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Cmambs nocssujena paspabomre mexHono2uu Yismpazeyko8020 IKCMpPasuposansi pOMAuKU anmeyHol yeem-
kog. Ienvio padomel snsnacy paspabomra u ONMUMUZAYUSL MEXHOLO2UU YIbMPA3EYKOB020 IKCTNPASUPOBAHUSL CYM-
Mbl (PaBOHOUO08 U3 YEEMKOE POMAUWIKYU ANMEUHOU C ONpedeleHuem Co0epICAnus IPUPHO20 MACIA 8 NONYUEHHbIX
uszenevenusix. Mamepuanvl u memoowt. [Ipedmemom uccied08anus AGINOCh 1eKAPCMBEEHHOE PACMUMENILHOE CbIPbE
(JIPC), npuobpemennoe uepe3 anmeunyio cemov — pomauiku anmeunou ysemxu. Cnocob sxcmpazupoeanus — 08yxcmy-
neHuamas mayepayus ¢ yibmpazeykosou oopabomrou JIPC. Dxkcmpazuposarue npogoounu 6 yibmpaszeykoeoll 6aHHe
«Candpupy TTL] (PM]]) 9,5 . [{ns onpedenenus onmumaibHblx NAPAMEMpPO8 MeXHOI02ULeCKO20 NPoyecca IKCmpau-
POBAHUSL CYMMbL (PIABOHOUOOE CIPOULU OPMO2OHANLHBLI (hpakmopHbill naan muna 3°. Pesynomamoul u o6cycoenue.
H3zyueno enusnue cnedyroumux ¢axmopos Ha npoyecc 3KCmpasuposanusi Cymmbl (ragoHOUO08 U3 poMAWKYU anmey-
HoUl yeemxos: pasmep wacmuy JIPC, konuuecmeo cmyneneti SKCmpaKkyuu, COOepHCAHue Cnupma Smuio6020 8 CRUp-
mo-800HOU cmecu, coomuowenue JIPC — sxcmpazenm, gpemsi IKCMpAUposanusi, memnepamypa cpeovl. Tlonyuenvl
VpaeHeHus: pespeccuil, ONUCHIBAIOWUe NPOYECc VIbMPA38yYKOB020 IKCMPALUPOBAHUSL (PIABOHOUOO8 U3 POMAUWKY AN~
MEYHOU YEEMKO8 HA NEPEOLL U 6MOopoti cnmynensix mayepayuu. Onpedenenvl napamempbl MEXHOI02UECKO20 Npoyecca
VILMPA3BYKOBO20 IKCMPASUPOBAHUSL CYMMbL (QLABOHOUAO8 U3 POMAWKU ANMEYHOU YBEMKOE OJisk NEPEOU CIYNEHU:
8peMsL IKCMPA2UpoB8aHus — 22 MuH, COOePICAHUe CRUPMA SMUT08020 8 CRUPMO-B00HOU cmecu — 52% npu coomHowe-
nuu JIPC — axcmpazenm 1:7 u komuamuoi memnepamype, 0Jis1 6MOPOU. 8peMst IKCMpasuposanus — 27 MuH, memne-
pamypa cpeovt — 61°C npu coomuowenuu JIPC — skcmpazenm — 1:5 (3xcmpazenm — cnupm smunosuiii 52%). Obwuti
8b1X00 cymmbl Pragoroudos cocmasun 97%, sgpuprozo macia — 81%. 3axnrouenue. Taxum obpasom, paspabomana
U ONMUMUSUPOBAHA MEXHONIO2USL YIIbMPA3BYKOBO20 IKCMPALUPOBAHUSL CYMMbL (YIABOHOUAO8 U3 POMAUIKY ANMEYHOU
YBEMKO8, NO3GONAIOULAS. NOLYHUUNTL U3GLEUEHUS] C BbLCOKUM BbIX0O00OM IPUpHO20 Maca.

Knioueswie cnosa: pomawixa anmeunas, yeemxu, (hragoHoudwvl, dQupHoe Macio, IKCMpasuposanue, YibmpaszeyK
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The article deals with the development of ultrasound extraction technology of chamomile flowers. The aim of this
work is working out and optimization of ultrasound extraction technology of the sum of flavonoids from chamomile
Sflowers with further determination of the essential oil content in the extraction obtained. Materials and methods. The
object of the research is the medicinal plant raw material (MRPM) of chamomile flowers (Chamomillae recutita flores)
bought in a pharmacy. The extraction method is a two-level maceration with ultrasound procession of (MRPM). The
extraction was performed in the ultrasound bath “Sapphire” of Technical and Commercial Center (TCC) (RMD) of 9.5
1. For the technological process optimal parameters determination of the sum of flavonoid extraction, the orthogonal
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factorial plan of Type 3° was built. Results and discussion. The following factors influence on the extraction process of
the sum of chamomile flowers flavonoids have been studied.: the size of particles of (MRPM), the quantity of extraction
steps, ethanol content in alcohol-water mixture, ratio (MRPM) /extragent, extraction time, media temperature. The
regression equations describing the process of ultrasound extraction of chamomile flowers flavonoids at the first and
second steps of maceration have been obtained. The following parameters of the technological process of chamomile
flowers sum of flavonoids ultrasound extraction have been worked out: for the first step the extraction time was
22 min., the content of ethanol in alcoholwater mixture was 52% at the ratio MRPM/extragent 1:7 and the room
temperature, for the second step. the extraction time was 27 min., the media temperature was 61°C at the ratio
MRPM/extragent 1:5 (52% ethanol was used as an extragent). The general yield of the flavonoids sum was 97%
and that of the essential oil was 81%. Thus, the ultrasound extraction technology of the sum of chamomile flowers

Sflavonoids has been developed and optimized, allowing to obtain extracts with a high yield of the essential oil.
Keywords: chamomile flowers, flavonoids, essential oil, extraction, ultrasound

BBEJEHME. Pomamku anteunoit userku (Matri-
caria recutita L., Chamomilla recutita (L.) Rauschert,
Matricaria chamomilla L.) — obuIMHANBHEIA BH] Jie-
KapCTBEHHOTo pacrturensHoro ceipbst (JIPC), mmpoxo
UCIIOJIb3yEeMBIi B MEIUIIUHE Pa3HBIX CTpaH. s Hero us-
BECTHBI CIIEAYIOIINE BUABI OMOIOTHYECKONH aKTHBHOCTH:
MIPOTHBOBOCIHAINUTENHFHOE, CIIAa3MOIUTHIECKOE, CeAaTHB-
HOE, aHTUMHUKpOOHOE NieiicTBre U ap. [1-4].

OCHOBHBIMH TPyHIIaMH OWOJIOTHYECKH aKTHBHBIX
BemiecTB (BAB) pomamku anTeqyHOW IBETKOB SIBIISIOT-
cs1 a¢upHBIe Macia u ¢uaBoHouas! [2, 4]. B EBpormeii-
ckoii, bpurancko#t papmakomnesx, @apmakomnee CIIA u
TocynapctBennoit papmaronee XIII nzganus (I'® XIII)
naaHoe JIPC cTaHmapTH3yIOT IO COMEPIKAHUIO ITHUX
nByx rpynn BAB. CormacHo yka3zaHHBIM (apMaKoIiesm,
POMAIIIKK anTeYHON IBETKU cojepxar He meHee 0,4%
(0,3% mo I'® XIII) >¢upHOrO Macia, OKpameHHOTO B
CHHHMH 1BeT Onaromaps Hamumuuio xamasyiena (1-15%)
[5-9]. CormacHO maHHBIM HAay9HOH JHTEPATyphI, COIEP-
*kaHue 3¢pupHOTO Macia Moxket gocturats 1,5% [2]. Oc-
HOBHBIMH €r0 KOMIIOHEHTaMH SIBIISIOTCS 0-0Mcaboion
1 POICTBEHHBIC CECKBUTEPIIEHBI (OKCHIBI OHcabolona,
B-mpanc-dapuesen u ap.) [1, 2, 10].

OmHUMH W3 OCHOBHBIX (PIABOHOWIOB POMAIIKU
aNTeYHOW IIBETKOB SIBIISIOTCS AIIMTCHWH W €r0 MPOM3-
BoziHbIe [2]. Takxke B chlpbe OOHAPY>KEHBI JIIOTEONIHH,
KBEPIICTUH, W30PAMHETHH, XPHU303PHOJ, XPH30CIUICHE-
THH ¥ UX DIUKO3ubl [1, 2]. Pomaniky anteyHo# 1BETKH
CTaHJIAPTU3YIOT MO COJICPKAHHUIO CyMMBI (hIABOHOHIOB
B IepecueTe Ha pyTuH (He MeHee 1,2%) wmu mo couep-
JKaHUIO anmureHuH-7-mrko3uaa (ue menee 0,25%) [5-7].
ConepxaHne cyMMbI (DIaBOHOUIOB B YKa3aHHOM PacTH-
TEJIBHOM CBIphE MOXKET Jocturarb 3% [2].

Takke pacTeHHE COACPKUT THIPOKCHKYMApUHBI
(ymbemumdepoH, repHuaput), (eHOIKapOOHOBBIE KHC-
JIOTHI, TOJIUCaxapuabl [2].

C HammuueM (IaBOHOMIOB W 3(QUPHBIX Macel
CBsI3aHBI MPOTHUBOBOCIAUTEIbHAS aKTHBHOCTh M CIa3-
MOJIITUYECKOC JICHCTBHE POMAIIKU aNTCYHOH IIBETKOB
[2—4, 11-13]. CortacHO TaHHBIM JUTEPATYPHI, (DITABOHO-
Wbl pa3HBIX KJIACCOB CIIOCOOHBI MHTHOWPOBATh MHIYK-
ITUIO OT/IENBHBIX TPYIIIT TKAaHEBBIX MEIHATOPOB BOCHAJIe-
Hus. Tak, HanpuMep, TpU-, TETPa- U MEHTa3aMEICHHBIC
(maBoHbI (KeMTI(heposT, KBEPIETHH) SBISIIOTCS MHTHOM-
TOpaMy JIHITOOKCcHTeHa3wl [14]. OauH U3 KOMITOHEHTOB
3(HUPHOTO Maclia POMAIIK{ alTEYHOH ITBETKOB — Xama-
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3YJICH MPOSBISIET MTPOTHBOBOCIIATUTEIBHBIA dPPEKT my-
TEeM MHTUOMpoBaHUs oOpa3oBaHUs JeWkoTpueHa B4 [2,
4, 11-13]. CornlacHO JaHHBIM JINTEPATYPBI, HAMOOJIBIIUH
BKJIAJl B PCAM3ALUI0 MUOTPOITHOTO CIIa3MOJIUTHYCCKO-
ro JIEHCTBUS POMAILKHU alTEYHON LIBETKOB BHOCST alu-
TeHUH, o-0ucabdonon u yuc-crimpoddupsr [4, 11]. Takum
o0pa3om, nBe ykazaHHbIe rpynibl BAB B Ooibmieit mepe
00eCTeYnBatOT MPOTHBOBOCIIATUTEIFHOE U CLIA3MOIHUTH-
yeckoe aericrtsue manuoro JIPC.

N3yuenue skcrparupoBanusi BAB pomamiku anrey-
HOW I[BETKOB SIBIISCTCS MPEIMETOM MHOTHX HCCIIEHO-
BaHui. OmnmcaHo dKCTpardpoBaHue 3(QHUpPHOTO Macia,
(h1aBOHOMIOB, KyMapWHOB, CYMMBI 3KCTPAaKTUBHBIX Be-
MIECTB, TUMOGUILHOW (QpaKIK U Jp. ¢ TPUMEHEHHUEM
Pa3NIUYHBIX HKCTPAreHTOB, B TOM YHCII€ HEBOAHBIX (TIPO-
MIJICHTIIMKOIb, PaliCOBOE MACIIO, IMXTOBOE MACIO0, CKH-
JKEHHBIE Tasbl), U pa3sHeIMU criocobamu [15-19]. Tlpu
3TOM COBMECTHOE€ JIKCTparupoBaHue IByX rpymm BAB:
(bmaBoHOMIOB M A(UPHOTO Macjia C HCIIOJBE30BaHUEM
COBPEMEHHBIX CIIOCOO00B WHTCHCH(DHKAIMK TpoIrecca
SKCTPAarupoBaHUs MO-TPEKHEMY IPEACTaBISICT Hayd-
HO-TIPAaKTUYECKHI UHTEpEC.

OmHUM W3 TEPCICKTUBHBIX METOIOB 3KCTParupo-
BaHust bAB sBnsiercst ynmbrpasBykoBas oopabotka JIPC.
Yrerpa3BykoBasi 00paboTKa Cpeibl COMPOBOKIACTCS (-
(hexramu e€ mepeMeIMBaHus, HATPEBa 1 KaBUTAIMK — 00-
pa30BaHMs, MyJIBCAIIMU U CXJIONBIBAHHS aHCAMOJIs KaBH-
TAI[MOHHBIX ITy3BIPEKOB. YJIBTPa3BYK YCKOPSIET MPOLIECCHI
pacTBOpEeHUs TBEPBIX YACTHUII, HHTCHCU(HUIPYET Macco-
MEPEHOC B 00BEME KUIIKOCTH, OKA3bIBACT HE3HAYHTEIIh-
HOE BIIMSTHHE HA TOJIIMHY IMOTPAHUYHOTO CJIOS, YCKOPSIET
MAacCOIEPEHOC B MOPUCTHIX TeNax ¢ OONBITUMHU pa3Mepa-
MU TOp U YBEIUYUBACT MPOHHUIIAEMOCTh PACTUTEIBHBIX
MemOpan [20]. Ha ceromusimiHuii JeHb UMEIOTCS JIOCTa-
TOYHBIC CBEICHHS O BBIICICHUM C TIOMOINBIO YIBTPa3By-
KOBOTO SKCTPAarMPOBAHUS COCAMHCHUI Pa3HBIX KIACCOB,
OpU KOTOPOM HE TPOUCXOTUT H3MEHCHHS CTPYKTYPHI
JTAHHBIX BEIICCTB — ()JIABOHOMIOB, TCPIICHOBBIX COCIUHE-
HUIA, )KUPHOTO Macia, HeHONBHBIX COSAUHCHUI U Jip. [21].
M3BecTHO MCCenoBaHNE MO U3YYCHUIO YIABTPa3BYKOBOTO
SKCTParupoBaHKs SPHPHOTO MACIIa [[BETKOB POMAIIKH arl-
TEYHOH C LEeNBI0 Pa3pabOTKH METOAUKH €TO KOIMNIECTBEH-
HOTO OIIpEAEICHNs, B KOTOPOM B KadecTBE SKCTpareHTa
WCTIONB30BAJIM TIMXTOBOE MacJo [16].

B cBs3u ¢ 3TUM mpencTaBiseT HHTEpeC pa3padboTka
TEXHOJIOTHH YIIBTPa3BYKOBOTO IKCTParupoBaHus (IIaBo-
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HOWZOB ¥ 3()UPHBIX Maces U3 IBETKOB POMAIIKH alTed-
HOM.

CrnenyeT OTMETHUTH, YTO ()IIABOHOMIBI TIO CpaBHE-
HUIO C BEHIECTBAMH TEPICHOBOWH MPUPONBI SIBISIOTCS
Ooree yCTOWMYMBBIMH COCNMHEHUSMH, IOITOMY Ooiee
MPEATIOYTHTENBHEI B KaUeCTBE MAaPKEPHBIX COCIMHEHHH
TIpH pa3paboTKe U ONTUMH3AIINH IIPOIIEcca YIABTPa3ByKoO-
BOTO AKCTPAruPOBAHHS.

HEJb NCCIEJdOBAHMUS — pazpaboTka U ONTH-
MH3AIHSI TEXHOJOTHH YIBTPa3ByKOBOTO SKCTParupoBa-
HUSL CyMMBI ()JIABOHOHJIOB M3 I[BETKOB POMAIIKH alTed-
HOW C ONpeAeTICHHEM ConepKaHHs (PHPHOTO Macia B
TIOJTY9YECHHBIX M3BIICUCHIIX.

MATEPUAJIBI U METO/bI. B wuccrenoBannu
WCTIOJIB30BAHBI POMAIIKK aNTEYHOM I[BETKH, IPHOOpe-
TEeHHBIE Yepe3 anTeuHyro ceTh (AO «KpacHoropckiek-
cpencTray, HoMep cepuu 130616).

OKCTparmpoBaHUE MPOBOAMIN B YIBTPa3ByKOBOH
BanHe «Candup» TTL[ (PMI) 9,5 i, pabodas gactora

Y=B,+BX,+B,X,+B,X,X,+B, X +B,X;

KonnuectBeHHOE ompeseneHne CyMMBI (h1aBOHOU-
J0B B JIPC 1 momy4eHHBIX U3BIEYEHUSAX MPOBOAUIH B
COOTBETCTBHHU C TPEOOBaHUSIMHU (hapMaKoOIICHHOW CTaThH
®C.2.5.0037.15 «Pomamku anreunoi nsetku» I'd XIII:
B TIepecueTe Ha PyTHUH C HCHosIb30BaHHeM Juddepen-
UAIBHON CIIEKTPO(OTOMEPHH 110 PEAKLUH KOMILIEKCO-
00pa3oBaHMsI C ATIOMUHUS XJIOpUIOM [5].

Coneprkanne 3(pUPHOTO Macia B IBETKax pOMalll-
KU alTeuyHOU ONpeAessId METOAOM JUCTUWIISLHUU B CO-
orBercTBuu ¢ TpeboBanusmu ['® XIII (meron 2, [24]).
KonnuectBeHHOe onpeneneHne 3(UPHOTO Macia B U3-
BJIEYEHUSAX MPOBOAMIM METOAOM JUCTUIISALMU MO Me-
ToAMKE, peKkoMeHA0BaHHOI EBponelickoli dapmakomneeit
JUTSL )KUKOTO DKCTpAKTa pOMaIlKH [6].

Craructiueckyto o0paboTKy pe3ylIbTaToB dKCIEPH-
MEHTOB npoBojamiu B coorsercTBun ¢ OPC 1.1.0013.15
«Crarucruyeckas 00padOTKa pPe3ysbTaToB XUMUYECKOTO
sKkcriepuMenTa» [ocynapcrBennoit papmakonen XIII us-
JIaHUS C UCTIOJIBb30BaHUEM ITPOTPaMMHOTO 00€CHeYEeHUs
Microsoft Office Excel [25].

PE3VJIBTATBI U OBCYXXJAEHHME. Ilpu ompe-
JeneHuu coaepxanus bBAB ycTaHOBIEHO, UTO pOMaIIKU
anTe4YHOM LBETKH UCCIEAYEMOH Cepuu COmepiKaT CyM-
MBI (1aBOHOWIOB B repecuére Ha pyTuH 1,74+0,06% u
a¢upuoro macna 0,62+0,05%.

Ha ocHoBaHMu aHanu3a pe3ynbTaTOB paHee MpoBe-

— 35 k[', mpu MONIHOCTH YIBTPa3ByKOBOTO TeHepaTopa
180 Bt. Cioco6 3KCcTparupoBaHus — Mareparus ¢ yiabT-
pa3BykoBoif obpadotkoii JIPC.

PesynsraTroM mcciaeOBaHUS YIBTPa3ByKOBOTO JKC-
TParupOBAaHUS POMAIIKH ANTEYHOH ITBETKOB SBIISIOTCS
mapaMeTpsl TEXHOJIOTHYECKOTO Iporecca, obecredu-
BalOlMe MaKCUMAaJBbHBINH BBIXO (raBoHOWIOB. Jlist
oTIpeqiesieHNs] YKa3aHHBIX IapamMeTpoB MPOBOIWIH Ce-
PHH DKCIIEPIMEHTOB C BAPHHPOBAHUEM OIPEIEICHHBIX
(aktopoB. CTpOMIIN OPTOTOHAILHBIN (HaKTOPHBIA TUIAH
BTOPOTO TIOPSAKA, SBJISIOIINICS YaCTHBIM CIIy9aeM KOM-
MO3UIHOHHOTO TTaHa BTOPOTO TOPsiAKa TUMa 3% co 3Ha-
YeHHEM «3Be3THOro» Iureda o=1. [Iman BKitrogan B ceOs
BapbHpOBaHME IBYX (P)aKTOPOB Ha TPEX YPOBHSAX [22, 23].

B kaxa0M IyHKTE IUIaHa CTaBMJIM 110 JBa onbITa. B
KadecTBe (YHKIMHM OTKIJIMKA Ipolecca BBEIOPaH BBIXOX
(hmraBoHOMIOB B TIpOIIeHTax OT coneprkanus B JIPC.

OYHKIMIO OTKJIMKA, XapaKTePH3YIONIYIO0 IPOIEecC
JKCTparupoOBaHUs, OMUCHIBAIN ypaBHeHHeM Bua (1) [22]:

(M

JNEHHBIX MCCIIEIOBAaHHUH B Ka4eCTBE CII0C00a SKCTPAarupo-
BaHMS POMAIIIKH aTEYHON [IBETKOB BBIOpaHa Maleparust
C yabTpa3BykoBoii 0opabotkoii JIPC [26].

B mpenBapuTenbHBIX MCCIENOBAaHUSX OLEHHUBAIH
BIMSIHME cieayrommx (akTopos: pasmep vactuy JIPC,
KOJIMYECTBO CTYNEHEH 3KCTparupoBaHUsl, COOTHOILEHHE
JIPC — sKcTpareHt, coiepxaHHe CIUpTa ITUIOBOTO B
CIHUPTO-BOJHONU CMECH, BpeMsl SKCTParupoBaHUs, TEM-
nepaTypa cpeibl. B monyueHHBIX U3BIEUEHUSAX ONpeje-
JSUTH COAEpKaHUE CyMMBI ()IaBOHOMJIOB B IE€pecyeTe Ha
PYTHH W PacCCUHUTBIBAIM BBIXO/ (D1aBOHOUIOB B IPOLEH-
Tax ot cogepxkanus B JIPC. Mcnonp3oBanu ciaexyromue
napaMeTpbl TEXHOJIOTUYECKOTO MpOoLEecca: IKCTPareHT
— cnupT ATWIOBBIH 45% (31ech M anee COOTHOIICHUE
CIIMPTa B CIIUPTO-BOJHBIX CMECSAX YKa3aHO B 0OBEMHBIX
npoueHTax), cootnomenue JIPC-akcrparent — 1:10 [2—
4], Bpems yabTpa3ByKoBOM 00paboTku — 15 MuH (oxHO-
KpaTHasi Malepamys) pu KOMHaTHO# Temneparype [16,
21, 27]. YkazaHHBIE YCIOBUS NPEIBAPUTEIIBHBIX HCCIIE-
JIOBaHUI cOrnacyroTcs ¢ TPaJULMOHHO NMPUMEHSAEMBIMU
B (hapmanny ¥ MeqUIMHE U TAaHHBIMH HAy4YHOW JIMTEpa-
TYPBHL.

Ha mepBoM sTame uccienoBalu BIMSHUE pa3Mepa
yactun JIPC Ha BbIXon ()IaBOHOWIOB TPH YIBTPa3BY-
KOBOM 3KCTPAarMpoBaHUU. Pe3ynbrarsl npencTaBiIeHH! B
tabmuue 1.

Tabnuya 1 — Bvixoo ¢prasonoudoe 6 3agucumocmu om @Qpakyuu pomMawiKu anmeyHoll 4y6emrKos

ITokazarens

Pasmep wactuu JIPC, mm

1,0-2,0

0,5-1,0 0,25-0,5 menee 0,25

Beixox diaBonouioB, % 46,35+0,85

29,31+0,62

25,90+0,74 26,73+0,87

YcTaHOBIEHO, YTO HAMOONBIIHMKA BBHIXOX (HITaBOHO-
UI0B HAONIONMANCs TpH Hcmoib3oBaHuu (pakiuu JIPC
¢ pasmepom yactull ceipbsi 1,0-2,0 mm (Ttabn. 1), uro
MOXHO OOBSICHUTh HCOITHOPOIHOCTBHIO COCTaBa Pa3HBIX
dpaxnuii JIPC. ®pakuus ¢ pazmepom gactuil 1,0-2,0 mm

TpecTaBisia co00 cMech YacTel IBEToJIoXkKa, TpyOda-
TBIX U BOPOHKOBU/HBIX I[BETKOB KOP3MHKH, B TO BPEMs
Kak B Oonee MeNKUX Qpakiuusix npeodiagany TpyodaTeie
nBetku. Cieayer oTMETHUTh, YTO (DPakLUUH C OONBIIUM
pa3MepoM YacTHI] CBHIPBS ColeprKaT Ooliee KPyIHBIE da-
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CTH KOP3UHKH, YTO 3aTPyAHSET MOTyYeHHUE OTHOPOIHOTO
obpa3ra.

Jlst BBIOOpa KONMHMYECTBA CTYIEHEH JKCTparupoBa-
HUS OLIEHMBAIN BBIXO (DIIABOHOMIOB NPHU MPOBEIECHUH
OJTHO-, IBYX- M TPEXKPATHON MallepaIliuyl ¢ yIsTPa3ByKoO-
BOI 00pabOTKO#. YCTaHOBIIEHO, UTO B PA3IMIHBIX YCIIO-
BUSIX HA TPEThEH CTYNEHHW Mamepannuu BBIXOH (h1aBOHO-
UA0B cocTaBisul oT 4 1o 13%, mosToMy e€ mpoBeneHue
MOXXHO CYHUTATh HelenecooOpa3HbIM. [TockombKy mpu
OJHOKPATHON Manepannuy He JOCTHTaIOCh ITOJNHOTO H3-
BJICUCHUS CyMMBI (pJTABOHOUIOB [26], IJIs1 9KCTparupona-
HUSI POMAIIIKH allTeYHOH I[BETKOB BBIOpaHa JBYXCTYIICH-
garasi Malrepars ¢ yasTpa3ByKoBoi o0paborkoit JIPC.

Panee ObuTO M3y4eHO BIMSHHE HArPEBaHHSA HA BEI-
X0 ()TaBOHOWIIOB TIPH YIBTPa3BYKOBOH 00paboTke Ha
JIBYX CTYNCHSIX Malepaliy. YCTaHOBJIECHO, YTO MPH IO-
BBIIIICHUN TEMIIEPATyPHI Ipolecca COAep:KaHNue CyMMBI
(h1aBOHOMIOB B U3BJIICUCHUSAX yBeIHMUnBaeTcs [28].

TTockonbKy OTHOM M3 TEXHOJIOTHYECKUX 337434 JAHHO-
TO WCCIEIOBAHUS OBUTIO OHOBPEMEHHOE M3BJICUCHHE KaK
(raBOHOMIOB, TaK W 3()UPHOTO Macia, YIBTPa3ByKOBOE
SKCTPAarMpOBaHKWE POMAIIKH aNTEYHON ITBETKOB IIPOBO-
i 6e3 TonoHuTeNbHOTO HarpeBanus [27]. [Ipu sTom
OTIPEACIIIA TEMIepaTypy Cpeabl: YCTaHOBJIECHO, YTO B
3aBUCHMOCTH OT e€¢ 00b&Ma B BEIOPAaHHBIX YCIIOBHAX 3HA-
YeHHsI TeMIIepaTypbl HaXOAWINCh B tuanasone 20-25°C.

HccnenoBanu BiusHUE (PAKTOpa «COOTHOIIICHHUE
JIPC — sKcTpareHT» Ha MPOLECC YIBTPa3BYKOBOIO 3KC-
TparupoBaHus (DIaBOHOUIOB B HWHTEpBasie oT 1:4 1o
1:30. YcraHoBneHO, 4TO BBIXOA (pJIaBOHOMOB IOBBIIIA-
eTcsl C yBEJIMYEHUEM 3TOTO COOTHOIICHHS.

IIpu 3TOM BBHIOOP 3HAYEHUI NAHHOTO IMOKA3aTeNs
OrpaHuveH TpeOOBAaHUSIMU K KOHEYHOMY OOBEMY MOIY-
YaeMOTo M3BJICYCHUS, KOTOPOE IpeJHa3HaYeHO IS BBe-
JICHUS B JICKAPCTBECHHBIC (DOPMBI U HE IOJDKHO OBITH pa3-
0aBiIeHHBIM. B cBsI31 € 9THM L1es1ecO00pa3HBIM SBISETCS
BbIOOp HauMeHbIero cootHomeHus JIPC — skcTpareHt.

YCTaHOBIEHO, YTO TPH CHIDKCHUM COOTHOIICHUS

JIPC — skctpareHT, HaumHast co 3HadeHus 1:6 Ha I cTyme-
HU YIBTPa3BYKOBOM Marepanny U 1:4 Ha I1-i, Berxon doia-
BOHOWIOB CHIKaercs. [lo3ToMy Il yibTpa3BYKOBOTO
SKCTPAarMpOBaHMS POMAIIKH alTEYHOH I[BETKOB BHIOPAHBI
cienytoniue cootHomrenus: JIPC — skcrparent: 1:7 —Ha |
crynenn 1 1:5 — Ha II-i. Camkenne Beixona bAB, mo-u-
JIFIMOMY, CBSI3aHO C HEOOXOAMMOCTBIO HAJTMYHS TOCTaTO4-
HOTO COJIepKaHusI CBOOOTHOM ®uIKol (as3el B cpene s
3¢ PEKTUBHOTO BO3ACHCTBUS yIbTpa3Byka. JJaHHbIi (akT
MOATBEPXKIaeTCsA U TeM, 4To ucciemxyemoe JIPC obmana-
€T HU3KUM 3HaueHHeM HachImHOH rurotHocTH (0,11+0,03
r/cM®) ¥ JIOCTaToYyHO BBICOKHUM KOA(P(PHIMEHTOM IOIIO-
menus (ot 2,0 1o 3,4 B CIUPTO-BOMHBIX CMECSX).

IIpn w3ydeHMn BIHSHUS Ha BBIXOX (HIIaBOHOWIOB
BPEMEHH YIBTPa3BYKOBOH 00paboTku (5-60 MuH) s
MIEPBO CTYTIEHU OBUIO OMPEAEIICHO, UTO C €T0 yBeJHye-
HHUEM B HHTEPBAJIE OT 5 10 25 MUH BBIXOJl YBEITUINBACTCS
¢ 8-12% mo 35-45%. JlanpHeiiiee yBeTMueHNE BpeMe-
HU 00paboTKH HE NMPHBOIWIO K 3HAYUTEIEHOMY YBEIH-
YEHUIO BHIX0/1a (ITaBOHOUIOB. B CBsI3U ¢ 3TUM TSI T1enei
ONITUMH3AINY BEIOPaH MHTEPBAI BPEMEHHU YIBTPa3ByKO-
BO# 00paboTKH OT 5 10 25 MHH.

[Ipn u3ydeHnH BIUSHUS COACp)KaHUS CIIUPTa STH-
JIOBOTO B CIMPTO-BOJHONW CMECH YCTAHOBJICHO, YTO BBI-
X0 (IaBOHOUIOB HAMOOJIEe BHIPAKEHO HU3MEHSETCS B
unrepsane oT 20 1o 80%. Ilpu ucnonb3oBaHNM COHPTa
3THIIOBOTO BhINIEe 80% YCTAaHOBIECHO, YTO BBIXOA (PIIaBO-
HOMZIOB cocTaBisu MeHee 20%. B Toxxe BpeMs Mconb30-
BaHWE CIHPTa THIOBOTO 00Jee HU3KUX KOHIICHTPAIIHIA
(amxe 20%) HelenecooOpa3HO ¢ TOUKU 3PCHHS COCTaBa
u3BiexkaeMslx rpynn BAB.

Takum obOpasom, it | cTymeHu yapTpa3ByKOBOTO
IKCTParupOBaHUsI BHIOPAHEI CICAYIOIIUE YCIOBUS: Bpe-
M$L DKCTParupoBaHusl — OT 5 10 25 MHUHYT, COlep:KaHue
CIHMpTa 3TUJIOBOIO B CHUPTO-BOAHOM cMecu oT 20 10
80%, cootnomenue JIPC-3kcrparent — 1:7, npu koMHar-
HOW TeMmmeparype. YPOBHU M HHTEPBAJBl BAPbUPOBAHHS
(hakTOPOB TIpeICTaBICHBI B TAOIHUIIC 2.

Tabnuya 2 — Ypoenu u unmepeanvt eapvuposanus axkmopoe oaa I cmynenu yiompazeyko6oii mayepayuu
POMAWIKY GRMEUHOl UBEMKO8

daxTopbl BappbUpOBaHUS YpOBHHU BapbUPOBAHHS WHTepBaibl
Ob6o3HaueHne HaszBanune -1 0 +1 BapbUPOBAHUSA
X, BpeMsl YABTPa3BYKOBOH 00pabOTKH, MUH 5 15 25 10
x| cwmememmewner |0 |0 | w |

[Ipn wcnonb30BaHUM OPTOTOHAIBHBIX IUIAHOB BTO-
poro mopsiika C y4eToM JMHEHHOro IpeoOpa3oBaHUs
KBa/IPaTHYHBIX K03 GHIMEHTOB (2):

N 2
. Xisq Xjj

— 2
X =8 -=5 @
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Marpulia IUIAHUPOBAHUSI JKCHEPHMEHTa IS JIBYX
(hakTOpOB BapbUPOBAHUSI C OIHHM OIIBITOM B ILIEHTpE
IUIaHa IpuHUMaeT Bua (tabum. 3, [22]).
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Taéﬂuua 3- Mampuua RIAAHUPOBARUA IKCREPpUMEHmMA U Dealiu306aHHblIE ONbIN bl nepeoﬁ cmynéenu
yﬂbmpamyxosozi mauvepauuu pomawiKu anmeyHolul ueemkoe

Marpunia njaaHupoBaHUs Pabodas marpuiia ODyHKIUSA OTKIHKA, %
Bpewmst akc-
- Xl Xz X1X2 Xl ' Xz' Tparuposa- C:;l;g:;a};/l:e Cp. JKCIL pacu.
HUS, MUH ’

1 + + + Ve Ve 25 80 36,10 36,69
2 + - — s s 25 20 31,87 31,67
3 — - + s Vs 5 20 8,54 8,51
4 - + - % s 5 80 13,92 13,53
5 + 0 0 Y5 -% 25 50 54,21 54,83
6 — 0 0 s % 5 50 30,27 30,67
7 0 + 0 -% Y3 15 80 33,60 33,41
8 0 - 0 —% s 15 20 28,18 28,39
9 0 0 0 -% -% 15 50 51,56 50,55

Pacuér koo puureHToB ypaBHEHHUS pErpeccHH Mpo-

Jucnepcun k03 PHUIMEHTOB PACCYUTHIBATN  TIO
Boawin 1o opmynam (3) u (4):

dbopmyne (5): )
S
i Xy Y 3) S§2 = __Bodib- (5)
i T 3N _y2 Bi T yN x2
i=14jj i=1j
Ha ocHOBaHHMM TIONYYEHHBIX PE3YyJIBTATOB PAaCCHH-
o = = 4 TaHbI 3HAYCHUSI KOA(PPUIMEHTOB YpaBHEHUS PErpeCcCHH
Bo = By — By X7 — BypX3 @
(Tabm. 4).
Tabnuya 4 — 3nauenusa koIppuyuenmos ypasnenusn pezpeccuu 011 I cmynenu
VIbmMPa3zgyKo8020 IKCMPAZUPOCAHUS POMAWIKI ANMEUHOI UGEMKOE

Koaddumuent B B, B, B, B, B,

0

3HaueHne 50,55 11,58 2,51 -0,29 - 8,30 —19,65

PeSyHBTaTLI CTaTUCTUYCCKOI'O aHaJIn3a OKCICPUMCHTAJIbHBIX JaHHBIX IMPEACTABICHBI B Ta6HI/ILIC 5.

Tabnuya 5 — Cmamucmuueckuil ananiu3 IKCHEPUMEHMATbHBIX OAHHBIX NEPBOIL CIYNEHU
YIbIMPA38YKO6020 IKCMPAZUPOBGAHUA POMAUIKYU ARMEUHOU UBEMKOG

Tloka3zarenn TTapameTpsol 3HaducHHE

0,1685

IIposepka OIHOPORHOCTH Kpurepnit Koxpena oxen

JICTICpCHI Goos(1;9) 0,6385

OreHKa AUCIIEPCHH BOCIIPOU3BOIUMOCTH 0,3038

S5, = S§, 0,0506

Ouenky qucnepcuii K03 (GUINEHTOB 2
perpeccun Biz 0,0760
TIpoBepka 3HaUMMOCTH S2 = g2 0.1519
K03 QUIMEHTOB YPaBHEHHS Bi1™ B2 ’

perpeccuu t=51,17

3 t=11,16
HAYCHHUS t-COOTHOIICHHS t =_1.05

_ 12 4

t0,95(9)72’26 t,= -21,30
t,=—-50,42

OreHKa AUCIIePCUH aIEKBaTHOCTH 0,3700

ITpoBepka a/leKBaTHOCTH ypaBHEHHUS F 1,22
peanbHOMY Tpoleccy Kpurepuii @umiepa
Fi05(5:9) 3,49

Ha ocnoBanuu ananuza JAHHBIX, TPEICTABJICHHBIX B BaHUA (bHaBOHOI/II[OB H3 poOMaIlKu anTeYHOMN IBCTKOB Ha
Ta6J'II/III€ 5, YCTAHOBJICHO, YTO MOJY4YC€HHAasA MOACIb aJICK- nepBoﬁ CTYyIICHU Mallepalluid B 3aJaHHBIX HWHTCEpBaJIax
BaTHO OTpaXacT NpoUECCC YyIbTPa3ByKOBOT'O SKCTparupo- BapbUPOBAHUSA q)aKTOpOB. He3naunmbIiM  sBIIIETCS KO-
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3 UnKeHT, OTpaxaromuii B3auMonelHcTBHE (PaKTOPOB
-B,,.

Y = 50,55 + 11,58X, + 2,51X, — 8,30X? — 19,65X%

YcTaHOBIEHO, YTO 3HauU€HUE Y MAKCUMAJIBHO U CO-
crasnset 54,67% npu X ,=0,70 u X,=0,06, uro cooTseT-
CTBYET BPEMEHH YJIBTPa3BYKOBOW 00pabOTKM 22 MUH U
COZEPIKAaHUIO CITUPTA STHIIOBOTO B CIIMPTO-BOJIHOM cMe-
cu — 52%. Brixox ¢naBOHOHWIOB B YCIOBHUSX JKCIEpH-
MeHTa coctaBui 55,02+0,91%.

Takum 00pazoM, ONTHMATEHBIMA TTAPAMETPAMH TEX-
HOJIOTHYECKOTO Tporecca | cTymeHn manepanuu siBis-
FOTCS: BpPEeMsI DKCTParupoBaHus — 22 MHUH, COACpKaHHE
CIHPTa STHIOBOTO B CIIMPTO-BOTHON cMecH — 52% mpu
BBIOpaHHOM cooTHomeHuu JIPC-skcrparenT — 1:7 u npu
KOMHATHOW TeMIeparype.

[Ipu ompenenenun comepxanus dPUPHOTO Macia B
MIOJTYYEHHBIX M3BJICUCHHSIX YCTAHOBIECHO, YTO €0 BBIXOI
cocTaBmI OKOJIO0 69%.

TakumM 00pa3oM, NCKOMOE YpaBHEHUE PErpecCHi s
I ctynenn ybTpa3BykoBO# Mariepau uMeeT Bu (6):

(6)

Omnpeneneno, uro Ha I cTymeHn Marepamnnuu ¢ yiabT-
pa3ByKOBO#1 00pabOTKO# BEIXO/ (HJTaBOHOMIOB IIPU KOM-
HaTHOW Temmeparype O0bu1 Hu3kuM (Mernee 20%). B cBs-
31 ¢ 3tuM Il cTymeHp dKCTparnpoBaHus 1eIecoo0pa3Ho
MIPOBOANTE IPH HATPEBAHUU.

Ha ocHoBanum aHanmm3a pe3ynbpTaToB MIPeaBAPUTEIIh-
HBIX HCCIIEIOBAaHUI, a TakKe SKCIEPUMEHTAIBHBIX J1aH-
HBIX, TOJTYYEeHHBIX Ut | cTymeHu, 11 BappUpOBaHMS Ha
I crymenn yasTpa3ByKOBOTO 3KCTparupoBaHus (aBo-
HOWJIOB BBIOpaHBI cCliefyromue (HakTophl: TeMIleparypa
cpenst (oT 30 mo 60°C) u BpeMsi SKCTparupoBaHus (OT
5 1o 25 muH). B kauecTBe 3KCTpareHTa MCIONIb30BAIN
CIHPT STHIOBEIA 52% TIpH COOTHOIIEHUH CHIPhE — JKC-
TpareHT 1:5. ®akTOpbI, ypOBHH M WHTEPBAIBI BapPbUPO-
BaHUs MIPEJCTABICHEI B TAOIHIIE 6.

Tabnuya 6 — Ypoenu u unmepeanvt eapvuposanus gpaxmopos ona Il cmynenu
YIbmMpPazeyKoeoii Mayepayuu PoOMauKu anmeynoil 4eemkos

®akTopbl BApEUPOBAHUS YpoBHU BapbUpOBaHUS HurepBaibl
O6o3HaucHHE Hazpanue -1 0 +1 BapbHpOBaHI
X, BpeMsl YJIBTPa3ByKOBOH 00pabOTKH, MUH 5 15 25 10
X, TemMrieparypa, °C 30 45 60 15

Juns sxctparupoBanus ucnonszoBanu JIPC, momy-
YEHHOE Nociie | CTyneHu yapTpa3ByKOBOM Malepanuu B
SKCHEPHUMEHTAIBHO IMOJOOPaHHBIX YCIOBHAX.

Marpuriia mIaHAPOBaHMsI SKCIICPUMEHTA M PEan30-
BaHHbIE OMBITHI Juist 1] cTymeHu npenacrasieHbl B Tabiu-
e 7.

Tabnuya 7 — Mampuya nnanuposanus IKcnepumenma u peanuszosannvie onvimut 11 cmynenu
YIbmMpPazeyKoeoli Mayepayuu PoOMauKy anmeynoil 4eemkKos

Marpuna miaHupoBaHus Paboyas marpuna DyHKIUS OTKIHKA, %
Bpewms
Ne , ) Temmneparypa,
Xl X2 XIXZ Xl XZ 9KCTparu- °C cp. IKCII. pacu.
pOBaHUs, MUH
1 + + + Vs V2 25 60 41,89 41,91
2 + — — Vs Y5 25 30 18,27 18,19
3 — — + Vs Y5 5 30 8,96 8,73
4 — + — Y3 Y3 5 60 22,26 22,13
5 + 0 0 Y5 -% 25 45 35,84 35,92
6 - 0 0 Y3 -% 5 45 20,95 21,30
7 0 + 0 % s 15 60 36,19 36,29
8 0 - 0 -% Y5 15 30 17,41 17,73
9 0 0 0 -% -% 15 45 33,28 32,82
Paccunrannble 3HaueHHs K03 (QUIIMEHTOB ypaBHEHHS PErPeCcCUU NPEICTABICHBI B TA0HLE 8.
Tabnuya 8 — 3nauenusa koIppuyuenmos ypasnenus pezpeccuu
ona Il cmaouu yismpazeyko6020 IKCMPpazupo8anun poMauwiKy anneuHoil YeemrKoe
Koaddument B, B, B, B, B, B,,
3HaueHme 32,88 7,31 9,28 2,58 - 4,27 —5,87

PeByHI)TaTLI CTaTUCTUYCCKOI'O aHaJIn3a SKCIICPUMECH-
TaJIbHBIX JTaHHBIX ITPEICTABICHBI B Ta6nm_1e 9.
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Ha ocHOBaHWMM aHaIM3a JAHHBIX, NPEACTABICHHBIX B
Tabmure 9, yCTaHOBJICHO, YTO TIOIyYeHHOE YPAaBHEHHE aJIeK-
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BATHO OTPa)KAeT MPOLIECC YITBTPA3ByKOBOTO SKCTPArHpPOBAHI
(hmaBOHOMJIOB M3 POMAIIIKH arTeqHON 1BeTKOB Ha Il crymenn

Mariepalii B 3a3IaHHBIX MHTEpBaJIaX BapbHPOBaHMs (pakTo-
poB. Bee koadhuiimenTs! ypaBHEHHS SBISTIOTCS 3HAYUMBIMH.

Taonuya 9 — Cmamucmuyeckuil aHanu3 Ixcnepumenmanvrvix oannvix Il cmynenu
VIbIMPA36YK08020 IKCIMPAUPOGCAHUA POMAUIKY ANMEUHOI Y8EMKOE

IToxa3arens ITapameTpsl 3HaueHue
0,1593
ITpoBepka ONHOPOXHOCTH Kpurepuii Koxpena sxern
JUCIIepCHi G,,(1:9) 0,6385
OreHKa AUCTIEPCHH BOCIIPOU3BOIUMOCTH 0,1910
S§, = S, 0,0318
OrneHkr aucrepcuii KodpGUITUEHTOB 52 0.0478
- perpeccuu 5 Brz 5 :
pOBEpKa 3HAYUMOCTH S&,,= Sk, 0,0955
k03 PUIMEHTOB ypaBHEHUS t =40.98
perpeccuu =52 02
3HaueHHs t-COOTHONICHHSI 1185
— 12 b
fo5(9)=2.26 t,=—13,82
t,,=—19,00
OleHKa AUCIIEPCUH aJJeKBaTHOCTH 0,2390
ITpoBepka a/leKBaTHOCTH ypaBHEHHUS F 125
peaNsHOMY TIPOIIECCY Kputepuit @uiepa > :
F,,5(4:9) 3,63

Takum 06pazoM, ypaBHEHUE PETPECCHUH, OTIICHIBAO-
IIee IMPOIECC IKCTPATUPOBAHHS CYMMEI (DTaBOHOMIOB 13

Y = 32,88 + 7,31X; + 9,28X,

VYeranorneno, uro npu X, =1,70 u X,=0,75 3naueHne
Y makcuMalibHO U cocrtaBiseT 42,67%, 4TO COOTBET-
CTBYET BPEMEHH YIBTPa3BYKOBOW 00paboOTKH — 27 MHUH
u temreparype 61°C. Bexoa ¢praBOHOHIOB B yCIOBHUAX
JKcIepuMenTa coctaBui 42,10+0,53%.

Takum 00pa3oM, ONTHMATBHBIMU TTAPAMETPAMH TEX-
HOJIOrHYecKoro mporecca 1l crynenu manepanuu sipisi-
IOTCSI: BpeMsI SKCTparupoBaHus — 27 MUH, TeMIIeparypa
cpenst — 61°C nipu BeIOpanHOM cooTHomeHuu JIPC-3kc-
TpareHT — 1:5 (3KCTpareHT — CUpT 3TWIOBHIH 52%).

[Ipu ompenenenun comepxanus dPUPHOTO Macia B
W3BJICUCHUSX, IOJTydeHHBIX Ha I cTymenn, ycraHoBIeHO,
YTO €r0 BBIXOJ COCTAaBIII OKOJIO 12%.

3AK/IFOYEHHME. Onpeznenensl napaMeTrpsl TEXHO-
JIOTUYECKOT0 Tpoliecca YIBTPa3ByKOBOTO 3JKCTParupoBa-

POMAIIIKK arTeYHOM I[BETKOB Ha BTOPOM CTYIIEHH YIIBT-
pa3ByKOBO# Mareparuu, nmeeT Buj (7):

+2,58X,X, — 4,27X% — 5,87X? (7)

HUSI CYMMBI (pJTAaBOHOHJIOB M (UPHOTO Maciia U3 pOMAIIKH
anTeyHoN LBETKOB. I CTymeHb: BpeMs SKCTparupoBaHUs —
22 MuH, coziep>KaHHe CIIMPTa STHIIOBOTO B CIIUPTO-BOAHOM
cmecu — 52 % mnpu coorHomenun JIPC — skcTpareHTt
1:7 m xomHatHOM Temmeparype. Il crymeHs: Bpems
SKCTparupoBaHus — 27 MuH, Temrneparypa cpenst — 61°C,
npu cootHomenuu JIPC — skcrparenT — 1:5 (3xcTpareHt —
CIIPT ATHIOBHIH 52 %).

OO0uTii BEIX0J CYMMEI (hTABOHOHIOB COCTaBMI 97%,
a¢upHoro macia — 8§1%.

Takum oOpa3zom, pa3paboTaHa W ONTUMH3WPOBaHA
TEXHOJIOTHS YJIBTPAa3ByKOBOTO 3KCTPAarupOBaHMsI CyMMBI
(h1aBOHOMIOB M3 POMAIIKHM ANTEYHOH I[BETKOB, MO3BO-
JSFOIIasl MOJIyYUTh W3BJICYEHHUSI C BBICOKHMM BBIXOIOM
3(UpHOTO Macia.

INTRODUCTION. Chamomile flowers (Matricar-
ia recutita L., Chamomilla recutita (L.) Rauschert, Mat-
ricaria chamomilla L.) is the officinal type of the medici-
nal raw plant materials (MRPM) which is widely used in
medicine of different countries. The following types of
biological activity are known for this plant: anti-inflam-
matory, antispasmatic, sedative, antimicrobial, etc. [1-4].

The main groups of the biologically active substances
(BAS) of chamomile flowers are essential oils and flavo-
noids [2, 4]. In the European pharmacopeia, the British
pharmacopeia, the Pharmacopoeia of the USA and the
State Pharmacopeia of the XIII edition (SPh, XIII) this
(MRPM) is standardized upon these two BAS groups. Ac-
cording to the specified pharmacopeias, chamomile flow-
ers contain not less than 0.4% (0.3% according to SPh,
XIII) of the essential oil of the blue color due to hamazulen

(1-15%) [5-9]. According to the scientific literature data,
the content of essential oil can reach 1.5% [2]. Its main
components are a-bisabolol and the related sesquiterpenes
(bisabolol oxides, B-trans-farnezen, etc.) [1, 2, 10].

One of the main flavonoids of chamomile flowers
are apigenin and its derivatives [2 There-is also luteolin,
quercetin, izoramnetin, cryzoeriol, cryzosplenetin and
their glycosides found in MRPM [1, 2]. Chamomile flow-
ers are standardized upon the sum of flavonoids content
in terms of rutin (not less than 1.2%) or upon the content
of apigenin-7-glycoside (not less than 0.25%) [5-7]. The
sum of flavonoids content in the specified MRPM can
reach 3% [2].

The plant also contains hydroxycoumarines (umbel-
liferon, herniarin), phenolcarbonic acids, polysaccha-
rides [2].
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Anti-inflammatory and spasmolytic actions of cham-
omile flowers are is associated with flavonoids and es-
sential oils presence [2—4, 11-13]. According to the lit-
erature data, flavonoids of different classes are able to
inhibit the induction of separate groups of tissue media-
tors of inflammation. So, for example, three-, tetra- and
pentaalkylflavons (kaempferol, quercetin) are inhibitors
of lipoxygenase [14]. One of the chamomile flowers es-
sential oil components — hamazulen — performs an an-
ti-inflammatory effect by inhibition of leykotriyen B4
formation [2, 4, 11-13]. According to the literature data,
the greatest contribution to miotrophy spasmolytic action
of chamomile flowers are made by apigenin, a-bisabolol
and also by cis-spiroether [4, 11]. Thus, two specified
groups of BAS provide anti-inflammatory and spasmo-
lytic actions of this MRPM to a greater extent.

Studying of chamomile flowers BAS extraction is a
subject of many researches. Extraction of the essential oil,
flavonoids, coumarines, the sum of extractive substances,
lipophilic fraction, etc. with various extragents, including
nonaqueous (propylene glycol, rape oil, fir oil, liquefied
gases) has been described in different ways [15-19].
Hereby joint extraction of two BAS groups — flavonoids
and the essential oil — with the use of modern ways
of intensification of the extraction process is still of
scientific and practical interest.

One of the perspective methods of BAS extraction is
ultrasound processing of MRPM. Ultrasound processing
of the media is followed by effects of its blending, heating
and cavitation — forming, pulsation and collapsing of
cavitational bubbles ensemble. Ultrasound accelerates
processes of dissolution of firm particles, intensifies
a mass transfer into liquid volume, exerts insignificant
impact on surface thickness, accelerates a mass transfer
in porous bodies with larger sizes of pores and increases
permeability of vegetable membranes [20].

Today there are sufficient data about ultrasound
extraction of compounds of different classes without
any change of structure of these substances — flavonoids,
terpenic compounds, fat oil, phenolic compounds, etc.
[21]. There was a research on studying the ultrasound

extraction of chamomile flowers essential oil in order to
develop its quantitative definition method, where fir oil
was an extragent [16].

In this regard the development of ultrasound ex-
traction technology of flavonoids and essential oils from
chamomile flowers is of great interest.

It should be noted that flavonoids in comparison
with terpenic substances are more stable compounds,
therefore they are more preferable as marker connections
during working out and optimization of ultrasound ex-
traction process.

THE AIM OF THE RESEARCH is working out
and optimization of ultrasound extraction technology
of the sum of flavonoids from chamomile flowers with
further determination of the essential oil content in the
extraction obtained.

MATERIALS AND METHODS. In the research,
chamomile flowers bought in pharmacy are used (‘“Kras-
nogorskleksredstva, JSC”, series number 130616).

Extraction was performed in the ultrasound bath of
“Sapphire” of Technical and Commercial Center (TCC)
(DME) of 9.5 1, operating frequency — 35 kHz, at the
supersonic generator power of 180 W. The extraction
method was maceration with ultrasound processing of
MRPM.

The result of the research of chamomile flowers ul-
trasound extraction are the parameters of the technolog-
ical process providing the maximum yield of flavonoids.
For the determination of the specified parameters, series
of experiments with variation of certain factors were
made.

The orthogonal factor plan of the second order be-
ing a special case of the composition plan of the second
order of Type 3% with value of a “star” shoulder o=1 was
built. The plan included a variation of two factors at three
levels [22, 23].

In each point of the plan two experiences were per-
formed. The yield of flavonoids percentage in MRPM
was selected as a process response function.

The response function characterizing extraction pro-
cess was described by the following equation (1) [22]:

Y=B,+BX,+B,X,+B,XX,+B,X+B,X; (1)

Quantitative determination of the sum of flavonoids
in MRPM and the extractions obtained was performed
according to the requirements of the pharmacopoeial
entry “Chamomile flowers (Chamomillae recutita
flores)” (SPh, 2.5.0037.15): in terms of rutin with the use
of differential spectrophotometry according to reaction
of complex formation with aluminum chloride [5].

The content of the essential oil in chamomile flowers
was determined by distillation method according to the
requirements of SPh, XIII (Method 2, [24]). Quantitative
determination of the essential oil in the extraction was
performed by distillation method according to the
methods recommended by the European Pharmacopoeia
for liquid extract of chamomile [6].

The statistical processing of the experiment results
was performed according to the general pharmacopoeia
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entry 1.1.0013.15 “Statistical processing of results of
a chemical experiment” (SPh, XIII) with the use of
Microsoft Office Excel software [25].

RESULTS AND DISCUSSION. While determining
BAS content it was established that chamomile flowers of
the series studied contain the sums of flavonoids in terms
of rutin 1.74+0.06% and the essential oil 0.62+0.05%.

By virtue of the analysis of the earlier research results,
maceration with ultrasound processing of MRPM [26] has
been chosen as a way of chamomile flowers extraction.

In preliminary researches the influence of the
following factors was evaluated: the particle size of
MRPM, steps quantity of the extraction, ratio MRPM/
extragent, the content of ethanol in alcohol-water
mixture, extraction time, media temperature. In the
obtained extractions the content of the sum of flavonoids
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in terms of rutin and the yield of flavonoids percentage of
contents in MRPM were determined.

In the technological process the following parameters
of were used: 45% ethanol was used as extragent (here
and elsewhere the ethanol ratio in alcohol-water mixtures
is specified in volume percent), ratio MRPM/extragent
was 1:10 [2—4], the time of ultrasound processing was

15 min. (single maceration) at room temperature [16, 21,
27]. The specified conditions of preliminary researches
coordinate with traditionally applied ones in pharmacy
and medicine and scientific literature data.

At the first stage, the influence of the particle size of
MRPM on the yield of flavonoids at ultrasound extraction
was investigated. The results are presented in Table 1.

Table 1 — The yield of flavonoids depending on chamomile flowers fraction

Particle size of MRPM, mm

Indicator 1020

0.5-1.0 0.25-0.5 less than 0.25

Yield of flavonoids, % 46.35+0.85

29.31£0.62

25.90+0.74 26.73+0.87

It has been established that the highest yield of fla-
vonoids was observed in the process of MRPM fraction
with the particle size of 1.0-2.0 mm (Table 1). It is pos-
sible to explain this fact by the structure heterogenety of
the MRPM different fractions. The fraction with the par-
ticle size of 1.0-2.0 mm was a mixture of parts of thal-
amus, ligulate and tubular florets of an anthodium while
in smaller fractions tubular flowers prevailed. It should
be noted that fractions with a larger particle size contain
larger anthodium parts which complicated receiving a
homogeneous sample.

For the choice of extraction quantity steps the yield
of flavonoids was evaluated when performing one-, two-
and triple maceration with ultrasound processing.

It was established that in various conditions at the
third step of maceration the yield of flavonoids was in the
range from 4% to 13%, therefore its performance could be
considered inexpedient. As at single maceration the full
extraction of the sum of flavonoids [26] was not reached,
a two-level maceration with ultrasound processing of
MRPM was chosen for chamomile flowers extraction.

Earlier the influence of heating on the yield of
flavonoids at ultrasound processing at two steps of
maceration had been studied. It had been established that
raising temperature increases the content of the sum of
flavonoids in extraction [28].

As far as the joint extraction of both, flavonoids and
the essential oil, was one of technological tasks of this
research, ultrasound extraction of chamomile flowers
was performed without additional heating [27]. At the
same time, the media temperature was determined: it was
established that depending on its volume in the chosen
conditions the values of temperature were in-the range
of 20-25°C.

The study of the influence of the factor “ratio MRPM/
extragent” onto the process of flavonoids ultrasound
extraction was performed in the range from 1:4 to 1:30.
It was established that the yield of flavonoids raises with
the increase in this ratio.

Hereby the choice of values of this parameter
is limited by the requirements to the final volume of

obtained extraction; that is meant for dosage forms and
should not be diluted. In this regard the expedient choice
was the smallest ratio of MRPM/extragent.

It was established that by reducing the ratio of MRPM
— extractant, starting with the value 1:6 at the first step
of ultrasound maceration and with 1:4 at the second, the
yield of flavonoids decreases. Therefore for ultrasound
extraction of chamomile flowers the following ratios of
MRPM /extragent were chosen: 1:7 — at the first step and
1:5 at the second.

The decrease in the yield of BAS, apparently, is
connected with necessity of sufficient content of a
free liquid phase presence for effective influence of
ultrasound in the media. This fact is also confirmed by
the fact that the studied MRPM has a low value of bulk
density (0.11+0.03 g/cm®) and rather a high absorption
coefficient (from 2.0 to 3.4 in alcohol-water mixtures).

When studying the influence of time of ultrasound
processing (5—60 min.) on the yield of flavonoids at the
first step it was established that in the range from 5 up
to 25 min. the yield increases from 8-12% to 35-45%.
Further increase in processing time did not lead to
significant increase in the yield of flavonoids. In this
regard the interval of time of ultrasound processing from
5 to 25 min. was chosen for the purpose of optimization.

When studying influence of the content of ethanol
in the alcohol-water mixture, it was established what the
yield of flavonoids changes mostly in the range from
20% to 80%. When using ethanol at the concentration
higher than 80% it was established that the yield of
flavonoids became less than 20%. At the same time the
use of ethanol at a lower concentration (lower than 20%)
was inexpedient because of the structure of the target
BAS groups.

Thus, for the first step of ultrasound extraction the
following conditions were chosen: the extraction time —
from 5 to 25 minutes, the content of ethanol in alcohol-
water mixture from 20% to 80%, the ratio MRPM/
extragent — 1:7, at the room temperature. The levels
and intervals of the factors variation are presented in
Table 2.
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Table 2 — Levels and intervals of the factors variation for the first step
of ultrasound maceration of chamomile flowers

Variation factors Variation levels Variation
Designation Name -1 0 +1 intervals
X, Time of ultrasound processing, min 5 15 25 10
X, Content of ethanol in alcohol-water mixture, % 20 50 80 30
When using orthogonal plans of the second order the matrix of experiment planning for two variation
taking into account linear transformation of square factors with one experience in the center of the plan takes
coefficients (2): the following form (Table 3, [22]).
>N x2
" p2 _ Zi=14) )
Xi - X] N @)

Table 3 —Matrix of experiment planning and the implemented experiences
at the first step of ultrasound maceration of chamomile flowers

Planning matrix Working matrix Response function, %
No. , , Extraction Ethanol

X, X XX, X, X time, min content, % exp. cale.

1 + + + Y5 Vs 25 80 36.10 36.69

2 + — — Y5 Y 25 20 31.87 31.67

3 — — + Y Vs 5 20 8.54 8.51

4 - + - Y Y 5 80 13.92 13.53

5 + 0 0 Vs -% 25 50 54.21 54.83

6 — 0 0 s —% 5 50 30.27 30.67

7 0 + 0 - % Vs 15 80 33.60 33.41

8 0 — 0 —% Y 15 20 28.18 28.39

9 0 0 0 - % -% 15 50 51.56 50.55
Coecfficients calculation of the regression equation Dispersions of the coefficients were calculated by

was performed by the following formulas (3) and (4): the formula (5):
52
Z!V_lX,, Y. 2 __ “Bocmp.
B = =170 i 3) S8, =N w7 (5)
1 Zi:lxi]z l Zi=1 Xii
, = = 4) By virtue of the obtained results, the coefficients
By = By — B11X{ — BnX; values of the regression equation (Tab. 4) were calculated.
Table 4 — Values of coefficients of the regression equation
for the first step of chamomile flowers ultrasound extraction
Coefficient B, B, B, B, B, B,
Value 50.55 11.58 2.51 -0.29 —8.30 —19.65

The results of the statistical analysis of the experimental data are displayed in Table 5.
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Table 5 — Statistical analysis of the experimental data for the first step
of chamomile flowers ultrasound extraction

Indicator Parameters Value
Disoersi formity check Kokhren's criteri G, 0,1685
ispersions uniformity chec okhren’s criterion -
p y Gy,5(1:9) 0,6385
Reproducibility dispersion assessment 0,3038
S5, = S§, 0,0506
Dispersions estimates of regression 52 0.0760
coefficients 5 B2 5 ’
Coefficients significance check of S81,= SB,, 0,1519
regression equation t=51,17
Values of the t-ratio tti 1_11’ 106 5
fs(9)=2,26 (= 21,30
t,,=-50,42
) Adequacy dispersion assessment 0,3700
Check of equation to the real process F 120
. . . . exp. >
adequacy Fischer’s criterion F0s(3:9) 3.49

By virtue of the analysis of data in Table 5 it was
established that the model obtained reflects the process of
ultrasound extraction of flavonoids of chamomile flowers
at the first step of maceration in the set intervals of factors

variation. The coefficient reflecting factors interaction —
B,, — is insignificant.

Thus, the required regression equation for the first
step of ultrasound maceration looks as follows (6):

Y = 50,55+ 11,58X; + 2,51X, — 8,30X? — 19,65X2 (6)

It was established that Y value is at its maximum
of 54.67% at X =1.70 and X,=0.06, with ultrasound
processing time of 22 min. and 52% ethanol in alcohol-
water mixture. The yield of flavonoids in the experimental
conditions was 55.02+0.91%.

Thus, the optimal parameters for the first step of the
maceration technological process are: the extraction time
is 22 min., 52% ethanol in alcohol-water mixture with
ratio MRPM/extragent1:7 and at the room temperature.

The yield of the essential oil in the extractions
obtained is about 69%.

It was defined that at the second step of ultrasound

maceration the yield of flavonoids at the room
temperature is low (less than 20%). Correspondingly it is
expedient to perform the second step of extraction upon
the application of heat.

By virtue of the preliminary research results analysis
and also on the experimental data obtained at the first step,
at the second step the following factors were selected for
variation of flavonoids ultrasound extraction: the media
temperature (from 30 to 60°C) and the extraction time
(from 5 to 25 min.). As an extragent 52% ethanol was
used, with ratio MRPM/extragentl:5. The levels and
intervals of factors variation are displayed in Table 6.

Table 6 — Levels and intervals of factors variation for the second step
of chamomile flowers ultrasound maceration

Variation factors Variation levels Variation
Designation Name -1 0 +1 intervals
X, Time of ultrasound processing, min. 5 15 25 10
X, Temperature, °C 30 45 60 15
For the extraction, MRPM obtained after the first The experiment planning matrix and the

step of ultrasound maceration in experimentally selected
conditions was used

implemented experiments for the second step are
displayed in Table 7.

161



(Dap.uauesmuuecxa}l MexXHOo02Us U OUOMEXHO102UA

Pharmaceutical Technology and Biotechnology Papyayus u papuaxonocus 1. 6 Ne 2, 2018

Table 7 — Experiment planning matrix and the implemented experiments of the second step
of chamomile flowers ultrasound maceration

Planning matrix Working matrix Response function, %
No. X, X, XX, X, X, Efntzcr::;n Tempf(r:ature, v, n

1 + + + Vs Vs 25 60 41.89 41.91
2 + - - Vs Vs 25 30 18.27 18.19
3 - - + Vs Vs 5 30 8.96 8.73

4 - + — Va Y5 5 60 22.26 22.13
5 + 0 0 Ve -% 25 45 35.84 35.92
6 — 0 0 Vs -% 5 45 20.95 21.30
7 0 + 0 % Vs 15 60 36.19 36.29
8 0 - 0 -% Ve 15 30 17.41 17.73
9 0 0 0 - -% 15 45 33.28 32.82

The calculated values of the regression equation coefficients are displayed in Table 8.

Table 8 — Values of regression equation coefficients
for the second stage of chamomile flowers ultrasound extraction

Coefficient B, B, B, B, B, B,
Value 32.88 7.31 9.28 2.58 —4.27 —5.87

The results of the statistical analysis of the experimental data are presented in Table 9.

Table 9 — Statistical analysis of the second step of chamomile flowers ultrasound extraction experimental data

Indicator Parameters Value
. . . . L G, 0.1593
Dispersions uniformity check Kokhren’s criterion =
G,,5(1:9) 0.6385
Reproducibility dispersion assessment 0.1910
S§, = Sk, 0.0318
Dispersions estimates of regression 52 0.0478
) o coefficients Brz :
Coefficients significance check of S§11= 51%22 0.0955
regression equation t,=40.98
) t,=52.02
Values of a t-ratio t =11.85
_ 12 :
t05(9)=2,26 t,=-13.82
t,=—19.00
. Adequacy dispersion assessment 0.2390
Check of equation adequacy to the F 125
real process Fischer scriteri exp :
p ischer’scriterion F,. (4:9) 3.63

By virtue of the data analysis presented in Table intervals of factors variation. All equation coefficients
9 it has been established that the received equation are significant.
reflects the technological process of the sum of Thus, the regression equation describing the second
flavonoids ultrasound extraction from a chamomile step of ultrasound maceration process of extracting sum of
flowers at the second step of maceration in the set flavonoids from chamomile flowers looks as follows (7):

Y = 32,88 + 7,31X; + 9,28X, + 2,58X, X, — 4,27X% — 5,87X2 (7)

It was established that Y value is at its maximum  The yield of flavonoids in the experimental conditions
of 42.67% at X =1,70 and X,=0.75, with ultrasound  was 42.10+0.53%.
processing time of 27 min. and the temperature of 61°C. Thus, optimal parameters for the second step of
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maceration technological process were: the extraction time
was 27 min., the temperature was 61°C at the chosen ratio
MRPM/extragent 1:5 (52% ethanol was used as an extragent).

The yield of the essential oil in the extractions
obtained at second step is 12%.

CONCLUSION. The parameters for the technologi-
cal process of the sum of flavonoids and essential oil ultra-
sound extraction from chamomile flowers have been de-
termined. At the first step the extraction time was 22 min.,
the content of ethanol in alcoholwater mixture was 52% at

the ratio MRPM/extragent 1:7 and the room temperature.
At the second step the extraction time was 27 min., the
media temperature was 61°C at the ratio MRPM/extragent
1:5 (52% ethanol was used as an extragent).

The general yield of the sum of flavonoids was 97%,
the yield of the essential oil was 81%.

Thus, the extraction technology of ultrasound ex-
traction of the sum of flavonoids from chamomile flow-
ers allowing to obtain high essential oil yield has been

worked out and optimized.
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