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ACCUMULATION OF BIOMASS SPIRULINA PLATENSIS, ENRICHED
WITH COBALT, UNDER DIFFERENT TECHNOLOGICAL PARAMETERS

BrumB iHTEHCHBHOCTI OCBITJICHHS Ha HAapOIIyBaHHSA 0ioMacH CHIpYJTiHHM Ta HakoNmu4YeHHs y Hilf KobamsTy mpoBogwin 3a
MiABUIIEHNX KOHIEHTpalili BOT0 METady y MOXXMBHOMY CEpeIOBHUINI (032 MEpEeBHIIyBajla MOKAa3HUKH KOHTpomo y 120
pasiB). BcraHOBIEHO, IO ONTHMAJBPHHMHU CBITIIOBUMH pPEXKHMaMH, fKi JAIOTh 3MOTY MaKCHMaJbHO HApOCTHTH Oiomacy
cripyniau 36araueny Kobansrom € Taki: 3 mepmoi go Tpetboi 1oou — 1300 mrokc; 3 geTBepToi 10 mocTtoi 1o6u — 2400 mrokc;
BIIPOJIOBXK ChOMOI Ta BocbMOi 100U — 3900 mokc; Ha AeB’ATy Ta AecATy A00y KyIbTHBYBaHHS KynbTypu — 4800 mroke. 3a
TOBIIVHH NOXXUBHOTO cepenoBumma 10—15 cM i 3a HasIBHOCTI y HhOMY IiABUIIEHUX 103 KoOanbTy iIHTEHCHBHICTE HAPOIIYBaHHS
GilomacH CIipyJIiHHU € HalBUIIOIO.

KorouoBi cioBa: azorHokucnmii KobansT, 6ioMaca, HOXXMBHE CepeIOBUIIE, CBITIOBUI PeXXUM, CIIpyITiHa.

Statement of the problem, analysis of recent research and publications. Widespread use of algae
in various fields of human activity has necessitated the development of highly efficient technologies for
industrial algae biomass production and biosynthesis of biologically valuable substances. There are a lot
of photo-bio-reactor constructions for intensive cultivation of microalgae, which use natural and
artificial sources of light energy. Artificial light sources have a number of advantages over natural. They
can create a much larger area of radiation than sunlight. The most important indicator is the ability to
control lighting conditions, so you can control the intensity of the microalgae culture growth. As a
result, it is possible to influence the biochemical composition (quality) of biomass and get high rate of
biosynthesis of the substances that make up its structure [2, 7, 8].

The combination of cultivation parameters (medium duct velocity, biomass density, illuminance,
temperature, cultivators design, etc.) determines productivity of cultures, speed and selective
assimilation of nutrients, values of their optimal and limiting concentrations and also direction of
structural and energetic processes in cells [3, 4].

Industrial technology of Spirulina biomass accumulation is oriented at autotrophic type of nutrition,
thus culture is grown on mineral medium [1, 6].

The liquid, which is used for the production of spirulina is a solution of mineral salts in the water. It
must supply spirulina with all the chemical elements of, the nutrient medium pH should be between 8
and 11 [1, 5].

Aim of work — to establish the optimal technological parameters of cultivation (illuminance,
nutrient medium thickness), which provide maximum biomass accumulation of Spirulina platensis with
high concentrations of cobalt.

Materials and research methods. In our studies we used pure culture of trihoma cyanobacterium
Spirulina platensis (Gom.) Geitl. strain LGU-603, deposited in the Culture Collection of the Botanical
Institute of the Leningrad University.

Biomass of cyanobacteria were cultured on modified Zarruka nutrient medium in closed conditions
by using fluorescent lamps of 40 watts each. The period of study was 10 days. During cultivation
Spirulina platensis culture medium was continuously stirred using a compressor with barbotage tubes.

Spirulina was cultivated in glass rectangle containers with culture medium thickness: 10, 15 and 25 cm.

Optical density of culture medium with the culture of unicellular algae were determined during the
experiment with the aid of FEC-56M.

Results and discussion. Effect of illuminance intensity on the growth of spirulina biomass and
accumulation of cobalt was carried out by high concentrations of this metal in the nutrient medium (dose
greater than control values in 120 times) (table 1).
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Table 1 — Study of the influence of light intensity on increasing biomass of Spirulina by high doses of cobalt

Doba Illuminance, lux Optical density
1100 0,56
1-3 1200 0,58
1300 0,61
2000 0,99
4-6 2200 1,04
2400 1,08
3300 1,34
7-8 3600 1,38
3900 1,40
4000 1,53
9-10 4400 1,58
4800 1,62

During the first three days of cultivation a positive impact was found of higher illuminance intensity
on algae biomass increase. Thus, the highest optical density of the culture medium for cell culture was
1300 lux illuminance. The figure was higher than 1100 lux illuminance and 1200 lux, respectively by
8,9 and 5,1 %.

From the fourth to the sixth day illuminance intensity was kept at 2000-2400 lux. With 2400 lux of
accumulaing Spirulina platensis cells were greatest, as proved by increasing absorbance by 9,0 and
3,8 % compared to variants where the cultivation of spirulina was conducted with 2000 and 2200 lux.

On the seventh and eighth days of growing spirulina under high cobalt concentration in the nutrient
medium the cells growth trend did not change, yet with increasing illuminance intensity biomass of
algae increased. The smallest gains were in the culture with 3300 lux illuminance. In 3900 lux
illuminance intensity the optical density values were higher than in 3300 and 3600 lux, respectively, by
4,5 and 1,5%.

Increasing illuminance intensity had a positive impact on increasing the number of cells in spirulina
nutrient medium by 9-10 day of cultivation. Under 4800 lux illuminance Spirulina platensis biomass
increase was most intense. This figure was higher relative to the variants where illuminance of 4000 and
4400 lux was used, respectively, by 5,9 and 2,5 %.

Thus, the optimal light conditions that allow to build biomass of cobalt-enriched spirulina from the
first to the tenth day are: 1300, 2400, 3900 and 4800 lux.

Light access to Spirulina cells may be regulated by the illuminance intensity and thickness of the
nutrient medium in which the algae is cultivated. And in the first variant to obtain Spirulina platensis
biomass the energy consumption increases.

Effect of high cobalt doses on the cell division of spirulina in the nutrient medium of different
thickness are shown in fig. 1. After the first day of spirulina cultivation on nutrient media with different
layer thickness and increased levels of cobalt were found significant differences in increasing culture
cells.

On the second day, it was found that the optical density of the culture medium with the thickness of
25 cm was the lowest, the rate was lower than the versions used where the thickness of 10 and 15 cm,
respectively, 16,7 and 14,3%. The highest growth of cells relative to the first day of cultivation were
found for nutrient medium thickness of 10 cm , the figure rose to 38,4 %.
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Figure 1. Effect of high cobalt doses on accumulating spirulina
under conditions of varying the nutrient medium thickness.

During the third day the number of cells increased in relation to the second day, respectively, by
63,8, 65,7 and 63,3 % (nutrient medium thickness 10 cm, 15 and 25 cm). The relative spirulina mass
increase were maximal under conditions with Spirulina culture medium in thickness of 10 and 15 cm.

On the fourth day light intensity was 2400 lux. Under these conditions, the optical density of the
culture medium of cells in culture (thickness 10 cm and 15 c¢cm) increased relative to the third day of
cultivation, respectively, by 15,2 and 13,7 %. During the cultivation of spirulina in nutrient medium with
thicker layer of 25 cm, the weight gain of Spirulina platensis was minimal, as proved by reduction in
absorbance relative to conditions where the thickness of the medium was 10 and 15 cm, respectively, by
16,2 and 13,6%.

At the end of the fifth day, the cell culture increasing tendency preserved — with the thickness
decrease of the nutrient medium, the weight of spirulina intensely increased. With respect to the initial
amount (first day) optical density of culture medium for the layer thickness of 10 cm, 15 cm and 25
increased by 3.0 times, 2,8 and 2,5 respectively.

We noted the maximal increase of optical density in the nutrient medium with a layer thickness of
10 cm (sixth day of cultivation). This figure was higher, relative to conditions where the thickness of
the culture medium was 15 and 25 cm by 2,1 and 17,3 %, respectively.

On the seventh day light intensity was increased to the value of 3300 lux. During this period, the
lowest intensity increasing cell spirulina noted in the variant where the culture medium had the greatest
thickness. The optical density in nutrient media (layer thickness of 10 cm, 15 cm and 25 ) in this period
increased relative to the sixth day of cultivation at 26,3 %, 27,9 and 14,8 %, respectively. Trend of the
impact of high doses of cobalt and thickness nutrient medium, which is cultivated spirulina on
increasing cell culture on the eighth day was similar to the results obtained during the seven days of
cultivation.

On the ninth day light intensity was increased to 4000 lux. During this period, noted the least
capacity for cell culture nutrient medium layer thickness of 25 cm and the largest — with a thickness of
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10 cm for the nine days of Spirulina biomass increased relative to the initial amount (first day) at 6,3 and
4,9 times, respectively.

Therefore, to maximize the capacity of Spirulina cells in nutrient medium with high concentration of
cobalt content the thickness of the latter shall be kept at 10-15 cm.

Conclusions and recommendations for further research. 1. Optimal light conditions that
contribute to accumulating of Spirulina platensis biomass at high doses of cobalt in the nutrient medium
are as follows: from the first to the third day — 1300 lux, from the fourth to the sixth day — 2400 lux,
during the seventh and eighth days — 3900 lux, in the nineth and tenth day of culture cultivation — 4800
lux.

2. The cultivation of Spirulina platensis on nutrient medium with a high content of cobalt and
thickness of 10-15 cm makes it possible to increase cells biomass enriched with this metal.

Promising area of research is to establish the cultivation process parameters of spirulina enriched
with zinc.
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HapammuBanune 6Guomaccer Spirulina platensis o6oramennoii KofaibToM npu pasjiHM4YHBIX TEXHOJOTHYECKHUX
napamerpax

I'.B. Mep3noBa

BiinsiHHe HHTEHCHBHOCTH OCBEILCHHS Ha HapallMBaHHEe OMOMACCHI CIIMPYIIMHBI M HAKOIUICHHs B Hell KoGanbTa mpoBoanIIn
[PH MOBBINICHHBIX KOHIICHTPALMSX 9TOT0 METallla B MMUTATENIbHON Ccpejie (103a MpeBbiiala MokasaTend KoHTposs B 120 pas).
VCTaHOBJIEHO, YTO ONTHMAJbHBIMH CBETOBBIMH DPEKHMaMH, KOTOPbIC IIO3BOJSIOT MaKCHMalbHO HApacTHTh OHOMacCy
CHHUPYJIMHBI, o0orameHHyo KobanbTom, SBIAIOTCS: ¢ MEPBBIX M0 TpeThbH cyTKU — 1300 JoKe, ¢ YeTBEPTHIX MO MIECThIE CYTKU —

2400 mroKC; B TeUYEHHE CEMU U BOChME CYTOK — 3900 JIFOKC, Ha JEBATHIC M JIECIAThIC CYTKH KyJIbTUBHPOBaHUS KyabTypsl — 4800
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mokc. [Ipu tommunae muratenbHO cpensl 10—-15 cM W npu HaaWYMKM B HEW MOBBIMICHHBIX 1103 KoOanbra MHTEHCHBHOCTH
HapalluBaHUsA OMOMacChl CIMPYIMHBI HAUBBICIIIAS.

KiroueBsle ciioBa: azotHokucblid Kobanbt, OnoMacca, muTatesibHas Cpeaa, CBETOBOM PEKHUM, CITUPYJIHHA.

Huaoiiuna 24.10.2013.
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