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Abstract: Cyanobacteria possess a very high tolerance relative
to environmental factors, so they can be found in almost every
aquatic habitat: oceans, freshwaters, hot springs, soils and bare
rocks. Nowadays these microorganisms are thought to cause the
formation of intensive blooms which result from water eutrophi-
cation. In order to suppress blooms in aquatic ecosystems, it is
important to limit the growth of blue-green algae, preferably us-
ing environment-friendly procedures. In this article we present
how two aliphatic, natural monoterpenes: citronellal and cit-
ronellol, influence the growth of cyanobacteria. Three species
of freshwater cyanobacteria: Anabaena sp., Nodularia moravica
and Chroococcus minutus were selected and cultured in the pres-
ence of various concentrations of the tested monoterpenes. The
results proved that even small concentrations, below 1 mM of the
tested compounds can inhibit the growth of these three species
of cyanobacteria.

1. Introduction

Cyanobacteria are prokaryotic organisms classified as gram-negative bacteria (they
have a peptidoglycan cell wall that is typical for eubacteria) they are also called blue-
green algae or cyanopyta (Hoiczyk, 2000; Chorus, 1999). Literature data suggests that
currently there are 2698 described species of cyanobacteria, but researchers suggest
that this number is far greater (Nabout, 2013). Blue-green algae are characterized by
high tolerance towards environmental factors, which seems to be connected with their
specific life process. To live they need only water, light, carbon dioxide and simple
inorganic substance (Hagemann, 2011). The main source of energy for cyanobacteria
is oxygenic photosynthesis but some species can switch to typical bacterial anoxy-
genic photosynthesis using sulfide as an electron donor. Under anoxic conditions and
in the dark, cyanobacteria can carry out fermentation (Abed, 2009). The ability of
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these microorganisms to carry out photosynthesis changed the anaerobic atmosphere,
which two billions years ago was specific for Earth, to oxygenic one, and enabled
fast evolution of organisms which need oxygen to live (Vincent, 2009). Nowadays
cyanobacteria have growing importance in biotechnology, since these photoautotrophs
are used as a source of bioactive compounds (isolated compounds may possess an-
tibacterial, antifungal or antiviral activity), as an alternative source of energy, and as
a food supplement for people and animals. Examples of using these microorganisms
in wastewater treatment or in biotransformation, particularly to obtain chiral com-
pounds are also known (Abed, 2009; Miklaszewska, 2008; Patel, 2006). Unfortunately,
presently not only developing countries cope with intensive formation of cyanobacte-
rial blooms caused by increased eutrophication. One of the reasons is intensive use
of chemicals (fertilizers and pesticides) in agriculture (Łączyński, 2012). It seems dif-
ficult to significantly reduce the use of agrochemicals, thus it is important to search
for any possibility which may inhibit the growth of cyanobacteria in an environment-
friendly way. Particular attention in such an attempt is devoted to natural chemicals,
which are common in nature, especially to monoterpenes, due to their known an-
timicrobial activity, which justifies their wide application in: medicine, pharmacy,
cosmetic industry and food industry (Breitmaier, 2006; Trytek, 2007). Nowadays
over 400 compounds from this class of mainly plant natural products are known and
used for various applications.

Fig. 1. Chemical structures of citronellal [1] and citronellol [2].

Because no information on the influence of monoterpenes on blue-green algae is
available, in our research two common monoterpenes: citronellol and citronellal were
tested as potential growth inhibitors of cyanobacteria.

2. Materials

The strains used in this study, Anabaena sp. PCC 7937 TISCHER/UTEX 1444,
Chroococcus minutus HINDAK 1969/23 and Nodularia moravica HINDAK 2000/17,
were obtained from Institute of Botany, Academy of Sciences of the Czech Republic.
The substrates used (citronellal and citronellol) were purchased from Fluka.
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3. Strains and growth conditions

Before the experiments the strains were pre-grown as follows: 10 ml of appropriate
two-week-old culture growing in BG11 (ATCC 616) medium, was mixed with 50 ml of
fresh BG11 medium and placed in 250 ml Erlenmayer flasks. The new created 60 ml
cultures were maintained for 14 days at 24 ± 1 ◦C in day-night lighting conditions:
the light intensity was of 300 µmol m−2 s−1 and photo period ratio was 16 : 8 hours
(day : night).

4. Experimental culture

Fig. 2. Influence of citronellal on the
growth of cyanobacteria: a-
Anabaena sp., b-N. moravica c-C.
minutus.

In order to prepare experimental cul-
tures, which contained the same amount
of chlorophyll at the beginning, the stock
suspension of the cells of each strain
was prepared as follows: the content of
an Erlenmayer flask, active cyanobacte-
rial culture, was transferred to a cen-
trifuge tube and the cells were concen-
trated by centrifugation (1 min, 5000
rpm) up to the volume of 20 ml. From
such a concentrated culture, which con-
tained suspended cells, three 0.5 ml sam-
ples were collected to Eppendorf tubes
and centrifuged with higher speed (5
min, 13 000 rpm) to precipitate the
cells at the bottom. Then 0.45 ml of
supernatant was removed and 0.95 ml
of methanol was added to the residue,
shaken for 20 s and placed in darkness.
After 10 min the extracts were shaken
again for 20 s and placed in darkness
for another 10 min. After that time
the samples were centrifuged as above,
and total chlorophyll content in the su-
pernatant was determined spectropho-
tometrically on the basis of the Arnon
formula: total chlorophyll [a+b]= 20.21
E 645+8.02 E 663 (Porra, 2002), using Hi-
tachi (Tokyo, Japan) U 2810 spectropho-
tometer. This way the chlorophyll con-
centration in the inoculum was estab-
lished.

The volumes of inocula of each strain
were established experimentally, con-
sidering the final concentration of the
chlorophyll, which was 1 µg/ml. Experi-
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mental cultures were prepared in 250 ml Erlenmayer flasks, by addition of appropriate
amounts of each substrate to reach its final concentrations of: 0.2; 0.4; 0.6; 0.8 and
1mMin 50 ml of culture containing 1 µg of chlorophyll per 1 ml. I order to obtain
good dispersion of hydrophobic monoterpenes in the water based microbial culture,
either citronellal or citronellol were dissolved in 0.15 ml of acetone (this volume of ace-
tone does not influence the growth of cyanobacteria) and then added into the culture.
The culture without monoterpenes acted as controls. Each experiment or control was
arranged in three repetitions. The influence of monoterpene on the growth of the
examined cyanobacteria was determined by performing time-course measurements of
total chlorophyll content in experimental cultures in relation to appropriate controls.
Therefore, in 3 – 4-day intervals, three 1 ml samples from each Erlenmayer flask were
centrifuged (5 min, 13 000 rpm), then 0.9 ml of the supernatant was removed and
replaced by 0.9 ml of methanol. Samples were shaken for 20 s and placed in dark-
ness. After 10 min the content in Eppendorf was shaken again for 20 s and placed
in darkness for 10 min. Samples were then centrifuged and chlorophyll content was
measured as described above. Cultures were grown for two weeks and the results of
the experiments were presented on graphs as time-dependent changes in chlorophyll
content in cultures suppressed by various concentrations of tested monoterpenes.

Fig. 3. Changes in chlorophyll content on the 14th day of the experiment, as a result
of the influence of citronellal on the growth of tested species of cyanobacteria:
a-Anabaena sp., b-C. minutus, c-N. moravica in relation to the concentration
of the compound.
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5. Results and discussion

Fig. 4. Influence of citronellol on the grown
of cyanobacteria: a-Anabaena sp.,
b-C. minutus, c-N. moravica.

Two compounds used in our research are
structurally similar, however, citronellal
[1] possess carbonyl group and citronellol
[2] hydroxyl group. Structures of these
compounds are presented in Fig. 1.

Citronellal [1] caused growth inhibi-
tion of Anabaena sp. and Nodularia
moravica depending on the concentra-
tion, however, this suppression was ob-
served particularly during the second
week of culturing in the case of An-
abaena, and just after three days in
the case of N. moravica (Fig. 2a, Fig.
2b). Interestingly, in cultures of C.
minutus addition of this terpenic alde-
hyde caused stimulation of growth in
the first three days, then the amount
of total chlorophyll, independent of the
monoterpene concentration, was signif-
icantly lower than in control. More-
over, fluctuation of chlorophyll amount
around the initial value (1 µg/ml) dur-
ing two weeks of culturing, suggested the
lack of the development of this strain of
cyanobacterium (Fig. 2c) in these con-
ditions. Evaluation of the total content
of chlorophyll in relation to citronellal
concentration and its influence in time,
brought information about the sensitiv-
ity of the tested cyanobacteria. Accord-
ing to these data we may conclude that
Anabaena seemed to be the most resis-
tant, whereas Nodularia proved to be the
most sensitive strain.

Macro photographs of appropriate
cultures on the 14th day of the exper-
iment, presented in Fig. 3 clearly con-
firmed this thesis, regarding the changes
in intensiveness of green color, which is related to chlorophyll content.

Citronellol [2], in turn, influenced the growth of examined strains to a smaller
extent compared with citronellal. Such an effect was observed especially in the case
of Anabaena sp., which had grown similar to control, if its cultures had been supple-
mented with this terpene up to the concentration of 0.4 mM (Fig. 4a). Chroococcus
minutus tolerated well only the addition of 0.2 mM of citronellol, since higher concen-
trations inhibited its growth in dose-dependent manner, like in the case of Anabaena
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Fig. 5. Changes in chlorophyll content on the14th day of the experiment, as a result
of the influence of citronellol on the growth of tested species of cyanobacteria:
a-Anabaena sp., b-C. minutus, c-N. moravica in relation to concentration of
compound.

(Fig. 4b). In cultures of Nodularia moravica only the lowest tested concentration of
monoterpene allowed the cells to grow, however, two times weaker than that observed
in control (Fig. 4c). Similar as in experiments with citronellal, Anabaena was found
as the most resistant strain, whereas Nodularia was the most sensitive from among
all three examined.

After two weeks of the experiment the macro photographs were made and the final
content of chlorophyll confirmed the presented influence of citronellol. The visual
effect of citronellol suppression on cyanobacteria is shown on Fig. 5.

6. Conclusions

The results of our experiments proved that citronellol and citronellal inhibit the
growth of tested cyanobacteria. However, this suppression was dependent on the
substance and the strain of microphotoautotroph which was examined; citronellol
proved to be a weaker growth inhibitor than citronellal, and Anabaena was found as
the most resistant towards both monoterpenes. Moreover, because of relatively high
(millimolar) concentrations of monoterpenes that have to be used to reach the effect
of inhibition of cyanobacterial growth, neither citronellal, nor citronellol can be used
as inhibitors of bloom formation in natural aquatic ecosystems. However, the activ-
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ity of both compounds may be successfully utilized in biotechnological experiments
dealing with regulation of the growth and development of freshwater cyanobacteria.
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