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Abstract 
Goal: to review the existing literature about the effects of agitation modes on viability and productivity of 
filamentous fungi in submerged cultivation conditions in order to select the cultivation mode with the 
resulting maximum product yield for different types of micromycetes.  To find relationship between agitation 
speed, cell morphological structure of the filamentous fungi and their ability to biomass accumulation and 
synthesis of metabolites. Methods:  A number of articles describing the agitation modes used in laboratory 
fermenters with mechanical agitation devices were analysed. The experiments were carried out for the 
selected agitator type by variation of agitation device rotation frequency in the apparatus. Measurements of 
accumulated biomass and synthesized metabolites was carried out after a specified period of time 
throughout the period biosynthesis .Results: The analysis showed that mechanical agitation intensity in the 
submerged cultivation plays an important role in productivity and morphological structure of the 
filamentous fungi. The recommended average stirrer rotation frequency is 120-180 rpm. A direct 
relationship between agitation speed between cell structure and level of synthesized metabolites of 
micromicetes was found but studies which would describe the mechanism of agitation of the cells of  
filamentous fungi were not revealed. 

Keywords: agitation intensity; filamentous fungi; mechanical agitation; morphological structure; submerged 
cultivation. 

 
1. Statement of the problem 
Nowadays it is difficult to imagine biotechnological 
industry without the use of submerged microbial 
cultivation in liquid medium. Year by year, this 
method becomes more and more widely used in 
cultivation of filamentous fungi (basidiomycetes), 
which are the producers of antibiotics, organic acids, 
etc. [1]. 

Agitation effect on microorganisms plays an 
important role in submerged cultivation, therefore  
agitation mode has to be selected to assure 
maximum final product yield,  In this case the 
microbial cells receives the necessary quantities of 
micro- and macronutrients as well as oxygen 
contained in the nutrient medium, and the high cell 
viability is maintained [1-2]. 
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The agitation for submerged cultivation of 
filamentous fungi is of the high importance as it 
ensures the selection of their optimal cultivation 
regimen which is a rather complicated task due  
morphological structure, in particular, mycelium 
branching. Submerged cultivation method has 
several advantages comparing to the surface one. In 
particular, mechanical agitation and continuous 
aeration create favorable conditions for the access of 
all microbial cells to nutrients and oxygen assuring 
equally favorable conditions for growth and 
accumulation of metabolic products [1]. 

 

2. Study goal 
 

The study was aimed at the comparison of the effect 
of agitation modes based on the existing literature 
and selection of optimal agitation speed used in 
industrial and laboratory conditions during 
submerged cultivation of filamentous fungi. 
Whenever possible, investigation of the mechanism 

of agitation effect in submerged cultivation 
conditions on morphological structure of 
filamentous fungi cells, on their viability and 
productivity was studied. Identification of specific 
morphological structure of cells in various 
conditions of biotechnological synthesis, in 
particular, in surface cultivation and submerged 
cultivation with and without mechanical agitation 
was carried out. 

 

3. Review of literature  
 

The performed literature review shows that 
agitation intensity has essential effects on 
filamentous fungi growth and biomass accumulation 
capability. Depending on fungal morphological 
particulars, agitation rotation frequency varies 
between 50 and 900 rpm (see table 1) [3-14]. The 
average rotation frequency of the stirring device in 
filamentous fungi submerged cultivation is within 
the range of 120-180 rpm. 

Table 1. Agitation conditions for the producer species used [3-17] 
No. Producer Stirrer rotation speed,  rpm 
1 Aspergillus аwamori - 460  48-300 
2 Fusarium sambucinum  600-900 
3 Ganoderma lucidum  50 
4 Beauveria bassiana  180 
5 Eremothecium ashbyi Guilliermond F340  150 

6 Laetiporus  sulphureus та Polyporus  120-150 
7 Schirophyllum commune  180-190 
8 Grifola frondosa  60-70 
9 Laetiporus sulphureus  120 

10 Trichoderma virens BKMF-1117  200 
11 Chlorella vulgaris C-1  180 
12 Aspergillus niger A12  400-700 
13 Aspergillus niger  NRRL-3 200-800 
14 Thermomyces lanuginosus RT9 100-300 

 
1.3 l BioFlo 110 devices (manufactured in USA) 

with open-type double deck turbine agitator, of 55 mm 
in diameter, were used for investigation of agitation 
intensity effect on Fusarium sambucinum growth [4].  
The curve in Figure 1 shows that the most intensive 
biomass accumulation occurs at 700 rpm, which is in 
conformity of linear agitation speed 2 m/s. The further 
increase of agitation speed results in higher biomass 
accumulation activity and active sporogenesis [4]. 

Ustinnikov B.A. et all [3] presented the relevant 
relation of enzyme produced by Aspergillus 
awamori for biosynthesis of glucoamylase. The 
experiments were carried out in industrial conditions 

with use of two 5 m3 fermenters, equipped with 
single-deck turbine agitators of 600 mm in diameter 
(the apparatus diameter is 2000 mm), bubbler, and 4 
defoaming baffles, in parallel. The rotation 
frequencies of agitator shaft varied between 48 and 
300 rpm. The curve in Fig. 2 shows that the 
maximum enzyme yield is observed at specific 
mechanical power 6 kW/m3. The further increase of 
agitation intensity results in decreased synthesis due 
to mechanical damage of fungal mycelium. Besides, 
it has been established that upon agitation intensity 
less than 2 kW/m3 the fungal mycelium did not 
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receive sufficient quantity of oxygen for active biomass accumulation and enzyme synthesis [3]. 
 

  
Fig. 1. The effect of agitation intensity on Fusarium 

sambucinum growth [4] 
Fig. 2. The interrelation between glucoamylase 

biosynthesis by Aspergillus awamori and mechanical 
agitation specific power [3] 

 
It has been also established that agitation 

intensity affects the change of culture fluid viscosity, 
(see Figure 3). It probably happens because the 
agitation mode affects first of all mycelium 
structure, i.e. its morphological characteristics. As 
appeared, the viscosity decreased in 30-80 hours 
since the beginning of fermentation. This period is in 
conformity  to  formation  of  extremely  branched 

mycelium hyphae: the lower agitation intensity is, the 
more such colonies are formed.  Upon the increase of 
agitation intensity viscosity increases, and the trend to 
shortened hyphae formation is observed. Besides, the 
same curve shows that the increase of specific 
mechanical power used for agitation results in the 
lower increase of viscosity [3]. 

 
Fig. 3. Culture fluid viscosity versus agitation intensity [3]: the digits in Fig.3 indicate mechanical agitation 

specific power: 1 – 2 kW/m3; 2 – 3 kW/m3; 3 – 4 kW/m3; 4 – 5 kW/m3; 5 – 6 kW/m3 

During the deep cultivation of Aspergillus niger 
to obtain enzymes endohlyukonazy and ksylazy the 
experiments were conducted for two agitation 
speeds - 400 rpm and 700 rpm. In previously 
untreated sugar cane medium maximum biomass 
accumulation and synthesis enzymes were observed 
at a frequency of rotation of the agitators device 400 
rpm with the use of mixed mode of cultivation 

(sequential alternation of superficial and deep 
methods), and at 700 rpm no signs of fungal growth 
was observed (see Figure 4). But on the treated 
sugar cane medium the results were quite opposite, 
showing that the maximum increase in biomass 
synthesis and endohlyukonazy and ksylazy was 
observed when speed agitators device was 700 rpm 
(see Figure 5) [15]. 
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Fig. 4. The dependence of activity of synthesis enzymes of 
the fungus Aspergillus niger on not nutrient medium with 

crude sugarcane [15]: USB - no nutrient medium for 
refined sugar cane; SF - consistent use of superficial and 

deep cultivation; SmF - the usual deep cultivation 

Fig. 5. The dependence activity of synthesis enzymes the 
fungus Aspergillus niger on nutrient medium with crude 

sugarcane: РSB –  nutrient medium for refined sugar cane; 
SF - consistent use of superficial and deep cultivation;; * – 

cultivation without pH contro 
 

When cultured strain of another Aspergillus 
niger, synthesizing hlyukooksydazu (deep method) 
agitation speeds of 200, 500 and 800 rpm were 
investigated. The maximum biomass accumulation 
was observed at 200 rpm and amounted to 30 g/l at 
500 rpm, this figure dropped to 25 g/l, and at 800 
rpm decreased twofold up to 15 g/l. But the maximal 
accumulation of enzyme hlyukooksydazy happened 
at agitation speed mixing device 500 rpm and was 
800 mg/l. At higher agitation speeds (800 rpm) in 
the cultivation of nakypylosya only 600 mg/l 
enzyme accumulated and at 200 rpm, this figure fell 
twofold and was 300 rpm. It is necessary to note that 
upon the 200 and 500 rpm accumulation of enzyme 
originally occurred within the cell, but after a while, 
it was found in the culture fluid [16]. 

The experiments for the agitation effects on the 
synthesis of the fungus Thermomyces lanuginosus 
enzyme ksylazy were performed at rotation 
frequency mixing device 100, 200 and 300 rpm. The 
maximum output of the enzyme and biomass 
accumulation observed at 200 rpm. At 100 rpm 
biomass accumulation is less than in the previous 
case. This is due to lack of oxygen that enters into 
the cells of the fungus. Reduced the concentration of 
biomass is observed with increasing agitation speed 
of 300 rpm. In this case, the oxygen supply was at an 
appropriate level, but there have been mechanical 
damage of mushroom cells [17]. 

Kiseleva O.V. et all [5] compares the conditions 
of cultivation and morphological properties of 
Laetiporus sulphureus (sulphur polypore) depending 
on its cultivation conditions. Surface cultivation on 
wort agar lasted 7 days, and the submerged 
cultivation in bioreactors with or without mechanical 
agitation and with aeration for 48-72 hours.  
Microscopic experiments show that the mycelium in 
surface culture is comprised of long septate hyphae 
with simple branching, without formation of 
mycelial buckles (Fig. 4) [5]. 

In submerged conditions, the mycelium is capable of 
forming thick-walled chlamydospores (Fig. 5). Various 
morphological structures are present in culture fluid – 
colonies with flat center and peripheral mycelium, ball- 
and pear-like masses, filiform fragments. The biomass 
accumulation occurs faster in the submerged cultivation 
[5]. The submerged cultivation and the absence of 
mechanical agitation (Fig. 6, 7) result in formation of 
distinctly fragmented separately located structures with 
branched margins due to peripheral mycelial build-up [5]. 

Under submerged cultivation and mechanical 
agitation В (Fig. 8, 9), the mycelium is fragmented 
into relatively small segments preserving the ability 
to propagation and biomass accumulation; besides, 
considerable accumulation of spore material can be 
seen with the focused beam microscope. From this it 
can be concluded that it is expedient way of growing 
seeds for further fermentation. [3] 
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Fig. 4. Optical microphotograph of Laetiporus sulphureus 

fungi upon surface cultivation [5] 

 
Fig.5. Optical microphotograph Laetiporus sulphureus 

fungi upon submerged cultivation [5] 

 
Fig. 6. Optical microphotograph of Laetiporus sulphureus 

fungi cultivated without mechanical agitation (glubules 
with flat center and peripheral mycelium) [5] 

 
Fig. 7. Optical microphotograph of Laetiporus sulphureus 

fungi without mechanical agitation (biomass after 
cultivation) [5] 

 
Fig. 8. Optical microphotograph of Laetiporus sulphureus 

upon submerged cultivation with mechanical agitation 
(magnification 500x) [3] 

 
Fig. 9. Optical microphotograph of Laetiporus sulphureus 

upon submerged cultivation with mechanical agitation 
(magnification 5000x) [3] 
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4. Conclusion 
Comparison of the studies of Ukrainian and international 
scientists on the effects of agitation growth and development 
of micromicetes showed that selection of mechanical 
agitation intensity for culturing depends on the fungus strains 
selected for experiments. The graphic presentation of nature 
of this influence has a nonlinear form.  It was shown that 
rotation frequency of mixing device in the biosynthesis 
varies between 50 and 700 rpm, and is recommended 120-
180 rpm for practical use in industry. 

The detailed review of results of Kiseleva O.V. et all 
[5] may lead to the conclusion that cultivation method has 
essential effect on filamentous fungi morphological 
structure; the fungi cultivated in submerged culture with 
presence of mechanical agitation are capable of 
accumulation of spore material in higher amounts. 

Reviewing the literature in this area of research shows 
the lack of studies aimed at investigation of the 
mechanism of impact on cells of mycelium fungus of 
various mixing devices, namely, their rotation frequencies 
and impeller design.  Well studied impact of these devices 
will simplify the selection of optimal culture conditions 
and will affect the ability of microorganisms to 
accumulate biomass and metabolite synthesis. Thus, it is 
important to investigate the mechanisms of influence of 
mechanical agitation on the cells of microorganisms upon 
stress conditions which cells undergo and build a 
mathematical model of hydrodynamic processes in the 
fermenter.  
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