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PE3OME

Popg Salvia L. (Lamiaceae) BkOY-
Ba okosio 900 Bmaa, LUMPOKO pasnpocTpa-
HEeHW B uenusa cBAT. Salvia sclarea L.,
e[VH OT HaW-UueHHWTe npeacTaBuUTeNn Ha
pog Salvia, e gByroauvlleH agsycemepneneH
XpacT, pofom OT paioHuTe Ha HOxHa
EBpona, HO KynTuBuMpaH B Lenus CBAT
KaTo W3TOYHWK Ha €eTepuvyHo Mac/so.
OvnroroguwHata My ynotpeba kaTo
TpaguUMOHHO NekapcTBO (aHTUCENTUYHO,
NPOTNBOBBH3NAINTENIHO, CTOMALIHO, XpaHo-

SUMMARY

The genus Salvia L. (Lamiaceae)
comprises about 900 species widespread
throughout the world. Salvia sclarea L.,
Clary Sage, one of the most appreciated
representative of genus Salvia, is a
biennial dicot shrub, native to southern
Europe regions, but cultivated all over the
world as a source of essential oil. Long
history of use as a traditional medicine
(antiseptic, anti-inflammatory, stomachic,
digestive etc.) is further supported in the
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cMunaTenHo u Ap.) e nogkpeneHa Aonb/i-
HUTENHO OT MHOrOBpOiHM Hay4yHU WU3-
cnepsaHua (Foray et al., 1999; Pitarokili
et al., 2002). OueHkaTa Ha CKopocTTa Ha
BTOPUYHUSA MeTaboNns3bMm, npomsHara B
KayecTBara M Ko/imyecTBaTa Ha efieMeH-
TMTe B €TEepMYHOTO Macso M no-cne-
UMa/IHO OCHOBHMTE aKTMBHM BELLECTBa,
KOMTO 3acsirat 6uoorMyHUTE AenHoCTH, e
cblwecTtBeHa (Hudaib et al., 2001). Ycra-
HOBEHO €, Ye XMMUYHUAT CbCTaB Ha eTe-
PWYHOTO Macso oT S.sclarea e cuHoO no-
B/IUAAH OT TEHETUYHN N EKOJIOTNYHM (hak-
TOpW, Bb3PacT Ha opraHvTe, KInMMaTuyHm
YyCNoBuSA U Ce30HHOCT. [peactaBeHn ca
pesyntatn oT NogpobHM aHanu3n Ha Cbe-
TaBkMTE B €TEPUYHO Macso OT HaA3EMHU
yactTn Ha S. sclarea. PactuteneH mare-
puan, oo6uT BbB (pa3a Ha MbJieH Lb(Tex
OT KOXHM paiioHn Ha Cbpbus, gasa npos-
payHo, XbNTEHMKABO apOMaTHO ETEPUYHO
macno. MNMocnegpawm watenHn GC n GC-
MS aHanusu nossonsBaT ngeHTudmympa-
HeTO Ha noBeye OT 60 cbCTaBKW, cpep
KOMTO JOMWHMpalLM ca fvHanunaueTar
(43.17%), nuHanon (15.8%), repmakpeH D
(9.73%), kapuodmneH (5.13%) u ckna-
peon (1.43%). 3aegHO C onpegensiHeTo
Ha BTOPMYHUSA MeTabonuTeH npodmn Ha
CpbOCKOTO eTepnyHO Macso oT S.sclarea,
NOTEHUMaTbT Ha TpaguHCKMA 4vaii kaTo
CPeACTBO 3a pacTUTesiHa 3aliuTa e OLeHeH
upe3 MHTEH3MBHOCTTA Ha cnopoobpasyBaHe
1 HapacTBaHe Ha muuena Ha Colletotrichum
acutatum JH Simmonds C.A.2 wu3onatu,
NPUUYUHABALLM aHTPaxHo3a, in Vitro.
KniouoBu pgymu: Salvia sclarea,

rpagnHCKn yai, eTepuyHo macno,
npoTmBorL6buyHo, Colletotrichum acutatum
YBO/,

Salvia L. e yacT ot Bug Mentheae B
nogcemeinctso Nepetoideae OT cemeicTBo
Lamiaceae ¢ okono 900 cuaHO pasHo-
pogHu Buga. Salvia sclarea L., e eguH ot
TbProBCKUTE npeactaButenn B popg Salvia,
n3non3BaH B napdiroMepuitHata MHAYC-
Tpus, NPOM3BOACTBOTO Ha 6GE3a/IKOXOTHM
HanUTKN W anKoXOJIHW HamnuTKW, MNpoun3-
Xoxgal, oT Cpeau3eMHOMOPCKUATE CTpaHu,

numerous scientific studies (Foray et al.,
1999; Pitarokili et al., 2002). Evaluation of
secondary metabolism rate, modification
in the qualities and quantities of essential
oil constituents, and in particular the
principal active ones affecting the
biological activities is fundamental
(Hudaib et al., 2001). The chemical
composition of the essential oil of S.
sclarea was found to be highly influenced
by genetic and environmental factors,
organ age, climate conditions, and
seasonality. Herein, we present the
results of detailed analyses of the
essential  oil constituents of the
commercial sample of S. sclarea aerial
parts. Plant material, harvested at full

flowering stage from southeastern
Serbian regions, yielded a transparent,
yellowish fragrant essential oil.

Subsequent meticulous GC and GC-MS
analyses enabled the identification of
more than 60 constituents, among which
linalyl acetate (43.17%), linalool (15.8%),
germacrene D (9.73%), caryophyllene
(5.13%) and sclareol (1.43%) were the
dominant ones. Together with the
secondary metabolite profile,
determination of the Serbian S. sclarea
essential oil agricultural plant protection
potential was estimated by assessing
sporulation intensity and mycelia growth
of Colletotrichum acutatum J.H.
Simmonds C.A.2 isolates, causative of
strawberry antrachnose, in vitro.

Key words: Salvia sclarea, Clary
Sage, essential oil, antifungal,
Colletotrichum acutatum

INTRODUCTION

Salvia L. is part of the tribe
Mentheae within the subfamily
Nepetoideae of Lamiaceae with about 900
highly heterogeneous species. Salvia
sclarea L., Clary Sage, is one of the
commercial representatives in the genus
Salvia, used in the perfumery industry,
soft drink and liquor production, native to
Mediterranean countries, North Africa and
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CeepHa Adpurika n LleHTpasiHa A3us, HO
B HalUW JHW ce KyNTuBMpa Mo Lenvs CBAT
(Werker et al.,, 1985). To3n BuAg, 4YMeTO
ume npousnusa OT JfaTuHcKaTa Ayma
salvere, KOeTO O3Ha4yaBa ,JIEKyBam“, nma
Abnra uctopusa B ynoTpebata cu kaTo
TpaguUMOHHO NekapcTBO Mog doopmara
Ha oTBapa UM HacToWKa C aHTUCENTUYHN,
NPOTVBOBBL3NAUTENHW, GNaronpuATCTBaLLM
cToMaxa M xpaHocMmunatesnHaTa cuctema
BNNSAHMA U OTXpayBally cBoncTBa (Foray
et al.,, 1999; Pitarokili et al., 2002). ETe-
puyHoTo Macno (EQ), nonyyYeHo KakTo oT
OVIBU, Taka MU OT KynTuBmpaHu dopmu, e
[OKa3zaHO e(PEKTMBHO OT MHOroGpoiHuTE
Hay4HU M3cnefBaHus 3a SieyeHne Ha Tpe-
BOXHU cbCTOAHUSA (Setzer, 2009), npute-
XaBa aHTMOKCUAAHTHO, aHTMbaKTepnasTHO
(Jirovetz et al., 2006; Kuzma et al., 2009),
npotmueorbbmyHo (Pitarokili et al., 2002;
Fraternale et al., 2005; Jirovetz et al.,
2007; Dzami¢ et al.,, 2008), aHTMMana-
puitHo (Ozek et al., 2010), aHTUXONMHEC -
TepasHo (Orhan et al., 2008), aHTUBUPYC-
Ho (Dikova, 2009) n onuongHo Bb3AEN-
cteue (Cinar et al., 2011). YCTaHOBEHO e,
ye XMMUYECKUSIT CbCTaB Ha ETEepPUYHOTO
Macso oT S. sclarea e CUHO NOBAUSH OT
FTEHETUYHU N EeKOSIoTMYHM (hakTopu, Bb3-
pacTt Ha opraHusma, Knumart YCoBUS W
ce30HHOCT. OueHka Ha mopudmkaumaTa
Ha BbTPELLHOBMAOBUA XUMUYEH NOSIMMOP-
(h13bM B KAYECTBOTO U KONIMYECTBOTO Ha
CbCTaBKNTE Ha €TEepPUYHOTO Macno, n no-
crneunasHo Ha akTVBHWUTE CbefUHEHUS,
ca OT 3HauyeHue, Tbil kaTo crnopeg USP,
BP un eBponelickute chapmakoneun, e Heob-
XOAMM KOHTPOJ1 Ha KayeCcTBOTO Ha eTepuy-
HWTE Macna oT MeAULUUHCKN pacTeHUs.
Colletotrichum acutatum J.H.
Simmonds e pacTtuTeneH nartoreH, 3apa-
3siBalll KAKTO KOpeHa, Taka U kopoHaTa Ha
aroguTe (Fragaria X ananassa Duchesne,
Rosaceae), npuunHaBaiikm Hekpo3sa, Npo-
ABABalla Ce BbpXy naoJoBe, uaniu,
aicTa o uBeTHM ctbbna (Freeman and
Katan, 1997, Freeman et al., 2002). Tasu
rbbMyka MoXxe fa atakyBa pacTeHMETO Ha
BCUYKM eTanu oT pa3BUTUETO, NpUYMHSABali-
K/ 3HAUYMUTENIHN NPOU3BOACTBEHU 3aryou B

central Asia, but nowadays -cultivated
worldwide (Werker et al., 1985).

This species, with its name derived from
the Latin salvere meaning to "heal", has a
long history of use as a traditional
medicine in the form of decoction or
infusion with antiseptic, anti-inflammatory,
stomachic, digestive and anticatarrhal
properties (Foray et al., 1999; Pitarokili et
al., 2002).

Essential oil (EO) obtained from both wild
and cultivated forms is proven effective
through the numerous scientific studies in
the treatment of anhyolitic effects (Setzer,
2009), antioxidant, antibacterial (Jirovetz
et al, 2006; Kuzma et al, 2009),
antifungal  (Pitarokili et al, 2002;
Fraternale et al., 2005; Jirovetz et al.,
2007; Dzami¢ et al., 2008), antimalarial
(Ozek et al., 2010), anticholinesterase
(Orhan et al.,, 2008), antiviral (Dikova,
2009) and opioid receptors activities
(Cinar et al, 2011). The chemical
composition of the essential oil of S.
sclarea was found to be highly influenced
by genetic and environmental factors,
organ age, climate conditions, and
seasonality. Evaluation of intra-species
chemical polymorphism modification in
the qualities and quantities of essential olil
constituents, and in particular the principal
active ones are of significance since,
according to USP, BP and European
pharmacopoeias, the quality control of the
essential oils from medicinally important
plants is the necessity.

Colletotrichum acutatum J.H.
Simmonds is a plant pathogen infecting
both the root and crown of strawberries
(Fragaria x ananassa Duchesne,
Rosaceae), causing necrosis manifested
on fruits, stolons, leaf and flower stems
(Freeman and Katan, 1997, Freeman et
al., 2002). This fungus can attack the
plant at all stages of development causing
significant production losses worldwide,
both before and after harvesting.
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CBETOBEH Malab, Kakto npegu, Ttaka u
cnep npmbupaHe Ha pekonTtata (Freeman
and Shabi, 1996; Talhinhas et al., 2011).
OT nbpBuYA C/iyyail Ha aHTpakHo3a, peruc-
TpupaH B EBpona npes3 1984 r. (Talhinhas
et al.,, 2011), 6onectta npucbcTea B AB-
cTpaninsa, Hosa 3enaHansa, O6eMHEHOTO
Kpancteo, CALL, kakto M B pasnuyHu
cTpaHu B A3nsg, Adpuka n KxHa Ame-
puka, oT AbNro Bpeme. MNoHWXaBaHe Ha
pobuea ¢ Hapg 80%, nopaan nosieata Ha
TO3K nartoreH, ce Habnwgasa B Cbpbus,
Korato 3a MbpBW NMbT € YCTaHOBEHO Npwu-
cbeTBMeTo Ha C. acutatum npu arogute
(Ivanovié et al., 2005). OcBeH TO31 OCHO-
BeH roctonpuemMHuk, C. acutatum Mmoxe
Ja npucbCcTBa U B APYrK BaxHW 3a cern-
CKOTO CTOMaHCTBO BMAOBE, kato Malus sp.,
(Rosaceae), Oleaeuropaea L., (Oleaceae),
Piper sp. (Piperaceae) u MHOro Apyru,
nokassallM LUA/0OCTHATA My naToreHHa
3HaummocT (Lee et al., 2007; Peres et al.,
2008; Polashock et al., 2009; Talhinhas et
al., 2011). KOHTpPONBT Ha NPUYMHUTESNIA HA
aHTpakHo3a, C. acutatum, e Haco4yeH npe-
OMMHO KbM npunaraHe Ha HasIMyHU CUH-
TETUYHU areHTu. HapacTtsawimre HyXau
OT 3paBoC/oBHa XpaHa obaye orpaHmya-
BaT ynorpebara Ha CUHTETUYHU NeCcTULu-
OV ¥ nopaxga Hyxpata oT HOBUW, edonkac-
HM N 6e30nacHM NPOTMBOIbOMYHW cpef-
CTBa, W3MOMI3BaHN CpeLly MHOro YycTol-
yvBM LWamose. MNecTuumManTe OT GU/IKOB
nponsxop rnosy4yaBaT 3HAYNTESIHO BHUMA-
HMe, Tbii KaTo npefAcTaBnsABaT U306UNeEH
U3TOYHUK Ha pasHoo6pa3HM OGUOAKTUBHMU
cbefiMHeHus, 6e3 HuKakBo wnam cnabo
BpeAHO Bb3JeiNCcTBMe BbPXY Helenesute
opraHusmMm 1 okonHata cpega. OcBeH
ToBa CbCTaBkute Ha EO ca ungeHtudm-
LUMpaHn Kato anenoxmmMuyHu, orpaHuya-
Baliky pacTexa Ha KOHKYPEHTHU pacTeHus
B OKO/MiHaTa cpefa, KoeTo e Apyro npe-
AMMCTBO Ha TAXHOTO m3nonssaHe (Ulukanili
et al.,, 2018). B HacTOSILLOTO MpOy4YBaHe
ca nocoyeHu pesynTtarute ot NogpobHuTe
GC-MS aHanuan Ha eTepuyHMTe CbhbCTaB-
Kn Ha Salvia sclarea L., npousxoxaaliu ot
IOTOM3TOYHUTE palOHM Ha roM3ToYHa
Cbpbus, 3a ga ce onpegeny kKa4ecTBeHus

(Freeman and Shabi, 1996; Talhinhas et
al., 2011,). Since the first anthracnose,
recorded in Europe in 1984 (Talhinhas et
al., 2011), the disease has been present
in Australia, New Zealand, United
Kingdom the United States as well as in
various countries in Asia, Africa and
South America, for a long time. Yield
reductions of over 80%, due to the
occurrence of this pathogen, were
observed in Serbia when the presence of
C. acutatum on strawberries was first
established (lvanovi¢ et al., 2005).

Besides this main host, C. acutatum can
also be present in other species important
for agriculture, such as Malus sp.,
(Rosaceae), Oleaeuropaea L.,
(Oleaceae), Piper sp. (Piperaceae), and
many others indicating its overall
pathogenic relevance (Lee et al., 2007;
Peres et al., 2008; Polashock et al., 2009;
Talhinhas et al., 2011). The control of the
anthracnose  causative  agent, C.
acutatum, is primarily aimed at applying
available synthetic agents. However, the
increasing requires for healthy food limits
the use of synthetic pesticides and raises
the need for new, efficient and safe,
antifungal agents used against multi-
resistant strains. Pesticides of herbal
origin have received substantial attention
since they represent a prolific source of a
variety of bioactive compounds, with no or
little harmful effect on non-target
organisms and the environment.

Furthermore, EOs constituents are
identified as allelohemical, limiting the
growth of competing plants in the
surrounding  environment, which is
another advantage of their usage
(Ulukanili et al., 2018). In the present
study, we report on the results of the
detailed GC-MS analyses of the Salvia
sclarea L.essential oil constituents,
originating from the southeastern Serbian
regions, in order to determine qualitative
and quantitative composition of the
essential oil and evaluate the secondary
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N KO/IMYECTBEH CbCTaB Ha EeTepU4HOTO
Mac/io 1 fa ce OLUEeHU CKOpOoCTTa Ha BTO-
pyyHNS meTabonm3bM. 3aeHO C BTOPUY-
HUSA meTabonuTeH npodnn, onpeaensHe-
TO Ha noTeHuuMana 3a pacTureniHa sawmra
Ha eTepuMuyHoTo Macsio oT Caneus ckiapesi
cnpamo C.A.2 um3onatm Ha Colletotrichum
acutatum J.H. Simmonds, npuunHuTen Ha
aHTpakHo3a Mo AroAgnTe, € YCTaHOBEH in
Vitro ypes oueHka Ha WHTEH3MBHOCTTa Ha
crnopoob6pasyBaHe 1 pacTexa Ha Mmuuena.

MATEPWNAN N METO4WA

1. PactuteneH matepuan

B HacTosweTo uscnegBaHe e wu3-
non3BaHa TbpProBcka nNpoba 0T eTepUYHO
Macso oT KynTuBupaHa Salvia sclarea L. ¢
npousxofd ot Crvena reka, KOroustouHa
Cbpbusa (reorpadpcka wmpuHa: 43°59'7.44”,
Ob/DKMHA: 19°57'20.41", HagMmopcka
BMCOYMHA: 268 m).

2. GC-MS aHanuns

Mac-cnekTpanHuaT aHan3 e oTye-
TEeH C rasoB xpomatorpac Ha Hewlett-
Packard 6890N, cHabgeH c kanunsipHa
KO/IoHa oT pasToneH keapy DB-5MS (5%
andpbeHnn, 95% AUMMETUNNONNCUIIOKCAH,
30 m x 0.25 mm, ge6envHa Ha cuama
0.25 pum, Agilent Technologies, Lexington,
USA) 1 B KOMOUHaUWUS C MacoB ceJliek-
TMBeH getektop 5975B oT cbLiara komna-
HUS. VIHXEKTOPBbT M UHTepdeiichT pabdo-
TAT cboTBETHO npu 250 °C 1 300 °C. Tem-
nepatypara Ha dhypHata e nosulleHa oT
70 Ha 290 °C npw CKOPOCT Ha HarpsiBaHe
5 °C/min; nporpamata 3a HarpsiBaHe
3aBbpwn Cc n3oTepmmyeH nepuog ot 10
MUHYTWU. 3a ras-Hocuten e Wu3nosi3BaH
xenuii (He) ¢ 1.0 mL/min. Mpo6ute, 1
OT noaxofsAwm pasTBopy B AMETUNOB
etep (1 mg/ml), ce UHXeKTUpPaT B PeXum
6e3 paspgensHe. Ycnosusta Ha MS ca
KaKkTo criegga: MOHU3aLMOHHO Hanpexe-
Hue 70 eV, o6xBaT Ha mMacaTta Ha npugobum-
BaHe 35-650, Bpeme Ha ckaHupaHe 0.32 s.

3. OnpepnensaHe Ha CbegNHEHMATA

CbCcTaBHUTE 4acTu Ha eTepuyHuTe
Macna ca onpegesieHn 4ypes n3non3saHe
Ha TexHuTe WHAEKCUM Ha 3a4bpXaHe,

metabolite rate in the sense of the
modification in essential oil constituents.

Together with the secondary metabolite
profile, determination of the agricultural
plant protection potential of Clary Sage
essential oil on Colletotrichum acutatum
J.H. Simmonds C.A.2 isolates, causative
of strawberry antrachnose, in vitro, is
estimated by assessing sporulation
intensity and mycelia growth.

MATERIAL AND METHODS

1. Plant material

A commercial sample of the
essential oil of cultivated Salvia sclarea L.
originating from Crvena  reka,
southeastern Serbia (latitude: 43°597.44",
longitude: 19°57°20.41", altitude: 268 m)
was utilized in this work.

2. GC-MS analysis

Mass spectra were recorded on a
Hewlett-Packard 6890N gas chromatograph
equipped with a fused silica capillary
column DB-5MS (5% diphenyl, 95%
dimethylpolysiloxane, 30 m x 0.25 mm,
film  thickness 0.25 pum, Agilent
Technologies, Lexington, USA) and
coupled with a 5975B mass selective
detector from the same company. The
injector and interface were operated at
250 °C and 300 °C, respectively. Oven
temperature was raised from 70 to 290 °C
at a heating rate of 5 °C/min; the heating
program ended with an isothermal period
of 10 min. As carrier gas helium, He, at
1.0 mL/min was used. The samples, 1 pl
of the appropriate solutions in diethyl
ether (1 mg/mL) were injected in a
splitless mode. MS conditions were as
follows: ionization voltage of 70 eV,
acquisition mass range 35-650, scan time
0.32s.

3. Identification of compounds

The constituents of the essential
oils were identified by using their retention
indices, calculated by linear interpolation
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N34YUC/IEHN Ype3 JIMHEeHa nHTepnosauns
CMpAMO MepPUOABLT Ha 3ajbpXaHe Ha ce-
pusa OT N-afikaHu, N TEXHUTE Mac-CrnekTpu
Ha crnomMmeHaTaTta npegu Tosa kosioHa DB-5
npy cblmUTe XxXpomartorpaddcku YcrioBUS.
VaeHTuduyupaHeTo Ha OTAeNHU cbeau-
HEeHNs e U3BBbPLUEHO Ype3 cpaBHABaHE Ha
TEXHUTE Mac-CNekTpu C Te3n Ha BbT-
pewHaTa pedepeHTHa 6UGMOTEKA, C
Mac-crnekTpuTe Ha 6aHkata gaHHu (Wiley
7N and NIST/NBS libraries) nnn ¢ aBTeH-
TUYHN CbeUHEHUs W MNOTBbPAEHU 4pe3
CpaBHEHWe Ha TexHWTe WHAEKCU Ha 3a-
AbpxaHe (1M3nos3Balikn 0606LEeHO ypaB-
HeHne ot Van Del Dool et al.,, 1963 un
Adams, 2007) ¢ aBTEHTUYHU CbEANHEHUSA
UNn ¢ NpeaulHn TepaTtypHu OoKnaju.
OTHOCUTENHMTE KOMMYeCTBa Ha OTAesNHuTe
KOMMOHEHTW Ca W34YMC/IEHN Bb3 OCHOBA Ha
GC-MS nukoBu obnactn 6e3 Kopekuus Ha
KoeduLUMEHTA Ha pearvpaHe Ha AeTekTopa
3a nnambyHa lioHu3aumsa (FID), ako ce npu-
eme, Yye BCUYKM UMaT MAEHTUYEH OTITOBOP.

4. MpoTnBOrbbuYHO gelicTBue

4.1. TeCcTOB OpPraHM3bvm

B HacToAwWMA  eKkcrnepumeHT e
u3snonssaH usonar Ha C. acutatum J.H.
Simmonds (C.A.2) nonyyeH oT Fragaria x
ananassa (Weston) Duchesne ex Rozier,
Rosaceae, oTtrnexgaHn B Cbpbusa. M3ona-
TbT Ce onpefesis Bb3 OCHOBa Ha MOpgo-
NOTVYHW, MaTOreHHNn W  MOJIEKY/IAPHU
XapakTepucTukM u ce noaabpxa BbpXy
KapTogoeHo-aekcTpo3eH arap (PDA) npwu
Temnepatypa 25 °C.

4.2. Bb3geiicTBUE Ha neT/iMBaTa
haza Ha eTepuyHo Macsio BbPXY
pacTexa Ha wusonaTu Colletotrichum
acutatum

MpoTMBOrbOUYHATA AKTUBHOCT Ha
eTepuyHMTE Macsna e uicrefBaHa B MeT-
puesun 6ntoga ¢ PDA ¢ ganametsbp 90 mm.
CybcTpaTute ca MHOKY/MpaHu Ypes 3acs-
BaHe Ha MuUesHW dparMeHTn OT u3ona-
TW, B3€TU OT Kpasi Ha KyNnTypu Ha Bb3pacT
cefem AHU. Macnarta ca npunoXeHn nog
hopmaTa Ha Karku, nocTaBeHn BbB BbT-
pelwHoCcTTa Ha kanaka Ha neTpueBOoTO
61040 B KoHueHTpauun ot 0.02, 0.04,

relative to retention times of a series of n-
alkanes, and their mass spectra on a
previously mentioned DB-5 column under
the same chromatographic conditions.

Identification of individual compounds was
made by comparison of their mass
spectra with those of the internal
reference mass spectra library, with the
data bank mass spectra (Wiley 7N and
NIST/NBS libraries) or with authentic
compounds, and confirmed by
comparison of their retention indices
(using the generalized equation by Van
Del Dool et al.,, 1963 and Adams, 2007)
with authentic compounds or with previous
literature  reports. For  quantification
purpose, relative amounts of individual
components were calculated based on
GC-MS peak areas without FID response
factor correction by assuming a unity
response by all.

4. Antifungal activity

4.1. Test organism

In this experiment, the used isolate
of C. acutatum J.H. Simmonds (C.A.2)
was obtained from Fragaria x ananassa
(Weston) Duchesne ex Rozier, Rosaceae
grown in Serbia. The isolate was
determined based on morphological,
pathogenic and molecular characteristic,
and maintained on a potato-dextrose agar
(PDA) at the temperature of 25 °C.

4.2. Effect of volatile phase of
essential oil on the growth of
Colletotrichum acutatum isolates

The antifungal activity of essential
oils was tested on PDA in Petri dishes 90
mm in diameter. Substrates were
inoculated by sowing mycelial fragments
of isolates taken from the edge of cultures
aged seven days.

The oils were applied in the form of drops
placed in the inside of the lid of the Petri
dish in concentrations of 0.02, 0.04, 0.08
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0.08 u 0.16 pL/ml Ha BB3ayx. BepgHara
cnepj HaHacsiHeTO Ha macnara, neTpuesu-
Te 6nwga ca ob6bpHaATM K 3anevyaTaHn C
napadguaMoBa NeHTa, 3a ga ce npegot-
BpaTu 3arybara oT m3napsiBaHe. V3nara-
HEeToO Ha u3onatuTe Ha WuscnefBaHuTe
Macna Ha napa npoab/hku cefieMm OHU
npu 25 °C. AHaNN3BLT € U3BBPLLEH B YeTu-
pu MOBTOPEHUS 3a BCSKa KOHLEHTpauus
Ha macno. N3onatute oTrnexaaHu B cpe-
ha ¢ pobaseH hyHruuma Metog 480 SC
(a.m. Captan, Galenika phytopharmacy)
Ca M3Mnon3BaHu Kato BapuaHT 3a NoJsioXu-
TeNleH KOHTPON. ®DYHIMUNOHUAT METO[,
480 SC ce npuniara B KOHUEHTpauus,
npenopbYaHa 3a NPaxkTUYEcKo Npunoxe-
HuWe, paspexja ce B CTepusiHa Boja u ce
XOMOreHu3mpa ¢ MarHutHa 6bpkanka. Mo
CbLUUA Ha4YMH, BapuaHTbT 3a oTpuuaTesn-
Ha KOHTpoNna, rbOUYHN 130M1aTu, OTINEeX-
naHn B PDA, ca v3nonssaHu npu uaeH-
TUYHW yC10BUA 6e3 onmMcaHoTo TpeTnpaHe
(Grahovac, 2014).

Cegem pgHU cnep TpeTupaHeTo,
edekTbT OT eTepuyHuTe macna e npeg-
CTaBeH ypes NpoueHTa Ha MHXMbupaHe Ha
pactexa Ha Muuena, B CpaBHeHWe c
KOHTponuTe. Hai-Huckata KoHUeHTpauus
C ehekT Ha Mb/IHO MHXMOMpaHe Ha pac-
TeXa Ha u3o/1aT ce onpegesis KaTo MUHK-
MasiHa MHXMbuTopHa KoHueHTpauusa (MIC).
Cnep oueHkaTa, netpueBuTe 6noga, B
KOUTO pacTexbT Ha u30/iaTa e Hamnb/jHO
Crpsas, ca OTBOPEHW W NPOBETPEHM Ha
Bb3/yLUEH NOTOK B NaMMHapHa kamepa B
npogb/xeHne Ha 30 MUHYTM, 3a pa ce
OTCTpaHu raszoobpasHaTa (pasa Ha mac-
N0TO 1 fa ce onpefenu netanHusa eqexT.
CwmsTa ce, ye onpefesnieHa KoHUeHTpauus
Ha Mac/10 NposiBiBa CMbPTOHOCEH edhekT,
ako He ce 3abenexu MbpBoHavasieH pac-
TeX Ha usonara cefleM [HU cnep BeHTU-
naums. Hai-Huckata Bb34ylIHA KOHLEH-
Tpauua e ornpegenieHa Kato MUHUMaHa
netasiHa KoHueHTpaumss (MLC) (Grahovac,
2014). PesyntatuTe, NoayyeHu No Bpeme
Ha uscnegBaHeTo, ca obpaboTeHn uypes
ancnepcuoHeH aHanm3z  (ANOVA) cbe
crartuctuyeckara  nporpama  StatSoft
STATISTICA 8.0. TecTbT Ha [AbHKaH e

and 0.16 yL/mL of air. Immediately after
applying the oils, the Petri dishes were
reversed and sealed with parafilm tape to
prevent vapour loss.

Exposure of the isolates to the vapours of
the studied oils lasted seven days at 25
°C. The assay was performed in four
replicates for each oil concentration. The
isolates grown on the medium with added
fungicide Method 480 SC (a.m. Captan,
Galenika phytopharmacy) were used as
the positive control variant.

The Fungicide Method 480 SC was
applied at a concentration recommended
for practical application, diluted in sterile
water and homogenized on a magnetic
stirrer. Similarly, the negative control
variant, fungi isolates grown on PDA were
used under identical conditions without
the described treatment (Grahovac, 2014).

Seven days after the treatment, the
effect of essential oils was represented by
the percentage of inhibition of mycelial
growth, compared to the controls. The
lowest concentration with the effect of
complete inhibition of isolate growth was
defined as the minimum inhibitory
concentration (MIC). After the evaluation,
Petri dishes, in which the growth of the
isolate was completely stopped, were
opened and ventilated under a stream of
air in the laminar chamber for 30 minutes
to remove the gaseous phase of the oll
and determine the lethal effect.

It was considered that a certain
concentration of oil exhibits a lethal effect
if no initial growth of the isolate was noted
seven days after ventilation. The lowest
airborne effect concentration was defined
as the minimum lethal concentration
(MLC) (Grahovac, 2014).

The results obtained during the research
were processed by ANOVA analysis with
the statistical program StatSoft STATISTICA
8.0. Duncan's test was conducted to
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npoBejeH, 3a Aa ce aHav3npa pasnukara
MeXay pasfiMyHuTe npeaBapuTesiHn Tpe-
TmpaHusa. CtoiiHocT oT P = 0.05 ce cunta
3a CTaTUCTUYECKN 3HAYMMA.

4.3. OnpegensiHe Ha HUBOTO Ha
crnopoobpasyBaHe

[eceT gHW cnepn TpeTupaHeTo ce
onpefens BAUSHMETO Ha eTepuyHuTe
Macsia BbpXxy HMBaTa Ha crnopoobpasyBsa-
He Ha C. acutatum. OnpegensHeTo Ha
HMBaTa Ha crnopoobpasyBaHe Ce W3BbLP-
LWBa C NomoLLTa Ha XxemoumTomeTbp Thom.
3a Ta3u uen ce nNpuroTes CycneH-3us ot
cnopu upe3 pobaBsHe Ha 5 ml pgectu-
NvMpaHa BoJa KbM netpueBo 671040 C
Kyntypa ot usonar C.A.2 (C. acutatum
J.H. Simmonds). Cnep ToBa 611040TO €
HabnogasaHo noa mwukpockon (Vasic,
2007). HuBOTO Ha cnopoobpasyBaHe ce
uspassBa cnopeg ckanata ot Quesada u
Lopez (1980), KbaeTo: + = SIOLWO crnopoobpa-
3yBaHe (<5.000 cnopw/ml), ++ = cpegHo
cnopoobpasyBaHe (5.000 - 10.000 cnopw/ml)
n +++ = 06UsIHO cnopoobpasysaHe (> 10000
cnopw/ml). EKCNEpUMEHTbT € M3BEAEH B
4yeTUpW NOBTOPEHUS.

PE3YJITATU N OBCBXXOJAHE

1. XuMnyeH cbCTas Ha
€TEepnYHOTO Macs10

GC/MS aHanuauTe paskpuxa Haau-
ymeTo Ha 67 CbCTaBKU, CbCTaBNsABALLM [0
99.06% OT aHanM3MpaHOTO EeTepuUyHo
Macno S. sclarea, a ngeHTuguumpaHnTe
KOMMOHEHTU ca Wu3bpoeHn B pen Ha
efniyupaHe ot KonoHata HP-5 MS B
Tabnuua 1, 3aeQHO C TEXHUTE WHAEKCK
Ha 3aAbpXaHe, KOJIMYECTBEHW [aHHW U
MeTo4 3a uaeHTudmkauus. Haii-pasnpo-
CTpaHeHUTe CbCTaBKM Ca MOHOTEPNEHOB
ectep nvHanunauetaT (43.17%) n cbOT-

BETCTBAWMAT MYy  asikoxon  AvHanon
(15.8%). [Opyrnte OCHOBHW CbCTaBKM ca
NAEHTUULMPaHN KaTo repmakpeH D

(9,73%), kapuodmneH (5.13%) u ckna-
peon (1.43%). EO e gomMuHupaH OT Kuc-
nopogHuTe MOHOTepreHu (66.65%), no-
cnefBaHu OT CEeCKBUTEPNeHOBUTE BbI/ie-
BOLOPOAN, KOMTO Bb3NmM3ar Ha 24.51%,
okucneHute cecksutepneHn 2.43%, MOHO-

analyze the difference between various
pre-treatments. A value of P = 0.05 was
considered statistically significant.

4.3. Determination of sporulation
level

Ten days after the treatment, the
effect of essential oils on C. acutatum
sporulation levels was determined.
Determination of sporulation levels was
performed using a Thom haemocytometer.

For this purpose, a spore suspension was
prepared by adding 5 mL of distilled water
to the Petri dish with a culture of isolate
C.A.2 (C. acutatum J.H. Simmonds). The
plate was then viewed under a
microscope (Vasic, 2007).The sporulation
level is expressed according to the scale
by Quesada and Lopez, 1980, where:
+ = poor sporulation (<5,000 spores/ml),
++ = medium sporulation (5,000 - 10,000
spores/ml) and +++ = abundant
sporulation (> 10,000 spores/ml). The
experiment was set in four repetitions.

RESULTS AND DISCUSSION

1. Chemical composition of the
essential oil

GC/MS analyses revealed the
presence of 67 constituents making up to
99.06 % of the of the analyzed S. sclarea
essential oil, and the components
indentified are listed in order of elution
from the HP-5 MS column in the Table 1,
along with their retention indices,
quantitative data and identification
method. The most abundant constituents
were monoterpenic ester linalyl acetate
(43.17%) and its corresponding alcohol
linalool (15.8%). The other principal
constituents were identified as
germacrene D (9.73%), caryophyllene
(5.13%) and sclareol (1.43%).

The EO was dominated by the oxygenated
monoterpenes (66.65%) followed by the
sesquiterpene hydrocarbons amounted to
24.51%, oxygenated sesquiterpenes
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TepneHute 2.05% n gutepnenute 1.71%.
MexaHusmnTe Ha AeliCTBUe Ha eTepuyHu-
Te mMacna cnpsmMo pacTuTesiHuTe natore-
HW BCe OLLe He ca n3BecTHU. MNpeanonara
ce, ye OMOIU3NYHMTE U MHTEH3MBHOCTTA
Ha OVOMOTMYHNTE XapaKTepuCTUKN Ha
eTepuyHMTE Macna 3aBUCAT OT XUMU4ec-
KaTa CTPyKTypa Ha TexHuTe BellecTsa.
3aefHO CbC CUHEpruaTa, aHTaroHusma
WA OOMBbAHWTENHOTO BbL3JENCTBUE Ha
CbCTABHUTE E€/IEMEHTM Ha €eTepuyHuTe
Macsa, 3ac/ykaBa fda Cce pasrniega u
B/IMAHNETO BbPXY [AafeHus naTtoreH,
CTPYKTYPHM U MOPAIOSIOTMYHM NPOMEHMN
UnnM Moxe 6uM cneuuuyHo B3aMMopen-
cTBMe ¢ membpaHata. Hanpumep Tepne-
HUTE, CbAbpXaly no-ronsMara yact ot
eTepuyHuUTEe Macna, ca OTTOBOPHM 3a X1A-
POhO6HNTE XapakTEPUCTUKA Ha eTepud-
HUTE Macna, nossonsBawm pudysmata
UM npes3 rbbuyHata membpaHa, 3acdrai-
K/ BbTPEKIETbYHUTE METABO/IMTHU NbTU-
wa n opraHenute. O4yeBUAHOTO BpPEAHO
Bb3AelicTBMe BbPXY Mopdonornata Ha
KNeTbyHUTE MemMOpaHKu, OCBOOOXAaBaHe
Ha BBbTPEKNETbYHU KOMMOHEHTU, Masiku
MOHM KaTo Kanuii n cocchat, nocneasaHn
OT MaKpoOMOJeKy/nHu Bellectsa kato JHK
n apyru, ce Habnwgasar nNpuv aHTUMUK-
pPo6HMSA MexaHM3bM Ha AeWCTBUE Ha eTe-
pu4yHOTO Macsno ot S. sclarea (Cui et al.,
2015). CkopoLluHo npoyyBaHe Ha Kumar et
al. 2019, cbobLaBa 3a (PYHIMTOKCUYHOCT
Ha eTepunyHO macno ot Caneus cknapes,
CaMOCTOAATE/THO N B KOMOMHaAUUS ¢ NnHa-
nunauetaT n AvHanon, cnpsmo Aspergillus
nidulans (86.37%) n Alternaria alternata
(98.37%). [oka3aHO e HamasnsBaHe Ha
eproctepona, eauMH OT OCHOBHUTE CTe-
ponwu, ocurypsisall, TBbpAOCT U CTPYKTYp-
Ha LAMN0CT Ha rbbuyHaTa naasmMmeHa Mem-
6paHa, KakTo 1 3abenexrmMo n3TnyaHe Ha
U3HEHOBaXHM oHU (Ca**, K* n Mg*) u
abcopbupawm UV nabun maTepuann B
3aBucMMOCT OT gosaTta (Kumar et al., 2019).
FopecnomMeHaTOTO MoOKa3Ba C/IOXHOCTTa
Ha CTPYKTYPHWUTE NPOMEHW, 3asierHann B
OCHOBaTa Ha NPOTMBOrbOUYHUS MEXaHW-
3bM, MOPOAEH OT €TEPMYHOTO Mac/io Ha
S. sclarea cnpsAMO naToreHn Ha KynTypuw.

2.43%, monoterpenes 2.05% and
diterpenesl1.71%. The mechanisms of EO
action against plant pathogens are still not
well known. It has been suggested that
biophysical, and the intensity of biological,
characteristics of essential oils depends
on chemical structure of their components.

Along with the synergy, antagonism or
additive effects of the EOs constituents,
the influence on the targeted pathogen,
structural and morphological changes, or
perhaps a specific membrane interaction
are also worth being considered. For
instance, terpenes comprising the vast

majority of the essential oils are
responsible for the hydrophobic
characteristics of EOs allowing their

diffusion through the fungal membrane,
affecting intracellular metabolic pathways
and organelles.

Obvious harmful effects on the
morphology of cell membranes, release of
intracellular components, small ions such
as potassium and phosphate, followed by
macromolecular substances such as DNA
and others were observed in antimicrobial
mechanism of S. sclarea essential oil
action (Cui et al., 2015).

Recent study by Kumar et al. 2019,
reported fungitoxicity of Clary Sage
essential oil, alone, and in combination
with linalyl acetate and linalool, against
Aspergillus  nidulans  (86.37%) and
Alternaria alternata (98.37%).

Reduction of ergosterol, one of the principal
sterol providing rigidity and structural
integrity to fungal plasma membrane, and
prominent leakage of vital ions (Ca**, K*
and Mg®") and UV-absorbing materials in
a dose dependent manner is proven
(Kumar et al.,, 2019). Abovementioned
demonstrate the complexity of the structural
changes underlying the antifungal
mechanism induced by S. sclarea
essential oil in crop pathogens.
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Tabnuua 1. XMMMYeH CbCTaB Ha eTepuUYHO Macno OT Bb3AYyLHUTE YyacTu oT Salvia
sclarea
Table 1. Chemical composition of the aerial parts essential oil from Salvia sclarea

MeTog 3a
Rt RI? Cébo(eonHeHze Cégﬁpm?’m:/e Co::nlgggnd naeHTMdMKaLS
poun ontent” [%] Identification method*

4.44 932 o-Pinene 0.11 MT MS, RI, Col
4.71 946 Camphene 0.02 MT MS, RI, Col
5.09 969 Sabinene 0.02 MT MS, RI, Col
5.18 974 B-Pinene 0.11 MT MS, RI, Col
5.32 988 B-Myrcene 0.73 MT MS, RI, Col
6.05 1020 p-Cymene 0.02 MT MS, RI, Col
6.14 1024 D-Limonene 0.27 MT MS, RI, Col
6.23 1032 (2)-B-Ocimene 0.28 MT MS, RI
6.47 1044 (E)-B-Ocimen 0.44 MT MS, RI
7.05 1067 cis-Linalool oxide 0.04 MT MS, RI, Col
7.40 1084 trans-Linalool oxide 0.05 MT MS, RI, Col
7.44 1086 Terpinolene 0.1 MT MS, RI
7.69 1095 Linalool 15.80 MT MS, RI, Col
8.98 1154 Nerol oxide 0.01 MT MS, RI
9.33 1165 Borneol 0.05 MT MS, RI
9.61 1174 Terpinen-4-ol 0.04 MT MS, RI, Col
9.79 1179 p-Cymen-8-ol Tr MT MS, RI
9.92 1186 o-Terpineol 3.20 MT MS, RI, Col
10.06 1200 Dodecane 0.154 0 MS, RI
10.48 1214 Linalool formate 0.08 MT MS, RI
10.84 1227 Nerol 0.57 MT MS, RI, Col
11.16 1235 Neral 0.04 MT MS, RI, Col
11.58 1254 Linalool acetate 43.13 MT* MS, RI, Col
11.84 1256 Geraniol 0.05 MT* MS, RI, Col
12.28 1287 Bornyl acetate 0.08 MT* MS, RI, Col
12.66 1298 Geranylformate 0.05 MT* MS, RI, Col
12.59 1300 Tridecane 0.03 @) MS, RI
13.98 1345 a-Cubebene 0.12 MT* MS, RI
13.88 1346 a-Terpinyl acetate 0.11 MT* MS, RI, Col
14.16 1359 Neryl acetate 1.70 MT* MS, RI, Col
14.64 1379 Geranyl acetate 1.50 MT* MS, RI, Col
14.68 1374 a-Copaene 3.39 ST MS, RI,
14.92 1387 -Bourbonene 0.54 ST MS, RI,
15.00 1390 B-Cubebene 1.07 ST MS, RI
15.81 1417 (E)-Caryophyllene 5.13 ST MS, RI, Col
16.03 1428 B-copaene 0.15 ST MS, RI
16.09 1432 o-trans-Bergamotene 0.06 ST MS, RI
16.38 1451 Isogermacrene D 0.05 ST MS, RI
16.62 1452 o-Humulene 0.36 ST MS, RI, Col
16.83 1458 allo-Aromadendrene 0.07 ST MS, RI
17.14 1478 y-Muurolene 0.17 ST MS, RI
17.31 1484 Germacrene-D 9.73 ST MS, RI
17.42 1489 Eremophilene 0.54 ST MS, RI
17.66 1500 Bicyclogermacrene-2 1.82 ST MS, RI
17.72 1500 o-Muurolene Tr ST MS, RI
18.05 1513 y-Cadinene 0.11 ST MS, RI
18.23 1522 4-Cadinene 0.82 ST MS, RI
18.79 1544 o-Calacorene 0.04 ST MS, RI
19.05 1549 Salviadienol 0.05 ST MS, RI
19.32 - 1,5-epoxysalvial-4(14)-ene 0.12 ST MS, RI
19.58 1577 Spathulenol 0.46 ST MS, RI
19.69 1582 Caryophyllene oxide 0.85 ST MS, RI
19.96 1595 4(14)-Salvialene-1-one 0.46 ST MS, RI
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20.17 1639 allo-Aromadendrene epoxide 0.08 ST MS, RI
20.39 - Torilenol 0.13 ST MS, RI
20.98 1640 Isospathulenol 0.15 ST MS, RI
21.27 1649 B-Eudesmol 0.09 ST MS, RI
21.35 - Cadina-1(10),4-dien-8-a-ol 0.20 ST MS, RI
21.92 ) CaryophylIa—%(:(L)IS),7(14)—dien— 0.08 sT MS, RI
22.06 1690 Eudesma-4(15),7-dien-1-p-ol 0.06 ST MS, RI
26.20 1906 Sclareoloxide 0.48 0 MS, RI
27.01 1908 Isopimara-8,15-diene 0.06 DT MS, RI
27.72 1949 geranyl-a-terpinene 0.06 DT MS, RI
28.28 1994 Manool oxide 0.04 DT MS, RI
29.46 - 9-(epi)-Sclarene 0.06 DT MS, RI
29.48 2055 Manool 0.06 DT MS, RI
32.38 2222 Sclareol 1.43 DT MS, RI
Total identified (%) 97.85

Bpoli cbeanHenus / Number of components: 67
MT — MoHoTepneHun / Monoterpenes 2.05%
MT* — Okcugupatm MoHoTepneHu / Oxygenated monoterpenes 66.65%
ST — CeckButepneHu / Sesquiterpenes 24.51%
ST* — Okcmpgupanu cecksuTepneHn / Oxygenated sesquiterpenes 2.43%
DT- fintepnenu / Diterpenes 1.71%
O — Apyru / Others 0.5 %
@) JIMHENHUAT UHAeKe Ha 3aabpxaHe (RI) onpeseneH ekcnepryMeHTasIHO BbpXy konioHa DB-5MS cnpsimo cepuu ot C7 — C32
n-ankaHu. b) CToiiHOCTMTe ca cpeAcTBa 3a MHAMBUAYaANHUS aHanus; tr, cneau ot konnyectsa (<0,02%). ¢) VigeHTudmkaums
Ha cbefuHeHueTo: RI, nHAaekcyu Ha 3aAbpxaHe, cbBnajallin C AUTepatypHu daHHu, MS, cbBnageHwe Ha mac cnektpute, Col,
KOMHXEKLMSA C YNCTO petdepeHTHO CbeanHeHe
a) Linear retention indices (RI) determined experimentally on the DB-5MS column relative to a series of C7 — C32 n-alkanes.
b) Values are means of the individual analysis; tr, trace amounts (< 0.02%).
¢) Compound identification: R, retention indices matching with literature data; MS, mass spectra matching, Col,

coinjection with pure reference compound

Dzamic¢ et al. AaBaT cBefeHusa npe-
On TOBa 3a XMMUYHUA CbCTaB Ha eTepuy-
HO macno ot S. sclarea ¢ npousxop ot
Cbpbus (Dzami¢ et al., 2008). Cnopeg
TAXHOTO NPOy4YBaHe, KOJIMYEeCTBOTO Ha Nn-
HanunauetaT (52.83%) n nuHanon (18.18%)
€ CpaBHUTENIHO BMCOKO, KaKTo € B Hallus
MaTepuas, AoKaTo NPOLEHTHLT Ha OCTaHa-
NINTe KOMMOHEHTU He Mnoka3Ba MHOro pas-

Dzami¢ et al. have previously
reported the chemical composition of S.
sclarea EO originating from Serbia (Dzami¢
et al., 2008). According to their study, the
amount of linalyl acetate (52.83%) and
linalool (18.18%) were comparable high,
as are in our material, while the
percentage of the other components did
not display many differences in content,

NIMKN B CbAbpPXaHMeTo, HO nokasea konu- | but  exhibited quantitative variation.
yecTBeHM Bapuaumm. A UMeHHo, a-tepnun- | Namely, a-terpineol (5%), a-pinene
Heon (5%), O-nuHeH (4.57%), nNuMmoHeH | (4.57%), limonene (1.55%) and Q-
(1.55%) un B-kapuodmneH (1,83%) ca | caryophyllene (1.83%) were one of the, in
eflHn OoT 06wWo 34-Te AgoMuHMpawm naeH- | total of 34, dominant identified

TUPULMpPaHN CbefUHEHUS, 40KATO B Ha-
waTta npoba Te npeAcTaB/sABa caMo Mas-
kaTa yacTt. CobluiaTa rpyna asTopu ca no-
Ny4nam JocTbN A0 OLeHkaTa Ha NpoTMBO-
rbbuYHaTa aKTMBHOCT CpeLly HSAKOJIKO
BMAA MUKpPOMMUETW. KoHLUeHTpauus oT
25 pL/ml oT eTepnyHO Macno nokassa
MUHUMaIHA (PYHTMLMAHE KOHLUEHTpauus
(MFC) cpewy Aspergillus, Penicillium n
Fusarium sp., u Trichoderma viride, foka-
To cTolHocTMTEe Ha MFC 3a M. mucedo u

compounds, while in our sample they
represented just the minor portion of the
analyzed EO. The same authors group
accessed the antifungal activity evaluation
against several micromycete species. A
concentration of 25 pyL/mL of the EO
showed minimal fungicidal concentration
(MFC) against Aspergillus, Penicillium,
and Fusarium sp., and Trichoderma
viride, while the MFC values for M.
mucedo and A. viride, and C. albicans
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A. viride u C. albicans ca 15 pL/mL u 10
pL/mL, cboTBETHO. ®PYHrUCTaTUYHUTE U
YHIMUMAHN  OENCTBUST Ha  MacnoTo
cpelly TbMHO nurMeHTMpaHa neceH C.
cladosporioides, aTakyBalia KakTo siMcTa-
Ta, Taka 1 NI040BETE HA MHOIMO pacTeHus
n T. grophytes, ca B kKOHUEHTpauuu oT 2,5
pL/ml n 5 pL/ml. B cnyyasa Ha C. fulvum,
A.alternata, P. helianthi n P. macdonaldii
€ [0KasaHo, Ye MuWHMMasiHaTa feTasiHa
KoHUeHTpauus (MLC) e 2,5 uL/ml (Dzamié¢
et al., 2008). OkypaxeHn OT TexHuTe pe-
3ynTaty, pewmxMe Aa OueHUMm npoTUBO-
rbOMYHMA NOTEHUMaN Ha HaleTo eTepuy-
HO macno ot Cansusa Cknapesa cpeLty
OPYr MHOro BakeH rbbuyeH natoreH, C.
acutaum 1 eBeHTya/IHO Ja Ce CbNocTaBu
CbAbPKAHNETO Ha KOMMOHEHTUTE Ha
€TepMYHOTO Mac/io C NposiBeHaTa npoTu-
BOrbOMYHA aKTMBHOCT.

Hanuuveto Ha nvHanunauetatr wu
IVHaNON KaTto OCHOBHWUTE BTOPUYHM Me-
Tabonutu B Macnoto Ha S. sclarea no-
TBbpXAaBaT pesynratute, npeactaBeHu
ot Pitarokili 1 Kuzma (Pitarokili et al.,
2002; Kuzma et al., 2009). Pitarokili et. al.
nocoysaT Ye pacTexa Ha rbouyHu nouyse-
HW naTtoreHu ce 3abassa cnopep gosata B
CNefCTBME Ha TpeTupaHe C eTepuyHo
mMacsio ot Cansusa Cknapes. OTyeTeHo e
UHXMOMpaHe Ha paguvasiHUs pacTex Ha
muuena Ha S. sclerotiorum (1000 pL/L),
S.cepivorum (2000 uL/L) 1 F. oxysporumf.
sp. dianthi (2000 yL/L) 3aefHO ¢ pyHrnUmAa-
HO Bb3geicTBMe BbPXY S. sclerotiorum
npyu KoHueHTpauus ot 2000 PL/L. CboT-
BETHO cToiHOCTMTEe EC50 Ha eTepuyHO
mMacso oT S. sclarea, nonyyeHu 3a Bcska
rbonuka (S. sclerotiorum (EC50) 492,55
ML/L; S. cepivorum (EC50) 544,17 uL/L; n
F. oxysporum f. sp. dianthi (EC50)
584.36uL/L) ca npeacTtaBeHM B cbuiaTa
paboTta. Uuctute TbProBCKU SIMHANONA U
NMHanMnaueTar Cblo ca TecTBaHu, Bbhpe-
KN TAXHOTO MHXMOMpaLLO AelicTBME BbPXY
pagvasHusa pacTteX Ha efHU U Cbluu
naTtoreHn u ca pernucTpupaHn pasnnyHute
CTEMNeHn Ha NHXnbmpaHe B 3aBUCMMOCT OT
TecTBaHUTe rbouukm (Pitarokili et al.,
2002). Nmaiikn npeaBug BCUYKO ClIOMEHa-

were  15uL/mL and 10  pL/mL,
respectively. Fungistatic and fungicidal
activities of the oil against darkly
pigmented mold C. cladosporioides
attacking both the leaves and fruits of
many plants and T. grophytes were at the
concentrations of 2.5 yL/mL and 5 pL/mL.
In the case of C. fulvum, A.alternata, P.
helianthi and P. macdonaldii, the minimal
lethal concentration (MLC) was proven to
be 2.5 yL/mL (DZamic et al., 2008).

Encouraged by their results we decided to
estimate the antifungal potential of our
Clary Sage EO against another very
important fungal pathogen,C. acutaum
and possibly correlate the EO constituents
content with the exhibited antifungal
activity.

The presence of linalyl acetate and
linalool as the major S. sclarea EO
secondary metabolites corroborate to the
results presented by Pitarokili and Kuzma
(Pitarokili et al., 2002; Kuzma et. al.,
2009). Pitarokili et. al. pointed on the
dose-dependent inhibiton of fungal soil-
borne pathogens growth caused by the
Clary Sage EO treatment. Inhibition of S.
sclerotiorum mycelia radial growth (1000
pL/L), S.cepivorum (2000 pL/L) and F.
oxysporumf. sp. dianthi (2000 pL/L)
together with fungicidal effect on S.
sclerotiorum at the concentration of 2000
ML/L were recorded.

The corresponding EC50 values of the
essential oil of S. sclarea obtained for
each fungus (S. sclerotiorum (EC50)
492.55 pL/L;S. cepivorum(EC50) 544.17
pL/L; and F. oxysporum f. sp. dianthi
(EC50) 584.36pL/L) are presented in the
same work. Pure commercial linalool and
linalyl acetate were also tested,
independently, for their inhibitory action
on the radial growth of the same
pathogens, and the various degrees of
inhibition depending on the fungi tested
were recorded (Pitarokili et al., 2002).
Having the all above mentioned in mind it
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TO NO-rope, MOXe Ja € Bb3MOXHO JIHa-
NONBT fa nos/usie U BbPXY WHXMbMpa-
HETO Ha pacTexa Ha TecTBaHWA OT Hac
nartoreH. Pesyntatute OT npobu Ha S.
sclarea B CapanHus, B KOUTO O-TeprnvHeon
(47.4%), a-tepnuHun auetaTr (22.1%) un
nnHanun auetat (12.7%) ca AOMUHUpa-
Wy ot 06wo 23 maeHTUuduuMpaHn cbe-
TaBKW, NOCOYBAT 3HAYUTESTHO MUKPOOGUO-
cTaTMyHO peictene cpelly rbouukm C.
albicans. a-TepnnHeon, NpUCbHCTBALL U B
HallaTa xpomartorpama, TecTBaH camoCTOsi-
TeNHO, NoKa3Ba kaHAMAMLMAHA aKTUBHOCT
npu Jo3u no-Bucoku ot 2 mg/ml, gokato
JIMHANIONBT Nnokassa no-cnadu MIC cToii-
HoCcTU (>2 mg/mL), nokasBawu 3a CUHep-
TMYHOTO AeliCTBME HA OTAENHUTE CbCTaBKU
Ha eTepuyHOTO Macso. OCHOBHUTE CbCTaB-
KM Ha aHaNn3MpaHOTO eTepUyHO Macso oT
S.sclarea ¢ npousxog CapavHus ce oTnu-
yaBaT MHOrO OT HawaTa npoba ¢ LOMUHK-
pawmss Metun xaesukon (49.02%), KownTo
HVYKOra He e rfnocoysaH 3a TO3W Bug, u
nnHannnauetat (19,2%) (Moretti et al.,
1997). B wucnaHckuTe o6pasum Ha S.
sclarea npeo6nagasa nuHanon (32.97%),
nnHanunauetat (16.85%), repmakpeH D
(7,57%) n TepnuHeH-4-on (5.63%) (Torres
et al., 1997). B nscnensaHe Ha uUtasvaH-
ckma  6uotun Ha Cansua Cknapes,
Carruba et al. nocouBat BUCOKO CbAbpxa-
Hue Ha repmakpeH D (10.56%), npucbCT-
Bal, M B Hawarta npo6a BbB BUCOKUS
nobne (9.73%), M BB3MOXHOCTTA TO3U
BWA, €TEPUYHO Macso fJa 6bae n3nonssaH
B pactutenHarta 3awmrta (Carruba et al.,
2002) (durypa 1).

®peHckn npobu oT S. sclarea, ¢
BMCOK MpPOLEHT Ha NuHanunauetart (81.4%)
n nuHanoon (10.7%), nokassBaT aKTuB-
HOCT, €eKBMB&/IEHTHa Ha CTOMHOCT ICsy,
NosTlyYeHn C LOKCOPYOULMH CNpsAMO Kie-
TBYHW CYCMEH3UN Ha M3bpaHn Xxemornoe-
TUYHM Tymopu (HL-60, K562) n tBBHPAK
Tymopn (MCF-7) 1 nopagu CroXxHocTTa
Ha MacneHus CbCTaB He Moxe aa 6bae
NecHO 065ICHEHO KOSl CbCTaBka € akTUBHa.

might be possible that linallol influenced
the inhibition of our tested pathogen
growth, also. Considering the results,
regarding the Sardinian samples of
S.sclarea, in which o-terpineol (47.4%), a-
terpinyl acetate (22.1%) and lynalil
acetate (12.7%) were the dominant ones
of in total 23 identified constituents,
significant microbiostatic action against
fungus C. albicans was stated. a-
terpineol, present in our chromatogram
also, tested alone, showed a candidicidal
activity at doses higher than 2 mg/mL,
while linalool exhibited weaker MIC values
(>2mg/mL) pointing on the synergistic

action of the single components,
constituents of the EO.
Major constituents of the analyzed

essential oil of Sardinian S.sclarea were
very distinctive from our sample,
dominating methyl chavicol (49.02%),
never reported before from this species,
and linalyl acetate (19.2%) (Moretti et al.,
1997). Spanish speciments of S. sclarea
prevailed by linalool (32.97%), linalyl
acetate (16.85%), germacrene D (7.57%)
and terpinen-4-ol (5.63%) (Torres et al.,
1997). Investigating the Italian biotype of
Clary Sage Carruba et al. pointed on the
significance of the high content of
germacrene D (10.56%), also present in
our sample in the high yield (9.73%), in
the possible exploiting of this species
essential oil in plant protection (Carruba et
al., 2002) (Figure 1).

French speciments of S. sclarea,
yielding the high percentage of linalyl
acetate (81.4%) and linalool (10.7%),
showed activity equivalent to 1Csy values
obtained with doxorubicin against cell
suspensions of selected hemopoeitic
tumors (HL-60, K562) and solid tumors
(MCF-7), and because of the complexity
oil composition it was not easily explainable
which constituent was the active one.
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1. O6uwa INoHHa XpomaTtorpama Ha eTepuyHO Macsio oT S.sclarea, ¢

MaccCrnekTpuTe N XMUMUYHMUTE DOPMYNN Ha AOMUHUPALLMTE Mac/ieHN CbCTaBKu
Fig. 1. Total ion current chromatogram of the essential oil of S.sclarea, with the
mass spectrums and chemical formulas of dominant oil constituents

Pasbupa ce, CUHEPrNYHUAT edekT
Ha HSAKOM CbeguHeHuss B cMmecTa oT
BTOPUYHU MeTaboIMTU ce siBSiBa pasymMHO
npegnonoxexHve (Foray et al, 1999).
CknapeosbT, nabaaHoB TUM AUTEPNEH, C
BMCOKa aHTMMMUKPOOHA aKTMBHOCT 1 [03a
3aBMCMM OT BPEMETO UUTOCTaTUYEH WU
UUTOTOKCMYEH MOTEHUMas Cpelly naHes
OT YOBELLKN JIEBKEMUYHU KNETHYHU JU-
Huu, P-388, KB n NSCLC-NG6, npucbcTBa
camo B 0.06% B mn3cnepsaHuATa Ha pac-
TUTENHUs matepuan Ha DZamic et al., 80-
KaTo B Hawara npoba B HEro ce Cbabpxa
1.43% ot macnoto (Dimas et. al., 1998;
DZami¢ et al.,, 2008). To3n 6uoakTBeH
OVTeprneH npeav3BrkBa MOHWXKaBaHe Ha
TexecTTa Ha UH(eKymaTa oT pbxga npu
opeHckn 606 n nuweHvua (Bailey et al.,
1975) n nHxnbmnpaHe Ha paguasiHOTO yabil-
)XaBaHe Ha rbOUYHU KOSTOHUW, OTrNexaaH-
n B arap (Ulubelen et al., 1994). Moxe aa
Ce HampaBu 3ak/l4eHue, Ye ca WAEHTU-
hmumpaHn pasnuyHu xemotunose Ha Can-
Busi Cknapesi. OCBeH Hali-4ecTo cpeLaHns
npeobnagasall JvHanunialeTar/nnHanon,
o-TepnuHeosi, 6orat Ha repaHuon/repaHnn
auetat xemotun (Elnir et al., 1991), 6orat
Ha meTun xaBukon xemoTtun (Moretti et al.,

Of course, a synergistic effect of
some compounds in the secondary
metabolites  mixture raises as a
reasonable assumption. (Foray et al.,
1999). Sclareol, a labdane-type diterpen,
with high antimicrobial activity and dose,
and time dependent cytostatic and
cytotoxic potential against a panel of
human leukemic cell lines, P-388, KB and
NSCLC-N6 cell lines was present in only
0.06 % in Dzami¢ et al. plant material,
while in our sample it comprised 1.43% of
the oil (Dimas et. al., 1998; DZami¢ et al.,
2008). This bioactive diterpene induced
the reduction of the severity of rust
infection in French beans and wheat
(Bailey et al., 1975), and the inhibition of
the radial extension of fungal colonies
grown in agar (Ulubelen et al., 1994). It
can be concluded that different Clary
Sage chemotypes have been identified.

Besides the most common linalyl
acetate/linalool  dominant, a-terpineol
dominant, geraniol/geranyl acetate-rich

chemotype (Elnir et. al., 1991), a methyl
chavicol-rich chemotype (Moretti et al.,
1997), a germacrene-D-rich chemotype
(Carruba et al., 2002), and very recently,
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1997), 6oraT Ha repmakpeH D xemoTun
(Carruba et al., 2002), a cbBCEM CKOPO "
O-TYOH, TyEeH W MaHOoo/s okcug/duton
Xemotunm oT TyHuc (Taarit et al., 2011).
Cnopef, HacTosIlWMAT obwupeH GC-MS
aHa/In3, eTepuyHOTO Macso oT S. sclarea
OT toromstouHa Cbpbusa e 6orato Ha
NIHaNuA aueTaT, IMHA0O0/1, HO CbL0 Taka
CbAbpXa BWCOK MNPOLEHT repMakpeH D
(durypa 1).

EBreHonbT npeacTasnisisa 4OMUHM-
paliata cbCTaBka Ha S. aromaticum (L.)
Merr. & LM Perry u C. verum J.Presl EOs,
[oKaTto KapBakpo/abT € ApYyro apomartHo
cbeaMHeHne c¢ deHonHa OH  rpyna,
npucbCcTBalla B Heroearta CTpykTypa, a O.
vulgare L. geMoHCcTpupa NpoTnBOrbouYHa
aKTMBHOCT Mnopaay o6pasyBaHeToO Ha BOAO-
pofAHa Bpb3ka C Lie/IeBUSS EH3UMEH aKTu-
BeH UeHTbp (Farag et al., 1989). ETepunu-
HOTO Macno m3cnegBaHo B HacToswara
paboTa He cbabpXa Te3u KUC/I0POoaHU
MOHOTepneHun (66.65%), HO BKMHOUBA Cb-
eMHeHnsa ¢ nogobHa XMMuyecka CTPYK-
Typa, Taka 4ye MOXe fa ce Nnpennosioxu,
ye MHXMOUPAHETO Ha pacTexa Ha Mmuuena
M npomMsiHata B HMBOTO Ha chnopoobpa-
3yBaHe Ha C. acutatum ce noctura oT4yac-
TV Nopagu TAXHOTO NpucbeTBue. Anmdar-
HUTE a/IKOXO/N, TePaHNOS, HEPO U LMT-
POHESIO/, HAKOW OT KOUTO MpUCbCTBaT B
Hawara npoba, noTuckaT pactexa Ha A.
flavus n cneposatesnHo npepoTBparaBaT
ob6pasyBaHeTo Ha adnatokcuH (Mahmound,
1994), a eTepuyHM Macna ChAbpxalliu
anudaTHN ankoxosam n heHoNun, nNposiBs-
BaT 3HauuMTeNHO peicTeue cpewy A.
aegyptiaceus, P. cyclopium n T. viride
(Megalla et al., 1980). NopecnomeHaTuTe
pesyntatu, 3aefHO C HawuTe [aHHU
nokaseart, 4e anugatHuTe anKkoxosu
uMaT NPOTUBOrbOUYHO AelicTBME cpeLly
LWMPOK CcnekTbp OT rbbouukn. [Nopaau
C/MIOXHUS CbCTaB Ha HaWETo eTEepUYHo
Macsio, He Gelle JIeCHO Aa Ce yCTaHOBWU
KOe e aKTUBHOTO BELIECTBO, KOETO ce
cunta 3a npotuBorbLbmyHo cpewy C.
acutatum. MNopaan ToBa ce pascbxiaBa
BbPXY Bb3MOXHUS CUHEPTUYeH edekT Ha
pefvua cbeVHEHNA B CMeCTa.

and manool
from  Tunisia

a-thujone, thujene,
oxide/phytolchemotypes
(Taarit et al., 2011).

According to our extensive GC-MS analysis
the S. sclarea essential oil from south-
eastern Serbia in our hands is rich in linaly
lacette, linalool, but also contains high
percentage of germacrene D (Figure 1).

Eugenol represents the dominant
constituent of the S. aromaticum (L.) Merr.
& L.M. Perry and C. verum J.Presl EOs
while  carvacrol, another  aromatic
compound with the phenolic OH group
present in its structure, from O. vulgare L.
demonstrate antifungal activity due to the
hydrogen bond formation with the targeted
enzyme active cite (Farag et al., 1989).

EO tested in this work does not contain
these particular oxygenated monoterpenes,
but it does include compounds with a
similar chemical structure, so it could be
speculated that the inhibition of mycelial
growth and an alteration of the sporulation
level of C. acutatum is accomplished
partly due to their presence.

Aliphatic alcohols, geraniol, nerol and
citronellol, some of which present in our
sample, suppressed the growth of A.
flavus and consequently prevented the
formation of aflatoxin, (Mahmound, 1994)
and EOs containing aliphatic alcohols and
phenols exhibited significant action
against A. aegyptiaceus, P. cyclopium
and T. viride (Megalla et al., 1980).

Above-mentioned results, together with
our report suggest that aliphatic alcohols
could have antifungal action against a
broad spectrum of fungi. Due to the
complexity of the EO composition in our
hands, it was not straightforward to
deduce which is the active one attributed
for the antifungal activity against C.
acutatum, ponting on the possible
synergistic effect of a number of
compounds in the mixture.
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2. MpoTnBOrL6UYHO AelicTBMe

2.1. Bb3geiicTBUe Ha neTNmMBaTa
aza Ha eTepuyHo Mmacro BbPXY
pacTexa Ha nsonaTu Ha Colletotrichum
acutatum

ETepuyHoTOo Macno or S. sclarea
uHxMbupa pactexa Ha wmuuena Ha C.
acutatum U NpPOUEHTBLT Ha WHXMbMpaHe
3aBMUCK OT KOHUeHTpauusita. VHxubupaHe
pactexa Ha Muuena ce Habnwogasa npu
KOHUEeHTpauum ot 0.04 pL/ml Bb3ayx n no-
BMCOKMW, KaTo ce Mma npeasus eTepuyHoTo
macso ot Cansua Cknapesa. MuHumanHara
MHXMOMTOPHA KOHUEHTpauusa Ha u3cnensa-
HOTO eTepuyHo Macno (Tabnuya 2; durypa
2) e 0.04 pL/ml Bb3ayX, [0KAaTO MWUHUMAI -
HaTta netasiHa KoHueHTpauma (MLC) e ot
0.8 pL/ml Bb34yX) .

2. Antifungal activity

2.1. Effect of volatile phase of
essential oils on the growth of
Colletotrichum acutatum isolates

S. sclarea essential oil inhibited the
growth of C. acutatum mycelium and the
percentage of the inhibiton was
concentration dependent. To be exact,
inhibition of mycelial growth was observed
at concentrations of 0.04 yL/mL of air and
higher, considering the essential oil of Clary
Sage. The minimum inhibitory concentration
(MIC) of the tested EO (Table 2; Figure 2)
was at the concentration of 0.04 pL/mL of
air, while the minimal lethal concentration
(MLC) was at the concentration of 0.8 pL/mL
of air.

Ta6nuua 2. Bb3aeicTBre Ha feTvMBaTta gpasa Ha eTepu4HOTO Macsio BbpXy pacTexa

Ha muuena Ha C. acutatum

Table 2. The effect of volatile phase of the essential oil on the growth of C. acutatum

mycelia
p.s. 0.02 0.04 0.08 0.16 KoHTpona  Metod 480
con (u/mL) (ul/mL) (ul/mL) (ul/mL) Control SC
Salvia sclearea L. 3.25° 3.15° 2.58° 2.65° 4.70° -

* (P = 0,05) [aHHuTe B pefoBeTe, MapkMpaHu C efHa W cblua 6ykBa, He Ce pas3/iMuyaBaT CTATUCTUYECKW 3HAYMMO Bb3

OCHOBa Ha TecT Ha [bHkaH (p = 0,05)

* (P=0.05) The data in rows marked by the same letter are not statistically significantly different based on Duncan test

(p=0.05)
a)

0 T T T T 5 —
002 004 008 0.16 Control Metod
ul/mb pl/ml pl/mb pl/ml 4805C

c)

dur. 2. a) BbagelicTBue Ha neTnvBaTa pasa Ha eTepuyHO Macsio oT Salvia sclarea Bbpxy pacTtexa Ha
nsonat Colletotrichum acutatum in vitro cnen cegemaHeBHO m3naraHe, b) Beanonosu crnopu Ha
rb6uuka Colletotrichum acutatum cbc ckana 3a namepBaHe cnpsmo aroga (Fragaria X ananassa
Duchesne ex Rozier [chiloensis x virginiana]) roctonpneMHunk ot Cbpbusa nog mmukpockon Olympus
CX31 c) CnMnTomMuM Ha aHTpakHO3a Mo Aro40Bu NiogoBe

Fig. 2. a) The effect of volatile phase of the Salvia sclarea essential oil on the growth of
Colletotrichum acutatum isolate in vitro after the seven-day exposure, b) Asexual spores of the
fungus Colletotrichum acutatum with measurement scale on the strawberry (Fragaria x ananassa
Duchesne ex Rozier [chiloensis x virginiana]) host from Serbia under the Olympus CX31 microscope
c) Symptoms of strawberry anthracnose on fruits
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2.2. OnpegensaHe Ha HMBOTO Ha
crnopoo6pasyBaHe

ETepuyHOTO Macno noenusiea cwsi-
HO CMOCOBHOCTTA 3a cnopoobpasyBaHe Ha
TectoB m3onar C.A.2 (C. acutatum) 3a
obpasyBaHeTo Ha Mo-roaisM wunaM no-
ManTbK 6poit koHugumn (Tabnvua 2). Mo
To3n HaumH EM ot S. sclarea, B cpaB-
HEeHMe C KOHTposiaTa, nokassa cpegHo
HMBO Ha cnopoob6pasyBaHe 3a BCUYKU
MPWIOXKEHN KOHLEHTpauunm u UHXMOUTO-
peH edekT BbpPXy pacTexa Ha muuena Ha
C. acutatum npwu in vitro ycnosus. ETe-
PUYHOTO Mac/o NPosiBSBa CUIEH NHXWUOU-
TOpeH echbekT npu  KOHUEHTpauuu no-
Bucokn ot 0.08 pL/mL. MwuHumanHute
WHXMNOUTOPHU KOHLLEHTpauuM Ha mMacnoTo
ot Caneusa Cknapes ca 0.02-0.08 pL/ml
Bb3AyX 3a TecTBaHusi uzonart C. acutatum.
MuHUManHaTa neTasiHa KOHUEHTpauus
(MLC) ce unspassasa cnepg net gHu. Hueo-
TO Ha crnopoobpasyBaHe Ha TecTBaHWSA
nsonatr Ha C. acutatum e pasMyHO B
3aBMCMMOCT OT NpUJIoXKeHaTa KoHLeHTpa-
uus. Vasi¢, 2007 nocoysar, Ye HMBOTO Ha
crnopoo6pasyBaHe 3HauUTESHO  BAWse
BbPXY CKOpPOCTTa M MHTEH3UBHOCTTA Ha
nHpekuymaTa (Vasi¢, 2007). V1snonseaH e
pedepeHTHNAT aHTUMUKOTMYEH KanTaH
(Metod 480 SC), cpyHrnumg ot knac gra-
NMIMUAW, U3MON3BaH KaTo MOJIOXUTEsTHA
KOHTpO/a, NposiBsiBa cBosiTa (byHrmungHa
aKTMBHOCT 4pe3 CnuMpaHe Ha pacTexa Ha
mMuuena Ha C. acutatum, kaTo npasu 3a-
WMTHa Gapuepa Bbpxy smctata v NJo-
[oBeTe, nNpefoTBpaTABaikM HaB/IM3aHETO
Ha naroreHa u 6,10kMpa NPOM3BOACTBOTO
Ha eHeprusa (Tabnuua 3).

Ta6bnuua 3. Bb3geicTBne Ha eTepUYHO
Ha criopoobpa3syBaHe Ha C. actatum

2.2. Determination of sporulation
level

EO greatly influenced the
sporulation ability of the C.A2 (C.
acutatum) test isolate to form conidia in
larger or smaller numbers (Table 2).

Thus, the EO of S. sclarea, compared to
the control, has shown a medium
sporulation level for all of the applied
concentrations, and an inhibitory effect on
the growth of C. acutatum mycelium
under in vitro conditions. The essential oil
exhibited a strong inhibitory effect at
concentrations higher than 0.08 pL/mL.
The minimum inhibitory concentrations of
Clary Sage oil was 0.02-0.08uL/mL of air,
for the tested C. acutatum isolate.

The minimum lethal concentration (MLC)
was expressed after five days. The
sporulation level of the tested C. acutatum
isolate was different depending on the
applied concentration. Vasi¢, 2007 states
that the level of sporulation significantly
affects the speed and the intensity of
infection (Vasi¢, 2007).

The referent antimycotic captan (Metod
480 SC), phtalimide class fungicide used
as a positive control, manifests its
fungicidal activity by stopping the growth
of the mycelium of the C. acutatum
making a protective barrier on the leaves
and fruits preventing the entrance of
pathogen and blocking the energy
production, was being used (Table 3).

Macsio ot Salvia sclarea BbpXxy HUBOTO

Table 3. Influence of the Salvia sclarea essential oil on the sporulation level of C.

actatum
HuBO Ha 0.02 0.04
cnopoobpa3syBaHe (uI}mL) (uI}mL)

Sporulation level

Salvia sclearea ++ ++

MHOrobpoiiHn in vitro npoy4yBaHus
nokassart Bucokara eq)eKTVBHOCT Ha eTe-
pvyHMTE Mac/a Ccpelly 3ambpcuTenu

0.08 0.16 Control Metod 480
(u/mL) (ul/mL) SC
++ ++ +++ -
Numerous in vitro studies

demonstrate the high efficacy of essential
oils against bacteria and fungi contaminants.
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kato 6aktepun 1 rbbuukn. BeatoviC et al.
uscneasaT NpoTMBOrLoMYHaTa akTMBHOCT
Ha pa3fiMyHKn KoHUeHTpauuu Ha EM Ha O.
sanctum L. BbpXy pasfiMiyHn [bOMYHU
naToreHu, Kato Hanpumep: A. ochraceus,
A. versicolor, A. niger, A. fumigatus, T.
viride n P. funiculosum (Beatovi¢ et al.,
2013). N3cnepBaHa e NpoTMBOrbOMYHATA
aKTUBHOCT Ha 18 eTepuyHM Macna cpelly
nsonatm Ha V. fungicola var. fungicola
(Preuss) Hassebrauk, M. perniciosa
(Magnus) Delacroix 1 Cladobotryum spp.
(Cooke) n npuunHuTenmuTe Ha A. bisporus
(Lange) Imbach., in vitro. OT aHanu3upa-
HUTE eTepuyHn Macna, kaHenara, kapam-
nabT, MallepkaTa 1 YHaeHoTO AbPBO Mo-
Ka3BaT Hali-cunHa NpPOTUBOIbOUYHA aKTWB-
HOCT CpeLly BCWYKM MU3cnedBaHu Mukona-
TOreHW, Kato MUHMMaNHaTa yHrMuugHa
KoHueHTpaumss (MFC) e 0.02 pL/ml
Bb34yX 3a TecTBaHuTe u3onatu (Tanovit
at al., 2006). Grahovac et al. uscnegsat
56 eTepunyHM Macna Crnpsamo MNpUYnHU-
Tendatr Ha aHTtpakHo3a C. acutatum wun C.
gloeosporioides, oT kouTo Macnara oOT
puraH ¥ Malepka ca nokasann Haii-
BMCOKa NPOTMBOrbOMYHA akTUBHOCT. Haii-
HUCKaTa feTasHa KOHUEeHTpauus Ha
mMacfnio oT puraH e 6una npu 0.02 pL/ml
Bb34yx 3a nsonar C. acutatum (Grahovac
et al., 2014). OcseH ToBa Duduk et al.
(2010) n3cnepgBart in vitro NpoTUBOrbLOUY-
HVA edeKT Ha TPU eKCTpakTa OT eTepUYHU
mMacna: T. vulgaris, C. zeylanicum un S.
aromaticum Bbpxy C. acutatum. Bcuuku
TecTBaHW €eTepuUYHn Macna UHxubupar
pactexa Ha muuena Ha C. acutatum npwu
KOHLeHTpaumun ot 46 ML/L Bb3ayx u
noseye, a MPOLEHTbLT Ha WHXMOBUPaHe
3aBUCK OT KOMIMYECTBOTO Ha MPUSIOXEHO-
TO eTepuyHo Macno. Daferera et al.
uscnensaT nNpoTMBOrbbMYHaTa akTUBHOCT
Ha OCeM eTepuyHM Macsa, BK/IHUYUTESTHO
efHo oT Salvia sp., cpewy B. cinerea,
Fusarium spp. n C. michiganensis subsp.
michiganensis BbpXxy WM3KyCTBEHa cpena
3a otrnexpgaHe (Daferera et al., 2003).
PacTexsbT Ha ropecnomeHaTuTe naToreHu
6elle HaMbAHO MHXMOMPAH OT eTepuyHM-
Te macna oT puraH (AOMUHMpA TUMOS C

Beatovi¢ et al. studied the antifungal
activity of varying concentrations of O.
sanctum L. EO on diverse fungal pathogens:
A. ochraceus, A. versicolor, A. niger, A.
fumigatus, T. viride and P. funiculosum
(Beatovi¢ et al., 2013). Antifungal activity
of 18 essential oils was evaluated against
V. fungicola var. fungicola (Preuss)
Hassebrauk, M. perniciosa (Magnus)
Delacroix and Cladobotryum spp. (Cooke)
isolates, and the causative agents of A.
bisporus (Lange) Imbach., in vitro.

Of the essential oils analyzed, cinnamon,
clove, thyme, and tea tree showed the
strongest antifungal activity against all
investigated mycopathogens, with
Minimum Fungicidal Concentration (MFC)
being 0.02 pL/mL of air for isolates tested
(Tanovi¢ at al., 2006).

Grahovac et al. tested 56 essential oils
against the anthracnose causative
pathogens C. acutatum and C.
gloeosporioides, of which oregano and
thyme oils have shown the highest
antifungal activity. The lowest lethal
concentration of oregano oil was at the
0.02 pL/mL of air for the C. acutatum
isolate (Grahovac et al., 2014).

In addition, Duduk et al. (2010) studied
the antifungal effect of three essential oils
extracts: T. vulgaris, C. zeylanicum and S.
aromaticum on C. acutatum, in vitro. All of
the tested essential oils inhibited the
growth of C. acutatum mycelium at the
concentrations of 46 pL/L of air and
higher, and the percentage of inhibition
was dependent on the amount of
essential oil applied. Daferera et al.
examined the antifungal activity of eight
essential oils, including one Salvia sp.,
against B. cinerea, Fusarium spp. and C.
michiganensis subsp. Michiganensis on
an artificial growth media (Daferera et al.,
2003). The growth of the above mentioned
pathogens was completely inhibited by
oregano (thymol dominant, 63.7%),
thyme, dictamnus, and marjoram (all rich
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63.7%), Malllepka, POCeH W MaiopaHa
(BCvukM GoraTu Ha KapBakposa) npwu
OTHOCUTENIHO HUCKU KOHUeHTpauun (85-
300 pg/ml), gokato eTepuyHNTE Macna oT
naeaHayna (LOMUHMPAT IMHaNoN 1 NuHa-
nnnauertar), po3mapuH 1 rpagvHCKM Yai
(n B pBata npeobnajaBa eBKaNUNTON
cboTBeTHO € 31.5% un 59.5%) nposBsBaT
Nno-Masiko MHXMbuUTopHa akTuBHOCT. Velluti
et al. nscneggat Bb3AENCTBMETO Ha neT
eTepuyHM Macsa BbpXy pactexa v npons-
BOACTBOTO Ha hymo3mH Bl (xenmaToTok-
CNYEeH M HedpPOTOKCUYEH TOKCWH, KOWTO
ce cpella r1aBHO B Lapesuua, nweHuua
U Opyrn 3bpHEHW KynTypu) OT Tpu pas-
nnyHu n3onara Ha F. proliferatum, nocou-
BaliKn CMHEPrMYHOTO AENCTBME Ha AOMMU-
HMpaLLMTe N BTOPOCTENEHHUTE CbeanHe-
HUS B M3C/efBaHMTE ETepuyHN Macna.
ChblaTa rpyna aBTopu YCTaHOBU, Ye eTe-
pUYHUTE Macsia OT KaHesia U puraH MHXK-
6upaT pacTexa Ha Muuena u Hamanssar
npon3BoACTBOTO Ha hymosvH Bl BbB F.
proliferatum B yapesnyHuTe 3bpHa (Velluti
et al., 2003). NopecnomeHaTUTE NpPoy4yBa-
HWSA, 3aefHO C MHOrO Apyru, npegnona-
rat, ye EM ca MOLIEH M3TOYHMK Ha 6GUO-
necTuuuan cpeLly ronsimo pasHoobpasune
OT MPUYMHUTENN HA FbONYKN.

N3BOAN

KOHTPOABT Ha rboumyHUTEe 3a60ns-
BaHWsA, NPUYMHSABALLM 3HAUYUTENHN 3aryom
B PacTeHNEBBACTBOTO, € CEPMO3€EH Npo6-
nem. MoCTOAHHOTO M3M0N3BaHe Ha CUHTe-
TUYHWM NecTUUMAM BOAWM A0 yBe/NMyaBaHe
Ha 3aMbpcsiBaHETO M CBHOTBETHO U3cnes-
BaHMATA W UAEHTUUUMPAHETO HA HOBU
HETOKCMYHN U He3aMbpcaBalLM aKTUBHU
pacTUTEsNIHN CbCTaBKM KaTo anTepHaTuB-
HW NPUPOAHM NPOTMBOIbOUYHN BUONECTU-
uMam 3a KOHTpo/a Ha 6onectute B cen-
CKOTO CTOMAHCTBO € OT rO/IIMO 3HaYeHMe.
NleTnvBnTE CbEAMHEHUs OT pacTeHusTa
umMaT aHTMbakTepuasiHa, NPOTMBOrbOMYHA
N WHCEeKTMUMAHA akTMBHOCT M nopagu
TOBa Te MoraT Ja Ce cuMTaT 3a U3TOYHWK
Ha ecTeCTBEHW pacTUTeNIHU OyHrMumMan,
yCnewHo npunaraHy Kato 6MOKOHTPOSTHU
areHTV B pas/iMyHu KynTypu. ETepnyHoTo

in carvacrol) essential oils at relatively low
concentrations (85-300 pg/mL), while the
essential oils of lavender (linalool and
linalyl acetate dominant), rosemary and
sage (both eucalyptol dominant with
31.5% and 59.5%, respectively) exhibited
less inhibitory activity.

Velluti et al. examined the effect of five
essential oils on growth and fumosin B1
(hepatotoxic and nephrotoxic  toxin
occurring mainly in corn, wheat and other
cereals) production by three different
isolates of F. proliferatum, suggesting the
synergistic action of the dominant and the
minor compounds of the EO tested.

The same authors group found that the
cinnamon and oregano essential oils
inhibited the growth of mycelium and
reduced the production of fumosin Bl in
F. proliferatum in corn kernels (Velluti et
al., 2003).

Above-mentioned studies, together with
many others, suggest that the EOs are a
potent source of biopesticides against a
great variety of fungal causatives.

CONCLUSIONS

The control of fungal diseases
responsible for significant losses of crop
production is considerable problem.
Persistent use of synthetic pesticides
causes pollution enhancement and
accordingly, research on and identification
of, new non-toxic and non-polluting, active
plant constituents, as an alternative
natural antifungal biopesticides, for the
control of diseases in agriculture is of
great importance.

Volatile compounds from plants have
antibacterial, antifungal and insecticidal
activities, and considered this they can be
regarded as a prolific source of natural
plant-derived fungicides successfully applied
as biocontrol agents in a variety of crops.
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mMacsio ot S. sclarea e uscnegsaHo B in
vitro cpefa 3a npoTUBOrbOMYHATA MY
aKTMBHOCT CpeLly pacTuTesiHa naToreHHa
rbb6a Colletotrichum acutatum JH Simmonds
n3zonar C.A.2 3a MbpBM MbT, 3a Aa OLEeHAT
ApYyrv anTepHaTVBHM METOAM 3a 3awmTa
Ha kynTypute. CanBusl cknapes nokassa
[obpa NpoTMBOrbOMYHA aKTUBHOCT CpeLLy
HSKOJIKO pacTUTEsTHN NaToreHn u Moxe fa
C/YyXW KaTo ecTecTBeHa antepHaTuBa Ha
CUHTETMYHMTE (PyHrMUMANM 38 KOHTPON Ha
HSAKOW BaxkHU MbOMyHM 3abonssaHus. Me-
XaHU3MbT Ha (PyHrMUMAHO N oyHrucTa-
TUYHO fJeiicTBMe Bce ouwe Tpsbea pa
O6bAe M3SFACHEH M MOXe fJa Cce B3eMme
npeasung YMecTeH noaxof 3a nogobpeHo
OelicTBME Ha eTepuyHUTEe Macsa 4pes
npoMsiHa Ha cpefcTBaTa, CMOCOGHWM Jda
npwienesaT KbM 3acerHatuTe pacTuTeNHu
opraHu, yab/kaBalikm No TO3U HauuH
NHXMOMpaLLMS ediekT BbPXY pacTtexa Ha
naroreHa. Bcwuukm ropecnomeHaTu aktu
N3MCKBAT NO-HaTaTbLUHW U3CneaBaHus, 3a
Ja ce oueHW NOoTeHUManbT Ha eTepUYHo
mMacsio oT S. sclarea 3a uenuTe Ha npak-
TMYECKOTO NPWIOXKEHNE NPU KOHTPOA Ha
C. acutatumm, nNpuyYMHMTEN Ha aHTpak-
HO3a Mo Aro4oBUTE NI0AOBE.

BJTIATOAAPHOCTWU

ABTOpUTE OMxa Xenanu pa uska-
XaT cBouTe 6narogapHocT Ha MwuHuc-
TEPCTBO Ha 06pas3oBaHMETO, Haykata U
TEXHO/IOMMYHOTO pasBuTue Ha Penybnvka
Cobpbua 3a dwmHaHcoBaTa nogkpena
(MpoekT 172061).

The essential oil of S. sclarea is evaluated
for its suitability in the in vitro antifungal
activity  assessment against  plant
pathogenic fungus Colletotrichum acutatum
J.H. Simmonds C.A.2 isolates, for the first
time, in order to evaluate other alternative
crop protection methods. Clary Sage have
previously shown good antifungal activity
against several plant pathogens and could
possibly serve as a natural alternative to
synthetic fungicides for the control of
some important fungal diseases.
Mechanism of fungicidal and fungistatic
action should be yet clarified, and the
appropriate approach for the enhanced
performance of EO by altering vehicles
able to adhere the effected plant organs,
prolonging that way the inhibitory effect on
the growth of pathogen, could perhaps be
taken into account.

All the above-mentioned demand further
research in order to evaluate S. sclarea
essential oil potential for the purpose of
the practical application in the control of
the C. acutatumm, causative of strawberry
anthracnose.
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PE3HOME

Mpe3 nepuoga 2017-2018 rognHa B
OMUTHOTO Nosie Ha 3emMeAesnckn UHCTUTYT -
LlymeH e npoBegeHo wu3cnedBaHe 3a
B/IMAHNETO Ha JIUCTHOTO TpeTupaHe c
opraHuyHuTe Topose: Fertileder Rame 0,1
I/da, Vitalosol Gold 0,6 l/da n Eurovix
Propolis 0,3 l/da. MpoyyeHn ca 10 npous-
Xofa CTeBWs, 4yacT OT reHooHAa Ha
WHCTUTYTa. AHanM3upaHu ca cnegHute
napameTpu: CBeXW smcta u cTbbna Ha
€e/[lHO pacTeHue (g); cyxu nimcta u cTbbna
Ha egHo pacTeHue (g) U BUCOYMHA Ha
pacTteHusTa (cm).

B pesyntaT Ha npoBeAeHUs onuT
Ce YCTaHOBU, Ye N TPUTE OPraHWMyYyHn Npo-
AyKTa 3a IMCTHO TpeTupaHe ca MoBANS/N
NoOXMTENIHO BBPXY BUCOYMHATA W
CTOMaHCKUTE KayecTBa OT cTeBus. Hali-
oce3aemMo e yBe/nMyaBaHeTO Ha MacaTa
Ha cBexuTe nucta u crbbna. Haii-
CbLLECTBEHO OTPaXeHWe BbpXy cBexaTa
Maca Ha nmucrtara u crbbnara u BbPXY
cyxata maca Ha nuicrata u ctbbnara ce
KOHCTaTupa cnep tpetupaHeTo ¢ Vitalosol
Gold n Eurovix Propolis. BucounHata Ha
pacteHusitTa npu copTt Ctena ce noBavs-
BaT B 3HauMTesIHA CTENeH cneg npwnara-
HeTo Ha Vitalosol Gold

KntouoBM AymMu: CTEBUSI, OPraHUYHM
TopoBe, A0o6mB

SUMMARY

During the period 2017-2018, in the
experimental fields of Agricultural Institute -
Shumen, a study on the influence of
organic foliar fertilization with: Fertileder
Rame 0,1 l/decare Vitalosol Gold 0,6
I/decare and Eurovix Propolis 0,3 l/decare
was conducted. Ten Stevia origins, part of
the genepool of the Institute, were studied
and the following parameters were
analyzed: fresh leaves and stems of one
plant (g); dry leaves and stems of one
plant (g) and plant height (cm).

The experiment resulted in the
following: All the three foliar fertilizers
have affected positively. The most
significant was the increase of the fresh
leaves and stem mass. Less significant
was the measured positive effect on the
plants height. The treatment with the
foliar fertilizers Vitalosol Gold and Eurovix
Propolis gave the highest positive effect
on the fresh leaves and stem mass, as
well as on the dry mass of leaves and
stems. The plant's height of the Stela
variety significantly affected by application
of foliar fertilizer Vitalosol Gold during the
period of our tests.

Key words: Stevia, organic foliar
fertilizers, yield
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YBO/[,

Stevia rebaudiana (Bertoni), npwu-
Haa/leXxn KbM cemelicTBo Asteraceae. TS
€ MHOroroguvlliHa cnagka 6unka c npous-
xopn Maparsai. ANTepHATUBEH U3TOYHUK €
Ha 6e3kasiopuuHnTe noacnaautenu (Tanova
and Kaschieva, 2018). B csetoBeH mauwiab
cbuwectByBat Hag 230 HeliHM pa3HOBMA-
HOCTU — KaTo TPEeBUCTO, XPacTOBUAHO "
noayxpactoBugHo pacteHue (Cimpeanu
et al., 2006). Ta cbabpXa JIMCTHU [NINKO-
3uamM kaTo cteBmosug, pebayauosung A, B,
C, D n E, gynko3na-A n ctesnonbmuosng
(Carneiro, et al.,, 1997; Uchkunov et al.,
2016). B bvarapusa cteBusita ce oTriexga
KaToO efjHOrofULLIHO pacTeHne ¢ MHOToroAuLL-
Ha ynotpe6a Ha KopeHuwarta (Kaschieva
and Todorova, 2017; Kikindonov et al.,
2017).

AHanM3bLT Ype3 TeyHa xpomarorpa-
¢ua B cbyeTaHune ¢ UV, MS n ELS oTkpu-
BaHe rnokasa, 4ye cTeBnona e oLy arsvko-
HOB rpbOHaK Ha cnajkiTe CTEBMEBU MNU-
ko3nan (Cacciola et al., 2011). CteBno3u-
ObT, OTUMTaH KaTo Hali-pa3npocTpaHeH
cTteBunon rnukosng (4-13% w/w), ce oTKpu-
Ba 1aBHO B /CTara Ha pacTeHueTo, no-
cnefBaH OT cTbbnaTa, cemeHaTa 1 Kope-
HuTe. CTeBno3ngbT € okono 300 NbTu no-
cnafbk OT 3axapos3arta n Moxe ga 6bae
0CO6EeHO MosieseH 3a cTpajawute oT 3a-
TNbCTABAHe, 3axapeH auabeT, CbpAeyHu
3ab6onaBaHns U 3b6eH kapuec (Robabeh,
2018). CreBusta npu-gobusa BCe no-
ronsiM WKOHOMUYECKN WHTepec nopaau
HaNUMuMeTo Ha cnajkM OUTepreHoBu
rMUKO3uan, KOMTO Morat 6e3onacHo ga ce
usnonseat or gmabetmuym (Ucar et al.,
2018).

MpoyyBaHuATa nokasear, 4ye [o6u-
BbT Ha [MKO3UAWM, OCOOGEHO CTEBMO3NA,
CWU/IHO 3aBUCK OT 06WKNsA AobmB Ha GuMo-
Maca, KOeTo OT CBOfl CTpaHa 3aBucu OT
[o6puTe CesickoCcToNaHCKNTE NPakTUKM 3a
oTrnexaaHe Ha pacteHueto (Hoseini et
al., 2015; Yicesan et al., 2016), nsnonssa-
HETO Ha opraHVyHU TOpPOBE MO TEXHUYECKU
HaumH (Geuns, 2003) 1 BOAHUA PEXUM
(Fronza and Folegatti, 2003). 3a nocturaHe
Ha BUCOKO NPOW3BOACTBO Ha rMMKO3UAW,

INTRODUCTION

Stevia rebaudiana (Bertoni), belongs
to the Asteraceae family. It is a perennial
sweet herb of Paraguayan origin and is an
alternative  source  of  calorie-free
sweetener (Tanova and Kaschieva,
2018). There are over 230 varieties of
Stevia in the world as a grass, shrub and
semi-shrub plant (Cimpeanu et al., 2006).

It contains foliar glycosides such as
stevioside, rebaudioside A, B, C, D, and
E, dulcoside-A and steviolbioside (Carneiro
et al., 1997; Uchkunov et al., 2016). In
Bulgaria, Stevia is grown as an annual
plant with perennial use of the rhizomes

(Kaschieva and  Todorova, 2017;
Kikindonov et al., 2017).
The analysis by liquid

chromatography coupled with UV, MS and
ELS detection showed that the Steviol is a
common aglycone backbone of the sweet
stevia glycosides (Cacciola et al., 2011).
Stevioside, reported as the most
abundant stevia glycoside (4-13%w/w)
has been found mainly in plant leaves,
followed by stems, seeds and roots.
Stevioside is about 300 times sweeter
than sucrose and can be particularly
useful to those suffering from obesity,
diabetes mellitus, heart disease and
dental caries (Robabeh, 2018). Stevia
gains an increasing economic interest due
to the presence of sweet diterpene
glycosides that can be safely used by
diabetics (Ucar et al., 2018).

Studies reveal that the glycosides
yield, especially stevioside, greatly
depends on the total biomass yield, which
in turn depends on agricultural practices
for cultivation of stevia plants (Hoseini et
al., 2015; Yicesan et al.,, 2016), use of
organic fertilizers in a technical way
(Geuns, 2003) and water management
(Fronza and Folegatti, 2003). In order to
achieve high production of glycosides,
various units of its cultivation technology
have been developed (Kikindonov and
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ca paspaboTeHn pas3nuyHu 3BeHa OoT
TexHonormaTa Ha otrnexgaHe (Kikindonov
and Enchev, 2012; Kikindonov, 2013).

Hapep c TpaguMuuoHHWUTE LUMPOKO
M3MN0/13BaHN OpraHuMyHn TopoBe (060pCKn
TOp, TOpOBa TEYHOCT, KOMMOCT, TOpK K
[Ap.) ce TbPCAT HOBM M3TOYHULUM Ha opra-
HMYHO TopeHe. PelwaBawa W ycnewHa
pons urpasat 6GuMOTOpOBE, KOMTO ca oT
opraHuyeH npomsxoq. Te ca Npon3BefeHn
U3UAI0 OT eCTECTBEHW MaTtepuasini u He
3ambpcsaBaT OKOsHaTa cpeja U npoayk-
UuATa, HAMa ocTaTbyHM BPefHU BeLLecT-
Ba W He BpedsaT Ha 34paBeTo Ha xoparta
(Staneva et al., 2018).

OpraHuyHuTe TOpPOBE B CPaBHeEHWE
C XMMUYECKNTE TOPOBE CbAbPXAT ronemm
Ko/iMyecTBa opraHuyHu BelwecTsa 1 buxa
MOornM Aa 6baat N3TOYHWUK Ha XPaHUTEeNHU
BellecTBa, 0C0O6eHO a3oT, docdop
kanmii (Fernandez et al., 1993; Hoseini,
2015). Te3n enieMeHTM MOCTENEHHO ce
npegocTaBAT Ha  pPasnofiokeHuMe Ha
pacTtenusaTa (Eghball et al., 2004).

Ynotpebata Ha /NUCTHM TOpPOBE,
pacTexHu perynatopy u 6MOCTUMYNaHTU
€ efHa OT NnepcrnekTUBHWUTE HACOKM 3a
CTUMy/IMpaHe Ha OWOMOTMYHNSA NOTEH-
unan Ha pacTteHuaTa, Tbil kaTo Te ce
onpefenAT kato AOoNbJ/iBal, U KopurnpaLy
KOMMOHEHT OT Uus/slocTHaTa cucTemMa Ha
MWHEPa/THO XpaHeHe U a/TepHaTuBa Ha
XUMWYHUTE TOPOBE 3a MNO-eKOSI0rocbob-
pasHo yBe/IMYEHME HA MPOAYKTMBHOCTTA B
ycToiumBoTo 3emegenve (Mihova et al.,
2017; Yakimov and Ivanov, 2017; Enchev
et al, 2018b; Marinova et al., 2019).
3acnneHo e BHMMaHWEeTO BbpXY JINCTHU
TOPOBE C OpraHWyeH NPounsxos, CbabpXxa-
WM XYMUHOBUW KUCEJIMHWU, MUKPO U Makpo
enemeHTn (Petkova and Poryazov, 2007,
Bozhanska et al.,, 2017; Enchev et al.,
2018a).

CypoBuHUTE, MOSIy4EHN OT sieveb-
HWM BUSIKK, B YACTHOCT OT CTEBUSI HE TPsI6-
Ba [a CbAbpXaT TOKCUYHU WU XMMUYEC-
Kn octatbun. C 6e3pasbopHarta ynorpeba
Ha XUMUYECKM TOpPOBE W NecTuuugn ce
yBenmyaBa pUCcCKbT OT ONacHOCTY 3a 34pa-
BETO M 3aMbpCABaHe Ha OKoJsiHaTa cpeja.

Enchev, 2012; Kikindonov, 2013).

Along with the traditional widely
used organic fertilizers (manure, liquid
fertilizer, compost, peat, etc.), new sources
of organic fertilization are being sought.
Biofertilizers, which are of organic origin,
play an important and successful role.

They are based entirely on natural
products and do not pollute the
environment and production. There are no
residual harmful substances and no harm
to human health (Staneva et al., 2018).

Organic fertilizers, compared to
chemical fertilizers contain high amounts
of organic matter and could be a source of
nutrients, especially nitrogen, phosphorus
and potassium (Fernandez et al., 1993;
Hoseini, 2015). These elements gradually
are placed at the disposal of plants
(Eghball et al., 2004).

The use of foliar fertilizers, growth
regulators and bio-stimulants is one of the
perspective guidelines for stimulating the
biological potential of plants owing to the
fact that they were determined as an
supplementary and corrective component
of the overall mineral nutrition system and
an alternative to chemical fertilizers for
more environmentally friendly vyields
increase in the sustainable agriculture
(Mihova et al., 2017; Yakimov and Ivanov,
2017; Enchev et al., 2018b; Marinova et
al., 2019). Enhanced attention has been
paid on leaf fertilizers with organic origin,
containing humic acids, micro and macro
elements (Petkova and Poryazov, 2007,
Vasileva et al., 2017; Bozhanska et al.,
2017; Enchev et al., 2018a).

The raw materials obtained from
medicinal herbs, and in part from Stevia,
should be free from any toxic or chemical
residues. The risk of health hazards and
environmental pollution is increasing with
the haphazarded use of chemical
fertilizers and pesticides. In case of

232



B cnydauTe Ha oTrnexpaHe Ha neyebHu
pacTeHust e Heo6xoAMMO Ja ce npemMuHe
KbM YCTOMUYMBA, €KOSIOTMYHA 1 6e3onacHa
cuctema 3a  OMOMOTMYHO  3emefenive
(Umesha et al., 2011).

MpennaraHWTe Ha nasapa XpaHuTen-
HW NPOAYKTW, Hamoc/neAbK Ce okasBaT 3a-
MbPCEHN OT MHOXECTBO XVMUYECKN areHTu.
ToBa nopaxga CTpeMex KbM BCe No-rofiIsiMo
TbPCEHE Ha €KOJIOTMYHO UUCTU  XPaHu
(Vitkov, 2015; Pashev and Badjelova, 2019).

Llenta Ha HacTOALLOTO uscnensaHe
e Ja ce npoyun edprkacHocTTa oT npuna-
raHeTo Ha OpraHuWyHW JIUCTHU TOpPOBE,
BbPXY OCHOBHWUTE CTPYKTYPHU €/IEMEHTU
Ha J06MB 3e/ieHa 1 cyxa Maca U Npoayk-
TMBHOCTTa Ha 10 mpousxoga cTeBusi OT
reHopoHZa Ha 3emMefesiCkM MHCTUTYT-
LymeH.

MATEPVAT N METOON

W3cnepsaHeTo e npoBefeHOo npes
2017-2018 r., B ONUTHOTO MoOfe Ha
3emepenckm nHctutyt-LLymeH. MNpoyyeHo
€ B/IMAHWETO Ha OpraHWyHu JIUCTHU
Topose: Fertileder Rame 0,1 I/da, Vitalosol
Gold 0,6 l/da n Eurovix Propolis 0,3 l/da
NPWIOXKEeHW efHOKpaTHO B nepuoja Ha
aKTMBHa BereTauusa Ha pacTeHuAaTa.

W3non3saHuAT pascag e oT copT
creBud ,,Ctena” n 9 nepcnekTUBHN NPous-
X0f4a, YacT OT reHopoHza Ha 3emMeesiCku
WHCTUTYT - LLymeH. PactuTtenHuatr marte-
pvan e npoussefeH B naboparopusTa no
TbKaHHW KyNTYpKn Ha VIHCTUTYTa 1 e agarn-
TMpaH 3a MoneBu YCNOBUA B OpaHXepus.
MpeAwecTBEHUKLT € 3axapHo LBEeKso.
lMoYBEHMAT TUMN B ONUTHOTO NOJSE € cpes-
HO MOLLEH, TEeXKO-Necby/IMBO [/IMHECT
KapboHaTeH yepHo3eM, (hopMUpPaH BbPXY
NbOCOBO NECHUYNMBU TNUHN. OPHUAT C/I0N
cbabpxa 50 % dwmsnyecka ravHa W
cpefHo 5% kap6oHaTtun, xymyc - 3.3 %,
CaCO; - 6.5%, pH 7,4-7.8, asotr - 35
mg/kg, P,Os - 4.7 mg/100g, K,O - 34
mg/kg, B - 1.2 mg/kg, Zn - 0.1 mg/kg, Mo -
0.1 mg/kg.

3acaxgaHeTo Ha pacTeHusATa ce
M3BBLPLUBA B HAYAUIOTO Ha Maii, korato Tem-
neparypara Ha no4saTa Haasuium 10-12 °C,

medicinal plant breeding, switching to a
sustainable, eco-friendly and safe organic
farming system is necessary (Umesha et
al., 2011).

Foods on the market have recently
been contaminated by many chemical
agents. This raises the pursuit of ever
greater demand for organic food (Vitkov,
2015; Pashev and Badjelova, 2019).

The aim of the present study was to
investigate the application efficacy of
organic leaf fertilizers on the main
structural elements of green and dry mass
production and the productivity of 10
Stevia origins of the genepool of
Agricultural Institute - Shumen..

MATERIAL AND METHODS

The study was carried out in the
experimental fields of Agricultural Institute -
Shumen, during the period 2017-2018. The
influence of the of application of organic leaf
fertilizers products Fertileder Rame 0,1 I/da,
Vitalosol Gold 0,6 I/da n Eurovix Propolis 0,3
I/da, applied once in the period of active
vegetation of the plants was studied.

The seedlings used were of the
Stevia variety Stela and 9 another
perspectives variants, part of the
genepool of Agricultural Institute -
Shumen. The plant was produced in the
Tissue Cultures Lab of the Institute and
adapted for field conditions in a green
house. The forerunner crop was sugar
beet. The soil type of the test field was
moderately heavy, heavy-sandy clayey
carbonate black, formed on loess sandy
clays. The top layer contained 50%
physical clay and 5% carbonate on
average, humus - 3.3%, CaCO; - 6.5%,
pH 7.4-7.8, Nitrogen 35 mg/kg, P,Os 4.7
mg/100g, K,O 34 mg/kg, B 1.2 mg/kg, Zn
0.1 mg/kg, Mo 0.1 mg/kg.

Planting was manually done at the
beginning of May when the soil
temperature surpassed 10-12 °C, at 50
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Ha 50 cm mexaypenoso pasctosdHue n 30
cm BbTpe penoBo pasctosHue (Uchkunova
and Uchkunov, 2013). Mo TO31 HauuH 3a
1 da ce ocurypsBart 6666 pacteHus. Bce-
K/ eKkcrepumeHTasieH napuen e 3acafgeH
¢ 10 pacteHns B 4 nosTtopeHus. [Npbe-
KaHeTo e M3BbPLUEHO C PbYHa NPbCKayka.
Mpe3 BeretauusAtTa ca HanpaseHu Tpu
PBbYHM OKOMaBaHWSA M MOYBEHATA BAAXHOCT
e nogabpxaHa B pamkute Ha 70-75% ot
MrNB upe3 kankoBO HarnosiBaHe. BcAko
pacTeHue ce oKkocsiBa PbYHO U Ce n3cnes-
Ba MHAMBUAYAITHO.

W3cnepgsannte  napametpu  ca:
[06MB cBEXa M cyxa maca simcra cpefHo
3a eflHO pacTeHve B g, A06MB cBexa U
Cyxa Maca Ha cTbb6nata cpefHo 3a efjHO
pacTteHue B g M BUCOYMHA HA pacTeHMEeTo
B Cm.

W3nnTaHn 6sxa cnegHWTe BapuaHTu:

1. KoHTpona - 6e3 JIMCTHO TOpPeHe;

2. Fertileder Rame 0,1 l/da - cbabpxa
11,9% BopopasTsopuma Mep;

3. Vitalosol Gold 0,6 l/da — (EO-TOP)

TeyHa cmMec Ha MuKpoesnemeHTn ¢ 2,4%
obwa mepg (Cu) 40 g/l, 9,6% 06w, MaHraH
(Mn) 150 g/l n 36 % enemeHTapHa cspa
(S) 570 g/l

4, Eurovix Propolis 0,3 l/da - unuct
€KCTpPakT OT noabpaH €KO/I0rMYHO 4ucT
npononuc 30 g/l n/B. CbabpxaHue, Uspa-
3€eHO B akTVBHMW BellecTBa: O6WO nonm-
heHoNM (KaTo ranoBa KucesimHa) noseye
oT 7,000 mg/l, O6wo nonudeHonun (kato
KatexuHn) noseye oT 6,500 mgl/l,
dnasoHonan (FanaHrmnH) 750 mg/kg.

PE3YJITATU N OBCBXXOAHE

MNpe3 nbpBarta rogMHa Ha mM3nuTBa-
HeTo, cnef cpaBHsBaHe npousxoguTte Mo
TErn0 Ha CBeXW fucTa 0T TpeTupaHuTe
pacTteHus c Fertileder Rame ce yctaHoBw,
ye camo aga npousxoga (A10 n 28SR) He
npeBuMLIaBaT A0Ka3aHO CbOTBETHUTE KOH-
Tponu (Tabnuya 1). MNpu TpeTupaHeTo Ha
npousxoaute ¢ TeuHmsa Top Vitalosol Gold,
npu cegem npousxoga ce KoHcTatupa [fo-
Ka3aHo MoBULLIEHVE Ha TEersI0TO OT CBEXWU
nncta (Ctena, A8, A9, 203/2, 214/2,
10SHZ, 28SR). [okasaH nonoXuteneH

cm inter-row distance and 30 cm in-row
distance (Uchkunova and Uchkunov,
2013). Using this method in 1 da were
planted 6666 plants. Each experimental
plot was planted with 10 plants in 4
repetitions. The treatment has been done
with a manual sprayer. Three hillings have
been made by hand during the vegetation,
and the soils humidity has been kept at
70-75% of the marginal soils humidity by
drip irrigation. Each plant was manually
harvested, and individually studied.

The studied parameters were:
average fresh and dry mass of leaves
obtained from a single plant in g, average
fresh and dry mass of stems obtained
from a single plant in g and height of plant
in cm.

The following variants were tested:

1. Control variant — non-treated;

2. Fertileder Rame 0,1 l/da - contains
water soluble copper (Cu) 11,9%;

3. Vitalosol Gold 0,6 l/da - EC

Fertiliser Liquid micronutrient mixture with
2,4 % Total copper (Cu) 40 g/l, 9,6 %
Total manganese (Mn) 150 g/l and 36%
elemental sulfur (S) 570 g/l.

4, Eurovix Propolis 0,3 l/da - Pure
extract of selected environmentally
friendly propolis 30 g/l. Content expressed
in active substances: Total polyphenols
(as gallic acid) more than 7,000 mg/l,
Total polyphenols (such as catechins)
more than 6,500 mg/l, Flavonoids
(Galangin) 750 mg/kg.

RESULTS AND DISCUSSION
In the first year of the testing, after
comparison of the fresh leaves weight of
the treated with Fertileder Rame plants, it
was established that only two origins (A10
and 28SR) do not exceed the relevant
controls with proved differences (Table 1).

The treatment with the fluid fertilizer
Vitalosol Gold brought to prove excess of
the fresh leaves weight for seven origins
(Stela, A8, A9, 203/2, 214/2, 10SHZ,
28SR). Positive effect was received for all

234



ethekT ce nosyyaBa Mpu BCUYKKM MPOU3-
Xoan TpeTupaHu ¢ Eurovix Propolis ¢

origins, treated with Eurovix Propolis, with
the exception of 9E, where the difference

usknoveHme Ha 9E, KbAeTo peakuusita | was not proved.

CNpPsAIMO OpraHN4YyHO TOPEHE € Hail-cnaba.

Tabnuua 1. lo6mnB OT CBEXW U Cyxu nucta, 2017
Table 1. Yield of fresh and dry leaf weight, 2017

Control Fertileder Rame Vitalosol Gold Eurovix Propolis

Variant Fresh Dry Fresh Dry Fresh Dry Fresh Dry
g/plant g/plant g/plant g/plant g/plant g/plant g/plant g/plant

Stella 176,2 62,3 156,4* 52,9 230,0* 72,3 218,0* 71,0
A8 110,2 55,9 214,6* 100,0* 149,0* 52,8 166,0* 72,3*
A9 110,0 50,7 182,0* 97,3* 182,4* 93,1* 186,6* 91,4*
A 10 148,4 63,3 110,4 30,4 154,6 54,6 186,4* 74,4
7TE 166,0 88,3 182,2* 89,0 191,0 96,3 291,4* 100,5
9E 131,0 45,9 163,4* 59,8 157,4 57,9 133,8 54,5
203/2 160,2 46,1 179,6* 43,3 203,2* 53,4 224,0% 54,9
214/2 146,6 48,0 210,8* 86,1* 219,8* 86,9* 226,0* 58,5
10 SHz 171,0 46,1 210,4* 80,0* 222,2% 73,5* 224,0% 83,1*
28 SR 110,0 28,8 135,6 46,7 191,0* 76,6* 184,4* 77,9*
Average 143,0 53,5 174,5 68,6 190,1 71,7 204,1 73,9
GD 1% 27,2 18,0 27,2 18,0 27,2 18,0 27,2 18,0

JaHHnTe 3a Ternoto Ha cyxata
JINCTHa Maca couaT, ye npousxogute A9
n 10 SHZ, ca pearvpanu NosioXUTENHO U
npu TpuUTe NUCTHU Topa. Peakuuata KbM
opraHnyHoTO TopeHe c Fertileder Rame u
Eurovix Propolis e Hail-cuiHa npu npous-
xof, A8 nokasa [JokaszaHa pasnuka npu
TpeTnpaHeTo, CbLOTBETHO 225.4 g n 214 g
OT e[IHO pacTeHue.

JlokasaHa pasnuka ce nosy4vasa
npu 214/2 TpetupaH c Fertileder Rame n
Vitalosol Gold, a npn 28 SR TpeTupaH ¢
Vitalosol Gold n Eurovix Propolis.

MpernegsbT Ha AaHHWTE 3a Npo-
OYKTUBHOCTTa Ha CBeXMU CTbbNa coun, ye
OT3VBYMBW HA OpPraHM4YHO TOPEHe ca Mnpo-
usxon A8, kato npu Fertileder Rame
cToiHocTuTe gocturat go 331 g ot pacrte-
HWe, NpU CpegHn CTOMHOCTM OT 221 g npwu
Eurovix Propolis n npousxog 214/2 - 331
g npu cpegHo 3a U3NUTaHuTEe NPou3Xoam
oT 282.6 g n npu Vitalosol Gold - 260 g

The data for weight of dried leaves
indicated that the origins A9 and 10SHZ
reacted positively to the three foliar
fertilizers treatments. The reaction of the
A8 origin to the application of Fertileder
Rame and Eurovix Propolis was the
greatest, and showed a significant
difference, 2254 g and 214 g,
respectively.

A significant difference was obtained
in 214/2 treated with Fertileder Rame and
Vitalosol Gold, and in 28 SR treated with
Vitalosol Gold and Eurovix Propolis.

A review of the data on the
productivity of fresh stems indicated that
responsive to organic fertilization were
origin A8, with Fertileder Rame values
reaching 331 g per plant, average values
of 221 g for Eurovix Propolis and origin
214/2 - 331 g average for tested origins of
282.6 g and for Vitalosol Gold - 260 g
(Table 2). Also effective were the treatments
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(Tabnuua 2). MNMonoxnteneH eekT BbPXY
203/2 ca okasanu Fertileder Rame n
Eurovix Propolis, a npn 28SR - Vitalosol
Gold n Eurovix Propolis. Eurovix Propolis
€ okasasn nonoxurtesneH edqekT n BbpXy
Al10 u 7E, pokato Ha Ctena n 10SHZ ca
NoBAUAHK NoNoXxmTenHo camo Vitalosol
Gold cvoTBETHO 286.4 g 1 291 g OT efiHO

of 203/2 with Fertileder Rame and Eurovix
Propolis, and of 28SR - with Vitalosol
Gold and Eurovix Propolis. Eurovix
Propolis treatment affected positively the
stem’s weight of A10 and 7E, while Stela
and 10SHZ were positively affected by the
Vitalosol treatment only, 286.4 g and
291g, respectively.

pacTeHune.

Tabnuua 2. lo6mnB OT CBEXN U Cyxu CTbb1a, 2017
Table 2. Yield of fresh and dry stems weight, 2017

Control Fertileder Rame Vitalosol Gold Eurovix Propolis
Variant | Fresh Dry  Height | Fresh Dry  Height | Fresh Dry  Height | Fresh Dry  Height
g/plant g/plant cm |g/plant g/plant Cm |g/plant g/plant cm |g/plant g/plant cm
Stella 250,0 64,2 85,6 | 168,6 485 85,6 |286,4* 99,2 114,7*| 229,4 103,5* 107,8*
A8 155,6 59,2 104,99 | 331,0r 88,0 127,8*|244/4* 7272 80,2 | 274,0+ 78,9 87,2
A9 2756 94,7 80,2 | 270,6 954 108,0*| 244,2 1019 910 | 2946 943 92,2
A 10 2142 57,7 100,5 | 128,2 36,7 71,2 | 223,0 68,5 95,3 | 271,00 69,9 79,5
7TE 2346 87,2 1126 | 190,6 66,9 93,4 | 227,6 80,3 103,6 | 395,4* 1255* 99,7
9E 253,2 86,7 109,5| 240,2 674 97,8 | 2186 67,9 109,7 | 183,0 50,7 1041
203/2 188,2 523 87,2 | 223,0r 60,3 93,8 | 198,2 64,8 82,2 |381,2* 138,8* 101,1
214/2 155,6 47,6 77,3 | 320,4* 96,1* 955 |260,2* 74,3* 86,1 |331,0r 90,6* 855
10 SHZ | 234,8 89,7 88,8 | 226,2 89,3 81,0 |291,0r 133,6* 89,9 | 2444 87,1 88,2
28 SR | 1234 38,1 77,9 | 110,0 43,1 72,5 | 1754 82,6* 87,4 |222,4* 758* 80,0
Average | 208,5 67,7 92,5 | 220,9 69,2 92,7 | 236,9 845 94,0 | 282,6 915 92,5
GD1% | 24,1 22,2 15,7 24,1 22,2 15,7 24,1 22,2 15,7 24,1 22,2 15,7
Cnepn wuv3cywaBaHe U npeTernsHe After drying and measuring the

Ha cTbbnara, eQMHCTBEHO NPU reHoTuna
214/2 ce KoHcTaTupa [fokasaHa pasfivka
cnepf npwiaraHetTo W Ha TPUTE JIUCTHU
Topa. MNMpun Ctena n 28SR NonoXuTesiHoO
B/IMSIHWE Ce HabngaBa cref TpeTvpaHe-
To ¢ Vitalosol Gold n Eurovix Propolis.
Mpounsxoante 7E n 203/2 ca noBAuUsHU
nosoxutenHo ot Eurovix Propolis, a 10
SHZ ot Vitalosol Gold.

[JlokasaHo B/MSIHWE BbPXY BUCOYMHA-
Ta Ha pacTeHusTa ce yctaHoBu npu Crena
TpeTupaHa c¢ Vitalosol Gold u Eurovix
Propolis - 114,7 cm n 107.8 cm CbOTBETHO,
a npu npousxogute A8 - 127.8 cm n A9 -
108.0 cm TpeTtupaHu ¢ Fertileder Rame.

Mpe3 2018 r. goka3aHa NosIoXUTEN-

weight of the dried stems, only the 214/2
showed proved difference after the
application of the three foliar fertilizers.
For Stela and 28SRE a proved effect was
established by treatment with Vitalosol
Gold and Eurovix Propolis, while the origins
7E and 203/2 were positively affected by
Eurovix Propolis treatment, and 10SHZ — by
the application of Vitalosol Gold.

Proved positive effect for the plant’s
height was established for Stela treated
with Vitalosol Gold and Eurovix Propolis -
114,7 cm and 107.8 cm, and for A8 -
127.8 cm and A9 - 108.0 cm - treated with
Fertileder Rame.

In 2018 the treatment with the three
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Ha pas/fivka npu TersioTo Ha CBeXMW /iucTa
cnepj TpetMpaHe c TpUTe Topa ce noayyu
npu cnegHute npomsxoan: A8, A9, T7E,
9E, 214/2 (Tabnnua 3). JIMCTHMTE TOpOBE
Vitalosol Gold n Eurovix Propolis ca oka3a-
1 NOSIOXWTENHO Bb3AENCTBUE NpU COPT
Crena n 28SR. lNpu nponsxoamnte A10 u
203/2 NONOXWUTEsSTHO BMUSAHWE B TEINOTO
Ha cBexa /IMCTHa Maca ce Habngasa
camo cnep TpetupaHeTo ¢ Eurovix Propolis.

foliar fertilizers brought to significant
exceed of ther fresh leaves mass of the
origins A8, A9, 7E, 9E, 214/2 (Table 3).
The fertilizers Vitalosol Gold and Eurovix
Propolis affected positively Stela and
28SR. The fresh leaves mass of the
origins A10 and 203/2 was significantly
higher than that of the control after the
sole treatment with Eurovix Propolis.

Tabnuua 3. o6mnB OT CBEXW U cyxu nucTa, 2018
Table 3. Yield of fresh and dry leaf weight, 2018

Control Fertileder Rame Vitalosol Gold Eurovix Propolis

Variant Fresh Dry Fresh Dry Fresh Dry Fresh Dry
g/plant g/plant g/plant g/plant g/plant g/plant g/plant g/plant

Stella 180,4 69,3 163,6 63,1 250,0* 83,7 207,0* 66,6
A8 116,4 42,5 225,4* 97,8* 159,0* 57,2 214,0* 76,3*
A9 100,0 44,3 178,0* 90,3* 201,0 97,3* 203,4* 93,6*
A 10 151,6 65,3 106,8 28,2 162,0 58,8 180,2* 72,2
7TE 166,6 89,3 204,4* 91,0 194,0* 97,1 303,6* 104,5
9E 119,0 41,7 163,2* 60,2 162,6* 60,1 146,2* 57,5
203/2 179,8 48,9 199,0 45,3 196,8 50,0 249,4* 57,1
214/2 120,0 43,6 205,8* 83,9* 240,2* 84,7* 227,4* 58,1
10 SHz 217,8 42,7 218,0 81,6* 237,8 78,1* 201,0 76,9%
28 SR 130,0 31,2 128,4 45,3 209,0* 73,4* 181,6* 78,1*
Average 148,2 51,9 179,3 68,7 201,2 74,0 211,4 74,1
GD 1% 24,3 33,0 24,3 33,0 24,3 33,0 24,3 33,0

Cnef unscywasaHeTO Ha siMcTHata
Maca fokasaHa pasnuka npu TpetTmpaHua-
Ta C TPWUTE JINCTHW TOpa ce MoJydn npu
npousxogute A9 n 10SHZ.

JokasaH nonoxuteneH eqekt ce noayyu
npu A 8 TpeTtupaH c Fertileder Rame un
Eurovix Propolis, 214/2 TpeTupaH c
Fertileder Rame u Vitalosol Gold, 28 SR
TpetmpaH c¢ Vitalosol Gold wn Eurovix
Propolis.

Mpwn npomnsxoaute A8, 203/2, 214,2
[loka3aHa pasfivka B TEr/I0TO0 Ha CBEXWu
CcTb6/1a ce ycTaHoBsABa cnef TpeTupaHns-
Ta u ¢ Tpute npenapara (Tabnuua 4).
Moxe ga ce oT6enexm, ye Vitalosol Gold

The proven difference of dried
leaves mass of the origins A9 and 10SHZ
was significantly higher than the mass of
the control's dried leaves mass, for the
treatments with the three foliar fertilizers.
A significant positive effect was establish-
ed for the treated with Fertileder Rame
and Eurovix Propolis origin A8, and for the
origin 214/2 treated with fertileder Rame and
Vitalosol Gold, as well as for 28SR treated
with Vitalosol Gold and Eurovix Propolis.

The proven difference in origins A8,
203/2, 214/2 for fresh stems mass was
established after treatment with the three
foliar fertilizers (Table 4). Vitalosol Gold
has significantly increased the mass of
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[oKasaHO € noBun/a1 Macarta Ha CBEeXWu

fresh stems of Stela and 10SHZ, while

cTbbna npu copt Ctena u npomsxoq 10 | Eurovix Propolis had positive effect on the
SHZ, a Eurovix Propolis npu nponsxogute | same index of A9 and A10.

A9 n A10.

Tabnuua 4. lobmnB OT CBEXN U Cyxu cTbbs1a, 2018
Table 4. Yield of fresh and dry stems weight, 2018

Control Fertileder Rame Vitalosol Gold Eurovix Propolis

Variant | Fresh Dry  Height | Fresh Dry  Height | Fresh Dry  Height | Fresh Dry  Height
g/plant g/plant cm |g/plant g/plant Cm |g/plant g/plant cm |g/plant g/plant cm

Stella | 253,4 69,2 87,8 | 171,4 515 87,7 | 293,6* 104,8* 116,9*| 2456 99,1* 100,2
A8 161,0 45,8 102,7 | 335,6* 85,4* 125,6*|239,6* 758 824 |266,0* 81,1* 894
A9 2844 90,3 76,8 | 284,4 92,4 105,4*| 235,8 98,1 89,1 | 300,4* 95,7 92,8*
A 10 214,4 59,5 104,5| 129,0 34,7 68,8 | 220,4 64,9 92,7 |282,4* 70,1 80,5
7E 228,0 87,8 114,0 | 2054 68,1 96,6 | 252,4* 83,1 106,4*|399,6* 129,54 103,9
9E 251,8 833 1055 | 2114 67,6 98,4 | 2134 70,1 101,7*| 187,0 53,7 104,3
203/2 185,2 54,3 89,2 | 219,8* 62,5 95,2 | 208,4* 61,8 80,1 | 382,2* 141,2* 105,5
214/2 161,0 44,0 72,5 | 313,0x 93,9* 925 |263,2* 72,0 85,0 |335,6* 894* 87,2
10 SHZ | 229,6 93,7 90,2 | 223,8 90,7 85,2 | 283,6* 138,0r 93,6 | 242,2 82,9 86,6
28 SR | 122,3 39,9 73,5 | 106,0 40,9 70,2 |192,2* 80,0 85,2 |219,6* 76,2* 83,2
Average | 209,1 66,8 91,7 | 220,0 68,8 92,6 | 240,3 849 93,3 | 286,12 91,9 93,4
GD 1% 15,8 12,5 15,6 15,8 12,5 15,6 15,8 12,5 15,6 15,8 12,5 15,6

MpunaraHeTo Ha OpraHWyHWTE TO-
poBe npu npousxoante A8 n 214/2 Boan
[0 [oKasaHa pasnvka CnpsMo KOHTPO/I-
HWS BapuaHT OTHOCHO TEernoTo Ha Cyxu
cTbbna. TpeTtupaHeTo ¢ Vitalosol Gold n
Eurovix Propolis noBuwasa Ternoto Ha
cyxute cTbbna npu copt Crtena wu
nponsxoga 28 SR, Vitalosol Gold npwu
10SHZ, Eurovix Propolis npu 7E n 203/2.

JlokaszaHa pa3nnka BbB BMCOYMHaTa
Ha pacTeHusAsTa ce Habnwgaesa npu
npousxoga A8 - 125.6 cm, TpeTtupaH C
Fertileder Rame, copt CTtena TpeTupaH ¢
Vitalosol Gold - 116.9 cm n A9 TpeTupaH
¢ Fertileder Rame - 105.4 cm.

[aHHnTe 3a NpoAyKTUBHOCTTa Ha
CBeXa W cyxa Maca KakTo 1 Ha cTbbnata
u3spaseHa B kg/da 3a nepuoga 2017-2018
r, ca nocoyeHu BbB Purypa 1. KoHcTtatupa
Ce MOJIOXUTE/STHO Bb3AENCTBME Ha M3NKU-
TaHWTE OPraHUYyHU NPOAYKTU BBPXY MNpO-
OYKTUBHOCTTa Ha reHodoHAa OT CTeBus.

It was measured significantly higher
dry stems mass for the origins A8 and
214/2, when treated with the three foliar
fertilizers. The treatment with Vitalosol Gold
and Eurovix Propolis resulted in higher
dry stems weight of Stela and 10SHZ. A
higher dry stems weight was measured for
the 10SHZ treated with Vitalosol Gold, for
7E and 203/2 treated with Eurovix Propolis.

A significant  difference  was
established for the plants height for A8 -
125.6 cm treated with Fertileder Rame, for
Stela — treated with Vitalosol Gold - 116.9
cm, and for A9 - 105.4 cm treated with
Fertileder Rame.

Figure 1 shows the productivity
data for dry and fresh mass as well as
stems in kg/ da for the period 2017-2018
(Figure 1). A positive effect of the tested
organic products on the productivity of the
Stevia’s gene pool was found. The use of
Eurovix propolis has been shown to
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MpunaraHeTo Ha Eurovix propolis goka-
3aHO yBennyaBsa f0OMBBT KaKTO Ha cBexa
JINCTHA Maca Taka W Ha cBexuTe cTbba.
CToliHOCTWTE Ha nokasaTtens fobus cyxa
JINCTHa Maca, ca NpubsM3nTesIHO efHak-
B/M NpW npuiaraHeTo M Ha TpuTe opra-
HUYHM npoaykTa. Moxe ga ce oTbenexw,
ye YBE/MYEHWeTO e Hai-ocesaTesiHO
cnep npunaraHeTo Ha Eurovix propolis un
Halli-HUCKO MpWU pacTeHnaTa TpeTupaHu ¢
Fertleader Rame. Tpun pobvea cyxu
CcTbbna, TpeTnpaHeTo c Fertileader Rame
He BOAM [0 oce3aeM eekT U CTOMHOC-
TMTe ca 6M3KN 0O KOHTPOJTHUS BapuaHT,
JokaTo npunaraHeTo Ha Eurovix propolis
n Vitalosol Gold Bogn go npeBuweHne
cnpsiMo KoHTponarta ¢ 61130 30%.

increase the yield of both fresh leaves and
fresh stems. The values of the dry leaf
mass yield were approximately the same
for the application of all three organic
products. It can be noted that the increase
was most noticeable after the application
of Eurovix propolis and the lowest in
plants treated with Fertileader Rame.

In the production of dry stems, the
treatment with Fertileader Rame did not
lead to a noticeable effect and the values
were close to the control variant, while the
application of Eurovix propolis and
Vitalosol Gold led to an excess over the
control of nearly 30%.

1900,0 1
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1100,0 A

H Fertileder Rame

m Vitalosol Gold

900,0 1

= Eurovix Propolis
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Fresh leaves Fresh stems

Dry leaves Dry stems

dur. 1. npO,quTMBHOCT Ha CTeBMA Npun m3non3BaHeTo Ha OpraHU4YHM NNCTHU

TopoBe, cpenHo 3a 2017-2018 r., kg/da

Fig. 1. Productivity of stevia when treated with organic leaf fertilizers on average

for 2017-2018, kg/da
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N3BOAN

1. TpetnpaHeTo C opraHn4Hu npe-
napatv BoAuM [0 [0Ka3aHO MNOOXUTESTHO
BNINSAHME BBbPXY NOBEYETO U3MNUTAHU reHo-
TUNW CTEBUS, KaTO Hai-4yBCTBUTE/STHO €
yBE/IMYEHNETO Ha 3efieHara NncTHa U
cTbbneHa maca, no-cnabo npu cyxata
Maca OT nucTta u cTbbna u Hai-cnabo-
BbpXY BMCOUYMHATA Ha pacTeHuATa.

2. Hali-BuCcoK edekT BbpXy CTO-
NaHCKUTe KayecTBa Ha CTEBMUSA UMa TpeTu-
paHeTo ¢ nicTHUTe Topose Vitalosol Gold
n Eurovix Propolis.

3. BucounHata Ha pacTeHudaTa
npu copt CTena ce nosjvsBa B 3Hauu-
Te/iHa CTeneH cref npunaraHetTo Ha
Vitalosol Gold.

4. TpunaraHeTo Ha Eurovix propolis
[JOKazaHO yBenMyaBa [A0OVBBLT KaKTO Ha
cBexa /INCTHA Maca Taka U Ha cBexuTe
CTpbbna 1 CHLOTBETHO BOAM A0 Hal-BMCOKA
NPOAYKTUBHOCT Ha Cyxa NIMCTHa maca

5. W3nonssaHeTto Ha  Eurovix
propolis n Vitalosol Gold Bogn go npesu-
leHMe Ha cyxute CcTbbna cnpsamMo
KOHTponaTa ¢ 61130 30%.

CONCLUSIONS

1. Treatment with organic
fertilizers led to a proven positive effect on
most tested Stevia genotypes, the most
sensitive being the increase in fresh leaf
and stem mass, weaker in the dry mass of
leaves and stems and the weakest in
plant height.

2. The highest effect on the
economic qualities of Stevia has the
treatment with foliar fertilizers Vitalosol
Gold and Eurovix Propolis.

3. The height of the plants in the
Stella variety is significantly affected after
the application of Vitalosol Gold.

4. The application of Eurovix
propolis has been shown to increase the
yield of both fresh leaf mass and fresh
stalks and thus leads to the highest
productivity of dry leaf mass

5. The use of Eurovix propolis and
Vitalosol Gold led to an excess of dry
stems compared to the control by nearly
30%.
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PE3IOME

VHoBaTUBHUS NpoayKT AnabeTuyeH
XNnsa6 e paspaboTeH Ha oOcHoBata Ha
Mb/IHO3bPHECTO OGMO PBXEHO 6pallHO C
pobaBka Ha 6palHO OT 6MO0 THOTIOHEBO
ceme (copT OpueHTancku), cos, cyxa
Mas, pbXeHa 3akBacka. Llenta Ha us-
cnefBaHeTo e fga ce paspaboTu MHoBa-
TMBHA TEXHO/OMNSA 3a BUCOKOEHEepPrueH
XNs6 ¢ oboraTeHO CbAbpXaHue Ha npo-
TEUHW, MasHWUHW, BNaKHWHW, MUHEepaseH
CbCTaB, 3a CMeTKa Ha BbriexujparHaTa
KOMMNOHEHTa, KOMTO e npegHasHayeH 3a
cneuyndmnyHn 34paBoCc/IOBHU Hyxan. OT
HanpaBeHOTO MPOoy4YBaHe ce YCTaHOBU, Ye
NPOTEMHOBOTO CbAbpXaHue B xnsib6a ot
Mb/IHO3bPHECTO PBHXEHO GpaLIHO 1 GpaLu-
HO OT TIOTHOHEBO ceme e 8,15%, a B pbxe-
HUA xna6 6e3 pobaska e 5,95%. Mo OTHO-
LWEeHNe Ha MasHUHWUTE B OMO PBHXEHO-TIO-
TIOHEBUS X186 CbAbpXaHMeTo e 2,72%, a
B xNns6a 6e3 gobaBka e 0,66%. Konu-
4YeCcTBOTO Ha BNaKHWHW B HeTpaguLMOH-
HUA X156 e 8,60%, a B pbxeHus e 4,72%.

SUMMARY
The innovative product diabetic bread is
developed on the basis whole meal
organic rye flour with the addition of
organic tobacco seed flour (Oriental
variety), salt, dry yeast, rye yeast.

The aim of the study is to develop an
innovative technology for high-energy
bread with enriched content of protein, fat,
fiber, mineral composition, at the expense
of the carbohydrate component, which is
intended for specific health needs. From
the study, it was found that the protein
content of wholegrain rye bread and flour
tobacco seed is 8,15% and rye bread
without addition is 5.95%.

As regards fat in organic rye-tobacco
bread, the content is 2.72% and in bread
without additives it is 0.66%. The amount
of fiber in non-traditional bread is 8.60%
and in the rye it is 4.72%.
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BbrnexugparHara KOMMNOHEHTa B HOBMSA
xna6 e 3aHmkeHa Ha 25,55% ot 39,9 %
npu pbXeHusi. EHepruinHaTta CTOMHOCT Ha
6MO0 NbAHO3bPHECTMA X186 e 220
kcal/100 g npoaykT, a Ha pbxeHus e 204
kcal/100 g npoAaykT.

Mo OTHOWeEHME Ha Xenda30To B
MHOBaTMBHUA npoaykt e 16,48 mg/kg,
pecn.npyn pbxeHusa xns6 e 14,33 mg/kg.
LIMHKBT B MHOBATMBHUA NPOAyKT e 15,33
mg/kg, pecn.npu pbXxeHus xnso6 e 14,87
mg/kg.

Xnsa6bT e npegHasHayeH 3a xopa,
CbC cneundnyHN 34paBOC/IOBHU HYXAN —
cTpagawm oT guabet Tun 2, CTOMAaLUHO-
YypeBHM 3a60/1AABaHNS, aKkTMBHO CNopTyBa-
LK, KAKTO M C NpodnNaKkTuyHa Len.

KntouoBu gymn: 610, NbJIHO3bPHECT,
HeTpaauLMOoHeH, xnA6, anabet Tnn 2

YBO/[,

Mpon3BOACTBOTO Ha xN56 3a cne-
UMbnUHM 30paBHU HYXAW NpeacTaBnsBa
ronsaM [As1 OoT 06WoTo NpOoU3BOACTBO.
ToBa e xNns6, KOMTO OCBEH HOpMaslHaTa
CN XpaHuTenHa CTOMHOCT, ybeauTenHo
nokasea, 4Ye MMa 34paBOC/IOBEH edekT
BbpXy €efHa WAu noBeye (YHKUMM Ha
opraHusma. Haykarta 3a xpaHuTe MOXe ga
OCUIypu TEXHOJIOTUYHU PELLEHNA 3a 34pa-
BOC/IOBHU M (PYHKUMOHATHU XpaHW, KOUTO
npv AbATOCpoyHa ynotpeba nmat 6naro-
NpuATEH eqekT BbPXY YOBELLKOTO THAS0
CTUMy/AIMpaT MMyHHaTa cucTema u urpasat
npeBaHTUBHA PONSA CpeLly HesapasHuTe
3abonsBaHus. NpoyyBaHnsTa Npes nocneg-
HUTE FOAMHU MOKa3BaT 3aluTHaTa pons
Ha Mb/IHO3BLPHECTUTE XPaHU MPU HSKOU
3a60/151BaHMA Ha CbBPEMEHHUTE obuyec-
TBa, kato Anabetr Tun 2 (Collar et al.,
2001; Mangova, 2003; Renzetti et al.,
2008), cbpAevHO-CBHAOBM 3abonsABaHUSA
(Mihalkova, 2009) 1 HAKOW BMAOBE KapLu-
Homu (Collar et al., 2001). AneTnyHuTe
(onbpn ca OCHOBEH KOMMOHEHT Ha 3bpHe-
Hute kyntypu (Mihalkova, 2008). ToBa
npegnonara paspaboTBaHETO Ha chneuu-
PMYHN TEXHOMOTMM 3a U3bpoeHnTe BUAO-
BE X/1516, KOUTO UMaT Te3n 3aLUNTHU (PyHK-
uun. MbHO3BLPHECTUTE XpPaHU CbLLO ca

The carbohydrate component in the new
bread is reduced to 25.55% from 39.9% in
rye. The energy value of organic whole
grain bread is 220 kcal / 100 g of product,
and of rye is 204 kcal / 100 g of product.

In terms of Fe, the innovative
product is 16.48 mg / kg, or 14.33 mg / kg
for rye bread. For Zn, the innovative
product is 15.33 mg / kg, respectively for
rye bread it is 14.87 mg / kg.

The bread is intended for people
with specific health needs - suffering from
type 2 diabetes, gastrointestinal diseases,
active sports, and for prophylactic
purposes.

Key words: organic, whole grain,
unconventional, bread, type 2 diabetes

INTRODUCTION

The production of bread for specific
health needs accounts for a large share of
total production. This is bread, which in
addition to its normal nutritional value,
convincingly shows that it has a healthy
effect on one or more functions of the
body. Food science can provide
technological solutions for healthy and
functional foods that, with long-term use,
have a beneficial effect on the human
body - stimulate the immune system and
play a preventive role against non-
communicable diseases.

Studies in recent years have shown the
protective role of whole grains in some
diseases of modern societies, such as
type 2 diabetes (Collar et al.,, 2001,
Mangova, 2003; Renzetti et al., 2008),
cardiovascular disease (Mihalkova, 2009)
and some types of carcinomas (Collar et
al., 2001).

Dietary fiber is a major component of
cereals (Mihalkova, 2008). This implies
the development of specific technologies
for these types of bread, which have
these protective functions. Whole grains
are also a source of phytoestrogens,
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U3TOYHUK Ha (PUTOECTPOreHn, (OEeHONHN
CbeMHEHNs, aHTUOKCUAAHTK, (PUTMHOBA
KncenuHa n creponn (Banu and Aprodu,
2012).

MATEPVAZT U METOOU

» OpraHonenTuMyHa oueHka Ha anabe-
TUYHMA XNA6 - BbHLUEH BUA, LUBAT, BKYC,
apomart (B4C15612-83).

» OnpegensiHe CbAbpPXaHMETO Ha 00Ly,
6enTbk B xnsba - metoq Ha Kengan (BAC
13490-76)

> EkcTpakuyuata Ha 06wy navnuon B
Xnsb6a e u3BbplleHa no metoga Ha Bligh
& Dyer (Canadian
Journal of Biochemistry and Physiology,
1959), kaTto MeTwI1oBUTE ecTepu Ha
mMacTHute kucenuHn [FAME/ ce aHa-
nn3ypaTt ¢ nomMowTa Ha rasos Xpomaro-
rpac Shimadzu-2010 (Kyoto, Japan), cHab-
[EH C NNlaMbyHO-MOHM3aUMOHEH AETEKTOP
1 aBTOMaTuyHa NHXEKLMOHHA cuctema.

» OnpegensHe CbAbpXaHWETO Ha Mas-
HUHM B Xnsiba - anapaT ,Soxtec* (BAC
1671-89).

> OnpegensiHe CbAbpPXaHMETO Ha o6Lia
nenen B xns16a (bAC I1SO 2171:1999).

» OnpepgensiHe  CbAbpXaHWeTO  Ha
BnakHuHU B xns6a(bAC 1SO 5498:1999).
> EHepruiiHa  cToiiHOcT Ha  100g
npoaykt kJd/kcal/ - wu3uncnaABaHe Ha
6a3ara Ha XMU4YHUA CbCTaB B X/156a.

> Makpo- 1 MUKpoesieMeHTuTe B x/is6a
ca onpefeneHu c nomMowta Ha ATOMHO-
emMuncmnoHeH gotomeTbp ICP-MS "Agilent ”
8900.

» KbM OCHOBHOTO 6O PbXEHO GpallHO
ca go6aseHn 5 % 6palHO OT 6MO THOTHO-
HeBO ceme. EHepruiiHata CTOHOCT Ha XxNs-
6a Bapupa B 3aBUCMMOCT OT W3XOAHUTE
6patuHa ot 400 go 500 kcal/100 g npoaykKT.

PE3YJITATU N OBCBXXOJAHE
HanpaBeHn ca peguua MpoGHM
nabopatopHU M3NUYaHMa Ha Xxnsa6 ot
Mb/IHO3BLPHECTO 6MO PBXEHO 6pallHo,
cyxa Masi, rotBapcka con u gobaBka Ha
610 6palLHO OT TIOTHOHEBO CEME.

phenolic compounds, antioxidants, phytic
acid and sterols (Banu and Aprodu,
2012).

MATERIAL AND METHODS
» Organoleptic evaluation of diabetic
bread - appearance, color, taste, aroma
(BDS15612-83).
» Determination of total protein content
in bread - Keldal's method (BDS
13490-76)
» The extraction of total lipids in bread
was performed by the method of Bligh &
Dyer (Canadian
Journal of Biochemistry and Physiology,
1959),as the methyl esters of fatty acids
[FAME/ were analyzed using a gas
chromatograph Shimadzu-2010 (Kyoto,
Japan), equipped with a flame ionization
detector and an automatic injection
system.
> Determination of the fat content in
the bread - Soxtec apparatus (BDS
1671-89).
> Determination of total ash content in
bread (BDS ISO 2171: 1999).
»  Determination of fiber
bread (BDS ISO 5498: 1999).
» Energy value per 100g of product kJ
/kcal/ - calculation based on the chemical
composition in the bread.
» The macro- and microelements in
bread are determined using the Atomic
Emission Photometer ICP-MS “Agilent”
8900.
> 5% organic tobacco flour is added to
the basic organic rye flour. The energy
value of bread varies depending on the
starting flours from 400 to 500 kcal/100 g
of product.

content in

RESULTS AND DISCUSSION
A number of test laboratory baking
of wholemeal organic rye flour bread, dry
pressed yeast, table salt and addition of
organic tobacco seed flour were made.
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PeuenTypeH cbCTaB Ha TECTOTO

KoHTpona

OCHOBHW CYPOBUWHW: MbJ/IHO3bPHEC-
TO OMO pPbBXEHO OGpallHo 100%,
roteapcka con - 2,0 %, cyxa mas — 2,0%

Mpoba

OCHOBHU CYPOBUWHW: MbJ/IHO3bPHEC-
TO 610 pbXeHo 6pawHo — 95%, roTeap-
cka cosn - 2,0 %, cyxa masa — 2,0 %

JONb/IHUTENNHA CYpPOBUHA: THOTIOHE-
BO 6paLlHo - 5%.

TexHOoNornyHa noaroToBka

HanpaBeHa e npegBapuTenHa nog-
roToBKa Ha CyXMsi MUKC OT MbJIHO-
3bPHECTO 6MO PBXKEHO GpALLHO M BpaLlHO
OT THOTIOHEBO cemMe. 3aMecBa ce TecTo OT
ObpallHaTta U OCTaHa/IUTEe KOMMOHEHTU C
Temnepartypa Ha Bogata 38 °C.

XapaKkTtepucTuka
crep 3aMecBaHe

KoHTpona - nenu, Meko , 6yxHao
TecTo, CBETN06EXO0B LUBAT

Mpoba - HopMasiHa KOHCUCTEHLWS,
no-MaJsiko fienu ot npoba 1, nobpe passu-
TO, 6n1ego6exoB UBAT

depmeHTauMsTa € npoBegeHa 3a
20 muHytTM npu 36 °C, npemecBaHe U
pepmeHTauns 3a oule 30 MUHYTK. OKOH-
yatesHaTa dpepmeHTayms € 80 MUHYTHK.

Ha Tecrtara

XapakTepuctuka Ha  TecTarta
crepf, oKoH4YaTesiHa thepmMeHTaumns

KoHTpona - nenu, mMeko, GyxHano
TEeCcTo, CBETNI06EeX0B A0 KpeEMaBLBAT

Mpoba - HopMasiHa KOHCUCTEHLNS,
nenu no-masnko ot npoba 1, nobpe pas-
BUTO, ByxHano tecto, 61e806eX0B LBAT

Recipe composition of the dough

Control

main raw materials: whole grain
organic rye flour - 100%, table salt - 2.0%,
dry pressed yeast - 2.0%

Sample

main raw materials: whole grain
organic rye flour - 95%, table salt - 2.0%,
dry pressed yeast - 2.0%

additional raw material:
flour - 5%.

Technological preparation

Preliminary preparation of the dry
mix of whole grain organic rye flour and
tobacco seed flour was made. Knead the
dough from the flour and the other
components with a water temperature of
38°C.

Characteristics of the test after
kneading

Control - soft consistency, puffy
dough, light beige colour

Sample - normal consistency, less
sticky than sample 1, well developed, pale
beige colour

The fermentation was carried out
for 20 minutes at 36 °C, stirring and
fermentation for another 30 minutes. The
final fermentation is 80 minutes.

tobacco

Characteristics of the test after
final fermentation

Control - soft consistency, puffy
dough, light beige to creamy

Sample normal consistency,
sticks less than sample 1, well-developed,
puffy dough, pale beige colour

M3nnyaHeTto Ha xns6a e npose- The bread was baked for 50
AeHo 3a 50 muHyTK npu 200 °C. minutes at 200 °C.
Tabnuua 1. KauecTtBeHa OLeHKa Ha X1si6a
Table 1. Quality assessment of bread
Maca| O6em Szl (.)6.eM AbumknHa BucounHa|LlLnpuHa SR
BUaXxnA6 |y ocs Volume| SPECHC ™ ogth | Height | width | CPEAvHaTa
Type of bread s volume mm mm mm Moisture in the
9 cm’/g middle, %

KoHTpona/Control
Pux/Rye 248,4| 410 1,65 123 50 82 48,20
Mpob6a/Sample
PBX+TIOTIOH 259,4| 390 1,50 123 52 83 48,65
rye+tobacco
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Ha Ta6nvua 1 e nokasaHa Bnarata
Ha KOHTponata v npobaTa, KOATO HAMa
cblllecTBeHa pas/nuka. C no-ronsgMa maca
e npobara (259,4 g), o6ema Ha npobata
€ No-HMCHK (390 cm?®).

Xapaktepuctuka u
OLUEeHKa Ha usneyvyeHus xssa6

KoHTpona — MpaBobrb/iHO Xnebue
C npasunHa hopmMa, /ieKo HarnykaHa rop-
Ha Kopa. LiBeTbT Ha kopaTta e 31aTucTo-
Kadpss. LUynnuBocTTa Ha cpeguHarta e
pebenocteHHa, pApebHa. CpeauHaTta e
MeKa Ha nunaHe, NpyM HaTUCK Bb3CTaHO-
BABa obema cu. LiBeTbT Ha cpeguHaTa e
CBET/NO-KahsiB C YepBEHWKaB OTTEHDBK.
BkyCcbT e npuaTeH u xapaktepeH 6e3
MPWBKYC, JIEKO Nenu npu CAbBKBaHe.
MupUCHT € TUMNYEH.

Mpob6a — lMpaBObIbAHO X/1ebye C
npasuiHa copma C fieku rpanasuHu Mo
ropHata kopa. LiBeTbT Ha koparta e CBeT-
no kagss. WynnusocTTa Ha cpeavHarta e
cpefHa, passuta. CpeguHarta e nsmece-
Ha, He nenu. BKycbT e TUNMYeH 3a Cbe-
TaBa, NpuATEH. MMPUCHT e xapakTepeHsa
BUfa CYPOBUHMN.

CEH30pHa

Ha Ta6bnvua 2 e nokasaH hM3nKo-
XUMUYHUSA CbCTaB Ha AnabeTuyHus Xnso0.

Table 1 shows the control moisture
and the sample, which did not differ
significantly. The larger the sample (259.4
g), the lower the sample volume (390
cm3).

Characteristics and
evaluation of baked bread

Control - Rectangular bread with a
regular shape, slightly cracked top crust.
The colour of the bark is golden brown.
The porosity of the middle is thick-walled,
small. The middle is soft to the touch,
when pressed it regains its volume. The
colour of the middle is light brown with a
reddish tinge. The taste is pleasant and
characteristic without aftertaste, slightly
sticky when chewed. The smell is typical.

sensory

Sample - A rectangular loaf of
regular shape with slight roughness on
the upper crust. The colour of the bark is
light brown. The porosity of the middle is
medium, developed. The middle is mixed,
not sticky. The taste is typical of the
composition, pleasant. The smell is
characteristic of the type of raw material.

Table 2 shows the physicochemical
composition of diabetic bread.

Tabnuuya 2. PU3NKO-XMMUYEH CbCTaB Ha X/1516a
Table 2. Physico-chemical composition of bread

EHepruiiHa
Bug, BEB CTOWMHOCT
Bnara | lNpotenHu | Ma3HuHW | BnakHuHu | MNenen
L0 Moisture| Protein Fat Fiber Ash Seliges il oy
Type hydrates NpoOAYKT
% % % % %
of bread % Energy value
kcal/100g product
KoHTpona
Control 46,53 5,95 0,66 4,72 0,63 39,90 204
Pbx/Rye
Mpoba
Sample 48,56 8,15 2,72 8,60 1,53 25,55 220
PBX +THOTIOH
rye+tobacco

Mo oTHOLLEHME Ha NPOTEUHUTE Npwu
KoHTponaTta (5,95%) e ¢ 3 % no-manko ot
CbAbpXaHneTo B xns6a ¢ gob6aBka Ha
TIOTIOHEBO 6pawHo (8,15%). Cbabpxa-
HMETO Ha MasHVHU NpU PbXeHUs xnab c
pobaBka Ha THOTHOHEBO 6pallHo(2,72%),

In terms of protein in the control
(5.95%) is 3% less than the content in
bread with the addition of tobacco flour
(8.15%). The fat content of rye bread with
the addition of tobacco flour (2.72%)
increased compared to the control 4 times
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HapacTBa ChpsIMO KOHTposiaTa 4 nbTu
(0,66%). CbaobpXKaHMeTO Ha BAAKHUHUTE
npu pbXeHus xns6 ¢ gobaeBka Ha THOTHO-
HeBO 6palHo (8,60%), HapacTBa CnpsiMo
KoHTponata 1,5 nbtu (4,72%). NMenesnHo-
TO CcbAbpxaHue npu npobata (1,53%),
HapacTBa 2 MbTW CNPAMO KOHTpoOsaTa
(0,63%). BwvrnexmgparHata KOMMOHEHTa
HamanaBa npu npobara (25,55%), c¢
14,35% cnpsamo koHTponata (39,90%).
EHepruiiHaTa CcTOMHOCT npu npobarta
HapacTtBa c 16 kcal/100g npogykT (220
kcal/100g npoAykT) cnpsiMo KOHTponata
(204 kcal/100g npoaykT).

Ha Tabnuua 3 ca nokasaHu AuHa-
MWUYHUTE U3MEHEHUSI CBbP3aHu C Barara
Ha xns6a.

(0.66%). The fiber content of rye bread
with the addition of tobacco flour (8.60%)
increased compared to the control 1.5
times (4.72%). The ash content of the
sample (1.53%) increased 2 times
compared to the control (0.63%).

The carbohydrate component decreased
in the sample (25.55%), by 14.35%
compared to the control (39.90%). The
energy value of the sample increased by
16 kcal/100g product (220 kcal/100g
product) compared to the control (204
kcal/100g product).

Table 3 shows the dynamic
changes related to bread moisture.

Tabnuuya 3. JuHamunka Ha xnsi6a — Bnara 1-4, 3-4, 6-a aeH

Table 3. Dynamics of bread - moisture 1%

’ 3rd' Gth day

Bupg xnn6 Bnara/Moisture,% | Bnara/Moisture,% | Bnara/Moisture,%
Type of bread 1 geH / 1% day 3 neH / 3™ day 6 aeH / 6" day
KonTpona/Control 46,53+0,02 43,5740,02 40,73+0,02
Pbx/Rye
fpota/Sample 48,56£0,02 47,190,02 44,13+0,02
PBX+TIOTIOH / rye+tobacco

HanpaBeH e aHanM3 cCBbp3aH C
AVHAMWYHUTE MPOMEHW Ha Bfarata B
rotToBusi X71516, NpM KOETO Ce YyCTaHOBSIBa,
ye npu BCeKM cnepsal, AeH Bnarara
HamasisiBa - X1s10bT cTapee.

Ot Tabnuua 4 e BUAHO CbAbpXa-
HMETO Ha MakpoenemeHTuTe B xns6a.

An analysis was made related to
the dynamic changes in the moisture in
the finished bread, which found that with
each passing day the humidity decreases -
the bread ages.

Table 4 shows the content of
macronutrients in bread.

Tabnuua 4. CbabpXaHne Ha MakpoesieMeHTU B X/1516a
Table 4. Content of macronutrients in bread

Bua xns6 Ca P Na K Mg S
Type of bread mg/kg a/kg g/kg a/kg o/kg a/kg
pbXxeH / rye 48,43 1,31 4,44 2,20 0,38 0,67
pPBLX+TIOTIOH / rye+tobacco 55,23 1,32 4,19 2,16 0,41 0,66

AHa/IM3bT Ha MaKpoesieMeHTUTe
rnokassa orpaHuyeH TpaHcdhep Ha Kanuuii
B pbXeHus xns6. JobaBkaTa Ha THOTHO-
HeBO GpallHO NPOMEHS B HE3HauUTesHa
CTEMEH HUBOTO Ha €JIeEMEHTa, KOeTo
poctura go 55 mg/kg. M3xoxpgainkm ot

The analysis of macronutrients
shows a limited transfer of Ca in rye
bread. The addition of tobacco flour
slightly changes the level of the element,
which reaches 55 mg/kg.
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KOHCyMauuaTa Ha 4YoBeka B opraHusma
ype3 pbXeHusa x1a6 noctbneat oT 110 go
120 mg,koeTo npepctasnasa 10% or
HeobxogmMmaTa noTpe6HocT. OcTaHanuTe
MakpoefnemeHTn ca gobpe GanaHcupaHu
B Xxns6a n Bapupatr ot 0,66 g/kg npwu
capata fo 4,44 g/kg npu Hatpus. 3aBu-
LWEHUTE HMBA Ha HaTpWUiA ce Ab/KaT Ha
JONB/IHUTENHO BJIOXKEHOTO  KO/IMYECTBO
Ha roTBapcka cos no peuenTtypa.

Ot Tabnuuya 5 e BUAHO CbAbpXa-
HMETO Ha MUKPOESIEMEHTUTE B X/isi6a.

Tabnuua 5. CbabpXaHne Ha MUKPOenem

Based on human consumption in the body
through rye bread receive from 110 to 120
mg, which is 10% of the required need.

The other macronutrients are well
balanced in bread and range from 0.66 g /
kg at S to 4.44 g/kg at Na. The increased
levels of Na are due to the additional
amount of table salt used in the recipe.

Table 5 shows the content of trace
elements in bread.

EHTHUA CbCTaB Ha Xxnd6a

Table 5. Content of the microelement composition of bread

Bupg xnn6 Cu Zn Mn Fe Co Se |
Type of bread mg/kg mg/kg | mg/kg | mg/kg pa/kg | palkg pa/kg
pbXeH / rye 1,61 11,16 | 20,28 26,88 20,93 | 21,39 | 38,50
PBX+TIOTIOH / rye+tobacco 1,69 11,06 19,79 14,50 21,52 19,55 34,98

3bpHEHMTE xpaHu ca begHu Ha
MeZ, UMHK, CeneH u inog, koeto pedinek-
Tupa B n3cnegsaHnuTe acoptmumeHTu. Oco-
6€eHO CWMHO M3paseH e AuUUUTBLT nNpu
UMHKa, ceneHa n kobanta. MNpu KoHcyma-
umsatTa Ha xn1a6 cbC U 6e3 gobaBka Ha
TIOTIOHEBO CeMe ce ocurypssaT Ao 8 % Ha
NOTPE6GHOCTUTE Ha YOBELLKWA OPraHn3bM.
CynneMeHTMpaHeTo Ha ropernocoyeHuTe
eNleMeHTM e NpenopbUYNTENHO Npy paspa-
6oTKaTa Ha pbXeH x1a6 € opraHuyHa
pobaBka (TIOTHOHEBO CeMe).

Tabnuua 6. CbabpXaHne Ha HAKOW TOKC

Cereals are poor in copper, zinc,
selenium and iodine, which is reflected in
the studied range. Zinc, selenium and
cobalt deficiencies are particularly
pronounced. When consuming bread with
and without the addition of tobacco seeds,
up to 8% of the needs of the human body
are provided. The supplementation of the
above elements is recommended in the
development of rye bread with an organic
additive (tobacco seed).

WYHN eNeMEHTHN B X180

Table 6. Content of some toxic elements in bread

Bug xnn6 Al Cr Ni Mo Sn Pb
Type of bread mg/kg mg/kg mg/kg mg/kg pa/kg pa/kg
KowTpona/Control 3,62 0,06 0,10 0,16 30,06 | 6546
pbXeH / rye
Mpo6a Sample 3,14 0,06 0,11 0,16 10,25 | 33,70
PBX+TIOTIOH / rye+tobacco

Ot Tabnvua 6 e BUAHO, Ye NPoaykK-
TbT C OpraHnyHa pobaBka e 6efeH Ha
HUKEeN, XpoM 1 monnbaeH. MNpu BnaraHeTo
Ha TIOTIOHEBO OpalHO KbM PBHXEHOTO
(10,25 pg/kg), HMBOTO Ha Kanas ce Hama-
nsea 3 NbTW cnpsmMo KoHTponata (30,06
pg/kg). Mpu BnaraHeTo Ha THTHHEBO
6pawHoO KbM pbxeHoTo (33,70 pg/kg),

Table 6 shows that the product with
organic additive is poor in Ni, Cr and Mo.

When tobacco flour was added to rye
(10.25 pg/kg), the Sn level decreased 3
times compared to the control (30.06
pa/kg). When tobacco flour was added to
rye (33.70 pg/kg), the Pb level was
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HMBOTO Ha 0/I0BOTO Ce HamasisiBa 2 MbTu
cnpsMo KoHTponarta (65,46 ug/kg).

n3BOAMN

BknouBaHeTo Ha 6MO Mb/IHO3BP-
HecCTo TIOTIOHEBO 6pallHO KbM 6MO NbJ-
HO3BbPHECTO PbXEHO, BOAM [0 YyBe/nva-
BaHe Ha CbAbpPXAHWETO Ha Ma3HUHW,
BNIAKHWHW, NPOTEUHU, NENesIHOTO CbAbp-
XaHue, KakTo 1 eHepruiiHaTa CTOMHOCT 3a
CMeTKa Ha BbriexugparHata KOMMOHEH-
Ta, KOeTo v onpejena Karto 34paBoC/oB-
HW 1 MOJSIE3HN 3a YOBELLKUSA OPraHn3bM.

HapacTtBaT HMBaTa Ha Xensa30To B
nHoBaTuBHMA npoaykT (16,48 mg/kg, pecn.
npv pbxeHusa xna6 e 14,33 mg/kg). LIMHKBLT
B MHOBaTMBHUA npoaykT e 15,33 mg/kg,
pecn.npu pbXxeHusa xna6 e 14,87 mg/kg.

Xna6bT e npefHasHayeH 3a xopa,
CbC cneundnYHN 34paBOC/IOBHU HYXAMN —
cTpagawm oT guabet Tun 2, CTOMAaLUHO-
YypeBHM 3ab60/1AABaHNs, akTMBHO CNopTyBa-
LM, KAKTO M C NPodnNaKkTUyHa Len.

reduced 2-fold compared to the control
(65.46 pg/kg).

CONCLUSIONS

The inclusion of organic wholemeal
tobacco flour to organic wholemeal rye
leads to an increase in fat, fiber, protein,
ash content and energy value at the
expense of the carbohydrate component,
which defines them as healthy and useful
for the human body.

The levels of Fe in the innovative
product increase (16.48 mg/kg,
respectively for rye bread it is 14.33
mg/kg). For Zn in the innovative product is
15.33 mg/kg, respectively for rye bread is
14.87 mg/kg.

The bread is intended for people
with specific health needs - suffering from
type 2 diabetes, gastrointestinal diseases,
active sports, as well as for prophylactic
purposes.
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