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IIIan B EBpona — OneHka Ha cTpaTern4ecKusi pucK U HAIMOHAIHA
ysa3BuMocT. [IpocTpaHcTBeHO Moie/IMpaHe W eNMHIeMHOJOTHIHA
auHamuka B buarapus (2025-2026)

Kouiuo Koes, Iabpuena I'vorcevnosa
Kameopa ,, Bemepunapna muxpoduono2us, uHpexyuo3nu u napasumHu
oonecmu *‘, Bemepunaprnomeouyuncku gaxyimem, Tpaxuticku
yuusepcumem, Cmapa 3aeopa, bvieapus
Llenmwp 3a oyenxa Ha pucka no xpanumennama eepuea, Cogus

[MameT(Foot-and-Mouth Disease, FMD)octaBaeHo 0OTHal-KOHTarHO3HUTE
TpaHCTPaHUYHU BUPYCHU 3a00JIIBaHUSI PU YUPTOKOMUTHUTE )KUBOTHU U
MpOJbJKaBa J1a MPEICTaBIsABa CEpUO3HA 3aIiaxa 3a )KHBOTHOBB/ICTBOTO,
THProBUSiITA W TPOJIOBOJICTBEHATa CHUTYPHOCT B TJyioOajmeH Mamial.
IIpe3 mepuoma 2025-2026 r. enu3ooTM4yHaTa cuTyanus B EBpomna ce
XapaKkTepu3upa ¢ MOBUIICHA JUHAMHKA M pasllIupsiBaHe Ha reorpadckus
o0xBaT Ha 3a00JIIBAHETO, BKJIIOYUTEIHO PErUCTPUPAHE HA OTHHILA B
PErHOHU C BUCOK BETEPHUHAPHOMEIUIUHCKHA KOHTPOJL.

Hacrosiioro wu3crnensane nMa 3a 1el J1a M3BBPIIM MPOCTPAHCTBEHO-
eMUIEMUOJIOTMYEH aHalM3 Ha pUCKAa OT pa3MpoCTpaHEHHWE Ha IIam B
EBpomna ¢ akieHT BbpXy NOoTeHUMalHus pucK 3a bbiarapusa. M3non3Banu
ca manHu oT cucremara ADIS, nndopmarus 3a KUBOTHOBBAHUTE 00CKTH
W TEONPOCTPAHCTBEHHW JaHHHU, oOpaboreHn upe3 QGIS u anropurmu
3a MPOCTpaHCTBEH aHaiu3. [IpuiokeHn ca MeTOAM 3a TEeOKOAMpaHe,
kibcreped aHanus (DBSCAN) u excrioHeHITMaaeH MOJEN 3a OlleHKa Ha
pHUCKa B 3aBUCUMOCT OT Pa3CTOSTHUETO J0 OTHUINATA.

Pesynararure mokasBar Haqu4ue Ha SICHO 000COOEHU PUCKOBHU KIBCTEPU
U PETHOHU C TIOBMILIEHA EMH300THYHA YSI3BUMOCT, OCOOEHO B 30HHU C
MHTEH3UBHU TPAHCIIOPTHU BPB3KU U BUCOKA MIIBTHOCT HA BH3NPUEMUYUBU
KUBOTHU. AHAJIM3bT NOTBBPKJ1aBa, ue brarapus ce Hamupa B 6J1M30CT 10
MOTEHILIMAIHU €MHU300TOJOTMYHN KOPUIIOpH, KOETO Hajlara MojaJbp>KaHe
Ha BUCOK preparedness KamauuTeT, akTUBEH Ha/JA30p U 3aCUJICHH MEPKHU 3a
OMOCHUTYPHOCT.

[TonydeHnure pe3yntaTi JEMOHCTPUPAT 3HAUEHUETO HAa POCTPAHCTBEHOTO
MOJIeTTUpaHe KaTO MHCTPYMEHT 3a paHHA OIIEHKa Ha pUCKa, ONITUMHU3HpPaHE
Ha KOHTPOJIHUTE MEPKHU U CTPATETHUECKO YIpaBIeHUE HAa TPAHCTPAaHUYHUTE
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UHQEKIMKM B KOHTCKCTA Ha ChBPEMEHHATA BETEpUHAPHA CITUIEMHUOJIOT S U
koHuenmuara One Health

KmwouoBu aymm: Foot-and-Mouth Disease (FMD), npocmpancmeen
aHanus, enudemMuonocudHo mooenupaune, oyenka na pucka, ADIS, DBSCAN,
2eONPOCMPAHCMBEH AHANU3, KIbCEPEeH aHANU3

Foot-and-Mouth Disease in Europe — Assessment of Strategic Risk
and National Vulnerability: Spatial Modeling and Epidemiological
Dynamics in Bulgaria (2025-2026)

Koycho Koev, Gabriela V. Goujgoulova
Department of Veterinary Microbiology, Infectious and Parasitic
Diseases, Faculty of Veterinary Medicine, Trakia University, Stara
Zagora, Bulgaria, Risk Assessment Center on Food Chain, Sofia

Foot-and-Mouth Disease (FMD) remains one of the most contagious
transboundary viral diseases affecting cloven-hoofed animals and continues
to pose a serious threat to livestock production, international trade, and food
security worldwide. During the period 2025-2026, the epizootic situation
in Europe has been characterized by increased dynamics and expansion of
the geographical distribution of the disease, including outbreaks in regions
with traditionally high veterinary control standards.

The aim of the present study was to perform a spatial-epidemiological
risk assessment of FMD spread in Europe, with particular focus on the
potential risk for Bulgaria. Data from the Animal Disease Information
System (ADIS), livestock holding databases, and geospatial datasets were
integrated and analyzed using QGIS and spatial analytical algorithms.
Geocoding procedures, DBSCAN cluster analysis, and an exponential
distance-based risk model were applied to evaluate the spatial distribution
of the disease risk.

The results identified distinct high-risk clusters and regions with
increased epizootic vulnerability, particularly in areas characterized by
intensive transportation networks and high densities of susceptible animal
populations. The analysis confirmed that Bulgaria is located near potential
epizootological corridors, emphasizing the necessity for maintaining high
preparedness capacity, active surveillance, and strengthened biosecurity
measures.

The findings highlight the potential value of spatial modeling as a Vellluable
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tool for early risk assessment, optimization of control strategies, and strategic
management of transboundary animal diseases within the framework of
modern veterinary epidemiology and the One Health concept.

Key words: Foot-and-Mouth Disease (FMD), spatial analysis,
epidemiological modeling, risk assessment, ADIS, DBSCAN, preparedness,
geospatial analysis, cluster analysis

YnpaBJ/jieHue Ha PUCKa OT MUKOTOKCHHH — MOJAXO01M U
NpeIn3BUKATEICTBA
Hopoanka Kapmancka-Tamaposa, ITaynuna Cmanesa
@axynmem no pacmumenna 3auWuma u azpoexkonozus, Aepapen
Yuusepcumem, [1nosous

B ycnoBusta Ha AMHAMHYHM M OBpP30 MPOMEHSIIM C€ KIMMaTHYHU
¢dakTopH, PUCKBT OT mpoiudepanuss Ha MHUKOTOKCUTEHHH TBHOM W
nocjenBamaTa NpOAYKIUs Ha BTOPUYHM METAOOIUTH TNPH 3bPHEHO-
KUTHUTE U TEXHUUECKUTE KyJITypHU MPUA00MBa SICHO U3Pa3eH PErHoHalIeH
xapaktep. B bwearapus, ¢ysapuosara no knaca (Fusarium head blight)
NpeACTaBIsiBA OCHOBHA HMKOHOMHYECKa 3alulaxa 3a KauecTBOTO U
0e30macHOCTTa Ha 3BPHOTO, XapaKTepu3Mpamia ce€ ¢ KOMIUIEKCEH H
€BOJIIOMpAIIl TOKCHKOJIorHueH npodui. Bunosere ot pox Fusarium u pox
Aspergillus mpoxynupar IMPOK CIEKThP OT MUKOTOKCHHHU, BKIFOUUTEIIHO
TPUXOTELEHU (I€OKCUHUBaJIEHOJ, HuBaneHod, T-2 u HT-2 Ttokcunm),
3eapaneHoH (ZEN), dymonusuau (FUM), adnaTokcMHU M OXpaTOKCHHHU.
AHanu3bT Ha TPOOHM OT HapeBUIlAa pa3KpuBa OOIIM KOHIIGHTpAIMH Ha
adatokcunu 10 176 pg/kg u HuBa Ha oxparokcunu 1o 45.8 pg/kg, karo
U B JIBaTa CiIydas ce NMPEeBUIIABAT MaKCUMAJHO JIOIMYCTHUMUTE TPaHMIIH,
onpenenenu ot Permament (EC) 2023/915. HacrosmoTo u3cneaBane mma
3a 1en pa3paboTBaHETO HAa MPOTHO3EH MOJIEN 3a YIIPaBICHHE HA PUCKA OT
MUKOTOKCUHH B bbirapus. [logxoasT uHTErpupa paHHa UACHTU(UKALIUSL
HaaTOT€HUTE M OLIEHKA HA TOKCUT'€HHUS PUCK YPE3 PETHOHAIHO B3eMaHe Ha
npo6bu, PCR-6a3upano xemoTunusupane Ha Fusarium spp. i MOJCKYJISIpEeH
CKPUHUHT Ha NOTEHIIMATHO a(hJIATOKCUTEHHH U OXPATOKCUT€HHH U30JIaTH.

KawuyoBu aymm: muxomokcunu, Fusarium spp.; Aspergillus spp.

ynpaejienue Ha pucka, bezonacnocm Ha xXpaHume



Mycotoxin risk management — approaches and challenges
Yordanka Kartalska-Tatarova, Paulina Staneva
Faculty of Plant Protection and Agroecology,
Agricultural University, Plovdiv

Under dynamic, rapidly changing climatic conditions, the proliferation of
mycotoxigenic fungi and the subsequent synthesis of secondary metabolites
in cereal and industrial crops have exhibited a distinct regional pattern.
In Bulgaria, Fusarium Head Blight (FHB) poses a critical economic
threat to grain quality and safety and is characterized by a complex,
evolving toxicological profile. Species in the Fusarium and Aspergillus
genera produce a broad spectrum of mycotoxins, notably trichothecenes
(deoxynivalenol, nivalenol, T-2, and HT-2 toxins), zearalenone (ZEN),
fumonisins (FUM), aflatoxins, and ochratoxins. Analysis of maize samples
has identified total aflatoxin concentrations of up to 176 pg/kg and
ochratoxin levels of up to 45.8 pg/kg, both of which significantly exceed
the maximum levels established by Regulation (EU) 2023/915. This study
aims to establish a predictive framework for mycotoxin risk management
in Bulgaria by integrating early pathogen detection with regional sampling,
PCR-based chemotyping of Fusarium spp., and molecular screening of
potentially aflatoxigenic and ochratoxigenic isolates.

Key words: mycotoxins, Fusarium spp., Aspergillus spp., risk
management, food safety



EFSA needs for scientific excellent and regulatory readiness
Stephan Bronzwaer
European Food Safety Authority

Food and feed safety risk assessment is impacted by rapid technological
innovation, evolving exposure patterns and systemic hazards. To inform
its next strategic cycle, the European Food Safety Authority (EFSA)
is mapping scientific needs to deliver timely, transparent and robust
advice, structured around five regulatory science pathways: innovation;
methodological and technical advances; One Health; preparedness; and
effective communication.

Maintaining EU competitiveness requires adapting assessment frameworks
to novel technologies (e.g., precision fermentation and New Genomic
Techniques). High-impact needs include accelerating New Approach
Methodologies (NAMs), multiomics integration and advancing exposure
science to increase efficiency, strengthen evidence and progressively
reduce animal testing.

A One Health approach is needed to address cross-sectoral risks through
structured cooperation with EU agencies and Member States, including
priorities on antimicrobial resistance, foodborne outbreaks, integrated
surveillance, animal welfare, microbiome science and research engagement.
Preparedness requires systems thinking, long-term perspectives and
coordinated governance, supported by horizon scanning, predictive
modelling and Al enabled foresight, while keeping expert judgement
human-controlled.

EFSA aims to strengthen audience-first risk communication by integrating
social science earlier in assessment, expanding evidence generation and
improving detection and response to false or misleading information. Digital
transformation, streamlined data processing and strengthened partnerships
will help to shorten assessment timelines without compromising scientific
quality, enhance transparency and stakeholder engagement, and increase
the resilience of Europe’s food safety system in the face of emerging,
systemic risks.

Key words: regulatory science; food and feed safety, One Health,
preparedness, risk communication
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OT nouBaTa 10 pACTEHUSITA: HHTETPUPAH MOAX0A KbM
arpoeKkoCHCTEeMHOTO 3IpaBe U YCTOWYMBO 3eMe/esne
Munaoun Hazapxos
Hucmumym no nougosnauue, acpomexHorocuy U 3auuma Ha
pacmenuama ,, H. Ilywkapos

[Ipe3 cromanckara 2025 roauHa B onutHA 0asa ,,boxxypurmie” na UITA3P
,,H. ITymkapos”, Coduiicko € mpoBeeH MOJICKH OMHT C MPEAKYIATypa 3a
3eJIEHO TOPEHE M Ha OCHOBHA - [JapeBU1Ia 3a 3bpHO. M3nuTanu ca pa3nuyHu
BapUaHTH Ha TOPEHE, C MUHEPAIIHU U OpraHu4yHu TopoBe. M3cneaBanu ca
MIPOMEHUTE B OCHOBHUTE TMOYBEHHM CBOWcTBa Ha M3myxena CmomHHUIA
(Haplic Vertisols), kosTo ce XapakTepusupa ¢ MOIICH J0 CSIUH METHD
IBIOOYMHA, CJ1a00 10 CPEAHO TIUHECT YEPEH XYMYCEeH XOPU30HT.
Pesynarature moka3BaT, uYe KOMOWHUPAHOTO TOpEHE MOAOOpsBa
XPaHUTEIHUS PSKUM Ha TT0YBATA U YBEIINYaBa AKTUBHOCTTA Y YUCIICHOCTTA
Ha MOYBEHHUTE MUKPOOPTraHM3MH. Y CTAHOBEHO € ChINO, Y€ Ce MOBHUIIABa
OWoNorMYHaTa aKTMBHOCT Ha MOYBaTa B HAYAJIOTO Ha BEreTalusITa Ha
LapeBuIlaTa, u3pa3zeHa upe3 no-sucoka npoaykius Ha CO:z 1 BbIVIEPOI.
Haii-Bucok 706MB 3bpHO LIapeBUIIa € MTOJyYeH BbB BapuaHT 11 (MUHEpaieH
Top Ni:Ps + 30 kg. da ' opranmuen Top ot pacTUTeNeH TPOU3XO/).
MexanngHata 00pabOTKa Ha TOYBaTa JONPHHACS 3a HAMalliBaHE Ha
3aIyIeBesIBAHETO.

VYcranoBeHo e, ue emucuute Ha CO2 1 N20O 3aBUCST OT METEOPOJIOTUUHUTE
YCJIOBHS, TIOYBEHUTE CBOMCTBA, OMOJIOTMUYHUTE MPOIECH M MPUIAraHUuTe
arpoTeXHUYECKH MPAKTHKH, KAaTO HAW-CHUIIHO BJIMSHHUE OKa3BaT BUABT U
HOpMaTa Ha U3MOJI3BaHUTE TOPOBE.

[TonyuenuTe pe3ynaTaTd OT ONWUTa JAOKAa3BaT, Y€ Mpexoja OT YHUCTO
XUMHYECKO KbM HMHTETPUPAHO OPraHO-MUHEPAIHO 3eMeleine, He €
€KOJIOTUYEH KOMITIPOMHC, & UKOHOMUYECKO MPEAUMCTBO.

Karw4oBu qymu: renonusha yapesuya, opeanuiHo u MUHEPATIHO MOPEHe;
OUON02UYHA AKMUBHOCT, 000UE 3bPHO



From soil to plants: an integrated approach to agroecosystem health
and sustainable agriculture
Miladin Nazarkov
Institute of soil science, agro technologies and plant protection “Nikola
Poushkarov”

During the 2025 agricultural year, a field experiment was conducted at
the Bozhurishte Experimental Station of the Institute of Soil Science,
Agrotechnologies and Plant Protection “N. Poushkarov”, Sofia region. The
study included a green manure precursor crop and a main crop—maize
for grain. Different fertilization treatments, including mineral and organic
fertilizers, were tested. Changes in the main soil properties of Leached
Smolnitsa (Haplic Vertisols) were investigated. This soil is characterized
by a deep (up to 1 meter) black humus horizon that is slightly to moderately
clayey.

The results show that combined fertilization improves the soil nutrient
regime and increases the activity and abundance of soil microorganisms. It
was also found that soil biological activity increases at the beginning of the
maize growing season, as indicated by higher CO: production and carbon
content.

The highest grain yield of maize was obtained in treatment T: (mineral
fertilizer N11Ps + 30 kg da ' organic fertilizer of plant origin).

Mechanical soil cultivation helped reduce weed infestation.

It was established that CO: and N>O emissions depend on meteorological
conditions, soil properties, biological processes, and applied agricultural
practices, with the strongest influence exerted by the type and rate of
fertilizers used.

The results of the experiment demonstrate that the transition from purely
chemical to integrated organo-mineral farming is not an ecological
compromise, but rather an economic advantage.

Key words: rainfed maize; organic and mineral fertilization; biological
activity,; grain yield

16



MoHHMTOPUHIOBA NPOrpamMa M BbBeKJIaHe HA MEpPKH 3a
OrpaHM4YaBaHe HA AHTHMHKPOOHATA Pe3UCTEHTHOCT B bhirapus
Muxaun Munanoe
Hayuonanen [{enmvp no bezonacnocm na Xpanu, Hayuonanen
OuazHOCMuy4eH Hay4HOU3C1e0068ameNcKu 6emepuUHapHoMeOuyUHCKU
uncmumym

AnTumukpoOHaTa pe3ucteHTHOCT (AMP) mpencraBnsiBa 3HauMTETHA
ry1o0aiHa 3aryiaxa 3a 3JJpaBeTo Ha XxopaTa u xuBoTHUTE. AMP ce onpenens
KaTo HamalleHa WM 3aryO0eHa CIIOCOOHOCT Ha aHTUMHUKPOOHHS areHT Ja
nHXHOUpa pacTexa Ha Oakrepus. ToBa KoMrpoMmeTupa eeKTUBHOCTTA HA
AaHTUMHUKPOOHHUTE CPEACTBA MPH JEUEHUETO Ha UH(EKINH, MPUIUHEHU OT
PE3UCTEHTHU MUKPOOPTaHU3MU.

Mounutopunrbt Ha AMP BkiIOuBa CcHeIMPUUHO U HEMPEKHCHATO
cbOupaHe, aHajdW3 M JOKJIaJBaHE Ha JaHHHW. Te3n MaHHM crioMarar 3a
B3eMaHEeTO Ha MHGOPMHUPAHH PEIIEeHUs, OCHOBAaHM Ha JI0OKA3aTeJCcTBa, U
nojrnomarar pa3padOTBaHETO Ha MOJXOJSIIM CTPATETMM U AEUCTBUS 3a
yIpaBJeHUE Ha aHTUMHUKpOoOHaTa pe3ucteHTHOCT Ha HUBO EC. HIIBX xbM
HAHVBMM! u3nbiaHsgBa KIOY0BA POJIS B U3IIBJIHEHUETO HA ITporpaMara 3a
MOHUTOPUHT HAa AMP npu )kMBOTHU U XpaHu B brarapusi. MOHUTOPUHTBT
ce ¢oxychpa BBPXY 300HO3HM M KOMEHCAJTHHM MHUKPOOPTaHU3MHU B
KUBOTUHCKH TIOIMYJIAllUM, Ha KOWUTO MOTPEOUTENSAT € Hali-BEepOATHO Ja
ObJic M3JIOKEH Ype3 MPOU3BOJAHH OT TSAX XPAHUTEIHU MPOAYyKTH. ChHINO
Taka Toi ce (pokycupa BbpXy LeJIeBH aHTUMUKPOOHU CPEICTBA, TOJOpaHU
Mopaju TAXHATA 3HAYMMOCT 3a XyMaHHATa Tepamnus — IO-CIEIHATHO
KPUTHYHO BaKHU AHTUMHUKPOOHU CpEJICTBA C HAM-BUCOK NPUOPUTET
(hpCIAs) — u TsIXHaTa €MUIEMUOIOTHYHA 3HAYUMOCT, MPEAOCTABSIUKH T10-
sICHA MPEJICTaBa 32 OCHOBHUTE MEXAaHNU3MH Ha PE3UCTEHTHOCT.

B nauanoro Ha 2026 1. Oe npuera Hanumonanna nporpama 3a JelcTBUE
cpemry aHTUMHKpoOHara pe3ucTeHTHOocT (AMP) B  bwarapusa. Tsa
IIpEeCTaBIIsIBA IbPBATA ISUIOCTHA paMKa B CTpaHaTa 3a CIPAaBsHE C TO3HU
100alieH 3apaBeH MpoliieM 4pe3 KOOPAUHUPAHH JEHCTBUS B XyMaHHATa
MEIUIMHA, BETEpUHApHATa MEIUIMHA W OKoJHara cpena. IIporpamara
e usrpajaeHa BepXy konmenmusaTa Ha C30 ,,Enno 3apase*“(One Health),
CIIOpE/ KOSTO 3/IpaBETO Ha XOpaTa, >KUBOTHUTE U €KOCHUCTEMUTE € TSACHO
cBbp3aHo. OcHOBHATa 11e11 € orpaHnyaBaHe Ha AMP upe3 HamansBane Ha
obmiara yrnorpeba Ha aHTUMHUKPOOHH CpPEJICTBA W 3alla3BaHE HA TAXHATA



edextuBHOCT. OchliecTBsiBaHETO Ha HammonanHata mporpama M3MCKBa
KOOpJMHHUpPAHU JAEWCTBHUA B 00JacTTa Ha XyMaHHaTa W BeTEpHHapHa
MEIMIMHA, XUTHEHATa HA XPaHEHETO, HAa ONIa3BAaHETO HA OKOJIHATA Cpefa U
BOJIUTE, HO CBHIIO U JJOCTATHYHU YOBEUIKH U (PMHAHCOBH pecypcu. HeitHoTo
M3MBJIHEHUE 11I€ TO3BOJIM orpannyaBaHe Ha AMP, ontumanHo npunarasHe
Ha aHTHUOMOTHULIUTE IPU XOpa W KUBOTHU M TpalHO MON0OpsBaHE Ha
3/IpaBHUTE [TOKA3ATEIIN.

Monitoring program and introduction of measures to limit
antimicrobial resistance in Bulgaria
Mihail Milanov
National Centre for Food Safety, National Diagnostic and Research
Veterinary Institute

Antimicrobial resistance (AMR) is a significant global threat to both
human and animal health. AMR is defined as the reduced or lost ability of
an antimicrobial agent to inhibit bacterial growth. This compromises the
effectiveness of antimicrobials in treating infections caused by resistant
microorganisms.

Monitoring AMR involves the specific and continuous collection, analysis,
and reporting of data. This data facilitates evidence-based decision-making
and supports the development of appropriate strategies and actions for
managing antimicrobial resistance at the EU level. The National Center for
Food Safety (NCFS) at the National Diagnostic and Research Veterinary
Medical Institute (NDRVMI) plays a key role in implementing the AMR
monitoring program for animals and food in Bulgaria. Monitoring focuses
on zoonotic and commensal microorganisms in animal populations to which
consumers are most likely to be exposed through food products. It also
focuses on targeted antimicrobials selected for their importance in human
therapy—specifically highest priority critically important antimicrobials
(hpCIAs)—and their epidemiological significance, providing a clearer
picture of the underlying mechanisms of resistance.

At the beginning of 2026, a National Action Plan against Antimicrobial
Resistance (AMR) was adopted in Bulgaria. It represents the country‘s
first comprehensive framework for addressing this global health problem
through coordinated actions in human medicine, veterinary medicine, and
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the environment. The program is built on the WHO ,,One Health* concept,
which recognizes that the health of people, animals, and ecosystems is
closely linked. The main goal is to limit AMR by reducing the overall use
of antimicrobials and preserving their effectiveness. Implementing the
National Program requires coordinated actions in the fields of human and
veterinary medicine, food hygiene, environmental and water protection, as
well as sufficient human and financial resources. Its implementation will
allow for the reduction of AMR, the optimal use of antibiotics in humans
and animals, and a lasting improvement in health indicators.

EBponeiickusT 3aK0H 32 0MOTEXHOJIOTMUTE: Bb3MOKHOCTH 1
Npeau3BUKATEICTBA 32 XPAHUTEIHATA CUTYPHOCT B Bbarapust
Llgema I'eopeuesa, /lonxa /lumbapesa, Enena Kyvzosa, Kpacumupa

Bacunes, Cmanumupa Apcosa
Hayuonanen yenmuvp no obwecmseno 30page u aHaiusu

EBponeiickust 3akon 3a OuorexHomorunte (EU Biotech Act), uuiito
I'BPBH eTan Oe mpeaniokeH B kpas Ha 2025 r., nienu na npesbpHe EBpomna B
TJI00AJICH JINJIEP B CEKTOPA UPE3 YCKOPSIBAHE Ha ITBTS OT JJabopaTopusTa 10
nazapa. OCHOBHH CTHJIOOBE U I1EJIM Ha HOBHSI 3aKOH BKITIOYBAT: ONIPOCTSIBAHE
Ha peryjaluuTe: HaMajlsBaHe Ha OIOpOKpalusiTa W YCKOpsBaHE Ha
0BT HAa WMHOBAlIMUTE OT JabopaTopusTa [0 Ta3apa; CTUMYJIHpaHE
Ha WHBECTHIIMHUTE: CHh3JaBaHE HAa MEXaHW3MH 3a MO-JIECEH IOCTBHII 10
¢dbuHaHCUpaHe 3a CTapThIM W Manku U cpeanu npeanpusitus (MCII) B
cektopa; GoKyc BHPXY 3/IpaBeona3BaHETO: MbpBaTa (pa3za Ha 3aK0oHA (Kpast
Ha 2025 r.) ce HacOYBa BbPXY KJIMHUYHHU U3NUTBAHUS, KJIEThYHU U T€HHU
Tepanuu; OMOCUTYPHOCTTA: BbBEXK/IaHE HA MEXaHU3MH 32 KOHTPOJ BBPXY
MPOAYKTH C JIBOMHA ymoTpeba W MpenoTBpaTsBaHE Ha 3JO0YMOTPEOH C
OMOTEXHOJIOTMH; pETyIaTOpHUTE, iAchYHULN ‘(Sandboxes)npeactasisiBat
BB3MOXKHOCT 332 T€CTBAHE HA HOBM TEXHOJIOTMM B KOHTPOJUpaHa cpena
c obOnexyeHu mpaBwia. 3a beiarapus HoBaTa 3aKOHOJATENHA paMKa
OTBapsl 3HAYUTEITHU XOPU30HTH, HO M MOCTaBsl CEPUO3HU U3UCKBAHUS 3a
agantanus. [lo oTHOIIEHME Ha XpaHWUTEIHATa CUTYPHOCT 3a bbwirapus
TO3W aKT HOCH CHeUu(PUYHU BBH3MOKHOCTH U TMPEAU3BUKATEIICTBA!
Bb3MOXHOCTH - HMHOBAalMM W KOHKYPEHTOCTIOCOOHOCT; TMOAKpemna 3a

MCII; mocten no ¢uuancupane; ycroiuusocT. lIpenmssukarencTaTa
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MOraT Ji¢ ce€ KOHKPETHU3HpaT B CIEIHUTE KaTeropuu: oOIIecTBeHa
CBIIPOTHBA M CKENTHULM3bM; peryjaTopHa cioxHocT. Cliensamu
croiku: [Ipennoxenunero Ha EC 3a 2025 r. B MOMEHTa NpeMUHaBa Mpe3
3aKoHoAaTenHus npouec B EBponeiickus napiaameHT U CbBera, KaTto ce
ouakBa BTOpa (haza (oOxBamiaria 3eMEIeTUeTO M CHEepreThkara) mpe3
TpeTtoTo Tpumeceuue Ha 2026 r.

KurouoBu n1ymu: 6uomexnonozuu, 3akOH00amencmeo

The European Biotechnology Act: Opportunities and
Challenges for Food Security in Bulgaria
Tzveta Georgieva, Donka Dimbareva, Elena Kuzova,
Krasimira Vasileva, Stanimira Arsova
National Center of Public Health and Analyses

The EU Biotech Act, the first phase of which was proposed at the end of
2025, aims to make Europe a global leader in the sector by accelerating
the path from the laboratory to the market. The main pillars and objectives
of the new law include: simplifying regulations: reducing bureaucracy
and accelerating the path of innovation from the laboratory to the market;
stimulating investment: creating mechanisms for easier access to financing
for startups and small and medium-sized enterprises (SMEs) in the sector;
focusing on healthcare: the first phase of the law (end of 2025) focuses on
clinical trials, cell and gene therapies; biosecurity: introducing mechanisms
for controlling dual-use products and preventing misuse of biotechnology;
regulatory “sandboxes” represent an opportunity to test new technologies
in a controlled environment with relaxed rules. For Bulgaria, the new
legislative framework opens up significant horizons, but also sets serious
requirements for adaptation. In terms of food security for Bulgaria, this act
brings specific opportunities and challenges: Opportunities - innovation and
competitiveness; support for SMEs; access to finance; sustainability. The
challenges can be specified in the following categories: public resistance
and skepticism; regulatory complexity. Next steps: The EU proposal for
2025 is currently going through the legislative process in the European
Parliament and the Council, with a second phase (covering agriculture and
energy) expected in the third quarter of 2026.

Key words: biotechnology, regulation
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MepKH 10 Ae3MHCEKIUs B )KHBOTHOBBIHUTE 00eKTH
Haosa Mumxosa, Cogus bykoscka
Hayuonanen yenmwop no sapasnu u napazumuu 6onecmu

B peructbpa Ha pazpemienute 6uounau B bbarapus ca BKIIIOUE€HH 001110
104 npotykTa 3a KOHTPOJ HACEKOMHU (MYXH, MPaBKH, XJIEOapKH ) U KbPIIEKH
(KOKOIMHKM), ¢ 00JIaCT Ha TPUIIOKECHHE B XKUBOTHOBBIHU OOCKTH M
topuiia. Hactosmusr nokian mpeacTaBs CUCTEMaTU3MpaH Mpersie] Ha
MIPOJYKTUTE Bb3 OCHOBA Ha KJIaC aKTHUBHU BELIECTBa, BUJA (opMyJaius,
CTaZiuil OT pa3BUTHETO Ha IeJIEBUA BHJ BpEAUTEN U KaTeropus Ha
noTpedurenute (MacoBa u/uiau mpodecruoHana). 3a HIKOU OT aKTUBHUTE
BEIIECTBA Ca MOCOYEHHU CeIU(PUUHN U3UCKBAHUS WIM OTPAHUYEHUS TIPU
ynoTpe0a, a 3a Ipyry TaHHU 32 €PEKTUBHOCT OT JIA0OPATOPHH U3ITUTBAHUS
0 aKPEeIUTHUPAHU METOIH.

EdexkTuBHUAT KOHTpPOJ Ha BPEAUTEIUTE B JKUBOTHOBBIHUTE (epmu
M3HMCKBA MHTETPUPAH ITOAXO0/1, B KOMTO CHIIECTBEH €JIEMEHT € TPOBEKIAHETO
Ha TEeKyll MOHUTOpUHI. ETO 3aIo, 4yacT OT TO3M JOKJIaJ pasriexnaa u
MIPAKTUYHU CPEJICTBA U MHCTPYMEHTH 3a PAHHO OTKPUBAHE U MPOCIIEsIBaHE
Ha JIMHaMHUKaTa [PHU YUCJIEHOCTTa HA HACEKOMUTE U KBbPJICKHUTE.

KuouoBu xymMu: scusomnosvonu obekmu, Ouoyuou, MOHUMOPUH
Insect control in animal farms

Nadya Mitkova, Sofia Bukovska
National Centre of Infectious and Parasitic Diseases

The register of authorised biocides in Bulgaria includes a total of 104
products for controlling insects (flies, ants, cockroaches) and ticks (red
mites), with a field of application in livestock facilities and manure pits.
This report presents a systematic review of the products based on the class
of active substances, type of formulation, stage of development of the
target pest, and category of users (mass and/or professional). For some
of the active substances, specific requirements or restrictions on use are

indicated, while for others, data on biological efficacy from laboratory tests
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using accredited methods are provided.

Effective pest control on livestock farms requires an integrated approach,
with ongoing monitoring being an essential element. Therefore, this report
also examines practical tools for early detection and monitoring of trends
in insect and tick populations.

Key words: animal farms, biocides, monitoring

AJJanITHBEH 0TrOBOP HA XaJI0TOJIEPAHTHH (PMIIAMEHTO3HH I'bOH KbM
nopumeHu Kouuenrpanun NaCl: Bpb3ka Mexay
COJICBM M OKCHIATHBEH CTpec
Jhoomuna Hosuescra, Kenu Mumesa-Cmanesa, Biaduciasa
Jluwnuucka, Tanuna Cmosnyesa, Ana [ouesa, Padocnas Abpawes,
bopsnua Cnacosa, Mapus Anenosa, Examepuna Kpymosa
Hnemumym no muxpooduonozus ,, Cmeghan Aneenog“, BAH

[TpoyuBaneTo Ha ekCTpeMODUITHUTE MUKPOOPTaHU3MU MIPUBJIMYA BCE T10-
3HAYUTENIEH HAay4YeH MHTEpec Mpe3 MOCIEeIHUTE TOAUHH. Xalo(pHIHUTE
NPEJICTAaBUTENIM HAa Ta3W Ipyla ce XapaKTepu3upaT ChC CHOCOOHOCTTA
CH Jla TIPEeXKUBSBAT U Jla C€ PA3MHOXKABaT MPH BUCOKHU KOHIEHTpAILMU Ha
NaCl, kato mpu HIKOH OT TSAX HAIUYHETO Ha COJ € 3aIbJKUTEIHO YCIOBUE
3a HOPMAaJHOTO UM pa3BUTHE. MUKpPOOpPraHU3MHUTE, KOUTO MOTaT Ja ce
pa3BUBAT ONTHUMAJIHO MPHU BBH3JCHCTBUE HA MOBEYE OT €AMH EKCTPEMEH
dakTop Ha cpenara, ce ONpeAeNsAT KaTo MOJIHEeKCTpeMOobuin. TeXHUST
TOJIEpaHC KbM COJ U CreHuUYHUTE UM M3UCKBaHUS ca 0O0YCIOBEHU OT
penuiia eKOJIOTUYHH MapaMeTpH, cpell KOUTo Temmneparypa, pH u csctaB
Ha XpaHHUTETHaTa cpeja.

OcHOBEH MOTHUB 3a U3CJIEIBAHETO Ha TE3W OPraHU3MU € Pa3KpUBaHETO Ha
MEXaHU3MHTE, Ype3 KOUTO T€ C€ aJanTupaT KbM CTPECOBU BB3JCHCTBUS,
MPOU3THUYAIM OT HEOIAaronpusiTHU yCIIOBUSI Ha cpenaTta. B pamkurte Ha
HACTOAIIOTO HM3CJE/IBaHE Ca W3IMOJI3BaHU T'bOMYHHU IIAMOBE, U30JHMPAHU
OT 3aCOJIEHU TOYBM B pailoHa Ha KpalOpekHU e3epa MO OBJIrapCcKOTO
YepHomopue. AHanu3upaH € epeKThT Ha MOBHILIEHU KOHIIGHTpAIlMU Ha
HATPUEB XJIOPUJ BBPXY PACTEKHUTE XapaKTEPUCTUKU, MOP(HOIOTUUHUTE
0COOCHOCTH U (PU3UOTOTUYHOTO CHCTOSTHUE HA MOJICITHUTE IIIaMOBE.

C eI U3ACHABAHC HAa B3aUMOBPDB3KATA MCKIY COJICBUA U OKCUIAATUBHUA
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CTpecC ca mPOCeACHN N3MEHECHUATA B KJIIEThYHU MapKEpH Ha OKCUIATUBHO
yBpeXaaHe, BKIIOUNTETHO HMBATa HA OKWCJICHU MPOTEUHHM, CTEIICHTa Ha
JIUTIAIHA TIEPOKCUIAIUS U ChABPKAHUETO Ha PE3EPBHU BBIJICXHUIPATH B
W3CIIeIBaHMS I1aM. JJOITBJIHUTEITHO € OIICHEHA pOJIsiTa HA aHTHOKCUJAHTHUTE
€H3MMHH CUCTEMH KaTO YacT OT aJJalTUBHUS OTTOBOP HA XaJOTOJICPAHTHHS
aM KbM ToBUIIIeHa KoHIleHTparus Ha NaCl.

Karw4doBu nymu: conesu cmpec, okcuoamusen cmpec, XaiomoiepaHmHiu
Gunamenmosnu evou

Adaptive Responses of Halotolerant Fungal Strains to Elevated NaCl
Concentrations: Links Between Salt and Oxidative Stress
Lyudmila Yovchevska, Jeny Miteva-Staleva, Vladislava Dishliyska,
Galina Stoyvancheva, Yana Gocheva, Radoslav Abrashev, Boryana
Spasova, Maria Angelova and Ekaterina Krumova
The Stephan Angeloff Institute of Microbiology

The study of extremophilic microorganisms has attracted increasing
scientific interest in recent years. Halophilic microorganisms, as a
subgroup of extremophiles, are characterized by their ability to survive and
proliferate at elevated NaCl concentrations, with some species requiring
high salinity as an essential condition for their normal development.
Microorganisms capable of optimal growth under the influence of multiple
extreme environmental factors are defined as polyextremophiles. Their salt
tolerance and specific growth requirements depend on various environmental
parameters, including temperature, pH, and nutrient medium composition.
A major objective in investigating these organisms is to elucidate the
adaptive mechanisms that enable them to withstand stress arising from harsh
environmental conditions. In the present study, fungal strains isolated from
saline soils surrounding coastal lakes along the Bulgarian Black Sea region
were employed. The effects of increased sodium chloride concentrations
on growth characteristics, morphological features, and physiological status
of the model strains were examined.

To clarify the relationship between salt stress and oxidative stress, alterations
in cellular biomarkers of oxidative damage were assessed, including
levels of oxidatively modified proteins, lipid peroxidation, and reserve

carbohydrate content in the studied strain. Furthermore, the involvement
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of antioxidant enzyme defense systems in the adaptive response of the
halotolerant strain to elevated NaCl concentrations was investigated.

Key words: salt stress, oxidative stress, halotolerant filamentous fungi

Pa3kpuBaHe Ha ciepMMH-MeIMMPAHATA OMOXMMHUYHA U
TPAHCKPUINIIMOHHA PeryJianus HA AHTHOKCHIAHTHATA 3alllUTA IPH
Triticum aestivum L., cnen nndexuusi ¢ Fusarium culmorum
Llsemuna Hukonosa, /lecucrasa Toooposa, Uckpen Cepeues, 3opHuua
Kameposa, Enena lllonosa, Jlunana bpankosa,

Llenko Bvues, Heo Anauixkos
Hnuemumym no guszuonoeus na pacmenusma u cenemuxa, bvieapcka
axkademusi Ha HAyKume

[Touenusat matorexn Fusarium culmorum, KoiTo mpuUUUHSIBA OKCUIATUBEH
CTpec upe3 CBPbXHATPyIBaHE HA peakTUBHU kuciopoauu Buaose (ROS),
Mpe/ICTaBIsiBa HapacTBallla 3arjaxa 3a MPOAYKTHBHOCTTa Ha 3MMHATa
nenuna (7riticum aestivum L.). HyBCTBUTETHOCTTA HA PACTEHUSTA YECTO
ce ompenenst OT e(pEeKTHMBHOCTTa Ha TSIXHATa CIIOKHA AHTHOKCHIAHTHA
3allMTHA CUCTEMA, KOSITO MOAAbPKa peAOKC XoMeocTa3ara. EK30reHHoTo
MpujlaraHe Ha TeTpaaMuH criepMuH (Spm) 61 MOTJIO 1a OCUTYPH YCTOWYHB
HAYMH 32 ,,[IPeIBAPUTEITHO MIPOrpaMupaHe’’ Ha MOJIEKYJIIPHUSI MEXaHU3bM
HA PACTEHUETO 3a TMOBHIIEHA TOJEPAHTHOCT, Th KaTO CHHTETHUYHHUTE
GyHrMIMOM ca OTrpaHMYeHM OT MEXAyHapoaHu pasnopendou. Tosa
IIPOyYBAaHE 3albjBa KIIOUYOBA MpPAa3HMHA B 3HAHUATA B MOJIEKYJIIPHOTO
pazbupaHe Ha MOJIMAMHUH-MEAMMpaHaTa 3allUTa, KaTo H3CIIe]Ba
pEryIaTopHUTE B3aUMOBPB3KH MEXIY Mpe-TPETUPAHETO ChC CIIEPMUH
M aHTUOKCHJAHTHaTa cuctema. Hamure pe3ynraTd MperocTaBsT
3a1bI00UeHA KapTHHA Ha KIEThYHATA CTAOMIHOCT MPU MH(DEKIHUS upe3
npocieAsiBaHe Ha (U3UOJIOTMYHM MapKepu KaTo BOAOPOJIEH INMEPOKCH],
U3TUYaHE Ha €NeKTpPoiIuTH M ManoHguangexus (MDA) B nonbiiHeHue
KbM CBhIbpPKAHUETO HA OCMOJMUTHU U MposinH. OCBEH TOBa, MpECTaBsIME
nH(popMalrs 32 €eH3UMHaTa aKTUBHOCT Ha IIyTaTHOH penykrazaTta (GR),
rrytatuoH-S-tpancdepaszara (GST), karamazata (CAT), mepokcumazarta
(POX) u cynepokcun mucmytaszara (SOD). Te3an OMOXUMUYHHM HAXOJKH
ca KOpEJIMpPaHM C OTHOCUTENHATa €KCIIpECHsl Ha CBBP3aHU TICHH,
BimrounTesiHo TaCATA, TaCAT3, Ta-POD1, TaGPX, TaGR u paznuunu
TaSOD uszodopmu. Hakpas, Tasu pabora U3sCHsABA KaK NPEABAPUTEITHOTO
TpEeTHpaHE ChC CIEPMHUH YJIECHSIBA IO-CTAOMITHA 3aIIMTHA PEAKIIHS CPEILy
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F. culmorum.
bnaronapnoctu: M3cnensanusra ca mpoBeAeHU ¢ (pMHAHCOBATA MOAKpena
Ha ®HU no norosop KII-06-H86/6 ot 06 nexemspu 2024 r.

KarouoBu aymm: npedsapumenno mpemupaune, Triticum aestivum,
Fusarium culmorum, anmuoxcuoanmua 3auuma, ekcnpecus Ha 2enu

Understanding the Spermine-Mediated Biochemical and
Transcriptional Regulation of Antioxidant Defense in Triticum
aestivum L. Infected with Fusarium culmorum
Tyvetina Nikolova, Dessislava Todorova, Iskren Sergiev, Zornitsa
Katerova, Elena Shopova, Lilvana Brankova, Tzenko Vachey,
Ivo Yanashkov
Institute of Plant Physiology and Genetics, Bulgarian Academy of
Sciences

The soil-borne pathogen Fusarium culmorum, which causes a harmful
“’respiratory bursts™” and oxidative stress by over-accumulating reactive
oxygen species (ROS), is posing a growing threat to the productivity
of hexaploid wheat (7riticum aestivum L.). The plants susceptibility is
frequently determined by the effectiveness of its complex antioxidant
defence system, which maintains redox homeostasis. Exogenous priming

(134}

with tetraamine spermine (Spm) could provide a sustainable way to “”’pre-
program™ the plant’s molecular machinery for increased tolerance as
synthetic fungicides are restricted by international regulations. This study
fills a crucial knowledge gap in the molecular understanding of polyamine-
mediated defence by examining the regulatory crosstalk between Spm-
priming and the antioxidant system. Our results provide a thorough picture
of cellular stability under infection by tracking physiological markers like
hydrogen peroxide, electrolyte leakage, and malondialdehyde (MDA)
in addition to osmolyte and proline content. Furthermore, we present
comprehensive information about the enzymatic activities of glutathione
reductase (GR), glutathione-S-transferase (GST), catalase (CAT),
peroxidase (POX), and superoxide dismutase (SOD). These biochemical
findings are correlated with the relative expression of associated genes,
including TaCATA, TaCAT3, Ta-PODI1, TaGPX, TaGR, and various
TaSOD isoforms. Finally, this work clarifies how Spm-priming facilitates
a more robust defense response against F. culmorum.

Acknowledgements: This research was supported by the Bulgarian Nzagional
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Research Foundation under contract KP-06-H86/6, dated 06 December,
2024.

Key words: priming, Triticum aestivum, Fusarium culmorum, antioxidant
defence, gene expression

DOYHKIMOHAJHUTE XPAHU KATO HHCTPYMEHT 32 NpeBeHIUs
U MOJAbPrKaHe HA YOBEIIKOTO 3paBe. MoayjupaHe Ha
TJIIOKO3UHOJIATHUSA MPO(QUI HA MUKPOPACTEHUS KeilJ1,
ype3 UV-C npaiiMuHT Ha ceMeHa
Jlunsna bpanxosal, Enena [llonosal, Munen boedanos2, enuua
Ilemrosa2, 3opnuya Kameposa-Jlanoowcosal, Jlroomura Jumumposal,
Casuna Cmosmnosa2, ecuciasa Toooposal
1 Uncmumym no ¢uzuonoeus na pacmenusma u cenemuxa, bAH
2 CY,,Cs. Knumenm Oxpuocku “, @axynimem no xumus u hapmayus

[Ipe3 mocnenHuTe AeceTHNETHs XpaHaTa ce Bb3IpPHEMa HE camMoO KaTo
HN3TOYHUKHACHCPIUA M OCHOBHU XPAHUTCIIHN BEIICCTBA, HO UKATO (baKTop 3a
NoJIbprKaHe Ha J0OpO 3/ipaBe, MPEBEHIM Ha 3200 IsIBAaHUA U TI0JJ00psiBaHe
Ha KauyecTBOTO HA JXMBOT. B TO3M KOHTEKCT HapaCTBa HHTCPCCHT KbM
T.Hap. QYHKIMOHAIHU XPaHU — MPOJYKTH, KOUTO ChABPKAT OMOIOTUYHO
AKTUBHU BEIIECTBA C JJOKA3aH MOJIOKUTEICH €PEKT BHPXY PU3HOTOTHIHUTE
IPOIIECH B YOBEIIKHS OpraHu3bM. Te Morar fa nogoOpstT MeTaboIuTHUTE
nmpouecu 1 UMYHHHS OTIOBOP, KAKTO M Ja IMOHMUKAT pUCKa OT XPOHUYHU
3a00ssiBaHUA — JAMA0eT, ChPIEUYHO-CHAOBU 3abossABaHus, pak. KelurbTt
(Brassica oleracea var. acephala) e sippk npumep 3a GyHKUMOHAIHA XpaHa
ChC 3HauuTeNeH (PUTOXMMHMYEH moTeHIMan. Tol ce oTiiMdyaBa ¢ BHCOKa
XpaHUTEJHAa CTOMHOCT U O0raTo ChJIbp’KaHUE Ha OMOAKTHBHH BEIECTBA,
Cpel KOUTO IIIIOKO3MHOJIATH, MOJU(PEHOIH, KAPOTCHOUIN — ChEAUHEHHS
C OOKa3aHMW AaHTHOKCHUAAHTHH, IMPOTHBOBB3NAJIUTCIHU W AHTUTYMOPHH
cBoiicTBa. [IpunoxeHneTo Ha enucuTopu — (pakTopu, KOUTO CTUMYJIHPAT
CCTCCTBCHUA 3alllUTCH IIOTCHLIMAI Ha paCTCHUATA — IMpCACTaBJIsIBa
€KOJIOTUYHO YCTOWYMB MOJIXOJ 32 MOJIeUpaHe Ha OMOCHHTE3a Ha LIEHHU
Metabosmtu. XpomatorpadCKuTe aHajJu3M TOKa3BaT, Y€ €IHOKPATHO
obnpuBane Ha cemeHata ¢ UV-C cBeTiaMHa NpeAM3BUKBA 3HAYUTEITHH
IMPOMCHH B CBHABPKAHHUETO Ha TJIFOKO3WMHOJIATU B MHUKPOPACTCHUA Kein
o1 pzagnnqﬁn coproBe. Pesynrature mpeanosarar, ye M3MOJI3BAaHETO Ha



UV-C cBeTiiMHA KaTO €JIMCUTOP € YAA4eH MOJAXO0/ 32 LEJIEHACOUYEH CUHTE3
Ha BTOPUYHHU META0OJIMTH C OTEHIIMAIHA 110J13a 3a 3/IpaBETO Ha YOBEKaA.
brnaromapuoctu: M3scnensanero ¢ ¢uHancupano ot Poun ,,Hayunum
u3cneaABaHus KbM MUHUCTEPCTBOTO Ha OOpa30BAaHMETO M HayKaTa
(dorosop Homep KII-06-H96/5 9.12.25).

Knrouoeu oymu: ¢hynxkyuonannu xpauu, 2nioKo3UHOLAMU, QUMOXUMUKATU,
Ketisl, MUKPOPACMeHUs

Functional foods as a tool for prevention and maintenance of human
health. Modulation of glucosinolate profile of kale microgreens
via UV-C seed priming
Liliana Brankoval, Elena Shopoval, Milen Bogdanov2, Denitsa
Petkova2, Zornitsa Katerova-Landzhoval, Lyudmila Dimitroval, Savina
Stoyanova2, Desislava Todoroval
1 Institute of Plant Physiology and Genetics, BAS
2 Sofia University “St. Kliment Ohridski”, Faculty of Chemistry and
Pharmacy

In recent decades, food has come to be recognized not merely as a source of
energy and essential nutrients but also as a key factor in maintaining good
health, preventing disease, and improving quality of life. Consequently,
there has been growing interest in functional foods — products enriched
with biologically active compounds with proven beneficial effects on
human physiological functions. These foods can support metabolic activity,
strengthen immune function, and lower the risk of chronic conditions, such
as diabetes, cardiovascular disease, and cancer. Kale (Brassica oleracea var.
acephala) is a prominent example of a functional food with considerable
phytochemical potential. It possesses high nutritional value and is rich in
bioactive constituents such as glucosinolates, polyphenols, and carotenoids,
which are associated with antioxidant, anti-inflammatory, and anticancer
activities. The application of elicitors as inducers of plant defence
pathways offers an environmentally sustainable approach to modulate
the biosynthesis of valuable metabolites. Chromatographic analyses have
demonstrated that a single exposure of seeds to UV-C irradiation leads
to alterations in the glucosinolate levels of kale microgreens of different
cultivars. These findings indicate that UV-C seed priming may serve as an



effective tool for the targeted modulation of secondary metabolites with
potential health-promoting effects.

Acknowledgments. This research was funded by the National Science
Fund, Ministry of Education and Science (grant number KP-06-N96/5
9.12.25).

Key words: functional foods, glucosinolates, phytochemicals, kale,
microgreens

I'eneTn4yHO pa3HooOpa3ue, yCTOHYHUBO MOJI3BAHE U ONIa3BaAHE HA
KPUTHYHO 3acTpamenus Obarapcku enaeMut Centranthus kelleri
(Stoj., Stef. & T. Georgiev) Stoj. & Stef. (Valerianaceae)
Lansa Ilemposa, Cmeghan [lempos
Meouyuncku ynugepcumem, Coghus

Centranthus kelleri (Stoj., Stef. & T. Georgiev) Stoj. & Stef. (Valerianaceae)
€ KpUTHYHO 3aCTpalieH ObJITapcKu €HAEMUT, BKIIIOYEH B UepBeHaTa KHUTa
Ha PenyOnuka bobarapus. /[Bere My eIMHCTBEHU HaxXouIla MomaaaT B
rpanunure Ha Hanmonanen napk ,, I lupun‘ u Ilpuponen napk ,,Bpauancku
bankan‘“u canon3zakpunaraHa EBponerickara ekoinoruuna mpexa HATYPA
2000. Bbnpeku TOBa, HaCTHIBAILIUTE BCE MO-0bP30 MI00ATHU U3MEHEHUS
B KJIUMaTa ca cpejl BOACIIUTE PUCKOBE 32 OIIENISIBAHETO HA TO3M YHUKAJICH
pactureneH Bua. Kpuszara ¢ onpammrenuTe JOMBIHUTEIHO 3a1bi1004yaBa
npobnema c¢ omazBanero Ha Centranthus kelleri. Ot apyra crpana,
OTYUTAHKK OOraToTo CHABPKAHHE HA KIIOYOBH BTOPUYHH METAOOIUTH
1 ¢dapMalleBTUYHUS MMOTEHIIMAT Ha BHJIA, HUE MIPOBEJOXME MOJIEKYISIPHU
aHaM3M 32 W3y4yaBaHE HA TAKCOHOMHUYHUTE M MHUKPOMOPQOIOTHYHH
XapaKkTepUCTUKH Ha BUJAa U 33 OXapaKTepU3UpaHE CBHCTOSHUETO Ha
HAIMYHUTE TEHETUYHH PEecypcd B Hamm AHU. [lomyudeHurte pesyaratu
anapMupar 3a He0OXOJUMOCTTA OT CTPUKTHO CIa3BaHe Ha MPEANPUETUTE
MEpKH 3a 3allUTa U OIle M0-33bJI00YeHO M3CIICABAHE HA TCHETUYHUS U
MetabonuteH nmpodun Ha Centranthus kelleri.

KmouoBu numm: Centranthus kelleri, endemum, cenemuunu pecypcu,
BMOPUYHU MEMabOIUMU, ONA36aHe
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Genetic diversity, sustainable use and conservation of the critically
endangered bulgarian endemic Centranthus kelleri (Stoj., Stef. & T.
Georgiev) Stoj. & Stef. (Valerianaceae)

Galya Petrova, Stefan Petrov
Medical university, Sofia

Centranthus kelleri (Stoj., Stef. & T. Georgiev) Stoj. & Stef. (Valerianaceae)
is a critically endangered Bulgarian endemic species listed in the Red Book
of the Republic of Bulgaria. Its two known populations are located within
the boundaries of Pirin National Park and Vrachanski Balkan Nature Park
and are protected under the European ecological network Natura 2000.
Nevertheless, rapidly progressing global climate change represents a major
threat to the survival of this unique plant species. The ongoing pollinator
crisis further exacerbates the conservation challenges facing C. kelleri.
Considering the species’ rich content of key secondary metabolites and its
pharmaceutical potential, we conducted molecular analyses to investigate
its taxonomic and micromorphological characteristics and to assess the
current state of available genetic resources. The results obtained highlight
the urgent need for strict adherence to existing conservation measures
and for further in-depth studies of the genetic and metabolic profile of
Centranthus kelleri.

Key words: Centranthus kelleri, endemic, genetic resources, secondary
metabolites, conservation
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CTOnaHcko U MeIUIMHCKO 3HAYeHHe HA MPOAYKTHTE MOJy4YeHH OT
eqHorop6a xammaa (Camelus dromedaries. L.)
Teooopa Hocugosal, Ceiigh An-Xaoxucadncl, Muxaun Yepeenkosl,2
1 Jlecomexnuuecku yHusepcumem
2 Uncmumym no buopasnoobpasue u
exocucmemuu uzcieosanusi — BAH

Hacrosmusar 0030p pasriexzia cbCTaBa U MOTEHLUUAIHOTO NPUIOKEHUE
Ha TPOJIYKTH, IMOJIy4YeHH OT €AHOT'bPOM KaMUIIH, C aKIIEHT BbPXY MECOTO,
MJISIKOTO U HSIKOM BTOPUYHH ITPOIYKTH OT Tpyna. LlenTa e na ce ananuzupar
TEXHUTE XPAaHUTEIHU U OUOJIOTMUHU CBOMCTBA, KAKTO U Bb3MOXXHOCTUTE
3a INPWIOKEHHETO MM B XpaHUTEIHATa WHAYCTpUs, MEAMIIMHATA U
KO3METHKATa.

Kamuickoto Meco ce xapakTepuszupa ¢ pa3HOOOpa3eH XpaHUTENIEH
ChCTaB, BKJIFOUBAIL [IO-HUCKO CHIBP/KaHUE HA Ma3HUHU U XOJIECTEPOI U
10-3/IPaBOCIIOBHO CHOTHOLIEHHE MEX]ly HEHACUTEHU U HACUTEHU MAaCTHU
KHUCEJIMHU B CPaBHEHHUE C JPYyru BUJ0BEe Meco. To € 100bp U3TOUYHUK Ha
MIPOTEHH, JKEeJs30, IIMHK U BUTAMHMHU OT Tpyma B, KakTo U Ha OHMOJIOTHYHO
aKTUBHU cbhequHeHMs. KaMUICcKOTO MIISIKO € 60rato Ha (yHKIIMOHAIHU
IPOTEUHH, BKIIOYMTEIHO JaKTO(EpHUH, JU303MM U HMYHOIJIOOYJIMHU,
KOUTO TMPOSIBABAT aHTHOAKTEPUATHM, AHTHUBHPYCHH U TOTCHLUUAIHU
TepaneBTHYHU cBOIcTBa. ChIbpKaHUETO HA OeTa-TaKTOPEPUH € O-HUCKO
CIPSIMO KpaBETO MIIIKO, KOETO HaMalsBa aJeprUYHUTE PEAKLUU KbM
KaMWJICKOTO MJIsiko. [lopamu Hanmumero Ha ana-XuAPOKCHI KUCEIUHU
KaMUWJICKOTO MJISIKO CBIO MOXKE Ja ObJie M3IO0JI3BaHO B KO3METHYHATa
UHTyCTPHSL.

Jloiita, KOIareHbT 1 KEJIATUHBT U3BJIEUEHU OT KAMMIICKHA ThKaHU, HAMUPAT
MPWIOKEHNE B XpaHWUTEIHATa U TEKCTUIHA MHIYCTpUsS, MEAMIIMHATA U
Ko3MeTHKata. [IpoyueHure JaHHM moayepTaBaT 3HAUUTEIIHUS TOTEHIMAI
Ha KaMWICKUTE NPOAYKTH, KaTO YCTOMYMB aJTEpHATUBEH peECYpC
C HapacTBalllo 3HAUYECHHWE 3a PAa3BUTHETO Ha (PYHKUMOHAIHU XpaHH,
MHOBAaTUBHU METO/IU HA JICUCHHUE U CYPOBUHHM 32 KO3METUYHATA UHAYCTPUSI.

KiarwouoBu AYMM: Kamuia, meco, MJIAKO, KozmemuKka, xpanu
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Economic and medical significance of products obtained from the
dromedary camel (Camelus dromedaries. L.)
Teodora Yosifoval, Seif Al-Hajjajl, Mihail Chervenkovl,2
1 University of Forestry
2 Institute of Biodiversity and Ecosystem Research — BAS

This review examines the composition and potential applications of
products derived from dromedary camels, with a focus on meat, milk, and
certain by-products from the carcass. The aim is to analyze their nutritional
and biological properties, as well as their potential applications in the food
industry, medicine, and cosmetics.

Camel meat is characterized by a diverse nutritional composition, including
lower fat and cholesterol content and a healthier ratio of unsaturated to
saturated fatty acids compared to other types of meat. It is a good source
of protein, iron, zinc, B vitamins, and biologically active compounds.
Camel milk is rich in functional proteins, including lactoferrin, lysozyme,
and immunoglobulins, which exhibit antibacterial, antiviral, and potential
therapeutic properties. The beta-lactoferrin content is lower than in cow*s
milk, which reduces allergic reactions to camel milk. Due to the presence
of alpha-hydroxyl acids, camel milk can also be used in the cosmetics
industry.

Camel hump fat, collagen, and gelatin extracted from camel tissues are
used in the food and textile industries, medicine, and cosmetics. The data
highlights the significant potential of camel products as a sustainable
alternative source with growing importance for the development of
functional foods, innovative treatment methods, and raw materials for the
cosmetics industry.

Key words: camel, meat, milk, cosmetics, food



I'eHeTH4YeH TONMMHT — KAK MYTAI[Hsl B MUOCTATHHOBHS I'eH MOKe J1a
yBeJIU4YH MYCKYJIHATA Maca MPHU Ky4yeTa oT Mopojara Yumner
Haoesicoa Jlvkanosa
Llenmwvp 3a oyenka Ha pucka no XpanumeiHama eepua

JIBOMHOTO3aMyCKYJIIBaHE € TPU3HAK, OITMCAHIIO-PAHOIPU PA3IIUYHU BUIOBE
003aifHULIM, BKJIFOUUTEIIHO T'OBE/IA, OBIIE, CBUHE U 1., KOWTO CE€ MPUYMHSBA
oT MyTtauuu B reHa Ha muoctatuHa (MSTN). Ilpu kyuera, KOHKpETHO
0T mopojara Yumer (U3BECTHA OIIEe KaTo Majika AHIVIMHACKA XpbTKa) €
HaOmoaBana HoBa myTaiusi B MSTN, KOATO BOIM 710 ABOWHO3aMYCKYJIEH
(heHoTHI, U3BECTEH Cpejl Pa3BbIUUIIUTE KaTo ,,o0eauten‘. Kyderara c
TO3W (heHOTUN IMpHUTEXaBaT JBa anena oT myTauusata Ha MSTN, koero
BOJM JI0 MPEKIEBPEMEHHO CIIMPaHe Ha KOJOHA IPU aMUHOKHcenuHa 313.
Kyderara, kouTo UMaT camMo €AMH ajesl Ha MyTalusTa (XeTepO3UroTHH),
(EHOTHUITHO ca MO-MYCKYJIECTU M 3HAYUTENHO MO-0bp3U B MPOBEKIAHUTE
ChCTE3aHMsI 3a KydeTa, 3a pas3jiiKa OT KyderaTa, KOUTO ca OT ,,JIUBHs
TAn® — T.e. HE ce HaOmomaBa MyTtarusa. Kyderara, XOMO3WUTOTHU IO
MYTUpPAJIUs THII, T.€. IPUTEKABAT JBa ajiesia Ha MyTalusTa, (PEHOTUITHO
ca MHOT'O 3aMYCKYJIEHU OT ,,JJUBH U XETEPO3UTOTHMS THI‘. Bb3 OCHOBa
camMo Ha ()CHOTHITHU XapaKTEPUCTUKU Ha KydeTaTa pa3BbIUULIUTE MOTaT
Jla M3M0JI3BaT Moj3aTa OT MOJIUMOP(PHU3MU B T€HOTHUIIA, MOBHILIABAIIU
IIPOU3BOJUTEIIHOCTTA IIPU KUBOTHUTE. XE€TEPO3UTOTUTE UHAUBUINA UMAT
noJuMop(du3bM, MOBHILABALL MPOU3BOAUTEIHOCTTa, KOWTO OCHUTypsBa
KOHKYPEHTHO IIPEIUMCTBO IIPU CbCTE3aHU C KydeTa.

KuarouoBu xymu: muocmamun (MSTN), mymayus, kyuema
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Gene doping — how a mutation in the myostatin gene can increase
muscle mass in Whippet dogs
Nadejda Lukanova
Risk Assassment Center on Food Chain

Double muscling has been documented in various mammalian species,
including cattle, sheep, and pigs. This trait is attributed to mutations in
the myostatin (MSTN) gene. It is caused by mutations in the myostatin
(MSTN) gene. In dogs, especially whippets (also called miniature English
greyhounds), a new change in a gene called MSTN has been observed,
resulting in a double muscling phenotype that is recognized among breeders
as ,,winner.“ Dogs with this phenotype have two alleles of the MSTN
mutation, which results in a premature stop codon at amino acid 313. Dogs
that have only one allele of the mutation (heterozygous) are phenotypically
more muscular and significantly faster in dog competitions than dogs that
are ,,wild type® - i.e., do not have the mutation. Dogs homozygous for the
mutated type, i.e. possessing two alleles of the mutation, are phenotypically
more muscular than the ,,wild and heterozygous type®. Based on the
phenotypic characteristics of the dogs alone, breeders can take advantage
of performance-enhancing polymorphisms in the genotype in the animals.
Heterozygous individuals have a performance-enhancing polymorphism
that provides a competitive advantage in dog racing.

Key words: myostatin (MSTN), mutation, dogs



IpuoOpUTETHH YCTOWYHMBH 3aMbPCUTEH B IBYyYEpPYyITYeCcTH
MEKOTEeJIM: OlIEHKA Ha MOTEHIIMAJIHHS PUCK 32 YOBELIKOTO 3/ipaBe
Cmanucnaesa 'eopeuesa, /luana Jloopesa, Anbena Mepdoicanosa
Meouyuncku ynusepcumem — Bapua

JIBydepymyecTUTe MEKOTEIN MMAT BUCOKA CIIOCOOHOCT 32 OM0aKyMyJIupaHe
Ha 3aMBbPCUTENM OT MOpCKaTa cpela W 3aToBa YECTO C€ H3I0JI3BaT
karto OmomHaukaropu. Llenra Ha m3cienBaHero Oerie Aa ce ONpeAetsT
MOJIMIUKINYHUA apoMaTHH BbraeBogopoan (PAHs) n mukporiactMacoBu
gacTuim B d4epHa mmnpa (Mytilus galloprovincialis) u na ce OICHAT
MOTEHI[MATHUTE PUCKOBE 3a 3/PABETO, CBbP3aHM C KOHCyMalusTa Ha
MopckH aapose. [IpuopurerHu 3ambpcutenu 0sixa OTKPUTH B MPOOU OT
JUBU U KyATUBUPAHU MUJAH, CbOpPaHU OT Pa3IMYHU MECTa 3a B3eMaHe Ha
npobu no Obarapckoro YepHomopcko kpaiidpexue. KoHnenTpauuute Ha
[TAB 6sixa onpesiesieHd B MEKUTE ThKaHU HA MUJIUTE YPE3 €THOBPEMEHHA
EKCTPAaKIHs C YCKOpeH ekcTpakTop ¢ pa3rBoputel (ASE) u 6sxa oTkpuTH
gpe3 razoBa xpoMarorpadus ¢ MacCIIeKTPOMETPHSI.

Pesynrature mokazaxa, ye Huckomodnekyianute PAHs ca nmpeobOnangaBamu
- Hax 96% ot obmmTe HUBa Ha PAHS B uepnuTe muau. Cymara oT 4eTupu
npuoputetiun PAH (4 PAHs) B Mytilus galloprovincialis ot 1oxHaTa
yacT Ha YepHoMopckoTo kpaitbpexue (Co3ormon) Oemre ycTaHOBEHA I0-
BHCOKa, OTKOJIKOTO B CeBepHaTa 30Ha 3a B3eMaHe Ha mpobu (Kasapha).
Cymara ot 4 PAHs (cpeano 0,35 ng/g ww) B MUAM OT 4YEPHOMOPCKOTO
Kpaiibpexue Ha bbpiarapus e ycTaHoBeHa IOJ TpaHHIlATa, ONpE/eieHa B
Pernamenta Ha EC. IloTeHUManHUAT HEKAHLIEPOI€HEH PUCK € OLIEHEH
4ype3 NpuOIU3uUTeNHUs JHeBeH mpueM Ha PAHs upe3 xoHcymarus Ha
MOpCKH napoBe. M3umcnsBanero Ha koeduiueHTa Ha omacHocT (HQ)
MOKa3a, 4ye KOHCyMalusTa Ha MU HE MPEICTaBIsABAa PUCK 32 YOBEIIKOTO
3npaBe. OOMIOTO KOJTMYECTBO HA MUKPOILIACTMACOBH YaCTHUIIA B MUJIUTE €
ycraHoBeHo kato 4,2 + 1,8 wactunm Ha rpam (pt/g). Unentudummpannre
MHUKPOILJIACTMACH ca MPEIUMHO BJIaKHA, C [IBETOBE MPO3PAUYHO, YEPBEHO U
yepHo. MUKpOIIacTMacCoOBUTE YaCTULIM €A C MHOTO Majiku pazmepu (20-
100 pm), koeTo mpeCTaBiIsiBa CEPHO3HA ONTACHOCT 32 MOPCKUTE OPTaHU3MHU
Y TIOTEHIMAJICH PHUCK 3a Xopara.

KurouoBu 1ymu: 30pasen puck, nOIUyuKkIudHu apomMamuu 8b271€6000p00U,
Mukponiacmmaca, muou, Yepno mope
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Priority persistent pollutants in bivalve mollusks: assessment of the
potential human health risk
Stanislava Georgieva, Diana Dobreva and Albena Merdzhanova
Medical University — Varna, Bulgaria

Bivalve mollusks have high capability to bioaccumulate pollutants from
marine environment and therefore they are often used as bioindicators. The
aim of the study was to determine polycyclic aromatic hydrocarbons (PAHs)
and microplastics in black mussel (Mytilus galloprovincialis) and to evaluate
the potential health risks associated with seafood consumption. Priority
pollutants were found in wild and cultivated mussels samples collected from
different sampling sites of the Bulgarian Black Sea coast. The concentrations
of PAHs were determined in mussel soft tissues by simultaneous extraction by
accelerated solvent extractor (ASE) and were detected by gas chromatography
system with mass spectrometry.

The results showed the low molecular weight PAHs were predominant - over
96% oftotal PAH levels in black mussels. The sum of four priority PAH (4PAHs)
in Mytilus galloprovincialis from south part of Black Sea coast (Sozopol) was
found higher than Northern sampling area (Kavarna). The sum of 4 PAHs
(mean 0.35 ng/g ww) in mussels from Black Sea coast of Bulgaria was found
below the limit set in EC Regulation. The potential non-carcinogenic risk was
assessed by estimated Daily Intake of PAHs through seafood consumption.
Calculation of hazard quotient (HQ) showed that shellfish consumption did
not pose a risk to human health. The total abundance of microplastic in
mussels was found 4.2 + 1.8 particle per gram (pt/g). The microplastics
identified were primarily fibers, with colors including transparent, red and
black. The microplastic particles were found very small in size (20-100
um), which is a serious danger to marine organisms and a potential risk to
humans.

Keywords: health risk, polycyclic aromatic hydrocarbons, microplastic,
mussels, Black Sea
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KauecTBo Ha ceMeHHUTE eSIKYJIATH NPH APeOHU MPE:KMBHU KATO
WHANPEKTeH (PaKTOP 32 KAa4eCTBO HA XPAHUTE
Kpacumup Koyes, [lecucrasa Abadoicuesa
Hnemumym no duonoeus u UMyHon02Us HA PA3MHON’CA8anemo ,, Akao.
Kupun bpamanos ‘- bvneapcka Akademusn na Hayxama

KauecTBOTO Ha ceMeHHUTE €sIKyJIaTH MPHU JpeOHUTE MPEKUBHU KUBOTHU
Mpe/ICTaBIsiBa KJIIOYOB IOKa3zaTel 3a PENpOAYKTUBHHS TMOTEHIIMAT
Ha Pa3MIOJHULIUTE M HMMa WHAMPEKTHO, HO CHIIECTBEHO 3HAYCHHE 3a
KauecTBOTO M 0€30MacHOCTTAa Ha XPaHWUTE OT >KUBOTHHCKU MPOU3XO/I.
Hacrosiioro n3cnensane nMa 3a 1ei Ja oleHHu eeKTa Ha rpaJiueHTHaTa
cenapanus upe3 Percoll BbpXy 0CHOBHUTE KOJIMYECTBEHH U KUHEMAaTUYHH
XapaKTEPUCTUKA Ha crepMaro3ouauTe mnpu kodoBe (Ovis aries) u
Jla aHaluM3upa NPUIOKMMOCTTa Ha TEXHOJOTHSATa 3a IEJIeHACOYEeHO
yIpaBlieHUE Ha TIOJIOBHSI ChCTaB Ha TOTOMCTBOTO. CEMEHHHUAT MaTepua e
aHaAJIM3MpaH Yype3 KOMIIOThpP-aCHUCTUpaHa CUCTEMa 3a CIIepMalieH aHallu3
(CASA), kaTo ca cpaBHCHHM HATHBHU €SKyJaTH C (pakiuu, oOoraTeHU
Ha X- u Y-Hocemu crnepmarozouau (RX u RY). Pesynarature mokassar
CTaTHUCTUYECKHM 3HAYMMO HaMaJjieHHe Ha KOHIIEHTpalusaTa, olmara u
MPOrpecMBHATa MOJBWKHOCT, KaKTO W HAa KUHEMaTUYHHUTE MapameTpu
(VCL, VAP, VSL) npu cexcupanutTe (pakimuu CHOpSIMO KOHTpPOJHATA
rpyna (P<0.05). Benpeku ToBa, @dpakmuara RY aemoHcTpupa
OTHOCHUTEITHO TO-700pa ChbXPaHEHOCT Ha MPOTPECUBHATA MOIBUKHOCT B
cpaBaenue ¢ RX. [lonydyeHure naHHU MOTBBpP)KAABAT, Y€ rpaJdeHTHATA
cenapanus ype3 Percoll oka3pa BnusiHue BbpXY (YHKIIMOHATHUS CTATyC
Ha CIEpMAaTO30UJIUTE, HO CBHIIEBPEMEHHO MPEAOCTaBs BB3MOKHOCTHU
3a TpUJiaraHe Ha PEnpoOAYKTUBHM OHOTEXHOJOTHH C IIeJl MOBUIIABaHE
HAa pEeHTaOWIHOCTTa, CTaHIApPTH3alMsATa M MpeIcKa3yeMocTTa Ha
KUBOTHHCKATa MPOAYKIUsA. BHeapsBaHeTo Ha MOAOOHM MOIAXOAM TPHU
NpeOHUTE TPEKUBHU KUBOTHH MOXE Ja IONpHHECEe 3a YCTOWYHMBOTO
pa3BUTHE Ha CEKTOPA U 3a MOJA00psSABaHE HA KAUeCTBOTO HA CYPOBUHUTE 10
XpaHUTEJIHATa BEPUTa.

KiatouoBu aymm: cemennu esaxynamu, OpeOHU NPedCUBHU, KA4eCmB0 HA
Xpanama
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Semen quality in small ruminants as an indirect
factor for food quality
Krasimir Kotzev, Desislava Abadjieva
Institute of Biology and Immunology of Reproduction ,,Acad. Kiril
Bratanov*“, Bulgarian Academy of Sciences

The quality of semen in small ruminants represents a key indicator of
the reproductive potential of breeding males and has an indirect, yet
significant, impact on the quality and safety of animal-derived food
products. The present study aimed to evaluate the effect of Percoll
gradient separation on the main quantitative and kinematic characteristics
of spermatozoa in rams (Ovis aries) and to analyze the applicability of
this technology for targeted management of offspring sex ratio. Semen
samples were analyzed using a computer-assisted sperm analysis (CASA)
system, comparing native ejaculates with fractions enriched in X- and
Y-bearing spermatozoa (RX and RY). The results showed a statistically
significant reduction in concentration, total and progressive motility, as
well as kinematic parameters (VCL, VAP, VSL) in the sexed fractions
compared to the control group (P<0.05). Nevertheless, the RY fraction
demonstrated relatively better preservation of progressive motility
compared to RX. These findings confirm that Percoll gradient separation
affects the functional status of spermatozoa while providing opportunities
for the application of reproductive biotechnologies aimed at improving
profitability, standardization, and predictability of animal production. The
implementation of such approaches in small ruminants may contribute to
sustainable sector development and enhance the quality of raw materials
within the food chain.

Key words: seminal ejaculates, small ruminants, food quality
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Figure 1. Number of livestock heads (sheep) for the period 2020 — 1 v r

2024 according to data from the Ministry of Agriculture, Food and Table 1. Sperm parameter values in the three studied groups (mean + SD)

Forestry (2025), indicating a declining trend in the total sheep —
population in Bulgaria

Control group
Parameter (n=9) RX group (n=9) |RY group (n=9)
n=
s ing — A Technological App Q Concentration (M/mL) | 1582.73:182.39° | 314.79:33.67> | 219.81:74.12°
lIs carry heranXochh g f

olog s for sperm sexing a Total motility (%) 97.7041.242 50.22+9.85° 47.11+11.40°

omosome, enabling control over offs ex rati et al., 2025). ive motility (%) | 36.09:4.68 4.71:0.50° 12.54:2.47°

include: WA i ; VCL (um/s) 62.63+4.412 28.64:+2.76° 32.37+6.31°

: :'"PTOV‘:’PM““?“ P 1 \ VAP (um/s) 32.13:2.472 13.7142.25° 15.28+4.14°

Increased economic efficie " o N

> Better resource allocation in farms; VSL (um/s) 17.3121.23 9.55+3.07! 13.87+5.40!
> Genetic improvement of livestock populatior i 4 \ ‘ Legend: Different superscript letters (, b, c) within the same row indicate statistically significant
In sheep pi ucunn systems, sperm sexi ¢ o —— - i e, - - Ly
production (male o i i i ! The use of sexed semen enables precise control of offspring sex ratio and
i’ 3 i 2 improves the management of livestock production systems (Holden & Butler,

Materials and Methods
The study used semen samples from clinically healthy breeding rams (Ovis
aries) raised in farms in the Sofia region. Sperm quality was evaluated using
Sperm Class Analyzer (CASA) softv Main f
+ Concentration;

~ 2018). In meat-oriented farms, the generation of male animals enhances growth
~ performance, feed efficiency, and carcass yield, while in dairy systems the
production of female offspring supports herd renewal and increases milk
production potential (Prache et al., 2022). Additionally, improved reproductive
management contributes to better animal health and reduces the need for
veterinary treatments, lowering the risk of antibiotic residues in animal products

* Total motility; Y and supporting food safety standards (Krupova et al., 2013).

+ Progressive motility; — =12 reurieem ——
- VCL - curvilinear velocity; [ In conclusion, the present study highlights the importance of semen
« VAP - average path velocity; 'p.“ quality and the application of sperm separation technologies as

* VSL - straight-line velocity;
Sperm sexing was performed using modified multilayer Percoll density l’
gradient centrifugation method was applied (Yekti et al., 2024). Samples were
divided into three groups: Control (untreated semen), RX fraction iched
with X-bearing sperm, RY — fraction enriched with Y-bearing sperm. The |
rocess employed a five-layer gradient (20% to 60% densit) arran ed in
zesoendmg zrd};r MR tu{)esg A(mw"as X by y) ¢ at  but also predictable raw material quality, which is fundamental for
2200 rpm for 5 minutes at 4°C, followed by washing of the isolated fractions. | ensuring safety throughout the entire food chain.
The resulting RX and RY fractions were subsequently re-analyzed using CASA Acknowledgements

to assess changes in sperm kinetics. " This research was funded by the National Programme "Education with science” (Agreement of
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determinants of the future development of the sheep breeding
sector. Integrating modern methods for semen evaluation and sexing
in small ruminants is identified as a key factor for the sector’s
~ad By bling targeted 1ent of population sex
composition, it is possible to achieve not only economic efficiency




buoxuMuden kamanuTeT M in silico anaan3 Ha JUNUIHATA
MaTpHIA B KOKOIINS KBJITHK
Leopeu Ilempoes, /lecucnasa Abadcuesa
Huemumym no duonocus u UMyHon02Us HA PAZMHONMCA8AHEmo ,, AKao.
Kupun bpamanos - bvneapcka Akademus na Hayxama

HacrosmioTo n3cienBane npecTaBs MbPBOHAYATICH CUCTEMEH aHaIHU3 Ha
JUIMHAHATA MATPUIA HA XKBITHKA OT 3paBO, HEOIUIOACHO KOKOIIIE siIe
(n = 60), pasraexaana kaTo PyHKIIMOHATHA OMOXMMHUYHA M CTPYKTypHA
OCHOBa 3a TmocliejBamara emOpuoreHesa. llenra e na ce ompemenu
W3XOJIHOTO ChCTOSIHUE Ha JINTTUTHATA APXUTEKTYPa M HEHHUST OMOXUMHUYCH
KanaiureT, Mpead TpaHCPOpMalusATa, HACTHIBAIIA TPHU OIUIOKIaHE
U aKTHBHpaHE Ha €MOPHOHAIHOTO pa3BUTHE. BHOXUMUYHHUAT TPOQHIT
Ha JKBJITHKA € XapaKTepU3UpPaH 4Ype3 aHajlu3 Ha OCHOBHHTE JIUIHIHU
(dpakuy, KaTo TOIXYYCHUTE PE3yJTaTH ca ChIOCTAaBCHH C pedepeHTHH
cTaHnapTi. B wm3cnenBaHeTo OsiXa WHTETPUPAHU CKCIICPUMEHTAITHUTE
JUTIAIHU TIapaMeTpu B in silico aHaTuTHYHA pamMKa, NpeaHa3HayYeHa J1a
TpaHchopMupa OMOXMMHYHM U3MEPBAHUSI B CPABHUTEITHH TOKA3aTeH 32
CTPYKTypHa opraHu3anms. MHIekca Ha cTpykTrypHa obesmedeHocT (Iss)
oTpassiBa 100pe OayaHCHpaHa JIMIKIHA MAaTPHIIA C YMEPEeHa OHOJIOTHYHA
BapHaOMIIHOCT, TPEIOCTABIHKNA WHTEPIPETATUBEH JECKPUIITOP Ha
TOTOBHOCTTa Ha JKBJIThKAa 3a Obaenio passute. [IpemiokeHusT
MoJieNT (YHKIIMOHHMpA KAaTO aHAIUTHYCH WHCTPYMEHT, KOWTO YIIECHSIBA
WHTEPIpETANNATA HA EMIUPUYHUTE JTUMHUIHU JTaHHH. To3u KOMOWHUpaH
CKCTICPUMCHTAICH W H3YUCIUTENICH TOJXOJ YCTaHOBsiBa pedepeHTHa
paMKka 3a OBJICIIM HM3CIECIBaHUS, HACOYCHU KBbM TpaHCchOopMaIuTe Ha
JUIHAHATA MAaTPHIIA 10 BPEME Ha OIUIOKIAHETO M paHHA eMOpPHUOTCHE3a,
KaKTO Y 32 CPAaBHUTEITHH OLICHKU Ha KAUYECTBOTO HA sIIaTa B KOHTEKCTA Ha
XpaHEHeTO U 0E30MacHOCTTa Ha XpaHUTE.

KuouoBu 1yMu: scvimuvk, Kokoule stiye, Iunuou, emopuocenesa



Biochemical Capacity and In Silico Analysis of the
Lipid Matrix in Hen Egg Yolk
Georgi Petrov, Desislava Abadjieva
Institute of Biology and Immunology of Reproduction ,,Acad. Kiril
Bratanov*, Bulgarian Academy of Sciences

The present study presents an initial systematic analysis of the lipid
matrix of the yolk from healthy, unfertilized hen eggs (n = 60), considered
as a functional biochemical and structural foundation for subsequent
embryogenesis. The aim is to define the baseline state of the lipid
architecture and its biochemical capacity prior to the transformation that
occurs upon fertilization and activation of embryonic development. The
biochemical profile of the yolk was characterized through analysis of the
major lipid fractions, and the obtained results were compared with reference
standards. Experimental lipid parameters were integrated into an in silico
analytical framework designed to transform biochemical measurements
into comparative indicators of structural organization. Index of Structural
Sufficiency (Iss) reflects a well-balanced lipid matrix with moderate
biological variability, providing an interpretative descriptor of the yolk’s
readiness for future development. The proposed model functions as an
analytical tool that facilitates the interpretation of empirical lipid data.
This combined experimental and computational approach establishes a
reference framework for future studies focused on transformations of the
lipid matrix during fertilization and early embryogenesis, as well as for
comparative assessments of egg quality in the context of nutrition and
food safety.

Key words: yolk, hen's egg, lipids, embryogenesis
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BIOCHEMICAL CAPACITY AND IN SILICO ANALYSIS OF THE LIPID MATRIX IN HEN EGG

YOLK

Georgi Petrov’, Desislava Abadjieva

Institute of Biology and Immunology of Reproduction "Acad. Kiril Bratanov",
Bulgarian Academy of Sciences, blvd. 73 Tsarigradsko Shose Street, 1113, Sofia, Bulgaria

e-mail: georgipetrov5566@gmail.com

Introduction

The chicken (Gallus gallus domesticus) egg is a unique
biological system, combining the properties of a high-quality food
product and an autonomous reproductive unit (Vaillant & Vuma,
2015; Sah & Mishral, 2018; Scanes et al., 2020).

The yolk is the primary source of energy, structural lipids, and
bioactive compounds (Vieira, 2007). For humans, it provides
phospholipids, choline, polyunsaturated fatty acids, and fat-soluble
vitamins (Patil et al., 2022), while for the developing embryo, it is
the main nutritional reserve with albumin (Hatta et al., 2007).

During embryogenesis, yolk contents are degraded by
enzymes into absorbable molecules (Gilbert & Barresi, 2018).
Extraembryonic tissues — yolk sac, amnion, allantois — also utilize
yolk resources (Ramos et al., 2022; Zhao et al., 2024).

Limited studies link the yolk lipid profile to egg quality and
embryonic support (Duan et al., 2013), especially in unfertilized,
healthy eggs.

Increase
Exogenous metabolism
Deficiency or excess of
lipids present in the diet
Increases cholesterol Lowers cholesterol
i in the body

Cholesterol synthesis stimulus

Tncreased excretion of
cholesterol n the egg and
causes the cessation of
its production

Tncreases
chick viability

Improving embryo
development

Fig.1. Conceptual model of dietary lipid metabolosim in laying hens and its
influence on egg cholesterol and embryo viability (Noble & Cocchi, 1990).

Materials and Methods

Parameter

Total lipid
(g 1100

Table.1 Lipid composition of egg yolk: Empirical data and international reference

values.

Notes: 1.Reference values are taken from established international databases;

ranges are indicated where available;

2."-" indicates that the database does not provide a specific value for the parameter.

USDA FoodData | FAO/INFOOD | EFSA Food
Central Composition

(
)

Empirical
data

3250 1.78
)

65.10 £2.00

100
== Triglyeerides

== Phospholipids
Cholesterol

80

Fertilized Egg Hatched Chick

EaryEnbryo  Developing Embryo

Fig.2. Functional resource for embryonic growth and membrane

The study was conducted on 60 chicken eggs obtained from a
hatchery. Eggs were produced by laying hens of the Line Brown breed,
raised under standard conditions. Samples with similar weight and without
visible defects were selected. All eggs were unfertilized and served as a
baseline biological system for evaluating the yolk lipid matrix prior to
embryonic development.

Lipids were extracted from egg yolks and analyzed for total lipids,
cholesterol, phospholipids, and neutral lipids (triglycerides). Total lipid content
was determined using chloroform—methanol extraction (2:1 v/v) according to
Ahn et al. (2006). CI and ipids were i following the
methods of Hwang et al. (2003) and Zhou et al. (2010), respectively.
Absorbance was measured at 206 nm using a UV-1800 spectrophotometer.

An in silico model implemented in Python (v. 3.9) was used to simulate
lipid flux and calculate a Structural Support Index (Iss) based on lipid
parameters and a metabolic utilization coefficient (o = 0.85) (Noble & Cocchi,
1990).

Results
The lipid composition of chicken egg yolks was analyzed to evaluate their
quality as a functional nutritional matrix and baseline for potential embryonic
development. Measured parameters included total lipids, phospholipids,
ol, and triglycerides. The i itally determined values for total
lipids and phospholipids were in good agreement with international reference
databases (USDA, FAO, EFSA), often at the upper range of reported values,
confirming the physiological completeness of the material. Cholesterol
showed individual variability, while tri i dominated as the
primary energy reserve. These parameters indicate the structural stability of
the yolk lipid matrix, essential for membrane organization and energy supply
during early embryogenesis. Structural Support Index (Iss), integrating ratios
between major lipid fractions, was calculated as 1.42 + 0.27, reflecting the
structural and metabolic readiness of the yolk lipid matrix (Table. 1).

42

The ratio of triglycerides, and
cholesterol reflects the complex organization of the yolk lipid
system, in which energy and structural components are balanced
in a way that allows both stability and functional flexibility.

In conclusion, the chicken egg yolk represents a functionally
integrated biological system with a dual role: as a primary
nutritional matrix for human consumption and as a potential
source of energy and structural substrates for embryonic
development. Our results show that yolks from unfertilized
eggs have a well-organized lipid profile, with balanced
proportions of triglycerides, phospholipids, and cholesterol,
consistent with established international reference values. The
relatively high phospholipid content indicates a structurally
stable lipid matrix, supporting the integrity and functional
organization of the yolk. The proposed in silico Structural
Support Index (Iss) integrates major lipid fractions and
provides a framework for assessing the structural and
metabolic readiness of the yolk lipid matrix. This approach
offers a tool for interpreting experimental data and lays the
groundwork for future studies on the effects of diet, production
conditions, and biological variability on egg quality and
embryonic potential.
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EdexT Ha MUKPOpPa3MHOKaBaHETO BbPXY €H3UMHATA M HeeH3UMHA
AHTHOKCHIAHTHA akTUBHOCT Ha Physalis peruviana L.

Mapus I enesa
Hncmumym no ¢uzuonoeus Ha pacmerHusama u ceHemuxd,

bwneapcka akademus na naykume

ToBa npoyuBaHe u3cieaBa BIUSHUETO Ha PEryjaTOpUTe HA pacTexa Ha
pacTeHusTa BbpPXYy aHTHOKCHUJAHTHATa aKTUBHOCT Ha MHKPOPa3MHOXKEH
Physalis peruviana L., MeauIMHCKU BUJ, LIEHEH 3apaiu OoraTtute Ha
XpaHUTEIHA BeIIeCTBa IJIOJI0OBE ¢ OWoOJOrM4Ha akTUBHOCT. [lopamu
CTPECOBUTE YCJIOBHUs (BUCOKA BIAXKHOCT, Clia0a CBETIMHA M OTpaHUYCH
ra3oo0MeH) Ha KOMTO pacTEHHsTa ca MOJIOKEHH MO BpeMe Ha in Vitro
pPa3MHOKaBaHETO, HATPYIBAHETO HA PEAKTHBHH KHUCJIOPOIHU BHJIOBE
MOXeE J1a JI0BEJe 10 OKCUJATHBEH cTpec. PacTeHusTa nmpoTuBOAECTBAT
Ha TOBAa Ype3 CH3MMHH U HCCH3UMHU aHTHOKCUIAHTHH 3aIIUTHH CHCTEMH,
KOETO IMpaBU Ba)XXHO Jia ce pa30epe Kak yCJIOBUSATA Ha KYJITUBHUPAHETO U
peryiaTopuTe Ha pacTeka BIMSAT Ha Te3W peakiuu. ExcruranTure Osixa
KyaTuBUpaHu B MS cpena, TonmbJIHEHA ¢ 6-0CH3MIaMUHOIYPHH, 3¢aTHH
nu tuauasypos (0,5 u 1,0 mg/L), 3a 1a ce oleHn MUKpOPa3MHOKaBaHETO
Ha MUKponpopacTwiiuTe. BkopeHsBaneTo 6elie HHIynupaHo Bbpxy 2 MS
cpena, ceabpkamia IBA u IAA (0,1 u 0,5 mg/L). MukponpopacTbiute
0sixa yCIEIIHO aKJIMMaTU3UpaHH €X Vitro Ha MoYBeHO-TopdeHa cMmec,
nocturaiiku 100% crenen Ha npexuBsieMocT. Pe3ynraTtute nokaspar, ye
AHTHOKCHJIAHTHUTE OTTOBOPH Ca CHJIHO TIOBIUSHU OT KOHIICHTpAIUATA
Ha IUTOKWHUHUTE. [lo-HUCKWTE HWBA HA IMTOKWHUH HAchpYaBaT IIO-
BHCOKO HAaTpyNBaHEe Ha METaOONUTH C AHTUOKCHJAHTEH IOTEHIHAI,
KOETO TpeJroiara TOBUIICH HECH3UMEH AHTHOKCHIAHTEH KallaluTeT.
OOpaTHO, TO-BHCOKHATE KOHIICHTPAIMM HA [UTOKUHUH CTUMYJIHPAT
MOBUIIICHA AaKTHBHOCT HAa AHTHOKCHUIAHTHHUTE CH3MMH, KOETO ITOKa3Ba
aKTUBUpaHEe HAa €H3UMHHTE 3allUTHU MexaHu3mu. ClenoBaTesnHo, TUIIBT
U KOHLEHTpPALMATAa Ha PACTEKHHUS PEryiaTrop HUrpasT KpUTHUYHA PO
B MOJYJIHMpPAHETO HAa pPEeaKIMUTEe Ha OKCHJIATUBEH CTpec MO BpeMe Ha
MUKpOpa3MHOxkaBaHe. M3cneaBaHeTo 1aBa peicTaBa 3a ONTUMHU3UPAHE Ha
yCIIOBUSITA HA 1N Vitro KyJITUBUPAHETO 3a MOJ00psiBAaHE HA Ka4eCTBOTO Ha
pacTeHHsITa U AHTUOKCUAAHTHUS TIOTEHITUAI, TIOJKPETSIHKY U3MOI3BAHETO
Ha MUKPOpa3MHOXKaBaHE 3a HIMPOKOMAIIaOHO Mpou3BoAcTBO Ha Physalis
peruviana ¢ QyHKIIMOHATHA U MEAUIIMHCKA CTOMHOCT.

Kaw4yoBu aymm:  aumuokcuoawmuma — akmu@HOCM,  UH — BUMPO
pasmuoxcasare, Physalis peruviana (L.), pecynamopu na pacmedxca Ha

pacmenusima
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Effect of micropropagation on Physalis peruviana L. enzyme and
non-enzyme antioxidant activity
Maria Geneva
Institute of Plant Physiology and Genetics,
Bulgarian Academy of Sciences

This study examines how plant growth regulators influence the antioxidant
activity of micropropagated Physalis peruviana L., a medicinal species
valued for its nutrient-rich fruits and diverse bioactive compounds.
Because in vitro propagation exposes plantlets to stressful conditions such
as high humidity, low light, and limited gas exchange, the accumulation
of reactive oxygen species can lead to oxidative stress. Plants counteract
this through enzymatic and non-enzymatic antioxidant defence systems,
making it important to understand how culture conditions and growth
regulators affect these responses. Explants were cultured on MS medium
supplemented with different cytokinins-6-benzylaminopurine, zeatin,
and thidiazuron—at concentrations of 0.5 and 1.0 mg/L to evaluate shoot
multiplica-tion. Rooting was induced on half-strength medium containing
auxins (IBA and TAA) at 0.1 and 0.5 mg/L. The regenerated plantlets
were successfully acclimatised ex vitro, achieving a 100% survival rate
after two months, indicating the effectiveness of the propagation protocol.
The results showed that antioxidant responses were strongly influenced
by cytokinin concentration. Lower cytokinin levels (0.5 mg/L) promoted
higher accumulation of metabolites with antioxidant potential, suggesting
enhanced non-enzymatic antioxidant capacity. In contrast, higher cytokinin
concentrations stimulated increased activity of antioxidant enzymes,
indicating activation of enzymatic defence mechanisms. These findings
demonstrate that growth regulator type and concentration play a critical role
in modulating oxidative stress responses during micropropagation. Overall,
the research provides insight into optimising in vitro culture conditions
to improve plant quality and antioxidant potential, supporting the use of
micropropagation for large-scale production of Physalis peruviana with
functional and medicinal value.

Keywords: antioxidant metabolites, in vitro propagation, Physalis
peruviana (L.), plant growth regulators
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EFFECT OF MICROPROPAGATION ON PHYSALIS
PERUVIANA L. ENZYME AND NON-ENZYME
ANTIOXIDANT ACTIVITY

Maria Geneva*, Eli Zayova, Elisaveta Kirova, Mariana Sichanova

U

EUROPEAN FOOD SAFETY AUTHORITY

This study
activity of micropropagated Physalis peruviana L., a medicinal species valued for its
nutrient-rich fruits and diverse bioactive compounds. Because in vitro propagation exposes
plantlets to stressful conditions such as high humidity, low light, and limited gas exchange,
the accumulation of reactive oxygen species can lead to oxidative stress. Plants counteract
this through enzymatic and non-enzymatic antioxidant defence systems, making it important
to understand how culture conditions and growth regulators affect these responses.

Intr

Figure 1. Micro propagation of P. peruviana: Shoot formation on MS medium
supplemented with: a) 1.0 mg L BAP; b) 1.0 mg L' Zeatin; ¢) 1.0 mg L
TDZ. In vitro rooting of P. peruviana on half-strength MS medium with: d) 0
mg L' auxins — control; ¢) 0.1 mg L' IBA; f) 0.1 mg L' [AA; g) Ex vitro
acclimatized plants grown on soil: sand: perlite (2: 1: 1 vAv/v) for two months.
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Figure 2. Content of metabolites with antioxidant properties in the in vitro
propagated P. peruviana. Values are means + SE, n=3; different letters
indicate significant differences assessed by Fisher LSD test (P<0.05) after
performing ANOVA multi-factor analysis.

Unstitute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, Acad. G. Bonchev Street, Bldg.
21, 1113 Sofia, Bulgaria
*Corresponding author: Maria Geneva, e-mail: boykova2@yahoo.com

how plant growth regulators influence the antioxidant

Table 1. Effect of citokini
shoots after five weeks of cultivation

Materials and methods The explants were cultured on MS medium supplemented
with 7.0 g L' agar, 3.0% sucrose and different cytokinins - 6-benzylaminopurine
(BAP), zeatin, and thidiazuron (TDZ) - at concentrations of 0.5 and 1.0 mg L' to
evaluate shoot multiplication. After five weeks of cultivation, the percentage of
formed shoots was determined, as well as the height and the average number of
shoots per explant. Rooting was induced on half-strength MS medium
supplemented with 7.0 g L' agar, 2.0% sucrose (control variant), and auxins (IBA
and 1AA) at 0.1 and 0.5 mg L. The regenerated plantlets were successfully
acclimatised ex vitro, achieving a 100% survival rate after two months, indicating
the effectiveness of the propagation protocol.

on the of P. pe

PGR Average
number of
shoots
(explant™)

Average
shoots height

Micropropagation
rate
(mg L)

(%) (cm)

0.5 BAP 2.9+£0.18" 2.3+0.20°
1.0 BAP 90 5.3+0.36¢ 12£0.112
0.5 Zeatin 65 1.8+0.16* 1.7£0.15¢
1.0 Zeatin 70 2.3+0.19% 1.4+0.12°
0.5 TDZ 80 4.0+0.27° 2.0+0.18¢
1.0 TDZ 95 6.6=0.41° 1.5+0.13%
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Figure 3. The activity of antioxidant enzymes superoxid (SOD),

catalase (CAT), guaiacol peroxidase (GPO), and ascorbate peroxidase
(APX) in the in vitro propagated P. peruviana. Values are means = SE, n=3;
different letters indicate significant differences assessed by Fisher LSD test
(P=0.05) after performing ANOVA multi-factor analysis

The results showed that antioxidant responses were strongly influenced by cytokinin concentration. Lower cytokinin levels (0.5 mg/L) led to
greater accumulation of metabolites with antioxidant potential, suggesting enhanced non-enzymatic antioxidant capacity. In contrast, higher
cytokinin concentrations increased antioxidant enzyme activity, indicating activation of enzymatic defence mechanisms. These findings
demonstrate that the type and concentration of plant growth regulators play a critical role in modulating oxidative stress responses during
micropropagation. Overall, the research provides insight into optimising in vitro culture conditions to improve plant quality and antioxidant
potential, supporting the use of micropropagation for large-scale production of Physalis peruviana with functional and medicinal value.



Binsinne Ha KpeaTHHa U KpeaTHH JIM3MHATA BbPXY in vitro
KYJTHBHPAHETO U AHTHOKCHIAHTHHUS CTATYC HA
Leontopodium alpinum
Kamenusa Munaounosa-Ieopeuesa, Mapus I enesa, Mapus Ilemposa,
Mapusana Cuuanosa, Enucasema Kuposa, Enu 3aiiosa
Hnemumym no ¢ghusuonoeus nHa pacmeHusama u 2eHemuxa,
bwaeapcka akademus na naykume

WNHuTepechT KbM JIe4eOHUTE PACTEHUS MIPE3 MOCIETHUTE TPU JECETUIICTUS
HapacTBa NOPaJM TEXHUTE NMPEAUMCTBA CIPSIMO CUHTETUYHUTE JIEKAPCTBA.
EnenBaiiceT (Leontopodium alpinum Cass.) € mMHMpPOKO HU3MOI3BaH B
HapoJHaTa ¥ opUIMaTHATa MEAUIIMHA 32 JICUCHUE Ha peIniia 3a00IsIBaHUS
KaTo CTOMAIIHO-YPEBHU pa3CTPOMCTBA, OpPOHXMUT, aHTMHA, IOBHUILEHA
TeMIeparypa, AJjuxaiMep, paslIMpeHH BEHU U Jpyru. PacteHuero e
Ooraro Ha IEHHM OT (papMaKoJIOrMyHa TJIeJHA TOYKAa ChEAMHEHUS KaTo
TeprieHOU M, (HEHOTHHW KHCEIWHHU, (IIaBOHOWAN, KyMapHHH, MacTHHU
kucenuHun u apyru. Cpema ce ecrectBeHo B Ilupeneurte, Anmure,
Kapnatute u Ha bankanckus noiayoctpoB. BuasT e BkitoueH B UepBeHaTa
KHUTa Ha bbarapus u ce0upaHeTo My € 3a0paHeHO ChC 3aKOH.

BucokusT ¢apMakolorniyeH MOTEHIMAll Ha BHJA, KaKTO U 3alIUTEHUS
My cCTaryc, HajaraT HEroBOTO KyJITUBHpaHe. PactuTenHure uH BUTPO
KyJATypH ca yI1o0eH METOJ 3a pa3MHO’KaBaHE Ha 3aIMTEHU PACTUTEITHU
BUJIOBE, Thil KATO M3MCKBAT MUHUMAJTHO KOJMYECTBO CTAPTOB MaTepHall U
OCUTYpSIBAT TOJISIM OpOii pacTeHus 3a KpaThK Mepuoj OT BpeMe. PacTexxbT
U pa3BUTHETO HA PACTEHUSATA B in Vitro yCJIOBUs ce MOBJIHIBAT B rojsiMa
CTETIEH OT ChCTaBa HA XpaHUTEIIHATA CPe/a.

W3zcnensanm Osxa ceneM BapuaHTa Ha XpaHUTeNHa cpexa Ha Murashige
u Skoog, mect oT KOUTO 000TaTeHU C KPeaTWH WM KPEeaTWH JU3UHAT B
paznuunu koHneHtpanuu (1, 5 u 10 mr/m). KpeaTun AuM3MHATHT MOBIUS
MOJIOKUTETHO alMKallHUSl PAcTeX Ha pACTeHMsITAa, HATPYIBAHETO Ha
O6uomaca M pacTe’ka Ha KopeHa. YacT OT W3MOJI3BaHUTE CPEH MOBUIIMXA
aKyMyJlalusaTa Ha MeTa0OJIMTH C aHTMOKCHJIAHTHHU CBoiicTBa ((heHomw,
(1aBOHOMAM W BOJOPA3TBOPUMH AHTHOKCHUIAAHTHU METAOOJIUTH), KAKTO
U aKTUBHOCTTA HAa AHTUOKCHJAHTHHUS €H3UM CYINEPOKCH] AUCMYyTasa.
AKTHUBHOCTUTE Ha APYTUTE TPH U3CJIEABAHM aHTHOKCUJIAHTHH €H3UMa —
Karajas3a, ackopOar MmepoKcHa3a U TBasiKOJ MEPOKCHIa3a, ce MOHIKUXA
MO/ BIUSTHUE HA KPEaTUH U KpeaTHH JIN3UHAT.

KurouoBu nymm: edensaiic, un umpo Kyimusupane, anmuoKCuOanmu
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Effect of creatine and creatine lysinate on in vitro cultivation and
antioxidant status of Leontopodium alpinum
Kamelia Miladinova-Georgieva, Maria Geneva, Maria Petrova, Mariana
Sichanova, Elisaveta Kirova, Ely Zayova
Institute of plant physiology and genetics,
Bulgarian academy of sciences

Interest in medicinal plants has increased over the past three decades due to
their advantages over synthetic drugs. Edelweiss (Leontopodium alpinum
Cass.) is widely used in traditional and conventional medicine for treatment
of various diseases such as gastrointestinal disorders, bronchitis, angina,
fever, Alzheimer’s disease, varicose veins, and others. The plant is rich in
pharmacologically valuable compounds such as terpenoids, phenolic acids,
flavonoids, coumarins, fatty acids, and others. It occurs naturally in the
Pyrenees, the Alps, the Carpathians, and the Balkan Peninsula. The species
is included in the Red Book of Bulgaria, and its collection is prohibited by
law.

The high pharmacological potential of the species, as well as its protected
status, necessitate its cultivation. Plant in vitro cultures are a convenient
method for propagation of protected plant species, as they require minimal
amounts of starting material and provide large numbers of plants within a
short period of time. Plant growth and development under in vitro conditions
are largely influenced by the composition of the culture medium.

Seven variants of Murashige and Skoog nutrient medium were studied, six
of which were supplemented with creatine or creatine lysinate at different
concentrations (1, 5, and 10 mg/l). Creatine lysinate increased apical
growth, biomass accumulation, and root growth. Some of the tested media
increased the accumulation of metabolites with antioxidant properties
(phenolics, flavonoids, and water-soluble antioxidant metabolites), as well
as the activity of the antioxidant enzyme superoxide dismutase. Catalase,
ascorbate peroxidase, and guaiacol peroxidase activities decreased under
the influence of creatine and creatine lysinate.

Key words: edelweiss, in vitro cultivation, antioxidants
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BJIMSIHUE HA KPEATUHA U KPEATHH JIM3UHATA BbPXY IN VITRO KYJITUBUPAHETO
U AHTHOKCHJIAHTHHUSI CTATYC HA LEONTOPODIUM ALPINUM CASS./

EFFECT OF CREATINE AND CREATINE LYSINATE ON /N VITRO CULTIVATION
AND ANTIOXIDANT STATUS OF LEONTOPODIUM ALPINUM CASS.

Kameans Murazunosa-Teopruesa*, Mapus Tewena, Mapus Terposa, Mapusia Cisanosa, Eucaera Kuposa, Ean 3aiiona/Kamelia Miladinova-Georgieva,
Maria Geneva, Maria Petrova, Mariana Sichanova, Elisaveta Kirova, Ely Zayova

HucratyT o na " peka aKaTeMms 1A Hay i ‘plant physiology and genetics-Bulgarian academy of sciences

*kameca@abv.bg

Pestome/Abstract

Enensaiict (Leontopodium alpinum Cass.) (ceM. Asteraceae) ce M3Ion3Ba 3a JiedeHHEe Ha pejiua 3a00NsBaHMS KaTo
CTOMAIITHO-YPEBHHA PA3CTPOKCTBA, GPOHXMT, aHIMHA, MOBHIICHA TeMnepaTypa, Aunxaiimep, pmmnpeﬂn BEHH U JIPyTH.
Pacrennero e Gorato Ha GHONOrHYHO AaKTHBHH BEIIECTBA KaTo J,

MACTHH KHCEIHHH U ApyrH. Buast ¢ Bmouen B Uepsenara kuura Ha PemyGmuka boirapus i chbnpaneto my e 3aGpa.HeHo
ChC 3aKOH.

BucokusT QapmMakoIOrnyeH MOTCHIMAN Ha BHJA, KAKTO M 3alIMTCHHSA My CTaTyC, Hajarar HErOBOTO KyITHBHpAHE.
PactutennuTe un umMpo KynTypu ca yloOEH METOJ 3a pasMHOKABaHE Ha 3AIIMTCHH PACTHTEIHH BHJIOBE, Thil KaTo
M3UCKBAT MHHUMAJIHO KOJHMYECTBO CTAPTOB MAaT€pHaJl U OCUTYpsABAT rojisMm spoﬁ PpacTeHHs 3a KpaTbK MEPHOJ OT BpPEME.
PacTexsT M pa3sBUTHETO HA PACTEHHMATA B in Vilro YCIOBHS CE NOBIMABAT B ITOJISIMA CTENEH OT ChCTABa HA XPaHHTEIHATA
cpena.

Wscnenpaxme BiusiHneto Ha kpearns (Cr) u kpearwnn msuHar (CrL) B pasmmann konnentpamun (1, 5 u 10 mg/l) Bepxy
MHMKPOPa3sMHOKaBaHETO U aHTHOKCHIAHTHHSA CTAaTyC Ha paCTeHHeTO./

Edelwelss (Leontopaa'tum alpinum Cass.) (family Asteraceae) is used for the treatment of various diseases such as
hitis, angina, fever, Alzheimer’s disease, varicose veins, and others. The plant is rich in

biologically active compounds such as terpenoids, phenolic acids, flavonoids, coumarins, fatty acids, and others. The

species is included in the Red Data Book of the Republic of Bulgaria, and its collection is prohibited by law.

The high pharmacological potential of the species, as well as its protected status, necessitate its cultivation. Plant in vitro

cultures are a convenient method for the propagation of protected plant species, as they require a minimal amount of

starting material and provide a large number of plants within a short period of time. The growth and development of plants

under in vitro conditions are strongly influenced by the composition of the culture medium.

‘We investigated the effect of creatine (Cr) and creatine lysinate (CrL) at different concentrations (1, 5, and 10 mg/L) on the

micropropagation and antioxidant status of the plant.

Kniouosu oymu/Keywords: jic, ui 6umpo delweiss, in vitro cultivation, antioxidant capacity

r v“ | ] | > Pesyinrarn/Results

KpearnnbT moTHcHa pacTeka M MOHIKH  CHABD/KAHHETO Ha  HECH3MMHH

. AQHTHOKCHIAHTH M aKTHBHOCTTA Ha anTHOKcHaantHute emsumu CAT, APX u GPX.

M KpeaTus JM3MHATHT MOBIHMS TMOMOXKHTEIHO AMMKANHHS PAacTeK HA PACTCHUATA,

& HaTpyNBaHETO Ha OMomaca M pacTeka Ha KOpeHa. YacT OT H3MOJ3BAHMTE CPEIH

- || TIOBMIIMXA aKyMyJlalysTa Ha METabOJMTH C aHTHOKCHIAHTHH cBoicTBa ((heHomw,

C Cr1 Cr5 Cri0  CrL1  Crl5 CrL10  (uiaBoHOMAM M BOJOPA3TBOPHMH AHTHOKCHAAHTHH METAaOOJINTH), KAKTO U AKTHBHOCTTA

Figure 1. Multplied shoots of Leontopodium apinum developed on MS media supplemented with  Ha aHTHOKCHJIAHTHHSI €H3MM CyMEPOKCHI AMCMYTa3a. AKTHBHOCTHTE Ha JPYruTe TPH
creatine (Cr) o creatine lysinate (CrL) at 1 (Cr1/CrL1; § (CAS/ICrLS) and 10 (CFI0/CFLI0) mg/L.
H3CIICIBAHH AHTHOKCHIAHTHH CH3MMA — KaTaasa, acKopOar INepoKCHIasa M IBasKoN

et ‘Shoots Roots TIEPOKCHIA3a, CE IOHMKMXA TI0] BIMAHHE Ha KPEaTHH H KPEaTHH JTH3HHAT./
media B i) A A q -
number | height (cm) | FW (g) | length (cm) | FW (g) Creatine growth and both non-enzymatic antioxidant content and
Control [24.50+1.05¢ | 2.4420.21a | 0.69:0.09 | 1.91:0.13¢ | 0.04+0.04b the activity of CAT, APX, and GPX enzymes. Creatine lysinate increased apical
crl 23.00£1.29bc | 2.31021a | 0.53£0.01a | 1.2420.17a | 0.02£0.01a growth, biomass accumulation, and root growth. Some of the tested media increased
crs 20.65+1.46ab | 2.3540.20a | 0.59£0.05ab | 1.62£0.11b | 0.03+0.03b | the lation of bolites with antioxidant properties (phenolics, flavonoids,
Crl0 19.55+1.15ab | 2.1740.27a | 0.51£0.06ab | 1.64+0.04b | 0.06:0.03¢ and water-soluble antioxidant metabolites), as well as the activity of the antioxidant
CrLl [ 19.05+1.22a | 3.61:0.34be | 1.07+0.10d | 1.9420.17¢ | 0.04+0.02b enzyme superoxide dismutase. Catalase, ascorbate peroxidase, and guaiacol
CrLs | 182041282 |3.22:0.33b | 0.94£0.09¢d | 2.62:0.17d | 0.08+0.05d peroxidase activities decreased under the influence of creatine and creatine lysinate.
CrL10 [ 17.0541320 [ 3.5150.54bc [ 0.88£0.10c |2.774031d [ 0.09+0.04¢ -
“Table 1. Effect of creatine and creatine lysinate on biometric parameters of Leontopodium alpinum 01" . - ® ks g e ).
grown in vitro. - . « W s CAT
. P . i
s 0, SOD  H,0,  APX > H,0
o
I 1 o o
w0 merscmmany Wl Pcingor o) GPX
T 0w ow = H IS 1
4 L o " . .
Sk 8 i Figure 3. Actvty of antioxidant enzymes superoside dismatase
" =i . | (SOD). catalase (CAT), ascorbate peroxidase (APX), and
¥ o . guaiacol peroxidase (GPX) in in vitro-cultivated Leontopodium
o a/pmmu lnahd with cre (Cr) or creatine lysinate (CrL) at 1
o (Cr1/Crl Crl. d 10 (Cr10/CriL10) mg/L.
w T G o ok chcsele G G oe oh e el
* Bamouenne/Conclusion

)

& @S JloBABAHETO WA KDEATHH KM XAHHTENHATA CPEAd MMA HEraTHBCH ceKT BRPXY GHOMTPHATA U HATDYNBAHETO HA

< MeTaBOTHTH C aHTHOKCHIAHTHA POJIA TIPH €/IeBAiic, OTIIEKIAH UK 6umpo. 3a PA3THKA OT HETO, KpEaTHH JTH3HHATHT

Figure 2. Antioxidant metabolite content and total antioxidant activity in in vitro cultivated n0106pABA PacTeka H NIOBHIIABA AHTHOKCHAAHTHHA MIOTEHIMAN Ha pacTennero./The addition of creatine to the culture

ey gy (€7 o crenin lyinate (Cel) at 1 (CeCALD: S megium has a negative effect on the biometrics and the accumulation of antioxidant metabolites in edelweiss grown in
vitro. In contrast, creatine lysinate improves growth and enhances the antioxidant potential of the plant.

<,
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MeTta0ouTHH IPOMEHH B in vitro pasMHo:keHa Stevia rebaudiana B
O0TroBOP HA KOMILIEeKCA KPpeaTHH—JIN3HHAT,
n00aBeH B ms XpaHUTEJHA cpea
Mapuana Cuuanosa, Mapus I enesa, Kavenua Munadunosa-I eopeuesa,
Enu 3aiiosa, [lanuena llexosa
Bulgarian Academy of Sciences

[Ipenucropusi: XpaHurtenHaTa Hayka 1€ MPOABIDKABA J]a UTpae KIH4oBa
ponst B Opaeniero. ChBpeMeHHaTa HaydHaTa OOIIHOCT € NpH3BaHa Ja
yyacTBa B pELIABAHETO HAa CBETOBHM XPAHMUTEIHU HPOOJIEMH, KaTo
U3UPBAHETO HA TOJXOJU, CHACUCTBAILM 3/ApPaBETO HAa PACTUTEIHHUTE
KYJITYypH, OCUTYpSBaKM KaueCTBEHa XpaHa, B CHOTBETCTBHE C BCHYKHU
€KOJIOTUYHU U COLMaNHU HOopMH. M3mon3BaHeTo Ha 100aBKH, KOUTO ca
NPEKYPCOPHU MaTepHaad 3a ChEAMHEHHUS OT Ipyrara Ha BTOPUYHHUTE
MeTa0OJIUTH, OBIUSABA PA3IMUYHU META0OIUTHHU MPOLIECH B PACTCHUATA U
BOJIM JI0 TSAIXHATa ONTHMAJIHATa MPOAYKTUBHOCT. ThbKaHUTE KYIATYpU MpU
pacTeHusTa ca MOJXOASIIN MOJEIHU CUCTEMH 32 U3yYaBaHE BIIUSHUETO
Ha XPaHWUTEIHUTE BEIIECTBA M PA3IUYHU JOOABKH, KOMTO aKTHUBHpAT
MeTaOOIUTHUTE JIEHHOCTH B KICTKHUTE.

Lenu: Llenta Ha U3cneaBaHETO € MPOYYBAHE BIMSIHUETO HAa KOMILIEKCA
KpeaTuH-IM3UHAT BBPXY (PU3NOJOTUYHU M OMOXMMUYHU MapaMeTpH B in
vitro pa3mHokeHa Stevia rebaudiana. Ilpeamonara ce, ye ycBOsBaHETO
Ha BKJIIOYCHUTE AMHUHOKHCEIMHM B PACTEHHUATA 0 BpeMe Ha in vitro
KyJITUBUPAaHE 1€ TMOBIUSAE IMOJOXKHUTETHO BBPXY (Qu3Honoruiara u
OMOXMMUATA HA PACTCHHUATA, KATO MO TO3M HAYMH IL€ MOBHILU TAXHATA
AHTUOKCHJIAHTHA aKTUBHOCT, U I1I¢ YBEJIMYH TAXHATa Onomaca.

Metoau: Benuku yciioBust 3a in vitro pasMHOKaBaHe 0sxa U3IBIHEHU. 3a
Jla ce OIpEeNeNAT KOJIMYECTBEHO OCHOBHHMTE KOMIUIEKCH OT OMOJIOTHYHO
aKTUBHU BemlecTBa B Stevia rebaudiana, Osixa U3MOJ3BaHU peauIia
(UTOXMMUYHMA ~ CHEKTPOPOTOMETPUYHM METOAM 3a H3MEpBaHEe Ha
HEeH3MMHAaTa AaHTUOKCUJAHTHA aKTUBHOCT.

Pesynratu: [loGaBsiHEeTO Ha KpeaTWH-IM3WHAT KbM MS XpaHHUTeNHaTa
cpeza urpae poJist KaTto JOIbJIHUTENICH N3TOUHUK Ha Q30T U YBEJIMYH peiulia
MOp(OJIOTHYHYU MOKa3aTeIN B PACTEHUETO, KAaKTO M aKTHBHpa KIIOYOBU
CH3UMH U METa0OJUTH OT CJIOXHMSA KOMIUIEKC Ha aHTHOKCHJAHTHATa
cucteMa B Stevia rebaudiana, mnoBuIIaBaliKd aHTHOKCHUIAHTHUS ¢
kananurer. Hammre pesyntatu mnpeanonarat, 4e Jo0aBKaTa uMa
OnaronpusTeH eheKT BbpXy (PU3UOIOrHYHUTE NpoLecH npu S. rebaudiana.

KaouoBu aymu: in vitro, Stevia rebaudiana, xpeamuwn-nuzunam,
AHMUOKCUOAHMHA AKMUBHOCT
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Metabolic changes in in vitro propagated Stevia rebaudiana in
response to creatine-lysinate complex, addet to ms medium
Mariana Sichanova, Maria Geneva, Kamelia Miladinova-Georgieva, Eli
Zayova, Daniela Tsekova
bvreapcka Akademus na Haykume

Background: Nutritional science will continue to play a key role in the
future. The modern scientific community is called upon to participate
in solving global nutritional problems, such as finding approaches that
promote the health of plant crops, providing quality food, in accordance
with all environmental and social norms. The use of additives, which
are precursor materials for compounds from the group of secondary
metabolites, affects various metabolic processes in plants and leads to
their optimal productivity. Plant tissue cultures are suitable model systems
for studying the influence of nutrients and various additives that activate
metabolic activities in cells.

Objectives: The aim of the study was to study the influence of the creatine-
lysinate complex on physiological and biochemical parameters in in vitro
propagated Stevia rebaudiana. It is assumed that the absorption of the
included amino acids in plants during in vitro cultivation will positively
affect the physiology and biochemistry of plants, thereby increasing their
antioxidant activity and increasing their biomass.

Methods: All conditions for in vitro propagation, adaptation and ex vitro
plant cultivation were met. In order to quantify the main complexes
of biologically active substances in Stevia rebaudiana, a number of
phytochemical spectrophotometric methods were used to measure non-
enzymatic antioxidant activity.

Results: The addition of creatine-lysinate to MS medium played a role as
an additional source of nitrogen and increased a number of morphological
parameters in the plant, as well as activated key enzymes and metabolites
of the complex antioxidant system in Stevia rebaudiana, increasing
its antioxidant capacity. Our results suggest that the supplement has a
beneficial effect on physiological processes in S. rebaudiana.

Key words: in vitro, Stevia rebaudiana, creatine-lysinate, antioxidant
activity
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%Y METABOLIC CHANGES IN IN VITRO PROPAGATED STEVIA
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of Chemical Technology and Metallurgy, Bulgaria
e-mail: m.sichanova@abv.bg

BACKGROUND: Stevia rebaudiana B. an herbaceous
perennial plant of Asteraceae family and is known a: eet
leaf, honey leaf, and y leaf. Stevia leaves contain many

biologically active substances, which have beneficial effects on
human health. The antioxidant activity of in vitro cultivated S.
rebaudiana is influenced by growth regulators and amino acids
added to the nutrient media.

iy ° MATERIALS AND METHODS: Shoot
PG
|

I o, explants (1.5-2 cm) were cultured on MS

&ha Loy medium including vitamins supplemented

creatine creatinine with 3.0% sucrose and 7.0 g L1 agar. The

Figure 1. Creatine and creatinine in aqueous solutions exist in equilibrium depending on pH. B RSN NT N ts TR T T R & 30-day-old

microplants were determined. A number of]
spectrophotometric methods for measuring
non-enzymatic antioxidant activity were used
to quantify the main mplexes of
biologically active substances in Stevia

ebaudi -
- rebaudiana Bert.

Key structural features:

. ol Fe*2 g DW-1,
v Increased stability: The
lysine component helps
stabilize =~ the  creatine
molecule.
v' High solubility: Due to its =5n FE
. . . H N zz
amino acid nature, creatine- K ! :g
lyslgate d}ssolves DRI =y B
significantly better in water & Od g;:zs
than the monohydrate. 5 H
v’ Better bioavailability: This Content of metabolites with antioxidant z g @ 2
f is desi d potential (FRAP) in Stevia rebaudiana T
orm 1s designed fo ensure plants propagated in vitro e otpl o ot ST ——
that creatine reaches plant S )
tissues more efficiently. Content of metabolites with antioxidant capacity in Stevia
rebaudiana plants propagated in vitro on MS medium and MS
Variants medium with different i (1,5, 10 mg

L-1) of creatine-lysinate.
Number Height

explant-1 o

CONCLUSION: In this study, the application
of creatine-lysinat complex in MS medium
provoke the metabolism of S. rebaudiana and
led to better performance in biometric
parameters and to higher content of most
metabolites with antioxidant potential.

LSD 0.187 0.861 0.036 0.156 0.005
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Mopeanpane Ha TWJIATATHBHA KAPIHOMHONATHS ¢ (POKYC BBPXY
€H3UMHOTO ()eHO- ¥ TeHOTUNU3HpPaHe
Kamepuna Toooposa, Anu I'eopeuesa, Pocuua Munuesa, 30paska
Ilemposa, Unna Cyruxoscka, Ilasen [lo63un, Borooumup banamcku,
Buxmop Haspynun, Buxmopus Jlanpyc
Hnemumym no excnepumenmanua mopghono2us, namono2usl u
aumpononozus ¢ Myseti, bvieapcka akademus Ha HayKkume

Kapnuomuonarusita e 3aboisgBaHe Ha CHPACYHHUS MYCKYJ U € BOZEIIa
IIPUYMHA 33 ChpAEUHA HEJOCTaThbUHOCT WM ONACHU apUTMUU, KAKTO IPU
KUBOTHHUTE, TaKa U pu XopaTa. ToBa e mpeJMMHO MbPBUYHO [IPOTPECHUPAILIO
Y T€HETUYHO 00YCIIOBEHO ChCTOSIHUE HA ChPJCUYHUS MYCKYJ, KOETO BOJU
710 YBPEKIaHMsI Ha ChbPIEYHUTE TOHOBE U HAMAJICHO U3IIOMIIBAHE HA KPbB
KbM OCTAaHAJIUTE YacTW Ha TsAn0TOo. IIpu TOBa CchCTOSIHME OOMKHOBEHO
ca HEOOXOOUMHM TPaBWJIHO XpaHEHE M OrpaHHuYaBaHE Ha JEHHOCTH C
BHCOKa MHTEH3MBHOCT, 32 J]a C€ HaMaJM PUCKBT OT BHE3aIllHA ChpJeYHa
CMBPT, KOETO € 0COOEHO Ba)KHO 3a XopaTa, pa3IlIOJHUTE U CHOPTHUTE
KUBOTHU. Kapanomuonarusra Hail-4eCcTo ce IMpOosBABA KaTo AWJIaTaTUBHA
kapauomuonarus (JAKMII) npu kyderata U KOHETe, U XUNepTpopUuHa
kapauomuonaruss (XKMII) npu kotkute. IIpum xopara e mpuero, ue
KapJIMOMHUOTIATUUTE ca Tpyna 3a00yisiBaHUs, XapaKTepU3UpPALIH Ce C
reHeThuyHa xereporeHHocT. KakTo e 100pe M3BECTHO, KOHTPAKIMUTE Ha
MHOKap/ia ca CIEACTBHE OT MHOXECTBO TJIMKOMPOTEHHU Ha KJEThbUHATa
MIOBBPXHOCT, BKJIKOYMTEIHO KaJIIUECBH, KAJINEBH W HATPUEBU WOHHU
KaHaJI1, KOUTO Pa3pOCTPaHABAT €JIEKTPUUYECKUTE UMITYJICH U AKLTUOHHUTE
noteHMany. B mpoueca Ha cuanuiaupaHe — MoaudHKanMATa Ha
MPOTEUHUTE, TIPU KOATO c€ 00pa3yBaT IIIMKONPOTEHHH, YIaCTBAT HAKOJIKO
€H3MMa OT CEeMEWCTBOTO Ha cuamwiTpaHcepazure. MimMa HAKOU JaHHU
3a MPOMEHEHO CHAMJIMpPAHE Ha TIIMKONPOTEHHU, OCOOCHO MPH YOBEIIKa
JKMII. [lanauTe, MOCO4YeHM MO-Tope, u mpeodaaaaBaneto Ha JIKMII mpu
KMBOTHH M XOpa, MPOBOKUpAaxa HaIIUs MHTEPEC Ja OLEHUM poJIATa Ha
HSIKOJIKO (haKTOpa B CHAIMJIMPAHETO HA MIMKONPOTEUHH B [TaTOreHe3aTa Ha
Kap/JIMOMHOTATHUATA, YPE3 CUMYJUPAHU In VIVO U in Vitro MOJeNnu, KOUTO
HE Cca TeHETUYHO MPEeJpa3NoI0kKEeHH, U J1a TH CPAaBHUM C IyOJUKYyBaHU
M3CIIEI0BATEICKU JaHHU 10 TEMU OT MaTOPU3UOJIOTHUATA U KIMHUYHATA
xereporeHHocT Ha JIKMII.

KiaroyoBsn AYMHU: Kapouomuonamus, 2NIUKONPOMeuHu,

cuanurmpancgepasu, uH 6UBO U UH GUMPO MOOeIU
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Modeling of dilated cardiomyopathy with a focus on enzymatic
pheno- and genotyping
Katerina Todorova, Any Georgieva, Rositsa Milcheva, Zdravka Petrova,
Inna Sulikovska, Pawetl Dobrzyn, Volodymyr Balatskyi, Viktor Navrulin,
Wiktoria Laprus
Institute of Experimental Morphology, Pathology and Anthropology with
Museum, Bulgarian Academy of Sciences

The cardiomyopathy is a disease of the heart muscle and is a leading cause
of heart failure or dangerous arrhythmias both, in animals and humans.
This is mainly primary progressive genetically determined condition,
that reflexes to damages of the heart tones and reduced pumping of
blood to the rest parts of the body. In the development of the condition
proper nutrition and restriction to high-intensity activities are typically
necessary to reduce the risk of sudden cardiac death, mostly important to
humans, breeding and sporting animals. Cardiomyopathy is commonly
manifested as dilated cardiomyopathy (DCM) in dogs and horses and
hypertrophic cardiomyopathy (HCM) in cats. In humans it was accepted
that cardiomyopathies are a group of diseases characterized by genetic
heterogeneity. As is well known the contractions of the myocardium are
subsequence of multiple cell surface glycoproteins including calcium,
potassium and sodium ion channels that propagate the electrical impulses
and action potentials. In the process of sialylation — the modification of
proteins, where glicoproteins are formed, several enzymes from the family of
sialyltransferases take role. There are some data about altered glycoprotein
sialylation, particularly in human DCM. The data explained above and
the prevalence of DCM cardiomyopathy forms in animals and hunam,
provoked our interest to assess the role of several factors in glycoprotein
sialylation in the pathogenesis of cardiomyopathy via simulated in vivo and
in vitro models, that are not genetically predisposed and to compare with
research data published on the topics of pathophysiological and clinical
heterogeneity of DCM.

Key words: cardiomyopathy, glycoproteins, sialyltransferases, in vivo and
in vitro models
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The cardiomyopathy is a disease of the heart muscle and is a leading cause of heart failure or dangerous arrhythmias both, in animals and humans. This is mainly primary progressive genetically determined condition, fthat
reflexes to damages of the heart tones and reduced pumping of blood to the rest parts of the body. In the development of the condition proper nutrition and restriction to high-intensity activities are typically necessatl to
reduce the risk of sudden cardiac death, mostly important to humans, breeding and sporting animals. Cardiomyopathy is commonly manifested as dilated cardiomyopathy (DCM) in dogs and horses and hypertrophic
cardiomyopathy (HCM) in cats. In humans it was accepted that cardiomyopathies are a group of diseases characterized by genetic heterogeneity. As is well known the contractions of the myocardium are subsequendf of
multiple cell surface glycoproteins including calcium, potassium and sodium ion channels that propagate the electrical impulses and action potentials. In the process of sialylation — the modification of proteins, where
glicoproteins are formed, several enzymes from the family of sialyltransferases take role. There are some data about altered glycoprotein sialylation, particularly in human DCM. The data explained above and the prevaldnce
of DCM cardiomyopathy forms in animals and hunam, provoked our interest to assess the role of several factors in glycoprotein sialylation in the pathogenesis of cardiomyopathy via simulated in vivo and in vitro models,
that are not genetically predisposed and to compare with research data published on the topics of pathophysiological and clinical heterogeneity of DCM

Aim: Assessment of the role of several factors in sialylation in the is of via simulated in vivo and in
and to compare with research data published on the topics of pathophysiological and heterogeneity of DCM.

Materials and methods: In vivo model of DCM wemisswemsss/is22025); The role of some sialyltransferases activity was tested in a non-genetically created DCM in vivo mouse model. In nfice
the DCM was produced by acute exposure to adrenalin, followed by 5-fluorouracil (5-FU) administration. Adrenalin stimulates p1 causing enhanced
and muscle fatigue. In appropriate doses 5-FU can induce new-onset severe with i left ventricular ility. The experi design is based on the mode] o
isoproterenol (isoprenaline, 1SO) followed by 5-FU administration, proposed by suemestal.20z3. ICR female mice (3 months of age) will be obtained, individually hosted with supply of witer
and food ad libitum. 2 groups of female mice (1 gr., n=10; 2 gr., n=5) were formed: first group reccived one-time 0,5mg adrenalin s.c. ,the second was not treated - control group. Three dhys
after the adrenalin application, the surviving mice from 1 group were randomly assigned to saline (1A group, n =5) or 5-FU administration (1B group, 15 mg/kg/day, n = 5) for 10 days. The

animals sacrificed under anesthesia and the hearts were fixed in 10% buffered formalin. Salerms, K. scalise, Ino, F. llad, & Chietalo, A Panuccio. 8. . & Clanflone, . 20231, A mouse model of difted cardlomyoathy nroguced by
061,225

itro models, that are not genetically

2

Isolation and culture of neonatal murine cardiomyocytes: Neonatal cardiomyocytes were isolated from 0-3-day-old mice using an enzymatic dissociation protocol with minor modificatidns.
Cardiomyocytes were cnriched using a two-step purification procedure consisting of differential centrifugation and pre-plating on uncoated culture dishes for 1-3 h at 37°C to allow
preferential attachment of fibroblasts. Cells were counted and sceded onto 1% gelatin-coated culture plates at a density of 1.3 x 105 cells'em2. Cardiomyocytes were initially cultured in
DMEM high glucose supplemented with 15% fetal bovine serum (FBS) and 100 U/mL penicillin, and 100 pug/mL streptomycin. After 24 h, the medium was replaced with maintenance mediim
consisting of DMEM high glucose with 4% FBS and peni yein. Cells were maintained at 37 °C in a humidified atmosphere containing 5% CO.
Cell Viability Assay: The cytotoxicity of 5-fluorouracil (5-FU) and adrenaline was assessed using the Neutral Red Uptake (NRU) assay. Neonatal cardiomyocytes were exposed to 5-FU in
concentrations of 0.5, 5, 50 and 500 uM and adrenaline in concentrations of 1, 10, 100 uM for 24 h. Absorbance was then measured at 540 nm using a TECAN microplate reader (TECAN,
Gradig, Austra). Cellviabilty was calculated using the following formul: Cellvibilty (/%) = (Absorbance oftreated cell/Absorbence of control clls) x 100
G May and Acridine P iodide staning: Cells were cultured on 13 mm-diameter cover glasses in 24-well plte:
A tenie AR M ndenaline ol M U fox 24) b Toolscey morphological charigesy talve pecgarafituslof comtollane lecatod cardiory oty e el e I M TS 1Y
Giemsa (Diapath) or fluorescent dyes acridine orange (AO 1 mg/mL) and propidium iodide (PI I mg/mL) in PBS and images were taken using a Leica DM 5000B microscope.
Assessment of Mitochondrial Membrane Potential (4%m) by JC-1 staining: Neonatal murine cardiomyocytes were seeded in 24-well plates and treated with 1 uM adrenaline and S pM 54U
for 24 h. After treatment, cells were incubated with JC-1 dye (5 ug/mL) for 20 min at 37°C in the dark. Fluorescence images were taken using a fluorescence microscope (Leica DM 5000B,
Leica Microsystems, Wetzlar, Germany). The changes in the mitochondrial membrane potential was quantified with ImageJ software by measuring the mean fluorescence intensity of red (J¢-1
aggregates) and green (JC-1 monomers) channels, and the red/green (R/G) ratio was calculated. A decrease in the R/G ratio indicated mitochondrial depolarization.
Molecular biological analysis: Cardiomyocytes were plated in 25 cm2 tissue culture flasks at a density of 2.5 x 104 cells/mL and incubated in growth medium for 24 hours. Next day the cplls
were treated with 1 1M adrenaline and 5 pM 5-FU. Untreated cells incubated at the same culture conditions were used as control. After 24 h incubation control and treated cell cultures
washed twice with cold phosphate buffered saline (PBS), scratched using a rubber policemen, centrifuged for 5 min at 250 x g and after supernatant removal were frozen at - 80°C and st
until use for molecular biological analysis.
Gene expression analyses: Total RNA was extracted using RNeasy Mini Kit (Qiagen), according to the provided protocol. The yield and purity of the collected RNA were measured usin
(Boeco). 2 g of total RNA from each sample were used for first strand cDNA synthesis, as previously described (Milcheva et al., 2019). The gener:
CcDNA was quantified, and the samples were stored at -80°C. Real-time PCR was performed on 1 il of RT-product, containing approximately 500 ng cDNA as a template, in 20 ul total vol
of reaction using RotorGene SYBR Green PCR Kit (Qiagen) following the recommendations of the producer. Three real-time PCR reactions/sample in triplicate were performed
amplification of Gapdh, Casq2, St3gald, and St6galnacl, using RotorGene™ 6000 Real-time Analyzer (Corbett Life Science-Qiagen). The data were analyzed using Rotor Gene Q Sef
Software (Qiagen) and the relative quantification of the sialyltransferase expression was calculated by the AACt method (Zhang et al., 2021) versus Gapdh as a reference gene. After each ru
High-Resolution Melting Curve Analysis (HRM) was performed to verify the specificity of the amplified products, which were visualized on 2.5% agarose gel supplemented with Simply §
nucleic acid stain (EurX®) versus 100-1000 bp DNA Ladder (EurX®), and the gels were photographed with a gel documentation system Vision (Scie-Plas Ltd).
Staitial analysis: GraphPad Prism 5,03 software (San Diego, CA, USA). Nopamss ooy el o s (Ko Yl ) vt Du's Mkl Compa T sigtife 00 o onp
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Pa3npocTpaneHue Ha BapoaTo3a M HO3eMAaT03a B Pa3JIHYHH
paiionun Ha Buarapus
oouy. 0-p Henxa Canxosa, PhD, npog. 0-p Kanunxa [ ypeynoea, PhD
Hucmumym no excnepumenmania mopghonocus, namono2ust u
anmpononozus ¢ myzet, bvieapcka akademus na Haykume

Menonocnara muena (Apis mellifera) e Bup ¢ pemaBaio MKOHOMUYECKO,
CEJICKOCTOIAHCKO U €KOJIOTMYHO 3HaueHue. [Ipe3 nociaetHuTe AeceTuieTus
MEJIOHOCHHUTE IYENId Ca BCE IO-U3JI0KEHH Ha Pa3IUYHU MATOreHU —
Oaktepun, rbOMYKH, BUPYyCH M THapa3uTH. EQekrsT oT neiicTBHeTO Ha
(akTOpHTE BCE OLIE HE € HAITBJIHO U3SCHEH, HO B3aUMOACHCTBUETO MEXKTY
pa3NUYHUTE NMPUUYUHUTEIN HA OOJIECTH MO MUYENIUTE MOKa3Ba MO-TEKKOTO
UM IIPOTUYAHE U TOJIEMU 3aryOu Ha mUeTHH KosioHuu. LlenTa Ha Ta3u paboTa
€ J1a TpeJIcTaBu pe3ynrature ot okoyio 300 mpobu oT muenu, u3cieIBaHu
3a mepuoga ot meT roauHu (2020-2024 r.) 3a Hal-uecTo CpellaHuTe
0osiecTH TO MYETUTEe — BapoaTo3a U HO3EMaTo3a, BOJCIIM O HaMaJIEHO
MIPOM3BOJICTBO, OTCIA0EHH CEMEHCTBa M YECTO BUCOKAa CMBPTHOCT MpHU
MYeanTe, KaKTO M Jia TNpeICTaBd METOAM 3a paHHAa JMAarHocTuka. B
3aKJIIOYCHUE MOXKEM J1a KaKeM, Y€ aHaIM3bT Ha NPEICTaBEHUTE AAHHU
rokasa, 4e MeJIoHocHHUTe muenu B bearapus ca 3acernat Hag 80% oT nBe
3HAYMMHU OOJIECTH: Mapa3uTHHU (BapoaTo3a) U 'bOMYHU (HO3eMaT03a), KaKTo
U OT TSIXHATa CMECeHa WHBa3us. PaHHaTa ¥ TOUHA IMAarHOCTUKA € KIIOYBT
KBbM e(eKTUBHU KOHTPOJI Ha Oosiectute no nmuenure. [logaepkanero Ha
CHJIHM U 3[IpaBU CEMEHCTBa € MPEeANOCcTaBKa 3a J00pO MPOU3BOJICTBO U
ctabuiHa cpena ¢ 6oraro 6uopasHooOpasue.

Knrwuoeu oymu: Apis mellifera, Varroa destructor, Nosema spp., ouaznosa



Spread of varroosis and nosemosis in different regions of Bulgaria
Assoc. Prof. Delka Salkov, PhD, Prof. Kalinka Gurgulova, PhD
Institute of Experimental Morphology, Pathology and Anthropology with
Museum, Bulgarian Academy of Sciences

The honey bee (Apis mellifera) is a species of crucial economic, agricultural
and environmental importance. In recent decades, honey bees have been
increasingly exposed to various pathogens — bacteria, fungi, viruses and
parasites. The effect of the action of factors has not yet been completely
understood, but the interaction between the various causative agents of bee
disease indicated their more severe course and big losses of bee colonies.
The aim of this work is to present the results of about 300 bee samples
examined for the period of five years (2020-2024) for the most common
bee diseases — varroosis and nosemosis, leading to reduced production,
weakened colonies and often high mortality in bees, as well as to present
methods for early diagnosis. In conclusion, we can say that the analysis of
the presented data showed that honey bees in Bulgaria have been affected
more than 80 % by two significant diseases: parasitic (varroosis) and fungal
(nosemosis), as well as their mix invasion. Early and accurate diagnosis is
the key to effective control of bee diseases. Maintaining strong and healthy
colonies is a requirement for good production and a stable environment
with rich biodiversity.

Key words: Apis mellifera, Varroa destructor, Nosema spp., diagnosis
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IIpomenn B XOpMOHATHMTE HUBA HA JBA OBJIrapCcKu COPTA MIIEHULA
NPUYHHEHH OT CyllIa — B3auMo/ieilicTBHe C MeJIaTOHUH
Uckpen Cepeues, Ilegemuna Hukonosa, Mapmun Hnues, 3oprnuua
Kameposa, /lecucnasa Todoposa
Unemumym no ¢ghusuonoeus na pacmenusma u cenemuka, bAH

3acymiaBaHeTo HamalsBa JOOMBUTE Ha CEJIICKOCTOMAHCKHUTE KYITYH
MOpajiv OTPHULIATEIIHOTO MY Bb3ACHCTBUE BEPXY (PU3HOIOTUIHHUTE IPOLIECH
Ha pacTEHMsSITA, KOETO €€ IMPOsIBSIBA HA MHOXECTBO HHUBA, BKIIIOUUTEIIHO
MIPOMEHU B XOpMOHanHUs OanaHc. MenaTOHMHBT € IOBCEMECTHO
pasnpoCTpaHeH B pACTEHHsTA, IMPHUTEKaBa MHOXKECTBO pETyJaTOPHU
GyHKIUU U GaronpusTcTBa (PU3HOIOTHYHOTO CHCTOSIHUE HA PACTEHUATA
0cOOEHO TPH CTPECOBM YCIIOBHs. 3acyllaBaHe B TNPOJIBIDKEHHE Ha 5
JTHU € MPWIOKEHO BBPXy Miaau pacteHus 3umHa mmeHuna (Triticum
aestivum L.) ot 6barapckure coproe @epmep u ['nnec. Cnen nepruosa Ha
3acylIaBaHe HOPMaJIHOTO BOIOCHA0 11BaHe Oellle Bb3CTaHOBEHO. JBageceT
Y YeTHUPH Yaca Mpeiu U Clie]] 3aCylIaBaHeTo, PaCTeHUATa 05iXxa TpeTUpaHU
c¢bc 75 uM pastBop Ha MenaToHWH. HuBaTa Ha (UTOXOPMOHUTE WUHIOJ-
3-un omnerna kucennHa (IAA) m aGciucuHoBa kucennHa (ABA) Osixa
M3MEPEHH B JINCTATA HA MIIEHUIIATA BeJHAra ciej 3acymanaHe (5D), Ha
BrOopus (2D-R) u uerBbpTUa NeH (4D-R) oT nepuoja Ha Bb3CTaHOBSIBAHE.
3acymiaBaHeTo MpeAu3BUKAa 3HAUMTEIHO IOBUIIABAaHE HAa HUBOTO Ha
ABA u TAA, xoeto Oemre mo-cuiHO u3paseHo npu copt @epmep. Copt
I'unec, kKOWTO € Mo-ycToMYMB Ha 3acyliaBaHe, obaye pearupa pazaIudHO
no ortHoumieHue Ha [AA. IlpunoxeHuero Ha MENAaTOHUH MOJYJHpa
IIPEIM3BUKAHUTE OT 3aCyIIaBaHETO XOPMOHAJIHU IPOMEHM, KaTO HaMallu
OTPHULIATETHOTO BH3/IEHCTBUE HA BOJHUSA A€(PULINUT U 10 U3BECTHA CTEIEH
MO/IMIOMOTHA Bb3CTAHOBSIBAHETO Ha MILIEHUIATa OT BOJHUS A€(PUIINT.

KmouoBu naymm: Triticum aestivum (L.), 3acywasane, npatimune,
MeNamoHUH, umoxopmon



Alterations in the hormonal levels of two Bulgarian wheat cultivars
caused by drought — interaction with melatonin
Iskren Sergiev, Tsvetina Nikolova, Martin lliev, Zornitsa Katerova,
Dessislava Todorova
Institute of Plant Physiology and Genetics, Bulgarian Academy of
Sciences

Drought stress affects crop production due to its negative impact on plant
physiology, which is manifested at multiple levels, including alterations of
the hormonal balance. Melatonin is a biosubstance ubiquitous in plants that
possesses multiple regulatory functions and benefits plant physiological
state especially under stressful conditions. A five-day drought stress
was applied to young winter wheat (Triticum aestivum L.) plants of the
Bulgarian cultivars Fermer and Gines. After the drought period, the normal
water supply was restored. Twenty-four hours before and after drought,
plants were root supplemented with 75 uM melatonin solution. The levels
of phytohormones indol-3-yl acetic acid (IAA) and abscisic acid (ABA)
was measured in wheat leaves immediately after drought (5D), on the
second (2D-R) and fourth day (4D-R) of the recovery period. Drought
provoked a substantial increase in the level of ABA and IAA which was
better pronounced in the cv. Fermer. However, cv. Gines which is more
droughttolerant reacted differently in relation to IAA. Melatonin application
affected the drought-provoked hormonal alterations by lessening the
negative impact of water deficit and assisted to some extent the recovery of
the wheat cultivars from water shortage.

Key words: Triticum aestivum (L.), drought, priming, melatonin,
phytohormones
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Iskren Sergiev, Tsvetina Nikolova, Martin lliev, Zornitsa Katerova, Dessislava Todorova

Institute of Plant Physiology and Genetics - Bulgarian Academy of Sciences,
Acad. Georgi Bonchev Street, Bldg. 21, 1113 Sofia, Bulgaria

Introduction R Materials and Methods 2

Drought stress affects crop production due to its negative impact on A five-day drought stress was applied to young winter wheat (Triticum
plant physiology, which is manifested at multiple levels, including aestivum L.) plants of the Bulgarian cultivars Fermer and Gines which are
alterations in the hormonal balance. Indole acetic acid (IAA) and previously characterized to possess different tolerance to drought. After
abscisic acid (ABA) are key phytohormones which regulate plant the drought period, the normal water supply was restored. Twenty-four
growth and reactions to stress. Melatonin is a biosubstance, which hours before and after drought, plants were root supplemented with
appears to be ubiquitous in plants and possesses multiple regulatory 75uM melatonin solution.

functions. Exogenous melatonin was found to benefit plant The levels of phytohormones indol-3-yl acetic acid and abscisic acid were

state, ially under stress iti measured in wheat leaves immediately after drought (5D), and on the

Melatonin and auxins share a common precursor from the shikimate fourth day (4D-R) of recovery.

pathway and melatonin possess auxin-like properties. On the other The content of IAA and ABA was measured at 405 nm with a UV-Vis
hand, melatonin acts in an opposite way to abscisic acid, especially (Thermo Fisher Inc., Waltham, MA, USA) with Skanit
under drought stress conditions by counteracting the ABA-induced Software 2.2 (Thermo Fisher Inc.) using respective ELISA immunoassay kit
closure of stomata. (OIChemIm Ltd., Olomouc, Czech Republic) according to the
The aim of the current study is to investigate the alterations in the manufacturer’s protocol.

content of IAA and ABA in wheat plants subjected to drought and The data presented are mean values + Standard Error. The data were
treated with melatonin. It was of special interest to investigate if there statistically evaluated by One-Way ANOVA with Duncan’s post-hoc test
are discernible differences in the hormonal levels between susceptible and significant differences between treatments are indicated by different
or tolerant to drought wheat varieties. letters.
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Results

<+ Generally, the constitutive level of IAA was lower in the drought tolerant variety “Gines” than in “Fermer”. No differences between varieties were
found in relation to ABA.
% Drought stress decreased the content of IAA in both varieties. During the recovery period IAA level tended to increase. In the susceptible variety

“Fermer” 1AA remained below the control, while in the tolerant cultivar “Gines” it neared the control.

+» ABA was highly increased after 5 days of drought. This effect was better expressed in the susceptible cultivar “Fermer”.

normal irrigation regime ABA levels were decreased but remained slightly higher than the controls in both cultivars.

+» Melatonin by itself did not cause

adjusted the drought-induced deviations in both hormones.

After restoring the
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Pa3smuokaBaHe Ha Arnica montana L. npu u3no0JBaHe HA arap-
BTBbP/IeHA XPAHUTEJIHA cpPe/ia U OMOPEKTOP ¢ BpeMEHHO MOTansHe
Mupena Yakvposa, Mapus Ilemposa, Kavenus Munadunosa- I eopeuesa,
Mapusana Cuyanosa, Mapus [ enesa
Unemumym no ¢ghusuonoeus na pacmenusma u cenemuka, bAH

Arnica montana L. € eBpONIEWCKN €HAEMHUYEH BUJI, U3II0JI3BaH OT BEKOBE 32
JIeYCHHE Ha pa3IMYHU 3a00JIIBAaHUS [TOPAIN CBOUTE MPOTUBOBB3MAIUTEIHU
cBolicTBa. PacreHuero chabpika LEHHHM BTOPUYHM METAOOIUTH Karo
CECKUTEpPIICHOBU JIAaKTOHHU, (eHonu, eTepuuHu maciaa u ap. In vitro
pa3sMHOXKaBaHe Ype3 MHYLMPaHe Ha aKCUJIApHU MTPOPACTBIU OT CTHOIEHU
CerMEHTH € MOCTUTHATO Ha XpaHWTeNHa cpena no Murashige u Skoog,
nonbiaHeHa ¢ 1 mg/l 6-6enznnamunonypun u 0.1 mg/l ungon-3-ouerHa
KHCEJIMHA. YCTAHOBEHO €, Y€ CUCTEMara Ha KyJATHUBUPAHE BIUSIE BbPXY
Oposi Ha UHYLIMPAHUTE AKCUIAPHU MPOPACTHLMU OT EKCIUIAHT, BUCOYMHATA
Ha MpOopacThIMTE, HaTpyNaHaTa CBeXa OMomaca, KakTo U BbpXy OOIIOTO
ChIbpKaHue Ha ¢eHonu U (raBoHOMAM. MHOXECTBO pacTeHUs ca
MOCTUTHATH C MOMOIITA Ha TeyHa cpena B OumopeakTop RITA® (cpeano
11.3+0.5 mpopacTbli OT €KCIUIAaHT) CbC cpeAHa BucounHa 2.74+0.15
cm. Axkymynupanara cBexxa 6momaca B RITA® e 2.8 mbTH mo-roiasiMa oT
Ta3u, OTYeTEeHa B araposa KynTypa. CpenHusT Opoil HOBH MPOPACThIH OT
€KCIUIaHT, UHIYLIUpaHHU BbPXY arap-BTBbpaeHacpenaec4.6+0.33, cbeccpena
BucounHa 1.814+0.07 cm. [lo-Bucoku HuBa Ha (eHoan U (IIABOHOUIU ca
HaOII0aBaHu MpH pacTeHus, otriexkaanu B RITA® 6uopeakrop ¢ TeuHa
cpela, B CPaBHEHHE C KOJIMYECTBOTO UM OTYETEHO B PACTEHUS], OTIVIEKIAHU
BbpPXY BTBbpJieHa ¢ arap cpena. Pa3paboTeHusT mMeTon B OMOpeakTop ¢
BPEMEHHO IMOTAMsHE 3HAYUTEIHO TOJ00PU MYITUILUIUIIUPAHETO U CUHTE3a
Ha [IEHHU MeTaboiauTh B A. montana ¥ MOXeE Ja OCUTYpU >KU3HEHU
pacteHus 6e3 601ecTH, KOeTO OM CIIOMOTHAJIO 32 ONAa3BAHETO Ha BUJA.

KuarouoBu xymm: muxpopasmuosicasane, azap-emsvpoena cpeoa, meyna
cpeda, BMopuUYHU Memaborumu
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Multiplication of Arnica montana L. using agar-solidified nutrient
medium and temporary immersion bioreactors
Mirena Chakarova, Maria Petrova, Kamelia Miladinova- Georgieva,
Mariana Sichnaova, Maria Geneva
Institute of Plant Physiology and Genetics,
Bulgarian Academy of Sciences

Arnica montana L. is a European endemic species used for centuries to
treat various diseases due to its anti-inflammatory properties. The plant
contains valuable secondary metabolites such as sesquiterpene lactones,
phenols, essential oils, etc. In vitro propagation by induced axillary shoots
from stem segments was attained using Murashige and Skoog medium
supplemented with 1 mg/l 6-Benzylaminopurine and 0.1 mg/l indole-
3-acetic acid. The cultivation system was found to affect the number of
induced axillary shoots from an explant, shoot height, accumulated fresh
biomass, as well as total phenolic and flavonoid content. Multiple shoots
were achieved using liquid medium in a RITA® bioreactor (an average
of 11.3 &+ 0.5 shoots per explant) with a mean shoot height of 2.74 + 0.15
cm. The accumulated fresh biomass of RITA® was 2.8-fold more than that
recorded in the agar culture. The average number of new shoots per explant
induced on an agar-solidified medium was 4.6 + 0.33, with an average
height of 1.81 + 0.07 cm. Higher levels of phenolics and flavonoids were
observed in plantlets grown in a RITA® bioreactor with liquid medium
compared to the amount detected in plantlets grown on agar-solidified
medium. The developed method in a temporary immersion bioreactor
significantly improved the multiplication and synthesis of valuable
metabolites in A. montana and may provide vigorous, disease-free plants,
which would aid in the conservation of the species.

Key words: micropropagation, agar-solidified medium, liquid medium,
secondary metabolites
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MULTIPLICATION OF ARNICA MONTANA L. USING AGAR-SOLIDIFIED
NUTRIENT MEDIUM AND TEMPORARY IMMERSION BIOREACTORS

Mirena Chakarova, Maria Petrova, Kamelia Miladi gi , Mariana Si , Maria

it of Plant Physiology and ics, Bulgarian A of Sci Acad. G.
Street, Bldg. 21, 1113 Sofia, Bulgaria

Arnica montana L. is a European endemic species used for centuries to treat vanous diseases due to its anti-
inflammatory properties. The plant contains valuable secondary i such as lactones, phenols,
essential oils, etc. A. montana is listed in the European Red List of Vascular Plants as Least Concern (LC). However, it
faces threats in many European countries due to habitat loss and overharvesting from natural populallons The plant

deficiency stresses the need for the of effective p ion methods. Tl i in vitro culture
conditions and techniques can produce millions of elite clones from the mother plant within a year Micropropagation using
an ag lidified medium p true to-type plants that are free of pathogens and microbial contaminants. A
temporary i 1 system is an liquid-culture p ion method where plant tissues are periodically

immersed in liquid nutrient medium. It provides maximum gas exchange, increased nutrient uptake, reduced hyperhydration
of plant tissues, ensuring better in vitro plant growth and secondary metabolite yield.

Materials and methods

Amica montana seeds (Poland origin) were used to initiate in vitro culture. Shoots (1.0 cm) were isolated from three-month old in vitro
micropropagated A. montana plants and used as explants for experiments. Murashige and Skoog (MS) nutrient medium supplemented with 1 mg/L 6-
benzylaminopurine and 0.1 mg/L indole-3-acetic acid was utilized. The experiments were conducted using both liquid and agar-solidified medium
(0.6% agar). In the first case glass tubes (150 x 25 mm) with 6 ml of medium were used, with one explant per tube. Explants were vertically cultivated,
slightly inserted into the agar-solidified medium. In the temporary immersion system, each vessel contained 10 shoots and 200 ml of liquid medium.
The vessels were connected to an air supply operating at 0.25 vvm, with a schedule of 6-minute immersions occurring four times a day. Cultures were
kept in a growth chamber at 25 + 2 °C under a 16-hour photoperiod, provided by cool-white light at an intensity of 40 pmol m2 s'. Total phenolic
content was determined using the method of Pfeffer et al. (1998). The method of Zhishen et al. (1999) was used to determine the total flavonoid
content.
Results

Table 1. Morphometric p of in vitro pr Arnica
montana grown on agar medium and immersion culture type RITA®

ulture system Shoots/ Plant height, cm |Fresh weight,
explant ]

1.81£0.07° 0.45+0.03°

2.74£0.15% 1.27£0.072

Micropropagation using agar medium A. Multiple in vitro plants cultured on agar
solidified medium in glass tubes, B. Close-up of micropropagated plant, C.
Measurement of plant height

10 a -
g 3 3
- >
s & o
ey « ¢
< @f & &sf
Micropropagation using an automated temporary immersion system (type RITA®) A. General

view of the system, B. Micropropagated plants in the culture vessels after 4 weeks of
The content of metabolites with antioxidant power (total phenols, total flavonoids) i cyivation, C. Measurement of micropropagated plants. D. Shoots divided from shoot clumps
Arnica montana plantlets grown on agar solidified medium and in liquid medium using TIS

RITA®
Higher levels of phenolics and flavonoids were observed in plantlets grown in a RITA® bioreactor wnh I|qu|d mednum compared to the
amount |n grown on ag medium. The ped method in a P!
the ication and of i in A and may provide vugorous, disease-free plants, which

would aid in the conservation of the species.

Ack led This h was funded by National Sci Fund—Bulgaria, grant ber KM-06-H76/5 (05.12.2023)




KuneTnuno MoeidpaHe U CPABHHTETHA OIEHKA HA MPOU3BOICTBOTO
HA MJI€YHA KHCEJINHA OT arPOMHIYCTPHATHH OTHATBIN: BIIMSTHUE
BBPXY 0€30MaCHOCTTA HA XPAHUTE, 3APABETO HA
JKHBOTHHUTE W PACTEHUSITA
I Hauoenosa, JI. [loopesa, C. /lanosa, I1. I[lonosa-Kpymosa, /1. Ankoe
Hncmumym no unowcenepna xumusi, BAH

VYCTONUMBOTO OIOI30TBOPSIBAHE HA arpOMHIYCTPHAIHHUTE OTMAAbLU B
OMOMPOJYKTH C BHUCOKAa CTOWHOCT Mpejsiara 3HAYUTEIHU BB3MOXKHOCTH
3a yKpemBaHe Ha Kpbrorara OumoukoHoMmuka. Hacrosimoro npoyuBane
u3cienBa MPOU3BOACTBOTO Ha MieyHa kucenunHa (LA) oT cyx 3bpHEH
OCTaThK cJeJl NOoJdy4yaBaHe Ha eTaHoJd ¢ pa3TBopuMHu BemectBa (DDGS),
yraiika ot kKade (SCG), ObpBECHH CTHPrOTMHH M CypOBaTKa, Karo ce
u3non3Bar aBamama: Lactiplantibacillus plantarum 53 u Lactiplantibacillus
plantarum 2HS.

U nBata mama ca CriocoOHM /1a aCUMUJIMPAT 3aXapH OT BCUUKU OTHAIbUHU
CYpPOBUHH.

Pa3zpa®oTeH € M eKCHepUMEHTaIHO € BalIWJUpaH MaTeMaTHueH MOJel,
OCHOBaH Ha ypaBHeHusATa Ha Gompertz u Luedeking—Piret.
MareMaTHueCKUsAT MoJel Ha (EepMEHTAIMOHHMS TpOLEC BKIIOYBA
nudepeHInaTHN ypaBHEHH S, OITMCBAIIM KIIEThYHHS PaCTeK, KOHCyMaLusATa
Ha cyOcTpar 1 00pa3yBaHETO Ha MPOIYKT.

3a pemaBaHe Ha YpaBHEHHUATAa Ha MOJeJa, OIUCBAIM Ipoleca Ha
depmenTanus e uznonssad copryepbT MATLAB 2025b.
Pazpa®oTBaHeTo Ha HAAEKAEH MaTEeMAaTHYECKU MOJAEI M TOYHOTO
OIpeJieIsIHe Ha HETOBUTE KUHETHYHH TapaMeTPH €a OT PelIaBallio 3HaueHUe
3a pa3dbupaHeTo, MPOrHO3UPAHETO, ONTUMHU3UPAHETO U Malla0UpaHEeTO Ha
(epMEeHTAllMOHHUTE MPOLIECH.

Ot rienHa Toyka Ha O€30maCHOCTTa HA XpaHWUTE, ONTUMH3UPAHOTO
NPOM3BOJCTBO HA MIJIEYHA KHCEJIMHA T[OANOMAara €cTeCTBEHHUTE
AHTUMUKPOOHM HWHTEPBEHIIMU CpElly NaTOreHH, IPEHACSHU upe3
XpaHaTa, BkimountenHo Salmonella enterica, Escherichia coli u Listeria
monocytogenes, TOIPUHACIHKY 3a 10-0€30MIaCHU CUCTEMH 3a ChbXpaHEHHUE.
B of6mactra Ha 3apaBeTO Ha KMBOTHHUTE, CHEHU(PUYHOTO 3a Iama
MPOM3BOJICTBO HAa MJIEYHA KHCEIHMHA MOJ00psBa MOJIKUCENISBAHETO Ha

(bypa)Ka 1 KaUCCTBOTO HA CUJIAXKA, KAaTO HAChPYaBa 3/IpaB€TO HA UCpBaTa U
63 e



HaMaJIsiBa 3aBHCUMOCTTA OT aHTHOMOTHIIU. [10 OTHOIIIEHNE Ha 3/IpaBeTO Ha
pacTteHusTa, MeTabOJIMTHTE, IPOU3BEKIAHN OT IiamoBeTe L. plantarum,
MPOSIBSBAT AHTAarOHUCTUYHA AKTUBHOCT CpEIly NaTOTeHHU, MPEHACSIHU
Yype3 mouyBaTa, karo Fusarium oxysporum, moJrnoMaraiiku CTpaTeruuTe 3a
OMOJIOTHYEH KOHTPOJI ¥ TI0I00psIBAKK MUKPOOHHMS OajlaHC B TTOYBaTa.

Karo 1151510, HHTErpUpPaHETO Ha CEJEKIMATA HA IIAMOBE U KMHETUYHOTO
MOJICIUPaHe  yKpemBaT  BB3MOXKHOCTTa 32  TPEBPBIIaHE  Ha
arpoOWHJIyCTPHATHUTE OCTATHIM B MJICYHA KUCEIMHA 32 MHOTOCEKTOPHH
MPUIIOKCHUS B YCTOWYMBY XPAHUTEITHH U CEJICKOCTOIIAHCKU CHCTEMH.

KuarouoBu gymu: npouzsoocmeo na mneuna xucenuna, L. plantarum; cyx
3bPHEH OCMAmMBK Cl1ed NONYyuasane Ha emaHoll C pasmeopuMu 6euiecmasd;
ymauxka om Kage; cypoeamra; 0bp8ecHU CMbp2OMUHU, MOOeIUpaHe

Kinetic Modeling and Comparative Evaluation of Lactic Acid
Production from Agro-Industrial Wastes: Implications for Food
Safety, Animal and Plant Health
Greta Naydenova, Lili Dobreva, Svetla Danova, Petya Popova-Krumova
and Dragomir Yankov
Institute of chemical engineering, BAS

The sustainable utilization of agro-industrial waste in high-value bio-
products offers significant opportunities for strengthening the circular
bioeconomy. This study investigates the production of lactic acid (LA)
from dry grain residue after ethanol production with soluble substances
(DDGS), coffee grounds (SCG), wood chips, and whey, using two strains:
Lactiplantibacillus plantarum 53 and Lactiplantibacillus plantarum 2HS.
Both strains are capable of assimilating sugars from all waste raw materials.
A mathematical model based on the Gompertz and Luedeking-Piret
equations has been developed and experimentally validated.

The mathematical model of the fermentation process includes differential
equations describing cell growth, substrate consumption, and product
formation.

MATLAB 2025b software was used to solve the model equations describing
the fermentation process.

The development of a reliable mathematical model and the accurate
64



determination of its kinetic parameters are crucial for understanding,
predicting, optimizing, and scaling fermentation processes.

From a food safety perspective, optimized lactic acid production supports
natural antimicrobial interventions against foodborne pathogens, including
Salmonella enterica, Escherichia coli, and Listeria monocytogenes,
contributing to safer storage systems. In the field of animal health, strain-
specific lactic acid production improves feed acidification and silage quality,
promoting gut health and reducing antibiotic dependence. In terms of plant
health, metabolites produced by L. plantarum strains exhibit antagonistic
activity against soil-borne pathogens such as Fusarium oxysporum,
supporting biological control strategies and improving microbial balance
in the soil.

Overall, the integration of strain selection and kinetic modeling strengthens
the potential for converting agro-industrial residues into lactic acid for
multi-sector applications in sustainable food and agricultural systems.

Key words: lactic acid production; L. plantarum; distiller s dried grains;
spent coffee grounds; whey; wood hydrolysate, modeling
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Kinetic Modeling and Comparative Evaluation of Lactic Acid Production from Agro-Industrial

Wastes: Implications for Food Safety, Animal and Plant Health

Petya Popova-Krumova!, Greta Naydenova', Lili Dobreva?, Svetla Danova?, Dragomir Yankov'

! Institute of Chemical Engineering, Bulgarian Academy of Sciences, Sofia, Bulgaria

* The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences, Sofia, Bulgaria

NTRODUCTION

The sustainable utilization of agro-industrial waste for the production of high-value bioproducts offers significant opportunities to strengthen the circular bioeconomy. This study investigates lactic acid (LA) production
from dry distillers grains with solubles (DDGS), spent coffee grounds (SCG), wood chips, and whey using two bacterial strains, Lactiplantibacillus plantarum f53 and Lactiplantibacillus plantarum 2HS

Both strains demonstrated the ability to assimilate sugars derived from all investigated waste substrates. A mathematical model based on the Gompertz and Luedeking-Piret equations was developed and experimentally
validated. The fermentation model includes differential equations describing microbial growth, substrate consumption, and lactic acid formation. The model equations were solved using MATLAB 2025b software.

The development of a reliable mathematical model and the accurate determination of inetic parameters are essential for understanding, predicting, optimizing, and scaling fermentation processes

From a food safety perspective, optimized lactic acid production supports natural antimicrobial interventions against foodborn e la enterica, Escherichia coli infection, and Listeria
monocytogenes, thereby contributin

In the field of animal health, strain-specific lactic acid production enhances feed acidification and silage quality, promoting gut health and reducing dependence on antibiotics. Regarding plant health, metabolites produced
by L. plantarum strains exhibit antagonistic activity against soil-borne pathogens such as Fusarium oxysporum, supporting biological control strategies and improving soil microbial balance.

Overall, the integration of strain selection and kinetic modeling enhances the potential for converting agro-industrial residues into lactic acid with applications across sustainable food and agricultural systems.

AGRO-INDUSTRIAL WASTES LACTIC ACID PRODUCTION IN BIOREACTOR MICROORGANISMS (MATLAB/20255 IMPLEMENTATION! IMPLICATIONS & APPLICATIONS
FOOD SAFETY

Opinized actic acid production
supports natural antinicrobial
inervntions againt
foodborne athogers

/\ |
Jﬁ@é

Lactiplantibacillus
plantarum 53

=]

plantarum 2HS f._m._.‘.wm,m " (oona ‘

MATLAB®
20256

v Efficient sugar uization
v Robust gowth
v/ High acti acid productivty

[| o
2 cothmo i

 High-value
bioproduct

The purpose of the present investigation was to select LAB strains capable of assimilating sugars present in ANIMAL HEALTH
KINETIC MODELING APPROACH

various waste materials, to study the kinetics, and to model the lactic acid production process. The waste streams 5"“"5"'7_‘2 o] :::m

[ —— included dilute-acid and enzymatic hydrolysates from DDGS and SCG, cheese whey, and a by-product stream soge qualty.

4 from the Kraft process used in cellulose production from wood. A mathematical model of the fermentation  [Pronc) el
X(O) =Xo+ ——p————— N ' Improves feed eficiency
1rem [mm G-+ 2] process includes a set of coupled differential equations describing cell growth, substrate consumption, and s oot

product formation. s

Caedeking, Piret modolforastio acid production; The model equations were solve MATLAB 2025b softwar -~ (Y] E ]

ar_ ax J

Pkt Initially, the parameters in the modified Gompertz model (i,,,. A, %) are determined using experimental cell o

concentration data by minimizing the least squares function 0, defined as the sum of the squared differences e PLANT HEALTH
Wetaboltesproduced by L plantarum
e
aganst soleborne pthogenssch
moxysparm.

Substrate tion:
ubstrate consumption: between the measured biomass and the biomass calculated by the model.

The values of the Q functions show a

Q1 (tmae A2

Supports ioagelcantrol
srtegies and improves
sl mictobilbalance.

o
1 exp)? ement between the
w20 =x77)" = min good agreement between the model

and the experimental data. The high

N
e\ o2 determination cocfficients (R?  from
") +Z(l’,—1’, ?) = min

098 to 099) demonstrated the

N
1
Qs s 8) = 5 ) (5
£

=

goodness of fit of the model.

. Model parameters
- Strain
e A A Yus Ys a B Q QR R2
0513 138660276 2573 7022 0009 01895 02837 0995
0472 13985 12569 015 2361 5142 0010 0069 05467 09984 09984

L. plantarum

1
2
T Ha 3 0394 13427 1349 0157 5407 12564 0009 00309 00219 09885 09998
E, - 4 1174 12623 24249 0580 4493 3470 0029 01013 00335 09914 0.9986
3 :A 5 0490 12864 15504 0313 2312 7156 0008 0.1231 12410 09950 0.9861
] 10383 14583 10922 0250 2393 7025 0011 0215 02347 09973 09989
H - = ! L oarany 20405 13129 10580 0455 3541 7701 0018 01505 09457 0999 09920
& 3 0376 12590 12975 0191 4905 10349 0.006 01326 0.0212 09912 09998
E 4 1033 11769 24332 0349 4731 5712 0016 0.0421 0.0706 09866 0.9963
i~ 5 054 11978 17448 02488 1122 7992 0006 00874 12025 09920 09844
i-
i
The possibility of using waste materials for lactic acid production was tested in the present study. Differet

- ‘materials were used — DDC ‘G, wood hydrolysate, and whey. A mathematical model based on the modified
E 5 Gompertz equation and the Luedeking-Piret equations was used to model experimental data, with excellent
i agreement, The parameter values calculated by the model were of the same order of magnitude across all cases
i
&

. ™, WHY THIS STUDY MATTERS CONCLUSION
T \ n
H  Iregraes s n 2 ecton it Kiretc Tocd g for conert g age-indistra esides 1o acic ack o m.lsector & é
3 o k-
i et bt for o et et \

ey (¢ a0 G- 30 . DIDGS £ 4nd . nd WHL ) b L plnirun 15 5. . s L phnaron 245 (o .. Acknowledgment: The authors gratefully acknowledge the funding of grant PYU-63 BG-RRP-2.017-0047-C01

66



JINrHOIeTyJI03HH OTHAXbIH KATO YCTOHYUB N3TOYHUK HA
(epMeHTHPYeMH 3aXapH 32 MPOU3BOJACTBO HA OHOAKTHBHH
CheIMHEHHSI ¢ MPUJIOKeHUEe B 0€30MaCHOCTTA HA XPaHHTE
I pema Hatioenosa, [pacomup HAnkos
Hncmumym no unowcenepna xumusi, BAH

W3rpakpaHero Ha JOBepUEe B XpaHUTEIHATa CHCTEMa M3UCKBA HAay4YHO
00OCHOBaHM pEUICHUs, TapaHTUPAIIXd EIHOBPEMEHHO O€30IacHOCT,
YCTOWYMBOCT M BHCOKa J00aBeHa CTOMHOCT. B KOHTEKCTa Ha MOTOTO
,,JloBepure upe3 HayKka“, HACTOSIIIOTO U3CJICABAHE MTPECTaBs CUCTEMAaTHYCH
MOJXO0J 3a OIOJ30TBOPSBAaHE HA arpoOMHIYCTPHAIHM OTHAIBLIU KaTo
aNITepPHATUBEH BBIVIEPOJICH M3TOYHHK 3a MMOJy4aBaHE Ha OMOMPOAYKTH C
MOTEHIIMAITHO TMPHIIOKEHUE B OE30IIaCHOCTTa Ha XPaHUTE.

[IpoydeH € MOTEHIMAIBT HA PA3IMYHU JIMTHOLIEIYJIO3HH U OPraHUYHU
crpannyny npoayktd — DDGS (Distillers Dried Grains with Solubles),
yTaiika oT kade, ¥ CTbHUOTIICAOBH JIFOCIIN CIIE/I ITPeABapUTeIHa 00paboTKa
u xuaponuza. OnpeneneHn ca KOJIWYecTBaTa peAyLHpalld 3axaph U €
HalpaBeH CPaBHUTEJICH aHalW3 Ha €(PEKTUBHOCTTA HA XUAPOIUTHYHHUTE
npouecy. [lomydeHnTe NaHHM JEMOHCTPUpPAT pa3IUyHa CTENECH Ha
ocBOOOXaBaHEe Ha Bhraexuapatd, karo DDGS moka3Bar Hal-BHCOK
3axapeH JoOuB.

Xwunaponuzat, nonydeH or DDGS, e n3noi3BaH KaTo BeITIEPOJICH U3TOYHUK
npu ¢pepMeHTanus ¢ npeacrasutenu Ha poa Lactobacillus spp., mpu koeto
€ mpocjeeHa KHHETHKATa Ha PacTeK U HaTPYyIBaHE HAa MJICUHA KUCEIHHA.
Pesynrarure noTBbpKIaBaT eekTHBHA OMOKOHBEPCHUS Ha OCBOOOICHHUTE
3axapu J0 MJIEYHAa KHUCEJIMHA — €CTECTBEH aHTUMHKPOOSH areHr,
IIMPOKO W3MOJ3BaH KAaTO PEryJIaTop Ha KUCEIMHHOCTTa M KOHCEPBAHT B
XpaHUTEITHATA HHAYCTPHSL.

[TomydyeHara Mile4Ha KHCEIMHA M CBHITBTCTBAIIUTE METaOOIUTH
(MeTaOMOTHIIN ) IPUTEkKABAT MTOTSHIMAJ 33 IPUIIOKEHNE KaTO ECTeCTBCHU
CpeICTBa 3a KOHTPOJ Ha MHUKPOOHHUS pacTeX, KOETO JONpPHUHACS 3a
MOBUINIaBaHE HAa MHUKPOOMOJOrMYyHaTa Oe30macHOCT Ha XpaHurte. Upes
MHTErpHpaHe Ha yCTOWYMBO YIPaBICHUE Ha OTHAIBIUTE U TIPOU3BOJICTBO
Ha OWMOAKTUBHHM CHEIUHEHUS, M3CJICIBAHETO JEMOHCTPUpPA KaK Hay4dHO
BAIUAMPAHUTE OMOTEXHOJIOTMYHHU PEIICHHS MOTAaT J1a YKPEIIST JOBEPUETO

B XpaHUTEIIHATa BEpUra.
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HacrosiusaT moaxon cbueTaBa KpbroBa OMOMKOHOMHKA, KOHTPOJI Ha
pHUCKa U MHOBaTUBHU ()EPMEHTALMOHHHU TEXHOJIOTUH, KaToO 10 TO3U HAYUH
JONPUHACS 32 M3TPAXKIAHETO HAa YCTOWYHMBH M OE€30MacCHU XPAaHUTEIHU
CUCTEMM, OCHOBAaHU Ha JI0Ka3aTeJICTBa U MPO3PAYHOCT.

KonexktuBbT u3passaBa OnarogapHocT 3a ¢puHaHCHUpaHeTo Ha rpanT [IBY-
63 BG-RRP-2.017-0047-CO1. I'pera HaitnenoBa u3passia 6;1aro1apHoOCT
3a (puHancupanero Ha qoroBop KI1-06-M87/3 ot 06.12.2024r.

KarouoBn aymm: sucnoyenynosnu omnadvyu, esmun cyocmpam,
MUKPOOHA hepmenmayus, yCmoudusu u Oe30nacHu XpaHumeiHu Cucmemu

Lignocellulosic waste as a sustainable source of fermentable sugars
for the production of bioactive compounds with
applications in food safety
Greta Naydenova, Dragomir Yankov
Institute of chemical engineering, BAS

Building trust in the food system requires science-based solutions that
simultaneously ensure safety, sustainability, and high added value. In the
context of the motto “Trust through Science,” the present study proposes
a systematic approach for the valorization of agro-industrial residues as
alternative carbon sources for the production of bioproducts with potential
applications in food safety.

The potential of various lignocellulosic and organic by-products — DDGS
(Distillers Dried Grains with Solubles), spent coffee grounds (SCG), and
sunflower husks (SH)—was investigated following appropriate pretreatment
and hydrolysis. The concentrations of reducing sugars were quantified,
and a comparative assessment of hydrolytic efficiency was performed.
The results demonstrated substrate-dependent variability in carbohydrate
release, with DDGS exhibiting the highest sugar yield among the tested
materials.

The hydrolysate derived from DDGS was subsequently used as a carbon
source for fermentation with representatives of the genus Lactobacillus
spp., and the kinetics of microbial growth and lactic acid production were
monitored. The findings confirmed the efficient bioconversion of liberated

sugars into lactic acid — a natural antimicrobial agent widely applied in the
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food industry as an acidity regulator and preservative.

The produced lactic acid, together with associated metabolites
(metabiotics), demonstrates potential as a natural means of controlling
microbial growth, thereby contributing to enhanced microbiological food
safety. By integrating sustainable waste management with the production
of bioactive compounds, this study illustrates how scientifically validated
biotechnological solutions can strengthen trust across the food value chain.
The proposed approach combines principles of the circular bioeconomy,
risk control, and innovative fermentation technologies, ultimately
supporting the development of sustainable and safe food systems grounded
in evidence and transparency.

The authors gratefully acknowledge the funding of the grant PVU-63
BG-RRP-2.017-0047-C01. Greta Naydenova gratefully acknowledges
the financial support provided under Contract No. KP-06-M87/3 of 06
December 2024.

Key words: lignocellulosic waste, Low-cost substrate, Microbial
fermentation, Sustainable and safe food systems
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Building trust in food systems requires science-based solutions that integrate safety,
sustainability, and high added value. In line with the motto “Trust through science”, this
study explores the valorization of agro-industrial residues as alternative carbon
sources for the production of bioactive compounds relevant to food safety.
Lignocellulosic and organic by-products, including DDGS, coffee grounds, and
sunflower husks, were investigated through pretreatment and hydrolysis, with
evaluation of reducing sugar release.

Matenials and Methads ot THROCH S
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+ Raw materials:
Lignocellulosic substrates: DDGS (distillers grains),
sunflower hulls (SH) and spent coffee grounds (SCG).

+ Two-stage hydrolysis process:
Stage | - Pretreatment conditions
« Solid loading: 10% (w/v)
« Volume: 60 mL.
« Two approaches:
o Hydrothermal treatment: distilled
water, 1 atm, 2 h (autoclave)
oAcid hydmlysls 1% H: SO. , same

condiior
« Liquid ractons collected for HPLC analysis
« Solid residues washed (~500 mL distilled
water), washings also analyzed
Stage Il - Enzymatic hydrolysis
« Enzyme: cellulase (1 g/L)
« Conditions: pH 4.5, 1 atm, 1 h
« Solid loading: 10% (w/v)

5 THE FOOD VAIUECHAIN FOR SUSTAINABLE AN

TRUST THROUGH SCIENCE

APPLICATIONS IN FOOD SAFETY
lir Yankov

gari

et

The aim of this study is to evaluate the efficiency of
different lignocellulosic substrates for reducing
sugar production and_ their application as carbon sources
for Lactobacillus spp. fermentation for lactic acid and bioactive metabolite

production, with potential to enhance food microbiological safety.

demy of Sciences, Sofia, Bul

Materials and Metheds
Analytical methods:
« Reducing sugars determined by
Bertrand metho
« Sugars profile analyzed by HPLC
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Fermentation experiment:
icroorganisms: Lactobacillus spp.

« Medium: MRS (without lactose in
experimental variants, and with 11 g/l
lactose for control)

« Temperature: 37° C, static cultivation

« Volume: 125 mL
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The two-stage processing of lignocellulosic raw materials through hydrothermal or acid
hydrolysis followed by enzymatic hydrolysis is an effective strategy for producing reducing sugars with distinct
technological profiles. Acid hydrolysis provides higher yields but generates inhibitory compounds, whereas
hydrothermal treatment produces cleaner hydrolysates that are suitable for biotechnological applications.
Enzymatic hydrolysis further enhances sugar yield and improves carbohydrate utilization efficiency.

with L spp. confirm that the obtained hydrolysates are suitable substrates
for efficient lactic acid production, supporting stable biomass growth and complete sugar consumption. The
results clearly demonstrate that the optimal balance between yield and substrate purity is crucial for successful
application in sensitive bioprocesses.

Overall, the study highlights that sustainable biomass valorization depends not only on extraction efficiency but
also on strict control of product quality and safety. This science-based control from raw material to final bioproduct
forms the foundation of reliable and safe solutions in biotechnology and food safety.
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« Acid hydrolysis yields higher reducing sugar concentrations (up to 95.17
glL for DDGS), but generates inhibitory compounds that may limit
fermentation efficiency.

« Hydrothermal extraction results in lower sugar yields, yet produces
cleaner hydrolysates with improved suitability for biotechnological
applications.

« Enzymatic hydrolysis significantly enhances sugar release, confirming
the effectiveness of the two-stage process.

« Although the highest-yield hydrolysate (DDGS, acid + enzymatic) was
used for fermentation, future research should focus on hydrothermal +
enzymatic processing as a more balanced and sustainable strategy.

« Lactobacillus spp. efficiently utiiized the DDGS hydrolysate (acid +

enzymatic), with complete glucose consumption within 24 h.

«Lactic acid production reached ~20.8 g/L, accompanied by a pH
decrease from 5.34 to ~3.5, indicating active homolactic metabolism.

A steady increase in biomass (up to ~11.8 giL) confirmed good
compatibility of the detoxified hydrolysate.

«Despite the high performance, the need for detoxification highlights
limitations of acid hydrolysis and supports the future implementation of
cleaner in

& ?Lﬁ
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JlururajieH aHaJM3 HA CeMeHa B CHCTeMAaTa 3a yCTONYNBO
ylpaBjieHHe HA PACTUTEJTHUTE reHeTHYHHU pecypcu B bbarapus
Huxonas Benuesa, Iepeana /lewesa, Bvako Heuies
HUncmumym no pacmumennu ecenemuunu pecypcu — Cadoso

['eHOQOHABT € HAIMOHAIHO OOraTCTBO — PECYPC C BHCOKA EKOJIOTUYHA,
OMOJIOTUYHA U CTOMIAaHCKA CTOMHOCT, U3XO0JICH MaTepHal 3a Ch3/1aBaHETO Ha
HOBH COPTOBE, aJalITHPAHU KbM KITMMATHYHUTE IPOMEHU U ChOTBETCTBAIIU
Ha M3UCKBAHMATA HA HACTOSIIUTE U OBACIIN MOKoJeHus. HarmonamxnaTta
renbanka B CaZloBO € OCHOBEH IICHTBP 3a IBJITOCPOYHO ChXpAaHEHHE Ha
pPaCTHTEITHU TeHETHYHU PECYypCH B bhirapust U Kato TaKbB € IMapTHHOP
B MEXIyHapoJHaTa CHCTEMa 3a Olla3BaHe Ha OHMOpPa3HOOOpa3WeTo M
cnensa cranmaptu Ha FAO (2014). ITo mpoektr IS-PGR-SADOVO
,/IHTEIMTeHTHAa CUCTeMa 3a yMpaBlieHHE Ha OBITAPCKUS PACTUTEJICH
reHodoHns, chxpaHeH B reHbankara Ha MPT'P-CanoBo®, ¢mHancupan ot
®onp ,,Hayunu wmscnensanus™ (doroBop KII-06-H86/9/09.12.2024 r.)
ca 3aKyleH! WHOBATHMBHH M3MEPBATECIHH CHCTEMH 32 aHaJIH3 Ha ceMeHa
— MARVIN VisionLine u MARViIN SmartLine, kouTo HaMmupart MMpoKo
NPUIOKCHUE B ChXPAHCHHUETO HAa PACTUTEIIHU FeHETUYHH pecypcu. Upes
CKaHUpaHE Ha MPOOUTE C BUCOKA PE3OJIIONHS U CIIeUaIN3upan coPpryep
3a oOpaboTka Ha wuHpOpMammsITa, 00OPYIBAHETO TMO3BOJISIBA OBP30 U
MPELU3HO OmpezensiHe Ha MOp(OIIOTHYHNTE TPU3HAIM: pa3Mep, popma,
BT, Opoil Ha cemeHaTa u Ap. ToBa mojanmoMara orieHKaTa Ha Ka4eCTBOTO,
XOMOTEHHOCTTa M JKU3HECTIOCOOHOCTTa Ha oOpasuuTe. M3mon3BaneTo Ha
Ta3W amaparypa noBHIIaBa e()EeKTHBHOCTTA Ha paboraTa B rcHOAHKATa,
HamaJsiBa CyOeKTUBHUS (DaKTOp MpU aHAJIHM3a, OCUTYPSIBA MIPOCIEAIEMOCT
Y TUTUTATHO apXWBHUPAHE HA JAHHUTE U [[BETOBUTE M300pakenus. He Ha
MOCTIETHO MSICTO, TIPU aHAJIM3a CEMEHaTa OCTaBaT HE pa3pyLICHH, TOIHU
3a CbXpaHEeHHe, PEIPOTYKIIHSI WIIA TIPOBEKIAHETO HA JAPYTH U3CIIEIBAHUSI.
B®B BpB3Ka ¢ IucepTaliMOHHA TeMa € aHAJIM3MpaHa KOJICKIUs OT dacyi
(Phaseolus vulgaris L.) ¢ pa3HooOpa3eH MecTeH M YYyXI MPOU3XO.
Cw3nanenara 06a3a JaHHM JOMBJIBA IMACIOPTHATA XapaKTEPUCTHKA H
nmoJsickara oreHka. OTIMYeHN ca WHTEPECHH O0O0pasIy, ITEMOHCTPUPAIIU
I00Bp KOMIUIEKC OT ()EHOJIOTHMYHHM XapaKTEPUCTUKH, KOETO IMoa4YepTaBa
3HAYEHHWETO Ha KypaTOPCKHUTE KOJICKIMW, ChbXpaHeHH B reHOaHKaTa, 3a
CEJICKIUATA U TIPAKTUKATA.

Karw4oBu nymu: pacmumento pasnoobpasue, eenbanka, henomunupate,
Oasu OanHu, U3NOA36A1E
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Digital seed analysis in the system for sustainable management of
plant genetic resources in Bulgaria
Nikolaya Velcheva, Gergana Desheva, Valko Neshev
Institute of plant genetic resources — Sadovo

The genepoolisanational treasure—resource with ecological, biological,and
economical value. It serves as fundamental source material for development
of new varieties climate change adapted and meeting needs of present and
future generations. The National Genebank in Sadovo is the main center
for long-term conservation of plant genetic resources in Bulgaria. As a key
institution within the national system for biodiversity conservation, it is a
partner in international networks for biodiversity preservation and follows
standards of FAO (2014). Under the project IS-PGR-SADOVO of the
National Science Fund (Contract KP-06-H86/9/09.12.2024), innovative
seed analysis systems — MARVIN VisionLine and MARVIN SmartLine
— were acquired. These systems have broad applications in plant genetic
resources conservation. Through high-resolution sample scanning and
specialized data-processing software, the equipment enables rapid and
precise determination of morphological traits such as seed size, shape,
color, number of seeds, and other parameters. This supports assessment of
accession quality, homogeneity, and viability. The use of this equipment
increases the efficiency of genebank operations, reduces subjectivity in
analysis, and ensures traceability and digital archiving of data and color
images. Importantly, the seeds remain non-destructive during analysis,
preserving their suitability for storage, regeneration, or further research.
Within the framework of doctoral dissertation, a collection of common
bean (Phaseolus vulgaris L.) with diverse local and foreign origin was
analyzed. The created database complements the passport data and field
evaluation of accessions. Genotypes demonstrating a complex valuable
phenological traits were identified, highlighting the importance of curator
genebank collections for crop breeding and agricultural practice.

Key words: plant diversity, genebank, phenotyping, databases, utilization
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AHTHOKCHIAHTEH MOTEHUHMAJ U 00110 KOJIHYeCTBO MoJIu(eHoIn
B CJIbHYOTJIETOBH JIIOCTTH — H300MJIEH OTHATBK OT XPAHUTETHO-
BKYCOBATa MPOMHUIILIEHOCT
Daopa [lsemanosa, Cmanuciasa bosodacuesa, I pema Haroenosa
Huemumym no unowcenepna xumus, BAH

[Topanu HapacTBaIMAT HMHTEPEC KbM H3MOI3BAHETO HA MPOIYKTH C
MPUPOJICH TPOM3XOJ W BBB Bpb3ka C EBporelickara IUpeKTHBA 3a
HYJICB OTHAJbK, YYCHUTE BCE IIOBEYE HACOYBAT CBOSI HMHTEPEC KbM
M3y4YaBaHETO U BaJOPU3UMPAHETO Ha M300WIHA OTHajJHAa Ouomaca OT
XpaHUTEJIHO-BKyCOBaTa MPOMUIUIEHOCT. EnuH TakbB mpumep ca
CIIBHYOTJICIOBUTE JIFOCTIH, KOUTO TIpeacTaBisiBaT okoso 20-30% ot 1siara
ceMKka (ceMka+toOBHMBKA) M ca OTMAJeH MPOAYKT OT MPOU3BOACTBOTO Ha
CIIBHYOITIEIOBO 0JIM0. Te ChIbpKaT BBIVIEXUAPATH, MPOTCHHHU, JIUUIH,
TEPIEHOBU AJIKOXOJIU, CTEpONH, (praBoOHOMAM M (EHOJHU KHUCEeTuHH. B
KOHTEKCTHT Ha MOJIbP’KaHE HAa YOBEUIKOTO 37paBe, 0COOEHO 3HAYCHUE
umar ¢enonnute cheauHenus. Oxomno 0.7-5.4% oT TAX ca KOHLEHTPUPAHU
B JIFOCTIaTa, KOETO MPaBH TO3U OTMAJECH MPOIYKT MOTEHIIMAIEH U3TOYHUK
HA [IEHHU OMOAKTHBHH KOMIOHEHTU. DEHOTHUTE ChbeIUHEHUS MPOSBIBAT
IIMPOKa raMa OMOAKTUBHOCTH, KATO aHTHOKCHIAHTHA, TPOTUBOATICPTHYHA,
MIPOTUBOBB3MATUTEIHA, AHTUMUKPOOHA, aHTUTPOMOOTHYHA U JIPYTH.
Tasu pabora € Qoxkycupana BbpXYy H3CIEIBAHETO HAa aHTHOKCHIAHTHHS
KalaluuTeT Ha eKCTPaKTH, IOJIy4eHH 4Ype3 COKCIeT EKCTPaKIHUs Ha
CITBHYOIJICIOBH JIIOCIU. 3a W3BJIMYAaHETO Ha (DEHOJHWUTE ChEAMHECHUS
ca u30paHM 3eleHU Pa3TBOPHUTENTH (€TaHOI U BOJA), KOUTO, OCBEH 4e
ca Oe30macHM 3a YOBEIIKOTO 3/paBe, HE BPEMST W Ha OKOJHATA Cpefa.
Omnpenenenn ca o0MIOTO KOJIMYECTBO MOJU(DEHOIM Ype3 H3MOJI3BaHE Ha
Metoza Ha Folin-Ciocalteu m aHTHOKCH/TaHTHATa AKTUBHOCT HA ITOJIYYCHUTE
ekctpaktu upe3 DPPH meros.

ChabHUOTIEIOBUTE JIIOCIK Ca LIEHEH M €BTUH HM3TOYHUK Ha MPUPOIHU
AHTHOKCHUJIAHTH, HEOOXOIMMU 3a MOJAbpKaHe Ha 3apaBeTo. ChINo Taka,
(heHOTHUTE CheIMHEHMSI MOTaT Ja OBJAT BJaraHu B XpaHU M XPAHUTEITHH
n00aBKM B pOJsiTAa UM HAa CTAaOMIM3aTOPU W AHTHOKCHUIAHTH BMECTO
CUHTETUYHO TOJy4YeHU TakuBa. OIOJ30TBOPSIBAHETO HA TO3HM OTIHAICH
MIPOJYKT 3aTBaps Bepurara Ha KpbroBara OM0-UKOHOMHMKA.

KaouoBu aymm: omnaouna 6uomaca, awmuoKcUOAHMHA AKMUBHOCHI,
NOMUDEHOTHU CHeOUHEHUs, HY1e8 OMNAObK
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Antioxidant capacity and total polyphenolic content of sunflower seed
hulls — a plentiful biowaste from the food industry
Flora Tsvetanova, Stanislava Boyadzhieva, Greta Naydenova
Institute of chemical engineering, BAS

Due to the growing interest in the use of natural products and in accordance
with the European Zero Waste Directive, scientists are increasingly
focusing their attention on studying and valorizing the abundant waste
biomass from the food industry. Such examples include sunflower hulls,
which account for about 20-30% of the entire seed (seed + shell) and are
a waste product of sunflower oil production. They contain carbohydrates,
proteins, lipids, terpene alcohols, sterols, flavonoids, and phenolic acids.
In the context of maintaining human health, phenolic compounds are of
particular importance. About 0.7-5.4% of them are concentrated in the
hulls, making this waste product a potential source of valuable bioactive
components. Phenolic compounds exhibit a wide range of bioactivities,
such as antioxidant, antiallergic, anti-inflammatory, antimicrobial,
antithrombotic, and others.

This work focuses on determining the antioxidant capacity of extracts
obtained by Soxhlet extraction of sunflower hulls. Green solvents (ethanol
and water) were selected for the extraction of phenolic compounds, which,
in addition to being safe for human health, do not harm the environment.
The total amount of polyphenols was determined using the Folin-Ciocalteu
method, and the antioxidant activity of the extracts obtained was determined
using the DPPH method.

Sunflower hulls are a valuable and inexpensive source of natural antioxidants
necessary for the maintenance of human health. Furthermore, phenolic
compounds can be used in foods and food supplements as stabilizers and
antioxidants, rather than synthetically produced ones. The utilization of
this waste product closes the circular bio-economy loop.

Key words: waste biomass, antioxidant activity, polyphenolic compounds,
zero waste
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Flora Tsvetanova*, Stanislava Boyadzhieva, Greta Naydenova
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Due to the growing interest in the use of natural products and in
accordance with the European Zero Waste Directive, scientists are
increasingly focusing their attention on studying and valorizing the
abundant waste biomass from the food industry. Such examples
include sunflower hulls - a waste product of sunflower oil

production.
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The authors gratefully acknowledge the Bulgarian National Science Fund for its financial support via the contract for project for young
scientists KI1-06-M87/3.
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IMpoyuBaHe Ha aHTHOAKTEPHATHHUS MOTEHIINAJ HA BOJHATA
0aKTepHaJHa ChOOUIHOCT MPH KYJITHBHPAHETO HA HUJICKA THJIATINS
1 00CHJIeK B aKBANIOHHA CHCTEMA
Hegen Tepsuegl, Yuedem FOpkio2
1 Tpakuiicku ynusepcumem, Aepapen ¢haxynmem, 2 Hcmanoyncku
VHugepcumem, Daxynmem no 600HU HAYKU

O6mo mnpuero e, ye OocmiekbT (Ocimum basilicum) npuTexana
aHTHOaKkTepuanHu cBoiicTBa. llenTa Ha ToBa mpoyuBaHe Oemie Jga ce
U3BBPIIN CKPUHUHT HA MUKPOOHHUTE ChOOIIECTBA, CIOCOOHH Ha CTa0MIIeH
pacTex M pa3MHOXaBaHE BbB BOJHATa Cpeja MO BpeMe Ha Impolieca Ha
OTIJIeKaHe Ha OOCHIIEK B aKBallOHMKA, KOUTO MOXKE Jla MIpasiT BaKHA
poJIst 3a mogoOpsiBaHe Ha 3IpaBeTO Ha pubHTE B cucTeMaTa. B3 ocHOBa Ha
MALDI-TOF MS ananus Gerie ycTaHOBEHO HATMYUETO HA MPOOHMOTHUHU
OakTepuu, MpHUHAIIEKAIM KbM poaoBeTe Lactococcus lactis u Bacillus
spp. In vitro onenkara Ha Te3u OGaKTepHaTHH BUAOBE Oellle W3BbPILEHA
C TIOMOIITa HAa JUCKO-TU(PY3MOHEH METOJ CPELly I'paM IMOJOKUTEITHH U
rpam oTpuuaTenHu Oakrepuu. Pedynrarure mokaspar, 4e HU30JMPAHUTE
NpoOMOTUYHM  MHUKPOOPIaHM3MHU HE IIOKa3BaT  aHTHOaKTepuasleH
noteHuan cpemy Aeromonas hydrophila u A. veronii, HO JeMOHCTpUpaT
edukacHocT cpemy Lactococcus garvieae. Pezynrarure oT HAacTOSIIOTO
IpoyYBaHe MOKa3BaT, Y€ aKBAIIOHHUTE CHCTEMH INPHUTEkaBaT MOTEHIHAI
U MOrar ja ObpAaT M3MO0JI3BAaHU 3a MIPOU3BOJICTBO HA JKUBU NMPOOHMOTHYHU

KyJITYypH.

KuarouoBu nymu: akeanounna cucmema, 6ocunex, npoouomux, muianus

76



Investigation the antibacterial potential of the aquatic bacterial
community in the cultivation of nile tilapia and basil in an
aquaponics system
Neven Terzievl, Cigdem Urkii2
1 Thracian University, Faculty of Agriculture, 2 Istanbul
University, Faculty of Aquatic Science

It is widely accepted that the basil (Ocimum basilicum) possesses with
antibacterial properties. The objective of this study was to screen for
microbial communities capable of stable growth and reproduction in water
during the cultivation process of basilica in an aquaponics, which may
play a significant role in enhancing fish health within the system. Based
on MALDI-TOF MS analysis revealed the presence of probiotic bacteria
Lactococcus lactis and Bacillus spp. The in vitro evaluation of these
bacterial species was undertaken using the disk diffusion method against
Gram positive and negative bacteria. The results indicated that the probiotic
microorganisms, when isolated, exhibited no antibacterial potential against
Aeromonas hydrophila and A. veronii however, they demonstrated efficacy
against bacteria Lactococcus garvieae. The results of current study suggest
that in the aquaponics systems have the potential to be used for the purpose
of producing live probiotic cultures.

Key words: aquaponics system, basil, probiotic, tilapia
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ISOLATION AND ANTAGONISTIC EVALUATION OF POTENTIAL
PROBIOTIC BACTERIA FROM NILE TILAPIA-BASIL IN AN
AQUAPONIC SYSTEMS

Neven Terziev and Qigdem Urkil

Trakia University, Faculty of Agriculture, Bulgaria
Istanbul University, Faculty of Aquatic Sciences, Turkiye

Introduction

The potential of probiotic candidates has been the subject of evaluation
across a range of environments, including semi-intensive systems, river-based
floating cages, farm cultures, and natural lakes (Chantharasophon et al., 2011;
Chemlal-Kherraz et al., 2012). Recent studies have demonstrated an
increasing number of investigations focusing on the utilisation of probiotics
within aquaponic systems (Jossefa et al., 2024; Rudoy et al., 2025).

The objective of this study was to isolate and identify bacteria with the
potential to be classified as probiotics from water samples collected from an
aquaponic system that was cultivating tilapia and basil. Furthermore, the
antagonistic effects of the probiotics that were identified as candidates
against fish pathogens, including Aeromonas hydrophila, Aeromonas caviae
and Lactococcus garvieae, were evaluated

Material and method

Tank water samples from the aquaponic system were collected into sterile 250 mL Erlenmeyer flasks. The samples were serially diluted
(1:9, 1:99, and 1:999) using sterile distilled water. From each dilution, 200 pL aliquots were spread onto Tryptic Soy Agar (TSA) plates
using sterile Drigalski spatulas, and all procedures were performed in triplicate. The inoculated plates were incubated at 22 °C for 24-48
hours. Following incubation, bacterial colonies were evaluated based on their morphological characteristics, including color, shape, and
margin.

For MALDI-TOF MS analysis, a single colony from each purified isolate was transferred onto a 96-spot polished steel UV-absorbing MALDI-
TOF target plate.

Results
The antagonistic activity of candidate probiotic bacteria (B. mycoides, B. marisflavi,
B. thuringiensis, and L. lactis) isolated from aquaponic system water was evaluated
against fish pathogens using the disc diffusion method. The results showed that
none of the tested probiotic candidates produced inhibition zones against A.
hydrophila or A. caviae, indicating a lack of antibacterial activity against these
pathogens.

In contrast, B. thuringiensis exhibited a clear inhibition zone with a diameter of 2.3
cm against L. garvieae, demonstrating a strong antagonistic effect. No inhibition
zone was observed in the negative control, confirming that the antibacterial activity
was associated with metabolites present in the cell-free supernatants (Figure).

Figure: Antagonistic activity of candidate probiotic bacteria Furthermore, the positive control, oxytetracycline, produced inhibition zones of 2.1

against L. garvieae determined by the disc diffusion method. No cm, 1.8 cm, and 1.7 cm against A. hydrophila, A. caviae, and L. garvieae,

inhibition was observed B. mycoides (Bm), 8. marisflavi (Bma),  respectively. Overall, these findings indicate that among the tested probiotic

and L. lactis (L) while B. thuringiensis (Bt) showed a 2.3 cm X RS L X . . . N

inhibition zone against L. garvieae. (Bar:2.5 cm) candidates, B. thuringiensis exhibits selective antibacterial activity with notable
effectiveness against L. garvieae.

In conclusion, the findings suggest that aquaponic systems cultivating basil harbor beneficial microbial communities, and B. thuringiensis
in particular shows promise as a probiotic candidate for controlling L. garvieae and improving aquaculture health management.

18t Scientific Conference of the Bulgarian Focal Point of EFSA‘
14 May 2026, Sofia, Bulgaria ‘
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Potentilla reptans - N0TEeHUNATHO AHTHOKCHIAHTHO JAeHCTBHE
BBbPXY SAMIEKICTKATE
Bansa /lumumposa
Hucmumym no buonoeusi u uMOHON02UA HA PASMHONCABAHEMO
»wAxao. Kupun bpamanos“, bvaeapcka Akademus Ha Haykume

B nHayuHuTe u3ciefBaHMsA BCe MOBEYE HABIU3AT JIeYeOHUTE pPACTEHUS,
3apaJy TEXHUTE YHUKAJIHM KOMOMHALMM OT OpraHUYHU BEIIECTBA.
Pactenueto Potentilla reptans, n3BecTHO oIl KaTO MBJI3SI NETONPBCHUK
oT posa Rosaceae ce n3osn3pa B TpaAMLIMOHHATA MEAULIMHA, 3aPaIi CBOUTE
OMOJIOTMYHO aKTHBHHU BELIECTBA U IIEHHU (hapMaKOoJIOrMYHM cBOiicTBa. Te
BKJIIOYBAT Pa3IMYHU (PUTOXUMHKAIM, (PEHOIM U OPraHWYHU BEIIECTBA,
KOMTO C€ JIOKAJIM3UPAT B pa3IMYHM YaCTH HA pacTeHueTo. B Tpagunnonnara
MEIMLIMHA Ce TIpuJIara 3a JeueHHe Ha MHOXKECTBO WH(EKIUH, Bh3MATIECHUS
U JIpyTH 3a00JsIBaHMS, KaTO Ce U3I0JI3BAT PA3IMUYHU YAaCTH HA PACTEHUETO
(;mucta uimm kopeH). Ilpu HampaBeH XMMHYEH aHaJIM3 Ha PACTEHHETO ca
YCTQHOBEHU IMpeIUMHO (peHONHU chenuHeHus u ¢aBoHouau. Potentilla
reptans MMa JO0Ka3aHU aHTUOAKTEpUAIHU, AaHTUBUPYCHHU €(eKTH, CUIHO
AHTUOKCUJIAHTHO [JEHCTBHE BBPXY J1a0OpaTOpPHU >KUBOTHU (MHUILKHU U
IUTBXOBE) U 4YOBEK. B Ta3u Bpb3Ka, MPOYYBAHOTO PACTEHUE C HETOBUTE
AHTUOKCHJIAHTHM CBOMCTBO HMMa TIJIaBHA POJii KbM (YHKIIMOHMPAHETO
Ha KEHCKaTa I0JI0Ba cucTeMa. BiusHueTo UM ce u3passpa B yJlaBsHE Ha
CBOOOHM paJMKaU U IEUCTBAT KaTo KOPaKTop 3a creluUIHN €H3UMH, a
T€ OT CBOSI CTPaHa yyacTBarT B KJIeTbuHaTa AU(epeHuns. AHTHOKCUAHTHUS
(akTOp MMa OTHOIIEHHE M KbM OKCHJIATHBHMS CTPEC, KOMTO MOXE Ja
JIOBEJIE /10 CTapeeHe Ha AULEKIETKUTE, ChbOTBETHO HaMaIIBaHE KauyeCTBOTO
Ha oonMTuTe. JJaHHM couaT, ue MbJ3AL] NEeTONPBCHUK MOXE J1a PEeryaupa
HUBaTa Ha CBOOOJHMUTE paJMKald M MO TO3M HAYMH Ja Mpeana3BaT OT
yBpEXKJIaHE BaKHU KJIETHYHH KOMIIOHEHTH.

KarouoBu aymu: Potentilla reptans, siiyexiemku, neueOHU pacmeHus,
AHMUOKCUOAHINU
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Potentilla reptans—potential antioxidant effect on oocytes
Vanya Dimitrova
Institute of Reproduction Biology and Immunology “Acad. Kiril
Bratanov”’, Bulgarian Academy of Sciences

Medicinal plants are increasingly being used in scientific research
because of their unique combinations of organic substances. The plant
Potentilla reptans, also known as creeping cinquefoil of the Rosaceae
family, is used in traditional medicine because of its biologically active
substances and valuable pharmacological properties. These include various
phytochemicals, phenols, and organic substances that are found in different
parts of the plant. In traditional medicine, it is used to treat a variety of
infections, inflammations, and other diseases, using different parts of
the plant (leaves or root). Chemical analysis of the plant has revealed
mainly phenolic compounds and flavonoids. Potentilla reptans has proven
antibacterial and antiviral effects, as well as a strong antioxidant effect on
laboratory animals (mice and rats) and humans. In this regard, the studied
plant with its antioxidant properties plays a major role in the functioning
of the female reproductive system. Their effect is expressed in the capture
of free radicals and they act as a cofactor for specific enzymes, which in
turn participate in cell differentiation. The antioxidant factor is also related
to oxidative stress, which can lead to egg aging and a decrease in oocyte
quality. Data indicate that creeping cinquefoil can regulate free radical
levels and thus protect important cellular components from damage.

Key words: Potentilla reptans, oocytes, medicinal plants, antioxidants
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Potentilla reptans—potential antioxidant effect on oocytes

Vanya Dimitrova

Institute of Biology and Immunology of Reproduction "Acad. Kiril Bratanov",

| Bulgarian Academy of Sciences

Abstract:

Medicinal plants are i being used in scientific
research because of their unique combinations of organic
substances. The plant Potentilla reptans, also known as
creeping cinquefoil of the Rosaceae family, is used in
traditional medicine because of its biologically active
substances and valuable pharmacological properties. These
include various phytochemicals, phenols, and organic
substances that are found in different parts of the plant. In
traditional medicine, it is used to treat a variety of
infections, inflammations, and other diseases, using
different parts of the plant (leaves or root). Chemical
analysis of the plant has revealed mainly phenolic
compounds and flavonoids. Potentilla reptans has proven
antibacterial and antiviral effects, as well as a strong
antioxidant effect on laboratory animals (mice and rats) and
humans. In this regard, the studied plant with its antioxidant
properties plays a m;/ijor role in the functioning of the
female reproductive system. Their effect is expressed in the
capture of free radicals and they act as a cofactor for
specific enzymes,/ which in turn participate in cell
differentiation. THe antioxidant factor is also related to
oxidative stress, yhich can lead to egg aging and a decrease
in oocyte quality. Data indicate that creeping cinquefoil can
regulate free fadical levels and thus protect important
cellular compgnents from damage.

1

__—zmaphota
Microvili A ‘Smooth endoplasmic
~d 8 & retiulum
Cortical Voo
granules. / Rough endoplasmic.
° : eliculum

Cytoplasmic
lattices

Nuclear envelope.
‘Nuclear pore

|
Miochondria

Ribosomes
Multivesicular bodies

Nucleus Golgi apparatus
(Germinal vesicle)
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Figure 1. Potentilla reptans - tps:/www.first-nature.com/flowers/potentilla-
reptans php; Germany, Sturms Flora von Deutschland (1900-1906) - Potentilla reptans)
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Figure 3. Phenolic compounds identified in Potentilla species.-
Uysal et al.,2017

Conclusion: Plants of the genus Potentilla are used in pharmacology for their antibacterial and antiviral properties.
Due to its rich phenolic content, Potentilla reptans exhibits high antioxidant activity in aqueous extracts, which is
beneficial to the food and pharmaceutical industries. Due to its antioxidant properties, it has the potential to be used in
reproductive biotechnology, as there is currently no data on such research. Through their antioxidant action, they
regulate free radical levels and thus protect against oxidative stress, which can reduce egg quality and cause

premature aging.

Acknowledgements: This research was funded by the National Programme "Education with science" (Agreement of the Ministry of
education and Science of Bulgaria with the Bulgarian Academy of Sciences D01-172 / 18.09.2024)"



AHAJIU3M HAa (PUTOCAHUTAPHHUS PUCK OT IPHOPUTETHUTE BPeIUTEIN
1o pacrenusita — Anoplophora glabripennis u Bactrocera dorsalis,
BriIYeHn B Peraament (EC) 2019/1702 na Komucusta
Huxonau Cnacos u Tamana Benuuxoea
Llenmwvp 3a oyenka na pucka no xpanumenrHama eepuea

EBpomneiickata komucust myOnukyBa B kpas Ha 2019 r., cnucwk ¢ 20
peryaupaHu KapaHTUHHU BPEIUTEINN, KOUTO ca KJIAaCU(PHULIMPAHU OT MaHea
1o 3/paBe Ha pacTeHusATa KbM EBpomelickus opran mo 6e30macHOCT Ha
xpanute (EOBX) kato ,,ipMOpUTETHN BpEAUTENN * U PEACTABIIABAT Hall-
CEpHO3HAa NKOHOMUYECKA, €KOJOTMYHA U COLIMAJIHA 3aIulaxa 3a CTPaHUTE
ot EBpomneiickus cwio3 (EC).

Cnen Bnmzane B cuna Ha Permament (EC) 2019/1702%*, LleHThphT 32
OLICHKA Ha pucka 1o xpanurenHara Bepura (LIOPXB) 3anouna 1a u3rorss
aHaTM3Ud Ha (UTOCAHWUTAPHUS PUCK 3a TE3U NPHUOPUTETHH BPEIUTEIH,
KaTo 710 TO3M MOMEHT Ha caiita Ha LIOPXB ca nyGnukyBanu 7 aHanusa
3a Bpenutenure: Spodoptera frugiperda, Aromia bungii, Popillia japonica,
Anoplophora chinensis, Agrilus planipennis, Anoplophora glabripennis u
Bactrocera dorsalis. B HacTosmmaT noctep ca mpeacTaBeHU MOCIEIHUTE
JIBa BPEUTENS, KATO KbM TO3U MOMEHT T€3H BPEIUTENH HE IPUCHCTBAT HA
TEPUTOPUSITA HA bbiirapys, HO €eBEHTYaIHOTO UM HaBJIM3aHE, yCTAHOBSIBAHE
U pa3npocTpaHeHue O J0BENO 10 MKOHOMUYECKM M EKOJOTHYHU
MOCJICAULIN.

* Jlenerupan pernameHT (EC) 2019/1702 na Komucusita ot 1 asryct 2019
ronuHa 3a nombiaHeHue Ha Permament (EC) 2016/2031 na EBpomneiickus
napiaamMeHT U Ha CpBeTa IOCPEACTBOM YCTaHOBSBAHE Ha CIHCBHK Ha
IIPUOPUTETHUTE BPEAUTENN

KarwuoBu nymm: Anoplophora glabripennis, Bactrocera dorsalis
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Phytosanitary risk analyses of priority plant pests — Anoplophora
glabripennis and Bactrocera dorsalis, included in Commission
Regulation (EU) 2019/1702
Nikolay Spasov and Tatyana Velichkova
Risk Assessment Center on Food Chain

At the end of 2019, the European Commission published a list of 20
regulated quarantine pests that have been classified by the European Food
Safety Authority (EFSA) Panel on Plant Health as “priority pests” and pose
the most serious economic, environmental, and social threat to European
Union (EU) countries.

Following the entry into force of Regulation (EU) 2019/1702*, the Risk
Assessment Center on Food Chain (RACFC) began preparing phytosanitary
risk analyses for these priority pests. To date, seven analyses have been
published on the RACFC website for the following pests: Spodoptera
frugiperda, Aromia bungii, Popillia japonica, Anoplophora chinensis,
Agrilus planipennis, Anoplophora glabripennis, and Bactrocera dorsalis.
This poster presents the last two pests, which are not currently present in
Bulgaria, but their possible entry, establishment, and spread would have
economic and environmental consequences.

* Commission Delegated Regulation (EU) 2019/1702 of 1 August 2019
supplementing Regulation (EU) 2016/2031 of the European Parliament
and of the Council by establishing the list of priority pests

Key words: Anoplophora glabripennis, Bactrocera dorsalis
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(" Aranuau Ha (PUTOCAGHUTAPHUS PUCK OT MPUOPUTETHU BpeAUTENU NO PacTeHusaTa - Anoplophora\
glabripennis w Bactrocera dorsalis, skntoueHu 8 Pernament (EC) 2019/1702 Ha Komucusata ot
1 asrycr 2019 r.

H. Cnacoe u T. Benuukosa
LleHTHp 3a OUeHKa Ha pucka No XpaHuTesiHata sepura

ﬁ KomumcHa 8 Kpan Ha 2019 r., cnucbk ¢ 20 peryaupanu KouTO ca 0T NaHena no 3ppase Ha \
KoM JiCKMA OpraH no Ha xpaHuTe KaTo “n Haii-CepUO3HA MKOHOMMHECK, EKONOTUHHA U COUMAnHa
3annaxa 3a cTpaHuTe ot EBponeiickua cuios (EC),

Cnep Bam3ake B cuna Ha PernamenT (EC) 2019/1702*, LieHTbpLT 3a OUEHKA Ha PUCKa NO XpaHuTenHaTa Bepura (LLOPXB) 3anouHa Aa U3rOTBA aHAAM3U Ha GUTOCAHUTAPHUA

DPVCK 33 TE3W NPUOPUTETHU BPEAUTENW, KATO A0 TO3W MOMEHT Ha caiita Ha LIOPXB ca 8 aHanusa 3a i , Aromia bungii, Popillia
Jjaponica, litura, chinensis, Agrilus planiy n ipennis u Bactrocera dorsalis. B HACTOALIMAT NOCTEP Ca NPEACTaBEHH NOCAEAHHTE
B3 BPEAUTENA, KATO KbM TO3H MOMEHT T e wa Wa BuArapua, HO y ™ "
6u poseno a0 KW 1 @KONOTUYHYU

anw pernamenT (EC) 2019/1702 Ha Komwicuara or 1 asrycr 2019 roaua 3a AomuAHeHwe Ha PernamenT (EC) 2016/2031 wa Esponefic napramen  a Cusera nocp va cnvcuk Ha speaurenn ‘

OueHKa Ha pucka ot Bucok | CpepieH | Hucwk
ceuko) BpeauTenn 3a BLArapua | puck | puck | puck
Pa3npoctpanenue kbm 20.04.2026 r., EsponeiickaTa u cpean3eMHOMOPCKa Hasnuume Ha Bpeaurens B v
OPraHM3aUMA 3a pacTuTenHa sawwta (EPPO): Asua, CesepHa Amepuka EC
Espona (Asctpun, fepmakius, Utanua, ®paxuua u Weeiuapua). TMeiwa sa v
Anoplophora  glabripennis e noaugar ¢ WMPOK KPBI  pacTeHua
FOCTONPUEMHULM B FPAACKA U FOPCKA CPeAa. KaumatnyHu yenoens sa v
OCHOBHUTE My PacTeHWA rocTonpuemHULM B EBpona ca BuaoseTe ot poa B
80P (non:w neH - A. mmnestre, mennnmeu a80p - A. negundo e »
wectun cpeGpuet
ABop - A, saccharinum), poa enwa (Alnus). Gpeu (Betula pendula), poa rocronpUeMHULA
Tonona (Populus), poa Bbp6a (Salix) u 6pact (Ulmus). PasnpocTpaHeHue cres v
nolpu\uva ot A. glabripennis ce AbMKAT INABHO Ha XPAHEHETO Ha NapsuTe YCTaHOBABaHE:
(ranepuu), a ce oTKpuear ot 1,5 Pasave crea
Me‘ma OT 3eMATa A0 CPeAATa HA KOPOHATa Ha ALPBOTO (M3XOAHM OTBOPH C v
YyCTaHOBABaHE
AvameTbp 0kono 10 - 15 MM). Bb3pacTHUTE MHAMBUAW YBPEXAAT AUCTaTa,
APBKKWTE, KOPaTa Ha MAaaWTe KnoHW (Ha Bw3pacT 1-3 roguhu) WkoHomuuecko v
netopactute. Bb3geiicTane
" Ha A B
hnrapnu MOXEe A3 OKAKE HEraTHBHO eKONOTMYHO Bb3aeicTeue upes
Ha B rpaackuTe neisaxu,
Ha Ha Avpeeta. "
Ha we okane KaTo WANO Ha
6 ropeko Ce Ha (ac6us
Ha AbPBEH MaTepuan) We Ce NOBMWM, NOPaAM, npeAnpuemMaHe W
Ha " Mepku B ropure,
NapKoBeTe K KPAIrPaACKUTE PaitoHM.
Ha 6asa oug 3a Ta ot " KaKTo M
3a crenenTa Ha " i
3a Bunrapu A IPeAENA KaTO CpeAeH.

Janoplophora glabripennis (ANOLGL)

OueHka Ha pucKa oT Bucok | CpegeH | Hucobk

Bactrocera dorsalis (opneHTancka nnogosa myxa) BpeauTena 3a BeArapua | puck | pucK | puck
PasnpocTpaene Kom 20.04.2026 r., (EPPO): Asun, Adpuka, Hanwuvie Ha speayend B »
CesepHa Amepuka, Oweanwa W Espona (®pawuua, Wranua, EC
Cnosakua u ABCTpHA).
Bactrocera dorsalis € nonwdar, koliTo MoXe Aa HaHece nospeau No [T v
ronam 6poii rocronpuemHUUM. KbM MOMEHTa He @ Bb3MONHO Aa ce Kaumatuini yerosus aa v
ONpeAent TOYHWAT AMANA30H HA rOCTONPUEMHWUUMTE, Tbil KaTo YCTaHOBABaHE
BUALT MOMe NecHo A3 Gvae OGwPKaH CbC CPOAHM BMAOBE. Hanwane Ha pactenua
NpeacTasuTenuTe Ha BUAOBUA komnAeke B. dorsalis atakysat HaR [ ————— v
270 pactutentn suaa.
OcHoBHUTE  pacTeHua  roctonpuemhuun 8  Espona  ca: PaanpoctpaHeHie cnes v
npeAcTaBuTENN OT poA Nunep (Capsicum spp.), uuTpyc (Citrus spp.), YCTAHOBABAHE
menew (Cucumis melo), kpactasuua (Cucumis sativus), Aomar Pazeurue crea
(Solanum lycopersicum), aGenka (Malus domestica), Buwwa (Prunus v
avium), cnwea (P. domestica), npackosa (P. persica) W natnagxa
(Solanum melongena). WkoHomuuecko v
Nospeay: Bpeaa HAHACAT BB3PACTHUTE MyXKM M NapBuTe. MeHckuTe

NPUYMHABAT WIETH NO NOAOBETE, KATO YBPEXAAT KOPaTa Ha NN0AA
€ AWUENONAranoTo CU NO BPeMe Ha AilUEeCHACAHe. JlapBuTe HAHACAT
WeTM NPU XPAaHEHETO CW BLTPE B MAOAR, KaTO NOBPENAAT
Mececrara ¥acT Ha NAOAA W O 3AMBLPCABAT C EKCKPEMEHTH.
MospeAenuTe Nnojose ce passanT Aocta 6bp3o, 3arHuear M
oKanear.

Ha 6asa ouenkure 3a or "

KaKTO W 33 CTeneHTa Ha pasnpocTpaHewwe W Bw3jelictave,
UTOCaHUTapHUA puck 33 Bwarapua o Henpuatena Bactrocera
dorsalis ce onpeaenn oT HUCHK A0 CPeAEH, M TO B OrPAHMMEHM
PalfioHM Ha €TPaHaTa € NPEXOAHO-KOHTMHEHTaNEH KAMMAT Cbe
CPEAN3EMHOMOPCKO BAUAHWE.

% https:/fink
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Exojioroc00pa3eH CHHTE3 HA HAHOYACTHIM OT XeMATHUT Ype3
eKCTPaKT oT ceMeHna Ha HaxyT (Cicer arietinum)
Kamepuna 3axapuesal, Mapusna [eopeuesa?, Ilems Todoposal,
Pocuya Tumopenkosal, Jlunua Ileemanosal, Bara Bacuiesa?

1 Unemumym no munepanoeus u kpucmanozpagus ,, Axao. Hean
Kocmog“, Pvieapcka akademus na Haykume, 2 Hucmumym no
@usuonocusa na pacmenusma u eenemuxa, bvneapcka akademus na
Haykume

HanortexHonoruure B 06J1aCTTa Ha CEJICKOTO CTOMAHCTBO Ca HACOUYEHU KbM
IIPELIU3HOTO 3EMEAEINE, KOETO BKJIKOYBA M3I0J3BAHETO HA HAHOYACTULU
C TEXHUTE YHMKAJHM CBOMCTBA 3a IOBHIIABAaHE Ha IPOAYKTHBHOCTTA
U 3ApaBEeTO Ha KyIATypHuUTE pacteHus [l]. B HacTosdmoro wusciensane
HAHOYACTUIM OT XEMAaTUT Ca IOJyYEHU 4Ype3 3€J€H CHHTE3 C €KCTPAKT
ot cemeHna Ha Cicer arietinum L. subsp. arietinum, nuaus BG R 21208,
MOCPEJICTBOM yTasiBaHE M MOcieBalla TepMuyHa oopadotka npu 500°C.
Ycnopeano ¢ ToBa ca cuHre3upanu Fe203 HaHOUacTHIM, TPETUPAHU C
€KCTPAaKT OT cemMeHa. Pa30BUAT CbCTaB U CTPYKTypaTa Ha XEMaTUTOBU
HAHOYACTHUIM Ca HW3CJIEIBAHM 4pe3 IMPaxoB PEHTTEHOB IU(PPAKLIUOHEH
aHamM3 M UHQpadyepBeHa crekTpockomnus. CeMeHaTa M EKCTPAKTBT OT
cemena Ha Cicer arietinum L. ca oxapakTepu3upaHH Ype3 PEHTIECHOB
¢dyopecuieHTeH aHanu3 M HH(ppayepBeHa crekTpockonud. Ilomydyenute
Fe203 mMarepuanu ca ¢ HaHOpa3MepM M HMaT CpEIEH pa3Mep Ha
Kpuctanurute 22-24 nm.

bnarogaproctu: Hactosmoro u3cienBaHe € NPOBEACHO B PAMKHUTE Ha
Hanuonanna wnaywyna nporpama (HHII) ,,Kputnunu u crparermuecku
CYPOBHHH 32 3€JIeH NMPEeX0Jl U YCTOWYMBO pa3BuTHe , onodpena c Pemenue
Ha MC Ne 508/18.07.2024 r u ¢uHaHcupaHa oT MUHHUCTEPCTBOTO Ha
obpazoBanuero u Haykata (K.3., P.T. and JL.II.). PaGorara e ¢punancupana
OT IIporpaMara 3a Hay4HH M3CJIe[IBaHUs U MHOBALlUHU ,,XO0pU30HT EBpona“

Ha EBpornelickus cbi03 10 criopa3yMeHue 3a OTIyCKaHe Ha 0e3Bb3Me3Ha
¢unancosa nmomor Ne 101181400 (PROSPER). (M.T". u B.B.)

KarouoBu nymu: Cicer arietinum L., Fe203, exonococvobpasen cunmes



Eco-friendly synthesis of hematite nanoparticles using chickpea
(Cicer arietinum) seed extract
Katerina Zaharieval, Mariyana Georgieva2, Petya Todoroval, Rositsa
Titorenkoval, Liliva Tsvetanoval, Valya Vassileva2
1 Institute of Mineralogy and Crystallography “Acad. Ivan Kostov”,
Bulgarian Academy of Sciences, 2 Institute of Plant Physiology and
Genetics, Bulgarian Academy of Sciences

Nanotechnology in the field of agriculture currently focuses on precision
farming that involves the use of nanoparticles with their unique properties
to enhance plant health and crop productivity [1]. In the present study,
hematite nanoparticles were prepared by green synthesis approach using a
seeds extract of Cicer arietinum subsp. arietinum, line BG R 21208, through
precipitation followed by thermal treatment at 5000C. Additionally, Fe20O3
nanoparticles loaded with a seed extract were synthesised. The phase
composition and structure of the hematite nanoparticles were characterised
by powder X-ray diffraction and Fourier-transform infrared spectroscopy.
The seeds and seeds extract of Cicer arietinum L. were investigated by X-ray
fluorescence spectroscopy and Fourier-transform infrared spectroscopy.
The prepared Fe203 materials are nanodimensional with a mean crystallite
size of 22-24 nm.

Acknowledgments: This work has been carried out in the framework of
the National Science Program “”Critical and strategic raw materials for a
green transition and sustainable development”, approved by the Resolution
of the Council of Ministers Ne 508/18.07.2024 and funded by the Ministry
of Education and Science of Bulgaria (K.Z., R.T. and L.T.). The work
has received funding from the Horizon Europe research and innovation
programme of the European Union under grant agreement No 101181400
(PROSPER) (M.G. and V.V.).

Key words: Cicer arietinum L., Fe2O3, eco-friendly synthesis

86



ECO-FRIENDLY SYNTHESIS OF HEMATITE NANOPARTICLES USING CHICKPEA

( Cicer arietinum) SEED EXTRACT

Katerina Zaharieva', Mariyana Georgieva? Petya Todorova!, Rositsa Titorenkova!, Liliya Tsvetanoval,

Valya Vassileva®

'Institute of Mineralogy and Crystallography “Acad. I. Kostov", Bulgarian Academy of Sciences, Acad. G. Bonchev St. Block 107, 1113 Sofia, Bulgaria
2Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, Acad. 6. Bonchev St. Block 21, 1113 Sofia, Bulgaria

GOAL

Nanotechnology in the field of agriculture
currently focuses on precision farming that
involves the use of nanoparticles with their
unique properties to enhance plant health
and crop productivity [1].

The goal of the present study is:

Green synthesis of hematite nanoparticles

using a seeds extract of Cicer arietinum ..

Preparation of Fe,0; loaded with a seed

extract.

Study of the phase and

composition as well as the structure of the

synthesized nanoparticles and seeds

of Cicer arietinum L.

chemical

PHYSICOCHEMICAL
CHARACTERIZATION

The phase composition and structure of the
hematite nanoparticles were characterized
by powder X-ray diffraction and Fourier-
transform infrared spectroscopy. The seeds
of Cicer arietinum L. were investigated by X-
ray fluorescence spectroscopy and Fourier-
transform infrared spectroscopy.

CONCLUSION

“» Fe,05 nanoparticles are successfully green
synthesized using a seeds extract of Cicer,
arietinum ..

“The prepared Fe,05
nanodimensional with a mean crystallite
size of 22-24 nm.

«» The XRF analysis established that green
synthesized Fe,0; were doped with 049
wt% Mn .

materials  are

REFERENCES
1. A. Singh, N. B. Singh, I. Hussain, H. Singh, S.C.
Singh, International Journal of Pharmaceutical
Science Invention, 2015, 4 (8), 25-40.
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SYNTHESIS

Fe,05 nanoparticles were prepared by green synthesis using seeds

sl

extract of Cicer arfetinum L., via Pluronic - assisted co-precipitation. Tri-
block copolymer Pluronic P123 (Sigma-Aldrich, Mw = 5800), FeCly+6H,0,
urea and ammonia (Valerus Co., Sofia, Bulgaria) were used as initial

precursors. The agueous solution of Pluronic P123 (0.86 g P123 in 7.5 mL distilled water) was
added to the 120 mL aqueous solution of 8.47M FeCl,-6H,0. Additionally the 3M urea (6 mL) was
added. Then, the following were added to the mixture sequentially: 14 mL ammonia (25%) by
drops until pH = 9 and finally an ethanol aqueous solution seeds extract of Cicer arietinum L. (9
mL). After precipitation, the suspension was stirred for about 1 h at room temperature. The
obtained precipitates were filtered and washed with distilled water, dried up in an oven at 75 °C,
and thereafter calcined at 500 °C for 2 hours and 30 minutes in air media. The other sample
Fe,05-NPs were prepared by same procedure without seeds extract. The prepared sample was
Joaded with 1 mL seeds extract. The obtained Fe,0;-NPs were designated N (green synthesized

Fe,04) and N2 (Fe,05 nanoparticles loaded with a seed extract).
gg
\/

RESULTS
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Powder XRD pattern of Fe,0; nanopowder loaded with a seeds
extract (N2)

Elemental composition (mass?) of seeds Cicer arietinum L, determined by XRF analysis

Powder XRD pattern of green synthesized Fe,0; nanopowder (NI

Elements Mg Al Si P S C K Ca Mn Fe Cu Zn Mg Al

Result (mass%) 2,21 0,655 1,56 7,67 571 1,15 57,4 20,3 0,654 123 0574 0838 221 0,655

Calculated values of mean crystallte size (D), lattice [ — N
strain (¢) and unite cell parameter (a) of Fe,0; phases.
Sample D,nm | &au a A §
Fe,0; (N1) 24 | 1,6x10° | 5030 gm
Fe,0; (N2) 22 | 17x10% | 5028 s
Fo0,0)
1600 B 4000

wavenumber/cm™

FT-IR spectra of green synthesized Fe,0; (ND: Fe,0;
nanoparticles loaded with a seeds extract (N2); Mn
doped Fe,0; (NT) and seeds powder of Cicer arietinumL.

This work has been carried out in the framework of the National Science Program Critical and strategic raw materials for a green transition and sustainable

development”, approved by the Resolution of the Council of Ministe 508/18.07.2024 and funded by the Ministry of Education and Science of Bulgaria (KZ, R T.

and L.T)
The wol

has received funding from the Horizon Europe research and innovation programme of the European Union under grant agreement No 101181400
(PROSPER) (M.G. and V.V.).
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HoBu aHTHOAKTEpPUAIHH BellleCTBA, IPON3BEAEHN OT
AHTAPKTHYEeCKHU I'bOH
Touesa A., Quwnuiicka B., Cmosnuesa I, Hosueecka JI., A6pawes P,
Mumesa-Cmanesa K., Iepeunosa M., Cnacosa b.,
Aneenosa M., Kpymosa E.
Huemumym no muxpooduonozus ,, Cmeghan Aneenog*, BAH

MukpoOHaTa pe3sUCTEHTHOCT € €IHO OT OCHOBHHUTE IpPEIU3BUKATENICTBA
Ha chBpeMueTo. [lopaau Ta3u nmpuUYMHA HAYYHHMAT MHTEpEC BCE IMOBEue
ce okycHpa BbpXYy ThPCEHETO Ha HOBH BEILIECTBA C YHUKAJIHU CBOWCTBA,
KOUTO Ja IOMOTHAT 3a IMpeojossiBaHeTo M. EKcTpemHHTE cpemu u
MHUKPOOpPIaHU3MUTE, KOUTO T'M OOMTaBaT, MpPEICTABISABAT oOOelaBall
M3TOYHUK HAa TAKUBA ChbE€MHEHUS. AHTApPKTUYECKUTE (PUIIAMEHTO3HU I'bOH,
NPUTEKABAT YHUKAIHU CTPATETHM 3a OLIEIsIBaHE, KOUTO UM IO3BOJISBAT
na npoub(TsIBaT B HEOIArONpUATHHU yciloBus. EqHa OT cTpareruure um
BKJIIOYBA CHHTE3a Ha HOBU METAOOJUTH, KOUTO MOJIOMArar TsAXHaTa
ajlanTanus.

ToBa mpoyuBaHe MMa 3a 11eJ J1a U3cje/[Ba MOTEHIMala Ha (PUIaMEeHTO3HH
rbOM, U30JIMPaHU OT MOYBEHU MPOOH, chOpaHU Ha OCTPOB JIMBUHICTHH,
AHTapKTUAA, 12 CUHTE3UpaT METa0OIUTH C aHTHOAKTepHaIHa AKTUBHOCT.
VYCcTaHOBEHO €, Y€ CeeMIeCeT U MNeT MPOLEHTa OT TeCTBAHHUTE LIaMOBE
NpOM3BEXKIAT TakuBa MeTaOonutH. Haii-oOemaBamusar cpex TAX €
uaentupunmpan kato Talaromyces pinophilus II 13. Ananusupan
€ MeTabONUTHUAT MpoduI Ha aHTUOAKTEpUATTHUTE ChEAMHEHUS,
npou3BeXxIaHu oT To3u mam. IlambT mnpousBexaa [-r1akTaMHU
AHTUOMOTHIIM, KAaKTO U APYTHM METaOOJIUTH, MPOSABSABAILM aHTUMUKPOOHA
aKTUBHOCT, KOETO pPa3KpUBa 3HAUUTEITHUS MYy ITOTSHLIMAII 32 TIPUIIOKEHUE.

KarouoBu gymn: gunamenmosnu 2vou, Aumapkmuka, aumubaxmepuaina
AKMUBHOCM
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Novel Antibacterial Substances Produced
By Antarctic Fungi
Gocheva Y., Dishlivska V., Stovancheva G., Yovchevska L., Abrashev R.,
Miteva-Staleva J., Gerginova M., Spasova B., Angelova M., Krumova E.
The Stephan Angeloff Institute of Microbiology

Microbial resistance is one of the major challenges of modern times.
For this reason, scientific interest has increasingly focused on the search
for new substances with unique properties to help overcome it. Extreme
environments and the microorganisms that inhabit them represent a
promising source of such compounds. Antarctic filamentous fungi, in
particular, possess unique survival strategies that enable them to thrive
in harsh conditions. One such strategy involves the synthesis of novel
metabolites that support their adaptation.

This study aims to investigate the potential of filamentous fungi isolated
from soil sam-ples collected on Livingston Island, Antarctica, to synthesize
metabolites with antibac-terial activity. Seventy-five percent of the tested
strains were found to produce such metabolites. The most promising among
them was identified as Talaromyces pinophilus II 13. The metabolic profile
of the antibacterial compounds produced by this strain was analyzed. The
strain produces B-lactam antibiotics as well as other metabolites exhibiting
antimicrobial activity which reveals its significant potential for application.
Acknowledgments: This study was funded by the Bulgarian Ministry of
Education and Science through the National Centre for Polar Studies, and
Sofia University “St. Kliment Ohridski” in the framework of the National
Program for Polar Studies 2022-2025, project 70-25-99/23.06.2025 witch
we would like to express our heartfelt thanks.

Key words: filamentous fungi, Antarctica, antibacterial activity



“oa . NOVEL ANTIBACTERIAL SUBSTANCES PRODUCED BY

ANTARCTIC FUNGI
Gocheva, Y., Dishliyska, V., Stoyancheva, G., Yovchevska, L., Abrashev. R.,
Miteva-Staleva, J., Gerginova, M., Spasova, B., Angelova, M., Kumova, E.

The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences,
Acad. G. Bonchev str. bl.26, 1113 Sofia, Bulgaria, Corresponding author ekrumova@abv.bg

Introduction - Microbial resistance is a major challenge nowadays, increasing the need for new bioactive
compounds. Extreme environments and their microorganisms are promising sources of such substances.
Antarctic filamentous fungi have unique survival strategies that include producing of novel adaptive metabolites.
The aim of this study is to investigate the potential of extremophilic filamentous fungi isolated from Antarctic
soil samples collected on Livingston Island for the production of antibacterial compounds.

Experimental workflow Metabolite analysis

Staphylococcus aureus  Pseudomonas aeruginosa

hld ifieati . I Metabolites
Antibacterial heaaies 1 Fractions
IS—I‘I_F...‘ " == 190~ 10 kDa
Samples 1 isolation 2 10— 50 kDa
Sample collection and fungal isolation

Bacillus subrilis Escheric

3rd 50 — 100 kDa
4t >100 kDa

5th — sediment
A total of 60 fungal
e strains were . . . M activi
Amarciy . ) Fig.2. Fractional antibacterial activity
isolated, with culture fluid from Talaromyces pinophilu
mesophilic strains TRV 5
P . . Antibiotic detection
redominating.

B 8 8 B B B B8

Fig. 3. A - Chromatogram of fraction 1
B - Quantum BT-S quick test

Indicated presence of p-lactam antibiotic

Conclusions

*Talaromyces pinophilus 1113 was the most
active strain, producing f-lactam antibiotics
and other antimicrobial compounds.
*Extremophilic fungi represent a promising
but underexplored resource for discovering
new agents to combat antimicrobial
resistance.

Fig . 1. Antibacterial activity of the selected active
strains against E — E.coli, B- B.subtilis, S — S. aureus.
A) Initial screening B) Rezazurin test

75% of the studied strains of Antarctic
filamentous fungi produce substances with
antimicrobial activity

This study was funded by the Bulgarian Ministry of Education and Science through the National Centre for

Polar Studies, and Sofia University “St. Kliment Ohridski” in the framework of the National Program for Polar
Studies 2022-2025, project 70-25-99/23.06.2025 witch we would like to express our heartfelt thanks.
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H3scnensane anTugyHrajiia akTHBHOCT HA IIaMOBe
Lactobacillus or engomMeTpraseH MUKPOOHOM
Bnaoucnasa Juwinuiicka, JToomuna Hoeueecka, Kenu Mumesa-
Cmanesa, Examepuna Kpymoea, I aruna Cmosanuesa
Hunemumym no muxpooduonozus ,, Cmeghan Aneenog, BAH

Hayuynusar uHTEpec KbM MHKpOOMOTaTa Ha €HIOMETpUyMa € BCE OIle
OTHOCUTEIIHO HOBa O0JIaCT B CpaBHEHME C BarvHajJHaTa W YpeBHATa
MuKpobuoTa. [IpoyuBanust Ha eHJOMeTpHaHaTa MUKPOOHOTA MOKa3BarT,
ye Lactobacillus spp. MoraT ga mpuchcTBaT U B €HAOMETPUYMa, OCOOCHO
MIPH 3/IpaBU WK ACUMITOMATUYHU KEHHU.

MmuosxectBo Lactobacillus mamoBe neMoHCTpupar in vitro CioCOOHOCT
Jla MTHXUOMpaT pacTexa Ha Apoxkau U reom kato Candida spp. u apyru.
MexaHU3MHUTE BKIIOUBAT IPOU3BOACTBO HA MJIEYHA KUCEINHA, BOJOPOIEH
NEPOKCUJT U JIPYTHM MUKPOOHH MeTabonuTH. JloceramHuTe NpoyuBaHUsS
BKIJIIOUBAT TWIaBHO ImamoBe Lactobacillus, m3onupanu oT BarmHamHaTa
MHUKpPO(IIOpa, a He OT €HJOMETPUAIHU IPOOH.

B mnamero mnpoyuBane wuscineaBaxme 30 wuzonmata Lactobacillus ot
SHJIOMETpHAJIHU Ouorncuu 3a aHTH(yHranHa akTuBHOCT cpemty Candida
albicans. M3cneaBaxMe U CrOCOOHOCTTa UM Ja MPOIYIHPAT BEIIECTBA C
panukan ynassa akTuBHOCT. [lomyuenure pe3ynraTi JOMPUHACT 3a M0-
no0po pazbupane poinsta Ha BumoBeTe Lactobacillus B enomerpuanaus
MHUKPOOHOM.

KmouoBun aymm:  Lactobacillus,  endomempuanen — Muxpoouom,
AHMUPYHeAIHA AKMUBHOCTI



Study of antifungal activity of Lactobacillus strains
from endometrial microbiome
Vladislava Dishlijska, Ludmila Yovchevska, Jeny Miteva-Staleva,
Ekaterina Krumova, Galina Stoyancheva
The Stephan Angeloff Institute of Microbiology

Scientific interest in the endometrial microbiota is still a relatively new area
compared to the vaginal and intestinal microbiota. Studies on endometrial
microbiota show that Lactobacillus spp. can yes are also present in the
endometrium, especially at healthy or asymptomatic women.

Many Lactobacillus strains demonstrate in vitro ability yes inhibit growth
on yeast and mushrooms as Candida spp. and others. The mechanisms
include production on milky acid, hydrogen peroxide and others microbial
metabolites. Previous studies have mainly involved Lactobacillus strains
isolated from vaginal microflora, not from endometrial samples.

In our study, we tested 30 Lactobacillus isolates from endometrial biopsies
for antifungal activity against Candida albicans. We also investigated their
ability to produce substances with radical scavenging activity. The results
obtained contribute to a better understanding of the role of Lactobacillus
species in the endometrial microbiome.

Key words: Lactobacillus, endometrial microbiome, antifungal activity
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e STRAINS FROM ENDOMETRIAL MICROBIOME 2 e——

Vladislava Dishliyska', Lyudmila Yovchevska', Jeny Miteva-Staleva', Ekaterina Krumova', Galina Stoyancheva?*

" De of Mycology, 2 D of General Microbi The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences, Acad. G.

Bonchev str. bl.26, 1113 Sofia, Bulgaria
The aim of the present

study is to investigate the
potential of Lactobacillus isolates
from endometrial biopsies for
antifungal activity and their ability
to produce substances with
radical-scavenging activity.

Introduction: Scientific interest in the endometrial microbiota is still a relatively new area)
compared to the vaginal and intestinal microbiota. Studies on endometrial microbiota show that
Lactobacillus spp. present in the endometrium, especially in healthy or asymptomatic women.

Many L illus strains in vitro ability to inhibit the growth of some yeast and
filamentous fungi, such as Candida spp. and others. The mechanisms include the production of|
microbial metabolites such as milky acid, hydrogen peroxide, etc. Previous studies have mainly
involved Lactobacillus strains isolated from vaginal microflora, not from endometrial samples.

Materials and methods The antifungal activity of 63 Lactobacillus spp isolates against Candida albicans (ODgy, = 0.317) was investigated. The experiment was
carried out according to the well diffusion method on petri dishes with potato dextrose agar and the microdilution resazurin method in 96-well plates.
The DPPH radical scavenging activity of 39 Lactobacillus spp. supernatants was determined.
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substances to inhibit fungal pathogen growth. A significant part [ | n P
of Lactobacillus isolates demonstrate an ability to produce _- . —T= o
substances with antifungal activity. Forty-one percent of the S N SN S E——
isolates showed antifungal activity against Candida albicans 24 E El “ -
hours after inoculation. After 48 hours of cultivation, 20 % of [ | % ERECEY
. PR v | 2 »
isolates inhibit fungal growth. [ | = -
®»  w @ o w e
| = e o @
[ | P A T R
[ (P
|

iy
pr——

After 24 hours of cultivation on petri dishes the average zone size wass
about 10-15 mm.

Radical scavenging activity of the isolates was investigated. About 5% of the investigated Lactobacillus strains don’t have antioxidant activity.
The highest ability to scavenge DPPH radical showed 5 % of isolates.

ANTIONIDANT ACTIVITY (%) Antioddant activty (%)

\/
Q‘ Il M\

Conclusion Lactobacillus isolates from endometrial biopsies possess high antifungal activity against Candida
albicans. They demonstrate the ability to produce substances with radical scavenging activity. The obtained results
contribute to a better understanding of the role of Lactobacillus species in the endometrial microbiome.

18th Scientific Conference of the Bulgarian Focal Point of EFSA with international participation “Trust Through Science” International Conference on 14 May 2026, Sofia

Acknowledgements: This research was funded by the Scientific Research Fund at the Ministry of Education and Science, Bulgaria, grant number KI1-06-
H83/6, to whom we express our acknowledgements.

*Cor author: Galina S i , e-mail: galinadi; bg
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MoJiekyJasIpHE MHCTPYMEHTH 32 TUATHOCTHIMPAHE HA CTOMAIIIHO-
YypeBHM U 0e10APOOHN HEMATOAHN HH(EKIUH MO JMBH )KUBOTHU
Mapuana llanatiomoea-Ilenuesal, [lenka Canxoeal, Paca bunkuene?2,
Ipasxcuna Cmanesuyrome?2, Bupmanmac Cmymnoicenac2
1 Uncmumym no excnepumeHmania Mopgono2us, namono2us u
aumpononozus ¢ mysel, bvreapcka akademus na naykume,

2 [lenmwvp 3a npupoOOHaAyUHU U3CIe08AHUS,

Jlumoecka akademus na Haykume, Bunntoc, Jlumea

IIpemucropus: IlapasutHuTe HEMATOAM BIUSAAT 3HAYUTEIHO BBPXY
3IpaBeTO M ONAa3BaHETO Ha TMOMyJAlMUTEe Ha JUBUTE >KUBOTHHU.
Tpaauumonnata Mop¢osoruuHa uAeHTU(UKALUSA HA JIapBUTE U sifliata
YeCcTO HE € JOCTaTh4HO 100pa 3a pasrpaHHMyYaBaHe Ha OJIM3KOPOACTBEHU
BuzioBe. [lopanu ToBa MONIEKyJIIpHUTE AMATHOCTUYHHU TEXHUKH Ca CTaHAIIU
OT CBILECTBEHO 3HAYEHME 32 TOYHOTO MJACHTU(DUIIMpPAHE HA MATOrCHUTE
U eNnuAeMUoNIoTHYHOTO Habmonenue. Lenu: ToBa npoyuBane npeacraBst
KpaTbK TIperjel Ha CbBPEMEHHUTE MOJIEKYJSIPHM METOAOJIOIHUH,
U3II0JI3BaHU 32 OTKPUBAHE U XapaKTEpU3MpaHE HAa CTOMAIHO-YPEBHHU U
6enoapoOHN HEMATOAM MpPU PA3IUYHU JUBU KUBOTHHU. METOJOJOTHS:
[IpencraBenu ca TaHHU B CPABHUTEJIECH aCMEKT OT HAyYHHU pa3pabOTKH 10
temara. [Iperneast ce pokycupa BbpXy KJIIOUYOBH ITApaMeTpH, KaTO BUIO0BE
Napa3yuTH U KU3HEHHU €TalH, TUana3oH Ha TOCTONPUEMHHUIIUTE, IPOTOKOIN
3a ekcrpakuus Ha JIHK u nieneBu renomuu pernonu. OGpbIia ce BHUMaHUE
U Ha u30opa Ha mpaiMepu M TMOJIYYCHUTE pa3MEepH Ha aMIUIMKOHMTE,
U3IOJ3BaHN B JIMAarHOCTUYHMTE aHaimu3u. Pe3ynratu: AHainu3bT Ha
CcbOpaHUTEe JaHHM IOJYEepPTaBa OCHOBHATA 3aBUCUMOCT OT PUOO30MHHU
JHK mapkepu (kato ITS1 u ITS2) u muroxonnpuanuu reau (Hamp. COI)
3a uACHTU(UKALMS Ha HEMaTOI1 Ha BUI0OBO HUBO. O0001IIeHH ca pa3IuuHu
PCR-6a3upanu noaxo 1 ¥ TEXHUKH 32 €KCTPAKIHs, ONTUMHU3UPAHU KAKTO
3a HEMHBA3UBHM (peKaTHU MPOOH, Taka U 3a MpoOH OT OenoapoOHa ThKaH,
KOHTO €a OT ChILECTBEHO 3HAYCHHE 32 LISIJIOCTEH MOHUTOPHHT Ha 3/IpaBeTO
Ha JMBUTE XUBOTHU. 3aKitoueHue: To3u nperies nogdepraBa 3Ha4eHUETO
Ha CTaHIAPTU3UPAHUTE MOJICKYJIIPHU MHCTPYMEHTH 3a MOJ00psBaHE Ha
pa3bupaHeTo HU 3a pa3HOOOpa3UeTO HA HEMATOAWUTE U JAMHAMHUKATa Ha
pasnpocTpaHeHue B quBara npupoaa. CucreMaTU3UpaHUTE JAHHU MOTaT

Aa TOCIHYXKAT KaTO MPAKTUYCCKO PBKOBOACTBO 3a H3CICAOBATCIUTC U
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Ja yiecHAT u30opa Ha MOAXOMASIIM TeHETUYHH MapKepH U mpaiiMepu
3a W3cleABaHUS B O0JIacTTa Ha Mapa3uTONOTHSATA HA TUBUTE >KUBOTHHU.
brnarogapuoctu: U3cneasanero e ¢ ¢uHaHCcOBa mojakperna ot bearapckata
akanemus Ha HaykuTe (/IByctpanHo criopazymenue mexay bAH u JIAH,
No IC-LT/01/2025-2027). Ilpoekr: ,,J iHTErpaTHBEH TAKCOHOMHUYEH TTOIXO/T
3a M3y4aBaHE HA €THOJIOTUATA HA XEIIMUHTO3UTE NIPU JTUBUTE KUBOTHU B
bbarapus u JIutsa.

KuwouoBu aymm: Oonecmu no ousume IHCUBOMHU, MONLEKYIAPHA
OUACHOCMUKA, CMOMAUHO-YPEBHU Hemamoou, 6enroopobru uepseu, PCR
npaiimepu

Molecular tools for diagnosing gastrointestinal and lung nematode
infections in wildlife
Mariana Panayotova-Pencheval, Delka Salkoval, Rasa Binkiené2,

Grazina Staneviciiute2, Virmantas Stunzéenas2

[ Institute of Experimental Morphology, Pathology and Anthropology
with Museum, Bulgarian Academy of Sciences,

2 Lithuanian Academy of Sciences, Nature Research Centre,
Vilnius, Lithuania

Background: Parasitic nematodes significantly affect the health and
conservation of wildlife populations. Traditional morphological
identification of larvae and eggs often lacks the resolution needed to
distinguish closely related species. To address this, molecular diagnostic
techniques have become essential for accurate pathogen identification
and epidemiological surveillance. Objectives: This study presents a brief
review of current molecular methodologies used to detect and characterize
gastrointestinal and lung nematodes in various wildlife hosts. Methodology:
Data from recent scientific developments were systematically compared.
The review focuses on key parameters, including parasite species and life
stages, host range, DNA extraction protocols, and target genomic regions.
Attention is also given to primer selection and resulting amplicon sizes
used in diagnostic assays. Results: Analysis of the compiled data highlights
a primary reliance on ribosomal DNA markers (such as ITS1 and ITS2)
and mitochondrial genes (e.g., COI) for species-level identification of

nematodes. Various PCR-based approaches and extraction techniques
05 ageaen



optimized for both non-invasive fecal samples and post-mortem lung tissue
specimens are summarized, which are essential for comprehensive wildlife
health monitoring. Conclusion: This review emphasizes the importance of
standardized molecular tools in improving our understanding of nematode
diversity and transmission dynamics in the wild. The systematized data
can serve as a practical guide for researchers and facilitate the selection
of appropriate genetic markers and primers for wildlife parasitology
research. Acknowledgements: The financial support from the Bulgarian
Academy of Sciences (Bilateral agreement between BAS and LAS, No IC-
LT/01/2025-2027) is gratefully acknowledged. Project: “An integrative
taxonomic approach to studying etiology of helminthoses in wild animals
in Bulgaria and Lithuania.

Key words: wildlife diseases, molecular diagnostics, gastrointestinal
nematodes, lungworms, PCR primers

EdexT Ha npaiimunra Ha cemena ¢ UV-C BbpXy pacTe:kHUTE
napaMeTp U KOJIHYeCTBOTO OCMOJIMTH B MUKPOPACTEHHUSI KeHJI
Enena lllonosa, Jlunsna bpankosa, JIroomuna Jfumumposa, 3opruya
Kamepoesa, /lecucnasa Todoposa
Hucmumym no pusuonoeus na pacmenusma u 2eHemuxda,
bwvneapcka akademus na naykume

Keiuret (Brassica oleracea var. acephala) e ¢pyHknnonanssa xpana, borata
Ha IIEHHU OMOJOTMYHO aKTHBHH BelIeCTBa (IJIIOKO3WHOJATH, (HEeHONU U
KapOTeHOU/M) C WU3pa3eHUu AaHTHOKCUIAHTHH, MPOTUBOBB3MNAIUTEIHU
U aHTUTYMOPHH CBOHCTBa. B Hacrosimiero u3cieiBaHe ce aHaTU3UpaT
BB3MOKHOCTHUTE 32 MOy TUpaHe Ha GUTOXUMUYHUS ChCTAB Ha IECETTHEBHU
MHUKpPOPACTEHHS KEIJI OT pa3IuyHU COPTOBE, MOCPEICTBOM MpaiiMUHT Ha
cemenarac UV-CcBeminHa. M3cnenBanu caTeXHUTE OCHOBHU OMOMETPUYHH
MoKa3aTelld M KOJIMYECTBOTO Ha OCMOJHUTHUTE (pedylupally 3axapw,
cBOOO/IEH MPOJUH U 00 OcMONUTH). M3Mon3BaHu ca ABa copTa Ken -
Nero di Toscana u Red Scarlet. Cemenara ca mpeaBapuTeTHO TPETUPAHH C
UV-C 3a 20, 40, 60, 80 u 100 munyTu. [IpalimuarsT Ha cemenara ¢ UV-C

BOAMW A0 ITIOBHIIIABAaHC Ha CTOMHOCTHTE Ha PACTCIKHUTEC IMOKA3aTCiIu IIpHU
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JABara copra KCHJI ¥ TIOBJIMSIBA KOJITMYECTBOTO Ha HU3MCPCHUTC OCMOJINTH.

bracooaprocmu: Hszcneosanemo e ¢unancupano om DoHO HayuHU
uscneosarus kom MOH (epanm KII-06-H96/5 09.12.2025)./

Knwuoeu oymu: muxpopacmenus, keiin, ocmonumu, UV-C

Brassica oleracea var. Acephala
Effect of UV-C seed priming on the growth parameters and osmolyte
content in kale Brassica oleracea var. Acephala microgreens
Elena Shopova, Liliana Brankova, Lyudmila Dimitrova, Zornitsa
Katerova, Dessislava Todorova
Institute of Plant Physiology and Genetics,
Bulgarian Academy of Sciences

Kale (Brassica oleracea var. acephala) is a functional food rich in valuable
biologically active compounds (glucosinolates, phenolics, and carotenoids)
with pronounced antioxidant, anti-inflammatory, and antitumor
properties. The present study analyzes the possibilities for modulating the
phytochemical composition of ten-day-old kale microgreens from different
cultivars through seed priming with UV-C light. Their main biometric
parameters and the content of osmolytes (reducing sugars, free proline,
and total osmolytes) were investigated. Two kale cultivars were used:
Nero di Toscana and Red Scarlet. The seeds were pretreated with UV-C
for 20, 40, 60, 80, and 100 minutes. Seed priming with UV-C resulted in
increased values of growth parameters in both kale cultivars and influenced
the amount of the measured osmolytes.

Acknowledgments. This study was funded by National Science Fund,
Ministry of Education and Science (grant KP-06-N96/5 9.12.25).

Key words: microgreens, kale, osmolytes, UV elicitor
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IIpomenn B chbAbPKAHUETO HA MOJTHAMUHH B OBJrapcKa MmieHuna
copt ®epmep, NpeAU3BUKAHN OT 3acylIaBaHe U MEJIATOHUH
Uecucnasa Toooposa, L{lsemuna Huxonosa, 3opuuua Kameposa,
Mapmun Unues, Jlvoomuna Jumumposa, Uckpen Cepeues
Huemumym no ¢gusuonoeus na pacmenusama u 2enemuxa,
bwaeapcka akademus na naykume

[TonmnamMuHUTE ¥ MENATOHUHBT Ca BaXXHH PETYJIATOPH Ha pacTeka u
pa3BUTHETO HA pacTeHUsATa. MI3BECTHO € ChIII0, Ye Te€ UIpasiT ChIIECTBEHA
poJIst BbB (PM3UOJOTMYHHUTE PEAKIIMU KbM PA3JIMYHU CTPECOBH (PAKTOPH.
3acymaBaHeTO € €OUH OT IIUPOKO pPa3NpOCTPaHEHUTE aOMOTHYHU
CTpPECOBE, KOUTO HapyIIaBaT BaXKHU (PU3NOJIOTHUHU ITPOLIECH B PACTEHUATA.
CenemHazieceTIHEBHU TMpopacTblin OT Obarapcka mmenuna (Triticum
aestivum L.) copt ®@epmep ca OTIVIEKAAHU KAaTO MOYBEHA KYJITypa IpH
KOHTPOJIMPAHH YCJIOBUS M CaII0UI0’KEHH Ha 3aCyIlIaBaHe Upe3 IPeKpaTsBaHe
Ha MOJIMBAHETO B POIBJDKEHNE Ha NIET THU. BoJieH pa3TBOp Ha MeJIaTOHUH
€ NMPWIOKEH 24 yaca Ipeau 3acyIlllaBaHeTo WM B HA4YaJ0TO Ha IIepro/ia Ha
BbH3CTAaHOBSIBAHE BHPXY YaCT OT KOHTPOJIHUTE U CTPECUPAHUTE PACTEHUSI.
KoHueHTpanuuTe Ha NOJIMAMUHUTE MyTPECLUH, CIEPMHUIUH U CIIEPMUH
ca U3MEpEeHH B CylepHaTaHTaTa KaTo CBOOOIHA M KOHIOTHpaHa (ppakius,
KakTO M B yTailkaTa ciel KHCeIMHHA EeKCTpakUus OT JMCTHU NpoOu
BeJiHara cjieq crpeca M ciel 4 IHU Bb3cTaHOBsiBaHe. KoHueHTpanuure
Ha TOJIMAMUHHM C€ YBEJIMYaBaT CBHIIECTBEHO CJIE 3acCyIIaBaHETO, HO
HaMaJIsiBaT [0 BpeMe Ha Bb3CTaHOBsIBaHETO. CaMOCTOSATEIIHOTO TPETUPaHE
C MENAaTOHUH TOBHUIIABAa B 3HAYUTENHO IMO-TOJsIMa CTENEH HHUBATa UM,
0co0eHO Ha Te3W OT KOHIOTHpaHata (pakmus, JOKATO KOMOWHHUPAHOTO
NPUIOKEHNE ChC 3acylllaBaHe HaMaisBa To3u edekr. Pe3ynraTsT oT
TPETUPAHETO C MEIATOHUH BbPXY IMOJIMAMUHOBUS IIyJI € 110-CUJIEH, KOraTo
€ TPWIOXKEH Mpeau 3acymaBaHe. J[aHHUTE TOKa3BaT, Y€ MEJIaTOHHHBT
peryiaupa eHAOreHHUTE MOJIMaMUHM B MIIEHHUIAaTa, KOETO € OT IoJj3a 3a
(U3MOJIOTMYHOTO CHCTOSHUE HA PACTEHUATA B YCIOBHSI HA 3aCyIIIaBaHE.

bnaromapuoctu: ToBa m3cnenBane e ¢uHancupano ot Pounp ,,Hayunu
n3cnenBanus Ha bearapus (morosop KI1-06-H66/7 ot 13 nekemBpu 2022

r.).

KurwouoBu jaymm: cnepmun, cnepmudun, nympecyuw, 3acyuiasaue,
Meﬂgiédwuﬂ, Triticum aestivum L.



Alterations in the polyamine content of the Bulgarian wheat cultivar
Fermer induced by drought and melatonin
Dessislava Todorova, Tsvetina Nikolova, Zornitsa Katerova,
Martin lliev, Ludmila Dimitrova, Iskren Sergiev
Institute of Plant Physiology and Genetics,
Bulgarian Academy of Sciences

Polyamines and melatonin are important regulators of plant growth and
development. They are also acknowledged to play different roles in
physiological responses to variety of stress factors. Drought is one of the
widely distributed abiotic stress that interrupt key physiological processes
in plants. Seventeen-day-old seedlings of the Bulgarian wheat (Triticum
aestivum L.) cultivar Fermer were grown as a soil culture under controlled
conditions and were subjected to drought by withholding watering for five
days. Water solution of melatonin was applied 24h before drought or in the
beginning of the recovery period on part of the control and stressed plants.
The concentrations of polyamines putrescine, spermidine and spermine were
measured in free, supernatant-conjugated and pellet-bound fractions of acid
extracts of leaf samples immediately after stress and following 4 days of
recovery. Polyamine concentrations increased considerably after drought,
but declined during the recovery. Melatonin treatment alone raised in a
large extent their levels, especially that of supernatant-conjugated fraction,
while the combined application with drought diminished this effect. The
outcome of melatonin treatment on polyamine pool was stronger when it
was supplied before drought. The data suggest that melatonin regulates the
endogenous polyamines in wheat, which benefits the plant physiological
performance under drought stress conditions.

Acknowledgment: This investigation was financed by the Bulgarian
National Science Fund (grant KP-06-N66/7, 13 December 2022).

Key words: spermine, spermidine, putrescine, drought, melatonin,
Triticum aestivum L.
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ALTERATIONS IN THE POLYAMINE CONTENT OF THE BULGARIAN —
WHEAT CULTIVAR FERMER INDUCED BY DROUGHT AND
MELATONIN

Dessislava Todorova, Tsvetina Nikolova, Zornitsa Katerova, Martin Iliev, Ludmila Dimitrova, Iskren Sergiev
Institute of Plant Physiology and Genetics - Bulgarian Academy of Science, Acad. G. Bonchev str., bl. 21, 1113, Sofia, Bulgaria

Triticum aestioum L. (e
; ; cv. Fermer = Analyses
Polyamines and melatonin are among the key regulators of plant
growth and development. Both of them participate in . /
physiological response of various stress factors including > Y &4

drought - one of the most common and disruptive
environmental variable. The study aims to examine the

melatonin potential to modulate polyamine pool after drought. Regular wateri Drought ) 4 = Watirred i
ﬂ T v —‘D»ays

\B
0 16 17 22 23 26

MATERIAL AND METHODS

Seeds: Bulgarian winter wheat (Triticum aestivum L.) cv. Fermer, obtained from the Institute of Plant Genetic Resources (Sadovo).

Growth conditions: Soil culture, in growth chamber (14/10 h photoperiod, 200 pmol/m?/s, 21/19 °C day/night temperatures, 60% air humidity).

Dought: Five days period achieved by withholding water at BBCH stage 12 (17 day old plants).

Melatonin (Mel) application: Plants received root treatment of 10ml 75uM aqueous melatonin solution 24h before (Mel-1-Dr) or after (Dr—Mel-2) the stress period.
Sampling points: At the fifth day of drought (5D Dr) and four days after resuming/renew the watering (4D Rec).

Assays: The concentration of free polyamines putrescine (Put), spermidine (Spd) and spermine (Spm) are determined via the direct dansylation method of Smith and
Best (1977). To assess supernatant (SN) conjugated and pellet bound polyamines the method of Torrigiani et al. (1989) was used. To separate different fractions of Put,
Spd and Spm a TLC (Silicagel G 60 plates) was performed (solvent system of cyclohexane:ethylacetate), the spots marked under UV light, scraped off and eluted in
anhydrous acetone and fluorescence was measured ( excitation 360 nm, emission 505.5 nm).
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Content of putresceine, spermidine and spermine fractions in the leaves of wheat cv. Fermer. Phenotype alterations in wheat cv. Fermer.
RESULTS

Drought increased all of the total polyamines measured (Put, Spd and Spm), due to their SN conjugated fraction (5D Dr), as well as free Spm, but during the recovery
only a significant decrease in pellet bound fractions was found.

Melatonin pre-treatment alone induced total polyamine content higher than the drought stress due to the SN conjugated fraction (5D Dr), however pellet bound Put and
Spm were slightly raised at recovery.

Combined melatonin application before drought increased total p ines (Spm>Spd>Put) p at the fifth day of drought, due to serious induction in SN
conjugated and pellet bound fractions, which were enhanced significantly more than the drought only.
Melatonin post-treatment alone raised total p i fons, in particular SN. fractions. Probably due to the time shift with pre-treatment alone on

5D Dr, the induction is not so high.
Combined melatonin application after drought increased slightly pellet bound fractions of polyamines, which was significantly more than the drought stress only.

CONCLUSION
Melatonin treatment applied before drought had stronger effect than when it was applied after the stress. The observed regulation on endogenous polyamines by
melatonin probably have beneficial effect on the physiological performance of the Bulgarian wheat cv. Fermer grown under mild drought conditions.

(= 5
\\‘Jefsq B Acknowledgment: The investigation was financed by the Bulgarian National Science Fund (grant KP-06-N66/7; 13-12-2022). ﬁ\
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Mopympan e)eKT 0T KOPEHOBO NPHJIATraHe HA MeJIATOHUH e U
cjef 3acyliaBaHe BbPXy HUBAaTa HA MOJJMAMWHH B
MJIA/TH MIIIIEHUYHU PacTeHust
3opnuya Kameposa, /lecucnasa Toooposa, Jlroomuna lumumposa,
Mapmun Unues, lleemuna Huxonosa, Uckpen Cepeues
Huemumym no puzuonoeus Ha pacmeHusima u 2eHemuxd,
bwreapcra akademus na naykume

[TonimaMuHuTE ca perysiatopu ¢ KJIHOYOBA POl B pacTeka U pa3BUTHETO
Ha pacTeHusATa U (U3MOJIOIMYHUTE PEaKUMU KbM CTPECOBH (PAKTOPH.
Cymata e ¢akTop Ha OKOJHATa cpeja, KOMTO BiIMAE BbPXY HOPMATHHS
pacTe’)x W pa3BUTHE Ha pacTreHusaTa. MenaToHuHBT (N-aueTwi-5-
METOKCUTPHUIITAMUH) € META0O0JIUT ChC CBOMCTBO J]a 00EBPEX/1a PpEaKTUBHU
¢dbopMH Ha KHMCIOpOJa U C€ CUMTA 32 OCHOBEH peryiaTop, MoJo0psBall
(U3MOJIOTHYHUS OTTOBOP HA PACTEHHUATA KbM cTpec. [ImeHnyHn pacTeHus
(Triticum aestivum L.) ot 6barapckusi copT ['mHec (CeneKImoHnpan KaTto
OTHOCHUTEIIHO YCTOMYMB Ha 3aCyILIaBaHE ) A OTIVICK IaHHU IIPU KOHTPOJIMPAHH
YCIIOBUSI U TOJUIOKEHM Ha MOYBEHO 3aCylllaBaHE B IPOABIDKEHHE Ha 5
IHU. YacT OT KOHTPOJIHUTE U 3aCyLICHUTE pacTeHusl Osxa MOAXpPaHEHU C
10 ml 75 uM menatoHuH, MPUIIOKEH 24 Yaca peIu WK CIie]] CTPECOBUS
nepuos. ChabpKaHUETO Ha CBOOOJHH, KOHIOTMpPaHHM B CyllepHaTaHTaTa
U CBBbpP3aHM B yTailkaTa (pakiiy Ha MOJMAMUHU, 3 UMEHHO MyTpPECLUH,
CIEpMHUJIMH U CIEPMHUH, Oelle ONpeneNeHo Ha 5-us JeH OT HadajoTo
Ha 3acylllaBaHeTO U 4 JHU ciel Bb3cTaHOBsBaHe. KoHLEHTpauunTe Ha
MOJINAMUHUTE OsIXa JIEKO YBEJIMYEHU B CIIEJCTBUE Ha 3aCyIlIaBaHETO, HO
Cclie[l BbCTAHOBSIBAHE HA MOJIMBAHETO NI0Ka3axa TEHACHIIMY Ha HaMaJICHUE.
[Ipuio>keH caMOCTOSITENIHO MEJNATOHUHBT 3HAYUTENIHO YBEJIWYaBa
ChJIbP’)KaHUETO Ha TMOJMAMHHH, a B KOMOMHAIMS ChC 3acylllaBaHe Oerie
PETUCTPUPAHO HATPYNBAHE HA JONBIHUTEIHU KoiaudecTBa. [lomydennre
pe3yJITaTi NoKa3BaT KOMIUIEKCHO B3aUMOJEHCTBUE MEKY MEJIATOHUHA U
M0JINAMUHUTE 32 HAMAJISIBaHE Ha HETaTUBHUTE MOCIIEIULIN OT 3aCyIIIABaHETO
IIPU OTHOCUTEJIHO TOJICPaHTHUA Obarapcku copt ['unec.

bnaronapuoctu: ToBa mpoyuBane e ¢uHancupano ot Ponn ,,Hayunu
uzcneasanus, norosop KII1-06-H66/7 ot 13 nexempu 2022 r.

Kaw4oBu aymm: cnepmum, cnepmuouH, nNympecyuH, 3dAcyuldsaue,

menamonun, Triticum aestivum L. 101
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Modulatory effects of pre- and post-drought root application of
melatonin on the polyamine levels in young wheat plants
Zornitsa Katerova, Dessislava Todorova, Lyudmila Dimitrova, Martin
lliev, Tsvetina Nikolova, Iskren Sergiev
Institute of Plant Physiology and Genetics,

Bulgarian Academy of Sciences

Polyamines are plant growth regulators with key role in plant growth and
development and physiological responses to stress factors. Drought is an
environmental factor that affect normal plant growth and development.
Melatonin (N-acetyl-5-methoxytryptamine) is a natural metabolite with
properties of reactive oxygen species scavenger and considered as a master
plant regulator improving physiological response toward stress. Wheat
(Triticum aestivum L.) plants of the Bulgarian variety Gines (selected as
relatively drought tolerant) were grown under controlled conditions and
subjected to soil drought for 5 days. Part of the control and droughted
plants were root-supplemented with 10 ml of 75 pM melatonin applied
24h before or after the stress period. The content of free, supernatant-
conjugated and pellet-bound fractions of polyamines vis. putrescine,
spermidine and spermine was determined at the 5th day of drought and 4
days after drought during the recovery. Polyamine concentrations increased
slightly after drought, but tendency of decrease was found after restoring
the normal irrigation. Melatonin enhanced notably the polyamine pool, and
in combination with drought, an additional accumulation of the polyamines
was recorded. The obtained results suggest a complex interplay between
melatonin and the polyamine pool in alleviating the negative consequences
of drought in the relatively tolerant Bulgarian wheat cultivar Gines.
Acknowledgment: This study was financed by the Bulgarian National
Science Fund, grant KP-06-N66/7, 13 December 2022.

Key words: spermine, spermidine, putrescine, drought, melatonin,
Triticum aestivum L.
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MODULATORY EFFECTS OF PRE- AND POST-DROUGHT ¢__.
ROOT APPLICATION OF MELATONIN ON THE
POLYAMINE LEVELS IN YOUNG WHEAT PLANTS

Zornitsa Katerova, Dessislava Todorova, Lyudmila Dimitrova, Martin Iliev, Tsvetina Nikolova, Iskren Sergiev
Institute of Plant Physiology and Genetics - Bulgarian Academy of Science, Acad. G. Bonchev str., bl. 21, 1113, Sofia, Bulgaria

Polyamines and melatonin are among the plant growth reg with chief Triti foum L. Melatonin
role in growth, ontogenesis and physiological response of plants to stress cv. Gines — Analyses
variables. Wheat is an important crop and drought is an environmental factor

of high negative impact on plants. The investigation aims to study the 1 1 {

melatonin potential to modulate polyamine fractions after water shortage in % [eX;

the Bulgarian wheat variety Gines, selected as relatively drought tolerant.
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Drought increased free and pellet-bound Spm, but decreased pellet-bound Put B2 100 e
and SN conjugated Spm (5D Dr), however during the recovery an induction of < > 2E 7l o |4
pellet-bound fractions led to relative compensation of total polyamine levels. Y 2 = 3<
Melatonin pre-treatment alone induced slightly total polyamine content but kept _ s LS T
it closer to the control than drought stress (5D Dr), however at the final Met.15xDg el 15 O 25+ a g
measurement point a slight decrease due to pellet-bound and SN conjugated 5 B
fractions was detected.
Combined melatonin application before drought increased total polyamines 380 J
(Spm>Spd) at the fifth day of drought, but at recovery neared the control values. 300 ]
©
Melatonin post-treatment alone raised total Put concentration, in particular SN 3 E 250 i)
conjugated and pellet-bound fractions, however a slight reduction was EZ
measured in pellet-bound levels of higher polyamines. | Z §2 20 1
Combined melatonin application after drought increased total Put and total Spm ) 2 SE 150 e
levels due to induction of the ponding pellet-bound and SN conj Drought Br > Mel2 BF
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0 T
CONCLUSION 5D Dr 4D Rec
The obtained results could suggest a complex interplay among the exogenous melatonin application and the polyamine pool Sampling points
mitigating the adverse effects in the relatively tolerant Bulgarian wheat cultivar Gines grown under mild drought environment. Content of spermine fractions.
ok i
WU Acknowledgment: The investigation was financed by the Bulgarian National Science Fund (grant KP-06-N66/7; 13-12-2022).  _——— °
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depMeHTAIIMOHHH NPOAYKTH HA Bbiarapus - Tpagunms 1 HOBH
TeXHOJIOTHH 32 (PYHKIIMOHAIHN MPOAYKTH
Paodocnas Abpawesl, Jlunu Jloopesal, Huxonema Amanacoeal,
Examepuna Kpymosal, Ilemvp onuesl, [ pema Hatidenosa2, Anocmon
Anocmonos2, pacomup Ankoe2, Ceemna lanosal
1 Uncmumym no mukpoobuonoeus ,,Cmegan Aneenos“, bvaeapcka
akademusl Ha HAYKume,

2 Unemumym no undicenepra xumus, bvaeapcka akademus Ha Haykume

TpagumonnuTe ¢GEepMEHTAlMOHHM XpaHW 3aeMaT BaXKHO MSCTO B
KYJITYPHOTO HACJIEICTBO U XPAHUTEITHUTE IPAKTUKN HA PA3JIUYHU HAPOIHU.
Te ca moka3aH M3TOYHUK M HA MPOOMOTUYHHM MIIEYHO KUCENU OaKTepHH
(MKB). B ycnoBusTa Ha TMHAMUYHH IPOMEHHU B IOTPEOUTEIICKOTO ThPCEHE
ce HabOmOJaBa HapacTBall WHTEPEC KbM MPOAYKTH, KOUTO ChUeTaBaT
TPaJULIMOHHU TEXHOJOTIMU HA MPOU3BOACTBO C JOKa3aHU 3/IPABOCIOBHU
nomsu. B Tasu Bpb3ka ca pa3pabOTKUTE HA KOJEKTHB OT MHCTUTYT Mo
MukpoOuonorus u Mactutyt no nnxenepHa xumust bAH ¢ ¢punancosata
nonkperna Ha New Generation EU mo I[IBY. Tepcar ce mMukpoOHU
[1aMOBe, KOUTO JAOMPHUHACAT 3a MOJA00psBaHE HA XpaHUTEITHATA CTOMHOCT,
0€30MacHOCTTa W OPTaHOJICITUYHUTE XapaKTePUCTHKH Ha XpaHUTE.
Ileara e ¢ moMoImiTra Ha WHOBATHBHHM pEIICHUS 3a (DepMEHTAIIMOHHU
MPOLECH, 3EJIEHU TEXHOJIOTMU C BKJIKOYBAHETO HA BTOPUYHU IMPOLYKTH
OT arpo W OMO MpOM3BOJACTBA, Ma ObAAT mpousBeneHu buotumm. [Ipo/
MOCTOMOTHUIIUTE, C HAYYHO JIOKA3aHU MOJI3H YCIICIITHO MOTAT J]a Ce BKII0YaT
B XpaHUTEIHU J00AaBKU 3a BJaraHe BBHB (YHKIIMOHATHH MPOIYKTH 3a
3npaBe. OLIEHEHHW ca OpPUTHHAIHH OBJTapcKd IIAMOBE JIAKTOOAIIWIIH,
M30JIMPAaHU OT TPAJUIMOHHUTE OBIATapCKU MPOTYKTU-KUCENIO MIISKO,
CUpEHE, KaTbK, TYPLIMU U KHUCEJIO 3€JI€, KATO €CTECTBEHU AHTAarOHUCTH Ha
pa3BajsIM XpaHUTE U OONECTOTBOPHUTE MUKpoopranusmu. C momorira
HA MOJICKYJISIpHH M METAa0OJOMHHU aHAIM3U € J0Ka3aH IMOTEHIHajda UM
KaTo KaHauaatr- Qgapmadbumotuim. OxapakTepu3npaHu ca MEXaHU3MHU 3a
e(eKTUBHO y4yacTHe Ha MPOOMOTUIINTE B AHTHU-OKCHJIAHTHATA 3allUTa Ha
opranu3ma. Pa3paboTeHu ce BapHaHTH Ha WKOHOMHYECKH PEHTAOWITHH
M EKOJOTMYHU TEXHOJOTMHM 32 IIPOM3BOJACTBO HA ILIUPOK CHEKTHP OT
MEeTaOHOTHUIH, OT U30paHU aKTUBHU IIaMOBE JakToOaIIv. BuenpsBaneto

UM HIC Cb34aZI€ Bb3MOXKXHOCTH [1da CC OTTOBOPH HA TbPCCHCTO HA HATYpPaJIHHU,
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(GYHKIIMOHATHE W MHHHMMAIHO MpepadOTeHH MPOAYKTH U OUOTHIU C
HAy4YHO JOKa3aHHU Ka4eCTBa.

brnarogapnoctu: ABTopuTe H3Ka3BaT OyaroJapHOCT 3a (puHaHCOBaTa
noakpena mo mpoekt Ne PVU-63 or 16.12.2024 r. BG-RRP-2.017-
0047-CO01 ,,HoBu moaxoau 3a u36op u unrerpupane Ha BUOTULU (ripo/
MOCT U METAOMOTHUIIM) BBB (PYHKIHOHATHH (OpPMYJIHM 3a XpaHUTEITHU
N00aBKH C BUCOK OMOJIOTHYEH MOTEHIIMaN Ha 0a3aTa Ha arpo U IPOMUIILIICHU
oTmaapliu’, 1Mo MexaHU3mMa 3a BB3CTAHOBSBAaHE W YCTOHYMBOCT 3a
U3IbIHEeHUE Ha naBectuims C212.

KmrouoBu aymu: lactobacilli, npobuomuyu, nocmoéuomuyu,
(DYHKYUOHATHU XPaAHU, MEXAHU3bM HA Oelicmeue

Fermentation products of Bulgaria - tradition and new technologies
for functional products
Radoslav Abrashevl, Lili Dobreval, Nikoleta Atanasoval, Ekaterina
Krumoval, Petar Donchevl, Greta Naydenova2, Apostol Apostolov2,
Dragomir Yankov2, Svetla Danoval
1 Stephan Angeloff Institute of Microbiology,
Bulgarian Academy of Sciences
2 Institute of Chemical Engineering, Bulgarian Academy of Sciences

Traditional fermented foods take an important place in the cultural heritage
and dietary practices of many nations. They are also a proven source of
probiotics. In the context of dynamic changes in consumer demand, a
growing interest is observed in products that combine traditional production
technologies with scientifically proven health benefits.

In this regard, research has been carried out by a team from the Institute
of Microbiology and the Institute of Chemical Engineering of the BAS.
The research focuses on identifying microbial strains that contribute to
improving the nutritional value, safety, and organoleptic characteristics
of foods. The aim is to produce biotics through innovative solutions for
fermentation processes and green technologies, including the use of by-
products from agro/industrial production. Probiotics and postbiotics with
benefits can be successfully incorporated into dietary supplements and
products intended to support human health.

Original Bulgarian lactobacilli isolated from traditional products —
1050z



yogurt, cheese, katak, pickled vegetables, and fermented cabbage — have
been evaluated as natural antagonists of food-spoilage and pathogenic
microorganisms. Through molecular and metabolomic analyses, their
potential as candidate pharmabiotics has been demonstrated. Mechanisms
responsible for the effective participation of probiotics in the antioxidant
defense of the human body have also been characterized.

Economically viable and environmentally friendly technological
approaches have been developed for the production of a broad spectrum of
metabiotics from selected active Lactobacilli. Their implementation will
create opportunities to meet the growing demand for natural, functional,
and minimally processed products, as well as for Biotics with scientifically
proven health-promoting properties.

Acknowledgment: The authors acknowledge the financial support
of the project No. PVU-63 of 16.12.2024 BG-RRP-2.017-0047-C01
“New approaches for selection and integration of BIOTICS (pro/post
and metabiotics) in functional formulas for food supplements with high
biological potential based on agro and industrial waste”, under the Recovery
and Sustainability Mechanism for the implementation of investment C212.

Key words: lactobacilli, probiotics, postbiotics, functional foods, bio
waste
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New Technologies for Functional Produ

Radoslav Abrashev!, Lili Dobreva!, Nikoleta Atanasova!, Ekaterina Krumova!, Petar Donchev?,

o) Greta Naydenova?, Apostol Apostolov?, Dragomir Yankov 2, Maria Angelova', Svetla Danova'
= 1 Stephan Angeloff Institute of Microbiology, BAS; 26, Acad. G. Bontchev Str. 1113 Sofia, Bulgaria;
g 2 Institute of Chemical Engineering, BAS; 21 Acad. G. Bontchev Str. Sofia, Bulgaria
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i Traditional fermented foods take an important place in the cultural heritage and dietary
2 practices of many nations. They are also a proven source of probiotics. In the context of dynamic
B changes in consumer demand, a growing interest is observed in products that combine
a traditional production technologies with scientifically proven health benefits.
—
g Bulgaria is famous with its centuries of tradition in the production and consumption of a high variety|
g of fermented products, with long history of safety use, proven functionality and nutritive value
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IN THIS REGARD, RESEARCH HAS BEEN CARRIED OUT BY A TEAM FROM

Stephan Angeloff Institute of Microbiology, BAS Institute of Chemical Engineering, BAS

The research focuses on identifying microbial strains that contribute to
improving the nutritional value, safety, and organoleptic
characteristics of foods.

THE AIM is to produce biotics through innovative solutions for
fermentation processes and grecusteetmplogies, including the use of by-
products from agro/industrial n. Probiotics and postbiotics
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IIpoBepka Ha cioco0HOCTTa HA cUMYyJIanMOHHAaTa mporpama ANSYS
Fluent na npornosupa BpemMeTo Ha ¢Ga30B nmpexojx Npu
oxJjaxnane Ha PCM tun napagun
Koncmanmuna Bn. Cmeganosa, Hadexcoa Ap. Lllykosa
Hncmumym no undicenepna xumus - bvneapcka akademus na Haykume

3a upenure Ha IpoeKkTa Cc Tema ,lV3cieaBaHus 3a WHTEIpUpAHE Ha
TOIUIMHEH PEryJaTop B 3€MHAaTa Maca HaJl XOPU30HTAIHO PA3MOJIOKEHU
3eMHOOA3UpaHu TOIUIOOOMEHHUIIM Ha TE€OTepMaHUTE WHCTAaJallly,
nocpencTBoM (hazonpeoOpasyBamd KOMIIOHEHTH KaTo Bb300HOBSEM
M3TOYHUK Ha TOIUIMHHA €HEprus B 3eMHaTa maca ¢ metoaute Ha CFD* ca
npoBeau cummnanuu ¢ nporpamara ANSYS ¢ paGotnust naker Fluent,
BKJTIOYBAIIM TOIIOOMEH W/miu (ha3oB MPExo] 3a pe3epBoap ¢ napaduH
PCM Rubitherm RT-21. TapadunasT e u36pan, Taka, 4e 1a yI0BICTBOPSIBA
eKCIIEpUMEHTAIIHO MTOJIyYeHH JAHHU MIPH €CTECTBEHOTO CIIBHIIE3apexk/1aHe
Ha M3CJIE/IBaH 3€MEH IUIacT MexXy 2M u 6 M. [TosydyeHnTe cuMynalMiOHHU
pe3yNITaTH ca CpPaBHEHU C EKCIepUMEHTAIIHWTE JaHHM 3a IPOBEpKa Ha
BPEMETO 3a OXJIaXK/IaHe M MOTEeHIIMala Ha pe3epBoapa KaTo W3TOUYHUKA Ha
€Heprus, 3aMecTBalll JJOKAJHOTO 3apeKIaHe.

OuvakBa ce Taka MNPEMIOKEHUAT TOIUIMHEH peryiaTop/ akymyiaTtop/
PCM na e kaTto AONBIHUTENICH €IEMEHT B XOPU30HTAJIHH I€0TEPMATHUTE
WHCTAJAlUY, MOJIXOMAI] 32 KOMICHCHpPAaHE Ha YAaCTUYHWUTE TOIUTMHHU
3aryOu ¢ TeueHUE Ha BpEMETO B 3eMHATa Maca W J1a OCUTypsiBa YacTUYHA
HE3aBUCHUMOCT OT HEOOXOJUMOCTTA OT JUPEKTHO CI'bHIIETPEeHE Ha TepeHa
Ha/J 3€MHOOA3MPAHHAT XOPU3OHTATHO PA3MOIOKEH TOIIOOOMEHHUK.
JloGaBsiHeTO Ha TOIUIMHEH perynarop/ akymynarop/ PCM 1me mo3Bosiu
U3II0JI3BAHETO HA TEPEHA 32 OTIJICXkKAaHE Ha CEJICKOCTONAHCKA MPOAYKLIHS,
WJIH 11I€ TIO3BOJIM HAJIMYMETO Ha JIbPBETA B yUaCTbKa, MIIH 1€ € MOJIX OIS
TEpEeH 3a MapKupaHe.

bnaronapaocttu: Hacrosioro uscneaBane e peajin3upaHo ¢ puHaHcoBaTa
nonkpena Ha ®oun ,,Hayunu uzcnensanus® (PHU) kbm MunucrepcTBoTo
Ha oOpa3zoBaHHMeTO U HaykaTa Ha PemyOnuka bearapus, qoroop Ne KII-
06-M97/5, 10.12.2025 .

Kawo4doBu aymu: xopuzommanuu 3emMHOOa3upanu moniooOMeHHUuyu,
CcvXpanenue Ha MONIUNA, Pazonpeobpasy8awiu Mamepual, 6b300Ho6IeMU
eHep2ULIHU USMOYHUYU



Verification of the ability of the ANSYS Fluent simulation program to
predict the phase transition time during
the cooling of paraffin-type PCM
Konstantina VI. Stefanova, Nadezhda Dr. Shukova
Institute of Chemical Engineering, Bulgarian Academy of Sciences

For the project with the topic “Research on integrating a thermal regulator
into the ground mass above horizontally located ground-based heat
exchangers of geothermal installations, using phase-change material
(PCM) as a renewable source of heat energy in the ground mass by CFD
methods” simulations were conducted with the ANSY'S program using the
Fluent work package, including heat exchange and/or phase transition for
a tank with paraffin PCM Rubitherm RT — 21. The paraffin was chosen to
satisfy experimentally obtained data during the natural solar charging of a
studied earth layer between 2 m and 6 m.

The obtained simulation results were compared with experimental data to
verify the cooling time and the potential of the reservoir as the energy
source replacing local charging.

It is expected that the proposed thermal regulator/accumulator/PCM will
be an additional element in horizontal geothermal installations, suitable for
compensating for partial heat losses over time in the ground mass or for
providing partial independence from the need for direct solar heating of the
terrain above the ground-based horizontally located heat exchanger. The
addition of a thermal regulator/accumulator/PCM will allow the use of the
terrain for growing agricultural products or will allow the presence of trees
in the area, or will be a suitable terrain for parking.

Acknowledgment: This work is supported by Bulgarian National Science
Fund Contract Ne KIT-06-M97/5, 10.12.2025.

Key words: horizontal ground heat exchanger (GHE), thermal energy
storage (TES), phases change material (PCM), renewable energy sources
(RES)
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Verification of the ability of the ANSYS Fluent simulation program to

predict the phase transition time during the cooling of paraffin-type PCM

Konstantina V1. Stefanova*, Nadezhda Dr. Shukova
email: k.stefanova@iche.bas.bg, kstambolieva@abv.bg

Introduction

Research

The use of paraffin as a phase change material (PCM) represents a sustainable solution due to its environmental safety, renewable energy sources and relatively low cost.

The implementation of an alternative mechanism for local thermal

recharging would enable the land to be used for other purposes, such as

agricultural activities, the construction of light structures, parking areas,

or the development of tree-lined pathways [1].

Heat Exchanger

in the building:
radiators,

floor heating, wall
heating, etc.

PCM tank

HGHEs

Figure.1 Geothermal installations with horizontal ground heat

exchangers (HGHES) including PCM melting chart

For the purposes of CFD simulations with the ANSYS Fluent program
of a vertically positioned tank with dimensions 350/ 250/ 150, filled with
a product with the characteristics of Rubitherm RT - 21, for two areas of
the tank, for which temperature changes during cooling of 27.4 °C and

26.2C in a refrigerator over time were previously measured.
Aim:
Application of a simulation algorithm to describe experimental data

obtained from the cooling of a PCM tank, in order to predict the

temperature behavior of the PCM tank at all points of the tank.

Conclusions

Case A: Location near end wall (Lye,)

T.0C

Lyew [m]:

ToC

7200

o0

#

PCM vertical tank: y = 0.350 m; z = 0.250 m; x = 0.150 m;

Case B: Location near center (L)

Figure. 2 Locations within PCM cooling tank:

= 0.300; 2y, = 0.195; Xy, = 0.080; Ly [ml: ye = 0.180; 2, = 0.140; x,. = 0.090
A. Sensible Congealing Area, Tegp v =19 °C and Tegp g = 21°C
« Experimental point near center e
~ CFD point near center_CFD wall_19
20600 36000 50400 64800 79200 93600 108000 122400
Duration, s
B. Sensible Congeling Area Vertical Tank . Sensible Congealing Area Horiznta Tunk
Terpwan = 19 9C and Tepp g =21 °C Tern new = 21.623 9C Tegp pey, = 21592 °C
Tepua = 19°C
27
[ —
28 —— CFD point near centre wall
) + Expotimnt s e vl
A a1 LDl
. o e
. e
+ bt vl ¢ w o
 CED o nd vt PO 190 b
IO ot nd vl CHOwl 210 2
205
07
2600 o000 0400 4800 7200 21600 36000
Duration, s Duration, s

Figure. 3 Numerical simulations of wall sensible phase change processes in both Case A. and Case B.

using ANSYS Fluent and verification for horizontal tank, Case C.

» The comparison between the experimental

and the

results

temperature variations within the investigated regions and

describes the

field tt hout the entire volume of the tank.

that the applied numerical algorithm reliably predicts the

> The temperature regime of the tank walls was determined, thus successfully completing the verification. With the simulation model thus determined, the

temperature at each point of the tank volume can be predicted over time and the thermal expansion of the studied volume can be uniquely determined.

Referance:

1. Stefanova, K. V. ‘boundary conditions
BULGARIAN CHEMICAL COMMUNICATIONS, 2025, 57, 2, 78-84. DOI: 10.34049/bee. 57.2.
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fluid dynamics simulations for phases change material solutions in the ground mass with emphasis on ground heat exchangers.



Hety0epKy/103HH MHKOOAKTEPpHH B XPAHHUTEIHATA BEPUra —
U3TOYHHMIH M PUCK

IOnusna Atanacosa, CranucnaBa Mopaanosa, Ceerocnas MopaaHos,
JIrooomupa bosgrosa, Teomopa AceHosa, Jlopa Benesa

Hanmnonanen neHTHp N0 3apa3Hu U Mapa3suTHHU 00J1eCTH

HeryOepkyno3nute mukobaktepun (HTM) npencrasisiBaT xeTeporeHHa
rpyna eKOJOrMYHU MUKpPOOpPraHu3MH OT poa Mycobacterium, mupoko
pa3npoCTpaHeH! B I0YBa M BoAa. Te ce 0TIM4aBar ¢ MOBHUILEHA CHOCOOHOCT
3a oOpazyBaHe Ha OMODUIMU M YCTOMYMBOCT KbM €KCTPEMHHU YCIIOBUS,
JIeKapCTBeHH mpenapatu U ne3uHpextantu. [Ipu 3apaBu Xopa pUCKBT
OT MHGEKIUs € HUCHK, HO 3a MMYHOCYIIPECHPAaHHU, BB3PACTHHU, XOpa C
XpOHUYHHU 0€5101po0HY 3200 I5IBaHus TOU € peasieH.

Cpen KIMHMYHO 3HAYMMHUTE BHJIOBe ca M. avium, M. intracellulare, M.
kansasii.

HTM koHTamMMHMpAaT XpaHaTa HaW-4eCTO Ype3 H3MOJ3BaHaTa BOAA -
MUTEHA WK U3M0JI3BaHaTa Mpu 00paboTKaTa Ha XpaHu, JeJl U HAIUTKH.
W3onupann ca OT HENacTbOPU3UPAHO MISIKO, MECO WIM TpPEeCcHH U
3aMpa3eHu I0JI0BE U 3€JIEHUYIIH, OCOOCHO JIMCTHH 3eeHuyu [1].
Boenpexkn ue nacoxute Ha C30 (WHO Guidelines for Drinking-water
Quality) mpusnaBar HTM kaTo OMOPTIOHUCTUYHM TATOT€HH, T€ HE Ca
BKJIIOYCHH KaTO 33JBJDKUTENICH MapaMeTbp 32 PyTHHEH MOHUTOPHHI Ha
XpaHa ¥ MUTelHaTa BOJla M He ca ONpeiesIeHU MEXTyHAPOIHU PETYIaTOPHU
TPAaHUYHU CTOMHOCTH [2].

TepmuunaTta 00pabOTKa 3HAYUTEIHO pEeAyIHpa KUZHECTIOCOOHOCTTA UM,
a JIOKyMEHTHpAHUTE CIy4yad Ha BEpOSITHO 3a00JsiBaHE BCIEJCTBUE Ha
XpaHUTEJICH NMPUEM ca peakH U ce cBbp3Bar ¢ HIV nmo3utuBHu nmanueHTu
[3].

B zakmouenue, HTM npencraBisiBaT ONOPTIOHUCTUYHU MUKPOOPTaHU3MHU
0e3 yCTaHOBEHM MEXIyHAPOJHH DPEryJaTOpHU I'PAaHUYHU CTOWHOCTH B
XpaHu U nuTeiHa Boga. KOHTpoabT ce ocHOBaBa IMpEIMMHO Ha J100pU
XUTUEHHU U UHXEHEPHU MEPKH 3a YIIpaBJIEHWE Ha BOJHUTE CUCTEMHU, a HE
Ha criequQuyueH pyTHHEH MUKPOOHOIOTHYeH MOHUTOPHHT 32 HTM.

KuarouoBu nymm: vemybepkynosnu mukobakmepuu, u3onupate, noiooose,

3eHuyyyu
4 111 g



Nontuberculous mycobacteria in the food chain — sources and risk
Yuliana Atanasova, Stanislava Yordanova, Svetoslav Yordanov,
Lyubomira Boyanova, Teodora Asenova, Lora Veleva
National Centre of infectious and parasitic deseases

Nontuberculous mycobacteria (NTM) are a heterogeneous group of
environmental microorganisms belonging to the genus Mycobacterium,
widely distributed in soil and water. NTM are characterized by an ability to
form biofilms and a notable resistance to disinfectants. In immunocompetent
individuals, the risk of infection is low; however, immunosuppressed
patients, elderly individuals, and those with chronic lung diseases are at
increased risk.

Clinically significant species include M. avium, M. intracellulare, and M.
kansasii. NTM can contaminate food primarily through water used for
drinking, food processing, ice production, and drinks. They have been
isolated from unpasteurized milk, meat, and fresh or frozen fruits and
vegetables, particularly leafy greens [1].

Although the WHO Guidelines for Drinking-water Quality recognize NTM
as opportunistic pathogens, they are not included as mandatory parameters
in routine monitoring of food and drinking water, and no international
regulatory limit values have been established [2]. Heat treatment
substantially reduces their viability and documented cases of probable
foodborne illness are rare, primarily reported in HIV-positive patients [3].
In conclusion, NTM are opportunistic microorganisms for which no
international regulatory thresholds in food and drinking water exist. Control
strategies rely mainly on good hygiene practices and engineering measures
in water system management, rather than on routine microbiological
monitoring for NTM.

Key words: nontuberculous mycobacteria, culture; fruits,; vegetables
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HETYBEPKYJIO3HN MUKOBAKTEPUN (HTM)

B XPAHUTEJIHATA BEPUTA
N3TOYHWULIN U PUCK

10. AtaHacosa’, C. MopaaHoBa', C. MopaaHos!, J1. BosiHoBa', T.

AceHoBsa?, J1. Benesa'
1 - HU3MB, Codms, 2— MAN ,CibaLab“

yBOoa NbT HA KOHTAMUHALIUA

HetybepkynosHute MukobakTepun
(HTM) npegctaBnsiBaT  xeTeporeHHa
rpyna eKonornyHy MWKPOOPraHW3mu OT
poa Mycobacterium, LUMPOKO
pasnpocTpaHeHn B rMo4Ba, Boja WU
yp6aHusnpaHa cpeaa.

MouBa/ Boaa
(exonornyHn pesepsoapu)

BoaHu cuctemu B yp6aHusumpaHa cpepa
(TpBOWM, pesepBoapu, OXNagUTENHN CUCTEMM)

Te ce omnvyaeBaT C MoOBWLIEHA MutenHa Bogal TexHonornyHa Bopaal lleg

cnocobHocT  3a obpasyBaHe Ha N HanuTkn
6uodunmm N YCTOWYMBOCT  KbM
€KCTPeMHM  YCNoBWS,  fleKapCTBEHMN XpaHu

HenacTbOpu3MpaHoO  MMSKO,  MPECHU U
3ampaseHn NnoAoBe W 3eneHvyumn, ocobeHo
TIUCTHU 3eMNeHYyLM)

npenapartu, Ae3nHdektaHt n ap [1].

BMONOr’M4YHMU OCOBEHOCTHU

KnetbuHa cTeHa
Borata Ha  nunman  (MUKONOBU
KACeNnnHM), OTroBOpHa 3a BWcoKaTa
pesncTeHTHocT [1].

YoBek
(ekcnosunuus Npu XxpaHeHe u nueHe) v

KnuHun4yHo 3HauMmu BugoBe

YctonumsocT
Ha ekctpemHun ycrnosus (3acyluaBaHe, M. avium complex
T rpagueHTn, npomMsaHa Ha COSIeHOCT U M. intracellulare
pH), A[e3anHdeKTaHTn, aHTUMUKPOGHMW M. kansasii
cpencTBa 1 npenapaty [1]. M. abscessus sp.
M. bulgarium sp. nov (chumka HPI TB) [4]
Anxesvm HoBOOTKPUT B KNMHMYHU NPO6M pAALK BUA
XvppodobHa KkneTbyHa MNOBBLPXHOCT,
ynecHsiBalua npukpensaHe [1]. Puckoeu rpynu
Bwk3pacTHu xopa
WUmyHocynpecupanu naumeHTu (HIV nosutusHW, xummnotepanus .. )
O6pasyBaHe Ha 6uodunmm MauneHTn ¢ xpoHUuHN 6enoapobHM 3abonsBaHus.
OcwurypsiBa nepcuctupaHe B Tpbow,
pesepBoapu 1 ap. [1]. Hucbk puck ot uHcekumsa 3a 3gpasu nHamesuan!

TepmunyHaTta o6paboTka 3HauUMTENTHO peayLmpa xu3HecnocobHocTTa Ha HTM [2].

HTM ca npusHat kato ONOpTIOHMCTUYHK naTtoreHn u ca BknodeHn B WHO Guidelines for Drinking-
water Quality, HO He ca 3agb/PKMTENEH NapaMeTbp 3a PYTUHEH MOHWUTOPWHI Ha XpaHa W nuTenHarta
BOAA, KaTo He ca onpeaeneHn MexayHapoaHU perynaTopHu rpaHuyHN CTOMHOCTH [3].

3AKITIOYEHUE: HeTy6epkyno3Hute MWUKOGaKTEpPUM NPEACTaBnsBaT YCTOMYMBU EKOMOTMYHU
MUWKPOOPraHn3Mmn G noTeHumanHo 3HayeHne 3a 06LLecTBEHOTO 3ppasel!l!
OCHOBHUWST pUCK NPOU3TUYA OT TAXHOTO NEPCUCTUPaHE BbB BCUYKM BOAHU CUCTEMU U hopMUpaHe
Ha Grodpunmu.

1l KoHTponbT ce 6asupa Ha NpeBeHUus1, a He e perynaTtopeH MOHUTOPUHT.

BnazodapHocmu: [IpoyysaHemo e ocbwecmeeHo ¢ nodkpenama Ha ®HU: KIM-06-M91/2/03.12.2025

JIMTEPATYPA: 1. Honda JR, Virdi R, Chan ED. Global E and Their C¢ Man-Made and Natural Niches. Front
Microbiol. 2018 Aug 30;9:2029. 2.D: i Rat al.,M. ia on Ready-to-Eat, Raw and Frozen Fruits and Vegetables. J Food Prot. 2016 Aug;79
3.WHO (2011) Guidelines for Drinking Water Quality. 4th Edition World Health Organization, Geneva, Switzerland.
4. Zimenkov D, Atanasova Y, Ushtanit A, Yordanova S, Baykova A, Filippova M, Semenova U, Mokrousov |, Bachiyska E. The Intriguing Pattern of Nontuberculous

in Bulgaria and D¢ of Sp. nov. Journal of Molecular Sciences. 2024; 25(19):10434.




IT4yeann npoaykTu — nHGOPMHUPaAH U pasyMeH H300p
Buxkropus Monesa
IenTHp 32 OleHKAa HA PHCKA 110 XPAHUTEJIHATA Bepura

[TyenHuTe MPOAYKTH (MEX, BOCHK, MPOIOJINAC, MYEIHO MIIEUHULIE, [IBETEH
Tparier, nepra, mIexIHa OTPOBa) Ca ECTECTBCHH MPOITYKTH, KOUTO CIyXKaT
3a XpaHa W 3alluTa Ha Komepa. [IdeqHuTe MpOoAyKTH ca HeW3depriacMu
W3TOYHUIIM Ha OWMOAKTUBHMU CHhEIMHEHHUS — (PIIaBOHOWIH, MOJU(EHOIH,
BUTAMHUHH M  MHUHEpPAIH, KOUTO INPUTEkKaBaT aHTHOKCHJIAHTHH,
MIPOTUBOBB3MATUTEITHH, aHTUOAKTEepUATHH, AHTUBUPYCHU u
MMYHOMOJYJIMpAIX CBOWCTBA. Te ce M3MoN3BaT IIMPOKO B HApoJHATa
MEIHIMHA, a ynoTpebaTa Ha MYETHH MPOJYKTH C I MOJAIIOMAarane Ha
HpeBCHHI/IHTa U JICYCHHUCTO Ha 3360J’I$[B3HI/I5[ Cce HapI/I'-Ia anHTepanm{.
ChIlecTBYBaT MHOXKECTBO HAYYHH H3CIICJABAHHUS 3a BB3JCHCTBHETO Ha
IIPOJIYKTH KaTO MeJI, IPOTOJIKC, IMYSIIHO MIICUYHIIC, [IBETEH Ipalliell, rmepra
U MYeNTHa OTPOBA, BBPXY 3APABOCIOBHOTO CHCTOSIHME Ha XOpaTa, KOETO
I'M TpaBU LIEHHAa XpaHHUTENHA jo6aBka. [loms3ure OT mpueMa Ha MYENHU
IIPOJYKTH C€ FapaHTUpaT IpU IpaBUiIHA U Oe30macHa ynorpeoa.

Kntwouosu oymu: nuennu npooykmu, bezonacua ynompeba, 30pase

Bee products — an informed and sensible choice
Viktoriva Moneva
Risk Assessment Center on Food Chain

Bee products (honey, wax, propolis, royal jelly, pollen, royal jelly, bee
venom) are natural products that serve as food and protection for the hive.
Bee products are inexhaustible sources of bioactive compounds —flavonoids,
polyphenols, vitamins and minerals, which have antioxidant, anti-
inflammatory, antibacterial, antiviral and immunomodulatory properties.
They are widely used in folk medicine, and the use of bee products to
help prevent and treat diseases is called apitherapy. There are numerous
scientific studies on the impact of products such as honey, propolis, royal
jelly, pollen, royal jelly and bee venom on human health, which makes
them a valuable nutritional supplement. The benefits of consuming bee
products are guaranteed when used correctly and safely.

Key words: bee products, safe use, health
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TIHEAHU TIPOAYKTU — UHPOPMUPAH U PA3YMEH U3BOP

A-p Bukmopna Motega, Lienmsp 3a ouerka Ha pucka no xpaHumenHama sepura, vinoneva@mzh.government.bg

Pemame
Tlenime npoAYKIT (e, BOCBK, TPOMONKE, THeNHO Mt Tienei (Bernen) mpaULEL, Nepra, e OMpOBa) Ca €CTIECTIBEHI TIDOAYKITI, KOWITO CAYATT 32 XPAa Ha IMeAHTe  SaUHIa 1a Kouiepa. Te ca
priaewn WMo K e (penonm, mumansut w Mepan, Kowmo
THMUBMPYCHI 1 MMYHOMOAYAHpaLH cBoFicTIBa. TheAHIME MPOAYKITI Ce M3MOASBAI WHPOKO B HAPOAHATIA MEAWLIHA, & W, c e na W Aeeuemo Ha

pi xopa, ce Hapiia amumepama, CoULECTIEYBAT MHOXECTIR HAYHI TPOYBHIA 38 FEAACHCIENEMO 1A Mea, TPOTIONHE, THEAHO MACWIE  TPAILEL, TIEpra.  THEXHa OMpOR3, FOpXy 3APABOCAOBHOTIO

COCTIORMIE Ha XOPATA, KOETO T MpABH ENIA XPaHTENa A06aska. TLonsHITE Ot MPHENA 1A eI TPOAYKTTH e TRpaNTIHpaT TpH MpasHANa i Gesonacia ynompeta.

Koo ywu: nsessoe oy, Gesonacna ynompeda, e

A TIPEAYTIPEXAEHWA |

TIOA3U OT NMYEAHI

TIEAEH KAEF (TTPOTIOAMC)

* Hexmapen (vonodopen w nowdnoper)
Wanon

¥ Boraimu ca Ha ueHiM xpaHumenti. Beujeema; Boram Ha gaasononau, penonrn | Ecmecmsensme saxapu s e mes

T E R Lo KHCeAIIM, BUAMIHI Y MHHEpaAH USUCKBAT TIOBULIENO BHUMAHHE TP
ynompea om guaGemuuyn w xopa,

TPEAPAIIONKEHH KEM 3ATUGCTIABAHE.

* Ecmecmpen nopcnapmen
* Tloanomara xparocwanemo

MitkpoeremenI Tlonesex npyw cmomao upesin

*  Yenoxossa kauwyama pecnmpamopru et

* Togofpasa cona

g ——

Towara sa sasspasasane ya paue

[— Hako resenso reposykim (e, mpauie,

v
TlopoGpaam memaboanama TIeAHa OMPOBA) MOXE AR IPUNHHATL

aneprietn peakau
¥ Vimam aHmuBaKmepUaNHO , SHUBHPYCHO 1

pomuEOBEIANMENHo ActicBHe

Tlienomo maewitie e ce mpenoprsa 3a

xopac npoent

TIMEAEH (LIBETEHTIPALLIEL])

v Vipensam wmyHnama
enemena

| Buswoxu ca gaunduraipn
[ —

* Tlpoaykm, nosyen upes esnokicena
epmenmaa a ysemen npaiey
* Vamoui wa npomewss, sumarinn,

o BoempEEE D, Motertnpupoen Gocruunysamop, Goram
v Moram pa ce anoassam 3a AMHHOKNCEANHI W BUMAMHHI AR I e I L

AOTBAWITEAHO TIOATIOMATAHE AMUHOKMCEANHIL

O —
porursn saGovssars

* Crutywepa anemima

BBAETE
MHPOPMUPAHMI

TlosHasaiime caoficmsama.

MepaRH, MACTUNH KicenHIL
* Vua npoShomueien eexm
* Tlognowara upesnama sikpoSioma.

Perynpa criovaunio-upestoume TlopoGpana anemyma i memaGounama

dynxpn
Tlopopasa obwawama va

Braronpusmemsa ysapoime Ha xacsume

A BCEKU TIHeAEH TIPOAYKIT W
BH3MOXHMITE CTIPAHMUHIL

y —

C BEMpelIna cekpeLs

Beuecmpama.

TIHEAHA OTPOBA.

Choxua Hamypata cyiee om Hap 300 Mstorokonnonermia cuec om

CoepHenNIS, OCHOBHO ecTiepi Ha BCuME.
'MaCTIHM KMCeAUHH, CBOBOAHMN MACTUHI

HeopraNUL I opra Beuecsa
Tlonoara aevene va nesposit

KHCEAMHH, BBTACBOAOPOAN U 2AKOXONH. HeBpaATHM, apmpHIIA W

TnonMapmpHm

310438 ce OCHOBHO B KO3MEMMKAMA 38

npyromBae Ha MexAen, Gancarin 3a

yomuu, caeupt 3a yum

KAK AAMBTIOA3SBAME TIHEAHUTE TIPOAYKTU BE3OTIACHO?

KOHCYATALIVISLC AEKAP UHAVBUAYAAHA AOBVPOBKA
Tipep ynompeda wa mienst mpogyii e HeoBxouma Tluearme npogykmv cospxam Groaxmunsia
VowcyAmaLy ¢ nexap, ocoBeno mpH pmeM Ha Coepens € HeoBxomHMO Aa ce crazBa
Creup M AeKapeBa, anepri, aBMONMYHHK yNepena yrompeba w gAY
aaGonasarins n Gpemerioc . sosmposa.
Tlpuaarariemo a naxow e npogyk (nsena
omposa) mpaGEa Aa € oA CTIPOT AeKAPCKH KoHTTIPOA. R SR
AOBEPEH TIPOVZBOAUTEA CBXPAHEHVE
9 R — B s G
TApAHITIHpA MPOUSXOAR, CHCMABA W KAUECTIBOIO paxmey wmpaGea aa ce cuxy:
P ———— TPABUAO TpH MOAYOARLM 38 MALX YCAOBS.
UHPOPMUPAHUAT U3BOP E KAXOYBT KbM PASYMHA UTIOA30TBOPHA YTIOTPEBA HA TIHEAHU
TIPOAYKTU

1150000



Korato uMyHHTETHT ce 00bPHE Cpelly OpraHu3ma:
0MO0JIOTHA HA IUTOKMHOBATA Oyps
Qenan Mocxkos’, Kpacumupa I enosa’
I Meouyuncxu ynusepcumem — Cogpust, Meouyurncxku gpaxyimem, 2
Jlecomexnuuecku ynusepcumem — Cogpus, @axynmem no eemepuHapra
Mmeouyuna

[{uToxnHOBaTa Oypst MpeICTaBIsIBa TEXKbBK MaTOJIOTHYEH UMYHEH OTTOBOD,
XapaKkTepu3npalll ce ¢ MPEKOMEPHO OCBOOOKIaBaHEe Ha MPOBB3MAINTEIHU
OUTOKMHU W HEKOHTPOJIMPAHO Bb3NajieHue. B HopmaiHu ycioBus
LIUTOKMHUTE PETyJIMpaT 3aluTaTa Cpelly MAaTOreHH, HO NpPH HapylLleHa
perynanus Te MoraT Ja MPUYMUHAT CEPUO3HU YBPEXKIaHHS HA ThKAaHUTE U
OpraHHTe.

[Ipu xopata HUTOKMHOBa Oypsi ce HaOmoAaBa NMpPU MHPEKUUU Karo
COVID-19 u rpun, KpIeTo NPEKOMEPHUAT MUMYHEH OTTOBOpP BOIU [0
yBpekJaHe Ha Oenure ApoOOBE, OCTHP PECIUPATOPEH IUCTPEC CUHAPOM
U OpraHHa HelocTaThbyHOCT. Ilpu KUBOTHHTE MONOOHM MEXaHU3MHU Ce
Ha0JI0/1aBaT MPHU BUCOKOIMATOT€HHA MH(IyeHLa MO NTHUIHUTE, KOTEIIKH
MH(EKIMO03eH MEPUTOHUT U CETICUC NIPU KyUeTa, IPU KOUTO MPEKOMEPHOTO
BBb3MAJICHUE TNPEIU3BUKBA TEXKO KIMHUYHO NPOTHYaHE U BHCOKA
CMBPTHOCT.

OcHoBHa poJis B TO3U IMPOLIEC UMAT UMYHHHU KJIETKH KaTo Makpodaru u
IUMQOIMTH, KOUTO OTIENAT MHTEPICBKUHM M TYMOP-HEKPOTH3HPAILL]
daktop. Pa3bupanero Ha MeXaHM3MHUTE Ha IIMTOKHHOBaTa Oyps € OT
CBIIECTBEHO 3HAUYE€HHE 3a pa3pabOTBAHETO HAa HOBU TEPANEBTHYHU
MOJIXOU ¥ KOHTPOJI Ha Bb3MaJIEHUETO.

Knrouoeu oymu: yumokunosa oOyps, umyHen omao8op, 8b3naieHue, Y08ex,
HCUBOMHU
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When immunity turns against the host: the biology of cytokine storm
Ognian Moskov’, Krasimira Genova’
1 Medical University — Sofia, Faculty of Medicine, 2 University of
Forestry — Sofia, Faculty of Veterinary Medicine

Cytokine storm is a severe pathological immune response characterized
by excessive release of pro-inflammatory cytokines and uncontrolled
inflammation. Under normal conditions, cytokines regulate host defense,
but dysregulation may lead to tissue and organ damage.

In humans, cytokine storm occurs in infections such as COVID-19 and
influenza, leading to lung injury, acute respiratory distress syndrome,
and organ failure. In animals, similar mechanisms are observed in highly
pathogenic avian influenza, feline infectious peritonitis, and canine sepsis,
where excessive inflammation results in severe disease and high mortality.
Immune cells such as macrophages and lymphocytes play a central
role by releasing mediators including interleukins and tumor necrosis
factor. Understanding these mechanisms is essential for developing new
therapeutic strategies and controlling inflammation.

Keywords: cytokine storm, immune response, inflammation, humans,
animals
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INTRODUCTION

Important current approach to overcome the antimicrobial resistance is the use of
various types of extracts, including microalgae, to stimulate the immune system in
humans and ammals and prevenl \nfecllous diseases. Objectives of the present
study were to potential of two g

1) The antimicrobial anvlty of combinations between cllnlcally applied

/ RESULTS

1. Specific growth rate of Scenedesmus obluquus biomass':

utvaton geriod 6] | Simass iy o ] _ nU(2) = InCea)y) [ ]
2.18 T @-wm)
i
Sa7 043 ¢1
$5

drugs and dichloromethane extract from biomass of th
obliquus, cultivated in an innovative small photobioreactor under the influence of
internal red or green and external white LED lights, and

2) The antiviral effect of extract from the

acutus cf. acutus Meyen against bovine coronavirus.

A MATERIALS AND METHODS

Microalgae extracts'2:
> Cultivation and lyophyliisation of Scenedesmus spp. biomass:

ﬂi‘*f

> Dichloromethane extracis were oblained from the biomass of both spacies and characterized wih
UHPLC-HRMS: the extract are rich on carotenoids and unsaturated faty acids"

Flat.plate PBRs:
left PBR1 and
right K1

—

Scanedesmus acutus
. acutus Moyon

¥

> Evaluation of antibacterial activity
> SO 20776/1-2006 on food pathogens (Salmonella typhimurium, Escherichia coli and
Staphylococcus aureus) - determination of minimal inhibitory concentrations (MIC)
> Combinations between dichloromethane extracts and ciinically applied antibiotics — penicilin,
ciprofloxacin and enrofloxacin
> Checkerboard test — MI
> Method of the fraction ini

combinations (MIC)
ry concentrations (FIC):

< Interpretation of the resdts:

R 10 N e s
N “ w 0.5 < IFIC < 1 - additive effect

z FIC= FIC (4)+ FIC(8) 3FIC »4 — antagoniem

| a

> Evaluation of ai
>Virus strain - bovine corona vius *S379 Riems® (022V-04370 Beta-coronavirus 1,
Collaborating Centre for Zoonoses in Europe, Insel Riems, Greifswald, Germany)
>Cell Viability Assay according to ISO 109935 (Annex C) — two treatment schemes:
« Treatment scheme 1 — pre-incubation of the BCoV with PBR1 or K1 extract for 1 h at 37 C.
“Treatment scheme 2 — direct reatment approach;
> Microscopic evaluation of antiviral activity —
cytopathic effect;
>Digital droplet PCR for enumeration of the virus.
particles in treated and non-reated samples.

FLI, WOAH

B e o e st s
ranscription with 1 ng viral RNA
« T 447 o n Bl s 44POR aystom

© fonuan primer B-GGACGOMGTAGOGAIGAG.S,

GAGCCTTCAATA-3, and

reverse prime
K o vmmsFms TTCCoACTAGeTHTE0scT
BHO1.

BIBLIOGRAPHY.
M. M. Zaharieva et al.,
2M. M. Zaharieva et al.,

Molecules, 2022, 27, 519, DOI: 10.3390/molecules27020519.

118

Fermentation, 2026, 12, 85, DOI:10.3390/fermentation12020085.

on of S. obliquus and S. acutus biomass'2:

soropmys] T | b
ereB P aroteno /100 g
e mylgaw | dw)

2. Phytochemical compos

Flavonoids phenols |Chiorophyl
mmw-) %Ammw molg dw

0855011 1495015 16384044 6732021 5495013 882012
0614000 215007 16805028 7882020 5142015 8572013

Tiaverei | Popran | g | Choronyi» [ T Crovts| s

100 100 g

-x- AT B 2B W i o T MR o
Pori 0234001 1382012 46208 1792071 035001 18872043

between S. obliquus extracts

3. activity of
and clinically applied antibacterial drugs':

N T N

001 00625 00008 05 05008 Addive
_ EZ 001 00625 00008 05 05008  Addive
I cr El 001 00625 00008 025 02508 Synergism
I E2 001 00625 00008 025 02508 Synergism
[ - E1 001 005 00008 1 10008 Indifference
— 2 oo 005 oo 1 10008 indiferenco
| Ecoi T El 001 0003125 0.0008 05 05008 Synergism
I E2 001 0003125 0.0008 05 05008 Synergism
[ BT El 001 000625 00008 05 05008  Addiive
[ | E2 001 000625 00008 05 05008 Addtve
|5 tpnimurion e oo 00125 0008 025 02508 Synargom
I E2 001 00125 00008 025 02508 Synergism
[ BT El 001 0,025 00008 05 05008  Addiive
_ E2 001 0,025 00008 05 05008  Additive

SE——

4. Antiviral activity of S. acutus extracts against bovine coronavirus2:
Analysis of P

{#) Trotmen scherme -—pre-ncubaton of ECo it e

= (o) Teaimentscheme -drect ratmen. Logen PBR1—
astaccbained fom biomase culvaledinpholoiosacer
1; K1—extract obtained ffom biomass cultivated in
rololoaseor K1 BOayca o wh o
[ oo e o avirus but not reated with extracts; Co—untreated
PEICIERERE

|
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Kl o am om0 2ms
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CONCLUSIONS

auon of engineering solutions to create innovative PBRs in the inoculum stage
uality biomass of the obliquus st

& o oy (e o with significant

combination wnh clinically applied antibiotics. Synergistic_effects

penici

led to additive eﬂem

v

| activity in concentrations 150 g/mL
more active K1 extract revealed significant
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nyOJIMKyBaHUTE MaTe€pHUaii Ha BbHIIHU aBTOPU

*Risk assessment center on food chain is not responsible for any factual
or technical errors in the published materials of external authors
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