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Abstract       The mycelium is a system of thin, branched filaments that make up 
the vegetative apparatus of most fungi, through which fungi absorb nutrients from 
the culture medium, such as carbon. This is an essential element for all biological 
systems, as it enters a series of organic and inorganic combinations, being the 
energy source of aerobic organisms. In the presence of carbon, the structure of 
cells is formed with the release into the culture medium of significant amounts of 
organic acids, enzymes and vitamins. Due to the fact that the fungi do not present 
chlorophyll pigments and do not photosynthesize, organic substances based on 
carbon are added to the culture medium and to their growing substrate. In this 
paper we studied the influence of different materials or substances containing 
carbon, as follows: malt extract, barley, rice, potato, beans, dextrose and fructose, 
on the development of two strains (A121 and A244) of Cordyceps militaris L 
mushroom mycelium. The highest increase was shown by strain A121 on dextrose 
malt extract culture medium with an average increase of 4.76 mm / day, followed by 
strain A244 on fructose rice culture medium with an average increase of 3.93 mm / 
day.   
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Mushrooms inspire veneration in those who 

face them [5]. Mushrooms have a texture, appearance 
and growth all their own. They represent a small 
branch in the evolution of the fungal kingdom 
Eumycota and are commonly known as "fleshy 
mushrooms". In fact, fungi are non-photosynthesizing 
organisms that evolved from algae [7]. The main role 
of fungi in the ecosystem is the decomposition of dead 
organic matter [2]. 

Mushrooms, due to their content in minerals 
and vitamins, are considered energizing and 
mineralizing, these being recommended by some 
nutritionists in convalescence [21]. Regarding the 
therapeutic role of mushrooms, in the literature it is 
shown that cultivated mushrooms have stimulating, 
organic and cerebral properties and are remineralizing 
for the human body [20, 22, 23]. 

The Tibetan mushroom (Cordyceps sinensis 
L.) has been known and used in traditional Chinese 
medicine for its therapeutic properties for thousands of 
years [22]. The mycelium of Tibetan Mushroom is rich 
in nutrients and biologically active components such 
as: cordicepic acid, glutamic acid, mannitol, proteins, 
amino acids, polysaccharides, magnesium and calcium 
[23]. These substances make Tibetan Mushroom an 
extraordinary means of restoring health and increasing 
the vitality of the body [21]. Cordicepic acid is a 
powerful antioxidant that eliminates free radicals and 
delays cell aging. Cordicepic acid has a strong diuretic 
role in increasing the osmotic blood pressure of the 

plasma, having an anti-thrombotic and vasodilating 
effect, facilitating the decrease of intracranial pressure 
[20-23]. 

Polysaccharides are a complex type of 
carbohydrate [1]. They contain (1-3) (1-6) Beta-D-
Glucans the main active substances in the Tibetan 
Mushroom that are responsible for the adaptogenic and 
immune balancing effect of some of the most powerful 
natural healers [2, 22]. Beta-glucans are known as 
Natural Regulators of Biological Response, due to their 
role in activating the body's natural defence 
mechanisms when needed [3, 21]. 

Adenosine is a key nucleoside in many of the 
therapeutic actions of Tibetan Mushroom [4, 7]. This 
substance is responsible for the beneficial effects on 
coronary and cerebral circulation, the prevention of 
cardiac arrhythmias and the optimal functioning of the 
nervous system [5, 8, 10]. 

Regardless of the species, there are several 
universal stages for the cultivation of all fungi. 
Unsurprisingly, these initial stages directly reflect the 
life cycle of fungi [6]. The role of the grower is to 
isolate a certain species of fungus from the natural 
world, highly competitive, and to implant it in an 
environment, which gives the mushrooms a distinct 
advantage over competing organisms [11]. The three 
major stages in mushroom cultivation are parallel to 
three phases in their life cycle: spore collection, spore 
germination and mycelium isolation or tissue cloning 
and consist of preparing the inoculum from the 
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expansion of the mycelial mass on enriched agar media 
and then on cereals, inoculation of cereal mycelium 
into composted and non-composted substrates and 
initiation and development of fruiting bodies [12]. 

In the life cycle of the mushroom, the fruiting 
body appears for a short time [15]. The mycelium 
network can lie dormant for months, sometimes years, 
and can produce only a single wave of fungi [13]. 
During these few weeks of fruiting, the mycelium is in 
a frantic state of growth, accumulating nutrients and 
forming dense masses like a ball, called primordia, 
which will eventually enlarge and produce the fruiting 
body of the fungus [17, 18]. Technologies for 
cultivating mushrooms, regardless of species, all 
follow the same basic pattern [19]. 

Although the species differ in requirements as 
to the temperature, pH, or composition of the substrate 
on which they grow, the stages leading to fruiting are 
essentially the same [9]. 

Growing mushrooms is one of the best ways 
to observe the life cycle of a mushroom. The life cycle 
begins first with an increase, which germinates and 
produces a primary mycelium [14]. When the 
mycelium from two spores’ fuses, a secondary 
mycelium result. This mycelium continues to grow 
vegetatively [17]. When the vegetative mycelium has 
matured, its cells are capable of a phenomenal rate of 
reproduction, culminating in the production of fruiting 
bodies of fungi [20]. This is the last functional change 
and has become, tertiary mycelium. These types of 
mycelium represent the three major phases in the 
progression of the life cycle of a fungus [18]. 
Cultivated mushrooms, having a heterotrophic 
saprophytic diet are forced to take food from 
decomposing organic substances, using the enzymes 
they possess [14]. 

In the case of cultivated mushrooms, as 
important sources of nutrition, the one with carbon, the 
primary representative of organic substances, and the 
mineral nutrition are distinguished [13]. Carbon 
nutrition refers to the products in the culture substrate: 
hemicellulose, cellulose and lignin. These compound 
carbohydrates play an important role in the cell 
division processes of the fungus [17,19]. 

In the nutrient substrate, these carbohydrates 
are found in wheat or barley straw, peat, sawdust, used 
as bedding in the stable. An enrichment of the compost 
in carbohydrates is done by adding wheat or barley 
straw, corn cobs, which represent materials with a high 
percentage of carbohydrates in their component [12, 
18, 20]. 

Due to the hydrolytic enzymes emitted by the 
fungal mycelium, these carbohydrates are transformed 
into directly assimilable sugars, the assimilation of 
nutrients being done at the end of the mycelial hyphae 
by osmosis [16]. 

Following the research, it was found that the 
osmotic pressure, the degree of diffusion through the 
cell membrane depends on the concentration of mineral 

salts in the nutrient substrate or coating mixture [22]. 
The higher this concentration, the less nutrients will 
enter the mycelium hyphae through the phenomenon of 
osmosis. In this direction, care must be taken not to 
overdose the compost with mineral or organic 
fertilizers during its preparation in the nutrient 
substrate, as there is a danger of no longer forming 
basidiofruits (spreading without fruiting) or even total 
lack of spreading at excessive overdoses [1, 2]. Unlike 
autotrophic plants, the cultivated mushrooms being 
heterotrophic requires a more complete carbon source, 
not being able to use carbon dioxide as autotrophic 
plants. Vital energy is made by the culture mushroom 
from the transformation of organic carbon sources, 
unlike autotrophic plants that take their energy from 
light and inorganic matter [3]. 

This is an essential element for all biological 
systems, as it enters a series of organic and inorganic 
combinations, being the energy source of aerobic 
organisms [5]. In the presence of carbon, the structure 
of the cells is formed with the release in the culture 
medium of significant amounts of organic acids, 
enzymes and vitamins [10,11]. Due to the fact that 
mushrooms do not have chlorophyll pigments and do 
not photosynthesize, organic substances based on 
carbon are added to the culture medium and in their 
growing substrate. In this paper we have studied the 
influence of different materials or substances that 
contain carbon. 

 
Material and Method 
 

The experience was followed at the University 
of Agricultural Sciences and Veterinary Medicine Cluj-
Napoca, the chemical analyses took place in the 
Laboratory of Horticultural Products at the Institute of 
Avansate Horticulture Research of Transylvania Cluj-
Napoca.  

The biological material used in this 
experiment was represented by two mycelium strains, 
with similar morpho-physiological characteristics 
(A121 and A244), of the Cordyceps militaris L. 
mushroom. This is a species of fungus in the 
Cordycipitaceae family, and Cordyceps genus. The 
biological material was provided by the Ciupercaria 
SRL company, from Cluj County, Romania. 

Strain A121 (T1) has the following 
characteristics: fruiting body: 2.5-7.5 cm long; up to 
about 4.5-4.7 mm wide; club-shaped, with the top 
wider than the base; the upper portion orange and 
pimply, the lower portion smooth and orange to pale 
orange, often curved; narrowing at the base; flesh pale 
watery orange, with an outer cortex. Microscopic 
features: perithecia embedded in a layer of loosely 
interwoven cells; sometimes appearing half-embedded 
or superficial. Asci 320-525 x 3.4-5.1 µ, with caps 3.4-
5.1 µ thick. Spores segmented and threadlike; breaking 
into elliptical segments 2.1-4.5 x 1.1-1.5 µ. 
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Strain A244 (T2) has the following 
characteristics: fruiting body: 2.3-8.1 cm long; up to 
about 4.8 mm wide; club-shaped, with the top wider 
than the base; the upper portion light orange and 
pimply, the lower portion smooth and orange to pale 
orange, often curved; narrowing at the base, flesh pale 
watery orange.  

Microscopic features: perithecia embedded in 
a layer of loosely interwoven cells; sometimes 
appearing half-embedded or superficial. Asci 312-505 
x 3.3-5.2 µ, with caps 3.6-5.1 µ thick. Spores 
segmented and threadlike; breaking into elliptical 
segments 2.2-4.4 x 1.2-1.4 µ. 

The culture media were composed of the 
following materials or substances containing carbon: 

malt extract (C1), barley (C2), rice (C3), potato (C4) 
and beans (C5).  

The sugars in the culture medium were 
supplemented using dextrose (Z1) or fructose (Z2). The 
combination of experimental factors resulted in 20 
experimental variants. In each type of culture medium 
20 g of agar, 30 g of components A-E and 20 g of 
dextrose or fructose were used in 1000 ml of distilled 
water.  

Each type of culture medium was sterilized by 
autoclaving at 121 °C for 15 minutes, then distributed 
in sterile Petri dishes (figure 1), performing three 
repetitions for each experimental variant. 

 

 

 
Figure 1. Culture media in Petri dishes on experimental variants 

 
Results and Discussions  
  
The unilateral influence of the carbon source on the 
growth of the mycelium of the fungus C. militaris L. 
was analysed, in table 1 are presented the obtained 

values.  In Table 1 is presented the unilateral influence 
of the carbon source on the growth of mycelium in the 
C. militaris L. mushroom in the carried-out 
experiments.

 
Table 1 

The unilateral influence of the carbon source on the growth of the mycelium of the Cordyceps militaris L. mushroom 

Carbon source 
Mycelial growth(mm) Difference (mm) 

±D 
Signification of difference 

Obtained values % 
Avg. 3.95 100.0 0.00 Avg. 
C1 4.51 114.1 0.56 *** 
C2 4.29 108.7 0.34 ** 
C3 3.71 94.0 -0.24 0 
C4 3.72 94.1 -0.23 0 
C5 3.52 89.2 -0.43 000 

 LSD (p 5%) 0.17  
 LSD (p 1%) 0.24  
 LSD (0.1%) 0.36  

 
From the data presented in Table 1, regarding 

the unilateral influence of the carbon source on the 
growth of mycelium in the C. militaris L. mushroom in 
the carried-out experiments, it can be seen that the 
highest growths of mycelium are recorded in the 
medium based on malt extract (C1) with very 
significant positive differences from the experience 
average taken as control, followed by the barley-based 
environment (C2) with distinctly significant positive 
differences from the experience average taken as 

control. Mycelium increases on rice (C3), potato (C4) 
and beans (C5) recorded statistically negative 
differences. 

Given that two strains with similar morpho-
physiological characters were used in the experiment, 
the strain character did not influence the growth, 
registering statistically uninsured values of 4.06 mm 
for strain A121 (T1) and 3.84 mm for strain A244 (T2). 

Summarizing the data obtained on the 
influence of the carbon source on the growth of the 
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mycelium (figure 2), by the Duncan test, the culture 
medium based on malt extract (C1) is in the first place 
in both used strains, followed by the barley medium 

(C2), on the last place was the culture medium with 
beans (C5).  

 

  
Figure 2. The influence of the carbon source on the growth of the mycelium 

of the fungus Cordyceps militaris L. 
 

Following the influence of the addition of 
additional sugars in the culture medium, in the form of 
dextrose (Z1) or fructose (Z2), it is found that the 
growth of the mycelium of the C. militaris L. 
mushroom, in the experiment, is not influenced by this 
addition, registering an average increase of 3.93 mm 

for the addition (Z1) and 3.97 mm for the addition 
(Z2), the data obtained being statistically assured. 

Regarding the combined analysis of the 
experimental factors, the carbon source © and the 
strain of the cultivated mushroom (T), the data 
obtained are presented in table 2.  

 
Table 2 

The combined influence of factors carbon source and the strain used on the growth of the mycelium of the  
Cordyceps militaris L. mushroom 

Experimental variant 
Mycelial growth (mm) Difference (mm) 

±D 
Signification of difference 

Obtained values % 
Avg. T1 4.06 100.0 0.00 Avg. 
C1 T1 4.66 114.8 0.60 *** 
C2 T1 4.36 107.4 0.30 * 
C3 T1 3.76 92.6 -0.30 0 
C4 T1 3.77 92.9 -0.29 0 
C5 T1 3.75 92.4 -0.31 0 

Avg. T2 3.84 100.0 0.00 Avg. 
C1 T2 4.35 113.3 0.51 *** 
C2 T2 4.23 110.1 0.39 ** 
C3 T2 3.67 95.4 -0.18 - 
C4 T2 3.66 95.4 -0.18 - 
C5 T2 3.30 85.8 -0.55 000 

 LSD (p 5%) 0.23  
 LSD (p 1%) 0.34  
 LSD (0.1%) 0.51  

 
Following the data presented in Table 2, it can 

be seen that the malt extract medium (C1) was placed 
in the first place regardless of the cultivated strain, 
showing very significant differences assured 
statistically with increases of 4.66 mm in the case of 
the variant combination C1T1 and 4.35 mm in the case 
of the C1T2 variant combination. The barley-based 
culture medium was placed next, with statistically 

assured results, with increases of 4.36 mm in the case 
of the C2T1 variant combination and 4.23 mm in the 
case of the C2T2 combination. The data recorded by us 
are comparable to those found in the literature [21, 22]. 

In the case of the combined influence between 
the additional sugar addition (Z) factor and the 
cultivated strain (T), average growth values of 4.06 
mm were recorded for variants Z1T1 and Z2T1, 
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respectively 3.84 mm for variants Z1T2 and Z2T2, the 
results being statistically assured. 

Regarding the combined analysis of the 

experimental factors, the carbon source © and the 
additional source of sugars used (Z), the data obtained 
are presented in Table 3. 

 
Table 3 

The combined influence of factors, carbon source and additional sugar source, used on the growth of the mycelium of  
Cordyceps militaris L. mushroom 

Experimental variant 
Mycelial growth(mm) Difference (mm) 

±D 
Signification of difference 

Obtained values % 
Avg. Z1 3.93 100.0 0.00 Avg. 
C1 Z1 4.64 117.8 0.70 *** 
C2 Z1 4.32 109.8 0.39 ** 
C3 Z1 3.65 92.8 -0.28 0 
C4 Z1 3.69 93.7 -0.25 0 
C5 Z1 3.38 85.8 -0.56 000 

Avg. Z2 3.97 100.0 0.00 Avg. 
C1 Z2 4.38 110.4 0.41 ** 
C2 Z2 4.27 107.6 0.30 * 
C3 Z2 3.77 95.1 -0.19 - 
C4 Z2 3.75 94.4 -0.22 0 
C5 Z2 3.67 92.5 -0.30 0 

 LSD (p 5%) 0.22  
 LSD (p 1%) 0.32  
 LSD (0.1%) 0.47  

 
Following the data presented in Table 3, on 

the combined influence of factors, carbon source and 
additional sugar source, used on the growth of the 
mycelium of the C. militaris L. mushroom, the 
experimental variant C1Z1 showed very significant 
positive differences with an increase of 4.64 mm, 
followed by the experimental variants C2Z1 and C2Z2 
with distinctly significant positive differences, and the 

variant C2Z2 registered only significant positive 
differences 4.27 mm. The experimental variants C3Z1, 
C4Z1, C4Z2 and C5Z2 registered significantly 
negative differences compared to the average 
experience. 

The research being three experimental factors 
experiment, in table 4 we show the combined influence 
of all the 3 experimental factors C, T and Z. 

Table 4 
The combined influence of factors: carbon source, cultivated strain and additional source of sugars used on the growth 

of the Cordyceps militaris L. mushroom mycelium  

Experimental variant 
Mycelial growth (mm) Difference (mm) 

±D 
Signification of difference 

Obtained values % 
Avg. T1 Z1 4.07 100.0 0.00 Avg. 
C1 T1 Z1 4.76 116.8 0.68 *** 
C2 T1 Z1 4.29 105.4 0.22 - 
C3 T1 Z1 3.93 96.5 -0.14 - 
C4 T1 Z1 3.78 92.7 -0.30 - 
C5 T1 Z1 3.61 88.7 -0.46 00 

Avg. T1 Z2 4.05 100.0 0.00 Avg. 
C1 T1 Z2 4.57 112.8 0.52 ** 
C2 T1 Z2 4.43 109.4 0.38 * 
C3 T1 Z2 3.59 88.7 -0.46 00 
C4 T1 Z2 3.77 93.0 -0.28 - 
C5 T1 Z2 3.89 96.1 -0.16 - 

Avg. T2 Z1 3.80 100.0 0.00 Avg. 
C1 T2 Z1 4.52 118.9 0.72 *** 
C2 T2 Z1 4.35 114.6 0.55 ** 
C3 T2 Z1 3.38 88.9 -0.42 0 
C4 T2 Z1 3.60 94.8 -0.20 - 
C5 T2 Z1 3.15 82.8 -0.65 00 

Avg. T2 Z2 3.88 100.0 0.00 Avg. 
C1 T2 Z2 4.19 107.9 0.31 - 
C2 T2 Z2 4.11 105.7 0.22 - 
C3 T2 Z2 3.96 101.8 0.07 - 
C4 T2 Z2 3.73 95.9 -0.16 - 
C5 T2 Z2 3.45 88.7 -0.44 0 

 LSD (p 5%) 0.31  
 LSD (p 1%) 0.45  
 LSD (0.1%) 0.66  
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Very significant positive differences were 

registered by the experimental variants C1T1Z1 with 
4.76 mm, and C1T2Z1 with 4.52 mm, being followed 

by the experimental variants C1T1Z2 with 4.57 mm 
and C2T2Z1 with 4.35 mm, the data obtained being 
distinctly significantly positive. 

 
Conclusions 
 

Based on the experimental results obtained on 
the influence of the carbon source on the development 
of the mycelium of the Cordyceps militaris (L.) 
mushroom, the following can be concluded: 

• The highest increase was presented by strain 
A121 on malt extract with dextrose culture medium 
having an average increase of 4.76 mm / day, followed 
by strain A244 on rice with fructose culture medium 
with an average increase of 3.93 mm / day. 

• For the studied mushroom strains, the most 
favorable culture medium for the development of 
Cordyceps militaris L. mushroom mycelium were the 
recipes with malt extract (C1) regardless of the sugar 
supplement used: dextrose or fructose, followed by the 
medium with rice as a carbon source. 
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