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3 ypaxyBaHHSIM IOXMBHOCTI Ta SIKOCT1 YepB’S4HOI OloMacH, OJepKaHo] IMiJl Yyac YTHIIi3allil opraHid-
HUX BiJIXO/IB CUTBCHKOT'OCIIOIAPCHKOT0 BUPOOHUIITBA 13 BUKOPUCTAHHIM MPUPOTHUX IIEOJITIB, TIepCIe-
KTHBHUM HaNpPsSMOM JIOCIiPKEHb € BUBUCHHS €(DEeKTHBHOCTI 3TrOI0BYBaHHS ii y parfioHax MTHIL.
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HNuHoBanyu B perieHHH NpodjeM YTHIH3ALUM OPraHUYECKHX 0TX040B MeTO0M BepPMHKYJIbTHBHPOBAHUS

B.H. Xapuumus, A.H. Meabanuenko, IL.LHU. Bepen, M.B. 310uyeBckuii

PaccMoTpeHbl TpoOIeMbl YTHIIM3AIUU OPTaHMYECKAX OTXOJIOB CEIBCKOXO3SIMCTBEHHOTO MPOU3BOJICTBA TPAAUIOHHBIMU
MyTSAMH, & TAaKXKE MPOAHATH3UPOBAHO dPPEKTHBHOCTh BHEPCHHS OMOTEXHOIOTUU BEPMHUKYIBTUBHPOBAHUS C IETBIO PCIICHHS
MPAaKTUYECKUX 3a/1a4 )KHBOTHOBOJICTBA M IMPOOJIEM, CBSI3aHHBIX C 3arpsA3HCHHUEM OKpYyXkaromied cpeabl. OOHapyxeHa 1 000CHO-
BaHa MpsiMasi IPOTOPIMOHATIbHAS 3aBUCHMOCTh MEXKITy COJICPKHMBIM METaJNIOB-TOKCHKAHTHB B OPraHUYECKUX OTXOAaX U OHO-
Macce BepMHUKYIbTYphI. [IpeanoxkeHpl HHHOBALMH [IPU YTHIM3ALUH OPTaHUYECKUX OTXOJI0B METOIOM BEPMHUKYJIbTHBHUPOBAHHUS,
KOTODBIE MO3BOJISIIOT YMEHBIIUTh HHTEHCUBHOCTh MUTPALIMH TSKEIIBIX METAJUIOB M3 OPraHUYECKUX OTXOJO0B B OMOMaccy Kpac-
HOTO Kanu(popHUHCKOTro rudpua.
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ACCUMULATION OF BIOMASS SPIRULINA PLATENSIS, ENRICHED
WITH COBALT, UNDER DIFFERENT TECHNOLOGICAL PARAMETERS

BrumB iHTEHCHBHOCTI OCBITJICHHS Ha HAapOIyBaHHS 0ioMacH CHIpyJTiHM Ta HakomnmudeHHs y Hii KoGanbTy mpoBoxwmm 3a
MBUIICHIX KOHICHTpANilf FOTO METaly y HOKMBHOMY CEpPEIOBHIII (1032 IepeBHIIyBajIa IOKa3HUKH KOHTpomo y 120 pa-
3iB). BcTaHOBIICHO, 110 ONITHMAIBHIMH CBITIOBUMH PEKHMaMU, SIKi JAaIOTh 3MOTY MakCUMAaIbHO HAPOCTUTH OioMacy CHipyTiHU
36araueny KobanabTom € Taki: 3 mepiuoi 10 Tpetsoi 1o6u — 1300 mroke; 3 uerBepToi f0 moctoi 1o6u — 2400 JoKC; BIPOIOBK
cpoMoi Ta BocbMo1 1001 — 3900 mroke; Ha AeB’ ATy Ta AecATy 100y KynbTHUBYBaHHA KyabTypu — 4800 mrokc. 3a TOBIIMHY MOXKU-
BHOro cepenouia 10-15 cM i 3a HasIBHOCTI y HbOMY HigBHIIeHHX 103 KoOaibTy iHTeHCHBHICTH HapoLlyBaHHs OioMacu cripy-
JIHY € HalBUILOIO.
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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 assimila-
tion 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, nutri-
ent 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 Spir-
ulina 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).

Table 1 — Study of the influence of light intensity on increasing biomass of Spirulina by high doses of cobalt

Doba Iluminance, 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 %.
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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 illumi-
nance 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.
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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 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 de-
crease 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 in-
creased 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 increas-
ing 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 capaci-
ty for cell culture nutrient medium layer thickness of 25 cm and the largest — with a thickness of 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 contrib-
ute 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 thick-
ness 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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HapammuBanue 6uomaccsl Spirulina platensis odoramennoii Ko6ainbToM npu pasinyHbIX TeXHOJIOTHYECKHX Mapa-
MeTpax

I'.B. Mep3i0Ba

BrnusiHue MHTEHCUBHOCTH OCBCIICHMA HAa Hapall¥BaHUE OnomMaccsel CIIMPYJIMHBI U HAKOIJICHUA B neit KobansTa IIPOBOANIN
IPU HOBBIIICHHBIX KOHIEHTPALMAX 3TOr0 MeTajla B MUTATEeIbHOM cpene (103a IpeBbliana nokasarend KoHTpoist B 120 pa3).
yCTaHOBHeHO, 4YTO ONTUMAJIIbHBIMHU CBETOBBIMU PEKMMAMU, KOTOPHIC IMO3BOJIAIOT MaKCUMaJIbHO HApaCTUTh 6nomaccy CIIipy-
TMHBL, oborameHHyo KobanbToM, SBISIOTCS: ¢ MEPBBIX 10 TpeThu cyTKH — 1300 JIFOKC, ¢ 4eTBEPTHIX M0 IecThie CyTKu — 2400

72



TexHOAOTI BUPOOHHUIITBA 1 TepepoOKH IpOAykLil TBapuaHMIITBa, 2013. Bumyck 10 (105)

JIIOKC; B TEYEHHUE CEMU U BOCbMHU CyTOK — 3900 J1toKc, Ha AEBATHIC U JECATHIC CYTKH KyJIbTUBUPOBaHUA KyIbTyphl — 4800 srokc.
[Ipu tommuuHe nurarenpHoOi cpenbl 10-15 ¢M U pu HaNWYMU B HEH TOBBIIICHHBIX 103 KoOanbTa HHTEHCHBHOCTh HapallnBa-
HUsI OMOMACCHI CIIMPYJIHHB! HAMBEICIIAsL.

KinoueBble ci10Ba: a3oTHOKUCIBINH KobanbT, OMomacca, mUTaTeIbHAas Cpesia, CBETOBON PEXUM, CIIMPYIIMHA.
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JAAHAMHAKA COCTABA YIJIEBOJAOB 1 KHCJIOTHOCTH
I'nIPOJIN30BAHHOI'O MOJIOKA IIPU PA3JIMYHOU CTEIIEHA
Ir'maPOJIN3A JAKTO3bI

Hexotopsie norpeduteny He MOTYT YIOTPEOISTH MOJIOYHBIE TPOILYKTHI, YTO CBSI3aHO C HEAOCTAaTOYHBIM KOJIMYECTBOM (e-
PMEHTa JaKTa3bl B ITHIIEBAPUTEILHOM TPaKTe 4esoBeka. Kpome TOro, BHICOKOE COZEpIKaHHE YIIEBOLOB OOYCIOBIMBAET HE
TOJIBKO U3MEHEHHE KOHCUCTECHIIUH IIPY XPAHEHUH CI'YLIEHHBIX KOHCEPBOB C CaxapoM, HO U OTPaHUYMBACT YNOTPEOICHHE ITHX
HPOAYKTOB JIOABMHU, HUMEIOLIUMH OINPEIe]ICHHbIE AUeTHYeCKHUe MOTpeOHOCTH. OAHUM U3 TIEPCIICKTHBHBIX MyTEil peleHus 3ToH
po0IIEMBI SIBIACTCS PACIICIUICHHE JIAKTO3bI C IOMOLIBI0 (PepMEHTA B-ranaKkTo3u1as35l.

B nmanHo#t paboTe onpeneneH KOINIECTBEHHBIH COCTaB YIieBOJOB M ITOKa3aTeleil THTPUPYEeMOH W aKTHBHON KHCIIOTHOC-
Tl THAPOJIN30BAaHHOTO MOJIOKA IIPH Pa3IMIHOM CTEIEHH TUAPOIIH3a JIAKTO36L.

KnroueBble ci10Ba: MOJIOKO THIPOJIM30BAHHOE, JIAKTO3a, TJIIOKO3a, TalakTo3a, THTPyeMas U aKTUBHA KHUCIOTHOCTH, BEI-
cok0d(h(eKTHBHAs KHUAKOCTHAS XpoMaTorpadus, CTENeHb T'MAPOJIM3a JIAKTO3bl, [-rajakro3uaasa, (EepMEHTHBI Ipemapat
GODO-YNL2, KpuocKOnu4ecKuii MEeTO.

IocranoBka npodaembl. CoaepkaHiue JTaKTO3bl B MOJIOKE KOJIEOIeTcsl He3HaYUTENFHO M COCTABILSIET B
cpemraeM 4,5-5,1 %. HecMOTpst Ha BaYKHOCTB JIAKTO3HI [ 1, 2], BCTpedaroTcs ciydan, KoTria ¢ HaJTiare B Ipo-
JyKTaxX IMUTAHUS HEXENATeIbHO. JTO CBA3aHO C HEIOCTATOUHBIM KOJIMYECTBOM WM OTCYTCTBHEM (pepMEHTa
[-rajakTo3uasbl B MUILEBAPUTEILHOM TPAKTE YEIOBEKa, YTO OrPaHMYMBACT MOTPEOICHUE MOJIOKA U, Clie-
JIOBATEIBHO, TIOCTYTUICHUE B OPTaHU3M OMOJIOTMYECKH IIEHHBIX ITUTATEIHBIX BEIIECTB.

B HaTypanbHOM BHJIE JIAKTO3a YEJIOBEYECKUM OPTaHU3MOM He ycBauBaeTcs.. OIHUM U3 IEPCIEKTUB-
HBIX IyTeW peuIeHus] J7aHHOH MpoOIeMBI ABJSETCS TONMHOE WM YaCTUYHOE PACIICIUICHUE JIAKTO3HI C T10-
MoIIbI0 epMeHTa [-ralakTo3uaa3sl Ha MOHOCaxapa IIIOKO3y U TrajakTosy. [lpu cHmkeHunu copepka-
HUSL JIAKTO3bl U3MEHSETCSI XUMHUECKUM COCTaB MOJIOKA, yJIydIIalTCs OpraHONENTUYECKUE TOKa3aTelH,
OHO Jy4llle yCBauBaeTCs U MepeBapUBacTCs OPraHU3MOM 4elloBeka [3, 4].

AHaJIN3 NOCJEeHUX HUCCACAOBAHUN W MyOnuKanui. AHaIu3 JIUTEpaTypHBIX UCTOYHHUKOB I0O3BO-
JSIET CAeNaTh BBIBOJ, UTO Oiaromaps pacIieluieHHIO JaKTO3bl B MOJIOKE C TIOMOIIBIO B-TalaKkTO3UAa3Hl,
HOSIBUTCSI BO3MOKHOCTb pa3padoTaTh HOBbIE TEXHOJOI'MU NPOLYKTOB Ul JIOJEH, MHTOJIEPAHTHBIX K
JIakTose [5-6].

Lesas ucciegoBannii — BO3MOKHOCTh MPOMBIIIJIEHHOT'O MCIOJB30BaHUS (EPMEHTHOTO TMpernapara
GODO-YNL?2 mis npoBeneHust GepMEHTaTUBHOTO THIPOJIHM3a JIAKTO3bI ITPH IPOM3BOJICTBE CIYIIICHHBIX
MOJIOYHBIX KOHCEPBOB C CaXapoM.

3amadeil vccnenoBaHUd OBUIO ONpeAeiIeHNE KOJIMYECTBEHHOTO YIJIEBOAHOTO COCTAaBa M aHAJIN3 U3-
MEHEHHUS TUTPYEMOM U aKTUBHOM KMCJIOTHOCTEN MPHU Pa3IMyHON CTEIIEHH TMIpOJin3a JaKTO3bl MOJIOKA.

Marepuan u MeToauKa uccjaeaoBaHmii. /s mpoBeaeHUs SKCIIEPUMEHTAIBHBIX UCCIIEIOBAaHU UCIIO-
JI30BAJIM MTACTEPU30BaHHOE MOJIOKO, OXJaXJIEHHOE 10 TemnepaTypsl 43—-45 °C, ¢ MaccoBoi foneil npena-
para 0,03 % oT Macchl CBIphsI; 10 TemrrepaTypbl 4—6 °C, ¢ maccoBoit noseii mpenapata 0,02 % ot MacChI ChI-
pest; 1o Temmeparypsl 4—-6 °C, ¢ MaccoBoii nonei mpemnapata 0,01 % ot Macchl cbipbs. DepMeHTaTUBHBIN
THJIPOITH3 TIPOBOIMIM 107 AeficTreM mperapara GODO-YNL2 axtusrocTsio 5000 HJIE/em®. Tupomnuso-
BaHHOE MOJIOKO HallpaBJsUIM HAa WHAKTHBauWIo (hepmeHTa npH Temneparype 75-80 °C [8, 9].

OrmpenenieHne MacCcOBOM JOJIM JIAKTO3BI, TNIFOKO3BI M TATAKTO3bI MMPOBOAMIN XPOMATOTPpahUIECKUM
METOAOM C HCIIONb30BaHUEM BBICOKOd((ekTuBHOrO kmuaxoctHoro xpomatorpada SCL-6A dupmse
«Shimadzu» (SImonus) [7]. CTenenb ruapoIN3a JIAKTO3bI ONPENEISIIN KPUOCKOTUIECKUM METOJIOM, H3-
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