AHOTANIA
Ilemposcvka V. B. ®apMakorHOCTUYHE BUBYEHHS IITMTUHATY TOPOAHBOTO (Spinacia
oleracea L.). — KBanidikarniitHa HayKoOBa mpaiisi Ha IpaBax PyKOMuUCy.
Hucepranist Ha 37400yTTS HAYKOBOTO CTymeHs JokTtopa (inocodii 3a
crnenianbHicTIO 226 «®apmanis» (22 — Oxopona 3a0poB’s). — HarionanbHuii

(dbapmaneBTruHu yHiBepcuteT, MO3 Ykpainu, Xapkis, 2020.

Hucepraniitna poOoTa NPHUCBAYEHA KOMIUIEKCHOMY (PapMaKOrHOCTUYHOMY
BUBYEHHIO KOPEHIB, JINCTS Ta HACIHHA IMTMHATY TOpOoAHBOTO copTiB Kpacens [lomices Ta
daHTazis1, 3aMOPOKEHOTO JTUCTS 1€l POCTUHU BITYM3HIHOTO BUPOOHUIITBA, OJCPKAHHIO
Ta PITOXIMIYHOMY BHUBUYEHHIO JIIKAPCHKOTO 3ac00y Ha iX OCHOBI, pO3p0oOIll apaMeTpiB
CTaHJapTU3allli CHpPOBUHHU Ta JIIKAPCHKOT0 3ac00y Ha 1i OCHOBI.

3a gonoMoror ximMiyHuX peakuid, metoais [IX ta TIIX B ycix gociaiKyBaHUX
3pa3kax KOPEHIB, JUCTA Ta HACIHHS IIMHWHATY TOPOJHBOTO BUSBJICHO MOJiCaXxapuiH,
OpraHiuyHi Ta Ti1APOKCUKOPUYHI KHUCIOTH, aMIHOKHUCIOTH, (GJIaBOHOIIU, XJopodinw,
KapOTHUHOIIU, CTEPOIAHI CHOJYKH. Y KOpPEHSX Ta HAaCIHHI 1€l POCIMHU BUSBJICHO
KpOXMaJb, y JIUCTI Ta HACIHHI — TOKO(depo.

B ycix BHIax CUpOBHMHHM, B3ATOI JUIsl aHaNI3y, OyJo 1IeHTH(IKOBAHO S0Iy4HY,
JUMOHHY, XJOpPOT€HOBY Ta KO(QEWHY KHUCIOTH, aMIHOKHCIOTH JEHIIUH, acrnaparid,
METIOHIH, 130JI€HIIMH, apTiHiH Ta (JIaBoHOi Jt0TeoiH. KpiMm Toro, B ycix 3pa3kax JUCTS
IIMTMHATY TOPOJAHBOTO BUSIBJIEHO IIABJIEBY, MAJOHOBY KHUCJIOTH, TUIIIUH, (eHLIaNaHiH,
CEpUH,TPEOHIH, ITUCTEIH, PyTUH Ta aIlireHiH.

SxicHMM cKiIaJ Ta KUIBKICHUM BMICT (DEHOJBHUX CIOJYK Y CUPOBHHI IIIUHATY
ropoJHporo BuBYaIM MeTogoM BEPX. Bigmiueno, mo 3a SKICHUM CKJIagoM Ta
KUIBKICHUM BMICTOM (EHOJBHUX CHOJYK aHAaJOriyHi BHUAM CUPOBHHHM ILIIHUHATY
TOPOAHBOTO JOCHII)KYBaHUX COPTIB BIAPIZHSJIUCH HE 3HAYHO. Y KOPEHSIX IIMUHATY
rOPOAHBOTO 000X AOCHIIKYBAaHUX COPTIB i7eHTU(]PiKOBaHO 1O 3 (EHOIBHI CHOIYKH, Y
HaclHHI — Mo 5, B YCIX 3pa3kax JUCTA Ili€i pocauHu — mo 7. Haiibinbpmia KiJIbKICTh
(heHONBHUX CIOJIYK HAKOMUYyBaiacs y JIUCTI MIMUHATY TOPOAHBOTO copty PDaHTtazis —

1650,03 mr/kr. Y HaciHHI 1ux cnoiyk mictunocs Bin 405,13 mo 465,71 mr/kr. Bmict



(heHONBHUX CIONYK Yy KOPEHSX JAOCIIKYBAHOI pOCINHU He niepeBuinyBaB 317,32 Mr/kr.

3a pe3ynbTaTaMH EKCIEPUMEHTY B YCIX 3pa3Kkax CHUPOBUHM 1AEHTU(]IKOBAHO
XJIOPOTEHOBY Ta KO(eiHy KUCIOTH, T10Te€01H. KpiM TOTO, Y TUCTI MMUHATY TOPOIHBOTO
JOCJIIIDKYBAaHUX COPTIB Ta 3aMOPOKEHOMY JIMCTI 11€1 pOCIUHU MICTHIIHCS (DJIaBOHOINH
PYTHH, TIEPO3U/I, allireHiH Ta keMmdeposi. 3a BMICTOM Y KOPEHSX Ta HACIHHI IIMUHATY
TOPOJHBOIO 000X COPTIB, @ TAKOXK 3aMOPOXKEHOMY JIUCTI III€E] POCIMHHU IMEPEBAKAIU
TIPOKCUKOPUYHI KUCIOTH. Y BUCYLIEHOMY JHMCTI IIMIMHATY TOPOAHBOro copTiB KpaceHn
[Tonmicca Ta  @aHTtazis npeBadoBaiv  (IaBOHOINU. MakcUMaldbHUKA  BMICT
rAPOKCUKOpUYHUX KuclIoT (560,93 wmr/kr) ta ¢naBonoinie (1089,10 mr/kr) Oymo
BIIMIYEHO Y JIUCTI LINUHATy ropoanboro copry danrtaszia. Cepen riapOKCUKOPUUYHHUX
KHCJIOT Y KOPEHSX Ta JINCTI WIIUHATY FOPOJHBOTO AOCTIIKYBAHUX COPTIB JOMIHYBajia
kodelina kucnora. Ii BMicT y nucti 6yB y mexax 340,85 — 351,50 mr/kr. Y Haciuni
mnuHary ropoanboro coptiB Kpacens Ilomices 1 @aHTasisa nepeBakaiia XJIOPOT€HOBA
kuciota (233,77 1 191,79 Mr/kr BiANOBIHO).

Cepen ¢h1aBOHOIIB y KOPEHSIX MITMIATATY TOPOJAHBOTO 000X JOCHIIIKYBaHUX COPTIB
nepeBaxkan noTeotiiH — B 80,51 mo 90,19 mr/kr. B ycix 3apa3kax JHUCTS Ta HaCiHHS
IIMUHATY TOPOAHHOTO JOMIHYBAJIA aIlireHiH Ta pyTUH. MakcumanbHui iX BMICT OYB Y
JIUCTI IIHHATY TOPOIHbOro copty PanTaszist — 617,92 ta 323,43 Mr/Kr BiANOBIIHO.

Bwmict TokodeposiB B ycix 3pa3kax JUCTS Ta HACIHHS UINUHATY TOPOIHBOTO
Bu3Hauyanu MetogoM BEPX. B ycix nocnipkyBanux 00’ ektax ieHTudikoBaHo o-, -, y-
Ta d-ToKO(peponau. OJHAKOBO BUCOKHHA BMICT TOKO(EpOJiB OyB y HAaClHHI IUMHHATY
ropoansoro coptiB Kpacens [lomices (72,60 mr/kr) Ta ®antaszis (72,00 mr/kr). B ycix
3pa3Kax JIMCTS MIMHUHATY TOPOJAHBOTO IOMIHYBaB Y-TOKO(EPOJI, Y HACIHHI — -TOKO(Depo.

AMIHOKHMCIIOTHUH CKJIaJl CADOBUHU IIIHUHATY TOPOJIHBOIO JOCTIIKYBAIN METOIOM
10HOOOMIHHOT PIAMHHO-KOJIOHKOBO1 Xpomarorpadii. B ycix mocnigxyBaHHX 3pa3kax
inenTudikoBano mo 18 aminokucnor. HaliOinpima cymapHa KIIbKICTH aMIHOKHCIIOT
HaKOIMHWYyBajiacs y JUCTI IWNHUHATY ropogHboro copty Kpacens Ilomices — 155,09 mr/kr.
BMicT aMiHOKHMCIOT y HAciHHI INNWHATYy TOpPOJAHBOrO KoJuBaBcs Bix 86,13 1o
116,07 mr/kr. Y KOpeHsX IIi€l POCIMHUA BMICT aMIHOKHUCIOT HE TEpPEBUIYBaB

42,11 wmr/kr. Y cUpOBHHI WIMKUHATY TOPOJHBOrO HA BMICT HE3aMIHHUX aMIHOKHUCIIOT



npunasano Bia 30 10 42 %. MaxxopuTapHUMH HE3aMIHHUMHU aMiHOKHCIIOTaMH Y KOPEHSIX
IIMTUHATY TOPOJHBOTO 000X TOCHIIKYBAaHUX COPTIB OyJIM TPEOHIH, BaJllH Ta JICUIUH. Y
JUCTI Ta HACIHHI II€1 POCIMHHM 000X MOCIHIKYBAaHMX COPTIB MPEBATIOBAIM JIi3UH,
JICUITMH, apriHiH Ta TPEOHIH.

JKupHOKUCIOTHUI CKJIa] IIMUHATY TOPOJHBOTO KOPEHIB, JTUCTS 1 HACIHHS COPTIB
Kpacenr Ilomiccs Ta @aHTaszig, a TakoX 3aMOpPOKEHOrO JHCTS ILi€i pPOCIUHU
nocnipKyBad MetoaoM ['X. V KopeHsX WIMHUHATY TOpPOJHBOTO 000X JOCTIIKYBAHHX
COpTIB 11€HTU(}IKOBAHO 12 MUPHUX KUCIOT, y HaciHHI — 11, y mucti — 13-14 (3anexHo
Bl copTy). B ycix aHamizoBaHUX 3pa3kax 3a BMICTOM JOMIHYBaju HEHAaCHUYEH1 >KUPHI
KHCJIOTH, BMICT AKUX KonuBaBcd Bif 81,46 % y KOpeHAX MIIUHATYy TOPOJHBOTO COPTY
®danTazis 1o 87,49 % y nucti uiei pociunu copty Kpacens [omices. Cepen HeHacHUeHUX
KUPHUX KUCIIOT Y KOPEHSX Ta HACIHHI HIMUHATY TOPOJHBOIO 000X COPTIB MPEBATIOBAIH
OJIETHOBa Ta JIHOJIEBA KHCIOTH, B YCIX 3pa3KaxX JIUCTS — JIIHOJIEHOBAa KHCIOTa. Y
MaKCUMaJbHIN KUIBKOCT1 oyieiHOBa (25,43 %) HakonmuuyBajiacd y KOPEHSX IIMHUHATY
ropoansoro copty Kpacens Ilomices, ninonenona (45,45 %) ta ninonena (60,68 %) —y
JIMCTI Ta HACIHHI 111€1 pociauHu copty PaHTazisd BiAMOBIIHO.

Metogom abcopOuiiiHoi crnekTpodOTOMETPli BHU3HAYEHO KUIbKICHHM BMICT
acKOpOIHOBOi KHCIJIOTH, CyMHU BIUIBHHMX aMIHOKHUCJIOT, MONI()EHOIbHUX, CTEPOIiTHHX
CIOJIYK, T1JPOKCUKOPUYHUX KUCIIOT, (PI1aBOHOINIB, XJI0podiiiB a 1 b, KapOTUHOIIB B yCiX
3pa3Kkax KOPEHIB, JTUCTS Ta HACIHHS IINMUHATY TOPOJHBOr0. BcTaHOBIEHO, 110 HAOIBIIE
ackop6inoBoi kuciotu (0,18 %), rigpokcukopuyHux Kuciot (2,60 %) ta graBoHOIIB
(4,02 %) makonuuyBayiocs y JUCTI mNUHATY ropoAaHboro copty Kpacens Ilomices. 3i
CBOT0 OOKy, Y JIUCTI IIMUHATY TOPOJHbOro copTy DaHTa3zis y MaKCUMalbHIM KIJTBKOCTI
MICTHJIOCh CyMU BUIBHUX aMmiHOKUCIOT (3,21 %), xnopodini a (366,41 mr/100 r) 1 b
(670,89 mr/100 r), kapotunoinis (250,86 mr/100 r), cymu nonipenonsuux (11,30 %) ta
crepoigaux cmonyk (0,70 %).

MetonoM rpaBiMeTpii Yy JOCHIIKYBaHId CHUPOBHHI IINMHHATY TOPOJHBOIO
BU3HAYEHO KUIbKICHUI BMICT MOJIicaxapuIiB Ta ix (pakuiiauii cknan. HaliBummii BMicT
cymu nomicaxapuniB (28,58 %) ta kmitkoBuHU (30,28 %) OyB y HAciHHI IINHUHATY

ropoanbsoro copty Kpacens [Tomices, ITP (6,62 %) ta 'Ll b (4,58 %) — y nucTi Ta KOpeHsix



i€l pocnuHu BianosigHo. 3a BMicToMm 'l A (19,87 %) nepeBaxana y JUCTI IINUHATY
ropogHsoro coprty @antazis. I[loaspuMeTpuyHUM METOJAOM BCTAHOBJIEHO, IO
HalOUIbIIE KPOXMAJIF0 MICTHJIOCS Y HAClHHI IIMHMHATY TOPOJHBOTO copTy PaHTazis —
28,41 %.

AJKaTiMETpUYHUM Ta MEPMAHTaHATOMETPUYHUM METOJaMU BHU3HAYEHO BMICT
OpraHIYHUX KHUCJIOT Ta WIABJIEBOI KHCIOTH B YCIX JOCHII)KYBaHUX OO0’ €KTax.
MakcuManbHuil BMICT opraHiyHuUX KUchoT (3,95 %) 3adikcoBaHO y JUCTI IIMUHATY
ropoaHboro coptry ®anrtasziga. HaliOuibiie maBiaeBoi KUCIOTH OyJIO Y JUCTI IIMHUHATY
ropoAaHsoro. Bmict i€l cnonyku y nucti konuBascs Big 0,77 go 0,93 % 3anexxHo BiA
copTy. Y KOpEHSIX MOCHIIKYBaHO! POCIMHHM IIIaBJ€Ba KUCJIOTA MICTUJIACA Yy CIIJOBIN
KUJIBKOCTI, Y HaciHHI ii BMICT He nepeBuiyBas 0,08 %.

KinpkicHUIl BMICT MpOTEIHY y CHpPOBUHI BU3Hadanu metojnoMm K’embnans 3a
3araJbHUM BMICTOM HITporeHy. HaiiBuiie HOro 3HadeHHS CIIOCTEPIrajioch y JIUCTI
mnuHaty ropoansoro coprtiB Kpacenn Ilomiccs ta ®dantazis — 29,82 Tta 33,10 %
BI/IMOBIAHO.

SkicHul cknaj Ta KUIBKICHHM BMICT Makpo- Ta MIKPOEJIEMEHTIB Y CHpPOBHHI
IIMUHATY TOPOJHBOTO BHBYAIM METOJOM aTOMHO-aOCOPOIINHOI CHEKTpOCcKomii. 3a
pe3yibTaTaMu aHaji3y B yCiX 3pa3kax CHUPOBHUHHM 17eHTU(]IKOBaHO 1o 19 MiHEepanibHUX
eneMeHTiB. MakcuMallbHMI CyMapHUN iX BMICT OyJO BiAMIYEHO y JIMCTI IUNHUHATY
ropoausoro copry ®anrtaziga (11675,72 mxr/100 r), MiHIManbHUI — y HACiHHI i€l
pociuau (2013,43 mxr/100 r). JloMiHylOUMMH MakKpOEJIE€MEHTaMu B YCIX 3pa3Kax
CUpPOBUHU OyJM Kalii, kanbliil Ta Hatpiid. Cepen MIKpOEIEeMEHTIB B yCiX 00’€KTax
MPEBANIIOBAIN ATIOMiHIN, (hepyM, IIMHK Ta MaHTaH. BMiCT BaXKKUX MeTalliB 3HaXOAUBCS B
Me3Kax TPaHUYHO JOMYCTUMOI HOPMHU JIJIs1 JTIKAPCHhKOT POCIMHHOT CAPOBUHU 32 BUMOTAMHU
JIOY.

3a pe3ynbraTamMu (HITOXIMIYHOTO BUBUEHHSI KOPEHIB, JIUCTS Ta HACIHHS IIMHUHATY
ropoaasoro copTiB Kpacens Ilomiccs ta @aHTazis, a TakoX 3aMOPOKEHOTO JIUCTS ITI€T
POCJIMIHU BCTAHOBJICHO, 110 OJIHAKOBI BUJIM CHUPOBHMHHM MAIOTh 1JEHTUYHUU XIMIYHUU
CKJIaJl. 3a KUIbKICHUM BMICTOM OCHOBHUX Tpyn BAP BoHM Bipi3HSINCH HE 3HAYHO. Y

JUCTI IIMUHATY TOPOJHBOrO 000X JOCHIIKYBaHUX COPTIB 3a()iKCOBAHO MOPIBHSIHO



BHUCOKHMI BMICT Mailke ycixX rpyn gociikyBaHux BAP. YV 3amopoxeHOMy JuCTI i€l
pociunu BMicT BAP 0yB a60 Ha TOMY X PiBHI, 110 i Y BUCYILIEHOMY JHCTI, a00 y 2-3 pa3u
HIDKYUM. TOMY SIK IEPCHIEKTUBHY CUPOBUHY JJIS MOJATBIINX JAOCIIKEHb, OB’ SI3aHUX 3
PO3pOOKOIO JIIKAPCHKUX 3ac001B, O0yJ0 00paHO BUCYIIEHE JUCTS IIMUHATY TOPOJIHBOTO
0e3 HaJaHHs nepeBaru Oyab-IKOMY 13 JOCIIA)KYBAaHUX COPTIB.

Metogom rpaBimMeTpii Ajisi 0OpaHOT CUPOBUHU BHU3HAYEHO MOKA3HUKH SIKOCTI 3a
BuMmoramu JI®VY: Brpaty B Maci npu BucyuyBaHHi (7,76 %), BMICT 3arajibHOI 30J1
(16,17 %) Ta 3011, HE PO3YMHHOI B XJIOpUCTOBOAHEBIH KHCOTI (1,45 %). BeranoBieHo,
[0 HaKpanuM €KCTPareHTOM, SIKUi BUJIy4aB MaKCUMaJlbHY KIJIbKICTh €KCTPAKTUBHHUX
peuoBuH (24,73 %), nmomidenomniB (10,68 %), rinpokcukopudHux Kuciot (2,77 %) Ta
¢dbnaBoHoiiB (4,20 %) 31 mmuHATY ropoiHbOro JucTsa 0yB 40 % eranon. Kpim Toro, Oymio
BU3HAYEHO TEXHOJIOT1YHI TapaMeTPpH MIITMHUHATY TOPOJHBOTO JIUCTSL.

HocnipxenHss Mop¢oJIoro-aHaTOMIYHOI OyJOBM IIIUHATY TOPOJHBOIO JIMCTS
JI03BOJIUJIO BCTAHOBUTH [IIATHOCTUYHI O3HAKU 1Ii€i CUpOBUHU. JlO OCHOBHHX
MaKpOCKOMIYHUX O3HAaK BIJIHECEHO OBaJIbHY (OpMY Ta THUN KWIKYBAHHS JMCTKOBOL
MJIACTUHKY, HASIBHICTh KPUJIATUX YEPEIIKIB 3 MIXBOMOAIOHUM PO3IIMPEHHSIM ITPU OCHOBI.
Jlo MIKpOCKOMIYHUX AIarHOCTUYHUX O3HAK BIJTHECEHO HASBHICTH KYJSACTUX MPOJUXIB
AHOMOIIUTHOIO THUIly, chepuyHy, HamiBchepruuHy abo TpUKYTHY (HOpMY IMOMNEPEUYHOTO
nepepizy 4epelika, a TaKoXK HasBHICTh y Me30(ii JMCTKa Ta yepenika i11001acTiB 3
KpUCTAJIaMU OKcalaTy KaJbI[it0 KyO1uyHO1 a0 Tabiutdactoi (opMu, sIKi 3pOCTaAOTHCA Y
YUCEJbHI JIPY3HU.

MetogoMm TpbOX(PaKTOPHOTO MaTeMaTUYHOTO IUIAHYBaHHS 31HCHEHO MmiaAdip
ONTUMAJBLHUX YMOB eKCTpakilii bAP 31 mmuHaTy ropoIHbOTO JUCTS JjIsl 3a0€3MeYeHHs
iX MaKCMMaJIbHOTO BHUXOAY. SIK mapaMeTpu ONTUMIi3allii BUKOPUCTOBYBAIM BUXIJ
noTi(eHONIB, TIIPOKCUKOPUYHHUX KHUCIOT Ta (JIaBOHOIAIB. TakuM YMHOM, IIMHUHATY
TOPOAHBOTO JIUCTSI EKCTPAKT TyCTUH OAEPKYBaJIM METOJAOM TPHUKPATHOI JIPOOHOI
Mariepaiii npu Ttemmepatypi ekcTtpakuii 60°C Ta CHiBBIAHOIIEHHI CHPOBUHHU IO
exkctpareHty 1 : 5. Buxig roroBoro npoaykTy cTaHOBUB He MeHIe 38 %.

Metongamu [1X ta TIIX B ogepkaHOMY €KCTPaKTi 11€HTU()IKOBAHO XJIOPOT€HOBY,

HEOXJIOPOT€HOBY, KO(QelHy s0ay4Hy, JUMOHHY, BHUHHY, IIABJIEBY, MAaJOHOBY Ta



aCKOpOIHOBY KHCIIOTH, PYTHH, JIFOTEOJIH, TIMEpPO3U]l, amireHiH, JICUIMH, acmapari,
METIOHIH, 130JI€HIIMH, apTiHIH, TIIIUH, (eHIIalaHiH, CEpUH, TPEOHIH Ta IIMCTEIH.

Metogom BEPX y mmuHaTi TOpPOAHBOTO JIMCTS E€KCTPAKTI T[yCTOMY
imeHTu(PikoBaHO JecATh (PEHONBHUX CIHONYK, 3arajbHUNA BMICT SKHUX CKJIaJaB
3778,89 wmr/kr. Bwmict ¢naBonoimiB (2362,91 Mr/Kr) y mocaiaKyBaHOMY OO’€KTI y
1,6 pazu mepeBuillyBaB BMICT TiipokcukopuuHux kuciaor (1415,98 mr/kr). Cepen
11eHTU(IKOBAaHUX CIOJYK JOMiHyBainu KodeiHa kuciora (883,04 wr/kr), pyTuH
(1046,43 mr/kr) Ta amnirexid (923,46 wmr/kr).

MetogoM 10HOOOMIHHOI PIAMHHO-KOJIOHKOBOI XpoMarorpadii y NIINUHATY
TOPOJIHBOIO JIUCTS €KCTPAKTI I'yCTOMY 1J€HTU(IKOBAaHO 18 aMiHOKHMCIOT, 3arajibHUN
BMICT sikux ctaHoBuB 308,15 mr/kr. Ha BMicT He3aminHUX aMiHOKUCTOT (135,00 mr/kr)
npunagano Omu3zbko 44 % Big CyMapHOTO BMICTY LHMX CHOJIYK Y €KCTPakTi.
[IpeBantorounMu HE3aMIHHUMH aMIHOKUCJIOTaMU OYJY JI13UH, BaJIiH Ta JEHIUH.

Bwmict MiHEpaJIbHUX €JIE€MEHTIB Y IIMUHATY TOPOJIHBOTO JIUCTSI EKCTPAKTI TYCTOMY
nocaipkyBaiu MerooM AAC. BMicT MiHepalbHUX €1EMEHTIB y IbOMY 00’ €KTI CKJIaJaB
14170,92 mkr/100 r. Cepen MakpoeneMEHTIB MepeBa)kaau Kallii, Kajblliii Ta HATPii,
cepel MIKpOEJIEeMEHTIB — pepyM Ta HUHK. BMICT BaXKHX METajiB 3HAXOJMBCS B MeXax
IPAHUYHO JOMYCTUMOI HOPMH JJII €KCTPAKTIB 3 JIKAPChKOI POCIMHHOI CUPOBUHH 32
BuMoramu J[OVY.

Metogom abcopOiiiiHoi criekTpooToMeTpii y IMIMHUHATY TOPOJHBOTO JIUCTS
€KCTPaKTI TyCTOMY BHU3HAYEHO KIJIbKICHUI BMICT CyMH BUIBHUX aMIHOKHUCIOT (6,96 %),
noTi(eHONbHUX CNONYK (26,52 %), rinpokcukopudHux kuciot (3,73 %), dbnaBoHOIIIB
(8,10 %) Ta crepoinnux cnonyk (1,63 %). Bmict momicaxapuais (1,35 %) BuzHauaiu
rpaBiMETpUYHUM, 1aByieBoi kuciotu (0,06 %) — nepmMaHraHaTOMETPUYHUM METOJIOM.

[IpoBeneHi AOCHIKEHHS] JO3BOJWIM BHU3HAUUTH TapaMeTpu CTaHAApTHU3aLlii
IITTMHATY TOPOJHBOIO JIUCTS Ta IIMHUHATY TOPOIHBOTO JUCTS €KCTPAKTY T'YyCTOTO. Y IHUX
00’€KTax IMPOIMOHYETHCS PErJIAMEHTYBAaTU SKICHUWA CKJad (PEHOJbHUX CIIONYK Ta
KUIbKICHUM BMICT TOMi()EHOMIB, TIAPOKCUKOPUYHUX KHUCIOT, (PIIABOHOIAIB 1 HIABIEBOL
KUCJIOTU. Pe3ynbTaTu (hapMakorHOCTUYHOT'O BUBYEHHS OyJIM BUKOPUCTaHI MpU po3poOiri

MKA «IlInuHaTy roOpoaHbOro JUCT», «IInuHATy TOPOAHBOTO JIUCTS EKCTPAKT T'yCTHI.



Metogom nudy3ii B arap BHUBYEHO AaHTHUMIKPOOHY AaKTUBHICTH IIMHUHATY
TOPOJIHBOIO JIUCTS €KCTPAKTY T'yCTOr0 y MOPIBHSAHHI 3 XjopoduiinTtoMm. BecrtanoBieHo,
mo Escherichia coli, Proteus vulgaris, Pseudomonas aeruginosa, Bacillus subtilis ta
Candida albicans Oynu wyTnuBuUMH, a Staphylococcus aureus — BACOKOUYTIUBUM 10 Ail
IIMUHATY TOPOAHBOTO JIUCTS EKCTPAaKTy TyCTOro. AHTHUpaJUKalbHy AaKTUBHICTb
OJIEp’KaHOTO EKCTPAKTY BU3HAYAJM N Vitro METOJI0M abCcopOIiiHOI cieKTpodoToMeTpii
y €KBIBAJICHTI XJIOPOT€HOBOI KUCIOTU. AHTUPAJANKAIbHA aKTUBHICTD JIS [IOTO 00’ €KTY
cranoBmiia 8,31 Mr/r.

VY nocnimax in vivo BCTaHOBJIEHO, IO IIMUHATY TOPOAHBOTO JUCTS EKCTPaKT
IYCTUH BIJHOCUTBCS 10 V KJlacy TOKCHYHOCTI (MMPAaKTHYHO HETOKCHYHI PEYOBMHH) 3a
kinacudikamiero K. K. Cunoposa. Y miniManbHiN edekTuBHIN 1031 150 MI/Kr mmuHaTy
TOPOAHBOTO JIUCTSA EKCTPAKT TYCTHM TMPOSBISIB BUPAXKEHY aHTUOKCUAAHTHY Ta
renaTonpoTeKTOPHY aKTUBHICTh Ha pIiBHI 3 mpenapaTtoMm mnopiBHsHHS Kapcun
(AT «Codapmay, bonrapis).

HaykoBa HOBM3HA MPOBEICHUX TOCTIHKEHD MIATBEPIKEHA TATEHTOM Y KpaiHU Ha
kopucHy Mojaenb Ne 136789 Bim 27.08.2019 p. «Jlikapchkuili pociauHHu 3acid 3
renaTonpPOTEKTOPHOIO aKTUBHICTIOY.

Kniouosi cnosa: mmmnuat toponniii, copt Kpacens Ilomiccs, copt dantasis,
KOpEHl, JIUCTsS, HaciHHS, (APMAKOTHOCTUYHE  BHUBYEHHS, MPOTUMIKPOOHA,

AHTHOKCHIAHTHA, I'CIIATOIIPOTCKTOPHA AKTHBHICTb.

Cnucox nyonixayiil 3006ysaua
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ANNOTATION

Petrovska U. V. Pharmacognostic study of Spinach (Spinacia oleracea L.). —
Qualification scientific work in manuscript status.

Thesis for a PhD degree in specialty 226 «Pharmacy» (22 — Health care). — National
University of Pharmacy, Ministry of Health of Ukraine, Kharkiv, 2020.

The thesis is devoted to a comprehensive pharmacognostic study of Spinacia
oleracea roots, leaves and seeds, Krasen Polissia and Fantazia cultivars, frozen leaves of
this domestic plant, obtaining and phytochemical study of a medicine on their basis,
development of herb standardization parameters and of a medicine on its basis.

With the help of chemical reactions, paper and thin-layer chromatography, in all
tested samples of Spinacia oleracea roots, leaves and seeds such substances were
discerned as polysaccharides, organic and hydroxycinnamic acids, amino acids,
flavonoids, chlorophylls, carotenoids, steroid compounds. Roots and seeds of this plant
also contain starch, leaves and seeds contain tocopherols.

In all tested types of herb malic, citric, chlorogenic and caffeic acids were identified
as well as the following amino acids: leucine, asparagine, methionine, isoleucine, arginine
and flavonoid luteolin. All samples of spinach leaves contained oxalic, malonic acids,
glycine, phenylalanine, serine, threonine, cysteine, rutin and apigenin.

The qualitative composition and quantitative content of phenolic compounds in
Spinacia oleracea herb were studied by high performance liquid chromatography.

Differences in qualitative composition and quantitative content of phenolic compounds



among similar types of herbs of tested cultivars were found to be insignificant. Roots of
tested Spinacia oleracea ch cultivars contained each 3 phenolic compounds, seeds
contained 5 phenolic compounds each and all samples of leaves contained 7 phenolic
compounds each. The highest accumulation of phenolic compounds took place in
Fantazia cultivar Spinacia oleracea leaves — 1650,03 mg/kg. Their content in seeds was
from 405,13 to 465,71 mg/kg. The content of phenolic compounds in roots of tested plants
never exceeded 317,32 mg/kg.

Experiment results showed the presence of chlorogenic and caffeic acids, luteolin
in all tested herb samples. Fresh and frozen leaves of this plant contained flavonoids rutin,
hyperoside, apigenin and kaempferol. Quantitative superiority in roots and seeds of both
cultivars, as well as in frozen leaves belonged to hydroxycinnamic acids. Flavonoids
prevailed in dried leaves of Krasen Polissia and Fantazia Spinacia oleracea. The highest
content of hydroxycinnamic acids (560,93 mg/kg) and flavonoids (1089,10 mg/kg) was
found in Fantazia Spinacia oleracea ach leaves. Among hydroxycinnamic acids in tested
Spinacia oleracea roots and leaves caffeic acid dominated, its content in leaves being
within the limits 340,85 — 351,50 mg/kg. In Krasen Polissia and Fantazia Spinacia
oleracea seeds chlorogenic acid prevailed (233,77 and 191,79 mg/kg respectively).

Most widespread among flavonoids in Spinacia oleracea roots of both cultivars
was luteolin — from 80,51 to 90,19 mg/kg. In all samples of Spinacia oleracea leaves and
seeds apigenin and rutin dominated. Their content was the highest in Fantazia Spinacia
oleracea leaves — 617,92 and 323,43 mg/kg respectively.

The content of tocopherols in all samples of Spinacia oleracea leaves and seeds was
determined by high performance liquid chromatography. a-, -, y- and d-tocopherols were
identified in all tested samples, their content being identical in seeds of Krasen Polissia
(72,60 mg/kg) and Fantazia (72,00 mg/kg) Spinacia oleracea. y-tocopherol dominated in
all samples of Spinacia oleracea leaves, whereas 6-tocopherol dominated in seeds.

Amino acid composition of Spinacia oleracea was studied by ion exchange liquid
column chromatography. In each of tested samples 18 amino acids were identified. The
highest total amount of amino acids accumulated in Krasen Polissia Spinacia oleracea

leaves — 155,09 mg/kg. Spinacia oleracea seeds contained from 86,13 to 116,07 mg/kg



amino acids, whereas roots contained only maximum 42,11 mg/kg. Indispensable amino
acids made 30 to 42 % of total content in Spinacia oleracea herb. The majority of
indispensable amino acids in Spinacia oleracea roots of both cultivars were threonine,
valine and leucine. In leaves and seeds of both cultivars of this plant lysine, leucine,
arginine and threonine prevailed.

Fatty acid composition of Krasen Polissia and Fantazia Spinacia oleracea roots,
leaves and seeds, as well as of frozen leaves of this plant, was studied by gas
chromatography. In Spinacia oleracea roots of both cultivars 12 fatty acids were
identified, in seeds: 11, in leaves: 13-14 (depending on cultivar). In all tested samples
unsaturated fatty acids dominated, taking from 81,46 % total fatty acids content in
Fantazia Spinacia oleracea roots and to 87,49 % in Krasen Polissia leaves. Among
unsaturated fatty acids oleic and linoleic acids dominated in roots and seeds of both
Spinacia oleracea cultivars, whereas linolenic acid prevailed in all samples of leaves. The
highest share of oleic acid was accumulated in Krasen Polissia Spinacia oleracea roots
(25,43 %), that of linolenic (45,45 %) and linoleic acid (60,68 %) was accumulated in
leaves and seeds of Fantazia spinach.

By absorption spectrophotometry we determined the quantitative content of
ascorbic acid, total free amino acids, polyphenolic and steroid compounds,
hydroxycinnamic acids, flavonoids, a and b chlorophylls, carotenoids in all samples of
Spinacia oleracea roots, leaves and seeds. The highest accumulation of ascorbic acid
(0,18 %), hydroxycinnamic acids (2,60 %) and flavonoids (4,02 %) took place in Krasen
Polissia Spinacia oleracea leaves. On the other side, the highest content of total free
amino acids (3,21 %), a chlorophyll (366,41 mg/100 g) and b chlorophyll
(670,89 mg/100 g), carotenoids (250,86 mg/100 g), total polyphenolics (11,30 %) and
total steroids (0,70 %) were found in Fantazia Spinacia oleracea leaves.

The quantitative content of polysaccharides and their fractional distribution were
determined by gravimetry. The highest content of total polysaccharides (28,58 %) and
cellulose (30,28 %) was found in Krasen Polissia Spinacia oleracea seeds, that of pectins
(6,62 %) and hemicellulose B (4,58 %) was found in leaves and roots of this plant respectively.

Hemicellulose A dominated (19,87 %) in Fantazia Spinacia oleracea leaves. Polarimetry



showed that most starch was contained in Fantazia Spinacia oleracea seeds — 28,41 %.

The contents of organic acids and oxalic acid in all tested objects were determined
by alcalimetry and permanganatometry. The largest content of organic acids (3,95 %) was
found in Fantazia Spinacia oleracea leaves. Oxalic acid was most accumulated in Spinacia
oleracea leaves — 0,77 to 0,93 % depending on cultivar. Only traces of oxalic acid were
found in roots of tested plant, whereas its content in seeds never exceeded 0,08 %.

The quantitative content of protein in the herb was determined by Kjeldahl method
on the basis of total nitrogen. Its highest content was observed in Krasen Polissia and
Fantazia Spinacia oleracea leaves — 29,82 and 33,10 % respectively.

The qualitative composition and quantitative content of macro- and microelements
in Spinacia oleracea herb was determined by atomic absorption spectroscopy. In all herb
samples 19 mineral elements were identified. Their highest total content was noticed in
Fantazia Spinacia oleracea leaves (11675,72 ng/100 g), lowest level was in the plant
seeds (2013,43 pg/100 g). Dominant macroelements in all herb samples were potassium,
calcium and sodium. Among microelements aluminum, iron, zinc and manganese
prevailed everywhere. The contents of heavy metals were within the acceptable limits for
medicinal herbs as per Ukrainian State Pharmacopeia.

The results of phytochemical study of Krasen Polissia and Fantazia Spinacia
oleracea roots, Leaves and seeds, as well as of frozen leaves of this plant, proved identical
chemical composition of identical types of herb. The contents of basic groups of bioactive
substances differed only slightly. Comparably high content of almost all groups of tested
bioactive substances took place in Spinacia oleracea leaves of both cultivars. Their
content in frozen leaves was either equal to that in dried leaves, or 2-3 times less.
Therefore, we selected Spinacia oleracea dried leaves as a prospective raw material for
further research and development of medicines, both cultivars being preferable for that.

The quality parameters for selected herb according to Ukrainian State Pharmacopeia
requirements were established by gravimetry as follows: mass drying loss 7,76 %, total ash
16,17 %, hydrochloric acid-insoluble ash 1,45 %. 40 % ethanol was determined as the best
extractant enabling to obtain maximum yield of extractive substances (24,73 %), polyphenols

(10,68 %), hydroxycinnamic acids (2,77 %) and flavonoids (4,20 %) from Spinacia oleracea
ydroxy:



leaves. Besides, process parameters for Spinacia oleracea leaves were established.

Morphological anatomic study of Spinacia oleracea leaves enabled the definition
of the herb diagnostic signs. The basic macroscopic signs are oval shape and lamina
venation type, winged petiole with a base vagina-shaped extension. Microscopic
diagnostic signs are anomocyte type globular stomata, spherical, hemispherical or
triangular petiole cross-section, as well as idioblasts present in leaf and petiole mesophile
with cubic or tablet-shaped calcium oxalates crystals which accrete into multiple druses.

The optimal terms for bioactive substances extraction from Spinacia oleracea
leaves were selected by three-factor design to ensure their maximum yield. Optimization
parameters were accepted as yield of polyphenols, hydroxycinnamic acids and
flavonoids. Thus, thick extract from Spinacia oleracea leaves were obtained by threefold
double maceration at extraction temperature 60°C and herb / extractant relation 1 : 5. The
yield of final product was minimum 38 %.

By paper and thin-layer chromatography we identified in obtained extract
chlorogenic, neochlorogenic, caffeic, malic, citric, tartaric, oxalic, malonic and ascorbic
acids, rutin, luteolin, hyperoside, apigenin, leucine, asparagine, methionine, isoleucine,
arginine, glycine, phenylalanine, serine, threonine and cysteine.

By high-performance liquid chromatography we identified in Spinacia oleracea
leaves thick extract ten phenolic compounds to total amount of 3778,89 mg/kg. The
contents of flavonoids (2362,91 mg/kg) in the extract was 1,6 times higher than that of
hydroxycinnamic acids (1415,98 mg/kg). Dominant among these compounds were
caffeic acid (883,04 mg/kg), rutin (1046,43 mg/kg) and apigenin (923,46 mg/kg).

By ion exchange liquid column chromatography we identified 18 amino acids in in
Spinacia oleracea leaves thick extract to total amount of 308,15 mg/kg. Indispensable
amino acids (135,00 mg/kg) took nearly 44% of total content of the compounds in the
extract. Among indispensable amino acids lysine, valine and leucine were prevalent.

By atomic absorption spectrometry we found mineral elements in Spinacia
oleracea leaves thick extract to total amount of 14170,92 pg/100 g. Dominant
macroelements were potassium, calcium and sodium, prevalent microelements were iron

and zinc. The contents of heavy metals were within the acceptable limits for medicinal



herb extracts as per Ukrainian State Pharmacopeia.

The quantitative contents of total free amino acids (6,96 %), polyphenolic
compounds (26,52 %), hydroxycinnamic acids (3,73 %), flavonoids (8,10 %) and steroid
compounds (1,63 %) were determined by absorption spectrophotometry. The contents of
polysaccharides (1,35 %) were determined by gravimetry, oxalic acid (0,06 %) by
permanganatometry.

Our research enabled to determine standardization parameters for Spinacia
oleracea leaves thick extract. There we propose to specify qualitative composition of
phenolic compounds and quantitative content of polyphenols, hydroxycinnamic acids,
flavonoids and oxalic acid. The results of pharmacognostic study were used in the
development of Quality Control Methodologies «Spinacia oleracea folia» and «Spinacia
oleracea foliorum extractum spissumy.

By agar diffusion we studied antimicrobial activity of Spinacia oleracea leaves
thick extract as compared with Chlorophyllipt. It was established that Escherichia coli,
Proteus vulgaris, Pseudomonas aeruginosa, Bacillus subtilis and Candida albicans were
sensitive and Staphylococcus aureus highly sensitive to effect of Spinacia oleracea leaves
thick extract. The antiradical activity of the extract was studied in vitro by absorption
spectrophotometry in chlorogenic acid equivalent and was found to be 8,31 mg/g.

By in vivo studies we established that Spinacia oleracea leaves thick extract refers
to V class of toxicity (actually non-toxic substances) under classification by K.K.Sidorov.
At minimum effective dosage of 150 mg/kg Spinacia oleracea leaves thick extract
showed distinctive anti-oxidant and hepatoprotective activity compared with Carsil drug
(Sofarma, Bulgaria).

The novelty of the research was confirmed by Ukrainian utility patent Ne 136789
0f 27.08.2019 «Herbal Medicine with Hepatoprotective Activity».

Key words: Spinacia oleracea, Krasen Polissia cultivar, Fantazia cultivar, roots,
leaves, seeds, pharmacognostic study, antimicrobial activity, antioxidant activity,

hepatoprotective activity.



