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H3y4yenue onTUMAJBHBIX MUKCOTPOQHBIX U IeTepOTPO(HBIX YCI0BHIH 11 HAKOIICHUS
aunmuaoB kyiasTypamu Chlorella vulgaris

E. M. Onuienko, A. 1. JIBopeuxuit

Jnenponemposckuil 20cy0apcmeenublil azpapHo-3KoOHoMuYeckull ynugepcumem, [{nenp, Yxpauna

HUccnenoBanue sdhdexruBHOcTH 1M ypoxkaiiHoctn numuoB Chlorella vulgaris, mpecHoBogHOW o0fHOKIETOUHON
BOZIOpOCTH, IpuHaexaniei knaccy Chlorophyceae, npu AByX3TallHOM KyJIbTHBHPOBAHUH — aBTOTPO(GHOM/MUKCOTPODHOM
C WCMOJB30BAaHMEM JKHAKOM YacTH HABO3a MOJIOYHOTO CKOTa B KayecTBE OCHOBBHI JUIsl Cpelpl KyJIbTHBHPOBAHHS M
TeTepOTPOPHOM C NPUMEHEHHEM JUMETHIICYIb(GOKCHAA Il HHAYMPOBAHUS “TIMIMIHOTO MeTaboIM3Ma” MPEICTaBIICHO B
JAQHHOMU CTaThE.

KomOuHammm nedurmra a3ora, OPraHUYECKOro CyOCTpaTa W MPUMEHEHHs TOKCHKaHTa (IMMETHIICYIB(OKCHIA)
00ecreurBalOT W3MEHEHMs] HanpaBlIeHWs MeTadojM3Ma B CTOPOHY aHaOOJMYECKOro JIMIUIHOTO HakoruieHus. Jlis
Olpe/IeIIeHUs] HAWIIY4IlIed CXeMbl KyJbTHBUPOBAHHMS M WHAYLMPOBAaHMS HAKOIUICHHUS JIMIUJOB JUISI MHKPOBOJOpPOCIEH
HCTIONB30BAaHbl HEBBICOKHE M BBICOKHE MHO3BL. PEeXHMBI aBTOTPOGHH/MHUKCOTPOGHUH U TeTepOTPOGHH C Pa3TUIHBIMH
YCJIOBUSIMH OCBEILICHHs, KOHLIEHTpaIMel BOJOpOCIell M cocraBa Cpelbl sl KyJbTHBUPOBAHHS OOECIICUMBAIIM Pa3HbIC
ypoBur Hakomienusi mrmnoB s Chlorella vulgaris, xoropsie BapsupoBanmu B mpemenax (22,8—61%). Pasmudasbriit
JIMIUHBIA cOCTaB (IPOLICHTHOE COOTHOIICHUE MOJLIPHBIX M HETOJISIPHBIX JIMIUOB), ObLI MOJIyYeH TPU Pa3HbIX pexHUMax
KyJIGTHBHUPOBAHUSI, IPUYEM BBICOKHE JI03bI TOKCHKAHTa CIIOCOOCTBOBAIM HAKOIUICHHUIO TIOJISIPHBIX JIMIH/IOB.

Knrouegvie cnosa: MUKPOBOJOPOCIIN; BO300HOBJIIEMAsT 6I/IOMaCCa; yruin3anusa CTOKOB JKUBOTHOBO/ICTBA; IOJTYUCHUC
JIMIIUJI0B
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BuBYeHHS ONTUMAJBHUX MIKCOTPOPHHUX TAa reTepoTPOPHUX YMOB JJIsi HAKONUYEHHS JiMmiaiB
kyastypamu Chlorella vulgaris

O. M. Onumienko, A. 1. /IBopenskuii
Jninponemposcovkuil 0epicagrull azpapro-eKoHoMiuHul YHisepcumem, [ninpo, Yrpaina

JocmipkeHHs TIpoAyKTHBHOCTI Ta Buxoxy Jimiais Chlorella vulgaris, npicHoBoaHOT 0OMHOKIITHHHOI BOZOPOCTI, 110
HaexuTs 10 kinacy Chlorophyceae, npu mBocTaniitHOMy KyJIbTHBYBaHHI — aBTOTPOGHOMY/MIKCOTPOPHOMY KYJIbTUBYBAHHI 3
KOpOB’SIMMM THOEM, III0 BHKOPHCTOBYBAaBCSI SIK OCHOBAa JUI1 KYJIBTYpaJIbHOIO CEpEe/IOBHINA Ta TeTepOTPOPHOMY
KyJIbTHBYBaHHI 3 3aCTOCYBAaHHSM JMMETWICYIb(OKCHIY JUIS 1HAYKYBaHHS “JIMiAHOTO MeTaboi3My” TIpe/ICTaBiIeH] y JaHii
crarti. KomOiHamii a30THOro roJjiofyBaHHs, HasBHOCTI OpraHIYHOrO CyOCTpaTy Ta 3acTOCYBaHHS TOKCHKAHTY
(mumeTnncynb(okcuay) BUIPoOyBaHi Il CpsIMyBaHHS MeTabo1i3My B aHaOOJIYHy (hasy Il HaKOMWYeHHs JimiaiB. J{s
BU3HAYCHHS HaWKpamol cTpaTerii iHAyKyBaHHSI HaKOIMYEHHS JHITIIIB 11 MiKPOBOJIOPOCTEH OLIHIOBAJIMCS Malli Ta BUCOKI
JTO31 BBEACHHS TOKCHUKAHTY. PeXuMHU aBTOTPOGHOTO Ta TeTepoTpodoro Ky IbTHBYBAaHHS BiIPi3HUINCH YMOBAMH OCBITIICHHS,
CTapTOBOI0 KOHLICHTPAL€l0 BOJOPOCTEH Ta KOMIIO3WILIEIO CEPEeOBHINA U KyJIbTHBYBAaHHS, INO 3a0e3leuyBald
HaxomuueHHst B kiitunamu C. vulgaris va piai 22,861 %. Pi3Hnii mimigHuii ckiax (ToGTO MOJSPHI Ta HEMOILIPHI
JMiAN) HAKOMMYYBAJIHNCh 32 PI3HUX PEXUMIB KyIbTUBYBAHHS Ta KOHIICHTpALill TOKCHKAaHTY. Pe3ympratd IocCTimKeHHS
MOKAa3aJIy, IO BIiACYTHICTh a30Ty HE JO3BOJISE€ MIATPHMYBATH BHCOKY NpPOIYKTUBHICTH KYJIBTYPH 4epe3 HEMOXKIUBICTH
peamizamii KITHHOW (QyHZaMEHTATPHUX (i3i0JOTIYHIX TPOIECiB Ta MOOYIOBH KIITHHHHAX CTPYKTYp. 3aMiCThb IBOTO
0OME>KEeHHsI a30Ty NPU3BOAUTH JI0 HE30AIaHCOBAHOTO 3pPOCTAHHSI, SIKE MOXKHA CIIOCTEPIraTh IMPU MIKPOCKOMIi reTepoTpodhHIUX
KyJIBTYp — KUIBKICTB KJIITHH He 30UIbLIyBaiacs, ToAi siK B 00Cs31 3’ ABISUTHCS AyXKe BEJUKI KIIITUHY 3 BHYTPILIHIMHU KparuisiMy
JimigiB. Pe3ynbTaTé LpbOro NOCTIPKEHHS Y3TOKYIOTBCS 3 pe3ysibTaTaMyl iHIIMX JOCIIJHUKIB, Bapialii Oyiu CTaTHCTHYHO
snauymumu (F 4,25=3,71; p> 0,05), a oTKe, KOHIIEHTpAIliss TOKCHKaHTa BILIMBAJIa HA HAKOMMYCHHS JIMiiB. BinnosimHo,
MIKPOBOJIOPOCTI MPHU a30THOMY TOJIOYBaHHI Ta il JUMETHICYIb(POKCHIY 30UTBIIYIOTE KyJIbTYpalibHy Oiomacy, ane He
LIUTBHICTh KIIITHH, IO CBIYUTH IIPO HAsBHICTH MEPEXOy A0 aHaOOJIYHOI aKTUBHOCTI — BijJ cuHTe3y Outka ta JJHK mo
HAKOTIMYEHHS JimifiB. ['eTepoTpodHi KymbTypH IEMOHCTPYIOTh He30alaHCOBAaHUMA PICT Ta 3allacaHHs JIMITIB y BHTIIAIIL
TpuriinepuniB. OOMEXESHHS Kepena BYTJenio (TIIEepHHY), K BHIAETHCA, IHIYKY€e CHHTE3 HETOJBIPHUX JIITIIB B YMOBaX
MIKCOTpOopHOTO Ta TeTepoTpodHOro pocty. OTpuMaHi pe3ylbTaTH IOKA3alll, BPAaXOBYIOUHM IPOXYKTHBHICTH OioMacH,
TIPOIYKTHUBHICTP JIITI/TIB, 8 TAKOXK BMICT HETOJSIPHUX JIIIIB, VTS BEJIMKOMACIITAOHOTO OTPUMAHHS JIMi/IiB ONTUMAIBHAM €
Mmikcotpodre kynpTuByBanus Chlorella vulgaris 3 nociigytounm rereporpodHIM KyIbTUBYBAaHHS B YMOBaX Ae(ilUTy a30Ty
1 MPUCYTHOCTI BUCOKHX J03 IUMETHICYIb(POKCHITY.

Kntouoei cnosa: MikpoBOIOPOCTI; BITHOBITIOBaHA OioMaca; yTHIII3aMisl CTOKIB TRAPHHHHIITBA; OTPUMAHHS JIITiiB

Introduction The present investigation suggests that lipid rich
algal biomass can be used as feedstock for bio- and
thermo-chemical processes whereas the de-oiled cake
for animal food and valuable bioactive substances
extraction as well as for thermo-chemical conversion
thereby serving the demand of second generation
biofuels, process of production, and also can be

While a number of options have been proposed
including grain based biofuels, cellulosic biofuels, oil
shale's, natural gas to liquids, coal to liquids, etc., all
have limitations on either cost effectiveness, long-term
sustainability issues associated with large-scale

dev_eilobplment |mpac|t|s 0?3 Iand_ar_ld Wat_er resource successfully combined with wastewater treatment and
availability, or overall carbon emissions (Li, Du & Liu,  greenhouse gases sequestr ation itself (Ilman et al.,

2008). 2000).
Terrestrial culture are not so efficient in

capturing solar energy, grow slowly, have low biomass
yield and need fertilizers that generate NOx emission,

Animal husbandry wastes can be good source of
biogenic elements sufficient for growth of microalgae

ducing th h ) b that can be successfully applied for controlled culturing
reducing the greenhouse gasses saving (Ogbonna & 54 thys can be considered as a potential cheap source

Tanaka, 1998). This aspect, together, make unicellular ¢ rients for large scale systems (Praveen et al.,
algae promising feedstock for biodiesel production. In 2016).

fact, when compared with superior plants microalgae
show higher photosynthetic efficiency, higher biomass
productivities and growth rates (Widjaja et al., 2009).
One approach being considered is the use of
algae (Shnyukova & Zolotareva, 2017). Algae’s

biological capabilities in converting natural, renewable operational parameters and potential for lipid

resources into a domestically produce(_j liquid fgel has generation when waste medias are used (Udom et al.,
been well documented, all possible options for biomass 2013).

conversion pathways are depicted on fig. 1.

The dynamics of main biogenic elements uptake
during growth of microalgae should be defined for
each particular type of media based on animal wastes
and each particular culture to obtain required
knowledge for projection of large scale system

Investigation of best combinations of
mixotrophic growth, and subsequent application of
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organic substrate and toxicant dimethylsulfoxide
(DMSO) application to increase lipid output through

the blockage of the protein synthesis was the aim of the
study.

Water

Nutrients
COe
.
{ Animal Feed J—[ Bicethanol J—

Biodiesel

L

Transestherification }—

Bio

Plastics

v

Fig. 1. Existing waste — to —biomass —to feedstock conversion pathways claimed to be promising for industry

Materials and methods

For this study species of microalgae Chlorella
vilgaris was chosen, that claim to be able to generate
lipids in certain conditions and thus promising for
industrial application (Shifrin, 1984).

Chu 13 medium with following composition
(per liter): 14,1 mM NaNOs; 1,38 mM K;HOP,; 1.67
mM MgSQOg; 0.97 mM CaCl,-2H;0; 0.52 mM cytric
acid; 0.0001 mM CoCly; 0.0015 mM Zn,SO.; 0.00064
mM CuSOy; 0.00035 mM Na2MoO4; was used as a
baseline culturing media for biomass generation stage
(Batches 3, 6, 8, 9), (Praveen et al., 2016).

Liquid part of dairy cattle manure was used as
culturing media for algae as well (Batches 1, 2, 4, 5, 7,
10). Media was filtered through 3 micron nitrocellulose
filter to remove colloidal organic particles and diluted
to reduce turbidity (Udom et al., 2013). Diluted media
was sterilized with UV to reduce bacterial activity and
stabilize the media.

Inorganic  nitrogen  and  phosphorous
concentration and chemical oxygen demand for medias
(Udom et al., 2013) were determined with generally
accepted chemical methods recommended for waste
water analysis.

Culturing of Chlorella vulgaris was performed
in specially designed photobioreactor which duplicated
natural solar conditions for culturing chambers — stable
PAR on the illuminated wall of each chamber was
equal to 37,8 moles per square meter per day.

Table 1
Nitrogen, phosphorous and dissolved organics
concentration in medias used for Chlorella vulgaris
culturing

Concentration in ..
- Concentration in
liquid phase of

Element dairy cattle n?g d(i::“(t:rrwign/?)
manure (mg/l)
N (in form of NO3) 40 246.4
N (in form of NO,) 23 not present
N (in form of NH.) 37 0.42
P (in form of PO,) 13 70.5
COD 6465 not present

High-pressure sodium vapor lamp for open and
close luminaries “Planstar-T” Osram with nominal
wattage 250 W was used as a light source.

Five chambers were inoculated with different
amount of algae culture (in two chambers culturing
was performed on B3 media and in three chambers
liquid phase of dairy cattle manure based media was
used) in two repeats. For each chamber start volume
was 700 ml.

Culturing was performed as fed — batch-a
portion of culturing media was added every three
hours. Such method provided more stable conditions
for culturing as our previous studies showed. Added
portions volumes were counted from projected growth
rate data obtained during cell per-culture to support

Science and Technology Bulletin of SRC for Biosafety and Environmental Control of AIC, 2017, 5 (3)
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stable cell concentration of cells in chambers during
growth.

Temperature of media was maintained on
average 22° C, pH was controlled to maintain stable
concentration  of inorganic carbon in the culture
medium — once pH raised CO, vent was opened to
keep pH in diapason 6,7-6,9 which was in compliance
with concentration 12-25 mg/I of COs.

The volumetric output of the biomass (in
millions of cells produced per milliliter of volume per
hour) and add of biomass, a measures of culture
productivity were controlled during culturing.

Cell  counting was performed  with
hemacytometer. Three countings were performed for
each sample and average meaning was determined
after. Dry cell mass was determined as total suspended
solids, samples with volume 5-20 ml were filtered
through microbial cellulose filters (3 micron pore size).

Duplicate samples were collected at 12-h

intervals, and dry biomass concentration, cell
concentration, pH, temperature was determined.

From biomass generation
(authotrophic/mixotrophic)  stage  biomass  was

harvested in the middle of exponential growth and
transferred to heterotrophic stage to induce lipid
accumulation in algae cells, culturing was performed
without light in 3 L glass vessels within three days.
Glycerin was used as carbon source for biomass during
heterotrophic stage, inorganic phosphorous was added
to maintain same level as for autotrophic/mixotrophic
stage. To inhibit nitrogen metabolism of cells
dimethylsulphoxide was added, which proved to be
toxic for biomass (inhibition of photosynthesis and
nitrogen metabolism). After heterotrophic stage
biomass was harvested and dewatered. During
dewatering volume of biomass suspension was reduced
10-20 times and drying till constant weight was
performed after. Dried biomass with was immediately
grinded for extraction process.

Lipid analysis consisted of extraction and
gravimetric lipid quantitation. To this aim from 1 gr of
the dried biomass sample lipids were continuously
extracted (by sohxlet) with 100 mL 2/1/1 (v/v)
dichloromethane/gasoline/methanol solution.

The resulting solution was evaporated and total
lipids were determined gravimetrically (Widjaja et al.,
2009).

At the end of the extraction process, which
typically lasted 15 -17 hours, the flask containing the
solvent and lipid is removed, the solvent is evaporated
and the mass of lipid remaining is measured (Miipid).
The percentage of lipid in the initial sample (Msampic)
was calculated:

% Lipid = 100 x (Miipig/Msampie)

The lipids dried sample was then resuspendend

in 30 mL hexane with 0.1 ml of distilled water added

(to induce swallow of polar lipids), carefully shaken
and settled for 24 hours. The supernatant solution was
withdrawn and the solid residue treated other two times
in the same manner (llman et al., 2000). All the
withdrawn hexane solutions were mixed, evaporated
and dried under vacuum and the remaining substance
was weighed as nonpolar lipids. The solid residue after
centrifugation was dried under vacuum and weighed as
polar lipids.

Results and discussion

This preparatory evidence pointed out the need
of light as signal for cellular duplication and the
synergic effect of respiration and photosynthesis,
developed during mixotrophic growth. In the adopted
experimental conditions in mixotrophic regimen 1
gram of Chlorella vulgaris biomass produced 1,2-1,8
million cells/h, of 6-8 % of dry weight. Although
nitrogen and phosphorous rates and nitrogen to
phosphorous ratio were lower for dairy cattle waste
based media, macroelements coming from manure
could had higher biological availability than synthetic
salts.

Growth rate determined in this study is an
integrated value thus equal value of growth rate for
Chlorella vulgaris with cattle manure based media also
could be results of more stable nitrogen and
phosphorus concentrations in the media provided by
chelating effect of dissolved organic matter contained
in cattle manure (fig. 2, 3).

All the four nutrient limiting conditions
performed in mixotrophy were analyzed for cellular
growth and biomass and lipid productivity. As shown
in Table 2 the highest dosage of glycerol and toxicant
provided the highest algal lipid proliferation (Widjaja,
Chien u Ju 2009). On the contrary, simple nitrogen
deprivation was also inducing lipid generation but
overall lipid productivity was significantly lower. The
combined nitrogen starvation, carbon substrate and
toxicant (dimethylsulfoxide) resulted in the more than
41-61 % lipid yield.

The biomass productivity shows how the
complete deprivation of nitrogen or phosphorus do not
support  high productivity, reasonably for the
impossibility to develop a variety of fundamental
physiological processes and cellular structures. The
double limitation instead give the highest productivity,
showing an unbalanced growth, which could be
observed during microscopy — cells number was not
increasing while very big cells with lipid droplets
inside were appearing in the volume. The results of this
study may agree more with the findings of other group
that significance of change was slight but variations
were statistically significant (F 4,25 = 3,71; p > 0,05),
which means concentration of toxicant did affected
lipid accumulation.
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Fig. 2. Chlorella vulgaris autotrophic/mixotrophic growth
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Fig. 3. Chlorella vulgaris autotrophic/mixotrophic growth
Table 2
Heterotrophic growth conditions and lipid yield from Chlorella vulgaris cultures
< Growth  Biomass Lipid Autotrophic/ Heterotrophic Concentration of carbon substrate and
£ rateof weight (for content Mixotrophic stage  stage duration  toxicant in heterotrophic stage culturing
@ culture extraction) (g) % substrate (days) medium
1 0,03 3.082 46 Dairy manure 1 Glycerin: 12 g/L; Dimethylsulfoxide: 12 g/L
2 002 4.63 47 Dairy cattle manure 1 Glycerin: 12 g/L; Dimethylsulfoxide: 12 g/L
3 0,017 2.53 41 B3 1 Glycerin: 12 g/L; Dimethylsulfoxide: 12 g/L
4 001 1.2 37 Dairy cattle manure 1 Glycerin: 4 g/L; Dimethylsulfoxide: 0,1 g/L
5 0,02 1.9 41.3  Dairy cattle manure 1 Glycerin: 4 g/L; Dimethylsulfoxide: 0,1 g/L
6 0,02 1.18 22.8 B3 2 Glycerin: 4 g/L; Dimethylsulfoxide: 0,1 g/L
7 0,008 2.77 46.9 Dairy cattle manure 2 Glycerin: 12 g/L; Dimethylsulfoxide: 12 g/L
8 0,016 2.73 30.4 B3 2 Glycerin: 4 g/L; Dimethylsulfoxide: 0,1 g/L
9 0,033 2.19 41 B3 2 Glycerin: 12 g/L; Dimethylsulfoxide: 12 g/L
10 0,027 1.72 61 Dairy cattle manure 3 Glycerin: 12 g/L; Dimethylsulfoxide: 12 g/L
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Table 3
Lipids characterization for different culturing conditions
A Glycerin: 12 g/L; Glycerin: 4 g/L; Gl: 4 g/L; DSMO: Glycerin; 12 g/L; A — Autotrophy
DSMO: 12g/L  DSMO0: 0,1 g/L 0,1g/L DSMO: 12 g/L H - Heterotrophy
T, % 41 22,8 30,4 41 T - Total lipids;
P, % 30,7 6,6 20,1 29,9 P — Polar lipids;
N, % 10,3 14,2 10,3 11,1 N- Nonpolar lipids.
H Glycerin: 12 g/L; Glycerin: 12 g/L; Glycerin: 4 g/L; Glycerin: 4 g/L; Glycerin: 12 g/L; Glycerin: 12 g/L;
DSMO: 12g/L  DSMO:12g/L DSMO:0,1¢g/L DSMO:0,1g/L DSMO:12g/L DSMO: 12 g/L
T, % 46 47,3 37,2 41,3 46,9 61
P, % 36,1 13,8 13,5 16,6 35,3 36,9
N, % 10,9 33,5 24,7 24,7 11,6 24,1

That means microalgae were accumulating
substrates that increase the culture biomass but not the
cells density, evidencing the possibility to switch the
anabolic activity from the protein and DNA synthesis
to the lipid accumulation.

The nitrogen deprivation, or limitation in
mixotrophic ~ growth  conditions,  causes an
accumulation of polar lipids not suitable for biodiesel
production. The same application of the toxicant
dimethylsulfoxide during heterotrophic growth causes
a more balanced distribution of lipids. In mixotrophic
conditions, in fact, the cultures show lower cellular
density with cells of little size, due to lower
concentration of biogens elements thus volumetric
output is lower, but higher growth rate. Heterotrophic
cultures instead show a not balanced growth and are
formed by a few big cells, in which the lipids are
stocked as triglycerides.

Conclusions

Dairy cattle manure, as study demonstrated, can
be used as a source of nutrients for biomass generation
in microalgae lipid production chain. Main biogens
from dairy wastes are more biologically available than
synthetic salts.

The carbon source (glycerol) limitation, appear
to induce the synthesis of nonpolar lipids in both
mixotrophic and heterotrophic growth conditions.

The obtained results clearly show, considering
both biomass and lipid productivity and lipid nonpolar
content that, for larger scale lipid production from
Chlorella vulgaris cultures the best option appears to
be mixotrophic nitrogen limited growth conditions
with application of dimethylsulfoxide.
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