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The content of phenolic compounds in the seedlings of triticale in vitro at
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Abstract: The study analyzes the influence of growth regulators on the development of seedlings triticale
sufficed Fusarium. The ftriticale is a valuable crop as the grain and green mass is used for feeding of farm
animals. For the study the species of Fusarium fungi were used, which are often occurs found on the crops of our
region, they are: F. culmorum, F. sporotrichioides, F. oxysporum and F. avenaceum. The research was focused
on their correlation with different concentrations of growth regulators dissolved in nutrient medium. These drugs
are environmentally friendly, which is very important when using triticale for human nutrition and animal feed.
The experiments showed that concentrations in some medications could have an inhibitory effect on the
development of the fungi and inhibit the development of Fusarium. First culture for triticale it is shown that in
seedlings, cultivated in vitro, increases the total content of soluble phenolic compounds in response to infectious
stress when used as the drug “Immunocytophite” and arachidonic acid of plant origin. It is established that the
phenolic compounds varies depending on the concentration of the drug and the studied accessions.

Key words: Growth Regulators, Arachidonic Acid, Triticale, Fusarium, In Vitro.

Conep:xkanue (GeHOJBHBIX COeJMHEHHIT B MPOPOCTKAX TPUTHKage iN Vitro
npyv MHPEKIMUOHHOM CTpecce

Abstract: B mamm quu it 60pb0bI ¢ TPUOHBIMA OOJIE3HAMMU, KOTOPBIC 3HAYUTENHHO CHIDKAIOT YPOXKAHHOCTD |
Ka4yeCTBO CENbCKOXO3SMCTBEHHON MNPOAYKIMM 3HAYUMBIX KYIbTYp, IIMPOKO IPHUME HAOT XHUMHYECKUE
npenapartbl. AJBTEPHATUBHBIM PEIICHHEM 3TOH MPOOJIEeMBI MOXKET CTaTh NPUMEHEHHE PEryisTopoB pocra. B
pabore u3yuanu rpudsl poga Fusarium: F. culmorum, F. sporotrichioides, F. oxysporum u F. avenaceum. B
KauecTBE PEryIITOPOB POCTa MPUMEHIM INpernapaTbl MIMMyHOIMTO(GHT, apaxWIOHOBAs KHCIOTa Ha OCHOBE
MOPCKHX BOIOpOCIIEH. YCTaHOBIEHO, 4TO mpemapatel WmmyHommTohWT (B KOHIEHTpauuud 7,5 MI/T) H
apaxuIOHOBAs KUCIIOTAa HA OCHOBE MOPCKUX BOJOPOCIEH (B KOHIIEHTpAIMK 1MII/JI) OKa3BIBAlOT HHTHOHUPYIOIICEe
JeificTBHE Ha pa3BHTHE IOBEPXHOCTHOI'O MHIEIHS BCEX HCCICIYEMBIX NMAaTOrCHOB. B BapHaHTaX COBMECTHOTO
KYJIbTHBUPOBAHHMS [ATOT€HAa W 3€PHOBOK TPHUTHKAJE NEWCTBUE PETyIATOPOB POCTa yCHinBaeTcs. Briepsblie mis
KyJIbTypbl TPUTHKAIE I[OKA3aHO, YTO B MPOPOCTKAX, KYIBTUBHPYEMBIX iN Vitr0, IOBBIIACTCS CyMMapHOE
coziepyKaHHe PaCTBOPUMBIX (DEHONBHBIX COCAMHEHHH B OTBET HAa MH()EKIMOHHBIA CTPECC MPH HCIOJIB30BAaHUH
kak MMMmyHOmuToduTa, TaK M apaxuIOHOBOH KHCIIOTHl PACTHTENBHOIO NPOHCXOXKICHHUS. YCTaHOBJIEHO, YTO
oOpa3oBaHue (EHOIBHBIX COSTUHEHNI N3MEHSETCS B 3aBUCHMOCTH OT KOHIICHTPALlMK NpenapaTa i H3y4aeMoro
copTooOpasia.

KunroueBblie €10Ba: perysasTopsl pocTa, MIMMYHOIIUTO(DHT, apaxupIoHOBas KHCIIOTa, TPUTHKaie, (y3apros, in
vitro.
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1. BBeaenue

OCHOBHOI LIEJIBIO CEJICKIIMOHHBIX MPOTPaMM B HACTOSILEE BPEMsI SBIISICTCS TOBBIIICHHE
YPOXKAWHOCTH CEIbCKOXO3SIMCTBEHHBIX KYIBTYP, CO3JaHHUEC HOBBIX COPTOB M THOpPHUIOB,
00JIaIaoIMX YIYYIICHHBIMA Ka4eCTBAMU IPOJAYKTa, KOMILUICKCHOW YCTOWYHMBOCTBIO K
00JIe3HSIM, BPEAUTEIISIM U CTPECCOBBIM (haKTOpaM OKpyKaromiei cpeast [1, 2].

3epHOBBIC KYJIbTYpPhl BHOCSAT HAaWOOJBINHWNA BKJIQJ B 00CCIICUCHHE HACEICHUS 3€MHOTO
mrapa npoaykraMu nutanus. Cpenu 3TUX KyJIbTYp 0c000€ MeCTO OTBOIHMTCS aM(pUAUTUIONTY
TPUTHUKAJIC, KOTOpBIfI COBMCHIACT HCHHBIC KAa4CCTBA POAUTCIIBCKUX (1)OpM — MNIICHUIBI U PKHU.
TpI/ITI/IKaJIC IMPUBJICKACT K cebe BHUMAHHE B CBSI3H C TEM, YTO IO PAAY TAKHUX BaKHEUIINX
II0Ka3aTeNel, Kak ypoKalHOCTb, MUTATENIbHASI LIEHHOCTh IIPOJYKTa U APYIHe, 3Ta KyJlbTypa
crocoOHa BO MHOTHX CEIBCKOXO3SHCTBEHHBIX pallOHaX MHpa MPEBOCXOIUTH 000HMX
pomuteneit. OaHAaKO MaHHAs KyJIbTypa 4YacTO IMOJBEPIraeTCs Pa3IUYHbIM HHOEKITHOHHBIM
3a00JIeBaHMsSIM, B YAaCTHOCTH, CEMCHA, a TaKXKe HaI3eMHas 4YacTh PACTCHUI MOPaXKAOTCS
rpubamu poaa Fusarium L. [3, 4].

JUis TOBBIIEHWS YCTOMYMBOCTM pacTeHUM K OOJie3HsIM, Kak [paBUJO, B
MPOMBIIIJIEHHBIX TOCEBAX IIHPOKO MPUMEHSIOT OIAacHble JUIsl OKpYy’Karoled cpensl
¢byarunuasl. OgHOW W3 albTepHATHUBHBIX M 3(P(PEKTUBHBIX Mep IO YBEIMYEHHUIO
HEBOCIPUUMYHUBOCTU 3€PHOBBIX KYJIBTYp K BO30yIUTENIM OOJI€3HH C HKOJOTHYECKON U
MPaKTUYECKOW TOYEK 3pEHus, SBISIETCS HCIOJIb30BaHUE PEryIsITOpoB pocTa. JlaHHOE
HalpaBJIEHUE HCCIEAOBAHUN, TPEXJe BCEro, MO3BOJUT CHU3UTH YPOBEHb (QYHTHIIMIHOMN
Harpy3ku Ha OKpyKaroulyio cpeny. Ilo nurepaTypHbIM JaHHBIM H3BECTHO, YTO PETYISTOPHI
pocTa B OMNpenei€HHbIX KOHIIEHTPAMSIX OKa3bIBAIOT BIUSHUE HA YCTOMYMBOCTbH PACTEHHH K
rpUOHBIM OOJIE3HSIM Pa3HOTO BHJA, B YAaCTHOCTH (¢y3apro3y. OTH BEIIECTBA CIOCOOHBI
MHTHOMPOBATh PA3BUTHE MHPEKIMM U YCKOPATh OTBETHYIO PEAKLMIO PACTEHHs Ha JeHCTBUE
natoreHa. OTBETOM Ha MATOTEH SIBJISETCS MOBBIIIEHHE B UX TKAHSIX, HAIPUMEp, COJAEPKAHUS
(CHOJBHBIX COEIMHEHHUH, KOTOpbIE OTHOCATCA K 3alllUTHOMY MEXaHM3My pacTEHUH.
N3BecTHO, 4TO ()EHOJIbHBIE COEUHEHUS SIBJIAIOTCS BTOPUYHBIMU METa0OJIMTaMU pacTeHus, a
TaKke NPUHUMAIOT y4yacTHE BO MHOTIMX OHMOXMMHMUYECKHX Hpoleccax. OTH COEIUHEHHs
OTHOCSTCS TaKXK€ U K CTPECCOBBIM MeTabOJIMTaM, CHHTE3 KOTOPBIX PE3KO BO3pacTaeT IpHU
IOPAaHEHUU WM MOPaKEHUM PACTEHMs, YTO IMPEAINoJaraeT HUX ydacTue B KOMIUIEKCHOM
3al[UTHO# peakuuu [5, 6].

Hcxons w3 Bblllle HM3JI0KEHHOTO, CIEAyeT 3aKIIOYHTh, YTO MCCIEIOBAHUS B 3TOM
HAMpaBJICHUU SIBISIOTCS aKTyaJbHBIMHM, a IOJYYEHHbIE pe3yJbTaTbl MOTYT HMETh Kak
MPaKTUYECKOe, TaKk U TeopeTuueckoe 3HaueHne. OcoOyro akTyanbHOCTh TaKHE UCCIICOBAHUS
MIPEJICTABJISIOT Ul KYJbTYpbl TPUTHUKAJIE, TAaK KaK B JOCTYITHOW JJIsl HAC JUTepaType paboThl
0 MPUMEHEHHIO PETYISITOPOB pocTa Mpu 6oprde ¢ hy3apro30M OTCYTCTBYIOT.

2. MaTepuaJjibl 1 METOAbI

Jiia skcriepumenTa ObLIO BEIOpaHO TpU copTooOpasua tputukaie (Ykpo, Jdyomner, C95)
U3 KOJUIGKUMH Kadenpbl TEeHETHUKH, OHOTEXHOJOTHH, CENeKIUd ¢ CEMEHOBOJCTBA
Poccuiickoro rocynapctsenHoro arpapHoro yuuBepcuteta-MCXA umenu K. A. Tumupsizesa.
Coptoo0pa3ipl OTIMYAIUCh MEXAY COO0M MO BOCIPHUMMYMUBOCTH K TPUOHBIM OONE3HSIM U
YCTOMUYUBOCTBIO K (Dy3apHO3Yy.

B skcnepumenTte OblTM BBHIOpaHBI J1Ba PEryisiTopa pocTa, OTIMYAOUIMECs 0 CBOEMY
cnekrpy gAedctBusi: HMmmyHouutoput (STHIOBBIM 3duUp apaxuIOHOBOM  KHCIIOTHI),
ApaxuJ0HOBas KUCIIOTA (Ha OCHOBE MOPCKUX BOJIOPOCTIEH).
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NmmyHOIMTOPUT — pEryasTop pocra, 00Jamaromuii POCTOBOM M aHTHUCTPECCOBOM

aKTHUBHOCTBIO. JleHCTByIOIlee BEIIECTBO - JTHIOBBIA 3QHUpP apaxuJaOHOBOH KHUCIOTHI
(3TMNapaxuIOHAT).
ApaxugoHOBass ~KHCIOTa pactuTenbHoro mnpoucxoxaenus (AK) —  owmera-6

MOJIMHEHACHIIIICHHAS! He3aMEHUMasl )KUPHAs KUCIIOTa, KOTOpas SBJSIETCS COCTABHOM YaCThIO
BUTaMHHA F. DTO BEIIeCTBO MPUPOIHOTO MPOUCXOKICHUS, AaKTUBHO y4aCTBYET B PETYIISLIUU
(GYHKIMOHMPOBAHUS KJIETOYHBIX MEMOpaH M WIpaeT BaXXHYI pOJIb B META0OIMYECKHX
nponeccax. AK pacTUTETBHOTO NPOUCXOKAEHHUS MAacCOBO IONYy4arOT MX MOPCKOH
OJTHOKJIETOYHO# Bojopociu Porphyridium.

Hccnenxyemble mpenapaThl H3y4aid B CICAYIOIUX KOHIEHTpawsix: MMMyHOIIUTODUT -
7,5 Mi/11, apaxuJoHOBasi KUCIIOTa HA OCHOBE MOPCKUX Bojaopociedl — 1 mur/a. Perynstops
pocTa 100aBIsUTM B COCTaB MUTATEIBHON Cpe/bl, HA KOTOPOH B JAJbHEHIIEM OCYIIECTBIISIIN
COBMCCTHOC KYJIbTHMBUPOBAHUC MATOI'CHA W 3CPHOBKH. B kauectBe KOHTPOJIAA MCITOJIB30BaJIN
BApUAHT, B KOTOPOM 3€PHOBKH KYJbTUBHUPOBAJIM Ha OE3rOPMOHAIBHON MUTATENbHON cpese U
0e3 MPUCYTCTBHS MMATOTCHA.

B kauectBe cTpeccoBoro ¢akropa ObUTM BBIOpaHBI PA3HOBUIHOCTH TPHOOB poja
Fusarium L.: Fusarium culmorum, Fusarium avenaceum, Fusarium oxysporum u Fusarium
sporotrichioides. Pa3mHokeHIe YUCTON KYJIbTYPHI MATOTCHOB JIJISL TOJYYEHHUS TOCTATOYHOTO
KOJIMYECTBA WHOKYJIOMa TMPOBOJIWIM Ha OE3rOPMOHAIBHOW arapM30BaHHOW MUTATEIBHOMN
cpene, coaeprKalie )2 KOHLEHTpaluu MUHEpalIbHbBIX cosel nmo nponucu Mypacura u Ckyra
(MC ') [7]. TpuObl BbIpalIuBagd B YCIOBHSX CBETOBOH KOMHATHI MPH TEMIIEPATYpPE 25°C,
16-gacoBom (oTormepuoe, mpu uHTEeHCHBHOCTH cBeta 3000 ik (puc. 1).

Pucynok 1. PasmMHOkeHHe 4HCTO# KynbTypbl rpuba Fusarium L. B ycioBHSX CBETOBOM
KOMHATBI

CoBMeCTHOE KyJbTUBHPOBAHME 3€PHOBOK TPUTHKAJIE C MULEIMEM MCCIEAYEMBIX
rpubOB MPOBOJAWIN CIEIyOUIMM oOpa3oM: B IeHTp 4Yamku [leTpu momemanu mnaToreH
(0,5%0,5 cMm), BOKpYr KOTOpPOrO Ha paccTOSHMM 4 CM. pacrmojiaraid 3epHOBKH, KOTOpPbIE
IIPEIBAPUTENILHO TOBEPXHOCTHO CTEpHIM30Balu pactBopoM cynemsl (0,1%) B Teuenue 10
MUH., IOCJIE€ YEeTO UX TPUXK/IbI IPOMBIBATIHM CTEPUIIBHOM JUCTUILTUPOBAHHOM Bo10H (puc.2).

B kadecTBe moOKa3zarenss aKTUBH3UPOBAHUS 3allUTHBIX (YHKIHMH pacTeHUS MpH
CTPECCOBBIX YCIOBHUSX H3y4ald H3MEHEHHE COJepKaHUS (PEHONbHBIX COCTUHEHH B
MPOpOCTKaxX TpuUTUKane. J[ias 3TOro Mu3 NONYyYEHHBIX MPOPOCTKOB OBUT MPUTOTOBIEH
pacTuTenbHBIM SKCTpakT. CeIpyto Maccy HaazeMHoil uactu (200-400 Mr) mpopoCTKOB
pactupaiu B 7 Ma 96%-Horo 3TaHona 10 OJHOPOJHONW MAacChl M OCTABIISUIA MPU KOMHATHOM
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TeMIepatype B TEMHOM MecTe Ha CyTKH. [lo MCTEYCHHMH BpPEMEHHM SKCTpakiuu oOpaser
¢bwibTpoBaNK Yepe3 GUIbTPOBABHYIO Oymary B mpooupku (puc. 3).

Pucynok 2. CoBMeCTHOE KyJIbTHBHPOBaHKE IpHOOB pojaa Fusarium L. u 3epHOBOK TPUTHKAJIE
Ha MATATENILHON cpefie ¢ T00aBICHNEM PEryasTOPOB POCTa

A b B I

Pucynoxk 3. [lonyueHne 3KCTPaKTOB U3 MOJIOJIBIX IPOPOCTKOB: A — MCXOIHBIN Marepuai, b —
FOMOT€HU3UPOBAHUE PACTUTEIBHOTO MaTepuaiia, B— skcTparupoBanue, ['— roToBbIi SKCTPaKT

OmnpezeneHne CyMMapHOTO COJEp:KaHUs (PEHOJBHBIX COEIUHEHUH B MOJYYEHHBIX
HKCTpaKTaxX MPOBOJHUIIMU IO CIEAYIOIIEH METOIUKE: B KXyt MPOOUpPKY 100aBisu 1o 3 M
JUCTUIIMPOBAHHOM BOJBI, Hocie vero no0amisui 0,5 M MOJIydeHHOTO 3KCTpakTa U 1 mul
coJI0BOT0 pactBopa. IloayueHHbli pacTBOp MHTEHCUBHO MepeMenuBaiu u 1o6asusm 0,5 mi
peaktuBa dosmna-/lenuca. Ilepen ompeneneHueM cymMMapHOTo cojep)kaHusi (HEHOJbHBIX
COEIMHEHUI PaCcTBOP IEPEMEIIUBAIH.

Conepxanue (eHONbHBIX COEIMHEHUN B IKCTPAKTAX OTIpeIeNsITN
CHEKTPO(POTOMETPUUYECKUM METOJOM HpU JUIMHE BOJHBI 725 HM. [lanee mo dopmyne
paccUMTHIBAIN CyMMapHOE cojiepkaHue (PeHOIbHBIX COeAMHEHUH B MCXOTHOM 00Opasiie:

E 725 x K(89) * VooOur. _
0,5*m B

Cde
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I'ne E- mokasanus criekrpodoromerpa

K=89 (const)

Voori1.- 00muit 006EM 00pasia

M- Macca paCTUTENBLHOW HAaBECKHU JUIsl SKCTPAKTa

DKCIIEpUMEHTHI MTPOBOAMI B TPEX OMOJOTMYECKUX U 5 aHAJIUTHUECKUX ITOBTOPHOCTSX.
Ha rpadukax w pmarpamMmax TmpencTaBlI€HBl CpeaHHE apu(METHYECKHE 3HAUYCHHS
OIIPENEICHUM U UX CTaHJAPTHBIC OTKJIOHEHUS.

3. Pe3yabTaThl 1 00Cy:KIeHUE

B pesynbraTe NpOBENEHHBIX HCCIENOBAaHUN HaMM OBUIM BBISIBIEHBI HEKOTOPHIE
OCOOEHHOCTE W KOpPpEJAIMOHHBIE 3aBUCMMOCTH: 1) BO BCeX BapHaHTax BbISBJICHA
TEHJICHIIUSI YBEJIMUYEHUS COJIepKaHUs (EHOJBbHBIX COEIUHEHUHM B MPOPOCTKAX, MOJTYUYEHHBIX
Ha cpefiax CoAepIKalIuX PETryIsITOPbl POCcTa U MaTtoreH; 2) 3ToT 3G(GEeKT CUIbHEee MPOSBIISIICS
npu npuMeHeHun npenapara UmmyHouutoput (puc. 4-6). Bo3mMoxkHO, 3TO 00BsACHsAETCS
coJiepkaHueM B coctaBe MIMmyHoMTOrTa MOMUMO OCHOBHOTO JIEMCTBYIOLIErO BEIIECTBA U
BCIIOMOTATENbHBIX BEUIECTB, KOTOPBIE CIIOCOOCTBYIOT €ro 3¢ (HEeKTUBHOCTH.

200 Ykpo

N
($]
o

N
o
o

H 0e3 npenapara

# Ummynonurodur

[y

o

o
I

CBIPOI Macchl BellecTBa
=
gl
o

M Axp
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F. av. — Fusarium avenaceum

F.sp. — Fusarium sporotrichioides

F. cul. — Fusarium culmorum

F. ox. — Fusarium oxysporum

AKp - apaxnuJoHOBasA KUCJIOTa PAaCTUTCIBHOTO IMTPOUCXOKACHU A
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F. av. — Fusarium avenaceum

F.sp. — Fusarium sporotrichioides

F. cul. — Fusarium culmorum

F. ox. — Fusarium oxysporum

AKp - apaxruJOHOBasA KUCJIOTAa PACTUTCIBHOTO IMMPOUCXOKIACHU A
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CorylacHO JMTEpaTypHbIM JaHHBIM, IIOJYYEHHbIM Ha 3€pHOBBIX KYJIbTYpaX,
YCTOMYUBOCTh PACTCHUN K MATOI€HAM YacTO KOPPEITUPYET C COJCP)KaHUEM B HUX (PEHOJIBHBIX
coenmuHenuit [8]. Jlns Hammx wucciaenoBaHWi ObUIM BBIOpaHBI COPTOOOPA3IbI TPHUTHUKAIE,
XapaKTepU3yIOIIHecs XOopoliel ycroiumBocThio K (y3apuosy — Ykpo, [dybmer u CO95.
Onnako, MeXay coO0H OHU OTIMYAIOTCS 110 HEBOCIIPUMMYUBOCTH K JAHHOMY 3a00JIEBaHUIO U
pacmoiaraloTcsi B CIEAYIOLIEM TopsAake: YKpo - HeBocnpuuMuuBbid, C95 —
CpeIHEBOCTIpUUMYKBEIA U J[yOner — BOCHpUUMYHBEIA. B HammMX HCCICTOBAHUAX OBLIO
YCTaHOBJIEHO, YTO IPOPOCTKU TPUTHUKAJIE COPTAa YKPO BO BCEX BapUAHTAX XapaKTEPU30BAIUCH
0ojiee BBICOKMM YPOBHEM HAKOIUICHHS (DEHONBHBIX COCIUHEHHWH, IO CpPaBHEHHIO C
OCTaJIbHBIMH COPTOOOpa3maMu. MeHsiie Bcero (peHOIBHBIX COCTUHEHNH ObIII0 0OHAPYKEHO Y
MPOpOCTKOB copTa Jly0ner, KOTopbIii U3 MPEICTaBICHHBIX 00pa3IOB XapaKTePU30BAJICS KaK
camMblii BOCHPUHMMYMBBIA K (Qy3apuosy (puc. 7). Takum o0pa3oM, NOJy4EHHBIE B XOJE
OMOXMMHMYECKOTO aHaju3a JIaHHbIE, MOATBEPXKAAIOT TEOPUIO O TOM, YTO B YCTOMYMBBIX K
00JIe3HsIM COpTax pacTeHUN CyMMapHOE coiep:kaHne (eHOJIbHBIX COETUHEHU MPEBBIIIAET TE
e TI0Ka3aTes BOCIIPUUMYUBBIX COPTOB.

140
120
100 y

80 T ——

40 —

CBIPOM MaccChl BEIIECTBA

CYMMapHO€ COJICpIKaHHe
(EHOJIBHBIX COCIMHECHHA (MT/T)
o

Ykpo C95 Hybner
Hccnenyembie copTooOpasibl TPUTHKAIIE

Pucynok 7. CpenHuii 1mokaszaTenb COJep>KaHHs (PEHOJBHBIX COEAMHEHUH B MPOPOCTKAX
Pa3HbIX COPTOB TPUTHKAJIE, XapaKTEPU3YIOLIUXCS Pa3TUYHON YCTOMUMBOCTHIO K HH(EKINUN

Hcxons w3 nuTepaTypHBIX MaHHBIX M TOJYYEHHBIM HaMH pe3ylbTaTaM, MOXKHO
MPEINOJIOKUTh, YTO TMPHU MOMBITKE MOPAKEHUS MATOTEHOM KIIETKH 3J0pPOBOTO pACTCHHS,
MeTabonuT rpuba muddyHAUpyeT K TKaHSAM MPOPOCTKA TPUTUKAIE U HUMEET MECTO HUX
B3auMO/IeiicTBUE. B pe3ynapTare 3TOro B3aMMOJCHCTBHS MPOUCXOAUT OOpa3oBaHHE HOBOTO
BEI[ECTBA, BTOPHYHOTO METAa0OJUTa pacTeHus, Kotopoe AMPPyHaupyeT oOpaTHO K rpuldy H,
SBJISSICH 7 HErOo TOKCHUYHBIM, I[OJABIsET €ro pocT. MHBIMH CIIOBaMHU, BOCHpUATHE
pacTeHreM OHOTUYECKOr0 WM abWOTHYECKOrO CTpecca CIOCOOCTBYET BO3HHMKHOBEHHIO
CHELUAJIBLHOTO SHJOT€HHOTO CUTHAa, KOTOPBIA MPUBOIUT B JCHCTBUE 3aIIUTHBIE MEXaHU3MBI
Y4acTKOB PACTEHHUsI, B TOM UHCJIE U HE KOHTAKTHPYIOMINX ¢ NaTOreHOM. OHU BBIPaXKaroTcs B
WHTEHCU(UKAIIMU CUHTEe3a (PEHOJIBHBIX COCTUHEHHH, KOTOphIE, KaK W3BECTHO, YYaCTBYIOT B
3aIUTe KIETOK OT MPOHUKHOBEHHUS MATOTEHOB, a TAK)Ke JEHCTBUS UX METabOIUTOB.

IIpencraBieHHbIE B XO/I€ DKCIEPUMEHTA JAHHBIE MOATBEP)KIAIOT TEOPHIO O TOM, UYTO
yBEJIMUEHUE COJIepkKaHUi (EHOJIbHBIX COCIUHEHUH B IMPOPOCTKAX TPHUTHUKAJIE SBISETCA
OTBETOM Ha MH(EKUMOHHBINH cTpecc. JlelicTBUE PEryisTOpoB pOCTa, BEPOSITHO, HANPABIIEHO

55



Osokina & Kalasnikova

Ha YCKOPEHHUE aKTHBAIIMU 3alIUTHBIX MEXaHU3MOB PACTEHHs, YTO CIIOCOOCTBYET MOBBIIICHUIO
X HEBOCIPHUUMYHUBOCTH K HMH(pekunu. OHM TakkKe CIOCOOCTBYIOT OBICTpPOH ajanTanuu
pacTeHUs K CTpPECCOBBIM (hakTOpaM M BO3BPALICHHIO (PU3HOJIOTHYECKOTO PABHOBECHSL.
Hccnenyemble  peryssaropbl  pocTa, IIOMHMO POCTOCTMMYJIMPYIOIIEH aKTUBHOCTH, B
ONpE/EIEHHON KOHUEHTpaluuu 00JaaoT SBHBIMM HMMMYHHBIMU CBOMCTBaMM, 4YTO JaET
BO3MO>KHOCTh TOBOPHUTH O MOJU(PYHKIIHOHAIBHOCTH JIAHHBIX MTPETIapaToB.
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Summary
Introduction

The genus Fusarium comprises many plant-pathogenic species, causing diseases in the most
important agricultural crops, and also can be harmful for humans and animals since many of
species produce biologically active secondary metabolites (e.g., phytotoxins and mycotoxins)
with an extraordinary chemical diversity. The economic importance of Fusarium species is
high due to both their impact on crop yields and accumulation of mycotoxins in the colonized
crops, which can make food commodities unacceptable for marketing or consumption.
Research on Fusarium, carried out globally, concentrates the efforts of thousands of scientists
and experts in different fields of science: mycology, plant pathology, genetics, agronomy,
ecology, chemistry, biochemistry, and toxicology. Despite the efforts of the scientific
community, many problems in this area are still not solved. Nowadays, to combat fungal
diseases of important crops chemicals are widely used, which is harmful to human and animal
health. In certain concentrations plant growth regulators are capable of inhibiting the
development of fungi and can be considered as an alternative solution. The paper analyzes the
influence of growth regulators on the development of Fusarium triticale. Triticale is a crop
characterized by high yield, high protein and essential amino acids content that defines its
food and fodder importance. Grain triticale is used in baking and confectionery 35 industries,
as well as for alcohol and industrial starch production. Also triticale is a valuable crop as the
grain and green mass is used for feeding of farm animals. For the study the species of
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Fusarium fungi were used, which are most often found on the crops of our region, they are: F.
culmorum, F. sporotrichioides, F. oxysporum and F. avenaceum. These drugs are
environmentally friendly, which is very important when using triticale for human nutrition
and animal feed.

The Aim of Research

The research was focused on their correlation with different concentrations of growth
regulators dissolved in nutrient medium.

Results and Discussion

In the experiment we have chosen two growth regulator, which differ in their spectrum of
action: immunocytophite (ethyl ester of arachidonic acid), Arachidonic acid (from marine
algae). For experiment were chosen three triticale accessions (Ukro, Doublet, S95). The
accessions differed in susceptibility to fungal diseases and resistance to Fusarium. Joint
cultivation of triticale grains with mycelium of examined fungi was carried out as follows: in
the center of the Petri dishes were placed pathogen (0,5%0,5 cm), around which at a distance
of 4 cm had a weevil. The total content of phenolic compounds was determined in 7-day-old
triticale seedlings. Experiments conducted in three 5 biological and analytical replicates. The
graphs and charts, presents the arithmetic means of definitions and their standard deviations.

Conclusion

The experiments showed that concentrations in some medications can have an inhibitory
effect on the development of the fungi and inhibit the development of Fusarium. First culture
for triticale it is shown that in seedlings, cultivated in vitro, increases the total content of
soluble phenolic compounds in response to infectious stress when used as the
Immunocytophite and arachidonic acid of plant origin. It is established that the phenolic
compounds varies depending on the concentration of the drug and the studied accessions.
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Abstract: The article deals with the results of the study of efficiency of feed additives in the form of a bolus
("Megabolus"). We established decrease in pathology of the reproductive system in comparison with the control
by 9.8%, artificial insemination index in cows of the experimental group (EG) decreased by 11.1%. Components
of the "Megabolus" increased of amount of aloumin in the EG of cows up to 32.2+0.9 g/l; in the control up to -
30.2 g/l. Indicators of blood in the EG confirm the efficiency of boluses: increase the absorption of manganese is
up to 25.6%, carotene - 16.2%.

Key words: dairy cows, feed additive, bolus, reproductive function, blood

3ODEKTUBHOCTh BATAMUHHO-MUHEPAJIBHOM KOPMOBOM
JOBABKH B ®OPME BOJIIOCA JIJIAA JOUHBIX KOPOB

Pe3tome: B crathe mpexcTaBieHbl pe3yibTaThl MccaeqoBaHUS 3(P(EKTHBHOCTH KOPMOBOW 100aBKH B (opme
6omtoca («Merabomoc») st JOHHBIX KOpoB. HaMu ObLIO yCTAaHOBIIEHO CHIDKEHHE OOJIE3HEH penpoyKTHBHOM
CHCTEMbI B CPAaBHEHHM C KOHTPOJIBHOHW Tpynmoi Ha 9,8%, nHIeKca UCKyccTBeHHOro ocemeHenus: — Ha 11,1%.
bnaromapst kommoHeHTaM  «Merabonioca»  yBEIHYMWIOCH KOJNMYECTBO  albOYMHHOB B  KPOBH Y
SKCIIEPUMEHTAIIBHON TPYIIBI KUBOTHEIX Ha 32,2+0,9 1/i; y kouTponpHoit — Ha 30,2 /1. ITokasaTtenn KpoBu
MOATBEPKAAIOT 3PPEKTHBHOCTH OOTIOCOB: abcopOIHs MapraHna yBenuuuinach Ha 25,6%, kaporuna — Ha 16,2%.

Knroueewle cnosa: noiinas Koposa, KopMoBas 100aBka, O0IIFOC, peNpOTyKTUBHAS CHCTEMa, KPOBb

1. BBenenue

ObecrieyeHre KPYMHOTO pOraToro CKOTa JOCTATOYHBIM KOJUYECTBOM MHUKPOIIEMEHTOB
U BUTAMUHOB SBJISIETCS 3HAUMMBIM JUIsl MPOGMIAKTUKH OOJIe3HEH Ha MPOTSKEHUH BCETO
[UKIA SKCITyaTalluud >KUBOTHOTO. KOpOBBI HEe MONydaroT HEOOXOAMMOTO KOJIMYECTBA
MUKpPODJIEMEHTOB M BHUTaMUHOB. OJTO CBS3aHO C JAe(PUIMTOM OHOIOTUYECKH AKTUBHBIX
BEIECTB B KOpMax [2] U Hamu4YreM OMOTreoXUMUYecKux mpoBuHLui [1; 9]. Bece aTo mpuBoaut
K CHIKEHUIO PE3UCTEHTHOCTH KUBOTHBIX U YaCTOM 3a00JIEBAEMOCTH B MOCIEPOIOBOM MEPHO.T
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(3amepkKO¥ mociena, HIAOMETPUTAMH, MAacTUTaMH U OOJE3HsAMU OOMEHa BEIIeCTB). ITO
BEJIET K 3HAYMUTEJIbHBIM MOTEPSM MOJIOYHOW NPOJYKTUBHOCTH U CHWXKEHHUIO TOBAPHOCTH
MOJIOKA, TaK KaK B MEPHOJ] JICUYCHHS JOWHBIX KOPOB MOJIOKO HE MOXET OBITh UCIOIB30BAHO
Juisi numeBbix nened. CTOUT OTMETUTh, YTO y KOPOB C BHUTAaMHHHO-MHHEPATIbHOU
HEJIOCTATOYHOCTBIO  TOBBIIIACTCS  PUCK  POXKACHHUS  HEMOJIHOLIEHHOTO, C  HU3KOHU
PE3UCTEHTHOCTHIO TeyT [8; 10].

JlepunuT MHKPOIIEMEHTOB W BUTAaMHUHOB MOXHO JIMKBHJIWPOBATH Pa3HBIMH
CIOoCcO0aMH: IyTeM BBEICHHUS UX C BOJIOH, KOPMOM, HHBEKIIMOHHO [ 7]. YCTaHOBIIEHO, YTO MPHU
MapIHTEPATLHOM BBEICHUE BUTAMHHOB U YaCTH MUHEPAJIOB OOJIbIIAS UX YACTh TEPSAETCS, HE
yCBaMBasCh, TaK KaK HE CIIOCOOHA «BKIIOYAThCS» B OOMeHHBIe mpomecchl [6]. Ilpwm
CKapMJIMBAHUH MUKPOJI03 C KOPMOM TOCTYIUICHUE MHUHEPAJIOB M BUTAMUHOB Oy/IeT 3aBUCETh
OT WHTEHCHUBHOCTH KOPMJICHHS, PaBHOMEPHOCTH pa3MemuBanuss W T.n. OaHako B
CYXOCTOMHBIM M TMOCJIEOTEIbHBIN MEPHOJIbI aANMETUT Y KOPOBBI CHUKEH WM MOXET BOOOIIE
OTCYTCTBOBaTh, a IIOTOMY TIPEMUKCHl W OPUKETHI-IU3YHIIBI 37I€Ch MOTYT OKa3aThCs
ManodddexkruBHbIME [10; 11]. ATpTepHaATUBHBIM CIIOCOOOM JMKBHUIAIUUA TUITOBUTAMHHO30B

U MUKPOAJIEMEHTO30B SIBJISIETCS Jladya BUTAMHUHHO-MUHEpAIbHBIX 100aBOK B dopme Oosroca
[3; 11].

B otedecTBeHHOI nuTEpaType Majio JaHHBIX, MOKa3bIBAlOMIMX 3(PPEeKTUBHOCTD
HpI/IMeHeHI/ISI BI/ITaMI/IHHO-MI/IHepaJ'IBHBIX 6OJ'IIOCOB JJINTEIIBHOT'O chKa paccaCBIBaHI/ISI.
y'-H/ITI)IBaSI BIINSTHUEC TIOJIHOLICHHOI'O KOpMJ’IeHI/ISI Ha 3)10p0135e KOpOB, HaJIn4une Y HUX
,HGCbI/II_[I/ITa MI/IKpOC)J'IeMeHTOB " BUTAMHWHOB BO3HHUKIIA H€O6XOJII/IMOCTB HpOBe)IeHI/ISI
HCCIIEIOBAHMH.

ens paboTel — onpenenuTh BausHue kopmoBoit nobasku (KII) B dhopme Oomroca Ha
reMaTo-0MOXUMUYECKUE TIOKAa3aTeNN U PENPOIYKTHBHYIO (DYHKIIHIO Y KOPOB.

2. MatepuaJj u Metoabl

OmbiTel MO omneHke d¢dekTuBHOCTH uUcnosab3oBanus KJ[ B dopme OGomroca
«Merabosroc»  TPOBOAMIAM B yCIOBHSAX  «AuykeBuum»  CeabCKOXO3SMCTBEHHBIN
MPOU3BOJACTBEHHBIN KoomnepaTuB «lIpunemanckuii» HoBorpyuckoro paiiona I'pogHeHCKOM
obnactu (Pecrrybnuka benapycs).

Cxema onvima

ITepuon mnposenenuss omnbiToB ¢ amnpens 2014 mo wurons 2014. Conepxanue —
nacroumHoe. OuenuBaiim 3¢dexktuBHOCT, KJI  «Merabomtoc» sl  JTOWHBIX  KOPOB.
dopMHpoOBaIM JIB€ TPYNIBI: KOHTPOJBHYH W ONbITHYyI. KopoBel 3-5 makranuum c
poyKTUBHOCTHIO 60s1ee 5000 kr monoka B roA. 1o 15 ronoB B kaxao# rpymnme. Jlo3upoBka
K B ¢opme OomocoB: 2 IITYyKH Ha TOJOBY. B KOHTPOJNBHOW Tpymme HCHOIb30BaIN
BUTaMUHHO-MUHEPAIbHYIO MOAKOPMKY (1 %-i mpemukc, BBEICHHBIH B IMOJHOPALMOHHBIN
KOMOuKopM). Bce rpynmbl KHUBOTHBIX COAEPIKATUCH B OJHOTUITHBIX YCIOBHSIX; KOPMIICHUE
OJIMHAKOBBIM PAIIMOHOM.

KJI «Mera6omroc» B Buae O0oiroca BecuT 107 rpaMM, U3 HUX aKTHBHBIC KOMIIOHEHTBI
coctaBisaoT 78,6 rpamMmoB. [IpeanasHauen ans AoiHBIX KopoB. Ilepmon paccacwelBaHUs 10
200-240 nueit. 3amaetcs 00JtOC C MOMOIIBIO anTuMKaTopa (6oMtocoaaBaTens), B KOJIUYECTBE
2 mWTYKd Ha OJHO XMBOTHOe. CoriacHO NaHHBIM m3roToBuTens, cocTaB KJ[ «Merabomoc»
(Agrimin Ltd, BenukoOputanusa) u npemukca (OAO «JIupa xnebonpoaykr», bemapycs) B
Taomuie 1.

I[J'IH TOro 4ToOBI OOJIFOC MOT AJUTCIIBHOC BPEMS HAXOAUTCA B CCTKE, HCIIOJIB3YIOTCH
CIICHUAJIbHBIC  UHI'PCAUCHTLI, KOTOPLIC IIO3BOJIAKOT MNOAACPKHUBATH MACCY Oouroca
HOCTOHHHOﬁ, MEHsd ero IIoTHOCTh. Ilocie momagaHus Oorroca B CCTKY €ro INUIOTHOCTb
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cocraBnser 2,8-2,9 r/cmM3, B TOCHEACTBHM, KOTJa YacTh MAacChl 0OJlfoca TEepsSeTcs MpH
paccaCblBaHUH U OH CTAHOBUTCA MCHBILICTO padMEpa €ro ImiIOTHOCTb MCHACTCA U CTAHOBUTCA 5
r/cM3. Bech 60110C TOKPHIT CMOJIONOJO0HOH 000JIOYKOM, 32 UCKIIOYEHUE OJHOW TOPIEBON
CTOPOHBI, Yepe3 KOTOPYIO IPOUCXOIUT PACCACHIBAHUE.

Tab6anna 1. AKTUBHBIE KOMITOHEHTHl BUTAMUHHO-MUHEPATbHOMN MOJAKOPMKH B OIBITE

AKTHUBHBIC CoxnepxaHue B CyrouHas 03a pu [Ipemukc ang CyrouHas J103a
KOMIIOHEGHTBI ~ OJHOM OOJIFOCE,  paccachlBaHUU 2 KOHTPOJILHBIX KOPOB npu
T, HC MCHEe IITYK OOJIIOCOB, T, He  (HOpMa BBOJA B noTpeOIeHu N
MeHee koMbOukopm 1 %), T MpeMHUKca,

(ME*)/Tonne r/TOJI, HE MEHEee

Huuk 13,55 0,1129 24000 1,2

Menb 16,5 0,1375 1400 0,07

Mapranen 8,88 0,0740 11000 0,55

Cernen 0,245 0,0020 8 0,0004

KobansT 0,240 0,0020 440 0,022

Won 0,252 0,0021 500 0,025

Burtamus A 475 teic. ME 4,0 teic. ME 5200* 0,26

Buramun /| 93 tICc. ME 0,8 Terc. ME 600* 0,03

Buramun E 0,925 7,7 3000 0,15

KpoBs s uccnenoBanust Opaim 10 onbita u yepe3 1,5 mecsna. VccnenoBanusi KpoBU
MPOBOJWIIM B Hay4YHO-HccienoBaTenbekoi gaboparopun YO I'pl’AY, akkpeautoBaHHOU B
opranax benl'ocCrannapta (TpeboBanus mexayHapoanoro crangapra MCO/MDBK 17025).

3. PesyabTarel UccienoBanuii u O0cyxaeHue

CornmacHO  JaHHBIM, TIOJyYEHHBIM OT BETEPHMHAPHOW  CIYXKOBI  XO3SMCTBa,
3a00JIeBA€MOCTh CpPEM HOBOTENbHBIX KOPOB Aocturaer 54 % (B 3aBHCHUMOCTH OT IepHOIa
rona). Bo Bpems npoBesieHus omnbiTa, 3a0051eBaeMocTh cocTabisiia 48,2 % (Tabauia 2).

B pamkax wucciienoBanus olneHHUBAIA 3a00JIeBaeMOCTh. B moHsATHE «32007€BaeMOCTh)
BKJIIOYQJIM PETUCTPUPYEMBbIE OO0JIE3HW OPraHOB ITOJOBOW CHCTEMBI (BOCHAJIMTEILHOTO M
HEBOCIIAJIUTEILHOTO Xapakrepa). Mcmonb3oBanue no0aBku «Merabomroca» HE OKazallo
CYIIECTBEHHOTO BIIMSHHUS Ha CHIDKEHHE KOJIMYECTBA IIaTOJIOTUM TIOJIOBOM CHCTEMBl B
CpaBHEHHUHU C KOHTpoJieM. Pa3HuIla B KOHIIE OTbITA B CPABHEHUH C KOHTPOJBHBIMH KOPOBaMU
— 9,8 %. Ilepuon ot oTena 10 OIUVIOJOTBOPEHHUS TAKKE HE MMEN CYIIECTBEHHBIX Pa3iuduil.
Opnako wuHAEKC oceMeHeHus Obinm Hike Ha 11,1 % y KOpOB ONBITHOW Tpymnmbl. ITO
CBUJCTEIBCTBYET O MPEUMYIIECTBE [0 JAHHOMY MOKA3aTeNI0 TPYIIIbl, KOTOPHIM MPUMEHSIIN
KJI «Meraborocy.

Ta6auua 2. Biusane Ha penpoayKTUBHYIO (DYHKIIHIO

3aboneBaeMOCTh OPTaHOB

o o Ilepunon ot orena no Wnpnexc
IMokasarenn 0JIOBO# cHCTEMBI, %o N
(Hauao/KoHeI onbITa) OILIOZIOTBOPEHUS, JIHEH  OCEMEHEHHS, €I,
OmnbIT 48,4/22,9* 66,2+5.2 1,6+0,08
KoHnTposib 48,0/25,4* 67,5+1,5 1,840,01

B nenom, nanHble Tabmuipbl 2 yka3blBaloT Ha Oojee sddextrBHOe BiausHue KJ|
«Merabosroc» Ha HEKOTOpble MOKa3aTeldd PEenpoayKTUBHOM (yHKIMH Yy KOopoB. CTouT
OTMETHTb, YTO cyliecTBeHHoOro npeumymiecrsa y KJI B ¢opme Oomroca HeT. Bo3moxkHO,
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MOJIOKUTENBHBINA A(PPEKT CBS3aH C €XKEIHEBHBIM, PETYISIPHBIM M POBHBIM MOCTYIUICHUE
KOMITIOHEHTOB «Merabostoca» B OpraHu3M KopoB (Harpumep, ButamuHa A). Takxe ycBoeHUE
BUTaMHUHOB M MHUKPOZJIEMEHTOB HE 3aBUCEIO OT I[0€AAEMOCTH KOpMa M KadecTBa
CMEIIHNBAaHMUSL.

Pesynprarer obmiero kiamHuYeckoro anammsa kpoBu (OKA), momydeHHOM OT KOpOB
MOJIONIBITHOM M KOHTPOJIBHOW TPYIII MOCIIE 3aBEPIICHHS ONbITA MIPEICTABICHBI B Tabnwuie 3.
JKuBoTHBIE KaK KOHTpOJIBHOﬁ, Tak H HOI[OHBITHOﬁ T'pynnnl HUCHBITBIBAIOT 3HAYUTCIIBHYIO
(U3HOJOTUYECKYI0 HArpy3Ky Ha OpraHu3M. B IenoM, JOCTOBEpPHBIX pa3iuuuidl MEXITY
ONBITHOW M KOHTPOJILHOM I'PYIII HE BBISBIEHO, HO oOpalaeT Ha ce0s BHUMAaHUE YBEIMUEHUE
JIEHKOIUTOB y KMBOTHBIX 00eux rpymi. CorjacHO JIMTEPaTypHbIM JaHHBIM, JIEHKOLIMTO3 y
KOPOB MOXET OBITH npeaonpeaciicH BBEACHUEM BAKIIMHEBI, 4 TAKKC Harpy31<0171 Ha MMMYHHYIO
CUCTCEMY IIpU HHTEHCUBHOU OKCILTyaTalluu )KUBOTHBIX.

Taonauua 3. Pesyneratet OKA

ITokasarenu KonTpons OnpiT Hopma
Spurporwtsl, x 10/ 5,85+0,1 5,98+0,2 5,0-7,5
Jlefikowutsl, x10%1 22,6+0,2 27,5+1,1 4,5-12,0
Tpom6Gorutet, x10%/1 204+10,5 254+20,1 250-450
I'emormobun, /1 103,5+5,2 98,3+8,5 90-120
I'ematokput, % 27,0+1,1 26,7+£2,1 35-46
P3pO*, % 15,55+0,1 17,4+0,1 11,5-14,5
IT*, ex. 1,25+0,05 1,15+0,05 0,85-1,15
CI'D*, ir 17,8+0,6 16,5+0,5 13-17

[pumeuanue: * POpO — pacnpenenenue s3putpoutoB 1o oowvemy; LT — nBeToBoit nokaszarens; CI'D —
cozepKaHue reMOrIo0HHa B SPUTPOLIHTE.

Ha OGonee akTUBHBINA TeMOII0A3 B MOJOTBITHON TPYIIIE MOXKET YKa3blBaTh IMOKa3aTelhb
KOJIM4ecTBO TpoMOo1uToB 1 POpO, KOTOphIE COCTaBUIH 254x10%m 1 17,4 %, a B KOHTpOJIE —
204x10%1 1 15,55 % COOTBETCTBEHHO. [Tpu 3TOM, Yy KOPOB KOHTPOJIHOI TpYIITBI HAOMIOAATN
yBenudenue LI (1,25+0,08 ex.) u CI'D (17,83+1,17 nr). DT nokazarenu ObLIU BHIIIE, YEM
AQHAJIOTUYHBIE Y JKUBOTHBIX TMOJOINBITHOW TPYMNIbl, a TakKe HE COOTBETCTBOBAIU
(bU3HOJIOTNYECKH JOMYCTUMBIM HOpMaM.

Bpimie ykazaHHble M3MEHEHMSI XapaKTEPHBI JJIsi CKPHITOM aHEMHUH, IpPU KOTOPOM
IPUTPOLUTHI HE MPUOOPETAIOT THIMYHBIA pa3Mep BCIEACTBUE aeuIMTa BUTAMHHOB M
MHKPO3JIEeMEHTOB (Meau, Maprania) [4]. OcraibHble TTOKa3aTeId HE UMEIH 3HAYUTEIbHBIX
OTJINYMIL.

B Tabnune 4 mpencraBiieHbl pe3yabTaTbl OMOXMMHYECKOTO HCCIEIOBAHUS KPOBU OT
Mos109HbIX KOpoB MTK «AuykeBuun», koTopsiM 3agaBanu K| «Merabomrocy.

CornacHO TpEJICTaBICHHBIM JIAaHHBIM, Yy JKUBOTHBIX IPOU3OLIJIO CYIIECTBEHHOE
M3MEHEHHEe IMapamMeTpoB OenkoBoro oOmeHa (tabmuna 4). KommdectBo oo6miero Oenka
yBenuumiock Ha 25,7 %. Ilpu 3TOM MOBBICUIOCH KOJHWYECTBO albOYMHUHOBOM (pakiun
(32,240,9 mpoTtuB moxazarenst A0 oOmbITa, paBHOTO 22,49+0,8). I[IpoueHT anmpOyYMUHOBOA
bpakiuu Takke BBIpOC. Takoe H3MEHEHHE OMHMCHIBAEMBIX IOKa3aTelel YKa3blBaeT Ha
yBeNIMYeHHEe MNOTpeOieHuss OeIKOBOW 4YacTH KOpMma. IJTO XapaKTEepHO M JKUBOTHBIX Ha
paznoe u3-3a KOHIIGHTpaTHOro Tuma KopmieHus [3; 4]. OOBIYHO 3TO MNPHUBOJIUT K
MTOBPEXKICHHUIO TETaTOIUTOB, BCIECACTBUE PA3BUTHS KETO3A.
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Taoauna 4. [Toxazarenu 0enkoBoro ooMeHa

Onvim KonTtpons
ITlokazamens
JIO OIBITA yepes 1,5 ecsana JIO OIIBITA yepes 1,5 mecsna

Benox, r/n 64,13+1,5 86,40+3,7 73,03£7,0 78,6+4,7
ANbOYMHHBIL, T/71 22,49+0,8 32,20+0,9 19,88+2,0 30,2+1,5
AnpOymuH, % 35,23+1,9 37,42+0,9 27,9334 39,1+£3,9
['noGysuH, r/m0 41,65+2,0 54,2429 53,15+£7,5 48,4+5,9

A/T, en. 0,55+0,01 0,6+0,01 0,40+0,1 0,7+0,1

Kommnonentsr KJI «Merabomtoc» okazaau renaTonpoTeKTOPHBIA 3PQeKT, 3aluTuB
Me4YeHb. ITO MOATBEPKAAET TOT (aKT, UYTO YBEIUUEHHE MPOLEHTA aIbOYMUHOB YKa3bIBaeT Ha
CUHTETUYECKYIO CHOCOOHOCTh IE€YEHH, YTO SBISIETCA IOJOXUTEIbHBIM CTOPOHON mpH
OMMCAHUU 370pOBbs KopoB. Ha yBennuenue anp0yMHMHOBOH (ppakiuu Taxkxke ykaszbiBaeT A/l -
cootHomeHue. OHo yBenumumiiocs ¢ 0,5 1o 0,6 equaMIIL.

B KOHTpOJBHOI TpyIHIe MoKa3aTrean OEeIKOBOro oOMeHa K KOHIIE OTYETHOTO Tephoja
W3MEHWIINCh. PeructpupoBanu yBenudyeHue oOumiero koiaudectsa Oenka Ha 4,5 %. Opnaxo
HanOoJIbIlIee W3MEHEHHE OBLIO CBS3aHO C albOYMHHOBOW (Ppakiueii: oHa yBEIWYUIach 0
30,2 % (mo ombita 19,8 %). O 3HaYeHHH NaHHOM (PAaKIMHU C TOYKH 3PEHUS KIMHHUYECKOMN
OMOXMMHUHM W JUArHOCTUKU TOBOPUJIOCH BhIME. CtouT m06aButTh, uTo A/I-coOTHOIIEHHE
yBeInumi1och 110 0,7.

N3menunuce mokazaTenn MUHEpaTbHOTO oOMmeHa (Tabmuma 5). Yepes 1,5 mecsma
MPOU30IIUIO0 YBEIHMUCHHE KOJMYECTBA KAIIBIUS TP HEM3MEHUBIIEMCS CYIIECTBEHHO YPOBHE
dbocdopa. O1o mpuseno k usmenenuro Ca/P-cootnomenus (1,45 B Hauasne onbita u 2,08 — B
KOHIIE). OTO OOBSCHACTCS OCOOCHHOCTSMH KOPMJICHHUS J>KMBOTHBIX B JaHHBIA MEPUOJ
JIAKTaIUH.

VYBenn4yeHrne KoJIM4YecTBa MapraHila HampsMylO MOATBEPKIAET COCOOHOCTh OOJFOCOB
«Merabomroc» oOecrieuyrMBaTh OpPraHU3M KOpPOBBI MHUHEpasiaMH. B dYacTHOCTH, B COCTaB
JTaHHOU MO0OABKM BXOJMT COJIb MapraHIia, a y )KUBOTHBIX uepe3 1,5 Mecsia perucTpupyercs
CYIIECTBEHHBIH POCT €ro ypoBHA. YBenuueHue coctaBmiio 49,7 %. B xontpoie — 24,1 %.

Tao6auna 5. [TokazaTenn MUHEpaIHLHOTO OOMEHA

OnbIT KonTponn
[Tokasarens
JIO OTbITA yepes 1,5 mecsina JIO OTIBITa gepe3 1,5 mecsma
Ca, MMOTIB/TT 1,83+0,1 2,49+0,1 1,64+0,2 2,3+0,02
P, MMomb/n 1,28+0,01 1,22+0,1 1,14+0,01 1,3+0,2
Ca/P, en. 1,45+0,1 2,08+0,2 1,4+0,1 1,8+0,2
Mapranen®, KMOIb/1 2,01+0,2 4,01+0,2 2,2+0,1 2,9+0,3

[Ipumeuanue: * — B IETFHON KPOBH

[Tokaszarens ypoBHS TJIFOKO3bI HU3KHIA, KaK B Haudaje OMbITa, Tak U uyepe3 1,5 Mecsia
(Tabmuma 6). Ha ¢oHe BBICOKOI KOHIIEHTpalMu Oenka, 3TO MOYKET CIYKHTh OCHOBOW JUIs
pa3BUTHUS KeTO3a. Y JaHHBIX KUBOTHBIX, B I1I€JIOM, MOKHO KOHCTaTHPOBATh MPEAKETO3HOE
coctosiHue [7]. DTO MOATBEpKAaeT HAIWYHE OMAaCHOCTU JUIS 3J0POBbS KOPOB HM3-32 pUCKa
HAKOIUICHHUsI KETOHOBBIX Tell, C JaNbHEHIINM MOBPEXKICHUEM IEYEHH W JIp. BHYTPEHHUX
OpraHoB.

FeHaTOCHeHI/I(bI/ILICCKI/IC (bCpMCHTLI YKa3bIBAKOT Ha (I)yHKI_II/IOHaJ'IBHOC COCTOSAHHC
MEYCHU, a TAKIKC LCIIOCTHOCTb CTPYKTYPhI I'€lIaTOLUTOB [4, 5] Kak IMpaBUJIO IPHU I'CIIaTUTE,
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rernaTtogucTpoPuu MX KOJMYECTBO TMOCTENEHHO YyBeNWuMBaeTcs. B maHHOM chiydae,
HaOJI01aeTCsl CHU)KEHUE BBINIE MepedrciaeHHbIX ¢pepmenToB. KomnyectBo ATAT cHU3HMIIOCH
Ha 8,6 %, AcAT — na 12,5 %, I'TT — na 24,5 % B cpaBHEHUU C MEPUOAOM O OMbITA. Y
KOHTPOJIBHBIX KHUBOTHBIX rermarocrnenupuieckue GepMeHThl 3a BECh MEPUOJT OIbITA HE UMENN
cyuiectBeHHbIX KoseOanuil (ot 3 (AnAT) mo 15 % (I'TT)). ¥V KOpoB HOJONBITHON T'PYIIIbI
YBEIMIMIIOCH KOJIn4ecTBO KapotuHa Ha 40,7 %, a B KOHTpoJIbHOU Tpynme — 24,5 %.

Tabauua 6. buoxumudeckue mokasaTeau KPOBU

OnsiT KonTtpons
[Tokazatens gyepes 1,5
JIO OIbITA yepes 1,5 mecsna JIO OIIbITa

MecsIa
I'mroko3a, MOITb/IT 1,63+0,1 1,86+0,2 1,35+0,2 1,340,2
MOJIb-PUH, MOJIb/JI 2,15+0,3 4,65+2,8 1,69+0,2 2,742.3
AaAT* Ea/n 30,26+2,3 27,65+2,8 27,18+1,9 26,3+2,3
AcAT*, En/n 65,13+5,1 57,0+5,3 57,6£1,8 48,7+2,8
Koadd. [le-Putuca, en 1,97+0,3 2,11+0,2 2,12+0,2 1,940,2
BunmupyOuH, MKMOJIB/JT 5,40+1,3 8,08+0,9 6,41+0,9 7,6£2,1
I'TT*, Ea/n 17,67+1,9 13,33+2,8 12,0+1,1 13,0+2,3
MoueBnHa, MOJIEL/JT 3,07+0,8 5,68+0,8 3,4+1,0 5,0£0,3
KapotuH, MKMOJIB/T 252425 42, 5+1,5 24,6£2,0 32,6+1,5

[Tpumeuanue: AnAT — anannHaMmuHoTpancdepasa; AcAT — acnapratamunorpancdepasa; [TT — ramma-
rIyTaMHITpaHcdepasa.

VYBenn4yeHne KoJn4YecTBa OMIMPYOMHAa W MOYEBHHBI, KaK MPABWIO, MPOUCXOIUT TPU
ycuiieHnHn OenkoBoro odmena [5]. DT mokaszaTenw He MPEBBIMIAOT MPEAe/IbHbIC TPAHHIIBI
(hM3HOIOTUYECKON HOPMBI.

4, JakaoueHue

HecmoTpss Ha OoJsiee HHM3KYIO CYTOUHYIO MOPIMI0 BUTAMHHOB UM MHKPOAJIEMEHTOB Y
KOPOB, KOTOPBIM TNPUMEHSIM O0JIIOChl, 3(PQPEKTUBHOCTh OKa3anach JOCTATOYHOM s
VIY4IICHUS TOKaszareled KpoBW  penpoayktuBHod  ¢yHkiuu. K «Merabomroc»
MOJIOKUTETIFHO BJIMSET Ha PENpOAYKTUBHYIO (PYHKIMIO y KOpoB. ['eMaTo-Ouoxumuyeckue
MOKa3aTeay KPOBU Y MOJOIBITHON I'PYIIIbI MOATBEPKIAIOT CIIOCOOHOCTH O0JIFOCOB BIUSTH HA
OoOMEH BEIIECTB IMOJIOKUTEIHHO. YCTAaHOBJIEHO HaJW4yMe psifa (PaKTOpPOB: ONTUMHU3ALMS
palyoHa o MUKpPO3JIEMEHTaM M BUTaMUHAM M IelNaTONPOTEKTOPHOE BIHUSIHHUE KOMIIOHEHTOB
nobaBku. KJ| «Merabomtoc» akTUBH3UPYET AHTUTOKCHUYECKYIO (YHKIHMIO OpraHu3Ma U
MOBBIIIAIOT UMMYHHYIO PEAKTUBHOCTH )KMBOTHBIX.

CnenoBarenbHO, HECMOTPS Ha AJMUTENbHBIM mepuon paccaceiBanusi, KJ| B dopme
6omroca cnocoOHa cHabXkKaTh OPraHU3M JIOMHBIX KOPOB MUKPOAJIEMEHTAMU U BUTAMHHAMU Ha
BBICOKOM YPOBHE NP MACTOMIIHOM YCIOBUU cojiepxaHus. [I[pumeneHne 60I0COB HE UMEET
CYIIIECTBEHHBIX HEJJOCTATKOB B CPABHEHUH C TPEMUKCOM, KOTOPBINA BBOJST B KOMOUKOPM.
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Summary
Introduction

The article deals with the results of the study of blood indicators and reproductive function in
cows under the use of feed additives in the form of a bolus. Providing cattle with sufficient
amount of minerals and vitamins is important for the prevention of diseases in the post-
partum period. Cows with lack of necessary amount of microelements and vitamins, have
reduced resistance, morbidity in post-partum period increases. There are effects of such a
mineral-vitamin deficiency; they delay in subinvolution processes in the genital organs, lack
or weak estrus, poor insemination.

The Aim of Research
To determine the influence of the feed additive (CD) in the form of a bolus on the blood
biochemical indices and reproductive performance of cows.

Results and Discussion

To provide cows with vitamins and minerals they use feed additives with basic feed. Their use
does not always have high efficiency that’s why learning of new ways of vitamin and mineral
providing with bolus using is the actual direction of scientific research. The studies were
conducted on a farm in Belarus. Period of the experiments is from April 2014 until June 2014.
We evaluated the efficacy of the feed additive (FA) "Megabolus™ (2 boluses per cow). The
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FA "Megabolus" total weighs 107 grams, of which the active components comprise 78.6
grams. It is designed for dairy cows. Total period of sucking up is up to 200-240 days. We
gave bolus via the applicator in an amount of 2 pieces per animal. The FA "Megabolusy is
made by Agrimin Ltd, UK; and premix made by "Lidahleboproduct”, Belarus). We used
premix for the cattle for the control group. During the study, two groups were formed: control
and experimental. There were 15 animals in each group. Cows were of 3-5 period of lactation;
their productivity was of more than 5,000 kg of milk per year. In the control group we used
1% premix. We established decrease in pathology of the reproductive system in comparison
with the control by 9.8%, artificial insemination index in cows of the experimental group
decreased by 11.1 %. Components of the feed additive "Megabolus" had hepatoprotective
effect: increase of amount of albumin fraction in the experimental group of cows up to
32.240.9 g/1; in the control up to - 30.2 g/l. Indicators of blood in the control group confirm
the ability of boluses to enter the blood effectively (the absorption of manganese is up to
25.6%, carotene - 16.2%).

Conclusion

Although a lower daily dose of vitamins and minerals in cows, which are used boluses,
efficiency was sufficient to improve blood parameters of reproductive function. FA
"Megabolus™ has a positive effect on the reproductive function in cows. Hemato-biochemical
parameters of blood in the experimental group confirm the ability of boluses to influence
metabolism positively. The presence of a number of factors: optimizing the diet of micro-
elements and vitamins hepatoprotective effect of components and additives. FA "Megabolus™
activates the antitoxic function and boost the immune reactivity of the animals.

Therefore, despite the long period of absorption, the FA “Megabolus” in the form of a bolus is
able to supply the body of dairy cows with trace elements and vitamins at a high level when
pasture conditions. Application bolus doesn’t have significant disadvantages compared to the
premix which is administered in the feed.
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Abstract: Many of the volatile oils showed important biological and pharmacological activities, these
compounds as part of the traditional medicine in many cultures used as long time. Potencies of them caused
these natural products gained many scientific researches in felid of natural products. The volatile oils of
Actinotrichia fragilis (Forsskdl) Bergesen, Liagora ceranoides J.V.Lamouroux and Colpomenia sinuosa
(Mertens ex Roth) Derbes and. Solier were extracted by hydrodistillation. These volatile oils were analyzed by
GC-MS and GC-FID techniques and tested for their toxicity against Oryzeaphilus mercator and Tribolium
castaneum, antimicrobial activity against Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus
using by the disc diffusion method also free-radical-scavenging properties. The identified constituents of these
volatile oils represented 92.7%, 99.9% and 93.8% of the total volatile oils, respectively, of A. fragilis, L.
ceranoides and C. sinuosa. Ethyl cinnamate and Tetradecane were the main compounds in L. ceranoides, 1-
dodecanol and caryophyllene oxide in A. fragilis whilst hexadecane and 7-pentadecanone were the principal
components of C. sinuosa volatile oil. All three volatile oils showed 55-90% mortality of O. mercator and 60-
80% mortality of T. castaneum at a dose of 12 uL/L air after 48h of exposure. Based on the observed contact
toxicity of the essential oils of these species, it is fair to state that these volatile oils may have some potential as
an insecticide against the crop pests, O. mercator and T. castaneum. Also antibacterial activity of L. ceranoides
volatile oil against Pseudomonas aeruginosa and Staphylococcus aureus is significant.

Keywords: antibacterial activity; contact toxicity; Actinotrichia fragilis; Liagora ceranoides; Colpomenia
sinuosa

1. Introduction

Secondary metabolites isolated from different alga are playing an important role as lead
components, natural medicine or nutriceuticals in drug discovery researches and
pharmaceutical industries [1-3]. Recently, due to the resistance of different pathogenic
bacteria and pest to antibiotics and insecticidal agents [4-6], finding new active components
against these health and environmental problems is one of the major areas of medical and
agricultural researches. Peculiarity of the marine environment and high biological activity of
marine natural products make algal metabolites fascinating source for finding new
antimicrobial and insecticidal compound [6, 7]. The aim of this study is to investigate volatile
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components, insecticidal and antibacterial properties of three algae from Oman Sea
(Actinotrichia fragilis (Forsskal) Bergesen, Liagora ceranoides J.V.Lamouroux and
Colpomenia sinuosa (Mertens ex Roth) Derbes and. Solier). Red alga A. fragilis
(Galaxauraceae, Nemaliales), is a small (c. 1+5-5 cm high) calcified, dichotomously divided
multiaxial species, with an Indo-Pacific tropical distribution [8]. Some studies can be found
on the biology and reproductive system of this alga [8-10]. Red alga, L. ceranoides
J.V.Lamouroux is (Liagoraceae, Nemaliales) was previously reported to exhibit antioxidant
properties [11]. Distribution and biological aspects of this alga were previously reported in
literature [12-15]. Brown alga, C. sinuosa (Mertens ex Roth) Derbes and. Solier, which is
known as the oyster thief or sinuous ballweed is found throughout South Africa and is
widespread around Australia and some other tropical areas. Its distribution and history of life
was investigated in some previous studies [16-18]. Methanol extract and body mass powder
of this alga exhibited antibacterial effect against Staphylococcus aureus [6]. Despite some
reports on biology and distribution of these three algae, there metabolite or biological
activates have not been studied to date.

2. Experimental
2.1. Plant Materials

The A. fragilis, L. ceranoides J and C. sinuosa were collected from Chabahar coast wild
populations growing in the Sistan and Baluchestan province, Iran. Voucher specimens (2558,
2559 and 2560, respectively), were deposited in the herbarium of pharmacognosy department,
pharmacy faculty, Guilan University of Medical Sciences, Rasht, Iran.

2.2. Extraction of the Essential Oils

The air-dried ground of A. fragilis, L. ceranoides and C. sinuosa (500 g each) were
subjected to hydrodistillation for 3h using a Clevenger type apparatus, yielding respectively,
1.3%, 0.5% and 0.8% v/w yellowish essential oils with distinct fragrance. The volatile oil
samples were dried over anhydrous sodium sulphate (Na,SO,) and stored at 4°C in the dark
until analyzed.

2.3. Analysis of the Essential Oils

The volatile oils were analyzed by Shimadzu GC-MS-QP5050A fitted with a fused
methy! silicon DB-5 column (60 m x 0.25 mm i.d., 0.25 pum film thickness). Helium was used
as carrier gas at a flow rate of 1.3 mL/min. The column temperature was kept at 50°C for 3
min, increased to 300°C at a rate of 5°C/min, and finally kept at 300°C for 5 min. The injector
temperature was 270°C and split ratio was adjusted at 1:33. The injection volume was 1 pL.
The mass spectral (MS) data were obtained at the following conditions: ionization potential
70 eV; ion source temperature 200°C; quadrupole temperature 100°C; solvent delay 2 min;
resolution 2000 amu/s and scan range 30-600 amu; EM voltage 3000 volts. Identification of
compounds was based on direct comparison of the Kovats indices and MS data with those for
standard compounds or by comparison of their relative Kovats indices to series of n-alkanes,
and computer matching with the NIST NBS54K Library, by comparison with references. For
quantization (area %), the GC analyses were also performed on an Agilent 6890 series
apparatus fitted with a FID detector. The FID detector temperature was 300°C. To obtain the
same elution order as with GC-MS, simultaneous auto-injection was performed on a duplicate
of the same column applying the same operational conditions. Relative percentage amounts of
the separated compounds were calculated from FID chromatograms.

2.4. Contact Toxicity Assay

The contact toxicity of the volatile oils of these algae was determined by previously
insect toxicity assay model [19, 20]. All insect species were watched in controlled laboratory
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conditions for about three weeks (25-29 ° C and relative humidity of 80%). The adult insect
samples were collected of 1-3 week old and of mixed sex. All essential oils were applied with
an automatic pipette on a paper strip (6 cm x 3 cm). The amounts of essential oils applied
were 12, 24, 36 and 48 pL, corresponding to 3, 6, 9 and 12 pL/L air. Each dose was applied
with automatic pipette as 100 pL acetone solution and acetone was used as a control. After
evaporation of the acetone, twenty adults of O. mercator and T. castaneum were placed in
Petri dishes (9 cm) (at 27+2°C, 12% moisture and 12h photoperiod). The experimental design
was completely randomized, with three replicates. Mortality of the samples was evaluated
after 12, 24, and 48h of exposure. Responses to treated sample versus control were converted
to "percentage of mortality™ [21].

2.5. Antibacterial Assay

Antibacterial activity assays of the volatile oils were carried out by the disk diffusion
method. Bacteria were purchased in lyophilized form from the Institute of Pasture, Iran.
Suspensions (100 pL) of the bacteria were adjusted to 10 cfu/mL final cell concentration after
this 50 puL of bacterial suspension was poured by 25 mL of sterile normal saline into Petri
dish flasks (spread by a sterile swab). Amounts of 60, 90, and 120 mg of the volatile oils were
dissolved in 1 mL of methanol. Sterilized disks (5 mm) were impregnated with 10 pL of these
volatile oil solutions, corresponding to 600, 900, and 1200 ug/disk, respectively, placed on
the inoculated agar. Penicillin (1 mg of penicillin was added into 1 mL of sterilized and
distilled water, and then the sterilized disk was soaked with 10 pL of this solution) was used
as a positive control, corresponding to 10 pg/disk. At the end of 6 days, inhibition zones were
measured in diameter (millimeter) around the disks. All of the tests were made in triplicate
[22, 23].

Data Analysis

Statistical analysis of the data was done using SPSS 10.0 software package. The results
were showed significant difference at p <0.05 levels.

3. Results and Discussion

This study investigated volatile constituents of A. fragilis, L. ceranoides and C. sinuosa
using GC-MS apparatus and the identified components are shown in Table 1. The identified
constituents of these volatile oils represented 92.7%, 99.9% and 93.8% of the total volatile
oils, respectively. Different aliphatic alcohols and long chain hydrocarbon were the major
components of the extracted essential oil. We could not find any report on volatile
components of the selected alga to compare the result but these components were previously
from other alga [24-26].

In this study, O.mercator and T. castaneum were selected as model insects to evaluate
insecticidal activities of the extracted volatile components. The insect, O. mercator
(merchant grain beetle, Coleoptera) feeds from food stuff with high oil content such as
oatmeal, bran, brown rice and processed foods, cereals, dried fruit, nuts and seeds. They can
spread as a chronic pest and contaminate and damage food quality. The T. castaneum (red
flour beetle, Tenebrionidae), is another pest of stored products, such as food grains. This
beetle is used as a model organism for ethological and food safety research. Both selected
insects are worldwide most common pests and food contaminants. They also can cause
allergic responses in human. These two insect can cause serious financial damages to food
industry and routinely used in insecticides development researches.
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Table 1. Major constituents of the volatile oils of A. fragilis, L. ceranoides and C. sinuosa

(%)
Chemical Kovats’ A. L. C.

Chemical compounds formula Indices  fragilis  ceranoides  sinuosa
1 2-iodo-3-methyl-Butane CsHul 983 - - 1.1
2 2-nonanone CoHyi O 1096 1.1 - -
3 Alpha-terpinolene CioHis 1207 2.0 - -
4 Citronellal CiHi O 1161 1.9 - -
5 2-Undecanone C11H»0 1291 2.3 - 1.4
6 Tetradecane C11H1,0, 1399 - 24.4 -
7 1-Dodecene Cyo Hos 1193 3.1 - -
8 1-Dodecanol C1oHy0 1474 39.6 - 2.3
9 2-Tridecene C13H25 1315 - - 2.8
10 Tridecane CisHog 1299 0.9 - 4.8
11  Beta- lonone C13 HyO 1485 0.8 - -
12 Neryl acetone C13 HxO 1428 - - 15
13 Edulan | C13 Hzoo 1469 - - 0.9
14  Ethyl cinnamate Ci3 HxO 1374 - 33.8 -
15 Pseudoionone Ci3 Hy60O 1469 - 20.7 0.8
16  1-Tridecanol Ci3H2s0 1572 0.6 - 3.6
17  1-Tetradecene CigHog 1393 2.8 - 1.2
18 1-Tetradecanol C14H300 1680 1.7 - 3.4
19  Tridecanoic acid methyl ester  Cy14H50, 1625 - 21.0 -
20 Germacrene D Cis Ho 1598 0.5 - -
21 Beta-elemene Cis Haa 1384 1.6 -
22  1-Pentadecene Cis Hyg 1492 1.0 - -
23  Pentadecane Cis Ha, 1510 - - 2.5
24 Caryophyllene oxide Ci5 H24O 1590 16.7 - -
25  7-Pentadecanone Ci5H300 1699 - - 35.8
26 (88,14) Cedran-diol C15H2502 1876 2.0 - -
27 Hexadecane CigHza 1589 3.8 - 28.5
28 1-Hexadecanal Ci6H30 1819 1.3 - -
29 1-Hexadecanol Ci6 H3.O 1880 15 - 2.1
30  1-Heptadecanol Ci7H360 1958 5.6 - -
31  8-Heptadecene, 1-chloro Ci7Hs3 CL 1992 1.4 - 1.1

Grouped components

Terpenoids compounds 21.6 - 0.9

Alcoholic hydrocarbons and 52.3 - 114

derivatives

Aldehydes and ketones 6.6 20.7 39.5

hydrocarbons

Long chain hydrocarbons 11.6 24.4 39.8

Others 6 54.8 2.2

Total identified 92.7 99.9 93.8

The compounds have been sorted according to their Kovats retention indices on a DB-5 capillary column

Although, all three volatile oils showed 55-90% mortality of O. mercator and 60-80%
mortality of T. castaneum at a dose of 12 puL/L air after 48h of exposure (Table 2), among the
selected algae, A. fragilis volatile oil had the best insecticidal activity with mortality rate of
80-90% for both T. castaneum and O. Mercator. Interestingly, this oil was consisted of 49%
aliphatic alcohols particularly 1-didacanol. Different aliphatic alcohols (C2 to C18) have
been reported to exhibit insecticidal properties against different insects such as Pediculus
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humanus capitis [1] Rhodnius prolixus, Triatoma infestans [2] and Aedes mosquitoes [3].
They proposed to have ovicide and larvicide effect against the mosquitoes Aedes aegypti
Linneo and Aedes scutellaris Walker. The highest activity was reported for the 1-dodecanol
and the lowest for 1-octanol. In addition, co-exposure of head lice to 1-dodecanol and d-
phenothrin lotions, was made it more susceptible to insecticidal activity of pyrethroid [27].
The insecticidal activity of 1-dodecanol is suggested to be a result of interruption in the
cuticular tanning process and thus interruption in the development of the physiological
properties. [28]

Table 2. The toxicity of the volatile oils of A. fragilis, L. ceranoides and C. sinuosa against O.
Mercator and T. castaneum

% Mortality®

O. mercator T. castaneum
Essential Dose Exposure time (h) Exposure time (h)
oils (ML/L air) 12 24 48 12 24 48
A. fragilis 3 157£3.3  253+33" 453+33  0.0£00 0.0£00 3.3+3.3
6 30.0£3.3" 40.0£33" 50.7£0.0" 0.0£0.0° 15.7£3.3" 20.3+3.3"
9 45.0+33" 51.7£0.0° 61.0£33  21.0+33" 30.0£0.0" 50.0+0.0

12 503+ 0.0° 86.3+0.0° 90.0+0.0° 453+33" 51.3+3.3" 80.0+3.3"

L. ceranoide 3 0.0£0.0° 0.0£0.00 0.0£0.0° 0.0£0.0" 0.0+0.0° 0.0+£3.3
6 0.0+ o.o: 0.0+ 3.3** 3.3+ 3.3** 0.0+ 0.0: 0.0+ 0.0: 3.3+ o.o**
9 3.3+33" 18733 23.3+58 0.0£0.0° 33+33° 153+33
12 25.0+£5.8" 35.0£58 55.0£0.0° 18.5£0.0° 28.7+0.0° 45.0+3.3"

C. sinuosa 0.0£0.0° 0.0+£0.00 3.3+£3.3" 0.0£0.0° 0.0£0.0° 3.3£0.0"

3

6 6.7£0.0° 25.0+£0.0" 35.0:0.0 0.0£0.0" 6.0£0.0° 18.0:0.0
9 20.0+0.0° 36.7+3.3" 45.0+3.3°  20.7£0.0° 21.3+3.3" 357+0.0"
12 35.0£0.0° 45.7£0.0° 55.0£0.0° 303+0.0° 353+3.3" 60.0+0.0"

# Mean=S.E. of three replicates, each set-up with 20 adults.
* There were no significant differences among treatments.

We could not find any report on insecticidal activity of A. fragilis volatile oil or 1-
dodecanol on T. castaneum and O. mercator thus it is not possible to compare the efficacy or
the applied doses. We believe that this is the first report on insecticidal effects of A. fragilis
volatile oil or 1-dodecanol on these two crop pest. On the other hand the highest applied lethal
dose was 12 (uL/L) is not a high dose and did not need topical exposure which can be
considered as a bonus for its application as in insecticide. Despite the non-polar narcotic
toxicity of 1-dodecanol to aquatic organisms of about 1 mg/l, the aliphatic alcohols especially
1-dodecanol are readily degradable and do not give rise to environmental concerns. 1-
Dodecanol also considered non-toxic to human health, and is a permitted as a food additive.

The algae C. sinuosa volatile oil also showed some degree of insecticidal activity with
the mortality rate of 55-60% within 48h. The major constituents of C. sinuosa essential oil
were 7-pentadecanone and hexadecane. We could not find any reports on insecticidal activity
for these two components but Long chain aliphatic methyl ketone series of Ci1-Cis
particularly 2-pentadecanone was reported to exhibit insect repellency [29]. Although the
algae C. sinuosa volatile oil contained 2.3% of 1-dodecanol, but the observed insecticidal
activity could not be just related to 1-dodecanol and it may worth the potential insecticidal
activity of 7-pentadecanone in future works.

Despite the considerable amount of ethyl cinnamate (33.8%) in L. ceranoides volatile
oil and the previous reports on potent insecticidal activity of ethyl cinnamate [30] against S.
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littoralis (LDsp = 0.37 ng/larva), this oil did not showed a significant insecticidal properties
especially at low doses or in shorter exposure time (12-24h). The observed different results
might be due to the differences in selected insects’ type which was applied in these two
studies.

Antibacterial activities of these volatile oils were investigated against E. coli, P.
aeruginosa and S. aureus. The selected bacteria are among the most common causes of
infectious diseases. As it seen in Table 3, only A. fragilis showed significant antimicrobial
properties. The three investigated algae showed some degrees of inhibition on microbial
growth. But among them, L. ceranoides volatile oil had the highest antimicrobial activity
(Table 3). As it was mentioned above, ethyl cinnamate is the major volatile constituents of
this alga and may have an important role in the observed result. Several reports have
demonstrated that essential oils containing cinnamate derivatives as one of the major
constituents, exhibit antibacterial activity [31-34]. Also, Stefanovi¢ et al. reported
antimicrobial activity of different synthetic derivatives of cinnamate particularly against S.
aureus agent with minimum inhibitory concentration of 62.5 pg/ml [35].

Table 3. Antibacterial activities of the volatile oils of A. fragilis, L. ceranoides and C. sinuosa

Bacterial L. ceranoides A. fragilis C. sinuosa Penicillin
strain 600-1200 pg/disk ~ 600-1200 pg/disk  600-1200 pg/disk 10 pg/disk
E. coli 10-12 6-8 -b -
P. aeruginosa 15-18 10-12 7-11 42
S. aureus 17-19 8-11 9-12 25

% Inhibition zones are given as minimum and maximum inhibition zones in diameter (mm) around the disks
impregnated at 600, 900, and 1200 pg/disk doses. ® Not active.

The result of present study is consistence with the previous reports. All three tested
bacterium in this study are Gram-negative bacteria and has been developing resistance to
common antibiotics. The outer membrane of these bacteria inhibits permeation of
antibacterial compounds. Although the activity of tested essential oils is lower than the pure
penicillin. But, considering the results of previous studies about antibacterial activity of
naturally occurring or synthesized cinnamates, it can be concluded that essential oil of L.
ceranoides and ethyl cinnamate indicate significant activity and may possess potential
application as antibacterial agents [35-37]. The observed activity of A. fragilis might be due
to the high concentration of long chain aliphatic alcohol including 1- dodecanol and 1-
tridecanol. These two components have been previously reported to exhibit bactericidal
effects [38]. Despite the previous reports on antibacterial effects of methanolic extract of C.
sinuosa [6], we did not observe a significant antimicrobial effects. This might be due to
application of volatile components in the present study instead of methanolic extract which
can contain volatile and non-volatile metabolites of this alga.
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Abstract: Aim of the study was to evaluate antioxidant activity and total phenolic content of Echinops ritro L.
and E. tournefortii (Asteraceae). The dried leaves and seeds of E. ritro and E. tournefortii were extracted
separately with ethanol, methanol, chloroform and dH,O. Total phenolic content was measured by Folin-
Ciocalteu method. Antioxidant activities of the extracts were determined by two test systems namely, radical

scavenging on DPPH and B-carotene bleaching methods. dH,O extracts has the highest phenolic content (92.24
GAE mg/100g). The results were compared to those of BHT as synthetic antioxidant. dH,O extracts were found
to be rich as a source of phenolics. According to the results of antioxidant activity, dH,O extracts exhibited
higher antioxidant activity than all types of solvent. The strongest antioxidant properties were obtained by dH,O
extract. Radical scavenging activities (%) were found to be in the following order:
Chloroform<Ethanol<Methanol<dH,O<BHT. These results of the present study demonstrated that the extracts
of E. ritro and E. tournefortii may be used as a source of natural antioxidant in the food and pharmaceutical
industries.

Keywords: Echinops ritro, E. tournefortii, antioxidant activity, phenolic content

1. Introduction

Plants are good source of biologically active secondary metabolites which have many
therapeutic potential in many diseases and even in free radical associated disorders [1].
Among secondary metabolites synthesized, plant polyphenols are the aromatic hydroxylated
compounds which have the most potent and therapeutically useful bioactive substances.
Promising radical scavenging ability of the phenolic compounds produced in higher plants is
studied extensively [2]. Oxidation stress is one of the major concerns of health in modern era
and antioxidants have been reported to prevent oxidative damage caused by free radical, via
interfering with the oxidation process by reacting with free radicals, by chelating with
catalytic metals, and also by acting as oxygen scavengers [3]. In the presence of antioxidants,
the oxidative rates decrease due to an increased activation energy for reaction, thus increasing
the "lifetime" of the substrate, serving as a parameter for the evaluation of the antioxidant
activity [4]. Although several synthetic antioxidants, such as butylated hydroxyanisole and
butylated hydroxytoluene, are available because of their toxicity problems; there is an upsurge
of interest in the therapeutic potentials of plants as antioxidants. In addition to the natural
antioxidants like vegetables, fruits, spices and tea, scientific evaluation of plant's properties
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through potent pharmacological activities, toxicity profiling and economic viability are
needed for growing recognition for medicinal plants and herbal products as novel antioxidants
in recent decades. Therefore, significant consideration has been directed toward the detection
of antioxidant properties in plant species.

The genus Echinops L. (Asteraceae) consists of approximately 120 species [5],
distributed in Africa and the Mediterranean basin [6]. In Turkey, the genus comprises 19
species, including 2 subspecies and 3 varieties [7,8]. Echinops plant was reported to possess
variety of compounds belonging to various classes like: alkaloids, flavonoids, terpenoids,
lipids, steroids and polyacetylenes [9]. Echinopsine was quinoline alkaloid isolated in 1900 by
M. Greshoff from seeds of the blue globe thistle, E. ritro and its presence was also
demonstrated in 14 other species of Echinops like E. latifolius, E. setifer [10]. Echinops
species have been used as traditional medicine for treatment of migraine, diuretic, heart
diseases, urinary infection, as well as worm and hemorrhoid in Ethiopia [11]. In the present
study, total phenolic of the ethanol, methanol, chloroform and dH,O extracts prepared from E.
ritro and E. tournefortii the were determined as mg/g GAE. These extracts were tested for
their antioxidant activity by using two methods namely B- carotene-linoleic acid test system
and DPPH free radical scavenging assay. This study examined the antioxidant activities of
these species for the first time.

2. Material and Methods
2.1. Plant materials

Echinops ritro and E. tournefortii was collected from Denizli Kinikli field during the
period of investigation and in July 2015. The voucher specimen of E. ritro was confirmed and
deposited in Herbarium at the Department of Biology. The collected plant material was air-
dried in darkness at room temperature (20°C). Dried plant parts were cut up and stored in
tight-seal dark containers until needed.

2.2. Preparation of plant extracts

Echinops ritro and E. tournefortii species cut into small pieces with a blender.
Extractions were prepared using different solvents (methanol, ethanol, chloroform and
dH0). For extractions 10 g of the plant and 100 mL of solvent (Merck) were used for each
sample. The mixture was extracted after being heated in a shaker water bath at 55°C for 6 h.
The extract obtained was filtered through filter paper (Whatman No: 1), and the solvents were
evaporated in a rotary evaporator (IKA, RV 10 basic V-C, Germany) at 48 —49°C. The water
in each extract was frozen in Freeze-drying (Thermo, savant) machine and then drawn out
(stored at -20°C).

2.3. Determination of total phenolic content

The total phenolic content of extracts was determined using to the Folin-Ciocalteu
method [12]. Briefly, 0.75 mL of Folin-Ciocalteu reagent (1:9; Folin-Ciocalteu reagent:
distilled water) and 100 mL of sample (5 mg/mL) were put into a test tube. The mixture was
mixed and allowed to stand for 5 min at room temperature. The mixture was allowed to stand
at room temperature for 5 min. 0.75 mL of 6 % (w/v) Na,CO3; was added to the mixture and
then mixed gently. The mixture was homogenized and allowed to stand at room temperature
for 90 min. Total polyphenol content was determined using a spectrophotometer at 750 nm.
The standard calibration (0.01-0.05 mg/mL) curve was plotted using gallic acid. The total
phenolic content was expressed as gallic acid equivalents (GAE) in mg/g plant extract.
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2.4. Determination of total antioxidant activity

The antioxidant activity of the crude extracts was evaluated using the [B-carotene-
linoleic acid test system with slight modifications [13]. B-Carotene (0.2 mg) in 1mL of
chloroform was added to 20 pL of linoleic acid, and 200 mg of Tween-20 emulsifier mixture.
The mixture was then evaporated at 40°C for 10 min by means of a rotary evaporator to
remove chloroform. After evaporation of chloroform, 100 mL of distilled water saturated with
oxygen, 4.8 mL of this emulsion was placed into test tubes which had 0.2 mg of the sample
and 0.2 of the extract in them. For control, 0.2 mL of solvent (methanol, ethanol, chloroform
and dH,0) was placed in test tubes instead of the extract. As soon as the emulsion was added
into the test tubes, initial absorbance was measured with a spectrophotometer (Shimadzu UV-
1601, Japanese) to be at 470 nm. The measurement was carried out at 0.5 h intervals for 2 h.
All samples were assayed in triplicate. BHT was used as standards. The antioxidant activity
was measured in terms of successful bleaching of 3-carotene by using the following equation.
The measurements were made using the equation below:

AA: [ 1- (AO-At / AOO - Ato) x 100

Where AA is the total antioxidant activity, A0 is the initial absorbance of the sample, At is the
initial absorbance of the control, AOo is the sample’s absorbance after 120 min, and Ato is the
control’s absorbance after 120 min.

2.5. Determination of DPPH free radical scavenging activity

Free radical scavenging activity of the extracts was determined using the free radical
DPPH [14]. 4 ml of the DPPH’s 0.004% metanolic solution was mixed with 1 ml (0.2 - 1.0
mg/mL) of the extracts, and their absorbances were measured to be at 517 nm after incubation
for 30 min at room temperature the absorbance value of the samples were evaluated against
empty control group (where all determinants except the test compound were present). Lower
absorbance of the reaction mixture indicates higher free radical scavenging activity. Every test
was treated three times and the averages as determined. Free radical scavenging activity was
measured using the equation below:

Scavenging activity =[(Ao—As/ Ag)* 1 00 )]

where A0 is the absorbance of the control (blank, without extract) and Al is the absorbance in
the presence of the extract.

3. Results and Discussion

Polyphenols are known for their antioxidant activity as radical scavengers and possible
beneficial roles in human health, such as reducing the risk of cancer, cardiovascular disease,
other pathologies [15]. Plants containing high phenolic compounds can be a good source of
antioxidants. For this reason, this information has led to the determination of the total
phenolic content of the sample under study. The amounts of total phenolic contents ranged
from 31.54-92.24 (GAE mg/100g) for extracts respectively (Table 1.). In our investigation,
the dH,0 extract of E. ritro (92.24 GAE mg/100g) exhibited the highest total phenol content.

Table 1. Total phenolic content of extracts

Extract Total phenols (GAE mg/100 g)
E. ritro E. tournefortii

Ethanol 58.21 49.32

Methanol 83.45 76.81

Chloroform 47.34 31.54

dH,0 92.24 83.48
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According to [-carotene-linoleic acid bleaching assay, B-carotene undergoes rapid
discoloration in the absence of an antioxidant, which results in a reduction in absorbance of
the test solution with reaction time. This is due to the oxidation of linoleic acid that generates
free radicals that attack the highly unsaturated [3-carotene molecules in an effort to reacquire a
hydrogen atom. When this reaction occurs the B-carotene molecule loses its conjugation and,
as a consequence, the characteristic orange color disappears. The presence of antioxidant
avoids the destruction of the B-carotene conjugate system and the orange color is maintained

Inhibition of linoleic acid was affected by different solvents [16]. BHT showed
maximum value of inhibition (94.07 %). The antioxidant activity efficiency were also
calculated and given in Fig. 1 and Fig 2. As it can be seen from this figure, the highest
antioxidant activity efficiency is determined in dH,O extract of E.ritro (76.79 %) and the
least efficiency in chloroform extract of E. tournefortii (13.30 %).
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Fig. 1. Antioxidant activities efficiency in the extracts of E.ritro and BHT
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Fig. 2. Antioxidant activities efficiency in the extracts of E. tournefortii and BHT

DPPH radical scavenging activity assay is widely used to test the ability of compounds
to act as free radical scavengers or hydrogen donors, and to evaluate antioxidant activity of
many plant extracts or compounds [17]. DPPH is a stable free radical which exhibits a deep
purple color with maximum absorption at 517 nm. Antioxidant molecules react with the free
radical by hydrogen or electron donation, resulting in discoloration of DPPH because of their
conversion into yellow colored diphenylpicryl hydrazine [18]. As shown in Fig.3 and 4, the
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DPPH radical scavenging activities of four extracts of E. ritro and E. tournefortii were
concentration-dependent. DPPH radical scavenging activities (%) were found to be in the
following order: Chloroform<Ethanol <Methanol <dH,0 < BHT (Fig.3 and 4).
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Fig. 3. The DPPH radical scavenging activities of E. ritro extracts and BHT
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Fig. 4. The DPPH radical scavenging activities of E. tournefortii extracts and BHT

Fokialakis et al. (2006) reported that the root extracts of E. ritro were evaluated for their
antifungal activity using direct-bioautography assays with three Colletotrichum species that
cause strawberry anthracnose. Among the bioactive extracts, the dichloromethane extract of
the radix of E. ritro was the most potent [19]. It was indicated that aerial parts of E. ritro L.
and E.spinosissimus from the Greek island of Crete could be extracted, and the extracts
obtained have been investigated for in-vitro anti-protozoal activity. The activity against
chloroquinesensitive (D6) and resistant (W2) strains of Plasmodium falciparum and
Leishmania donovani promastigotes was determined as well as the cytotoxicity on a
mammalian kidney fibroblast (Vero) cell line was tested. Dichloromethane of aerial part
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extract of E. ritro and E. spinosissimus had moderate activity against L. donovani with no
significant anti-malarial activity or cytotoxicity [20]. Apigenin-glucopyranoside 1, Apigenin-
glucoside 2, methoxycarbonylindole 3 and beta-sitositerol 4 were isolated from of E.
orientalis dried leaves and seeds. Isolated compounds and extracts were applied to
antioxidant activity tests. While seeds and leaves extracts have high DPPH and moderate
ABTS radical scavenging activities, the isolated flavones exhibited high cation radical
scavenging activities [21].

The antioxidant activities of methanolic extracts of the E. kotschyi were determined via
2,2- diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay, and also screened for
cytotoxic activity against three human cancerous cell lines (MOLT-4, K562 and MCF7) using
the MTT assay (3-[4,5-dimethylthiazol-2-yl]- 2,5 diphenyl tetrazolium bromide) assay. The
methanolic extract of E. Kotschyi exhibited potent cytotoxic activity against MOLT-4 and
K562 cell lines among all extracts tested in this study [22]. On the other hand, the ethanolic
extract of E. spinosus has efficient action on muscular fibers; anti-inflammatory activity; The
ethanolic extract of E. Spinosus (100 mg/kg, intraperitoneal ) exhibited a very good anti-
inflammatory activity against carrageenan-induced paw edema in mice and rats, and it
selectively inhibited prostaglandin E2 (PGEZ2) -induced inflammation [23].

In the present study, the antioxidant capacities and phenolic content of various extracts
(methanol, dH,0, ethanol and chloroform) from E. ritro were determined. The dH,O extract
had higher antioxidant capacity and free radical scavenging activity than other extract at the
same concentrations. Results of the study indicated that dH,O extract derived from E. ritro
possessed remarkable antioxidant activities. Because the synthetic antioxidants (BHA and
BHT) have some toxic effects, such as the promotion of carcinogenesis, E. ritro can be
considered as a source of both natural antioxidants and lauric acid in the food industry and
pharmacological applications.

4. Conclusion

According present the study, it may be concluded that the extracts of Echinops ritro
and E. tournefortii demonstrated in vitro antioxidant activities. Higher levels of total
phenolics of plant are probably responsible from the biological activities observed. This
finding candidates the plant as a good case for more in-depth studies and we wish our future
research lead to the identification of biologically active molecules present in its extracts
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Abstract: Almond (Prunus amygdalus L.) can grow under dry climate and harsh soil conditions. The fruits are
drupe. Seed-propagated almond populations exist in various parts of Turkey. Several studies have been
performed to select the promising genotypes among these populations with regard to fruit quality, yield, late
foliations and etc. characteristics. Rich almond populations are shown around the foothills of Erciyes Mountain
in Kayseri province of Central Anatolia. In this study, some fruit and biochemical characteristics of 34 almond
genotypes selected as promising genotypes with regard to late foliation and yield were determined. Significant
variations (P < 0.05) were observed in investigated traits of the genotypes. Of selected genotypes, fruit weights
varied between 1.5+0.4- 7.6+0.5 g, fruit lengths between 40.7+0.7 - 19.9+2.9 mm, fruit heights between
17.4+0.8 — 10.3£2.1 mm and fruit widths between 27.6+0.7 — 11.8+0.7 mm. With regard to fruit shape of
genotypes, 13 were identified as long oval, 12 as elliptical, 5 hearth-shaped and 4 as round. Considering the
biochemical characteristics, crude oil contents varied between 54.9 - 42.1% and protein contents varied between
24.6 - 17.7%.

Keywords: diversity, fruit breeding, genetic resources, Prunus amygdalus

1. Introduction

Almond culture was said to be initiated four thousand years ago in Iran, Turkey, Syria
and Palestine regions and spread throughout the world from these regions [1]. Almond is
native to Western and Central Asia [2]. It is quite resistant to droughts and can grow in poor
soils and under various ecological conditions [3-5]. As compared to native countries,
productions have grown quite more rapidly in the USA and Spain [4, 5]. The reasons for such
slow growths in productions of native countries may be related to early-blooming of almond
species and thus much more prone nature to spring late freezes, large portions of production
sites are composed of wild populations, yields are not consistent and socio-economic states
of the countries may influence the productions [5, 6].

The world almond production is around 1.9 million tons and the USA, Spain and
Australia are the leading producers. With 85% increase during the last decade, Turkish
almond production reached to 75 thousand tons [7]. Although almond is cultured in several
regions of Turkey, Mersin (9400 tons), Antalya (5700 tons), Mugla (5700 tons), Canakkale
(5300 tons) and Denizli (4600 tons) are the prominent provinces [8].

“Corresponding Author Tel.: +90 3524371790, Fax: +90 3524376290 E-mail: uzun38s@yahoo.com

2148-6905 /© 2016

82


http://www.ijate.net/index.php/ijsm
mailto:uzun38s@yahoo.com

International Journal of Secondary Metabolite: Vol. 3, Issue 2 (2016) pp. 82-87

Selection breeding is the oldest breeding method and breeder selects proper plants from
natural populations without creating a genetic variation and using the natural variation [9].
There are rich almond genetic resources in various parts of Anatolia. Seed-propagated trees
with different genetic characteristics play a significant role in this richness. There is a need to
assess the current gene sources and to get promising genotypes with regard to fruit quality
attributes and yields. Almond species are quite prone to late spring freezes and thus
identification of late-blooming genotypes will only be possible with selections to be made
from these large populations. Since the almond is the first blooming tree in spring, culture is
quite restricted in regions with late-spring freeze risks. Therefore, development of late-
blooming cultivars has become the primary target of almond breeding programs [6, 10]. The
cultivars of Avalon, Solana, Sonora, Price Texas, Ne Plus Ultra, Peerles, Rosetta and
Thomson used in leading almond producer country, the USA, were obtained through
selections as chance seedlings [1, 11]. The almond trees in current local populations are lost
either with natural means or with anthropogenic reasons. Therefore, these populations should
urgently be searched through for promising genotypes. In this way, it will be possible to
identify chance seedlings with desired fruit and tree characteristics among the genetic
resources spread over regions with different climates and ecological conditions [1].

Seed-propagated almond trees are quite common over the rough terrains around the
northern foothills of Erciyes Mountain of Kayseri Province. In this study, naturally-growing
almond populations of the region were investigated and fruit quality attributes, protein and
crude oil contents of promising genotypes were identified.

2. Material and Methods

Almond tree populations located around Alidagi mountain, north of Erciyes mountain
and south of Kayseri city center, (Haymana Baglari, Hisarcik Valley, Talas Tablakaya,
Begendik Baglari, Sakar Ciftligi, mountainous districts around Kayseri Organized Industrial
Region and Yilanlidag regions) were used as the plant material of the present study. A total of
480 almond trees were evaluated and 34 of them were selected with regard to blooming, yield
and fruit characteristics. Yield levels were assessed through a scale (1: low yield; 2: medium
yield; 3: high yield). Fruit weight, fruit length, fruit width, fruit height, kernel taste, double
kernel and fruit shape of selected genotypes were analyzed. Among the biochemical
characteristics, crude oil and protein contents were determined in accordance with previous
study [12]. For investigated fruit characters, data were analyzed using JMP trial version (SAS
Institute Inc.) and means were separated and grouped using Tukey’s test (P < 0.05).
Differences among selected genotypes were put forth and ultimately superior ones were
identified.

3. Results and Discussion

Variations were observed among genotypes with regard to investigated traits. Of the
selected almond genotypes, 19 were identified as high yield, 11 as medium yield and 4 as low
yield. Fruit weights varied between 1.5 — 7.6 g and significant variations were observed in
fruit weights of the genotypes. Genotype 34 (7.6+0.5 g) and genotype 33 (6.9 +0.5 g) had the
highest fruit weights (Figure 1). It was reported in a study carried out in Kahramanmaras
province, fruit weights of selected genotypes as between 1.31 - 7.58 g [13]. Yildirim, (2007)
in a study carried out in Isparta province, reported fruit weights of promising genotypes as
between 3.51 - 5.43 g [14]. Simsek and Osmanoglu (2010) in a selection study carried out in
Mardin-Derik, reported fruit weights of investigated genotypes as between 1.75 - 4.77 g [15].
Giilsoy and Balta (2014) in a selection work carried out in Aydin province, reported almond
fruit weights as between 2.44 - 7.57 g [9]. Current findings on fruit weights were generally
complying with those earlier findings.
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Significant differences (P < 0.05) were also observed in fruit dimensions of the
genotypes. Fruit lengths varied between 40.7 - 19.9 mm, fruit heights between 17.4 — 10.3
mm and fruit widths between 27.6 — 11.8 mm (Table 1). In an earlier study, fruit lengths of
almond genotypes were reported as between 24.00-42.88 mm, fruit heights between 16.56-
29.50 mm and fruit widths between 10.60-19.18 mm [1]. On the other hand, Simsek and
Osmanoglu (2010) reported these attributes respectively as between 27.81-35.69 mm, 17.11-

24.90 and 11.84-16.77 mm [15]. Giilsoy and Balta (2014) reported fruit lengths as between
29.06-39.15 [9].

5 =
L —

Figure 1. Fruit and kernel images of the genotypes 34 (above) and 33 (below) with the greatest fruit
weights

With regard to fruit shape of the genotypes, 13 were identified as long oval, 12 were
elliptical, 5 were hearth-shaped and 4 were round shaped. With regard to kernel color, 4 had
light, 8 medium and 22 had dark color kernels. On the other hand in a previous study, kernel
color was mostly reported as medium. In that study, 12 genotypes had very light, 55 light, 62
medium and 28 genotypes had dark color kernels [1]. Again, Simsek and Osmanoglu (2010)
indicated kernel color of 13 selected almond genotypes as medium [15]. Considering the taste
of kernels, 9 had bitter taste and 25 had sweet taste. Aslantas (1993) found 114 of 120
genotypes as sweet taste [12]. On the other hand, in a study carried out in Tunceli province,
indicated taste of 82 genotypes as sweet, 8 genotypes as medium and 67 genotypes as bitter
[1]. Double kernel was not seen in almond genotypes of the present study. Although double
kernel ratios vary with cultivars, it is not desired since it reduces commercial value [9].
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Table 1. Some fruit and biochemical characteristics of almond genotypes studied
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G. F.W. F.L. F.H. F.W. Seed [O.C.|P.L.
No (9) (mm) (mm) (mm) F.S.| color | (%) | (%)
1134 £ 051In |375 + 1.9 bhc 126 + 0.9 m-0 |184 + 0.6 ki LO | Dark |47.818.3
2123 £050p [257 £ 15 p 107 £ 0.7 p 184 £ 14 Kkl E Dark |50.0|19.3
3135 +£03In 296 + 05 1l-0 [|128 + 06 I-0 |204 + 0.8 f LO | Dark |47.1(17.7
4|49 = 03f1 (328 £ 05 ek [145 + 07 fI [223 + 0.4 b-d [LO| Dark |52.4]18.9
5137 £ 06jn |35 £ 20 hl [13.7 =+ 09 1-m |20.9 + 1.0 d E | Medium|52.0 {19.0
630 £01lno |[319 + 02 gl [116 + 04 n-p |178 = 0.2 | H Dark |50.0|19.3
7133 £02mn [269 + 17 op 149 + 04 d-k |188 + 04 j E | Medium| 47.8 (19.6
8] 19 £ 04p 260 £ 0.8 p 111 + 12 op |151 £ 04 m LO | Dark |49.4(18.1
9132 £05mn|279 + 19 np |135 + 12 jm |19.2 £ 15 1l LO | Dark |47.3(18.9
10 39 + 08jm|[323 = 1.7 fI 141 + 0.9 h-m [199 + 1.2 gk E Light | 47.4|18.4
11| 33 + 031-n [309 + 0.8 i-m |14.0 + 0.7 -m [215 + 1.0 cg LO | Dark |47.3|18.5
12| 44 + 02h-j [352 + 1.0 c-f [13.8 = 04 1-m [222 + 0.6 b-f E Light | 52.5]18.3
13| 45 + 08g-j |336 + 34 d1 |174 + 0.8 a 214 + 4.0 c-h E Dark |48.1119.9
14| 36 + 03jn (301 + 04 k-n [128 + 0.7 I-0 (204 + 0.7 e LO | Dark |45.6(19.1
15| 42 + 0211 305 + 1.2 j-n 169 + 04 ac |234 = 04 b H Dark |46.6 |19.1
16| 20 + 04p 261 £ 0.7 p 111 + 19 op |154 £ 05 m LO | Dark |49.6(18.2
17| 52 + 06eh 331 + 1.2 e 147 + 1.0 m-0 223 + 0.5 b-e E Dark |51.0]18.0
18| 44 + 05h-k 352 + 1.9 ce [152 + 08 d-j (208 + 0.7 du LO | Dark |53.5(18.3
191 31 + 04m-0{284 + 1.4 m-p |13.2 £ 1.1 k-n [19.6 = 0.6 h-l R Dark |47.3|24.6
201 3.1 £+ 0.3m-0/284 + 28 m-p |145 + 1.6 gl [193 = 0.7 1l LO | Medium | 42.1 |118.3
21| 36 + 06 k-n|348 = 15 cg |145 + 14 f1 [217 + 0.6 bg H | Medium| 53.2 | 18.0
22| 15 £ 04p 199 + 29 ¢ 103 £ 21 p 11.8 + 0.7 n E Dark |45.9120.0
231 35 £ 01k-n|311 £ 09 h-m |114 + 0.7 n-p (204 = 05 fj E | Medium| 53.5(18.6
24| 58 + 0.8c-e |388 £ 0.6 ab 154 + 0.8 b1 |276 £ 0.7 a LO | Dark |52.8(19.3
251 3.7 £ 06j-n |311 + 15 h-m |146 + 1.1 ek |21.2 £ 1.0 c-h E Dark |49.7 |118.0
26| 6.8 £ 040b 40.7 + 0.7 a 159 + 1.0 ag [27.1 + 0.6 a LO | Dark |48.7]|21.4
27 48 + 05f1 |339 + 32 d-h |152 + 1.9 ¢j |214 £ 1.1 c-h H Dark |46.9|21.6
28| 56 + 02d-f |346 = 0.7 cg |165 + 0.6 a-d | 23 + 0.3 bc H Light | 52.0|21.3
291 53 + 0.7eg9 |309 + 1.7 -m |160 = 1.0 a-g |224 + 0.7 b-d R | Medium| 53.2 [ 20.2
30| 50 + 05e1 |300 + 23 k-n |158 = 0.9 a-h |226 + 0.7 b-d R Dark |47.721.2
31| 6.3 £+ 08bd |37.2 £ 22 hc 164 + 18 ae [259 + 1.0 a R Light | 54.9 (20.2
321 65 + 04bc |364 + 15 b-d |163 + 0.8 ae |260 + 0.6 a E | Medium|53.2 |18.7
331 69 + 05ab |384 + 19 ab 16.2 + 1.0 af |268 + 05 a LO [ Medium| 50.6 | 19.8
341 76 £ 05a 371 + 1.3 bc 171 + 1.0 ab |274 + 05 a E Dark |48.1]18.5

G. No: Genotype No; FW: Fruit weight; FL: Fruit length; FH: Fruit height; FW: Fruit weight; FS: Fruit shape;

LO: Long-oval; R: Round; E: Elliptic; OC: Qil content; PL: Protein level

Significant differences were observed in chemical composition of selected genotypes.
Crude oil contents varied between 42.1 (Genotype 14) — 54.9% (Genotype 31) and protein
contents varied between 17.7 (Genotype 3) — 24.6% (Genotype 19). The crude oil and protein
of almond are quite significant for human health. In a previous study, it was noticed that
edible seeds and nuts had high contents of lipids, proteins, dietary fiber and ash (minerals)
and they had a good essential amino acids profile, usually with a slight lysine deficiency [16].
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The genotypes with high crude oil and protein contents identified in these studies may
constitute a significant source for human nutrition. Current findings on crude oil and protein
contents were generally complying with the findings of previous studies on almonds. | was
reported average protein content of almonds as 19% and crude oil content as 54% [17];
Esteban et al. (1985) in a study carried out in Spain, reported average crude oil content as
66.40% and protein content as 15.80% [18]. Abdallah et al. (1998) reported crude oil contents
of 21 almond cultivar and genotypes as between 36-53% [19]. Kodad et al. (2008) reported
crude oil contents of 8 standard almond cultivars and 47 promising genotypes as between 48-
67% [20]. On the other hand, it was determined crude oil contents of different almond
genotypes as between 48.7-64.5% and protein contents as between 14.1-35.1% [21].
Considering the statistical evaluation of different fruit and biochemical characteristics
together, it was observed that 7 out of 34 genotypes were prominent. These promising
genotypes were identified as the genotypes 12, 13, 14, 17, 18, 26 and 28.

The genotypes identified in this study carried out in Kayseri province may be used in
further breeding works and they may then be included among current standard varieties.
These genotypes should be propagated through vegetative ways to assess the performance of
these genotypes under different ecologies. Present outcomes may provide significant
contribution in identification of quality genotypes among natural almond population of
Turkey and prevention of extinction of genetic resources of the country.
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