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Biogas Production Potential of Thermophilic Anaerobic Biodegradation of Organic
Waste by a Microbial Consortium Identified with Metagenomics
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Abstract: Anaerobic digestion (AD) is a widespread biological process treating organic waste
for green energy production. In this study, wheat straw and corn stalks without any harsh
preliminary treatment were collected as a renewable source to be employed in a laboratory-
scale digester to produce biogas/biomethane. Processes parameters of temperature, pH, total
solids, volatile solid, concentration of volatile fatty acids (VFA), and cellulose concentration,
were followed. The volume of biogas produced was measured. The impact of organic loading
was stated, showing that the process at 55 °C tolerated a higher substrate load, up to 45 g/L.
Further substrate increase did not lead to biogas accumulation increase, probably due to
inhibition or mass transfer limitations. After a 12-day anaerobic digestion process, cumulative
volumes of biogas yields were 4.78 L for 1 L of the bioreactor working volume with substrate
loading 30 g/L of wheat straw, 7.39 L for 40 g/L and 8.22 L for 45 g/L. The degree of
biodegradation was calculated to be 68.9%, 74% and 72%, respectively. A fast, effective
process for biogas production was developed from native wheat straw, with the highest quantity
of daily biogas production occurring between day 2 and day 5. Biomethane concentration in the
biogas was 60%. An analysis of bacterial diversity by metagenomics revealed that more than
one third of bacteria belonged to class Clostridia (32.9%), followed by Bacteroidia (21.5%),
Betaproteobacteria (11.2%), Gammaproteobacteria (6.1%), and Alphaproteobacteria (5%).
The most prominent genera among them were Proteiniphilum, Proteiniborus, and
Pseudomonas. Archaeal share was 1.37% of the microflora in the thermophilic bioreactor, as
the genera Methanocorpusculum, Methanobacterium, Methanomassiliicoccus,
Methanoculleus, and Methanosarcina were the most abundant. A knowledge of the microbiome
residing in the anaerobic digester can be further used for the development of more effective
processes in conjunction with the identified consortium.

Pe3ome: AHaepoOHOTO pasrpaxaane (AD) e mmpoko pa3npocTpaHeH OMONIOTHYEH MPOLEC 3a
TpeTUpaHe Ha OpraHUYHHU OTHAIBIM 32 MPOU3BOJCTBO Ha 3ejeHa eHeprus. B ToBa nmpoyuBane
NIIEHUYHA cllaMa U I[apeBUYHU cThONa 6e3 rpyda mpeaBapuTesiHa oopaboTka Osxa chOpaHu
KaTo BB30OHOBSIEM M3TOYHHK, KOWTO Ja ce M3Moi3Ba B JlabopaTopeH OuopeakTop 3a
MPOU3BOJACTBO Ha Ouoras/6nmomeran. IlpocieneHu ca mapameTpuTe Ha Ipoleca KaTo
temneparypa, pH, oOIIO KOJWYEeCTBO TBBPAM BEIIECTBA, JIETIIMBU TBBPJAM BEIECTBA,
KOHIIEHTpAaIlMs Ha JIeTIiBY MacTHU kucenuau (VFA) u koHIIeHTpaIus Ha 1enynosa. 3mepeH
e 00eMbT Ha mpou3BeAeHuss Ouoras. IlocoueHo € BB3AEHCTBHETO HAa OPraHUYHOTO
HaTOBapBaHe, KOETO IMOKa3Ba, ue npouecht npu 55 °C Tonepupa Mo-BUCOKO HATOBApBAaHE Ha
cyoctpata, no 45 g/L. Ilo-HaTaThIIHOTO yBeIMYaBaHE Ha cyOcTpaTa HE JOBEAEC 0
yBeIIM4aBaHEe HA HATPYIIBAHETO Ha OMOTa3, BEPOSTHO MOPAIN WHXHOUpPAHE VI OrpaHHYCHHS
Ha MacoBust Tpancdep. Cren 12-gHEBEH MpoIeC HAa aHAEPOOHO pasrpakaaHe, KyMYJIaTHBHUTE
obemu Ha moOmBuTE Ha Omoras Osixa 4,78 L 3a 1 L ot paGoTtHust 0o6eM Ha OuopeakTopa mpu
HaroBapBaHe Ha cybctparta 30 g/L mmennyna cinama, 7,39 L 3a 40 g/L u 8,22 L 3a 45 g/ L.
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Crenenta Ha OuOpasrpaxkJaHe € HU3YUCIEeHAa CbOTBEeTHO Ha 68,9%, 74% u 72%. bbps,
e(deKTUBEH MpoIleC 3a MPOU3BOJCTBO Ha Omoras Oemie pa3paboOTeH OT HATHBHA IIIIEHUYHA
cllaMa, KaTo Hal-TOJISIMOTO KOJMYECTBO JTHEBHO MPOU3BOACTBO Ha OMOTAa3 ce MoTydyaBa MEXy
nen 2 u geH 5. Konnentpanusra Ha Onomeran B 6uorasa 6emre 60%. Ananu3 Ha 6aKTepHaTHOTO
pazHoOOpa3ue 4Ype3 MEeTarecHOMHKa pa3KpHBa, Y€ IMOBEYEC OT eqHA TpeTa OT OaKTEepHUHTE
npuHagnexxar keMm  kimac  Clostridia  (32,9%), cnemsanu ot Bacteroidia (21,5%),
Betaproteobacteria (11,2%), Gammaproteobacteria (6,1%) u Alphaproteobacteria (5%) . Haii-
BUJIHUTE pojioBe cpen Tsix ca Proteiniphilum, Proteiniborus u Pseudomonas. [lenst Ha apxeute
e 1,37% ot mukpodiopata B TepModriIHUs OHOpeakTop, karo poaosere Methanocorpusculum,
Methanobacterium, Methanomassiliicoccus, Methanoculleus n Methanosarcina ca naii-
pasmpocrpanenu. [lo3HaBaHeTO Ha MUKpOOHMOMa, HAMHpAII C€ B aHACpOOHUS OMOpPEaKTop,
MOXKE€ Jla C€ W3I0JI3Ba JOIBIHUTEIHO 32 Pa3pabOTBaHETO Ha MO-e(DEKTHBHU TPOIECH BHB
BpB3Ka ¢ UACHTUDUIIMPAHHS KOHCOPLIUYM.

Biosurfactant Production by Pseudomonas aeruginosa BN10 Cells Entrapped in Cryogels
Nelly Christova?, Petar Petrov®, and Lyudmila Kabaivanova?,*
Z. Naturforsch. 2013, 68 c, 47 — 52

Abstract: Production of a rhamnolipid biosurfactant by cells of Pseudomonas aeruginosa
strain BN10 immobilized into poly(ethylene oxide) (PEO) and polyacrylamide (PAAm)
cryogels was investigated under semicontinuous shake flask conditions and compared to
biosurfactant secretion by free cells. The biosurfactant synthesis was followed over 9 cycles of
operation of the immobilized system, each cycle comprising 7 days at ambient temperature and
neutral pH. Type and quantity of the carrier were optimized for the rhamnolipid production.
The highest rhamnolipid yield of 4.6 g I"* was obtained in the 6™ cycle for the immobilized
system with 3 g PEO compared to 4.2 g I obtained for the free cells, thus immobilization
provided physiological stability of the cells. Scanning electron microscopy revealed
preservation of the cell shape and regular distribution of the cells under the matrix surface. The
polymer matrices possessed chemical and biological stability and very good physico-
mechanical characteristics which are a prerequisite for a high life span of these materials for
the production of rhamnolipids.

Pe3tome: [Tpon3BOACTBOTO HA PaMHOJUMHUICH OMOCHP(AKTAHT OT KiIeTku Ha Pseudomonas
aeruginosa mam BN10, umobunusupanu B kpuorenoBe ot monu(etuieH okcun) (PEO) u
nonuakpuwiamusl (PAAm), Oeme wuscneaBaHO TpU  YCIOBHS Ha TMOJYHENPEKbCHATO
KYJITUBUpPAHE B KOJIOU M CPAaBHEHO ChC CEKpeLusaTa Ha OMOChpP(aKTaHT OT CBOOOTIHU KIIETKH.
CunTe3bT Ha OMochpdakTanTa Oelle mpocie/ieH B IPOoAbDKEHHE Ha 9 1UKbJIa Ha paboTa Ha
MMOOWIIN3MpaHaTa CUCTEMa, KaTO BCEKH LIMKBJI BKIIIOUBAIE 7 THU MPH CTaiiHa TeMIieparypa u
HeyTpasHO pH. TUIIBT M KOIMYECTBOTO HA HOCUTENS Ca ONTUMHU3UPAHHU 33 IPOU3BOJCTBOTO Ha
pamuosunu. Haii-Bucokust 1061 Ha paMHounu ot 4, 6 g 1! Geme momyuen B 6-us MUKBI
3a uMoOmIM3upanata cuctema ¢ 3 g PEO B cpaBHenue ¢ 4, 2 g 1'%, monyuenu 3a cBoGonuuTe
KJIETKH, KaTo MO TO3M HAYWH HMOOWIM3AIUATa OCUTYpH (PU3MOJIOTHYHA CTAaOMIIHOCT Ha
kieTkute. CkaHUpaliata eJIeKTPOHHA MHUKPOCKONMS pa3KpuBa 3ala3BaHe Ha KJIEThUHATa
dbopmMa W paBHOMEPHO paslpefesieHHe Ha KIETKUTE I0J HMOBBPXHOCTTa Ha MaTpuUIaTa.
[TonmumepHHUTE MAaTPUIIM IPUTEKABAT XUMHUYECKa U OMOJIOTHYHA CTAOMIHOCT U MHOTO 100pU



(bl/I3I/IKO'MCX3HI/I‘lHI/I XapaKTCPUCTHKHU, KOUTO Ca IIPCAIIOCTAaBKa 3a BUCOKATa IMMPOABJIKUTCIIHOCT
Ha CKCIlJIoaTalusd Ha TC3U MAaTCpUaliv 3a IPOU3BOJACTBOTO HA pPaMHOJIUIIUIH.

Enhanced phenol biodegradation by fungal cells immobilized in hybrid sol-gel matrices
Kolishka Tsekova, Lyudmila Kabaivanova, Alexander Hristov, Georgi Chernev
Comptes rendus de I’Acad"emie bulgare des Sciences 2012, 65(7), 939-946

Abstract: Cells of the strain Aspergillus awamori were entrapped in hybrid materials
synthesized by the sol-gel method and their capability to degrade phenol was tested. Phenol
was used as a sole carbon and energy source and its biodegradation was investigated in repeated
batch experiments by free and immobilized cells. Ten cycles of phenol biodegradation were
performed using the immobilized cells system and 2000 mg.I"* phenol was completely
degraded. The hybrid sol-gel matrix containing tetraethylortosilicate (TEOS) as an inorganic
precursor and chitosan as an organic constituent appeared to be a suitable carrier for this
purpose. The performance of the immobilized system reveals the possibility for the
development of an efficient technique for phenol degradation with a cost-effective process,
involving fungal cells entrapped in sol-gel hybrid matrices.

Pesrome: Kiretkn or mmama Aspergillus awamori 6sxa UMOOWIM3MpPaHH B XHOPHIHH
MaTepualid, CUHTE3UPaHU MO 30JI-TeJeH MeToJ M Oellle M3MUTaHa TSAXHATa CIIOCOOHOCT Ja
pasrpaxxaat ¢eHos. GeHOTBT € U3MONI3BaH KaTO €MHCTBEH U3TOYHUK HA BBIVIEPO U EHEPIHs
U HEroBOTO OMOpasrpakJaHe € W3CJe/BAaHO B MHOTOKPATHU MEPUOJUYHU E€KCIEPUMEHTH OT
CBOOOJHHM ¥ MMOOMIIM3UPAHU KJIETKU. bsxa OoChIeCTBEHHU /eceT IUKbJa Ha OuopasrpaxkiaHe
Ha ()eHOJI, KaTo ce U3MO0JI3Ba CUCTEMaTa ¢ MMOOMIM3Mpanu KineTku u 2000 mg.1™? penon Geure
HabJIHO pas3rpajieH. XuOpuHaTa 30J-TeJl MaTpUL, ChIbpXKAlla TETPACTUIOPTOCUIMKAT
(TEOS) karo HeopraHWYeH MPEKypcop M XHUTO3aH KaTo OpraHMYHa ChCTaBKa, CE OKas3a
MOJIXO/SI HOCHTEN 3a Ta3| Iell. EQeKTHBHOCTTa Ha MMOOMIM3UpaHaTa CHCTEMa pa3KpHhBa
BB3MOXHOCTTa 3a pa3paboTBaHe Ha e(eKTHBHa TEXHUKa 3a pasrpaxkjaHe Ha (eHon B
peHTaOuIeH Mnpouec, BKIIOYBAIl I'bOHU KIETKH, MUMOOWIM3HpPAHU B 30JI-T€l XUOPUIHU
MaTpHIIH.

Characterization and potential antitumor effect of a heteropolysaccharide produced by
the red alga Porphyridium sordidum

Biliana Nikolova! Severina Semkova! lana Tsoneva! Georgi Antov! Juliana Ivanova?
Ivanina Vasileva? Proletina Kardaleva® Ivanka Stoineva® Nelly Christova* Lilyana
Nacheva* Lyudmila Kabaivanova**

Eng Life Sci. 2019, 19, 978-985, doi: 10.1002/elsc.201900019

Abstract: Taking into account the rising trend of the incidence of cancers of various organs,
effective therapies are urgently needed to control human malignancies. However, almost all
chemotherapy drugs currently on the market cause serious side effects. Fortunately, several
studies have shown that some non-toxic biological macromolecules, including algal
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polysaccharides, possess anti-cancer activities or can increase the efficacy of conventional
chemotherapy drugs. Polysaccharides are characteristic secondary metabolites of many algae.
The efficacy of polysaccharides on the normal and cancer cells is not well investigated, but our
investigations proved a cell specific effect of a newly isolated extracellular polysaccharide from
the red microalga Porphyridium sordidum. The investigated substance was composed of
xylose:glucose and galactose:manose:rhamnose in a molar ratio of 1:0.52:0.44:0.31. Reversible
electroporation has been exploited to increase the transport through the plasma membrane into
the tested breast cancer tumor cells MCF-7 and MDA-MB231. Application of 75 pg/mL
polysaccharide in combination with 200 V/cm electroporation induced 40% decrease in
viability of MDA-MB231 cells and changes in cell morphology while control cells (MCF10A)
remained with normal morphology and kept vitality.

Pe3tome: Kato ce uma mpenBuj HapacTBalllaTa TEHISHIMS Ha 3a00JieBaéMOCTTa OT pak Ha
pa3IMYHU OpraHH, CIEHIHO ca HeoOXoauMu ehEeKTHBHHU TEpanuu 3a KOHTPOIMpPAHE Ha
YOBEILIKUTE 3JI0KAYECTBEHH 3a00JIsiBaHUA. Bbmopeku TOBa, MOYTH BCHUYKH JIEKapcTBa 3a
XUMHOTEpanus B MOMEHTA Ha Ia3apa MPUYUHIBAT CEPUO3HU CTpaHWYHH edeKTU. 3a 1iacTue,
MpOYyYBaHMS TOKA3BaT, Y€ HIKOM HETOKCHYHU OMOJOTHMYHH MAaKPOMOJEKYIH, BKIIOUUTEITHO
MOJIM3aXapHIU OT BOJOPACIH, TPUTEKABAT MPOTUBOPAKOBH JICHCTBUS WIJIM MOTAT Ja yBEIU4aT
epUKaCHOCTTa Ha KOHBEHIIMOHAIHUTE JIeKapcTBa 3a XuMmuorepamnus. llonmsaxapuaure ca
XapaKTepHU BTOPUYHH META0OJIUTH HAa MHOTO Bojiopaciu. EdukacHocTTa Ha OJIM3axapuauTe
BbPXY HOPMAJIHHUTE W PAKOBHTE KIETKM HE € M00pe MpoydeHa, HO HAIINTE H3CIICABAHUS
J0Ka3axa KIEThYHO crieuduueH eQeKT Ha HOBOM3OJIMPAH W3BBHKJICTHYCH MOJIH3aXapHj OT
4epBeHOTO MHKpoBojopacio Porphyridium sordidum. M3cienBanoTo BEeCTBO € ChCTaBEHO
OT KCHJI032:TJTIOKO3a U TaJlaKTo3a:MaHO03a:paMHO3a B MoJlapHO choTHOMIeHue 1:0.52:0.44:0.31.
OOpatrMa eneKTpoIopalus € U3MOoJ3BaHa 3a yBeJIMYaBaHE Ha TPAHCIIOPTA IMpe3 IIa3MeHara
MeMOpaHa B MPOyYBAaHUTE TYMOPHHU KJETKM Ha pak Ha repaara MCF-7 u MDA-MB 231.
[Ipunaranero Ha 75 pg/mL nmonmzaxapua B xomOuHarus ¢ 200 V/em enekTpornopaiiust
uHayuupa 40% HamansBaHe Ha jku3HecriocoOHocTTa HAa MDA-MB231 kieTku u npoMeHu B
KJIeTbyHaTta Mopdonorus, nokato koHTpoiHute kinetku (MCF10A) ocraBar ¢ HOpmaiaHa
MOpGOJIOTHS U 3ama3BaT )KU3HEHOCTTA CH.

Specific Antitumor Effect of the Combined Action of Algal Heteropolysaccharide and
Electroporation

Lyudmila Kabaivanova'*, Juliana Ivanova?, Viktoria Pehlivanova?, Biliana Nikolova®
Int. J. Bioautomation 2016, 20(3), 407-416

Abstract: Marine organisms are potentially prolific sources of highly bioactive secondary
metabolites that might represent useful leads in the development of new pharmaceutical agents.
In this study the biological effect of the freeze-dried heteropolysaccharide, isolated and purified
from the red microalga Rhodella reticulata strain using electroporation was evaluated. Two
different types of cells - tumor and non-tumor were treated with the heteropolysaccharide alone
or together with the application of electroporation. The effect of the treatment was evaluated in
parallel: with proliferation test for estimating cell viability and with immunofluorescent
cytoskeleton staining to establish changes in morphology. Evidence for cell line specific
viability reduction (70% from the control in case of cancer cell line treatment and only 30% in
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non-tumor cells) in a dose dependent manner was presented. These findings will arouse further
interest in heteropolysaccharide as a new anticancer drug suitable for clinical trials.

Pe3rome: MopckuTe OpraHu3mMu ca MOTEHIHUAIHO IUIOJOTBOPHM HM3TOYHUIM HA CHIIHO
OMOAaKTUBHM BTOPMYHHM METAa0OJIMTH, KOMTO MOTrarT Ja MpPEACTaB/IABAT IIOJIE3HA HACOKA B
pa3paboTBaHETO HA HOBU (papMameBTHYHU MPOAYKTH. B TOBa H3CIEIBaHE € OICHCH
OMOJOTHYHHAT ePEeKT Ha HM30JHMpaH, MPEUMCTEH W JMODUIM3MPAH XETEPOIOIU3axapy] OT
yepBeHo MukpoBogopacio Rhodella reticulata ¢ momorrra Ha enekrpomnopanus. J[Ba pa3anyHu
BHUJIA KJICTKH - TYMOPHH M HETYMOPHH 0s1Xa TPETHPAHH C XETEPOIOIM3aXaph I CAMOCTOSITEITHO
WM 3a€JHO C TPHJIAaraHeTo Ha ejekrporopaius. EQexTsT oT TpeTHpanero Gelie oueHeH
napajeiHo: € TecT 3a mpoiudepamus 3a OIEHKAa Ha KJIEThYHATA JKM3HECITOCOOHOCT M C
UMYHO(DITYOPECIIEHTHO OI[BETSABAHE HA IIMTOCKEJETa 3a YCTAHOBABAHE HA IIPOMEHH B
MopgosorusTa. JIoka3arelicTBO 3a HaMallsiBaHE Ha JKU3HECIOCOOHOCTTa Ha CHenU(pHYHATA
kiaerbuHa JuHus (70% OT KOHTpoJaTa B ciIydail Ha TpeTHpaHEe Ha PaKoBa KJIEThYHA JIUHUS U
camo 30% B HETYMOPHH KJIETKH) 110 HAYKMH, 3aBUCHM OT J03ara. Te3u OTKPUTHS IIe ChOYIAT
JIOIBJIHATENICH HHTEPEC KbM XETEPOIOIN3aXapuaInuTe KaTo HOBO MPOTHBOPAKOBO JIEKAPCTBO,
MOJIXOJIAIIO 33 KIIMHWYHK U3 TBAHMSL.

Hybrid materials parameters influencing the enzyme activity of immobilized cells
L. V. Kabaivanova?l, G. E. Chernev?, P. V. Markov?, I. M. Miranda Salvado*
Bulgarian Chemical Communications 2014, 46(1), 50 — 55

Abstract: Hybrid materials, synthesized by the sol-gel method, were used as matrices for
immobilization of bacterial cells, producers of the enzyme nitrilase. Different methods were
employed for structure investigations of the synthesized hybrids: Fourier transform infrared
spectroscopy (FT-IR), BET and atomic force microscopy (AFM). The influence of the structure
of these materials on their properties was followed. The obtained hybrid materials were
successfully applied for immobilization of live bacterial cells since cell vitality was kept and
enzyme systems preserved their functions in the immobilized systems. The influence of
different parameters during the cell immobilization procedure was evaluated for optimization
of the immobilization process and enhancement of the activity of the studied enzyme. Most
favorable effect on Bacillus sp. cells had the matrix with 5 wt. % sepharose and the enzyme
activity obtained was 0.45 U mI! when the process was carried out at 60°C. Increased specific
surface area of the matrix was another factor that led to enhanced nitrilase activity.

Pe3rome: XuOpuaHu mMarepuany, CHHTE3UPaHH IO 30JI-TEJIeH METOH, Osixa M3ION3BaHH KaTo
MaTpHIU 32 UMOOHIIM3alUsl Ha OaKTepUaTHH KJIETKH, MPOAYLEHTH Ha €H3MMa HHUTpuiIaza. B
CTPYKTYPHHUTE U3CIICIBAHUS HA CHHTE3UPAHUTE XHUOPUIM OsXa U3MOI3BaHU Pa3IUYHI METOJIH:
Wudpauepsena cnexrpockonus (FT-IR), BET-ananu3 u aromuo cuioBa Mmukpockonus (AFM).
[Mpocneneno Oeile BIMSHUETO HA CTPYKTypaTa Ha T€3M MaTepHaIN BbPXY TEXHHTE CBOMCTBA.
[MonydeHuTe XUOPUIHN MaTepUaal OsXa YCIEIIHO MPUIOKEHH 3a MMOOWIIU3AIMs Ha YKUBU
OakTepuaTHU KJIETKH, IPHU KOETO )KU3HEHOCTTA UM Oellle 3ara3eHa u eH3UMHUTE UM CHCTEMH
3amasuxa CBOMTE (YHKIMH B HMOOWIM3UPAHUTE CHCTEMHU. BIIMSHHETO Ha pPa3IMYHHUTE
napameTpu o BpeMe Ha Mpolieypara Ha KMOOWIM3aIus Oelle OIEHEHO 3a ONTHMHU3AIHS Ha
nporeca ¥ yBeIW4YeHHe HAa €H3UMHATa aKTHUBHOCT Ha M3ciieiBaHus eH3uM. Haii-Onmaromnpusren
edekT Bppxy kieTkute Ha mam Bacillus sp. okaza marpumara ¢ 5 wt.% cedaposa u onyuenara
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eH3uMHa aktuBHOCT 6emme 0.45 U ml™, xorato nporecsT ce mposexaa mpu 60°C. YBennueHaTa
crenuduIHa TOBBPXHOCT HA MaTpuiara Oemie omie eauH ¢GakTop, BOJEI] 10 MOBUIICHA
HUTpUJIa3HA AKTUBHOCT.

IIYBJIMKAIIUH ITO IIOKA3ATEJ ,,I'*

Polysaccharides produced by two red algal strains grown in digestate with potential
ability of tumor cell inhibition

J. lvanova?, B. NikolovaP, A. Konstantinidou®, L. Kabaivanova‘*

Oxidation Communications 2021, 44(4), 780-789

Abstract: Research on the biological activities and applications of polysaccharides as active
biocompounds synthesised by marine unicellular algae, which are, in many cases, released to
the surrounding environment — exopolysaccharides, has revealed the possibility of many
applications. We have investigated the growth and development of two red microalgae
Porphyridium cruentum and Rhodella reticulata, where the used medium was decolourised
with active carbon digestate from anaerobic digestion of agricultural waste — wheat straw. The
biomass accumulation for both strains reached a dry weight of 5.2 to 5.5+0.2 mg ml2, starting
from 0.85 mg ml* initial concentration for 6 days. Production of heteropolysaccharides was
estimated to show increased yield of 0.35 mg ml~* on the 6th day of cultivation for the Rhodella
reticulata and 0.28 mg ml for Porphyridium cruentum, compared to 0.25 mg ml of the
control — growth in a standard medium. The two isolated bioactive substances were then tested
using 3-(4, 5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulphophenyl)-2H -
tetrazolium, inner salt — (MTS test), as potential antitumor agents on two cancer cell lines and
a normal one to establish diminishing of cell vitality, mostly when applied to the high metastatic
cell line MDA-MB 231- 47%, when electroporation was applied by the heteropolysaccharide
synthesised by the Porphyridium cruentum, grown in digestate.

Pe3iome: M3crenBannsra Ha OMOTOTUYHATA AKTUBHOCT M MPHJIOKEHHSTA HA TIOJIH3aXapUIATe
KaTo aKTUBHH OMOCHEMHEHUS, CAHTE3UPAHU OT MOPCKH €THOKIJIETHYHH BOJOPACIH, KOUTO B
MHOTO CJIy4au C€ OCBOOOXKIaBaT B OKOJHATa Cpela — eK30MOIH3axapuid, pa3KpHuxa
BB3MOKHOCTTA 32 MHOTO NPHJIOKEHHs. M3cnenBaxme pacTexa 1 pa3BUTHETO HA JBE YEPBEHU
mukpoBogopacau Porphyridium cruentum u Rhodella reticulata, kbrero usnon3sanara cpeaa
Oere 00€31BETEH C AKTUBEH BBIJIEH IUDKECTAT - OCTaThK OT aHAaepoOHO pasrpakiaHe Ha
CEJICKOCTOIIAaHCKU OTHaIbIM — MIIeHWYHa ciama. HaTpynBaneTo Ha 6Momaca 3a JiBaTa mjama
JIOCTHTHA CYXO0 TerIo oT 5. 2 10 5. 5+ 0. 2 mg ml™, 3amousaiiku ot 0. 85 mg ml™ nxpsonauanna
KOHIIEHTpauus 3a 6 1HU. V3uucieHo e, ue Mpou3BOJCTBOTO Ha XETEPONOIM3axapHuau MoKa3Ba
yBenuueH 106us ot 0,35 mg ml™ na 6-us nen ot kynrusupanero 3a Rhodella reticulata u 0.28
mg ml 3a Porphyridium cruentum, B cpasuenue ¢ 0.25 mg ml™ or xoHTponHUS pacTex B
cranfapTHa cpefa. Cien ToBa JIBeTe M30JIMpaHU OMOAKTHBHM BellecTBa 0sXa M3MUTaHU C 3-
(4.5 - mumeruntrason - 2 - nn)-5 - (3-kapbokcumerokcudenun) - 2 - (4-cyndodennn) - 2H -
TeTpa3oauil, BpTpemHa coia — (MTS TtecT) , kKaTo MOTEHIMATHU aHTUTYMOPHHU areHTH BbPXY
JIBE€ PAaKOBM KICTHYHU JMHUM W €IHA HOPMalHa 3a YCTAaHOBSBaHE Ha HaMaJsBaHE Ha
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KJIeThUHATA BUTAJTHOCT, Haii-Be4e KOTaTO Ce MpHUIaraT KbM CHJIHO MeTacTaTHYHATA KJIEThYHA
muans MDA-MB 231 - 47%, korato ce mpuiara eIeKTpOnopanus U XeTepoIoIu3axapH/,
cuHTe3upan ot Porphyridium cruentum , kynTuBHpaH B OTIIAACH JAUHKECTAT.

Bacterial Natural Disaccharide (Trehalose Tetraester): Molecular Modeling and in Vitro
Study of Anticancer Activity on Breast Cancer Cells

Biliana Nikolova'*, Georgi Antov'?, Severina Semkova?, lana Tsoneva?, Nelly ChristovaZ,
Lilyana Nacheva?®, Proletina Kardaleva*, Silvia Angelova®, Ivanka Stoineva?, Juliana
Ivanova?, lvanina Vasileva? and Lyudmila Kabaivanova3*

Polymers 2020, 12, 499; d0i:10.3390/polym12020499

Abstract: Isolation and characterization of new biologically active substances affecting cancer
cells is an important issue of fundamental research in biomedicine. Trehalose lipid was isolated
from Rhodococcus wratislaviensis strain and purified by liquid chromatography. The effect of
trehalose lipid on cell viability and migration, together with colony forming assays, were
performed on two breast cancer (MCF7—Ilow metastatic; MDA-MB231—high metastatic) and
one “normal” (MCF10A) cell lines. Molecular modeling that details the structure of the neutral
and anionic form (more stable at physiological pH) of the tetraester was carried out. The
tentative sizes of the hydrophilic (7.5 A) and hydrophobic (12.5 A) portions of the molecule
were also determined. Thus, the used trehalose lipid is supposed to interact as a single molecule.
The changes in morphology, adhesion, viability, migration, and the possibility of forming
colonies in cancer cell lines induced after treatment with trehalose lipid were found to be dose
and time dependent. Based on the theoretical calculations, a possible mechanism of action and
membrane asymmetry between outer and inner monolayers of the bilayer resulting in endosome
formation were suggested. Initial data suggest a mechanism of antitumor activity of the purified
trehalose lipid and its potential for biomedical application.

Pe3iome: M3onmupaneTro M XapakTepU3WpPaHETO HAa HOBU OHOJIOTMYHO AaKTHBHM BEIIECTBA,
BB3JICHCTBAIIN Ha PAKOBUTE KJIETKH, € BaKEH BBIIPOC Ha (hyHIAMEHTAIHUTE W3CIEABAHUS B
OounomMenuiMHaTa. Tpexalo3HHUT JUIUA € u3oaupan oT mam Rhodococcus wratislaviensis u
MpeunucTeH upe3 TeuHa Xxpomarorpadus. EdexTbr Ha Tpexano3HHUs JHIHI BBPXY
KU3HECMIOCOOHOCTTa WM MUTpallUiTa Ha KIETKUTE, 3aeJHO C aHAIM3M 3a oOpa3yBaHE Ha
KOJIOHUH, OsiXa M3BBPILIECHU BHPXY JBE KIETHhUHU JIMHUU Ha pak Ha repaata (MCF7—cnabo
mertacratuyHa, MDA-MB231—sucoko meracratuuna) u engHa ,HopmanHa” (MCF10A).
W3BBpIIIEHO € MOJNIEKYIISIPHO MOJIEUpaHe, KOETO JeTailiu3nupa CTPYKTypara Ha HeyTpaiHaTa u
aHMoHHa Gopma (rmo-crabuiHa npu gusnonornyno pH) Ha TeTpaectepa. OnpeaensT ce ChIIo
¥ Tpe/IBapUTENHUTE pasMepH Ha xuapodunaute (7.5 A) u xugpodobuure (12.5 A) yactu Ha
Monekynara. [lo To3u HaumH ce mpeanoyiara, 4e W3MOM3BAHUAT TPEXATIO3€H JIUITH
B3aMMOJICIICTBA KaTO €JHAa MOJIeKyJa. YCTaHOBEHO €, 4e MPOMEHHUTEe B MOp(OJIOTHATA,
aJIXe3usTa, JKUZHECTIOCOOHOCTTA, MUTPAIMATA U BE3MOXKHOCTTA 32 00pa3yBaHe Ha KOJIOHUH B
PaKoOBH KJICTHYHH JIMHUH, HHIYIIUPAHU CIIe]] TPETUPAHE C TPEXAIO3CH JIUIHI, Ca 3aBUCUMH OT
703ata U BpeMeTo. Bb3 OCHOBa Ha TEOPETUYHUTE M3YMCIICHUS Oele MpeNioKeH Bb3MOKEH
MEXaHW3bM Ha JCHCTBHEC M aCHMETPHS Ha MeMOpaHaTa MeEXIy BBHIIHHS W BBHTPEUTHHS
MOHOCJION Ha ABYCIIOS, KOETO BOJAM 10 oOpa3yBaHe Ha €HJ030Ma. [IbpBOHAYAHUTE TaHHU



mnmpeamnojaraT MEXaHUu3bM Ha aHTUTYMOPHa aKTHUBHOCT Ha IMPCUYHUCTCHUA TPEXAJT03€H JIUIIUWA U
HCroBHA IIOTCHIMAJI 3a 6I/IOM€I[I/IL[I/IHCKO IIPUIIOKCHHUC.

Simultaneous Biodegradation of Phenol and n-Hexadecane by Cryogel Immobilized
Biosurfactant Producing Strain Rhodococcus wratislawiensis BN38

Alexander E. Hristov?, Helly E. Christoval, Lyudmila V. Kabaivanova?, Lilyana V.
Nacheva?, Ivanka B. Stoineva? and Petar D. Petrov?

Polish Journal of Microbiology 2016, 65(3), 287-293

Abstract: The capability of the biosurfactant-producing strain Rhodococcus wratislawiensis
BN38 to mineralize both aromatic and aliphatic xenobiotics was proved. During
semicontinuous cultivation 11 g/l phenol was completely degraded within 22 cycles by
Rhodococcus free cells. Immobilization in a cryogel matrix was performed for the first time to
enhance the biodegradation at multiple use. A stable simultaneous hydrocarbon biodegradation
was achieved until the total depletion of 20 g/l phenol and 20 g/l n-hexadecane (40 cycles). The
alkanotrophic strain R. wratislawiensis BN38 preferably degraded hexadecane rather than
phenol. SEM revealed well preserved cells entrapped in the heterogeneous super-macroporous
structure of the cryogel which allowed unhindered mass transfer of xenobiotics. The
immobilized strain can be used in real conditions for the treatment of contaminated industrial
waste water.

Pe3rome: J[oka3aHa e CriocoOHOCTTa Ha Mpou3Bexaanms ouockpdakrant mam Rhodococcus
wratislawiensis BN38 na Mmunepanusupa apoMaTHU 1 anudaTau kceHoOounotunu. [To Bpeme Ha
NOJyHENpeKbCHAaTO KynTuBHpane 11 g/l ¢eHonm ce pasrpaxna HambIHO B paMKHTE Ha 22
UKbBIa OT cBoOomHM KieTkn Ha Rhodococcus. 3a mbpBH OBT Oellle  H3BHPILICHO
MMOOWIM3MpaHe B KpHOTETHA MaTpHia, 3a Ja ce Mnoao0pu OuopasrpaxIaHeTo MpH
MHOTOKpaTHa yrnoTpeba. bemie mocTurHato cTaOWiIHO €IHOBPEMEHHO OuoOpasrpakJaHe Ha
BBIJIEBOIOPO/IU 10 MBIHOTO n3ueprnBane Ha 20 g/l penon u 20 g/l n-xexcagekan (40 nukbIa).
Ankanotpoduusar mam R. wratislawiensis BN38 npedepennmanio pasrpaxaa xekcaaekaH
cupsmo genon. SEM paskpuBa 100pe 3ama3eHu KJIETKH, BKIIOUEHU B XETepOreHHaTa cynep-
MaKpomopecTa CTpYKTypa Ha KpHorelia, KOeTo MO3BOJIsIBa Oe3MPEeIATCTBEH MacoB TpaHchep Ha
KceHOOMOoTUIH. IMOOMIM3UPAHUSAT IIIaM MOJKE Ja C€ U3II0JI3BA B PEATHU YCIIOBHS 32 TPETHPAHE
Ha 3aMbPCEHU TIPOMHUIIUICHH OTIIaTHH BOJIH.

New approach for n-hexadecane biodegradation by sol-gel entrapped bacterial cells
Georgi Chernev?!, Nelly Christova?, Lyudmila Kabaivanova?* and Lilyana Nacheva?
Ecol Chem Eng S. 2018, 25(2), 243-253

Abstract: In this study sol-gel hybrid materials in the system SiO»-chitosan (CS) - polyethylene
glycol (PEG), as novel structures with potential application in bioremediation were
investigated. The organic components - CS and PEG were used as structural modifiers for
functionality improvement. The catabolic activity to n-hexadecane of Pseudomonas aeruginosa
BN10 free and immobilized cells was estimated. The cell immobilization technique was
employed to evaluate its efficiency on biodegradation and protective effect from high levels of

8



hydrocarbons. The characteristics of obtained hybrid materials were investigated via X-ray
Diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), Scanning Electron
Microscopy (SEM) and Atomic-force microscopy (AFM) analyses. The obtained results
revealed that the organic part in the synthesized hybrids is important for microstructure and
defined properties creation. The rate of n-hexadecane mineralization by the bacterial strain was
influenced by variation in cell densities applied in the immobilization procedures. Semi-
continuous processes with multiple xenobiotic supplies were carried out. The synthesized by
the sol-gel method hybrid matrices proved to be suitable carriers for realizing an effective
biodegradation process of n-hexadecane by Pseudomonas aeruginosa BN10. Biodegradation
of 50 kg/m3 of n-hexadecane was realized by free cells. Significantly greater quantity (150
kg/m® ) was mineralized for 15 active cycles by entrapped bacterial cells. Biodegradation
process with gradual increase of xenobiotic concentration reaching 30 kg/m? for 120 h was also
accomplished.

Pe3ome: B ToBa mpoyuBaHe Osixa W3CieBaHM 30J-Tell XUOPUAHM MaTepUald B CUCTEMaTa
SiOz-xuto3an (CS) - nomueruien rmkon (PEG), kaTo HOBH CTPYKTYpU C TOTEHI[HATHO
NpujoXKeHne B OmopemenuanusaTa. Kato cTpykTypHH MoAuQHKaTopu 3a MmogoO0psBaHe Ha
(GYHKIMOHATHOCTTAa ca M3MOJ3BaHM opraHnyHuTe KommnoHeHTH - CS m PEG. OmensBa ce
KaTaboJIHaTa aKTHBHOCT CIPSAMO n-xekcazekan Ha Pseudomonas aeruginosa BN10 - ceo6oaau
U UMOOMIM3MpAHU KJIETKU. TeXHuKara Ha KjieThYHa MMOOMiIM3anus Oellle M3IO0JI3BaHa 3a
OIICHKA Ha HeHaTa e()eKTUBHOCT MpU OMOpa3rpaKaaHe U 3alIUTeH €PEeKT OT BUCOKH HUBA Ha
BBIJIEBOAOPOIU. XapaKTEPUCTUKUTE HA MOITYYEHUTE XUOPUIHU MaTepuaiu 0sixa U3ciieIBaHU
ype3 peHtrenoBa nudpakuus (XRD), nHppadepBeHa CHEKTPOCKONHUs ¢ MpeoOpa3yBaHe Ha
®ypue (FTIR), ckanupaia enextponHa Mukpockonus (SEM) 1 aToMHO-CHII0Ba MUKPOCKOTIHS
(AFM). IMony4denute pe3yaTaTH MOKa3Bar, 4e¢ OPraHUIHATA YaCT B CHHTE3UPAHUTE XUOPUIH €
Ba)KHA 3a CH3JaBAaHETO Ha MUKpPOCTPYKTypa M olpejaeneHu cBoiicTBa. CkopocTra Ha
MUHEpalu3alksg Ha N-XeKcaJekaH OT OaKkTepHalHUs IaM € TMOBJHUsSHA OT BapUalMUTE B
IUTBTHOCTTA Ha KJIETKUTE, MPUJIOKEHH B MpOLEAypuTe 3a MoOmiIn3upane. bsxa nposeaenu
MOJyHENPEKbCHATH MPOIIECH ¢ MHOXKECTBO /100aBSIHUS HAa KCeHOOMOTHLIM. CHHTE3UpaHUTE IO
30J1-Te MeTO/1a XMOPHUIHU MaTpHUIIM Ce OKa3zaxa IMOAXOIAIIN HOCUTENHN 3a OChIIECTBIBAHE HA
edeKkTHUBEH Mpollec Ha OropasrpakaaHe Ha n-xekcaaekan ot Pseudomonas aeruginosa BN10.
Buopasrpaxaanero Ha 50 kg/m® n-xekcamekan ce ochbIiecTBSIBA OT CBOOOJHH KIETKH.
3HAUMTENHO MO-TONAMO KomuuecTBo (150 kg/m®) e Munepamusupano 3a 15 akTHBHH IUKBIA OT
UMOOWIN3HUpaHNUTe OakTepraaHu KieTkdu. OChLIeCTBABA ce€ U MpOoLeC Ha OuopasrpaxjaaHe
TIOCTENEHHO TIOBUIIABAHE HA KOHIIEHTPAIUATa Ha KceHobuoTuka 10 30 kg/m® 3a 120 h.

Construction of Inorganic and Hybrid Biosorbents for Heavy Metal lons Removal
Lyudmila Kabaivanova!, Georgi Chernev?, Juliana lvanova®
Int. J. Bioautomation 2015, 19(4), 473-482

Abstract: Hybrid biosorbents, synthesized by the sol-gel method on the basis of
Tetraethylorthosilicate (TEOS) proved to be efficient for the removal of the heavy metal ions
from aqueous solutions. The potential use of immobilized in TEOS algal cells of the red
microalga Porphyridium cruentum and its products — low and high molecular
heteropolysaccharides to remove Cu(ll), Cd(Il) and Ni(ll) ions was evaluated. A laboratory



bioreactor was involved in this process. Sol-gel sorbent with TEOS only was used as a control
system to the hybrid biosorbents. Their structural characterization was performed using
different methods. The maximum adsorption capacities were registered for the biosorbents with
immobilized algal biomass and for the preparations with TEOS and high molecular algal
heteropolysaccharide: for Cu(ll), Cd(Il) and Ni(II), they were 18.771 and 21.715 mg Cd-g ™
adsorbent; 16.662 and 17.545 mg Ni-g ! adsorbent and 40.633 and 34.431 mg Cu-g *
adsorbent, respectively. The adsorption of toxic Cu(ll), Zn(11) and Ni(ll) ions in the four types
of sorbents proved to be effective. High percent of these ions removal was obtained during the
first hours of the adsorption process.

Pe3ome: XuOpuaHute OHOCOPOCHTH, CHUHTE3MpPAHU IO 30JI-Ted METoJ Ha Oaszara Ha
terpaetuinoprocmmkaTr (TEOS), ce okazaxa eeKTUBHU 3a OTCTpaHsBaHE HAa HOHU Ha TEKKH
MeTaJId OT BOJHU pa3TBOpu. bellie olleHeHO MOTEHIIMATHOTO U3MOJI3BaHe Ha UMOOMIN3HUPAHT
B TEOS kieTku OT Bojopacin Ha 4epBEHOTO MHUKpoBogopacio Porphyridium cruentum u
HEroBUTE MPOJIYKTH — HUCKO U BUCOKOMOJIEKYJIHH XETEPOIOJIM3axapy/Iu 3a OTCTpaHsIBaHe Ha
Cu(lI), Cd(I) u Ni(Il) #onu. B To3u mporec ce u3noia3Ba gabopaTopen duopeaxrtop. Karo
CHUCTEMa 3a KOHTPOJI Ha XUOpUAHUTE OMOCOPOEHTH € M3I0JI3BaH 30JI-Tell COPOEHT camo ¢
TEOS. TsxHaTa cTpyKTypHa XapakTEepUCTUKA € U3BBPIICHA C IOMOIITA Ha Pa3jIMuyHU METOIH.
Peructpupanun ca MakCUMalHM aJCOPOLIMOHHM CIIOCOOHOCTH 3a OHOCOpOEHTHUTE C
uMoOmIM3Mpana Omomaca OT Bojopaciu u 3a mnpemnapatute ¢ TEOS u BHCOKOMOJIEKYJIECH
xerepornonmu3axapua ot Bogopaciu: 3a Cu(Il), Cd(IT) u Ni(Il) e ca 18.771 m 21.715 mg Cd-g.
"L ancopbent; 16.662 u 17.545 mg Ni-g * ancopbent u croretHO 40.633 1 34.431 mg Cu-g ™
ancopoent. Ancopoumsra Ha Tokenyan Cu(Il), Zn(II) u Ni(Il) #ionu B yeTupure Buga COpOSHTH
ce oKa3a epeKTHBHA. BHCOK MPOLEHT OT OTCTpPaHSBAHETO HA TE3W WOHM CE TOJydaBa Ipe3
IIBPBUTE YaCOBE OT MpoIieca Ha aicoOpOIIHs.

Biodegradation of crude oil hydrocarbons by a newly isolated biosurfactant producing
strain

Nelly Christova, Lyudmila Kabaivanova*, Lilyana Nacheva, Petar Petrov & lvanka
Stoineva

Biotechnology &  Biotechnological Equipment 2019, 33(2), 863-872,
https://doi.org/10.1080/13102818.2019.1625725

Abstract: New bacterial strain BN66 was isolated by selective enrichment, identified as
Bacillus cereus and proved to degrade crude oil, together with biosurfactant synthesis. Free and
cryogel immobilized Bacillus cereus cells were involved in a crude oil degradation process.
The studied strain degraded 93% of the aliphatic fraction for 48 h. We immobilized cells in two
types of cryogels synthesized from high molar mass polyacrylamide or acrylamide precursors
and explored the degradation capability and possibility for re-use of the preparations.
Reusability tests revealed that the oil degradation ability of immobilized cells was stable after
47 days (28 °C and shaker speed 120 rpm) and the degradation rate of immobilized cells was
maintained at a high level up to the 20" cycle of operation. The matrices obtained from high
molar mass polyacrylamide appeared to be more suitable due to their ability to keep the cells
within the carrier. The cells immobilized in cryogels exhibited more effective degradation for
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22 active cycles at semicontinuous mode of operation compared to only three cycles performed
by free cells.

Pe3tome: Hop Oaktepuasnien mam BN66 Oemie m3onupaH upe3 CElEKTHBHO o0OorarsBaHe,
uaentudunmpan karo Bacillus cereus u nokasa, de pasrpaxia CypoBHs METPOJI, 3aCTHO ChC
cuHTe3a Ha OuochpdakranT. CBOOOIHM U MMOOWIM3MpaHU B Kpuoren kieTku Ha Bacillus
cereus Osxa BKJIIOYEHU B MPOIEC HA pasrpaxiaHe Ha cypoB HedT. M3cnenBaHusaT mam
pasrpaxnaa 93% ot anudarnara Gpakuus 3a 48 yaca. Hue umobunnzupaxme KIeTkH B 1Ba BUA
KpUOTeJIOBe, CUHTE3HPAaHU OT MPEKypCOpU Ha MOJUAKPHIAMUI WIM aKpHJIaMUJ C BUCOKA
MoOJIapHa Maca U MPOy4YHXMe CIIOCOOHOCTTa 3a pa3rpaxk/laHe U BH3MOXKHOCTTA 3a MOBTOpPHA
ynotpeba Ha npenaparute. TecToBeTe 3a MOBTOpPHA ymoTpeda pa3kpuxa, 4ye ClIoCOOHOCTTa 3a
pasrpakaane Ha He)Ta OT UMOOWIIM3UPAHKUTE KJIETKH ocTaBa cien 47 aau (28 °C u ckopocT Ha
paskiamiade 120 rpm), Kato CKOpOCTTa Ha pa3rpaxkIaHe Ha WMOOHMJIM3HPAHUTE KICTKU CE
MOAIBbpPKA Ha BHCOKO HHMBO A0 20-us HHMKBJI Ha padora. Marpuimre, MOTy4yeHH OT
MOJIMAKPUIIAMH]T C BUCOKA MOJIapHa Maca, U3MIIeKIAT MO-TOIXOSAIIN MOpaal ClIocCOOHOCTTa
UM J1a 3abpKaT KJIETKUTE B HocuTens. KineTkute, UMOOUIU3MpaHu B KpUOTEIOBE, MOKAa3BaT
110-e(PeKTUBHO pasrpakiaHe 3a 22 akTUBHU LIMKbJIA IIPU MOJIYHENPEKbCHAT PEKUM Ha paboTa
B CPaBHEHME CaMO C TPU LIUKbJIA, U3BBPILIEHH OT CBOOOIHUTE KIIETKH.

Physiological Responses to Oxidative Stress of Different Chlorella vulgaris Isolates
Dilyana Donevat, Juliana Ivanova?!, Lyudmila Kabaivanova?*
Int. J. Bioautomation, 2019, 23(4), 447-460

Abstract: Oxidizing agents, notably hydrogen peroxide (H202), are increasingly used in a
number of applications. Their manner of action on algae was investigated in this work. Different
concentrations of H.O> and silver ions were applied to the algal cultures to follow the effect of
their action in antarctic and mesophilic isolates of the green alga Chlorella vulgaris. Oxidative
stress-induced physiological responses manifested by changes in the photosynthetic apparatus
and antioxidant enzymes were estimated. The algae from the antarctic region appeared to be
less resistant to oxidative stress than their mesophilic counterparts, concerning growth after
treatment with higher concentrations of the reagent. The increased concentration (0.05%) lead
to raise of activity and isoenzyme number of catalase (CAT) in both C. vulgaris strains. The
isoenzyme activity of peroxidase (POX) decreased and disappeared in the antarctic isolate. At
the same time the highest concentration (0.08%) provoked restoration of POX activity in the
mesophylic one. Decrease in superoxide dismutase (SOD) activity was registered and this effect
was more intensive in the moderate and fast mobile isoenzymes. Isoenzyme profile at 0.08%
reagent concentration for the mesophylic isolate was similar with this at 0.05% for the antarctic
isolate and a fourth isoenzyme appeared.

Pe3ome: Oxucnurenure, mo-crenuanHo opopoanusaT nepokcun (H202), Bce moseue ce
H3M0J3BAT B p€avla MPHUITOXKCHUS. HaumasT uM Ha }IGP’ICTBHG BBpPXY BOJOPACIIUTEC Oerre
u3cneABaH B Ta3u paborta. Paznuuynm koHuentpamuu Ha H202 u cpeObpHU HoHM Osixa
MPUJIOXKEHU KbM KYATYpPHU OT BOJIOPACIIH, 32 Ja C€ Mpociien €peKThT OT TAXHOTO JeiCTBHE B
AHTapKTUYECKH W Me30()WIIHU u307aTh Ha 3eneHoto Bogopacio Chlorella vulgaris. Bsxa
OLIEHEHU NPEIN3BUKAHNUTE OT OKCHJIATUBEH CTpeC (PU3MOJIOIMYHM pEeaKIHH, MPOsBABAIIM CE
4ype3 NPOMEHH BbB (DOTOCMHTETHYHUS arnapar U aHTMOKCUIaHTHUTE eH3UMU. Bonopaciute ot
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AQHTAPKTUYECKUS PEruoH H3IJIeKIAT IO-MajKO YCTOMYMBU HAa OKCHJIATHUBEH CTpeC OT
Me30(HITHUTE TaKUBA, III0 CE OTHACS JI0 pacTexa cjeJl TPETHpPaHe ¢ MO-BUCOKHU KOHIIEHTPAITUH
Ha peareHTa. [loBumenara konnentpamus (0.05%) Boau 10 MOBUIIABaHE HA AKTUBHOCTTA U
u3oeH3uMHus1 Opoii Ha kartanmasara (CAT) m B aara mama C. vulgaris. M3oeH3umHara
akTUBHOCT Ha mnepokcuaaszara (POX) HamansBa u u3ue3Ba B aHTapKTHYEeCKHUs u3onar. B
CBIIOTO BpeMme Hai-Bucokara kouueHTpauus (0.08%) mnpoBokupa BB3CTAHOBSIBAaHE Ha
aktuBHOCTTa Ha POX B Me3opumnnara. PermcrpupaHo e moHMKEHHE HAa aKTUBHOCTTa Ha
cynepokcun aucmyrasara (SOD), kato To3u eeKT € Mmo-uHTCH3UBEH NP yMEPEHO U OBP30
MOJIBUKHUATE M30€H3UMH. M30eH3uMHUAT npodul npu KoHeHTpanus Ha pearenta 0.08% 3a
Me3o¢huIHUS u30iat e cxojeH ¢ To3u npu 0.05% 3a aHTapKTHUYECKUS M30JIaT U CE TOSBIBA
YETBBPTU U30CH3UM.

Temperature and Irradiance Effects on Rhodella reticulata Growth and Biochemical
Characteristics

J. G. Ivanova?, L. V. Kabaivanova®*, and G. D. Petkov?

Russian Journal of Plant Physiology 2015, 62(5), 647-652

Abstract: The red microalga Rhodella reticulata, a potential source of bioactive substances,
was the subject of study of the irradiance and temperature effects on growth rate and
biochemical composition of algal biomass. The optimum temperature for growth decreased
from 28 to 26°C with increasing light intensity from 260 to 520 pE/(m?s). The maximal growth
rate was 0.21/day at 28°C and lower light intensity (260 pE/(m?s)). Variations in these
parameters also affected the fatty acid productivity, and proteins and carbohydrates content. At
34°C and high light intensity the quantity of carbohydrates was 1.16-fold higher than the
quantity at the optimal temperature and low light intensity. Protein content was the highest at
lower temperatures for both light intensities. Fatty acid profile showed the highest percent for
the polyunsaturated eicosapentaenoic acid (EPA) at 28°C and both light intensities (46% from
the whole fatty acid content), an important feature for this strain. This is a prerequisite for use
of EPA as a supplement in food industry.

Pe3stome: UYepeenoto MmukpoBojgopacino Rhodella reticulata, morenumanen wu3ToyHHMK Ha
OMOaKTHBHM BeIIECTBA, € OOEKT Ha M3ClieZIBAHE Ha BB3JCHCTBHETO Ha OOIBYBAHETO HU
TeMIeparypaTa BbpPXY CKOpOCTTa Ha pacTeX M OMOXMMHYHHUS ChCTaB Ha OWomacata OT
Bogopacau. OnTuMaiHara TeMIepaTypa 3a pacTex Hamaisasa oT 28 Ha 26°C ¢ yBenu4aBaHe Ha
MHTEH3UTETa Ha cBeTaMHaTa oT 260 Ha 520 pE/(m?s). MakcMMaHaTa CKOPOCT Ha PacTeX €
0.21/nen nipu 28°C ¥ I0-HUCHK HHTEH3UTET Ha cBeTiuHaTa (260 pE/(m?s)). BapuaruuTe B Te31
napaMeTpH ChILO MOBJIKAXA HA MPOAYKTUBHOCTTa HA MACTHU KUCEIIMHHU U ChIABP)KaHUETO Ha
nporenHu U Beraexuaparu. I[Ipu 34°C u Bucoka MHTEH3UBHOCT Ha CBETJIMHATA KOJIMYECTBOTO
BBIUIEXUApaTH € 1.16 IbTH 0-BUCOKO OT KOJIMYECTBOTO IIPH ONTHUMAJIHA TEMIIEPATypa U HUCKA
MHTEH3UBHOCT Ha cBeT/MHaTa. ChbAbP)KaHMETO Ha MPOTEHH € Hai-BHUCOKO NpPU MO-HUCKU
TEMIIepaTypd W 3a JBaTa MHTEH3UTETa Ha cBeTJuHaTa. [IpopmirbT HA MAacTHU KHUCEIHHH
MOKa3Ba Hal-BUCOK IPOLIEHT 3a MOJIMHEHACUTeHaTa eliko3aneHraeHoBa kucenuHa (EPA) npu
28°C u aBaTa MHTEH3UTETa Ha cBeTIuHA (46% OT LSAI0TO ChAbpKAHIE HA MACTHU KUCEJIUHN),
Ba)XKHA XapaKTepHUCTHKA 3a TO3M IlaM. ToBa € mpeamocTtaBka 3a uinoisBane Ha EPA kato
no0aBKa B XpaHUTEIHO-BKYCOBaTa IPOMHIIIEHOCT.
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Trehalose Lipid Biosurfactant Reduced Cancer Cell Viability but did not Affect the
Isometric Contraction of Rat Mesenteric Arteries in vitro

Boris Kadinov, Biliana Nikolova, lana Tsoneva, Severina Semkova, Lyudmila
Kabaivanova, Daniela Dimitrova

Int. J. Bioautomation 2020, 24(1), 79-86

Abstract: Trehalose lipid biosurfactant from Nocardia farcinica strain is a naturally derived
substance with potent anticancer activity. The increasing interest in naturally derived
substances-based modality of cancer treatment requires investigations of the possible adverse
effects of these substances, including the effects on vasculature. Therefore the present study
was designed to investigate the effect of Trehalose lipid on isometric contraction of isolated rat
mesenteric arteries. The contractile responses of arteries under Trehalose lipid was studied
using wire myography for small blood vessels. The isometric contractions of rat mesenteric
artery rings with intact endothelium were examined. The effect of this biosurfactant was
assessed in arteries precontracted with 42 mM KCI as a vascular smooth muscle depolarizing
stimulus. The results showed that Trehalose lipid (75 uM) failed to change high K+ -induced
contractions. The observed lack of effect of Trehalose lipid biosurfactant on the contractility of
rat mesenteric arteries in vitro together with finding of reduced cancer cells viability makes it
suitable for potential medical application.

Pesome: Tpexanosen iunuaen Owochbpdakrant ot mam Nocardia farcinica e ecrectBeHo
IIOJIyYEHO BEUIECTBO C MOIIHA IPOTMBOPAKOBAa AKTMBHOCT. HapacTBamusaT HMHTEpec KbM
MOJIAJIHOCTTA HA JIeUeHHe Ha pak, Oa3upaHa Ha €CTECTBEHM BEIIEeCTBAa, U3MCKBA M3CIIEABAHUS
Ha BB3MOYKHUTE HEOJIaronpusaTHU €(eKTH Ha Te3M BELECTBA, BKIIOUUTETHO e(PEeKTUTE BbPXY
BacKynarypara. CiemoBaTelHO HACTOSALIOTO M3CIIEBAaHE € INPEJHA3HAYeHO Ja H3CIe[Ba
edekTa Ha TpeXalo3HUs TUMU BbPXY H30METPUYHOTO CBUBAHE HAa H30JIMPAHU ME3EHTEPUATHU
aprepud Ha IMIbX. KOHTPAKTUIHUTE peaklMH Ha apTepUUTE MOJ TPEXaJIO03€H JHUMUA ca
W3CNe/IBAHU C TIOMOINTAa Ha MHorpadus 3a Majakd KpbBOHOCHH chAoBe. M3crneaBaHu ca
M30METPUYHUTE KOHTPAKIIMM HAa NPBCTEHUTE HAa ME3EHTEpPHAIHATa apTepUsi Ha IUIbX C
HEMOKbTHAT eHaoTen. EdexTbT Ha To3M OHOChpdakTaHT Oelle OIEHEH B apTepuH,
npenBaputenHo cBUTH ¢ 42 mM KCl karo aenonspusupall cbJ0B I1aJKOMYCKYJIEH CTUMYIL.
Pesynrarure mokasmaT, ye Tpexano3HuAT gunua (75 uM) He ycnsiBa a NPOMEHH CHIIHO
unayuupanute ot K+ kontpakuuu. HabmronaBanara nunca Ha eekT Ha TPeXaa03HUS JIUIUIEH
O0nochp(haKkTaHT BBPXY KOHTPAKTHIIMTETa HAa ME3CHTEPUATHUTE apTepHH Ha IUIBX In Vitro,
3a€THO C YCTAaHOBSIBAaHE Ha HaMaJleHa >KU3HECIIOCOOHOCT Ha PAKOBHUTE KIETKH, IO IMpaBU
MOIXOJIAI] 3@ MOTEHIMATHO METUIIMHCKO MPUIIOKEHHUE.

Addition of microbial inoculua as a way for compost improvement by enhancing the
activities of hydrolytic enzymes

Adriana Goushterova?, Lilyana Nacheva?!, Nikolai Dinev?, Lyudmila Kabaivanova'*

Baltica 2020, 33(9), 18-35
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Abstract: Strategies to improve compost quality will be continuously needed. The main
components of composting technology include organic materials and microorganisms — the
agents of this process. In this work we studied how the addition of a microbial suspension of
fungal strains, isolated fungi and bacteria from vegetable waste as plant substrate, as well as of
thermophilic actinomycetes isolated from soil, could improve enzymatic activity and hence
biodegradability and compost quality. The levels of activities of key enzymes involved in the
biodegradation of plant waste products were studied and a collection of microorganisms was
created, capable of assimilating plant waste as only carbon and nitrogen source and suitable to
be added to the compost. The results indicate that the activities of cellulose-degrading enzymes
change after treatment with addition of different inocula as follows: cellulose activity-
Trichoderma longebrahiatum > Trametes versicolor = Trichoderma viridae = F4 > F2 > F1 =
P6 > P1 = P5 > A3 = A5 > Control; endoxylanase- Trichoderma longebrahiatum ~ Trametes
versicolor > Trichoderma viridae > Rhizopus oryzae =~ P4 =~ F6 = P2 = P1 = A3 > Control,
where F are mesophilic fungal isolates; P-bacterial isolates; A-thermophilic actinomycete
isolates.

Pe3iome: HempekbcHaro 1ie ca HEOOXOIMMH CTPATEruu 3a MOJA00psiBaHEe HA KayecTBOTO Ha
kommocra. OCHOBHHATE KOMIIOHEHTH Ha TEXHOJIOTMSITA 3a KOMITOCTUPAaHC BKIIOYBAT OpraHU4YHA
MaTepuaal U MUKPOOPraHU3MU — areHTU Ha TO3M Ipolec. B Ta3u paborta mpoyuuxme Kak
no0aBsiHE HAa MHUKpOOHa CyCIIEH3Wsi OT T'bOHM IaMOBE, M3OJUPAaHH I'bOUW M OaKTepuUu OT
pacTUTENIHU OTHAABIM KAaTO PACTHTENEH CyOCTpaT, KaKTO M H30JHPAaHH TEPMOQHITHH
AKTUHOMHUIICTH OT IIo4YBaTa, MOXE nOa HOI[O6pI/I CH3NMMHATa aKTHUBHOCT U CJICAOBATCIHO
6H0pa3rpaZ[I/IMOCTTa M KadecTBO Ha KoMIlocTa. HuBaTa Ha akKTHMBHOCT Ha KJIIOYOBU CH3UMU,
ydacTtBaliyd B 6Hopa3rpa>K)1aHeT0 Ha PACTUTCIIHU OTHNAABYHU HNPOAYKTH € H3CJICABAHO U €
c1)6paHa KOJICKI WA OT MUKPOOPTaHHU3MU, CIIOCOOHU Ja yCBOABAT paCTUTCIIHUTE OTIIAABIN KaTO
CANHCTBCH BBITICPOACH U3TOUYHHK U U3TOYHHUK HA a30T, KOUTO Ca MOAXOAAIIHN 3a I[O6aB${He KbM
KOMIIOCTA. PGSyHTaTI/ITe co4aT, 4€ aKTUBHOCTTAa Ha CH3UMMUTC, pasrpaxKaamu neiaryjaosara, ce
IMpOMCHA CJIEA TPETHPAHE C I[O68.B5{He Ha pas3]IMYHU HHOKYJIYMH, KAKTO CJICABA: LCIIYJIO3HA
aktuBHOCT- Trichoderma longebrahiatum >Trametes versicolor = Trichoderma viridae ~ F4 >
F2>F1=P6>P1~P5> A3 =AS5 > Kourpoin; ennokcunanasa- Trichoderma longebrahiatum
~ Trametes versicolor > Trichoderma viridae > Rhizopus oryzae = P4 = F6 = P2 = P1 = A3 >
Kontpon, kpaero F ca me3odpunau re6HM n3onaty; P-6aktepuannu usonaru; A-repMopHIHI
AKTHUHOMUILCTHHU U30J1aTH.

Kalman Filter Based Newton Extremum Seeking Control for Maximum Gases
Production Rates of Anaerobic Digestion Process

Yang Tian, Maobo Hu, Haoping Wang, Ivan Simeonov, Lyudmila Kabaivanova, Nicolali
Christov

Information Technology and Control 2020, 49(4), 455-463, doi 10.5755/j01.itc.49.4.25367

Abstract: This paper proposes a Kalman filter (KF) based Newton extremum seeking control
(NESC) to maximize production rates of hydrogen and methane in anaerobic digestion process.
The Kalman filtering algorithm is used to obtain more accurate gradient and Hessian estimates
which makes it possible to increase the convergence speed to the extremum and to eliminate
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input and output steady-state oscillations. The simulation examples demonstrate the
performances of the proposed approach.

Pe3tome: Tozu Tpyn npeiara 6aszupan Ha puntbp Ha Kanman (KF) KOHTpos Ha ThpceHETO Ha
exctpemyM Ha Hroton (NESC) 3a Makcumu3upane Ha MpOU3BOICTBEHUTE HUBA HA BOJOPOJI U
METaH B Mpolieca Ha aHaepOOHO pasrpaxxaaHe. AJIropuTbMbT 3a ¢unTpupane Ha Kanman ce
U3MOJI3Ba 3a MOJIydaBaHE Ha MO-TOYHU TPAJUEHTHH U XECHAHCKU OLIEHKH, KOETO IMpaBu
BB3MOXHO YBEJIMYaBAHETO HA CKOPOCTTA HA KOHBEPTeHIIMS 10 EKCTPEMYMa U EIMMUHUPAHETO
Ha BXOJIHM U U3XOJIHU OCLMJIAIMKM B CTallMOHApHO CcbcTosiHue. [lpumepurte 3a cumynamus
JIEMOHCTPUPAT XapaKTEPUCTUKUTE HA MPEAJIOKEHUS MOIXO/I.

Biomethane production using ultrasound pretreated maize stalks with subsequent
microalgae cultivation

Venelin Hubenov, Ramiro Ariel Carcioch, Juliana Ivanova, Ivanina Vasileva,
Krasimir Dimitrov, Ivan Simeonov & Lyudmila Kabaivanova*

Biotechnology & Biotechnological Equipment 2020, 34(1), 800-809

Abstract: This study utilized a renewable energy source, agricultural waste, in anaerobic
digestion (AD) at appropriate conditions to obtain biogas and biomethane as an energy carrier.
Maize stalks underwent ultrasound (US) pre-treatment for better accessibility for
microorganisms, as lignocelluloses have a stable structure, insoluble in water and resist both
mechanical and enzymatic attack. The digestate after an anaerobic digestion process was used
for cultivation of algae after adsorption with activated carbon for clarification. Photosynthetic
microalgae have industrial and economic perspectives, so their low-cost cultivation has a great
potential for many applications. The results showed the impact of US pre-treatment of maize
stalks as a sole substrate and codigested with algal biomass. The total yields were 1116 cm? /L,
1350.5 cm® /L and 1293.25 cm? /L for the untreated, ultrasonically pre-treated and microwaved
maize stalks. The possibility of accumulating algal biomass using anaerobic digestate as a
medium was demonstrated. US pretreatment (400 W) showed high efficiency with respect to
the extractives obtained per unit of energy input. Addition of 4 g/L of microalgal biomass as a
co-substrate led to an increase in the biogas yield compared to native stalks. A small closed
circle system, starting from anaerobic digestion of lignocellulosic substrates followed by
microalgae cultivation in the digestate and subsequent return of microalgal biomass back in the
bioreactor as a co-substrate was realized, encouraging circular economy. The suggested scheme
is a simple and low-cost technology, as the substrate used is freely available and renewable,
and algae proved to grow in a waste effluent as medium.

Pe3ome: ToBa mpoyuBaHe M3I0J3Ba Bb30OHOBSIEM M3TOYHHK HA €HEPIHs, CEICKOCTOMAHCKU
OTHAABIM, B aHaepoOHO pasrpaxkaane (AD) mpu MOAXOIAIIM YCIOBHS 3a MOJy4daBaHE Ha
O6uoraz u OMOMeTaH KaTo eHeprueH Hocutenl. llapeBnuHuTe cTHONA Cca MOIOKEHH Ha
npeaBaputenHa o0padotka ¢ yarpa3Byk (US) 3a nmo-no0pa JOCTBIIHOCT 33 MUKPOOPTaHU3MH,
Th KaTO JMTHOLENYJIO3UTE€ HMMaT CTaOMiHa CTPYKTypa, HEpPa3TBOPHMMU BBB BOjJa M ca
YCTOMYMBHU KaKTO HAa MEXaHWYHM, Taka U Ha €H3MMHHU aTtaku. OCTaThKBT Cie] Mpolec Ha
aHaepoOHO pasrpakJaHe ce HW3I0JI3Ba 3a KYJITHBHpAHE Ha BOJOpACIH Cie] afcopOIus ¢
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aKTHBEH BBIJICH 32 H30UCTpsiHe. DOTOCHHTE3UPAIINTE MUKPOBOIOPACITH UMAT IIPOMHIIUICHU U
HUKOHOMHUYCCKH MNCPCIICKTHBHU, TaKa Y€ TAXHOTO €BTUHO OTIVIC)KIAHC MMa I'OJIAM IMMOTCHIHUAIT 34
MHOT0 IPUIIOKEHUS. Pe3ynTaruTe moka3axa Bb3/I€HCTBHETO Ha IpeABapuTeIHaTa 00paboTKa ¢
yATPa3BYK Ha ILIAPEBHYHU CTHOJNA KAaTo €AMHCTBEH CyOCTpaT M CMECeHH ¢ Ouomaca OT
Bojopaciu. O6mmre nobusn Osxa 1116 cm®/LL, 13505 cm®L u 129325 cm®L 3a
HETPETHPAHUTE, NIPEIBAPUTEIHO TPETUPAHU C YATPA3BYK M C MUKPOBBIHH HAPEBUYHU CTHOJIA.
Bemre neMoHcTpHrpaHa Bb3MOKHOCTTA 32 HATPYIBaHE HAa OMOMaca OT BOJOPACIIHU C U3IIOJI3BAHE
Ha aHaepoOHa 6uomaca karo cpena. [IpenBapurennara oopadbotka ¢ ynrpassyk (400 W) mokasza
BHCOKa e(l)CKTI/IBHOCT N0 OTHOLICHUC Ha HU3BJICYCHUTC BCIICCTBA, IIOJYYCHM 3a CAWHHIIA
BIokeHa eHeprus. J[oOaBsHero Ha 4 g/ OGMoMaca OT MHUKpPOBOJOPACIH KaTo KO-cyOcTpar
JI0Beie 0 yBeNIUYaBaHe Ha JoOMBa Ha OMora3 B CpaBHEHHE C HATUBHUTE CTHOA. Peanmsupana
€ CHUCTeMa C MaJbK 3aTBOPEH KpbI, 3aloyBalla OT AaHAaepoOHO pasrpaxaaHe Ha
JUTHOLICTYJIO3HU CYOCTpaTH, MOCIICABAHO OT KYJITUBUPAHE HA MUKPOBOJIOPACIIM B OCTAaThKa U
MOCJIeIBAIIO BpbIIaHE Ha OMoOMaca OT MHUKPOBOJOpAciy oOpaTHO B OMOpEakTopa KaTo KO-
cyOcTpar, Hachbp4aBallku KpbhroBaTa MKOHOMHKA. [IpeiiokeHara cxema € mpocta U eBTHHA
TEXHOJIOTUS, Thi KaTO H3IOJI3BAHUAT CyOCTpaT € CBOOOJHO JOCTBHIIEH W BB30OHOBSIEM, a
BOJIOPACIIUTE JIOKAa3axa, ue pacTar B OTIHAJICH JUJDKECTAT KaTo cpela.

Microbial biodegradation as an option for waste utilization during long-term manned
space missions

Hr. Najdenski?, V. Hubenov?, I. Simeonov?, V. Kussovski!, L. Dimitroval, P. Petroval,
P. Angelov?, L. Kabaivanova'*

Bulgarian Chemical Communications 2020, 52(3), 379-386

Abstract: Planned space flights in foreseeable future to Mars pose many important issues to be
solved by nowadays science, especially the problem of organic wastes accumulated in large
quantities. The flight from Earth to Mars takes about 520 days. The crew possibly could consist
of 6 cosmonauts, each of them needing daily: oxygen (1 kg of liquid), water (1-2 litres), food
(2-3 kg). The total weight is about 5 kg/day or 30 kg/day for the entire crew. During long-term
manned missions, the wastes are prohibited to be disposed of in space. They must be recycled.
It is known that specific bacteria are able to convert waste substrates into usable nutrients and
minerals. The enormous challenge is: reducing the volume of wastes to generate liquid and
gaseous fractions which could be used in the production of food, water and oxygen.
Simultaneously, some biogas is obtained as a source of energy. We present the development of
a process of biodegradation of cellulose containing substrates similar to personal hygiene
materials for cosmonauts by selected non-pathogenic bacteria. Experiments were conducted in
terrestrial conditions where a degree of biodegradation of 72% of cellulose containing
substrates at anaerobic, mesophilic conditions was realized. The selected bacterial community
was genetically identified. The most abundant species were Bacteroides oleiciplenus,
Clostridium butyricum, and Ruminiclostridium papyrosolvens. Concentration and profile of
volatile fatty acids accompanying the biodegradation process in a bioreactor were also
followed.
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Pe3rome: [InanupanuTe KOCMUYECKHU MOJETH B 0003puMoO ObAele 10 Mapc mocTaBsIT MHOTO
BXHU BBIIPOCH, KOUTO TpsOBa 1a OBJAT pEHIeHH OT ChBPEMEHHATa Hayka, OCOOCHO
MpOoOJIEMBT ¢ HATPYMAHUTE B TOJIEMH KOJIMYECTBA OpraHudHU oTnaabiu. [lomersT ot 3emsara
1o Mapc otHema okosio 520 nHu. EKHWMaxbT e€BeHTyaqHO OM MOTBJI Ja Ce ChCTOUM OT 6
KOCMOHABTa, KaTO BCEKHU OT TsX C€ HYKJ/ae exXKeHEBHO OT: kucyiopos (1 kr reunocr), Boga (1-
2 nutpa), Xxpana (2-3 kr). O6uioTo Tero e okoo 5 kr/neH uim 30 Kr/aeH 3a uenus exunax. [1o
BpEME Ha ABITOCPOYHH MHJIOTHPAHU MUCHH, OTHAJABLUTE ca 3a0paHEeHU 3a M3XBBPISHE B
kocmoca. Te TpssOBa ma Obaar penukiaupanu. M3BecTHo e, ye crnenuduyHu OakTepwu ca B
CBhCTOSTHUE J1a TIpeoOpa3yBaT OTHAJHUTE CYOCTpATH B M3MOJI3BAEMHU XPAHUTEIHU BEIIECTBA U
MuHepaiid. OTrpoOMHOTO NPEIU3BUKATEIICTBO €: HaMalsBaHe Ha oOeMa Ha OTHaabIM 3a
TCHEpUPAHEe HA TEYHU M Ta3000pa3HU (pakiuu, KOUTO MOTaT Ja Ce U3MOI3BaT B
MIPOU3BOJICTBOTO HA XpaHa, BOJAa M KHCIOpoA. EXHOBpeMEHHO ¢ TOBa ce MojydyaBa W3BECTHO
KOJIMYECTBO OHMora3 Karo M3TOYHMK Ha eHeprus. I[IperncraBsiMe pa3BUTHETO Ha Ipolec Ha
OuopasrpaxaaHe Ha ChAbpXKAIW LIEeTyI03a CyOCTpaTH, MOJOOHM HA MaTepUANIUTE 3a JIMYHA
XHUTHEHa 32 KOCMOHABTH OT U30paHu HeMmaToreHHu Oaktepuu. ExcriepuMeHTHTE ca MpoBeIeH!
B 3€MHH YCIIOBHUS, KBJAETO CTElEHTa Ha OuopasrpakgaHe Ha uemysiozara € 72% Ha
LEeTYI030ChAbPKALM CyOCTpaTh mpu aHaepoOHH, Me30huwiIHM YycioBus. K30paHoTo
OakTepuasiHO CchOOMImIECTBO Oeme reHetnyHo wuaeHTUuIMpan0. Haii-pasnpocTpaHeHuTe
BugoBe ca Bacteroides oleiciplenus, Clostridium butyricum u Ruminiclostridium
papyrosolvens. KonmenTpanusta u npoduia Ha JSTIMBUTE MACTHH KHCEIMHH € OTPEIC/iCH B
X0/Ia Ha Mpolieca Ha OuopasrpakaaHe B OMOpeakTopa.

Distribution of Soil Microorganisms in Field under Potatoes due to Fertilizer and
Organics

Stefan Shilev?, 1. Mitova?, V. Kuncheva?, N. Dinev?, Lyudmila Kabaivanova®*
Indian Journal of Agricultural Research 2022, 56(4), 401-407

Abstract: Using organic manure derived from animal or vegetable matter is often associated
with balanced crop production. The influence of organics and fertilizers on soil sustainability
during cultivation of potatoes in field was studied. VVegetable experiment comprising 10 years
(2011-2021), having a control variant (no fertilization), independent mineral, organics
(compost) and their combination (50:50%). Changes in the amount and distribution of microbial
groups in experimental variants and associated untreated controls were evaluated. Total
bacterial number, spore-forming bacteria, fungi, nitrogen-utilizing bacteria and actinomycetes
were assessed. Applied organics and fertilizers had statistically proven a positive effect on
growth parameters of potatoes. Organics and fertilizers supplied with mineral and foliar feeding
registered taller plants with increased number of branches, number and mass of leaves and stem
and root masses, compared to potatoes with organic and organic-mineral combination.
Application of compost led to a significant increase in populations of all physiological groups
of microorganisms excluding spore-forming bacteria and bacteria utilizing mineral nitrogen,
which is a good indicator of increased soil microbial activity in respective treatments. Mineral
fertilization had a positive effect on total number of bacteria and on absorption of mineral
nitrogen. The treatment in variant (50:50 %) at rhizosphere soil was associated with organic
manure application and at non-rhizosphere soil with mineral fertilizer.
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Pe3rome: M3moi3BaHeTo Ha OpPraHUYEH TOP, MOJYYEH OT JKUBOTUHCKU WIIM PACTHTEICH
MaTepHuall, 4eCTO Ce CBbp3Ba C OalaHCHUpaHO IMPOM3BOACTBO Ha KyinTypH. M3cienBaHo e
BIIUSHUETO HA OPTaHUYHHUTE BEIIECTBA U TOPOBETE BHPXY YCTOMYMBOCTTA HA TOYBaTa MpHU
oTIIeXKAaHe Ha kKapTtodu B monero. [IposeneH e onut cwe 3eneHuyu 3a 10 rogunau (2011-
2021), mmamy KOHTpOJIeH BapwaHT (0€3 TOpeHe), CaMOCTOSATEIHH MHUHEPAHU, OPTaHUYHU
(xommoct) u TaxHata kKomOuHamms (50:50%) TtopoBe. bsxa oOIeHEHHM TNPOMEHHUTE B
KOJIMYECTBOTO U PA3NPENICICHUETO Ha MUKPOOHUTE TPYIH B €KCIIEPUMEHTAIIHUTE BapUAHTH U
CBBP3aHUTEC HETPETUPAHU KOHTpONW. bsixa orneHeHn oOmusAT OakrepualieH OpoW,
criopooOpasyBamnure OakTepuu, rpOuTe, a30T-(QUKCHpANINTe OAKTEPHH U AKTUHOMHIICTHUTE.
[TpunoxeHure opraHuka U TOPOBE UMAT CTATHCTUYECKU JIOKa3aH MOJIOKHUTENIEH e(heKT BbPXY
pacTexxHuTe mapaMeTpu Ha kaprodure. OpraHnYHUTE U TOPOBETE, CHAOIEHU C MUHEPATHO U
JUCTHO TOAXpPaHBaHe, JOMPHHACAT 32 MO-BUCOKH PACTEHUS C YBEJIWYCH OpOil pa3KIOHEHUS,
Opoii U Maca Ha JHcTaTa W CThOJICHaTa U KOPEHOBaTa Maca, B CPaBHEHHUE C KapTopuTe ¢
OpraHWYHa ¥ OpraHo-MHHepaiHa KoMOuHaius. [lpuiaraHeTo Ha KOMIIOCT JIOBEIE JO
3HAYWTEIHO YBEIIMYaBaHE Ha IMOMYJIAlMUTe HAa BCUYKH  (U3HOJOTHYHU  TPYIHU
MUKPOOPraHU3MH, C HU3KIIOYCHHE Ha CclopooOpasyBamure Oakrepud H OaKTEepHUHUTE,
M3IIOJI3BAIM MHHEpaJIeH a30T, KOETO € oOBp MOKa3aTell 3a MOBUIICHA MMOYBEHA MHUKPOOHA
AKTUBHOCT TP CHOTBETHUTE OOpaOOTKU. MUHEPATHOTO TOPEHE MMa TOJOXKHUTEICH e(PeKT
BBPXY 00mIMs Opoii OaKTEpUU M BBPXY YCBOSIBAHETO Ha MHHEpalieH a30T. TpeTupaHeTo BbB
Bapuant (50:50 %) npu puzocdepHa nousa Oelre CBbP3aHO C BHACSAHE HA OPTaHUYEH TOD, a
pu Hepu3ocQepHa MoUBa C MUHEPAJICH TOP.

Volumes ratio optimization in a cascade anaerobic digestion system producing hydrogen
and methane

Elena Chorukova?, lvan Simeonov! and Lyudmila Kabaivanova'*

Ecol Chem Eng S. 2021, 28(2), 183-200

Abstract: As focus of humans has turned to renewable energy, the role of anaerobic digestion
has started to become economically viable. Reducing the volume of agro-wastes for the
generation of gaseous and liquid fractions with energy carriers and valuable products is an
enormous challenge. A two-stage anaerobic digestion process consisting of hydrogenic stage
followed by methanogenic stage was studied in a laboratory scale. Five simple nonlinear models
of this continuous cascade process were studied in order to determine the optimal ratio of
working volumes of bioreactors, in view of maximising energy production. This ratio was
reported for all adopted models. The optimal ratio (maximal energy production criterion)
depends of the adopted mathematical model. Static characteristics of both bioreactors were
obtained using Symbolyc toolbox of Matlab. Numerical experiments concerning dynamics of
the main variables of both bioreactors for these models using Simulink of Matlab are performed
for different step changes of the dilution rate of the first bioreactor, together with the influence
of the substrate (acetate) inhibition for one of the models. The value of the constant of inhibition
plays an important role on the admissible interval of the dilution rate. The developed idea could
serve for optimally designed experiments of anaerobic digestion for production of hydrogen
and methane from lignocelluloses wastes (wheat straw) in two phase process.
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Pe3tome: Thii kaTo POKyCHT Ha XOpara ce HACOYHM KbM BH30OHOBSIEMAaTa CHEPTHUs, POJIATa Ha
aHaepoOHOTO pa3rpakJaHe 3alodyHa Ja CTaBa MKOHOMHUYECKH 3HauuMmo. HamamsBanero Ha
obeMa Ha arpooTHagbLIUTe 3a TEHEpUpaHEe Ha Tra3000pa3Hu U TEYHH (pPaKUuu C
€HEPrOHOCUTEN U IICHHH MPOJYKTH € O'POMHO IPEIU3BHKATEIICTBO. J[ByeTarneH mpoiec Ha
aHaepoOHO pasrpakJaHe, ChCTOSIL CE OT BOJAOPOJEH €Tall, MOCIeBaH OT METAaHOT'€HEH eTall,
Oemre m3cnenBad B aboparopen mamal. M3cnenBanu ca meT NpocTd HEMMHEWHU Mojesa Ha
TO3M HENPEKbCHAT KACKaJEH IPOLEC, 3a Ja CE OMpEeAeTH ONTUMATHOTO CHOTHOIIECHHE Ha
paboTHUTe 00eMH Ha OMOPEaKTOPUTE, C OrJieJ] MaKCMMHU3UpPAaHE Ha MPOU3BOJICTBOTO HaA
eHeprusi. ToBa CHOTHOIICHHE Oe€lie OTYETCHO 3a BCHUYKH MpUETH Mozaenu. OnTHUMamTHOTO
ChOTHOIIICHUE (KPUTEPUI 32 MAKCUMAJIHO MMPOU3BOJCTBO HA CHEPIHsl) 3aBHCH OT BB3MPHETHUS
MaTemMaTuuecku Mojiesl. CTaTHYHUTE XapaKTEPUCTUKH Ha JBaTa OnopeakTopa Osxa moydeH!
¢ momorra Ha Symbolyc toolbox Ha Matlab. IIpoBeaeHn ca YuCIIeHN EKCIIEPUMEHTH OTHOCHO
JMHAMHUKAaTa Ha OCHOBHHUTE MPOMEHJIMBU Ha JIBaTa OMOPEaKTOpa 3a Te3H MOJICIIH, U3I0I3BAIIN
Simulink na Matlab, 3a pa3nu4Hu CTHIIKOBH IPOMEHH HA CKOPOCTTA HA pa3pexkIaHe Ha IbPBUS
OMOpeakTop, 3aeHO C BIMSHUETO Ha CyOCTpaTHOTO (aleTaTHO) MHXWUOWpaHE 3a €IAHH OT
Mmojenute. CTOMHOCTTa HA KOHCTAHTAaTa HAa MHXHOUpPaHEe Urpae BaKHA POJIsl 3a JOIYCTHMUS
WHTEPBAJI Ha CKOPOCTTa Ha pa3pexaHe. PaspaboTeHara ujes MOke J1a TIOCITY)KH 32 ONITUMAITHO
MPOSKTUPAHH CKCIIEPUMEHTH Ha aHaepoOHO pa3jiaraHe 3a MPOU3BOJCTBO HA BOJIOPOJ U METaH
OT JIMTHOIIEITYJIO3HH OTHAAbIM (IIIICHUYHA cllama) B IBy(a3eH Mmpoiiec.
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