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ABSTRACT

Allenes are attractive starting points for synthesis in large part because of the
high reactivity engendered by strain. In the past three decades, synthesis and use of
allene derivatives have been expanded in preparative organic chemistry. An
impressive number of heterocyclic systems has been prepared from allenic starting
materials.

[1,3]- Prototropic, [2,3]- and [3,3]-sigmatropic rearrangements of the
corresponding monofunctionalized propargyl compounds to the monofunctionalized
allenes are reviewed. Some new additional examples of these types of isomerization
reactions, including [2,3]-sigmatropic rearrangements to 1,1-bifunctionalized allenes
are also surveyed.

Literature data on the electrophilic various types cyclization of a variety of
monofunctionalized allenes to heterocyclic systems are summarized.

Reactions of the bifunctionalized allenes with bromine proceed also with
cyclization in all cases. It should be pointed out that conceptually there exist two
distinct modes of cyclization of the bifunctionalized allenes if the bromine atom
forms a new bond with the central carbon of the allenic system, which seems likely. It
1s evident that these pathways are closely connected with intramolecular participation
of the one or both functional groups as internal nucleophile(s) in the final step of the
heterocyclization. Synthetic potential of the electrophilic 5-endo-trig cyclization
reactions of the 1,1-bifunctionalized allenes as well as the reaction schemes for
synthesis of different heterocyclic compounds such as 2(5H)-furanones (y-lactones),
2,5-dihydro-1,2A*oxathioles (y-sultines), 2,5-dihydro-1,2A%-oxathioles (y-sultones)
and 2,5-dihydro-1,2-oxaphospholes are discussed.

Keywords: Mono- and bifunctionalized allenes, synthesis, electrophilic
cyclization, 5-endo-trig cyclization, heterocyclic products.



Banepuii Xpucmos

BBBEJIEHUE

IIpenu 130 roguuu Van’t Hoff B eqna ot cBoute nmyoOnukanuu [1] nmpeackaspa
CTPYKTypaTa Ha aJeHUTE W Ha KyMYJEHHUTE B KOHTEKCTAa Ha TeTpaeapuyHaTa
CTPYKTypa Ha Bbriepoja. [loBedeTo XMMUIIM ca U3pa3siBAIi ChbMHEHHE MO TOBa
npeAcKa3aHue CMATalKH, Y€ TaKMBa CUCTEMH Ouxa OWiIM HecTaOWiaHU. 3a JBIbI
IEepUOo OT BpEME aJCHUTE ca PA3MICKJTaHU KaTO €IWMH OT XUMHUYHHUTE Kypuosu. B
HAIlK JHU CUTYyaIldATa € KOPEHHO MPOMEHEHA — MHTEPECHT KbM aJICHUTE € OTPOMEH U
XUMUSTA Ha QJICHUTE € €IHAa OT Hall-MHTCH3WBHO M3CJIeABaHUTE mpe3 nmocieaaute 30
TrOJIMHA 00JIaCTH Ha OpraHWYHaTa XuMmus. EXHO wm3cnenBaHe mokasBa [2], ue 3a
nepuona ot 1984 no 2004 Bcsika ronuHa B auTeparypara ce nossaBar cpeaso mo 400
nyOnuKalMu BbPXY XUMHSATAa Ha aineHure wuiau obOmo 8000 mnyOnukamuu 3a
nociieaaute 20 ToauHU.

Cw3maBaHeTo Ha yJAOOHW M CEJEKTUBHM METOJM 3a TOJydaBaHE Ha MOHO- U
OM(YHKIIMOHATM3UPAHU AJICHH M M3Y4YaBaHETO HA TEXHUTE PEAKIMH Ha ITUKIM3aIIUs
IIpU B3aUMOJICHCTBHE C €ICKTPOPUIHN peareHTH, € 0COOCHO aKTyallHa U MHTEpecHa
3aj1a4a. B3auMHOTO BiIMsAHHME Ha JBarta (PparMeHTa — OT €HA CTpaHa, aJIcHOBaTa
CHUCTEMa OT JIBOMHU BPB3KHU U OT JIpyra, PyHKIMOHATIHATA TPYyMa WU TPYIH — MPaBIT
(GYHKIIMOHAIM3UPAHUTE aJlecHH WHTEPECHH CyOCTpaTH 3a W3CJIC/IBaHE Ha PCAKIIUHTE
Ha C€JIGKTpoMIHA M[HMKIU3AIUsS C OrJIeJl MNpOoy4YBaHE Ha BBH3MOKHOCTUTE U
OTpaHUYEHUSATA M.

I. CUHTE3 HA MOHO®YHKINOHAJ/IN3UPAHU AJIEHU

OCHOBHUTE METOJIM 3a MOJy4YaBaHE Ha aJeHU ca MO CBOSITA CHIIHOCT PEAKIUU
Ha M30MEpU3alusl Ha pa3jIMuHd U30MEpPHU Ha aJ€HUTE CheAuHeHus [2]. AlieHoBaTa
cUCTeMa OT JBOWHM BPB3KU NpU (YHKIUOHAJIM3UPAHUTE AaJleHW Hal-4ecTo ce
dbopMupa mpu MPErpynupoBKa HA MPOMAPTHIOBH CHEAMHEHUS 4Ype3 MUTpAIHs Ha
aTOM WJIM aTOMHa Ipyna. AKO MUIpupa MNpPOTOH, TO ToBa ca [I,3]-npomomponnu
npeepynuposku. Korato murpupamiara rpyna € JABy- WIM TPUAaTOMHA, TO TOBa ca
CBOTBETHO [2,3]- u [3,3]-cuemamponuu npecpynupoexu.

Ipu [1,3]-npomomponnume npezpynuposku IpoToHsT Murpupa ot C- B C'-
aToMa Ha mponaprujoBaTa cUcTeMa ¢ 00pa3yBaHE Ha aJeHOBAa CUCTEMa OT JBOWHHU
BpB3KH. JIBMXKella cujga Ha MPOTOTPOIHATAa NPErpynupoBKa € KHUCETMHHOCTTa Ha
BOJOPOJIHUS aTOM B M3XOJIHUTE MPONAPrUjOBU ChEIUHEHHUS, OCHOBABAIA CE€ KAKTO
Ha CbCeHATa TPOMHA BPbB3KA, Taka M HA HAJIMYMETO Ha (PyHKI[MOHAJIHATA TpynHa U
UHAYLIMpaHa OT MPUCHCTBUETO Ha 0a3a.
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Tabauna 1. IIlpomomponna npeepynupoéxa 00 ¢hynxyuonanuzupanume areHu A

X 1
S VAT LGN T Y
R2 R'] R2
A A
HAMMEHOBaHNe HA HAaNMEeHOBaHUeE HA
No. | rpyna—-X | ¢yHKnMoHAIM3UpPaHUTe ajieHn | No. rpyna —X (pyHKIHMOHATH3UPAHUTE
aJIeH!
Aa -OR erepu [3-11] Aj -PR, ¢dochunm [30-32]
Ab —Cl xnopuau [12,13] Ak | —P(O)(OR), thochonatu [33]
Ac —Br opomumu [14] Al | —P(O)(NR;), amunodochonaru [34]
Ad -1 Homumu [15] Am | —P(S)(OR), tuodoconaru [35]
Ae | —C(O)R ketonu [16,17] An —SR cynunu [36-41]
Af —-CO,H kapOokcwiHY kucenuHu [18,19] | Ao -S®R, cyndonneBu comu [42]
Ag —-CO,R ectepu [19,20] Ap S(O)R cyndorcunu [43-45]
Ah —-NR; amuHu [21-28] Aq —SO,R cyndonu [44,46-52]
Ai | N®=CO u3oHUTpUIH [29]

[2,3]-cuemamponnume npecpynuposku ce OCBUIECTBSBAT TOTABa,

KOorarto

dbyHKIIMOHAJIHATA Tpyna € u3rpajieHa oT jJBa atoma (—XZ), B MOBEYETO CiIydau
xetepoaTtomu kato O, N, P, S, Se. CplIHOCTTa UM CE€ ChbCTOU B €THOBPEMEHHO KbCaHe
na C'-Z'-G-Bpb3Kara i oOpasysame Ha X -C’-G-Bpb3KaTa (1 3aTOBa CE 03HAYABA KATO
2,3-0). To3u mporec ce ChOPOBOXKAA C MpepasNpe]esieHe Ha JABETe T-BPb3KH Ha
TpoOiiHaTa BPh3Ka B aJICHOBA CHUCTEMa OT T-BPB3KH KaTO OOIMMUAT Opoil HA G- U T-
BPB3KUTE MPEU U CIe NPerpynupoBKaTa HapacTBa ¢ €/1Ha TT-Bpb3Ka.

Ta6mauna 2. [2,3]-Cuemamponna npeepynuposka 00 ¢yukyuornaruzupanume aievu B

R2
R2 R3 ) %R"S
1 ¢
% il [2,3]-c R %
S X2
B1
HaNMEHOBAaHHUE Ha HaMMeHOBaHHe HA
No. | rpyna - XZ (pyHKIHMOHATM3UPAHUTE No. | rpyma—-XZ (pyHknHOHAIM3UPaHUTE
aJIeHH aJIeHH
Ba —N=N-R azocheMHEHHS [53] Bj | —P(O)(NR,), amumodocdonaru [84-87]
Bb | -NR'-NR, xuapasunu’ [54,55] Bk | —-P(O)(SR), tuodocdonaru [85-90]
Be -NH-SR cyndenamuau’ [56] Bl —CR,-SR' cynunm [91-94]
Bd —0-NR, XUAPOKCUTIAaMUHU [57-62] Bm -S(O)R cyndoxcumn [95-98]
Be —-O-SR cynpenaru’ [63,64] Bn —-S(0O)OR cyndunaru [99-101]
Bf —-0-SeR cejeHeHatu [65,66] Bo —S(O)NR, cynpunamuu [102-105]
Bg —P(O)R, thochun oxcuan [67-75] Bp -SO,R cyndonu [106-121]
Bh —P(O)Cl, muxaopodocdonatu [76-78] | Bq -S0,-OR cyndonaru [122,123]
Bi | —P(O)(OR), | mmankundocdonaru [79-83]

‘Tenepupany in situ.
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Hpyr cuntetnyeH mnoaxon ca [3,3]/-cuemamponnume npecpynupoexku Ha
ponapruiioBu cheanHeHus. OyHKIMOHaIHATa rpyna € u3rpajeHa oT Tpu atoma (—
XYZ), xaro aBa ot Tax (X u Z) ca xerepoaromu, Takuba kato O, N, P, S, Seu V, a
aTOMBT Y MOXke Ja ObJIe KAKTO XETEPOaTOM, TaKa U BBIJICPOJICH aTOM.

Tadoamua 3. /3,3/-Cuemamponua npeepynuposka 0o ¢pyukyuonanusuparnume anrenu C

R2
R2 R3 %R:;
2 X 1 [B3lo 2;
1%% ) —_— R‘l 3{
R 3 )/Y X3\ 2//21
Y
c! Cc
HAMMeHOBaHUeE HA HAaNMEeHOBaHUe Ha

No. | rpyna-XYZ (pyHKIMOHATH3UPAHUTE No. | rpyna—XYZ | ¢(yHKHHOHATU3MPAHUTE

aJleHn aJleHu
Ca -N=C=0 n3onuanaru [124-127] Cj | “OP(O)(OR), ¢docdatu [153]
Cb | -NHC(O)CCl; aneramuau [128-130] Ck | —SP(O)(OR), tuondocdaru [154]
Cc | -NHC(O)NR, kapOamuau® [131] Cl —OSO,R cyndonaru [153]
Cd - TI/IOKap6aMI/I)Z[I/I6 [132] Cm —SC=N tronuaHaTH [155-160]
Ce | NHC(S)NHR' u3otuonmanatu [133-137] Cn —-SC(O)OR tuonkapooHaru [161-163]
Cf —N=C=S m3oceneHonuanaty [138] Co —-SC(O)SR muTHoKapOoHaTH [164]
Cg —N=C=Se asunu [139-143] (mutHonkapOOHATH)
Ch | N=N®=NO© ectepu [144-147] Cp | -SC(S)OR | murmokap6onaTu® [165-167]
Ci —-0OC(O)R BaHazaru’ [148-152] (THOHTHONKAPOOHATH)

—OV(O)(OR),

“T'enepupanu in situ.
*Wmar nukmmdsa cTpykTypa — N-aneHun 6eH3uMuaa3onTonn [132].

I1I. PEAKIIMU HA EJIEKTPO®UJIHA HUKJIN3ALIUSA HA
MOHO®YHKIIMOHAJIN3UPAHU AJIEHU

JloOpe u3BeCTHO €, Y€ eaHa OT Hal-BAXHUTE pEAKIUMU Ha aJCHUTE €
NPUCHEIMHABAHETO HA €JIEKTPODUIHU peareHTU. AJICHOBUTE BBIVIEBOJIOPOIU H
TEXHUTE MPOU3BOJHU ChIBbPKAT KyMyJupaHa cUCTeEMa OT JBOMHU BPb3KH, KOETO MPHU
peakuuuTe ¢ enexkTpoduiau, mpenamnosiara o0pa3yBaHETO Ha IOBEYE MOHOAIYKTH B
3aBUCUMOCT OT ciieHuTe Tpu dakropu [168-172]:

1) KOsl OT JABETE JBOMHA Bpb3Ka CE aTaKyBa OT PEarcHTa;

11) manu enekTpoduiiHaTa YacT HA peareHTa aTakyBa EHTPATHUS WIN HAKOU OT
TEPMUHAIIHUTE (KpallHUTE) BBIJIEPOJIHU aTOMU Ha aJICHOBaTa CUCTEMA; U

111) 7anu MoHoaaykTuTe ca ¢ (E)- unu (Z)-koHdurypaiusi.

YcranoBeHo e [168-172], ue B 3aBUCMMOCT OT CTPYKTypaTra Ha ajleHa U OT
npUpojAaTa Ha peareHTa, KakTo U OT YCIOBHUSTA HA peakluATa, Ce peanu3upar camo
HSIKOU HAINpaBJICHUS, T. €. PEAKLIMUTE Ha €NEKTPO(OUIHO NTPUCHEINHIBAHE KbM AJICHU
ca XxemMo-, pecuo- U cmepeoceieKmusHu. XemoceieKmugHocmma Tpeanosiara
npearnoyeTeHa artaka Ha peareHta mo 1,2- mnu 2,3-nBoitHata Bpb3ka. Kakto mipu
QIKEHUTE, TMPUCHEAUHSIBAHETO KBbM allCHU MOXE Ja € CmepeoceneKmueHo CUuH
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(suprafacial) unu awmu (antarafacial) u peeuocenexmusno ¢ obpasyBaHe Ha aJyKTH
1o MpaBuIoTo Ha MapkoBHHKOB (M) WM IPOTHB MPaBUIOTO HA MapKOoBHHUKOB (aM,
aHTH-MapKOBHUKOB).

ITpe3 1976 rox. Prof. Sir Jack Baldwin [173] e npeayoxut HaOOp OT eMIMPUYHU
npaBuJia 3a peakuuuTe Ha mukim3anus. CeriacHo npaBuiara Ha Baldwin, B3MokHUTE
eJIeKTPO(MUITHHA PEaKIMK Ha NUKIU3aIMs Ha GYyHKIIMOHAM3UPAHU aJIEHH Ca:

1) mpu araka Ha eJlekTpoduia BBPXY LUCHTPAIHUA BBIICPOACH aTOM H
CJIENIBAIll0 ydYacTHE Ha ChCeaHATa q)yHKLH/IOHaJIHa rpyma, BIM3ala B POIATA HA
BBTpEIICH HyKIeo(pu upe3 araka Bbpxy C -atoma (n-Endo-Trig);

ii) min C'-atoma (n-Exo-Trig);

)

E E = E
3l n-Endo-Trig L V) n-Exo-Trig
° { ]
2 > ’ >
‘\' z f
7 z z!

1i1) mpu ataka Ha (QyHKOUMOHAJHAaTa Tpyna (BbTPEIIEH HYKICO(PUI) BBPXY
neHTpanHus atoM (n-Exo-Dig), mpejmiecTBaHa OT araka Ha enekrtpodmaa mo C-
aToMa;

iv) i Bepxy C'-atoma (n-Endo-Dig).

@

D - £ z
I n-Exo-Dig L n-Endo-Dig
: —_— ° —
4

B Tabnuna 4 ca cucremaTU3UpaHu JAHHUTE OT JIMTEPATYPHUTE U3TOYHUIM 32
IPOIYKTUTE OT PEAKIIMHUTE HA eIEKTPOPUITHA MUKIN3aNs Ha (DYHKITMOHATIN3UPAHUTE
asieuu F.

Tabauua 4. [Ipooykmu na erekmpoghunna yukiuzayus Ha QyHKyuoHanuzupanume arevu F

® n-Endo-Trig

R2 ) E > n-Exo-Trig
n-Exo-Dig
7 .

n-Endo-Dig

* . . .. . o . . .
Neighbouring-group participation (anr.). CbceaHaTa rpyna oka3Ba aHxuMepHO chaeiicTBue (anchimeric assistance).
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HANMEHOBaHUE
a HAMMEHOBaHUe o
HA NMPOAYKTHUTE HA eJIEKTPOPHIHA
Ne rpyna —Z | ¢pyHKUHOHAJIM3MPAHUTE poay — P JUTEpaTypa
aJIeHH
Fa CH=CH, BUHIJIAJICHU 2-IIMKJIOTIEHTCHOH! [174-175]
Fb Ar apraJeHu WHJCHU [176,177]
Fe OH 0-aJICHOJIH 2,5-muxuapodypanu [178-185]
B-anenonu 5,6-IUXUAPONUPAHU [186,187]
Y-aJICHOJTH TeTpaxunpodypanu [188]
S-aneHonn TeTpaxuponupaHu [189]
B, y-anennuonu TUXUAPOTIHPAHU-+TETpaxuApoPypaHu [190]
o-aJIeHOBH (PeHOTHN OeH3obhypanu [191,192]
Fd CHO o-aJieHaIH ¢bypanu [193,194]
B-anenanu 2-1TUKIIONICHTCHOHU [195]
Fe C(O)R 0-aJICHOHU Y-IIUPOHU [196-198]
OL-aJICHOHU 2-IIAKJT0ATKEHOHU [199]
O-aJIEHOHU bypanu [200,201]
B-aneHonu O-TTUPaHU [202]
Ff CO,H(R) O-aJICHKapOOKCHITHH SH-dypan-2-oHu [203-209]
KHUCEITNHU (y-makTOHN)
O-aJIeHKapOOKCHIIaTH SH-(ypan-2-oHU (Y-JTAKTOHH) [210-215]
o-aJleHKapOOKCaMUIH IUXAIpodypaHu-HIUXUAPOIIAPOIH [216]
B-aneHKapOOKCHITHI 5,6-TUXAIPO-O-TTUPOHN [217]
KHCEJINHU (0-1aKTOHM)
B-aneHKapOOKCHITHH SH-dypan-2-oHu [218]
KHCEITUHU (y-makTOHN)
Fg NH-R O-aJICHIIT aMUHU TTAPOITUHU [219-225]
Y-aJI€HWI aMUHU HNHAPOJIUIUHU [226]
O-aJleHUs1 aMUHU MUATIEPUIHA [226]
Fh NH-Ts y-aneHcyndoHaMu U 5- + 7-aTOMHU a3anpbCTEHU [227-229]
S-aseHcy I oHAMUTH 6- + 8-aTOMHU a3anpbCTECHU [227-229]
e-ajeHcynpoHamMuu 7- + 9-aTOMHU a3anpbCTEHU [227-229]
{-anencyndonamunn 8- + 10-aToMHM a3anpbCTEHU [227-229]
N-aJeHCyI(HOHAMUIH 9- + 11-aroMHM a3anpbCTCHU [227-229]
Fi CH=N-R -aneHun1 UMUHU 1,2,5,6-TeTpaxuponupuANHI [230]
Fj | CH=N-OH [-ajeHT OKCUMHU 1,2,5,6-TeTpaxuaponupUIITHI [231]
Fk | RP(O)(OH) aneadochuHATH 2,5-muxunpo-1,2-oxcadocdonu [232-237]
Fl | P(O)(OH), anerdochonaTn 2,5-muxunpo-1,2-oxcadocdonu [236-246]
Fm | HP(O)(OH) aneHhocPoHUTH 2,5-nmuxunpo-1,2-oxcadochonn [247-252]
Fn P(O)R, aneHun GochuH okcuau 2,5-nuxunpo-1,2-oxcadochonu [234,239,253]
Fo S(O)R aneHus cyndoKcHIu 5H-1,2-okcatnomnu (y-CyITHHN) [254,255]
Fp S(O)OR aNeHCyIpUHATH 5H-1,2-okcatnonu (y-CyaTUHN) [207,256]
Fq SOR aneHun cynpoHu 5H-1,2-okcatromnu (y-CyaTHHH) [256-258]

12




MOHO- 1 BUDYHKIHOHAJIN3UPAHU AJIEHU...

III. CHUHTE3 HA 1,1-BUOYHKINOHAJ/IN3NPAHU AJIEHU

[enTa Ha u3cnenBaHuUsITa, OMMCAHU B TO3M pasjied, Oe J1a ce ch3aaaar yaoOHu U
BHCOKO PETMOCEIIEKTUBHM METOAM 3a CcHHTe3 Ha 1,1-Ou@yHKIuOHAIU3UpPAHU C
KapOokcwiHa, P- u S-chappxanu QyHKIMOHATHU rpynu ajdeHu. Hue ce Hyxmaexme
OT METOJM 3a BBBEXJaHE Ha (POCPOPHHU M CEPHU I'PYyNHU B O-MOJOKEHHUE CIPSIMO
€CTepHaTa rpyna M Ha pa3HooOpa3Hu Apyru GyHKUUU B ChUIOTO MOJOKEHUE CIPSIMO
docdhopunHaTa rpyna Ha aneHoBara cucteMa. OCBEH TOBa, BaXXHO H3HCKBaHE KbM
T€3U METOJM O€ Te Ja MO3BOJSBAT BapHpaHE HA 3aMECTUTEIUTE KAKTO B ajeHoBaTa
CUCTEMa, Taka U B KapOOoKcuiHata, pocopHaTta u csipHara GpyHKUUU. B u3nbiHeHue
Ha TOpEnocoYeHara IeJl, HUE Ch3AaJ0XME W H3IM0I3BaXME JBAa HOBU BHCOKO
CEJICKTUBHU METOAU 3a TMojydaBaHe Ha 1,1-OMQyHKIMOHANM3UpPAHU aJleHU C
BB3MOXKHOCT 32 OCBIIECTBIBAHETO UM B €/IHa K0Ji0a, 0€3 U30JIMpaHe Ha MEXIUHHUTE
MPOIYKTH.

[TepBusAT [259-261] OT MeTOAMTE CE€ CHCTOU BHB B3aMMOICHCTBHE HA JIMTUEBUS
nponuoHat J, momyuyeH in situ ot nponuoHara 1.63 u LDA, c aueroH wimn
[IUKJIOXEKCAHOH, MPHU KOETO MPOTHYa MEXIUHHO 00pa3yBaHe Ha TUTHEBUTE 2-aJIKUH-
4-omatn K. Ilocnegnure mpu peakums ¢ TPUMETHI XJIOPOCHJIAH CE IPEBPBINAT B
MEXKIUHHUTE 4-cunminokcu-2-anknHoatu L. [lo-HaraTek OT TAX c€ MOJIydaBar
paznmuunu 2-P- win 2-S-dyHKIIMOHANU3UpaHU ajJeHKapOOKCUIaTH B 3aBUCUMOCT OT
BUJa Ha Gocop- WK cspa-ChAbpPHKAIIMS PEareHT, C KOUTo ce 00paboTBar.

Q LDA Q R'R?C=0 Q R
F —_— > — | > >%< ) _—
EtO THE | EtO THF EtO i R
1.63 -100°C J -100°C K
Me3SiCl Q R
THF - R?
EtO
-100°C pi0 -10°C EMSO

BzaumopeiictBuero [259,260] Ha cuimwiokcu-ankuHoatute L ¢ aumerun
xynopodochur wim audenun xmopodochuH BOAM 10 MEKAMHHO OOpa3yBaHE Ha
docduture mmm docduuurtute M', KOMTO CpPaBHHTENHO JecHO THpIAT [2,3]-
CUTMATPOITHA TIPETPYNHUPOBKA MPH CTallHA TeMIlepaTypa 10 kemanute 2-pocdopui-
2,3-ankaguenoatu 1.64-1.67.

(@) 1 0o
@) = RoPCI > N\ :R [2,3]-c EtO%Z R1
— —_— — 2 —_— .:<
Etoi TMSO} :RZ THF eo” A fo R THF RoPX R?
-10°C po rt RyP rt, 5h \O
L Mm? 1.64-1.67

4 npumepa, nobus 36-42%
R =MeO, Ph; R' = R*=Me; R'+ R? = -(CH,)s-
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Banepuii Xpucmos

Upe3 peaknuara [259,260] na cununokcu-ankuHoatute L cbec cyndenun
XJIOPUAM WA XJIOPOCYI(HOKCUTIATH TMONyYUXME 2-CylnpUHMI-2,3-ajJKaIueHoaTUuTe
1.68-1.77. Cunre3uTte ce OChIIECTBABAT YpE3 MEKIUHHO 0Opa3yBaHe Ha cyl(eHaTuTe
i cyiapokcumatute M’ KOHTO Ce MNPEeBPBIIAT B OYAKBAHHTE 2-CyIbUHII-
anenkapbokcunatu  1.68-1.77 upe3 mnpeausBukBane Ha [2,3]-curmMaTporiHa
nperpynupoBka npu kuneseto um B THF B nmpoabsmxenue Ha 2 yaca.

Q R RSCI O> N <R1 _ 123k @ ;/
— —_— —— 2
Etoj [ R THF ed” Ao g R RS

TMSO -10°C po rt R—S~ reflux, 2h

L M2 1.68-1.77

10 npumepa, nodus 32-43%
R =Me, CCl;, Ph, MeO, EtO; R' = R? = Me; R' + R? = -(CH,)s-

Peaknusta [259-261] Ha cynaduHmI XJIOPUIU CbC CUIUIIOKCU-alIKUHOATUTE L
BOAM 110 0OpazyBaHe Ha 4-cynpuHunokcu-2-ankunoatute 1.78-1.80, kouto morar na
Obaar uzonupanu upe3 npenapatuBHa TLC ¢ qobuB 70-73% u oxapakTepuzupaHu
crekTpasiHo. llo-HaTaThk, NpU KUIIEHE B TOJIyEH B NPOABIDKEHHME Ha 3 daca,
cyndununokcu-ankunoatute 1.78-1.80 ToprsaT [2,3]-curmMarpornHa nmperpynupoBka u
nojiyduaBaHe ¢ Jgo0pu  J0OMBM  HAa  OYaKBaHUTE  2-CyJI(POHMUII-3aMECTEHU
anenkapookcwiatu 1.81-1.83.

@) =L O
Q R1 RS(O)CI H [2,3]-6 EtO R
— 2
EtO R THF R— TOnyeH Ny R
TMSO 10°C go rt S\\ reflux, 3h [~ \\O
L 1.78- I.80 1.81-1.83

3 npumepa, 106uB 45-49%" (60-63%)°
R = Me, CCl;; R' =R?*=Me; R' + R* = -(CH,)s-
TloGueH Ge3 m3ompane Ha 1.78-1.80; *O6mwm 1o6uBH npu m3ommpane Ha 1.78-1.80.

[Ipu BTOpHUS METOA peluxMe Ja M3MO0JI3BaMe IMOJX0/a 3a KUCEIMHHOCTTA Ha
Bogopoaa npu C -aToma Ha ajleHOBaTa CHCTEMa IMPU BbBEXKIAHETO HA pa3HOOOpa3HU
dbyHkIu B MoJiekynute Ha ¢hochopunupanu anenu. Hue ycranoBuxme [261-263], ye
dbochopunupanute ancHu 1.84-1.87 cpaBHHMTENIHO JECHO ce IENPOTOHUpAT B Of-
MOJIOKEHHE Ha aJleHOBaTa cucteMa noj aericteue Ha LDA. Peakuusita Ha MEXIUHHO
oOpazyBanute jutreBu aneHdochonatu uiu aneHus ¢pochun okcuau O ¢ pa3IuuHU
eleKTpO(UIIHA peareHTH BOIM JI0 MOJydyaBaHe ¢ 10OpH 10 MHOTO J00pu JOOUBHU Ha
1-3amectenute anenocdonaru 1.88-1.102 u anenun pocdun oxkcuan 1.103-1.111.
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/_:<R2—> /\_—_—\'/1 — \F_ﬁ'/

RoR\ THF R,P THF

AN 2P\ RoR\

O -78°C o -78°C po rt o
1.84-1.87 (0] 1-6h 1.88-1.111

24 npumepa, noous 41-65%
R =MeO, Ph; R' = R*=Me; R' + R? = -(CH,)s-
E = Me, PhCH,, CH,=CHCH,, CH=CCH,, PhS, PhSe, MeS=0, CC1;S=0, PhS=0,
Me;SiOS0,, MeOS=0; X =CI, Br, 1

N3non3BaHeTo Ha MNpENIoKeHUss OT HAac MOJAXO0J 3a IoJiydyaBaHe Ha -
dbyuknunonanmusupanu aneHdochonarn 1.88-1.102 u anennn dochun oxcuau 1.103-
I.111, xakTO0O W Ha ONHWCaHHUS TMO-TOPE€ METOJ 3a CUHTe3 Ha 2-P- u 2-S-
dbyukumonanuupanu anenkapookcupatu 1.64-1.77 u 1.81-1.83, HanpaBuxa jecHo
noctbiiHU 1,1-0upyHKIMOHATU3UPAHUTE AJTICHH.

IV. PEAKIIMUU HA EJIEKTPOOUWJIHA HNUK/IN3ALIUA HA 1,1-
BU®YHKIIMOHAJIU3UPAHU AJIEHU

[IpennoxkeHUTe CHHTETHYHW  TOAXOAW  HAMpaBUWXa JIECHO  JOCTBITHHU
ONpYHKIIMOHANM3UPAHUTE aJieHHW, KOWTO Ja OBJaT U3CIACABAHU B PEAKIMU C
eNeKTPO(IIIHN peareHTH ¢ OrJie]] MPOYYBaHEe Ha BH3MOXKHOCTHUTE U OTPAHMUYCHUATA
Ha TMpOTHYAIlATa I[UKIW3AlMi MPU KOHKYPEHTHOTO Y4YacTUE€ Ha €JHaTa W/Wiu
npyrara (yHKIMU, CBbP3aHU C ajieHoBaTa cucteMa. MHTepecHo Oe Ja ce m3cieaBa
AT W3MEHSWKH 3aMECTUTEIUTE B caMuTe (DYHKIMOHATHU TPYIU € BB3MOXKHO
HACOYBAHE HA IUKIWYHUTE PEaKIMU B €IHO OT JBETE HAMNpaBJICHUS U OT TaM
NoJiy4aBaHe Ha pa3HOOOPA3HU XETEPOIMKIICHU CheIMHEHHUS.

Hue ycranoBuxme [264], ye 6poMupaneTo Ha 1-3amectenute aneHdochoHaTu
1.88-93 mporrua permocenekTUBHO C ydacTheTo camo Ha ¢ochoHaTHaTa rpymna B
UKIIM3aIKsITa KaTo BBTPEIICH HYKJIeo(pWI W TojlydaBaHe Ha 3-3amecTeHuTe 2,5-
muxuapo-1,2-okcadochonu 1.112-1.117 ¢ no6pu noOuBwH.

R R1 Br2 R Br
/\:o# 2 p— 1
(MeO)R R CH,Cl, O>\P\ RRz
o) -5port MeO (@)

1.88-1.93 1.112-1.117

6 npumepa, nobus 54-69%
R = Me, PhCH,, CH,=CHCH,, CH=CCH,, PhS, PhSe
R'=R?=Me; R'+ R” = -(CH,)s-

Ot ppyra crtpana [264], Opomupanero Ha 1-OeH3wi- u 1-deHunATHO-
3amectenure 1,2-ankaguenmsn ¢ochun okcuau 1103 u 1.104 cpmo Boau 110
okcadocdooBa UKIM3aKsI U 00pa3dyBaHe ¢ JOOpH JOOMBU caMO Ha IUKIMYHUTE
neraroMHu (GochonneBn comu 1118 u L.119 karo pe3yarar OoT aHXUMEPHOTO
chaeiictBue Ha (GocPUH OKCcHIHATA Tpyna B [OHUKIU3ANUATA W [OPaau
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HEBH3MOXKHOCTTA 3a MPOTHYAHE Ha MPOIEC AHAJIOTMYEH Ha BTOPUS CTaauid Ha
peakuusita Ha ApOy30B.

R Br
R R1
. : Br2 Ph <Y R1
; R? P R2
PhoR\ CH,Cl, Ph”, O
(0] S5pnort B?
1.103, 1.104 1.118, 1.119

1.118, R = PhCH,; R' = R* = Me, 49%
1.119, R = PhS; R' = R*=Me, 52%

NuTepecHn cyOcTpatu 3a HW3CIEJBAHE HA pEaKIUMUTE Ha eNeKTpoduiIHa
[UKJIU3AIHS ca aJleHUTe, MPUTEKaBaIly KaTo GyHKIIMOHATHH IpyNu (M MOTEHIIUATHA
BBTPEIIHU HYyKIeohuin) eTokcukapOoHwiHa u ¢ochonatHa rpynu. Hammre
u3clie/IBaHus ToKaszaxa [265], ue OpomupaHeTo Ha eTuia 2-aumerokcudochopun-2,3-
ankagueHoarure 1.64 u 1.65 Boaum 1m0 mpoTMyaHe HaA JBa THUMA LMUKIU3ALUS C
€HOBPEMEHHOTO y4yacThe Ha (pocoHaTHaTa U Ha ecTepHaTa IPyNH KaTo BHTPEIIHU
HykJIeohunn u obOpasyBaHe Ha cMmec OT 2,5-muxuapo-1,2-okcadochonure 1.120 u
1121 u ¢ypan-2(5H)-onute (y-nmakronu) 1122 u L1123 B chOTHOIICHHE
npubnusurento 2.3: 1.

EtO ,_4\R1 Br, EtO Br . . R2
(MeO) R R? CH,Cl, O\: N R,:z (MeO)2R Br
o} 20mort  MeO” Yo o
.64, 1.65 1.120, 1.121 1.122, 1.123

R'=R?=Me, 1.120 (54%) + 1.122 (23%)
R'+ R? = -(CH,)s-, 1121 (50%) + 1.123 (22%)

[Ipu chiuTe peakMOHHM YCJIOBHS, OpoMHpaHeTo Ha 2-audenuidocdopu-
2,3-ankaguenoatute 1.66 u 1.67, chbabpkaly B MOJIEKyJaTa CM KaTo MOTCHIIMAIHU
BBTpEIIHN Hykieopmnu ecrepHa u ¢GocHUH OKCHUIHA TPYIH, CBHIIO MPOTHYA C
nuKIm3anus [265], HO C yyacTHETO caMO Ha eTOKCHMKapOOHWIHATa Trpyna M
oOpasyBaHe ¢ MHOTO 100pHu 100uBHM Ha Y-nmakToHuTe 1.124 u 1.125.

O o) O R1
EtO R1 2
BI’2 R
<:.Z<R2 ﬁ
F’th\\O CHCl,  PhyR{ Br

-20 po rt \O

1.66, 1.67 1.124, 1.125

1.124, R' =R? = Me, 69%
1.125, R'+ R? = -(CHy)s-, 71%

W3nenanBaiio, B3auMoAeMcTBHETO Ha OpoM c l-cynduHuUI-3aMecTEeHUTE
anenpocponaru 1.94-1.97, 1. e. aleHOBU CHEAMHEHHS, B KOUTO CHIIECTBYBAT KaTO
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NOTEHLMAIHA BBTPEIIHU HyKIeopmin cyidokcuana u ¢pochoHaTHa rpynu, BOAU 10
okcadocdonoBa nukau3anusa [266] u moiyyaBaHe ¢ MHOTO JI0OpW JOOMBH camMo Ha
2,5-muxuapo-1,2-okcadochonute 1.126-1.129.

0 ,0
rR—s” 1 R—s{  Br
R
(MeO),R{ R e O R,
2vl2
\O -20 po rt MeO” \O R
1.94-1.97 1.126-1.129

4 npumepa, noous 64-70%
R =Me, CCls, Ph; R' =R?=Me; R' + R? = -(CH,)s-

Ot apyra crpana [266], koraTo B MOJIEKyJIUTE Ha aeHoBuTe cyoctpatu 1.105 u
1.106 ce cpabppxkar cyndunatHa u GochUH OKCHUAHA TPYHH, XOABT HA PEaKIUs Ha
HUKJIM3alKs ce TPOMEHsS U OpOMHUPAHETO CE€ OCBIIECTBSIBA C YYaCTHETO CaMO Ha
cyJl(duHAaTHATA Tpyla KaTo BBTPELIEH HyKiaeous W mojydyaBaHe Ha 1,2-okcaTuoi-
2(5H)-onure (y-cyntunn) 1.130 u 1.131.

@)
v Ox.__O _R!
R 1 N
Ph P: R?
2R\ CH,Cl,
\O 20 port Ithp\\o Br
1.105, 1.106 1.130, 1.131

1.130, R' =R? = Me, 73%; 1131, R' + R* = -(CH,)s-, 71%

bpomupane Ha OuyHKIMOHATU3UPAHHU alleHU, MPUTEKABAIIM B MOJICKYJIHUTE
CH KaTO MOTEHLMAJHU BBTPEIIHU HYKICOPUIN €TOKCMKapOOHWUIIHA U CyJ(UHATHA
rpynu ce u3BbpiiBa [267] ¢ nomydyaBane Ha cmecu OT Y-naktoHute 1.132-1.135 u y-
cyntunute 1.136 u 1.137 B choTHOMIEHUE ipubau3utenHo 1: 1.

© ° © R EtO . B
E’[O R1 Br2 2 r
R
%:.:{ R2 —»CH - ﬁ + — R1
RO— 201 _
S\\o 20404 RO S\\o Br O//S\o =2
1.74-1.77 1.132-1.135 1.136, 1.137

R =Me, R' =R*= Me, 1.132 (39%) + 1.136 (35%)
R =Et, R' = R* = Me, 1.133 (38%) + 1.136 (37%)
R =Me, R'+ R* = -(CH,)s-, 1.134 (41%) + 1.137 (37%)
R = Et, R'+ R* = -(CH,)s-, 1.135 (38%) + 1.137 (35%)

PernocenektuBHa, ¢ nosyyaBaHne camo Ha Y-nakroHute [.138-1.143 xaro

CJIEICTBME OT YYacTHETO KaTo BBTPEIIeH HyKJIeopus Ha ecTepHaTa TIpyna, €
peakiusta [267] Ha 6pomupane Ha 2-cynduaun-2,3-ankaguenoarure 1.68-1.73.
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0 Ox O R
EtO = Bry 2
R
e e AT
R— PAP) —
S\\O 20m0rt R S\\o Br
1.68-1.73 1138-1.143

6 npumepa, nobus 69-77%
R =Me, CCls, Ph; R' =R*=Me; R'+ R? = -(CH,)s-

WNuTepec npeacraBisiBaxa U3CiaeABaHUATA BbPXY PEaKIUMUTE HA OpoMHUpaHE Ha
1,1-6udyHKimoHanu3upaH  ajeHOBHM  ChEAMHEHUS, B  KOUTO e€aHa  OT
byHKIMOHANHUTE Tpynu € cyiadoHoBa win cyiadoHaTHa Tpynu. [IbpBoHauaIHO
u3cneBaxMe OpOMHUpPAHETO Ha alIeHOBU CyOCTpaTH ChABPXKAIIA TPH ITHPBUS
BBIJIEPOJICH aTOM Ha ajJeHOBaTa CHCTEMa €TOKCHKapOOHWIHA M CyJ(OHOBa rpyIu,
KOUTO OMxa MOIIM Ja MPEJU3BUKAT Pa3IWyHU 1O BUJ XeTepouukiau3anuu. Hue
ycTaHoBuxMe [268], de peakumsara Ha 2-cyndonun-2,3-ankamguenoatute 1.81-1.83
OpoTHYa C [UKIM3AIUI C aHXUMEPHO CBHIACHCTBHE CaMO Ha ecTepHara Tpyna u
noJiy4aBaHe ¢ MHOTO 100pu n1oOuBH Ha Y-nakTonute 1.144-1.46.

0 Os_ O _R

EtO R Br, 2
é:.:< 5 _— 0) e R
N R CH,Cl, \
/

S

R/ \\O 20 port S\\O Br
1.81-1.83 1.144-1.146

3 npumepa, nobus 71-75%
R =Me, CCl;; R' =R*=Me; R'+ R* = -(CH,)s-

B cnydante, korato KbM ajieHOBaTa CHUCTEMa ca CBBp3aHU CylI(oHOBa W
dbochopunHa GyHKIINH, HUE€ YCTAHOBUXME, Y€ HE3aBUCHUMO OT BHJA HA IMOCJICIHATA,
npotnya camo okcadocdonoBa xerepornmknm3anus [268]. Taka Hampumep,
opomupanero Ha l-cyndonun-anendpochonarure 1.98-1.100 ce ocwinecTBsiBa C
MoJIy4yaBaHEToO camo Ha 2,5-muxuapo-1,2-okcadochonute 1.147-1.149 ¢ MmHOTO 106pUH
IOOUBH.

pe A\ O _R!
(Me(ggP R! Brp MeO/sz
\\S\ 'RZ  CH,Cl, O\\S\ Br
R/ \O -20 port R/ \O
1.98-1.100 1.147-1.149

3 npumepa, nobus 72-79%
R =Me, CCl;; R' =R*=Me; R'+ R* = -(CH,)s-

Ot mpyra crpana [268], peakuusita Ha OpomupaHe Ha |-cyndoHMI-aTCHIIT

dochun oxcuaure 1.107-1.109 crupa Ha eramna Ha moxydaBaHe Ha 1,2-okcadocdoin-
2-onueBute Opomuan 1.150-1.152 nopaan HEBB3MOKHOCTTA 32 IPOTUYAHE HA MPOIIEC
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aHAJIOTMYEeH Ha BTOpUsS CTaAuil Ha peakuusara Ha ApOy30B M oOpa3yBaHe Ha
UKJIAYHA TPOAYKTH C TETPAKOOPAUHUPAH GochOpeH aToM.

®_O
th Br, PhoR” 9
CH,Cl, \\S Br O
R 20 port R/ \\o Br
1.107-1.109 1.150-1.152

3 npumepa, nobus 62-65%
R =Me, CCls, Ph; R' = R?=Me; R' + R? = -(CH,)s-

Hue ycranoBuxme, ye (QyHKIIMOHAIM3UPAHUTE ChC CyldoHaTHA U dochopHa
(GYHKIIMOHAHY TPYIU aJICHOBU CyOCTpatH, T. €. hochoprmmpaHuTe TPUMETHIICHITHIT
1,2-ankaauencyndoHaTu, npu OpoMHUpaHe, JaBaT Pa3InIHU MPOJAYKTH B 3aBUCUMOCT
OoT BHAa Ha 3amectutenure mnpu (ochopuus arom. bpommpanero Ha 1-
cumunokcucyipounun-aneHpochponarure 1.101 u 1.102 Boau 10 mnosiyyaBaHe Ha
cMmecu oT 2,5-nuxuapo-1,2-okcatnon-2,2-nuonure (y-cynronu) 1.153 u 1.154 u 2,5-
muxunpo-1,2-okcadochonure 1.155 u 1.156 B cpotHOomenue 2.5+2.9: 1, 1. €. B
mpolieca Ha [MKIM3alMi  KAaTo BBTPEIIHM HYKJICODUIM ydacTBaT  KakTo
cyndonatHara, Taka u pochoHaTHaTa rpynu [268].

0
O 7 O\ O R'

/ \\_~
(MeO),P{ R’ Br, (MeO)zR Br Meo—R 2
==k oo ol hr ¢ ="
\S\ R2 CH,Cl, >>S\ Ny Br

- 2

MesSio” YO 20 Aot o~ o” R MesSio” O

1101, 1.102 1153, 1.154 1.155, 1.156

R'=R?=Me, 1.153 (54%) + 1.155 (22%)
R'+ R? = -(CH,)s-, 1.154 (58%) + 1.156 (20%)

Koraro B anenoBata cucrema, (ocpoHaTHata rpyna ce 3ameHu ¢ ¢ochun
OKCHJIHA, B pEaKkIusITa Ha OpoMupaHe Ha |-CHIIMIOKCUCYI(OHUI-3aMECTEHUTE AJICHUIT
dochun oxcumu L.110 m L.111 yyacthe kaTo BBTpElIEH HYKICOPWI MMa CaMo
cyndoHaTHaTa rpymna ¢ noiay4yaBane [268] ¢ MHOTO 100pHu 106vBU Ha Y-cyiatonute 1.157
u 1.158.

0 O
Ph2P Br, PhaR Br
:< —_— — 1
S CH,CI, O>>S R
Me;Sio” Yo 20 Aot 0~ o~ TR?
1110, 1.111 1.157, 1.158

1.157, R' =R? = Me, 78%
1.158, R' + R? = -(CH,)s-, 73%
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[To-To3u HAYWH, NPOMEHSINUKHN BUJAa HA 3aMECTUTEIIUTE B aJICHOBUTE CyOCTpaTu
CTaBa BB3MOKHO HACOYBAHETO HA UUKIMYHHUTE PEAKIUU B €IHO OT [IBETE
HAIPaBJICHUS WM U B JIBETE U OT TaM IOJIy4aBaHe HAa pa3sHOOOPA3HU XETEPOLUKICHU
crenuHeHus. OCBEH TOBa, HUE MoKa3zaxme [269], ye He3aBUCHMMO OT BHJAa Ha JBETE
(GYHKIIMOHAHM TPYNH, CBBbpP3aHM C aJleHOBaTa CHUCTEMa OT JBOWHH BPbB3KH,
peakuuuTe Ha OpoMupaHe Ha CHUHTEe3upaHuTe OT Hac 1,1-OudyHKIMOHANTM3UPAHU
anean 1.64-1.77 u 1.81-I.111 mpoTtuyatr BBB BCHYKH ciydau camo ¢ S5-Endo-Trig
UKJIM3aIUs ChIyIacHO mpaBuiarta Ha Baldwin [173] 3a oOpa3yBane Ha MPBHCTEHHU
CUCTEMH.

[IpoBenennTe OT HAac W3CICABAaHUS BBPXY peEaKIUUTe Ha eleKTpodriHa
OUKIU3alKUs. Ha MOHO- W OM(PYHKUMOHAIM3UPAHW ajleHW TNokazaxa [269], ue
MOJIYYEHUTE PE3yJITaTU MOTaT Jla HaMepsIT MPWIOKEHHUE 32 CHHTE3U Ha pa3HOOOpa3HU
XETEPOLUKIIEHU chequHenus. OCBEH TOBa, T€3W M3CJEBaHUS JONPUHECOXA, OT €Ha
CTpaHa — 3a pa3lMIMUpsBAHE HA CHHTETUYHUS [OTEHUHAT HA pPEaKLUUTE Ha
UKJIM3alKs, OT Jpyra — 3a MoJly4aBaHe Ha Pa3IMuHU TUIMOBE (DYHKIIMOHATM3UPAHU
NPOJIYKTH, U OT TpeTa TJieJlHa TOYKa — CHOCOOCTBAT 3a pa3OupaHe CHIIHOCTTA Ha
peakuuuTe, MpeAN3BUKAHU OT €JIEKTPOPUIIHA aTaKka MO JBOWHU BPB3KH.

baaroxapnocr.

Hacrosimiara pabota e yacT oT Hay4HO-u3ciaeaoBaTesncku mpoekt Ne 9702/2008,
¢unancupan ot ¢oua ,Hayunm wuscnenBanms nHa IllymeHckust yHUBEpCHTET
,Emuckon Koncrantun [IpecnaBcku®.
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ABSTRACT

Bioelectrochemistry emerged as a multidisciplinary field, resulting from the
symbiosis between biotechnologies and electrochemistry, which also benefits from
the recent progress in material science and especially in nanotechnologies. The two
mainstreams of this interdisciplinary research area are: 1) the development of
electroanalytical devices with embedded biological components for molecular
recognition (biosensors); and ii) biofuel cells - small-scale energy producing devices
that utilize at least one electrode reaction catalyzed by a biological catalyst.

The present work reports on some different approaches in engineering
bioelectrodes’ surface in order to meet the requirements of each particular
application: for biosensors, in addition to the high sensitivity and selectivity, those
are low noise level, low background current as well as a very small energy
consumption, while the developments for fuel cell applications require long-term
operational stability of the bio-catalyst as well as an ability to extract high power
density from the bioelectrode. The design of a biofuel cell is illustrated by a three-
step improvements made to a cellobiose dehydrogenase — laccase biofuel cell (fed on
lactose as a fuel and air as oxidizing agent), in order to enhance its extractable power
density through: 1) improving the immobilization procedure of the enzyme used on
the anode; 11) expanding the potential difference between anode and cathode by
tuning the redox potential of the corresponding electrode processes; and iii) up to 200
times magnified current density as a result of engineered with nano-structures
electrode surfaces.

Keywords: bio-electrodes, biosensor, biofuel cell; redox reactions.

Comparing bio-electrodes for applications in biosensing and in biofuell cells:
The idea to derive electricity from biocatalysed redox reactions pioneered some four
decades ago, when the first attempts to use bacterial metabolism in designing
microbial biofuel cells (BFC) have been made [1]. Since now, however, the poor
power characteristics of these devices limit their practical use to only few examples.
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With the help of nanotechnology, this drawback has been partially overcome in the
enzyme—based BFCs. Usually enzyme biocatalyst assemblies on electrode surfaces
do not achieve significant electron transfer communication between the redox center
and the conductive support, mostly because of the electrical insulation of the
biocatalytic site by the surrounding protein shells. Despite the development of biofuel
cell devices has not been extensive, research in biocatalytically modified electrodes,
particularly for sensor applications, has provided substantial technological foundation
for current biofuel cell development [2]. Technical requirements for biosensors and
biofuel cells, concerning chemical and mechanical stability, selectivity, and cost of
materials are practically overlapping. However, these two technologies diverge in the
area of energy supply, in that sensors are generally energy-consuming cells and
biofuel cells must be energy producers. This significant difference leads to differing
technical requirements, primarily in the areas of current density and cell potential.
First, similarly to an electrolysis cell, sensors operate at cell potentials greater than
open circuit. Second, cell current must be minimized to minimize power
consumption. Generally, sensors are designed with currents in the nanoampere to
microampere range such that power consumption is very small even for cell
potentials near 1 V. Often, cell potential in a sensor must also be minimized to avoid
undesired side reactions.

In contrast, as an energy-producing cell, an enzymatic fuel cell has to generate
maximum power, i.e. both current and potential must be high enough. Cell materials
and structure must be designed such that overpotentials due to kinetics, ohmic
resistance, and mass transfer are minimized and current density, particularly in terms
of current per unit area, is maximized. A second issue that distinguishes biofuel cells
from sensors is stability. Often, biocatalyzed electrochemical sensors are inexpensive
enough to be single-use (disposable), and hence, long-term stability is not essential.
Should stability be required, one approach is to encapsulate the biocatalytic species in
a low-porosity hydrophilic material. Depending on the enzyme, entrapment of the
molecule can result in reduced activity and often restrict the mobility of reactants and
products, leading to mass-transfer limitations in the electrode. This might be a desired
result in an amperometric sensor, where mass-transfer-limited signals are often
linearly related to reactant concentration, but in an energy producing device is an
unwanted effect since will result in lowered power output. Therefore, although sensor
designs can act as starting point for biofuel cell development, the demands of high
power and stability ultimately lead the biofuel cell design process down an
independent path.

Some general principles in the design of a biofuel cell

Biofuel cell i1s a galvanic cell, which uses bio-catalysed electrochemical
reaction(s) to produce electricity. A typical assembly of the conventional fuel cell
consists of at least five elements: two electrodes- cathode at which the oxidizer is
reduced electrochemically and anode where the electrooxidation of the fuel occurs; a
semi-permeable membrane separating the electrode compartments so that the

32



THE PROGRESS IN BIO-ELECTRODE’S DESIGN: ...

crosstalk between the cathode and anode reactions is avoided; two nozzles for fuel
and oxidiser supply, a case for placing all these elements, a seal, efc.. The
construction of a biofuel cell, however, could be considerably simplified avoiding the
membrane, case, seal, etc. and putting together only the two bio-electrodes in the
working medium (Fig.1), provided that both biocatalytic electrodes share compatible
working conditions with respect to pH optima, ionic strength, suitable electrolytes,
etc. and the corresponding electrode reactions are highly selective towards their
substrates i.e. any crosstalk between the electrodes is excluded. Either oxygen/air or
hydrogen peroxide can act as an oxidizing agent in biofuel cells, while a vast variety
of organic compounds, such as acids, sugars, alcohols, esters and many other
renewable organic compounds are available as fuel.

As a rule the cathodic reaction occurs at a relatively high electrode potential and the
anodic oxidation takes place at much lower
potentials. The difference between these
electrode potentials produces the cell
voltage:

Ucen = Ec — E.. The bigger the difference,
the higher the power output. The power
extractable from a BFC is calculated from
the expression: Power density = Uy X 1,
Figure 1. Scheme of a membrane-less where 1 = I/Agjectrode 18 the resulting current

biofuel cell. I divided by the electrode area (Ajectrode)-

fuel

oxidised
product

Optimisation of a cellobiose dehydrogenase/laccase biofuel cell

In this part is discussed how the architecture of a bio-electrode reflects its current
density and how different electrode architectures affect the performance of an electrode
reaction in particular and, in perspective, of the biofuel cell as a whole. The optimization
process is illustrated with a membrane-free BFC assembled from an anode modified
with cellobiose dehydrogenase (Trametes villosa, TvCDH) and a laccase (Cerena
unicolory-based cathode. Cellobiose dehydrogenase (CDH) is a two-domain
oxidoreductase consisting of a catalytic FAD-containing domain connected to a heme-
domain via a flexible linker. Its catalytic action targets the oxidation of complex sugars —
mainly di—saccharides, such as cellobiose and lactose. The extensive bio-availability of
the later makes them promising renewable fuels for green energy production. On the
cathode side of the biofuel cell, the electrode was modified with a high potential laccase
as biocatalyst for the reduction of molecular oxygen to water via 4-electron transfer
mechanism. Excellent direct electron transfer (DET) properties were previously proven
for both cellobiose dehydrogenase [4,5] and laccase [6] enzymes, i.e. with both enzymes
biocatalytic electrodes could be produced through a simple adsorption on the electrode
surface. Carbonaceous surfaces such as graphite materials, are excellent for this purpose
because they are very “friendly” with the immobilized proteins, allowing them to keep in
adsorbed state their conformation close to the native one and hence to retain high
heterogeneous catalytic activity. The very first attempt to construct a BFC was made
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with one bio-anode working in direct electron transfer mode and a bio-cathode
consisting of laccase entrapped into an Os-containing redox polymer with a high formal
potential (Fig.2). The polymer matrix in which laccase was immobilized played a triple
role: to extend the operational lifetime of the immobilized enzyme, to enhance the
surface load of enzyme and to mediate the electron exchange between the graphite
surface and laccase active site thus increasing the resulting cathodic current density
several times as compared to just adsorbed enzyme. As it could be seen from Fig.2,
however, such assembly results in very poor current density (in the nanoampere range)
even upon addition of lactose concentrations exceeding 30 mM in intensely aerated
' buffer solutions.
The entrapment of target

add3

360

< enzymes within a three-
= 2704 . .
8 , dimensional network of a
biofuel cell
180 » anode: CDH/graphite electrode I'CdOX. hydrogel, such as OS-
cathode: (laccase + Os-polymer)/graphite electrode Contalnlng I’CdOX po]ymers, 1S
90 - T T T T T T T .
) v T AR offering the advantage of a
t/min potentially extended opera-

Figure 2. Current output (original record) of a BFC fional lifetime of the enzymes

assembled from adsorbed CDH- bioanode and by providing a stable micro-

laccase trapped in Os-redox polymer biocathode, ~ StVironment (constant  pH,
pH 4.3. ionic  strength, etc.) and

fixation into a restricted
conformation that will reduce the susceptibility of the individual enzyme molecule to
unfolding and denaturation [7]. Moreover, these redox polymers are capable of
connecting even remote enzyme molecules and, as a consequence, ensure an
enhanced electron flow from the active sites of the polymer-entrapped enzyme
molecules to the electrode, using Os-containing polymers as redox relays. Several
Os-complex modified redox polymers with formal potentials ranging between -50
and +200 mV were tested for electrically wiring 7vCDH, and one Os-complex
modified redox hydrogel with a formal potential of 80 mV lower than the formal
potential of T1-Cu site of the laccase (+530 mV vs. Ag/AgCl at pH 3.0 [3]). The
redox polymers employed for anode modification were tailored by varying the
hydrophobic/hydrophilic properties of their polymer backbones as well as by
introducing different flexible spacers between the Os-complexes and the polymer
backbone aiming at optimal electron-transfer communication between the polymer
entrapped enzyme and the electrode surface. In order to achieving an optimal
performance of the BFC, several important issues were examined as related to the
chosen polymers [8, 9]: the enzyme to polymer ratio, the pH working range, the
lactose concentration and the type of oxidizing agent — air or pure oxygen. The
obtained power characteristics of a biofuel cell with the improved bioanode
performance as compared to the above example, are depicted at Fig.3.
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Figure 3. Dependence of the power density on cell voltage (left) and on current density
(right) for a BFC assembled from cellobiose dehydrogenase/Os redox polymers bioanode
and laccase/Os redox polymer biocathode. The redox polymers used for entrapment of CDH
were with formal potentials respectively ca. +200 mV (1) and -50 mV vs Ag/AgCI (2).
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The enhanced power output of so constructed biofuel cell is due mainly to
expanded potential difference between both electrodes — from about 300 mV when
using bioanode modified with positive-redox potential Os-containing polymer to ca.
600mV when using Os-containing redox polymer with negative potential for
bioanode design.

Schematically the processes taking place at the polymer modified electrodes
can be represented as follows:

— on the cathode side: oxygen is biocatalytically reduced to water via a 4-
electron mechanism; simultaneously with the biocatalytic process, the active site of
the enzyme switches from reduced to oxidized state at a high redox potential which is
pH dependent; to regenerate the reduced active site of the enzyme, electrons are
coming from the Os-redox polymer through a hopping mechanism with concomitant
change of the oxidation state of the Os ions (OsIII / OslI). The redox potential at
which the redox transformation of the polymer happens is only 50 mV less positive
than the redox potential of the enzyme biocatalytic site and is pH independent. The
electron flow initiating the cascade of reactions comes from the negatively charged
electrode.

— on the anode: lactose, the substrate of CDH is oxidized to the corresponding
lactone with a simultaneous change of the redox state of the cellobiose
dehydrogenase enzyme active site. The redox potential of the later is pH dependent.
Meanwhile, the electrons via a hopping mechanism are transferred through the Os-
polymer to the electrode surface. Analogously to the above processes the redox
potential of Os-polymer used for bioanode development is pH independent.

Coupling these two reactions into the suitable medium and supplying it with
fuel (lactose) and oxidizer (air) ensures that the electrons will flow through the
external circuit. However, despite the extended potential difference between the
anode and cathode when tuning the redox potential of the anode to more negative
values, the power extractable from this biofuel cell is not enough for practical use.

Further improvements of the bioanode design were made with the help of
nanotechnologies. To create a highly developed electrode surface a bunch of carbon
microfibers was grown on the top of a 5-mm graphite rod and then additionally these
microfibers were branched through formation of carbon nanotubes on each particular
fiber. As a result of such a modification, the electrode impedance sharply decreased
and the electrode surface rose about 200 times. The enzyme layer was retained over
the nanostructured surface using layer-by-layer electrode architecture, i.e. the
negatively charged nanostructures were first covered with a layer of positively
charged polymer, and then the negatively charged enzyme CDH was easily
assembled onto polymer-covered surface due to the electrostatic interactions.

The resulting current of such a bioanode was found to exceed 2 mA in lactose
rich solution — a value which is more than 1000 times higher than the ones obtained
with previously considered electrode architectures. In terms to create a biocathode
with comparable characteristics, so that the overall performance of the biofuel cell is
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not limited by either electrode, further optimization of the cathode side should be
considered.
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ABSTRACT

In slightly acidic medium V(IV) forms with 4-nitrocatechol (NC) and 3-(4,5-
dimethyl-2-thiazol)-2,5-diphenyltetrazolium bromide (Thiazolyl Blue Tetrazolium,
MTT) a well extractable into chloroform, intensively colored (8405=3.5><104 1 mol™
cm') 1:2:2 complex. The optimal conditions for extractive-spectrophotometric
determination of V(IV) were found: pH 4.0-4.8, Cnc= 2.9x10* mol 1'1, Cyurr= 1.6Xx10°
* mol I"", extraction time = 3 min. The Beer’s law was obeyed up to 1.6 pg ml’
vanadium(IV). The limit of detection (LOD), limit of quantification (LOQ) and
Sandell’s sensitivity were calculated to be 0.07 pg ml”, 0.23 ug ml" and 1.46x107
ug cm™, respectively. The effect of diverse ions on the determination of V(IV) was
studied. The extraction process was investigated quantitatively and the key constants
(the extraction constant Kg,, the association constant [, and the distribution constant
Kp) were determined: Log K.,=12.9, Log B=11.0, Log Kp=1.9. The recovery factor
was calculated to be R=98.4 %.

Keywords: Vanadium(lV), Polyphenol, Tetrazolium salt, lon-association
complex, Extraction-spectrophotometry

INTRODUCTION

4-Nitrocatechol (NC) is a suitable ligand for the formation of stable complexes
[1-4] and a well-known analytical reagent [5] used for amperometric [6] and
spectrophotometric [7-13] determination of a number of metals. The presence of a
nitro substituent on the aromatic ring of this compound enhances the acidity of the
catechol function [14] and increases the complexing [4] and chromogenic [12,15]
power with respect to catechol and other catechol derivatives. That is why the
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complexes of NC with many metal ions are perspective for investigations with a view
of its application to spectrophotometric analysis.

It is known that the chromophore and extraction properties of vanadium
complexes with polyphenolic ligands could be improved in the presence of some
cationic reagents [15-17]. A promising ion-pair reagent for the extraction-
spectrophotometric determination of metal species incorporated in yellow anionic
chelates is 3-(4,5-dimethyl-2-thiazol)-2,5-diphenyltetrazolium bromide (Thiazolyl
Blue Tetrazolium, MTT) [18]. MTT" absorbs light in the same spectral range as the
V(IV) — NC chelate [18] and one can expect promotion of the sensitivity of
determination in comparison with the sensitivity [18-21] achieved with other reagents
from the same class.

The present paper aims at studying the colour reaction for V(IV) with the NC —
MTT — water — chloroform extraction system [9,18].

EXPERIMENTAL

Reagents and Apparatus. A stock V(IV) solution with a concentration of
5x10” mol I"" was prepared by dissolving of VOSO,.5H,0 (Fluka). The concentration
was checked by titration with a standard solution of potassium permanganate. NC
(Fluka) and MTT (Loba Feinchemie AG) aqueous solutions were prepared with
concentrations of 2x107° mol I"'. The other reagents were CH;COOH (0.1 mol 1),
CH;COONa (0.1 mol I'") chloroform and solutions of diverse ions. All reagents used
were of analytical grade. A Specol-11 spectrophotometer (Carl Zeiss, Germany)
equipped with 1.0 cm-in-width cells was employed for reading the absorbance. The
pH measurements were made with a HI 83140 pH meter (Italy) with a combined
plastic electrode.

Procedure. Aliquots of V(IV) solution, acetate buffer solution, NC solution and
MTT solution were introduced into 100-ml separatory funnels. The resulting
solutions were diluted with distilled water to a total volume of 10 ml. Then 10 ml of
organic solvent were added and the funnels were shaken for several minutes. A
portion of the organic layer was filtered through a filter paper into a cell and the
absorbance was read against a blank.

RESULTS AND DISCUSSION

In slightly acidic medium (acetate buffer) and in the presence of the ion-pair
reagent MTT vanadium(IV) forms with NC an easily soluble in organic solvents
ternary complex. The optimal conditions for its formation and extraction are
systematized in Table 1. The spectra of the complex and the blank at these conditions
are shown in Fig. 1. The composition of the complex was determined by using the
equilibrium shift method [22] (Fig. 2) and the method of Asmus [22] and appears to
be V(IV):NC:MTT=1:2:2 at the optimal NC and MTT concentrations. With lower
concentrations of NC (Cyc < 5x10” mol '), however, the NC to V(IV) ratio was 1:1
(Fig. 2) what is in accordance with Ref. 21.

40



EXTRACTION STUDY ON THE COLOUR REACTION ...

The following equation of formation of the principal 1:2:2 complex was
suggested: 2MTT" + [VO(NC),]* & (MTT),[VO(NC),]. The association constant B
characterizing this equilibrium was determined by using the method of Komar-
Tolmatchev [22]. This method allows to calculate both the association constant 3 and
the true molar absorptivity € of the complex {Log B=10.940.4; e=(3.0£0.2)x10" 1
mol'ecm™}. The apparent molar absorbtivity € determined by using Beer’s law and
other analytical characteristics of the colour reaction are presented in Table 1. The
slightly lower value of € in comparison with € could be explained with the possible
existence of the 1:1 (V:NC) complex in the organic phase apart from the principle

(MTT),[VO(NC),].

<

Figure 1. Spectra of the ternary complex and the blank (NC — MTT) in chloroform.
Crany=2x10" mol I, Cy¢=2.9x10" mol I, Cyry=1.6x10" mol I, pH=4.7, I=1 cm.
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Figure 2. Determination of the NC to V(IV) ratio and MTT to V(IV) ratio according to the

equilibrium shift method. Cyqy)=2xI 0” mol I'', pH=4.7, I=1 cm.
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Apparent molar absorptivities for some V(IV)-NC-TS systems containing
different tetrazolium salts (TS) are juxtaposed in Table 2. It can be concluded that the
system studied in this work allows 1.5-3.5 times more sensitive determination of
V(IV). The proposed system is superior in terms of sensitivity than the 3,4-
dinitrocatechol-diphenylguanidine-water-chloroform system (& pa=2.03x10" 1 mol’
cm’) [15] as well.

The distribution constant Kp, characterizing the distribution of the complex
between the phases {(MTT),[VONC),]}aq & {(MTT),][VONC),]} o Was evaluated
by comparing the absorbance for a single extraction (A;) to that for triple extraction
(A3) in equal volumes {Kp=[V]or/[V]ag=A1/(As-A;); Log Kp=1.94£0.01}. Recovery
factor R=(98.4+0.1)% was calculated according to the formula R% =
Kpx100/(Kp+1).

The extraction constant characterizing the total process 2MTT" + [VO(NC),]*
& {(MTT),[VO(NC),]} oy Was determined by the equation Log K.=Log Kp+ Log 3
=12.810.4.

All calculations were carried out at probability of 95 %.

Table 1. Optimal conditions and analytical characteristics of the extractive-
spectrophotometric determination of V(IV) with 4-NC and MTT

Optimal conditions Analytical characteristics

pH 4.0-4.8 (acetate buffer) Wavelength — A, = 405 nm

Cwrr (aqueous phase) — 1.6x10™ mol 1! € max= (3.50£0.03)x10* 1 mol™ cm™

Cnc (aqueous phase) — 2.9x10™* mol I Beer’s law range —up to 1.6 ug ml™ V(IV)
Volume of the aqueous phase — 10 ml Limit of detection — 0.07 ug ml™ V(IV)
Volume of the organic phase — 10 ml Limit of quantification — 0.23 pug ml™ V(IV)
Organic solvent — chloroform Sandell’s sensitivity —1.46x10™ pg cm™
Extraction time — 3 min

The effect of diverse ions on the colour reaction for V(IV) was studied. The
following ions do not interfere (in n-fold exsess): Co>" (1100), Ni*" (800), Ce(III)
(200), Mg*" (250), Mn*>" (1000), Cr’* (5), Zn>" (1500), F" (100), H,PO, (250). V(V),
Mo(VI), Ti(IV), Nb(V), Fe**, AI*", Cr(VI), W(VI), Re(VII), Cu*" and NOj; interfere
in the same concentration as V(IV). The interfering effect of V(V), Mo(VI), Ti(IV),
Nb(V), Fe*" and Cu®" could be attributed to the formation of colored complexes with
NC, while that of Cr(VI), W(VI), Re(VII) and NO3™ is most probably related to the
decrease of the effective concentration of the ion-pair reagent MTT.
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Table 2. Influence of the tetrazolium salt (TS) on the apparent molar absorptivity (€, of
the ternary V(IV)-NC-TS complex

Tetrazolium salt € max (1 mol'cm™) Reference
Triphenyltetrazolium chloride (TTC) 1.0x10* 19
Neotetrazolium chloride (NTC) 1.9%x10* 21
[odo-nitro-tetrazolium chloride (INT) 2.36%x10% 20

Thiazolyl Blue Tetrazolium (MTT) 3.50%10% present study

CONCLUSION

The extraction-chromogenic V(IV)-NC-MTT-water-chloroform system was
studied in details. The sensitivity of the colour reaction for V(IV) was found to be
1.5-3.5 higher than that obtained for similar systems. That is why this system could
be used for extractive-spectrophotometric determination of V(IV) in appropriate
samples after masking or separation of the interfering ions.
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ABSTRACT

This study presents simultaneous determination of Vitamin A (all-trans retinol)
and Vitamin E (a-tocopherol) in tissue samples from Bulgarian Black Sea Coast fish
species by high-performance liquid chromatography method.

The method was applied to samples of Black Sea goby fish (Neogobius
fluviatilis) and includes two stages: extraction of tocopherol and retinol from the fish
tissue and subsequent quantitative HPLC determination. Quantitative determination
of the fat soluble vitamins in the hexane extracts has been done by HPLC with UV-
detection on RP-column Nucleosil (25 cm x 0,46 cm). The elution of tocopherol and
retinol from the chromatographic column was done by mobile phase composed of
100% methanol at flow rate 0.9 ml/min. Tocopherol was detected at wavelength 295
nm and retinol at 325 nm.

Mean concentration in fresh material were 47.93 pg/100g for Vitamin A and
0.5 mg/100 g for Vitamin E. Our results are in good agreement with the data from the
literature for other fish species.

Keywords: retinol, a-tocopherol, blacksee fish species, HPLC

BBJAEJEHUE

Pubarta e 1eHeH XpaHUTENIeH MPOAYKT — M3TOYHUK Ha OENAThIM, KAIIUA U
dochop. B HeltHuTe IUNUAKM C€ ChABPKAT U TONSIMO KOJMYECTBO ECEHIMAIHU
NOJINHEHACUTEHW BUCIIM MacTHU KucesuHu (-3, ®-6 ITHBMK). [Ipyru uenau
KOMITOHEHTH B pUOHaTa ThKaH Ca ChIIO BAKHUTE 32 YOBEIIHUS OPTaHU3bM MACTHO- U
BOJI0-pa3TBOpuMHU Butamuuu A, E, /1, By, B,, B,, Huauus.

Butamun A (all-trans-peTrnHo:) U3MbJIHABA BaXXKHU (DYHKIIMU B opraHuzma. Tou
€ HeoOX0IUM 3a NOJIbpKaHE HA HOPMAJIHOTO 3pEHHE, ThI KaTo € BaXKHa ChbCTABKA Ha
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3pUTEIHUS TMUTMEHT Ha peTMHaTa Ha oyuTe. AOCOJMIOTHO € HeoO0XoauM 3a
NOJIBP’KAHETO HA CTPYKTYPUTE U (PYHKIIMUTE HA €MUTEITHUTE ThKaHW B OpraHu3Ma,
KOMTO BKIIOYBAT KOXaTa, MeMOpaHUTEe, MOKPUBAIIM KPbBOHOCHUTE CBhIOBE,
CTOMAIIIHO-YPEBHUSI TPAKT, JUXATEIIHUTE MbTUILNA, poroBuuara. Butamun A
IPUCHCTBA B XPaHU OT KUBOTHMHCKU MPOU3XOJI, KATO B HAW-TOJIEMU KOJUYECTBA € B
yepHus Jipo0, sAilaTa U MICYHUTE NPOAYKTH. lIpenmiecTBeHuIUTe Ha BUTAMUH A —
KapoTeHouauTe (MpoBUTaMUH A) ce€ ChAbpPXKAT B MHOIO OT IUIOJOBETE H
3€JICHYYIIHTE.

Buramun E  (o-Toxodepos) €  aHTHMOKCHMAAHT, KOWTO  IpearasBa
HNOJMHEHACUTEHUTE MACTHM KHUCEIMHH, BKIIOUYEHM B CTPYKTypara Ha KJIIETbUHUTE
MeMOpaHH U APYTH BaXXKHU KJIETBYHU CTPYKTYPH, OT BPEAHOTO JIeHCTBUE HA CBOOOIHUTE
paguKaly ¥ JPYrd NPOAYKTH C OKHCIMTEIIHO JeWcTBUE B opraHu3Ma. [lo-3HaunTenHu
KOJIMUECTBA OT HETO C€ ChABbPXKAT B 3aPOJUIINTE HA >KUTHUTE PACTECHUS, JIUCTHUTE
3€JIeHYYLH, SIIKOBH IUI0/10BE, HepaQUHUPAHUTE PACTUTEIIHU Macia.

B nutepartypaTa ca onmucaHu pa3IM4HUA METOJU 33 KOJMUYECTBEHO OIpEeeisHe
Ha MaCTHO-Pa3TBOPUMH BUTAMHUHHU. 32 aHAIM3UPAHE CHABPKAHUETO HA BUTAMUH A U
ButamuH E Haii-uecto ce usznon3Ba HPLC cucrema ¢ UV-Vis n/unu ¢uyopeciienTHa
nerekus [1-9]. ButamuHHMTE ca KOMIIOHGHT Ha JIMMHMAHATa (Ppakmus, KOSITO ce
U3BJIMYA CJI€J] OCAallyHBaHETO Ha TbKaHHaTa mnpoda. Bb3MOXHO € KakTo
MHIMBHIyaJIHO, TaKa U CHbBMECTHO OIpE/AeNsHE Ha aBaTa BUTaMuHA. CHCTEMaTHYHU
U3CJIeIBAHUA 3a ChABPKAHUETO UM B HAIITM YEPHOMOPCKH PUOH HE CME OTKPHIIH.

[lenta Ha Hacrosimara paboTa € CbBMECTHOTO OIpENesHEe ChIbPKaHUETO HA
ButamMuH A u Butamul E B yepnomopcka Kas (Neogobius fluviatilis). Tsa e enna ot
Hail-MacoBO KOHCYMHUPAHUTE pUOH B UEPHOMOPCKHSI PETHOH.

MATEPUAJIN U METOIHU

Oopabomka na npooama

Pubara e 3akynena ot BapHenckara pubna 6opca npe3 nposaerta Ha 2008 T u
BeJHATa € MPUCTHIECHO KbM aHAIM3UPAHETO M. 3a KOJIMYECTBEHOTO OMpEIeisHE Ha
JIBaTa BUTAMHUHA € MPUJIOKEH U aJanTupan Meto, omucan ot D.I. Sanchez-Machado,
J.Lopez-Cervantes u nap. [1,2]. HampaBena e OmomeTpuyHa XapaKTepUCTHKA Ha
puOHUTE 00pa3IM M € MPUrOTBEHA CpelHa mpola OT sAuBHATA ThKaH. s € molpe
XOMOT€HU3HUpaHa U OT Hes ca MpeTeriieHu mpoou ot 1o 0,2 g ¢ TOYHOCT A0 YETBBPTHS
3HaK, B 'PajyHpaHH CTHKICHH enpyBerkd (25 cm’ ¢ mutud). KbM Besika oT mpoOuTe
BeHAra € jo0aBeH aHTHOKCUAAHT — 1% meranonoB pa3rBop Ha BHT (2,6-Di-tetr-
butyl-4-methylphenol, Sigma-Aldrich). OcanynBanero Ha puOHaTa TBKaH ce
M3BBPIIBA KATO KbM BCHYKM NpobM ce mpubass mo 3,0 cm’ 0,5 M pastBop Ha
KaJueBa OCHOBAa B METWJIOB ankoxoj. [IpurorBenute mpobu ce pa3ObpKkBar Ha
Bopteke (Genius 3, IKA-Werke GmbH&CoKG, Germany) u ce HarpsiBat Ha BOAHA
0ans npu 80 °C 3a 15 min, kaTo Ha Bceku 5 min pa30bpkBaHeTo ce moBTaps. Ha
necerara MUHYTa ce npubasst omie 2,0 cm’ ot 0,5 M KOH B meTtano1.

Crnen meTHanecerara MUHyTa enpyBeTkuTe ce oxjaxnaT npu 0-4 ‘C u BbB
Bcsika ce jo0aBs mo 1 ml gectunupana Boga u 3 ml n-xekcan (99% HPLC-grade,
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Scharlau Chemie). ExcTpaxupaneTro Ha MacTHOpa3TBOpuMuUTe BUTaMUHU A U E BbB
dazara Ha XekcaHa ce MPOBEXAa 4pe3 €HEpruyHo pa3dobpkBaHe Ha Boprekc, npu
2500 rpm, 3a 1 min. 3a mo-7o6poTO pazacisHe Ha ABeTe (a3u EHPYBETKHUTE CE
neHtpodyrupar 3a 2 min npu 425 rpm. OpraHudHUAT CIOH C€ TPEXBBPIIS
KOJIMYECTBEHO B rpajayupana emnpyBerka oT 10 mur ¢ numd u ce u3napsiBa A0 Cyxo
nox azor. Cyxusar octatbk ce pastBaps B 400 pl 100 % MeOH, (HPLC-grade,
Scharlau Chemie) u cnen ¢uiurpyBane mpe3 TedioHOB (PUITHP ce mojjara Ha
XxpoMaTtorpa)cKu aHaJIu3.

Xpomamozpagcku ananu3

XpomarorpadCKusT aHaIM3 Ce M3BBPIIBA HAa CHUCTEMa 3a BHCOKO-e(eKTHBHA
TeyHa xpomatorpadust (Thermo Scientific monen Spectra SYSTEM) ¢ UV-nerekuus
(UV-Vis perexktop mogen UV2000, Thermo Scientific). 3a xpomartorpadckoTto
pa3zensHe € M3Moy3BaHa KojioHa ¢ oObpHaT ¢aszu Hypersil ODS2 250x4,6mm Sum
(Thermo Scientific). Komu4yecTBEHUST M Ka4ECTBEHUST aHAJIN3 € U3BBPIIEH C MTOMOIITA
Ha xpomarorpadcku codryep ChromQuest. XpomarorpapupaHeTo € U3BBPIICHO MPH
TeMIIEpaTypeH pexuM Ha kosoHata 25 “C (moaabpkaHa ¢ MOAYJI 32 TEPMOCTAaTHpPaHe Ha
xkonmonn mozaen Hot Pocket, Thermo Scientific), ckopoct Ha moroka 0,9 ml/min u
noasmwkHa (aza 100 % MeOH. OnpenensiHero Ha BUTaMUH A € U3BBPILEHO MpPU
J'bJDKMHA HA BBJIHATA Ha JieTekTopa 325 nm , a Ha ButamuH E tipu 295 nm.

[lonyyenute pe3yaTaTd OT XpomaTtorpackus aHainu3 ca o0paboTeHu
cTaTUCTUYECKH 4pe3 mporpamara Microsoft Excel.

CbBMECTHOTO KOJIMYECTBEHO OIpE/EIsiHE Ha PETHHONA U 0-ToKodeposia B
U3CNEBAaHUTE MPOOM € U3BBHPIICHO C BBbHIIHA KaluOpoBKa IO METOoJa Ha
CTaHJapTHaTa IpaBa. 3a MPUTOTBSHE HA CTaHAAPTHUTE Pa3TBOPH Ca M3IOJI3BAHU
KOHIICHTPHUPAH Pa3TBOp Ha peTuHOJ B n-xekcan 500ug/2 ml (Retinol solution, Fluka)
u yucta cyocraniusa Tokodepod (DL-alpha Tocopherol, Supelco).

PE3VJIITATU U INCKYCHUA

[IpuroTBenu ca mectT KOMOMHUPAHU CTaHJAPTHHU Pa3TBOpa Ha JBaTa BUTAMHHA
B metaHou: 10-800 ng Butamun A u 2,5-200 pg Butamud E. Beceku equH oT TiX €
aHanu3upaH xpomartorpadcku yeTupukpaTHo. KomnyecTBEHUAT aHAIu3 € U3BBHPIICH
0 TUTONITa HA ChOTBETHUTE Xpomarorpadcku nmukoBe. Ha ¢urypa 1 ca npencraBenu
HACIIO)KEHU XPOMATOrpaMu Ha CTaHJIapTHU pa3TtBopu. [IukbT HAa BuTaMuH A ce
OTKpHBa TpHU BpeMe Ha 3aabpikane 4,65+0,8 min, a Ha ButamuH E chOTBETHO Tpu
10,84+1,0 min, koeTo € ycTraHoBeHO Ha 0a3ara Ha 24 wHxekTupanus. 1 3a nBere
CTaHZAPTHH TIPABU € YCTAHOBEHA MHOTO I00pa JTHHEHHOCT HA METOAA — I” ChOTBETHO
ca 0,998790 3a perunon u 0,999971 a-tokodepo.

Ha ¢urypa 2 e npencraBena xpoMmarorpaMa Ha JTUIUIHUS €KCTPAKT HA pruOHATA
ThkaH. OT Hes ce BIXKJIa, Y€ BpeMEeHaTa Ha 3abpyKaHe Ha PETUHOMA U O-TOKodepona
nonajgaT B HMHTEPBAJIUTE, KOUTO CME YCTAaHOBWIM TMpPU TOCTPOSIBAHETO Ha
CTaHJAPTHUTE MpaBU, a YCTAHOBEHUTE KOJIMYECTBAa 3a JiBaTa BUTAaMHWHA Ca B
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rpaHUOUTE HAa KOHIOCHTPAOWMOHHUTC MHTCPBAJIM HaA MH3INOJI3BAHUTC CTaHAAPTHU
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Ot nonydeHute xpomaTtorpadCky JaHHU Ca U3YUCICHU CPEIHUTE CTONHOCTH,
CTaHJAPTHUTE OTKJIOHEHHS M Koe(dUIMeHTUTe Ha Bapuauus. Pesynrature ca
npencraBeHd B tabnuna 1. JlaHHUTE MOKa3BaT, Y€ KOHLEHTPAIMUTE HAa BUTAMUH A
BapupaT B no-mupoku rpanuim (178-207 ng/ml), oTKOIKOTO Te3u Ha BUTaMUH E
(1,84-2,18 pg/ml).

Tabnauna 1 Konyenmpayuu, cpeonu cmotiHocmu, CmaHoapmuo OmKIOHeHUe U
koeghuyuenm na eapuayus Ha Bum. A u Bum. E 6 ananuzupanume npoobu

KoHII. Ha KOMIIOHEHTA
Ne npoda
But. A Bur. E
ng/ml pg/ml
1 178 2.18
2 207 1.84
3 203 1.92
4 182 2.17
5 186 1.85
6 183 1.95
7 194 2.09
8 181 1.87
9 205 1.93
10 198 2.11
Cp. croiinocT 191.70 1.99
CraH. OTKJI. 11.00 0.16
Koed. na Bapuauus 15.13% 16.57%

Ha 0a3zara Ha moiydeHHUTE CPeAHU CTOMHOCTU € M3UUCICHO KOJIMYECTBOTO Ha
JBaTa BUTaMHUHA, CHABPXKAIIO c€ B CTO rpama cypoBa Thkan — 0.048 pg/100g 3a
perunon u 0,5 mg/100g 3a a-tokodepoin. Te3u croitHOCTH 32 BUTAMUH A U BUTAMUH
E He ce paznuuaBaT ChIIECTBEHO OT IUTUPAHUTE JAHHHU B JUTEpaTypara 3a JAPYyru
BusioBe Osita puba (B puda ton — Cyya= 0,026 pg/100g u Cyyrg= 0,5 mg/100g; B
xepuHra — Cy,r 4= 0,045 ng/100g u Cy,r 5= 0,76 mg/100g) [3].

3AK/IIOYEHUE

OrnpeneneHo € ChbIbPKAHUETO HA BUTAMHUH A U BUTAMHH E B 4epHOMOpPCKa Kasl.

Anantupan u npunoxen e HPLC meron ¢ UV-Vis aerekuusi 3a CbBMECTHO
ompejeNnsHe Ha JBaTa BHUTaMMHA B JuOuAHata (Qpakuus OT puOHA THKaH.
PesynraTtute moka3par, 4ye METOABT € C JOOPU AHATUTUYHHU XaPAKTEPUCTHKHU, KATO
CTaHAAPTHO OTKJIIOHEHUE U KOe(ULIMEHT Ha Bapualusl.

WN3unucnenute konuyectBa Ha all-trans-petunon (0.048 ug/100g) u a-
tokodepon (0,5 mg/100g) 3a cro rpama cypoBa ThbKaH CbOTBETCTBAT Ha TaKHBa
JAaHHU B JIUTEpaTypaTa 3a oJ00HU BUA0BE puoda.
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Bourgas, Bulgaria
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ABSTRACT

A series of halogen-containing derivatives of p-substituted arylnitrosulfones
was prepared as a result from the nucleophilic addition of sulfinic acids to B-bromo-
B-nitrostyrene. The effects of various substituents in the molecules of both the
sulfinic acids and nitroalkene reactants on the spectral characteristics of the sulfone
products were studied.

Keywords: [-bromo-f-nitrostyrene, sulfones, structure, nucleophilic addition.

INTRODUCTION

Sulfinic acids are known to possess unique properties as nucleophiles that
cause facile nucleophilic addition interactions with compounds, possessing active
carbon-carbon double bonds [1]. Many of our previous studies have been devoted to
these Michael-type addition reactions and as a result, various types of organosulfur
compounds such as aliphatic nitrosulfones, arylnitrosulfones, and the corresponding
halogenated derivatives, etc. have been synthesized. The present work extends the
scope of the arylnitrosulfones obtained and aims at further and more detailed studies
on their possible characteristics and application.

DISCUSSION

1-Aryl-2-arylsulfonyl-2-bromo-1-nitroethane  derivatives are interesting
compounds in terms of studing the influence of two or three electron-withdrawing
substituents on their vibrational spectra. The stereochemistry of such organic
chemicals is also regarded as worth studying, due to the presence of two chiral
centers in their molecular structures.
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SO,ATr' SO,ATr'
Ar H Ar H
Br @H H jé;i Br

NG, NO,
erytro (1S, 2R) threo (1S, 2S5)

Ar =4-MeCgHy; Ar' = Ph, 2-MeCHy; 4-MeOCgHy;
4-C1C6H4, 4-BrC6H4; 4-IC6H4, 4-N02C6H4,
1-,2-C10H7, 4-ACNHC6H4

IR-spectra of the compounds studied indicated strong absorption bands, which
are characteristics for both the nitro- and sulfonyl functional groups. Moreover, a
trend towards an increase of the frequencies of the symmetric ones for the nitro group
was observed. No significant changes in this respect were found for the sulfonyl
group. The high intensities of these characteristic bands schould be expected, bearing
in mind the geometry of the sulfonyl group with its out-of-plane location with respect
to the other substituents. The IR spectra of these particular organosulfur compounds
confirmed the common knowledge that the sulfonyl group cannot be considered as
analogous to the carbonyl one, due to the differences in their symmetry and electron
structure. The spectral studies did not reveal any existence of conjugation between
the sulfonyl- and nitro groups, which should be expected from their location at
different planes. The stretching vibrations of the carbon-halogenated bond were
observed within the 640-680 cm™ region. The presence of halogen at alpha-position
with respect to the nitro group did not effect the position of the characteristic
vibrations of the nitro- and sulfonyl groups. Medium- intensity absorption band at
1090 - 1080 cm™ was also observed, which could be assigned to the stretching S-aryl
vibrations. Triplet with decreasing intensity of the bands with higher frequencies
appeared at 3120 - 3000 cm™, which are characteristic for the C — H, stretching
vibrations of mono- substituted benzene ring. For p-substituted ones, the bands at
825 - 805 cm™ were also indicative.

The presence of methyl groups at p-position was characterized by the
asymmetric and symmetric stretching vibrations at 2950 and 2830 cm’', respectively.
The methoxy group at p-position in the benzene ring was, on the other hand, proved
by the characteristic stretching vibrations of the CH;-group in methyl phenyl esters at
2845 cm™ and, also, by the bands at 1275 and 1025 cm™, corresponding to — C — O —
C — fragment. The band at 855 - 845 cm™ could be assigned to stretching C — N
vibration. Deformation C — H vibration, corresponding to three neighboring hydrogen
atoms in the alpha-naphtylsulfonyl group were observed at 810 - 785 cm™. The
introduction of halogen atom into the phenilsulfonyl group resulted in the appearance
of characteristic for secondary were observed at 1720 - 1520 cm™.
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NMR spectra of the compounds obtained were characterized mainly by the
aromatic multiplets within 7.20 — 7.85 ppm. Moreover, two doublets corresponding to
methyne protons within 5.00 — 5.20, and 3.00 — 3.35, and 2.80 — 3.15 ppm,
depending on the type of halogen, were observed. The corresponding integral curves
indicated that each doublet corresponded to one proton.

EXPERIMENTAL

Halogenated nitrosulfone derivatives were prepared and purified as described
in the literature [2].

IR and UV spectra were obtained using Bruker and Specord UV-VIS. NMR
(chemical shifts measured in deuterated solvents are given in ppm from TMS) spectra
were recorded with a Bruker 350 MHz spectrometer, using CDCl; solution.
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ABSTRACT

The compounds studied have been synthesized by nucleophilic addition of
arenesulfinic acids to bromochalcones. Sophisticated instrumental methods such as
FT — IR, UV and NMR were employed to study the chemical structure of the
corresponding bromine-containing derivatives and both the X-ray analysis and semi-
empirical methods were used to examine their molecular geometry.

Keywords: stereoselectivity, nucleophilic addition, arenesulfinic acids,
bromochalcones

INTRODUCTION

The respect work is a continuation of our previous studies on the methods of
preparation of chalcones as well as the evaluation their reactivity and possible fields
of application [1,2]. Two major groups of nitro- and bromochalcones were
synthesized in the course of our work, and their structure and reactivity towards
sulfur-containing nucleophiles were also studied. As a result, two principal groups of
polyfunctional sulfones were sunthesized. The objective of the present work was to
investigated the structure of this type organic compounds, since such studies are
closely associated with some fundamental issues in organic chemistry such as
structure — reactivity relationships, electronic effects, region — and stereoselectivity of
organic reaction etc. The studies on the fine structure of these compounds are
considered to be of significant importance, since this could give rise to the adoption
of some new synthetic approaches and the use of ketosulfones as products of
potential biological activity, e.g. their possible utilization as anti — malarial, anti-
inflammatory and antibiotic drugs.

DISCUSSION
The methods for preparation of the corresponding compounds are descriebed.
The molecules contained two chiral centers, determining the specific stereochemistry.
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SO,Ar' SO,ATr'
Ph H Ph H
H Br Br H
COMe COMe
threo (1S, 2S) erytro (1S, 2R)

(1) - 0-MeCgHy; (2) -p-MeCgHy; (3)- p-BrCgHy;
(4) - p-ICsHy; (5)- 1,2-CoHy; (6) - p-NO,CgHy;
(7)- p-AcNHC¢Hy; yield 60 -75%

The attempts to separate and isolate the two stereoisomers were unsuccessful.
For this reason, the studies of a diastereomer mixture (70 : 30 with predominance of
threo-form) were conducted. The spectral studies definitely confirmed the structures
of the compounds studied. Strong absorption bands, corresponding to both the
asymmetric and symmetric stretching vibrations of sulfonyl group were observed in
the 1313 — 1300 and 1140 — 1130 cm™ regions respectively. The absorption band for
the carbonyl group was registered at 1705 — 1695 cm™. Skeletion vibrations of
benzene rings were characterized by the bands at 1640 — 1450 cm™, and out - of-
plane C — H aryl vibrations within 725 — 720 and 830 — 790 cm™ proved the presence
of mono-substituted and p-substituted benzene rings, respectively.

The stretching vibrations, corresponding to C — Br bond were observed at 680 -
660 cm”. The presence of halogen atom did not influence the location of the
characteristic bands for the ketogroup. The typical absorption maximum for the
carbonyl group in the UV spectra of the corresponding studied was observed at 300 —
310 nm (Ig € = 3.10 — 3.42). In this case, no electronic effects involving the sulfonyl
group could be assumed. Aromatic multiplet signals within 7.00 — 7.80 ppm were
registered in the corresponding NMR spectra. Two doublets at 5.15 and 6.22 ppm
were also observed. The data from the corresponding integral curves indicated that
each doublet corresponded to one proton. NMR data also showed that the
ketosulfones as reaction products represented a mixture of two stereoisomers. The X-
ray diffraction studies confirmed that ketosulfones were representatives of the
triclinic crystallographic system. Several possible crystal lattices were assumed, from
which, the one suggested in this work was found to have the smallest volume and
corresponded best to the experimental data. Following the determination of the
symmetry, the type, the volume of the elementary cell and the exact density of the
crystal, the number of the structural units was found. The molecular volumes as well
as other specific dimensions were also determined. The most probable locations of
the molecule as symmetric motif of the elementary cell were selected. Following
further transformation of the Decart coordinates into partial ones, the geometry of the
intensive distribution was calculated and was compared to the one found
experimentally.
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EXPERIMENTAL

Bromochalcones were prepared and purified as described in the literature.

IR and UV spectra were obtained using Bruker and Specord UV-VIS. NMR
(chemical shifts measured in deuterated solvents are given in ppm from TMS) spectra
were recorded with a Bruker 350 MHz spectrometer, using CDClI; solution. X-ray
studies were made on a URD-6 diffractometer using a B-filtered for the Cy,
emission, at scanning rate 1°20/min in the interval 3 - 60 °20. The integral intensities
were determined planimetrically.

Microanalyses were obtained using an elemental Analyzer — 1104 (Carlo Erba).
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LC-MS AHAJIM3 U IN VITRO AHTUOKCUJAHTHA
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University, Stuttgart, Germany

ABSTRACT

Flavonol glycosides in water-ethanolic (30% v/v) extract from industrially
distilled petals of Rosa damascena Mill. were studied by combined application of
high-performance liquid chromatography and mass spectrometry (LC-MS). Among
the 24 major compounds analysed both in the crude and purified extract, 13
kaempferol and 11 quercetin glycosides were detected. In addition, the in vitro
antioxidant activity was evaluated by the radical inhibiting (DPPH test) and ferric
reducing (FRAP test) abilities. The results obtained indicate that the rose petal
extracts, especially when selectively enriched in polyphenols, might be used as
functional food ingredients or as natural antioxidants.

Keywords: Rosa damascena, polyphenols, LC-MS.

BBHBEJAEHUE

[IBeToBeTe Ha Rosa damascena Mill.,, OT KOUTO € HM3BJICUEHO ETEPUUYHOTO
Macjo MpU UHAYCTPUATIHU YCIOBHUSI, ca 0OraT M3TOUYHHUK Ha MOJIU(PEHOIN, B YaCTHOCT
Ha (pJ1aBOHOJIOBU TIUKO3UAM [1]. dnaBoHONMMTE ca JoKa3aHU [2] KaTO €AUH OT Hall-
aKTUBHUTE KJacoBe MOJU(GEHONIHH aHTHOKCHAAHTU. V3MoN3BaHETO HA €KCTPAKTH OT
JNECTWJIMPAH PO30B LBIT KaTo (HYHKIMOHATHO-3JPABOCIOBHU MM TEXHOJIOTHYHU
N00aBKM 3a XpaHM M HAMHUTKU HM3HUCKBA MPEABAPUTEITHOTO XapakTepU3upaHe Ha
OTJIEJTHUTE TOJU(EHOTHN KOMIOHEHTH, KOETO € MpPEeANocTaBKa 3a OICHSBaHE Ha
TEXHUS TPUHOC KbM TOTAJIHATA AHTHOKCHJAHTHA AKTHMBHOCT HA EKCTPAKTHUTE.
Cxomautre UV crekTpyu Ha OTIACTHUTE KOMIOHEHTH, NMPUHAIISKAIU KbM €IUH U
CBINU TOJIKJIAC MOTU(EHOIHH, KaKTO U OTPAaHUYEHUSI OpOil HA THPTOBCKH HATMYHUTE
CTaHJApPTH, TPaBIT KOMOMHHMPAHOTO W3MOJ3BaHE Ha BHUCOKOS(HEKTHMBHATA TEUHA
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Lluxos, Kammepep, Monnos, Muxanes, Honuesa, Kapne

xpomarorpadus u Maccrnektpomerpusita (LC-MS) HagexaeH HMHCTpyMEHT 3a
uneHTudukanus Ha nonudenoaute [3-5].

[lenta Ha HACTOSIIOTO M3CJIENBAHE € Jla CE XapaKTepu3upar (pJIaBOHOJIOBUTE
IJIMKO3U]IU, CHABPKALIN C€ B EKCTPAKT OT MHAYCTPUAIHO JECTUIMPAH PO30B IBSAT, B
3aBHCHUMOCT OT IPEYUCTBAHETO upe3 aJcOopOIMOHHA TexHoJjorus. B nombineHue,
AHTHOKCHUJIAHTHATa aKTMBHOCT HA €KCTPAKTUTE € OLCHEHA Ype3 Pa3IuyHU in Vitro
TECTOBE.

MATEPUAJIN U METOJIHN

AHQIUTUYHUTE CTaHAAPTHU (KBEPUETHUH, KBEPUETUH 3-O-TIIOKO3U]I, KBEPIETUH
3-O-ranakro3uj, KBepUeTUH 3-O-paMHO3UJ, KBEpUETHH 3-(O-KCHUIIO3U], KBEPLETHH
3-O-pytunosun, kemmdepos, kemndeposa 3-O-riroko3ua) ca jgoctaBeHu oT Roth
(Karlsruhe, Germany). Bcuuku apyru peareHtu u pa3rtBoputenn ca or VWR
(Darmstadt, Germany). AncopoimonHata cmona Amberlite™ XAD 16 HP,
U3IMOJ3BaHa 3a MpeurcTBaHe Ha mnoiudeHonute, € 3akyneHa oT Rohm & Haas
(Darmstadt, Germany).

OTnagpyHuAT MaTepuall OT JECTHIANMATAa Ha Po30B (Rosa damascena Mill.)
IBAT € MpeaocTaBeH ot ¢upma ,,Hapa ['eo* (I1nosnus, bearapus) u cien npecyBane
B Ja0OpaTOpPHU YCJIOBHUA, IMOJYYEHHUTE IMPECOBKH Ca H3CYIIEHH C TOpel] BB3IyX
(60 °C, 6 h).

Excrpakumsita m npeunctBaneto Ha moiudenonmurte, kakto 1 HPLC-DAD u
LC-MS anHanmmu3ute, ca OCBIIECTBEHU B CHOTBETCTBHE C METOJWUTE OMHCAHU B [6].
Nznomn3Banata HPLC cucrema e Agilent 1100 (Agilent, Waldbronn, Germany), kbm
KOSITO € cBbp3aH MaccnekTpoMmeTsp Esquire 3000 + (Bruker, Bremen, Germany).

Panukanonnxubupaiara cnocooHocT € omnpezaeneHa upe3 DPPH rtecra [7], a
MeTanopeayuupamniara cnocooHoct — B cborBercTBue ¢ FRAP tecra [8].

PE3YJITATU U JUCKYCUS

[IpogmrbT Ha (IABOHOJOBUTE TIMKO3UAM, CHIBPXKAIIA CE€ B TpyOous u
IPEUMCTEH EKCTPAaKT OT PO30B IBAT, € mpejacrtaBeH Ha durypa 1. OcbliecTBeHO €
pa3iessiHETO Ha 22 MUK, MACCIEKTPOMETPUYHHUAT aHAJIM3 Ha KOUTO JJaBa OCHOBAHUE
na ce uaentuduiupar 24 komnodeHnTy (Tabmwmma 1).

@®parMeHTanuaTa Ha KOMIIOHEHTHUTE BOJMU JO OOpa3yBaHETO Ha HOHH ChC
ChOTHOILIEHUE Maca/3apsa m/z 285 u m/z 301, choTBeTCTBAIIM Ha KeMII(PEpooB U
KBEPIETUHOB arjiMKoH. Pa3nukara B MacuTe Ha MOJICKYJIHUTE HOHM M TEXHUTE
dbparmMeHTH TIOKa3Ba NMpUChCTBUETO Ha: au3axapun (308 D) — kommonetu 3, 8, 9, 13,
17, 20 n 21; xexco3up (162 D) — xomnonetu 4, 5, 7 u 10b; nento3usa (132 D) —
KOMIOHETH 6a, 12 w 14. [lucoumanusta HAa OCHOBHHUS MOJIEKYJIEH MHOH Ha
KOMIIOHEHTH 16 u 18 Bonu 10 3ary6a Ha Maca ot 42 D, choTBeTCTBalla HA alleTHIIHA
rpymna. Kommnonent 16 npoayuupa ocHoBeH (pparMeHT m/z 609, 1okato KOMIOHEHT
18 — m/z 593. To3u dakT o3HauaBa, ye aleTWUIHATaA rpyna € CBbpP3aHa KbM
[NIMKO3UHATa 4YacT Ha MOJIEKYyJiaTa, a CbhOTBETHHUTE CBhEIWHEHHS Ca KBEPIETHH
anerwinuzaxapu (16) u kemndepon anerunauzaxapu (18).
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LC-MS AHAJIN3 HA [1OJINDEHOJIN OT PO30B I[BAT ...

mAU |
3001

250 1

10

wrreenee [|DEUNCTEH EKCTPAKT

Mpy6 ekcTpakT

20

®urypa 1. HPLC pa3zoensine (370 nm) Ha noaugenonume 6 2pyo u npevyucmeHn ekCmpaxm

om po306 yesm.

Tadoauua 1. LC-MS xapakmepucmuku Ha nonughenosume 8 eKCmpaxm om po308 Yesam

KomrmoneHt ITux [M-H]” MS/MS ¢parmentu
(m/z) (m/z)
KBeprieTrH ranonimxekco3nm 1 615 463/301
KBepueTuH ranomixekcosus 2 615 463/301
Kgepuerun 3-O-pytunosu’ 3 609 301
Ksepuerun 3-O-ranakrosun’ 4 463 301
Kseprierun 3-O-rimokosur’ 5 463 301
Ksepuerun 3-O-kennosun” (caenn) 6a 433 301
KBepreTnH ranommxexco3na 6b 615 463/301
Kemndepoun xexcozua 7 447 285
Kemndepon auzaxapug 8 593 285
KBepuerun auzaxapun 9 609 301
Ksepuerun 3-O-pamuosun” (cieam) 10a 447 301
Kemndepon 3-O-rirokosua’ 10b 447 285
Kemmepon ranommxexco3ns 11 599 447/285
Kemndepou nentosus 12 417 285
Kemndepou guzaxapus 13 593 285
Kemmeposr nenro3ua 14 417 285
Kemndepos peokcnxekcoszns 15 431 285
KBepuetuH anermiausaxapus 16 651 609/301
Ksepuernn auzaxapu 17 609 301
Kemmepon anernnanzaxapusn 18 635 593/285
Kgepruerun” 19 301 151/179
Kemndepou guzaxapus 20 593 285
Kemnepon ausaxapu 21 593 285
Kemmndepon” 22 285 257

“ I neHTH(HUINpPAH ChC CTaHIApT.
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Lluxos, Kammepep, Monnos, Muxanes, Honuesa, Kapne

KomnonenTu 1, 2 u 6b npoayuupaT pparMeHTH ChC ChOTHOILIEHUE Maca/3aps]l
m/z 463, a xomnoHeHT Il — m/z 447, xoero orpassiBa pasznuka ot 152 D,
ChOTBETCTBAllla Ha TajlowiHa Tpyna. CreBamiuTe MO HWHTEH3UTET (PparMeHTU
npernosarar, 4e rajJouiiHaTa rpymna € CBbp3aHa C IJIMKO3MIHAaTa YacT Ha MOJIeKyJaTa,
a CbOTBETHHUTE CHCJIMHECHUS ca KBEPIETHUH rajmomnxekcosun (1, 2 u 6b) n xemmndepon
rasiomnxekco3un (11). Ananu3bpT Ha ¢parMeHTalusTa Ha KOMIIOHEHT 15 mokasBa
3ary6a B macara ot 146 D mexmy MceBIOMOJIEKYJIHUS HOH M OCHOBHHS (DparmMeHt,
ChOTBETCTBAIllA HA JEOKCUXEKCO3UIHA TpyIla, MOpad KOETO MOXKE Ja Ce MpueMe, ue
ChOTBETHOTO ChEAMHEHUE € KEMII(PEPOI JEOKCUXEKCO3HU/I.

IIpu cpaBHsiBaHEe Ha BpeMeHarta 3a 3aabpkaHe, UV-vis U MaccClEKTpUTE Ha
KOMINOHEHTH 3, 4, 5, 6a, 10a, 10b, 19 v 22 c Te3n HA AHATIUTUYHUTE CTAHJIAPTHU Ca
UACHTU(PUUIUpPAHU CHOTBETHO KBepueTuH 3-O-pyTHHO3UH, KBepuetuH 3-O-
rajakTo3ujl, KBepUueTuH 3-O-II0K03UM, KBepUETUH 3-O-KCWII03ul, KBepueTuH 3-0O-
pamHo3u, KeMidepon 3-O-TaoKo3u, KBEPUETUH U KeMITPepo.

KemndeponoBuTte ruKo3uIu ChCTaBISABAT NpUOIM3UTETHO 65% OT 001I0TO
KOJIMYECTBO Ha (pyiaBoHONMUTE B eKcTpakTa (Tabnuma 2).

Tadauua 2. Cvovporcanue Ha norugperou u in Vitro AHMUOKCUOAHMHA AKMUBHOCH HA 2PY0
U npevucmen eKCmpaxKm om po308 Yesim

TMoxasaren I'pyo IIpeuncren
eKCTPaKT €KCTPaKT
ChapprkaHue Ha KBEPLETUHOBH TIIMKO3UN,
mg/100 g dwb 2089 4612
ChbabprxkaHue Ha KeMIi()epoIOBYU TIMKO3UIHN, 3879 8628
mg/100 g dwb
CobprxkaHue Ha (JIaBOHOIOBH TIMKO3U/IH, 5068 13240
mg/100 g dwb
ChabpikaHue Ha ralonIHpaHy (HJIaBOHOJIOBU TIIMKO3H/IH,
331 900
mg/100 g dwb
Panukanonaxubupania crnocooHOCT 38 108
(DPPH recr), g TE?/100 g dwb
Meranopenyuupaiia ciocoOHOCT 2% 73
(FRAP Tect), g TE/100 g dwb

“Ha 6a3a cyxu BellecTBa.
"Trolox xaro cranmapr.

WuTepecHo e na ce oTOENeXH, 4e MPEUYnCTBAHETO € aAcOpOLMOHHA CMOJIa
NOBHILIABA TMOJU(PEHOTHOTO ChAbpPKAHHE 2.2 MHTH, JAOKATO AHTHOKCHIAHTHATa
AKTUBHOCT Ha eKcTpakra, ouneHeHa upe3 DPPH u FRAP Tecra, HapactBa
npubau3zutrenHo 3 mbTH. To3M pe3yaTaT Moxe Ja ce OOACHM C pa3juYHaTa
e(eKTUBHOCT Ha MPEYHCTBAHETO 32 OTJCITHHUTE MOJU(EHOIHU KOMIIOHEHTH, KOETO
BOAMU [I0 CEJIEKTHMBHOTO OOOTraTsBaHE Ha EKCTpakTa. laka Hampumep, TOKaTo
HapacTBAaHETO HAa CHIBPKAHUETO HA KBEPUETUHOBH M KeMI(EPOIOBHU TIUKO3UIU €
2.2 IbTH, KOJUYECTBOTO HA TrajJoWSIMpaHUTE (PIIAaBOHOJIOBH TJIMKO3U]IM CE YBEJINYaBa
2.7 mbTH. 3HAYMMOCTTAa HAa TO3U (PAKT C€ MOJKpEINs OT PEe3yJTaTH, MOJYYEHU IpU
uscienBane [9] Bbpxy (IaBOHOJIOBH TVIMKO3UAM OT Jucta Ha Pemphis acidula Forst.
(Lythraceae) — rajnounupaHuTe TIUKO3UAM MPOSBIBAT MO-BUCOKA aHTUOKCHJIAHTHA
aKTUBHOCT B CPaBHEHHUE ChC ChbOTBETHUTE HETATOMIMPAHU KOMIIOHEHTH.
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ABSTRACT

A condensation of 1,8-naphtalic anhydride (Ia), 4-bromo- (Ib), 4-acetyl- (Ic), 4-
nitro- (Id), 4-piperidino- (Ie), 4-morpholino- (If), 4-pyrrolidino- (Ig) naphtalic
anhydride with 4-methoxyphenylacetic acid is performed. The fusion of the
anhydrides la-Ig with 4-methoxyphenylacetic acid in the presence of anhydrous
CH;COONa, leads to formation of the corresponding 6-substituted-2-(4-
methoxyphenyl)-2,3-dihydrophenalen-1,3-diones and 7-substituted-1,3-
dihydronaphto-(1,8-c,d)-pyran-1-ones simultaneously. The structures of the newly
synthesized compounds are confirmed by elemental analysis, IR-, UV- and NMR-
spectral data.

Keywords: 2,3-dihydrophenalen-1,3-diones, 4-methoxyphenylacetic acid

INTRODUCTION

Derivatives of 2,3-dihydrophenalen-1,3-diones have biological activity. They
are used as dyes and analytical reagents as well as reagents in the fine organic
synthesis [1-3]. These characteristics bring our attention to studies on condensation of
4-substituted naphthalic anhydride with 4-methoxyphenylacetic acid, finding optimal
conditions for the course of the reaction, obtaining new 2,3-dihydrophenalen-1,3-dion
derivatives, and through them synthesising new products with certain physiological
activity.

A synthesis of various 6-substituted 2-phenyl-2,3-dihydrophenalen-1,3-diones
through condensation of naphtalic anhydrides with phenylacetic acid was earlier
reported [4-6].

A condensation of 1,8-naphtalic anhydride (Ia), 4-bromo- (Ib), 4-acetyl- (Ic), 4-
nitro- (Id), 4-piperidino- (Ie), 4-morpholino- (If), 4-pyrrolidino- (Ig) naphtalic
anhydride with 4-methoxyphenylacetic acid (Scheme 1) is accomplished in this
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paper. The structures of the newly synthesized compounds are confirmed by
elemental analysis (Table 2), IR- (Table 3), UV- (Table 4) and NMR- spectral data.
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Scheme 1

Figure 2. Compounds IVA
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RESULTS AND DISCUSSION

The fusion of anhydrides Ia-Ig with 4-methoxyphenylacetic acid in the
presence of anhydrous sodium acetate leads to formation of the respective 6-
substituted-2-(4-methoxiphenyl)-2,3-dihydrophenalen-1,3-diones (Table 1).
Alongside with these products are formed 7-substituted-1,3-dihydronaphto-(1,8-c,d)-
pyran-1-ones (Illa-Illg), which as a result of thermal rearrangement under the
reaction with sodium methylate or under reaction with aqueous solution of
ammonium carbonate, easily isomerised to II [7]. Compounds III have luminophore
properties, the place of their substitutes has already been proved by us in a former
study [8] by the Overhauser method.

The relatively low yield of 6-acetyl derivative Ilc is obviously caused by the
fact that under these condensation conditions a partial decomposition of the initial Ic
anhydride takes place. During the conducted tests for determination of optimal
conditions for obtaining of Ila-IIg we found out that under 180°C condensation runs
slowly and the yield of end products is low, while at temperatures higher than 230°C
a intense resination has been observed. The presence of by-products has been
identified via thin layer chromatography when the optimal reaction temperature is
within the interval 180-230°C, and the duration of the heating is 2-3 hours. For the
naphtalic anhydrides Ib,c,d containing in their molecule electron acceptor substitutes
this temperature is 180-200°C, while for anhydrides Ie,f,g containing electron donor
substitutes the optimal temperature for their condensation with 4-
methoxiphenylacetic acid is 210-230°C.

Heating duration for more than 3 hours leads to formation of by-products with
unidentified structures, and the yields drop down significantly. Heating duration of
less than 2 hours leads to increase in yields of the respective pyranones Illa-Illg.

Table 1. Condensation of 4-substituted naphtalic anhydride with
4-methoxyphenylacetic acid

Reaction conditions Reaction products

Com- -1V 1

poud Cata- Teomp. Duration Mp Yield Mp Yield
I lyser (°C) (h) ) Rf* %) ©C) Rf* %)
a 240 2 224-5 0.43 25 168-9 0.60 29
b < 190 2 227-8 0.68 31 139-40 0.90 27
c % 190 2 231-2 0.63 33 162-3 0.85 21
d 8 190 2 265-6 0.70 20 187-8 0.87 16
e Lm: 220 3 183-4 0.66 23 148-9 0.91 32
f 230 3 221-2 0.69 25 170-1 0.85 25
g 230 3 166-7 0.81 19 192-3 0.62 29

* benzene : ethanol = 5 : 1

The colour of compound IIb is light red, Ilc,d - light brown, and Ila,e,f,g are
orange-red products.
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Table 2. Elemental analysis data of the compounds I11-VI

Compound C (%) H (%) N (%) Br (%)

calcd. found calcd. found calcd. found calcd. found

I11a 79.46 79.31 4.67 4.48

I1Ib 63.01 62.89 3.44 3.31 20.96 20.67

IIlc 76.73 76.58 4.68 4.53

111d 69.16 69.02 3.77 3.63 4.03 3.78

Ille 77.90 71.77 6.01 5.89 3.63 3.47

IIf 74.40 74.16 5.46 5.41 3.61 3.55

Illg 77.60 77.48 5.70 5.47 3.77 3.67

IVa 79.46 79.26 4.67 4.53

IVb 63.01 62.88 3.44 3.27 20.96 20.81

IVce 76.73 76.54 4.68 4.59

Ivd 69.16 69.11 3.77 3.69 4.03 3.83

IVe 77.90 77.80 6.01 5.83 3.63 3.45

Ivf 74.40 74.27 5.46 5.35 3.61 3.48

IVg 77.60 77.53 5.70 5.61 3.77 3.63

Va,a 63.10 62.74 3.44 3.38 20.96 20.67

Va,b 69.16 68.88 3.77 3.54 4.03 3.96

Vb,a 52.2 51.94 2.63 2.48 34.73 34.5

Vb,b 56.36 56.28 2.84 2.75 3.29 3.19 18.75 18.56

Via 76.51 76.43 4.96 4.86

The compounds 11 have dual reaction ability: during nitration and bromination
they form 2-substituted products Va-Vg, while during acylation - 3-substituted
products VIa-VIg. The last reaction reveals the possibility for the existence of the
products from condensation in enol form IV.

The comparison of the spectral data of compounds II with these of compounds
V and VI, sugests that compounds II exist in a close to enol form. IR-spectra of the
compounds [la-IIg are characterized for absorption of carbonyl group in the interval
1624-1632 cm™', which is typical for the enol compounds VI. This is why, the spectra
taken in chloroform solution allow the observation of absorption at 3493-3499 cm,
determined by the presence of enol hydroxyl group in the form IV.

In UV-spectra of compounds Ila-IIg a long-wave maximum of absorption
appears, evidencing in favour of the enol form IV. UV-spectra of the anion form Ila-
[Ig [ethanol (95%): aqueous ammonia (25%) 10:1] are similar to the specta of the
enol form, but with batochrome shift, which is in conformity with the published data
[9]. We can conclude on the aforesaid that products of condensation of naphthalic
anhydrides with 4-methoxyphenylacetic acid, exist in the enol form IV. However, the
position of the substitute in the naphthalic nucleus remains unidentified, i.e. the
direction of the enolisation leads to formation of 6- (IVA) and/or 7-substituted
phenalenon (IVB). This fact was found out by us in the reaction of phenalenones with
(CH3CO),0, through which acetoxiphenalenones (VI) are formed, which was proved
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chromatographically, which, when treated with 2% NaOH, turn into product (IV).

Table 3. Characteristic frequencies of compounds ITI-VI (Vo)

Ne Voun Ven Ven Voc=0 Vc=0 Ve=c
(arom.) (alif.)
IIIa 3055 2926 1740
IIIb 3051 2932 1741
Illc 3053 2933 1738, 1698
111d 3059 2929 1736
IIle 3051 2931 1728
I1If 3063 2956 1725
g 3059 2948 1728
IVa 3495 3053 2953 1628 1605
IVb 3493 3051 2951 1625 1603
IVe 3498 3049 2932 1621 1608
Ivd 3495 3056 2933 1662 1604
IVe 3496 3050 2933 1626 1602
IVf 3497 3054 2925 1618 1599
IVg 3494 3054 2926 1621 1601
Va,a 3054 2932 1702, 1685
Va,b 3051 2927 1710, 1684
Vb,a 3053 2930 1704, 1685
Vb,b 3058 2938 1712, 1686
Via 3056 2936 1773 1639 1606
Table 4. UV-spectral data of compounds Il and IV
Amax (NnM)
Compound chloroform ethanol aque?)tuhsa:r(r)lln:mnia
IIIa 269, 279, 317, 404
IIIb 279, 343, 453
Illc 334
111d 276, 337,454
IIle 272,340,414
IIIf 269, 326, 409
Ilg 280, 333,433
IVa 259, 347,411 264, 346, 418 290, 343, 360, 462
IVb 257,362,414 281, 350, 422 292, 348, 366
IVe 277,351,419 281, 346 284, 342
Ivd 359 276, 357, 448 356
IVe 260, 348, 447 257, 345, 402 285, 345, 396
IVf 271, 342, 401 264, 341, 400 330
IVg 259, 345, 444 255, 340, 399 281, 342, 395
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EXPERIMENTAL

All chemicals used are purchased from Merck and Fluka.

The melting points are determined with a Koffler apparatus.

The elemental analysis data are obtained with an automatic analyzer Carlo Erba
1106.

The purity of the compounds is checked by thin layer chromatography on
Kieselgel 60 F,s4, 0.2 mm Merck plates, eluent system (vol. ratio): benzene: ethanol =
5: 1.

IR spectra are taken on spectrometers Perkin-Elmer FTIR-1750 in KBr discs
and Bruker-113 in chloroform solution.

NMR spectra are taken on a Bruker DRX-250 spectrometer.

UV-Vis spectra are taken on a spectrometer Camspec M 508.

Initial 4-substituted naphtalic anhydrides are synthesized on the basis of
publications [10,11].

1. General synthesis of 6-substituted-2-(4-methoxiphenyl)-2,3-dihydrophenalen-
1,3-diones and 3-(4-methoxiphenylmethylene)-1H,3H-naphto-(1,8-c,d)-pyran-1-ones

a) 0.04 moles of 4-substituted naphtalic anhydride, 0.12 moles 4-
methoxyphenylacetic acid and 0.06 moles anhydrous sodium acetate are heated for 2-
3 hours at temperatures of 190-240°C (Table 1). After cooling of the mixture, 500 ml
3% aqueous NH; are added. Then it is filtered and the filtrate is acidated with
CH3;COOH to reach pH 6.5. As a result 6-substituted-2-(4-methoxiphenyl)-2,3-
dihydrophenalen-1,3-diones are obtained. The precipitate is removed by filtration
and recrystallized using an appropriate solvent.

After acidification of the filtrate to pH 1, a certain amount of non-reacted initial
4-substituted naphthalic anhydride has been isolated.

° IVa:

'H-NMR (8, CDCls, ppm): 3.43 (s, 3H, CHs), 6.26 (s, 1H, OH), 7.2-7.7 (m, 4H,
Ph), 7.83 (s, 2H, H-5, H-8), 8.29 (s, 2H, H-6, H-7), 8.41 (s, 2H, H-4, H-9)

PC-NMR (3, CDCl;, ppm):, 38.6 (CHs), 113.5 (C-2), 126.7 (C-5, C-8), 128.1
(C-4, C-9), 129.3 (C-4’, C-4a), 130.6 (C-3°, C-3a), 133.1 (C-6, C-7), 151.4 (C-3),
171.5 (C-1)

PC-DEPT (5, MeOH, ppm): 38.6 (CH;), 126.7(C-5, C-8), 128.1 (C-4, C-9),
133.1 (C-6, C-7)

o 1Vb:

'H-NMR (8, CDCls, ppm): 3.49 (s, 3H, CHs), 6.32 (s, 1H, OH), 7.15-7.68 (m,
4H, Ph), 7.72 (s, 1H, H-5), 7.91 (s, 1H, H-8), 8.15 (s, 1H, H-6), 8.26 (s, 1H, H-4),
8.30 (s, 1H, H-9)

PC-NMR (8, CDCl;, ppm): 43.0 (CHs), 112.0 (C-2), 123.7 (C-7), 128.7 (C-4),
129.0 (C-4’, C-4a), 129.3 (C-3’, C-3a), 130.3 (C-8), 131.0 (C-6), 133.1 (C-5), 154.3
(C-3), 173.5 (C-1)
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PC-DEPT (8, MeOH, ppm): 43.0 (CHs), 123.7 (C-7), 128.7 (C-4), 129.0 (C-4",
C-4a), 129.3 (C-3’, C-3a), 130.3 (C-8), 133.1 (C-5)

° IVe:

'H-NMR (8, CDCls, ppm): 3.12 (s, 3H, CH3), 3.57 (s, 3H, CHy), 6.11 (s, 1H,
OH), 7.37-7.52 (m, 4H, Ph), 7.80 (s, 1H, H-8), 8.07 (s, 1H, H-5), 8.29 (s, 1H, H-4),
8.64 (s, 1H, H-9), 9.0 (s, 1H, H-7)

PC-NMR (3, CDCls, ppm): 44.0 (CH3), 111.2 (C-2), 122.9 (C-7), 126.6 (C-4",
C-4a), 127.7 (C-4), 128.7 (C-3’, C-3a), 130.2 (C-8), 131.1 (C-6), 132.6 (C-5), 152.6
(C-3), 168.5 (C-1)

PC-DEPT (8, MeOH, ppm): 44.0 (CHs), 122.9 (C-7), 126.6 (C-4’, C-4a), 127.7
(C-4), 128.7 (C-3°, C-3a), 130.2 (C-8), 132.6 (C-5)

° 1Vd:

'H-NMR (8, CDCls, ppm): 3.49 (s, 3H, CHs), 6.84 (s, 1H, OH), 7.01-7.34 (m,
4H, Ph), 7.38 (s, 1H, H-5), 7.74 (s, 1H, H-8), 8.52 (s, 1H, H-4), 8.56 (s, 1H, H-7),
8.68 (s, 1H, H-9)

PC-NMR (3, CDCl;, ppm): 38.0 (CHs), 113.7 (C-2), 124.4 (C-7), 127.5 (C-4’,
C-4a), 128.0 (C-3°, C-3a), 129.4 (C-4), 130.2 (C-8), 132.5 (C-6), 134.6 (C-5), 158.3
(C-3), 173.6 (C-1)

PC-DEPT (8, MeOH, ppm): 38.0 (CHs), 124.4 (C-7), 127.5 (C-4’, C-4a), 128.0
(C-3°, C-3a), 129.4 (C-4), 130.2 (C-8), 134.6 (C-5)

° IVe:

'H-NMR (8, CDCls, ppm): 1.71-1.91 (m, 10H, H,), 3.2 (s, 3H, CH3), 7.06 (s,
1H, H-5), 7.25-7.46 (m, 4H, Ph), 7.7 (s, 1H, H-8), 8.11 (s, 1H, H-4), 8.47 (s, 1H, H-
7), 8.64 (s, 1H, H-9)

PC-NMR (5, CDCls, ppm): 24.0-26.5 (CH,, piperid. nucleus) 33.0 (CH;),
115.0 (C-2), 123.4 (C-7), 125.5 (C-4’, C-4a), 126.3 (C-3’, C-3a), 126.8 (C-4), 127.8
(C-8), 128.2 (C-6), 132.1 (C-5), 159,6 (C-3), 169.9 (C-1)

PC-DEPT (3, MeOH, ppm): 24.0-26.5 (CH,, piperid. nucleus) 33.0 (CHs),
123.4 (C-7), 125.5 (C-4’, C-4a), 126.3 (C-3’, C-3a), 126.8 (C-4), 127.8 (C-8), 132.1
(C-5)

o 1Vf:

'H-NMR (8, CDCl;, ppm): 1.69-1.88 (m, 8H, H,), 3.29 (s, 3H, CH;), 6.23 (s,
H, OH), 7.18 (s, 1H, H-5), 7.25-7.48 (m, 4H, Ph), 7.73 (s, 1H, H-8), 8.15 (s, 1H, H-
4), 8.50 (s, 1H, H-7), 8.63 (s, 1H, H-9)

PC-NMR (5, CDCls, ppm): 25.4-27.2 (CH,, morph. nucleus), 41.0 (CHs),
114.3 (C-2), 124.6 (C-7), 125.8 (C-4’, C-4a), 126.2 (C-3’, C-3a), 127.5 (C-4), 128.8
(C-8), 129.5 (C-6), 133.5 (C-5), 158.3 (C-3), 167.7 (C-1)
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PC-DEPT (3, MeOH, ppm): 25.4-27.2 (CH,, morph. nucleus), 41.0 (CH;),
124.6 (C-7), 125.8 (C-4’, C-4a), 126.2 (C-3°, C-3a), 127.5 (C-4), 128.8 (C-8), 133.5
(C-5)

o IVg:

'H-NMR (3, CDCls, ppm): 1.68-1.92 (m, 8H, H,), 3.33 (s, 3H, CH3), 6.28 (s,
1H, OH), 7.16 (s, 1H, H-5), 7.18-7.53 (m, 4H, Ph), 7.74 (s, 1H, H-8), 8.09 (s, 1H, H-
4), 8.43 (s, 1H, H-7), 8.58 (s, 1H, H-9)

PC-NMR (8, CDCls, ppm): 23.2-27.6 (CH,, pyroll. nucleus), 38.0 (CH3), 115.3
(C-2), 125.5 (C-4’,C-4a), 126.6 (C-7), 127.8 (C-3’, C-3a), 128.1 (C-4), 129.9 (C-8),
131.2 (C-6), 134.6 (C-5), 153.5 (C-3), 170.2 (C-1)

PC-DEPT (5, MeOH, ppm): 23.2-27.6 (CH,, pyroll. nucleus), 38.0 (CHs),
125.5 (C-4’,C-4a), 126.6 (C-7), 127.8 (C-3’, C-3a), 128.1 (C-4), 129.9 (C-8), 134.6
(C-5)

b) Following treatment with 3% aqueous NHj, the residue is extracted on a
Soxlete  apparatus with  petroleum ether, and as a result 3-(4-
methoxiphenylmethylene)-1H,3H-naphto-(1,8-c,d)-pyran-1-ones are obtained (Table
1). These are recrystallized from ethanol.

o IIIb:

'H-NMR (8, CDCls, ppm): 3.20 (s, 3H, CH3), 7.34-7.69 (m, 4H, Ph), 7.80-8.43
(m, 5H, napht. nucleus)

PC-NMR (8, CDCls, ppm): 123.7 (C-7), 124.5 (C-4”, C-4a), 125.9 (C-5”, C-
5a), 127.5 (C-9), 128.7 (C-4), 130.3 (C-8), 130.5 (C-3"), 131.0 (C-6), 133.1 (C-5),
154.3 (C-3), 173.5 (C-1)

II. General synthesis of 6-substituted-2-(4-methoxiphenyl)-2,3-dihydrophenalen-
1,3-diones

0.01 mol of 4-substituted naphtalic anhydride, 0.03 moles 4-
methoxyphenylacetic acid and 0.015 moles anhydrous sodium acetate are heated for
2-3 hours, at temperatures of 190-240°C (Table 1). The mixture is cooled down to
50°C and 100 ml 3% sodium methylate in methanol is added. The mixture is refluxed
for 30 minutes. The mixture is cooled down and 100 ml 5% aqueous solution of
sodium acetate is added. The mixture is filtrated. The filtrate is neutralized with
CH;COOH and the precipitates obtained are filtered. Yields of end products vary
from 52% for acetyl to 85% for piperidine derivatives. Their colours vary from light
brown to red.

111. Synthesis of 6-substituted-2-nitro-2-(4-methoxiphenyl)-2,3-dihydrophenalen-
1,3-diones (Va-g; Y=b)

0.0025 moles of the product Ila-g are dissolved in 18 ml CH;COOH at 60°C.
0.005 moles of HNO; (d=1.36) in 2 ml CH;COOH are added drop wise to the
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reaction mixture. After cooling a light yellow product (Va-g; Y=b) is obtained in the
reaction mixture which is recrystallized in CH;COOH.

1V. Synthesis of 6-substituted-2-bromo-2-(4-methoxiphenyl)-2,3-dihydrophenalen-
1,3-diones (Va-g; Y=a)

0.005 moles of Ila-IIg are dissolved in 20 ml CH;COOH during heating. To the
resulting reaction mixture, a solution of 0.005 moles bromine in 10 ml CH;COOH is
added drop wise at 50°C for 30 minutes. After 3 hours the reaction mixture is diluted
with water and the precipitate is filtered. Thus obtained products (Va-g; Y=a) are
light yellow coloured and they are recrystallized in ethanol.

V. Synthesis of 6- (or 7-) substituted-2-(4-methoxiphenyl)-3-acetoxiphenalenones
(VD

0.005 moles of II and 10 ml acetic anhydride are refluxed for 2 hours. The
reaction mixture is poured down in 100 ml water, to obtain a product with yield (85-
95%).

VI. Hydrolysis of the obtained acetoxiphenalenones

1 g of the product VI a-g is dissolved in 50 ml ethanol. 50 ml 2% NaOH is
added and the mixture is refluxed for 2 hours. After distillation of the major part of
the ethanol, the mixture is diluted with water and neutralized with CH;COOH. The
precipitate is filtered and recrystallized from an appropriate solvent. The product
reveals the same physicochemical parameters as the products obtained through
methods la and I1.
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ABSTRACT

Pectin is one of the major structural cell wall polysaccharide of higher plants.
Pectin macromolecules include several regions, rhamnogalacturonan I,
rhamnogalacturonan II and homogalacturonan, differing in their sugar composition
and structure. The main sugar is D-galacturonic acid, which can be methyl-esterified.
The degree of methylation (DM-defined as number of methylesterified galacturonic
acids per 100) is an important parameter related to mechanism of gelation.

Enzymatic =~ demethylation  influences the  gelation of  pectins.
Pectinmethylesterases (PME) from plant and fungal origin have different mode of
action — blockwise and random respectively and produce pectins with different
gelling properties. Hence for correct description of the gelling pattern of pectins, not
only DM but also the distribution of free carboxylic groups is to be known. Degree of
blockiness (DB) is a quantitative measurement of the blockwise distribution of free
carboxylic groups in pectin molecule.

In the present work pectins with different DM were obtained as a result of
demethylation with PME from orange and Aspergillus aculeatus in 50mM MES
buffer at pH 6, 30°C and presence of 3mM CaCl,. Their degree of blockiness was
determined and was showed the ability of HM pectin demethylated with orange PME
to form a gel in the presence of Ca ions even at DM=70. In any case pectin
demethylated with fungal PME doesn’t gel if DM>50. The changes of DM and DB
were followed along the demethylation process and were related to the gelling
properties of pectin monitored by rheological measurements in oscillatory shear.

Keywords: pectin, PME, enzymatic modification, pectin gelation
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INTRODUCTION

Pectin is a natural complex biopolymer found in primary plant cell walls which
backbone is built mainly by galacturonic acid [1]. Despite its structural complexity
and diversity, three major building subunits are generally recognized -—
homogalacturonan, rhamnogalacturonan I (RG I) and rhamnogalacturonan II (RG II).
Homogalacturonan consists of a long linear chain of o-(1—4)-galacturonic acid
(GalA). RG I has a backbone built by repeating disaccharide unit [—>4)-o-D-GalpA-
(1-2)-o-L-Rhap-(1—]  bearing  neutral sugars  side-chains  (arabinan,
(arabino)galactan) linked to the rhamnose residues. RG II has a backbone similar to
homogalacturonan with attached very complex side chains. The carboxyl groups of
the GalA units are usually methylesterified and the molar ratio of methoxyl groups
per 100 GalA is defined as the degree of methoxylation (DM). Thus two major types
could be defined — Low Methoxy (LM) pectin when DM is lower than 50 and High
Methoxy (HM) pectin when the DM is higher than 50. The main application of pectin
is as gelling agent in food industry.

The presence of free carboxyl groups or the possibility to deesterify the
metoxylated carboxylic groups gives the pectin polyelectrolyte behaviour. One of its
main characteristic is certainly its capacity to bind calcium ions and to be cross-
linked through these ions. Such calcium-mediated structures have been claimed to be
present in the cell walls, leading to insolubilisation of pectins: this is one of the
mechanisms proposed for the linkages between polysaccharides in the cell walls. The
extraction of pectins by calcium chelating agents [2] as well as the recognition of
such structures by monoclonal antibodies [3] are often presented as proofs for this
hypothesis, although the pectins present in these extracts are generally highly
methylated and sometimes acetylated, ruling out the probability of long free GalA
sequences [4].

DM is an important parameter influencing the process and mechanism of
association of pectins but the distribution of the unesterified GalA residues in the
pectin macromolecule is more and more recognized as having a critical role in these
associations since it affects the reactivity of pectin with cations. Usually HM pectins
gel at low pH and in presence of sugars and LM pectins gel in presence of divalent
cations. Indeed blockwise distribution of free carboxylic groups favors the calcium
binding much more than a random one. The use of chemicals and enzymes for
deesterification may lead to different esterification patterns. When studied in
solution, it is well known that acidic deesterification or fungal pectin methylesterases
(PME, E.C. 3.1.1.11) cause random distribution of the free GalA whereas plant PMEs
are known to lead to blocky structure [5-9]. A new parameter — degree of blockiness
(DB) [10], was introduced as an attempt of quantitave measurement and
characteristic of distribution pattern of free carboxylic groups, trying to better
describe relationship structure-gel-forming properties of pectins. DB measurement is
based on the determination (by HPAEC [10], capillary electrophoresis [11], NMR-
spectroscopy [5, 6]) of the products (non methylated monomer-1°, dimer-2° and
trimer-3° of GalA) of extensive enzymatic digestion of pectins by endo-
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polygalacturonase, which prefers substrate with long unesterified blocks of GalA
(eq.1) [10].

GalA

o [AXT9)+@2%29)+(BX3)IM ,

= x 100
(1 o DM /1 OO) mpectin (m uronicacid /mpectin)

)

The more blocky structure has the pectin the greater will be the quantities of
liberated monomer, dimer and trimer of GalA and thus the degree of blockiness will
have higher values compared to pectins with a random pattern of deesterification.

The aim of the present work is to investigate the process of enzymatic
demethylation using PMEs from orange and Aspergillus aculeatus in an in situ
mediated Ca-pectic gel. The changes of DM, DB, G’ and G’ (storage and loss
moduli) were monitored and used to characterized the gel system.

MATERIALS AND METHODS

The lime pectin used was kindly provided by Cargill Texturizing Solution
(Redon, France). P71 is a HM pectin with DM=71 (containing 81.8% GalA).

Pectin methylesterases used were from orange (O-PME, Sigma P5400, L’Isle
d’Abbeau, France) and from Aspergillus aculeatus (Aa-PME, UniProt Q12535), the
later one being kindly provided by Novozymes A/S (Copenhagen, Denmark). The
enzymes were solubilized at 5Smg/ml in 2-[N-Morpholino] Ethane-Sulphonic acid
(MES) buffer (10 mM, pH 6) and dialyzed overnight at 4°C against the same buffer.
Before enzymatic incubation the enzymes were diluted as necessary with the same
buffer.

The endo-polygalacturonase (AnPGII, E.C. 3.2.1.15, UniProt P26214, provided
by Novozymes) was from Aspergillus niger.

The GalA content of the pectins was colorimetrically determined by the
automated m-hydroxybiphenil method [11].

DM of the pectins deesterified by PMEs were determined by quantification of
values of methanol released by alkaline deesterification (0.5 M NaOH) for 1h at 4°C
in presence of CuSQ,. For their determination reverse phase HPLC was carried out
with a C18 Superspher column (Merck) using 4 mM H,SO, as solvent at a flow rate
of 0.7 ml/min at 25°C. Isopropanol was used as internal standard and DM was
calculated as the molar ratio of methanol to GalA.

Rheological measurements were performed at 30°C using controlled-stress
rheometer (AR2000, TA instruments) equipped with a Peltier temperature controller
and with a cone-plane device (20 mm diameter, 4° angle, gap between cone and plane
113 pum). Preheated at 50°C 2% pectin solution and 6 mM CaCl, (both in 50 mM
MES buffer, pH 6) were mixed by adding slowly CaCl, solution at equal volumes
(1% pectin and 3mM Ca final concentration). The enzyme was added at the necessary
activity, solution was well mixed and approximately 1.5mL was transferred onto the
rheometer plate also preheated at 50°C. The visco-elastic properties of pectin gels
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were characterized by measuring the storage (G’) and loss moduli (G”) over time of
gel formation and evolution. Time sweep test was done at a frequency of 1 rad/s and
strain amplitude 1% followed by frequency sweep test at the same deformation rate.

RESULTS
Treatment of P71 and gel evolution. Since DM of pectins is an important
parameter determining their physico-chemical properties, kinetic of deesterification

of P71 was followed for 24h using different enzyme activities. Incubation of pectin
with Aa-PME led to very fast decrease of DM compared to O-PME (Table 1 and 2).

Table 1. Change of DM of P71 deesterified by Aa-PME for 24 hours

. Activity
Time, h
7.11nkat 3,55nkat 1.19nkat 0.24nkat 0.08nkat

0 71.2 71.2 71.2 71.2 71.2
1 30.85 48.85 354 60.1 61.5
2 27 45.55 29.8 55 60.4
4 21 40.2 29.4 41.7 57.7
6 15.15 31 29.1 324 49.5
8 11.75 27.8 26.1 30.4 48.8
10 8.5 29 27.6 30.6 43
24 4.1 9.45 19.6 28.9 28.9

After 24h incubation for all the samples deesterified with 4a-PME the DM was
below 30. At the highest activity used (7.11 nkat) 4a-PME deesterified pectin to very
low DM. For the O-PME decrease of DM was moderate (Table 2) and at activities of
0.08 and 0.24 nkat DM was still above 50 after 24 hours.

Table 2. Change of DM of P71 deesterified by O-PME for 24 hours

Time, h Activity
7.11nkat 3.55nkat 1.19nkat 0.24nkat 0.08nkat
0 71.2 71.2 71.2 71.2 71.2
1 67.7 66.1 70.2 69.7 70.6
2 56.7 54.6 67.4 66.9 66.9
4 53.5 49.7 67 63.9 67.1
6 45.1 48.1 66.6 58.5 66.5
8 44.8 43.7 62.4 55.8 65.2
10 43.9 43.1 57.8 55.5 65.1
24 36.5 35.2 55.9 51.7 59.3

Along with the DM decrease system evolution was investigated by time sweep
oscillatory measurements and attempt to connect changes of DM with rheological
behavior of the gels was made. Although DM of samples treated by 4a-PME
decreased very fast in the beginning this led to moderate increase of storage and loss
moduli (G” and G’ respectively) — Fig.2. For activities of 1.19 and 0.24 nkat gels
continued to evolve and equilibrium in the system was not reached after 24 hours.
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One explanation for this observation could be the redistribution of Ca ions along the
pectin macromolecules with the new free carboxylic groups formed during the
constant action of PME. For the lowest activity — 0.08 nkat equilibrium was reached
relatively fast but with very low values of G’ and G’’. Gel evolution for the samples
deesterified with O-PME was a very rapid process even that the DM was higher than
50 and the higher is the activity of the enzyme used the more pronounced was this
effect. Whatever the amount of O-PME added in the medium (except the lowest
activity) the values of G’ at the end of the incubation were higher than those obtained
with Aa-PME. These observations demonstrate that the most important parameter for
the gelation process and gel evolution is not the decrease of DM but rather the pattern
of introduction of free carboxylic groups in pectin during the deesterification.

10 T T

—#—7.11nkat —m—1.19nkat
——1.19nkat ——0.71nkat

—+—0.24nkat 100D |——0.24nkat
—¢—(0.08nkat ——(0.08nkat

1000

100

G', G", Pa

101

0.1 0 8
16 o4 16 24

Figure 1. Storage and loss modulus (G -filled figures; G ”-empty figures) obtained for 1%
HM pectin with different activities of A-PME and O-PME

DM and DB comparison. Confronting data of DM decrease for both PMEs
treatment and rheological properties of the pectin gels obtained as a result of PME
action has shown that more important parameter for gel ability is the pattern of
distribution of free carboxyl groups and not the simple decrease of DM. To obtain
information about the pattern of deesterification we performed enzymatic
fingerprinting of the deesterified pectins using endo-PG II. Since the preferred
substrate of endo-PG II is polygalacturonic acid or pectins having long blocks of free
GalA the more blocky structure has the pectin the more products of enzymatic
degradation will be obtained.

Even the smallest decrease of DM of pectins treated with O-PME resulted in an
increase of DB from 10% for the untreated pectin to about 18% (after 120 min of
treatment with 0.24 nkat). After 24 hours the DB was higher than 64% even if the
DM was above 55. On the contrary for 4a-PME the large decrease of DM was
accompanied by moderate increase of DB. At the higher activity used (1.19 nkat)
after 24 hours DM was below 20 but DB reached values of approximately 30%.

The importance of presence of block structures in pectins can be seen when DM
decrease, DB increase and gel evolution are plotted together — Fig. 2. The increase of
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DB for samples deesterified with O-PME corresponds to the increase of G’ of the
system and the more steep rise of DB is observed the more sharp is the gel evolution.
For the 4a-PME moderate increase of DB is observed although the sharp decrease of
DM. This resulted in a slowly evolving gel system, which did not reach equilibrium
for the time of measurements. The formation of gels using Aa-PME occurred when
the DM decreases below 20 and in this case presence of more blocky structures is due
to the low DM (data not shown). The moment of visual gelation of the O-PME
deesterifed pectin is after 120 min of the incubation. Gelation strongly depends from
DB increase and was done even at the values of DM 67.4. For 4a-PME — no visual

gelation was observed for 24 hours with this enzyme activity even the final DM was
below 30.

100 80

Aa-PME
- 70
—e— G, Pa —o— DM, %
80 |-
—8 -G",Pa —a— DB, % 1 0
© |
D_- 60 L 50
i DB=30.51 (el
o) *no visual gelation 0 pj'g
o 9 DM=20.09 e
1400 ‘ 80
O-PME p
1200 - visual gelation point / 70
1000
Q“_S 800
G
- 600 -
O]
400 -
200

0 time=120min 8 time, hours 16 24

Figure 2. DM, DB, G’ and G’’ change for 24h incubation of 1%HM pectin, 3mM Ca,
0.24nkat PME - 1. Aa-PME, 2. O-PME
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CONCLUSIONS

Orange PME-deesterified pectin gives strong gels although the high DM of the
pectin. Gelification is faster than by using fungal PME and evolution of the gel
system is related to DB. 4a-PME treatment of pectins leads to fast demethylation and
after 24 hours for all activities used DM is below 50. DB describes better gelation
process for both enzymes but is not the only factor which influences it. The presence
of PME during the gel formation allows to delay the equilibrium and thus to propose
new stimulable gelling systems. Moreover, the enzyme behavior observed in this
work gives new insights of the role of calcium in muro.
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ABSTRACT

Chemical composition of historical peppermint oil sample (more than 50 years
old) and four fresh oils obtained from three confirmed Bulgarian cultivars “Kliment —
637, “Sofia 35-A” and “Zefir” and newly selected variety from local population was
investigated by GC and GC/MS. Chemical composition of Bulgarian peppermint oils
corresponded to all criteria stated in ISO 856:2006 and the main components were
menthol (35.2 — 46.2%) and menthone (8.7 — 25.9%). Antimicrobial activity of the
studied peppermint oil samples was evaluated against pathogenic and provisionally
pathogenic bacteria. All of the tested peppermint oils demonstrated higher activity
against Gram-positive bacteria and weaker against Gram-negative bacteria. Historical
peppermint oil sample was absolutely comparable and even exceeded the studied
fresh peppermint oil samples according to its chemical composition, antimicrobial
activity and odor characteristics.

Keywords: peppermint oil, chemical composition, antibacterial activity

INTRODUCTION

The production of peppermint oil in Bulgaria dates back to the middle of the
18" century, carried out in a very primitive way by water distillation of local varieties
of wild mint, pennyroyal and field mint, while the derived oil has been used only in
the traditional medicine. The first trials to introduce peppermint as a crop culture in
Bulgaria are recorded in 1905, but with no success. The industrial cultivation of
peppermint begins after 1923, and as soon as 1938 Bulgaria has already occupied the
third place in the world in terms of peppermint oil production. During the Second
World War production has dropped substantially but managed to regain its positions
during the 50s. Bulgarian peppermint oil has gained world popularity under the name
Bulgaro-Mitcham oil (after the Mitcham region, England). Its recognition is due,
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most of all, to its rich and pleasant odor, sweet-peppery taste and high menthol
content, which makes it highly praised on the international market [1,2].

Currently, the production of peppermint essential oil is significantly reduced
due to the replacement of peppermint by other crops and growing the plant for the
purpose of obtaining mint leaves for teas.

Along with the local population, which is nearly extinct, a number of selected
confirmed cultivars are grown nowadays in Bulgaria — “Kliment-63”, “Sofia 35-A”,
“Zefir”, “Maritza-1" and “Tundzha”. These are highly productive and more insect and
disease resistant, but the obtained oil deviates in olfactory nuances from that of the
local variety, appreciated as the Bulgaro-Mitcham type. The selected cultivars contain
essential oil in the ranges: 0.4 — 0.8 % in the fresh raw material and up to 1 —2 % in the
dried raw material [1]. The basic physical and chemical indexes and composition of
Bulgarian peppermint oil has been a subject of investigation for many researchers [1-
6], but most comprehensively summarized by Georgiev and Stoyanova [1].

Primary objective of the present study was to compare the chemical
composition and the antibacterial properties of historical peppermint oil sample and
fresh oils obtained from three confirmed Bulgarian M. x piperita cultivars (“Kliment-
637, “Sofia 35-A” and “Zefir”), and newly selected variety from local population,
according to ISO 856:2006 criteria [7].

MATERIALS AND METHODS

Essential oil samples: The historical peppermint oil sample was kindly
consigned to us by an old family from small town Bania, located near the “Valley of
Roses” in Bulgaria. Before 50 years they inherited about 5 L peppermint oil from
their parents. The oil was stored in dark glass demijohn sealed with wax and was
opened for the first time during January this year. The fresh peppermint oil samples
from confirmed cultivars and newly selected variety from local population were
purchased from The Institute of Roses and Aromatic Plants (IRAP), Kazanlik,
Bulgaria.

Analysis of essential oils

GC analysis: GC/FID analyses were carried out using a GC-14A with
split/splitless-injector, FID and C-R6A-Chromatopac integrator (Shimadzu, Japan), a
GC-3700 with FID (Varian, Germany) and C-RI1B-Chromatopac integrator
(Shimadzu). The carrier gas was hydrogen (flow-rate: 1.0 mL/min); injector
temperature, 250°C; detector temperature, 320°C. The temperature programme was:
40°C/5 min to 280°C/5 min, with a heating rate of 6°C/min. The columns were 30 m
x 0.25 mm bonded DB-5MS fused silica, with a film thickness of 0.50 um (J & W
Scientific, USA) and 30 m x 0.32 mm bonded Stabilwax, with a film thickness of
0.50 um (Restek, USA). Quantification was achieved using peak area calculations,
and compound identification was carried out partly using correlations between
retention times [8-12].

GC-MS analysis: For GC/MS measurements a GC-17A with QP5050
(Shimadzu), split/splitless-injector and HP-Compaq data system (GCMSsolution-
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software), a GC-HP5890 with HP5970-MSD (Hewlett-Packard, USA) and
ChemStation software on a HP-Pentium, a GCQ (Finnigan-Spectronex, Germany-
USA) and Gateway-2000-PS75 data system (Siemens-Nixdorf, Germany, GCQ-
software) were used. The carrier gas was helium (flow-rate: 1.0 mL/min); injector
temperature, 250°C; interface-heating at 300°C, ion-source-heating at 200°C, EI-
mode was 70 eV, and the scan-range was 41-450 amu. For other parameters, see
description of GC/FID, above. Mass spectra correlations were done using Wiley,
NBS, NIST and our own library as well as published data [8-11].

Physical-chemistry analysis: Acid value of the studied peppermint oils was
determined according to ISO 1242:1999 procedure [13]. Ester value, before and after
acetylation, were determined according to ISO 709:2003 procedure [14].
Determination of relative density at 20 °C was carried out according ISO 279:1998
reference method [15]. Optical rotation was determined according to ISO 592:1998
procedure [16] and miscibility in ethanol was determined according to ISO 875:1999
procedure [17].

Antimicrobial testing procedures

Test microorganisms and preparation of test inoculum: Bacillus cereus
ATCC 11778, Citrobacter diversus (clinical isolate) Escherichia coli ATCC 8739,
Staphylococcus aureus ATCC 6538, Staphylococcus aureus (clinical isolate),
Staphylococcus epidermidis (clinical isolate), Pseudomonas aeruginosa ATCC 9627,
P. aeruginosa (clinical isolate), Pseudomonas fluorescens (food spoilage strain,
isolated from minced meat), Salmonella abony ATCC 6017 and S. abony (clinical
isolate) were used as test microorganisms. Test strains were obtained from culture
collections of The National Bank of Industrial Microorganisms and Cell Cultures
(NBIMCC, Bulgaria), Department “Biochemistry and Microbiology”, University of
Plovdiv, Bulgaria and Clinic of Infectious Diseases, Medical University of Plovdiv,
Bulgaria. Bacteria were maintained on Nutritional Agar (NA), National Center of
Infectious and Parasitic Diseases (NCIPD), Bulgaria. Overnight bacteria cultures
were prepared by inoculating about 2 mL of Mueller-Hinton Broth (MHB, NCIPD,
Bulgaria) with 2-3 colonies selected from NA. Broths were incubated at 37°C for 24
h on a rotary shaker 220 rev/min. Inoculums were prepared by diluting overnight
cultures by adding sterile MHB to achieve absorbance, corresponding to 0.5
McFarland turbidity standard (1.0/1.5x10° CFU/mL).

Serial broth dilution method: Serial broth dilution method was carried out in
accordance with NCCLS recommendations [18-20]. A stock solution to be tested was
prepared by diluting rose oil sample in DMSO (Sigma-Aldrich Co.). Stock solution
was then added to culture broth to reach final oil concentrations ranging from 3.28%
(v/v) to 0.01% (v/v). Serial dilutions were inoculated with 100 puL of bacteria
inoculum, prepared as listed above. The samples were then incubated at 37°C for 24 h
and the absorbance was read at 680 nm (CAMSPEC, UK). Control samples of
inoculated broth without oil and without DMSO and inoculated broth with DMSO,
were also incubated under the same conditions. For the broth dilution method the
mean absorbance of the duplicate samples was compared with the mean absorbance
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of the broth samples containing DMSO without oil to give a measure of the overall
reduction in growth. The concentration of DMSO in the broth dilution assay was kept
at concentration to ensure that the effect on bacterial and yeast growth was minimal.
Minimal inhibitory concentration (MIC) was defined as the lowest concentration
which resulted in a reduction of > 90% in the observed absorbance. To determine
minimal bactericidal concentration (MBC), 100 pL of each dilution showing no
growth was spread on MHA. The inoculated Petri dishes were incubated at 37°C for
24 h. The colony forming units were counted and compared to control dishes. MBC
was defined as the lowest concentration that killed > 99.9% of the initial inoculum.
Each experiment was performed in duplicate.

RESULTS AND DISCUSSION

A comparison of the historical peppermint oil with fresh peppermint oils from
confirmed Bulgarian cultivars and newly selected variety from local population (see
Table 1) revealed qualitative similarities but quantitative differences. Historical
peppermint oil characterized with the lowest content of menthylacetate (0.15%), but
the highest content of 1,8-cineol (6.47%). According to its chemical composition
historical peppermint oil differs from all of the peppermint oils used in the present
study. Based on the differences in chemical composition and odor descriptions we
can assume that probably this historical oil was obtained from an old extinct local
population of M. x piperita Bulgaro-Michum type.

Table 1. Comparison of the percentage composition of the major components (over 3 %) of
historical and fresh peppermint oils from confirmed Bulgarian cultivars (M. x pipperita)
and newly selected variety from local population

Compound Histo.rical Sofia Kliment Zefir Vg*?::;'yf:‘f)l:lc:z(cial
oil 35-A 63 .
population
1,8-Cineol 6.47 2.60 5.40 5.10 2.4
Menthone 21.75 25.90 23.10 8.70 11,8
Menthol 40,89 35.20 35.70 46.20 45,7
Menthylacetate 0.15 8.80 15.10 16.80 33
B-Caryophyllene 1.25" 3.60 0.60 1.20 3,9

" Both components were at concentrations up to 3 % in historical oil but were placed in the table for better comparison

To wverify this assumption physical-chemistry characteristics of historical
peppermint oil were compared with characteristics of confirmed Bulgarian cultivars,
newly selected local population, Bulgaro-Michum type and ISO 856:2006 criteria.
The results obtained have been presented in Table 2.
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Table 2. Comparison of physical-chemistry characteristics of historical and fresh
peppermint oils from confirmed Bulgarian cultivars (M. x pipperita), newly selected local
population, Bulgaro-Michum type and ISO 856:2006.

Character Historical Confirmed Newly selected | Type Bulgaro- ISO 856:2006
oil Bulgarian variety from Michum [1]

M. x piperita local

cultivars [1] population
d ;g 0,900 0,900+0,910 0,900 0,900+0,910 0,898+0,918
ap 24,6 -16+-28 -25.8 -16+-28 -14+-30
Acid value 1,48 up to 1,50 0,66 up to 1,50 up to 1,50
Ester value 29,5 14+42 32,8 14+34 12+30
Acetyl value 174,5 135+193 164,4 147+193 135+200
Py 1:5 1:5 1:5 1:5 1:5

As to be seen historical oil sample corresponded exactly to all of the criteria
stated in ISO 856:2006 and Bulgaro-Michum type. Regardless of long storage period
historical peppermint oil was comparable with all fresh oil samples and literature data
which mean that it is very chemically stable.

Antimibacterial activity of peppermint oil samples was studied against four
Gram-positive and seven Gram-negative bacteria. The results obtained have been
presented in Table 3.

Table 3. MBC of various peppermint oils from Bulgaria

Test microorganism Source 1 2 3 4 5
B.cereus ATCC 11778 0,1 0,2 0.05 0,2 0.05
C.diversus Clinical isolate 0 0 0 0 0
E.coli ATCC 8739 0,2 04 0.1 0.4 0.1
Ps.aeruginosa ATCC 9627 0 0 0 0 0
Ps.aeruginosa Clinical isolate 0 0 0 0 0
Ps.fluorescens Raw-smoked pork fillet 0 0 0 0 0
S. abony ATCC 6017 0,2 0,4 0.1 0,4 0.1
S. abony Clinical isolate 0,2 0,4 0.1 0,4 0.1
S. aureus ATCC 6538 0,1 0,2 0.05 0,2 0.05
S.aureus Clinical isolate 0,1 0,2 0.05 0,2 0.05
S.epidermidis Clinical isolate 0,1 0,2 0.05 0,2 0.05

1 — Historical oil; 2 — Sofia 35- A; 3 — Newly selected variety; 4 — Kliment 63; 5 — Zefir.

As to be seen all of the studied peppermint oils demonstrated antimicrobial
activity. Among the used test microorganism C. diversus, both strains of P.
aeruginosa and P. fluorescens were resistant to investigated peppermint oils.
Generally, the Gram-positive bacteria seem to be more susceptible to the investigated
peppermint oil, comparing to the Gram-negative ones. The results obtained are in
accordance with data, showing that Gram-negative bacteria are more resistible to
various antimicrobials [23]. For its antimicrobial activity peppermint oil was one of
the dominant essential oils used in folk medicine. The peppermint oil obtained from
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confirmed cultivar Zefir and newly selected variety demonstrated equal antimicrobial
activities and characterized with almost equal total content of 1,8-cineole, menthol
and B-caryophyllene, 52.5 % and 52 %, respectively. Both oil samples demonstrated
the highest antimicrobial activity, followed by historical peppermint. The lowest
antimicrobial activity demonstrated both peppermint oils obtained from confirmed
cultivars “Sofia 35-A’ and “Kliemnt 63” wich characterized with the lowest total
content of 1,8-cineole, menthol and [-caryophyllene, 41.4 % and 41.7 %,
respectively. Antimicrobial activity of the studied peppermint oil samples decreased
in the order of total content of 1,8-cineole, menthol and B-caryophyllene decreasing.
It’s well known from the literature that these components possessed high
antimicrobial activity, which confirmed the results, obtained.

CONCLUSION

On the basis of the carried out researches and the results obtained we can
summarized that the studied historical peppermint oil sample from Bulgaria was
chemically and microbially stable for a very long storage period. It differs from
currently confirmed Bulgarian M. x piperita cultivars and newly selected variety from
local population. It corresponds to all of ISO 856:2006 criteria and according to its
pleasant and unique odor at a certain extent even exceeds fresh peppermint oils.
Probably this old oil was obtained from extinct local population and belongs to
Bulgaro-Michun type.
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ABSTRACT

The chemical composition of CO, extract from the flowers with bracts of
linden (7ilia tomentosa Moench.) growing in Bulgaria was analyzed using GC and
GC/MS. 36 compounds (91,53 % of the extract) were identified and the main
components (concentration higher than 3 %) were benzaldehyde (14,20 %)),
phenylethylalcohol (9,78 %), 2-methylpropenenal (7,11 %), n-hexanal (4,81 %),
trans-pentenal (4,26 %) ethylalcohol (3,87 %) and nonanal (3,23 %). Antimicrobial
activity of CO, extract against various pathogenic and provisionally pathogenic
bacteria, yeasts and moulds was evaluated, but the extract was antimicrobially
nactive.

Keywords: Chemical composition, CO, extract of linden, antimicrobial activity.

BBHBEJAEHUE

Jlunara (Tilia sp.) € MHOTOTOAMIIIHO IHPBO OT ceM. Tiliaceae, KOETO ce cpela
[0 MapKOBE W TPaJIMHU B MHOTO CTpaHu Ha cBera. B EBpona mma okono 35 Buaa
AWMa, HO HAW-4ecTO pa3MpoCTPaHEHHW C€ CIEAHUTE YETUPH: EIPOJUCTHA
(mupoxonuctHa wau xonauxacka) smma (7Tilia grandiflora Ehrth. = T. platyphylla
Scop. = T. macrophylla Vent.); npednonuctHa (chprieBuaHa wiau ausa) auna (7ilia
europea L. = T. cordata Mill. = T. parviflora Ehrh. = T. sylvestris Desf. = T.
ulmifolia  Scop.); cpebponuctHa (Osuia wnm yurapcka) nuna (7ilia tomentosa
Moench. = T. argentea Desf. ex D.C. = T. alba L.) u Tilia intermedia D.C. = T.
vulgaris Hayne [6].

B namara ctpana U3 ropucTUTE U KaMEHJIMBU CKJIOHOBE, B MPEATIIAHUHCKUS U
IJIAHUHCKUS JIOJIEH T0SIC, OCHOBHO ce cpemart eapoiuctHa (7. platyphylla Scop.) n
npeononuctHa Jsuna (7. cordata Mill)). B mnapkoBeTe u TpaJiuHHUTE, Karo
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JEKOpPaTUBHO JbPBO, TIOBEYE € pa3mpocTpaHeHa cpedposuctHata juna (7. argentea
Desf. ex D.C) [1].

JIMMOBUAT BAT HAMUpa MPUIOKEHUE B HApOHATa MEAMIIMHA, 110]] opMaTa Ha
OTBapM M 3aMapku, MpPU BH3MAJCHUS HAa TOPHUTE NUXATEIHH IBTHUINA, KOETO CE
IBIDKK Ha ChIBPXKAIIUTE C€ €TEPUYHO Macio, (IaBOHOUU, CAIOHUHU, THOWIHU H
np. BemecTna [1, 3, 5, 6].

KosnmaecTBoTo Ha eTepuyHo Maciio B 11seToBeTe € 10 0,06 %, KaTo ChCTaBbT MY
3aBUCH OT pa3nudHd  (HakTopu — OMOJOTHYHU, TIOYBCHO-KIUMATHIHU W
TeXHOJIOTMYHU. Hampumep, MaciaoTro, NOJY4YEHO 4Ype3 BOJHA JECTUIAlUS OT
I[BETOBETE W TIPUIIBETHUIIUTE HA CPEOPONWCTHA JHMa, OTIJIeKIaHa B Typrus, e
6oraro Ha ectepH, 34,8 % u 27 %, choTBeTHO [16], noKaTOo B I'bpIus - HA JTMHAION
13,1 % u xexcaxuapodapHesun aneron 17,7 %, u € ¢ JokazaHa aHTUMHUKpPOOHa
aktuBHOCT [10].

Ot 1BeToBeTe Ha cpedpOIUCTHATA JIMIIA, YPE3 EKCTPAKIHUS C TETPOJIEB €Tep, €
MOJIY4EeH U apOMaTHUYHUSI MPOAYKT KOHKpeT (noous 0,32 %) [11].

N3BecTHO €, ue BTeuHeHuTe razope (OyTaH, npomnan, CO, u ¢ppeonun) ca mo-ce-
JIEKTUBHHU Pa3TBOPUTENIM B CPaBHEHHUE C M3MOJ3BAaHUTE B €TEPUUYHOMACIIEHATA MPO-
MUIIUICHOCT, 10 OTHOIIEHHE HAa apOMATHYHUTE KOMIIOHEHTH M U3BJIMYAT MO-MAaJIKO
OanactHu BemecTBa [4]. B mocmbmHaTta auTeparypa uMa caMoO €IHO ChOOIICHHE OT
Vidal u Richard [17], koutro momy4aBat CO,-eKCcTpakT OT IBAT Ha JPEeOHONMCTHA
muna (Tilia cordata Mill.) ¢ ocHOBEH KOMIIOHEHT, OT uAcHTHUUIUpaHuTe 14
KOMIOHeHTa - quoyTtmidranar (11,8 %).

Hsma nannu 3a npepaboTka Ha UBST OT CpeOPOTUCTHA JIUIA YPE3 EKCTPAKIIMS C
CO,, KOETO € M IIeJI Ha HACTOSIIOTO M3CJICABaHE.

MATEPUAJIN U METO/IN

W3cnenBanu ca 1[BeTOBE C MNpUUBETHHIM OT cpedponuctHa auna (7ilia
tomentosa Moench.), 6panu nipe3 m. toun Ha 2007 r. B paiioHa Ha rpaa JuMuTpoB-
rpajl, KaTo uAeHTU(UKAIMATA HA BUIa HA pacTeHUEeTo 1o Mopdoioruynu oenesu [2].
[IpepaGoTBanaTta cypoBuHa € C BIaxHOCT 68 %, ompeneneHa ype3 aleoTpornHa
nectunamnus [7].

llonyyasane na excmpaxkm om auna: IIpoBelieHa € €KCTpAKLHUs C BbIVIEPOJIEH
JUOKCH]I TIPU CIIEIHUTE TEXHOJIOTUYHU NapaMeTpu: HaJsiraHe B eKCTpakTopa 68 - 72
atm; Temmeparypa Ha npoueca — 28 - 32 °C; npoxsmxutensoct 180 min, o6eM Ha
excTpakTopa 5 dm’. OT apOMaTHYHHUS IPOAYKT YPe3 eKCTPAKIIMS C CTHIIOB aTKOXOI €
HOJIy4eHo adcoto [7].

XHMHUYEH ChCTAB HA EKCTPAKT OT JINMA

GC ananuz: anapar Agilent 7890A ¢ miIaMbYHO-HOHU3AIMOHEH JETEKTOP;
koimoHa HP-INNOWax Polyethylene Glycol (60 mx0,25 mm; duam 0,25 um); Tem-
nepatypuu ycaosus: 70 © C — 10 min, 70-240 °C — 5 °C/min, 240 °C — 5 min; 240-
250 °C - 10 °C/min, 250 °C — 15 min; ra3 nocuren xemwmii, 1 ml/min constant flow;
umkextop: split, 250 °C, split ratio 50 : 1.
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MS/GC ananus: anapat Agilent 5975 C, ra3z HocuTen Xeluil, KOJIOHA U TEM-
nepatypHH yciaoBus, kakto npu GC ananusa; aerexropu: FID, 280 °C, MSD, 280 °C
transfer line.

AHMUMUKpOOHA AKMUGHOCM HA eKCMPAKmM OMm 1una

Tecm muxpoopeanusmu: Gram-mojoxxutenHu Oaktepum - Bacillus cereus
ATCC 11778, Bacillus cereus, Citrobacter diversus, Staphylococcus aureus ATCC
6538, Staphylococcus epidermidis;, Gram-otpunatenau Oakrepuu - Escherichia coli
ATCC 8739, Pseudomonas aeruginosa, Pseudomonas fluorescens u Pseudomonas
putida, opoxcou - Candida albicans w Candida tropicalis. Bcuuku wm3noJ3BaHU
MUKPOOHH KYJITYPH C€ ChXPaHSIBAaT B MUKPOOHATA KyJITypalHa KOJICKITUS Ha KaTepa
,bruoxumus u mukpoouonorus‘ Ha I1Y , I1. Xunennapcku®.

llonyuasane na nocesna xyamypa: 3a TOJydaBaHE Ha MOCEBHA KYJTypa OT
uscneaBanute Oakrepuu, 2 mL MIIb ce unokynupar ¢ 2-3 xonoHuu ot 24 4acoBu
KyJITYpHU Ha ChbOTBETHUS OaKTEpHAIEH TECT MUKPOOPraHW3bM, Pa3BUT Ha MoOJerar
arap. EnpyBserkure ¢ Teuna cpena ce KyaruBupar B tepmocrar npu 37°C 3a 18-20
yaca JI0 JJOCTUTraHe Ha ONTHYECcKa IUIbTHOCT, BU3YalHO OTroBapsiia Ha ctanaapt 0.5
na McFarland (1.0/1.5x10° CFU/mL). IIpi HEoGXOXMMOCT, IOCEBHATA KyJITypa Ce
pazpexaa cbe crepuwiieH MIIb, 1o nocturane Ha kenaHusi TUTHP KieTku. [loceBHaTa
KyJATypa OT JpOXKJIEBUTE TECTOBE CE€ IMOydyaBa [0 aHAJIOTHYEH HAYMH, KaTo Ce
u3oi3Ba cpera Ha Cabypo, a KyarusrpaneTo ce nposeskaa npu 28°C 3a 48 yaca [8].

Huckos Aeap Jugysuonen Tecm (HAAT): JAHAT ce mpoBexaa mo Meroja
ormucan ot Sacchetti et al. [15], cermacHo npenopbkute Ha National Committee for
Clinical Laboratory Standards (NCCLS) [12].

Memoo na cepuuinume pazpedicoanus (MCP): MCP ce mpoBexaa CbhriacHO
meroaukara Ha Hili et al. [9], B choTBeTcTBHE ¢ mpenopbkute Ha NCCLS [13, 14].

PE3VYJITATHU U OBCBH/XKJIAHE

CO,; ekctpakTsT (m06uB 1,0 % crnpsimo abc.c.B. HA CypOBUHATA) MPEACTABIISIBA
cBeTiokadsaBa BUCKO3HA Maca. AOcomoTo (moouB 12,2 %, crnpsiMO €KCTPaKThT) €
THMHO OI[BETEHA Maca C XapaKTEPHUS MUPUC HA JIUTIOB IBIT. XUMHUYHHUAT ChCTaB HA
abcomoTo € mpeacTtaBed Ha Tabiu. 1. OT maHHUTE ce BIKIA, Y€ ca MACHTU(DHUIIMpaHn
36 xommoHeHTa, koeTo € 91,53 % ot o6musa cberaB. OCHOBHUTE KOMITOHEHTH (Haxa 3
%) ca: benzaldehyde (14,20 %), phenylethylalcohol (9,78 %), 2-methylpropenenal
(7,11 %), n-hexanal (4,81 %), trans-pentenal (4,26 %) ethylalcohol (3,87 %) and
nonanal (3,23 %). Paznpenenennero Ha UACHTUPHUIIUPAHUTE KOMIIOHEHTH 1O TPYIH

ChbeMHEHMs e€: amuparHu kuciaopoachabpxkamm — 50,75 %, apomarHu
KUCJIOPOAChAbpKAIIU — 25,89 %, kapOOHOBU KHUCEJIMHH, €CTEPU U anaexuaud — 9,48
%, MOHOTEpHEHOBH BbINIEBOgOpoan — 2,67 %, amuHo-ankoxonu — 1,16 % wu

anudatau Bbriesoaopoau — 0,61 %.
N3BectHO €, ue erepuunoto macio oT juna (Tilia cordata Mill.), ¢ ocHOBeH
KoMIoHeHT tricosane (31,3 %), mposiBsiBa aHTUMHKPOOHA akTUBHOCT [10].
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[Tonyuenoro or CO, eKCTpakT abCOI0, ChABPKAILIO MPEIUMHO ATJECXUIU, HE
JENCTBA BbPXY M3CIIEBAHUTE TECT-MUKPOOPraHU3MU. ToBa ce 00ACHSIBA C XUMUYHHUS
ChCTaB, KOMTO € pa3jIuveH OT TO3U Ha €TePUYHOTO MacCJIO.

Taoauna 1. Xumuuen cocmas na CO,-ekcmpaxm om yssam ¢ npuysemHuyy Ha
cpeoporucmua auna (Tilia tomentosa Moench.)

Ne Kommnonent Copabpxanue, %
1 Propanal 1,38
2 Acetone 2,11
3 2-Methylpropenal 7,11
4 Ethyl alcohol 3,87
5 Pentanal (Valeraldehyde) 2,83
6 1-Penten-3-one 2,13
7 trans-2-Butenal 1,90
8 n-Hexanal 4,80
9 trans-2-Pentenal 4,26

10 | Heptanal 1,01

11 Limonene 2,67

12 trans-2-Hexenal 2,08

13 Octanal 1,36

14 | trans-2-Heptenal 1,69
15 6-Methyl-5-heptene-2-one 2,77
16 Hexanol 0,66
17 cis-3-Hexenol 0,98
18 Nonanal 3,23
19 2,6-Dimethyl-2,6-octadiene 0,60

20 trans-2-Octenal 0,74

21 1-Octen-3-o0l 0,64

22 Acetic acid 1,62

23 trans-2-trans-4-Heptadienal 1,87

24 2,4-Heptadienal 1,80

25 Benzaldehyde 14,20

26 Octanol 1,51

27 | Caryophyllene 0,97

28 | 2-Methylbutyric acid 0,60

29 Valeric acid 0,44

No)
=
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30 | Dimethylmaleic acid anhydride 0,96
31 Hexanoic acid 2,88
32 | Benzyl alcohol 1,91
33 Phenyl ethyl alcohol 9,78
34 trans-3-Hexenoic Acid 0,78
35 trans-2-Hexenoic Acid 2,20
36 2-Amino-1-butanol 1,16
O61mo 91,53
AnudatHu BBIIIEBOIOPOIU 0,61
AnudaTHU KHCIOPOAOCHIBPKAIIH 50,75
KapOoHoBH KHCETMHH, €CTEPH U ATIASXUIU 9,48
MoHOTEPIIEHOBU BBIIIEBOIOPOIN 2,67
CeckuTepIrieHOBU BbIJIEBOAOPOIU 0,97
ApOMaTHHU KUCIOPOACHAbPIKAIIN 25,89
AMUHO-aJIKOXO0JIN 1,16
3AKJ/IIOYEHHUE

CO,-excTpakThT OT I1BeTOBe Ha cpebponuctHa nuna (7ilia cordata Mill.)
ChABpPKa OCHOBHO QIJIEXUAW W HE MPOSBSIBA AHTUMUKPOOHA AKTUBHOCT CHPSIMO
U3CIIEIBAHUTE TECT-MUKPOOPTAHU3MHU.
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MUKPOOTJIOKEHUS OT MJATUHOBU METAJIA
BBLPXY BBIJIEPOIHN MATEPHUAJIM:
BJIMSTHUE HA BBIJIEPOTHUSA HOCUTEJI
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ABSTRACT

Effect of the kind of carbon materials (graphite and glassy carbon), modified
with either microquantities of palladium or with a mixture of (70%Pd+30%Au) has
been studied at the electroreduction of hydrogen peroxide. It has been established
that modified electrodes show different electrocatalytic activity depending on the
kind of carbonaceous support. Operational parameters such as the optimal working
potential, the influence of temperature and the resulting electrode characteristics were
examined.

Knrowosu oymu: moouduyupanu enekmpoou, epagum, cmuwvriocpagum,
enekmpopedykyus na H,O,.

BBBEJIEHUE

KonnuecTBeHOTO OIpeaeissHe Ha BOJOPOJHUS MEPOKCH] € OT U3KIHOYUTEIHO
BaXHO 3HAUEHUE IOpagy HEroBOTO ULIMPOKO U PA3HOOOpPA3HO NPUIIOKEHUE B
npoMunuieHocrra. B xpanurennara naayctpust H,O, ce u3nonssa npu U3KyCTBEHOTO
CTapeeHe Ha BHHA, KaTO CTEPUIIM3MpAIL areHT IIPU IPOU3BOIACTBOTO HA MIIIKO U
MJICYHU IPOAYKTH, KAaKTO M 33 OCUTYpPsSBAaHE AaCENTUYHOCTTA HA OIIAKOBKUTE B
NMBOBapHaTa NPOMHULUIEHOCT, MOPaaud HPUCHILUTE My OAKTEPHULMIHH CBOWCTBA.
AnTepHarMBa HA  KJACMYECKUTE  AHAJUTUYHM  TEXHUKH  (TUTPUMETPUYHH,
CHEKTPO(HOTOMETPUYHH, (IIyOPECUEHTHH, XEMWIYMHUHHUCIICHTHH) C€  SBSBAaT
aMIIEPOMETPUYHUTE METOAM, KOUTO Mpeiarar peauua IpeauMcTBa Mpu AETEKIMITA
Ha H,0O,: BHUCOKAa 4yBCTBHUTEIHOCT, HUCHK OTKPHMBAEM MHHUMYM, MIUPOK JIMHEEH
IUana3oH Ha EeJEKTPOJHMSI OTroBOp KaTo (YHKLUMS OT KOHIEHTpauusTa, Obp3
OTrOBOP, OTHOCUTEIHO HUCKa CE0ECTOMHOCT Ha aHalln3a, KAKTO U BB3MOXKHOCT 32
JEeTEeKIUs B BETHU 1poOu. Pa3paboTBaneTo Ha npoctu, Obp3H, HAACKIHU U €BTUHU
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TEXHUKU 3a MOHUTOpPUHT Ha H,O, € oT 3HaueHne He camo 3a UHAYCTpHsTa, HO U 3a
MHO>KECTBO OMOJIOTUYHHU, MEIUIIMHCKA U KIMHUYHU NpoyuBaHus, Thil kato H,O, e
€IUH OT Hal-Ba)XKHUTE NPOAYKTH HA EH3UMHO-KAaTAIU3UPAHUTE OKHUCIUTEIHU
peakuuu. B Tasum Bpb3Ka peauna HaydHM HW3CIIEBAaHUS, LENSIIUA TO0J00psBaHe
CEJIEKTUBHOCTTA Ha €JIEKTPOXUMUYHOTO omnpezaensine Ha H,O,, ca pokycupanu Bbpxy
Ch37aBaHETO Ha €()EKTHBHM EJIEKTPOKATAIMTUYHU cHcTeMHU 3a pexykuus Ha H,0,
IPYU HHUCKU IOTEHUHMAIH, KbJIETO CE HaMajsBa IPEYEIlOTO BIMSHHME HA peEanLa
cyOcTaHIuu.

AKTyaJlHU Ipe3 NOCIEAHUTE TOJUHU Ca U3CIIECIBAHMATA 32 €JIEKTPOAaHATUTHYHA
nerexkuusa Ha H,O, ¢ MUKpO- 1 HAHOCTPYKTYpPHPAHU C METAJIHU YaCTHULM BBIJIEPOJIHH
matepuanu [1-4]. Onpegensdimiyd (pakTopu 3a NPAKTUUYECKUS HMHTEPEC KbM TE3U
€JIEKTPOKATAIN3aTOPU Ca TSIXHATa OTHOCUTEIHO HHCKA Ce0ECTOMHOCT, ONMPOCTEHUTE
IpoLeaypHy M0 MOIU(DUIIMPaHEe, KAKTO U CTAOMITHOCTTA HA MOJYYEHUTE OTIOKEHUS.

B nactosiimara paboTa ca npejcTaBeHu €JIeKTpOAM MOJy4eHH Ha 0a3ara Ha JBa
TUTIA BBIVIEPOJAHU MATPULM — TpapuT U CcThKIOrpadur, MoAUGUIMPAHU C
MUKpokosimuecTBa oT 4ucT Pd u c¢be cmec ot (Pd+Au) B crotHomenue 70%:30%.
[lenTa Ha u3cieaBaHeTO € Ja ObJie yCTAHOBEHO KakK BIIMsE MIPUPOJIaTa Ha MOJIJI0KKaTa
BBPXY aKTHBHOCTTA Ha €JIEKTPOKATAIN3aTOPUTE B IIpoueca Ha peaykuus Ha H,O,

MATEPUAJIN U ATTIAPATYPA

Karo HOcuTenu Osxa W3MOJI3BAaHU JIBa THUIA WHEPTHH BBHIVICPOJHH IOIOXKKH
(0.7x0.7x0.3 cm): 1) rpadur ot THma IM3 ¢ Sieon=1.6-1.8 cm’® u cbc cnenuure
CTPYKTYPHHM XapaKTEPUCTHUKU: crienrupuyHa noBbpXHOCT S=0.8 cm’ g'l; IUIBTHOCT
p=1.56-1.7¢g cm”; mopposuter 20—25%; 2) CTHKIOrPadUT ChC Speoy=1.35 cm’.

OTnaraHero Ha KaTaIUTHUYHO-aKTUBHUTE KOMIIOHEHTH: MHUKPOKOJIUYECTBA OT
Pd unmu cmec (70%Pd+30%Au) BbpXy BBITIEPOJHUTE MaTepuain Oerie U3BBPIICHO
ENEKTPOXUMHYHO B moTeHnuoctatuueH pexum (E, “"*=0.05 V (cipsmo obGpaTum
BOJOPOJIEH €JEKTPOA)) upe3 KparkoBpeMeHHa (10 s) enexrpoin3a OT CIEIHHUTE
enextponutu: Pd ot 2% PdCl, + 0.1M HCI; cmec (Pd + Au) ot 2% PdCl, + 2%
HAuCl; + 0.1M HCIl (B3etu B cwhotHomeHus Pd:Au 70:30 obemHH dYacth).
CroiiHocture Ha KoinuecTBOTO enekrpuuectBo Q (C) M Ha OTJIOKEHUTE
MUKPOKOJIMYECTBA OT KaTaTUTUYHO-aKTHBHUTE KOMITOHEHTH (camo Pd mmm cmec ot
70%Pd + 30%Au) ca npeacraBenu B Tabnuma 1.

Moaudunupanure eneKTpoau e ObAaT HA30BaBaHU B TEKCTa KAaKTO CIIE/BA:
rpaduT MoauduIMpaH camMmo ¢ MUKpokoiaudecTBa ot Pd (enexkrpoxn tum A); rpadut
MoAU(UIIMPAH C MUKpOKojndecTBa Ha cmec oT Pd+Au B chotHOomenue 70%:30%
(enextpon tun B); crekiiorpadut Momuduiupan caMo ¢ MUKpokosmuecTBa oT Pd
(emexktpoa tun C); cTbkiaorpadpuT MoAupUIMpPAH C MUKPOKOJIMYECTBA Ha CMEC OT
Pd+Au B crotHOmenue 70%:30% (enextpon tun D).

CranmapTHa TpHUEJCKTPOIHA CTBKIEHA KJIETKa C pa3/IeJieHd EJICKTPOJIHU
nmpocTpancTBa 1 paboten odem 11-15 cm’, cpaBuuTenen enextpox — Ag/AgCl (1M
KCl) wu mnpoTtmBOeneKkTpos -IUIATUHOB TPOBOJHHK, O€IIe W3IMOJ3BaHA TPHU
EIIEKTPOXUMHUYHUTE U3CIICIBAHUSL.
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EnexkrpoxuMuuHa CcuUCTeMa, BKIIIOYBAIlA CIICAHWTE arapaTHU  MOYJIH:
ounorenimoctatr Bi-PAD (TACUSSEL, France); reneparop EG 20 (Elpan, Lubawa);
peructpupaiio ycrpoiictBo tin XY (VEB, Messapparatewerk, Scholtheim), Oeie
W3M0JI3BaHa 32 M3CJIEIBaHMs B MOTEHIIMOJAMHAMUYCH PEXHUM Ha paboTa; TepMOCTaTr OT
tunia UH (VEB MLW Prufgerate).

Tadoauua 1. Cmotinocmu na koauuecmeomo earekmpudecmso Q (C) u ha omnoxcenume
MUKPOKOIUYECMEa Om KamaiumuiHo-akmusHume Komnonenmu (camo Pd unu cmec om
70%Pd+30%Au) creo kpamkospemenna (10 s) enexkmponuza

de-IOS, 5 5 5
THI Q, g my,. 107, m(Pd+Au)-10 ’ m(Pd+Au)-10 /Sreom.s
eJICKTPOJ C g g g cm’
™I A 0.315 1736 | meeeeeem | e 10.21
i B 0.250 9.67 5.10 14.77 8.68
in C 0.375 2068 | e | e 15.32
i D 0.300 11.58 6.12 17.70 13.11
PE3YJITATU U IMCKYCHUA

Aocopoyuonna cnocobHocm u Xapakmepucmuka HaA eHepZemuiHomo
CbCMOAHUE HA 6000P0O0, XEMOCOPOUPAH HA NOGBPXHOCMINA HA MOOUPuUUUpanume
6b211€POOHU e1eKMPOOU.

Yucture NoANoXKu OT rpaduT U CTHKIOrpaduT, KOUTO HE ChAbPKAT METAIHA
¢daza HIMAT BOAOPOJIHU MAKCUMYMH Ha MOTEHIIMOAUHAMUYHUTE BOJITAMIIEPHU KPUBU
(®ur.la u 6, kpuBu 1). B ch1oT0 BpemMe Ha aHOJHUTE MOTEHUMOAUHAMUYHU KPUBU
Ha EJEKTPOAMTE, ChIbpKalu MHUKpokoindectBa or Pd u cmec or (Pd+Au) B
cvotHomeHue 70%:30% (enexktpoau tun A, B, C u D) ce dukcupar nukoBe Ha
necopOiusi Ha Bojaopoja. Ype3 MHTErpupaHe IUIOLITA MOJ ChOTBETHUTE MHUKOBE B
obnactTta oT —490 10 —240 mV (vs. Ag/AgCl), kaTo ce U3KI0YBa TOKHT 332 YUCTUTE
BBIJIEPOAHU  TMOMIOXKKH  ((poHOBHS TOK), Oeme M3YUCIEHO KOJUYECTBOTO
enekrpuuectBo Qy’, HEOOXOAMMO 3a CHeMaHe Ha ajacopoupanus Bomopox. OT
croiiHocTTa Ha Qy’ IPH MPEANOJIOKEHHE, ue MOHOCIOM oT Hy,. ce 06pasysa npu E =
—640 mV (vs. Ag/AgCl), Ha Koiito choTBeTcTBYBa 3apsin 210 pUC cm™ Germe
U34YHMCIIeHa UCTUHCKATa MOBBPXHOCT Ha enekrpoaute (Tabnuna 2). AxcopOironHara
CIIOCOOHOCT Ha M3CIEABAHUTE EJIEKTPOJM 3aBUCHU CHIIECTBEHO KAaKTO OT BUAA Ha
MOJAUQPUIUPALIKS KOMIOHEHT (CaMO MUKpOKoJimdecTBa OT Pd miu MukpokosinyecTna
Ha cMec oT 70%Pd+30%Au), Taka U OT BuJa Ha BBIVIEpOAHATA MOATOXKKa (Tpadur
win crekiorpadur) (Tadnuma 2). MoaudunupaHusT caMo ¢ MUKPOKOJIUYECTBA OT
Pd rpadur (enekrpox TMm A) mma 2.5 IBTH I0-BHCOKAa CTOMHOCT Ha Qp’,
PECIEKTUBHO MCTUHCKA TOBBPXHOCT (S,c;), OT MOAUPHUIUPAHHS CHC CHIUTE
MukpokonndectBa ot Pd crekmorpadutr (enekrpon tun C). O6partHo, mpu
MonupuIupane CcbC cMec Ha  MHKpokommuectBa  oT  70%Pd+30%Au,
cThkiIOrpaduTOBUs  €neKkTpon (enexkTpox Ttunm D) wmuma 2.5 OBTH MO-BHCOKA
aZCOpOIIMOHHA CHOCOOHOCT B CpaBHEHHE C €JEKTPoAa BBPXY HOCUTEN Tpadur
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(enextpon tun B). Ilpu rpaduroBa mnojioxkka ¢ jgobaBkata Ha Au KbM
MHKpoKoardecTBa oT Pd Qp°, pecrieKTHBHO S,;, IPU €NIEKTPO THII B HaMalsBa 1Ba
ObTH B CpaBHEHUE C elekTpoj Tunm A. Bbpxy Marpumna crekiorpadur chblara
Mukposo6aBka ot 30%Au kbM MHUKpoKoaudecTBara oT Pd Boau no yBenuuaBaHe 3
meTH Ha Qy° (PeCHEKTUBHO S,.;) NpU eneKTpox Tum D, B CpaBHEHHE ChC
cTeKiorpadut, Mmonuduirpan camo ¢ Mmukpokosmuectsa ot Pd (enexrpon tum C).

Enepretnynuar cnexkThp Ha aacopOIMsITa Ha BOJOPOA HA W3CIE/BAHUTE
CNIEKTPOIM € CBhIIO B 3aBUCUMOCT OT TOBAa Jald ca MOAUM(UIMPAHH CaMO C
Mukpokonuuectsa oT Pd wimu cse cmec ot 70%Pd + 30%Au 1 oT Buia Ha MOJI0XKKATA.
Ha anognara notenimoannamuyHa kpusa (dur. 1a, kpusa 2) Ha rpaduta Mmoaudupan
camMO C MajaJMeBM MUKpPOKOJMYEcTBa (eNeKTpoa Tui A) ce HaOiojaBaT JBa IHKa,
KOMTO CHOTBETCTBAT Ha JIB€ (pOpMH Ha aJcopOMpaH BOAOPOA — CIa0OCBBP3aH MpU
norenuuan —0.52 V u 3apaBocBbp3ad npu noteHuman —0.37 V. C u3meHeHue cpcraBa
Ha MOAM(ULIMpAIIUS KATATUTUYHO-aKTUBEH KOMITIOHEHT OT MUKPOKOJIMYECTBA HA YUCT
Pd cne cmec ot 70%Pd+30%Au, Bropata dopma Ha agcopOupan BoaopoJ n3ue3pa. Ha
NOTEHIMOAMHAMUYHATa KpuBa Ha enektpon tun B (Pwur.la, kpusa 3) ce nabmomaBa
caMo €IMH BOJIOPOJIEH MaKCUMYM Iipu noTeHiman —0.43 V.

1’4F I.mA

E,V

®durypa 1a. AHoOHU nNOMEeHYUOOUHAMUYHU KPUBU HA 2padumos erekmpoo (kpusa 1), na
cvuus eekmpoo moouguyupar ¢ mukpoxkoauvecmsa om Pd (kpusa 2) u cvc cmec om

70%Pd+30%Au (kpusa 3).16. AHOOHU NOMEHYUOOUHAMUYHU KPUBU HA CINBKI02PAPUMO8
enekmpod (kpusa 1), Ha cvuus enekmpoo moouguyupan ¢ muxpokoauvecmea om Pd

(kpusa 2) u cvc cmec om 70%Pd~+30%Au (kpusa 3). Donoe erexkmporum — gpocpammo-
yumpamen 6ygep pH 7.0, cpasnumenen enexkmpood Ag/AgCl (IM KCI); V=10 mV s

Ha aHonHaTa noTeHUMOAMHAMUYHA KpUBa Ha cThkiorpagura (Pur. 10, kpusa
2) moauduiupan camo ¢ MukpokosimuectBa ot Pd cbino ce Habmogasar ase hopmu
Ha ajicopOupaH BOJOpoOj — ciabocBbp3an npu noteHuait —0.52 V u 3apaBocBbp3aH
npu norenmman —0.33 V. Ilpu Ta3um mnojioxka, KakTo U Tmpu Tpadura,
MOAUGUIIMPAHETO ChC cMec OT MuKpokojnuectBa Ha 70%Pd + 30%Au, cbiio Boau
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10 u34Ye3BaHe Ha  BTopara ¢opma Ha  ajucopbupan  Bomopoxa. Ha
MOTEHIIMOMHAMWYHATA KpuBa Ha eyekTpoa tun D (dur. 16, kpupa 3) ce Habmro1aBa
caMo €JIMH BOJIOPOJICH MaKCUMYM Iipu noteHuuan —0.43 V.

Ot npencraBeHuTe JjgaHHW B Tabnuma 2 ce  BHKAa, Y€ BHJAa Ha
MOAUGUIMPAIIHAS KOMIIOHEHT HE BIIMSAE BBPXY MOTCHIMAIUTE Ha JecopOrus Ha
Bogopoaa Ey". Ey" 3aBucu camo or Buaa Ha moioxkara. [Ipu moguduiupanus
camo ¢ MukpokosmuectBa ot Pd creknorpadur (enexkrpon tun C) Ey™ 3a Bropus
UK € U3MECTEH B aHOJIHA ITOCOKA B CPaBHEHHE C TpaduTOBHS eNeKTpoA (Tui A), T.

€. IIPH eNEeKTPO/Ia OT CTHKIOrpaduT ce yBeanuaBa eHeprusita Ha Bpb3kara Pd — H.

Tabauua 2. A0copoyuonnu xapaxmepucmuxu — UCMUHCKA NOBLPXHOCT Sy, U CMOUHOCU
Ha nomenyuaiume Ha 0ecopoyusi Ha 000PO0 3a MOOUPUYUPAHUME eleKMPOOU 88
pocammno-yumpamen 6ygep, pH 7.0; pabomna memnepamypa 25 °C

0103 Ey*
™I QH 10 ’ SI/ICTi’ V(Ag/AgCl)
eJIEKTPO/ C cm

I nuk II nuk
™I A 9.66 46 -0.52 -0.37
™I B 4.95 23.57 -043 | -
tun C 3.92 18.67 —-0.52 -0.33
tan D 13.27 63.19 043 | e

Enexmpoxkamanumuyna aKmugHOC HA MOOUDUUUPAHU  6b21EPOOHU
e1eKmpoou.

CrauuoHapHUTE MOJSIPU3AUOHHU KPUBH 32 MOAU(PUIUPAHUTE E€IEKTPOJIU B
IPUCHCTBUE HA BOAOPOJIECH MEPOKCHU]T B IOTEHIMANIHATa 00sacT oT —250 1o +250 mV
(Ag/AgCl) mpu 25 °C ca mpeacraBenu Ha ®ur. 2. B wmscriemBaHara o67acT OT
NOTEHIMAIA 332 BCUYKA MOJUMPUIIMPAHHU EJEKTPOJU Ca PErucCTpUpaHu KaTOJHU
TOKOBE Ha €JIEKTPOPEAYKLHMS Ha BOLOPOAEH Nepokcua. Ha BCuuku noiasipuzalimoHHU
KpUBU C€ ouepTaBaT OO0JacTH C MOYTH MPEJCIHM CTOMHOCTH Ha TOKa (IJaro),
NOTEHUUAHUAT UaNa30H Ha KOWUTO 3aBUCHU KAaKTO OT NPHUPOJATa Ha OTJIOKEHHS
KaTaJTUTUYHO-aKTHBEH KOMIIOHEHT, Taka W OT BHJA Ha MOJIokKKara. [padurst
MoauduIMpan caMmo ¢ MHKpokosudecTBa Pd (emektpox tum A) ce oTiMyaBa CbC
CTPBMEH XOJ| Ha KpUBaTa U 3HAYUTEIHO CKbCEHO Iuato — oT —50 mo +50 mV. 3a
enexktpoan tun B, C u D obGnactra Ha miatoro € B €AUH U ChIll MOTEHIHAICH
mmanazoH — oT —150 mo +150 mV. Ot ¢urypara € BuUIHO, Y€ C TIO-BHCOKA
KaTaJUTUYHA aKTUBHOCT IpH enekTpopenykuus Ha H,O, ca enekTpoauTe nosydeHu
BbpXy Hocuten rpapur (enexktpoau Tan A u  B). Moaudunupanure
crhriiorpadguroBu enektpoau (tun C u D) ce oTiMyaBaT ¢hC 3HAUUTEIIHO MO-HUCKU
KaTOAHM TOKOBE B IMOTEHIMAJIHATa 00JacT Ha IUIATOTO. XOABT M TO3UIHUATA HA
MOJIAPU3AILIMOHHUTE KPUBU Ha ABaTa Moauduuupanu crekiorpadura (tun C u D) ca
UACHTUYHU, JIOKATO MpHU TpaUTOBHUTE EJIEKTPOAU C€ HaOII0JaBaT ChIUIECTBEHU
paznuuus. ['paduthT Moguduimpan ¢ MUKpokoindecTBa Ha cmec oT 70%Pd+30%Au
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(tumr B), oOaue, ce oTiiMuaBa ¢ MOBeYE OT YETUPH IIBTH MO-BHCOKH KaTOJHU TOKOBE B
Ta3u 00JI1acT.

20

(]
0 A
R @urypa 2. llonapuzayuonnu Kpusu
A A o
20 | T - Ha eneKmpopedyKyus HA 8000POOeH
o A
s . NepoKCcUd  8vpxy  MoouuyupaHu
A ° . .
< 0] Lo enekmpoou;, (oHo8  eNeKmpoum.
- . ° . gocpamuo-yumpamen  6ypep, pH
- B o
e ¢ a4 At a 7.0; konyenmpayusa na H,0,: 100
L[]
5| . uM;  memnepamypa 25  °C;
s o PCrva-un A cpasnumenen enekmpoo: Ag/AgCl
o Pd/Cetr-Tun C ]MKCZ
-1001 A PU:AU(70%:30%)/Crma-Tin B ( ).
A Pd:Au(70%:30%)/Cetr-Tnn D
-120 ‘ : : ‘ :

-300 -200 -100 0 100 200 300
E/mV

[Ipu moTeHnmanu oT 06JacCTTa HA MJIATOTO 3a YETUPHUTE TUIA MOIUDULIMPAHH
eJIeKTpo U Oele u3cieBaHa 3aBUCUMOCTTA HA €JIEKTPOJHUSA CUTHANI (KaTOJEH TOK)
ot koHrentpamusra Ha H,O, BbB docharno-urparen 6ydep, pH 7.0 mpu 25 °C.
EnekTpoqHusT curxai, KOMTO HapacTBa JUHEHHO ChC CyOCTpaTHaTa KOHIIEHTPALIUS
(kamuOparmonna rpaduka n=3) u uyBcTBUTenHocTTa (dI/dC), ompenenena ot
JMHENHUS y4acThK, 3aBUCAT OT IPUJIOKHUS MOTEHLIMAJ, IPUPOAATa Ha KaTaTUTHYHO-
aKTUBHUS KOMIIOHEHT W OT BHUJA Ha BbIVIEpOAHMS Hocutend. JlaHHuTe 3a
€JIEKTpPOJHATA YYBCTBUTEIHOCT M oO0JacTra Ha JHUHEHHOCT HAa CHUTHajla ca
npencraBeH B Tabmuua 3. 3a BCHYKM TUNOBE MOAMGUUMPAHU EIEKTPOAU
YYBCTBUTEIHOCTTA HapacTBa C HM3MECTBAHE Ha paOOTHUS MOTEHLMAN B KaToAHA
nocoka. BunHo e, ye B mpoueca Ha penykuuss Ha H,O, uyBcTBHTENHOCTTa Ha
EJIEKTPOUTE, TIOJIYYeHH BHpXY HOocuTen rpadut (tun A u B), e B mbTH no-sucoka. C
Haii-ucoka uyBctBuTenHocT (dI/dC=0.86 wA pM™) 1 Haii-Ibira 06IaCT Ha JIMHEIHA
KOHLEHTpalMoHHa 3aBucuMocT (1o 1270 uM) ce ornuuaBa enektponx Tvun B mpu
paboren motenuuan -50 mV. CpaBHJIBaHETO Ha ONEPAIMOHHUTE MapaMeTpu Ha
rpad@UTOBUS U CTBHKIOrPAaUTOBUS €IEKTPOA, MOAUPUIUPAHU C €IWH U CBhII
KaTaJUTUYHO-aKTUBEH KOMIIOHEHT — MUKpoOKoJimyecTBa Ha cmec oT 70%Pd+30%Au,
[IOKa3Ba, Y€ EJIEKTPOAMUTE ca C WACHTUYHA JiHeWHa obOnact. [lo oTHouleHue Ha
€JIEKTPOJIHATa YYBCTBUTEIHOCT 00aye, IpHU M3MOJI3BaHe Ha rpaduToBa MaTpula KaTo
HOCHTEJI, CE€ MOJyYaBa eJIEKTPOA-KaTalIu3aTop € 5 MbTU MO-BUCOKA YYBCTBUTEIHOCT.

IIpu mnorenmuan -100 mV aHanmutuuHoTO oOmpeaensHe Ha H,O, OGeme
U3BBPIUICHO CaMO BbpPXY MOAUPUIUpPAHUTE CThKIOrpaduToBu enektpomau (tun C u
D). IIpu cbiiusg paboTeH NOTEHIMAN, TOPAId PETUCTPUPAHU BUCOKH (POHOBH TOKOBE,
BbpXy Monupunmpanutre rpadutu (enexkrtpoau tan A u B) He Oemie mpoBeaeHO
onpexaensine Ha HyO,.
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Tadauua 3. OcnosHu onepayuorHu XapaKkmepucmuku npu eieKkmpopeoyKyus Ha
6000P0O0EH NEPOKCUO 8bPXY MOOuGuyupanu eiekmpoou; memnepamypa 25 °C; ¢pocpammno-
yumpamen oygep, pH 7.0

e.]'IEKTp()I[Ha quCTBI/ITeﬂHOCT, HHHEﬁHOCT Ha CI/era.JIa,
A M M
E mV A p 1
e.HeKTp0)1 - TUII eJ]eKTpO)I - TUII
Ag/AgCl
(Ag/AgCh — B C D A B C D
100 027 | 028 10900 | 10870
750 056 | 086 | 026 | 019 | 70500 | 101270 | 10800 | m0 1020
0 038 | 071 | 025 | 014 | 10500 | 10830 | 10680 | o830
3AKJIIOYEHUE

WscnenBanum ca eNeKTpOaW IMONyYeHM Ha 0a3zara HAa JBa TUIA BBIJICPOJIHU
MaTpul — rpadut u cThKIOrpaduT, MOAU(PHUIIMPAHU ¢ MEUKPOKOJIMYECTBA OT yncT Pd
u cmec (Pd+Au) B crotHOmenue 70%:30%. AmcopOrmioHHaTa CIIOCOOHOCT CIIPSIMO
BOJOPOJl U EJEKTPOKATAIUTUYHATA aKTUBHOCT HA W3CIEBAHUTE €JEKTPOJU 3aBUCST
CBIIECTBEHO KAKTO OT BUAA HAa MOJAU(UIIMPAIIUS KOMIIOHEHT, Taka WM OT BHJA Ha
BBIJIEPOAHATA MOJIOKKA: 1) mpu MoauduIMpaHe caMo ¢ MUKpokosmyectBa oT Pd
rpad@UTOBUST HOCUTEN TPOSBSIBA IO-BUCOKA aJCOPOIMOHHA CIOCOOHOCT OT
CThKJIOrpaUTOBUS, a MNpU MOAMUPUIMPAHE C MHUKPOKOJIMYECTBA HAa CMEC OT
70%Pd+30%Au — crekiorpaduTOBUAT, 2) NOTEHUMOJAWHAMUYHUTE KpHUBH Ha
MOJIM(DUIIIPAHUTE CaMO C TalaIueBU MUKPOKOIWYECTBa TpaduT U CThKIOTpaduT ce
XapakTtepusupar ¢ aBe (Gopmu Ha aacopOWpaH BOJOPOH, a Ha MOAUDUIIMPAHUTE C
mukpokoiangectBa ot 70%Pd + 30%Au rpadut u cThKIOrpaduUT ce XapaKTepu3uparT ¢
€IMH BOJOPOJEH MaKCHMyM; 3) HOTEHIManuTe Ha aecopOuus Ha Bomopox (Ey'™)
3aBHCIT CaMO OT BHUJAa Ha MOJJIOKKaTa, HO HE W OT BHJAAa Ha MOAU(DHUIHpAIIHS
KOMIIOHEHT; 4) rpadursT Momuduimpan camo ¢ MukpokoindectBa Pd ce ornmuasa
ChbC 3HAQUUTEIHO CKBbCEHO Iato — oT —50 mo +50 mV, ngokaro 3a ocraHaauTe
€JIEKTPOIM 00JIacTTa Ha IJIATOTO € B MO-IIUPOK Auana3zoH — oT —150 qo + 150 mV; 5)
32 BCHYKH THIIOBE MOJU(DHIMPAHU EICKTPOAM UYBCTBUTEIHOCTTa HapacTBa C
U3MECTBaHE Ha pabOTHMS MOTEHIMAl B KaTOJIHA IMOCOKa, KaTo HaW-BHCOKAa TaKaBa
nposisiBa rpaduThT MoauduimpaH ¢ MukpokoiaumdectBa oT 70%Pd+30%Au mpu
notenuuan -50 mV (dI/dC=0.86 pA pM™).
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PHOSPHOLIPID COMPOSITION IN OILS FROM BULGARIAN
VARIETIES OF SUNFLOWER
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ABSTRACT
Phospholipid composition of oils from 9 varieties of sunflower was investigated.
The phospholipids were determined spectrophotometrically after separation by
column and two-directional twin-layer chromatography. Their content was 0.7—-1.0%
in the seed oil. Phosphatidylcholine (34.0-49.4%), phosphatidylinositol (19.3-31.9%)
and phosphatidylethanolamine (11.3-27.6%) were found to be as major components
in all oils. Small quantities of phosphatidic acids, lysophosphatidylcholine,
lysophosphatidylethanolamine and phosphatidylglycerols also were detected.
Palmitic, oleic and linoleic acid predominated in the individual phospholipids.

Keywords.: sunflower oil, biological active substances, fatty acids, phospholipids.
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BBBEJAEHHUE

CabHYOIIEIOBOTO MAacClOo € Hai-MacoBO H3MOJ3BAHOTO Y HAC PACTUTEIIHO
Macjo, KOETO Hamupa MPUJIOKEHHUE KAaKTO 3a JUPEKTHA KOHCyMalus, Taka U KaTo
KOMITIOHEHT Ha pa3IMYHU XpaHUTEIHH NpOoAyKTH. OCHOBHUTE (HAKTOpPH, KOUTO
00yCIaBsT MPUIOKEHUETO MY, Ca HETOBUAT ChCTaB, (GU3HOJOTUYHUTE, JUCTHUHUTE U
BKYCOBH KauecTBa. B CIIbHUOIIIEIOBOTO MACIIO C€ ChABPKAT 3HAUYUTEIHUA KOJIMYECTBA
OMOJIOTUYHOAKTUBHA KOMIIOHEHTH — MAacCTHH KHCEIWHHU, crepoir, (hochommmuan,
KapOTCHOUIM, TOKO(EpOoIH, KOUTO WIpasT ChIIECTBEHA pOJIsi MpuU OOMSHATA Ha
BEILlECTBaTa B YOBCLIKUSI OpraHu3bM. CHIIUTE 3aBUCIT CHIIECTBEHO OT arpoMeTeo-
POJIOTUYHUTE U KIIMMAaTUYHU yCJIOBHUS U COPTOBA MIPUHAIEKHOCT |3, 4].

®dochonunuaure ca €AUH OT OCHOBHUTE OWMOJOTMYHOAKTHUBHU KOMIIOHEHTH,
YUETO MPUCHCTBUE MMA BaXKHO 3HAYEHHE B TEXHOJIOTUYEH ACMIEKT MPU MPOBEKIAHE
paduHaMATa HA CYpOBUTE Macia, 3a OKCHJIAHTHATa UM CTaOWUIIHOCT, KaKTO U 3a
OIICHKA Ha TSAXHaTa OMOJIOTMYHA IIEHHOCT U XpaHUTEIHa CTOWHOCT [4, 5, 6].

B nayuynara nuTepatypa JUICBAT JJaHHU OTHOCHO ChABPKAHUETO U ChCTaBa Ha
dbochonunuam B TIMIEPUTHOTO MACIO Ha HOBU OBJITAPCKU COPTOBE CIIbHYOTJIE.
BbB BpB3Ka ¢ TOBa, 111 Ha HacTosMmIaTa paboTa € Ja ce U3CcieaBa ChAbPKAHUETO U
chcTaBa Ha docdonunuaHata Gpakiys Ha TAKUBA COPTOBE.

MATEPUAJIN U METOJIHN

3a mpoBeXxJaHe Ha M3CIEIBAHMUATA ca M3IMOJI3BAHU CEMEHa OT JIEBET COpTa
cbHuOrNed — Huamanm, Mapuya, Mypa, Mycana, Mepxypuii, [lepgpexm, Monmana,
Can Jlyka u Anbena, pexonta 2007 ronuHa.

®ochounuauTe B CIIbHYOIIEAOBOTO MACIO €a H30JMPAHU OT OCTAHAIUTE
JUOUAHA KOMIIOHEHTH M CJIeJl TOBa Ca pa3[eleHd C IOMOLITa Ha KOJOHHA H
JIBYIIOCOYHA  TBhHKOCJIOWHA  XpoMmarorpadbus [1,7]. Cnem pa3BuBaHe Ha
XpoMarorpamara, eTHaTa Ha MHAUBUAYyATHUTE GOCPOIUINUIN ca UACHTUPUIUPAHU
4ype3 HAMPBCKBAHE ChC CHEUGUYHU 32 OTAeTHUTE (HOCHONUNHUIHNA TPYIA PEareHTu
[9]. 3a nombaHUTENHO HACHTHUUIMPAHE ca H3MNOoA3BaHU Ry — Qakropure Ha
OTJICTTHUTE UHAUBUAYATHU (HOCHOIUITHIN.

KonuuectBeHOTO ompeaensHe Ha UHAMBUAyanHUTEe (ochomunuan e
U3BBPIIECHO crekTpodoromeTpuyHo mpu 700 nm, cieq MUHEPaIU3UPAHETO UM C
MUHepaau3upail peaktuB (mepxiopHa:csipHa kucenuna 70:30% 00.) u 1BeTHa
peaknus ¢ MOJIMOIeHOB peareHT [1].

MacTHOKHCEIMHHMAT ChCTaB Ha (POCHOIUMUANTE € OMpeaesieH Ype3 ra3oBa
xpamarorpagusi. MeToabpT ce OCHOBaBa Ha u3ojupaHe Ha (ocPaTuauiIXoNInHa,
docharuaunuuozutona u QocdaruauieraHodaMuaa ot (ocoaunuaHara Gpaxuus,
ype3 npenapaTMBHA THHKOCIOWHa Xpomatorpadus [7], mojdyyaBaHe Ha ChOTBETHHUTE
NPEeYUCTEHU METWJIOBM €CTepU UM TAXHOTO HWIACHTU(UIMpaHE upe3 ra3oBa
xpomarorpadus. 3a 1enta HHIMBUAyaTHUTE (HOoCHOIUIUIN ca mpeecTepruPUIUpPaHu J10
METHJIOBU ecTepu 1o MeTojauka Ha Metcalf and Wang [10] npu kaTanu3aTtop HaTpUEB
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XHJIPOKCHU]I, CIIE]T KOETO ca MPEYMCTEHU Ype3 ThHKOCIOWHA Xpomarorpadus Bepxy 0.2
mm Silica gel 60 G n nonBwxkHa (paza neTposieeB erep: aueTusIoB erep 97:3 % o0.

OrnpenensHEeTO € U3BBPIICHO MPH CIEIHUTE YCIOBUA: ra3oB xpomarorpad HP
5890 Il ¢ nnaMbUYHO-UOHU3AIMOHEH ACTEKTOp, 25 m KanujsgpHa kKojoHa “EC Wax”;
Temneparypa Ha komonara — 130°C (4 min), ¢ npomsra 15°C/min, 240°C (4 min);
TeMneparypa Ha jgerekropa — 300°C; temmeparypa Ha umkekTopa — 300°C u ras-
Hocuten — Bomopon (H,), crumur — 1:50 u codryep Data Apex Clarity ™
2.4.1.93/2005.

NunuBuayalHUSAT ChCTaB € ONpPENENCH Ype3 CpaBHSIBAHE Ha IOJTYYEHUTE
BpEMEHAa Ha 3aabpKaHE OT XPOMATOTPAMHUTE C BpEMEHAaTa Ha 3aabp)KaHe Ha
CBUIETEIM OT METWJIOBH €CTEPHM HA WHIWBHAYATHO YHCTH MACTHH KHCCJIMHH.
KonuvecTBeHUAT ChCTaB € ompe/iericH Ha 0a3ara Ha ChOTHOIICHUETO Ha MMUKOBETE Ha
METHJIOBUTE €CTEPH HAa MACTHUTE KUCEITUHHU.

PE3YJITATHU U JUCKYCUA
JlaHHWTE 3a ChABPKAHUETO HA (HOCHOIUIUAN B MaAcCiiaTa U UHAUBUAYATHUS UM
ChCTaB ca IpeJICTaBeH! B Ta0Mua 1.

Tabauua 1. Auousudyanen cvcmas na pocghonunuonama gpaxyus

DJI B dochoaunuau, %
Copr MacJ0To,

o oX | ®PU | PEA | ®K | JIPX | JIPE | J®Ta | PC | CM

Huamanm 1.0 389 1295 | 17.7 | 23 1.4 1.5 3.0 35 | 2.2

Mapuuya 0.9 41.0 | 286 | 182 | 2.6 1.3 34 2.1 05123
Mypa 1.0 459 | 245 | 155 | 3.8 1.6 24 2.8 09 | 2.6
Mycana 1.0 469 | 308 | 11.3 | 2.6 1.1 2.6 2.1 0.7 | 19

Mepkypuii 0.9 372 | 313 | 13.7 | 2.0 3.1 5.6 34 | 0.6 | 3.1

Ilepghexm 0.7 380 | 292 | 27.6 | 0.2 0.8 1.2 1.0 1.1 | 0.9

Monmana 0.8 494 | 193 | 17.7 3.2 1.7 1.3 2.5 3.7 | 1.2

Can Jlyka 0.8 36.7 | 319 | 19.7 | 2.8 1.4 1.5 2.7 1.0 | 2.3

Anobena 0.8 340 | 263 | 23.8 | 43 1.6 1.4 3.3 42 | 1.1

OX — pocharnaunxomun; U — pocharnaununoszuron; PEA — pochatunnneranosamMus;
OK — docharuaau kucenunu; JIOX — nuzodocharuaunxonun;
JI®E — muzodocharununeranonamun; AP — nudocharuaunrianuepor,

O6moto chabpxanue Ha hochonunuau € oT eqHakbB nopsaabk (0.7-1.0%) u e
MajKO TO-BUCOKO OT TOBa B JAPYrHM H3CIEIBaHM COPTOBE, KBIAETO TO Bapupa B
rpanunute Ha 0.4-0.9% [4, 5, 6].

BB pochomunuanara ¢ppakuus npeodiagaBaT OCHOBHO — (pochaTuIUIXOINH,
dochatuamunozuton u  (PocharununeraHosaMud. To3u CbCTaB € CXOJEH C
dbochomunuaHus CbCTaB Ha JAPYrd HM3CIASABAHM COPTOBE cibHYOTIEH [6].
W3kotouenue mpaBd MacioTo OT copT ,,Mouwmana®, mpu KOWTO ce HabI0maBa
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3HAUUTEITHO TMO-BUCOKO ChIbpkaHue Ha (ocharununxonun (49.4%), 3a cMerka
OCHOBHO Ha (pocaruaununosurton u pocaruanieranonamud. OcTaHAIUTE KJIaCOBE
dbocdonunuau ca npeIcTaBeH! B HE3HAYUTEITHU KOJIMYECTBA.

JlaHHUTE 3a MACTHOKHMCEIMHHHUSA CbCTaB Ha QocdaTuamixonuH, docda-
TUIVIIMHO3UTON U (pochaTUANICTAHOIAMIH ca MPECTaBeHU B Tabnuia 2.

Tabauna 2. Macmuoxucenunen cbcmas Ha UHOUBUOYATHU hochorunuou

MacTHHu KuceJuHHu, %
Copr DJ1
C 14:0 C 16:0 C 16:1 C 17:0 C 18:0 C 18:1 C 18:2 C 18:3 C 20:0 C 22:0
DX 0.2 8.1 0.1 0.1 33 77.1 1 11.0] 0.1 - -
onu 0.3 12.5 2.0 0.3 44 | 750 | 54 0.1 - -
HHumanm
DEA | 04 13.1 0.2 0.1 50 | 786 | 2.4 0.2 - -
DX 1.0 129 | 0.5 0.5 6.1 2851429 | 2.2 2.8 2.6
M. )4 2.8 14.8 1.0 2.5 4.0 | 289 | 39.7 1.0 2.5 2.8
apuya
DFEA | 3.8 157 | 0.8 2.0 4.5 30.1 | 37.5 2.5 1.5 1.6
DX 1.2 11.1 0.6 0.3 33 33.3 | 432 1.9 2.7 2.4
Mypa )4 0.5 192 0.3 0.5 56 | 266 | 416 | 0.8 2.6 2.3
DEA 1.2 | 22.5 0.6 0.6 477 | 302 | 36.6 | 0.6 1.6 1.4
DX 1.2 16.2 - 2.5 477 | 298 | 426 | 0.5 1.7 0.8
M U 1.2 19.2 - 0.9 3.0 | 2721436 | 0.3 33 1.3
'ycana
DEA | 3.1 24.0 - 0.7 14 | 253 | 42.1 1.0 1.0 1.4
DX 1.0 12.2 1.0 0.5 3.6 | 33.8 | 41.1 1.0 2.9 2.9
M . | OoUH 0.6 152 | 0.3 0.6 3.7 | 348 | 39.8 1.2 1.9 1.9
epKpuil
DEA | 03 180 | 0.3 0.3 54 | 347 | 364 1.6 2.1 0.9
(1)),¢ 1.8 19.8 1.6 0.3 39 | 270 | 434 1.0 1.0 0.2
11 )4 38 | 232 0.6 - 10.5 | 257 | 329 | 23 1.0 -
ephekm
DEA | 2.2 | 26.6 1.5 - 5.6 | 254 | 37.1 1.0 0.6 -
DX 2.3 183 | 4.2 1.9 6.1 288 |1 37.0 | 0.6 0.6 0.2
M )4 3.0 | 20.0 1.5 0.5 8.0 | 30.5| 355 0.5 0.5 -
OHmMHA
DEA | 3.1 262 | 44 1.4 109 | 272 | 258 | 0.5 0.4 0.1
DX 04 19.1 0.4 0.6 4.5 325 | 388 | 0.7 1.6 14
C U 0.5 | 24.1 0.2 0.4 52 | 335|334 | 09 1.2 0.6
an JIyka
DPEA | 05 | 216 | 0.5 0.7 4.6 | 32.7 | 34.8 1.1 2.1 1.4
DX 29 19.0 | 0.8 1.7 3.1 202 | 51.0| 0.5 0.8 -
onu 25 1229 0.8 0.5 3.1 208 | 48.6 | 0.5 0.3 -
Anoena
DEA | 2.0 | 248 1.0 1.3 40 | 252 | 410 0.3 0.4 -
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[Ipu cpaBHsIBaHE Ha OTAETHUTE COPTOBE C€ HAOJIIOAAaBa 3HAUUTENIHA PA3JIMKa B
MACTHOKHCEJIMHHUS ChCTaB Ha MAcIo OT COPT ,,/[uamanm’* OT €HA CTpaHA U MacliaTa
OT OCTAHAJIUTE COPTOBE ciabHUOINIEN. Jlokaro B ,,/luamanm’ npeobnanaBa OCHOBHO
osienHoBa kucenuHa (75.0-78.6%), B ocTaHanuTe COPTOBE OCHOBHU KOMIIOHEHTH Ca
NaJIMUTUHOBATa, OJIEMHOBATA U JIMHOJIOBATA KUCEIMHA, C KOHUEHTPALUHU OT €IHAKbB
HOPSAIBK.

B orpennute kinacoBe (ochonunuan ChIbpKaHUETO HAa HACUTEHH MAacTHU
KHCEIMHHM, OCHOBHO TMAaJIMHTHHOBA, HapacTBa B IMOCOKa (hochaTHAUIXONHH,
dochatummmao3nTon U (pocharununeranosamMmua. ToBa yBeTWYCHHE € 32 CMETKa
OCHOBHO Ha MOJMHEHACUTEHATa JMHOJOBAa KHUCEJIHMHA, JI0KAaTO B CHIbPKAHHETO HA
MOHOHEHACUTEHATA OJIEMHOBA KHCEJIMHA HE MOJXKE Jla C€ YCTaHOBU HSIKAKBa BHUJIMMa
TEHCHIIUS.

B cpaBHEHHE ¢ MACTHOKHMCEIMHHHUS ChCTAB HA TPUALIMITIHUIEPOTIOBAaTa (QpaKLMs
Ha Maciata [2] ce yCTaHOBsIBA 3HAYUTEIHO IO-BUCOKO ChIbpKAaHHE HA HACUTEHH
MacTHU KucenuHHU. KomnuecTBOTO Ha MaJIMUTUHOBATA KUCEIMHA € OKOJIO 2—4 IbTH MO-
BUCOKO B CpPaBHEHHE ChC CHOTBETHUTE TPHUALMINIALEPONH, KbJieTo To € 4.3-5.8%.
OcBeH TOBa ca UACHTU(DUIIMPAHU U TIO-TOJIEMH KOJIMYECTBA CTEAPUMHOBA, apaXxUHOBA U
OexeHoBa KHcenuHa. B To3u ciyuail yBelnM4eHHeTo Ha HACUTEHUTE MAaCTHU KHUCEIIMHU €
32 CMETKa Ha IMO-HUCKOTO ChAbpKAHUE KAaKTO Ha JIMHOJIOBATa, TaKa W Ha OJIEMHOBATa
KrcenrHa. Te3n [aHHM TOTBBPXAABAT HAKOM NPEAMIIHU HW3CIEABAHUS OTHOCHO
MaCTHOKHCEIIMHHUA ChCTaB Ha (Pocqonunmuan Ha pacTUTENIHU Macna [8, 12].

Bucokara KOHLIEHTpauus Ha  HAaCUTEHUTE MAacCTHU  KUCEIMHU  BbBB
dochonunuaute ce 0OSICHABA C pa3TMUYHUTE €Talld Ha OMOCHHTE3 Ha OTIEITHHUTE
KOMIIOHEHTH Ha CIIbHUYOTIIeI0BOTO Maciio [11]. dochonununure ce cUHTE3UpaT B
HAaYaJIHUTE €Tallld, KOraTo KOHIEHTpalMsITa Ha HACUTEHUTE MACTHU KHCEJIMHU
(MaJMUTUHOBA M CTEAPUHOBA) € BUCOKA M T€ y4yacTBaT B TEXHHUS CbCTaB. [10-KbCHO
npe3 BEreTalMOHHMS MEePUo, ChIbPKAHUETO HA TPUALMITIIMLEPOJIUTE 3HAYUTEITHO
HapacTBa M 3aIl04Ba Jia c€ yBeJIndyaBa OMOCHHTE3a U ChIAbPKAHUETO Ha HEHACUTCHUTE
MACTHU KHCEIMHU — OJIEMHOBa M JIMHONOBA. DOChHaTUIMIXONIMHBT CE€ CUHTE3HUpa
nociesieH ot GochoaunuanTe, HO MPearu TPUALMITIIULIEPOJIUTE U 3aTOBA B HETO MMa
[IOBEUE HEHACUTEHM KHUCEJIMHU M HETOBUST CbCTaB € Hai-OMM3bK 1O TO3M Ha
TPUALAIITIIUIIEPOIIUTE.

SAK/IIOYEHHUE

dochomunuaHUAT ChCTAaB Ha H3CIEABAHUTE CIBHUOTIEAOBA Macia B
KayeCTBEHO M KOJIMYECTBEHO OTHOILIEHHE € CXOJIEH C TO3M Ha MaciloTO OT APYTH
COPTOBE CIIBHYOIUIEJ, Karo ce HalnroAaBa 3aBHUILEHO ChbAbp)KAaHUE HA
dochaTtuamixonud. B macTHokucenuHHaTa @pakuus Ha Qocdomunuaure €
YCTAaHOBEHO HAJMYMETO Ha I0-BHCOK MPOLEHT HACUTEHHM MACTHM KHUCEJIMHH B
CpaBHEHHUE C TPUALWITIINLIEPOJIOBaTa (ppakuus.

JlaHHWTE 3a JIMIUIHKUS ChCTaB HA MacjiaTa U KOHKPETHO, Ha (ocdonunuaHara
(pakius 1aBaT Bb3MOXKHOCT 3a Cbh3/1aBaHe Ha 0a3a JlaHHU, KOUTO J1a MOCIY’KaT Ipu
ONTHMHU3HMPAHE HA YCIOBUATA 3a papUHUpPaHE HA CYpOBOTO CI'BHUOIIIEAOBO MAcio U
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C. Momuunosa, . Mapexoes

IIp1 OLCHKA Ha HEroBaTa XPAaHUTCIIHA CTOMHOCT. HSCJ’IGI{B&HI/I}ITa ¢ OOIIpHUHECAT 3a
I[MO-ITBJIHOLCHHOTO MY M PA3HOCTPAHHO H3IIOJ3BAHC B XPAHUTCIIHATA MHAYCTPHA, 3ad
HYXKIWUTC Ha CCICKIUATA U OIIa3BAHC HAa T'CHHHUA (bOHI[.

W3cnensanusita ca npoBefeHu ¢ ¢puHaHcoBaTa nojakpena Ha dounp ,,Hayunu
uzcinenanusa” kM MOH (moroBop BYAH 203) u J[upekmus ,Hayuno
pou3BoACTBeHA JeHOCT KbM I1Y , ITancuit Xunengapcku*.
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HA THPI'OBCKHN MAPKHU KPABE MACIJIO

I. Aumoea, T. Henkoesa, JI. I'eopzuesa
1Y ,Iaucuu Xunenoapcku*, Kameopa ,, Xumuuna mexnonozus*,
yi. o Iap Acen* 24, ep. Ilhoeoue 4000, E-mail: ginant@uni-plovdiv.bg
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OF TRADE MARKS BUTTER

Ginka Antova, Tanya Nenkova, Lora Georgieva
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24, Tzar Assen Str., 4000 Plovdiv, Bulgaria, E-mail: ginant@uni-plovdiv.bg

ABSTRACT

Physicochemical characteristics, oxidative stability, fatty acid composition,
content of the trans fatty acids, sterols and tocopherols in 11 Bulgarian and German
trademarks butter were investigated. The researched butters corresponded to
requirements of Bulgarian standards. A significant departures of fat content from the
norm (from -11.6 % to +4.0%) were established. Oxidative stability is according
standards. The content of saturated fatty acids is more than 50%. The percentage of
trans fatty acids in German butter was 2-3 times lower than this of Bulgarian butters
(from 1.8% to 2.5-6.2%). The content of cholesterol was more than European

standards (2.2-2.7mg/g), with the exception of butter ,, Aro“, ,, Valchev* and ,, Rosa “.
The presence of vegetable oil in butter ,,Aro “, ,, Valchev* and ,, Rosa *“ was detected.

Keywords: butter, lipids, oxidative stability, saturated and trans fatty acids,
sterols, tocopherols

BbBBEJIEHUE

MISKOTO M MJIEYHUTE MPOAYKTH Ca XPaHH, KOUTO IPEe3 MOCIECIHUTE TOAUHU
IPEAU3BUKBAT KpPaiHO IPOTUBOIIOJI0KHM MHEHMs. Excneprure kpM CBeTOBHaTa
3npaBHa OpraHu3anyss U HAaOMOHAJIHUTE acCOLMAlMM II0 XPAaHEHE W JUETETHKa
[IPENOPBYBAT PEIOBHA KOHCYMAallMsl HAa MIIIKO M MIIEYHU XpaHU, JOKATO CIIOpEn
HSKOM CIELUAIIMCTH 110 XPAHEHE, ChIBPIKALIUTE CE B TAX HACUTCHU, TPAHC U30MEPHU
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MAaCTHU KHCCIIMHM H XOJIECTEpOJI TIIOBWMINABAT pPHUCKAa OT ChPIACYHO-CHIOBH
3a00JIsIBaHUS.

KpaBeTto Macio e eawH OT BaXHHTE MJICYHH MPOIYKTH, KOWTO MacoBO C€
U3I0JI3Ba TIPH XpPaHEHETO Ha 4YoBeka. Ha ObITapckus maszap ce mpejyiara TOoJIsMo
pa3Hoo0Opasue OT HaAIlM MU BHOCHH MapKu MJICUHH Macia, KOETO JaBa Bb3MOXKHOCT 3a
u300p OT CTpaHa Ha MOTPEOUTEINss, HO JUINCBAa MHGOpPMAIHs, JaBaila MpeacTaBa 3a
TSAXHOTO Ka4y€CTBO M XPAHUTEIHA CTOWHOCT.

BbB BpB3Ka ¢ TOBa menm Ha HacTosmara paboTra € Ja ce Hu3CcIeaBar
pa3NpOCTPAaHEHUTE B THPrOBCKATa MpPEXKa pPa3IMYHA MapKd KpaBe Macjo II0
OCHOBHHTE TTOKA3aTeNId XapaKTePU3UpaId MPOAYyKTa, 1a CE ONMPEaeTn OKCHIaHTHATA
CTaOMITHOCT, MACTHOKHCEIMHHMS, CTEPOJIOB U TOKO(GEPOJIOB ChCTAB.

MATEPUAJIN U METOIHU

Nzcnensanu ca 10 mapku Obarapcko kpase macino [,, Poca“ (,, ®ama* A/, Tp.
Bapna), ,,Mapxeru (rp. Kazaunwk), ,,/{. Maodxcapos* (rp. CramOOIUICKN),
, @Quoena”“ (OMK, rp. IlnoBauB), ,Jlakpuma“ (MneyHa HpPOMHUIIIECHOCT, TP.
[Tazapmxuk), ,, Ob6nosa “ (Manapa OO/, c. O6HOBA), ,, Jomnan *“ (ET , Ilomumeit*, rp.
Kapnogo), ,,Jlakmuc* (MnexonpepaboTBaTenHO npennpusitue, rp. MoHTaHa),
,, Bvrues tp. Acenosrpan), ,,Apo“ (,,Xpaununsect OO/, rp. Bapna)] u 1 Hemcko
KpaBe Macno ,, Deutsche Markenbutter “ (I'epmanus).

PaznuuyHuTe Mapku KpaBe Macio ca 3aKylNeHH OT ThpProBCcKaTa Mpexka B
rp. [lnoBMB ¥ ca B IpeBUICHHS OT MPOU3BOAUTENS CPOK HA TOJTHOCT.

OcHoBHuTe MOKazaTenu — macieHoct (M, %) [3], BogHO chabpxkanue (W,%)
[4], kucenmuunoct (°K) [5], chabpxanue Ha con [6] u cyx Gesmaciien octarsk [7] ca
onpeneneHu mo Mmeroguku Ha bJIC. OU3MKOXMMUYHUTE MOKA3aTEIW U ChCTaBbT Ha
MmacieHara ¢aza Ha M3CIEABAHUTE Macja ca ONPEIeTIeHH IO KIAaCHYECKUTE 3a
XUMUSATA HA JTUIUAUTE METOJU: MEPOKCUIHO YUCIIO - TUTPUMETPUYHO MO METOJIMKA
Ha [SO [11], MAaCTHOKHCENMHEH CHCTaB M ChIBPKAHUE HA CTEPOIH (XOJIECTEPOII,
mg/g) - upe3 kanuisipHa razoa xpomartorpadus [9, 10], TokodeposioB ChCTaB - Upe3
BUCOKOEe(EeKTUBHA TeYHO — TeuHa xpomartorpadus [13]. OxcuganTHaTa CTaOUITHOCT
Ha H3CJICABAHUTE Macja € ompejeieHa ¢ amapar ,,Rancimat™ 679 na Oa3zara Ha
POIBDKATETHOCTTa HAa WHAYKIMOHHMS mepuoxa (h) Ha BepwkHaTta peakuus Ha
ycKOpeHo okmcienue mpu Temmeparypa 100°C u cKopocT Ha MPOAYXBAHE C BB3AYX
20 1/h [12]. ToramHOTO CHOBp)KAaHWE HA TPAHC M30MEPH B MACTHUTE KHUCCIIMHH €
onpeneneno upe3 NU-cnexkrpodoromerpus [14], mpu KoeTo ce 0OTYNTA KOJTMIECTBEHO
HAJMYMETO HA TPAHC JIBOMHU BpPB3KH, H3PA3EHO KATO MPOLEHT eJIaiiInHOBA
KHCEJINHA.
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PE3YJITATHU U IUCKYCUSA

Pesynrarure, moiydueHHW 3a OCHOBHUTE TMoOKaszarenw, 3anerHamu B BJIC —
macnenoct (%), BomHo chabpxkanne (W, %), xucemuunoct (K, °K - rpagycn Ha
Kermopdep), coabpxkanue Ha cyx 6e3macnen ocratbk (CBO, %) u Ha con (%) ca
npeACTaBeHH B Ta0mmia 1.

Ta6auua 1. Macrenocm, 60010 cvOvpICAHUE, CYX OE3MACTEH OCMAMBK, CbObPIHCAHUE HA
COJl U KUCETUHHOCH HA U3Cie08anume 0vieapcku U 6HOCHU MIEYHU MACIA

Mapka KpaBe Macjio Macaenoct, % W, | CBO, | Coua, g(,
YCTaHOBEHA | 00fIBeHa % % % K
,Obnoea* 75.8 82.0 13.0 12.0 0.1 2.1
wJlakpuma* 82.2 - 11.0 7.0 0.1 1.0
wAomnan“ 81.5 - 12.3 6.2 0.1 1.4
»Maoocapoe 82.5 80.0 13.5 4.0 0.1 2.1
,» Duoena* 79.0 75.0 14.0 7.0 0.1 1.2
»wApo“ 68.6 - 24.2 7.0 0.2 0.8
»Bovaues* 60.0 Hax 50.0 | 33.1 7.0 0.1 5.4
waxkmuc* 82.5 82.5 12.1 5.5 0.1 0.9
wMapkeau“ 83.0 82.0 12.6 4.4 0.1 1.6
»Poca* 65.0 76.6 30.6 4.4 0.1 2.4
»Deutsche Markenbuter* 81.0 82.0 12.5 6.5 0.1 1.0
M3uckpanusi o BJIC | He mo-maiuko ot 50% | <45% | <23% | <1.5% | 2-8'K

Ot Tabnunarta ce BUXka, 4e ¢ Hail — BUCOKA MacJICHOCT ca maciarta ,, Mapxenu “
(83.0%), ,,Maoocapos*”, , Jlakmuc*“, , Jlakpuma“, ,Homnan* wn , Deutsche
Markenbutter“ (81.0-82.5%). Kpase macno ,,Bvaues” u ,,Poca® ca ¢ 1mo-HUCKO
MmacieHo cpabpkanue (60.0-65.0%), Ho cbuIo oTroBapsT Ha u3uckBaHusta no bJIC
[2]. YcTaHOBeHM ca 3HAYUTEIHM OTKJIOHEHHUS OT MAaclIeHOCTTa, perjiaMeHTHpaHa
BHPXY ThProBCKaTa OMaKoBKa, KOUTo Bapupar ot —11.6% (mpu kpase macio ,, Poca™)
1o + 4.0% (npu kpase macio ,, ubdena ).

BonHOTO chabpkaHue Ha U3CIIEIBAaHUTE MapKyd KpaBe Macjo Bapupa B J10CTa
mupoku rpanuiu (ot 33.1% npu macno ,,Bwuaues” no 11.0% npu ,,Jlakpuma ).
HeszaBucumo OoT TOBa u3clieIBAHUTE MapKd KpPaBe Maciio OTroBapsT HAa OBJITapCKUs
CTaHJapT 3a MJIEYHU Maclia 3a BOJHO ChabpxaHue (He noseue ot 45.0%) [2].

Beuuky wu3ciaeaBaHu Mapkd KpaBe Maclio OTTOBapsST Ha M3MCKBaHUATA 3a
ChAbPKaHHUE HAa CyX 0e3MacieH OCTaThK, ChbPKAaHUE HA COJI U KUCEITMHHOCT.

IToka3zaren 3a cTeneHTa Ha OKUCICHNWE HA Ma3HUHUTE € MEePOKCUIHOTO YUCIIO U
okcuJianTHaTa ctabmiHoct. [lomyyeHuTe pe3yaTaTu ca npeAcTaBeHu B Tabiuia 2.
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Ta6mauna 2. Ilepoxcuono uucno (1104, meqO,/kg) u oxcuoanmna cmadbunnocm (OC, h) na
MACIEHUS KOMNOHEHM 8 U3CAe08aHume Ob2apCcKu U 6HOCHU MIeHHU MACILd

Mapka kpaBe MacJjo 1104, meqO,/kg OC, h
,, Obnoea*“ 2.1 18.5
wAakpuma“ 0.5 25.0
swAlomusan 0.7 22.0
wMaodxcapos“ 0.5 >50.0
,» Duoena“ 1.7 35.0
»wApo* 3.8 17.5
»Bvauee“ 1.8 34.5
wAakmuc 0.2 35.0
»Mapkeau“ 0.6 28.0
»Poca“ 0.2 34.5
»Deutsche Markenbutter 0.4 30.0

[IepoKCUAHOTO YHUCIIO € ChC CPAaBHUTENHO HUCKH cTOMHOCTH (oT 0.2 mo 3.8
meqO,/kg) B cpaBHEHHE ¢ HOpMaTa 3a TEPOKCHIHO YHCIIO Ha Maciia 3a XpaHUTCITHH
neau (ot 8 go 10 meqO,/kg) [1], koeTo moka3Ba, 4e B M3CJIEABAHUTE Maciia HE ca
NIPOTEKIJIM 3HAYUTEITHA OKUCITMTEIHN TPOIECH U T€ ca TOJHHU 3a KoHcyManus. C Haii-
BHCOKa OKCHJIAaHTHA CTAOMJIHOCT € Ma3HUHATa MpH KpaBe Macio ,, Maodacapos“ (OC =
Han 50h), cienana ot ,, Qubena“, ,, Jlakmuc®, , Bvaues®, , Poca” w , Deutsche
Markenbutter“ (OC = 35h, 34.5h u 30h). Ilo - HuCcKkaTa OKCHJIAHTHA CTAOMIIHOCT Ha
KpaBe macio ,,Apo“ u ,,O6nosa‘ (OC = 17.5h u 18.5h) Hali-BeposATHO ce IBIKHU Ha
ChABPKAHUETO HA PACTUTEIIHU MAa3HUHH B ChCTaBa Ha KpaBeTo macio (okono 20%),
00sSIBEHO U BBHPXY OMaKOBKaTa Ha MPOIYKTA.

Ha u3onupanute TunuayM OT BCUYKU U3CIEABAHW MJICYHH Maciia € OmpeneieH
MAaCTHOKHUCEITMHHUSA CBhCTAB W TIOJYYCHUTE pE3yJATaTH 3a ChIBPKAHUETO Ha
HACUTEHW, HEHACUTEHU U TPAHC MAaCTHU KHCEIIMHHU ca TIpeCTaBeH Ha ¢urypa 1.
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70
® HMK

60 moHoOHHMK

M nuenosn HHMK
TMK

50+

Coabp:kanne Ha HMK, monoHHMK,
aueHopu HHMK u TMK, %

HM3caenBanu MapKH KpaBe MacJj10

®urypa 1. Cvovporcanue na HacumeHu, Henacumeru u mpanc macmuu kucenurnu (HMK,
HHMK u TMK, %) 6 iunuou, uzoaupanu om u3zcie08anume MiedHu Macid

Bucoko chabpxanue Ha HacumeHu macmuu kuceaunu (0T 65.2% no 62.4%) ce
HaOIr0/aBa Mpu moBeueTo Mapku machna (, Mapkenu“, ,, Deutsche Markenbutter”,
»Maooacapos”, ,,Jlakmuc*, , Jlakpuma*, ,,@ubera‘ wn ,,/lomnan ‘), 10KaTo ¢ Hai-
HUCKO ChIbpXkaHUE € KpaBe Macio ,,Apo“ (46.1%). Mononenacumenume macmmu
Kucenunu Bapupar B rpaunu ot 42.9% no 32.7%, cbOTBETHO IpU KpaBe MAacCio
,Apo “ u ,, Mapkenu . I10-BUCOKOTO ChABpPKAHUE HA OUEHOBU HEHACUMEHU KUCETUHU
B HSAKOM MiieyHU Mmacna (,,Apo*, , Bwaues®, ,,Poca” u ,,Obno6a‘) ce NbIXU Ha
BJIaraHETO B CHhCTaBa UM Ha PACTUTEIHHU Macjia ¢ BUCOKO ChIbpKaHUE HA JIMHOJIOBA
KHUCEIIMHA, C 111 TOBUIIaBaHe HUBOTO HA €CCHIIMATHUTE MAaCTHU KUCENWHHU. Macara
., @ubena”, ,,Maooxcapos*, , Jlakmuc*“ u ,,Deutsche Markenbutter ne cbabpxar
JUEHOBU HEHACUTEHW MACTHHM KHUCEJIMHH, C KOETO MOXe Ja Obae OOsCHEHa Hu
BHCOKaTa OKCHJAHTHA CTAOMJIHOCT Ha MACIMHHUS UM KOMIIOHEHT. YCTaHOBEHO €
HAIM4YME Ha mpauc uszomepuu macmuu xuceaunu ot 1.8% (npu ,, Deutsche
Markenbutter ) no 6.2% (B kpaBe Mmacino ,,Jlakpuma‘), KO€TO € B JOIMYCTUMHUTE
TPaHUIIN 32 ChIbP)KAHUE HA TPAHC KUCEITMHU B MJICYHH MAa3HUHHU.

[Tomyyenute pe3ynratd 3a ChIBP)KAHUETO HA CTEPOJIM M TOKOGEpOId B
U3CIeIBAHUTE MAapKU MJICYHH Maclia ca peIcTaBeHu B Tabmuma 3.
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Tadoauua 3. Cvovpoicanue na cmeponu (6 m.u. xonecmepon) u Ha moxkogheponu (T®) 6
uscnedsanume OvI2APCKU U BHOCHU MIEUHU MACIA

Crepoan, XoJiecrepoJ, mg/g T,

Mapxka kpase macio % B MacjieHa (asa | B kpaBe macao | mg/kg
,, Obnoea“ 0.42 4.2 3.2 15
w/lakpuma* 0.37 3.7 3.1 9
womnan“ 0.36 3.6 2.9 0
wMaoxcapoe“ 0.42 4.2 35 3
» Quoena“ 0.40 4.0 3.2 8
wApo“ 0.17 1.0 0.7 59
,»Bovauee“ 0.19 1.6 1.0 34
wlakmuc* 0.32 3.2 2.6 10
»Mapkenu“ 0.42 4.2 3.5 3
»Poca* 0.13 0.7 0.5 0
»Deutsche Markenbutter“ 0.37 3.7 3.0 6

Ot Tabnuuara ce BWXHa, 4ye Kpaee macio ,,Poca“, ,,Apo” u , Bviues*

ceabpkar creponu (0.13, 0.17 u 0.19% wunu 130, 170, 190mg%) B rpanuiure,
MOCOYEHU B JIUTEpaTypara 3a ChIAbpP)KAaHWE Ha CTeposiu B mileyHu macia — 200-
300mg% (0.2 — 0.3%) [8]. Ocrananure wu3cneABaHM MapKd KpaBe Maclo,
BKJIFOUUTENHO U ,, Deutsche Markenbutter“ ca ¢ Mo-BUCOKO ChIbp:KaHHE HA CTEPOJIU
(o1 0.32 10 0.42% wnnm 320 — 420mg%).

CoeabppixkaHueTo Ha xoJiecteposd B Maciara ¢ oT 0.5 mg/g (mpu kpaBe Maciio
,Poca*) no 3.5 mg/g (npu kpaBe macno ,, Maodacapos“ n ,, Mapxenu *). C mo-HUCKO
ChABPKAHUE Ha XOJECTEepOoJ ca KpaBe macio ,,Poca“, ,,Apo“ u ,,Bvaues*, noxkaro
IpU OCTaHAJIUTE Macja ChAbPKAHMETO Ha XOJIECTEPOJd € HaJ MEXKIyHapOIHUTE
M3WCKBAaHMS 32 ChIBPIKAHUE HA X0JIecTepoli B Macha (2.2-2.7mg/g) [15].

KonndectBoTo Ha moxogeponu B u3cienBaHUTe Mapku KpaBe maciio € ot 0 10
59 mg/kg, npu u3nckBaHus 3a chAbpxkaHue Ha BuTamMuH E B macinoTo — 1.58mg/100g
(15.8mg/kg) [15].

N3BOIN

1. U3cneaBaHuTe MJIEYHHU Macia 10 OCHOBHUTE (PM3MKOXMMHYHU MOKA3aTeNH,
oTroBapsAT Ha n3nckBanusaTa 1o bJIC, HO ca yCTaHOBEHM 3HAUUTEIHU OTKJIOHEHMSI OT
MAacJI€HOCTTa, perjIaMEeHTUPaHa BbPXY ThPrOBCKaTa OIaKOBKA.

2. YcraHOBEHa € BHCOKAa OKCHJIaHTHA CTAOMIIHOCT Ha Ma3HUHUTE, U30JIMPaHU
OT M3CJEIBAHUTE MapKU KpaBe Macjo, KOETO I'M XapaKTepu3upa Karo CTaOWIHMU U
TOJIHU 32 KOHCYMAaILIHsl.

3. B cbcraBa Ha n3cieBaHUTE MapKu KpaBe Macio MpeobiiasaBaT HaCUTCHUTE
mMacTHU kucelrnHu (Hag 50%). CbabpKaHUETO Ha TPAHC U30MEPHU MAaCTHU KUCEJIHHU
€ CpPaBHHUTEIHO HHUCKO W € B JOIYCTUMHUTE TPaHULM 32 ChIBPKAHHE Ha TPAHC
KHUCEJIMHU B MJICYHU Ma3HUHHU.
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4. ChabpKaHUETO HA XOJIECTEPOJ B MO-TOJIsiIMA YacT OT M3CICABAHUTE MApPKU
KpaBe Maclio € T0-BHCOKO OT H3UCKBAaHHUATA TIO0 EBPOICHCKUTE CTaHIApPTH 32
ChIIbP’KaHUE HA XOJIECTEPOJI B MJIICUHU Macja. Y CTAHOBEHO € HHCKO ChIbPKaHUE Ha
ToKo(depou.

N3cnensanusita ca mpoBeaeHu ¢ ¢uHaHcoBaTa noakperna Ha Doup ,,Hayunu
u3cneaBanusa U MoOwIHH npoekTu™ kbM [logenenne Hayuna u [punoxna [eiinocr,
[InmoBauBCcKH yHHUBEpCUTET ,, I lancuit Xunengapcku.
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ABSTRACT

The grain legumes collections are the richest group in plant world, with their
economic value and dissemination they take second place after cereals. The grain
legumes are important source of protein against to hunger in the world. They supply
18-20% of total fund of plant protein. The seeds are 2 to 5 richest of proteins
comparing with cereals, and most of them consists between 20-35% crude protein.
The nutritional value of seeds is increased with their content of amino acids, lysine,
fibres, mineral salts and vitamins, which are made them useful food for each age.

The main purpose of our investigation is to make a biochemical
characterization of grain legume’s seeds of ten accessions of beans and ten accessions
of cowpea, connected with morphological characterization of seeds, morphological,
agrobiological and economic characterization of plants.

The results obtained showed similar chemical composition comparing seeds
between dry beans and cowpea. Biochemical analyses included: crude protein, lysine,
fibres, mineral salts.

Keywords: chemical compositions, beans, cowpea, germplasm

BbBEJIEHHUE

dacynpT € IeHHa, BHUCOKOOENThYHA KYJITypa M € €IHO OT OCHOBHUTE
TpPaJWIIMOHHU Ha HaImiata Tpame3a 6000Bu pactenus y Hac u B cBeta (Crepon, 2007).
HeroBoTo rnaBHO 3HAaY€HHE € MPOAOBOJICTBEHO — 3PEIUTE CEMEHa U HEY3pEeIHuTe
6000Be ce M3MON3BAT 3a XpaHa B MPSICHO M KOHCEPBHPAHO CHCTOSHUE M Ca BaXKEH
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WU3TOYHUK Ha IICHHU 3a YOBCIIKHS OpPraHU3bM aMHUHOKHCEIWHU. benThumHHTE Ha
dacymna ce ycBOsBAT JIECHO OT CTOMAIITHO-YPEBHHMSI TPAKT HA YOBEKA M 10 HAYMHA, TI0
KONTO OpraHu3MbT T'M IpHeMa, ce JOOIMXKaBaT 10 OCNTHIIMTE HA MECOTO, pudara u
ApYyTH XKUBOTUHCKUA TpOAyKTH. He HampasHo ¢acynbpT ce Hapuda ,,pacTUTEITHOTO
Meco“. 3BppHEH0-0000BHMTE ca BKIKYEHH B JHeTaTa 3a ChPJCYHO-CHIOBH,
KaHieporennu u quadet ot Il-pu Tun 3a6omnsaBanus (Crepon, 2007).

Burnara ce otimdaBa ¢ mo-1peOHN ceMeHa, ¢ TparaBa WiH TJajKa MOBbPXHOCT
u 100pe onBeTeH XuiayM. [lo OmoXxuMUIHM MMOKa3aTeld, CeMEHAaTa ChIIo ca 0oraTu Ha
OEeNTHYMHY, HO CHIIIECTBYBAT PA3JIMUHUS 110 OTHOIIIEHUE HA OCTAHAIIUTE KOMIIOHEHTH —
3axapu, BUT. C, BIaKHWHU U JP.

HacrpnBamure 17100a7HM TMPOMEHHM B KJIMMaTa, CBbpP3aHM ChC 3acylllaBaHE,
3aTOIUISTHE M MPOIBDKATEITHOCTTA Ha CE30HUTE, HajlaratT MmpoMsiHa B CTPYKTypaTa Ha
MOJICKUTE KYATYypU. B Ta3u Bpb3Ka B THPCEHETO HA HOBH aJITCPHATUBHH PEIICHUS CE
HaJlaraT JOIBJIHUTEIHA MPOYYBAHUS CBHP3aHU C TOJEPAHTHOCTTA HA KYJITypUTE KbM
AOMOTUYHH CTPECOBU (HAKTOPH.

3bpHEHO-0000BHTE KYNATYpH IMOMANaT IO BpEeME Ha BereTalusITa CH IOJ
BJIMSIHHE Ha BUCOKM TEMIIEPATypH M HUCKAa aTMOC(EpHA BIAKHOCT, KOETO B MHOTO
Clly4au ce OoTpassBa HeOJarompusTHO BHPXY J00uBa. ToBa € 0COOCHO BaXKHO TpH
oOuKHOBEeHUS (acyil, KbJETO Te3W (PaKTOPH CE€ OKa3BaT JIMMHUTHUPAIIH, a TIOHSKOTa U
datanHu 1Mo oTHOIIeHHWE Ha aoOuBa. [lopagu Te3w NMpUYMHM, KATO aJITepHATHBHA
0000Ba KyJnTypa MOXE /a C€ MPEIJIOKM BUTHATA, YAUTO XPAHUTEIIHH KadyeCcTBa HE
oTcThIBaT Ha Te3u Ha (pacyna (Nielsen et al, 1997).

MHoro w3cnenBaHuWs ca HANpaBeHW B TOTBBPKIACHUE HA TIO-TOJIsSIMAaTa
CyXOyCTOMYMBOCT Ha BUTHAaTa B cpaBHEHUE ¢ oOMKHOBeHus (¢acyn (Berova et al.,
2001; Crounosa u bepona, 2007).

XWMHYHUAT ChCTaB HA CEMEHATa Ha BUTHATa € OT TOJSMO 3HAYCHHE, KaTo Ce
MMa MpeABHUI BUCOKATa XpaHUTEIHA CTOWHOCT Ha dacyJa.

[len Ha HamieTo M3cjenBaHe Oc¢ Ja MPOYYHM W HANPABUM CPaBHEHHE MEXTY
XUMHYHUS ChCTaB HAa CEMEHA OT OOMKHOBEH (pacys M CeMEeHa OT BUTHA. Y CITIOPETHO C
OMOXMMHYHUTE TOKa3aTenu Osxa TMpOCIEACHH W HSIKOM MOPQOJIOTUYHH U
arpoOMOIOTUYHYU IPU3HAIM HA 00Pa3LUTE BKIIOYCHHU B U3CIEABAHETO.

MATEPUAJIN U METOJIHN

3a nepuona 20042006 6sixa ananu3upanu cemeHa ot 10 oOpa3uu 0OMKHOBEH
dacyn (Ph. vulgaris L.) u cemena ot 10 obOpasuu BurHa (V. unguiculata L.). Tlo
BpeME Ha TMPOYyYBAHETO OsfxXa HAMPAaBEHHW W BCUYKA MOP(OIOTHYHU W
arpoOMOJIOTUYHN HAONIONCHUSA, CHOOpPA3HO MEXIyHaponHuTe JleckpunTopu Ha
BurHata u (pacyna (IBPGR—Phaseolus, Descriptors, Rome, 1982 u IBPGR—Cowpea,
Descriptors, Rome, 1983). OOpa3uure oT 0OUKHOBEHHS (acya HMarT MeCTeH
npou3xoj, a OT BurHata 8 ca momydenu oT MOanman, Hurepuss u camo nBa umart
MecTeH mpousxoa. Onura € u3BeACH Ha OMUTHOTO TMOJIE HA MHCTUTYTa IO METOIUKA
BB3NPHUETA 32 U3YyYaBAHE HA PACTUTEIHUTE PECYPCH.
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AnHanmu3upanu Osxa OWOXMMUYHHUTE IIOKAa3aTelid: ChAbPKAHUE Ha CYpOB
NPOTEHH, CHhAbPKAHWE HAa aMUHOKWCEIHMHATA JIM3WH, % Ha JU3WH B TPOTCHHA,
HEOPTaHWYHU W MHHEpAJIHW BEIIECTBA, KAKTO W KOJMYECTBOTO Ha BAKHHUTE 32
XpaHOCMHJIAHETO  BJIAKHWUHU. Bcuuku  aHamm3m — 0sixa  U3BBPIICHH  TI0
obmow3npuetute Meroau (Epmakor, 1952; Canmpe, 1979). HaGmonaBanute
MOp(OTOTHYHYU TOKAa3aTeIN MPU MPOYUBAHUTE 00pa3ly ca: BEreTAI[MOHEH MEPUO]I B
nuu (BIT), nau no macoB usdrex (IL/DF), Bucounna na pacrenuero (BP/HP), Opoii
6060Be Ha pactenue (BbP/NPP), terno na 6o6oBere Ha exno pacrenue (ThbP/WPP),
Opoit cemena Ha emHo pactenue (BCP/NSP), Termo Ha cemeTo OT pacTteHme
(TCP/WSP), npmxuna Ha cemero (JIC/LS ), mmpuna na cemero (ILIC/WS) u terio
Ha 100 cemena (T100C/W100S). Mopdonornunara xapakTepucTuka Ha ceMeHaTa
BKJIFOYBA OCBEH TOPECIIOMECHATHTE TMPU3HAIM W KAYECTBCHHWTE IMPU3HAIU: IBAT H
¢dbopmMa, KOUTO ca OT 0COOCHO BaKHO 3HAYCHHUE 32 KOHCyMaTopuTe. MaTemaTndeckara
00paboTka Oemre HarpaBeHa 1o I'enueB 1 Mapunkos, 1975.

PE3YJITATU U OBCBXJIAHE

B 1abn. 1 m 2 ca oTpa3zeHu pe3yaTaTuTe OT OMOXMMHUYHHUTE aHAIU3U Ha
ceMeHaTa MpH JBETe KYJITYpH, ChIbPKAHUETO Ha MPOTEHWH B ceMeHaTa Ha dacyna e
M0-BMCOKO B CPaBHEHME C T€3W HAa BUTHaTa. MUHMMaHaTa CTOMHOCT IpH dacyia e
25.60, a npu BurHara e 23.27%, makcumManHuTe ctoitHocTH ca: 28.92% u 26.61%.
BapuanuonHuar koeHUIMEHT W TMPU JBETE KYIATYpH € C OJHM3KH CTOHWHOCTH,
chOTBETHO TipH ¢acyina 3.08 u npu BurHata 3.16%.

Tabnauna 1. Xumuuen cvcmas na cemena — gpacyn

Kat Ne Cypos JIM3UH JIH3HH B cyporu cypoBa mnemne
NMPOTeNH NMpPOTenHA BJIAKHUHH
% % % % %
92 E 007 27.46 1.30 4.70 4.81 4.68
92 E 050 25.60 1.39 5.40 3.65 4.92
92 E 053 28.70 1.35 4.70 5.09 4.12
92 E 054 28.92 1.34 4.60 4.81 4.41
92 E 055 28.54 1.55 5.40 3.16 4.99
92 E 056 26.86 1.39 5.10 3.82 3.82
93 E 004 26.93 1.34 4.90 4.38 4.12
93 E 005 27.13 1.39 5.10 4.52 4.34
93 E 006 28.66 1.52 5.30 4.30 4.86
93 E 008 28.39 1.52 5.30 4.53 4.80
93 E 028 28.31 1.70 6.00 4.44 4.12
cpeona 27.804 1.449 5.180 4.270 4.450
min 25.60 1.30 4.60 3.16 3.82
max 28.92 1.70 6.00 5.09 4.99
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Taﬁ.lmua 2. Xumuuen cocmas na cemena — 8ucHa

Kat Ne €ypos JIM3UH JIHM3HH B cyposH cypoBa mnemneJ
NPOTEUH NMpoTenuHa BJAKHUHU
% % % % %

87007 24.74 1.12 4.50 2.82 4.42
Ne 77 23.31 0.89 3.80 5.55 3.82
87-020 23.27 0.90 3.80 5.24 3.74
92013 24.46 0.99 4.00 4.96 3.65
92024 24.74 0.95 3.80 3.97 3.89
92025 24.46 1.04 4.20 5.16 4.03
92030 24.66 1.05 4.30 5.89 4.10
95-042 23.31 0.98 4.20 3.83 4.10
95-057 24.74 1.01 4.00 5.16 3.98
95-081 24.42 1.08 4.40 4.40 3.48
91 010 26.61 1.24 4.70 4.34 3.69
cpeona 24.398 1.013 4.120 4.850 3.848
min 23.27 0.89 3.80 2.82 3.48
max 26.61 1.24 4.70 5.89 4.42
v.c.% 3.162 8.064 5.985 15.606 5.495

Te3u pe3ynraTtu NOTBbPKIAABAT PE3YyJITATUTE MOJYUYEHU MIPHU €IHO JIPYro Halle
npoyuBaHe Ha BUrHata u rpaaunckus ¢acyn (Cp0eBa u Ctousosa, 1998, 2008).

[Ipu chabpkaHWETO HA JIM3MH W JIM3UH B MpPOTEHMHA ce HaOJI0JaBa Chllara
TEHJEHIUS OT MAaJKO T[I0-BUCOKM CTOMHOCTM B ceMeHarta Ha ¢acyna, KaTo
CTOMHOCTUTE Ha Jiu3uHa ca B rpanunure mexay 1.30 u 1.55% npu dacyna u 0.89 u
1.24% npu BurHara, a croriHoctute Ha Bapupane (CV%) — 6.9% 3a nbpBara Kyirypa
u 8.06% 3a BrOparta. [IporieHTHOTO ChABPKAHUE HA JIM3UH B MPOTEMHA UMa OJIM3KU
CTOMHOCTH, KaTO OTHOBO € IO-BHCOKO IpH (hacylIeBUTE€ CEMEHA, ChOTBETHO MEXIY
4.70% u 6.00%, B cpaBHEHHE ChC CEMEHaTa OT BHUIHA, KBIAETO ChIBPKAHUETO CE
Bk Mexay 3.80% u 4.70%.

Hanocnenbk ce oTaeins Bce No-rojsiMo BHUMaHHUE Ha ChIAbPKAHUETO Ha puoOpH,
KOUTO HMMAT BaXHO 3HAYEHHE 3a HOPMAJIHOTO XPAaHOCMUJIAHE, KOUTO B HAILIETO
OpOy4YBaHE ca OTPA3eHM KAaTo ChIbPKAHME Ha BIAKHUHU. boOoBuUTE pacTeHus
ChABPKAT B IMO-TOJSIMO KOJMYECTBO TE€3M BEIIECTBA, IMOpPaaud KOETO 3aeHO C
BHUCOKOTO OEJITHYHO ChIBPKAHHE T€3U KYJTYpH CE€ MPEenopbyuBaT 3a HalllaTta Tparesa.
OT nmosjyyeHuTe pe3yJTaTH € BUJHO, Y€ ChIbPKAHUETO Ha BIIAKHUHU U MPH J[BaTa
BUJIa cEMeHa € cpeHo 0Kou1o 4.5%. Ilpu cemeHnara oT BUrHA TO3UM KOMIIOHEHT € C T0-
BHUCOKHU CTOMHOCTH, IIPU MET OT MPOYyUYBAHUTE OOpa3lu ChAbpkKaHUEeTO € Hax 5% ,
nokaTo npu dacyia caMo Mpu eauH o0pasell € oTuyeTeHa TakaBa cTOMHOCT — 5.09%.
CrenenTa Ha BapupaHe MpU CEMEHAaTa OT BUTrHa € no-roysiMmo ¢ CV—-15.6%, nokato
npu ¢acyna e CV — 10.7%. CpabpkaHueTO Ha HEOPTaHUYHU ¥ MUHEPATTHU BEIECTBA
ce MoJIy4yaBa 3a€lHO C OCTAaHAJIUTE KOMIIOHEHTH, IPU Ta3uW ChCTaBKa ce HaOJ0aBa
ChIllaTa TEHACHIUS, KAKTO IPH OCTAaHAIUTE M3CJIEABAHU MTOKa3aTelId, CbOTBETHO IO-
BUCOKO ChABPIKaHME MPH (PacyIeBUTE CEMEHA.

[IponoBosicTBeHaTa yacT mpu 6000BUTE KyNTypH, (hacys U BUTHA, ca CEMEHATa U
T€ Ca Ta3W 4YacT OT PACTEHUETO, KOATO JOCTHra JO KOHCyMaropa, COpsAMO KOUTO TOH
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npeasBsBa CBOUTE npeanountaHuss. OCBEH XpaHWTEIHATa CTOMHOCT, M3pa3eHa 4pe3
OeNTHYHOTO CHAbP)KAHWE W OCTAHAINTE OWOXMMHYHHM KOMIIOHEHTH, OT TOJISIMO
3HAUCHHWE Ca M OpraHojienTUYHHUTE KadectBa. llpm dacynma m BuUrHara KoHCymaropa
HpesiBsiBa CBOMTE MPEANIOYUTAHUS 110 LBAT, opMa U efpuHa Ha ceMeHata. Pazmepa u
[[BETa ca OT IIbPBOCTENEHHO 3HAY€HHWE, KaTO HaW-MPENOYUTaHU Cca CpPEAHO MU
enpoceMeHHUTe coproBe (acyn u BurHa. [lo Te3um mpusHauy ce HabIHOAaBa TOJISIMO
pasHoobpasue, Mmo-rojisiMaTa 4yacT OT IpOoy4YBaHUTE 00pa3Iiy (acys UMaT epu CEMEHa C
OsT LIBAT, KaTO OCTaHaJIWTE ca OeXaBW, IIapeHH, KaQsiBU U Jp., U CbC CPEIHO E€APH
cemeHa. Burnara e ¢ mo-apeOHM ceMeHa 1 OLIBETSIBAHETO € B PA3IMYHH LIBETOBE: THMHO
4epBeHHU, KasiBU, USPHU, KPEMAaBU M BUHATH C MIO-THbMHO OIIBETEH XHITYM.

Tabauna 3. Mopghonoeuunu noxazamenu npu gacyn

TPAHUIIM HA BAPHPAHA HA CPeHATA
NpU3HALH cperia 0,05% 1% 0.1% V(',C"
Xcp. Yo
om 00 om 00 om 00
JILI/DF 34,36 33,11 35,61 32,57 36,16 30,36 35,64 5,09
BP/HP 63,75 41,08 86,41 31,18 96,31 1,10 96,90 49,70
BBP/NPP 6,52 4,92 8,12 4,22 8,82 3,42 10,18 34,26
TBP/WPP 10,97 8,42 13,52 7,31 14,64 11,41 22,19 32,50
BCP/NSP 19,65 15,37 23,92 13,50 25,79 13,56 31,64 30,45
TCP/WSP 7,91 6,14 9,69 5,36 10,47 7,76 15,28 31,40
JAC/LS 1,41 1,31 1,51 1,27 1,55 1,30 1,70 9,60
HIC/WS 0.9 0.11 0.28 0.19 0.37 0.41 0.42 3.01
T100C/W100S 43,32 37,89 48,74 35,52 51,11 43,33 66,27 17,51
Tabauna 4. Mopghonoeuunu noxazamenu npu eueHa
rpaHUIM HA BAPHPAaHA HAa CpeIHATA
npusnamn | bod 0,05% 1% 0.1% v.C.,
Xcp. Yo
om 00 om 00 om 00
JL/DF 69,40 65,51 73,29 63,80 75,00 52,77 69,23 7,84
BP/HP 86,85 62,74 110,95 52,22 121,47 17,26 119,14 38,80
BEP/NPP 24,92 19,98 29,87 17,81 32,03 19,04 39,96 27,76
TBP/WPP 42,27 31,41 53,13 26,67 57,88 8,94 54,86 35,92
BCP/NSP 205,09 147,28 262,89 122,03 288,14 98,42 342,78 39,41
TCP/WSP 32,64 24,34 40,94 20,72 4457 7,67 42,75 35,54
JAC/LS 0,82 0,78 0,86 0,76 0,88 0,66 0,84 7,29
HIC/WS 0,64 0,61 0,68 0,59 0,69 0,47 0,63 7,75
T100C/W100S 17,21 15,26 19,16 14,41 20,01 9,19 17,41 15,81

MOp(l)OJIOI’I/I‘IHI/ITe MMpUu3Hal Ha pAaCTCHHATA Cda HCU3MCHHO CBBbp3aHa Y4dCT C
TC3HW Ha CCMCHATa.

Bereranusita Ha pacTeHusiTa OT BUTHA U (acysl ce pa3auyaBar, KaTo C MO-KbC
BereTalmoneH nepuoy € pacyna (gur.1A u 1B).

Tpu ot obpasuurte 3aBppmIBaT BereranusaTa cu a0 80 gHH, APYrH TpU 10 95
IHU, a 5 OT TAX MMAaT NO-AbJra Bererauus. Burnara ce xapakrepusupa ¢ IO-IbJIBI
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BETETAllMOHEH MEpPUOJi, KaTO Hail-paHO y3psBaT TpU OT oOpasnute 3a 95 nHu, a Ha
OCTaHaAJIUTE € He0OX0MMO TTOBEUYE BpeMe, 3a Ja JIOCTUTHAT MocieaHaTa dasa.

HeoOxonumus mepuoj a0 3amodBaHe Ha MacoBUA IbdTexa mpu dacyna e
MHOT'O TIO-KpaThk — 34.36 1HM, TOKATO MPH BUTHATA € HEOOXOIUM TO-IABIBI IEPUO]T
70 TIOSIBSIBAHE HA TBPBHUS IBAT W CJIEJI TOBA JI0 MAacOBHUSA Ib(TEK Ha KyJITypaTa,
cpeaHo — 69 HM, OTKBJACTO CJIe/IBa U MO-IBJATHS BETeTallUOHEH MEPUO/ 3a y3psBaHe
Ha CeMEHaTa.

KbCHH
Hax 95 nuu

~

CpeHO paHHH
0 95 num

pannu 10 80 nuu

®durypa 1A. Ilpoovadxxcumennocm na 6ecemayuoOHHUs nepuoo
Ha npoyusanume obpazyu gacyn

panHu 10 80 nuu CpPeJHO PaHHU
0 95 nHu

KBLCHH HAJA 95 nHH

®urypa 1B. IIpoovisxcumennocm na eecemayuoHHUs nepuoo
Ha npoyusanume ooOpazyu eUcHa

PacTenusiTa Ha BUTHaTa ce XapakTepH3Upar ¢ MO-TojsMa BUCOYMHA — 86.8cm,
CpeaHO 3a TpoydyBaHWUTE oOpasiy, a npu (acyma 14 € 63.7cm, Karo CTENeHTa Ha
BapupaHe Ha TO3W MpPH3HAK € HAH-BUCOKA, TOPAAM TOJCMHTE PA3IAYUS MEKIY
obOpasiute. Enementure Ha 1q00MBa, KOUTO OMNPENEISIT W TPOJAYKTUBHOCTTa HA
obpasiure ca: Opoit 6000Be Ha €IHO pacTeHHE, Terjio Ha OoboBeTe, Opoi ceMeHa u
TErJIO Ha CeMeHaTa OT PACTCHHE, KaKTO M €ApUHA Ha CEMEHATa, U3pa3eHa ¢ MOMOIITa
Ha T100C. Ilo Gpost Ha 6000BEeTE M ceMeHaTa Ha €IHO PACTCHHE JIBETE KYJITYPH CE
paznuyaBaT 3HAYMTEIHO, KAaTO MO-TOJsMus Opoit 6000Be M ceMeHa € B Toji3a Ha
BurHara — 24.9 6poit 6000Be (cpeaHa BeIMYMHA), T0KATO Mpu (acysia CTOHHOCTTA €
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6.52. bpost Ha cemeHara ciena Oposs Ha 0oOoBete u € choTBeTHO: 205.09 mpu
BurHata u 19.65 npu dacyna. Termoro Ha 100 cemeHna ot mpoydBaHUTE OOpasIu
dacyn e 43.32¢g, a mpu BUTHATA € 3HAYUTEIIHO MO-HUCKo — 17.21g.

N3BOIN

AHanu3upaHuTe XMMHYHM [IOKa3aTeJd W MOPQOJOTHUYHM  TIpHU3HALHU
MO3BOJISIBAT Jia C€ HalpaBU KOMIUIEKCHA OILIEHKAa Ha MPOy4YBaHUTE o0pas3iu oT dacyn
u BUrHa. [lomydyeHuTe pe3yaTaTd JaBaT OCHOBAHUE Jia C€ 3aKJIIOYM, Y€ CEMEHATa OT
BUTHA MOTAaT YCHEIIHO Jia CE M3IMO0JI3BaT HapaBHO C Te3u Ha (pacyma, Thil KaTO UMAT
MOYTH ChIIATa XPAHUTEIHA CTOMHOCT.

CpabpKaHUETO HA CYpPOB IPOTEUH B CEMEHATA OT ABETE KYJITYpPHU € ChbOTBETHO:
27.8% npu dacyna u 24.4% npu Burnara (cpenna croiHoct). CTeneHTa Ha BapupaHe
Ha MIPU3HaKa € CPaBHUTEIHO HUCKO, IpH dacyna 3.08 u npu BurHata 3.16%.

CpabpkaHUETO HA JM3WH € B OJM3KM CTOMHOCTH MpH JIBaTa BUJA CEMEHa:
1.445% nipu dacyn u 1.013% npu Burnara.

Cpabpxkanuero Ha BiakHUHU €: 4.27% npu dacyna u 4.85% npu BUrHara,
KOETO c€ 0Tpa3siBa 0JaronpusiTHO HA 3/IPABOCIOBHOTO XpaHEHE.

Heoprannynute ¥ MHHEpaJHU BEUIECTBA CBIIO C€ OTIMYABAT C OJU3KHU
croitHocTu: 4.45% tipu dacyna u 3.848% npu BUrHaTa.
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ABSTRACT

The objective of this experimental trial was to determine the chemical
composition of meat of rainbow trout. The experiment was conducted on four
concrete tanks. The tank experiment (45 days) involved 40 fishes with an initial
average weight of 150 g. The fishes received feeds containing 45% crude protein and
18% fat. The percentage values of the protein, water, fat and ash contents of the
rainbow trout meat samples were 15.26 — 16.36, 74.92 — 75.98, 3.59 — 5.48 and
1.56 — 1.66%, respectively. The amount of trace elements in fish meat: calcium,
00,15 — 0,30 %; phosphorus, 0,26 — 0,32 %.

Keywords: rainbow trout, meat composition, recirculation system

YBOJ

JlproBata mbCThpBa € WieH Ha ceMmeicTBO Salmonidae. Tsa mpousxoxkma oT
CeBepHa Amepuka, Kpiaero oburaBa cryaeHd (18-21°C), umcTH ¢ MHOrO BHCOK
IIPOIICHT Ha Pa3TBOPEH KUCIOPO peku u e3epa (dur. 1). ToBa e Hall-U3BECTHUAT BUJ
puba ot Amnsicka g0 ceBeposamagHo Mekcuko (Tekelioglu, 2000). CeuieBpeMeHHO €

IIMPOKO U3BECTHA U pasnpocTpaHeHa B Anonus, Pycus, Kanana, Typuus (Yasmin et
al., 2004).
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®urypa 1. Pasnpocmpanerue na 0veoea nvcmwvpea (Staley and Mueller, 2000)

3apagu OBp3 pacTexxk W OoraT W pa3HOOOpa3eH ChCTaB Ha MECOTO, €
npeanoynTad Buj 3a koHcymamus ot 4doBek (Gladyshev et al. 2006). Penuia
U3CIEBAHUS JIOKA3BaT IMOJOXKUTENCH e(eKT BHPXY 3a00isBaHUA KaTO: ChPICYHO-
CHIOBH (aTEpOCKIIepO3a; XWIEPTEH3Ms), BB3MAIMTEIHA MPOILECH, IICOpUA3MC,
arpecUBHOCT, JACTIPECHs, aBTOUMYHHHU 3a00JIsIBAaHUS MMOPAJA BUCOKO ChIBPKAaHHUE HA
JBJITOBEPUKHU TMOJIMHEHACUTEHW MACTHU KUCEIUHM OT rpymnara Ha Owmera-3 (Gokce
et al., 2004; Schmidt et al., 2005; Gonzalez et al., 2006; Nasopoulou et al., 2007)

IleaTa Ha HACTOAIIOTO M3CJCABAHE € J1a C€ OMpEeeiIN XUMHYHUS ChCTaB Ha
MECO OT IIbI'OBa ICTHPBA KYJTHBHpPAaHA B PEIHMPKYJIAIMOHHA CHCTEMa, KOSTO CE
U3I10J13Ba 32 KOHCYMAIIHS.

MATEPUAJI U METO/]

[IpoyuBanero Oeiiie MpoBeACHO B YUeOHO eKCliepuMeHTa Ha 6a3a KbM KaTeapa
,,bHOJIOTHs 1 akBakynTypa““ Ha ArpapeH (axynrer npu Tpakuiicku yHUBEpCHUTET. 3a
OmnpeleNiiHE CbhCTaBAa HAa MECOTO M3MOJ3BaXME€ IbCThPBA KYyJITHUBHpPAaHAa B
peLUUpKYJallMOHHA CUCTEMA IIPH CJIeAHAaTa I'bCTOTA HA MOCAIKaTa!

®urypa 2. Cxema Ha onuma

Quamvp | Quamvp | Quamvp | Quamvp | Ilpazen
Filter Filter Filter Filter Empty
1ke/M | 1ke/m® | 1/ | 1xrv® | Tpasen
1kg/m’ | 1kg/m® | 1kg/m’ | 1kg/m’ | Empty

Pubute Osixa oTIIekKIaHU B IIMMEHTOBU BaHM ¢ pasmep 1/1/1 M., BKIItOUYEeHH B
penupkyanuoHeH pexuM. OOeKT Ha ekcrepuMeHta 0sixa 4 kr JIprora mbCThpBa
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(Oncorhynchus mykiss) cbc cpeana »upa mMaca 200 = 5 r. pa3nojoxeHu B 4 BaHW.
CroliHOCTHTE Ha XUIPOXUMUYHHUTE IMOKa3aTeNIM Osixa ChOTBETHO: TeMIleparypa Ha
Boga (t°) 13,7° mo 16,1° C, kounerpauus na murpatu (NOs3) 26 no 32 ppt.,
KOJM4ecTBO Ha cBoOosieH u ooy xyop (Cly) 0,00 ml, paztBopen kucnopon (O,) 9,2
10 10,9 ppm u pH 6,8 no 7,3.

Crnen kato 0s1xa yJIOBEHHU M 3allIEeMETeHH, pHOUTE 0s1Xa TOCTABEHU B XJIa/IUITHA
YaHTa U TPAHCIOPTUPAHU N0 JIabopaTopHsTa 3a M3BBPIIBAHE HA XUMUYEH aHAJIH3.
[IbcTBpBUTE Os1Xa NEKAMUTUPAHU, C OTCTPAaHEH rpbOHAUEH CTHIO, pUIeTUpaHH, KaTo
3a [eUTEe Ha u3cienBaneTo 0sxa B3eTu 70 rpaMa OT Besika puba 1 XOMOT€HU3HPAHHU.

3a ompenensiHe ChCTaBa Ha M3CJIEIBAHOTO Meco Osxa W3IMOJI3BAaHU Pa3TUYHH
metoauku. [lporienTa Ha Bmara Oemne OmpeneNeH MpH CyIIeHEe B TePMOCTaT MpU
temneparypa 105°C 3a 2 gaca. CTOWHOCTHTE HA CypOBHs MPOTEHH CE OTYETOXA Ha
0a3a moaydeH a3oT upe3 KoHBepTupaHe Ha N x 6,25 (Jones, 1941) mo merona Ha
Kenman (AOAC, 1995). CeabpkaHueTo Ha CYpOBH Ma3HHUHU C€ YCTAaHOBHU ClIIE[
eKkcTpaxupane ¢ erep o meroja Ha Cokciie, a Ha MernenTa, Ype3 u3rapsine B My dena
nemr npu temreparypa 500°C. Enementurte kammid u (dochop ce ompenennxa B
nocyeacTeue, ot usneneneHara nmpoda nmo bJIC 11374-86 (BJC, 1986).

PE3YJITATHU U OBCBHKIAHE
PesynTaTuTe OT MPOBEACHOTO U3CIEABAHE Ca MPECTaBeHU B Tabnuia 1.

Tabauua 1. Ilpubausumenen cocmas na meco om /[veosa nbcmvpsa

0
%zgagn(eﬁ)t) Meco ot /Ibrosa nbcropBa
(&)) Mean from rainbow trout

Baara
Moisture 74,92
CypoB npoTeHu
Crude protein 15,26
Ma3HuHH
Fat 3,59
Ilenen
Ash 1,56
Kanumii
Ca 0,23
poreE 028

[Ipouienta Ha Biara, CypoB IPOTEWH, MA3HUHH M TIETIEIN ca OJIU3KU JI0 TE€3U 3a
J'bIOBa IBCTHPBA MPHU IPYTU MpOBeIeHH u3ciensanus 71,65; 19,60; 1,36; 4,43 (Celik
et al. 2007); 76,23; 18,57; 1,47; 3,71 (Ozden, 2005). CToiiHOCTHTE Ha MOKA3aTEIHUTE
ca CXOJIHH U C T€3M Ha JAPYTH MpeJCcTaBUTeNH oT ceMmeiicTBo Salmonidae (Unliisayin
et al. 2001; USDA 2005) npu xouto B 85 rp. ce chabpkar 22 rpama npoteut, 130
kanopuu, 4 rpama mazauau u 30 mr HaTpuii (Ladewig and Morat, 1995).
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3AKJIIOYEHUE

[IpoBeneHOTO W3CleBAHE BHPXY XWMUYHHS CHCTaB Ha MECO OT JbrOBa
IBCTHPBA MMa MPAKTUIECKO MPUIIOKEHHUE. Pe3ynratute Morat na 0b1aT U3MOI3BaAHU
B HM3CJICIOBATEIICKA WHCTUTYIIMH, OT CICIHATUCTH IO XpaHEHe, AWETONO3H U B
pubHaTa HHIYCTPHSL.

[Tomy4yenuTe maHHM OT MPOBEACHHS] OT HAC OMHUT TOKAa3BaT, Y€ MECOTO Ha
IbrOBa TBCTHPBA € MPEMOPHUMUTETHO 3a KOHCyMallds OT YOBEK, MOpaaud HHCKO
ChABpPKAaHUE Ha MA3HWHHM W KAJOPUH, U BUCOK MPOICHT HA MPOTEUH W MUHEPATHH
BEIIECTBA.
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