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ABSTRACT 
 

Auricularia polytricha fungus is very popular and famous mushroom in China, being newly introduced to 
Egypt. The present study investigates the most suitable carbon, nitrogen sources and their optimum 
concentrations for submerged culturing of A. polytricha. Fermentation temperature, duration, initial pH value 
and inoculume size were optimized to get the best DCW (dry cell weight) for the tested mushroom. Among 
carbon sources, glucose at 5% level stimulated the mycelial growth ( 8.9g/l) DCW. Yeast extract at 0.6% was 
the most favorable nitrogen source and enhanced the mycelial biomass yield to be 8.26g/l DCW. Also the 
highest DCW of A.polytricha was obtained by applying the fermentation at 25oC, pH value at 6.5 -7, for 15days 
in shaker incubator at 150 rpm. Appling the optimum levels of all determined factors in combined resulted 
higher DCW (10.76 g/l) than the other optimum individual factor. The obtained mycelial biomass of A. 
polytricha contained 89.03% moisture content, 9.13% crude protein, 2.64% ether extract, 3.17% ash and 
85.06% total carbohydrates. The results of this study reflect the importance of applying the submerged culturing 
techniques which shorten the time (two weeks) to get a product of such pleasant mushroom, nearly has the same 
nutrients like fruit bodies which need months to get it. This product could be used as raw material for other 
important industries.  
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Introduction 
 

Mushrooms are recognized as important food items since ancient times. Their usage is being increased day 
by day for their significant role in human health, nutrition and disease. Moore and Chiu (2001) recorded that; 
fungi are ideal food because they have a fairly high content of protein (typically 20-30% dry matter as crude 
protein) which contains all of the essential amino acids. Fungal biomass is also a source of dietary fiber, and is 
virtually free of cholesterol. Caglarlrmak (2007) reported that, mushrooms are good source of vitamins and 
minerals. Chang (2007) demonstrated that, many of mushrooms produce a range of metabolites of intense 
interest to the nutriceutical, pharmaceutical and food industries. Most mushroom species, if not all, contain 
biologically active polysaccharides. Fruit bodies, mycelia, submerged broth are sources of the bioactive 
compounds.  Also, much attention has been drawn to various immunological and anti-cancer properties of the 
mushroom extracts. They also offer other potentially important therapeutic properties including antioxidants, 
anti-hypertensive, cholesterol- lowering, liver protection, antifibrotic, anti-inflammatory, anti-diabetic, anti-viral 
and anti-microbial activities (Hobbs, 1995; Ooi and Liu, 1999; Wasser and Weis, 1999; Gunde-Cimerman, 
1999). 

Traditionally, edible and medicinal mushrooms have been produced in solid cultures using composts or 
lignocellulosic wastes, such as straw or wood, a process that usually takes several months to produce fruiting 
bodies (Solomons, 1975). Submerged culture, in contrast to cultivation on solid media, gives rise to potential 
advantages of higher mycelial production in a compact space and shorter time with lesser chances of 
contamination (Yang and Liau,1998). Moreover, possible uses of the biomass are food or feed in the form of 
protein supplement. It can also be used for the extraction of flavors and other metabolites, such as enzymes and 
polysaccharides (Jong and Birgmingham,1993). The most recent utilization of fungal biomass is for wound 
healing. According to Hamlyn and Schmidt (1994), chitin, that has a healing capacity, is already in the fibrous 
form when extracted from the fungal cell wall.  

Recently, investigators have found that growing mushroom mycelia by submerged fermentation in a 
defined medium is a rapid alternative method for obtaining fungal biomass of consistent quality (Kwon et al., 
2009; Yang and Liau, 1998). In order to improve the production of fungal bioactive polysaccharides, 
investigators have worked to optimize the fermentation conditions and medium composition of solid-state and 
submerged fermentation systems (Hwang and Yun, 2010; Kim et al., 2002; Kim et al., 2010; Kwon et al., 2009; 
Tang and Zhong, 2002).   
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Auricularia polytricha (wood ears fungus) is one of the famous Chinese medicinal fungi that invades and 
lives in the woodcut or fallen logs of several types of trees. A. polytricha resemble ears in shape and are 
gelatinous to leathery in texture and brownish-purple in color. The protein, vitamin, and carbohydrate content of 
A. polytricha are reported to be higher than those of many vegetables and fruits. A. polytricha, therefore, it is an 
ideal food for dietetic prevention of hyperlipidaemia (Chang and Hayes 1978). Auricularia polytricha has a very 
peculiar consistency. The basidiocarp when fresh is rubbery, gelatinous and ear-like in structure but when dried, 
it is shapeless and brittle. Its edible fruitbodies could be easily identified by pilose upper surface which is 
strongly capitate with dark brown smooth hymenium( Jonathan, 2002 and Zoberi, 1972).  

Also, A polytricha is highly valued as medicinal herbs, owing to their various biological and 
pharmacological activities, such as immuno-stimulating and antitumour activities. Kaneda and Tokuda (1966) 
have already investigated the hypolipidaemic effect of the fruiting body of A. polytricha. Yang et al.( 2000) 
have reported the hypolipidaemic effect of exo-polymer from A. polytricha. . In a dose dependent study, the an 
exo-biopolymer produced from a submerged mycelial culture of the mushroom fungus, A.  polytricha proved 
that rats fed at 50–100 mg kg−1 body weight, significantly decreased the concentrations of the plasma 
triacylglycerols, total cholesterol, and low-density lipoprotein (LDL) cholesterol. The plasma LDL cholesterol 
concentration decreased up to 70% ( Yang  et al, 2002). 

Thus this study aimed to produce the mycelial biomass of Auricularia polytricha using submerged culture 
and find out the optimal conditions as well as carbon and nitrogen sources to maximize the production. 

 
Materials and Methods 
 
Micro-organism:  

 
Auricularia polytricha mushroom was kindly obtained from Jun Cao Research Technology Inst., Fujian 

Agriculture & Forestry University, China, and was used throughout this investigation. The stock culture was 
maintained on potato dextrose agar (PDA) slants. Slants were incubated at 25 C for 6 days then stored at 4 C. 

  
Inoculum  and culture medium preparation: 

 
The A. polytricha seed culture was prepared by punching out 7 mm of the agar-plate culture and transferred 

into a 250 ml. flask containing a 50 ml. of sterilized MCM medium (Mushroom Complete Medium: 20 g 
glucose, 2 g meat peptone, 2 g yeast extract, 0.46 g KH2PO4, 1 g K2HPO4, 0.5 g MgSO4·7H2O per liter, then 
incubated at 25 ◦C on a shaker incubator (150 rpm) for 4 days (Kim et al, 2006).  

For studying the effect of nutrients and culture conditions on the mycelial biomass, 100 ml of MCM 
medium (as basal medium) was dispensed in 250 ml flasks and sterilized at 121 C for 15 minutes, cooled down, 
then inoculated with the seed culture. Each treatment was replicated three times. The mycelial biomass produced 
in each treatment was harvested by filtration to separate the culture broth and the fungal biomass was washed 
several times with distilled water, then oven dried at 55оC until constant weight and represented as dry cell 
weight (DCW). 

 
Effect of incubation time and temperature: 

 
The effect of incubation temperature and time on A. polytricha biomass production was determined using 

basal medium. The basal medium was dispensed into 250 ml. conical flasks (100 ml. per flask). Each flask was 
inoculated aseptically  with  4%(v/v) a previously prepared seed culture at 15, 20, 25, 30, 35, 40 and 45 °C 
respectively for 5, 10, 15 and 20 days on a shaker incubator (150 rpm).  

 
Effect of pH value: 

 
The basal medium initial pH value was adjusted to 4.5, 5.0, …., and 8.5. 100 ml. of each treatment was 

dispensed into 250 ml. conical flasks and replicated thrice. They were autoclaved at 121°C for 15 min. After 
cooling, they were inoculated (4% v/v seed culture) and incubated at 25 ◦C on a shaker incubator (150 rpm) for 
15 days and biomass produced was determined. 

 
Utilization of different carbon sources:  

 
The basal medium without any carbon source was used for this experiment. Five carbon sources namely 

glucose, sucrose, maltose, lactose and starch were evaluated separately to the fermentation medium as a sole 
carbon source at 20 g/ L level. The basal medium that lacks any carbon compound (0%) served as the control. 
The most suitable carbon compound (yielded the highest biomass) was selected to determine their optimum 
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concentration (1, 2,… 9%) for getting the maximum biomass yield. The culture flasks were inoculated (4% v/v 
seed culture) and incubated for 15 days at 25°C on a shaker incubator (150 rpm), and the initial pH value was 6. 

  
Utilization of different nitrogen sources: 

 
This experiment was performed using the basal medium but without any nitrogen source which served as 

control. Different sources of nitrogen (urea, peptone, ammonium nitrate, tryptone, beef extract and yeast extract)   
were used separately as sole nitrogen source at 2g / L level. The most favorable nitrogen source (yielded the 
highest biomass) was selected to determine their optimum concentration (1, 2,… 10 g/L) for getting the 
maximum biomass yield. The culture flasks were inoculated (4% v/v seed culture) and incubated for 15 days at 
25°C on shaker incubator (150 rpm), and the initial pH value was 6. 

 
Effect of inoculum size: 

 
To the basal medium into 250 ml. conical flasks containing 100 ml. , different size of the seed culture (1 - 

10 ml.), were then aseptically inoculated. Incubation was carried out in a shaker (150 rpm) for 15 days at 25°C , 
and the initial pH value was 6. Thereafter, mycelia were harvested and evaluated as described in the previous 
experiment. 

After determine the most suitable culture conditions and nutrient (carbon and nitrogen concentrations), they 
were applied together in further experiment to assay their combined effect on mycelial biomass of A polytricha. 
The chemical composition of A. polytricha mycelial biomass gained through this experiment was determined. 

All the experiments in this work were conducted in triplicates. The data are represented as means of 
replicates. 

 
Analytical Methods: 

 
Moisture content, ether extract, protein and ash content were estimated according to the methods described 

in A.O.A.C. (1995). Total carbohydrates were calculated by differences. 
 

Statistical Analysis: 
 
The obtained data were statistically analyzed using ANOVA procedure of the SPSS statistical package at 

confidence level of 5% (0.05) (SPSS, 1990). 
 

Results and Discussion 
    

Utilization of carbon sources: 
 
The results (Table, 1) reveal that, A. polytricha can utilize the different tested carbon compounds as carbon 

source. Among the tested carbon compounds, glucose enhanced the mycelium growth and gave the highest yield 
being 4.52 g/L (dry wt.) and differed significantly compared to other carbon sources. Sucrose came in the 
second rank (3.15 g /l) followed by maltose. Starch and lactose   yielded very low amounts of mycelial biomass 
(2.08 and 1.93 g /l), respectively. Jonathan et al (2009) obtained similar results (375 mg/100 ml) when grew A. 
polytricha using glucose as carbon source. Also, these results are confirmed by other investigators who get 
higher amount of mycelial biomass using glucose as carbon source, Medany (2011) with different  L. edodes 
strains (6.73 -9.18 g / l) and Ding et al (2012) with Coprinus comatus  (10.25 g / l). This may be due to that, 
poly and disaccharides will be hydrolyzed to monosaccharides before they will enter the respiratory pathways 
Mahier and Cordes (1971); the ease with which this sugar (glucose)was metabolized to produce cellular energy 
(Garraway and Evans, 1984; Jandaik and Kapoor, 1976) and/or to ease in polymerization and their simple nature 
(Leifa et al, 2007). 

 
Table 1: Effect of carbon source and concentration on mycelial biomass of A. polytricha (on dry wt.) 

Carbon source DCW* Glucose conc.% DCW 
Glucose 4.52a 1 2.92e 

Sucrose 3.15b 2 4.52d 

Maltose 2.47c 3 5.16c 

Lactose 1.93d 4 7.08b 

Starch 2.08cd 5 8.90a 

Control 0.56e 6 9.23a 
  7 9.26a 
  8 9.05a 
  9 9.21a 

DCW: dry cell weight 
Means within the same column have different small superscript are significantly different: 
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Since glucose was the best carbon source for A.polytricha mycelial biomass production, another experiment 
was performed to determine the most suitable concentration (Table, 1). The results indicate that, mycelial 
biomass significantly increased by increasing glucose concentration to reach their maximum at 5% glucose 
level. No significant increase in biomass yield by rising glucose level over 5%. Medany (2011) stated that, 
mycelial biomass of L. edodes strains increased significantly by increasing glucose concentration to get the 
maximum at 7%. Also, Ding et al (2012) recorded that, the cultures average growth rates ranged from 2.18 per 
day to 2.54 per day, with the maximum rate being observed with an initial concentration of 40 g/l. A higher 
glucose concentration was generally favorable for production of more biomass in the fermentation of C. 
comatus   
 
Utilization of nitrogen sources and concentrations: 

 
The data in Table 2 show that, almost different tested nitrogen sources at 2g /l were utilized by A. polytricha in 
different degrees. Urea as a sole nitrogen source produced the lowest DCW (1.83g / l) of A. polytricha, which 
differ significantly than the other sources. Meanwhile, yeast extract enhanced the mycelial growth and yielded 
the highest yield of mycelial biomass (3.94 g /l), and differ significantly than the other sources. Thus,  yeast 
extract was selected as the most effective nitrogen source for DCW production to estimate their optimum 
concentration for producing the highest DCW of A. polytricha (Table,2).The production of DCW showed a 
significant progressive increase parallel with the increase of yeast extract concentration applied  which reachs 
the optimum at level of 0.6%. No significant increase in DCW of A. polytricha could be achieved by increasing 
the yeast extract over 0.6%. Stimulatory effect of yeast extract on the growth may be due to their carbohydrate 
and protein composition as reported by Alberghina, (1973). Xu and Yun (2003) declared that, yeast extract was 
the most effective nitrogen source for DCW of  A. polytricha at 1% level. Recently, Medany (2011) found that, 
yeast extract at 0.4% level was the most suitable nitrogen source for L. edodes mycelial biomass. 

 
Table 2: Effect of nitrogen source and concentration on mycelial biomass of A. polytricha  

Nitrogen source DCW* Yeast extract conc.% DCW 
Urea 1.83e 0.1 3.07g 

Peptone 2.66c 0.2 3.82f 

Ammonium nitrate 2.17d 0.3 4.91e 

Tryptone 3.04b 0.4 6.54d 

Beef extract 2.82c 0.5 7.72c 

Yeast extract 3.94a 0.6 8.26ab 

Control 0.18f 0.7 8.18b 

  0.8 8.47ab 

  0.9 8.36ab 

  1.0 8.52a 

DCW: dry cell weight. 
Means within the same column have different small superscript are significantly different: 

 
Effect of incubation temperature and duration: 

 
As shown in Table 3, the mycelium of A polytricha could grow on a wide range of temperature (15-35 °C), 
while no growth was detected at 40°C or above. Significantly low amount of DCW of A. polytricha (1.63g/l) 
was gained after 15 days at 15°C. Increasing temperature from 15 to 20 °C subsequently increased DCW by 
82.5% to reach 3.34g/l. The mycelial biomass reached their peak at 25 °C being 4.52g/l, which differed 
significantly than those obtained with all other tested temperature degrees. The results also show that, DCW of 
A. polytricha turned to decrease at 35°C. Also, it could be observed that fermentation time greatly affected the 
mycelial biomass yield at 25 °C. After 5 days of fermentation the obtained dry mycelial biomass was 
significantly low (2.27 g/l) compared to the other fermentation periods. Increasing incubation time gradually 
increased the DCW of A. polytricha significantly being 2.27, 3.18 and 4.52 g/l for 5, 10 and 15 days, 
respectively. Meanwhile, no significant increase in DCW was obtained by increasing time to 20 days. Yang et al 
(2002) get maximum mycelial biomass  yield of A. polytricha at 20°C. Also, Jonathan et al (2009) declared that, 
A. polytricha mushroom produced best mycelial biomass at 25°C after 15 days of incubation while no biomass 
was produced at 5, 45 and 50°C after 20 days. They also reported that biomass yield on the 5th day was 
generally lower than that of the 10, 15 and 20 days.  
 
Effect of initial pH value: 

 
The results in Table, 4 show that A. polytrica can grow on a wide range of pH values (4.0 to 8.5) in 

different degrees. The best yields of mycelial biomass (5.43 and 5.66 g/l) were obtained at 6.5 and 7.0 pH 
values, which did not differ significantly. While, fermentation processes performed under other pH values 
resulted lower mycelial biomass . Xu and Yun (2003) stated that, the optimum pH value will depend upon 
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several factors including strain of the organism used. Moreover, Jonathan et al (2009) recorded that; very good 
biomass of A. polytricha was produced at pH 6.5. 
 
Table 3: Effect of incubation temperature and time(days) on mycelial biomass of A. polytricha . 

Incubation Temp.°C  DCW* Incubation time (days) DCW 
15 1.63d 5 2.27c 

20 3.34b 10 3.18b 

25 4.52a 15 4.52a 

30 2.63c 20 4.71a 

35 2.16c   
40 -   
45 -   

* DCW: dry cell weight. 
Means Within The Same Column Have Different Small Superscript Are Significantly Different: 

 
Table 4: Effect of pH value and inoculums size (ml) on mycelial biomass of A. polytricha . 

Initial pH value DCW* Inoculums size ml DCW 
4.0 2.75f 1 2.80f 

4.5 3.12ef 2 3.15f 

5.0 3.61cd 3 3.93e 

5.5 3.94c 4 4.52d 

6.0 4.52b 5 5.17c 

6.5 5.43a 6 6.61b 

7.0 5.66a 7 7.91a 

7.5 4.35b 8 8.07a 

8.0 3.27de 9 8.11a 

8.5 2.08g 10 8.10a 

* DCW: dry cell weight.  
Means Within The Same Column Have Different Small Superscript Are Significantly Different: 

 
Effect of inoculume size: 

 
The results in Table, 4 indicate that, increasing the volume of A. polytricha inoculume from 1 to 7 ml.  

increased significantly the mycelial biomass yield. The highest mycelial biomass was obtained with 7 ml. 
inoculume size and no significant increase in yield was obtained by increasing the inoculume volume over this 
level. These results coincide with those obtained by Jonathan et al. (2009). 

The main goal of this investigation is to determine the optimum culturing conditions of mycelial biomass of 
A. polytricha mushroom. So the most suitable culturing conditions estimated i.e. glucose 5%, yeast extract 
0.6%, were used as carbon and nitrogen sources for MCM (basal medium).  Initial pH value was adjusted to 6.5 
and temperature was maintained to 25oC for 15 days and inoculume size was 7.0 ml.The fermentation process 
was performed in a rotary shaker 150 rpm. The mycelial yield of A. polytricha increased to be 10.76 g /l DCW. 
These results are in the range of mycelial biomass obtained by many authors, A. auricula mycelial (around 6 g/l) 
by Lomberh et al (2002); Yang et al (2002), reached 11.1g / l ; Kim et al (2002), 7.4 g/l; Xu and Yun (2003) 
gained the maximum A. polytricha mycelial yield being 8.26 g/l DCW;  Ding et al (2012) who get 12.49 g/l 
DCW of C. comatus under optimum submerged conditions  

 
Main constituents of A. polytricha biomass: 

 
The results presented in Table, 5 indicate that, moisture content of A. polytricha was 89.03%, while crude 

protein represented 9.13% (dry wt.). Also, A. polytricha mycelium biomass contained 2.64 and 3.17% (dry wt.) 
for ether extract and ash in succession. Total carbohydrates were calculated by differences and represented 
85.17%. These results are closer to those of A. polytricha fruit bodies reported by Jonathan et al (2006), 
Siwulski et al (2011), Hung, and Nhi, (2012). 
Table 5: Main chemical constituents of A. polytricha  mycelial biomass on dry weight basis. 

Chemical constituents   Percentage 
Moisture* 89.03 
Crude protein 9.13 
Ether extract 2.64 
Ash 3.17 
Total carbohydrates** 85.06 

*  calculated on fresh weight basis. 
**  calculated by differences.  

 
These results reflect the importance of applying the submerged culturing techniques which shorten the time 

(two weeks) to get a product of such pleasant mushroom, nearly has the same nutrients like fruit bodies which 
need months to get it.         
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