
International Jounal of Science and Innovative Technology  Volume2 Issue1 January - June 201918

Extraction of fungal mycelium beta-glucan: a source for immunomodulator
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Abstract

	 This	research	screened	and	identified	the	saprobic	fungal	mushrooms	in	order	to	analyze	for	amount	

of beta-glucan. Fresh mushroom samples were collected from Dongyai forest, Umnatchareon Province, 

Thailand. All samples were inoculated on agar media to get the fungal spore shooting. The isolated fungi 

were cultivated in enriched liquid media to obtain fungal mycelium, which then was subjected to enzymatic 

extraction of beta-glucan. Megazyme Beta-Glucan Assay Kit was used for quantitative analysis of extracted 

beta-glucan.	THP-1	monocyte	was	used	as	a	model	for	anti-inflammation	property	of	beta-glucan.	From	497	

collected	mushroom	samples,	93	isolates	were	identified	as	the	saprobic	fungi	and	used	for	further	study.	All	

of them grew well on both agar and liquid media, however, showed different levels of beta-glucan. Among 

those, the mycelium of Auricularia polytricha (RSPG00622) in liquid media resulted in highest beta-glucan 

content. Beta-glucan from this strain was enzymatically extracted to 50-60% purity. It was also proved to 

possess	the	immune-modulating	property	on	THP-1	monocytes	against	the	inflammation	by	Escherichia	coli	

LPS.
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Introduction

 Nowadays, food is not only to provide hu-

mans with necessary nutrients but also assist in main-

taining the best physical and psychological condition 

and also help in disease avoiding. This idea has in-

duced	occurrence	of	functional	food	which	can	influ-

ence human health. Functional food includes inter 

alia fungi, those are abounding source of many bio-

active compounds, e.g. beta-glucans.

 Beta-glucan is polysaccharides, containing 

D-glucose connecting by 1,3-ß-glycosidic bonds. It is 

commonly found in cell walls of yeast, bacteria, fun-

gi, algae and grains. Numerous researches reveal the 

beneficial	 impacts	 of	 beta-glucan	 on	 humans.	 The	

structures of beta-glucan, including tertiary structure, 

water solubility, molecular weight and chain length, 

are	complex	and	have	been	shown	to	influence	its	

bio-activity. Owing to its importance, the Food and 

Drug Adminstration (FDA) allowed its use in food 

products and made it obligation for labeling require-

ment to acquire health claim (Ahmed et al., 2012). 

Beta-glucan has been extensively applied in human 

supplements to help reduction levels of cholesterol 

and sugar in blood (Rop et al., 2009), to improve skin 

health (Du et al., 2014). Moreover, beta-glucan is also 

applied in animal feeds in order to help stimulating 

the growth and development (Zhang et al., 2012), to 

modulate the immune system (Pionnier et al., 2014), 

to balance the gastrointestinal microorganisms (Yu-

heng et al., 2013) or to reduce the odor and release 

of ammonia from fecae (O’Shea et al., 2011).

 The saprobic fungi, including Ganoderma sp., 

Schizophyllum sp., Lentinus sp., Phellinus sp. and 

Pleuortus sp., were widely reported as the potential 

producers for beta-glucan. Furthermore, they also 

contain	high	fiber,	amino	acids,	unsaturated	fatty	ac-

ids, vitamins and minerals. Thus, the application of 

fungi-derived beta-glucan in healthcare and cosmetic 

innovations is of interest. Extraction of beta-glucan 

requires special attention to obtain consistent raw 

material. The beta-glucan extraction from saprobic 

fungi can be performed from the fruiting body, myce-

lium and sclerotium, which represent all forms of the 

macrofungi life cycle. The fungal mycelium, however, 

is recommended as source of beta-glucan extraction 

in case that the interest fungal strain can not be cul-

tured to fruiting body, or the shorter working period 

is concerned.

Methodology

Cultivation of fungal mycelium

 Ninety-three fresh mushroom samples were 

collected from Dongyai forest, Umnatchareon Prov-

ince, Thailand. All samples were inoculated on po-

tato dextrose agar (PDA; 200 g potato, 20 g glucose, 

20 g agar, 1,000 ml water) to get the fungal spore 

shooting. The isolated fungi were re-streaked on PDA 

and incubated at room temperature (28+2 °C) for 5-8 

days or until the fungal mycelium covered almost 

agar. The cork borer was used to cut the growing 

edge of mycelium for further cultivation in enriched 

liquid media (potato dextrose broth (PDB); 200 g po-

tato, 20 g glucose, 1,000 ml water) to obtain fungal 

cells, which then was subjected to further studies. 

Extraction of beta-glucan from fungal mycelium 

(adapted from Borchani et al., 2016)

 The fungal cells from above section were col-

lected by centrifugation, water was added to obtain 

the ratio of cells: water = 1:3, and the mixture was 

incubated at -20 °C for 72 h. After that, the cells were 

separated by centrifugation. Water was added to the 

cells (cells: water = 1:1), boiled at 100 °C for 10 min, 

and centrifuged. The cells were resuspended in wa-

ter (cells: water = 1:1), 0.3% protease enzyme was 

added, and the mixture was incubated at 55 °C for 

5 h. The precipitate was separated by centrifugation, 

ethanol was added at the ratio of 1:2 (precipitate: 

ethanol) and left for 24 h. The resulting precipitate 



International Jounal of Science and Innovative Technology  Volume2 Issue1 January - June 201920

(extracted beta-glucan) was collected by centrifuga-

tion and dried.

Characterization of extracted beta-glucan

 The quantitative analysis of extracted be-

ta-glucan was performed using the Megazyme En-

zymatic Mushroom and Yeast Beta-Glucan Assay Kit 

(Megazyme International Ireland Ltd, Bray, Ireland). 

The	 contents	 of	 moisture,	 protein,	 lipid,	 ash,	 fiber	

and carbohydrate were analysed according to the 

Association	 of	 Official	 Agricultural	 Chemists	 (AOAC)	

2000. The anti-oxidation activities of extracted be-

ta-glucan were assayed using DPPH radical scaveng-

ing assay (Zhu et al., 2006) and ferric reducing antiox-

idant power (FRAP) assay (Kubola and Siriamornpun, 

2008). Ascorbic acid, alpha-tocopherol and butylated 

hydroxytoluene (BHT) were used as references. Cell 

toxicity	and	anti-inflammation	property	of	extracted	

beta-glucan were tested according to Chanput et al. 

(2012). THP-1 monocyte was used as a model.

From total 476 collected mushroom samples in 

phylum Basidiomycota, 93 isolates of saprobic fun-

gi	 (classified	 based	 on	 their	 roles	 in	 habitats)	 were	

cultured in laboratory and screened for the ability 

to produce beta-glucan. The top 10 isolates showing 

highest beta-glucan contents were as follows: Au-

ricularia polytricha  (RSPG00622) 42.27% (Figure 1), 

Resupinatus sp. (RSPG00581) 40.28%, Hohenbuehelia 

sp. (RSPG00580) 39.16%, Phellinus sp. (RSPG00048) 

28.86%, Auricularia sp. (RSPG00336) 38.21%, Cori-

olopsis byrsina (RSPG00722) 38.10%, Lentinus sp. 

(RSPG00278) 36.71%, Perenniporia sp. (RSPG00139) 

35.78%, Lentinus sajor-carju (RSPG00224) 35.77%, 

Lentinus fasciatus (RSPG00590) 35.41% as shown in 

Figure 2.

Rerult

 From total 476 collected mushroom samples 

in phylum Basidiomycota, 93 isolates of saprobic fun-

gi	 (classified	 based	 on	 their	 roles	 in	 habitats)	 were	

cultured in laboratory and screened for the ability 

to produce beta-glucan. The top 10 isolates showing 

highest beta-glucan contents were as follows: Au-

ricularia polytricha  (RSPG00622) 42.27% (Figure 1), 

Resupinatus sp. (RSPG00581) 40.28%, Hohenbuehelia 

sp. (RSPG00580) 39.16%, Phellinus sp. (RSPG00048) 

28.86%, Auricularia sp. (RSPG00336) 38.21%, Cori-

olopsis byrsina (RSPG00722) 38.10%, Lentinus sp. 

(RSPG00278) 36.71%, Perenniporia sp. (RSPG00139) 

35.78%, Lentinus sajor-carju (RSPG00224) 35.77%, 

Lentinus fasciatus (RSPG00590) 35.41% as shown in 

Figure 2. 

 

Figure 1. Auricularia polytricha (RSPG00622)
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Figure 2. Beta-lucan contents in selected fungal mycelium

Auricularia polytricha are popular in China, Japan 

and Korea. These peculiar mushrooms with soft, jel-

ly-like texture and ear-shaped fruiting bodies com-

monly grow on the wood of deciduous trees and 

shrubs (Sekara et al. 2015). It has been primarily rec-

ognized as functional dietary supplement, especially 

in Asian countries due to its economic importance, 

as well as a wide spectrum of its health properties, 

including	anti-inflammatory,	antioxidant	and	antimi-

crobial. Hot water extraction is a popular approach 

for obtaining water-soluble polysaccharides (Zhang 

et al., 2007). Up to now, many attempts have worked 

on extraction of beta-glucan from this fungal specie 

in the form of its fruiting body grown on solid cul-

ture, but none is reported from its mycelium. The 

extraction method basically is to break cell wall and 

removes impurities with mild to strong extraction 

conditions. In this research, beta-glucan was extract-

ed from A. polytricha (RSPG00622) cells through sev-

eral steps. The proximate composition of extracted 

beta-glucan was shown in Table 1. The 59.54% of 

the extract was carbohydrate (in which 47.25% was 

proved as beta-glucan by the Megazyme Enzymatic 

Mushroom and Yeast Beta-Glucan Assay Kit), whereas 

32.83% was protein.

Table 1. Proximate composition of extracted beta-glucan from A. polytricha (RSPG00622)

Proximate composition %based on dry weight

Moisture 1.29 ± 0.07

Lipid 3.70 ± 0.10

Protein 32.83 ± 0.27

Carbohydrate 59.54 ± 0.59

Ash 2.12 ± 0.04

Fiber 0.52 ± 0.04
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 All extracted beta-glucan were also analysed 

for their antioxidant activities as shown in Figure 3, 

and the top 10 isolates possessing highest antioxidant 

activities were as follows: A. polytricha (RSPG00622) 

IC50 5.79±0.29 mg/ml (DPPH), 3.53±0.07 µmol Fe 

(II)/g (FRAP), Hohenbuehelia sp. (RSPG00580) IC50 

7.32±0.20 mg/ml (DPPH), 2.81±0.07 µmol Fe (II)/g 

(FRAP), Resupinatus sp. (RSPG00581) IC50 8.57±0.40 

mg/ml (DPPH), 3.53±0.29 µmol Fe (II)/g (FRAP), 

Phellinus sp. (RSPG00048) IC50 11.71±0.22 mg/ml 

(DPPH), 1.26±0.07 µmol Fe (II)/g (FRAP), Lentinus sp. 

(RSPG00278) IC50 15.69±1.59 mg/ml (DPPH), 1.38±0.02 

µmol Fe (II)/g (FRAP), L. fasciatus (RSPG00590) IC50 

16.19±0.73 mg/ml (DPPH), 0.74±0.02 µmol Fe (II)/g 

(FRAP), L. sajor-carju (RSPG00224) IC50 16.24±1.07 

mg/ml (DPPH), 1.20±0.01 µmol Fe (II)/g (FRAP), Pe-

renniporia sp. (RSPG00139) IC50 17.07±0.45 mg/ml 

(DPPH), 1.03±0.07 µmol Fe (II)/g (FRAP), Auricularia sp. 

(RSPG00336) IC50 20.16±1.78 mg/ml (DPPH), 0.68±0.02 

µmol Fe (II)/g (FRAP) and C. byrsina (RSPG00722) IC50 

20.38±2.73 mg/ml (DPPH), 0.46±0.02 µmol Fe (II)/g 

(FRAP).

 The extracted beta-glucan from A. polytricha 

(RSPG00622)	was	further	tested	for	its	anti-inflamma-

tory activity, considering the stimulation of related 

genes expression (IL-8, IL-1ß, TNF-α, IL-10). Figure 4 

shows %viability of THP-1 monocytes after incuba-

tion with extracted beta-glucan from A. polytricha 

Figure 3 Anti-oxidant activity of extracted beta-glucan

Figure 4 %viability of THP-1 monocytes after incubation with beta-glucan
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(RSPG00622) for 3 h. More than 90% of THP-1 mono-

cytes survived in every tested concentration of be-

ta-glucan, demonstrating no cytotoxicity of beta-glu-

can on THP-1 monocytes. After that, the effect of 

beta-glucan	on	inflammatory	related	gene	expression	

was	performed	in	resting	and	LPS-inflamed	states	as	

shown in Figures 5(a) and 5(b), respectively. The re-

sults show that in the resting state (Figure 5(a)), con-

centration	 of	 beta-glucan	 obviously	 influenced	 the	

expression	of	inflammatory	related	genes:	IL-8,	IL-1ß,	

TNF-α, IL-10, thus indicating its role in stimulating of 

inflammatory	 related	 genes.	 Extracted	 beta-glucan	

was	 further	 tested	 in	 the	state	 inflamed	with	Esch-

erichia coli lipopolysaccharides (LPS) for 3 h. Figure 

5(b) clearly demonstrates that beta-glucan upregu-

lated	inflammatory	related	gene	expression,	and	the	

intensity of expression depended on beta-glucan 

concentration, especially IL-1ß (Interleukin-1ß) which 

is	a	key	mediator	of	the	inflammatory	response	and	

crucial for host-defence responses to infection and 

injury.	Qin	et	 al.	 (2010)	 also	 similarly	 reported	 that	

mushroom derived glucans could act as immuno-

modulators by activating host immune cells (such 

as cytotoxic macrophages) or chemical messengers 

(cytokines such as interleukins). In 2013, Zhou et al. 

showed the antimutagenic activity of beta-glucan 

against the in vivo DNA-damaging effect of the indi-

rectly acting alkylating agent, cyclophosphamide. It 

was assumed that beta-glucan probably modulated 

the response of the immune system.

 

Figure 5. Effect	of	beta-glucan	on	inflammatory	gene	expression	in	(a)	resting	state	and	(b)	LPS-inflamed	

state

(b)

(a)
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Conclusion

	 This	 research	 screened	 and	 identified	 the	

saprobic fungal Auricularia polytricha (RSPG00622) in 

Thailand, which contained high beta-glucan content. 

An easy and convenient cultivation technique and 

extraction of fungal mycelium to obtain high amount 

of beta-glucan extract is promising to be applied as 

main ingredient in healthcare product. The extract-

ed beta-glucan was shown to contain antioxidation 

activity	 and	 anti-inflammatory	 activity.	 The	 extract,	

thus, could be developed as a potential supplement 

for various applications in functional food, cosmetic 

or nutraceutical industries. The effect of extraction 

process on the rheology, viscosity, gel formation, mo-

lecular	weight	profile	of	beta-glucan,	however,	needs	

to be further determined.

Acknowledgments

 The authors are grateful to Biodiversity-based 

Economy	 Development	 Office	 (Public	 Organization)	

and	National	Research	Council	of	Thailand	for	finan-

cial support.

References

Ahmed, A., Anjum, F.M., Zahoor, T., Nawaz, H. & Dil

 shad, S.M.R. (2012) Beta glucan: A valuable

 functional ingredient in foods. Critical Re-

 views in Food Scienceand Nutrition, 52, 201-

 212.

Borchani, C., Fonteyn, F., Jamin, G., Paquot, M., 

 Thonart, . & Blecker, C. (2016) Physical, 

 functional and structural characterixation of 

 the cell wall fraction from baker’s yeast 

 Saccharomyces cerevisiae. Journal of Food 

 Chemistry, 194, 1149-1155

Chanput, W., Reitsma, M., Kleinjans, L., Mes, J.J., 

 Savelkoul, H.F.J. & Wichers, H.J. (2012) ß-glu-

 cans are involved in immune-modulation of 

 THP-1 macrophages. Molecular Nutrition & 

 Food Research, 56, 822-833.

Du, B., Bian, Z.X. & Xu, B.J. (2014) Skin health pro-

 motion effects of natural beta-glucan de-

 rived from cereals and microorganisms: a 

 review. Phytotherapy Research, 28, 159-166.

O’Shea, C.J., Sweeney, T., Lynch, M.B., Gahan, D.A.,

 Flynn, B.A. & O’Doherty, J.V. (2011) The 

	 effect	of	introducing	purified	ß-glucans	to	

 a wheat based diet on total tract digest-

 ibility and gaseous manure emissions from 

 pigs as compared with consumption of a 

 ß-glucan-rich, barley-based diet. Animal 

 Feed Science and Technology, 165, 95-104.

Pionnier, N., Falco, A., Miest, J.J., Shrive, A.K. & 

 Hoole, D. (2014) Feeding common carp 

 Cyprinus carpio with ß-glucan supplemented 

 diet stimulates C-reactive protein and com-

 plement immune acute phase responses 

 following PAMPs injection. Fish  & Shellfish 

 Immunology, 39, 285-295.

Qin,	W.,	Zhiping,	T.,	Haidan,	L.,	Lei,	G.,	Sijie,	W.,	

 Jinwen, L., Weizhi, Z., Tianli, Z., Jiefeng, Y. 

 & Xinhua, X. (2010) Chemical characteriza-

 tion of Auricularia auricular polysaccharides 

 and its pharmacological effect on heart anti-

 oxidant enzyme activities and left ventricu- 

 lar function in aged mice. International Jour-

 nal of Biological Macromolecules, 46, 284-

 288.

Rop, O., Mlcek, J. & Jurikova, T. (2009) Beta-glucans 

 in higher fungi and their health effects. Nu-

 trition Reviews, 67(11), 624–631. 

Sekara, A., Kalisz, A., Grabowska, A. & Siwulski, M. 

 (2015) Auricularia spp.- mushrooms as novel 

 food and therapeutic agents- a reviw. Sydo- 

 wia, 67,1-10.



International Jounal of Science and Innovative Technology  Volume2 Issue1 January - June 2019 25

Wasser, S.P. (2002) Medicinal mushrooms as a 

 source of antitumor and immunomodulating 

 polysaccharides. Applied Microbiology and 

 biotechnology, 60(3), 258–274.

Yu-heng, L., Hua, L., Jun-qiu, L. & Ke-ying, Z. (2013)

 Yeast-derived ß-1,3-glucan substrate sig-

	 nificantly	increased	the	diversity	of	methano-

 gens during in vitro fermentation of porcine 

 colonic digesta. Journal of Integrative Agricul

 ture, 12(12), 2229-2234.

Zhang,	M.,	Cui,	S.W.,	Cheung,	P.C.K.,	&	Wang,	Q.	

 (2007) Antitumor polysaccharides from 

 mushroom: a review on their isolation pro-

 cess, structural characteristics and antitumor 

 activity. Trends in Food  Science & Technolo-

 gy, 18, 4-19.

Zhang, Z.F., Zhou, T.X., Ao, X. & Kim, I.H. (2012) 

 Effects of ß-glucan and Bacillus subtilis on 

	 growth	performance,	blood	profiles,	rela-

 tive organ weight and meat quality in broil-

 ers fed maize-soybean meal based diets. 

 Livestock Science, 150, 419-424.

Zhou,	J.,	Chen,	Y.,	Xin,	M.,	Luo,	Q.,	Gu,	J.,	Zhao,	M.,	

 Xu, X., Lu, X. & Song, G. (2013) Structure 

 analysis  and antimutagenic activity of a nov-

 el salt-soluble polysaccharide from Aurocu-

 laria polytricha. Journal of the Science of 

 Food and Agricultural, 93, 3225-3230.

Zhu,	K.,	Zhou,	H.	&	Qian,	H.	(2006)	Antioxidant	and	

 free radical-scavenging activities of wheat 

 germ protein hydrolysates (WGPH) prepared 

 with alcalase. Process Biochemistry, 41,1296–

 1302.


