the highest in the strains of Ganoderma calidophilum (90.22 
mg/g) and Amauroderma rugosum (89.24 mg/g). Some of the more efficacious compounds of 
Ganoderma were 1,6-branched 1,3-β-glucan, which have been reported to inhibit tumor growth by 
stimulating the immune system via the activation of macrophage, the balance of T helper cell populations, 
and subsequent effects on natural killer (NK) cells. Moreover, environmental factors, such as vegetation, 
soil characteristics, and forest stand, as well as microclimate, were found to be contributory to local 
medicinal mushroom habitats, and significantly accumulated with bioactive compounds or nutraceutical 
products, such as 1,3-β-glucan content. 
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Introduction 

Medicinal mushrooms have been identified as remarkable therapeutic agents in traditional folk 
medicines and are important ingredients in popular culinary products all over the world. Various species 
of medicinal mushrooms have a long history of use for disease treatment in folk medicines, especially in 
countries such as China, India, Japan, Korea and Thailand [1-3]. Medicinal mushrooms have shown 
beneficial therapeutic activity against the development of many diseases, primarily because they contain a 
number of biologically-active compounds. They are also used in cosmetics because of their medicinal 
properties. This includes high-molecular weight compounds, such as polysaccharides, proteins, and lipids, 
as well as a number of low-molecular weight metabolites, such as lectins, lactones, and terpenoids, and 
also alkaloids, sterols, and phenolic substances [4-9]. 

β-glucans consist of a backbone of glucose residues that are usually joined by 1,3-β linkages, to 
which glucose side-chain residues are often attached. In some β-glucans, no side-chain substitution 
occurs, as with the bacterial β-glucan curdlan, which contains only 1,3-β-glucosidic linkages. No 
unbranched 1,3-β or 1,6-β fungal β-glucans are known, although the extent of the side-chain substitutions 
can vary considerably [10-13]. 

Some fungal β-glucans markedly stimulate the human immune system and protect people from 
attack by pathogenic microbes and the harmful effects of environmental toxins and carcinogens [14,15]. 
β-glucans are not synthesized by humans, so these compounds are recognized by the immune system as 
non-self-molecules, inducing both innate and adaptive immune responses. Most medicinal mushrooms, 
including Agaricus bisporus, A. subrufescens, Cordyceps sinensis, Coprinus comatus, Ganoderma 
lucidum, Inonotus obliquus, Phellinus linteus, Pleurotus spp, Poria cocos, and Sparassis crispa, have 
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been reported to have hypoglycemic effects on reducing blood glucose levels and anti-diabetic effects 
[16-20]. The presence or absence of fungal species is a useful indicator to assess the damage to, and 
maturity of, an ecosystem. In addition to knowledge of biodiversity at the community and species level, it 
is important for monitoring the effectiveness and effects of natural disturbances.  

The purpose of the present survey was to identify local medicinal mushrooms in the southern region 
of Thailand, up to genus and species level, and record the 1,3-β-glucan content of extracts. Data 
concerning their diversity is important for nutraceutical production, and could be useful for local people 
and, industry in these areas to raise awareness about the importance of preserving local medicinal 
mushrooms, as well as the environments in which they live.  
 
Materials and methods 

Details of the experiment methods and process conditions are explained in Figure 1, below. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Flowchart diagram of experiment methods and process conditions for determination of 1,3-β-
glucan content of local medicinal mushrooms from the southern region of Thailand. 
 
 

Collection of samples 
Various species of local medicinal mushrooms were collected from rubber and palm oil plantations 

and mixed-deciduous forest resources in several provinces of southern Thailand, particularly, Songkhla, 
Phatthalung, Trang, and Satun. The samples were collected during the rainy seasons between September - 
November of 2013 and May - July of 2014. The number of samples collected in each province was of at 
least 2 - 3 species, depending on the type of fungus found in each area. Every sample comprised complete 
mushroom fruiting bodies (cap, gills, tubes, and stipe). Each sample was carved out and placed into 
individual plastic bags for transport back to the lab for further identification and preparation. The 
macroscopic description notes included size, shape, color, and texture. The local medicinal mushrooms 
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mixed-deciduous forest resources. 

Isolation and Storage of samples 
 Cutting each fresh sample into small cubic 

pieces, dipping in 70 % ethanol, and washing 
twice with sterile distilled water. Storing the 

purified isolates in PDA medium at 4 ºC. 
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Preparation of mycelia 
extraction   

Extracting dried mycelia by 
fractions of water and the 

soluble alkali method.    

Determination of 1,3-β-
glucan content 

Measuring 1,3-β-glucan 
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were identified by data obtained from textbooks about Thai mushrooms and other fungi [21], as well as a 
checklist of mushrooms (Basidiomycetes) in Thailand [22]. 
 

Isolation and storage of the samples  
Each fresh sample was cut into small cubic pieces and dipped in 70 % ethanol for a few seconds for 

surface disinfection. Subsequently, each sample was washed twice with sterile distilled water. The sample 
was then placed in a PDA (potato infusion 200 g, dextrose 20 g, agar 20 g, and distilled water 1000 ml) 
medium and incubated in darkness at 25 °C. The single hypha of any resulting fungal mycelia growing on 
the plate was transferred to a new plate. The purified isolates were stored at 4 °C for further 
experimentation [23,24]. 

 
Mycelia growth rate determination 
PDA medium was used for determination of mycelia growth rate. Cultivation on solid media was 

carried out in Petri dishes (9 cm diameter). The dishes were inoculated with mycelia plugs using a cork 
borer (4 mm diameter) cut from the peripheral region of a mycelium colony. Cultivation on solid media 
was carried out at 25 °C under dark conditions for 20 days. Mycelia growth was measured with a caliper 
gauge along 2 diameters at right angles to one another. The average diameter for each plate was 
calculated. The mean mycelia growth was then calculated from 6 replicates of each treatment [25,26]. 

 
Mycelia cultivation and harvesting  
Each isolate strain from the medicinal mushrooms was cultivated on a SPBD (sweet potato 25 g, 

peptone 1 g, vitamin B6 0.5 g, Cacl2 1.3 g, dextrose 20 g, agar 20 g, and distilled water 1000 ml) medium 
by the static cultivation method [27]. Mycelia agar discs from the margin of 8-day-old colonies were 
isolated from the PDA medium. Two mycelia agar pellets were transferred to 100 ml SPBD media broth 
in 500 ml flasks and incubated in dark conditions at 25 °C for 12 days. The mycelia were harvested and 
separated from the media by filtration through Whatman No.1 filter paper. About 100 ml of distilled 
water was used to wash the filtered mycelia 3 times [28]. The filtered mycelia were dried overnight by 
lyophilization. The dried mycelia were kept at −20 °C until use. 
 

Preparation of mycelia extraction  
Fractions of water and soluble alkali were extracted from the dried mycelia of medicinal 

mushrooms (Figure 2). This method had been modified from Suwanno et al. [28]. One gram of freeze-
dried mycelia was ground by mortar and pestle, with silicon dioxide (Sigma, USA) added 2 times. The 
mycelia powders were extracted using 5 ml of distilled water at 120 °C for 2 h. The extracts were 
centrifuged at 4000 rpm for 20 min, and the supernatant was collected. The mycelia residue was washed 
with 5 ml of distilled water, and centrifuged again. The supernatant was combined with the previously 
mentioned water-soluble fraction. The precipitate was extracted with 5 ml of 4 % NaOH. The samples 
were autoclaved at 120 °C for 2 h, followed by centrifuging at 4000 rpm for 20 min. Then, the 
supernatant was collected. The residue was washed with 5 ml of 4 % NaOH. The supernatant was 
removed by centrifugation and the sample combined with the previously mentioned alkaline-soluble 
fraction. 
 

Determination of 1,3-β-glucan content  
 1,3-β-glucan content in the mycelia extract was determined from water and alkali soluble fraction 
by HPLC (Hewlett Packard, Germany) separation with a LiChrospher 100 RP-18 column (250×4 mm2, 
mesh particle size 5 µm). The mobile phase was 100 % de-ionized water with a flow rate of 0.7 ml/min. 
Injection volume for the sample and standard solution was 20 µl. An RI detector was used for detection. 
Quantification was completed by comparisons with a standard solution of β-1,3-glucan from Euglena 
gracilis (Sigma, USA), with concentrations ranging between 100 and 5000 µg/ml used [29]. 
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Statistical analysis 
 The means of the results were evaluated using analysis of variance (ANOVA). The test was used to 
compare the differences (p ≤ 0.05) in β-1,3glucan content among the 14 samples. SPSS 22.0 software 
(IBM, Version 22.0, Armonk, NY, USA) was used for statistical analysis. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
   
 
 

Figure 2 Scheme of isolation for polysaccharide fractions from dried mycelia of medicinal mushrooms. 
 
 
Results and discussion 

Morphology of local medicinal mushrooms 
The medicinal mushroom specimens collected from the southern region of Thailand were assigned 

to 3 different groups, based on recognition as outlined by Thai Mushrooms and other Fungi [21] and a 
Checklist of Mushrooms (Basidiomycetes) in Thailand [22], for macrofungi as follows: the polypores or 
bracket fungi was the dominant group of the medicinal mushrooms, and included Ganoderma 
calidophilum, Ganoderma lucidum, Ganoderma sp., Ganoderma dahlia, Amauroderma amoiense, 
Amauroderma rugosum, and Ganoderma valesiacum; the second group included club and coral fungi. 
These fungi make beautiful coral-like mushrooms, including Ramariopsis pulchella, Ramaria concolor,  
and Clavulina cinera. Xylaria and Daldinia fungi are the third group of local medicinal mushrooms found 
in various southern areas of Thailand. The conditions for the explored locations of all medicinal 
mushrooms were such that the mushrooms tended to grow primarily on dead wood or brown loamy sand, 
used as food sources. The environmental conditions included average temperatures between 24 - 29 ºC 
and humidity at 59.5 - 68.5 % [30]. The morphology of the medicinal mushrooms with different 
habitation is shown in Table 1. The Ganoderma genus of mushrooms was assessed in terms of their 
economic importance and usefulness in the traditional medicine of local people [31,32]. Moreover, the 
biodiversity of macrofungi in the southern region of Thailand indicates the presence of degradable, 
organic plant waste remains available for these fungi colonies, meaning that they have a major role in the 
decomposition of organic matter in this region. Hence, decreased mushroom diversity may be the result of 
increased human activities [33]. 
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Table 1 Morphological data for local medicinal mushrooms collected from the southern region of 
Thailand. 
 

Medicinal mushroom Sampling area Morphology and Utilization Mycelia 

 
 

 
 

 

 

Hatyai, 
Songkhla 

Pileus, kidney-shaped 3.2-3.9 cm 
diameter, reddish brown to dark brown 
surface. Stipe eccentric, 6-10 mm thick 
near the apex, light gray. Gray to black-
tinged with yellowish, bruising pore-
surface. A common medicinal 
mushroom. 

 

 
 
 
 
 

Hatyai, 
Songkhla 

Pileus, kidney-shaped, reddish-brown 
to dark purple surface, with lacquer-like 
luster. The individual cap is 3.5-5.5 cm 
in diameter, with a thickness of about 2 
cm, thickness 0.5-1.0 cm. white or light 
brown pore-surface.  
A common medicinal mushroom. 

 

 
 
 
 
 

 

Rattaphum. 
Songkhla 

The fruiting body is a widely expanding 
bush-shaped variety similar to coral, 
4.5-8.0 cm tall and 3.5-7.0 cm wide. It 
is frail and easily broken. When 
scratched, it does not change color. 
Three to four sub-branches extend from 
the stipe and divide 2 times into more 
branches. The color is purplish-pink.  
Used as traditional medicine in some 
areas. 

 

 
 
 
 
 
 
 

Rattaphum. 
Songkhla 

The fruiting body is a widely 
expanding, bush, 7-10 cm tall and 5-15 
cm wide, It is shaped similar to coral, 
slightly wavy and with a sticky surface. 
When scratched, it does not change 
color. It has a single, creamy-white or 
yellowish-white, thick and fat stalk. 
Used as traditional medicine in some 
areas. 

 

 
 
 
 
 
 

 

Rattaphum. 
Songkhla 

The fruiting body is grayish-brown, 
with narrow cylindrical stalks 
extensively branching into antler-like 
tufts, shaped similar to coral. It is frail 
and easily broken. When scratched, it 
does not change color. It is an inedible 
mushroom but is used as traditional 
medicine in some areas. 

 

 
 

 

 

 

 

 

Ganoderma calidophilum 

Ganoderma lucidum 

Ramariopsis pulchella 

 

 
Ramaria concolor 

 
 

 
 Clavulina cinera 
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Medicinal mushroom Sampling area Morphology and Utilization Mycelia 

 
 

Khao Chaison, 
Phatthalung 

Pileus is rigid, corky, dimidiate to fan-
shaped, 8-16 cm diameter, serrated 
edge, stipe 2-3 cm long, surface caps 
glossy-brown to black, while the lower 
surface of caps turn white to gray. Used 
as traditional medicine in some areas. 

 

 
 

Pa Bon, 
Phatthalung 

Asidiocarps annual to perennial, with a 
short stipe-like base, attached centrally. 
Pileus up to 20 cm wide, woody, 
flabelliform or circular, upper surface 
almost buff dark gray to black, 
minutely hairy, lower surface turns 
white to gray. Used as traditional 
medicine in some areas. 

 

 
 

 
 

 

 

Pa Bon, 
Phatthalung 

Fruiting bodies are ball-shaped hard, 
and friable at 2-6 cm wide. The surface 
pilei are smooth, at first reddish-brown, 
soon becoming black and somewhat 
shiny, perithecia small, crowded, in a 
single layer beneath the thin crust. Used 
as traditional medicine in some areas.  

 

 
 
 
 
 

 

Khuan Don, 
Satun 

Pileus surface is pale rose-brown on 
young specimens and at the margin on 
older ones, becoming pale wood brown, 
glabrous, smooth to shallowly sulcata, 
margin acute, narrowly sterile below, 
rose-colored to rose-brown pore surface 
with age, caps 3-16 cm in diameter. 
Used as traditional medicine in some 
areas.  

 

 
 
 
 
 
 
 

Muang, 
Satun 

Pileus is rigid, corky, ladle-shaped, 3-
15 cm in diameter, brown to dark 
brown surface, stipe eccentric, 6-10 cm 
long near the apex, light gray, gray to 
white pore-surface.  
A common medicinal mushroom. 

 

 
 
 
 
 
 

 

Khuan Don, 
Satun 

Pileus is 5 - 15 cm, broadly convex to 
more or less flat, fan-shaped or nearly 
round in outline, dry, smooth or 
minutely hairy, pale grayish to brown 
or reddish-brown, typically with zones 
of color. White pore surface, becoming 
dingy brownish with age. Used as 
traditional medicine in some areas. 
 

 

Amauroderma amoiense 

 
Daldinia concentrica 

Ganoderma dahlia 

 

 
 

 

 
 

 

Fomitopsis feei 

  
 Amauroderma rugosum 

Daedaleopsis confragosa 
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Medicinal mushroom Sampling area Morphology and Utilization Mycelia 

 
 
 
 
 
 
 

Muang, 
Satun 

Fruiting bodies 3-10 cm tall, up to 2.5 
cm across, tough, shaped like a finger 
but occasionally flattened, usually with 
a rounded tip. The fungus produces a 
cluster of large, hard, black stromata. 
Occurrence on the wood of decaying 
deciduous trees. Used as traditional 
medicine in some areas.  

 

 Khuan Don, 
Satun 

Pileus is 5 - 10 cm, broadly convex to 
more or less flat, fan-shaped, upper 
surface cap tangerine, lower surface is 
orange colored to orange-brown with 
age. Occurrence on the wood of 
decaying deciduous trees. Used as 
traditional medicine in some areas. 
 

 

 
 
Mycelia growth rate 
Variation in colony diameter for the 13 specimens of the local medicinal mushrooms collected from 

the southern region of Thailand is presented in Figure 3. The results showed that the best growth rates for 
mycelia obtained in this study for PDA medium were from Daldinia concentrica, Ramaria concolor, 
Fomitopsis feei, Amauroderma amoiense, Ramariopsis pulchella, and Daedaleopsis confragosa. The 
colony sizes varied from 6.9 - 9.0 cm in diameter at the 9th - 15th days of cultivation time. Specimens 
presented mycelia morphology of a cottony texture with high density, abundant growth, and differences 
in pigmentation (Table 1). Conversely, other species showed a slower rate of growth. The mycelia 
morphology of the species is classified into 2 types. In the first type, the characteristics of mycelia 
morphology showed a cottony texture, regular density, and regular growth. The isolate of this group 
included Clavulina cinerea, Xylaria polymorpha, and Ganoderma sp. The second type showed a floccose 
texture, with the characteristics of mycelia morphology presenting scarce growth and low density, such as 
for Ganoderma dahlia, Ganoderma lucidum, Ganoderma valesiacum, Amauroderma rugosum, and 
Ganoderma calidophilum. Mycelia growth rate for both groups was stopped on the 12th - 20th days of 
incubation time. The diameter of mycelia colonies varied from 2.3 to 6.9 cm. According to Setliff and 
Eudy [34], the growth of isolated fungi could be classified into high, medium, and slow growth rate. The 
results suggest that high growth rate of fungi cannot be assumed to indicate the ability to utilize lignin. 
White-rot fungi, belonging mostly to the basidiomycetes, are characterized by their ability to quickly and 
efficiently degrade the lignin moiety of woody tissues. Different fungal species can either modify or 
completely degrade all the major components of wood. Lignin biodegradation is an oxidative process, 
involving enzymes such as lignin peroxidase (LiP), MnP, VP, and laccase [35]. One of the most 
important aspects of medicinal mushrooms is related to the use of their ligninolytic systems for a variety 
of applications, such as the bioconversion of agricultural wastes into valuable products for bioactive 
compounds and other food products and the use of their ligninolytic enzymes for the biodegradation of 
organopollutants [36-38]. These results suggest that the slow growth rate of local medicinal mushrooms 
has potential for the improvement of lignocellulosic wastes, as well as the production polysaccharides, 
mainly β-glucans.  

 
 
 
 
 

 
Ganoderma valesiacum 

 

Xylaria polymorpha 
  



1,3-β-glucan Content of Local Medicinal Mushrooms Suvit SUWANNO and Chiraporn PHUTPHAT 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2018; 15(3) 
 
196 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 

Values are given as mean ± SD from 6 replicates determination. 

Figure 3 Diameter of mycelia growth rates for local medicinal mushrooms collected from the 
southern region of Thailand. 
 
 
 1,3-β-glucan content 
 Beta glucan extraction from the dried mycelia of 13 species of local medicinal mushrooms was 
quantified by HPLC. The amounts of 1,3-β-glucan content in the local medicinal mushrooms from the 
southern region of Thailand are shown in Table 2. The results showed that the values of 1,3-β-glucan 
content exhibited significant differences (p ≤ 0.05) among all species of the local medicinal mushrooms. 
The 1,3-β-glucan content was the highest in the strains of Ganoderma calidophilum (90.22 mg/g) and 
Amauroderma rugosum (89.24 mg/g). However, Ganoderma dahlia, Ganoderma sp., Ganoderma 
valesiacum, and Daedaleopsis confragosa mushrooms were the species that contained the highest 
amounts of 1,3-β-glucan in the present work, with values for 1,3-β-glucan of 70.64, 58.11, 55.54, and 
51.0 mg/g, respectively. Baral and Adur [39] reported that Ganoderma is number one among medicinal 
mushrooms, and has been considered the “king of medicinal mushrooms”. These fungi have a long 
history of more than 2000 years of use. They are called the “mushrooms of immortality” in the traditional 
medicines of China, Japan, Korea, and other Asian nations including Thailand  [3-5,11,16-19]. Some of 
the more efficacious compounds of Ganoderma are 1,6-branched and contain 1,3-β-glucan, which have 
been reported to inhibit tumor growth by stimulating the immune system via the activation of 
macrophage, via the balance of T helper cell populations, and subsequent effects on natural killer (NK) 
cells, as well as via cytokine production [3,4,15-18]. Furthermore, this work found several new specimens 
of local medicinal mushrooms that exhibited high amounts of 1,3-β-glucan content, such as in 
Daedaleopsis confragosa (51.0 mg/g). The authors [40] found that the concentration of 1,3-β-glucan 
varied from 27.0 - 89.0 mg/g in dehydrated mushrooms. These values are lower than those obtained in the 
present study, in which the highest 1,3-β-glucan concentrations were 89.24 - 94.22 mg/g. Different strains 
may have different amounts of 1,3-β-glucan. Moreover, environmental factors such as vegetation, soil 
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characteristics, forest stand, and microclimate, were found to be contributory to local medicinal 
mushrooms habitats, and accumulated significantly with bioactive compounds, including polysaccharides 
and β-glucan [41]. Nevertheless, the majority of local people lack requisite knowledge to utilize 
medicinal mushrooms for health-promoting benefits. This is mainly because they do not recognize 
medicinal mushrooms, and are unaware of their health benefits [7,30]. Therefore, more research is needed 
for the development of nutraceutical products to produce bioactive compounds, such as 1,3-β-glucan, for 
pharmaceutical applications.  
 
 
Table 2 1,3-β-glucan content in local medicinal mushrooms collected from the southern region of 
Thailand. 
 
Medicinal mushrooms 1,3-β-glucan (mg/g-dry wt.) 
Daldinia concentrica 41.18±6.82g 

Ramaria concolor 14.60±2.72d 

Fomitopsis feei 23.88±1.91c 

Amauroderma amoiense 25.07±2.23b   

Ramariopsis pulchella 12.61±1.37a  

Daedaleopsis confragosa 51.01±9.03i   

Clavulina cinerea 40.38±9.58f  

Xylaria polymorpha 37.33±3.03e 

Ganoderma dahlia 70.65±11.6 k  

Ganoderma lucidum 42.56±8.03 h  

Ganoderma valesiacum 55.58±4.67 j 

Amauroderma rugosum 89.24±1.43l 

Ganoderma calidophilum 90.22±7.73m 

Values are given as mean ± SD from triplicate determination. 
Within a column, mean values with different superscripts are significantly different (p ≤ 0.05) 
 
 
Conclusions 

The study conducted the survey and collection of local medicinal mushrooms between September-
November of 2013 and May-July of 2014 from the  Songkhla, Phatthalung, Trang, and Satun provinces in 
southern Thailand. The study period coincided with the local rainy season, when the temperature ranges 
between 24 - 29 °C and humidity ranges between 59.5 - 68.5 %. The 13 specimens of local medicinal 
mushrooms were identified and measured for values of 1,3-β-glucan content. The results showed that the 
values of 1,3-β-glucan content were significantly different (p ≤ 0.05), from 14.6 to 90.22 mg/g for all 
species. It is apparent that local medicinal mushrooms have played an important role in several aspects of 
human existence, particularly for the local population. This is due to the properties of 1,3-β-glucan being 
recognized as a source of development for medicines and nutraceuticals. Today, nutraceuticals are a 
growing health care industry worldwide. As occurrence of chronic disease and awareness of preventative 
strategies increase, so too will the demand for nutraceuticals [12]. Such increasing demand for these 
nutraceutical products will raise the level of awareness among local people to preserve the local medicinal 
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mushrooms that grow in the mixed-deciduous forests of the southern region of Thailand. Furthermore, the 
local medicinal mushrooms have the potential to be used for bioconversion of lignocellulosic residues in 
large quantities in places where agricultural residues present a disposal problem of deterioration of the 
environment and loss of potentially valuable material. 
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