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Abstract: Involving anaerobic biodegradation of organic wastes by a specific microbial
community and defined conditions combines the breakdown of wastes with opportunities to
obtain the energy carrier methane. Biotechnological processes in two laboratory bioreactors
operating at 35°C and 55°C were studied to follow the process of methane production. Cattle
manure and wheat straw were involved in a ratio 65:35 as well as only wheat straw as a sole
substrate. The different chemical composition of both substrates used has its impact on the
efficiency of their conversion. The differences in the chemical composition of the substrates
used have a direct impact on the efficiency of their conversion. Microbial digestion of
lignocellulose contained in the agricultural wastes is difficult to accomplish and it is slow
because of the presence of lignin. This is the reason why different types of pretreatment were
applied prior to substrate biodegradation. To enhance the enzymatic and microbial accessibility,
preliminary treatment was identified as an obligatory step before accomplishment of the whole
complex biotechnological process.

Pestome: AnaepoOHOTO OMOpa3rpaxaaHe Ha OPraHUYHU OTHAABIU OT CEIU(UIHO MUKPOOHO
ChOOIIECTBO TIPHU OIpPENEIeHH YCIOBHUS ChUeTaBa pa3rpakJaHETO Ha OTHAAbLUTE C
BB3MOXHOCTH 3a I0JIy4aBaHE Ha €HEPrUIlHUS HOCUTEN MeTaH. bUOTEeXHOIOTHYHUTE TPOLECH
B JiBa JlabopaTopHHu Omopeaktopa, padoremu npu 35°C u 55°C, Gsxa uscnenBaHu, 3a Ja ce
IIPOCJIEN IPOLECHT HA MPOU3BOACTBO Ha MeTaH. M3moi3BaHu ca TOBEXAU TOp M NIIEHUYHA
cllamMa B ChOTHOLIEHHME 65:35, KakTO M caMoO MIIEHHWYHA cllaMa KaTo €IUHCTBEH CyOcTpar.
PaznuuHuAT XMMHYEH CbCTaB Ha JBaTa M3IOJI3BaHM CyOCTpaTa OKa3Ba BIIMSHUE BBPXY
e(peKTUBHOCTTA Ha TAXHAaTa Ouojerpaaamus. Pa3nukure B XUMUYHUS ChCTaB HA U3IOI3BAaHUTE
cyOcTpaT MMaT NPSKO BIMSHHE BBPXY €(EeKTUBHOCTTA Ha TAXHOTO IpeoOpasyBaHe.
MuKpoOHOTO pasrpaxiaHe Ha JIMTHOLENYJIo3aTa, ChIbpXKalla Ce B CEICKOCTONAHCKHUTE
OTHAABIM, € TPYAHO OCBIIECTBUMO W € 0aBHO MOpaaM HAIMYMETO Ha JUTHUH. ToBa e
MpUYMHATA, MOPAAM KOSATO Hpeau aHaepoOHaTa Ouojerpaganus Ha cyOcTpara Toi Oere
MOJUIOKEH Ha pa3JIMuHU BUJOBE MpeABapUTeaHa o0padoTka. 3a 1a ce mojo0pu eH3UMHATa U
MHUKpPOOHA JIOCTBIIHOCT, IpeJIBapuUTeNHaTa O0paboTKa € 3aIbJDKUTEIHA CThIKA MpPeau
3aBBpIIBAaHE HA CIOKHUS OMOTEXHOJIOTHYEH MPOIIEC.
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lignocellulosic substrates for anaerobic digestion at mesophilic and thermophilic conditions.
Ecological Engineering and Environment Protection, VII, 2016, 42-49

Abstract. Finding a method for effective pretreatment of lignocellulosic wastes for further use
as a substrate for anaerobic digestion was the main purpose of our study. Lignocellulosic
biomass is a renewable inexpensive source, abundant in nature. Involving anaerobic
biodegradation of organic wastes by a specific microbial community and defined conditions
combines the breakdown of wastes with opportunities to obtain the energy carrier methane. In
this study we report on the pretreatment technique with ammonium hydroxide (NH4sOH) and
polyethylene glycol (PEG) which was easy to perform and lead to increased biomethane yield
(percent of methane in the biogas).

Pestome. OcHOBHATA 11€JT Ha HAILIETO M3CJIEABaHE Oelle HAMUPAHETO HAa METOJ 32 €(hEeKTUBHO
[IPEIBAPUTEIIHO TPETUPAHE HA JIMTHOLIETYJIO3HU OTHAABLU C L) [M0-HATAThIIHO U3I0JI3BaHE
KaTo cyOCTpart 3a anaepoOHO pasrpaxaane. JIurHouenyino3Hara buomMaca € Bb300HOBSIEM €BTHH
CYpPOBHHEH U3TOYHUK, U ITUPOKO Pa3NpoCTpaHeH. AHaepoOHaTa Ouoperpagamus Ha OpraHuIHU
OTIagbIM OT CHEHU(PUYHO MUKPOOHO CBHOOIIECTBO M OINpPEAEIEHU YCIOBHS CbhbueTaBa
pasrpaXAaHeTo Ha OTMNAIbLMTE C BB3MOKHOCTHU 3a IOJy4YyaBAaHE HA EHEPrUiHUS HOCHUTEN
MeTaH. B ToBa m3cienBaHe n0OKiIaaBaMe TEXHHMKA 3a MPEIBAPUTENIHO TPETHpAHE C aMOHHUEB
xunpokcus (NH4OH) u nommerunenrnukon (IIEI), xosito Oemie jecHa 3a W3MbIHEHUE U
JI0Beie 710 IOBUIIEH JOOMB Ha MeTaH (IIPOLEHTHO ChAbPKaHHE HAa METaH B OMorasa).

3. D. Denchev, V. Hubenov, I. Simeonov, L. Kabaivanova. Biohydrogen production from
lignocellulosic waste with anaerobic bacteria. The 4th International Conference on Water,
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ABSTRACT. Biohydrogen production through dark fermentation using organic waste as a substrate
as gained increasing attention in recent years, owing to the economic advantages of coupling
enewable, clean energy production with biological waste treatment. Biomass in its different forms
is available for the production of renewable energy. Hydrogen is mainly used as a reducing agent
in the refining of oils, ammonia and methanol production. Recently it is used in the fuel cells. The
purpose of the present work is to study the influence of the inoculums on the biodegradation of
lignocellulosic waste (wheat straw) and production of hydrogen through acidogenic phase of an
anaerobic microbiological process. The results from this study reveal that the use of cells separated
as inoculums stabilize the process and it takes place without given methane release. For obtaining
good yields of hydrogen it is necessary to provide as inoculum at least 100 mg dry cell weight per
1 gram of substrate. The hydrogen concentration into the biogas reached 20-40 %. . The maximum
yield of hydrogen and the degree of biodegradation is obtained by alkali-treated straw. In the
composition of volatile solids acetate and butyrate prevail. Bacteria from the genus Clostridia are
dominating in the composition of microbial community performing the process. The two-phase
process allows the energy yield to be increased by 34.3% compared to the single-phase process.

PE3IOME. IIpon3BoacTBOTO Ha BOJIOPOJ 4pe3 T.Hap. ThMHA (pepMEHTAIMs C W3IOJ3BAaHE Ha
OpraHn4yHu OTHaAbUU KaTo Cy6CTpaT ImpuBJinda BCC MNO-TOJIIMO BHHUMAHHUE TIPE3 IMOCICAHUTC
T'OOUHU, 6J1ar011apeHHe Ha NKOHOMMWYCCKUTC MPEANMCTBA OT ChbUCTABAHECTO HAa IIPOU3BOACTBOTO Ha
B'B306HOBSI€M3, yucTta CHEprud ¢ OMOJIOTHYHOTO TpETUpAHE Ha OTHAABLIUTE. buomacara B



pasznuaHuTe M (POpMH € JOCTHITHA 3a MPOW3BOJCTBO HAa BH30OHOBAEMa eHeprus. BomopomabT ce
M3I0JI3BA [VIABHO KAaTO pelylupalll areHT npu padhuHUpaHeTo Ha HeT, IPOU3BOACTBOTO HA AMOHSIK
u MetanoJl. Hanmocneawsk ce u3nosnssa u B ropuBHUTE KieTku. LlenTa Ha HacTosmiara pabora e na
Ce MPOYYH BIMSHUETO Ha MHOKYJIyMa BbpPXY OMOpa3rpa)<JaHeTO Ha JUTHOLETYJIO3HH OTHAaIbIU
(mmeHuYHa cilama) W TMPOM3BOACTBOTO HA BOJOPOJA upe3 amuaoreHHa Qasza Ha aHaepoOeH
MUKpoOuosiorndeH mnpouec. Pesynararure or ToBa MpoyuBaHE MOKa3BaT, Y€ HM3IOJ3BAHETO HA
MHUKpPOOHM KIJIETKH, OTAEJICHH KAaTO HHOKYJIyMH, CTaOWiIn3upa Tmpoleca W TOW mpoThya 0Oe3
OT/eNsTHE Ha MeTaH. 3a MojTyJaBaHe Ha 100pH 10OMBU Ha BOJOPOJ € HEOOXOIUMO Jia CE OCUTYPH
kaTo uHOKynyM moHe 100 mg cyxo kierbuHO Teryio Ha 1 rpam cybcrpar. Konnenrpanusita Ha
Bosopoxl B Owmoraza gocturHa 20-40%. MakcumanHusT 10OMB Ha BOAOPOA M CTENEHTAa Ha
OuopasrpaxkJaHe ca MOCTUTHATH MPH U3IIOJI3BAHETO Ha alIKalHO obpaboTeHa ciama. B cbcTaBa Ha
OPraHUYHOTO BEIIECTBO MpeobiamaBar aneraThT W OyTuparhT. bakrepuu ot poma Clostridia
JIOMUHHUPAT B CbCTaBa HA MUKPOOHOTO CHOOILIECTBO, U3BBPIIBAILO ITpolieca. J[BycThIIaHus MpoLIeC
MO3BOJIsIBA YBEIMYaBaHE Ha JJoOuBa Ha eHeprus ¢ 34,3% B cpaBHeHHUE ¢ eTHO(DA3HUS TIPOIIEC.
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Mihailova. Different types of pretreatment of lignocellulosic wastes for methane production.
Bulgarian Chemical Communications, 49, (2), 2017, 430-435.

Biotechnological processes for anaerobic digestion of lignocellulosic substrates were
performed in a laboratory bioreactor. Bioreactors used were operating at 35°C to follow the
process of methane production. Cattle manure and wheat straw were involved in a ratio of 65:35
as a substrate, as well as only wheat straw as a sole substrate. We report on performing two
pretreatment techniques to the substrates - chemical with ammonium hydroxide (NH4sOH) and
polyethylene glycol (PEG) and biological — employing white-rot basidiomycetes (Trametes
hirsuta) before starting the process of anaerobic digestion. The biological method of
pretreatment gave the highest cumulative biogas yield for the substrate wheat straw and cattle
manure. Chemical pretreatment lead to higher specific biogas yield when only wheat straw was
used as a substrate. Both methods were easy to perform and lead to increased biomethane yield
in comparison to that obtained with the participation of untreated substrates.

OcpliecTBeHN ca OMOTEXHOJIOTUYHHU TPOIIECH Ha aHaepoOHa JIerpajanus Ha JIMTHOIETYI03H!
cyOctpaTu B J1aboparopeH Omopeaktop. M3mon3panute 6mopeaktopu padboruxa mpu 35°C u
Oere mpociieNieH Tpoleca Ha MPOAYKIUs Ha MeTaH. OOOpPCKM TOp W MIIEHWYHA CliamMa Ce
M3MOJM3BAaT KaTro cyOcTpaT B ChOTHOIIeHHE 65:35, KakTO M caMo MIIEHWYHA cllaMa KaTo
eIMHCTBEeH cyOcTpaT. Hue noxmajgBame 3a mpuiaraHeTo Ha JBE TEXHHWKH Ha TPEIBAPUTEITHO
TpeTHpaHe Ha cyOcTpaTuTe — XHUMHUYecKo ¢ amoHueB xuapokcua (NH4OH) u nmonuerusnen
rnukon (PEG) u Oumosnormdecko — ¢ y4acTHeTO Ha JbPBECHHA-pa3jiaramy O0a3uIuOMHIIETH
(Trametes hirsuta) npeau craptupane Ha mporieca B aHaepoOHHs peakTop. buonornyHusT
METO/]l Ha TIpeTpeTupaHe AOBEE 10 Ha-BIUCOK KyMyJaTHBEH JOOMB Ha OMOTa3 mpu cyocTpat
00OpCKH TOp W MIIeHWYHA ciama. [Ipu XMMHYECKOTO MPETPEeTUpaHe ce MOJIYYU MO0 — BUCOK
cnenuduieH 100MB Ha OMoras, KOraro camo MIIEHWYHA cjama ce M3MoJ3Ba 3a cyoctpar. 1
JBaTa METOJa Ca JIECHHM 3a OCBHIIECTBSIBAHE W BOJAT 10 YBEIHUYEH N00MB Ha OWMOMETaH B
CpaBHEHHE C TO3H, IOJIyUeH C yJacTHe Ha HETPETHPAHH CyOCTpaTH.

5. Najdenski, H., llyin, V., Angelov, P., Hubenov, V., Korshunov, D., Kussovski, V.,
Dimitrova, L., Simeonov, I. Laboratory biodegradation of potential cellulose wastes generated



during long-term manned space missions. Ecological Engineering and Environment Protection,
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Abstract: Anaerobic microbial biodegradation of cellulose containing wastes generated during
the long-term manned space missions is a key technological approach for resolving the problem
of wastes accumulated onboard of the spacecraft. Herewith are presented data on the
possibilities of structurally stable multispecies microbial consortia originating from
methanogenic bioreactors to decompose different cellulose substrates — filter paper, medical
gauze and vegetable mix as potential cellulose wastes during space missions. The rates of
biodegradation processes carried out at mesophilic and thermophilic conditions are not only
measured and compared but are providing new opportunities for development of technology
for microbial biodegradation of cellulose-rich organic wastes. Moreover, the studies have
shown that paper and gauze hydrolysis with the help of cellulolytic bacterial communities can
be an effective component of utilization of cosmonaut hygiene items. Biodegradation of plant
wastes by community of anaerobic bacteria is promising and applicable tool also under
terrestrial conditions. Light microscopy of bacterial communities reveals the presence of Gram-
positive spore forming bacilli (short and long forms, bipolar and dividing cells) and typical
clostridia forms.

Pestome: AHaepoOHOTO MUKPOOHO OMOpasrpaxaaHe Ha LETyI030CHAbPKAIIN OTIATIbIH,
TCHEepUpaHH MO0 BpeMe Ha ABITOCPOYHH MWIOTHPAHH KOCMHUYECKH MHCHH, € KIIOYOB
TEXHOJIOTUYEH MOJXO0J 3a pelllaBaHe Ha IpobiemMa ¢ OTHagbLuUTe, HaTpyNBaHU Ha Oopna Ha
KocMHMUecKkH Kopabu. IIperncTaBeHn ca JaHHU 3a Bb3MOXXHOCTHTE Ha CTPYKTYPHO CTaOMIJIHU
MHOT'OBU/JIOBU MUKPOOHHM KOHCOPLMYMH, IPOU3XOXKAALIM OT METAHOT€HHU OMOpEaKTOpH, Ja
pasrpakJaT pazIUYHU LENTYJIO3HU CyOCcTpaTH — (WIThPHA XapTUs, MEIUIMHCKA Mapis U
pacTuTelHa CMEC KaTo MOTEHIMAIHU LEeNyI03HH OTHaIbIM 110 BpeMe Ha KOCMUYECKH MUCHH.
Ckopoctute Ha OuopasrpaxjiaHe, POBEXAaHO MPU ME30(PUIHU U TEPMOPHIIHU YCIOBUS, HE
caMo ca M3MEPEHM U CpaBHEHH, HO U MPEJOCTaBAT HOBU BB3MOXKHOCTH 32 pa3paboTBaHE Ha
TEXHOJIOTUM 3a MHUKpOOHa Ouojerpajganus Ha OoraTv Ha LeJNyJ03a OPraHUYHU OTHAJBIH.
OcBeH TOBa, NpOy4YBaHMATA MMOKA3BaT, Y€ XUAPOJU3aTa HA XapTHs U Mapis ¢ MOMOIITA Ha
LEJNYTONUTUYHN  OakTepualHu choOllecTBAa MOKe Ja Objae epekTHMBHa 4YacT OT
OTIOJI30TBOPSIBAHE Ha XUTUEHHU MaTepUai U3MO0JI3BaHU OT KOCMOHABTUTE. bropasrpaxkaanero
Ha PacTUTEIHH OTHAAbLU OT ChOOIIECTBA OT aHaepOoOHHU OakTepuu € oOelaBall U IpUI0KUM
MOJIXO/1 ¥ TIPH Ha3eMHU yciioBust. CBETIIMHHATA MUKPOCKOTIHS Ha OaKTepHaATHUTE ChOOIIeCcTBa
pa3kprBa Hanu4MeTo Ha ['paM-TOJOXKUTENHU crnopooOpasyBaiiyd Oanuiu (KbCH M ABITU
(bopmu, OUIONIIPHU U IENSIIM c€ KIETKH) U TUITMYHH KJIOCTPUAUAIHU (GOPMH.
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Dimitrova, Penka Petrova, Plamen Angelov, Lyudmila Kabaivanova. Microbial
Biodegradation as an Option for Waste Utilization during Long Term Manned Space Missions.
Bulgarian Chemical Communications, 52, 3, 2020, ISSN:0324-1130,
DOI:10.34049/bcc.52.3.5227, 379-386.

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.

[TmaHupaHuTe KOCMHYECKH IMOJIETH 70 Mapc B 0003puMO OBJCIIE MOCTaBAT MHOTO BaKHU
BBIPOCH, KOUTO TpsiOBa ja ObJaT pemieHH OT ChbBpEMEHHATa HayKa, 0COOEHO mpoliiema ¢
HATpyIMaBaHUTE B TOJIEMU KOJMYECTBA OpraHWYHM OoTmaabuu. [lomersT ot 3emsra qo Mapce
orHema okosio 520 nuu. Ilpu exunaxk cberosiy ce OT 6 KOCMOHABTa, KaTO BCEKH OT TIX CE
HY)XJ1ae eXeAHEBHO OT: Kuciopoy (1 xr teunoct), Boaa (1-2 nutpa), xpana (2-3 kr) o0uoro
HE00X0MMO KOJHMUYECTBO € OKoyio 5 kr/aeH wim 30 kr/aeH 3a nenus exunax. [lo Bpeme Ha
IBITOCPOYHH MWIOTHPAHH MUCHH € 3a0paHeHO OTMaIbIHUTe 1a OBAAT U3XBHPIISTHU B KOCMOCA.
Te Tpsa6Ba na 6paar peunkaupanu. M3BecTHO e, ye crenuduuHu OaKTepuu ca CIOCOOHM 1a
TpaHCc(HOpPMHUpPAT OTHAABYHUTE CYOCTpaTH 1O HW3IMOJI3BAEMH XPAHHUTEIHU BEIIECTBA U
MuHepand. OTpoMHOTO TMPEIU3BUKATEIICTBO €: HaMmajsBaHe Ha oOeMa Ha OTHaIbIHTE, U
[0JIyuaBaHe Ha TE€YHM U razooOpa3Hu (pakuuy, KOUTO OuMXa MOIJIM Ja c€ M3MOJI3BaT 3a
MIPOU3BOJICTBOTO HAa XpaHa, BOJIa M KHCIOPoA. EMHOBpeMEHHO ¢ TOBa ce MojlydyaBa W3BECTHO
KOJINYECTBO OMOra3 Karo M3TOYHMK Ha eHeprus. [IpencraBsime pa3paboTBaHETO Ha MPOILEC HA
OuopasrpaxaaHe Ha LeNyJ030-ChbpXKallM CyOCcTpaTd, MoJoOHM Ha MaTepuaid 3a JIMYHA
XWI'HMEeHa 3a KOCMOHABTH, OT W30paHM HemaTtoreHHW Oakrepuu. Excmepumentute Osixa
IIPOBE/IEHU B HA3€MHHU YCIIOBUS, KBAETO Oellle MOCTUTHATa CTENeH Ha Ouopasrpaxaane Ha 72%
OT IeNysio3aTa, ChIbpiKalla ce B cyOcTpaTHTe, NpU aHAEPOOHH, ME30(HUIHH YCIOBHSL.
N36panoro OakTepuasHo cbhoOUIecTBO Oelle TeHEeTHYHO uAeHTHuuupano. Haii-
pasmpoctpaHeHuTe BHAoBe Osixa Bacteroides oleiciplenus, Clostridium butyricum wu
Ruminiclostridium papyrosolvens. Axanu3upanu 0sixa ¥ KOHIICHTpAIMATa ¥ KOMITOHECHTHUSI
CbCTaB Ha JICTIMBUTE MACTHU KHCEIIMHM, CHIBTCTBALIM IIpolleca HAa OWOpasTpaklaHe B
OuopeakTop.

7. Lyudmila V. Kabaivanova, Hristo M. Najdenski, Venelin N. Hubenov, Elena I. Chorukova,
Ivan Simeonov, Juliana G. Ivanova. Biotechnological exploitation of lignocellulosic wastes for
biomethane production and algae cultivation in the digestate. International Journal of Pharma
Medicine and Biological Sciences, 9, 4, 2020, ISSN:ISSN 2278-5221, 152-157.

The use of renewable energy sources and applying appropriate conditions for realization of
anaerobic digestion of agricultural waste is carried out for obtaining higher yields of
biomethane as an energy carrier. The influence of substrate type, quantity and pretreatment,



together with temperature regime on biomethane production was estimated. Both substrates
generated higher biogas yields at the higher temperature regime and after pretreatment. The
organic loading of 35 g/L was found to be most appropriate. The obtained liquid phase of
anaerobic digestate was utilized as medium to maintain and enhance green microalgal growth.
The ability of microalgae to photosynthetically fix carbon dioxide producing various
biologically active substances, their short growth cycle and easy accummulation of biomass
was involved. Due to their ability to colonize different environments these microorganisms
represent promising sources for new products and applications. Good growth and development
was observed for the microalga Scenedesmus acutus in digestate after adsorption with active
carbon, using the macro and micronutrients present. This approach may lead to reducing costs
and environmental impacts. Accumulated algal biomass (5 g/L) was afterwards introduced back
in the reactor, realizing twice increased quantity of biogas on the second day of the anaerobic
digestion process, generating biomethane.

W3non3BaHeTo Ha BBH30OHOBSIEMH CHEPIMWHU HM3TOYHHMIM W TPUIATAHETO HA TOJXOJSIIH
YCJIOBHS 32 OCBILECTBSIBAHE Ha aHACPOOHO pasrpakJaHe Ha CEJICKOCTONAHCKH OTHAIbIH CEe
M3BBHPIIBA 32 MOJy4aBaHE Ha MO-BUCOKH JIOOMBU Ha METaH KaTo eHeprueH Hocutell. OneHeHo
€ BIUSHUETO Ha BUJA Ha CyOCTpara, KOJMYECTBOTO M IpeaBapuTeiHaTa 00paboTKa, 3aeIHO C
TEeMIIepaTypHHUS PEXKHUM, BbPXY MPOU3BOJICTBOTO Ha MeTaH. M nBaTa cyOcTpaTa reHepupar mo-
BUCOKHM JOOMBH Ha OWOra3 MpW TO-BHUCOK TEMIIEPATypeH PEXHUM H CIeJ MpeIBaAPUTEITHA
obpaboTka. OprannaHoTo HaToBapBaHe oT 35 g/L. ce okasa Hai-moaxomsmo. [Tomydenara
TeyHa (pa3a Ha Omonurama Oenre M3MOJI3BaHA KAaTo cpe/a 3a MOAIbpKaHEe W MOJA00psSIBaHE Ha
pacTexa Ha 3eJeHUTe MUKpoBoaopaciu. [lokazaHa € croCOOHOCTTa Ha MHKPOBOJOPACIHTE
(OTOCHHTETHYHO /1a GUKCHPAT BHIIIEPOICH TNOKCH/I, TPOU3BEKIANKN pa3IMIHN OHOIOTHYHO
aKTHUBHH BEIECTBA, KPAaTKUAT UM IIMKBI Ha PACTeK W JIECHOTO HATpylBaHE Ha Omomaca.
[lopamn cmocoOHOCTTa WM Ja KOJOHH3UPAT pa3iMyHU Cpeld, TEe3H MHUKPOOPTaHW3MHU
MpEJCTaBIABAT OOEIIaBalll M3TOYHHIIM 32 HOBU NMPOJYKTH W MpuiiokeHus. HaOnromaBan e
I00Bp pacTex W pasBUTHE Ha MHKPOBOJOpAciIoTo Scenedesmus acutus B Ouorpiama cien
azicopOLMs ¢ aKTUBEH BBIVICH, M3MOJI3BAlKM HAJMYHUTE MaKpo- M MHKpoeineMeHTH. To3u
MOJIXO MOXe Ja JOBe/e /10 HamallsiBaHe Ha Pa3XOJUTe U BB3JCHCTBHETO BBPXY OKOJIHATA
cpena. Harpynanara 6uomaca ot Bogopaciu (5 g/L) Bnocienctsue Oenie BbBeieHa 00paTHO B
peakTopa, peaqTu3upaiku IBOMHO yBEIMYEHO KOJIMYECTBO OMOTa3 Ha BTOPHS JIEH OT Ipoleca
Ha aHaepoOHO pa3rpaxkaaHe.

8. Venelin Hubenov, Ramiro Ariel Carcioch, Juliana Ivanova, Ivanina Vasileva, Krasimir
Dimitrov, Ivan Simeonov, Lyudmila Kabaivanova. Biomethane production using ultrasound
pre-treated maize stalks with subsequent microalgae cultivation. Biotechnology &
Biotechnological Equipment, 34, 1, 2020

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 co-digested with algal biomass. The total yields were 1116 cm?3 /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.

ToBa npoy4BaHe U3MOJI3Ba BE30OHOBSIEM €HEPTUEH U3TOYHHUK, CEJICKOCTONMAHCKH OTIIAaIbIIH, B
aHaepoOHO pasrpa)kiaHe MPHU MOAXOJSIIM YCIOBHSA 32 IMOJlydyaBaHe Ha OMOTa3 W MeTaH KaTo
eHeprueH Hocuten. llapeBumuHuTEe CTBHONIA Ca TPETHPIEIN IPEIBAPUTENHA YITPAa3BYKOBA
obpaboTka ¢ ynrpa3Byk (V3) 3a moioOpsiBaHe Ha TAXHATA IOCTBITHOCT 32 MUKPOOPTAaHU3MHUTE,
THI KaTO JTUTHOLIETYJIO3HUTE CYPOBUHH UMAT CTAOMITHA CTPYKTYypa, HEpa3TBOPHUMH Ca BbB BOJa
M ca YCTOWYMBHM KaKTO Ha MEXaHWYHH, TaKa U HAa €H3UMHHU BB3JCHCTBHs. buommamsT cien
aHaepoOCH TPOIEC Ha pasrpakJaHe € H3MOI3BAaH JIOMBJIHUTEIHO 32 KYJITHBHpaHE Ha
BOJIOpAcIid  Clle[l afcopOIusi C aKTUBEH BBIVIEH 3a wu3ouctpsHe. DOTOCHHTETHYHHTE
MHUKpPOBOAOPACIN HMMAaT WHIYCTPUATHH U HKOHOMHYECKH IEPCIEKTHBH, TaKa Y€ TAXHOTO
HHUCKOOIO/DKETHO KYJITUBUpPAHE MMa ToJsIM MOTEHIMAN 32 MHOTO NMpUJIOKeHHs. Pe3ynraTure
MOKa3BaT BB3JCHCTBHETO HA IpEABapUTENHATA YITPa3ByKoBa 00paOOTKa Ha IIapEBUYHU
cTBOJa KaTO EIUHCTBEH CyOCTpaT M IpPU CHBMECTHOTO UM pasrpaxkJaHe C BOJOpacioBa
6uomaca. O6mure no6usu ca 1116 cm®/L, 1350.5 cm®/L u 1293.25 cm®/L 3a nerpetupanurte,
IpeaBapuTeIH0O 00paboTeHn ¢ yATpa3ByK M C MHKPOBBJIHHM I[APEBHYHH CTHOJA.
JleMOHCTpHUpaHa € BB3MOXKHOCTTAa 3a HAaTpyIBaHE Ha BOAOpAcioBa OMoMaca, M3MOJI3BalKU
Oouomama kato cpena. IIpenBapurtennata oOpabotka ¢ Y3 (400 W) mokaza BuUCOKa
€(EeKTUBHOCT 110 OTHOLIEHUE HA MOJYyYEHUTE eKCTpaXUpyeMH BEIL[eCTBA HA €IMHUIIA BIOXKEHA
eHeprus. JloGaBsHeTo Ha 4 g/l Guomaca OoT MUKPOBOJOPACIIN KAaTO AOIBIHUTEIEH CyOcTpar
JIOBEZle /10 yBEIMuYaBaHE Ha J00MBa Ha OHOra3 B CpaBHEHHE C HETPETUPAaHUTE CTHOJA.
Peanm3upana e manka 3aTBOpeHa KphroBa CUCTEMA, 3aII0YBaIla OT aHAepOOHO pa3TrpakaaHe Ha
JUTHOLIETYJIO3HU CyOCTpaTH, MOCIEeIBaHO OT KyJITHBUpPAaHE HA MHUKPOBOJOPACTH B OHOIIaMa
Y TIOCNIEJIBAII0 BpBIaHE Ha OMomacata OT MHKPOBOJOpACIN OOpaTHO B OMOpeaKkTopa KaTo
JOMBIIHUTENICH CyOCTpaT, HachpYaBallKM KpbhroBaTa MKOHOMHKA. [IpemoxeHata cxema e
MpOCTa M HHUCKOOIO/KETHA TEXHOJOTHS, ThH KaTo W3MOJ3BAaHUAT CyOCTpar € CBOOOIHO
JOCTBIIEH W BBH30OHOBSIEM, a 3a BOJOpPACIHTE € JOKa3aHa BB3MOXKHOCTTa Ja pacraT B
OTNAABYHUA €IIYeHT B KAUeCTBOTO MY Ha Cpeaa.

9. Hubenov, V., Miteva-Staleva, J., Eneva, R., Boteva, N., Kabaivanova, L. Two-phase
anaerobic digestion of wheat straw using immobilized microbial consortia. Ecological
Engineering and Environment Protection, e 2021, ISSN:1311-8668,
DOI:doi.org/10.32006/eeep.2022.1.3544, 35-44

Abstract: The serious energy and environmental problems associated with the use of fossil fuels
necessitate the search for alternative energy sources. One of the modern approaches is the



anaerobic degradation of organic waste from agricultural wastes. The hydrogen and methane
thus obtained are sources of environmentally friendly energy, which reduces carbon dioxide
emissions from fossil fuels, as well as gaseous emissions resulting from natural degradation
processes in the disposal of waste materials. The described two-stage anaerobic digestion
(TPAD) system with an immobilized microbial consortium represents an innovative
biotechnological approach that seeks to obtain an increased energy yield and raised degree of
processing of waste materials. Some additional raw materials which represent waste materials
from other industrial scale processes can be successfully applied and support higher
biohydrogen production from wheat straw. The temperature regime suitable for wheat straw
biodegradation is 55°C resulting in 2.5 time more biohydrogen production. The VFAs obtained
from BR-1 are suitable substrate for the immobilized microbial consortia which is formed for
nearly twenty days of bioreactor maintenance.

Pestome: Cepro3HHUTE €HEPrUiHU U €KOJIOTUYHHM MPOOIEMH, CBbpP3aHU C HM3IOJI3BAHETO Ha
M3KOMaeMy TrOpvBa, HajaraT ThbPCEHETO Ha alTEePHATUBHU €HEPIMMHU M3TOYHUIM. EnuH oT
ChBPEMEHHUTE MOAXOAHN € aHaepOOHOTO pasrpakJaHe Ha OPraHUYHU OTHAABLU OT CEICKOTO
cTonancTBo. Taka moy4yeHuTe BOJAOPO M METAaH Ca M3TOUYHUIIN Ha €KOJIOTUYHO YHCTa CHEPT U,
KOSITO HaMallsiBa €MUCHUUTE HA BBIVIEPOJCH JAMOKCHI OT HW3KOMAEMHUTE TOPHBA, KAKTO W
ra3oo0pa3HUTEe €MHCHH, MPOU3THYAIIM OT ECTECTBEHHTE IPOLECH Ha pasrpaxkaaHe Npu
M3XBBPISIHETO Ha OTNaAbYHHM Marepuaiu. OmucaHata JBYyCTEIIEHHA CHCTEMa 3a aHaepoOHO
pasrpaxzaane (TPAD) ¢ umoOunusupan MUKpOOEH KOHCOPLIMYM IpEACTaBIIsIBA HUHOBAaTUBEH
OMOTEXHOJOTHYEH MOJXO0/, KOWTO Ce CTpEeMH Ja IMOJy4Yd IMOBHIIEH JOOMB Ha C€HEPrus U
MOBHIIICHA CTENEH Ha pasrpakJaHe Ha OTHaIbUHUTE Marepuain. HAKoWM DONBIHUTEITHH
CYpOBHHH, KOUTO MPEICTABISBAT OTMAJbUYHI MaTepUAIN OT JAPYrd HHIYCTPUATHU MPOIECH,
MOTraT YCIICIIHO JIa ce TpUJIarar u Jia IoArnoMaraT MoBHIIaBaHETO Ha JJOOWBUTE HA BOJIOPOJ OT
MIICEHUYHA clama. TeMIepaTypHUSIT PEeKUM, MOIXOMAAI] 3a OWoAerpafanvs Ha IMIICHHYHA
cinama, € 55°C, koetro Boau 70 2,5 MHTH MOBUIIEHO MPOU3BOACTBO HAa BOAOPO.. JleTnuBuTe
MacJIeHUTe KHUCeNWHHU, monydyeHu B bP-1, ca momxomsmy cyOGcTpaT 3a MMOOWUIM3MpPAHUTE
MUKPOOHU KOHCOPLIMYMH, KOUTO ce (hopmupa 3a 01130 BajieceT JHU paboTa Ha OuopeakTopa.

10. Najdenski, H., Dimitrova, L., Akivanov, V., Hubenov, V., Mihailova, S., Grozdanov, P.,
Iliev, M., Kussovski, V., Kabaivanova, L., Simeonov, I.. Anaerobic digestion of wheat straw
and micobiological assesment of the resulted digestate. Ecological Engineering and
Environment Protection, 1, 2021, ISSN:1311-8668, doi.org/10.32006/eeep.2021.1.4960, 49-
60

Abstract: A study on the anaerobic digestion of wheat straw in a pilot scale bioreactor with an
organic load of 2, 5, 7, 10 and 20 g/l and a process duration of 18 to 80 days was performed.
The pilot bioreactor used has a computerized system for control and monitoring of various
operational parameters — temperature, pH, biogas composition, etc. Total solids, total organics
and volatile fatty acids were measured by standard methods and gas chromatography. Daily
biogas yield and its main components (CH4, CO», H.S) were analysed too. During the anaerobic
digestion, different species of microorganisms have been isolated from the genera Bacillus,
Pseudomonas, Enterococcus and Aeromonas, as well as the species Terribacillus halophilus.
With a known pathogenic potential are described Pseudomonas sp., Enterococcus sp. and
Aeromonas sp. Studies on the antimicrobial resistance of all isolated strains show resistance to



ampicillin, amoxicillin, bacitracin, ceftriaxone, gentamicin and vancomycin. The cellulose
degrading activity of some of the bacterial isolates, their pathogenic potential and antimicrobial
resistance are discussed in detail in the light of the data on the mechanisms of proven resistance.

Pestome: I[lpoBeneHo e m3ciieaBaHe Ha aHACPOOHOTO pasrpakJaHe Ha IMIICHUYHA ClaMa B
MUJIOTEH OMOpPEaKTOp ¢ OpraHMyHO HaToBapBaHe oT 2, 5, 7, 10 u 20 g/l u npoabKUTETHOCT Ha
mporeca ot 18 mo 80 nguu. M3mon3BaHUAT TWJIOTEH OHMOpEakTop pasmojara ¢
KOMITIOThPU3UpPAHA CUCTEMA 32 KOHTPOJ M HAOIIOICHNE HA PA3JIMYHU ONEPATUBHU IapaMeTpu
— temMriieparypa, pH, cbctaB Ha Ouorasa u fip. OOIIOTO KOJIUYECTBO CYXO BEILIECTBO, OOIIOTO
KOJMYECTBO OpPraHMYHU BEIIECTBA W JICTIMBUTE MACTHU KHUCEIMHU Ca HM3MEPEHU upe3
CTaHJIapTHU METOJHU U ra30Ba xpoMaTorpadus. AHaJIU3UpPaH € U JHEBHUST JOOUB Ha Ouoras u
ocHoBHuTe My KomrnoHeHTH (CHa, CO2, H2S). [To Bpeme Ha aHaepoOHOTO pasrpakaaHe ca
M30JIMPaHU Pa3IMYHA BHJOBE MHUKpoopranm3mu oT poxosere Bacillus, Pseudomonas,
Enterococcus u Aeromonas, kakro u Buma Terribacillus halophilus. C usBecren marorenen
noteHnuan ca onucanu Pseudomonas sp., Enterococcus sp. u Aeromonas sp. IlpoyuBanus
BbPXY AaHTUMUKPOOHATa PE3UCTEHTHOCT Ha BCUYKM HW30JMpPAHU IIaMOBE IOKa3BaT
PE3UCTEHTHOCT KbM aMITUIIWINH, aMOKCHIIMIINH, OalluTpanuH, e TPHAKCOH, TCHTAMUIIUH U
BaHKOMHULIMH. llenyno3opasrpaxiaiara akTUBHOCT Ha HSIKOM OT OaKTEpUAJHUTE H30JaTH,
TEXHUAT NATOM€HEH NMOTEHIMAl M aHTUMHUKPOOHA PE3UCTEHTHOCT ca OOCHIEHH MOJIPOOHO B
CBETJIMHATA Ha JAHHUTE 32 MEXaHU3MHUTE Ha JI0Ka3aHa PE3UCTEHTHOCT.

11. Simeonov |., Hubenov V., Chorukova E.. Renewable energy from two-stage anaerobic
digestion of organic wastes. 17th Conference on Electrical Machines, Drives and Power
Systems (ELMA), 2021, DOI:10.1109/ELMA52514.2021.9503067

Experimental studies of two-phase anaerobic digestion of corn steep liquor (a waste product
from processing corn grain for starch extraction) were performed. For the first time, an
automatic mode of operation was implemented in continuous processes with simultaneous
production of hydrogen and methane using the developed computer system for monitoring and
control of pilot bioreactors. The best results for daily biogas yield were obtained at an organic
load of 20 g/L for hydrogen producing bioreactor, as the daily yield of biohydrogen is 0.74
dmd/L at a hydrogen concentration in biogas of 32.6% (0.24 dm®/L pure biohydrogen) and the
daily biomethane yield in the methane producing bioreactor is 0.587 dm®L at a methane
concentration in biogas of 69% (0.4 dm®/L pure biomethane). The obtained energy is more than
40% compared to the traditional single-stage methane production process. A disadvantage is
the need for additional purification from hydrogen sulfide of both gases before obtaining
electricity and/or heat.

[TpoBeneHn ca eKCIEpUMEHTATHHM H3CIEIBaHUS Ha JBy(}a3HO aHaepoOHO pasrpaxkaaHe Ha
[apeBUYCH EKCTPAaKT (OTMaabueH TPOAYKT OT TpepaboTKaTa Ha IAPEBUYHO 3BPHO 3a
eKCTPAKIUs Ha HUIIECTe). 3a MBbPBU IBT € peaju3upaH aBTOMATHUCH PEXUM Ha paboTa B
HEMPEKbCHATH TIPOIECH ¢ €AHOBPEMEHHO MPOU3BOJICTBO HA BOJOPOJ M METaH, M3IOJI3BAMKHI
pa3paboTeHaTa KOMITIOTBPHA CHCTEMa 32 MOHHWTOPHHI U YIPaBJICHWE Ha THJIOTHH
ouopeaxTopu. Haii-nobpu pe3ynraTi 3a JHEBEH JOOHUB Ha OMOTra3 ca MoJy4yeHH MPU OPTraHuYHO
HatoBapBane oT 20 g/L 3a GuopeakTop, MPOU3BEXKIAII BOJAOPOJ, KaTO THEBHUAT JTOOUB Ha
Bonoposa e 0,74 dm®/L npu KoHIeHTpaIms Ha BOIOPOA B 6uorasa ot 32,6% (0,24 dm®/L uucr
OMOBOZOPO/), @ THEBHUAT JOOMB Ha MeTaH B OMOpeakTopa, MpousBexamn metal, € 0,587



dm®/L npu xoHIeHTpamus Ha MeTaH B 6uorasa oT 69% (0,4 dm®/L uuct meran). Ionydenara
eneprus e noseue ot 40% B cpaBHEHHUE C TPAJAUIIMOHHUS €JHOETANECH MTPOLIEC Ha IPOU3BOJCTBO
Ha MeTaH. HegocTarpk € HEOOXOIMMOCTTA OT JOIIBJIHUTEIIHO MTPEYUCTBAHE OT CEPOBOAOPOA U
Ha JIBaTa ra3a Ipey MpUIaraHeTo UM 3a MoJydaBaHe Ha eIEKTPUYECTBO H/UIIH TOILIHHA.

12. Chorukova E., Hubenov V., Gocheva Y., Simeonov I. Two-Phase Anaerobic Digestion of
Corn Steep Liquor in Pilot Scale Biogas Plant with Automatic Control System with
Simultaneous Hydrogen and Methane Production. Applied Sciences, 12, 12, MDPI, 2022,
ISSN:20763417, DOI:10.3390/app12126274, 6274.

Experimental studies of two-phase anaerobic digestion of corn steep liquor in semi-continuous
automatic and semi-automatic modes of operation of a cascade of two anaerobic bioreactors
with monitoring and control systems were performed. Corn steep liguor—a waste product from
the process of treating corn grain for starch extraction—was used as a substrate in the process
of anaerobic digestion with simultaneous hydrogen and methane production. The daily yields
of biohydrogen in bioreactor 1 of the cascade (with a working volume of 8 dm?®) are variable.
In good operation, they are in the range of 0.7 to 1.0 L of biogas from a 1 dm® working volume
of the bioreactor, and the optimal pH is in the range of 5.0-5.5. The concentration of hydrogen
in the biogas from the hydrogen bioreactor 1 is in the range of 14-34.7%. The daily yields of
biomethane in bioreactor 2 of the cascade (with a working volume of 80 dm?®) vary in the range
0.4 to 0.85 L of biogas from a 1 dm? working volume of the bioreactor, and the concentration
of methane in the biogas from bioreactor 2 is high and remains practically constant (in the range
65-69%). At a dilution rate of 0.4 day' and an organic loading rate of 20 gL for bioreactor 1,
respectively, and a dilution rate of 0.05 day ™! for bioreactor 2, the best results were obtained.
The computer control system is presented. Some energetical considerations were discussed.

[IpoBeneHu ca eKCepUMEHTAIHU H3CJIEBAaHUS Ha JBY(ha3HO aHaepoOHO pasrpakJaHe Ha
[IaPEBUYCH EKCTPAKT B TOJYHENIPEKHCHATH aBTOMATHYHU W TIOJyaBTOMATHYHH PSKHMH Ha
paboTa Ha Kackaaa OT JiBa aHaepoOHU OMOpEaKToOpa ChC CUCTEMH 33 MOHUTOPUHT U KOHTPOIL.
[{apeBUYHUS EKCTPAKT - OTHAAbUEH MPOIYKT OT Mpoileca Ha 00paboTKa Ha MapEBUYHO 3BPHO
3a eKCTpaklMs Ha HHIIECTe - € H3MOJI3BaH KaTo cyOcTpaT B Mpolleca Ha aHaepoOHO
pasrpakJjaHe ¢ €THOBPEMEHHO IMPOW3BOJCTBO HAa BOJOPOJ M MeTaH. /[HeBHHTE HOOMBH Ha
6roBoopos B GuopeakTop 1 Ha Kackamara (c paboren obem 8 dm®) ca mpomenmusu. ITpu
nobpa ekcrioararus Te ca B nuanasona ot 0,7 no 1,0 L 6uora3 ot 1 dm?® paboteH obem Ha
ouopeakTopa, a ontumManHoto pH e B nuamazona 5,0-5,5. KoHuenTpanusara Ha BOAOPOI B
O6uoraza OoT BomopoaHus Ouopeaktop 1 e B muamazoHa 14-34,7%. JlneBHuTe n0OWBH Ha
6roMeTaH B GuopeakTop 2 oT kKackazaara (c paboten ooem 80 dm®) Bapupar B nuanasona ot 0,4
n0 0,85 L 6moras ot 1 dm® paGoTeHn obem Ha GHOpeakTOpa, a KOHIIEHTPALUATA HA METAaH B
Ouorasa ot OnopeakTop 2 € BUCOKa M OCTaBa MPAKTUYECKHU MOCTOsIHHA (B Tuamna3ona 65—-69%).
Haii-noOpu pe3ynTaTu ca MmojaydyeHd IpH CKOPOCT Ha paspexaane oT 0,4 meH ' U CKOpoCT Ha
oprannyHo HaToBapBaHe OT 20 gl choTBETHO 3a OUOpeakTop | U CKOPOCT Ha pa3pexaHe OT
0,05 nen' 3a Ouopeaktop 2. I[IpeacraBeHa € KOMMIOTbpHaTa CHUCTEMa 3a YIpPaBIICHUE.
OOchaeHm ca HIKOU €HepreTUYHU aCTIeKTH.

13. Miteva-Staleva, J., Eneva, R., Hubenov, V. Fungi and Their Potential for Biofuels
Production (Review). Bulgarian Journal of Agricultural science, 28, 2, 2022, ISSN:1310-0351,
265-270.



World production of wheat, rice, sugar cane, vegetables and corn has reached approximately
62 billion tons per year. Over 3,48 billion tons per year agricultural wastes are accumulated.
Improper disposal of agricultural waste is one of the causes of environmental pollution.
Biodegradation of plant residues for biofuel production has become a modern alternative for
the treatment of agricultural waste. Fungi producing lignocellulolytic enzymes include species
of Ascomycetes, Basidiomycetes, and several anaerobic species that break down cellulose in the
gastrointestinal tract of ruminants and some halophilic fungi. Anaerobic gut fungi have attracted
huge interest as the most active cellulose degraders in nature. Some industrial production
processes are carried out in the presence of high concentrations of NaCl. In such conditions,
halophilic fungi with cellulase activity are already reported to be used in direct production of
ethanol and butanol.

CBETOBHOTO IPOU3BOJCTBO HA MIICHUIIA, OPHU3, 3aXapHa TPHCTHKA, 3€JCHUYIIM U IapeBUIIa €
JOCTHTHAJIO TMPUONMM3UTENHO 62 Muiamapna ToHa romumHo. Hanm 3,48 mmumapaa ToHa
CEJICKOCTOIIAHCKM OTHAAbLIM C€ HATpPymnBaT TOAWIIHO. HempaBUIHOTO U3XBBpJISHE Ha
CEJICKOCTOIAHCKK OTHaAbIlM € €IHa OT MPUYMHUTE 3a 3aMbpCsABaHE HAa OKOJIHATa cpeja.
buopasrpaxknaneTro Ha paCTUTENIHU OCTATHIU 3 TPOU3BOICTBO HA OMOTOPHUBA CE € IPEBBPHAIIO
B CBBPEMCHHA aJITCpPHATHUBA 3a TPETHPAHE Ha CEJICKOCTONMAHCKH OTHaabIM. [ bOuTE,
MPOM3BEXKJAIIM  JIMTHOLENYJIONUTUYHU  €H3UMH, BKJIIOYBAaT  BuaoBe  Ascomycetes,
Basidiomycetes kakTo W HSIKOJIKO aHACpOOHM BHIA, KOUTO pasrpaxkiaar Ieylo3ara B
CTOMAITHO-YPEBHUS TPAKT HA MPEKUBHUTE >KUBOTHU, KAKTO M HIKOM XaJlo(HIIHU THOU.
AHaepoOHHTE YPEBHU I'bOM Ca MPHBJICKIM OIPOMEH MHTEPEC KAaTo €AHU OT Hai-aKTUBHUTE
LeTyJI03aHU JIETPalaHTh B TpupojaTa. Hikou mpoOMHUIUIEHH TPOU3BOACTBEHH IPOIIECH CE
U3BBPIIBAT B INPUCHCTBHETO Ha BHCOKH KoHIeHTpamuu Ha NaCl. Mma cpoOmieHus 3a
npujiarane Ha Xxajno(uiHu re0u ¢ 1enyIa3Ha akKTUBHOCT 33 JUPEKTHO MTPOU3BOACTBO HA €TAHOJ
u OyTaHoII.

14. Chorukova, E.,, Kabaivanova, L., Hubenov, V., Simeonov, I., Roeva, O.. Mathematical
Model of a Thermophilic Anaerobic Digestion for Methane Production of Wheat Straw.
Processes, 10, 4, MDPI, 2022, ISSN:2227-9717, DOI:https://doi.org/10.3390/pr10040742,
742.

This paper presents a newly created mathematical model of thermophilic anaerobic digestion
of wheat straw carried out in a 2 dm3 bioreactor for methane production. Two batch processes,
with 30 mL/dm3 and 35 mL/dm3 organic load, are carried out—one set for parameter
identification and one set for model verification. The identification of model parameter values
is based on dynamical experiments. It is fulfilled using two different techniques: deterministic
sequential quadratic programming algorithm and metaheuristic genetic algorithm. Verification
of the developed mathematical models is conducted based on the different data sets of the
process. Both models predict the set of the experimental data for all considered process
variables well. Genetic algorithm visually fits the data with a higher degree of accuracy, as
confirmed by the numerical results for the objective function value.

Ta3u cratusi mpeacTaBs HOBOCH3/aJeH MATeMaTUYECKH MOJen Ha TepMmoduiHa aHaepoOHa
6roerpaanys Ha MIIEHUYHA c1aMa, IpoBeieHa B OuopeakTop ¢ obem 2 dm? 3a mpousBoacTBO
Ha MeTaH. IIpoBe/ieHn ca JBa MepHOIMUHH MPoIleca, C OpraHMYHO HaToBapBaHe oT 30 mL/dm®
1 35 mL/dm?® - enuHuAT 32 naeHTHQUIMpPaHe HA TAPAMETPH, a IPYTHST 3a TPOBEpKa Ha MOJIENA.



HZ[GHTI/Iq)I/H_[I/IpaHCTO Ha CTOMHOCTHUTE Ha mapaMeTprUTC HA MOJICJIa C€ OCHOBABa HA TWHAMHWYHU
ekcriepuMeHTH. To ce M3BBpIIBA ¢ OMOIITA HA JBE PA3IMYHU TEXHUKHU: TETCPMUHUCTHYCH
AJITOPUTHM 32 IMOCJEAOBATEIHO KBAJAPATUYHO MPOrpaMHUpaHe M METaCBPUCTUYCH TeHETUYCH
anroputhM. [IpoBepkara Ha pa3pabOTEHUTE MATEMATUYECKH MOJICIIN CE U3BBPINBA Bb3 OCHOBA
Ha pa3IMYHUTEe HAOOpHU OT JaHHU 3a mpoieca. M nBara Mmojena go0pe mpencka3Bat Habopa oT
CKCIIEPUMEHTAIHU JAHHHK 33 BCHYKH Pa3rJIC)KIaHU MPOMEHJIMBH Ha Tporeca. | eHeTUIHUAT
AJITOPUTHM BHU3YaJIHO ITaCBa HA JAHHUTEC C IIO-BUCOKA CTCTICH HAa TOYHOCT, KaKTO € IIOTBBPACHO
OT YHCJICHUTE PE3YJITATH 3a CTOMHOCTTA Ha IieJieBaTa (QyHKIIU.

15. Kabaivanova, L., Hubenov, V., Dimitrova, L., Simeonov, I., Wang, H., Petrova, P. Archaeal
and Bacterial Content in a Two-Stage Anaerobic System for Efficient Energy Production from
Agricultural ~ Wastes.  Molecules, 27, 5, MDPI, 2022, ISSN:1420-3049,
DOI:10.3390/molecules27051512, 1512-1512.

Anaerobic digestion (AD) is a microbially-driven process enabling energy production.
Microorganisms are the core of anaerobic digesters and play an important role in the succession
of hydrolysis, acidogenesis, acetogenesis, and methanogenesis processes. The diversity of
participating microbial communities can provide new information on digester performance for
biomass valorization and biofuel production. In this study anaerobic systems were used,
operating under mesophilic conditions that realized biodegradation processes of waste wheat
straw pretreated with NaOH—a renewable source for hydrogen and methane production. These
processes could be managed and optimized for hydrogen and methane separately but combining
them in a two-stage system can lead to higher yields and a positive energy balance. The aim of
the study was to depict a process of biohydrogen production from lignocellulosic waste
followed by a second one leading to the production of biomethane. Archaeal and bacterial
consortia in a two-stage system operating with wheat straw were identified for the first time
and the role of the most important representatives was elucidated. The mixed cultures were
identified by the molecular-biological methods of metagenomics. The results showed that
biohydrogen generation is most probably due to the presence of Proteiniphilum
saccharofermentans, which was 28.2% to 45.4% of the microbial community in the first and
the second bioreactor, respectively. Archaeal representatives belonging to Methanobacterium
formicicum (0.71% of the community), Methanosarcina spelaei (0.03%), Methanothrix
soehngenii (0.012%), and Methanobacterium beijingense (0.01%) were proven in the methane-
generating reactor. The correlation between substrate degradation and biogas accumulation was
calculated, together with the profile of fatty acids as intermediates produced during the
processes. The hydrogen concentration in the biogas reached 14.43%, and the Methane
concentration was 69%. Calculations of the energy yield during the two-stage process showed
1195.89 kWh-t ! compared to a 361.62 kWh-t ! cumulative yield of energy carrier for a one-
stage process.

Anaepobnara Ouonerpamanus (ABJl) € MUKpoOOMOIOTHYEH TMPOIEC, TMO3BOJISIBAII]
MOJIy4aBaHETO Ha eHeprus. MUKpoOpraHu3MUTe ca KIFOYOBU 32 aHaepoOHaTa Ouoaerpagamus
W UTPAsAT BaKHA POJISI B TOCJICIOBATEIIHOCTTA HA IMPOIECHTE HA XHJPOJIH3a, alliJI0TeHe3a,
alieToreHesa U MeTaHorenesa. M3scienBanero Ha pa3HOOOpa3MeTO HA y4acTBALIUTE MUKPOOHU
CHOOIIECTBA MOXE Ja TMpeAocTaBu HOBa WH(poOpmarus 3a pabotaTta Ha OMOpEaKTOpUTE 3a
OTOI30TBOPSIBAaHE Ha OuWoMaca W MPOW3BOACTBO Ha OworopuBa. B ToBa mpoydBaHe ca
W3IOJI3BaHN aHACPOOHW CUCTEMH, PabOTEIIH MPH ME30(WIHNA YCIOBHS, KOUTO peaTn3upar
MpoliecH Ha OMopasrpakiaHe Ha npeaBapuTenHo oopadboreHa ¢ NaOH ormanbuHa mieHUYHA
cJlaMa - Bb300HOBSIEM M3TOYHUK 3a TIPOU3BOJICTBO HA BOJAOPOJ M MeTaH. Te3u mpoIiec MoraT
na ObJaT yrnpaBsIBAHU U ONTHUMHU3UPAHU 32 MOJydyaBaHe HA BOJOPOJ U METaH MOOTAEIHO, HO



KOMOMHHpPAHETO UM B JBYCTENEHHA CHUCTEMa MOXE Jia JOBEIe A0 MO-BUCOKH TOOWBH W
MOJIOKUTEJIeH eHeprueH Oananc. Llenta Ha u3cienBaHeTo € Ja ce MPEJCTaBH Ipolec 3a
IIPOM3BOJICTBO HA BOJOPOJ OT JIMTHOLENYJIO3HU OTIAAbIM, ITOCIEIBAaH OT BTOPH, BOJAEL 10
MIPOU3BOJICTBOTO Ha METaH. 3a M'bPBH MbT Ca HIACHTU(GUIUPAHU apXEalHH U OaKTepUaTHU
KOHCOPLIMYMH B JBYCTBIIAJTHA CUCTEMA, padoTella ¢ MIIEHUYHA cllama, U € U3sICHEHa PoJIsITa
Ha Hal-BakHuTe mpenactaButTend. C(CMmeceHUTe KyIATypu ca HACHTUUIUpAHU 4pe3
MOJICKYJISIPHO-OMOJIOTHYHU METareHOMHH METOAM. Pe3ynraTute moka3BaT, 4e TeHepUPAHETO
Ha BOJOPOJ] Hali-BEPOSITHO Ce Ab/UKK Ha Hammuuero Ha Proteiniphilum saccharofermentans,
KoiiTo chcraBnsBa or 28,2% no 45,4% ot mukpoOHaTa OOMIHOCT B IBPBUS U BTOPUA
ouopeakTop. B peakTopa 3a reHepupaHe Ha METaH ca JIOKa3aHM apXeallHd MPEICTaBUTENH,
npuHaanexanm kbM Methanobacterium formicicum (0,71% ot oburHoctTa), Methanosarcina
spelaei (0,03%), Methanothrix soehngenii (0,012%) u Methanobacterium beijingense (0,01%).
W3uncnena e kopenanusaTa MeXAy pa3rpakJaHeTo Ha cyOcTpaTra U HaTpyHnBaHETO Ha Ouoras,
3aeHO C mpo¢uiIa Ha MACTHUTE KHCEIUHU - MeXJAUHHU METa0OJIUTH, TIOJYYeHH 10 BpeMe Ha
npouecute. Konnenrpanusara Ha Bojgopoa B Ouorasza gocrura 14,43%, a KoHIEHTpauusaTa Ha
MeTaH € 69%. M3uncnenusTa Ha JOOMBa Ha €HEPrus MO BpeMe Ha ABYCTHIIATHHS IMPOIEC
nokassar 1195,89 kWh-t'! B cpaBHeHMe ¢ KyMyIaTUBHHS JOOMB Ha METaH KAaTO €HEPrHEH
HocuTen oT 361,62 kWh-t! 3a eqnocThIaHMS MpoIiec.

16. XyGenos B., KabauanoBa-MunanoBa K., Enesa P., Euru6apos C., IBanosa FO. Cpenctso
3a 00paboTKa Ha OTHAABYCH OMOIIIaM 3a KYJITHBHpaHE Ha MUKpoBoaopaciu, [Tomesen Momen
Ne BG 4295 U1/29.06.2022; JleiicTBam.

[Tone3nusaT Monen ce OTHAcs 10 CPEACTBO 3a 00pabOTKa Ha OTHAagbYeH OWomuIaM OT
MHCTAJIAIMUTE 3a OMOra3, Mo-CIeHaIHO Ha TeYHaTa (pakiys Ha OTIMaIb4YeH OMOILIaM, 3a
[eNTUTEe Ha KYJITUBHPaHE Ha MUKPOBOJIOPACIIHN, XapaKTEPU3UPAIIIO Ce C TOBa, 4e BKItoYBa (g/L):
kanueB xiopua xekcaxuzapar (CaClz. 6H20) - ot 5.0 10 10.0 u aktuBeH BwrieH - ot 20.0 1o
40.0. CpencTBoTO, CBHIIACHO TOJIE3HUS MOJEN, TO3BOJISIBA NMPEBPBIIAHETO HA OTHATHHST
NPOJIYKT B TMOIXOMAIIA 3a KYJITHBHpPAHE HAa MHKPOBOJOpACIM XpaHUTEIHA cpela W JaBa
J0Ka3aHO TOOpH pe3yNTaTh, KaKTo NP KyJITHBHPAHE Ha 3€JICHU BOJIOPACIIH, TaKa M IPU HAKOU
BUJIOBE YEPBEHHU BOJOPACIIH, C KOETO MOXKE JIa 3aMEHH M3ISUI0 HEOOXOIMMOCTTA OT U3TOTBSIHE
Ha CKBIIOCTPYBAILU XpaHUTEIHU cpeau. [lomydenara Omomaca OT MEUKPOBOJIOPACIH CIIE/T TOBA
MOXeE JIa Ce M3MOJI3Ba 3a MPOM3BOJCTBO HA OMOMPOIYKTH C BUCOKA CTOMHOCT, 32 (ypaku 3a
JTOOUTBK U JIp.

The utility model relates to a means for treating waste biosludge from biogas plants, in
particular the liquid fraction of waste biosludge, for the purpose of cultivating microalgae,
characterized by the fact that it comprises (g/L) Calcium chloride hexahydrate (CaCl.. 6H20)
from 5.0 to 10.0 and Activated Carbon from 20.0 to 40.0. The means, according to the utility
model, allows the conversion of the waste product into a culture medium suitable for microalgae
cultivation and gives proven good results, both in the cultivation of green algae and in some
types of red algae, whereby it can replace entirely the need to prepare costly culture media. The
resulting microalgae biomass can then be used for the production of high-value bio-products,
livestock feed, etc.

17. Kabaivanova, L., Petrova, P., Hubenov, V., Simeonov, I. Biogas Production Potential of
Thermophilic Anaerobic Biodegradation of Organic Waste by a Microbial Consortium
Identified with Metagenomics.. Life, 12, 702, MDPI, 2022, [SSN:2075-1729,
DOI:10.3390/life12050702



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.

AmnaepoOnara Ouoxerpananus (ABJ]) e mupoko pasmpocTpaHeH OHWOJIOTHYEH IpoIec 3a
TpeTHpaHe HA OPraHMYHU OTIMAIBIM 3a MPOU3BOJICTBO Ha 3€JeHa eHeprus. B ToBa mpoyuBaHe
MIIIEHWYHA cllaMa ¥ [apeBUYHU CThOJa 0e3 HUKaKBa IpeaBapuTesiHa o0paboTka, ca mpuiiaraHu
KaTo Bb300HOBSiEeM H3TOYHHMK, KOHTO Ja ObAe M3IMON3BaH B JabopaTOpeH OuopeakTop 3a
MIPOU3BOJICTBO Ha Onorasz/meran. [Ipocienenn ca mapameTpuTe Ha mporeca: Temreparypa, pH,
001110 ChIBPKAHKUE HA CYXO BEILIECTBO, OPTaHUYHO CYXO BEIIECTBO, KOHIIEHTPAILHUs Ha JIETJIINBU
MacTtHH kucenunu (JIMK) u koHnieHnTpanus Ha nenysosa. Mi3mMepeH € 06eMbT Ha IPOU3BEICHUS
6uoras. IlocoueHo € BB3IEHCTBMETO Ha OPraHMYHOTO HATOBAapBaHE, KOETO IOKa3Ba, ue
npouechT npu 55 °C Tonmepupa MO-BUCOKO HaToBapBaHe cbhc cyOctpat, no 45 g/L. Ilo-
HATaTBIIHOTO yBEJIMYaBaHE Ha CyOCTpaTa He € JJOBEJO JI0 yBeJMYaBaHE Ha HAaTPYNBAHETO Ha
Oumoras, BEpOATHO MOpaau MHXUOWpaAHE WM OrpaHWYeHus: B maconpenoca. Cren 12-nHeBeH
IpoIeC Ha aHaepOOHO pasrpaxaHe, KyMyJaTUBHUTE 00eMu JoOMBH Ha Ouora3 ca 6unu 4,78
L3a 1l L or pabotHus o6em Ha GuopeakTopa ¢ HaToBapBaHe cbec cyoctpaT 30 g/ mmenuuna
cmama, 7,39 L 3a 40 g/L u 8,22 L 3a 45 g/L. Crenenta Ha Ouojerpaaanus € U3YUCICHA
CchOTBETHO Ha 68,9%, 74% u 72%. Pa3zpaboreH € Obp3 U ePEeKTUBEH MPOILIEC 3a TPOU3BOACTBO
Ha Owora3 oOT HAaTHBHA MIIEHWYHA CcJlamMa, KaTo Hai-BHCOKOTO KOJMYECTBO JIHEBHO
MMPOM3BOJICTBO HAa OMOTa3 ce HaOIoaBa Mex Ay 2-py U 5-Tu jeH. KoHleHTpausaTa Ha MeTaH B
6uoraza e 60%. MeTareHOMHUsI aHaIU3 Ha OAKTEPUATIHOTO Pa3HOOOpa3He MoKa3Ba, ye MoBeye
OT eaHa Tpera OT Oakrepumre npuHamIexkar kbMm kiaac Clostridia (32,9%), cieasanu ot
Bacteroidia (21,5%), Betaproteobacteria (11,2%), Gammaproteobacteria (6,1%) wu
Alphaproteobacteria (5%). Haii-u3Bectaute pomoe cpea Tsx ca Proteiniphilum, Proteiniborus
u Pseudomonas. [lenst Ha apxeute € 1,37% ot Mukpodiaopata B TepMOPHIHUS OHOPEaKTop,
KaTo Hai-pasmpocTpaHeHu ca pomoere Methanocorpusculum, Methanobacterium,
Methanomassiliicoccus, Methanoculleus u Methanosarcina. ITo3naBanero Ha MuUKpoOuOMa,
HaMHpan] ce B aHAepoOHHUsT OMOpeakTop, MOXKe Ja ObJe AOMBIHUTEIHO H3IMOJI3BAHO 3a
pa3paboTBaHEeTO Ha MO-€(EKTUBHU MpOIlecH Ha 0a3a Ha UACHTUDHUIMPAHHUS KOHCOPLIUYM.



18. Lyudmila Dimitrova, Venelin Hubenov, Lyudmila Kabaivanova, Yana Gocheva, Plamen
Angelov, Hristo Najdenski. Bacterial degradation of cellulosic substrates under terrestrial and
long term manned space mission conditions: A review (part I). Ecological Engineering and
Environment Protection, 2, 2022, ISSN: 1311-8668; e-ISSN 2367-8429, DOI:
10.32006/eeep.2022.2.6067, 60-67

Abstract: The Earth and the lower atmosphere (troposphere and stratosphere) are constantly
faced with numerous environmental challenges, one of which is the growing pollution due to
the incineration of cellulose-containing waste with accumulating potential. In recent years
scientists have focused on the complexity of ecological mechanisms in the biosphere of our
planet - Earth, starting from laboratory, scaled and closed ecosystems. Onboard the spacecraft,
textile products with antimicrobial properties are widely used which limits the spread of
infections and ensures safety, comfort and resistance of the user. Another type of waste is the
remains of sanitary and medical consumables, personal hygiene materials (e.g. wet and dry
wipes, toilet paper, etc.), paper, inedible parts of greenhouse plants, etc., being usually subjected
to microbial degradation. On Earth, the accumulation of these cellulose containing waste can
cause serious environmental problems. Nowadays, many researchers are trying in experimental
conditions on Earth to solve the problem of cellulose-containing waste by means of different
approaches — burning, composting, burial, etc. The main risk and environmental problem is that
the burial of waste in the soil and composting should contribute to the spread of microorganisms
with pathogenic potential. Nevertheless, a promising approach is the microbial degradation of
cellulose containing substrates realized by microbial consortia depending on the conditions of
the surrounding environment. Therefore, the recent review aims to make a comparative analysis
of the bacterial species involved in the degradation processes of cellulose-containing waste and
to assess their potential for possible application in space conditions, including the International
Space Station.

Pestome: 3emsiTa W JOMHUTE clloeBe Ha aTMmocdepara (Tporocdepa u crparocdepa) ca
MTOCTOSTHHO HM3MPABEHH IPE]l MHOXKECTBO €KOJOTHYHH MPEIN3BUKATEICTBA, €HO OT KOUTO €
HapacTBAIlOTO 3aMbPCSIBaHE MOPAJAN U3rapsHETO HA OTHAABIM, ChABPIKAIIN LETYy103a, KOUTO
UMaT MOTEHIMAN Jla ce HaTpymnBaT. [Ipe3 mocnenHuTe TOAMHN YYSHUTE ce POKYCHpAT BHPXY
CIIO)KHOCTTa Ha EKOJIOTMYHMTE MEXaHM3MM B Ouocdepara Ha Hamara IulaHera - 3ems,
3arnoy4Baiiku oT 1abopaTopHU, MaladHU U 3aTBOpeHH ekocucteMu. Ha Gopja Ha KocMUYecKu
KOpaOM IIMPOKO Ce M3MOI3BAaT TEKCTUIHM MPOAYKTH C AHTUMUKPOOHHM CBOWCTBA, KOETO
orpaHuYaBa pas3MpPOCTPAHECHUETO HAa HUHQPEKIUH M TapaHThpa O€30MacHOCT, KOMQPOpPT H
YCTOMYMBOCT Ha moTpedutensd. Jpyr Bua oTHaabIM ca OCTAaThLUUTE OT CAHUTApHU U
MEIUIMHCKH KOHCYMAaTHBH, MaTepHalli 3a JINYHA XUTHEeHa (HaIllp. MOKPH M CYXU KBbPITUYKH,
TOAJeTHA XapTus U Jp.), XapTusl, HETOAHM 32 KOHCYMallUsl YaCTH OT OpaH)KEPUHHU pacTeHUs U
Ip., KOUTO OOMKHOBEHO MOTaT Ja ObJaT MoJAJI0KEHN Ha MUKpOOHO pasrpaxkaaHe. Ha 3emsita
HATPYNBAaHETO Ha TE3M OTMAIbLIM, CHIbPXKAIIM LENyI03a, MOXE Ja NPUUYUHH CEPUO3HU
€KOJIOTUYHU TMpoOiieMr. B JHEmIHO BpemMe MHOTO H3CIeIOBAaTeIH CE€ OIHUTBAaT B
eKCIIepUMEHTAIHA YCJIOBHsA Ha 3eMsATa Ja pemar mnpobdiiemMa ¢ OTHaIbLUTE, ChAbPKAIIN
[eNTyI03a, Ype3 pa3IuyHH TOAXOIU - M3TapsiHe, KOMIIOCTHpaHe, 3apaBsHe U Ap. OCHOBHUST
PHCK U €KOJIOTHYEH Mpo0IIeM €, Ye 3apaBsiHETO Ha OTHAABIH B [I0YBATa U KOMIIOCTUPAHETO OU
MOTJIO J1a JOTIPHHECE 3a Pa3MpOCTPaHEHHETO Ha MUKPOOPTAaHW3MHU C MATOT€HEH TOTEHIIHAI.
Bwnpeku ToBa, obemaBaiy MoaxoJ € MUKPOOHOTO pasrpaxaHe Ha LeTyI03HOCHIbPIKaIll
cyOCTpaTd, OCBIIECTBSIBAHO OT MHKPOOHH KOHCOPIMYMH B 3aBHCHMOCT OT YCJIOBHSTa Ha
okoiHara cpena. CienoBaTenHo, HACTOSALIMS Mperiie] UMa 3a Lel Ja HalpaBH CPaBHUTEIECH



aHaJIu3 Ha 63KT€pI/IaJIHI/ITe BHUJOBC, YydaCcTBallli B TMPOHCCUTC HaA pas3rpaxJaHc Ha
LHEIYJIO03HOCHAbPIKAIIU OTIIAABIH, X a OLICHU TCXHUA IIOTCHIKWAT 3a €EBEHTYAJIHO IMTPHUIJIOXKCHUE
B KOCMHYCCKU YCJIOBHA, BKIIIOYHUTCIIHO HaA Men(;[yHapoz[HaTa KOCMHYCCKa CTaHII M.

19. Lyudmila Kabaivanova, Juliana Ivanova, Elena Chorukova, Venelin Hubenov, Lilyana
Nacheva, Ivan Simeonov. Algal Biomass Accumulation in Waste Digestate after Anaerobic
Digestion of Wheat Straw. Fermentation, 8, 715, 2022.

Abstract: Cultivation of microalgae in waste digestate is a promising cost-effective and
environmentally friendly strategy for algal biomass accumulation and valuable product
production. Two different digestates obtained as by-products of the anaerobic fermentation at
35 °C and 55 °C of wheat straw as a renewable source for biogas production in laboratory-scale
bioreactors were tested as cultivation media for microalgae after pretreatment with active
carbon for clarification. The strains of microalgae involved were the red marine microalga
Porphyridium cruentum, which reached 4.7 mg/mL dry matter when grown in thermophilic
digestate and green freshwater microalga — Scenedesmus acutus, whose growth was the highest
— 7.3 mg/mL in the mesophilic digestate. During cultivation, algae reduced the available
nutrient components in the liquid digestate at the expense of increasing their biomass. This
biomass can find further applications in cosmetics, pharmacy, and feed. The nitrogen and
phosphorus uptake from both digestates during algae cultivation was monitored and modeled.
The results led to the idea of nonlinear dynamic approximations with an exponential character.
The purpose was to develop relatively simple nonlinear dynamic models based on available
experimental data, as knowing the mechanisms of the considered processes can permit creating
protocols for industrial-scale algal production toward obtaining economically valuable products
from microalgae grown in organic waste digestate.

Pesrome: KyntuBupaneTro Ha MHKpPOBOJOpAciAM B OTMagbueH OuomuiaM € oOerraBamia
peHTa0MJIHA M €KOJIOTUYHO YMCTa CTpaTerusl 3a HaTpylBaHE Ha OMoMaca OT BOAOPACIM U
MIPOU3BOJICTBO HA IIEHHU NMPOAYKTH. [IBa pa3nnyHM OWOIIaMa, MONy4YeHH KaTo CTPaHHYHH
IPOAYKTH OT aHaepoOHara ¢epmeHTanus npu 35 °C u 55 °C Ha mumeHM4yHa ciama, KaTo
BH300HOBSIEM M3TOYHHMK 3a MPOU3BOACTBO Ha OMOTa3 B JIAOOpATOpHU OMOpeakTopH, Osxa
TECTBAaHU KaTO KYJITHBAIMOHHA CPeZa 3a MUKPOBOJOPACIH ClIel ITpeiBapuTenHa o0padoTka ¢
aKTHBEH BBIVIEH 3a oOe3nBersBane. lllamoBeTe Ha MHUKPOBOAOpPACIWTE, YYacTBAIId B
U3CIIe[BAHETO, 0siXa YEpPBEHOTO MOPCKO MHKpoBomopacio Porphyridium cruentum, koero
noctura 4,7 mg/mL cyxo BemiecTBo, KoraTo ce OTriiexaa B TepMouiaeH Ouomuiam, u
3€JICHOTO CJIaJJKOBOJJHO MUKPOBOIopaciio Scenedesmus acutus, ynidTo pactex Oeriie Hali-BUCOK
- 7,3 mg/mL B me30¢unHus 6uonuiam. [lo Bpeme Ha KyaTUBUpPAHETO, BOJAOPACINTE HaMaluxa
HINYHUTE XPAaHUTEIHU KOMIIOHEHTH B TEUHUS OMOIIIIaM 3a CMETKa Ha yBeJIMYaBaHe Ha CBOSITA
6uomaca. Ta3m Omomaca Moke Ja HaMepu JONMBIHUTEIIHU MPHIOKEHHS B KO3METHKATa,
¢dapmarnusaTa ¥ Ipou3BOJACTBOTO Ha ¢ypaxku. [loemanero Ha a3oT u Qochop OT aBara
Ovonulama mo BpeMe Ha KyJITHBHUPAHETO HA BOAOpAaciy Oermie HAOIIOAaBAaHO M MOJECIUPAHO.
Pesynrature noBermoxa 10 HaeATa 3a HEJMHEHHM JUHAMUYHM —alpOKCUMAIMH  C
eKCTIOHeHIMaJIeH xapakTep. LlenTa Oemre ga ce pa3paboTIT OTHOCHUTEITHO MPOCTH HENWHEHHN
JUHAMUYHA MOJeNH, Oa3upaHd Ha HaJMYHUTE EKCIIEPUMEHTATHU JaHHU, TBH KaTo
MO3HABAHETO HA MEXAHW3MHUTE Ha PA3TIICKTAHUTE MTPOIIECH MOJKE J1a TIO3BOJIH Ch3/1aBaHETO HA
NPOTOKOJNM 32 MPOU3BOACTBO HA alrM B MHIyCTpHaJeH Mamad 3a TNojJydyaBaHe Ha
WKOHOMHYECKH IICHHU MPOJYKTH OT MHKPOBOJOPACIH, OTTJICKIAHH B OHOIIIAM OT MPOIECH
Ha aHaepoOHa Ouojierpasanys Ha OpraHuYHU OTHAIBIIH.



20. Stoyancheva, G., Kabaivanova, L., Hubenov, V., Chorukova, E. Metagenomic Analysis of
Bacterial, Archaeal and Fungal Diversity in Two-Stage Anaerobic Biodegradation for
Production of Hydrogen and Methane from Corn Steep Liquor. Microorganisms, 11, 5, 2023,
1263.

Abstract: The main purpose of this study was to identify the microbial communities (bacterial,
archaeal and fungal) in a two-stage system of anaerobic bioreactors for the production of
hydrogen and methane from the waste substrate—corn steep liquor. Wastes from the food
industry are valuable resources with potential in biotechnological production because of their
high organic matter contents. In addition, the production of hydrogen and methane, volatile
fatty acids, reducing sugars and cellulose content was monitored. Two-stage anaerobic
biodegradation processes were performed by microbial populations in the first hydrogen
generating bioreactor (working volume of 3 dm?®) and in the second methane-generating reactor
(working volume of 15 dm?). Cumulative hydrogen yield reached 2000 cm® or 670 cm®/L a day,
while the methane production reached a maximum quantity of 3300 cm? or 220 cm®/L a day.
Microbial consortia in anaerobic digestion systems play an essential role for process
optimization and biofuel production enhancement. The obtained results showed the possibility
of conducting two separate processes—the hydrogenic (hydrolysis and acidogenesis) and
methanogenic (acetogenesis and methanogenesis)—as two stages of anaerobic digestion to
favor energy production under controlled conditions with corn steep liquor. The diversity of
microorganisms as main participants in the processes in the bioreactors of the two-stage system
was followed using metagenome sequencing and bioinformatics analysis. The obtained
metagenomic data showed that the most abundant phylum in both bacterial communities was
Firmicutes — 58.61% and 36.49% in bioreactors 1 and 2, respectively. Phylum Actinobacteria
were found in significant quantities (22.91%) in the microbial community in Bioreactor 1,
whereas in Bioreactor 2, they were 2.1%. Bacteroidetes are present in both bioreactors. Phylum
Euryarchaeota made up 0.4% of the contents in the first bioreactor and 11.4% in the second.
As the dominant genera among methanogenic archaea are Methanothrix (8.03%) and
Methanosarcina (3.39%), the main fungal representatives were Saccharomyces cerevisiae.
New knowledge of anaerobic digestion mediated by novel microbial consortia could be widely
used to convert different wastes to green energy.

Pestome: OcHoBHaTa 1en Ha TOBa MpoydBaHe Oemle Ja ce MJIESHTU(PUIUPAT MHUKPOOHHTE
cboOuiecTBa (OaKTepHAIHHU, apXeaJlHd U T'bOHM) B JBYCTENEHHAa CUCTEMa OT aHaepoOHU
OMOpeakTOpH 3a MPOU3BOJCTBO HA BOAOPOJ M METAaH OT OTHAIAbuHUS CyOCTpaTr - IapeBUYEH
ekcTpakT. OTnaabluTe OT XPAaHUTEIHO-BKYyCOBaTa MPOMMIUIEHOCT Ca LIEHHH PECypcH ¢
MOTEHIMA B OMOTEXHOJOTHYHOTO IPOM3BOJCTBO TOPAIM BUCOKOTO MM ChIbpXKAHHE Ha
opranuyHu Beuiectsa. OcBeH ToBa Oelle HaOII01aBaHO MPOU3BOJICTBOTO Ha BOJOPO M METaH,
JIETIIMBY MacTHU KUCEJIMHU, PEAYIIMPAIIHN 3aXapy U ChAbP)KaHHE Ha [IeTyli03a. J|BycThIIaTHUTE
aHaepoOHM OMO/ETPaJAllMOHHHU MPOLIECH 0s1Xa pealu3upaHyd OT MUKPOOHH MOIyJAIH B J1Ba
6HOpeaKTopa B eIMH OGHOPEaKTop, TeHepupant BoJopox (padoten obem 3 dm®) u BB BTOpH
peaxTop, reHepupaiy mMetaH (paboten obem 15 dm?). Kymynatusaust no6uB Ha BOAOPOX
nocturaa 2000 cm® wmm 670 cm®/L Ha 1eH, mOKaTo MPOU3BOACTBOTO HAa METaH JOCTUTHA
MaKCHMAJIHO KojuuecTBo oT 3300 cm® umu 220 cm®/L Ha meH. MukpoGHHTE KOHCOPLIMYMH B
aHaepoOHHUTE CHCTEMHU 3a pasrpakJaHe HUIpasT ChUIECTBEHA pPOJs 3a ONTHUMH3MpPaHE Ha
IpolecuTe U MOA00psBaHE Ha IMPOU3BOACTBOTO Ha Ouoropusa. I[lomyuenure pesynratu
MOKa3BaT Bb3MOKHOCTTA 32 MIPOBEXAAHE HA JIBAa OTIEIIHU Ipolieca - XUAPOTeHEH (XUApOoan3a
U alI0reHe3a) U MEeTaHOTeHEH (aleToreHe3a U MeTaHOTeHe3a) - KaTo JiBa eTara Ha aHaepoOHO
pasrpakJaHe, KOUTO Ja OJArOMPHUSATCTBAT MPOU3BOICTBOTO HA €HEPTHs MPU KOHTPOJIUPAHU
yCIOBHSA C IIapeBUYEH EKCTpakT. Pa3HooOpa3MeTo OT MHUKPOOPIaHU3MH KaTO OCHOBHH



YYaCTHHIIM B MPOLIECUTE B OMOpPEaKTOpUTE Ha ABYCTETNICHHATA cHCTEMa Oelle MPOCIeaCHO C
MOMOLITa HAa METAareHOMHO CeKBeHupaHe u OuouHdopmaruueH ananuz. [lomyuenute
METareHOMHH JJaHHU TT0Ka3axa, 4e Hai-pa3npoCcTpaHeHH U B IBETe OaKTepHaIHU OOIIHOCTH ca
npezacraButeniute Ha Firmicutes - 58,61% u 36,49% B Ouopeaktopu 1 u 2, ChOTBETHO.
[IpencraButenute Ha Actinobacteria ca orkputu B 3HauuTenHu kojiuuectBa (22,91%) B
MHKpPOOHOTO choOIIECTBO B briopeaktop 1, nokaro B buopeakrop 2 te ca 2,1%. Bacteroidetes
NPUCHCTBAT U B JiBaTa Omopeakropa. Euryarchaeota cecraBnsiBa 0,4% OT ChABpIKAHUETO B
nbpBust 6nopeaxTop u 11,4% BbB BrOpUs. JJoMuHMpaIIUTe pOI0BE Cpell METAHOT€HHUTE apXeu
ca Methanothrix (8,03%) u Methanosarcina (3,39%), a OCHOBHHTE NPEACTABUTEIU CPEJ
MHUKpPOCKOIIMYHHUTE ThOMYKK ca Saccharomyces cerevisiae. HoBute 3HaHus 3a aHaepOOHOTO
pasrpaxaane, MEIMUPAHO OT HOBH MUKPOOHU KOHCOPLIUYMH, OMXa MOTJIM Ja ObJaT MUPOKO
W3MOJI3BaHu 3a IpeoOpazyBaHe HAa PAa3TUYHU OTIAIBIU B 3€JIEHA CHEPTHsl.

21. Venelin Hubenov, Juliana Ivanova, Lilyana Nacheva, Lyudmila Kabaivanova. Agricultural
waste utilization for biomethane and algae-based fertilizer production for circular economy.
Bulgarian journal of agricultural science, 29, 6, 2023, 1022-1026. SJR (Scopus):0.216

After obtaining of biogas during the anaerobic digestion processes, the liquid fraction can be
applied directly as fertilizer (if it meets the relevant sanitary and hygienic norms), or the rich in
mineral composition digestate to be used as a medium for development of microalgae. The algal
biomass thus obtained could be applied as fertilizer, and the unused part of it could be re-utilized
as raw material in other methanation processes, alone or in combination with other raw
materials or wastes. Microalgae can easily colonize different environments. These
microorganisms represent promising sources for new products and applications. The obtained
liquid phase of anaerobic digestate was utilized as medium for enhanced growth of green
microalgae. The ability of microalgae to photosynthetically fix carbon dioxide with production
of valuable substances, their short growth cycle and easy biomass accummulation was used. In
this study, good growth and development was observed for the microalga Scenedesmus
obliquus in digestate after a clarification process, based on the macro and micronutrients present
therein. This approach may lead to reducing the production costs along with environmental
impacts.

Cnen monmy4yaBaHe Ha Ouoras 1Mo BpeMe Ha MPOIECHTE Ha aHAepOOHO pasrpakiaHe, TeYHATa
(bpakIis MOXKe Jia ce U3I0JI3Ba JUPEKTHO KaTo TOp (aKO OTroBapst Ha ChOTBETHUTE CAHUTAPHU
U XUTHEHHH HOPMH) HJTH OOTaTHAT Ha MUHEPAJIEH ChCTaB OHOIILIaM Jla Ce U3I0JI3Ba KaTo cpea
3a pa3BHTHE Ha MHKpOBojopaciu. Taka moiydeHara OMomaca OT BOJOPAciid MOXE Ja Ce
M3I0J13Ba KaTO TOP, a HEM3IOJI3BaHATa YacT OT HEs MOYXE Ja CE HM3IMOJI3Ba MOBTOPHO KaTo
CYpOBHMHA B JAPYIH IPOIECH HA IOJIydyaBaHe Ha METaH, CAMOCTOSTENHO WM B KOMOWHAIIUS C
JAPYTH CYPOBHHHU MJIH OTHAIBIA. MUKPOBOAOPACIUTE MOTAT JIECHO J1a KOJOHH3UPAT Pa3THIHN
cpenu. Te3nm MUKPOOPTaHU3MHU TIPEACTABISIBAT 00€IIaBalld U3TOYHUIIA 32 HOBH MPOAYKTH H
npuitokerus. [Toaydenara Tedna (pakiys Ha aHaepoOHHs OHoILIaM Oellie U3MOoI3BaHa KaTo
cpela 3a 3acHJIEH pacTeX Ha 3elleHH MHKpOBojopaciu. M3moisBaHa € CHocOoOHOCTTa Ha
MHKPOBOIOpACIUTE J1a GUKCUpAT (POTOCHHTETHYHO BBIJICPOJCH JTHOKCHI U Ja TPOU3BEXKIAT
IIE€HHU BE€UICCTBA, KAKTO U TEXHUAT KpaT’I)K IIUKBJI HA paCTe)K " JICCHO Hanyr[BaHe Ha 6I/IOMaC3.
B ToBa mpoyuBaHe e HaOirOmaBaH J00BP pacTeK W pasBUTHE HA MHKPOBOIOPACIOTO
Scenedesmus obliquus B 6uorIamMa ciie1 poriec Ha 00e3IBETIBaHE, Bb3 OCHOBA Ha HAJTHUHHUTE
MaKpo W MHKpOCIEMEHTH B Hero. To3u MOaXoa MOKe Ja JOBeAe J0 HamajsBaHe Ha
MIPOM3BOACTBEHUTE PAa3XOH, KAKTO M Ha BH3IEHCTBUETO BHPXY OKOJIHATA CPEJIA.



22. Hubenov, V., Varbacheva, I., Kabaivanova, L. Impact of Waste Cooking Oils Addition on
Thermophilic Dry Co-Digestion of Wheat Straw and Horse Manure for Renewable Energy
Production in Two Stages.. Life, 14, 312, 2024

Abstract: Anaerobic co-digestion of waste wheat straw and horse manure in two steps was
revealed as a promising option for renewable energy production in the form of hydrogen and
methane. Addition of waste cooking oils, disposal of which could cause damage to health or
the environment, as a third substrate for digestion, is suggested as an approach not only to help
handle the increasing volume of food waste worldwide but also to improve process
performance. In the present study, waste cooking oil, in a concentration of 5%, appeared to be
a positive modulator of anaerobic digestion with the production of hydrogen and did not lead
to inhibition of the hydrolysis phase. The overall efficiency of the two-stage anaerobic digestion
of the mixture, which contains mainly lignocellulose waste, is positively dependent on
thermochemical pretreatment with the alkali reagent (Ca(OH).), but elevated temperature (55
°C) and cooking oil addition revealed the opportunity to omit the pre-treatment step.
Nevertheless, the overall energy production was lower due to the methane production step.
However, the addition of waste cooking oils to the process in which lig-nocellulose is not
pretreated (V3) led to an increase in the methane production and energy yield compared to V1.
The anaerobic digestion of lignocellulosic waste is a complex process and comprises successive
degradation pathways and syntrophic microbial associations’ activities, so the division in two
reactors ensured suitable conditions for the microorganisms residing in each of them. In this
study, along with the production of hydrogen and methane and the separation of the hydrolysis
and methanogenesis stages, utilization of agriculture- and kitchen-generated wastes was
realized in the context of waste-to-energy sustainable production methods.

Pestome: CbBMECTHOTO aHaepOOHO pasrpaxkjaHe Ha OTHaJbyHA MIIEHUYHA cllaMa U KOHCKHU
TOp B JIBa €Tara ce okasza oOelaalia Omnius 3a MpOU3BOJCTBO HA Bh30OHOBsEMa €HEPTHs O]
dbopmara Ha Bomopox W MeTaH. J[00aBSIHETO HAa OTHAABYHU TOTBAPCKH Macliia, YHETO
U3XBBPIIHE MOKeE J1a ObJIe OMacHO 3a 3[PaBeTO WM OKOJIHATA Cpela, KaTo TPETH cyOcTpar 3a
pasrpakJaHe, ce Ipeliara Karo TOAXOJ HE caMO 3a CIpaBsiHE C HapacTBamIus o0eM
XpaHUTEHU OTHAABIHU B CBETOBEH Maiiad, HO U 3a MOA0OpSIBaHE HA MPOU3BOAUTEITHOCTTA HA
nporeca. B HacToAmoOTO Mpoy4BaHe, OTMAABYHOTO TOTBAPCKO MACIO B KOHIEHTpaus oT 5%
Ce OKa3za MOJIOKHUTENIEH MOJyJaTop Ha aHaepoOHOTO pasrpakJaHe C MPOU3BOJCTBOTO Ha
BOJIOPOJ ¥ HE J0BejAe 0 MHXUOMpaHe Ha (pasara Ha xuaponmsza. OOmarta epexTUBHOCT Ha
JIBYCTEMIEHHOTO aHaepOOHO pa3rpakAaHe Ha CMECTa, KOSTO ChABPKa TTIaBHO JTUTHOIEITYIIO3HU
OTIIAJBIM, € IOJIOKHUTEIHO 3aBUCHMa OT TEPMOXHMMHYHATA MpEABApUTEIHA 00pabdoTKa C
ankaneH peareHT (Ca(OH)2), Ho moBumeHaTta Temmeparypa (55 °C) u nobGaBssHETO Ha
TOTBAPCKO MAacjiO IOKa3BaT IIOTCHIMATHA BB3MOXXHOCT 3a H30STBaHE Ha CThIIKATa Ha
npenBapuTesHa 00padboTka. Bernpeku ToBa, 00110TO TPOU3BOJICTBO Ha €HEPTUsl OellIe MO-HUCKO
Mopajy TO-HUCKAaTa TPOAYKIMS HAa MeETaH. BBIpekn ToBa, JOOABSHETO Ha OTIAIBUYHU
TOTBApPCKU Maciia KbM MpOIeca, B KOMTO JTUTHOIENYJIO3aTa He € MPeIBapUTEIIHO 00paboTeHa
(V3), noBene o yBennuaBaHe Ha MIPOU3BOJACTBOTO HA METaH U CyMapHUs IOOWB HA EHEPTHUSI B
cpaBHeHHe ¢ V1. AHaepoOHOTO pa3rpaxklaHe Ha JUTHOIIENYIO3HUTE OTMAIBIM € CIOXKEH
MpOIleC W BKJIFOYBA IMOCIIEAOBATEIHA MBTHINA HA Pa3rpaiJlaHe W aKTUBHOCT Ha CHHTPO(GHU
MUKPOOHU acOIMAIINH, TaKa Y€ pa3/IeIsTHETO MY B JIBa OTJICITHH OMOPEaKTOpa MOKe J1a OCUTYpHU
MOJIXOJIANIN YCIIOBUS 32 MHUKPOOPTaHM3MHTE, TpeOMBaBaIllli BHB BCEKH OT TiIX. B ToBa
W3clieiBaHe, Hapel ¢ MPOM3BOACTBOTO HAa BOAOPOJ U METAaH M Pa3JeliTHEeTO Ha eTanmuTe Ha
XHUIPOJIA3a U METAaHOTEHE3a, OTI0JI30TBOPSBAHETO HA TEHEPUPAHU OT CEJICKOTO CTOMAHCTBO M
KYXHEHCKH OTMaIbIM Oelle OCHIIECTBEHO B KOHTEKCTa Ha YCTOWYMBUTE METOAHM 32
MIPOU3BOJICTBO HA EHEPTHUS OT OTIIA BIIH.



23. Kabaivanova, L., Hubenov, V., Dimitrov, N., Petrova, P. Anaerobic Two-Phase Co-
Digestion for Renewable Energy Production: Estimating the Effect of Substrate Pretreatment,
Hydraulic Retention Time and Participating Microbial Consortia. Applied Sciences, 14, 12,
MDPI, 2024, ISSN:20763417, DOI:10.3390/app14125311, 5311.

Abstract: Green and sustainable economies have recently become a key issue in long-term
growth and well-being. Co-digestion of various waste materials in an eco-friendly way through
biogas production has become the preferred method for their utilization and valorization. The
possibility of hydrogen and methane yield maximization depends on the most suitable alkali
reagent for pretreatment of waste lignocellulosic material, which was revealed in batch tests to
determine the hydrogen production potential. The mixture for digestion consisted of pretreated
wheat straw mixed with waste algal biomass in a ratio of 80:20 (w/w). The maximum hydrogen
yield was achieved after applying sodium hydroxide thermoalkaline pretreatment, with a two-
fold higher yield than the untreated control. Hydrogen production was stable and methane was
not present in the resultant gas. The influence of the hydraulic retention time (HRT) on the
maintenance of cascade installation was studied. The maximum daily concentration of
hydrogen was achieved at an HRT of 2 days—42.5% H2—and the maximum concentration of
methane was 56.1% at an HRT of 6 days. Accumulation of volatile fatty acids was registered
in the first step and their depletion was noted in the second one. The obtained values of the
cellulose content demonstrated that it was utilized by up to 2.75% in the methanogenic
bioreactor at the end of the process. Metagenomics analyses revealed the bacteria
Thermocaproicibacter melissae (44.9%) and Clostridium cellulosi (41.9%) participated in the
consortium, accomplishing substrate hydrolysis and acidogenesis in the first stage. Less in
abundance were Thermoanaerobacterium butyriciformans, Calorimonas adulescens,
Pseudomonas aeruginosa and Anaerocolumna chitinilytica. Methanogenesis was performed by
an archaeon closely related to Bathyarchaeota (99.5%) and Methanobacterium formicicum.
The most abundant bacterial strains in the methanogenic fermenter were Abyssalbus ytuae
(30%), Proteiniphilum acetatigenes (26%) and Ruficoccus amylovorans (13%).

Pestome: 3enenure 1 ycTOMYMBU MKOHOMUKH HAMOCJIEIBK CE IPEBbpHAaxXa B KJIOYOB BBIIPOC 32
IBITOCPOYHMSL pacTex M OnmarocbcTosHue. CBBMECTHOTO pa3rpakAaHe Ha pasIvuyHU
OTIaJbUHU MaTEpUaIM MO €KOJIOr0 ChOOpa3eH HAauyuH 4Ype3 IMPOU3BOJCTBO Ha Ouoras ce
IIPEBbpPHA B MPEANOYUTAH METOJX 3a TIXHOTO OIOJI30TBOPSBAHE M OCTOMHOCTSIBAHE.
Bb3MmoxkHOCTTA 32 MakcMMU3MpaHe Ha JOOMBa Ha BOJOPOJ M METaH 3aBHCHU OT M300pa Ha
MOJIXOMASI] aJKaJIEH peareHT 3a IpeJBapuTelHa oO0paboTka Ha OTMAIbYeH JIMTHOLENTYI03EeH
MaTepuai, Koero Oelle MoKa3aHo B MEepUOJAWYHH MPOIECH 3a ONPEIENIIHE Ha MOTEHIUala 3a
IIPOU3BOJACTBO Ha Bomopod. CMecTa 3a pasrpakgaHe Ce€ CbCTOEIIE OT IPEABAPUTEIIHO
o0pa0oTeHa MIlIeHUYHa cjaMa, CMECeHa ¢ OTIa buyHa OMoMaca OT BOJOPACIH B CbOTHOLLIEHUE
80:20 (w/w). MakcumamHuAT 100MB Ha BOJAOpOJ Oelle IMOCTUTHAT cjel IpHjaraHe Ha
TepMOAaJKalHa MpeiBapuTesiHa 00paboTKa C HaTpHeBa OCHOBA, C JBa bTHU MO-BUCOK JOOUB OT
HeTpeTHpaHaTa KoHTposa. [Ipon3BoACTBOTO Ha BOJOPO] Oelie cTabUIIHO U B MOJYYEHHUs ra3
HE ce JeTekTupaile MeTaH. M3cienBaHo Oerie BIMSHUETO Ha BPEMETO Ha XUIPABIUYHO
sagbppkane (HRT) Bepxy paboTtara Ha KackajgHata WHCTajganus. MakcumaiaHaTa JHEBHA
KOHIIEHTpanus Ha Bojopox 0e mocturaata mpu HRT ot 2 mann — 42,5% Hz — a makcumanHaTa
KOHLeHTpauuss Ha MmetaH € 56,1% npu HRT or 6 nuu. HatpynBaHe Ha NE€TIMBHM MacTHU
KHCEJIMHU € PErMCTPUPAHO B IIbPBUS €Tall, a U3UEpIBAaHETO UM ce HabJto/1aBalle BbB BTOPUS.
[Tonmy4yeHuTe cTOMHOCTH Ha ChIABPXKAHUETO HA I1eTyl03a IMOKa3BarT, ye TS € Ousa ycBoeHa 10
2,75% B MeTaHOTeHHUSI OMOPEaKTOp B Kpasi Ha mporeca. MeTareHOMHUTE aHAJIM3H MTOKa3Bar,
ye Oakrtepuute Thermocaproicibacter melissae (44,9%) u Clostridium cellulosi (41,9%)



y4JacTBaT B KOHCOPLIMYMA, OCBIIECTBIBANKHU XHIPOJIM3a HAa CyOCTpaTa U aluIoreHesa B IbpBHUs
eramn. Ilo-manko pasnpoctpaneHnu ca Thermoanaerobacterium butyriciformans, Calorimonas
adulescens, Pseudomonas aeruginosa u Anaerocolumna chitinilytica. Meranorenesara ce
u3BbpIIBa OT apxew, Bathyarchaeota (99,5%) u Methanobacterium formicicum. Haii-
pasnpocTpaHeHUTe OaKTEpUAIHU IIaMOBE B MeTaHOTeHHUs epmenTaTop ca Abyssalbus ytuae
(30%), Proteiniphilum acetatigenes (26%) u Ruficoccus amylovorans (13%).

24. V. N. Hubenov, G. D. Stoyancheva, M. D. Kaleva, L. V. Kabaivanova. Microbial diversity
in immobilized biofilm from packed bed anaerobic bioreactor for biogas production. 18th IWA
World Conference on Anaerobic Digestion, June 2-6, Istanbul — Turkiye 2024

Abstract: Lignocellulosic waste anaerobic digestion has a complex nature and is accomplished
by successive degradation pathways and syntrophic microbial associations. Possible approach
for improving this process is application of two-phase systems, in which, along with production
of two energy carriers (hydrogen and methane), separation of the stages of hydrolysis and
methanogenesis is also achieved. The separate progress of these phases is a prerequisite for
better process management, more complete degradation of raw materials and obtaining products
with high added value. Application of immobilized microorganisms in modern biochemical
processes creates additional positive effects. In biogas technologies, the natural ability of cells
to self-organize and self-attach in biogranules or to different surfaces to form biofilms is usually
used. The purpose of this study was to investigate the microbial diversity in such kind of self-
organized biofilms formed onto the metal mesh carrier in a packed bed bioreactor (second
bioreactor), which served as a second phase for mesophilic methanogenesis in the two-phase
anaerobic digestion system. The first hydrogenic bioreactor represents a continuos-stirred tank
reactor, operating at thermophilic conditions. As raw material only mechanically pretreated
wheat straw was co-digested in a mixture with corn steep liquor at a ratio 10:1 (w/w). Stable
biogas production from the second bioreactor was observed after about twenty days of operation
at low stirrer speed (25 rpm). Metagenomic analysis revealed the immobilized microbial
structure. At a phylum level Euryarchaeota is predominant, followed by Proteobacteria and
Bacteroidetes. Even though they are in small amounts, representatives from the phylum
Firmicutes and Actinobacteria are also detected. Mathanosarcina and Methanothrix are the
main genera, followed by Syntrophobacter and Lentimicrobium species.

Pe3tome: AHaepoOHOTO pasrpakaaHe Ha JUTHOLENIYJIO3HN OTIaIbIU UMa CIIOKEH XapaKTep U
ce OCBILECTBsIBA Ype3 IMOCIENOBATEIHN MBTHUINA HA Pa3rpa’kAaHe OT CUHTPO(OHU MUKPOOHU
cboOmecTBa. Bb3moxkeH monaxon 3a moaoOpsBaHEe Ha TO3M MPOILEC € MPUIAraHeTo Ha
JBYCTBIIAJIHU CUCTEMH, IIPU KOMTO, HApel C MPOU3BOJCTBOTO HA JIBA €HEPIrUIHU HOCHUTEIS
(BoOpO M METaH), c€ MOCTUTra M pa3JieNisiHE Ha eTaluTe Ha XHUAPOJM3a U METaHOI'€He3a.
Paznennoro npotuyane Ha Te3u (a3u e mpeArnocTaBka 3a mo-100po yrpaslieHHe Ha Mpolieca,
MO-TTBJIHO pa3rpakJaHe Ha CYpOBHMHHUTE W TMOJy4yaBaHe Ha MPOAYKTH C BHCOKa JoOaBeHa
croitHocT. [lpmiokeHueTro Ha UMOOMIM3UMPAHU MHUKPOOPTaHU3MH B  ChBPEMEHHHTE
OMOXMMHYHU MTPOLIECH UMa TOTbJIHUTENHU MOJIOKUTETHH edekTu. B OnorazoBute TeXHOJIOTUU
OOMKHOBEHO C€ M3I0JI3Ba €CTECTBEHATa CIIOCOOHOCT Ha KJIETKHUTE J]a C& CaMOOpIraHU3upar B
OWorpaHynu WIM Ja ce HMOOMIU3UpAT KbM pa3IMYHU TOBBPXHOCTH, U Ja 00paszyBaT
o6uodpmimu. Ilenra Ha ToBa M3cnenBaHe Oelie Aa ce M3cieBa MUKpOOHOTO pazHooOpasue B
TaKbB BHJI CaMOOpraHuU3WpaHu OmoduaMu, oOpa3yBaHU BBPXY HOCHUTEN TMPEICTABIISBAII
MeTajiHa Mpexa B OMOpEaKTOp C IBJIHEXKEH CIOW (BTOpU OHMOPEaKTOp), KOHTO CIyXH KaTo
BTOpa (haza 3a Me30(uIHA METAaHOTEHE3a B IBYCThIIaJIHA CHCTEMA 3a aHAepOOHO pasrpakKIaHe.
[TepBUsT OMOpeakTop (XUAPOTCHEH) MPEACTABIsBA PEAKTOP C HEMPEKbCHATO pa3ObpKBaHE,



pabotemn mpu TepMOPIITHA YCIOBUs. B KauecTBOTO Ha CypoBHHA Oellie N3MOI3BaHa MIIIEHUYHA
cllaMa KosiTo Oellle caMo MEXaHUYHO 00paboTeHa MpeABapUTEIHO U MOJUI0KEHa Ha aHaepoOHa
Oouozerpasanusi B CMEC C IIapeBHUYEH eKCTpakT B choTHomenue 10:1 (w/w). CrabumHo
MIPOM3BOJICTBO Ha OMoOras oT BTOpUs OuopeakTop Oerie HAOMIOAABAHO CJEJl OKOJIO JABAIECeT
IHM paboTa IpU HUCKA CKOpOCT Ha Obpkankarta (25 rpm). MeTareHOMHHMAT aHaIHU3 Pa3Kpu
uMoOuIM3MpaHaTa MUKpoOHa cTpykTypa. Ha HuBO Tum mpeoOianaBaT mpeacTaBUTENUTE Ha
Euryarchaeota, cieasanu ot Proteobacteria u Bacteroidetes. Bwrnpekun ue ca B Majiku
KOJIMYECTBA, Ca OTKPUTH M MpeacTaBurenad oT Tum Firmicutes u  Actinobacteria.
Mathanosarcina u Methanothrix ca ocHoBHUTE poOiOBE, CIEIBAaHM OT BHJOBE OT
Syntrophobacter u Lentimicrobium.

25. Zaharieva, K. L., Dimova, S. S., Eneva, R. T., Hubenov, V. N., Stambolova, I. D.,
Stoyanova, D. D., Ublekov, F. S., Dimitrov, O. S., Penchev, H. P. PLA/PVP/bio-synthesized
hydrozincite nanocomposite films — photocatalytic and antibacterial activity. Bulgarian
Chemical Communications, 56, 2, 2024, ISSN:0324-1130, DOI: 10.34049/bcc.56.2.SPSCBT-
05, 164-168.

Nanocomposite  films based on biodegradable polylactic acid (PLA) and
PLA/polyvinylpyrrolidone (PVP) with embedded stabilized Hydrozincite powder were
synthesized by solution casting method. The Hydrozincite was prepared by plant extract-
mediated hydrothermal synthesis. Powder X-ray diffraction analysis and Fourier-transform
infrared spectroscopy were used to establish the phase composition and structure of the films.
The photocatalytic activity of the obtained nanocomposite films was tested and compared in
the reaction of degradation of Malachite Green dye under UV illumination. The photocatalytic
results revealed that the PLA/PVP-containing Hydrozincite nanocomposite film leads to a
higher degree of degradation of the Malachite Green dye (87 %) after 150 minutes in
comparison to that of PLA/Hydrozincite (31%). The antibacterial activity of the prepared
nanocomposite films against an Escherichia coli control strain was also discussed. The
investigated biocomposite films demonstrated high antibacterial efficiency. It was found that
the concentration of viable bacterial cells decreases by about 99% after 1 hour of contact time
for both investigated composites.

Hanokomno3utHu ¢uiamu Ha 6a3ata Ha Omopasrpaauma noinumiiedHa kucenuHa (PLA) u
PLA/nonuBununnuponugon (PVP) ¢ Brpanen crabminsupaH XUAPO3WHIUT Ha Impax Osixa
CHUHTE3MpaHU Ype3 METOJl Ha JIeeHE B pa3TBOp. XHUJAPO3MHLUUTHT Oelle MPUrOTBEH dYpe3
XUIPOTEPMAJIEH CHHTE3, MEIUUPAH OT PACTUTENIEH €KCTPaKT. 3a yCTaHOBSIBaHE Ha (Pa3oBUs
CbCTaB U CTPYKTYpa Ha QuIMHUTE Osxa M3MOI3BAHMU MPAXOB PEHTICHOCTPYKTYPEH aHAIM3 U
®dypue-TpancpopmalioHHa HHPpayepBeHa criekTpockonus. PoTokaTalIuTUYHATa aKTUBHOCT
Ha MOJIyYCHUTE HAHOKOMITO3UTHM (HIMH Oellle TeCTBaHa M CpaBHEHA B pEaKIMATa Ha
pasrpakJiane Ha MaJlaxUTOBO 3eJieHO Oarpuiio mpu ocBersBaHe ¢ UV. DoTokaTaTUTHIHHUTE
pe3yaTaTu nokasaxa, 4e cbabpxamusaT PLA/PVP Xuapo3uHIUT HAHOKOMITO3UTEH (DHIIM BOJIU
JI0 TIO-BHCOKA CTETEH Ha pa3rpakJaHe Ha MajaxwToBO 3eieHo Oarpuio (87%) cmem 150
MUHYTHU B cpaBHeHHe ¢ Tazu Ha PLA/xunpouusimT (31%). O6chaeHa e u anTubaKTepruaIHaTa
AKTHBHOCT Ha MPUTOTBEHUTE HAHOKOMITO3UTHHU (DMIIMHU cpelry KOHTposieH maM Ha Escherichia
coli. M3cnenBanute OMOKOMITO3MTHH (HIMH JEMOHCTpHpaxa BHCOKAa aHTHOAaKTepHaHa
e(EeKTUBHOCT. Y CTaHOBEHO €, Y€ KOHIICHTpAIMATa Ha KU3HECTIOCOOHU OaKkTepHaIHU KIETKU
HamaJsiBa ¢ 0koJ1o 99% ciien 1 yac Bpeme Ha KOHTAaKT U 3a ABaTa U3CJIEBAHU KOMIIO3HTA.
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M., Grancharov G., Dimitrov O., Ublekov F., Penchev H. New emulsion electrospun
biodegradable fibers and films PLA/PVP, containing green synthesized hydrozincite —
Antibacterial and photocatalytic activity. Materials Letters, 346,
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New Poly(lactic acid)/Polyvinylpyrrolidone, containing green synthesized Hydrozincite (GHZ)
emulsion electrospun fibers and drop spread films possessing antibacterial and photocatalytic
activity were prepared. The PLA/PVP/GHZ films possess higher photocatalytic efficiency
towards Malachite Green (MG) dye discoloration (85%) than that of the fibers (62%). The films
demonstrate better antibacterial activity to E. coli K-12 with about 6.58 Log CFU/ml in
comparison with fibers which expressed about 2.20 Log CFU/ml reduction for 120 h contact.

WzrorsBenun ca HOBH €JIEKTPOINIPEICHA BJIAKHA oT oM (MIIeyHa
KHCEJIMHA)/TIOJIMBUHWITUPOJIUAOH, ChIbPIKALIM 3€JI€HO CUHTe3HupaHa xuapo3uHuuTHa (GHZ)
eMyicus, ¥ (QWIMH C KalKOBO pa3NpbCKBaHE, MPHUTEXKABAIlM AaHTUOAKTEpHATHA U
dotokaranutnuHa  aktuBHOCcT. PLA/PVP/GHZ  ¢unmure npurexaBaT MO-BUCOKA
¢dorokaTanuTHYHA €PEKTHBHOCT Cpelry o0e3nBeTsiBaHe ¢ ManaxuToBo 3eneHo (MG) (85%) B
CpaBHEHHME ¢ BiakHata (62%). @uiMuTe nokas3Bar no-100pa aHTHOaKTepUuaiHa AaKTUBHOCT KbM
E. coli K-12 ¢ oko:0 6,58 Log CFU/ml B cpaBHeHHE C BlIaKHa, KOUTO IMOKa3BaT HAMaJICHHE OT
okoJo 2,20 Log CFU/ml 3a 120 yaca KOHTaKT.

27. Dimitrova, L., llieva, Y., Gouliamova, D., Kussovski, V., Hubenov, V., Georgiev, Y.,
Bratanova, T., Kaleva, M., Zaharieva, M. M., & Najdenski, H. (2025). Isolation, Enrichment
and Analysis of Aerobic, Anaerobic, Pathogen-Free and Non-Resistant Cellulose-Degrading
Microbial ~ Populations  from  Methanogenic  Bioreactor.  Genes, 16(5), 551.
https://doi.org/10.3390/genes16050551

Abstract: Background: Nowadays, the microbial degradation of cellulose represents a new
perspective for reducing cellulose waste from industry and households and at the same time
obtaining energy sources. Methods: We isolated and enriched two aerobic (at 37 °C and 50 °C)
and one anaerobic microbial consortium from an anaerobic bioreactor or biogas production by
continuous subculturing on peptone cellulose solution (PCS) medium supplemented with 0.3%
treated or untreated Whatman filter paper under static conditions. Samples were taken every 7
days until day 21 to determine the percentage of cellulose biodegradation. We determined the
antimicrobial resistance of aerobic and anaerobic consortia and some single colonies by disc
diffusion method, against 42 clinically applied antibiotics. PCR analyses were performed to
search for the presence of eight genes for cellulolytic activity and nine genes for antibiotic
resistance. By metagenomics analysis, the bacterial and fungal genus distributions in the studied
populations were determined. Results: Aerobes cultured at 50 °C degraded cellulose to the
greatest extent (47%), followed by anaerobes (24—38%) and aerobes (8%) cultured at 37 °C.
The bacterial sequence analysis showed that the dominant phyla are Bacillota and Bacteroidetes
and genera—~Paraclostridium, Defluvitalea, Anaerobacillus, Acetivibrio, Lysinibacillus,
Paenibacillus, Romboutsia, Terrisporobacter, Clostridium, Sporanaerobacter,
Lentimicrobium, etc. in a different ratio depending on the cultivation conditions and the stage
of the process. Some of these representatives are cellulolytic and hemicellulolytic
microorganisms. We performed lyophilization and proved that it is suitable for long-term
storage of the most active consortium, which degrades even after the 10th re-inoculation for a



period of one year. We proved the presence of ssrA, ssrA BS and blaTEM genes. Conclusions:
Our findings demonstrated the potential utility of the microbial consortium of anaerobes in the
degradation of waste lignocellulose biomass.

Pestome: Ilpemucropus: B gHemHO Bpeme MHUKpPOOHOTO pasrpaxkgaHe Ha Ienyio3ara
Mpe/CTaBIsiBa HOBa MEpPCHEKTHBAa 3a HaMajsBaHE Ha IEJIYJIO3HUTE OTHagbIH OT
MPOMHIIUIEHOCTTa M JOMAaKMHCTBaTa W CBHUICBPEMEHHO 3a IOJy4aBaHE Ha EHEPrHiHU
n3TouHunu. Metonu: M3zomupaxme n oboraruxme asa aepoonu (rpu 37 °C u 50 °C) u enun
aHaepoOeH MHKPOOEH KOHCOPIMYM OT aHaepoOeH OMopeakTop 3a MPOM3BOJACTBO Ha Ouoras
Yype3 HeMPEeKbCHATO CYOKYATUBUPAHE BHPXY MENTOHOBO-1Ienyn03eH pa3TBop (PCS), nonbinen
¢ 0,3% Ttperupana win HeoOpaboTeHa ¢unaThpHa XapTust Whatman npu CTaTU4HU yCIOBHS.
bsixa B3emanun mpoOW Ha Bcekw 7 qHU 10 21-Ms JeH, 3a Ja ce Ompeaeiad MPOIEHTHT Ha
ounojerpamanus Ha nenynosara. OnpeaenuxmMe aHTHMUKPOOHATa Pe3UCTEHTHOCT Ha aepOOHH U
aHaepoOHU KOHCOPLUYMH M HSKOW €IWHUYHHU KOJOHHUU Ype3 JIUCKOBO-AU(PY3HMOHEH METO]
crpsiMo 42 KIMHUYHO Mpuiiaranu antuonoTuka. PCR ananms3m 0s1xa M3BBPIIEHH 3a THPCEHE HA
HAJIMYMETO HA OCEM IeHa 3a LENYJIOJMTUYHA aKTHUBHOCT M JEBET I'eHa 3a aHTHOMOTHYHA
pe3UCTeHTHOCT. UYpe3 MeTareHOMEH aHaiuu3 OsXa OIpelNeNieHH paslpenesieHusITa Ha
OakTepuaIHUTEe M T'bOMYHUTE POJOBE B M3CIEABaHUTE momynauuu. Pesynraru: Aepobure,
kyatuBupanu npu 50 °C, pasrpaxaar 1enyio3ara B Hail-roysima crerneH (47%), cneaBanu Ot
anaepooure (24-38%) u aepodbute (8%), kymruBupanu upu 37 °C. AHanu3bT Ha
OakTepuaiHaTa IOCJIEIOBAaTeIHOCT II0Ka3a, 4e JoMUHHpamure TurnoBe ca Bacillota u
Bacteroidetes, a pomosere - Paraclostridium, Defluvitalea, Anaerobacillus, Acetivibrio,
Lysinibacillus, Paenibacillus, Romboutsia, Terrisporobacter, Clostridium, Sporanaerobacter,
Lentimicrobium u ap. B pa3jin4HO CHOTHOIICHNE B 3aBUCHMOCT OT YCJIOBHUSTA HA KYJITHBUPAHE
M erama Ha Tmporeca. HsSkom OT Te3W TMPEeNCTaBUTENH Ca LETYJIOJUTHYHU U
XEMHIIETYTONTUTHYHH MUKpPOOpraHu3Mu. M3pbprmxme nuodunusainus U AoKa3zaxme, 4e €
MOJIXO/ISIIA 33 JBITOCPOYHO ChXpaHEHNE Ha Hal-aKTUBHIS KOHCOPIIMYM, KOWTO Ce pasrpaxkia
nopu cien 10-To mocnenoBaTeTHO WHOKYJIHpaHe 3a MepHoj] OT eAHa roauHa. Jlokazaxme
HanuyueTo Ha TeHuTe ssrA, sstA BS wu blaTEM. 3akmouenus: Hamumrte pesynratu
JEMOHCTpHpaxa MOTEHIMATHATa MOJE3HOCT HA MHKPOOHHS KOHCOPLHMYM OT aHaepoOu mpu
pasrpakJaHeTo Ha OTHaIbYHA JIMTHOIIETYJI03Ha Oromaca.



