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Oé6o3nauenst ooaacmu npumenenus ouomaccol muposooopocieii Chlorella sorokiniana ¢
HapoOHOM Xo3alicmee (KOpMogGble U 0U0102UYEeCKU AKMUHble 000a8Ku u 0p.). Ykazano, umo
mepmuiecKkas u Xumuueckas Moouukayus omxo006 pacmumenabHo20 Cblpbsa Mo)icenm obecne-
yueamsy noayuyeHue 6viCOKOIPGhexkmugnvix mamepuanog 0asa eoooouucmku. Cxemamuuecku
npeocmasnienvl 0CHOBHbIE IMANbL HE30MXO0OHOI MEXHOI02UU NEPEPADOMKU  YKAZAHHBIX MUKPO-
8000poceil ¢ gploesIeHUueM U3 HUX YEHHbBIX TURUO08 U NOJIyYeHUeM COPOYUOHHBIX MAMepuanos.
Onpeoenen HCUPHOKUCIOMHBLE COCMAG AURUOHOU (paxkyuu (77 mM2/2), NOAYUEHHOU MEmOOoM
Cokcnema u3 auo@uau3uposannoi duomaccol MuKkpogooopocaeil. Boiasneno, umo ona exnioua-
em 83,7% nenpedenvnoix (6 ocnosnom Ciga, Cig:z, Cig:3) HCUPHBIX KUCIOM, A NPEOCTbHbLE HCUP-
Hble Kuciomul npeumyuiecmeenno npeocmasnenvt paoom Cis — Co. B kauecmee naubonee yen-
HbBIX OUONO2UYECKU AKMUGHBIX COCOUHEHUIl 6 CcOCmage AUOPUAUIUPOCAHHOI duomaccyl, Heoo-
X0OUMBIX 0714 NONHOUEHHOU JHCUZHEOeAMEeNbHOCMU Yel08eKd, OOHAPYIHCeHa O-TUHO01eH08as
kucaoma (Omeza-3, 28,3%). Ilpoeedennutiit MUKpoCmMpyKmypHblili AHAAU3 OCMAMOUHON duomac-
Cbl 6bIABUIL €€ NOPUCMYI0 NOBEPXHOCHIL U 6O3MONCHOCHL KOHUEHIMPUPOBAHUA HA Hell MOSEKYl
paznuunbix adcopdbamos u3 pacmeopos. Ilpu uzyuenuu copoyuoOHHBIX CEOICME OCHAMOYHOU
buomaccel ¢ ucCnonb3oeanuem noxazameeil HAYAIbLHOU U KOHEUHOU KOHUEHMpAauuu oueHuIu
ppexmuenocms ouucmru modenvuvix 600 om uonos Fe** (47,5%), umo yxasvieaem na neoo-
X00UMOCmb MOOUPUUUPOBAHUA COPOYUOHHBIX COIICHE OUOMACChl. YCmAaHo6NeHo, YUMo cme-
HeHb OYUCMKU COYHBIX 600, éKatouaouwux coeounenusn xcenesa (111), moscem ovime 3nauu-
menwvno (¢ 1,8 pasz) ysenuuena nymem popmuposanus u3 0CHAmMoOYHOU OUOMACCHL ZPAHYAUDPO-
B6AHHBIX MAMEPUATIO8 C OONOJIHUMENbHBIM 88€0C€HUEM 6 COCHIA8 KOMRO3UUUU XUMO3AHA, 8bl-
nonuAlOwezo Qynkyuu ceazyruieii u Moouduyupyoueil 006aséKku npu cOOMHOUIEHUU OCHOG-
HbIX KOMRnOHeHmoe 6 cmecu 4:1.

Kiouesnie ciaoBa: mukpoogopociu Chlorella sorokiniana, mumumpl, >KUpHO- KHUCIOTHBINA COCTaB,
Owmera-3, cCOpOCHTBI, OYNCTKA CTOYHBIX BOT
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In the present article we introduce application areas of Chlorella sorokiniana microalgae
biomass for national economy (feed and biologically active additives, etc). Here it is shown that
thermal and chemical modification of plant material waste might result in obtaining of highly-
efficient materials for water purification. Major stages of waste-free technology of microalga pro-
cessing with further extraction of valuable lipids and obtaining of sorption materials are schemat-
ically shown. We have determined fatty-acid content of lipid fraction (77 mg/g), obtained by
Soxhlet method from lyophilized microalga biomass. It was revealed, that it includes 83.7% of un-
saturated fatty acids (generally, Cis:1, Cis:2, Cis:3), Whereas saturated fatty acids are mostly pre-
sented by Cis — Cx family. In lyophilized biomass we discovered e-linolenoic acid (Omega-3,
28.3%), which is one of the most valuable biologically active compounds, required for full-value
human life and activities. Microstructure analysis of residual biomass of C. sorokiniana microal-
gae has shown pore surface, formed by destroyed cells. In the course of studying the sorption
properties of residual biomass with the use of initial and final concentration parameters, the effi-
ciency of purification of model water from Fe** ions (47.5%) was evaluated, which indicates the
need to modify the sorption properties of biomass. It has been established that the degree of
wastewater purification containing iron (I11) compounds can be significantly increased (by 1.8
times) by forming from the residual biomass granular materials with additional introduction of
chitosan in the composition, which using as a binder and a modifying additive (mass ratio 4:1).

Key words: microalgae Chlorella sorokiniana, lipids, fatty-acid content, Omega-3, sorbents,
wastewater purification

J1s uUTHPOBAaHUS:
[Nonuraea H.A., Aramaniok 1.B., Cmarckas 10.A., Kysnenosa T.A., Amupa Tymu, Pasrosopos I1.b. K Bomnpocy 6e30T1-
XOJHOM TEXHOJIOTUH HCIIOJb30BaHus Gromaccel mukposopopocieit Chlorella sorokiniana mis mosydeHus JIMIHIOB U
copOeHTOB. /138. 6y308. Xumus u xum. mexuonozusi. 2018. T. 61. Bem. 12. C. 137-143

For citation:
Politaeva N.A., Atamanyuk 1.V., Smyatskaya Yu.A., Kuznetsova T.A., Amira Toumi, Razgovorov P.B. Waste-free tech-
nology of Chlorella sorokiniana microalgae biomass usage for lipids and sorbents production. Izv. Vyssh. Uchebn. Zaved.
Khim. Khim. Tekhnol. 2018. V. 61. N 12. P. 137-143

taste. Also sorption materials might be used for puri-
fication of vegetable oils from undesirable ingredients

Wastewater purification using sorption mate-  [1, 2]. The following substances are widely used as
rials is a highly-effective way for removal of various  sorption materials: activated carbons, silicagels, nu-
chemical and biological contaminants from water, at  merous compounds of aluminium and silicon oxides,
the same time leading to improvement its smell and  etc. Besides this, usage of modified waste of plant

INTRODUCTION
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material for solving of the above-mentioned tasks is
environmentally sound issue and makes economic
sense. In particular, now there is widespread experi-
ence [3-10] of sunflower, wheat and millet threshing
husk inclusion into wastewater after its' thermal and
chemical modification. Besides modification of initial
material, the aforesaid issues can be solved by effi-
cient usage of bonding additives at creation of com-
posite sorption materials [11]. For example, papers
[12-18] present the studies on the possibility of sorp-
tion-active materials production from agriculture
wastes with addition of chitosan. There was revealed
that chitosan inclusion improves sorption capacity for
heavy metal ions for 15-20% [12-18].

In that context technological aspects of mi-
croalga Chlorella (C.) sorokiniana processing for im-
plementation as a feed or biologically-active material
are of great interest [18-20]. In 2017 within the im-
plementation of Federal Targeted Programme for Re-
search and Development in Priority Areas of Devel-
opment of the Russian Scientific and Technological
Complex for 2014-2020, the project «Development
and implementation of innovative biotechnologies for
treatment of microalgae Chlorella sorokiniana and
duckweed Lemna minor» (Agreement N 14.587.21.0038
of 17 July 2017, the unique project identifier is
FMEFI58717X0038) was supported. Implementation
of the project provides the possibility to join the tech-
nologies of obtaining the valuable components from
plant material and sorption materials for wastewater
purification.

At this the general resolution concerning de-
velopment of innovative biotechnology of microalgae
C. Sorokiniana processing, requires consequent solu-
tions of a number of technological tasks, namely the
following:

— Selection of biomass cultivation conditions
[19,20];

— Selection of appropriate methods for extrac-
tion of valuable phytocomponents (lipids, pigments,
carotinoids, pectine substances);

— Usage of residual biomass for obtaining
sorption materials for efficient water purification;

— Usage of spent materials as a substrate for
fermentation of organic waste, separation of the ob-
tained biogas into methane and carbon dioxide;

— Usage of methane for household needs, and
carbon dioxide for intensification of microalgae culti-
vation process.

The aim of this work was to obtain lipids
from dry biomass of Chlorella sorokiniana microal-
gae, as well as investigation of sorption properties of
this biomass towards Fe (111) compounds, which are
presented in effluents.
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EXPERIMENTAL PART

Microalgae C. sorokiniana was grown in nat-
ural conditions of Saint Petersburg in summer. Fur-
ther we have obtained lipid fraction (77.3 mg/g), by
Soxhlet method from lyophilized microalga biomass.
Chromatographic analysis of this fraction was carried
out using gas chromatograph Agilent 7820A.

After extraction of lipid fraction we obtain
spent material, which is known as residual biomass.
Microstructure of the obtained biomass was studied
using Scanning Electron Microscope Zeiss Leo 1530.
In order to investigate the sorption properties of the
obtained biomass, it was added in the amount of 20 g/l
to the model solutions containing iron (l11) ions of
50 mg/l concentration. The mixture was held in static
conditions for 20 min. Further, the model solutions
were filtered and the residual content of iron ions was
analyzed using spectrophotometric technique PND F
14.1:2.4.50-96.

RESULTS AND DISCUSSION

The conducted chromatographic analysis al-
lowed us to estimate fatty-acid content in the lipid
fraction of the biomass (Fig.1), obtained from C. So-
rokiniana microalgae.

~ Diagram area |
8 7
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Puc. 1. CocraB nunuaHoi dpakunu Guomaccel C. sorokiniana:
1 — Cag:0 (mamemuTuHOBas); 2 — Cago(creapuHoBas); 3 — Ca0:0
(apaxunoBas); 4 — Ci6:1 (manemMuTONIEMHOBasK); 5 — Cie:2 (HaTbMU-
Tormuuonesast); 6 — Cig:1 (onensoBast); 7 — Cig:1 (amanaunoBast) 8 — Cis:2
(muHOneBast); 9 — Cis3 (y —miHONeHOBast); 10 — Cis3 (0 —
JIMHOJICHOBAs )

Fig. 1. Lipid fraction content of C. sorokiniana biomass: 1 — Cie:0
(palmitic); 2 — Ciso (stearic); 3 — C2o:0 (arachidic); 4 — Cie:1
(palmitoleic); 5 — Cis:2 (palmitolinoleic); 6 — Cis:1 (oleic); 7 — Cis1
(elaidic); 8 — Cis:2 (linoleic); 9 — Cis:3 (y-linolenic); 10 — Cis:3 (a-
linolenic)

It was found that lipid fraction is predomi-
nantly made up of unsaturated fatty acids (Cis:1, Cisz2,
Cis:3), whereas the amount of saturated acids having
16-20 carbon atoms in the chain is 16.3%.
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Among unsaturated fatty acids we discovered
a-linolenic acid in the amount of 28.3% (Fig. 2) of
lipid fraction mass, which is related to polyunsatured
family (Omega-3). Omega-3 acid is one of 8 basic
elements for human health, youth and beauty. It regu-
lates fat metabolism and life cycle of the positive bac-
teria, which inhabit the human guts. Also it improves
human vision, reduces inflammatory processes in
joints, improves brain functions, serves for immune
stimulation, helps at skin disease, eczema, allergy and
Alzheimer disease treatments. It should be noted, that
Omega-3 acid isn't produced in human body and en-
ters it solely together with food of special composi-
tion (oily fish, vegetable oils). In this context the issue
concerning technology of Omega-3 obtaining from C.
sorokiniana microalgae is reasonable both from eco-
nomic and comprehensive points of view.

Mag= 300X gnal Feb
WD = 5.1 mm Output To = Displey/File  Fi Neine =D 1

Puc. 2. MUKpOCTpYKTYpa HOBEPXHOCTH OCTaTOuHO# Gromacch! C.
sorokiniana mocre BbIICICHIS JIMITHIOB: a — yBesrdeHne 300;
6 — yBermmuenue 500
Fig. 2. Surface microstructure of residual biomass of C. sorokiniana
after lipid extraction: a— magnification is 300; 6 — magnification is 500
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After lipid extraction from biomass we obtain
spent material (so-called "residual biomass™). Accord-
ing to the literature data [18], the initial microalga
biomass, along with lipids and pigments, contains
cellulose (23.5%) and hemicellulose, as well as
starch, chitin- and pectin-like substances, which gov-
ern its sorption properties.

Microstructure analysis of residual biomass of
C. sorokiniana microalgae (Fig. 2 a,b) has shown
pore surface, formed by destroyed cells (Fig. 2a).

Magnification x500 allowed us to fragmen-
tarily clearly see pore surace of the cell membrane
(Fig. 2b). Investigation of sorption properties of re-
sidual biomass using initial (Co) and final (Cfin) bi-
omass concentrations, showed that the efficiency of
model wastewater purification from Fe* ions was
47.5% (Table).

Table
Efficiency of wastewater purification from Fe3* com-
pounds using obtained granulated sorbents
Taonuya. IPPekTUBHOCTH OUMCTKHU CTOYHBIX BOJ OT
coequnennii Fe®* ¢ mcnosib30Bannem nosiy4eHHbIX rpa-
HYJHPOBAHHBIX COpﬁeHTOB

Sorbent Initial Fe3* cation| Concentration
... |concentration, C,, | after purification, | E, %
composition
mg/I Ciin, mg/I

Residual 50 26.25 475

biomass

Residual

biomass + 50 6.57 86.9
chitosan (1:4)

P, "-ﬁ‘b] Shade

ALOE RESTSTON

"ooieseEL

STOZAN
SOROKINIA

_— >

a b C d
Puc. 3. Marepuasnsl, noixydaeMble Ha OCHOBE MUKPOBOI0POCIIEH
C. sorokiniana: a — nmounmnsoBanHas Gruomacca; 6 — SKCTPaKT
JIMIIU OB, B — OCTaTOYHAasA 6HOMacca; T — I'paHyJMpPOBaHHBIC COP-
OEHTHI U3 OCTATOYHOM OMOMACCHI M XUTO3aHa
Fig. 3. Materials obtained from microalgae C. sorokiniana: a— lyophi-
lized biomass; 6 — lipid extract; B — residual biomass; r — granulated
sorbents made from residual biomass and chitosan
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Such relatively low value denotes the necessi-
ty of biomass sorption properties modification. For
this purpose we prepared granules from residual bio-
mass and chitosan (mass ratio 1:4) according to the
technique described in [12, 13]. Granules external
view is presented in Fig. 3.

Drastic increase of effluent purification effi-
ciency from Fe (111) ions using composite granulated
sorbent can be described taking into account chemo-

sorption properties of chitosan, namely the presence
of active NH»- and OH-groups in its molecular struc-
ture [12, 13]. Fig. 3 presents external view of materi-
als obtained from C. sorokiniana microalgae biomass.
A schematic diagram for usage of such biomass, pre-
sented in Fig. 4 provided the basis for energy- and
resource-saving technology of material processing
and obtaining of valuable components (lipids and
sorbents).

Impact on raw material )
(IR, UV, daylight) DFL Regeneration of
extracting
F 3
Y i v
Cultivat Biomass etract Valuable
ultivator - . xtraction
¥ drying ’ components
CHy Cco, L 4
\ / Residual
biogas biomass
h 4
o ) Spent sorbents < Sorpnfm Effluent
Air-tight materials
Organic waste Purified water

Puc. 4. [IpuHIMIHATBHAS] CXeMa TEXHOJIOTHYECKOM mepepaboTkn MUKpoBoaopocieii C. sorokiniana u ncrmons3oBanus cyxoi GHoMaccsl
Fig. 4. Basic scheme of technological processing of microalgae C. sorokiniana and dry biomass usage

The uniqueness of the proposed waste-free
technology is of biomass circuiting [19, 20]. This tech-
nology is waste-free, as the residual biomass acts as
secondary material for sorbent obtaining. At this,
even shallow analysis of the scheme from Fig. 4, re-
veals its specific features: In order to obtain favorable
conditions for microalga Chlorella sorokiniana culti-
vation, the raw material is treated by infrared or ultra-
violet radiation, and the process if performed at day-
light. It should be noted that investigation of various
physical impacts on Chlorella microalgae is the sub-
ject of a separate investigation and isn't considered in
details here. However, we expect that the impact of
such treatment with a high probability will be driven
by initial response of cells to heat (or other factors). At
this, as was mentioned above, the obtained biomass pos-
sesses moderate sorption properties (E = 47.5%). How-
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ever, the additional usage of chitosan in the scheme
for granulated sorbent formation at mass ratio of the
major components (4:1), allows one to solve the prob-
lem. Also it provides increase of efficiency of effluent
purification from Fe** for 1.8 times (E = 86.9%).

CONCLUSIONS

Consequently, gas chromatography technique
was used to estimate fatty-acid content (16.3% of sat-
urated acids, 83.7% of unsaturated acids) of lipid frac-
tion, obtained from lyophilized biomass of C. soro-
kiniana microalgae. In lyophilized biomass we dis-
covered biologically-valuable a-linolenic acid in the
amount of 28.3% of total lipid fraction mass, which
belongs to family of polyunsaturated fatty acids
(Omega-3).
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