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ABSTRACT 

Microorganisms are the main source of modern biotechnology. For the production of a wide range of bioactive substances, the 
micromycetes are successfully used, due to the precious technological features: the short cycle of development, the possibility of cultivation 
under controlled conditions and obtaining systems with a predicted composition of an unlimited quantity of different bioactive substances. 
Using on industrial scale of micromycetes, as biotechnological agents, requires them to be preserved and kept in collections, providing them 
for long term security of viability and stability of productive parameters. A large number of methods for the preservation of microorganisms 
(periodic transfer, under mineral oil, at low temperatures (-80ºC), cryoconservation etc.) are currently being developed. One of the most 
commonly used methods of long term storage of microorganisms is lyophilization, which ensures the preservation of crops over a period of 
30-50 years. In the National Collection of Non-pathological Microorganisms of Moldova (NCNM), microorganisms of biotechnological 
interest are maintained and preserved by 3 methods: periodic transfer, under mineral oil and lyophilization. The results of biological control 
of strains deposited in the NCNM have shown that the safest method of preservation is lyophilization. All lyophilized strains after 10 years of 
lyophilization preservation retained the viability and stability of the productive parameters. 
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Introduction 

The industrial scale use of micromycetes as 
biotechnological agents requires their preservation 
and maintenance in collections, which ensures their 
long term conservation of productive parameters. 
The microbial cell having a small mass is strongly 
influenced by environmental conditions and reacts 
very differently to factors, either by adaptation or 
otherwise by disappearance. An impressive number 
of methods for preserving crops of microorganisms 
of industrial interest are currently being developed. 
Depending on the need for use of microorganisms, 
long term preservation methods are used: under 
mineral oil, lyophilization, cryopreservation, 
preservation by drying on various inert supports, at 
low temperatures (-80ºC), etc. and short-term 
preservation methods (months): periodic transfer, 
into sterile water, etc. [1, 4, 8, 10, 16, 21, 22]. 

Because of the variation in the nutritional 
needs of microorganisms, preservation techniques 
vary depending on the type of microorganism and 
the materials and equipment available [3, 7, 11, 13]. 
Regardless of the variety of techniques in choosing 
the method of preservation of microorganisms, the 
following conditions are taken into account: 
maintaining the viability and stability of 
morphological and cultural particularities, ensuring 
the genetic stability and purity of the culture, the 
economic efficiency of the conservation process, etc. 

One of the most commonly used methods of 
long-term conservation of microorganisms is 
lyophilization, which ensures the preservation of 
cultures over a period of 30-50 years. Lyophilization 
consists of a freeze-drying process, based on the 
removal of water from frozen cell material by 
vacuum sublimation. The viability of lyophilized 
microbial cultures differs by genus depending on the 
initial cultivation conditions, the development phase, 
the systemic nature of the microorganism, the 
concentration of the starting material, the 
composition of the protective medium, the duration 
of the stress [6, 9, 12, 19]. 

To enhance the efficiency of process for 
preserving microorganisms, it is necessary to 
optimize the cultivation, protection and regeneration 
medium. A primary role in the lyophilization of 
microorganisms lies in the protective medium, 
which protects them from the action of osmotic and 
thermal shock. Protective media can serve: alcohols, 
carbohydrates, polysaccharides, protein substances, 
gelatine, mineral salts solutions, etc. The selection of 
protective media takes into account the taxonomic 
group of microorganisms and their biosynthetic 
potential. There are several assumptions about the 
mechanisms of action of protective and regenerative 
media used. One of these is that the protective 
medium contains a substrate capable for maintaining 
a certain residual humidity value that does not 
exceed the 2-6% limits. According to another 
hypothesis, the cellular defense mechanism against 
desiccant stress is related to certain physicochemical 
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factors. Low molecular weight compounds, such as 
carbohydrates, penetrate into the cell create high 
osmotic pressure, thereby preventing ice crystals and 
deteriorating the cell wall during freezing. Proteins 
and other high molecular weight polymers do not 
diffuse into the cell but form an extracellular 
osmotic pressure due to which the cell wall is 
compactly coupled to the cytoplasm, thus protecting 
the cell during subsequent rehydration. Another 
mechanism is associated with the chemical 
conformation structure of the protective substances. 
The presence of hydrogen bonds and ionizing 
groups, such as, for example, -OH groups for 
carbohydrates and polyalcohols, -NH2 for glutamic 
acid and arginine, stabilizes cellular constituents [2, 
5, 14, 17, 20].   

The method of preservation by lyophilization 
is more beneficial for the preservation of bacteria, 
fungi and actinomycetes. At the same time, lactic 
bacteria are more susceptible to storage than fungi, 
and for yeast the dry storage method. When 
lyophilizing microorganisms it is necessary to use 
protective media containing sugars and protein 
substances. Thus, the most commonly used 
protective media to lyophilize these microorganisms 
contain: gelatin, sucrose, glucose, trehalose, lactose, 
pyrite, etc. [4, 6, 14, 17, 21, 22].  

Rehydration procedures and 
microorganisms regeneration conditions after 
lyophilization exert a major influence on their 
viability. Dry cell rehydration occurs with heat 
release, increased electrolyte concentration, 
uncontrolled oscillations of the pH, so that the 
regeneration media used, the temperature and the 
hydration rate are essential factors not negligible 
in maintaining the viability of the studied 
microorganisms [6, 15, 19]. 

National Collection of Non-pathological 
Microorganisms of Moldova (NCNM), 
microorganisms of biotechnological interest are 
maintained and preserved by 3 methods: periodic 
transfer, under mineral oil and lyophilization. The 
results of periodic biological control of strains 
deposited in the NCNM have shown that the safest 
method of preservation is lyophilization. Based on 
the above, the purpose of these studies was to 
evaluate the viability of the micromycetes strains 
after 10 years of lyophilization. 

 
Materials and methods 

The object of the study was 28 strains of 
Aspergillus (8), Penicillium (8) and Fusarium (12), 

which were stored in the CNMN in lyophilized state 
for 10 years. The protective medium was 20% 
sucrose and skimmed milk + 7% glucose, previously 
selected as optimal for the micromycetes 
lyophilization process of NCNM [16].  
• Were tested:  
- 3 concentrations of spore suspension subjected to 

lyophilization; 
- 4 regimes of freezing temperature:  (-0oC), (-

40oC) (-60oC) şi (-80oC); 
- 4 regeneration media of cultures after 

lyophilization. 
• The viability of micromycetes after 3, 5 and 10 

years of lyophilization was evaluated  
Determination of the viability of the 

micromycete cultures was determined by the method 
of colony counting after period of storage in 
lyophilized state. According to the method, the 
contents of a vial are resuspended in 2 ml of 
regeneration medium and stored in a thermostat at 
28°C for 1 hour, then with 1 ml was making the 
appropriate dilutions. Inject 1 ml of suspension in 
the Petri dish on the malt-agar medium. Incubation 
takes place at 28°C for 10-14 days. Colonies grown 
on plates are examined and counted. 

The experimental data were processed 
according to the computerized program Offis Excel 
2007. 

Results and discussions 

The results of periodic biological control of 
strains deposited in NCNM showed that all strains of 
micromycetes denominated in NCNM maintained 
their viability, morpho-cultural properties and the 
stability of productive parameters. The safest 
method of preservation of deposited micromycetes is 
lyophilization. 

At the initial lyophilization stage research 
was carried out to optimize lyophilization factors: 
the protective environment; the titer of the spore 
suspension; the freezing temperature of the 
suspension. Thus, as a result of the researches 
carried out, two lyophilizing protective media ensure 
high viability and stability of the NCNM 
micromycetes strains: 20% sucrose (S20%) and 
skimmed milk + 7% glucose (SM + G7%). On these 
media, the lyophilized microbicide survival rate was 
higher compared to other tested media [16]. 

According to the results presented in Tab. 1 
optimum titer of suspension of spores subjected to 
lyophilization varies within the range of 109-1012 

spores / ml. 
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         Table 1. - Viability of micromycetes depending on the titer of spore suspensions subjected to 
lyophilization (%) 

Strains Titer 10 9 Titer 1011 Titer 1012 Titer 1013 

P. viridi  80  55 35 

P. funiculosum  42  40 26 

P. verrucosum  20  31 21 

P. corylophylum  43  69 40 

A. niger  79 51 50  

A. flavus  90 73 15  

A. alliaceus  50 50 25  

 
As a result of the testing of 4 freezing 

temperature regimes for the lyophilization process, it 
was found that the optimal freezing temperature 
varies within the range of -40 ... -60oC depending on  

 
the studied strain. Thus, the survival rate of frozen 
micromycetes at these temperatures is much higher 
compared to the tested temperatures of  -20oC and -
80oC. 

 
Table 2 - Viability of lyophilized micromycetes depending on the freezing temperature (%) 

Strains 
Temperature of freezing (oC) 

-20oC -40oC -60oC -80oC 

P.viridi  45  70  74  25  

P.funiculosum  40  40  80  31  

P.corylophylum  40  69  67  23  

P.verrucosum  31  35  67  18  

A. niger  45  50  50  12  

A. flavus  40  73  65  15  

A. alliaceus  35  50  40  8  

 
Also, 4 rehydrated media were tested: Malt 6 

B, Distilled water; physiological solution of 3%, 
medium Czapek. Thus, it has been determined that 
the optimum medium for rehydrating the lyophilized 
micromycetes strains is distilled water as well as the 
Czapek liquid medium with the composition (g/l): 
sucrose - 30; NaNO3, - 2; K2HPO4 – 1; MgSO4

. 7 
H2O – 0,5; KCl – 0,5; FeSO4 . 7 H2O – 0,01; pH – 7. 
The viability of rehydrated micromycetes with these 
media is practical at the same level [21]. 

The dynamic evaluation for 10 years of the 
viability of the lyophilized micromycetes strains has  

 

 
shown that the survival rate of Aspergillus strains 
after 10 years of conservation indifferent of the used 
protective medium is 1,2-4,5 x 109 cells / ml 
compare with 1,0-4,5 x 1011 cells / ml, with 2 orders 
less than that recorded immediately after the 
lyophilization process. The survival rate of the 
spores of the studied cultures gradually decreased 
over 10 years of lyophilized preservation. At 2 (A. 

niger 33/19 and A. niger) of the 8 Aspergillus 
strains, the viability of the spores, using the SM + 
G7% protection medium, decreased during this 
period with 3 orders from 2,0 x 1011 to 1,6 x 108 
cells / ml (Table 3). 
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Table 3 - Dynamic viability of Aspergillus strains lyophilized over 10 years 

№ Strains 
Protective 
medium 

Number of viable cells 
After 

lyophilization 
After 3 
years 

After 5 
years 

After 10 
years 

1 A. alliaceus  sucrose 20% 1,0 x 1011 8,7 x 1010 6,3 x 1010 2,1 x 109 
SM + G7% 1,0 x 1011   1,2 x 109 

2 A. fumigatus sucrose 20% 1,8 x 1011 8,7 x 1010 5,3 x 1010 7,6 x 108 
SM + G7% 4,8 x 1011   1,3 x 109 

3 A. flavus sucrose 20% 2,4 x 1011 1,3 x 1011 1,0 x 1011 1,3 x 109 
SM + G7% 3,0 x 1011   3,4 x 109 

4 A. flavus (B) sucrose 20% 4,5 x 1011 3,9 x 1011 1,1 x 1010 1,2 x 109 
SM + G7% 3,0 x 1011   4,5 x 109 

5 A. niger 33 sucrose 20% 2,8 x 1011 1,3 x 1011 2,4 x 1010 2,0 x 109 
SM + G7% 2,5 x 1011   4,9 x 109 

6 A. niger 33/19 sucrose 20% 2,4 x 1011 1,3 x 1011 2,3 x 1010 2,0 x 109 
SM + G7% 2,0 x 1011   5,2 x 108 

7 A. niger 412 sucrose 20% 2,0 x 1011 9,0 x 1010 2,0 x 1010 8,0 x 109 
SM + G7% 2,0 x 1011   2,5 x 109 

8 A. niger  sucrose 20% 3,1 x 1011 3,7 x 1010 1,0 x 1010 1,1 x 109 
SM + G7% 2,0 x 1011   1,6 x 108 

 
In Penicillium strains the spore survival rate 

over 10 years of lyophilized preservation was also 
reduced by 2-3 orders. According to the data 
presented in Table 4, the viability of spores of 
lyophilized cultures decreased more in the first 5 
years of conservation, after which a slower decrease 
in viability was observed on both protected media. 
Thus, the average viability of spores of such cultures  

 
after 10 years of lyophilization preservation is 5 x 
108 – 5 x 109 cells / ml. Of the penicillins, P. 

vermiculatum strain was the most sensitive to the 
lyophilization procedure, showing a significant 
decrease in spore viability over 10 years of 
conservation, with 4 orders less than that registered 
immediately after lyophilization (from 3,1-5,1 x 1011 
to 6 x 107 cells / ml) on both used protective media. 
 

Table 4 - Dynamic viability of Penicillium strains lyophilized over 10 years 

№ Strains 
Protective 
medium 

Number of viable cells 
After 

lyophilization 
After 3 
years 

After 5 
years 

After 10 
years 

1 P.viride sucrose 20% 4,4 x 1010 3,6 x 1010 2,0 x 1010 9,0 x 109 
SM + G7% 2,2 x 1010   9,7 x 108 

2 P. expansum  sucrose 20% 6,3 x 1010 1,6 x 1010 1, 0 x 1010 3,1 x 109 
SM + G7% 4,2 x 1010   7,0 x 109 

3 P. expansum (B) sucrose 20% 4,1 x 1011 4,0 x 1011 2,3 x 1011 6,5 x 109 
SM + G7% 4,2 x 1011   8,5 x 108 

4 P. verrucosum  sucrose 20% 2,0  x 1011 1,4 x 1011 5,7 x 1010 4,3 x 108 
SM + G7% 1,0 x 1011   7,5 x 108 

5 P. verrucosum (B) sucrose 20% 1,0 x 1012 5,5 x 1011 5,0 x 1010  7,0 x 108 
SM + G7% 1,5 x 1012   3,0 x 108 

6 P. vermiculatum sucrose 20% 3,1 x 1011 2,4 x 1011 6,0 x 1010 5,7 x 107 
SM + G7% 5,1 x 1011   6,0 x 107 

7 P. corylophilum sucrose 20% 1,0 x 1011 5,7 x 1010 3,0 x 1010 4,8 x 109 
SM + G7% 7,2 x 1011   1,0 x 109 

8 P. funiculosum sucrose 20% 5,0 x 1011 3,8 x 1011 1,2 x 1011 5,2 x 108 
SM + G7% 9,1 x 1011   5,2 x 109 
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The studied strains of genus Fusarium were 
more sensitive to the lyophilization procedure (Table 
5). The viability of these strains over 10 years of 
lyophilized preservation on both used protective 
media decreased by 3-5 orders compared to those 
recorded immediately after lyophilization. During 
the first 5 years of conservation, the viability of 
cultures spores decreased by 3-4 orders compared to 
the initial one, and in the next 5 years their viability 
decreased insignificantly. This demonstrates that the 

remaining cells have adapted to stress conditions and 
will be able to survive in this state for a long time. 
Thus, after 10 years of lyophilized preservation, the 
viability of cultures of this genus is in the range of 2 
x 105 – 3 x 106 cells / ml. These results demonstrate 
that strains of this kind can still be maintained in 
lyophilized state. 

 

 
Table 5 - Dynamic viability of Fusarium strains lyophilized over 10 years 

№ Strains 
Protective 
medium 

Number of viable cells 
After 

lyophilization 
After 3 
years 

After 5 
years 

After 10 
years 

1 Fusarium nivale sucrose 20% 7,2 x 1010 1,9 x 107 1,6 x 107 1,1 x 107 
SM + G7% 5,0 x 108   1,1 x 105 

2 Fusarium culmorum sucrose 20% 1,5 x 1010 1,2 x 107 5,2 x 106 2,0 x 106 
SM + G7% 5,0 x 108   5,7 x 105 

3 Fusarium gibbosum sucrose 20% 4,2 x 1010 1,0 x 108 1,2 x 107 7,5 x 106 
SM + G7% 5,0 x 1010   8,0 x 105 

4 Fusarium 

sporotrichiela 815 

sucrose 20% 1,7 x 109 4,8 x 107 1,5 x 107 5,3 x 106 
SM + G7% 1,3 x 107   5,0 x 105 

5 Fusarium 

sporotrichiela 846 

sucrose 20% 2,0 x 109 4,7 x 107 1,4 x 107 3,0 x 106 
SM + G7% 8,5 x 107   3,0 x 105 

6 Fusarium oxysporum 

(F-4) 

sucrose 20% 4,0 x 109 1,7 x 106 1,3 x 106 3,0 x 105 
SM + G7% 1,0 x 108   3,0 x 105 

7 Fusarium oxysporum 

CL-1 

sucrose 20% 4,3 x 109 2,3 x 106 1,3 x 106 6,0 x 105 
SM + G7% 1,8 x 1011   6,0 x 105 

8 Fusarium oxysporum 

CL-2 

sucrose 20% 4,0 x 109 6,0 x 107 6,0 x 106 3,0 x 106 
SM + G7% 1,1 x 1011   8,0 x 106 

9 Fusarium moniliforme 

(B) 

sucrose 20% 8,0 x 1010 3,0 x 108 1,2 x 107 4,3 x 106 
SM + G7% 5,0 x 109   2,9 x 106 

10 Fusarium moniliforme 

F-1 

sucrose 20% 2,7 x 1010 4,3 x 107 8,0 x 106 1,5 x 106 
SM + G7% 2,7 x 1010   2,9 x 106 

11 Fusarium moniliforme 

136 

sucrose 20% 3,5 x 1011 4,0 x 107 3,3 x 107 2,0 x 105 
SM + G7% 1,2 x 108   2,7 x 105 

12 Fusarium 

graminearum 

sucrose 20% 1,0 x 109 1,7 x 106 1,5 x 106 1,1 x 106 
SM + G7% 5,0 x 109   3,7 x 105 

 
According to the obtained results, we can see 

that keeping the viability of strains of lyophilized 
micromycetes depends on both the used protective 
media and the peculiarities of the fungal strains 
studied. More resistant to the lyophilization process 
were strains of the genus Aspergillus and 
Penicillium (Table 1 and 2). The viability of strains 
belonging to the genus Fusarium are more sensitive 
to stress conditions caused by the freeze-drying 
process, but can be maintained for a long time in 
lyophilized state. 

 
Conclusions 

It has been determined that, respecting the 
optimal lyophilization parameters, the viability of 
the micromycete cultures after 10 years of 
lyophilization is rather high. Thus, after 10 years of 
storage in lyophilized state, the viability of  

 

micromycete cultures from NCNM belonging to the 
genus Aspergillus and Penicillium gradually 
decreased by 2-3 orders compared to that recorded 
immediately after lyophilization, and genus 
Fusarium cultures with 4-5 orders. All lyophilized 
cultures have preserved both their viability and 
morpho-cultural and producer particularities. 
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