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Abstract — The reaction to freezing at temperatures of —6 to —8, —196°C 
of 6 Polish freshwater algae — Chlorella pyrenoidosa, Scenedesmus acutus, S. quadri- 
cauda, Hormidium flaccidum, Stichococcus sp., and Anabaena variabilis — and of two 
halophilous blue-green algae of foreign origin — Oscillatoria sp. and Spirulina platen
sis — was investigated.

The greatest resistance to these processes was shown by Scenedesmus acutus, 
Anabaena variabilis, and Scenedesmus quadricauda. For freshwater algae the best 
results of survivability were obtained during freezing at temperatures from —6 to —8°C 
using a 1 per cent aqueous glucose solution as a preservative. Halophilous algae did 
not survive freezing at such temperatures. This method permits the storage of freshwater 
algae for 33 months. A longer preservation of samples caused a decrease in their 
survivability. The freezing of algae at a temperature of —196°C and the application 
of a 5 to 10 per cent aqueous glycerol solution gave positive results for the algae 
Scenedesmus acutus, Anabaena variabilis, and Scenedesmus quadricauda. In other species 
only a small percentage survived the deep freeze processes.

Vegetative species of alga have a low resistance to the action of low 
temperatures (Holm-Hansen 1963, Watanabe 1959). When 
freezing plant or animal cells, various kinds of preservatives were appl
ied causing either dehydration of the protoplast or binding water within 
the cells (Gehemio, Luyet 1951, Keane 1953, Luyet Gehe
mio 1952, Meryman 1969 b). A number of prescriptions for preser
vatives applied for freezing cells and tissues as well as sperm (Keane 
1953, Luyet Gehemio 1952, Luyet, Keane 1953, Mery man 
1960 b, Ridgeway, Hodgins 1964) have been given in literature; 
elaborations concerning preservatives specific for algae, (Holm-Han- 
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sen 1963, Kärcher 1931, Kubinova 1966, Watanabe 1959) 
are, however, lacking. Investigations carried out in the Independent La
boratory of Fish Biology and Water Environment of the Institute of 
Zootechniques at Zator aim at giving a decisive answer to the questions 
of how low temperatures affect the vitality of algae stored in collections 
and of whether there exists a possibility of preserving algae by means of 
freezing.

Material and method

Cultures of fresh water algae: Chlorella pyrenoidosa Chick. No 
366, Scenedesmus acutus Meyen No 1608, S. quadricauda (Turp.) Bréb. 
No 1057, Hormidium flaccidum (Kütz.) A. Braun No 1615, Sticho- 
coccus sp. No 1609 of the green algae type, and Anabaena variabilis 
Kütz. No 1618 of the blue-green algae type, originating from the col
lection of the Institute of Zootechniques at Zator (Bednarz, Nowak 
1971) constituted the experimental material. Two halophilous blue — 
green algae, Oscillatoria sp. and Spirulina platensis (Gom.) Geitl, 
of foreign origin (Comperé, 1968) were also taken for investigation. 
Apart from the sporulating Anabaena variabilis, the other species of algae 
are exlusively vegetative forms.

Initially two species of alga: Chlorella pyrenoidosa and Scenedes
mus acutus were subjected to freezing processes. Freezing of these algae 
was performed at —6 to —8°C, —18, —72, and — 196°C. When freezing 
at —6 to —8, —18 and —72°C 1 per cent aqueous solutions of glucose, 
sucrose, and glycerol were used as preservatives. At further stages of the 
investigations the other species of alga were subjected to freezing. Beca
use of the results obtained for Chlorella pyrenoidosa and Scenedesmus 
acutus, the authors decided not to freeze the material at —18 and 
— 72°C; in freezing at —196°C only 3, 5, and 10 per cent glycerol solut
ions were used as preservatives.

All algae subjected to freezing were cultured in conditions assuring 
optimal growth. After culturing, the material was centrifuged, washed 
with preservatives, and then suspended in a fresh portion of the medium 
and subsequently incubated at room temperature for 1 hour. Samples 
prepared in this way were transferred into Durham tubes which were 
subsequently placed in an apparatus assuring the required temperature 
(—6 to —8 and —18 a freezer, —72 a vacuum flask with dry ice plus 
ethanol, — 196°C a vacuum flask with liquid nitrogen). In all experiments 
an alga suspension in a proper medium was used as control. For green 
algae and Anabaena variabilis the medium L5m according to Janko-
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Tabela II. Obserwacje mikroskopowe glonów Chlorella pyrenoidosa (Chl.) i Scenodesmus acutus (So.) , po mrożeniu w rożnych temperaturach

Table II. Microscopic observations of the algae Chlorella pyrenoidosa (Chl.)  and Scenodesmus acutus (So.) after freezing at various temperatures
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wski (1964) was used and for the other halophilous blue-green algae 
according to Zarrouck (1966). At temperature —6 to —8 Chlorella 
pyrenoidosa and Scenedesmus acutus were stored successively for 1, 3, 
10r 30, 90, 210, 330, 510, 630, 700, and 990 days and the other algae for 
1, 10, 30, 90, 210, and 366 days. In liquid nitrogen, samples of all algae 
were stored successively for 1, 30, 90, 210, and 366 days. Defrosting of 
samples was carried out at a temperature of 10 to 20°C. After defrosting, 
the algae were twice washed with nutrient solutions and then suspended 
in a fresh portion of nutrient solution.

Cultures were grown in the same conditions in which the stock ma
terial was obtained. Before culturing, the samples were exposed to light 
of low intensity for 24 hours. The percentage survivability of alga cells 
was also determined by means of culturing the defrosted material on 
a suitable medium solidified with agar and by means of staining with 
eosiny, soluble in water. All tests were carried out in three parallel re
petitions.

Freezing at temperatures of —6 to —8, —18 and —72°C

Initially investigations were carried out only on two species of alga: 
Chlorella pyrenoidosa and Scenedesmus acutus. In the further course of 
the investigations other species were also included.

Revival of Chlorella pyrenoidosa and Scenedesmus acutus frozen at 
temperatures of —18 and —72°C for 30 days was unsuccessful (Table 
III). Changes in the appearance of cells were observed under the mi
croscope (Table II). Revival of agar cultures was also unsuccessful. For 
this reason no further storage of samples or freezing of other algae at 
these temperatures was carried out.

Revival of the algae Chlorella prenoidosa and Scenedesmus acutus 
frozen at —6 to —8°C was successful (Table I). Apart from a few which 
were stored in a frozen state for 30 days all the samples were revived. 
The storage of samples in these temperatures from 1 to 660 days did 
not affect the survivability of the algae. After a longer storage period 
a decrease in the vitality of cells was observed (fig. 1).

After defrosting attenuation of the algae was noted in all cases; this 
was manifested in retarded cell division which started only after some 
time. In several attempts at revival Scenedesmus acutus began to grow 
much sooner than Chlorella pyrenoidosa. Stored for 660 days, it started 
division after 4 to 6 days whereas Chlorella began to increase only after 
10 to 14 days.

In staining defrosted samples with eosin 95 to 98 per cent of Chlo
rella cells stained distinctly red were obtained. About 60 per cent of 
cells of Scenedesmus acutus stained poorly (Table II). In agar cultures
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Ryc. 1. Procentowa przeżywalność glonów Chlorella pyrenoidosa (a) i Scenedesmus 
acutus (b), poddanych mrożeniu w —6 do —8°C określona drogą posiewów na podłoża 
mineralne zestalone agarem, 1 - 1% roztwór sacharozy, 2 — l°/o roztwór glukozy, 3 —

l°/o roztwór glicerolu, K — kontrola, pożywka L5m
Fig. 1. Percentage survivability of the algae Chlorella pyrenoidosa (a) and Scenedesmus 
acutus (b), subjected to freezing at —6 to —8°C, determined by means of cultures on 
a mineral medium solidified with agar: 1 — 1 per cent sucrose solution, 2 — 1 per cent 

glucose solution, 3 — 1 per cent glycerol solution, K — control, medium L5m

(fig. 1) similar results were obtained as in staining with eosin, except 
that a larger number of Scenedesmus acutus cells were found to be alive 
than indicated by staining (Table II). Storage of frozen samples for longer 
than 660 days caused a decrease in the number of cells able to live after 
defrosting. The time necessary for cultures to begin growth lengthened. 
Chlorella began to increase after 18 days and Scenedesmus acutus after 
14 days. Staining with eosin did not show a larger number of stained 
cells, but in agar cultures a decrease in living cells was observed (fig. 1). 
In all defrosted samples the appearance of algae cells differed from nor- 
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mal. Table II gives the results of microscopic observations. From the 
applied preservatives the best results were obtained with the 1 per cent 
glucose solution (fig. 1). Using this presevative the smallest number of 
details distinguishing defrosted from fresh algae were observed.

Attempts of reviving Scenedesmus quadricauda, Hormidium Macci
dum, Stichococcus sp., and Anabaena variabilis (Table IV) were success
ful whatever the preservative applied. Among them the best results 
were obtained for the alga Anabaena variabilis, slightly poorer ones 
for Hormidium flaccidum and Stichococcus sp., and the poorest for Sce
nedesmus quadricauda. The halophylous blue-green algae Spirulina pla
tensis and Oscillatoria sp. subjected to freezing at —6 to — 8°C could 
not be revived.
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Ryc. 2. Procentowa przeżywalność różnych gatunków glonów poddanych mrożeniu w —6 
do —8°C. określona drogą posiewów na podłoża mineralne zestalone agarem: 1 - 
Anabaena variabilis, 2 — Scenedesmus quadricauda. 3 — Stichococcus sp., 4 — Hormi-

dium flaccidum
Fig. 2. Percentage survivability of various species of algae subjected to freezing at —6 
to —8°C, determined by means of cultures on a mineral medium solidified with agar: 
1 — Anabaena variabilis, 2 — Scenedesmus quadricauda. 3 — Stichococcus sp., 4 —

Hormidium flaccidum

Agar cultures of defrosted samples (fig. 2) gave similar results, though 
slightly poorer than those obtained by means of staining with eosin (Ta
ble IV).

Freezing in liquid nitrogen (—196°C)

Preliminary freezing of Chlorella pyrenoidosa and Scenedesmus acu 
tus was performed at — 196°C after pretreatment with preservatives (Ta
ble III, V). Only after the addition of glycerol was a slightly better surv
ivability of the algae observed. Increase of the sucrose and glucose con
centration to 3 and 5 per cent respectively did not cause any increase 
in cell survivability, but raising the glycerol concentration to 10 per cent 
had a positive effect (Table VI). In the microscopic picture of defrosted 
samples (Table VII) as well as in the revival results Scenedesmus acutus 
showed a much greater resistance to freezing processes. After only 4 to 
6 days the resumption of cell division was observed, whereas in Chlo
rella growth increase in cultures began only after 16 to 20 days. Staining 
with eosin showed coloration of 100 per cent of Chlorella cells, whereas 
for Scenedesmus acutus this concerned about 20 per cent. Similar results 
were obtained in cultures on agar substrate (Table VI).

With an increase in glycerol concentration to 10 per cent an increase 
in survivability of the alga Scenedesmus as observed. A further increase 
in concentration, however, brought no improvement (Table VI). These 
relations were not evident for Chlorella..

When freezing other species of algae in liquid nitrogen only 3, 5, 
and 10 per cent glycerol solutions were used as preservatives. Great 
differences in survivability between particular species of algae were 
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observed (Table VIII). Cultures of Anabaena variabilis and Scenedesmus 
quadricauda were the first to begin growth (after 3 weeks) and Spirulina 
platensis the last i.e. only after 6 weeks. The long period of time, when 
no growth of cultures took place, gives evidence of great attenuation of 
the algae. Agar cultures gave similar results as revival in liquid media 
(Table VIII).

An increase in cell survivability proportional to the glycerol concen-
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tration was observed only in Anabaena variabilis and Scenedesmus qua
dricauda. Such a relationship was not observed in the other species.

In none of the investigated algae had a storage time in frozen state 
of 1 to 366 days any influence on the survivability of cells.

Discussion

The obtained results show a great differentiation in the reaction of 
algae to low temperatures. The least susceptible was Scenedesmus acu
tus, which tolerated very well the freezing processes at “6 to —8 and 
— 196°C even without the application of preservative substances. A much 
lower survivability of cells subjected to freezing at these temperatures 
was observed in Anabaena variabilis and Scenedesmus quadricauda. 
Among the other algae — Hormidium flaccidum, Stichococcus sp., Chlo
rella pyrenoidosa, Spirulina platensis, and Oscillatoria sp. — the lowest 
survivability was recorded in the halophilous algae Spirulina platensis 
and Oscillatoria sp. and in the freshwater alga Chlorella pyrenoidosa.

2 Acta Hydrologica 18/4
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For the majority of the investigated algae the best results were obta
ined in freezing at —6 to —8°C when a 1 per cent glucose solution was 
used as a preservative. This method permits freshwater algae to be pre
served for a period or 33 months. Longer storage of algae in this tem
perature causes a decrease in their vitality. It is not, however, suitable 
for preservation of the investigated halophilous species.

Deep freezing in liquid nitrogen (— 196°C) permits storage of the bio
logical material for an almost unlimited period (Meryman 1960 a, 
Ridgeway, Hoddgins 1964, Watanabe 1 959). It therefore also 
gives a better prognosis in maintaining collections of algae than freezing 
at higher temperatures. Though the results of these investigations are in 
agreement with published data (Holm-Hansen 1963, Kubinova 
1966, Watanabe 1959), they indicate a small applicability of the 
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method, since for most of the investigated algae a too low percentage 
survivability was obtained. During deep freezing the best survivability 
conditions were obtained for the alga Scenedesmus acutus with 5 to 10 per 
cent glycerol solutions used as preservative. With an increase in the gly
cerol concentration to 10 per cent an increase in cell survivability was 
observed in Scenedesmus acutus, S. quadricauda, and Anabaena variabi
lis. In other algae, however, such as dependence was not noticed.

The highest percentage survivability in freezing at — 196°C, amount
ing to 50 per cent of cells, was recorded for the alga Scenedesmus acu
tus; survivability of a few cent was obtained for S. quadricauda and Ana
baena variabilis. For other species of algae the highest survivability va
lues reached only a few pro mille.

In the light of the above, the deep freeze method can be advised 
for long term storage of the algae Scenedesmus acutus, S. quadricauda, 
and Anabaena variabilis, using 5 and 10 per cent aqueous solutions of 
glycerol as preservative. For other freshwater algae — Chlorella pyre
noidosa, Hormidium flaccidum, and Stichococcus sp. — the method of 
choice would be freezing at —6 to — 8°C applied, however, for not long
er than 33 months.

STRESZCZENIE

Przeprowadzono badania nad wpływem mrożenia w temperaturach —6 do —8, 
— 196°C na sześć krajowych gatunków glonów słodkowodnych: Chlorella pyrenoidosa, 
Scenedesmus acutus. S. quadricauda, Hormidium llaccidum, Stichococcus sp. i Anabaena 
variabilis z kolekcji własnej Instytutu Zootechniki w Zatorze oraz dwóch halofilnych 
obcego pochodzenia: Oscillatoria sp. i Spirulina platensis. Prowadzono obserwacje nad 
wzrostem glonów poprzednio zamrożonych i zmianami cytologicznymi wynikłymi na 
skutek mrożenia. Określano również procent komórek żywych w rozmrożonym mate
riale, drogą posiewów na podłoża mineralne zestalone agarem, oraz metodą barwienia 
eozyną y.

Największą odpornością na działanie niskich temperatur odznaczały się glony Sce
nedesmus acutus, Anabaena variabilis i Scenedesmus quadricauda. Dla słodkowodnych 
glonów największą procentową przeżywalność komórek uzyskano podczas wymrażania 
w temperaturze —6 do —8°C (ryc. 2, tabele I. II, IV), przy zastosowaniu l% wodnego 
roztworu glukozy jako ośrodka ochronnego (ryc. 1, 2). Halofilne glony nie przeżywały 
zamrożenia w tej temperaturze.

Mrożenie w —6 do —8°C pozwala na konserwowanie glonów słodkowodnych przez 
okres 33 miesięcy. Dłuższe przechowywanie prób powodowało spadek żywotności ko
mórek (ryc. 1).

Mrożeniu w —18 i —72°C poddano tylko dwa gatunki glonów: Chlorella pyre
noidosa i Scenedesmus acutus. Temperatura —18 i —72°C powodowała nieodwracalne 
uszkodzenie komórek testowanych glonów (tabele II, III). Z tego względu zrezygno
wano z mrożenia w tej temperaturze pozostałych gatunków glonów.

Głębokie mrożenie w ciekłym azocie (—196°C) glony, a zwłaszcza Scenedesmus 
acutus, Anabaena variabilis i Scenedesmus quadricauda, znosiły najlepiej przy zasto
sowaniu 5 i 10% wodnych roztworach glicerolu (tabele III, V, VI, VU, VIII). Naj
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większy procent przeżywalności, wynoszący 50% komórek, uzyskano dla glonu Sce
nedesmus acutus (tabela VI). Kilkuprocentową przeżywalność stwierdzono u glonów 
Scenedesmus quadricauda i Anabaena variabilis (tabela VIII). Pozostałe gatunki glonów 
proces głębokiego mrożenia przeżywały co najwyżej w kilku promilach (tabela VI, VIII).
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