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ABSTRACT
The low temperature in the storage processes can
vary in the range of +4°C to -80°C and even lower, using
liquid nitrogen. Depending on this, the time for which we
expect the microbial culture to remain viable also changes.
Agar slant culture, covered with oil, stab culture, saline suspension, glycerol and DMSO preservation, drying on silica
gel, drying on soil, sterile water, lyophilization,
cryopreservation, etc. are methods employed for the preservation of microorganisms. However, the choice of method
to be used depends on the type of microorganism, the purpose of storage, and duration of preservation.
The aim of the study is to compare storage techniques using semisolid agar and cultivation at 4°C and using BHI broth with glycerol and cultivation at -20°C. These
are two commonly used and accessible methods for bacteria and yeast preservation.
After performing the storage procedure for a total of
18 strains of S. aureus, E. coli and C. albicans, we re-cultivated them after two and six months of preservation.
From the obtained results, we can conclude that the
storage of bacteria at 4°C on semisolid agar for up to 8
weeks is successful, in C. albicans, one of the tested six
strains did not survive. After 6 months, another strain of
the yeasts did not show growth, as well as one of the sixth
E. coli strains.
Storing microbes at -20°C with a cryoprotectant has
proven to be a more successful method. This was an expected result, and other authors commented that lower storage temperatures provide longer life for microorganisms.
Keywords: bacteria, yeast, optimal model, storage
methods,
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INTRODUCTION
Storage of bacterial strains is part of the laboratory
work with microorganisms. For a shorter period of time,
within 2-3 weeks, the bacterial and yeast strains can be
stored on standard agar plate cultures placed in a refrigerator at 4°C. This method is recommended for cultures
that are used regularly. To minimize contamination and
drying of the agar, culture plates should be sealed and
stored upside down. If necessary, the bacteria are transferred to fresh agar or liquid medium and cultured overnight in an incubator at the appropriate temperature.
For longer-term storage, within months and years,
it is necessary to create special aseptic conditions to ensure the survival of the target microorganisms. In general,
the techniques for long-term storage of bacteria include
three main steps:
1. Providing conditions for microbial introduction
into the log phase, through the so-called enrichment, in
which a bacterial or yeast culture is cultivated overnight
in a broth medium;
2. Providing cryoprotectant in the medium protects
the cells when the water content in them freezes and preserves their vitality;
3. Freezing (and sometimes drying) of the microbial culture, usually maintaining the lower temperature,
keeps the bacteria alive for a longer period of time.
For the purpose of enrichment of the bacterial culture, it’s necessary to select a suitable liquid medium. A
bacterial colony from pure culture should be aseptically
transferred into the broth, and the tube is cultured overnight in an incubator. If the target microbial cells are aerobic or facultative anaerobes, the caps of the tubes are left
slightly open, or lignin plugs are used.
Some authors accepted that cells from the maximum
stationary phase cultures are more resistant to damage by
freezing and thawing than cells from the early or mid-log
phase of growth [1].
The most common cryoprotectant used in the
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preparation of frozen liquid suspensions of microbiota is
glycerol (final concentration of 15%) [2, 3, 4]. DMSO (510%), skim milk [5], and others are also commonly used.
They have the cell-penetrating capacity [6] and prevent
damages to the cells caused by ice crystal formation during the low temperature preservation.
The low temperature in the storage processes can
vary in the range of +4°C to -80°C and even lower, using
liquid nitrogen. Depending on this, the time for which we
expect the microbial culture to remain viable also changes.
Agar slant culture, agar slant culture covered with oil, stab
culture, saline suspension, glycerol and DMSO preservation, drying on silica gel, drying on soil, sterile water,
lyophilization, cryopreservation, etc. are methods employed for the preservation of microorganisms. However,
the choice of method to be used depends on the type of
microorganisms, the purpose o f storage, and duration of
preservation [7]. In the laboratory environment, we do not
always have a -80°C freezer, liquid nitrogen, lyophilization equipment and other more specific consumables. But
some of the procedures are easy, require a shortlist of materials and also provide optimal results. Such is the longterm storage of microbes in a refrigerator at 4°C or in a 20°C freezer, in a solution with different types of
cryoprotectant.
The storage at 4°C using stab cultures ensures the
survival of microorganisms between three weeks to a year
[8], the implementation of the procedures is easy and does
not require the presence of special consumables. A commonly used method is to store microbes at -20°C in a suitable medium with glycerol. The method provides survival
of 1 to 2 years [9]. According to the protocol of OPS Diagnostic, to activate bacteria, only a couple of beads need
to be removed from the tube. The tube doesn’t need to
be thawed. Otherwise, frozen microorganisms can be revived by thawing at 37°C and inoculation in a fresh medium.
Regarding the selection of a suitable nutrient medium for the storage of strains, according to some authors,
one should be chosen, which would ensure maximum
growth. ccording to others [10], the medium should support the survival of microorganisms but minimize theit
metabolic processes and slow their rate of growth. Of
course, extreme environments should be avoided because
microbes have the ability to adapt through mutation
events in order to survive in suboptimal surroundings.
PURPOSE
During our literature search, we found a number of
protocols that describe procedures for storing bacterial
strains and fungi. However, we did not find detailed information on the most suitable nutrient media that ensure
the maximum survival of microorganisms. The aim of the
study is to compare two commonly used and accessible
methods for bacteria and yeast preservation and to use different nutrient media for cultivation to establish the most
successful storage procedure.
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MATERIALS AND METHODS
The study was conducted in a training microbiological laboratory in Medical university-Varna, Bulgaria,
in the period May-December 2020. We investigated the
storage properties of Escherichia coli (6 isolates), Staphylococcus aureus (6 isolates) and Candida albicans (6 isolates). For the storage of the microorganisms, we applied
the following techniques – stabs cultures preparation in
semisolid agar, stored at 4°C in refrigerator and preservation in 15% glycerol with subsequent freezing of the bacterial culture at -20°C.
Storage technique using semisolid agar and cultivation at 4°C
In the first technique, bacterial and yeast cultures
were stored as stabs in screw capped vials. The vials were
filled with a 3 ml agar medium and sterilized. The microbes were introduced into the solidified agar with a sterile needle. The culture was incubated overnight with
loose caps, then we poured a small amount of liquid paraffin on the agar and stored at 4°C with tight caps. Incubated the culture was overnight with loose caps, then we
poured a small amount of liquid paraffin on the agar and
stored it at 4°C with tight caps.
After two months or six months of preservation, we
opened the cultures; we carefully poured the paraffin and
transferred part of the cells into two types of broth media
with a bacterial needle. After overnight incubation at 37ºC,
we transferred the microbes and made seeds with each microorganism on two types of agar media, and they were
cultivated under the same conditions. The next day, all
cultures were examined for microbial growth. Each microorganism was microscopically and biochemically tested
to prove the characteristic morphology and biochemical
activity of the strains. Figure 1 shows the approaches described above.
Storage technique using BHI broth with glycerol
and cultivation at -20°C
The tubes were filled with 2 ml brain heart infusion broth and sterilized. We imported 500ìl standardized
to 107 CFU/ml log phase microbial culture into the liquid medium and prepared a 15% glycerol solution (for C.
albicans – 10% glycerol solution). The glycerol was autoclave-sterilized at 121°C/15 min. Then we mixed the components using a vortex mixer and placed the tubes in the
freezer at -20ºC.
After two months or six months of preservation, we
opened the cultures and transferred part of the cells into
two types of broth media. After overnight incubation at
37ºC, we transferred the microbes and made seeds with
each microorganism on two types of agar media, and they
were cultivated under the same conditions. The next day,
all cultures in a solid medium were examined for microbial growth. All microorganisms were tested microscopically and biochemically. Figure 1 shows the approaches
described above.
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Fig. 1. Procedure for storing microbial strains Staphylococcus aureus, Escherichia coli and Candida albicans

RESULTS AND DISCUSSION
After performing the storage procedure for a total of
18 strains of S. aureus, E. coli and C. albicans, we re-cultivated them after two and six months of preservation. The

stab cultures and BHI broths with glycerol were opened and
inoculated in fresh media two times for 48 hours. The survival of the strains was reported on each step of the procedure; the results are presented in Table 1.

Table 1. The storage properties of E. coli, S. aureus and C. albicans after two and six months of preservation
under two types of storage conditions.

Semisolid agar,
4°C

2m

6m

BHI + glycerol,
-20°C

2m

6m

Semisolid agar,
4°C

2m

6m

BHI + glycerol,
-20°C
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2m

NB

Escherichia coli
+ 6 isolates

BHI

+ 6 isolates

NB

+ 5 isolates; × 1 isolate

BHI

+ 5 isolates; ×1 isolate

NB

+ 6 isolates

BHI

+ 6 isolates

NB

+ 6 isolates

BHI

+ 6 isolates

NB

Staphylococcus aureus
+ 6 isolates

BHI

+ 6 isolates

NB

+ 6 isolates

BHI

+ 6 isolates

NB

+ 6 isolates

BHI

+ 6 isolates
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BA
EMB
BA
EMB
BA
EMB
BA
EMB
BA
EMB
BA
EMB
BA
EMB
BA
EMB

+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 5 isolates; × 1 isolate
+ 4 isolates; × 2 isolates
+ 5 isolates; × 1 isolate
+ 5 isolates; × 1 isolate
+ 6 isolates
+ 6 isolates
+ 6 isolates;
+ 5 isolates; × 1 isolate
+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 6 isolates

BA
NA
BA
NA
BA
NA
BA
NA
BA
NA
BA
NA

+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 6 isolates
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6m

Semisolid agar,
4°C

2m

6m

BHI + glycerol,
-20°C

2m

6m

NB

+ 6 isolates

BHI

+ 6 isolates

NB

Candida albicans
+ 5 isolates; × 1 isolate

BHI

+ 6 isolates

NB

+ 4 isolates; × 2 isolates

BHI

+ 6 isolates

NB

+ 6 isolates

BHI

+ 6 isolates

NB

+ 5 isolates; × 1 isolates

BHI

+ 6 isolates

BA
NA
BA
NA

+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 6 isolates

BA
SA
BA
SA
BA
SA
BA
SA
BA
SA
BA
SA
BA
SA
BA
SA

+ 5 isolates; × 1 isolate
+ 5 isolates; × 1 isolate
+ 6 isolates
+ 6 isolates
+ 4 isolates; × 2 isolates
+ 4 isolates; × 2 isolates
+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 6 isolates
+ 5 isolates; × 1 isolates
+ 5 isolates; × 1 isolates
+ 6 isolates
+ 5 isolates; × 1 isolates

Legend: (+) - microbial growth; (×) - lack of microbial growth
NB – Nutrient broth; BA – Blood agar; EMB – Eosin methylene blue agar; NA – Nutrient agar; SA – Sabouraud
agar; BHI – Brain heart infusion broth (for Candida albicans - supplemented with yeast extract (0.5% w/v [BHIYE])
From the obtained results, we can conclude that the
storage of bacteria at 4°C on semisolid agar for up to 8
weeks is successful, in C. albicans, one of the tested six
strains did not survive. After 6 months, another strain of
the yeasts did not show growth, as well as one of the sixth
E. coli strains.
Storing microbes at -20°C with a cryoprotectant has
proven to be a more successful method. This was an expected result, and other authors commented that lower storage temperatures provide longer life for microorganisms
[10]. In this technique, 17 of 18 microbial strains survived
until the 6th month, only one isolate, C. albicans, does not
show growth. We believe that it is possible that the reason
is in the liquid nutrient medium that we used to cultivate
the fungus after the storage process. Other authors also
point to the nutrient broth as possible but not so suitable
for fungi [11].
Our study shows that after storing E. coli at 4°C in
semisolid agar, a more successful technique is to cultivate
the bacteria in an enriched nutrient medium, such as blood
agar, rather than in Levin’s formation (EMB). Two of the
E. coli strains did not demonstrate survival of the differentiating medium.
S. aureus strains showed solid bacterial growth in
both storage methods, in all liquid and solid culture me-
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dia used to “awaken” the strains.
Our study shows that C. albicans is stored successfully for a long period of time, at least six months, using
both approaches for long-term storage. The most suitable
nutrient media for restoring the activity of the strains, according to our research, are BHI broth and blood agar. On
nutrient broth, four of the strains do not show growth. This
confirms our statement above that this liquid medium is
not suitable for the purposes of long-term Candida preservation. Other authors also believe that at -20°C temperature of storage, the preservation times vary depending on
the medium used [1, 9,12].
CONCLUSION
Our study shows that the storage of microorganisms
on semisolid agar at 4°C and in 15% glycerol solution at 20°C provide survival of E. coli, S. aureus and C. albicans
for a period of at least 6 months. Semisolid agar and brain
heart infusion broth are suitable nutrient media for the storage of tested strains. After the storage period, the strains
can be successfully activated on blood agar, the choice of
liquid media caught be BHI broth or nutrient broth, except
for some strains of Candida albicans, which did not show
growth of nutrient broth.
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