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1. ac. Becenuna 3apaBkoBa I[lanaiioToBa, 1x
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I.L1. Hayunu nybauxayuu, nyoauxysanu 6 u3zoanusi, pegepupanu U UHOEKCUPAHU &
c8emosHoussecmuu 6asu 0anuu ¢ Hayuna ungopmayus (Web of Science u Scopus) — 4 6pos

I1.2. Ilybonuxayuu u 0okniaou, nyoOauKyeamu 6 Hepeepupanu CRUCAHUS C HAYYHO
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|. Hayuynu TpyaoBe BKJIOYEeHH B AKajeMH4YHAa cHpaBKa 1o o0pa3sel, J0Ka3Baiia
H3MbJIHEHHEe HA MUHUMAJIHUTE M3MCKBaHUs 3a 3aemMaHe Ha A/l ,,JIOLEHT, CbIJIACHO
IMpaBuianuk 3a npuiarane Ha 3PACPb

Kpumepuit A
Toxasamen Al. JJucepmayuonen mpyo 3a npuoodousarne na OHC ,,0okmop “

Becesimna 3apaBkoBa IlanaiioroBa. OmpeznensHe Ha OWONIOTMYHO AaKTUBHHU BEUIECTBA B
YEepHOMOPCKH BoJopaciau. MeauiuHcKu yHuBepcureT — Bapha, 2015 1.

AHoTammss MopckuTre OpraHu3M{, B TOBa 4YMCIO M BOJOpPACIUTE ca €JHU OT Hai-
I'BJTHOLEHHUTE TPUPOAHN XPAHUTEIHU W3TOUYHHUIM U ca OOraTH Ha peaula KU3HEHO BaKHU
OMOJIOTUYHO AKTUBHU ChEAMHEHMUSI, CPEJl KOUTO MOJIMHEHACUTEH! MACTHU KUCEINHHU, CTEPOJIH,
NPOTEHHH, TOJIM3aXapuan, aHTHOKCHUAAHTH, MUTMEHTH W Ap. B nureparypuust o0630p ca
pasrienaHu OMOJIOTMYHO AaKTHBHUTE BELIECTBA, ChABPXKALIU CE BbB BOAOPACIUTE, KaKTO U
NPUIOKEHUETO Ha BOJOpaciuTe B mpakTukata. OT OMOJIOTMYHO AaKTUBHUTE BEIIECTBAa ca
pasriiefaHy JIMIUAUTE, B YacTHOCT OCHOBHHUTE M HE3aMEHUMHU MAacCTHM KHUCEJIHMHH,
dochonunuanTe, CTEPOIUTE, MACTHOPA3TBOPUMHUTE BUTAMUHU M OCHOBHHMTE MAaKpo- U
MUKPOEJIEMEHTH, ChIbPKAIIM CE B PA3IMUYHUTE BUIOBE Bogopacau. OcHOBHaTa LEen Ha
JUCEPTAllMOHHUS TPy € M3CJIECIBAaHE Ha pa3jIMYHU BHJIOBE YEPHOMOPCKH BOJOpACIH 3a
ChIbpXKAHWE Ha OMOJIOTMYHO AaKTHUBHU BelleCTBA M OUOICHHU €JIEMEHTH BbB Bpb3Ka C
U3II0JI3BaHETO MM 3a IPOM3BOJCTBOTO HA XPAHUTENIHHU, (PapMaLEeBTUUYHU M KO3METUYHHU
nponyktu. [IpeacraBeHn ca TaKCOHOMETPUYHM JAaHHU 3a U3CJIECIBAHUTE BHJIOBE BOJOPACIH.
[Tonydenu ca pe3yaTaTu 3a MACTHOKUCEIMHHUS TPOQHIT Ha OOIIMTE JUIUIN, UHUBHIyaTHUTE
dochomunuan u creposoBUTe ectepu. M3cneaBaHo € ChIbpKAHUETO HA MACTHOPAa3TBOPUMHU
BUTAaMMHU M KapOTEHOUIHU (0-TOKOGepoJ1, f-KapoTeH U acTakcaHTHH). HampaBeHa e olieHKa Ha
NOTEHLIMAJla HAa YEPHOMOPCKHUTE BOJOpPAcIM KaToO CYpPOBHHU 3a IPOM3BOACTBOTO Ha
XpaHUTENHHU, (hapMalleBTUUHU U KO3METUYHM MPOJIYKTH, KOSTO TIOKa3Ba, 4e T€ ca €MH MHOTO
100Bp U3TOYHMK HA penlia OMOJOTHYHO aKTUBHU BEIIECTBAa U OMOT€HHU €JIEMEHTH.

Annotation Marine organisms, in particular algae, are among the most valuable natural food
sources and are rich in a number of vital biologically active compounds, including
polyunsaturated fatty acids, sterols, proteins, polysaccharides, antioxidants, pigments, etc. The
review of the literature describes the variety and abundance of biologically active substances in
marine algae, as well as their potential applications in practice. Among the biologically active
substances, the main focus in the thesis is on algae lipids, especially fatty acids, phospholipids,
sterols, fat-soluble vitamins. The contents of macro- and microelements in different algae
species were also described. The main goal of the thesis is to study five species of Black Sea
algae for the content of biologically active substances and nutrients in relation to their use in
the food, pharmaceutical and cosmetic industries. Taxonomic data for the studied species are
provided. Results for the fatty acid profilec of total lipids, individual phospholipids and sterol
esters were provided as well as fat-soluble vitamins and carotenoids (a-tocopherol, B-carotene
and astaxanthin). In conclusion, an assessment of the potential utilization of Black Sea algae as
raw materials in the food, pharmaceutical and cosmetic industries was discussed. The studied
species appeared very good sources of biologically active substances and nutrients.



Kpumepuii B
Toxazamen B3. Ilybnuxysarn xabunumayuornen mpyo — MoHocpaghus

Beceitnna 3apaBkoBa IlanaiioroBa. Mopckure ¢dochomunuan — H3TOYHULIM Ha
JBJIITOBEPUKHU TTOJIMHEHACUTEHU MACTHU KHMCEJIMHH. MeaunuHCKH yHHBEpcUTeT — BapHa,

2021. ISBN 978-619-221-355-8

AHoTanust MoHorpadusiTa npeacTaBs akTyalHa HaydyHa HH(POpPMANUS OT MOCIECAHUTE TOJUHA
3a CBOWCTBaTa M OMOHAJMYHOCTTA HAa OMera-3 MOJMHEHACUTEHUTE MACTHU KHUCEJIWHH, KaTo
OCHOBEH aKILEHT € TOCTaBeH BBPXY ,,MOPCKHUTE TOJSAPHHU JHUIHIN, CHIbPXKAIIUA OMera-3
NOJIMHEHACUTEHUTE MACTHU KHCETUHH. MoHorpadusTa € npenHazHadyeHa 3a MIMPOK KPbBr
quTaTeNU, KaTo ce 0a3upa Ha JIETalIHO MPOyYBaHE Ha Hay4yHaTa JuTeparypa. Pasriemanu ca
OCHOBHMTE JIMIMJHHU KJAacOBE Pa3lpOCTPaHEHU B KMBUTE KieTKU. HampaBeH e mpersesn Ha
CTPYKTYypara, KjJacu(ukanusaTa U MpernopbKUTE 3a MPHUEM Ha €CEHI[MATHU MacTHU KHCEIHHU.
OO6cbaeHu ca NOA3UTE OT IpUeMa Ha OMera-3 MacTHU KHUCEJIMHU, KAaKTO U OMOHaIMYHHOCTTA
Ha pa3Iu4HUTE (OPMH, O] KOMTO Ca CBbP3aHH, KAaKTO U e(peKTUTE OT IpuemMa Ha omera-3
MacTHU KUCEJIMHU MPH MPEBEHLUS U JICUEHUE Ha pelulia COLMAIHO 3HAUUMH 3200 IsIBaHUS —
ChpACYHO-CHJIOBU U PAKOBU 3a00JIIBaHUS, KAKTO M pOJATA HA MOJIMHEHACUTEHUTE MAacTHU
KHUCEJIMHU BbB BB3NAJIUTEIHUTE NPOLECH B OpraHusMa. MHOro € BaXXHO Ja ce 3HasT
MeXaHU3MUTE Ha aOCOPOIMsI M TPAHCIIOPT Ha pa3IMYHUTE POPMU OMera-3 MaCTHU KUCEJTMHU B
YOBEIIKOTO TAJ0, T.K. OMOHAIMYHOCTTa Ha BCAKO €JHO XPAHUTEJIHO BELIECTBO € MPSIKO
CBbp3aHa C HeroBus aOcopOuuMoHeH IbT. MHTepeceH (akT e, ye MOJSPHUTE JHUIUIU Ce
OTJIMYaBaT C MHOI'O II0-BUCOKA OKUCIIUTEIHA CTAOUIIHOCT B CPABHEHUE C HEYTPATHUTE JIMITUIU
U ca CHocoOHM Jda ,,Mpearna3BaT TOJWHEHACUTCHUTE MACTHH KHCEJIMHU BKIIOYCHH B
CTPYKTypaTa 1M.

Monorpadusra onucsa noApoOHO U3TOYHUIUTE HA XPAaHUTEIHU (HOCPOTUNINAN B YOBEIIKATA
nueta. Ts cpabpka HEe caMo MH(OpMaIKs OT HayyHaTa JUTepaTypa, HO U JaHHU OT COOCTBEHU
HayyHd pa3paboTku B o0nacrra Ha ,,MOpPCKUTE JUNUAU. JIMOUAHMUAT CbhCTaB Ha
YEepHOMOPCKUTE MEKOTeIM HuMaT KJIYOBO 3HAu€HUE HE caMo Karo uHpopmauus 3a
NOTEHLMATHUTE XPAaHUTEIIHU TOJI31 32 HOTPEOUTEINSI, HO U 32 3HAYEHUETO Ha MEKOTEJIUTE KaTo
Ouopecypc 3a HapacTBallaTa ,,HyTPULEBTUYHA MHIYCTpHUS. YEpHOMOpPCKUTE MEKOTEIH Ce
OTJIMYaBaT C OTHOCUTEIIHO HUCKO ChIbpPKaHUE Ha JIMIUJM, HO 32 pa3jivKa OT pubHUTe, KbAETO
TPUALIMIITIIMIEPOINTE Ca OCHOBHHUS JIMIUAEH KJac, IPU MEKOTEIUTE MOJISIPHUTE JIMIUIU
IpeJCTaBisIBaT MO-TojisiMa YacT OT JunuAHata ¢pakuus. ['onsgMa yacT OT IBJITOBEPHIKHUTE
oMera-3 MaCTHM KHCEJIMHU ca CBbP3aHH UMEHHO B CTPYKTyparta Ha (oconunuanre, 3a KOUTO
Ce CUMTa, Y€ Ce YCBOSBAT MO-JECHO U MO-IIBJIHOLEHHO B CTOMAIIHO-YPEBHUAT TpakT. He Ha
MOCJIETHO MSICTO € 0OBPHATO BHUMaHKUE Ha 0€30MacHOCTTa OT MpHeMa Ha ,,[IOJIIPHU OMera-3
MacCTHU KHCEJIHUHU, T.K. ChILIECTBYBA BEPOSTHOCTTA OT HAJTMUUETO HA 3aMbPCUTEH B MOPCKHUTE
xpanu. [IperncraBeHuTe JaHHU 3a BUCOKO ChIbp)KAHHWE Ha €CEHIMAJHH OMera-3 MacTHH
KHCEJIMHU MOTaT Jia MOCIy’aT 3a W3BBPIIBAHE Ha OLIEHKH ,,[TOJI3U-PUCK™: JTalH TOJI3HUTE 3a
3/IpaBEeTO MUMAT MO-TOJIsIMA TEXKECT OT 3/[paBHUTE PUCKOBE U 0OOPATHO.

Monorpadusra npegocTanst HH(GpOpMaIUs OTHOCHO KaUYeCTBEHUS U KOJIMYECTBEHHSI ChCTaB Ha
HOJISIPHUTE JIMITUAN OT YEPHOMOPCKH MEKOTENH, M TI0 TO3M HAYMH Pa3KpHBa MOTEHIIMANA UM 32
MOCpellaHe Ha HapacTBalloTO ThPCEHE Ha BUCOKOKAYECTBEHH MOPCKU JTUMUAN U3TOYHUIIM Ha
MOJIIPHO CBBP3aHU OMera-3 MacTHU KUCEIHHH.

Annotation The monograph presents up-to-date scientific information of the properties and
bioavailability of omega-3 polyunsaturated fatty acids, with a focus on "marine” polar lipids



containing omega-3 polyunsaturated fatty acids. It could be of interest to a wide range of readers
and is based on a detailed study of the scientific literature. An overview of the the main lipid
classes found in living cells, the structure, classification and the recommendations for the intake
of essential fatty acids has been made. The benefits of omega-3 fatty acids intake are discussed,
the bioavailability of the variety of forms they are incorporated and the roles of omega-3 fatty
acids in the prevention and treatment of a number of socially significant diseases -
cardiovascular diseases and cancer, as well as the role of polyunsaturated fatty acids in
inflammatory processes in the body. It is very important to know the mechanisms of absorption
and transportation of the forms of omega-3 fatty acids in the human body, because the
bioavailability of each nutrient is directly related to its absorption pathway. Interestingly, polar
lipids have much higher oxidative stability than neutral lipids and are able to "protect” the
polyunsaturated fatty acids included in their structures.

The monograph describes in details the sources of dietary phospholipids in the human diet. It
presents not only information from the scientific literature, but also data from author’s own
research in the field of "marine lipids". The lipid composition of Black Sea molluscs is crucial
not only as information for the potential nutritional benefits for the consumers, but also for the
importance of molluscs as a bioresources for the growing "nutraceutical” industry. Black Sea
molluscs are relatively low in lipids, but unlike fish, where triacylglycerols are the major lipid
class, in molluscs polar lipids make up the majority of the lipid fraction. Many of the long-chain
omega-3 fatty acids are bonded in the structure of phospholipids, which exhibit better
absorption and bioavailability in the gastrointestinal tract. Last but not least, a section has been
devoted to the safety of "polar omega-3 fatty acids", because seafood products are a commodity
of potential health concerns. The presented data for the content of essential omega-3 fatty acids
can be used to assess the "benefits-risks" of seafood intake: whether the health benefits
outweigh the health risks and vice versa. The monograph provides information for the
qualitative and quantitative composition of polar lipids from Black Sea molluscs, and thus
reveals their potential to meet the growing demand for high quality marine lipids as sources of
“polar omega-3 fatty acids”.

Kpumepuu I
Tloxazamen I'7. Hayunu nyoauxayuu, nyoaukysanu 6 uzoanus, peghepupanu u UHOeKCuparu 6
c8emosHou3secmuu 6asu oanHu ¢ Hayuna ungopmayus (Web of Science u Scopus)

'7-01 M. Stancheva, D. Dobreva, V. Panayotova, R. Stancheva. (2017) Simultaneous
HPLC determination of fat-soluble vitamins, carotenoids and cholesterol in
seaweed and mussel tissue, Bulgarian Chemical Communications 49(G), 112-
117. (Q4)

Abstract The aim of the present study was to develop simple method for simultaneous
determination of fat-soluble vitamins (all-trans retinol, cholecalciferol, ergocalciferol and a-
tocopherol), carotenoids (B-carotene and astaxanthin) and cholesterol in seaweeds and mussel
tissue. Reversed-phase high performance liquid chromatography system combine with UV and
fluorescent detection was the method characterized with rapid, sensitive and accurate detection
of all components. Extraction procedure requires small amounts of sample. The sample
preparation included saponification and liquid-liquid extraction of the analytes. The method
precision (relative standard deviation) was below 10% for all analytes. The method shows good



linearity of all investigated components and analysis time — 32 min. The method was applied
on real seaweed and mussel tissue samples and the results for the tested fat soluble analyte
contents were in a good agreement with the data given by other authors.

Pe3tome Ilenra Ha HacTOSAIIOTO U3CieABaHe Oc Ja ce pa3paboTu XpoMmaTorpadcku METoJ 3a
€/IHOBPEMEHHO KOJIMYECTBEHO OIpPEIC/IIHE HAa MACTHOPA3TBOPMMH BUTAMHUHHU (PETHUHOJ,
XoJNeKanudeposn, eprokanmudepon U - o-Tokodepoid), KapoTeHounaw (P-kaporeH u
ACTaKCaHTHMH) W XOJIECTepPOJ B ThKaH Ha BOJAOpAcIM M MUAM. BHCOKOeheKTHBHATA
teuHoxpomatorpadcka cucrema ¢ UV u FL gerektopu € meron, xapakTepu3upaiy ce ¢
Obp3MHA, YYBCTBUTEJIHHOCT M TOYHOCT TIPH OTKPUBAHETO HA BCHYKH KOMIIOHCHTH.
EkcTpakinnoHHaTta mpoleaypa ce MNpoBeXJa ¢ MHUHHMAJHH KOJMYECTBA Ha MpPOOHTE.
[IpoGomoaroToBkaTa BKJIOYBA OCAllyHBaHE M TEYHO-TEYHA EKCTPAKIMs Ha aHAJMTHUTE.
TouyHocTTa Ha MeTona (OTHOCHUTEIHO CTAaHIAPTHO OTKJIOHeHHWe) e mon 10% 3a Bcuuku
U3CIIe/IBaHN BeliecTBa. METOABT Ce XapakTepusupa ¢ a00pa JIMHEWHOCT TPU BCHYKH
U3CJIe/IBaHN KOMIIOHEHTH U BpeMe 3a aHaiu3 — 710 32 MUH. MeToabT O¢ MPHUII0KEH MPH MPooH
OT TbKaHM Ha BOJOPACIM M MHIH, KATO TMOJYYCHUTE PpE3yaTaTH 3a H3CICIABAHUTE
MacTHOPa3TBOPHMH aHAIUTH ca OJIM3KU 0 JaHHH, MyOJMKYBAHH OT APYTU aBTOPH.

I'7-02 V. Panayotova, A. Merzdhanova, D.A. Dobreva, M. Zlatanov, L. Makedonski.
(2017) Lipids of Black Sea algae: unveiling their potential for pharmaceutical
and cosmetic applications, Journal of IMAB 23(4), 1747-1751.
https://doi.org/10.5272/jimab.2017234.1747 (Q4)

Abstract Background: Bulgarian Black Sea coast is rich in algae, regarding biomass and algal
biodiversity. The red algae Gelidium crinale (Rhodophyta) and brown algae Cystoseira barbata
(Phaeophytes) are among the most abundant species along the Bulgarian Black Sea shore. Yet
information about their lipid composition is limited.

Purpose: Present study was conducted to investigate biologically active substances in two
underexplored seaweed lipids. Total lipids, total phospholipids, fat soluble vitamins and
carotenoids were analysed. In addition, the specific distribution of fatty acids group among the
total lipids and total phospholipids were elucidated.

Material/Methods: The saponifiable lipid fraction was derivatized into fatty acid methyl esters
(FAMES) and analysed by gas chromatography—mass spectrometry (GC-MS) to identify and
quantify the fatty acids. The fat soluble non-saponifiable lipids were identified by high-pressure
liquid chromatography coupled with UV/Vis and fluorescence detectors (HPLC-UV-FL).
Results: Results showed that Rhodophyta and Phaeophytes have high concentrations of
polyunsaturated fatty acids (PUFA), particularly from the n-3 series, thereby being a good
source of these compounds. They presented a “healthy” n-6/n-3 ratio. Both seaweed species
showed considerably high amounts of a-tocopherol, B-carotene and astaxanthin.

Conclusions: The study reveals that lipids from Black Sea algae have a high potential as natural
sources of biologically active ingredients. They are balanced source of fatty acids and contained
beneficial antioxidants, such as a-tocopherol, f-carotene and astaxanthin.

Pe3iome Breenenue: bearapckoro UepHomopue € 60rato Ha BOAOpPACIU IO OTHOLICHUE Ha
Oouomaca u OumopasHooOpasue. UepBenute Bomopaciu Gelidium crinale (Rhodophyta) u
kagsBure Bomopaciu Cystoseira barbata (Phaeophytes) ca cpen Haii-pa3mpocTpaHeHHTE
BUJIOBE IO OBIATapCcKOTO KpaiOpexwus. Bempekn ToBa mMH(pOpManmsaTa 3a TEXHHS JIUITUACH
CHCTaB € OrpaHUYCHA.



[len: HacrosimoTo u3cienBaHe € MPOBEACHO BbPXY ChABPKAHUETO HAa OMOJIOTMYHO aKTHBHU
BEIIECTBA B JIMMHUIHUTE (PAKIIUN HA YEPHOMOPCKHUTE BOJIOPACITH. AHAIM3UPAHU ca OOIIUTE
aunuay, obumre (ochonunuay, MacTHOPAa3TBOPUMHUTE BHUTAMUHHM W KapoTeHouaute. B
JOITBITHEHHE, OeIlIe N3SICHEHO CIEU(UIHOTO pa3pe/Ie]ICHHE Ha TPYIUTE MACTHH KHCEITUHU B
obmute aunuau u oommmre Gochoaunumy.

Marepuanu/metoau: OcanyHseMara JunuaHa Gpakius ce IepUBaTU3NpPa B METUIIOBH €CTEPU
Ha w™actHu kucenuHu (FAMEs) um ce ananmmsupa upe3 Tra3oBa Xpomartorpadusi-
maccnektpomeTpus (GC-MS) 3a uaeHTuUIIIPaHe U KOJIMYECTBEHO ONpPEIeIsiHe HA MACTHUTE
KucenMHU. MacTHOpPa3TBOPUMUTE HEOCANyHSEMHU JIMIUIU ce€ UACHTU(ULIUpAT ype3 TedHa
xpomarorpadus moj BUCOKO HaisiraHe, chkueraHa ¢ UV/Vis u ¢iryopecueHTHH IETeKTOpU
(HPLC-UV-FL).

Pesynraru: Pesynratute nmokassar, 4e npencrasurenute Ha Rhodophyta u Phaeophytes umar
BHUCOKHM KOHIIEHTPALIMW Ha MOJMHEHACUTEHN MAaCTHH KHUCEIMHU, OCOOEHO OT n-3 cepusita u ca
JN00Bp U3TOUYHHUK Ha TE3U CheIuHEeHHS. Te mpeicTaBsT ,,3[paBOCIOBHO ChOTHOIICHHE n-6/N-3.
W nBarta BuAa BOJOpACTH MOKa3BaT 3HAYUTEIIHO BUCOKU KolndecTBa anda-tokodepon, oera-
KapOTEH U aCTaKCaHTHH.

W3Boau: M3cnenBanero pa3kpuBa, ye JHUIMHUIUTE OT YEPHOMOPCKUTE BOAOPACIH MMAT BHCOK
MOTEHIIMA KaTO E€CTECTBEHM H3TOYHMIIM Ha OMOJIOTMYHO AaKTHBHU CheIuHEHHUsA. Te ca
OanlaHCUpPaH U3TOYHUK Ha MACTHU KUCEJIMHU U ChIbPKAT MOJIE3HU AHTUOKCUIAHTH, KaTo anda-
Toko(epo, 6eTa-KapOTeH M aCTAKCAHTHH.

I'7-03 V. Panayotova, A. Merdzhanova, D.A. Dobreva, L. Makedonski. (2019)
Relative changes of retinol, a-tocopherol, B-carotene and astaxanthin in cooked
edible mollusks from the Black Sea, Bulgarian Chemical Communications
51(A), 283-286. (Q4)

Abstract Molluscan species are a major component of global seafood production. The
Mediterranean mussel (Mytilus galloprovincialis) and veined rapa whelk (Rapana venosa) are
marine mollusks with high socio-economic value in the Black Sea region. Seafood is not only
a good source of digestible proteins, furthermore delivering a healthy portion of vitamins and
carotenoids. However, domestic cooking (high temperatures, exposure to air, etc.) inevitably
alters the amounts of these bio-antioxidants. The aim of the present study was to explore
changes in retinol, a-tocopherol, B-carotene and astaxanthin occurring in black mussel and
veined rapa whelk after culinary treatment. The fat-soluble components were analyzed
simultaneously using high-performance liquid chromatography with ultraviolet and
fluorescence detectors (HPLC-UV/FL). Rapana venosa contained higher amounts of retinol, a-
tocopherol, B-carotene and astaxanthin compared to black mussel. The concentrations of all
analytes decreased significantly following temperature treatment with the exception of
astaxanthin in Mytilus galloprovincialis — 55.7 pg.g™ lipid in raw to 42.1 pg.g™* lipid in cooked
tissue. Vitamin A accounted 80.7 pg.g™* lipids in raw Mytilus galloprovincialis and 13.8 pg.g*
lipids in raw Rapana venosa. After cooking it decreased to 17.2 pg.g? lipids in Mytilus
galloprovincialis and was not detected in cooked Rapana venosa. Beta-carotene decreased
three-folds in Mytilus galloprovincialis and two-folds in Rapana venosa. Although
susceptibility of vitamins and carotenoids to heat and oxygen, seafood remains a significant
source of natural antioxidants, even after culinary treatment. Further studies are needed to
investigate the changes of the mentioned analytes in marine mollusks during various cooking
processes and prolonged storage.



Pe3rome MekoTemnuTe ca OCHOBEH KOMIIOHEHT OT CBETOBHOTO IMPOU3BOICTBO HA MOPCKHU XPaHHU.
Yepuara muga (Mytilus galloprovincialis) u pamanst (Rapana venosa) ca MOPCKH MEKOTEITH C
TOJISIMO CTOIIAHCKO 3HaueHHEe B YepHOMOPCKHSI perioH. MOPCKHUTE MPOILYKTH ca He caMo 100bp
U3TOYHUK Ha JIECHO YCBOSEMH MPOTEHHH, HO M OCHUTYpSIBAT 3HAYUTEIHHU KOJHYECTBA OT
BUTAMUHHM ¥ KapOTCHOWIH. BbIpeku ToBa, TepMHUYHATA 00pabOTKa (BHCOKH TEMIIepPaTypH,
u3j1araHe Ha Bb3AyX H T.H.) HeU30€)KHO POMEHS KOJIMYECTBAaTa Ha TE3H OMO-aHTHOKCUIAHTH.
[lenTa Ha HACTOAIIOTO U3CIIEABAHE € JIa C€ M3CIIeIBAT IIPOMEHHUTE B PETHHOII, 0.-TOKO(hepod, B-
KapoTe€H M aCTaKCaHTHH, KOMTO C€ ChABPXKAT B uepHATAa MHJAa W palaHa Ciel KyJIuHapHa
0o0paboTka. MacTHOPa3TBOPUMHUTE KOMIIOHEHTH Ca aHaJM3MpPAHH EJIHOBPEMEHHO C
BUCOKOE(DEKTHBHA TeYHa XpoMmarorpadusi ¢ YyJITPaBHOJICTOB U (IIYOPECICHTCH IETEKTOP
(HPLC-UV/FL). Rapana venosa CbIbpiKa MO-roJeMH KOJHUYECTBA 0-TOKO(epo1, B-KapoTeH u
ACTAaKCAaHTUH B CpPaBHEHHE C dYepHaTa Muaa. KOHIEHTpalMUTEe HAa BCHYKH aHAIM3HPAHU
ChEJMHEHHS CE TOHIIKABAT 3HAYMTEIIHO CIIE TeMIeparypHa o0paboTKa ¢ M3KJIIOYEHHE Ha
acrakcanTun B Mytilus galloprovincialis — 55.7 ug.g™* numumu B cyposa o 42.1 pg.g™ nunuan
B cBapeHa ThkaH. Chabpikanuero Ha ButamMud A e 80.7 ug.g’ numumm B cyposu Mytilus
galloprovincialis u 13.8 pg.g' nunuau B cyposu Rapana venosa. Cren rotseHe Toil ce
noumxkasa n10 17.2 pg.g! nunuau B Mytilus galloprovincialis u e ce oTkpusa npu Bapenu
Rapana venosa. bera-kaporenst HamassiBa Tpu bt B Mytilus galloprovincialis u nBa bty B
Rapana venosa. Boeiipeku 4yBCTBUTEIHOCTTA HA BUTAMUHHUTE M KapOTEHOUIUTE KbM BHCOKA
TEeMIlEpaTypa W KHCIOPOJ, MOPCKHTE XpaHH OCTaBaT J00bP M3TOYHMK Ha €CTECTBEHH
AQHTHOKCHJAHTH, JIOPH U CJeJ KyluHapHa oOpaboTka. HeoOXoauMu ca JOMBIHUTEIHU
HPOYYBaHHS 32 U3CIIEIBAaHE HAa TIPOMEHUTE HA M3CIIEABAHUTE ChEJANHEHHS B MOPCKHA MEKOTEITH
B pE3yJITAT HA Pa3IMYHKU METO/IU HA TOTBEHE U MPOIBIDKUTEIHO ChXPaHCHHE.

I'7-04 K. Peycheva, V. Panayotova, A. Merdzhanova, R. Stancheva. (2019)
Estimation of THQ and potential health risk for metals by consumption of some
Black Sea marine fishes and mussels in Bulgaria, Bulgarian Chemical
Communications 51(D), 241-246. (Q4)

Abstract Seafood is an essential component of the world population’s diet being an important
source of proteins, vitamins and unsaturated essential fatty acids. Despite this, seafood products
are a commodity of potential health concern as they can be contaminated with a wide range of
environmentally chemicals among which are heavy metals.

Human exposure to As, Cd, Hg, Cu, Cr, Mn, Fe, Ni, Zn and Pb through consumption of three
marine fish species (European anchovy, garfish and leaping mullet) and mussels was estimated
by evaluation of target hazard quintet (THQ), target risk (TR), and hazard (HI) indexes.

The heavy metals analysis show that Zn and Fe are with maximum values in comparison to the
other elements. The results from this study show that the THQ for the toxic and essential
elements understudied are less than 1; signified that a daily exposure at this level is unlikely to
cause any adverse effects during a person lifetime. Additionally, HI of each trace element were
also lower than 1 suggesting that these pollutants perhaps pose no hazard to local residents. The
TR values were between 10 and 10 mean that there is no important cancer risks associated
with the consumption of the marine fish species subject to this study.



Pe3rome Mopckara XpaHa € OCHOBCH HM3TOYHUK Ha MPOTCHHH, BUTAMUHU M HEHACUTCHH
€CCHIMAJIHM MAaCTHU KUCEJIMHA B JMeTaTa Ha HACEICHHETO B CcBeTa. Bhmpeku ToBa, obade,
MOpCKaTa XpaHa Moxe Ja Objie MOJIJI0KEeHA Ha JIEUCTBUETO HAa aHTOPIOTCHHH 3aMbPCUTEIH
(kaTo HampPUMEp TEKKHUTE METAJIH).

Onenkata Ha ekcrnosumusaTa crnpsmo As, Cd, Hg, Cu, Cr, Mn, Fe, Ni, Zn u Pb npu
KOHCYMallMsATa Ha TPU BUJa MOPCKH PUOU (XaMCHsl, 3apraHa U Uiapus) 1 MUAH € OLlEHEHa upe3
npecmsiTane Ha koeduruenTute 3a HekaHieporeHeH puck (THQ), naaexc Ha omacHoct (HI) n
kanieporeneH puck (TR).

Haii-BMCOKM KOHILIEHTpALlUK ca U3MEPEHHU 3a €CEHIMAIHUTE eeMeHTH Zn u Fe. Pesynrarure
OT TOBa IpoyuBaHe Mokas3BaT, ue¢ THQ croilHOCTUTE ca MO-MaJKU OT €IMHUIA, KOETO Ce
CBBP3Ba C MUHUMAJIHA JHCBHA EKCIIO3UIMS M MUHUMAIHU HEOIaronmpusTHU BH3JCHCTBUE
BBPXY OpraHM3Ma Ha 4YOBEKa. B JONMbIHCHHWE WHACGKCHT Ha OMACHOCT 3a BCEKH CIUH
MUKpPOENIEMEHT € CBIIO MOJ EeAMHHIA, KOETO IMpeAarnoyiara, 4e Te3W 3aMbPCUTEIH He
MIPEACTABIISIBAT ONACHOCT 3a MecTHUTE kutenu. CroriHocTuTe 3a TR ca Mexny 10 u 10,
KOETO MOKa3Ba, Y€ HE ChIIECTBYBA KAHIIEPOT€HEH PUCK MPUUYUHEHH OT KOHCYMAIUsATa Ha Te3U
BUJIOBE CJIaIKOBOJHH PUOH.

I'7-05 D.A. Dobreva, A. Merdzhanova, V. Panayotova. (2019) Quality-related
changes of biologically active lipids in bluefish muscle tissue after cooking,
Bulgarian Chemical Communications 51(D), 247-250. (Q4)

Abstract The aim of the present study was to evaluate the effect of different cooking methods
(steaming, grilling, conventional baking and microwaving) on total lipids, fatty acid
composition, fat soluble vitamins (A, Dz and E), and cholesterol contents of bluefish tissue
(Pomatomus saltatrix) from the Black Sea coast. There were no significant differences in the
amounts of total lipids between raw, steamed, grilled and oven baked samples. In contrast, there
was a significant increase in the total lipid content of microwaved bluefish, probably due to the
significant decrease in moisture content. Fatty acids (FA) groups were affected by all thermal
treatment, but their distributions kept similar pattern: SFA> MUFA> PUFA. All three fat
soluble vitamins showed significantly higher values during culinary treatment, with the
exception of vitamin E after grilling. However, all cooking methods were found to be
appropriate culinary treatment, which preserves well nutritional lipid quality of bluefish meat.

Pe3iome LlenTa Ha HACTOSIIOTO M3CJIEBAHE € J1a C€ OLIEHHU eeKTa Ha pa3IMYHUTE METOIH 32
TepMU4YHa 00paboTka (TOTBEHE Ha TMapa, CKapa, KOHBEHIMOHAIHO I€YeHE M IeYeHE B
MHUKpPOBBJIHOBa  ()ypHa) BBPXY  OOIIMTE  JUMHIMA, MACTHOKHUCEIMHHHMS  CHCTaB,
MacTHOpa3TBOpUMHUTE BUTAaMHUHHU (A, D3 1 E) u cbbpkaHUETO HA XOJIECTEPOII B SIAMBHA ThKaH
Ha uepHokon (Pomatomus saltatrix) or Yepno mope. Pesynrarute mokazaxa, ue He ce
Ha0JII01aBaT 3HAYUTEIHU PA3IMKH B ChIIBPKAHUETO Ha OOLIM JIMITUAN MEXIY CYpOBHU MPOOH,
npoOu MPUrOTBEHH Ha Mapa, Ha CKapa U Ha KOHBEHIMOHaIHA (pypHa. O6paTHO, HaOII01aBaHO
€ 3HAYMTEHO yBEJIMUYEHHE Ha OOIIOTO ChIbpXKAHWE HA JMMUAM Hpu puba MPUTOTBEHA B
MHUKpPOBBJIIHOBaTa  (ypHa, BEpOATHO  MOPagd  3HAUUTEIHOTO  HAaMalsBaHE  Ha

BIarochabpkanueTo. ['pynure mactHu kucenuHu (FA) ca 3acermatu oT BCeKHM METOA Ha



TepMUYHAa  00paboTKa, HO TAXHOTO  pAa3Mpe/eiCHUE  3ama3Ba  CXOJCH  MOJEIN:
SFA>MUFA>PUFA. Tlpu TpuTa MacCTHOpa3TBOPMMHU BHUTaMHHA CE€ HAOIIOJaBaT 3HAUYUTEITHO
M0-BUCOKH CTOHHOCTH CJIe]] KyJIMHAapHa 00paboTKa, ¢ M3KJIF0UeHHE Ha BUTaMuH E ciies neyene
Ha cKapa. B 3akioueHne, BCHUKH METOIU Ha TepMUYHA 00pabOTKa ca IMOAXOISIIN 32 3aa3BaHe
Ha XPaHUTEITHUTE Ka4eCTBA HA JIMIUUTE OT MECO Ha YEPHOKOTI.

I'7-06 V. Panayotova, A. Merdzhanova, D.A. Dobreva, R. Stancheva, K. Peycheva.
(2019) Seasonal variation in fat-soluble vitamins, cholesterol and fatty acid
profile of lipid classes of Rapana venosa, Bulgarian Chemical Communications
51(D), 251-255. (Q4)

Abstract Nowadays, invasive species Rapana venosa is commercially important and widely
harvested in the Black Sea. The aim of this study was to evaluate the seasonal changes in lipid
bioactive compounds as fat-soluble vitamins (A, E and Dg3), cholesterol, carotenoids
(astaxanthin, beta-carotene), lipid classes and their fatty acid profiles. Among fat soluble
vitamins, the amounts of vitamin D3 supplied 100% of recommended daily intake for adults
according to Bulgarian food standards. Vitamin E increased in summer period (up to 2825
ug.100tg ww), whereas vitamin A showed opposite trend. Both carotenoid pigments: beta-
carotene and astaxanthin insignificantly decreased in summer season. Strong seasonal influence
on the lipid classes and their fatty acid (FA) profile was determined. Despite of the seasons,
polar lipids (PL) prevailed in total lipids (TL). In both seasons, FA groups showed similar
distribution: PUFA> SFA>MUFA, regardless of lipid class. The most abundant FAs in the
polyunsaturated FA group were eicosapentaenoic acid (C20:5 Q -3, EPA), docosahexaenoic
acid (C22:6 Q-3, DHA) and docosapentaenoic acid (C22:5 Q -3, DPA), which accounted more
than 65% of total PUFA. The high content of vitamin D3, long chain Q -3 FAs, different FA
ratios, low values of cholesterol and nutrition quality indices (atherogenic and thrombogenic
indices) confirm the very good functional properties of rapana lipids. In conclusion, the studied
rapana harvested from Bulgarian Black Sea coast presents preferable lipid quality in terms of
human health protection. Further investigation is required to determine the biological potential
of rapana lipids during the year.

Pe3rome B nHemHo Bpeme mMHBa3MBHHAT BUZ Rapana venosa € ¢ roisMo MKOHOMHYECKO
3HaUYE€HHE U O0EKT Ha CTOMaHCKu pruOosoB B UepHo mMope. Llenta Ha ToBa mpoydBaHe € 1a ce
OLICHST CE30HHUTE MPOMEHU B OMOJOTMYHO AKTHUBHUTE JUMUAM KAaTO MAacCTHOPAa3TBOPUMU
Butamunu (A, E u D3), Xxonecreposn, kapoTeHONIU (aCTaKCaHTUH, OeTa-KapOTeH), TUIUIHNUTE
KJIJaCOBE M TEXHHUs MAacTHOKHcenuHeH mnpoduia. Cpel MacTHOPa3TBOPUMHUTE BUTAMHHH,
KonudecTBaTta BUTaMuH D3 ocurypsBat 100% OT mpenopbYMTENHHUS JHEBEH MPHEM 3a
BB3PACTHH CIOpe]] OBJIrapCcKUTe XpaHUTENHU craHiaptd. Butamun E ce moBuinaBa mpes
nerrus nepuox (mo 2825 png.100 g ww), moxato BuTaMUH A TI0Ka3Ba 06paTHA TeHMeHIM. 1
JBaTa KapoTeHoujaa: OeTa-KapoTeH M aCTaKCAaHTHMH HE3HAUMUTEIHO HaMalsiBaT Mpe3 JIETHUS
CE30H. YCTAaHOBEHO € CHJIHO CE30HHO BIMSHUE BBPXY JMIHUIHUTE KIACOBE U TEXHHS
MactHOkucenuHeH mnpodun (MK). Bwmpeku ce3onHoctra, mnossipuutre Junuaa  (PL)
npeobnagaBat B oomure aunuau (TL). M B nBara ce3ona rpynure MK mokas3BaT cXoHO



pasnpenenenue: PUFA>SFA>MUFA, He3aBucumMo OT JUNUAHUS Kiac. B Hail-rozemu
KOJIMYeCTBa B rpymara Ha nmonuHeHacutenute MK ca eliko3anenraenosara (C20:5Q-3, EPA),
noko3axekcaenopara (C22:6Q-3, DHA) u goko3ancHracHoBara kucenunu (C22:5Q-3, DPA),
KOUTO TpecTaBisBaT nopeue oT 65% ot obmure PUFA. BucokoTo chabpkaHue Ha BUTAMUH
Ds, nparoepmwxkaute Q-3 MK, cbotHomenuss Ha MK, HUCKHUTE CTOMHOCTH Ha XOJIECTEPOJT U
WHJIEKCUTE OIMCBAIA KAa4eCTBOTO HA XPAHUTECIHHUTE JIUMUIU (aTepOoreHeH W TPOMOOTreHEeH
WHJIEKC) TOTBBPIKIaBaT 100pUTe (QYHKIIMOHAHN CBOMCTBA HA JIMIUAUTE OT MECO Ha paraH. B
3aKJII0YEHUE, U3CIICIBAHUTE MPOOH pallaH, YJIOBEH ObJIrapckara akBaTopus Ha UepHO mope,
MOKa3BaT MPEANOYUTAHO KA4YeCTBO HA JIMIUIUTE OT TJIeJHA TOYKAa HA MOAIBP)KAHETO Ha
YOBEIMIKOTO 37paBe. HeoOXxoaumu ca mMo-HATaTHIIHM H3CIACABAHUA, 3a Ja CE ONpEeIeiIn
OMOJIOTMYHUS TOTCHIMAI Ha JUIUIAUTE OT MECO Ha palaH Ipe3 pa3IMyHUTE MEepUOaH Ha
roauHaTa.

I'7-07 A. Merdzhanova, V. Panayotova, D.A. Dobreva, R. Stancheva (2019) Effect of
thermal stress on the biologically active lipids of Mytilus galloprovincialis,
Bulgarian Chemical Communications 51(D), 256-261. (Q4)

Abstract Black mussels (Mytilus galloprovincialis) are the most important marine aquaculture
species in Bulgaria. They are widely traded and consumed fresh and frozen. To our knowledge,
there is limited information in the scientific literature about changes in lipid composition of
Black Sea mussel after cooking and prolonged storage. The aim of the present study was to
investigate the changes in total lipids, lipid classes, fatty acid composition, fat-soluble vitamins
(A, Dz and E), carotenoids and cholesterol of Mytilus galloprovincialis following culinary
treatment (steaming) and three months storage at — 20°C. Lipids were extracted by the method
of Bligh & Dyer and subsequently separated by column and thin-layer chromatography. Fat-
soluble vitamins and cholesterol were determined by RP-HPLC/UV/FL. Fatty acid methyl
esters were analyzed by GC/MS. There were significant differences in the amounts of total
lipids and moisture between raw and steamed mussels, but no changes occurred after the period
of freezer storage. Mussel lipids were characterized by higher contents of polar lipids (PL) than
neutral lipids (NL). The most abundant FAs in the polyunsaturated FA group were
eicosapentaenoic acid (C20:5n-3, EPA) and docosahexaenoic acid (C22:6n-3, DHA). The
amounts of astaxanthin, a-tocopherol and cholesterol did not change after cooking, but
decreased significantly after storage. Vitamin D3 increased after thermal treatment but
decreased two-fold in the freezer. Vitamin A and B-carotene were most affected by temperature
changes. Despite the changes observed, the present study confirmed that steamed and frozen
Mytilus galloprovincialis from the Black Sea is a good natural source of high-quality nutritional
lipids.

Pe3tome Yepnata muma (Mytilus galloprovincialis) e cpex Haii-BaKHHTE BHIOBE MOPCKHU
akBakynTypu B bearapus. Mma roisiMo HKOHOMHYECKO 3HAYEHHE U €€ KOHCYMHUPAT IIHUPOKO
NPECHU ¥ 3aMpa3eHu. B HayuHara nmuteparypa uma orpaHudeHa HHGOpMAaIs 3a IPOMEHUTE B
JIMITUIHUSL ChCTAB HA YEPHOMOpCKAaTa MHUAA Clie]l TepMHYHAa 00paboTka Ha mapa W Clen



MPOIBIDKUTENIHO ChbXpaHeHue. L{enta Ha HaCTOSIIOTO MPOYYBAHE € A CE U3CIIeIBAT IPOMEHUTE
B OOIINUTE JIMMUIW, JIUIUIHUTE KIACOBE, MACTHOKUCEIMHHUS CHCTaB, MAaCTHOPA3TBOPUMUTE
sutamunu (A, D3 u E), kaporenonaure u xonecrepoia B mecoto Ha Mytilus galloprovincialis
ciie/l KylrHapHa 00paboTKa (Ha mapa) u ciie Tpu Mecena cbxpanerue npu — 20°C. Jlunuaure
ce ekcTtpaxupaT o Merona Ha Bligh&Dyer u Brocienctsue ce pasfenar Ha KJIacoBe upe3
KOJIOHHA U THHKOCJIOHHA XpomaTorpadus. MacTHOpa3TBOPUMHUTE BUTAMUHU U XOJIECTEPOIBT
ce ompenensat upe3 RP-HPLC/UV/FL. MetunoBute ecrepd Ha MAaCTHH KHCEIHHH CE
anaiusupat upe3 GC/MS. YcTraHOBEHH ca 3HAYMTEIHU PA3IMKH B KOJUYECTBaTa Ha OOIIHTE
JUNHUIN U BIarochIbpKAHUETO MEXKY CYpPOBU M 00pabOTeHN MUIM, HO HE U cJIe/l Ieproja Ha
chbXpaHeHHe BbB Ppusep. MuIeHUTE JIUIUTHU CE€ XapaKTEpU3UpaT C MO-BUCOKO ChIbPIKaHUE
Ha nossipHu Jiunuau (PL), otkonkoTto Heyrpanuu nunuau (NL). B Hali-ronemu konudecTBa B
rpynara Ha MOJMHEHACUTEHUTE MAaCTHU KHUCEIMHH ca eiiko3aneHTaeHoBa kucenuna (C20:5n-3,
EPA) u nmokosaxekcacHoBa kucenuHa (C22:6n-3, DHA). KonuyecTBaTta acrakcaHTHH, -
TOKO(EPOI U XOJIECTEPOJI HE C€ MPOMEHST cjell TOTBEHE, HO HaMajsBaT 3HAUYUTEIHO CIIel
cbxpaHeHue. Butamun D3 ce yBenuuaBa ciea TepMuuHa 00paboTKa, HO HaMassiBa JBa IIbTU
clel MPOABDKUTEIHO ChXpaHeHue BbB (pusep. Butamun A u B-kapoTeH ca Hal-CHUIIHO
3acerHatu OT TemIepaTypHUTe MpoMeHU. Bolpekn HaOnogaBaHUTE MPOMEHH, HACTOSIIOTO
npoyuBaHe MOTBBPIK/aBa, Ye IPUTOTBEHHUTE Ha mapa u 3ampasenu Mytilus galloprovincialis ot
YepHo Mope ca 100pu eCTEeCTBEHU U3TOYHUIIA HA BUCOKOKAUECTBEHU XPAaHUTEIHU JIUTTUIH.

I'7-08 K. Peycheva, V. Panayotova, A. Merzdhanova (2019) Comparative evaluation
of trace element concentration in grey mullet (Mugil cephalus) caught in Black
and Aegean Seas. Potential health risk assessment. Egyptian Journal of Aquatic
Biology and Fisheries 23(5), 429-438.
https://doi.org/10.21608/ejabf.2019.66840 (Q4)

Abstract The consumption of fish worldwide has increased speedily in recent years particularly
with the awareness of its nutritional and therapeutic benefits. In addition to being important
source of protein, fish are enriched with essential minerals, vitamins, and unsaturated fatty
acids. However, fish normally accumulate heavy elements from the environment which they
inhabit which makes them a good indicator of heavy element contamination. This study
evaluates heavy elements’ levels (Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn) in commercially
important grey mullet (Mugil cephalus) caught from Black Sea (Bulgaria) and Aegean Sea
(Greece). The samples of edible part of fish species were randomly collected, processed, and
analyzed for toxic and essential elements using ICP-OES. Results revealed that studied
microelements concentrations varied among the fish species. Human health risk is evaluated
using different indexes. Estimated weekly intake (EWI) for the elements do not exceeded the
provisional tolerable weekly intake (PTWI) for all studied fish species. The target hazard
quotients (THQ) of all elements were below 1, showing an absence of health hazard for the
population consuming these fish species. Also, target risk (TR) of Ni and Pb indicated that
consumption over a long period of time may not result in a carcinogenic effect. Additionally,
the results from this study show that consumption of the edible muscle tissues of those two fish
species from both areas do not pose a risk for human consumption.



Pe3iome IloTpebnennero Ha puba B CBETOBEH MaIlad HapacTHA JAPACTUYHO MPe3 MOCIECTHUTE
HSKOJIKO JICCETUJICTHS Thii KATO MOPCKUTE MPOAYKTH (MOpcKara puda U puOHHU MPOYKTH) ca
N00bp M3TOYHMK HAa €HEeprus W NPOTEHHHU C BHCOKA OMOJIOTMYHA CTOMHOCT, OoraTw ca Ha
MUHEpPAIU, BUTAMUHU U HEHACUTEHU MACTHU KUCENIWHU. Bbrpeku pasHOOOpa3HUTE CU MOI3U
obaye pubuUTEe aKyMyJaUpaT pa3IMYHU 3aMbpPCUTENH (B TOBAa YUCIO M TEXKKUH METalu) OT
3ao0uKansIaTa r'u BojiHa cpena. Hacrosiero npoyuBane nMa 3a el J1a OIpeiein U CPaBHU
HUBaTa Ha HAKOW TOKCHMYHM M eceHuuannu enemeHtu (Cd, Cr, Cu, Fe, Mn, Ni, Pb u Zn) B
ThProBCKO 3HauUMuT pubeH Buj kedan (Mugil cephalus) yinosen BbB Boaute Ha UepHo Mope
(bearapus) u Erelicko mope (I'sprust). [IpoGute oT MyckynHaTa ThbKaH Ha pUOHHSA BHI ca
n30paHd Ha CIy4YacH MPHHINI, 00pa0OTeHN M aHAIM3UPAHU 32 HAJTMYMETO HA TOKCUYHH U
eceHIManHu exeMeHTH ¢ nomoina Ha [CP-OES Texnukara. Pesynratute nokassaT Bapualuu B
KOHIICHTPAIIUUTE Ha CJIEMEHTUTE MpU PUOHUS BHUJI Kedan ymoBeH OT BoauTe Ha UepHO H
Ereticko mope. OLieHkara Ha MOTEHIIMAHUAT PUCK 32 YOBEKA MPU KOHCYMAIUs Ha TO3U pudeH
BUJI € OlleHeH Ha 0a3a cenmuyeH npueM (EWI), koiiTo He HaABUIIIaBa BPEMEHHUSAT JOIIYCTHM
ceamudeH npueMm (PTWI); koedunentsT Ha HekaHneporeHeH puck (THQ), xoiito e mon
eIMHHIIA B U3CIEABAHETO U WIIIOCTPUPA, Y€ JIHEBHATA €KCIIO3UIIMS MPU TOBA HUBO € MAaJKO
BEPOSATHO JIa MPUYMHU HEXKETaHW SPEKTH 3a IeNHs KUTCHCKHM TEepHoj] Ha WHIWBUAA; U
Koe(UIeHTHT Ha KaHeporeHeH puck (TR), koiTo 3a enementure Ni u Pb, € mox jomyctumute
CTOHHOCTH ¥ C€ aCOIMUPA C JIUTICA Ha KAHLIEPOT'€HEH PUCK MPUYMHEH OT KOHCYMalusATa Ha TO3H
pubeH BU.

I'7-09 V. Panayotova, A. Merzdhanova, D.A. Dobreva, R. Stancheva (2019) Black
Sea Rapana venosa — a promising source of essential lipids, Journal of IMAB
25(1), 2401-2405. https://doi.org/10.5272/jimab.2019251.2401 (Q4)

Abstract Background: A diet rich in seafood has been linked to a variety of health benefits.
While worldwide overfishing results in declining fish stocks, the growing demand for
alternative sources of marine lipids has been expected. Rapana venosa (veined Rapa whelk) has
become valuable seafood with nutritional and economic importance in the Black Sea region.
Purpose: The aim of the present study was to provide knowledge about biologically active lipids
in Black Sea Rapana venosa, harvested in the region of Varna.

Material/Methods: Lipid classes were separated and purified by column and thin-layer
chromatography. The saponifiable lipid fraction was derivatized into fatty acid methyl esters
(FAMEs) and analysed by gas chromatography—mass spectrometry (GC-MS). Non-
saponifiable lipids were identified by high pressure liquid chromatography coupled with
UV/Vis and fluorescence detectors (HPLC-UV-FL).

Results: Rapana venosa was characterized by low lipid content (0.50 g. 100g-1 ww) with
beneficial PUFA/SFA and n-6/n-3 ratios and high content of vitamin D3 and astaxanthin. Lipids
comprised mainly of polar lipids. Polyunsaturated fatty acids represented more than 50% of
total fatty acids, most abundant being from the omega-3 series. Sum of EPA and DHA
accounted at 40.8% of total fatty acids. Lipid quality indices indicated the good anti-atherogenic
and atni-trombogenic properties (Al and TI< 1) of rapana meat.



Conclusions: The study revealed that Rapana venosa from the Black Sea is a good source of
high-quality marine lipids and presents a high potential for developing functional foods and/or
dietary supplements with beneficial health effects.

Pe3rome Boueenenue: Jlueture chabpaxKald MOPCKU JapOBE CE€ CBBP3BAT C PA3IMYHU MOJI3HU 32
3npaBero. JlOKaTo MPEKOMEpHUST pUOOJIOB B CBETOBEH Mallad BOAM 1O HaMalsiBaHE Ha
pUOHHTE 3amacH, ce 04aKBa HAPACTBAIIOTO ThPCEHE HA aITCPHATUBHU M3TOYHUIIM HA MOPCKHU
aunuad. Rapana venosa (pamas) ce e mpeBbpHall B IICHHA MOPCKa XpaHa C TOJISIMO XPaHUTEIIHO
¥ UKOHOMUYECKO 3HaueHue B UepHOMOPCKHUS PETHOH.

[len: Llenta Ha HACTOSMIOTO HW3CIEABAHE € Ja MPENOCTaBU 3HAHHS 32 KayeCTBOTO Ha
OMOJIOTMYHO aKTUBHUTE JIMIIKIM B YePHOMOPCKHU Rapana venosa, yioBeHu B paiioHa Ha BapHa.
Marepuanu 1 Meronu: JlunuaHu kinacoBe Osxa pas[elieHd U NMPEYUCTECHH Ype3 KOJIOHHA W
THHKOCJIONHHA XpoMmaTtorpadus. JlunumHa pakius, KOSITO MOXe Ja Ce OCallyHH, ce
JIepUBaTH3UPa B METUIIOBU ecTepy Ha macTHH kucenuuu (FAMES) u ce ananusupa 4upe3 razoa
xpomatorpadus-maccrnekrpomerpus (GC-MS). Heocanynsemure TUNUAN c€ HASHTUDUIIUPAT
4ype3 TeyHa Xpomarorpadus 1oj BHCOKO HaisiraHe, chbuetana ¢ UV/Vis u ¢uyopeciieHTeH
nerextop (HPLC-UV-FL).

Pesynraru: Rapana venosa ce xapaktepusupa ¢ HUCKO chabprxkanue Ha aumuau (0.50 g. 1009
! ww) ¢ 6naronpustau crorHOmenust PUFA/SFA 1 n-6/n-3 1 BUCOKO ChbpKaHHE HA BUTAMHH
D3 u acrakcanTuH. JIunmuauTe ce ChCTOSAT IIABHO OT MOJSPHU JIMNUAA. [10JMHEHACUTEHUTE
MAaCTHH KHCEJIMHHU MpeAcTaBisaBar mosede oT 50% oT oOumTe MacCTHU KUCEITMHU, KaTo B Hali-
roJIeMH KOJMYECTBAa ca MAacTHHUTE KHUCEIHHH OT omera-3 cepusita. Cymata ot EPA u DHA
npencranisiBa 40.8% oT oOmuTe MacTHU KUcenuHU. VHIAEKCUTEe 3a KayecTBO Ha JIMIHIUTE
MOKa3BaT A0OpU aHTHATEPOTeHHHU U aTHU-TpoMOoreHHU cBoicTBa (Al u TI<1) Ha mecoto oT
pamas.

WzBomu: [IpoyuBanero paskpuBa, ue Rapana venosa ot UepHo mope € 100Bbp M3TOYHHUK Ha
BHCOKOKAYEeCTBEHH MOPCKU JIMIUIM U TPUTEX,aBa BHCOK MOTEHIMAN 3a pa3padoTBaHE Ha
(GYHKIIMOHATHN XpaHU W/WIM XpPaHUTETHH M00aBKH C OJIarompusiTHO BB3ACUCTBHE BBHPXY
3/IpaBeTo.

I'7-10 D.A. Dobreva, V. Panayotova, A. Merdzhanova, R. Stancheva, K. Peycheva
(2020) Preliminary study of phenolic content in farmed Muytilus
galloprovincialis from the Black Sea coast, Bulgarian Chemical
Communications 52(D), 253-256. (Q4)

Abstract Marine bivalves constitute a rich source of nutrients and antioxidants, essential for
providing a balanced diet. There are numerous studies devoted to the nutritional quality of
farmed black mussels (Mytilus galloprovincialis) which reported the presence of health-
beneficial components such as polyunsaturated fatty acids, fat-soluble vitamins and
carotenoids. However, data about the phenolic content of mussels from the Bulgarian Black
Sea waters is limited. The aim of this study was to determine and compare the total phenolic
contents and phenolic composition of farmed black mussels (M. galloprovincialis) cultured in



the Black Sea. Mussel tissue was extracted with five solvent systems: methanol, acetone: water,
ethanol: water, hot water and ethyl acetate. Total phenolic content (TPC) of each extract was
determined by Folin-Ciocalteu method. All extracts were further subjected to RP-HPLC/UV to
analyze individual phenolic acids (4-hydroxybenzoic, gallic, caffeic, p-coumaric and cinnamic
acid) and quercetin. The highest TPC of M. galloprovincialis was shown in methanol (84.5+7.1
ugGAE. gt ww) and ethanol: water (66.7+4.8 pngGAE. gt ww). The chromatographic analysis
confirmed the presence of phenolic compounds in all mussel extracts, revealing that farmed
black mussels (M. galloprovincialis) from the Black Sea could be a good source of phenolic
compounds. Further studies are needed to explore the antioxidant potential of this commercially
important species.

Pe3rome MopckuTe 1BydepymIecTy MPEACTaBISIBAT OOraT M3TOYHNUK HA XPAaHUTEITHH BEIIECTBA
U aHTHOKCHIAHTH, KOUTO Ca OT CHIIECTBEHO 3HAYCHUE 3a OCHUTYPSIBAHETO Ha OalaHCHpaHa
nueta. FiMa MHOKECTBO MPOYYBaHMUs, IOCBETCHH HA XPAHUTCITHUTE KAYeCTBA Ha OTIJICIKTaHITE
gepan muau (Mytilus galloprovincialis), kouro choOIaBar 3a HaJIMYHUETO HA IOJE3HU 3a
3PABETO KOMIIOHEHTH KAaro IOJMHCHACHTEHH MACTHU KHCEJIWHH, MAaCTHOPa3TBOPHMH
BUTAMHUHH M KapoTeHOM M. [laHHUTE 32 PEHOTHOTO ChIbPIKAHUE HA MUIUTE OT OBJITAPCKUTE
YEPHOMOPCKHU BOJM obade ca orpanudeHu. Llenta Ha TOBa M3CieaBaHE € Ja Ce ONpeaeiu U
cpaBHH 00IIIOTO (DEHOIHO ChIbpPIKaHKE U (DEHOJIHUSA ChCTAaB HAa KyITHBUPAaHU yepHH Muau (M.
galloprovincialis), orriexmanu B YepHo Mope. MujieHaTa ThbKaH Ce €KCTpaxupa C meT CUCTEMHU
pa3TBOPUTEIH: METAHOJ, alleTOH: BOJa, €TAHOI: BOJA, ropelia Boaa u eTmianerar. OOmoTo
¢enonno crappkanue (TPC) Ha Becekn excTpakT ce ompeaens no Meroaa Ha Folin-Ciocalteu.
Benuku ekctpaktu 0sixa mombaHUTeNnHO nojuioxkenn Ha RP-HPLC/UV 3a ananus Ha oTaenHu
(eHonHN KucenuHH (4-XUAPOKCHOCH30€Ha, raioBa, KadeeHa, p-KymapoBa W KaHeJCHA
kucenuna) u kBepuetuH. Haii-Bucokoro TPC B M. galloprovincialis e yctanoBeHO B METaHO
(84.5+7.1 ugGAE. g* ww) u eranon: Boaa (66.7+4.8 ugGAE. g ww). XpomaTorpagckust
aHaJIM3 MOTBBPIKIaBa HATMYKETO Ha (DCHOIHH ChEAUHCHHS BHB BCHUKH €KCTPAKTH OT MHUJIHM,
paskpuBaiiku, e otrexaanute yepau muau (M. galloprovincialis) ot YepHo mope morar ia
ObmaT 100Bp M3TOYHMK Ha (EHONMHHM CheluHeHHs. HeoOXoaumu ca MO-HATATHIIHU
HpOYyYBaHHs, 32 J]a CE U3CJIe/IBA aHTHOKCHIAHTHUSIT MOTCHIHA HA TO3U ThPrOBCKH Ba)KeH BHUJI.

r7-11 V. Panayotova, A. Merdzhanova, D.A. Dobreva, K. Bratoeva, L. Makedonski
(2020) Nutritional composition, bioactive compounds and health-beneficial
properties of Black Sea shellfish, Journal of IMAB 26(3), 3293-3297.
https://doi.org/10.5272/jimab.2020263.3293 (Q3)

Abstract Marine bivalves are characterized as high nutritional, easily digestible food, low
calories but high in proteins. The activity of biologically active substances in shellfish from the
Black Sea region is very poorly studied. A small number of publications devoted to the
functional activity of tissue and/or extracts from Black Sea shellfish are found in the literature.
The main scientific objective of the project is to study the quality and functional potential of
three species of Black Sea bivalves: black mussel (Mytilus galloprovincialis), striped venus
clam (Chamelea gallina) and wedge clam (Donax trunculus). Seafood nutrition data is needed



to assess their contribution to nutrient intake of individuals and populations but also to the
development of nutrition guidelines as well as for labelling purposes. Specific information on
the nutrient content of regional foods, including seafood, is the basis of a number of food
strategies and policies, and increasingly in the fields of agriculture, fisheries and aquaculture.
In many cases, this data may help specialized public authorities and public organizations with
regard to food quality and related costs, as well as developing adequate strategies and policies
aiming to improve the nutritional literacy of the population and solve issues of malnutrition and
prevention of socially significant diseases (chronic non-communicable diseases, CND) with the
help of wholesome foods, such as bivalves.

Pe3rome MopcKHTE JBYYEPYITYECTH CE€ XapaKTEPU3UpPaT KaTo XpaHHWTEIHa, JECHO CMHUIaeMa
XpaHa, ¢ HUCKO ChIbp/KAaHUE HA KAIOPHH, HO C BUCOKO ChIbP)KaHHE Ha MPOTEMHH. MHOro
cnmabo € TmpoydyeHa AaKTUBHOCTTA Ha OHOJIOTMYHO AaKTHBHHUTE BENIECTBA B MHIHUTE OT
YepHOMOPCKHsI pervoH. B jmTeparypata mma MainbK Opoil MyOJMKaI[MH, IOCBETEHH Ha
(yHKIMOHAIHATA aKTUBHOCT HA THKAHUTE W/WIM €KCTPAKTH OT YEPHOMOPCKH JIBYYEPYITUECTH.
OcHOBHATa Hay4YHa I1eJ1 Ha TPOCKTA € JIa C€ MPOYYIH Ka4eCTBOTO U (DYHKIIMOHATHUS MOTCHIIHAI
Ha TPU BHUJa YEPHOMOPCKH naBydepymuectu: depHa muma (Mytilus galloprovincialis) u 6enun
mickuan muad  (Chamelea gallina u Donax trunculus). HeoOxomumu ca maHHU 3a
XPaHUTEHUTE CTOMHOCTH Ha MOPCKHUTE JIApOBE, 3 JIa CE OIIEHH TEXHHUAT MPUHOC KbM IpHEMa
Ha XPaHWTEJIHH BEINECTBA OT OTAEIHHUS MHAMBHI W TPy IOMYJAalldH, HO CBINO M KbM
pa3pabOTBaHETO HAa HACOKHM 3a XpaHEHEe, KaKTO M 3a IeJuTe Ha eTukeTHpaneTo. Crenududna
uHpopMaInKs 3a ChABPKAHUETO HA XPAHUTEIHH BEIIECTBA B PErMOHAIHUTE XpaHH,
BKJTFOUHTETHO MOPCKHTE JJapOBE, € B OCHOBATA HA PEIUIIa XPAHUTEIHN CTPATETHH U MTOJTUTHKH
U BCE TI0BeYe B 00J1aCTTa Ha CEJICKOTO CTOMAHCTBO, pUOAPCTBOTO M aKBaKyJITypara. B MHOro
Clly4yad Te€3W JTaHHU MOTAT Jia IOMOTHAT Ha CIeIHaIM3UPaHH MyOJIHYHU OPraHHu U OOIIIECTBEHU
OpraHHU3aIl|K M0 OTHOIIIEHUE Ha KAYECTBOTO Ha XPAHUTE M CBBP3AHUTE C TAX PA3XO/IH, KAKTO U
npu pa3paboTBaHETO Ha aJeKBATHH CTPATETMH W TMOJUTHKH, HACOYSHH KbM MOJ00psSBaHE Ha
XpaHHUTETHATA TPAMOTHOCT Ha HACEJICHHUETO U pelllaBaHe Ha MpOoOJIEMH C HEIOXPaHBAHETO U
NPEBCHIINSA Ha COLMAIHO 3HAYMMHUTE 3a00sABaHus (XpOHUYHH He3zapasHu Oonectu, CND) ¢
IIOMOIIITA Ha TIOJIE3HU XPaHH, KAKBUTO Ca MOPCKHUTE JIBYYEPYITUECTH.

I7-12 G. Tsankova, T. Todorova, N. Ermenlieva, A. Merdzhanova, V. Panayotova,
D.A. Dobreva, K. Peytcheva (2021) Antibacterial activity of different extracts
of black mussel (Mytilus galloprovincialis) from the Black Sea, Bulgaria,
Journal of IMAB 27(1), 3506-3509.
https://doi.org/10.5272/jimab.2021271.3506 (Q3)

Abstract Background: Over the past decade, there has been a growing interest in sea bivalves,
which are an inexpensive and easily accessible source of high-quality proteins, lipids and
secondary metabolites with antimicrobial and anti-fungal potential. Farmed Black Sea mussel
(M. galloprovincialis) are promising objects for the study of their antimicrobial potential.



Purpose: The aim of this work is to determine the antibacterial activity of different extracts
from the Black Sea mussel Mytilus galloprovincialis tissues by using the disc diffusion method
with cultures of Staphylococcus aureus, Escherichia coli and Klebsiella pneumoniae.
Material/Methods: Extraction of mussel tissues was done with different solvents: ethyl acetate
(100%), methanol (100%), glycerol:water (50%, 1:1 v/v), ethanol (50%), acetone (70%), hot
water. Antimicrobial activities of these extracts from Mytilus galloprovincialis was assessed by
the disc-diffusion method.

Results: Testing antibacterial activity of black mussels revealed that ethyl acetate extract
showed the highest activity against Escherichia coli (13 mm) and Klebsiella pneumoniae (11
mm) and no activity against Staphilococcus aureus. The glycerol: water extract showed growth
inhibition effect against Staphilococcus aureus (11 mm) and Escherichia coli (10 mm), but no
effect against Klebsiella pneumoniae.

Conclusions: The preliminary information presented in this study showed that the Black Sea
farmed mussel could be an interesting source of antibacterial compounds. The glycerol-water
extracts of Mytilus galloprovincialis had low antimicrobial activities against Staphylococcus
aureus and more important against Escherichia coli.

Pe3rome BoBenenue: [Ipe3 mocieHOTO JeceTWIIETHE HApacTBa MHTEPECHT KbM MOPCKHTE
JIBY4YEPYITYECTH, KOUTO Ca €BTHUH U JICCHOIOCTHIICH U3TOYHUK HAa BUCOKOKAYECTBEHH IIPOTCHHH,
JUIMAIA W BTOPHUYHH METAOOJMTH C AHTHUMUKPOOCH W TMPOTUBOT'BOWYECH TOTEHIIMAJ.
Otrnexxnanute depnomopcku mumu (M. galloprovincialis) ca mepcrnexktiBHH 00ekTH 3a
U3CIIeIBaHE HA TEXHHS aHTHOAKTEpUAICH TTOTCHIINA.

Llen: LlenTa Ha HACTOSAIIOTO MPOYYBAHE € JIa CE ONMPEAEIH aHTHOAKTepHaIHATa aKTUBHOCT Ha
pa3JIMYHU eKCTPAaKTH OT ThKaHWUTE Ha dyepHOMopckata muzma Mytilus galloprovincialis upes
mick-nudy3noHeH meton ¢ Kyatypu ot Staphylococcus aureus, Escherichia coli u Klebsiella
pneumoniae.

Marepuanu/Meronu: ExkcTpaknusta Ha MUJACHW ThKaHHM CE€ W3BBpIIBA C PA3IMYHU
pasrBoputenu: erunamerart (100%), meranon (100%), rmunepon:soaa (50%, 1:1 v/v), eranon
(50%), ateron ( 70%), ropema Boaa. AHTHOAKTepHaIHATa AKTUBHOCT Ha TE3U €KCTPAKTH OT
Mytilus galloprovincialis e omenena upes quck-audy3HOHEH METO/I.

Pesynratu: TecTBaHeTo Ha aHTHOAKTEepHUalHATa AKTUBHOCT HA YEPHU MU pPa3KpuBa, 4e
eKCTPAaKTHT OT €TUJIALIeTAT MOKa3Ba Hall-BUCOKA aKTUBHOCT cpelty Escherichia coli (13 mm) u
Klebsiella pneumoniae (11 mm) u nunca Ha akTMBHOCT cpemry Staphilococcus aureus.
[nmuiepos: BOAHUAT EKCTPAKT Moka3Ba ehekT Ha MHXUOMpaHe Ha pactexa Ha Staphilococcus
aureus (11 mm) u Escherichia coli (10 mm), Ho Hsama edekt nipu Klebsiella pneumoniae.
3akmouenue: [IpeaBaputenHara UHGOpPMaIKs, MPEICTABEHa B TOBAa NMPOYYBAaHE TOKa3a, e
oTrIIeKIaHUTe B UepHO MOpE MUK MOTAT Jia O'bIaT MOTCHIIMAIHNA U3TOYHHUIIA HAa ChSTUHCHUS
¢ aHTHOaKTepuanHa akTUBHOCT. [ nmunepon-Boguute excrpaktu ot Mytilus galloprovincialis
UMaT HHUCKa aHTHOaKTepHaHa aKTUBHOCT cperty Staphylococcus aureus u cpenry Escherichia
coli.



I'7-13 V. Panayotova, A. Merdzhanova, R. Stancheva, D.A. Dobreva, K. Peycheva,
L. Makedonski (2021) Farmed mussels (Mytilus galloprovincialis) from the
Black Sea reveal seasonal differences in their neutral and polar lipid fatty acids
profile,  Regional  Studies in  Marine  Science 44, 101782.
https://doi.org/10.1016/j.rsma.2021.101782 (Q2)

Abstract Studies on the monthly variations of the fatty acid composition of the total lipids, the
two neutral lipid fractions (NL) and the polar lipids (PoL) and the lipid quality parameters of
Mediterranean mussel Mytilus galloprovincialis, harvested along the Bulgarian Black Sea
coast, were conducted. The total lipid content ranged from 1.00 to 2.34 g.100 g~* ww reaching
maximum levels in March. The total sterol content increased significantly from spring to
autumn. The polyunsaturated fatty acids (36%—79% of the total fatty acids) dominated over the
saturated fatty acids (22%-55%) and monounsaturated fatty acids (7%-21%) throughout the
studied period. Significant differences in the fatty acid distribution were observed between the
lipid fractions. The polyunsaturated fatty acids (PUFA) constituted the major group in PoL
within the period, while SFAs were the most abundant group in the NL fraction in February
and April-August. In the PoL fraction, the omega-3 polyunsaturated fatty acids (n-3 PUFA)
prevailed over the n-6 ones. The predominant PUFAs in both lipid fractions were
eicosapentaenoic (EPA) and docosahexaenoic acids (DHA) (10%-58% of FA in NL and 22%-—
51% in PoL). M. galloprovincialis from the Black Sea presented favourable low values of n-
6/n-3 ratios and nutritional indices of their lipids.

Pe3iome M3crnenBanu ca CE30HHWTE BapuUallM B MAaCTHOKHCEIIMHHHS ChCTaB Ha OOIIHTE
JUOUAWA, U J1Be JUNUIHU Qpakuuu: HeyTpanHu jgunuau (NL) u nmonspuu nunuau (Pol) u
NOKa3aTeNUTe 3a KayeCTBOTO Ha JIMIHMIWTE OT Ccpean3eMHoMopckata wmuaa Mytilus
galloprovincialis, kyntuBupana B Obirapckara akBaTopus Ha UepHO Mope. MPOBEICHO.
O6IIOTO ChHIBpPKAHME HA JUmUAN Bapupa or 1,00 mo 2,34 g.100 g ! ww, mocturaiiku
MaKCHUMaJHH HUBa mpe3 Mecenl MapT. OOMIOTO ChABpKaHHUE HA CTEPOJU C€ YBEIMYaBa
3HAUUTENHO OT MpoJieTTa A0 eceHrta. [lonmuHeHacutenure mactHu kucenuHu (36%—79% ot
OOLINTE MAaCTHU KUCEIMHU) JOMUHUPAT HaJ HACUTEHUTE MacTHU KucenuHu (22%-55%) u
MOHOHEHAacUTeHUTe MacTHU KucenuHu (7%-21%) mnpe3 mnenus wu3CieaBaH IEPUOL.
HaOnromaBanu ca 3HAUHMTENHU PA3IMKA B PaslpEeNICHUETO HAa MAaCTHUTE KUCEITUHH MEXTY
munuaaute  ppakmuu. [lommnenacutenute MactHu kucenuHu (PUFA) mnpencraBnssar
ocHoBHaTa rpyna B PoL mpe3 neprnozna, nokato SFAs ca Hali-pa3npocTpaHeHaTa Ipyna BbB
¢pakumsara Ha NL mpe3 deBpyapu u anpui-aBryct. BuB ¢pakunmsra Ha PoL omera-3
noyiMHeHacuTeHUTe MacTHH kucenuau (n-3 PUFA) npeobnanasat Hag n-6. [IpeoGnagaBamniure
PUFAs B nBere nunumanu dpakuuu ca eiikozaneHtacHoBata (EPA) m moko3zaxekcacHoBaTa
kucenuan (DHA) (10%—58% ot FA B NL u 22%-51% B PoL). M. galloprovincialis or UepHo
MOpe MoKa3Ba OJaronpusTHA HUCKH CTOMHOCTH Ha ChOTHOLICHUATA N-6/N-3 M XpaHUTEITHUTE
WH/ICKCH Ha JIUIUINTE.



I'7-14 K. Peycheva, V. Panayotova, R. Stancheva, L. Makedonski, A. Merdzhanova,
N. Cicero, V. Parrino, F. Fazio (2021) Trace Elements and Omega-3 Fatty Acids
of Wild and Farmed Mussels (Mytilus galloprovincialis) Consumed in Bulgaria:
Human Health Risks. International Journal of Environmental Research and
Public Health 18(19), 10023. https://doi.org/10.3390/ijerph181910023 (Q2)

Abstract The unique, closed ecosystem of the Black Sea is of significant global importance.
The levels and health risk of some trace elements (As, Cd, Cr, Cu, Fe, Ni, Pb and Zn) in wild
and farmed mussels (Mytilus galloprovincialis) collected from the Bulgarian part of the Black
Sea were determined and using different approaches such as Estimated Daily Intake (EDI),
Target Hazard Quotient (THQ), Hazard Index (HI), Target risk (TR), human health risk levels
were assessed. The mean maximum concentrations of the elements Cd, Cr, Cu, Fe, Ni, Pb and
Zn in all mussel samples were below the maximum permissible limits (MPLSs) except that which
exceeded the limit of 2.00 mg/kg ww. Eicosapentaenoic (EPA, 20:5n-3) and docosahexaenoic
acid (DHA, 22:6n-3) were the major polyunsaturated fatty acids. The fatty acids profile studied
mussels showed that the farmed mussels had higher PUFA/SFA ratios, DHA and EPA + DHA
content and lower SFA, Al and TI values. The target risk (TR) values for Pb, Cr, Ni and As
were calculated, evaluated and showed acceptable or negligible levels. Target hazard quotients
(THQs) and hazard index (HI) from elemental intake were below 1 indicated no hazard from
consumption. The benefit-risk ratio indicated that wild and cultured M. galloprovincialis are
safe for human consumption.

Pe3rome UYepHo Mope € yHUKaIHa 3aTBOPEHA €KOCHCTEMA C TOJIIMO MEKyHAPOIHO 3HAUYEHUE.
B HacrosmoTo nmpoy4yBaHe ca U3MEPEeHH KOHIICHTpanuuTe Ha Mukpoenementute As, Cd, Cr,
Cu, Fe, Ni, Pb u Zn B nuBu u kyntuBupanu muau ot Bujaa Mytilus galloprovincialis otrinenann
B ObJrapckaTta yact Ha UepHo Mope u € OlleHEeH 3/IpaBHUsI PUCK 3a KOHCymaTopa Ha 0aza
Pa3IUYHU MOAXOAU. 3a LeNTa ca U3MOJA3BAHU peAMIla KOSPUIIEHTH KaTO YCTAHOBEH THEBEH
npueMm (EDI), xoepunent Ha nexanueporenen puck (THQ), mnaexc Ha omacHoct (HI) u
koepuneHT Ha KaHueporeHeH puck (TR). M3smepenurte aHanuTUYHM KOHIEHTpAlMH Ha
enementute Cd, Cr, Cu, Fe, Ni, Pb u Zn BB Bcruku npo6u ot Mytilus galloprovincialis ca mox
MakcUMaiHo Jonyctumute rpanunu (MPL) onpenenenu ot penuua 31paBHU OpraHU3aUy, C
M3KIIIOYCHUE HA XUMUYHUA €JIEMEHT AsS, KOMTO HaJIXBbpJs ycTaHOBeHara rpanuna ot 2.00
mg/kg w.w. OCHOBHHTE TMOJMHEHACUTEHH MAaCTHHM KHMCEJIMHHU ca eliko3aneHTacHoBara (EPA,
20:5n-3) u moko3axekcacHoBara kucenuna (DHA, 22:6n-3). MacTHO-KUCETHHUAT PODUIT HA
MUJNUTE T0Ka3a, 4e Te3U KOWTO ca OTIIeKIaHH BbB (pepMU MMAT MO-BUCOKO CHOTHOILIEHUE
PUFA/SFA, cenbpxanue Ha DHA u EPA+DHA u no-aucku croiitnoctu Ha SFA, Al u TL
Croiinoctute 3a TR 3a enmementute Pb, Cr, Ni u As ca Onu3ku A0 Te3W OTKPUTH B
muteparypata. Koebunenture THQ um HI ca moxg nuBara ot eamnauma. ChOTHOMIEHUETO
NoJ3a/pUCK WIIOCTpUpa, 4e auBuTe W KyiaruBupanu M. galloprovincialis orrnemanu B
Obarapckara yact Ha UepHo Mope ca 6e30macHu 3a KOHCyMallus OT YOBEKa.



I'7-15 K. Peycheva, V. Panayotova, R. Stancheva, L. Makedonski, A. Merdzhanova,
N. Cicero, G. Camilleri, F. Fazio (2021) Trace elements and omega-3 fatty acids
of Black Sea (Bulgaria) bivalve species Mytilus galloprovincialis, Chamelea
gallina and Donax trunculus. Human health risk, Natural Product Research.
https://doi.org/10.1080/14786419.2021.1921770 (Q2)

Abstract The study aimed to evaluate trace elements (Cd, Cr, Cu, Fe, Ni, Pb and Zn)
concentrations and fatty acids of three Black Sea bivalve species — Donax trunculus, Mytilus
galloprovincialis and Chamelea gallina as well as human health risk and benefit-risk ratio
based on n-3 LC-PUFA vs. toxic/essential elements. The results showed variations in the
element concentrations among the analysed species. D. trunculus generally contained higher
levels of the essential elements Cu and Zn, while C. gallina — higher Cr and Fe. Toxic elements
content did not exceed the international standards for mollusks. D. trunculus and C. gallina
were better dietary sources of n-3 LC-PUFA, with approximately two-fold higher EPA + DHA
content than M. galloprovincialis. Health risks for most toxic and essential elements exposed
from bivalve consumption were safe based on THQ, HIl and TR indices. The benefit-risk ratio
indicated that studied species are safe for human consumption, except one case.

Pe3iome ToBa uscnenBane nma 3a L€l Jja OLIeHH 00I11aTa KOHLIEHTpaIHsl Ha MUKPOEJIEeMEHTUTE
Cd, Cr, Cu, Fe, Ni, Pb u Zn u MacTHUTE KUCEIMHU B TPH YEPHOMOPCKH JIByUEPYIUECTH BHJIA
(Donax trunculus, Mytilus galloprovincialis u Chamelea gallina), kakro u 1a ycranoBu mosi3a-
PHCK 32 YOBEIIKOTO 3/[paBe€ OCHOBAHO HA ChOTHOLIEHHETO B HUBaTa Ha n-3 LC-PUFA cnpsmo
T€3W Ha TOKCUYHUTE/ECEHLMAIHUTE eJIEMEHTH B IpoduTe. Pe3ynTatute nokassar Bapualnuu B
KOHIICHTPALMUTE HAa XMMUYHHUTE €JIEMEHTH CpeJl aHAIM3MpaHuTe BUIOBe, kato D. trunculus
ChABpPXKA MO-BUCOKM HHMBa Ha eceHimanHute Cu u Zn, mnokaro C. gallina - wa Cr u Fe.
CpabpKaHUMETO Ha TOKCUYHM €JIEMEHTH HE HAIBUINABA MEXAYHAapOJHO YCTAHOBEHUTE
cranmapti 3a Mopcku Mmekorenu. D. trunculus u C. gallina ca mo-mobpu XpaHHUTETHH
n3roununy Ha n-3 LC-PUFA, ¢ npuOau3suTenHo ABa MbTH MO-BUCOKO ChabpikaHue Ha EPA +
DHA or M. galloprovincialis. PuckoBere 3a 3apaBeTo acolMHMpaHH € KOHCyMalUsTa Ha
JIBy4EpYITYECTH CAa MUHUHUMAJIHU Bb3 OCHOBA HA U3UMCIICHUTE HHJIEKCUTE Ha HEKAHIIEPOT€HEH
puck (THQ), manexc Ha omacHoct (HI) m koedunent na kanmeporeHeH puck (TR).
CBOTHOILIEHHETO MOJI3a/PUCK TTOKA3Ba, Y€ U3CJICABAHUTE BHJIOBE ca O€30MacHH 32 KOHCYMalus
OT YOBEKa, C N3KJIFOYEHNE Ha €IUH OT CIIy4auTe.



1. [Ib1HOTEKCTOBU MyOJMKAINMM B HAYYHH CIIHUCAHUS ¥ COOPHHUIM, M3BbH y4YacTBaIlUTe
B /I0KA3aTeJICTBEHHsI MaTepHaJl 3a NMOKPMBaHe HA MHHHMAJIHHUTE HM3MCKBaHUA 34
3aemaHne Ha AJl ,,JoueHT”

I.L1. Hayunu nybauxayuu, nyoauxysanu 6 u3zoanusi, pegepupanu u UHOEKCUPAHU 6
c8emosHou3secmuu 6asu oanHu ¢ Hayuna ungopmayus (Web of Science u Scopus)

Ne 01. A. Merdzhanova, V. Panayotova, D.A. Dobreva, R. Stancheva, K. Peycheva.
(2018) Lipid composition of raw and cooked Rapana venosa from the Black
Sea, Ovidius University Annals of Chemistry 29 (1), 49-55. (WoS)

Abstract Rapana venosa is an edible mollusc with nutritional and economic importance. There
is limited information about its lipid composition. The aim of the present study is to provide
information about lipid composition, fatty acid profiles, fat soluble vitamins and cholesterol
content of raw and cooked Rapana venosa. Cooking did not affect the ratio of lipid classes, but
fatty acids composition varied significantly. Considerable variations were observed in fatty acid
distribution of total lipids and neutral lipids. Fatty acid groups of phospholipids remained
unaffected by temperature treatment. The most abundant fatty acids in all lipid classes of raw
and cooked specimens were palmitic acid (C16:0) and eicosapentaenoic acid (C20:5n-3). The
sum of omega-3 polyunsaturated fatty acids (PUFA) was higher than omega-6 PUFA in all lipid
fractions. The results of the present study showed that cooking process affected cholesterol, fat
soluble vitamins and carotenoids content differently. Larger variations were observed for
vitamin A, B-carotene and astaxanthin and to lesser for vitamin E. Cholesterol and vitamin D3
were also affected by the thermal stress. The present study revealed that Rapana venosa meat
could be a good source of high quality nutritional lipids, which are well preserved even after
culinary treatment.

Pe3rome Rapana venosa e BuI sJUIMBO MEKOTEJO C XPAaHUTEIHO M CTOMAHCKO 3HadyeHue. B
Hay4HaTa JMTeparypa uMa orpaHndeHa UH(OopMaIys 3a HEroBUs JUMMJEH cbeTaB. Llenta Ha
HACTOALIOTO M3CJE/BaHE € Jla NpeaocTaBu HHQopmanus 3a JUOUAHAS —ChCTaB,
MACTHOKUCEITMHHHAS TpOo(HI, MaCTHOPA3TBOPUMHTE BHUTAMHHHU W CBHIBPKAHUETO Ha
XOJIECTEpPOJI B CYpOBU U CroTBeHu Rapana venosa. Pesynararure mokasBar, ye TOTBEHETO HE
MOBJIMSIBA CHOTHOLLIEHUETO Ha JUIUAHUTE KJIaCOBE, HO MAaCTHOKHCEIMHHUSAT ChCTaB Bapupa
3HauuTenHo. HabOmiomaBaHu ca 3HAUMTENHM BapHallud B pas3lpellelieHMEeTO Ha MAaCTHUTE
KHACEIIMHU B OOLIUTE JUMHUINA W HEYTPAITHUTE JUMUAHA. [ pynmuTe MAacTHH KHCEIHHU BBHB
dochonunuanTe octaBaT He3acerHaTH OT TeMIeparypHaTa oOpaboTka. OCHOBHHTE MAacTHH
KHCEJIMHU BBHB BCUYKH KJIACOBE JIMIHIU HAa CYpPOBH M CBapeHH MPOOW ca MaJIMHTHHOBATa
kucenuHa (C16:0) m eliko3ameHTtacHoBara kucenmuHa (C20:5n-3). Cymara oT owmera-3
nonuHeHacuTeHn MacTHU kucenunu (PUFA) e mo-Bucoka ot cymata Ha omera-6 PUFA BbB
BCUYKH JIMIIUAHU Qpakuuu. Pe3ynTatute oT HaCTOSIIOTO MPOyYBaHe MOKa3BaT, Y€ MPOLEChT
Ha FOTBEHE BIIHsIE PA3JINYHO HA ChIbP)KAHUETO HA XOJIECTEPOII, MACTHOPA3TBOPUMH BUTAMHHHU
U KapoteHouau. Ilo-romemu Bapuanuu ca HaOMIOJaBaHW 3a BUTaMHMH A, [-KapoTeH u



aCTaKCaHTHH M MO-MaJIky 3a BUTaMuH E. ChabpiaHUETO Ha X0JecTepoa U BUTaMuH D3 cbino
€ 3acerHaTo OT TepMHuHHUsA cTpec. HacrosmoTo nmpoyuBane pa3kpusa, ue MecoTo oT Rapana
venosa Mosxe aa 0b/1e J00bp U3TOYHHUK Ha BUCOKOKAYECTBEHH XPAHUTEIIHU JIMITUIN, KOUTO Ce
3ama3Bart 100pe JopH cie KyJInHapHa 00padoTKa.

Ne 02. A. Merdzhanova, D.A. Dobreva, V. Panayotova. (2018) Comparison of fatty
acids, cholesterol, fat soluble vitamins and carotenoids content of skin and edible
tissue of farmed African catfish (Clarias gariepinus, Burchell 1822), Ovidius
University Annals of Chemistry 29 (1), 41-47. (WoS)

Abstract African catfish (Clarias gariepinus) is new species for the Bulgarian market. It is a
valuable source of biologically active components that play an important role in human diet,
but there is lack of information for the quality of its dietary lipids. This study focuses on the
assessment of skin and edible tissue lipid quality of farmed African catfish based on lipid
content and detailed fatty acids, fat-soluble vitamins, cholesterol and carotenoids composition.
Fatty acid composition was determined by gas chromatography with mass spectrometer
(GC/MS) after lipid extraction. Vitamins A, D3 and E, beta-carotene, astaxanthin and
cholesterol were analyzed simultaneously using high performance liquid chromatography
(HPLC) with ultraviolet and fluorescence detectors. Lipids, cholesterol, astaxanthin and
monounsaturated fatty acids (MUFA) were significantly higher in skin, whereas vitamin A and
E, polyunsaturated fatty acids (PUFA) were higher in muscle tissue. Vitamin D3 showed
comparable amounts in both tissues. Eicosapentaenoic acid (C20:5n3) and docosahexaenoic
acid (C22:6n3) which are important indicators for fish lipids quality presented significantly
high amounts. A portion of 100 g filet without skin contains approximately 600 mg. Results
confirmed that African catfish meat — with or without the skin, can be valuable and preferable
source of biologically active lipids.

Pe3rome Adpukanckusar com (Clarias gariepinus) e HoB Bua 3a Obirapckus maszap. Toit e
[ICHEH W3TOYHUK Ha OWOJOTMYHO AKTUBHU KOMIIOHCHTH, KOHTO HWTIpasT BakHa pOJIS B
YOBEIKATa JIMeTa, HO JINTICBA HH(OPMAITUS 32 KAYeCTBOTO HA XPAHUTESIIHUTE JTUMHINA B HETO.
ToBa nmpoyuBaHe ce (OKycHpa BEPXY OIICHKaTa Ha KA4eCTBOTO HA JIMITUIUTE OT KOXa U (Quie
Ha KYJITHBHpaH a(pUKAHCKH COM BH3 OCHOBA HAa CHIBPKAHUETO HA JIUIUIAH W TIOJIPOOCH
MAaCTHOKHCEITMHEH CBhCTaB, MAcCTHOPA3TBOPUMH BUTAMHHH, XOJECTEPOJI U KapOTEHOUIU.
MacTHOKHCETMHHUST ChCTaB € OMpeeNieH Upe3 ra3oBa XpoMmarorpadus ¢ Mac CIIEKTPOMETHP
(GC/MS) cnen excrpakuus Ha oOute iunuau. Butamunu A, D3 u E, Oera-kaporew,
ACTaKCaHTHMH M XoJecTepon Osxa aHAIM3WpaHW EJHOBPEMEHHO C T[OMOINTa Ha
BUcoKoeekTuBHa TeuHa xpomarorpadus (HPLC) c yntpaBuoneroB u ¢dayopeciieHTeH
JNETEKTOpU. YCTAaHOBEHO €, 4e KOXKaTa ChIbpKa 3HAYMTETHO MO-BHCOKH KOJIMYECTBA OOIIH
JUTHINA, XOJIEeCTePO, aCTAKCAHTUH ¥ MOHOHEeHacuTeHU MacTHU kucennan (MUFA), a ¢punero
- ButamuH A u E u nonmunenacuternn mactau kucennau (PUFA). Buramun D3 ce oTkpuBa B
CpPaBHHMHM KOJIMYECTBA M B JBaTa BUJA aHATU3WpaHu ThkaHU. Effko3aneHTacHOBaTa KUCEINHA
(C20:5n3) u nmokozaxekcaeHoBara kucenwHa (C22:6n3), KOUTO ca BaXKHH WHAMKATOPH 3a
KaueCTBOTO HAa PUOHUTE JIMIHUIY TTOKa3BaT 3HAYMTEITHO BUCOKU KoimuecTBa. [lopmwms ot 100 g
¢une 6e3 koxka chabpxa npubauzuTenHo 600 mg ot Tax. Pesyararure moTBBpXKIaBaT, ye
MECOTO OT appUKAHCKH COM — CbC HJIM 0€3 KOXka, MOKe N1a ObJe IIEHEH U MPEANOYUTaAH
M3TOYHUK HAa OMOJIOTUYHO aKTUBHU JIUTTUIH.



Ne 03. V. Panayotova, M. Stancheva, D.A. Dobreva. (2013) Alpha-tocopherol and
ergocalciferol contents of some macroalgae from Bulgarian Black Sea coast.
Ovidius University Annals of Chemistry 24 (1), 13-16. (WoS)

Abstract The aim of the present study was to determine and compare a-tocopherol and
ergocalciferol content in four macroalgae from Bulgarian Black sea coast. Ulva rigida,
Cladophora vagabunda, Cystoseira barbata and Cystoseira crinita were used for evaluation of
corresponding fat-soluble vitamins content. The sample preparation procedure includes alkaline
saponification, followed by liquid-liquid extraction. Ergocalciferol (vitamin D) and -
tocopherol (vitamin E) were analyzed simultaneously using HPLC/UV/FL system (Thermo
Scientific Spectra SYSTEM) equipped with RP analytical column. The mobile phase was
composed of 97:3 = MeOH:H»0. Ergocalciferol was monitored by UV detection at Amax =
265nm, while a-tocopherol was detected

by fluorescence at Aex=288nm and Aem=332nm. Alpha-tocopherol content in algal tissues
ranged from 1.68+0.38mg/100g d.w. in Cladophora vagabunda to 29.13+1.08mg/100g d.w. in
Cystoseira barbata. Ergocalciferol was detected only in Ulva rigida samples.

Pe3tome llenTa Ha HACTOSIIIIOTO M3CIIEBAHE € JIa CE ONPE/CIIM U CPABHU ChIbPIKAHUETO HA Ol
TOKO(EPOIT ¥ eprokannudepolt B YSTUPH BHJIa MAKPOBOJIOPACTH OT OBJTapcKaTa akKBaTOPHS Ha
Yepro mope. Ananusupanu ca sumoere Ulva rigida, Cladophora vagabunda, Cystoseira
barbata u Cystoseira crinita. IIpoueaypara 3a moAroToBka Ha mpo0aTa BKIIIOYBA alIKAJTHO
OCaIlyHBaHE, MOCJIEABAHO OT TEYHO-TEUHO ekcTpakuus. Eprokanuudeposn (Buramun D2) u a-
toko(depon (ButamuH E) Osixa ananmusupanu eaHoBpemenHo ¢ nomornra Ha HPLC/UV/FL
cucrtema (Thermo Scientific Spectra SYSTEM), o6opynsana ¢ RP ananuTnuHa KosoHa.
[TogsuxHaTa ¢aza ce ceeron ot 97:3 = MeOH:H20. Eprokanudeponst ce onpenens upes
UV perexnus npu Amax = 265 nm, 10KaTo a-TOKOPEPOTBT c€ OTKpUBA Upe3 (IyopecleHINs
pu Aex=288nm u Aem=332nm. Chabp>kaHUETO HA 0-TOKO(EPOJI B ThKAHUTE HAa BOJOPACITUTE
Bapupa ot 1,68+0,38mg/100g d.w. B Cladophora vagabunda mo 29,13+1,08mg/100g d.w. B
Cystoseira barbata. Eprokaniudeposn e otkput camo B ipoou ot Ulva rigida.

Ne 04. V. lvanova, M. Stancheva, A. Merdzhanova. (2012) Fatty acids composition of
macroalgae from Bulgarian Black Sea coast, Ovidius University Annals of
Chemistry 23(1), 35-40. (WoS)

Abstract Lipids and fatty acids (FA) composition of three Black Sea macroalgae Cladophora
vagabunda, Ceramium rubrum and Cystoseira barbata were studied. Fatty acids composition
was analyzed by GC/MS. Total lipids content varied widely among the species and ranged
between 0.66 and 0.98 g per 100 g fresh weight. Generally, saturated fatty acids were major
components (62-71%), with 16:0 as the most abundant saturate (41-57%). Total
polyunsaturated FAs and monounsaturated FAs ranged from 28% to 38%. The green alga
Cladophora vagabunda showed higher C18 PUFAs contents than did C20 PUFAs while for
red alga Ceramium rubrum the trend was opposite. Cystoseira barbata belonging to the group
of brown algae showed similar amounts of C18 and C20 PUFAs contents. Cladophora
vagabunda was rich in linoleic acid and Ceramium rubrum in arachidonic acid (AA) while
Cystoseira barbata was rich in both linoleic acid and eicosopentaenoic acid. All of the studied
species had a nutritionally beneficial n6/n3 ratio (1.24-2.84:1).



Pe3lome B HacTosmoTro mpoyuBaHe € M3CIEABAHO ChIBPKAHUETO Ha OOIIM JUNUIA U
MAaCTHOKUCEJIMHHHUS ChCTaB HAa TPU BHUAA uYepHOMOpCKH MakpoBojopaciau Cladophora
vagabunda, Ceramium rubrum wu Cystoseira barbata. MacCTHOKHCETUHHHAT CHCTaB €
anamusupan upe3 GC/MS. OOmoTO chAbpKAaHHE HA JUMHIMA Bapupa B LIMPOKH TPaHHULIU
Mexay Bugosete (Mexay 0,66 u 0,98 g na 100 g cexo Terio). Karo 1sijio, HACUTEHUTE MAaCTHU
KHCEJIMHU Ca OCHOBHU KOMIOHEHTH (62—71%), karo 16:0 e ocHOBHAaTa HacuUTEHa MacTHa
kucenuHa (41-57%). O6moTo chabpKaHNUE Ha MMOTMHEHacuTeHN FAs n MoHOHEeHacuTeHn FAs
Bapupa ot 28% mo 38%. 3enenoro Bomopacino Cladophora vagabunda moka3sa mo-Bucoko
ceabpkanue Ha C18 PUFAs, otkonkoro C20 PUFAs, nmokato 3a 4epBEHO BOAOPACIIO
Ceramium rubrum tennenmusra ¢ ooparna. Cystoseira barbata, npunamneskaiia KbM rpymnara
Ha KadsBHUTE BogOpacan M moka3Ba cxomauu konudectBa Ha C18 u C20 PUFAs. Cladophora
vagabunda e 6oraTa Ha JHHOJIOBA KucenuHa, a Ceramium rubrum Ha apaxuI0HOBA KHCEIMHA
(AA), mokato Cystoseira barbata ¢ Gorara kakTo Ha JIHMHOIOBA KHCEIWHA, Taka M Ha
€HKO30IIEHTaCHOBAa KHUCEJIWHA. BCHYKM W3clelBaHU BHIOBE HMMAT XPAHHUTEIHO TOJIE3HO
choTHOIIEHHE n6/n3 (1,24-2,84:1).

I1.2. Ilyorukayuu u 0okiaou, nyoIuKy8anu 6 Hepepepupanu CRUCAHUS C HAYYHO
peyen3upare unu nyoIuKy8anu 8 peOaKmupanu KO1eKmueHU momoee

Ne 05. D. Dimova, D. Dobreva, V. Panayotova, L. Makedonski. (2019). DPPH
antiradical activity and total phenolic content of methanol and ethanol extracts
from macroalgae (Ulva rigida) and microalgae (Chlorella). Scripta Scientifica
Pharmaceutica 6(2), 37-41. http://dx.doi.org/10.14748/ssp.v7i2.7369

Abstract Introduction: Algae are widely popular as dietary supplement. Furthermore, they can
be a great source of antioxidants (pigments, alkaloids, carotenoids, phenolic acids, sulfated
polysaccharides and longchain polyunsaturated fatty acids etc.) and can be used instead of
synthetic ones. The different nutrient compositions of algae depend on class, species, habitats,
maturity, and environmental conditions.

Aim: The present study aims to investigate the differences in the antioxidant activity (AOA)
and total phenolic content (TPC) of macroalgae Ulva rigida from the Black Sea and microalgae
Chlorella. In addition, the obtained results will show their potential as natural sources of
antioxidants.

Materials and Methods: The marine macroalgae Ulva rigida and the microalgae Chlorella were
used to perform different solvent extracts, which were analyzed for antiradical activity and total
phenol content.

Results and Discussion: All analyzed extracts (methanol and ethanol) showed positive results
of the DPPH test and TPC. Both methanol extracts of microalgae Chlorella and macroalgae
Ulva rigida had higher scavenging effect on used radicals for antioxidant activity compared to
both ethanol extracts of the same plant material. The results show high potential as natural
source of antioxidants of both algae species due perhaps to the phenolic content and other
compounds having antioxidant activity.

Conclusion: Both Ulva rigida and Chlorella can be used as a source of antioxidants and
phenolic acids, which can be added to new functional foods and supplements, as well as be the
basis of pharmaceutical and cosmetic products.



Pe3ome BrBenenne: Bogopacnure ca mypoKo NOMYISIPHU KaTO XpaHUTETHH 100aBKU. OCBEH
TOBa T€ Morar jaa ObaaT OoraT W3TOYHWK HAa AHTUOKCUAAHTU (TUTMEHTH, AIKAIOUIH,
KapoTeHOWH, (EHOJHW KHCENUHHW, CyIpaTupaHu TOJMU3aXapuia, IhITOBEPUIKHU
NOJMHEHACUTEHN MACTHH KHCEIMHHU M Jp.) ¥ MOTaT Ja Cce HM3MOJ3BaT KAaTO 3aMECTHTEN Ha
CUHTCTHYHUTE HM3TOYHUIIM. XMMHYHUSAT CHhCTAB HA BOJOPACIUTE 3aBUCH CHJIHO OT BHJIA,
MECTOOOHMTaHUsATA, IEPUOJIA HA PACTEK U YCIIOBHUATA HA OKOJIHATA Cpefa.

Llen: HacTosmoTo u3cneaBaHe MMa 3a Led Ja HM3CIeABAa PA3IMKUTE B aHTUOKCHIAHTHATA
akTuBHOCT (AOA) 1 06moTo penonHo cwawvpxkanue (TPC) na makpoBogopaciute Ulva rigida
or Yepno mope u mukpoBomopaciure Chlorella. OcBen ToBa monyueHHTE pE3ysiaTaTH IIE
MOKaKaT TEXHUs TIOTEHIIAAT KaTO €CTECTBEHU M3TOYHUIY Ha aHTUOKCHIAaHTH.

Marepuanu u meromu: Mopckure MakpoBomopaciau Ulva rigida u mukpoBomopaciute
Chlorella ca excrpaxupanu ¢ pa3jIuIHA Pa3TBOPUTETH CKCTPAKTH, KOMTO Ca aHATU3UPAHH 3a
aHTHOKcHuAaHTHaTa akTUBHOCT (AOA) u 061moTo dhenonno cpabpxkanue (TPC)

Pesynraru: Bcuuku aHam3upaHu eKCTpakTy (METaHOJIOB M €TaHOJIOB) TOKA3BaT MOJIOKHUTEITHA
pesynratu ot DPPH Tecta u TPC. MetaHonoBuTe eKCTpakTH oT MukpoBogopaciu Chlorella u
makpoBogopacian Ulva rigida mokassar mo-BHCOKa aHTHOKCHAAHTHAa aKTHBHOCT CIPSMO
€TaHOJIOBUTE CKCTPAKTH. Pe3yiTaTuTe MOKa3BaT BUCOK IMOTCHIIMAN KATO €CTECTBEH M3TOUYHUK
Ha aHTHOKCHUJIAHTH M Ha JIBaTa BUA BOJIOPACIIH, BEPOSITHO MOPAJIX ChIbPKAHUETO HA (EHOI U
JIPYTH ChEJIMHCHUS C aHTHOKCHITAHTHA aKTHBHOCT.

3akmouenue: Kakro Ulva rigida, taka u Chlorella morar na ce u3non3Bar kato M3TOYHUK Ha
AHTUOKCHJIAHTU M ()SHOJHHU KUCEIIMHU, KOUTO MOTAT Ja ce J00aBAT KbM HOBU ()yHKITMOHATHH
XpaHU U T00aBKH, KAKTO U J1a ObJIaT B OCHOBATa Ha (papMaIeBTUYHHA U KO3METHYHU TPOAYKTH.

Ne 06. A. Merdzhanova, V. Panayotova, D.A. Dobreva, K. Peycheva. (2018)
Proximate composition, lipid quality and heavy metals content in the muscle of
two carp species. Agricultural Science and Technology 10(4), 1313-8820.

Abstract The aim of the presented study was to characterize the quality of edible tissue of
freshwater common carp (Cyprinus carpio) and bighead carp (Aristichthys nobilis), based on
their proximate and lipid composition (lipid classes, fatty acid profile, fat soluble vitamins,
carotenoids and cholesterol). Health risk assessment was evaluated based on the analysis of
some toxic elements (As, Cd, Ni, Pb and total Hg). Proximate composition (moisture, crude
protein and total lipid) was determined using standard procedures. Lipids were subsequently
separated into neutral (NL) and polar lipids: Phospho- (PL) and Glycolipids (GL) by means of
column and thin-layer chromatography. Lipid classes were derivatized into fatty acid methyl
esters (FAMEs) which were analysed by gas chromatography—mass spectrometry (GC-MS).
Vitamins A, Dz and E, beta-carotene, astaxanthin and cholesterol were analysed simultaneously
using high performance liquid chromatography (HPLC). Heavy metals (As, Pb, Cd, Hg and Ni)
were determined by optical emission spectrometry with inductively coupled plasma (ICP-OES)
following a microwave digestion procedure. Protein content was higher in bighead carp
(18.5%) and lower for common carp (15.5%), whereas lipid content showed opposite trend.
Similarities in lipid classes distribution were observed for both species: NL>GL>PL. Neutral
lipids constituted approximately 70% of TL in both species, as FAs profile was dominated by
monounsaturated fatty acids (MUFA), whereas polyunsaturated FAs (PUFA) prevailed in polar
fractions. Omega-3 PUFAs were higher in all lipid classes compared to omega-6 PUFAs.
Cholesterol content was low (17-24 mg.100g™* ww). Astaxanthin was detected only in bighead
carp, whereas beta-carotene, vitamin D3 and vitamin A showed similar concentrations in both



samples. Vitamin E content was higher in bighead carp (10.4 mg.100g™* ww). Trace elements
content was higher in bighead carp showing a maximum value of As (0.312 mg.kg™ ww). All
determined toxic elements were found below the recommended value in carp muscle. The
results of the present study confirmed the high quality and safety of common carp and bighead
carp meat. These freshwater species are valuable sources of essential nutrients such as proteins,
vitamin D3 and long chain omega-3 PUFAs. Together with the nutrients, the information for
low concentrations of toxic elements makes them valuable components of a healthy human diet.

Pe3rome Llenta Ha mpencTaBeHOTO M3CIEABAHE € J1a CE XapaKTepU3upa KaueCTBOTO HA MECOTO
ot ciaaakoBojeH mrapan (Cyprinus carpio) u tonctono6 (Aristichthys nobilis), B3 ocHoBa Ha
TEXHHS XUMUYEH M JIMOUACH CbhCTaB (JIMIUIHU KJIaCOBE, MACTHOKHCEIUHUH Mpodui,
MacCTHOPa3TBOPUMHU BUTAMUHU, KAPOTCHOUIH U XosiecTtepon). OneHkara Ha pucKa 3a 3JpaBeTo
€ HampaBeHa Bb3 OCHOBA Ha aHanM3a Ha HiAKou TokcuuHu eremeHTu (As, Cd, Ni, Pb u Hg).
XUMUYHUSAT ChCTaB (BIAroChAbpiKaHKUEe, OOII MPOTEUH U OOIIM JUMUAM) € ONpPEICIICH upe3
CTaHAapTU3UpaHu mpoueaypu. O0muTe TUnuau ca pasaenenu Ha HeyTpanau (NL) u nonsapau
munuau: ¢pocdo- (PL) u rmuxonunuau (GL) upe3 KoJIOHHA M THHKOCIOIHA XpomaTorpadus.
JlunuaHUTE KIacoBe ca AepUBaTU3MPAHU B METHIIOBU ecTepu Ha MacTHU kucenuHu (FAMEs),
KOMTO Ca aHAJIM3UPaHU ype3 razosa xpomarorpadus-maccrnekrpomerpus (GC-MS). Butamunu
A, D3 u E, Gera-kapoTeH, aCTaKCaHTHH MU XOJIECTEPOJI Ca aHATM3UPAaHU €THOBPEMEHHO Upe3
BucokoedekxtuBHa Teuna xpomartorpadusi (HPLC). Texxxkure meranu (As, Pb, Cd, Hg u Ni) ca
OTIpeNIeJIeH! Ype3 ONTHKO-eMHUCHOHHA CIIEKTPOMETPHSI C HHAYKTUBHO cBbp3aHa miazma (ICP-
OES) cnen mnpouenypa Ha MHMKPOBBIHOBO pasrpaxJaHe. YCTaHOBEHO € I10-BHCOKO
ChIbpKaHHE Ha MPOTEHHHU NpH TOicToi00 (18,5%) M mo-HHUCKO TP OOWKHOBEHHSI IIapaH
(15,5%), nmokaro CHABpPKAHWETO HA JHUMUAM TOKa3Ba oOpaTHa TeHAeHIUsA. [lpwinku B
pasnpeneseHueTo Ha JUMUAHUTE KJIacoBe ca HabiogaBaHu M 3a nBata Buma: NL>GL>PL.
Heyrpanuure nunuau cwctaBnsiBat npubausutenHo 70% oT obmuTe JUOUAM W NpU JIBaTa
BUJa, a npodpunsT Ha FAs e qoMuHHpaH oT MOHOHeHacuTeHH MacTHU kucenuHu (MUFA),
nokaro nonuHeHacutenute FAs (PUFA) mpeoGmagaBar B momsipaute ¢pakunu. Owmera-3
PUFASs ca B mo-BucokH KomuecTBa oT oMera-6 PUFAS BbB BCHUKY JIMTTHHA KJIACOBE JTUTTHIH.
ChIbpKaHHETO HA XONECTepOll € cpaBHUTeNHOo Hucko (17-24 mg.100g™! ww). Acrakcantus e
OTKpHUT caMo IPH TOJICTOJ00, JoKaTo OeTa-KapoTeHbT, BUTAMUH D3 W BUTaMHH A TOKa3Bar
CXO/IHM KOHILIEHTpalMu U B JBaTa BUAAa. ChbabpKaHUETO Ha BUTaMUH E e mo-BUCOKO mpu
Tosncrono6 (10,4 mg.100g? ww). ChabpkaHHETO Ha MHUKPOEJEMEHTH € MO-BUCOKO IIpH
TOJICTOJI00, TIOKa3Balku MakcUManHu cToifHoctd 3a As (0,312 mgkg? ww). Bcuuku
OTIpe/ieIeHN TOKCHYHH €JIEMEHTH Cca OTKPUTH MOJ] MPENopbunuTeIHaTa CTOMHOCT B MECOTO Ha
pubata. Pesynrature OT HACTOSIIOTO MPOYYBAHE NOTBBPXKAABAT BUCOKOTO KadyeCTBO M
0€30I1aCHOCT Ha MECOTO OT OOMKHOBEH IIapaH M ToJCTOJI00. Te3u CclaKoBOJHU BHUIOBE ca
IEHHW HM3TOYHHULM Ha OCHOBHM XPAaHUTENIHHU BEIIECTBA KaTo IMPOTEHHM, BUTaMUH D3 u
nbaroBeprkH oMera-3 PUFAs. 3aeiHo ¢ XpaHUTEIHUTE BELecTBa, HH(POpMAIUATA 32 HUCKH
KOHIICHTPAIlM HAa TOKCHYHHU €JIEMEHTH TH TpPaBH IIEHHH KOMITOHEHTH Ha 3J[paBOCIIOBHATA
YOBEIIIKA TUETA.



Ne 07. D.A. Dobreva, A. Merdzhanova, M. Stancheva, D. Terziyski, V. Panayotova.
(2018) Black Sea fish and shellfish as essential source of vitamin B12.
International Journal of Scientific Reports 4 (8), 199-203.

Abstract Background: Vitamins are very important for the human body because they are
necessary for many biological absorption processes of other nutrients, for cells and tissues
growth and repair. Because of this, there are many recommendations on daily vitamins intake,
approved by the different country and world food organizations. Usually under the term
"vitamin B12" is understood only cyanocobalamin, but actually this name is general and covers
all potentially biologically active "cobalamins”- a group of cobalt-containing compounds.
Animal foods, as different meat, milk, eggs, fish and shellfish are considered as the main dietary
sources of this vitamin. They contain different forms (methylcobalamin and
deoxyadenosylcobalamin) of vitamin B2 in different amounts. There is limited information in
the scientific literature about the vitamin B1> content in black sea fish and shellfish. The aims
of the present work were to determine and compare vitamin Bz contents as well as relative
daily intake of vitamins in different fish and shellfish species from Black Sea waters. Methods:
Vitamin Bi> was analysed spectrophotometrically. The method for quantitative analysis
includes extraction from the edible tissue and enzymatic hydrolysis to release the cobalt ions.
Results: The quantities of vitamin B1> found in the edible tissue of the analysed samples ranged
from 0.63 pg.100 g ww to 21.5 pg.100 g ww. Conclusions: The observed results confirm
that all fish and molluscs samples deliver significant quantities of the water-soluble vitamin
B1o.

Pe3rome BnbBenenue: BuramuHMTE ca MHOTO BaXXHM 3a YOBEIIKOTO TsUIO, 3alI0OTO Ca
HEO0OXOUMH 32 MHOTO OMOJIOTUYHHU MPOLIECH HA YCBOSIBAHE HA JIPYTU XPaHUTEIHU BEIIECTBA,
3a pacTeka M Bb3CTAHOBSIBAHETO Ha KJIIETKUTE U ThKaHUTE. [lopaau ToBa iMa MHOTO MPENOpbKU
3a JIHEBEH IpUEM Ha BUTAMUHHU, OJIOOPEHHM OT pa3TUYHUTE HAIIMOHAJIHU M CBETOBHH
opram3anu 1o xpanute. OOMKHOBEHO MO TepMmHuHA "BUTaMuH B12" ce pazbupa camo
[[MaHOKOOAJlaMHUH, HO BCBIIHOCT TOBa MM€ € O0ImOo M oOXBalla BCHYKH MOTEHIUAIHO
OMOJOTMYHO aKTUBHU "KoOamamuHH" - Tpyna oOT KOOalIT-ChABPXKALIM CHEIUHEHUS.
JKYBOTHHCKHTE XpaHH, KaTO Pa3TUYHU BUIOBE MECO, MJISIKO, siflla, pu0a ¥ MU, C€ CUUTAT 32
OCHOBHU XPaHUTEIHW HM3TOYHUIM HAa TO3UW BUTAMHH. Te ChABpKAT pa3nuuHu GOpMU
(MeTHIKOOAaTAMUH U J1€30KCHAICHO3MIKOOAIaMIH) Ha BUTaMHUH B12 B pa3nuyHU KOJTHYECTBA.
B nHayunaTa nuTeparypa uMa orpaHudeHa MHQpOpMAIUs 32 ChIbpPKAHUETO Ha BUTAMUH Bi2 B
YepHOMOPCKUTE puOM U pakooOpasznu. Llennte Ha HacTosmara paboTa ca Jga ce omnpeaenu u
CPaBHH ChIIbP>KaHUETO Ha BUTAMHUH Bi12, KAKTO U OTHOCUTENIHUS THEBEH MPUEM HA BUTAMUHU
B pa3iMYHU BHUJIOBE PHOM M MUY OT YEpPHOMOpPCKHUTE BoAau. Meroau: ChIbpKaHUETO Ha
BUTaMuH Bi2 e ompeneneHo crnekTpopoToMeTpudHO. MeETOaBhT 3a KOJIHYECTBEH aHaIH3
BKIIIOYBA W3BIMYAaHE OT SAJMMBAa ThKaH W EH3UMHA XHUJAPONIW3a 3a OCBOOOXKIaBaHE Ha
kobanToBute HoHu. Pesynraru: Konnyecrsara Ha BUTaMuH B12, OTKpUTH B siA/IMBaTa ThKaH Ha
aHaIM3upanuTe mpobu, Bapupar ot 0,63 pg.100 gt ww 1o 21,5 pg.100 g ww. 3axmouenus:
HabGnronaBanurte pe3yaTaTu MOTBBPIKIABAT, Y€ BCUUKHA TPOOH OT PUOM U MEKOTEIN JTIOCTaBAT
3HAYUTEITHU KOJMYECTBA OT BOJOPA3TBOPUMHUS BUTAaMUH Bio.



Ne 08. A. Merdzhanova, D.A. Dobreva, V. Panayotova. (2018) The comparison of
proximate composition, fatty acids and fat-soluble vitamins content of the Black
Sea sprat (Sprattus Sprattus L.) during catching seasons. Annals. Food Science
and Technology 19(2), 191-198.

Abstract The aim of the present study was to determine and compare the seasonal changes in
proximate composition, fatty acid profile and fat soluble vitamins content in spring and autumn
sprat (Sprattus sprattus) from the Bulgarian Black Sea waters. Crude protein was in the range
16.10 — 17.15%, fat content was from 4.20 to 6.65g/100g wet weight (ww). The fatty acid (FA)
and vitamin’s contents showed significant seasonal changes. The spring sprat was showed
lower saturated fatty acid (SFA, 31.7%), higher mono unsaturated fatty acids (MUFA, 34.7%)
and insignificantly lower polyunsaturated fatty acids (PUFA, 33.6%) compared to the autumn
samples. In both seasons omega-3 (n-3) PUFA levels were higher than omega-6 (n-6) PUFA
and presented over than 50% of total PUFAs. Higher amounts of alpha-tocopherol were found
in spring season — 701.2 pug/100g ww. The higher amounts of all-trans retinol (142.3 pug/100 g
ww) and cholecalciferol (11.9 ug/100 g ww) were found in spring samples. Regardless of the
observed seasonal changes in proximate and FA composition, fat soluble vitamins and n-3
PUFA contents sprat species caught from the Bulgarian part of Black Sea are excellent sources
of the analysed components and can be recommended for healthy human diet.

Pe3rome LlenTa Ha HACTOSAIIOTO U3CIIEBAHE € Ja C€ ONPENEIAT U CPABHAT CE30HHUTE TPOMEHU
B XMMHYHUSI ChCTaB, MACTHOKUCEIMHHUS MPO(UI U CHABPKAHUETO HA MACTHOPA3TBOPUMHU
BUTAMUHU B TMpOJIETHATa W €ceHHa Sprattus sprattus ot Obarapckute 4epHOMOPCKH BOJU.
CypoBusT npoteuH € B quanaszona 16,10 — 17,15%, cpabpxanuero Ha ma3HuHM € oT 4,20 10
6,65 9/100 g ceexo Termo (Ww). Chabpikaniero Ha MacTHH KuceauHu (FA) u BUTaMUHH
NOKa3Ba 3HAYUTEITHN ce30HHM poMmeHH. [IponeTnure mpodu Sprattus sprattus e mokasana mno-
HUCKO ChAbpXKaHWe Ha HacuTeHW ™acTtHu kucenunu (SFA, 31,7%), mno-Bucoku
MoHoHeHacuTeHn MacTHH kucenuuu (MUFA, 34,7%) u He3HAUUTETHO MO-HUCKO ChIbPKaHUE
Ha nonuvHeHacuteHn mMacTHH kucennau (PUFA, 33,6%) B cpaBHeHHe ¢ eceHHuTE mpobu. U B
nBara ce3oHa HuBara Ha omera-3 (N-3) PUFA ca mo-Bucoku ot omera-6 (n-6) PUFA u
npeacrasisiBaT Hagy 50% ot obmmure PUFA. OTkputu ca mo-BHCOKHM KOJMYecTBa anda-
tokoepon u mpe3 mpojaerra — 701,2 ug/100g ww. Ilo-Bucokute kommyectBa all-tpamc
perunon (142,3 ng/100 g ww) u xonexkamudeposn (11,9 ng/100 g ww) ca OTKpUTH B POJIETHH
npobu. HeszaBucuMo ot HaOmIOIaBaHWTE CE30HHUW TpoMeHH B Onmskus U FA cbcraBa,
MacTHOPA3TBOPUMHTE BUTAMHHHU U ChIbpkaHueTo Ha n-3 PUFA B Sprattus sprattus, ymosena
oT OBATapckara 4yacT Ha YepHo Mope, ca OTIIMYHH U3TOYHHUIIN HA aHATM3UPAHUTE KOMIIOHEHTH
¥ MOTAT Jia Ce MPEeropbhyaT 3a 3ApaBOCIOBHO XpaHEHE HA YOBEKa.

Ne 09. G. Georgieva, D.A. Dobreva, V. Panayotova, A. Merdzhanova. (2017)
Phenolic compounds in edible plants, Bapaencku memutnuacku gopym (Varna
Medical Forum) 6, 509-517.

Abstract In recent years, the scientific interest about chemical composition of edible plants,
especially their content of biologically active compounds with health protection potential, has
grown considerably. Such plants are traditionally used in both European and Asian cultures -
to improve flavor and taste and to enrich the nutritional value of the dishes. Edible plants are
consumed in both states — raw (e.g. in salads), additives (e.g. spices, seasoning), and after



thermal treatment. An important characteristic of the edible plants is the wide variety of natural
biologically active ingredients - including flavonoids and phenolic acids, anthocyanin, etc.
contained in the leaves or other parts. Polyphenols are a large group of secondary plant
metabolites. The most common phenolic compounds in plant food are phenolic acids and
flavonoids. It is known that the phenolic compounds uptake affects human health positively.
This substance group is characterized by proven anti-inflammatory, anti-allergic and antiviral
properties, as well as potential for the certain cardiovascular diseases prevention, hypertension,
diabetes and others. These properties are

due to the phenolic compounds’ dual role - as antioxidants and as substrates. In Bulgaria there
is limited information on the polyphenolic acids’ and flavonoids’ composition of the edible
plants. Expanding the range of such information would provide consumers with an informed
choice for healthy life. This would give the opportunity for plant uses in pharmacy
(phytotherapy, medicinal

cosmetics), inclusion in balanced and healthy diet, as nutritional supplements and functional
foods, etc.

Pe3tome IIpe3 mociaeqHuTe roJUHU 3HAYUTEIHO HAPAaCTBAa MHTEPECHT KbM H3CIICABAHETO HA
XUMHYHHSI ChCTAaB HA SUIJIMBH PAacTEHHs, 0COOCHO Ha ChIBPKAHHUETO UM Ha OHOJOTHYHO
AKTUBHU CBbCIUHCHUS C J'ICLIC6HO-HpOT€KTI/IBCH IIOTCHII1AJI. TaknBa PacCTCHUA TPAAUIMOHHO CC
M3II0JI3BaT KAKTO B €BPOIICICKaTa, Taka U B a3MaTcKaTa KyaTypa 3a MoJ00psBaHe HA apomara
U BKYyCa, KaKTO U 3a o0orarsiBaHe Ha XpaHUTEJIHAaTa CTOMHOCT Ha ACTUATA. S AIuBUTE pacTeHUS
ce KOHCYMHpAT KaKTO B CYpOBO CHCTOSIHHE KaTO CallaTH, JOOAaBKH, MOJANPABKU, TAPHUTYPH,
Taka ¥ cje]l TepMuIHa 00padoTka. BakHa XapakTepHuCcTHKA Ha SITUBHUTE PACTCHUS € TOJITMOTO
pa3HooOpa3ue Ha eCTECTBEHH OMOJIOTUYHO AKTUBHU BEIIECTBA - BKIIOUUTEIHO (DJIABOHOUIN U
q)eHOJ'IHI/I KHCCJIIMHU, aHTOOWMAaHWUHU U Jp., KOUTO C€ CbABPIKAT B JIUCTATA WKW APYTH TCXHU
qactu. [lommdeHonure ca royisiMa rpyna BTOPUYHH PACTHUTETHU Mertaboyimtu. Haif-uecto
cpemanute (PEHOTHU CHEIUHEHHMs] B pacTUTENHATa XpaHa ca (PEHOJHUTE KUCETUHU U
¢naBoHonaute. M3BecTHO €, ye MpueMbT Ha (EHOJHU ChEUHEHUS BIIMSAE MO3UTUBHO BBPXY
YOBEIIKOTO  37paBe. Ta3u Tpyma BemecTBa Cc€  XapakTepu3upa C  JIOKa3aHH
MPOTUBOBB3MATUTETHH, MPOTUBOAIEPTUYHU U MPOTUBOBUPYCHU CBOWCTBA, KAKTO M C
MOTEHIIMaN 3a MPEBEHIUsI Ha HIKOM ChPACYHO-CHAOBH 3a00JIIBaHUS, XUEPTOHUS, TUabeT U
np. Te3u cBoiicTBa ce ABDKAT HA JBOWHATa poiisi Ha (EHOJIHHUTE CHEIAWHEHUS - KaTo
AHTUOKCHJIAaHTU U KaTo cyOcTpatu. B bbiarapus mMa cpaBHUTENIHO MalKO M OTpaHHuYEHa
uH(pOpMaIlKs 32 ChCTaBa Ha MONMU(EHOIHH KUCENWHU U (JIABOHOWAU B SIAJTUBU PACTEHUS.
PasmupsiBane o0xBara Ha mojo0Ha wHpOpMaNus OW TMPEJOCTABUIO BB3MOXKHOCT 3a
uH(popMupaH u300p Ha XpaHa OT CTpaHa Ha KOHCYMaropa, KaKTO W YIoTpebara UM BBHB
dapmanusara (purorepanus, jeuyeOHa KO3METHKA), BKIIOYBAHE B JICUEOHU XPAHHUTEITHU
PEKUMHU — KaTO XPaHUTEIHU JO00aBKUA U KOMIIOHEHTH Ha (DYHKIIMOHAIHU XpaHH | Jp.

Ne 10. V. Panayotova, D.A. Dobreva, A. Merzdhanova, M. Stancheva, L.
Makedonski. (2017) Seasonal changes in fatty acid composition and alpha-
tocopherol content in Cystoseira barbata, Proceedings of the Institute of Fishing
Resources, 28, 73-79.

Abstract The aim of the present study was to investigate seasonal changes in total lipid content,
fatty acid composition and tocopherol content in brown algae Cystosera barbata. The fatty acid
composition and the vitamin E content show significant changes during the studied seasons.



Spring samples are characterized by higher amounts of saturated fatty acids (SFA - from 62%
to 70%) and monounsaturated fatty acids (MUFA - 8% to 13%) and lower content of
polyunsaturated fatty acids (PUFA of 29% of 16% of total fatty acids). Lower content of PUFAs
are mainly due to the significant reduction of linoleic (C18:2n-6) and arachidonic acids
(C20:4n-6) in spring. The tocopherol content decreased significantly in the spring season, from
7.2 to 4.7 mg.g™* lipid, respectively.

Pe3rome Ilenra Ha HAcTOAMIOTO IPOyYBAaHE € Ja C€ IIPOydar CE30HHUTE IIPOMEHU B
ChABPKAHUETO HA OOIIM JUIH/IN, MACTHOKHUCEIMHHUS ChCTAB U ChABPIKAHUETO HA TOKO(Depos
B Kadsute Bomopaciu Cystosera barbata. MacTHOKUCEIMHHUAT ChCTAB M ChIBPKAHUETO HA
BuTaMuH E mokas3BaT 3HaUMTETHU MPOMEHH B H3cCienBaHuTe ce3oHu. [IponeTHure npodu ce
XapaKTepu3upaT ¢ Mo-BUCOKH KoindecTBa HacuTeHn macTHU kucennau (HMK — ot 62% Ha
70%) u moHonenacuteHu mactHu kucenuau (MHMK — 8% no 13%) u mo-HUCKO ChIbpiKaHuE
Ha nosmHeHacuTeHH MacTHU kucenuHu ([THMK or 29% nwa 16% ot oOmure MacTHH
kucenunn). [o-

nHuckute konuuectsa [IHMK ce qpmxat riiaBHO Ha 3HAUUTETHOTO HaMallsiBaHE Ha JIMHOJIOBATa
(C18:2n-6) u apaxumonoBara kucenuuu (C20:4n-6) mpe3 mposerta. ChAbPKAHUETO Ha
TOKO(epoa HaMalIsABa 3HAYUTENHO B IIPONIETHUS CE30H, ChOTBETHO OT 7.2 10 4.7 mg.g™ nmunu,

Ne 11. K. Peycheva, V. Panayotova, M. Stancheva. (2017) Trace Elements
Concentrations in Black Sea Mussel (Mytilus galloprovincialis) and Rapa
Whelks (Rapana venosa) from Bulgarian Black Sea Coast and Evaluation of
Possible Health Risks to Consumers, Chemistry Research Journal 2(6):236-250.

Abstract Wild and farmed Black Sea mussel (M. galloprovincialis) and rapa whelks (R.
venosa) were collected during 2016 from six sites on the northern coast of Bulgarian Black Sea.
The mussels and rapa whelks soft tissue was analyzed for ten elements (Cd, Cr, Cu, total Hg,
Ni, Zn, Pb, Mn, Fe). Concentrations of these metals, in mg/kg dry weight, ranged from 0.73-
3.45 for As, 0.005-0.640 for Cd, 0.040-0.382 for Cr, 0.86-7.70 for Cu, 4.2-112.9 for Fe, 0-0.121
for total Hg, 0.260-3.190 for Mn, 0.023-0.642 for Ni, 0-0.332 for Pb and 7.5-38.2 for Zn. The
concentration of these elements does not exceed the maximum residual levels prescribed by
different local and international regulation for seafood. The estimated daily intake (EDI) for
average level molluscs (ALM) and high level molluscs (HLM) consumers was found to be
lower than the ORD guidelines for Cd, Cr, Cu, total Hg, Ni, Zn, Pb, Mn, Fe. Furthermore, the
target hazard quotient (THQ) and hazard index (HI) was found to be less than 1 for ALM and
HLM consumers. Target risk due to Pb, As and Ni exposure through consumption of mussels
and rapa whelks may not have the probability of contracting cancer over a long lifetime in
future. Therefore, there were no potential human health risks to the ALM and HLM consumers
of the mussels.

Pe3ome Ilenta Ha HACTOAIIOTO MPOYYBAaHE € Ja CE OMPEICTH ChIbPKAHHETO Ha JECeT
enementa (Cd, Cr, Cu, Hg, Ni, Zn, Pb, Mn, Fe) B nuBu u xynaruBupanu muau (M.
galloprovincialis) u pamanu (R. venosa) ot ceBepHOTO KpaiOpekue Ha ObJIrapckoTo YepHo
Mope. Konnentpanuure Ha eneMeHTuTe B mg/kg cyxo Terio, BapupaT B CICIHUTE IPAHHUIIA
0,73-3,45 3a As; 0.005-0.640 3a Cd; 0.040-0.382 3a Cr; 0.86-7.70 3a Cu; 4.2-112.9 3a Fe; 0-
0.121 3a Hg; 0.260-3.190 3a Mn; 0.023-0.642 3a Ni; 0-0.332 3a Pb u 7.5-38.2 3a Zn.

KOHHCHTpaHHHTa Ha TCE3W CJIICMCHTU HC HaJBUIIIaBa MAKCHUMAJHUTC OJOIYCTUMHW HHUBA 34



TOKCUYHH €JIEMEHTH B MOPCKH XPaHH, YCTAHOBEHU OT Pa3IMYHU MECTHU M MEXKTyHApPOIHU
opranuzanuu. M3uncinenust qaesen npuem (EDI) 3a norpeburtenute Ha CpeHO KOJTUYECTBO
mekotenu (ALM) u oHe3u ¢ Bucoko Takosa (HLM) e mo-HUCBHK OT ycraHoBeHuTe Hopmu 3a Cd,
Cr, Cu, Hg, Ni, Zn, Pb, Mn u Fe. YcTanoBeHo e, ue Koe()UIIMEHTHT Ha HEKAHIIEPOTEHEH PUCK
(THQ) u unnekcst Ha onacHocT (HI) ca mo-manku oT egununa 3a norpedurenute ALM u
HLM. KoedunentsT Ha kanmneporeneH puck (TR) 3a Pb, As u Ni 3a u3crieaBanuTe MuIud u
pamnaHu U ce acolMUpa C JIUICA HAa KaHIEPOTreHEH PUCK MPUUMHEH OT KOHCYyMallUsTa Ha TUBU
u xyntuBupanu muau (M. galloprovincialis) kakro u panmanu (R. venosa) ceBepHOTO
Kpaitbpexue Ha ObarapckoTo YepHo Mope.

Ne 12. K. Peycheva, V. Panayotova, M. Stancheva. (2016) Assessment of human
health risk for copper, arsenic, zinc, nickel, and mercury in marine fish species
collected from Bulgarian black sea coast, International Journal of Fisheries and
Aquatic Studies 4 (5), 41-46.

Abstract The aim of this study is to measure the levels of Cu, As, Zn, Ni and Hg found in
muscle of three common fish species collected from the coast of Black Sea, Bulgaria and to
determine their potential effects via calculation of the daily intake of metals and estimated
weekly intake of metals. To estimate the human health risk, the target hazard quotients (THQ),
was calculated. THQs for individual metals were lower than the guideline value of 1. Hazard
Index of each trace element were lower than one suggesting that these pollutants perhaps pose
no hazard to local residents. Target risk due to As (3.63x107° —5.47 x10®°) and Ni (2.65x10” —
5.07 x107) exposure through fish consumption may not have the probability of contracting
cancer over a long lifetime in future. More intensive studies are necessary in order to determine
the toxic metals in fishes from this area of Black Sea.

Pe3iome LlenTa Ha TOBa M3CHIEaBaHE € /1a ce u3MepH KoHueHTpanusara Ha Cu, As, Zn, Ni u Hg
B MYCKYJIHAaTa ThKaH Ha TPU YECTO KOHCYMHpAHHW BHJIa pUOHM MPOOOB3ETH OT OBJITApPCKOTO
Kpainiopexne Ha UepHo mope, bparapus, kakTo u J1a ce ONpeAessT MOTEHIIMATHUTE UM €EeKTH
Yype3 U3UMCISIBAaHE HA THEBHUS M CEIMUYEH MpHeM. 3a OlleHKa Ha 3APaBHUAT PUCK € U3YHCIICH
koeduieHT Ha HekaHIeporeneH puck (THQ), kaTo 3a oTaenHUTe eIeMEHTH TOH € TO-HUCHK OT
equanna. Muaekcst Ha omacHocT (HI) 3a Bceku MUKpOENEMEHT € MO-HUCHK OT €IHO, KOETO
mpeJnonara, 4e Te3u 3aMbPCUTENH BEPOITHO HE TPEICTABIABAT OMACHOCT 32 KOHCYMAaTOPHTE .
Koeduuent Ha xanueporenen puck (TR) 3a As (3.63 x 10° —5.47 x 10°) u Ni (2.65 x 107 —
5.07 x 107) moa AOMyCTHUMMTE CTOMHOCTH M CE€ acOLMUpA C JIUICA HA KAHIEPOTeHEH PHCK
MPUYMHEH OT KOHCYMAIUsTa Ha TO3U pUOEH BUI.

Ne 13. K. Peycheva, V. Panayotova, L. Makedonski, M. Stancheva (2014) Toxic and
essential metal concentration of freshwater fishes from Pyasachnik Dam,
Bulgaria. Agricultural Science and Technology 6 (3), 364-369.

Abstract The aim of the present study is to evaluate the concentration of some toxic (As, Hg,
Pb, Cd and Ni) and essential elements (Zn, Cu, Fe, Cr and Mn) in edible part of three fresh
water fish species collected from Pyasachnik Dam during 2010. The species analyzed were
silver carp (Hypophthalmichthys molitrix), grass carp (Ctenopharyngodon idella) and European
carp (Cyprinus Carpio). The results were expressed as mg/kg wet weight. Common crap species
were differentiated from the other three species by high concentration of Zn (11 mg/kg wet



weight), Fe (7 mg/kg wet weight) and As (0.58 mg/kg wet weight) in muscle tissues.
Concentrations of the analyzed elements were within the limits set from various health
organization (FAO/WHO, EU and Bulgarian Food Codes) and are at acceptable levels for
human consumption. Additionally the results obtained in this study were compared with those
reported in other studies and they clearly demonstrated that the analyzed fish samples from
Pyasachnik dam do not faced metal pollution in particular areas for toxic (As, Hg, Pb, Cd and
Ni) and essential elements (Zn, Cu, Fe, Cr and Mn).

Pe3rome Llenta Ha HACTOSIIETO M3CIIEBAHE € Jla CE OLEHU KOHIIEHTPAIMITa Ha TOKCHUYHUTE
(As, Hg, Pb, Cd u Ni) u ecenruanau enementu (Zn, Cu, Fe, Cr u Mn) B Mycky/iHaTa 4act Ha
TPH CJIAKOBOIHU pruOH yioBeHH OT si30BUp [Lsachunuk npe3 2010r. Te3u pubHu BU0BE ca 05t
toscronod (Hypophthalmichthys molitrix), 6s1 amyp (Ctenopharyngodon idella) u mapan
Cyprinus Carpio). Pesyarature ca uspasenu B Mg/kg mokpo terno. KoHmeHrpanusara B
MyCKyJTHaTa ThKaH Ha pUOHUAT BUJ IIApaH € C BUCOKU CTOMHOCTH 32 XUMUYHHUTE €IeMEHTH ZN
(11 mg/kg w.w), Fe ( 7 mg/kg ww) u As (0.58 mg/kg w.w). Kouuenrpauuure Ha
AQHAIM3UPAHUTE €JIEMEHTHU Ca B TPAHUIUTE OIpPENEICHHU OT PA3JIMYHH 3[PaBHU OpraHU3alUuU
(FAO/WHO, EU u bwarapcku 3apaBHH OpPraHM3IMH) W ca B JOMYCTHUMHUTE HHBA 3a
KOHCYMallus OT YOBeKa. B JombIHeHne, pe3ylITaTuTe OT TOBa U3CJIEIBaHE Ca CPAaBHEHU C T€3U
nyOIMKyBaHW B HAyYHATA JIATEPATypa U MOKa3BaT, 4Y¢ aHATU3UPAHUTE PUOHH TIPOOH OT S30BUP
[IschyHMK ca TOJHU 32 KOHCyMaIus o oTHomeHue Ha Tokcnunute (As, Hg, Pb, Cd u Ni) u
ecennuannu (Zn, Cu, Fe, Cr u Mn) enemeHTH.

Ne 14, V. Panayotova, M. Stancheva (2013) Mineral composition of marine
macroalgae from the Bulgarian Black Sea Coast, Scripta Scientifica Medica
45(1), 42-45.

Abstract The present study focuses on the trace metal and mineral composition analysis of
various seaweeds such as Chlorophyceae (Ulva rigida and Chaetomorpha linum),
Phaeophyceae (Cystoseira barbata and Cystoseira crinita) and Rhodophyceae (Gelidium
crinale) collected from the Bulgarian Black Sea Coast. The concentration ranges found for each
sample, were as follows: Na, 2.59-5.90; K, 0.28-10.9, Ca, 5.52-21.4; Mg, 2.31-4.22; Sr, 0.05—
1.18 (in mg/g dw); Pb, 0.02-0.12; Cr, 0.02-0.33; Co, 0.02-0.15; Fe, 6.1-105; Zn, 1.30-3.80;
Mn, 1.60-29.4; Cu, 0.24-0.91; As, 0.18-1.54; Ni, 0.04-0.11; Ba, 0.01-1.95; Se, 0.004-0.12
(in mg/100 g dw); Hg, 0.01-0.03 and

Cd, 0.03-0.34 expressed in pg/g dw. Among species analyzed, green algae Chaetomorpha
linum and Ulva rigida showed the maximum contents of mineral elements such as Mg, Na, Cr,
Co, Fe, Mn, As, Pb and Hg, red alga Gelidium crinale — Cu, Zn and Se, while brown algae
Cystoseira barbata and Cystoseira crinita — Ni, Cd, Ca, K, Sr and Ba. Mineral composition of
different Black Sea macroalgae species was found relatively higher as compared to the land
vegetables as well as to other edible seaweeds. They could therefore be used as food supplement
or as a spice to improve the nutritive value in animal or human diet.

Pe3rome Hactosmoro uscnenBane ¢ (OKyCHpaHO BbPXY aHAJIM3a HA €JIEMCHTHHS ChCTaB Ha
pasnuyar BHI0Be Mopcku Bogopaciu karo Chlorophyceae (Ulva rigida u Chaetomorpha
linum), Phaeophyceae (Cystoseira barbata u Cystoseira crinita) u Rhodophyceae (Gelidium
crinale), cwOpanu or OBIrapcKoTO KpaiOpexkne Ha YepHo wmope. Pesyarature 3a
aHaJM3UPAHUTE €JIEMEHTH BapHupar B ciaeaHuTe auanazonu: Na, 2,59-5,90; K, 0,28-10,9, Ca,



5,52-21,4; Mg, 2,31-4,22; Sr, 0,05-1,18 (B mg/g dw); Pb, 0,02-0,12; Cr, 0,02-0,33; Co, 0,02—
0,15; Fe, 6,1-105; Zn, 1,30-3,80; Mn, 1,60-29,4; Cu, 0,24-0,91; As, 0,18-1,54; Ni, 0,04-0,11;
Ba, 0,01-1,95; Se, 0,004-0,12 (8 mg/100 g dw); Hg, 0,01-0,03 u Cd, 0,03—0,34, uzpaseHo B
ug/g dw. Cpen aHanu3upaHuTe BUAOBE 3eiieHuTe Bogopacau Chaetomorpha linum u Ulva
rigida moka3BaT MakCMMaJIHO ChIbpKaHKe Ha eineMeHTH karo Mg, Na, Cr, Co, Fe, Mn, As, Pb
u Hg, yepBenute Bomopaciu Gelidium crinale — Cu, Zn u Se, nokato xadsBu BOJOpaciv
Cystoseira barbata u Cystoseira crinita — Ni, Cd, Ca, K, Sr u Ba. CbabpkaHueTo Ha eJIEMEHTH
B Pa3IMYHHUTE BUOBE YCPHOMOPCKH MAKPOBOJIOPACIH € MO-BUCOKO B CpPAaBHCHHE C TO3HM Ha
CYX03eMHHUTE PACTCHHMSI, KAaKTO M C IPYTU sUIMBH Bogopaciu. CaeIoBaTeIHO T€ MOrat Jia ce
U3ITI0JI3BaT KAaTO XpaHWTEIHA J00aBKa MJIM KaTo MOANpaBKa 3a MoA00psABaHe Ha XpaHUTEIHATA
CTOMHOCT B XpaHaTa Ha )KHBOTHUTE WJIM XOpara.

Ne 15. M. Stancheva, V. Ivanova, K. Peycheva. (2012) Determination of heavy metals
in Black Sea Mytilus galloprovincialis and Rapana venosa, Scripta Scientifica
Medica 44 (2), 27-30.

Abstract Shellfish living in seas can accumulate heavy metals, and may serve as excellent
passive biomonitors. Concentrations of arsenic, cadmium, mercury, lead and manganese in two
kinds of shellfish — Rapana venosa and Mytilus galloprovincialis were determined. Samples
were collected at three coastal sites along the Bulgarian Black Sea, including one mussel farm.
Shellfish tissues were subjected to microwave assisted acid digestion followed by appropriate
atomic absorption spectrometry, AAS (Flame AAS for Mn, Electrothermal AAS for Cd, Pb,
As). Concentration of total mercury was determined by Direct Mercury Analyzer. Levels of
metals varied within species. The results clearly indicated that the concentrations of As
exceeded the maximum permissible levels (MLPs) of 2.0 mg/kg according to the Bulgarian
Food Codex (2004).

Pe3rome MekoTenure, oOWTaBalmld MopeTa, MOrar Ja aKyMyJIupaT TEXKH METaiu OT
3a00MKansIIaTa TM BOJHA Cpela M Ja ObJIaT M3MOJI3BaHM KaTO MACHBHH OMOWHAMKATOPH 32
3aMbpcsBaHETO M. B m3cnenBaHeTo e ompezaeneHa obuiara KOHIEHTpauus Ha apceH (As),
kaamuit (Cd), xuBak (Hg), omoso (Pb) u manran (Mn) B 1Ba BH1a MOpCKH MeKoTeu, Rapana
Venosa u Mytilus Galloprovinvialis. TIpobute ca B3eTH OT TpU KpailOpe:KHH MecTa MO
Kkpaiiopexuero Ha YepHo mope (bbarapus), BKIIOUMTETHO M OT €AHAa MHJeHa (depma.
MyckynHaTa ThKaHM Ha pPakooOpa3HHTE ca OOpabOTeHH C MOAXOASALIM KHUCEIWHU U ca
MO/UIOKEHH Ha MHKPOBBIHOBO pa3TBapsiHE M aTOMHO-aOcopOuuoHHO ompenensHe (AAS)
(mrampyHO HoHm3ammoHHa AA 3a Mn u enekrporepmuuna AAS 3a Cd, Pb u AsS).
KoHuenTpanusta Ha OOLIMsS KMBAaK € OIpeJesieHa Ype3 JUPEKTEH aHaJu3aTop Ha JKUBAK.
HuBata Ha TeXKHTEe MeTalld BapupaT B paMKUTE Ha aHAJIM3HPAHUTE BUIOBE MEKOTEIH.
Pesynratute mokasBar, 4e KOHIIGHTpalusATa Ha As MpEeBUIIaBa MaKCUMAJIHO JOMYCTHMOTO
HuBo (MPL) ot 2.0 mg/kg onpenenena ot Obyrapckute 3apaBHu Biactu (2004).



