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396Lb39390E0s. AbmBEomdo 2000-Bg dg@o sOMBsEeo 33gbs®gmeo bobgmdss 3bmdowo,
omob, ssbemgdom 43,6% GHM™30390d0 0bBM©Yds, 9,3% LIB¥GHOM303M Dmbsdo, 19,5 %
Bmdoge LoOGHYgedo, sbsMBBo bLbgzsolibgs bmbsdo (Marshall, 2011).
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36OMm©IBHgo0,  OHmIgwoms  Ldxrxmd3zgwbHg  IFBIIOIMWOo  Lbs3MOBsm LT gdgd0,
dbobargmdol  bbgoolibgs 93509008 05300  530gdsls s x9BIGMYMdOL
d9656Bmbgdsdo  gbdscnds. MmBoEobswrmEmo 8903060l  QoM©s, SMMIsGNIE - b3 MObsEm
939656M990L  AMBREroMml IMLobegdol  80% GHMooEow d9oE0bsdo 0g4abgdl. 0dgbs
©O0O0S JonbBg dmmbm3zbogds s 3MIGOE0MO 15gJ80sbMdy,  3500FSBHJOLS s LobgMdgdBY
B99mg89g05, ®MI OIOLIMZ0L FJBHO© 9GSO BSZoMbOs, Fomo ¥96gdsdo 3bLYMZS30S
@5 0bBHbLoGmo  3MWGH03060905, 306506, ™mFBoEobswH s  boewbw®  dgoE0bsdo
3990myg9bgdmEo sOHMIs@EH o 93965099008 dgBgbo Bofforo 39wmEs dmbo®os (Marshall
Flaine, 2011; Aftab, 2020; Patel, 2015).
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560ob, B3960 939460l dmbadMH03-300085GH MO 30MHMDdYdO 30 To0 3 EHO030M900L bETMsEgdSL
3359¢93L. 530b sLEMMOs 0l, MMI LodoOmzgurmdo, AsLme bs3mbgdo, 0bEMmM©wYo0l
3D0” 379303060900 s F9Jaboro 0gm 49MboL;, goldobol, 3500, 9339bmEmEmo Mg3sbols
@5 bbgs, LsdMgh3gwm 3wsb@oEogdo. Fomsh gmgeHBgmgdl 53Bsgdbb. ®oLsM30L
Bo33wo 9gmgeHgmgdol 9JudmMEHoLs, FomBY dmmMbM3bowgdol s3dsgmzowgds 0d3MeMEGH0M
bgdo.

39mMs©  dmbBod  dggbotgms  Lobgmdgool 89690603  BoBH™MEIbmBYdbBY
3bMHM3MygbmMo Bgdmddggds, 8smo FoM3gd0l 35BLGHMMBM 8993060gd5L 0f393L, bmerm
BMyogmHmo Lobgmdol, godMHmdslsg 30. 50bodbmwo 3MMdWYds sd@sEE0s 93mbmdozmMo
035WMNIBIOZ0MO3,  MoYsbs3  9bsdgodmgg  FoMBmgdsl (339001 3GIM©WYIEgOOL,
3903539330 o 1b3s), Losg 93gbsdgmer Bywgmemlb 09ggbgdgb, 2s630maMgdolbmzols

FoMg0s 9M36EGH0MIOMO sbowo Lsbgwgmwm d85Bs, MMAwol dow(gzss 0bGHOmomjool
2Dom, 379 E0300900m 5M0L Fgbsdergdgero (bofikosa, 2013; baxarosa, 2009 ; Kogeros, 2008).
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3905991953995 ,093969 39JbMma0930L* g53mygbgd0m, JOHM-gOHMO 5dEHMISMEMmO 3OHMIYTss.
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33093030 Lo 39mMgLM BsBsd dMEHIB0Z0MMO B50d0, MMIWgdor Bmy J3994sb5d0 X 96 300093
XIV-XVII  bom3mbggddo  ogm  Bsdmyserodgdmwo, Mmamemg  gogboswo  30mwmgdsogdo
5QR0MMIM030 s MEbMMMHO REMMOL BodgEoEobm, sOMIsEGMMOo, 1533900, I3MOIEHOIO
5 bbgs 9396569900 993601900 s oo dglfiagarol 396EGHMYdOL Labom (d0odobsdzowo, 2012).

Abmgwonl 09360 0mGb03MM dsdo sOLYdMBL 1sd3MMbscm F3gbsdrgms dswo, Bowsa
0539gMHoos 153 39MbsEOM-5OMTdE e dggbotgms  3mangdzos,  GMIgebsg  9JaL
96535dbM030 godmygbgds o @06 Mgds. 8300l dMFHIBOIME dsmTo L33MEGbIEOM-
3OHMAoG e 93965095 3MgdEos 96 5MHOL FoMmYgmBoo, MYd3s, 8900l IMIZ35WEmOEbMZD
99646056  939b50gms  9MLgbsendo, M3 MOl 0bEHOME306090ME0  sOMTSE IO
996360560 Lobgmdgd0. 53sLMb, 5BB0Tbs305 OLOE, MM LodsGmMzgemdo 39w M dMbsMO
3OMAoB o 93965099008 FoMgd0 96 MOl OEO. 59, I60d3zbgermzsbos 33w93900
3MHMBoGeo 9396509900l 06GHHMYJ305L5 O 3N GH035(305D).
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- ©mbmMo REMOHOLEGHWWO 6930mb9d0L bmas0 00M)3MMYO0YIOHO
9obsliosmgdgdols gosbser0Bgds.

- 06¢OHM©MEg6GH0  sOMmIsEH o ;3965099008  Bob3obdgaro 500l Bosoy©-
3W0dsGHMOO  3060HMdJd0L, I39bsMgMNwo LogsMol s gsMmgdml dseododoMmgdgwo
RBodBHMOJIOL 45650 Dgds,  06GHOMOME0MGIMwo  sOMIsEH o d39bscggdol
5Q535300LmM30L 30OHMBJBOL FgMBg3s.

- BMPogMm0o 5OMIsE o 9396560l 300390 0bEHMMEYJE0IE0 2o0MEE;

- 06¢OHM©ME009d  sOMIsE e dggbodgms  dmgzEs-0mygzsbol  sMmmEgdbozmemo
©mbolidogdgdols 893853905 8bgdM030 Folioegdols godmygbgdoom, Jodool gocqdy;

- 06¢OHMOM306MHgdM 5OHMId>EG di39b56gms BM-396300560930b
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- 06¢OHMOME0MH9dMYwo  DMAoghmo  sMMIdGMo  F3gbstol  95@3EO30vM0
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- 0bGHOHMOME0MgOMYwo sOMAsE o 93965609900l 393939E0MM0 ©s 39bgeeE0o
M6256Mmgd0l J030OMLEOIEHIOIo Foboloomgdargdol Gglfogens;
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593000 6030009M9xd9d0L 903390 MdSBY;
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©Mmbolidogdgdom” F0MgdMwo  sO®MIsGEo  d39bsMggdol  bgwgmewrol  33eng3s
BOMEMAO0YIOHSQ sdBHomeo BogmogMgdgdols 3993390 mdsbY, PN Ty [OT0)
JOMI5G MM 5305 - JsLL3GIGHOMIGGHO00L (GC/MS) dgonMEOm;

- 0bGHOHMOME0MI0Mwo SOHMIsGIo 93965699306 gmgHBgmgdol domgdol ,,8(3569
A99bmEmy0qd0l“ 993mdoggds;

- 06¢OHM©ME009dMYwo  sOMIsGo 9396560990056  ,3(3569  FH9gdbmermyogdom
do@gdo  goghbgmgdol  Jodom®mo  F9doagbermdol  Jgufogars  AsBWEO
JOMI5G MM 8305 - JsLL3GIEGHOMIGGHOo0L (GC/MS) dgonMEOm;

- 0bGHOHMOME0MI0MYwo  SOMIsGImo  3396569900La506  FoMgdImo  gmgMHbgmgdol
136M060BYO 560G YNOME 5JBHO3MdIBY.

153393 Md0gJBHIOL, 330930l 3060390 9Bo3bY, §oMBMoyIbEs BsmTol dMESB03ME
0o0do B3ggbl dogH 0bGHMmMmEMEomgdwo 14 sG™Is@GMmo 83gbsdgmmo  Lobgmds, bmerm
339308 IgmMg 933D, LodMw™m™m 33930l Mmd09JBHY0s©, gMBgMwo odbs B3gbl Toge
05mAol  dMGHS603MM0 3500l BosIRIM-30do@GIO  30MHMdYd30  0bGHMHMOYY306093 )0
3OMAoB o bobgmdgdo: Polianthes tuberosa L., Iris pallida Lam., Cuminum cyminum L.

659M@Aol dg3boghrmeo Losbeng - dsmvydol dME9B03MMO Bl dsbsbY, 30639wo©
5oL Jglfogomo  asblbgsgzgdmo  gdudmbogools s boswoyol 9dE39wmdol 930
Lbgoobbgs m3s30sbg, 06GHOHMON306093o Bmaoghmo sOMIs@Ewo I;3965M0l bBOs-
3963000060900l 153019390 9d9d0 O T390 BLOEMEbWM 303wl LOMWEYMBOEIS©
0o6BoOmM30Lm30L  9ME0WgdI0  93OMEJJ603MM0  WMboldogdgdo, JodorIMo LodwowgdgdOL
399my9gb900lL 256Mq89. MIgEHgLbo Jomysbo, 850dol dMEHB03IMMO doOl BosWIRE -3GO
30699030 30039 GOl 0bGHOMYY306090)0, 30609 bsfowo MgobEmMmEME0MHgdMwos.

05001930l dMGH9b03 MmO B3Ol Mos MMBAEHOL 30MMdYdT0, Lbbgoolbgs wM35309dbY,
Jodom@mo  Lodmogdqgool  20dmyggbgdols  qoM9gdg  JogdEro  sMMIsEHwo  839gbstggdols
Byowgmmdo  domEma0Me© 5JG0Mo 5030009M9d5d0L 983390 MmdoL dgbfagzerol 99gyow©,
00096@083030609dw0s 36083690 m3560 BogMmgdo, HMIgEmsg gosBbosm sbEomdlosb@®o,
3bmgdol Lofoboswdgym, 963H003MMdMEo s Bbgs m30L9d9gd0.  bsforo 3bmdowos s
3°0moygbgds  d9030bsdo,  35MR0MIYM05T0,  3mbIgBHozsdo, 339006 AMY(H39w™mdsdo,
399w0bs0sdo s bbgs.  Fgbfageroeos 3s0m0 963H005dBHIM0MWO 5gdEH03Mmds; Foblabrzmmeos
0b@GHMM©O 306900 OO Py lule) 9396569900L556 9009dMwo 9009mHBgmgdol
333mbgb@MMo dgds00g9banmds.

653MmAol  3M5gdBHozwo oMmYPdMmgds - IMfMEYdNE0s BMYOIOMO  SOMTSEGHYIO
9396smgMo Lobgmdobs: Polianthes tuberosa L., Iris pallida Lam., Cuminum cyminum L., 9mggoo-
dmyggzobolo s 2oodmdsgzgdol  ,3(3969 BHgdbmemyogdol”  dgsbogdmero  Logwmdzwrgdo,
OmIgebsg oo  36033bgermds  9d3l  93Mmermaoms©  Lyygms  Lobgowgmwm  dsbol
d9gJabolomzob.
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360300l d94abol, Mog bgwl d9mfymdl Barm®ol I35 x39MHM36900L TgbscBMbadsls o
9ol 2990EMJISL. 50bodbwo 3MMdEgds 30 [oMmImMoybl  godmfizgzol mbsdgmmag
abmgombismgzob.

§obsdgdstyg bsdO™Aol  Logmdzganbg, 30MH3gwo  domwydol  dmGHsbozmMo  domol
3MLgdMOOL  gobdogermdsdo, dgoddbs sMMTsGe I3gbsdrgms gdudgModgbGwo bszzgmo s

L59399d390 Boggs®s sOHMIs@me-Lobgargdgaro 83gbsdggdol 3magdaool 358969d5b.
653GMoL 53MMds(309:

3309306 890093900, GMIgdo3 LORMIZEsE g™ b5IOMAL, Lbgsalbgs OML
dmbligbgdmeo 0dbs LogmmsdmMobm bosdgabogm 3mbxgMgbi0gdby:
e II  ULsdg3b0gmm-3ModBHozmmo  3mbxgMgbios:  ,,000M535wxRgOM369ds  ©
Lodoomnggarm™ (mdogrolo, 2016 § ).
e III Us39g3b609Mm-3G0gd@ozmnwo  3mbxgmabiaos:  ,,000m00M535x3gMHM369ds  ©
Lodoomnggarm™ (mdogrolo, 2017 §).
e L5gm™IdMMOLM  Lodgboghm  3mbxgMgbios: ,,0mdsgzeol  BHgdbmemaogdo  ©s
LogmEberol ba®obbo® ( dsmwydo, 2017 §);
e L5gm™dMMoLbm  Lodgsboghm  3mbxggMgbios:  ,,8(3969  LodMowgdgdo-df)3s69
&995mMy09000-% 963MMgo Logmbeobsmgol® (mdowobo, 2019 §).
o SboasbMEms Ig3boghms s LAHMIbGMs  3MbRYMHYbE0s: ,,0065090MM39
3003dg030bol 9d@E Mo m®o Lszombgdo” (dsomwmdo, 2019 §.).
e LogMm5dmMole Lod3mbodo bggxEIMHobsd™ Igo30bsd0 (sbogioby, 2021).
3190¢r03530900 - LOEOLYOEBS30M MYdol 0MY3w03 9dmMJ399bgdmwos 7 Lsdgabog®m
BodO™do. oo OOl 3 BEGoG0s o ®mgo@obyw, M939bHoM9gds s 00xsIBHBJEHMM06
153936096 M F7MHbsegddo.
olgMEGS300L dmEEmds s bEHMWIGHWOS - BsdOMIo dmoEszl 3md3om@ghbg bodgIo
185  9396M©L. dgpqds dgbogerol, 11 mogol, 19 Jggomogol, @sliabgdol, godmygbgdwmwo
@oBIMGHMMHOL bMlbols s ©obsMmMOLYYSD. 65dMMAoL doMoms bsfoedo dm3gdeos: 9
35O0wo, 72 GmEGHMLMOIm0, 359mygbgdmwo oG gMo@GMol Los, GmIgmwoa dgygds 143
5LObYEdoLYsD, dso ImEOL, 116 Mbmwme 9659 IBsOMOL bsforo Fomdmoygbowos 6
BsOmom, MmIgoi dmogegl ghm  gbMowls s 56 LwGoml (Jodor@o  BogHmgdols
JO™I5GMYM59900 o JoLL39IEHMJ0).
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33930 89©)3900 3>©IM3IdIwos
9Ju39600996E ™M bsfoewdo, Igmomby s 909y Mo390d0:
0530 IV. 33emg30L md0gd3gd0, 500300 5 FJMNMOMEPMYODS.

IV.1. 33¢930L MmdogdEHgdo

339308 30039 9B3BYg L3393 Md0YIBHJOL FoMBmoygbs dsmdol dm@Esbolzm®
050do B396L dog® 0bEMM©3060900 14 56H:MsEwo 939bsmgmwo bobgmds:

1. 658300 BoMs - Cuminum cyminum L.

2. Hmdgemds - Polianthes tuberosa L.

3. Vog3sbs - Crocus sativus L.

4. 396MHI3noo Boddsbo - Iris pallida Lam.

5. y30m9gwo 3m3s - Curcuma longa L.

6. 3sBmwo - Pogostemon patchouly Pellet. = Pogostemon cablin. (Blanco).
7. 0@0oby-0wsbyo - Cananga odorata (Lam.) Hook.f. & Thomson

8. 3m3o - Zingiber officinale Roscoe.

9. oo - Elettaria cardamomum (L.) Maton.

10. by30939ero - Cistus ladaniferus Stokes.

11. g4530L by s69dmwo - Coffea arabica L.

12. g4530L by 3mbymegbm@o - Coffea canephora Pierre ex A.Froehner.
13. 3sboewo - Vanilla planifolia Jacks. ex Andrews.

14. bobsdogdob by - Cassia angustifolia M.Vahl.

33930l IgmEg 933Dy, Lodmemm 33eg30L Md0YJGHPd9, 99MBgMwo 0dbs B396L JogM
05mdol dMGH9603MM0 B0l 605IYMM-3e0TsGH MG 30MMdYOT0, dmzEs-dmygzobol f3969

3269460329600 mbolidogdgdols 99gas© 3odmbMHOEo 0bGHHMEME0MYdIMWwo  sMMISEEOo
Lobgmdgdo: Polianthes tuberosa L., Iris pallida Lam., Cuminum cyminum L.

IV.2. 33¢0930L dgom©gdo
06@®Mm30090wo sMMIsEGHo bobgmdIdol SEPOWMdM0Z 605IYM-3e00ToE e
30609030 BOO-g63005M900lL M530L9dIMYBJOOLS s BIBMEMYOMMO BsDYdOL Tglfoges
908006569Md®S 390dobols s LYMYGdM0s3M30L, GEoaobols @s W MdBMZOL Fgommgdom
(Beideman, 1974; Elagin, Lobanov, 1979; Serebriakov, 1974). 33935 Bo@Go®@s dsmwdol

0mE9b6031M0 050OL B5BIBY.
d5mdol dMFS603MMH0 d5olL d30 Lbb3oolbgs wm3s30sBg FoboloBzms bossyol
0553056md0L, 393mLols S doMOMSO 1533980 B03mM0YMgddOL 899339emdol dshz9b9gdgro,
3900dm, pH, 3mdnlbo %, Loghom sdmBHo %, Ko 0%, P 2 Os %. ULsghom sBm@EGob
396LsBE3MOLMZ0L 98mygbgdeo 0dbs qmL@. 26107-91 dgmmeo (Methods for determination of
total nitrogen, Moskow, 2019); RmbBMOOL ©s 35¢00dol Imd6s30 bsfows3gdo gobolyBrmzdos
b0sbol IgM©Om, IMPOGBOIs305 3056Ml Jogm, dmb@). 26206-91 (Phosphorus and potassium by
Oniani method modified by CINAO, 2013, Moskow); RobxmmOlL gobloBmgMs dmbo
B GHMIIIGHOMIMEMOH0TgGHO0L  bsdmegdom 710 B3 GHoewreol  Loa®dgbg;  Jswovdo
3960L5BO3MS SGHMING - SELMMdFOWOo 13gdEHOMIgGHOMIYEGHMOL Lodwmowgdom; 3wmdnlo s



pH 3960LsBO3Ms gJudMglh - FgoMEOm. 33935 JBBMOF0YEIES 5FoMOL  5/6 LRIl
3999669md0L BoIobOLEHMML LLOSZ BMESBHMMOM - 330093000 39BGHOOL dBsbIbY.

1533930 LobYMB9OOL 39293930960 Qo 3969653090 O56mgdols
3030mLEGHOMIGHMOME0  JobolosmgdEgdol, 9bsGMB0MMO  5390Egdol Tglfogerols dobboom,
L53M935GOMM bodMdms gsbogo, Loy®mdozo s BYPIS0OMWO  BsMGOO TV YOIMWOS
3™EbOo  B0JLOMGIJo  FoboEroID  BLMO  BsdsMMYdEIOL  LEdMsrgdom  Lo33w93
OHQ96Mmm5 IO 569900056, La3Mg35MsBMm FOHOWGdo Fgowgds Log®msbobols blbs@do 24
bon-ob 39635300530 @5 FMmogLEs  {0EgM0bosh oMgdmdo Loloaaby dobsby. 33wrg3zoL
0093d@Gms 303039960300 33e935 HomBmgds Lobsmerols Carl Zeiss, Jeneval-bs > Omax-ol
LGHIOYMLIM3M  JozOMBZM3DY; BMGHMOMZNTIBEGHIWMMHO  Fobos IROJLOOES FOBROEO
RMGHM3505@0L (Canon Digital IXUS75) 153995090000 ©d 2605803 ©dMTsgws Adobe
Photoshop CS5 -0l 36)058580. 330935 396bMM 309w @s MdoEolol Labgwdfoxm bsdgoozobm
260390L0GYGHOL 0M39W JMMsMYEsdol Bo®mTs3mdodool 0blGo@wEolL dobsby.

9396569990l L3M0bobao dommyoMGms© 9dBHomo 603m0gMgdgdoL F9d339wMdSBY
3956bMOE09W s M30L9000 M95d(30900mMs s MbYRIBMZsb0 JOMIsGmyMoxoom (H. Wagner,
S. Bladt, 2nd edition,2003; Pharmacopoeial, 2013; Vachnadze, 2012). 33935 dgLermerqs
d0olboL  Lobgwdfoxzm  LsdgoEobm  MbogzgMlodgBol  BoMTs393GIwo  GH9dbmewmaools
0935603599630 B5MT53MPbMBOOLs O BoMT393B¥I0 dMEHSB030L F0TsMmMMEdOL B3BIDY.

93969699330 d0MEMYOMS© SJGH0OO0 b03m0gMgdgdol 0IbEGH0TR030Mgd0L doBbom
33935 Bo@OM@S goHMH0 JOMBoBHMyMox30s - AsLL3YJEHOMIGEHM00l (GC/MS) FgmmEom, (9356
BsdbsMMEol  Lobgemdols  LsbsdsGmwm  9dudgMEGHobol  goHm3zbmwo  dowGML  Jodow®-
Agbogmwmyom®mo  9du3gMEH0DBOL WdMMIEGMM05d0. LosbswobME sMIdMEo 39bsgmo
byowgmmo  go8mIOHMmdowo s  ©H3M0wdsbgdmwo  odbs  Lobgedfoxzm  BoMmIs3m39gol
dmmbm3b6900L Fglisdsdobo. 00MMgEo Jomsbo s0fimbs gargd@BOMmbILHm®Oby (American weigh
scales, Model No.: PNX-1001 SN; Capacity 1000g x 0.1g, Operating Humidity: 10-85 % RH; Pover:
12V DC 500Ma Max Operating temp: 10c to 40c). s{jcmbzol 8999y, bgowgmo (5.0-5.0 a6)
936 9HEgb-909MHoL  3MmEdgddo O OTsBHYOMEo 0dbs 25.0-25.0 de»  Igomobmero.
mmobol 3H939M0G MDY 24 Lo-ob 9633w Mdsdo ©oYm3bgdol 9999 Fo0BoEHEMS Mbogm™m
Jowool BowEH®do. BOWEMGHJO0 PoEbowo 0dbs Boswgddo, MMIWgdoiE IMMI3LBES
500mg 3965530  39mobmeols  SBMOMJgds®.  MMRBME0  2odblbgeols  smGmmJwgdols
399009 Mo 65dmgdL Gow-393 ©o935B0  LOYM0Z5E0DsGOMm Lombgms bstgzo: BSTFA/
EtOAc (55 : 50 93w). go3bgems 70° C 39d396odmemsbyg 20 momol gobdoganmdsdo. 353039000
39909 1-1 930 998m33wgeo 0dbs  GHobgdn®mo JOHMIs@MyMg300-058L39JGOMIYEGHG00m -
bgwbofiym: Agilent Technologies 7000 GC/MS/MS Triple Quad; b3g@o - Elite 5-MS; 30M X 250 um
X 0.25 um; mdgeol 3$9d3gMo@mms: 600 C — 3100 C (Mgg000 3MMAEM53o); 0bg9dGH™Mmol
39939653 65-250C;  BHMbLEgHs0bol  3Hgd3gemed®ms-310°C; 506035 5Mm9dg0-3gwov)do
10¢0/§or; 0mboBoools fystrem EL70 ev; 3oboMgdol Gggodo TIC. LssbseroBm mdogd@Edo bodobby
6030096M930L 2593w gbols dobbom, JOHMIs@MyMsdgdby sOLYdMEO 303900l BobL3gJBHMIO0
09056090 o  0dbs  dmboggdoms  05Bsdo  (NIST 2016) sOLYdMEo  BogmogMHgdgdols
dobbi3gdBHMgOMab.

Doddobol  ggl@Mgdoligeb, GHwdgMMBIL  g439300gd0LYsD s Dol Mgl gdOLOYSD
909OBgMgd0  Jogdmwos 9.5, ,,0(3569 9JuB®ogdsool”  dgomgdom by ,,8(3969
3996mMy0900m“:  30MOHMPOLEHOWHSF00m; MOMNJWOM  EOLEHOWISE00M;  35MbI350JdMICO



5069000m; 303MMEGHIWOMH0 30EOMEOLEOWSE000; 03MMEGHIWOMHO0 458MmbEom godblibgwols
390909 S MGHMVYIOoMo gJuEHMod30000 F90AMI0  30EOMPOLEOES30000 (BoriTKeBnd,
1999; Xoxros u zp., MEXKTOC. CTAH/]. TOCT 34213 — 2017; Cagur u zp., Jibrin et all, 2014).
300MOMOOLAEHOESE00LIM30L  39dMYgbgdo  0gm  319396%gIO0L  839MOEH0,  MOMIWwom
9JuEHGogdzoobomzol 3o sbsys®o EURO FOOD and BREW. 506036990 ©sb500go60l
3990myg9bgdom 90gHBYmgdoL 4sdmf3wowgs bgds MmOMJwom, GMIOL 25:303990L 909y
3Mbgblsb@o bgwgds Bgmol Fqd30M9ddo. sbsERIMOL  Bgdbo3MGo  sboliosmgdrgdos:
mOHnJob 393396Medmes 90-95°C, mMmdwol (6935 0,2 3560, 900gmHBgmol 259mbisgeosbmds 0,1-
100 @/Lo-8o. gogHBImOL  godmfzarowzol MM  2U0;  F03OMEIEMOO  9JuBHEod30s
256bmOE0gw©s MM 9JuE®sRgbEHOL (Fyseo), sbggg, Tob 4oM9dg - 90gHDBIMGdIOL Jowgds
9JuBH®9bGHOL 4960909  bgds  F0ZOMEBHIENMIMO  FomdMBOOL  gbgPaools s MO
OoLE0WS300L FgoMEOL Bodsgdom; gmgMHYJOOL 9JuEMOJ30s JBbMOEF0gE©s v3MIM39
33306060530 IgoMmEOom: MW EHM0RIO0M0 s 30OMPOLEHOWSE0S. 306039 Moydo
69w gmml  BoB30005396  905mMmJargdger  30meddo, 935309  Pgoerl s 538539096

M GHO50ZIOIO0M. M BHMdRIMJOOL Fystrmo 09969096 MG Molicmbogzs@m®l. M @®medagmgdols
503o@s 9909l 60%-b  (GHMdYIMdOL  Lobdodg  GHmeos 20 335-0b).

MEEGM0YIOJ00  ©53w9ds3900L  boby®dwrogmds  dgopagbl 10 For-b. M EHGdYgHgd0m
©53M853900L 9909y  9gOHBINL  ©WIdMEMdID  30MOMPOLEHOWSE00m, 3 396X JMOL
3356530l 259mygbgdom. 90gHHgmgdol s8mbogzEr0sbmds %-3o gobolsBra®s bywgmwmols
3BLBMEMEMO FdMo ooy gossbasM0dgdom. 33eg3s TGO MdOoLoL bobgwdfogm

1539000306M ©6039ML0EYEHOL BMTS39I3GLO GIFbMEMmyool EI3sMIESBIBEOL dBIBY.

9396590 by gmeols s6300sgGgM0mewo sg@o3mdol dgifoges in vitro 306HMd9d0
39bbmOEogw©s Spot test (scriining) - 3gom©Om. 33935 Bo@GIM©s Md0oobol Labgwdfonm
bodgoobm  Mboggdlodgdol  BsMmBs393GMo  Ggdbmwmyool  ©93sMGHbGHLS o
030obOL  0MMP0  g0s35L  Lobgemdol  35gGgMHoMBsR00L,  B0ZOMdOMMMYO0LS S
3060BMEmyo0l 0bLEHOEMEHOL dsbsbY.

89©03900L  BLAHIGOLHOZIOO  ©BYBgYds. 3330l BgEYRIBO  @FBo3IBLIEOs
UEAHOGHOLE0ZMNM0 3OMaMsdol - Sigma STAT-ol @odmygbgdom. mommgmwo 9Ju3geodgb@o

&9M©90Mm©s 3060099 3-x96M ©s bgdm©s domgdo d99agd0L bydrswrm 36093690 mdgd0Ls
(Mean = M) 5 bodwgoem BEobs® G0 2osbM9dol (Standard Deviation =SD) a53mmges.

»sg3o V

d50779dols dcEobo3Me dswdo 0b@GMmonisomgdwmwo Polianthes tuberosa L., Iris pallida
Lam., Cuminum cyminum L. ©6q5-356300050H330L 0530190690980 3500l lbgsslibgs
WM3I5305%9

09960083b5: 2320m930L sUsPyobdo, G96hgwcmo 0fbs 98 BAHO329P0 SGBsHIero bsbgmbgbo,
09803 Bs9dol 8 Hsbo3H0 8ol 300¢m9930500 36 Fr03093985. Jsoo  gsder kol
33062530c9080L5 @5 G9bfszerol dobboo, 8yHsbozey6 Bsmgdl derob oglicmors gsggarols 3mbools
@ bbgssbbzs 0639693 bsoBob bsdwysemgdom, gsdmpigiocro ofbs bspygobo Gsbsems, 0gberobs



@ bstgsgo Osbserol bsboo,  boyern 30-0og bsbgmds, Gadengdop 30639¢s@ @s0gbocro s
@G3eIero 0fbs sbryGwemo gBoIbBHoL 30689800, mMsbz9Mgsd0. 58 Gpgbstgos «dgBHgbo
bsbgmdols  domgdryiem  bsorgbsmgdls s bsbsmIdby @©533003900L  bsgndzger by, 36939
5OOHIC Gpgbst90s 35¢M3909¢0 bsbgmdol dbodz69¢ 8056 3s90m30bsty, os g6wbhdo
@3U5633350; 3367930 doBboo, dghgrycro 0fbs bsbym8gdo: Cuminum cyminum L., Polianthes
tuberosa L., Iris pallida Lam., Curcuma longa L., Zingiber officinale Roscoe., Elettaria cardamomum
(L.) Maton., Coffea arabica L., Coffea canephoraPierre ex A.Froehner., Vanilla planifolia Jacks. ex
Andrews., Cassia angustifolia M.Vahl. gsdmgymaocno ofbs 30639¢00 97639650d9bBdecro bsz339000,
bssg  356bmGrogar©s  dmzems-dmyzs60b  sgieadgdbozmo  @mbobdogdgdo  Jodorymo
b3s995¢m98980L  35s69d.  dgbpsgeroero  ofbs Gsoo  bOHs-33s6300056980b  0530L98-9(98980;
336bm&09¢cm@ Go98:1¢70 6900emgr9c0l - 8s¢msbo, eamglz980, 353000, glicro - bGobobgo
80020305 SAHOLIE0 6030009998980 9901339085 B9 06959603560
JOF5H3GH5R300005 05 35sYVIHO JHSHMFBH3%305 - Isbb39JHBI9HEool GC-MS Fdgormoor
d9c098960 356BgsI8r9cro bsboor oboemgo 33¢90G9%9(3HoL 1336980 bspocrdo, beagre
306C5@, 33e930L 38 9hs30l d9ga980, ©OLIHASG0sTO 85302609890 835930 ©sbsGIOl
bsboo, Hmdgerog mogszl 6 osgl, 1 3bGogrls @s 56 RedbrGsob (Jodorto bsgmomgdol
JO5H28659980 ©5 Tsbl397H980).

05030l dMEHSb03MEO 3500l 3Megd3oolm3ol sbowo s MYobEHMHM©Y30MHYdYo
NOIRTRG Py lule) 9396569900l 0bGHOM©MI300L 3003900 FJYRJOoL  Fosboobgdols
LoR3A39w DY, 39dM3039bgm L3365, M Vs FOHMBEHOL 30MMdJdT0 BLOIE 393933G0VIO ©S
396965309 2963000560905l 450056 Lobgmdado: Polianthes tuberosa L., Cuminum cyminum L.,
Iris pallida Lam. obobo y35300md96, 0300509096 65§ormdmog bogmals s mgbenl, Mog sbogw
390900 306M39OM6  53BHO300L  FoB396909e0s. Bggbo  F9damdo 330930l LEdMEMM
0009943905 LHmMgo gb Lsdo Lobgmds dgz3smB0go.

AO9IOMDBs  dgdbozol  9bgdmEmo  Lobgmdsy; BgMIZOMOIWO  BsTdBOL  LLETIMdEIM
05 356900b bobgz56396d)0s. olmzol bywlisgMgwo s@a0wos bdguwmsdmsHrzoldomgmols
30M3560 500w900; 33500 HBoMSL LOTIMOdM® o SYHOSLSE MZ0sb, MMIEs, 6sdz0Wwo
DML 93MEIWIO0L  FOOM  96MJO0  NBOM  dbwm  50dmbLgegmo o
b3 353v5DM30L3009000L MY0Mmbgd0s, LoSE “Y339w Lo OOMOEIL 5dGH0YIMSE SHomBmgdgb
5 0Ygbgd96, 0go 3bmdowo ogm B3.H.00-0c0g 5000 Herol obsm, dolo mgliemgdo bsdmgbos
9330330 39bsdsmbgddo, s0o@md 50 3mB3OgBHMo  Lobgmdol  Loddmdwm
b9 3sdsDMH30L30MGN0S 505MGOMO.

15330930 Md09JBHJOO MBOHM FIMHEO S MO0 JeodsGol I3gbse9ggdos, bmGmTsermMo
BM-396300560900LM30L  LFoMOIdsm  boby®dwogo  gobosmgds,  3s59®8o  BHgbol  d30M9
399339005 5 MOOWO HBITNMO.

0omAol  dM@HobozMmMo  dool  BosogM-30do@ Mo 3060HMdd0L  BMYso
QbOLOsMYdS (39990 23593L O BHIMSEIOIo dodmbowgol dg-TI1 ms380, Lyosbss BsbL,
3 5F56MH0L HBO30L3009000 S 3JMHIME, dsMYTob dMEH603MO B50OL BosIYFMG-3e0doE Mo
30603900 bollosmgds  GH9gbosbo  LYB¥GHOM303Mo  3odo@ol  FoboliosmgdEGdOm.  sFsMOL
B30L3009mdo LYPBIEGHO®M3039o s GHOM30379o I;396509900L 0bGHOM©MI300l dMMm3gLdo

005356  Boe0do@0M9d9 BoJBHMOL  HoMmBmoabl (3939 Fergddo DsdMOOL  ©sdsO
39939053900  ©s  wbgzo  bowgdo. 930l bwzoLdoMgomol  2015-2020  {ewgdol

399G 9MOMEma0mo  dmbs3gdgdos  s0hgMowo  335d3b  OLYOEHIEO0L O EIMSEIOHICO



dodmborgol d9-IIT 05300, LOOE OYEMAYOBYS (Attps./www.meteoblue.com) SBsbwyro, ™I

;M98 fargddo, sFsmol be30L30MHgmdo, 58 Bmbobmgzol wB3gMwm, Ggsmgdom 935360
BodmM0 0gm, 356LS3MGMdom, 2016 (gl s 2020 Fawl, OHmas sdOLMEMEWOO dobodserydo
39939053 «wes 2016 Herol 00b3mol dgbsdg g3ssdo  -1,9°C ogm, bmerm, 2020 fgwl,
09996030l dgmMg 9350530, -4,7-6°C, BO30L30MINOL (3539w 5©P0Wwgddo 30 -10-14°C-og3
30 ©5830JLOMEs. Boegdgdol Lodwmswm mz309M0 d5B396909w0 gobliszmmMgdom oo ogm
2018-2019 {ergdols do®GHob, 03wolol, 9330LGML, Lyddgddmol, md@Emddmobs s 9390060l
0399930, LsdMsm Mm309M0 dsB3969dgeo 100,9 30 - 388,5 93 gotywgddo dgeygmds. 2017-
2019 fegdol  dodGHol, dsobol, 0360L0-03¢0lLOL, sa30LGHMLS s  MJG™IdOHOL  ™M3990d0
5006036905 B53w99eMm BoMOMBOMO 3gb0sbMdOL bo3dome owswo dsB3969d9w0, 86-96 %
369070, bbgs 1399080 30 79-82 %-1 d9500396c00.

V.1. 35007990L dmEs603M® dsm8o Lo3ge930 sHMIsEIEo Lsbgmdgdol BMHEs-630m>MIdOL
99LP53¢0ol JoBBom FsdmYgmBoO MMIs30900L Sfigms

2018 §e0osb GHMdgH™mBIL, BgMIZOHMo Doddsbols s Bsdgzgowo BoMmsls dommdols
03603100 B50oL 30MM0JdT0  BMEI-25630M50M9d0L 5307 MMIOJOOL S SI3FI(300L
bo®obbol LEWwymBows dglfhogerol dobbom, 2016-2017 Hengddo sGMIsGME d3gbstgoms
99b3960396& e 6533900Bg 290MBOHOEO 15330930 MBOYJBHJOOLRYD FoIOIo  LoMRRS30
Loogbo  doloews  o3MRgo S ©O3009LY 0500L  bgoolbgs  BoEMYgMYMOR0Y
396ymxzomqdsdo, goblibzeggdmwmo  gJudmbogools s booogqdol  30MmMdgdd0, 8300
WMm35305H9:  500Mboggom  dBool,  3005¢s0l,  3LGHMO00L, BTG msdSBEOZ0L30MIIMOL
(936M399w0), BOOWMIm 539MH030L  BOEMPIMYMIRONME  gobymzowmgdgddo, (396GHMOCE
3963bs o 9Ju39M0d9bGH 6533900BY. 2017-2018 §ewosb sOHMIs@mewo dzgbstggdolbomazols
3odmoygm  dgmbéyg,  sbowo 9JudgmH0odgbdmeo  Bs3zgmo, GMIgoz MBOM  TgBHo MOl
503mby3gmol dbsMgl Jod39090, 35620 2365mgdom godmoMbgzs, bmwm obs 653390056
3905609000, 3930 H9b0sbMmdom boliosmqds.

g439ws wm3s305Hg 939bsggdo Bsotym 15-20 LI Lo®oLs s 20 LA EOsTYGHOOL
30, LOWIE FIbMOZLES LLBLEBHMSGO - BHMORO : 39ME0GO : Joffs MsbsgsMomdom - 1:1:1.
9496500905  9J3IMEs 930939 3Mb3Mg@GM d9Mdbosd dggbotrgms  Qogdm3oL s Fomo
3oGMbE0MOH0  5J@GH03mdolL  bo®olbL,  wo@GH M@  dmbs39dgdby  oYyMObMdom
(@9®H®939wo, 2009; Metrevel, 2003, 2007, 2017, 2019), ©s5©yb RoG™Mb30©IdL ©o©O
9603369 mds 5g3l 35960l Qox9BLEgdoLs s 35369090 3500Mmg6M0 FozMMMMABOBIGOOL
3930390900l J9i396bgdsdo.

Mm35305 Nel 3gds6gmdl (396GHMoMH0 350306 GJMHOGHMM05DY. 003103 3500FSAL
40bob: Hamamelis mollis, Loropetalum chinense, Myrtus communis, Eucalyptus viminalis,
Eucalyptus cinerea. obobo {o®3s9696 dowowo s6¢308030:mdo dmddqgdol d3gbstggol.

©@Mm3o305 Ne2' 3qgds@gmdl  53L3Mo0ol Burm®mobEME gobymaowgdsdo. oMy3wog
3500@ 5L Jobol Laurocerasus officinalis, Eucalyptus cinerea, Hakea saligna, Abelia grandiflora s
Aucuba japonica. {4530, 93350330 ©5 9dJWwos  1530sm©  Fomowo  96E003MmMdMwo
300909300 35dM0GMBI3s.


https://www.meteoblue.com/

WMm3o305 N3 9gdsegmdl  3085¢0o0l  BEWMOOLEGHW  gobymuowgdsdo, $0F3900L
35803 do: Pinus massoniana, Pinus pinaster, Pinus pallasiana, Vaccinium arctostaphylos, Styrax
yaponica. 3033990 L5gM39WNSME (36MO0O F5MGIML ook sBLOMGdgo Hofigmgbados.

WMm3o305 N4 9gdsmgmdl  s@dmlagrgom  sDool  BEmOobEwMr  4obgmzowgdsdo.
35080393L Jdbol 890gao 939bstrgmemds: Parrotiopsis jacquemontiana, Corylopsis veitchiana,
Mahonia lomariifolia. b53039 LobgMds Joo0 96EH0T0IMOMBMEO M30LYOYO00 bolosMYds.

m3s30s Ne5  8gds®mgmdl BM©owmgm 53900306 BwmGobGe  asbymaowgdsdo.
063303 35003oBL Jdbols  Hamamelis virginiana-gdools xymM®o, Pinus taeda, Pinus sylvestris,
Crataegus macrosperma var. Pastorum, Crataegus lucorum, Crataegus pringlei, Catalpa bignonioides.
3505990lgd0 s B03F3900 d0gMo 56¢30803MMdEo dmddggdol I;396569900s.

WMm35305 N6 90gdsMgmdl  93MM30L  BEMEOOLEMM  2obymBowgdsdo.  0My3e03
3500@oBL  Jdbols  Parrotia  persica, Cerasus avium. 00bMwo  bgMH3zobs  Fo®owo
130GMbE0MOMB0m 45dmoMBg3s.

wm3s30s N7 - 94b3gemodgb@ o 653390, ULbgs  @m353090056  Fgsmgdom
39659005 9oMgO0m V01, 5o, FHBOM 356MPs© o650 3MEIX BIOOGHMO05DY,
Lbgs 93969699000 BOOWOo 56 04dbgds.

00Mm3M9356M53HJooL  2odmygbgdom  Fgbodergdgeros  I3gbstgl  BO-gIb30mMYdOL
360Hm3gbdo  LogMdbmdmo  ©39bdodmm, o3  JoBbom  godmz0ygbgm  BdOMIMY3sGMSE0,
Lobgafimgdom ,,xgm3M3sBH0“. 00 Mol 100%-000 BsGwEsmMo 36M935M5FH0. gb sMoL
139(305WMHO MHY35000 3FobMEmOo Lolivydo F3gbstrol FdWs3M0 BOHI-3630MsMgdOLMZ0L s
o050 d90193500™d0L MbsM0m BoEMEHMIL03MOMBOL MOLZOL A50gdg. dombolwdol BoHoM-
JodoMo 95839690 9gd0 560l d90ga0: MHY3500, 12%-0560; MEYBMwO Bsfomszgdols dsbvyGo
oo 5615653090 12.5%-bs, oo dmMob: 319dobol 05535 5615653090 34%-bs, Be3zmzo3s o
bbgs mMobmwo 8553900 565653090 25,0%-bs; dobgMowrmmo BogzmogMgdgdol dobvydo fowo
365653090 1,0%-0Ls, 3500 JmE0L, 3530mgedgb@EHgdol dsbwmemo fowo: N=1,2%, P20s > 0,55%,
K20x16,5, CaO =0,56%, S< 2,1%, MgO < 0,32%, Fe20s <0,5%. 3036099396@&9gd0l dsbwydo oo,
9o dmMob: ZnSOs <0,41%, CuSO4 <0,08%, MnSOs <0,08%, CoSOs <0,03%, (NHs)2MoOs <0,7%,
H3BOs <0,3%, KIOs <0,03%.

20 9 d0M3MY39MOAL 35953900 5 oM {ysedo, 83gbsMggdl wm3s3090%DY
3600453000 ©OE0ol  Lssmgddo.  ImOfgzsl  FoFoMdmgdom ygmgzger dgLsdy ol. 0939
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Streptococcus. spp - - R
Streptococcus pyogenes - 4+ -
FEscherichia coli 4+ - 4+
Salmonella typhimurium 4+ - 3+
Proteus vulgaris 4+ - -
FEnterococcus faecalis - 4+ -
Staphylococcus aureus 3+ 3+ 4+
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Streptococcus. spp 4+ - -
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Pseudomona spp 2+ - 2+
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Introduction
Theme topicality:

Aromatic plants take a special place in the world of plants. They vary with their wide range
of diversity and the origins of their natural coverage. More than 2000 species of aromatic plants are
known for the world, among them 43.6% grow in tropics, 9,3% in the subtropical zone, 19,5% in the
temperate zone and the rest of the species can be found in various zones (Marshall, 2011).

Production of aromatic substances was intensively developed in the middle centuries.
Essential oils were widely used in the pharmaceutical, food and especially, perfumery industry.
Despite the development of synthetic substances, natural essential oils appear irreplaceable for
making food, medicinal, perfumery, cosmetic production, etc. They have the biggest medicinal
qualities. Medicinal-aromatic plants play a significant role all over the world in terms of economic,
social, cultural and ecological aspects. These are secondary products of herbal metabolism used for
producing medicinal preparations to avoid different diseases and preserve health. Besides officinal
medicine, aromatic-healing plants are used in traditional medicine by 80% of the world population.
Most aromatic plants used in officinal and folk medicines grow wild. Therefore, the conservation of
aromatic plants in nature and their intensive cultivation has recently become a very topical issue due
to increased consumption of aromatic plants, commercial activities and their influence on habitats
and species (Marshall Elaine, 2011; Aftab, 2020; Patel, 2015).

The stock of wild-growing aromatic plants in Georgia is not big. However, the natural
climatic conditions of our country allow their cultivation. This is proved by industrial plantations of
geranium, jasmine, rose, basil, etc. created and cultivated by the introduction in Georgia last century.
They were used to produce essential oils. Today, essential oils are imported rather than exported.

Anthropological influence on natural phytocenosis of wild-growing plant species causes
catastrophic reduction of the stock or extinction of some species. The said problem is topical in terms
of an economical point of view as the contemporary industry (food, pharmacy, etc.) requires a new
base of guaranteed raw materials for the development, which can be achieved through the
introduction or cultivation (Batumi Botanical Garden 100, 2012; borfikosa, 2013; baxarosa, 2009;
Koueros, 2008). Deliberate research about the introduction of some plant species containing essential
oils started in the 1960s. Many scientific works done by Georgian and foreign scientists were
dedicated to the mentioned issues.

Georgia has culture, traditions and experience of cultivating aromatic plants with the help of
introduction and producing essential oils from them. It must be also noted, that nowadays, special
attention is given to creating a healthy environment and products without chemistry but using green
technologies. Organic quality production is possible to get from ecologically clean raw materials
introduced and cultivated without poisonous chemicals, chemical pesticides, etc. Therefore, the
introduction and processing of plants containing essential oils with the help of green technologies are
one of the topical issues. Botanical gardens are the best venues for studying the process of
introduction and cultivation of aromatic plants. In some countries, they were established as collection
and research centers for live collections of medicinal, aromatic, edible, decorative and other plants of
local and foreign flora (Bidzinishvili, 2012).

Gardens of medicinal plants are available in many botanical gardens of the world comprising
the collections of medicinal-aromatic plants with various usage and significance. The collection of

medicinal-aromatic plants is not separated in the Batumi Botanical Garden. However, lots of



introduced aromatic hardwood species are available in the collections of hardwood plants of the
garden. It is noteworthy, that the stock of wild-growing aromatic plants is not big in Georgia.
Therefore, researches on the introduction and cultivation of aromatic plants are important to be
carried out.

Research aims and objectives

The research aim is the introduction of some aromatic plants in the Batumi Botanical Garden
by green technologies and elaboration of green technologies for their processing.

The following tasks were accomplished to achieve the goals:

e Selecting aromatic plants for introduction;

e Analyzing general biological and ecological characteristics of donor floristic regions;

e Analyzing host soil and climatic conditions, host plants and limiting factors of
introducent aromatic plants; selecting the adaptation conditions for introduced aromatic
plants

e Testing of the primary introduction of some aromatic plants;

e Elaborating agrotechnical activities for growth and development of introduced aromatic
species without chemistry but natural materials;

¢ Studying growth and development peculiarities of introduced aromatic plants;

e Identifying the adaptation opportunities and quality of introducent aromatic plants;

e Studying microstructural characteristics of vegetative and generative organs of introduced
aromatic plants;

e Screening the extracts of introduced aromatic plants on antibacterial activities;

e Studying the content of bioactive compounds of aromatic plant materials introduced by
green agrotechnical activities on the locations of the Batumi Botanical Garden by Gas
chromatography — mass spectrometry GC/MS method;

e FElaborating green technologies for obtaining essential oils from introduced aromatic
plants;

e Studying the chemical content of essential oils obtained from introduced aromatic plants
by green technologies by Gas chromatography — mass spectrometry GC/MS method;

e Screening the essential oils obtained from introduced aromatic plants on antibacterial
activities;

Research object:

At the first phase of the research, the research objects were 14 aromatic plant species
introduced by us in the Batumi Botanical Garden. At the second phase of the research, the aromatic
species - Polianthes tuberosa L., Iris pallida Lam., Cuminum cyminum L. introduced by us in the soil
and climatic conditions of the Batumi Botanical Garden by Green Technologies were selected as the
final research objects.

Scientific novelty - The growth and development characteristics of some aromatic plants at
seven different locations of the Batumi Botanical Garden with various expositions and soils and
agrotechnical activities necessary for the perfect development of their life cycles without any
chemical means were studied for the first time, at the base of the Batumi Botanical Garden. Most of
them are introduced to the soil and climatic conditions of the Batumi Botanical Garden for the first

time, the rest of them is reintroduced.



Based on the studies of the aromatic plant raw materials on the content of bioactive
substances introduced without chemical means under the conditions of open soil of Batumi Botanical
Garden, significant compounds were detected. They have antioxidant, antipneumonic, antimicrobial
and other qualities; Part of them is known and used in medicine, perfumery, cosmetics, food
industry, culinary and other various directions. Their antibacterial activities are studied. The content
of essential oils received from aromatic plants is detected.

Practical values — Presented scientific basics of green technologies of growth-development
and processing of some species of aromatic plants Polianthes tuberosa L., Iris pallida Lam., Cuminum
cyminum L., has great importance for the creation of the base of ecologically clean raw materials.

Green technologies for obtaining essential oils from introduced aromatic plants are
elaborated.

Introduction and processing of essential oil-containing plants by agrotechnical activities
provide the creation of an ecologically healthy environment and production, which will support the
preservation and enrichment of the diversity of flora. The said issue represents a challenge for the
contemporary world.

Based on this paper, the first experimental plot of aromatic plants in the history of the Batumi
Botanical Garden was established and the collection of aromatic-spicy plants was decided to arrange.

Thesis approbation:

Research outcomes as the basis for the thesis were presented at international scientific
conferences: II Scientific-Practical Conference -Biodiversity and Georgia (Tbilisi, 2016); III Scientific-
Practical Conference - Biodiversity and Georgia (Tbilisi, 2017); International Scientific Conference —
Future Technologies and Life Quality ( Batumi, 2017); Scientific-Practical Conference - Green
Medications — By Green Technologies For Healthy Life (Tbilisi, 2019); Young scientist and Student
Conference — Actual Issues of Contemporary Biomedicine (Batumi, 2019); International Symposium
in Veterinary Medicine (Akhaltsikhe, 2021).

Publications - Seven scientific works about the said thesis theme have been published. Three
of them can be found in reviewed magazine and one in the impact-factor magazine.

Thesis volume and structure — The paper includes 185 printed pages, comprising of an
introduction, 11 chapters, 19 sub-chapters, conclusions, bibliography and annex. The paper also
covers 9 tables, 72 photos and a bibliography, including 143 titles among them are 116 foreign ones.
The thesis annex covers 6 appendices including 1 table and 56 pictures (chromatograms and

mass spectra of chemical compounds)

Bibliography overview

The first chapters of the thesis analyze the results of literature overview: diversity of aromatic
plants, cultivation history and practical values; Concept and importance of introduction and
production of aromatic plants by green technologies; General description of aromatic plants newly
introduced to the Batumi Botanical Garden; Comparative description of soil and climatic conditions

of the Batumi Botanical Garden and natural spreading areas of research aromatic plants;



Research outcomes are included in the experimental part,
In the fourth and further chapters:

Chapter IV. Research venue, object and methods

IV.1. Research venue:
At the first phase of the research, the research objects were 14 aromatic plant species
introduced by us in the Batumi Botanical Garden:
. Cuminum cyminum L.
. Polianthes tuberosa L.
. Crocus sativus L.

. Iris pallida Lam.

1

2

3

4

5. Curcuma longa L.
6. Pogostemon patchouly Pellet. = Pogostemon cablin. (Blanco).
7. Cananga odorata (Lam.) Hook.f. & Thomson

8. Zingiber officinale Roscoe.

9. Elettaria cardamomum (L.) Maton.

10. Cistus ladaniferus Stokes.

11. Coffea arabica L.

12. Coffea canephora Pierre ex A.Froehner.

13. Vanilla planifolia Jacks. ex Andrews.

14. Cassia angustifolia M.Vahl.

At the second phase of the research, the aromatic species - Polianthes tuberosa L., Iris pallida
Lam., Cuminum cyminum L. introduced by us in the soil and climatic conditions of the Batumi

Botanical Garden by green technologies were selected as the final research objects.

IV.2. Research methods and research venue

Studying growth and development peculiarities and phenological phases of introduced
aromatic plant species under the local soil and climatic conditions were carried out by Beideman and
Serebriakov, Elagin and Lobanov’s methods (Beideman, 1974; Elagin, 1979; Serebriakov, 1974). The
research was conducted on the base of the Batumi Botanical Garden.

The acidity of the soil, the rate of humus and the content of the main feeding elements,
namely, pH, humus %, total nitrogen %, K20%, P20s % were determined at seven different locations
of the Batumi Botanical Grden. The state method 26107-91 (Methods for determination of total
nitrogen, Moskow, 2019) was applied for the identification of total nitrogen; Phosphorus and
potassium moving particles were determined by Oniani's method, modification by the state method
26206-91 (Phosphorus and potassium by Oniani method modified by CINAO, 2013, Moskow).
Phosphorus was determined by phytoelectrocolorimeter at a wavelength of 710nm; Potassium was
detected by Atomic Absorption Spectrometry; humus and pH were determined by the express
method. The research was carried out based on LEPL Laboratory Research Center of the Ministry of

Agriculture of Ajara.



For studying anatomical structure, microstructural characteristics of vegetative and
genetative organs of the research species, transversal, longitudal and surface cuticles of preparatory
samples were done by a sharp razor from a live unfixed material, collected from a medial part of a leaf
plate and midrib. Slices were kept in safranin solution for 24 hours and placed in glycerin on the
slide. Observation of specimens was done using Carl Zeiss, Jeneval light microscope; digital images
were taken by a camera Canon Digital IXUS75 and post-processed using Adobe Photoshop CS5
software. The research was carried out at the base of Iovel Kutateladze Parmacochemistry Institute of
the Thilisi State Medical University.

Plants screening on the content of bioactive compounds was carried out by quantitative
reactions and thin-layered chromatography (. Wagner, S. Bladt, 2nd edition, 2003; Pharmacopoeial,
2013; Vachnadze, 2012). The research was done at the base of the department of Pharmaceutical
Technology of the Tbilisi State Medical University.

For the identification of the content of biologically active substances, the study was
conducted with gas chromatography-mass spectrometry GC/MS method at the Toxicology and
Chemical Expertise Laboratory of Levan Samkharauli Court Expertise National Bureau (Georgia).
Raw materials for analysis were dried, received samples were parted in following the requirements of
the 10th edition of the State Pharmacopeia. Raw materials taken for analysis were parted under the
requirements of the State Pharmacopeia. Each of them was weighed by electric scale (AMERICAN
WEIGH SCALES, Model No.: PNX-1001 SN; Capacity. 1000g x 0.1g Operating Humidity: 10-85 %
RH; Pover: 12V DC 500Ma Max Operating temp: 10°c to 40°c). After weighing, raw materials were
placed in Erlenmayer flasks. 5,0-5,0 gr of parted plant materials was added 25,0-25,0 ml Methanol.
Materials were left at room temperature for 24 hours and then filtered by ash-free filter paper.
Filtrates were placed in files and left there in suction boxes for ethanol evaporation. After
evaporation of the organic solvent, mixture of derivatization solvents was separately added to dry
remains: BSTFA/ EtAc (55:50 mkl), heated at 70° C for 20 minutes. After cooling 1-1 mkl Was studied
by tandem chromate mass spectrometry — device: Agilent Technologies 7000 GC/MS/MS Tripe Quad;
column - Elite 5-MS; 30MX250 pm X 0,25 pm; furnace temperature - 60C-310C (program regime);
injector temperature - 250C; transfer line temperature — 310C; airborne — helium 1ml/m, ionization
source - El-70 ev; scanning regime - TIC. For identification of the target substance in the object under
study, mass spectrums of the peaks existing on chromatographs were compared with the mass
spectrums of the substances existing in the database (NIST 2016).

Essential oils were received from iris roots, tuberose flowers and cumin seeds by so-called
Green Extraction methods or green technologies: hydrodistillation; steam distillation; liquefied gases,
microwave-assisted hydrodistillation, microwave-assisted distillation without solvents and
ultrasound-assisted hydrodistillation extraction (Bo#rkesuw, 1999; Xoxros u zp., MEXITOC.
CTAH/]. IOCT 34213 — 2017; Cagpur u gp., Jibrin et all, 2014). We used the Clevenger apparatus
for hydrodistillation and EURO FOOD and BREW machine for steam extraction. With the help of
the said machine, essential oils are obtained by steam; after the steam gets cold, condensate appears in
the oil collector. Technical characteristics for the machine are as follows: steam temperature - 90-
95°C, steam pressure - 0,2 bar, essential oil obtainability - 0,1-100 g/h., essential oil extraction time - 2
hours; microwave-assisted extraction was conducted with an extragent (water) and without it.
Obtaining essential oils without extragents takes place by microwave heating energy and dry

distillation methods (Pic.N1); The extraction of essential oils was carried out by a combined method:



ultrasound and hydrodistillation. At first, raw materials are loaded in an evaporating flask, water is
added to and treated by ultrasounds. Ultrasonicators are used as the source of ultrasounds. The
amplitude of ultrasounds consists of 60% (ultrasound frequency is equal to 20 kHz). Ultrasound
treatment duration is 10 min. After ultrasound treatment, essential oils are obtained by
hydrodistillation with the Clevenger apparatus (Pic.N2). The obtainability of essential oils in
percentages (%) was determined by calculating the absolute dry mass of raw materials. The research
was done at the base of the department of Pharmaceutical Technology of the Thbilisi State Medical
University.

Studying the antibacterial activities of the plant materials was conducted under in vitro
conditions by the Spot test (scriining) method. Plant excerpts were prepared by the maceration
method. Bacterial pathogens causing various human diseases were used while testing. For the
identification of antibacterial activities, the research was carried out at the base of the department of
Pharmaceutical Technology of the Tbilisi State Medical University and the George Eliava Institute of
Bacteriophage, Microbiology and Virology.

Statistical processing of outcomes. The research outcomes are processed by the statistical
program - Sigma STAT. Each experiment was conducted 3 times minimum and average meanings
(Mean = M) and average standard deviations (Standard Deviation =SD) of received results were

calculated.

Chapter V

Growth and development peculiarities of Polianthes tuberosa L., Iris pallida Lam.,
Cuminum cyminum L. introduced to the Batumi Botanical Garden at different locations.

Note: At the beginning of the research, exotic aromatic plants unavailable for the
collection of the Batumi Botanical Garden were selected. For their propagation, growth and
studying, we ordered primary materials or seeds and seedlings, up to 30 species from different
websites and Seed Exchange Foundation between botanical gardens. For the first time, they were
sowed and planted under closed soil conditions or orangery. Based on the observations of sowings
and shoots of most species of these plants along with the importance of certain species of aromatic
plants, species were selected for the research to be planted in an open soil: Cuminum cyminum L.,
Polianthes tuberosa L., Iris pallida Lam., Curcuma longa L., Zingiber officinale Roscoe., Elettaria
cardamomum (L.) Maton., Coffea arabica L., Coffea canephoraPierre ex A.Froehner., Vanilla
planifolia Jacks. ex Andrews., Cassia angustifolia M.Vahl. The first experimental plot was separated,
where agrotechnical activities for growth and development of these species were carried out without
chemicals but Green Technologies. Their growth and development characteristics were studied;
screening of obtained raw materials - grass, tubers, flowers, seeds - on the content of bioactive
substances was done by thin-layered Chromatography and Gas chromatography - Mass Spectrometry
GC-MS method (The results of this stage of the research are available in the annex).

The results of this stage of the research are presented as annex including 6 chapters, 1 table

and 56 photos (chromatograms and massspectrums of chemical compounds).



Based on the analysis of primary outcomes of the introduction of new aromatic plants to the
collection of the Batumi Botanical Garden, we can conclude, that full vegetative and generative
development under the conditions of an open soil occurs with the following species: Polianthes
tuberosa L., Cuminum cyminum L., and Iris pallida Lam. They flower, partially develop fruit and
seeds, which is an indicator of their adaptation to new environmental conditions. The said three
species were selected as final objects for our further research.

Tuberose is endemic to Mexico; Pale iris is native to the Balkan Peninsula. Mediterranean
cliffy locations are advantageous for them; The genus cumin is considered to be native to Minor Asia.
However, the coverage area for true cumin is closer to Eastern and Mediterranean regions, where it
has been actively produced and consumed since ancient times. Cumin was known 5000 years BC, its
seeds were discovered in fossils in Egypt, that's why the Mediterranean region is recognized as its
homeland.

The research objects belong to dry and warm climates. They require sunlight for a longer
time, less humidity in the air, and mild winter for their normal growth and development.

A general description of soil and climatic conditions of the Batumi Botanical Garden is
available in the chapter III of the literature overview. Based on the overview, the soil and climatic
conditions of Ajra littoral and, particularly, Batumi Botanical Garden is characterized by humid
subtropical climate. The main limiting factor in the process of introducing subtropical and tropical
plants to Ajara littoral is low winter temperature and heavy precipitation for certain years.
Meteorological data of Batumi coastline in 2015-2020 is described in the chapter IV, of the

dissertation literature overview. The charts (Attps./www.meteoblue.com) show, that by this period

During last 5 years, a bit stricter winter was recorded in 2016 and ongoing 2020, not typical for Ajara
littoral, in particular, for the Batumi Botanical Garden. The absolute minimum temperature was -
1.9°C in January, in 2016 and for the current year, it fell down to -4,7-6°C in the 274 decade of
February. Moreover, in certain places of the littoral even -10-14°C was confirmed. Average monthly
precipitation was extremely high in March, July, August, September, October and December, in
2018-2019, fluctuating between 100,9 mm- 388,5mm. Average relative humidity reaching 86-96 %,
which is quite high amount, was revealed in March, May, June-July, August and October, in 2017-
2019, while in the other months it achieved 79-82 %.

V.1. Description of the locations of the Batumi Botanical Garden, allocated for studying the

growth and development of aromatic species

Since 2018, for thorough studies of the growth and development peculiarities and adaptation
quality of tuberose, pale iris and true cumin under the conditions of the Batumi Botanical Garden,
plant and seed materials obtained from research objects grown on the experimental plot of aromatic
plants in 2016-2017, have been planted and sowed in seven different locations with various
expositions and soil conditions of different phytogeographical sections of the garden: East Asian,
Himalayan, Australian, Mediterranean (European), North American sections, central park and
experimental plot. Since 2017-2018, the second experimental plot was selected for aromatic plants,

which is located closer to the East, with good sunlight, but more humid than the previous one.


https://www.meteoblue.com/

In all locations, the plant was placed in 15-20 cm deep and 20 cm diameter pits added to
substrate peat-perlite-ground with the ratio-1:1:1. Considering literature data(Metreveli, 2003, 2007,
2009, 2017, 2019)., hardwood plant surroundings and the degree of their phytoncidic activity was
carefully observed, as phytoncids are extremely important for improving the air quality and
preventing the development of pathogen microorganisms.

Location Nel lies on the Central Park territory. Hamamelis mollis, Loropetalum chinense,
Mpyrtus communis, Fucalyptus viminalis, Fucalyptus cinerea create the habitat around. All of them
are the plants with high microbial activity.

Location Ne2 is situated in Australian floristic department. Laurocerasus officinalis,
Eucalyptus cinerea, Hakea saligna, Abelia grandiflora and Aucuba japonica create the habitat around.
Cherry laurel, eucalyptus and abelia are distinguished by enough high antimicrobial activity.

Location Ne3 can be found in Himalayan floristic department, in the habitat of pine trees:
Pinus massoniana, Pinus pinaster, Pinus pallasiana, Vaccinium arctostaphylos, Styrax yaponica. Pine
trees are well-known environment improving coniferous plants.

Location N4 is positioned in East Asian floristic department. The following plants creat the
habitat: Parrotiopsis jacquemontii, Corylopsis veitchiana, Mahonia lomariifolia. All the three species
share high antimicrobial activities.

Location Ne5 can be found in North American floristic department. The habitat is created by
the group of Hamamelis virginianas, also Pinus taeda, Pinus sylvestris, Crataegus macrosperma var.
Pastorum, Crataegus lucorum, Crataegus pringlei, Catalpa bignonioides. Hamamelis and pine trees
possess strong antimicrobial activities.

Location N¢6 lies in European floristic department. Parrotia persica, Cerasus avium create the
habitat around. Iranian ironwood is distinguished by high phytoncidicity.

Location Ne7 - Unlike other locations, the experimental plot is located in an open, vast
territory with good sunlight, no shades by other plants.

Bio preparations are considerably beneficial for the growth and development process of
tuberose. Therefore, we applied for the bio preparation called GeoHumate. It is 100% natural
preparation, special liquid humic fertilizer for active growth and development of the plant,
distinguished by high penetrability in the soil without the risk of phytotoxicity. Physical and
chemical composition of the bio fertilizer is the following: 12% liquid; fraction of total mass of
organic compound, not less than 12.5% including humic acid not less than 34%, fulvic and other
organic acids reach not less than 25%; fraction of total mass of mineral compound is not less than
1.0% including fraction of total mass of macro elements: N>1,2%, P20s > 0,55%, K20<16,5, CaO
20,56%, S< 2,1%, MgO < 0,32%, Fe205 <0,5%. Fraction of total mass of microelements: ZnSO4 <0,41%,
CuSO+ <0,08%, MnSOs4 <0,08%, CoSO4 <0,03%, (NH4)2MoOs <0,7%, HzsBO4 <0,3%, K103 <0,03%.

20 ml bio preparation was diluted in 5 1 water; tuberose was watered in the morning hours,
the plants were watered every three days, some plants were isolated for control.

For the analysis of the outcomes of phonological observations of the plants, it is important to
study the soil content along with exposition peculiarities, as the presence of elements in the soil is
essential for plant metabolism and full life cycle; the soil is one of the main factors for plant
introduction. Therefore, we studied soil samples taken from all seven locations. The acidity of the
soil, the rate of humus and the content of the main feeding elements, namely, pH, humus %, total
nitrogen %, K20%, P205 % were determined.



The outcomes of the analysis of soil samples are available in Table N¢l, it’s clear that some
results according to the locations differ from each other.
The Himalayan, East Asian and European phytogeograpical sections are distinguished by fertile

solil among selected locatins.

Table Nel

The outcomes of the analysis of soil samples taken from different locations of the Batumi Botanical Garden

Ne | Location Arrangement of the Rate of the content of acidity, humus and basic nutrients of soil
locations in the Batumi pH Humus % | Common K20% P205s%
Botanical Garden nitrate %
1 Nel Central park 4 2 0.1 0.06mg/1 35
2 Ne2 Australian phyto- 45 1 0.05 0.08 mg/1 12
geographical department
3 Ne3d Himalayan phyto- 5 5.0 0.25 0.08 mg/1 18
geographical department
4 Ne East Asian phyto- 45 3 0.15 0.08 mg/1 10
geographical department
5 Ne North American phyto- 5.0 1 0.05 0.08 mg/1 20
geographical department
6 Ne6 Mediterranean (Europe) 5.0 3 0.15 0.08 mg/1 35
phyto-geographical
department
7 °7 Experimental plot of 45 1 0.05 0.06 mg/1 18
aromatic plants

V.2. Growth and development peculiarities of Polianthes tuberosa L. in different locations of
the Batumi Botanical Garden

The tubers of Polianthes tuberosa L. were planted in seven different locations with various
expositions and soil conditions of different phytogeographical sections of the Batumi Botanical
Garden: East Asian, Himalayan, Australian, Mediterranean (European), North American sections,
central park and experimental plot. The vegetative development took place very well at all locations.

On the basis of phonological observations conducted in 2019, it was identified, that flowering
stem was developed only in the locations of the experimental plot and East Asian section, in the
second decade of July. Massive flowering period started in the third decade of August. The first
decade of September was a period of decreased flowering; flowering period was finished in the third
decade. Flowering stems appeared again in the 1* decade of November, on the territory of the
experimental plot. Massive flowering started in the 3¢ decade of November and finished in the 3+
decade of December. The flowering stem was 85-93 cm tall. The first blooming period was longer
than the second one. Its blooming period was finished earlier in the East Asian section than in the
experimental plot; in the end of August, the flowering period was fully finished. The flowering stem
was 45-49 cm tall.

In accordance with 2020 observations, tuberose developed multiple child tubers underground

in the 2" decade of January, in the experimental plot and all locations. Its aboveground part appeared




in the 24 decade of May reaching 5-15 cm in the 3¢ decade of May. The shoots were best visible in
the experimental plot, central park and East Asian section. The flowering stems were well-developed
in the experimental plot, at the end of July —beginning of August. Massive flowering started in the
end of August. The main distinguishing points of the flowering period of tuberose compared to the
other years, were multiple catkins on the flowering stem as well as its typical subtle, sweet, strong
aroma, that could be smelled for the first time. East Asian phyto-geographical section was noted as
the location with less flowering quality, although more massive than other ones.

While blooming, a spike-shaped catkin is developed on the top of a flowering stem of
tuberose containing about 10-40 flower buds. Tubular flowers are 50 mm wide and 60 mm long.
Pinkish smooth and dense crown petals have sharp tops. Buds are gradually opened, ones located in
the bottom of the catkin are first to open. They stay open during 3-4 days, then finish flowering and
the other buds start to open; flowering period continues for a long period, during 2-3 months and
more. At the place of shriveled flower, there are developed box-type oblong, oval-shaped fruit-like
formations. However, at this stage, it is impossible to develop the seeds in the conditions of the
Batumi Botanical Garden. Therefore, only vegetative propagation is available with the help of fresh
child tubers.

We planted the tubers with conical shapes; their surfaces are covered with dense, brown
scales, 50-60 mm in diameter. Based on our observations, lifespan of tubers includes up to 2 years —
after the processes of their germination, stem development, leafing, bud development, flowering, end
of flowering and withering of above-ground organs, child tubers start to develop; the same cycle is
repeated for the next year and for the third year, the lifespan of the main tuber is finished and child
tubers are used for planting materials.

The best development (flowering) of tuberose was revealed at the experimental plot, while
the least efficient appeared the dry, inclined slope of the East Asian section. Following the table (Ne1),
the experimental plot isn't distinguished by the content of microelements. We think, that, unlike
other locations, the experimental plot is located in more open, a sunlit vast territory with no shades
from the other plants, which has one of the crucial significances and also, treatment with Geohumate
rich in organic and mineral substances helping plants to grow and develop properly. It is also noted
in the instruction, that the said bio preparation protects plants from harmful diseases.

Harmful diseases typical to tuberose are frequently discussed in the literature. Some pests
affect badly with crops. They are Thysanopteraand Red spider — Tetrahychus, possible to control by
insecticides. In recent years, manufacturers from Mexico have noticed, that some damages are caused
by Scyphophorus acupunctatus (Camino, 2002). Fusarium oxysporium is known as a fungus disease
typical to tuberose, causing quite a big loss of crops (Muthukumar, 2006). No harmful diseases were
detected on our research objects, which may be conditioned by phytocindic plants in the

surroundings and the positive influence of bio preparations.

V.3. Growth and development peculiarities of /zis pallida Lam. at different locations of the Batumi
Botanical Garden

The roots of Iris pallida Lam. were planted in seven different phytogeographical sections with
various expositions and soil conditions of the Batumi Botanical Garden East Asian, Himalayan,
Australian, Mediterranean (European), North American sections, central park and experimental plot.

The vegetative development phases were conducted normally at all locations, flowering differs



according to the locations, vegetative and generative development is more efficient among the
examples treated with bio preparations. Full vegetative and generative development was revealed at
the experimental plot of aromatic plants, while Australian and Himalayan phytogeographical sections
appeared less efficient. Under the conditions of the Batumi Botanical Garden, from the second decade
of January, Iris pallida starts to develop its above-ground organs, this process is revealed at every
location; its flowering stem is developed in the second decade of April, massive flowering starts in the
end of April and the first decade of May. In 2020, the first fruit-bearing was pointed at the
experimental plot and Himalayan phytogeographical section. Flowering ends at the end of May in
parallel with the fruit development. The fruit starts ripening in the middle of July, brown spots are
visible on some areas of the fruit. The first fully ripen fruit was detected at the end of July. As for the
Himalayan phytogeographical section, the first fully ripen fruit appeared at the end of August. The
height of the flowering stem reaches 75-95 cm at the experimental plot and 40-45 cm at the
Himalayan phytogeographical section. The seed is in the box, which turns brown while gets ripen.
Iris developed perfect seeds at the experimental plot among seven locations of the Batumi Botanical
Garden. The seed was matured at the end of July at the said location, although for the Himalayan
phytogeographical section, seed ripening occurred at the end of August and the first half of
September.

V.4. Growth and development peculiarities of Cuminum cyminum L. at different locations of the
Batumi Botanical Garden.

Cuminum cyminum L. were sowed at seven different phytogeographical sections with
various expositions and soil conditions of the Batumi Botanical Garden East Asian, Himalayan,
Australian, Mediterranean (European), North American sections, central park and experimental plot.
Cuminum cyminum L. was sowed in March-April, 2019. The first shoots at these locations were
visible at the beginning of April and massively appeared in the third decade of April. Cuminum
cyminum started to develop its first leaves in the first decade of May, while flowering started at the
end of July and the beginning of August. Massive flowering starts from the end of August continues
for a long period and some examples at the experimental plot are still in blossom in the second decade
of January, while some of them develop fruits. Based on literature sources (Rezvani, 2014), for
increasing cumin seed production, it is better to sow them in Autumn. Therefore, we conducted one
experiment by sowing the seeds in Autumn (19.11. 2019). The first plantings appeared in the third
decade of December. The leaves started to develop in the second decade of February, flowering
started in June and August was pointed out as its massive flowering period. The seed got matured in
Autumn (IX-X). If compared the plants sowed in open soil in Spring and Autumn, it is obvious, that
plants sowed in Spring accomplish the full cycle of their development sooner. Plants treated with bio
preparations are much better in growing and fruit-bearing too.

The plants seeded in Spring, 2019, especially at the locations of the experimental plot and
the Central Park, are distinguished by normal vegetative and generative development, based on
observations done in Autumn, 2020. The most efficient appears the development of plants treated
with bio preparations, they bloom and form seeds.

If compared the development peculiarities of the plantings of Cuminum cyminum L. from
various locations of the garden, sowed in 2019-2020 and the plantings at the experimental plot taken

from the orangery in 2016-2017, we can conclude, that the best development, massive flowering and



seed-bearing was revealed at the first experimental plot (Pic. N°53), where plants were placed 15 cm
distance from each other and the seeds were sowed densely. The seeds were distinguished by the
high quality of development, the plantings were not replaced, which caused the weakening of their
development. Therefore, after appearing the very first shoots of Cuminum cyminum L., it is necessary
to move them to another place.

Growing introduced aromatic plants Polianthes tuberosa L., Iris pallida Lam., and Cuminum
cyminum L. by green technologies at seven different phytogeographical sections with various
expositions and soil conditions of the Batumi Botanical Garden is possible to carry out successfully,
they get on quite well with soil and climatic conditions of the Batumi Botanical Garden (see the
certain paragraphs of the conclusions about growth and development in the conclusions) (Table Ne2).

Based on generalized results, general phenospectrum was designed.

Table N2

Basic phenophases and phenointervals of vegetative and generative development of Polianthes tuberosa
L., Iris pallida Lam., Cuminum cyminum L. in the Batumi Botanical Garden

Ne Species Phenophase
1 Polianthes Vegetation duration
tuberosa L.
Flowering

2 | Iris pallida Lam. | Vegetation duration

Flowering

Fruit and seed

ripening period

3 | Cuminum Vegetation duration

cyminum L.

Flowering

Fruit and seed

ripening period




Chapter VI

Microstructural characteristics of vegetative and generative organs of Polianthes tuberosa

L., Iris pallidalam., Cuminum cyminum L.

We studied microstructural characteristics of underground and aboveground vegetative
organs - root, tuber and the leaf of Polianthes tuberosa L.; Macro and microstructural characteristics
of vegetative and generative organs - leaf, stem and fruit of Iris pallida Lam.; Macro and
microstructural characteristics of underground and above-ground vegetative organs - leaf, stem and
the leaf of Cuminum cyminum L.

Research raw materials are obtained from Polianthes tuberosa L., Iris pallida Lam., Cuminum
cyminum L. introduced to the Batumi Botanical Garden by green technologies in 2020 during the
active blooming phase. The method is described in chapter Ne5.

Microstructural characteristics are described in three chapters of the thesis including 12
subpoints, which is a huge number of materials collected by decoding and describing of below-

mentioned materials based on microscopic research. (Pic. Ne1-14).

Pic. Nel. Epidermis microstructure of the leaf of Polianthes tuberosa L.: A. panorama of root-based tissue of a
leaf epidermis; B. lamina apparatus; 1. not quilted, rectilinear, thimble-rhombus type cells; 2. lamina locking

cells; 3. crossluminal hole; 4. satellite cells; 5. chloroplasts



Pic. No2. Microstructure of the leaf of Polianthes tuberosa L.: A. fragment of transverse cut of a leaf; B.
view of a leaf pulp; C. fragment of the cutinized epidermis; D. luminal histology in covering tissue; E. vessel-
fiber collateral vascular bundle of a leaf. 1.cuticle, epidermis; 2. lamina apparatus; 3. cells of the palisade
parenchyma; 4. spongy parenchyma; 5. wood; 6. phloem; 7. sclerenchemical tissue.

Pic. Ne3. Microstructure of the tuber of Polianthes tuberosa L.: A. structural panorama of the tuber; B.
vascular bundle; C. raphid; D. fragment of vascular bundle in a longitudal view:1. periderm; 2. differentiated
embryo 3. bark parenchyma; 4. cambium; 5. central cylinder 6. wood; 7. phloem; 8. vascular vessels with
spirally thickened membrane; 9. Raphids.



Pic. Ne4. Microstructure of stem covering tissue of Iris pallida Lam.: A. Structural panorama of the

steam epidermis; B. Fragment of luminal histology; 1. quilted, rectilinear, root-based cells; 2. anomicytic lamina
closing cells 3. and interlaminar hole.

Pic. Ne5. Microstructure of the stem of Iris pallida Lam.: A. stem structure panorama; B. fragment of main
structural elements of a stem; C. fragment of vascular bundle in longitudal and D. transverse expositions; 1.
epidermis; 2. colenchima; 3. chlorenchyma 4. bark parenchyma; 5. sclerenchemical tissue; 6. bark lumina of
vascular bundle 7. vessel with spirally thickened membrane; 8. phloem. 9. polygonal cells.



Pic. Ne6. Microstructure of the leaf of Iris pallida Lam.: A. Leaf structure panorama; B. fragment of leaf
pulp; C. view of vascular bundles; D. fragment of leaf epidermic tissue and palisade parenchymay E. vessel-fiber
vascular bundle; 1. rhombus-type root-based cell; 2. anomotytic lamina; 3. epidermis; 4. palisade and 5. spongy
parenchyma cells; 6. area of obliterated cells; 7. sclerenchemical cells; 8. bark lumens 9. phloem; 10.
neighboring tissue.

Pic. No7. Microstructure of the fruit neighboring of Iris pallida Lam.: A. common view of fruit
neighboring B. fragment of fruit neighboring; C. fragment of the wall of fruit neighboring; D. meeting spot for
the nests of fruit neighboring; 1. exocarpium; 2. mesocarpium; 3. endocarpium 4. vascular bundle; 5.
sclerenchyma.



Pic. N°8 Microstructure of the seed of Iris pallida Lam.: A. view of a seed structure in longitudal and B.
transverse cuts C. structure of seed epidermic tissue in an exogenous tree and D. transverse cuts; E. basic
parenchyma of seed; 1. linear, rhombus-type root-based cells; 2. epidermis; 3. parenchymal cells with equally
thickened membranae 4. Embryo.

Pic. N°9. Microstructure of the root of Cuminum cyminum L.: A. panorama of root structural
architectonics; B. fragment of the central cylinder with polyarchic structure; C. fragment of the vascular vessel
in longitudal exposition; D., E. structural elements of the vascular vessel; 1. periderm; 2. bark parenchyma; 3.
wood vascular bundles; 4. wood parenchyma; 5. libriform; 6. radial rays; 7. tracheal elements of primary wood;
8. phloem; 9. idioblastic cell of secretory storage; 10. reticulate and 11. porous vessels; 12. pores with petrified
membrane; 13. simple perforated plate.



Pic. Nel0. Microstructure of the stem covering tissues of Cuminum cyminum L.: A. panorama of Cumunium

cyminum; B. fragment of ventilation stem in stem covering tissue; 1. linear, square-shaped, inclined epidermal
cell; 2.anomocytic lamina closing cells and 3. interlaminar hole.

Pic. Ne 11. Microstructure of a stem structure of Cuminum cyminum L.: A.; B. fragment of basic
structural elements of the stem; C. view of idioblastic cell secretory storage; D. fragment of aggregates of
vascular tissues in transverse and E. longitudal expositions; 1. cuticula with epidermis; 2. collenchyma; 3.
chlorenchyma 4. parenchymal cells of bark; 5. idioblastic cell and its 6. covering tissue; 7. sclerenchyma cells;
8. phloem; 9. cambium; 10. vascular bundles Iumina of wood; 11. wood parenchymal cells; 12. wood
sclerenchyma; 13. spiral and14. reticulate vascular vessels.



Pic. Ne]2. Microstructure of the covering tissue of the leaf of Cuminum cyminum L.: A. fragment of
leaf'segment; B. Fragment of epidermic tissue; 1. non-Iinear and inclined-walled root-based cells; 2. anomocytic
lamina closing cells and 3. interlaminar hole.

Pic. Ne13. Microstructure of the leaf of cuminum cyminum L.: A. dorsoventral structure of a leaf pulp;
B. median vascular bundle; 1. epidermis with cuticle 2. lamina; 3. palisade and 4. spongy parenchymas 5. spiral
anastomosis; 6. collenchyma; 7. wood; 8. phloem; 9. neighboring tissue.



Pic. Ne14. Microstructure of the leaf stem of cuminum cyminum L.:A. panorama of a leaf stem cuts; B.,
C. fragments of stem structural elements; 1. epidermis with cuticle; 2. lamina 3. chlorenchyma 4. collenchyma
5. polygonial cells of main tissue; 6. wood vascular vessels lumina; 7. phloem 8. idioblastic cell of secretory
storage.

Chapter VII

Studying Polianthes tuberosa L., Iris pallida Lam., and Cuminum cyminum L. on the content
of bioactive compounds based on the materials obtained from the aromatic plants introduced
to the various locations of the Batumi Botanical Garden by Gas chromatography — mass
spectrometry (GC/MS) method

Based on the studies of growth and development peculiarities of research aromatic plants: Polianthes
tuberosa L., Iris pallida Lam., and Cuminum cyminum L. at seven different locations of the Batumi Botanical
Garden, we concluded, that growth and development of plants along with the quantity and quality of obtained
raw materials depend on the rate of soil acidity, humus and main feeding elements; well-provided with
warmth, sunlight and humidity; good results were received after applying a liquid humic bio preparation.

We set goals to study the content of bioactive substances of raw materials of research objects, namely,
tuberose flowers and tubers, iris tubers and roots with good quality and quantity obtained from the locations.

For the determination of the content of bioactive substances of tuberose flowers and tubers, iris tubers
and roots, the research was carried out by Gas Chromatography - Mass Spectrometry GC-MS Method under the
methodology described in Chapter 4.

For the identification of the content of bioactive substances in tuberose flowers, iris roots and cumin
seeds collected from various locations of the Batumi Botanical Garden, the best quality and quantity raw

materials were selected for the experiment.



Subchapter VII. 1 - VII. 4 and annotation includes the experiment results in general, and
chromatograms, while the dissertation thoroughly analyzes the outcomes of the experiment

including mass spectrum and chromatograms materials.

VIL1. Study of flowers of Polianthes tuberosa L. the content of bioactive compounds

High-quality flower materials of Polianthes tuberosa L Cuminum cyminum L. were obtained
from the experimental plot of aromatic plants and from North American phyto-geographical
department locations.

Important compounds identified in tuberose flowers by GC-MS researches are valuable for
cosmetics, perfumery, medicine, and plenty of different fields.

These compounds are the followings,

Non-derivatized:

Pyranone: 2,3-dihydro-3,5-dihydroxy-6-methyl-4(H)-Pyran-4-one; Coumarin: 2.3 -
DihydroBenzofuran, 5-Hydroxymethylfurfural, Cuminol: p-Cymen-7-oli, d-Glycero-1-gluco-heptose;
1,3-di-iso-propyl naphthalene, 1,7-di-iso-propylcnaphthalene, Myristic-acid, tetradecanoic acid,
Benzyl Benzoate, p-Hydroxylauric acid, D-Melezitose: o-D-Glucopyranoside, O-o-D -
Glucopyranosyle-f — D-fructofuranosyle; Methyl palmitate (Pic. Ne15).

Derivatized:

Phloroglucinol: 1,3,5-trihydroxybenzol (Trimethylsilyl ether); Thymol: 2-isopropyl-5-
methylphenol; Carvacrol: 2 — methyl — 5 (1-methylethyl) phenol; 2-Methoxy-4 vinylphenol; Methyl
linoleate: Linoleic acid Methyl ether; Methyl isostearate: 16- methyl ester; linoleic Acid; Oleic Acid;
Stearic acid (Pic. N°16).

Pic. Ne15. GC-MS chromatography of the extracts (Non-derivatized) of Polianthes tuberosa L.- flowers
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Pic. Ne16. GC-MS chromatography of the extracts (Derivatized) of Polianthes tuberosa L.- flowers




VIL1. Studying the tubers of Polianthes tuberosa L. on the content of bioactive compounds

High-quality raw materials from the tubers of Polianthes tuberosa L. were obtained from the
locations of the Experimental Plot of Aromatic Plants, Central Park, Himalayan, Australian and
Mediterranean (European) phytogeographical sections.

Based on Gas Chromatography - Mass Spectrometry (GC-MS) research of the methanol
extracts of the tubers of Polianthes tuberosa L. received from five different locations of the Batumi
Botanical Garden, primary and secondary compounds of biosynthesis were detected, in particular:

Following GC-MS research of the tubers of Polianthes tuberosa L. received from the
experimental Plot of Aromatic Plants, the content of various compounds was identified, namely: fatty
acids, Elaidic acid ethylether (not detected in raw materials from any other locations),
methylizostearate, lactose, paranol. Unlike other locations, no furfural was identified here (Pic. N°17).

Based on GC-MSresearch of the content of the tubers of Polianthes tuberosa L. obtained from
the Himalayan department of the Batumi Botanical Garden, the following compounds were detected:
piranone, furaneol, valeraldehyde, 5 hydroxymethylfurfural, 6 ethyl 2 methyl pyrazole, suprosa,
melezitose, glucose, palmitinic acid, palmito oleic acid, ethylpalmitate, palmito oleic acid,
ethylpalmitate, oleic acid, linolenic acid, ethyloleate (Pic. N°18).

Based on GC-MS research of the tubers of Polianthes tuberosa L. obtained from the
Australian Department of the Batumi Botanical Garden, the various compounds were identified, such
as furfural with less quantity compared to the other locations and too little amount of pyrazine (Pic.
Ne19).

In accordance with GC-MSresearch of the tubers of Polianthes tuberosa L. received from the
Central Park, the content of various compounds was identified, namely: methyl 2 ethyl 5 ethyl
pyrazine (dominant), little amount of 5 hydrox methyl furfural (unlike the Furopean section RT 7.2)
Quantitatively not different from the other locations (Pic. Ne20)

Based on GC-MSresearch of the content of the tubers of Polianthes tuberosa L. obtained from
the Mediterranean or European phytogeographical department of the Batumi Botanical Garden, the
following compounds were detected: piranone (dominant) (Pic. Ne22), furaneol, valeraldehyde, 5
hydroxymethylfurfural, RT-6.9 (dominant), 6 ethyl 2 methyl pyrazole, suprosa, melezitose, glucose,
massoilactone, palmitinic acid, palmito oleic acid, ethylpalmitate, oleic acid, linolenic acid,
ethyloleate (Pic. N°21).
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Pic. Ne17. GC-MS chromatography of the extracts of Polianthes tuberosa L.- tubers
from the experimental plot of aromatic plants at Batumi Botanical Garden(BBG)
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Pic. N218. GC-MS chromatography of the extracts of Polianthes tuberosa L.- tubers
from Himalayan phyto-geographical department at BBG
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Pic. Ne19. GC-MS chromatography of the extracts of Polianthes tuberosa L.- tubers
from Australian phyto-geographical department at BBG
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Pic. N220. GC-MS chromatography of the extracts of Polianthes tuberosa L.- tubers
from the Central park at BBG
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Pic. N°21. GC-MS chromatography of the extracts of Polianthes tuberosa L.- tubers
from Mediterranean (Europe) phyto-geographical department at BBG
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Pic. Ne22. GC-MS chromatography of the extracts of Polianthes tuberosa L.- tubers
from Mediterranean (Europe) phyto-geographical department at BBG, dominant substancesare marked

VII.3. Studying the roots of Iris pallida Lam on the content of bioactive substances

High-quality raw materials from the tubers of Iris pallida Lam. were obtained from the
locations of the Experimental Plot of Aromatic Plants, Central Park, Himalayan, Australian and
Mediterranean (European) phytogeographical sections.

Based on Gas Chromatography - Mass Spectrometry (GC-MS) research of methanol extracts
of the tubers of Iris pallida Lam. obtained from six different locations of the Batumi Botanical Garden,
primary and secondary compounds of biosynthesis were detected, namely:

As a result of GC-MS researches of tubers and roots of Iris pallida Lam. obtained from the
examples grown in the Batumi Botanical Garden, the content of different compounds was identified,
such as caprylic acid, caprylic acid ethylether, 5 furan carboxaldehyde (little amount), lauric acid,
ethylstearate, sucrose, maltose, lactose, arachidic acid ethylether, myristic acid, stearic acid, oleic

acid, maltol, dihydrobensofuran, citral, xylopyranozide, gamacitosterol (Pic. Ne23-28).
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Pic. Ne25. GC-MS chromatography of the Pic. Ne26 GC-MS chromatography of the

extracts of Irris pallida roots extracts of Irris pallida roots from
from Australian phyto-geographical Experimental plot of aromatic plants at the
department at the BBG Batumi Botanical Garden(BBG)

10 [+EITIC Scan Plant7.D X108 [+€1TIC Scan Plant6.0

38 11.492 52 10465

14 8056

12307 05

04
B0 1ag6s 0z
o

i 45 5 55 6 65 7 75 & 85 9 o5 10 105 11 115 12 125 13 135 14 145 15 155 5 45 5 55 6 65 7 75 & 85 9 o5 10 105 {1 115 12 125 13 135 14 15 15 185
Counts vs. Acquisition Time (min) Counts vs. Acquisition Time (min)

Pic. N27. GC-MS GC-MS chromatography of the Pic.. Ne28. GC-MS chromatography of the
extracts of Irris pallida roots extracts of Irris pallida roots
from Mediterranean (Europe) phyto- from the Central Park at the BBG

geographical department at the BBG

VII.4. Studying the seeds of Cuminum cyminum L on the content of bioactive compounds

High-quality seed materials of Cuminum cyminum L. were obtained from the experimental
plot of aromatic plants.

The following compounds were identified by GC-MS studies of the seeds of Cuminum
cyminum: D-Limonene, Trans-p-Mentha-2,8-Dienol, 1-Vinylcyclohexanole, Cis-p-Mentha-2,8-Den-
1-0], Cis - Carveol, Trans-p-Mentha-1(7),8-Dien-2-Ol, Trans-p-Mentha-2,8-Dienol, Carveol, Trans-
Dihydrocarvone, Trans-carveol, (-)-Carvone (Dominant), p-Mentha-1,8-Dien-3-On, (+)-, Phenilole,
Limonene-6-Ol, Terpinyl Butyrate, Eugenole, Cumaldehyde, Lavamenthe, Caryophylene Oxide,
Isocaryophyllene, Humulene, Geranyl Isovalerate, aceteugenol, Isoaromadendrene, Myristic acid,

Palmiitic acid, Linolein acid, Olein acid, Stearin acid, Squalen (Pic. Ne29).
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Pic. Ne29. GC-MS chromatography of the seeds of Cuminum cyminum L.

Thus, based on the Gass Chromatography — Mass Spectrometry GC-MS studies of the raw
materials of the aromatic plants: Polianthes tuberosa L. (tuberose), Iris pallida Lam. (pale iris),
Cuminum cyminum L. (true cumin), in particuar, tuberose flowers and tubers, iris roots, true cumin
seeds, on the content of bioactive substances, introduced by green technologies to different locations
of the Batumi Botanical Garden, there were identified important compounds valuable for cosmetics,
perfumery, medicine, the culinary and different fields. They have antioxidant, anti-infection,
antimicrobial and other valuable qualities.

Chapter VIII

Obtaining essential oils from the roots of iris (/rZs pallida Lam.), flowers of tuberose

(Polianthes tuberosa L.), and seeds of cumin (Cuminum cyminum L. ) by green technologies

This stage of the research aimed to obtain essential oils from the research objects by green
technologies and their comparative description. Research objects were tuberose flowers, iris roots and
cumin seeds Essential oils were obtained by so-called green extraction methods or green
technologies: hydrodistillation; steam distillation; with liquefied liquids; microwave-assisted
hydrodistillation; microwave distillation without solvent and ultrasound extraction with further
hydrodistillation (see the description of methods in chapter IV).

Technological evaluations of the methods for obtaining essential oils from tuberose flowers,
iris roots and cumin seeds are shown in tables N23-5. The obtainability of essential oils in % was

determined by calculating the absolute dry mass of the raw materials.



Table No3

Technological evaluation of the methods for obtaining essential oils from iris roots (/ris pallida Lam.).

Extraction method Characteristics
humidity the size of pouring obtainability
content in the particles of time. min of essential
raw materials parted oils, %.
materials, mm
Hydrodistillation 5,24 2 120 0,11
of fermented materials (2 years)
Hydrodistillation of fermented materials 3,12 2 120 0,10
at 60°C during 24 h
a water-steam distillation of fermented 3,12 2 105 0,09
materials at 60°C during 24 h
a steam distillation of materials treated 89,12 2 105 0,11
with a 20% solution of sodium chloride in
water
microwave-assisted hydrodistillation of 89,12 2 120 0,10
materials treated with 20% solution of
sodium chloride in water
microwave-assisted extraction of materials 89,12 2 120 0,10
treated with 20% solution of sodium
chloride in water without extragent
ultrasound extraction + hydrodistillation 89,12 2 130 0,12
of materials treated with 20% solution of
sodium chloride in water
Extraction of fermented materials (2 5,24 0,5 360 0,13
years) with liquefied gas (freon-12)

The duration of the hydrodistillation process of obtaining essential oils from the roots of iris
was experimentally detected based on studying the changes in dynamics of obtainability of essential
oils. The outflowing intensity of essential oils is high enough during the first 30 minutes of
hydrodifussion and ends after 2 hours. The maximum obtainability of essential oils from iris roots can
be achieved by two methods: 1. ultrasonic treatment and further hydrodistillation of the materials
treated with 20% solution of sodium chloride in water; 2. Extraction of fermented materials (2 years)
with liquefied gas (freon-12); (Table N3); The obtainability is almost equal for either case. Moreover,
we gave a priority to a combined method (ultrasound-+hydrodistillation) among green technologies.
The essential oil "Concretia" obtained by the said method contains 20% liquefied essential oil. Further

researches were carried on using essential oils received by the given method.



Table N4

Technological evaluation of the methods for obtaining essential oils from flowers of tuberose

(Polianthes tuberosa L.)

Extraction method Characteristics
extragent Humidity The size of Pouring Obtainability
content in particles of time. min of essential
the raw parted oils, %.
materials materials, mm
Hydrodistillation Water 88% 8-10 90 0,06
a water-steam distillation e 88% 8-10 90 0,07
microwave-assisted e 88% 8-10 90 0,07
hydrodistillation
microwave-assisted extraction - 88% 8-10 90 0,07
ultrasound extraction + Water 88% 8-10 100 0,09
hydrodistillation
Extraction with liquefied gas Freon-12 5,4% 1-2 360 0,05
(freon-12)

Following the data in Table N4, a combined method: ultrasound extraction + hydrodistillation

is distinguished among the methods applied for the extraction of essential oils from tuberose flowers.

The obtained essential oil is Concrete.

Table No5

Technological evaluation of the methods for obtaining essential oils from seeds of cumin (Cuminum

cyminumL.)

Extraction method Characteristics
extragent Humidity The size of pouring time. | obtainability
content in particles of min of essential
the raw parted oils, %.
materials materials, mm
Hydrodistillation Water 3,46 0,7 90 2,5
a water-steam distillation e 3,46 0,7 90 2,8
microwave-assisted e 3,46 0,7 90 2,6
hydrodistillation




microwave-assisted extraction - 3,46 0,7 90 2,7
ultrasound extraction + Water 3,46 0,7 100 2,6
hydrodistillation

Extraction with liquefied gas Freon-12 2,31 0,7 360 25
(freon-12)

Confirmed by the experimental research data (Table N°5), the water-steam distillation

method is reasonable for obtaining essential oils from cumin seeds.

Organoleptic and physical-chemical rates of essentials oils received by methods with high
obtainability were studied at the next stage of the research. "Absoliu" was prepared with iris and

tuberose Concretes by ethyl extraction. Results are shown in Table N°6.

Table N°6

Organoleptic and physical-chemical rates of essentials oils received from iris,

tuberose and cumin by different technologies

Characteristics Product name
Essential oil Concret Absoliu
Cumin Iris Tuberose Iris Tuberose
Appearance easily movable | thick, thick, pasta- movable, movable non-
fluid ointment- kind mass transparent Newtonian fluid
kind mass fluid
Color light yellow, dark yellow brown yellow red-pink
greenish-
brown
Ador strong, soft, deep purple heavy, sweet, deep purple heavy, sweet,
with the floral aroma floral aroma
appearance of
spicy, fatty new
greens
The density of 0,924 0,912 0,952 0,934 0,983
essential oil, 20 °C
Refraction rate of 1,505 1,439 1,447 1,496 1,495
essential oil, 20 °C
Acidity rate, mg 2.9 178 157 6,2 78
KOH/g
Ether rate, mg 38 32 108 52 137
KOH/g




Based on the studies of organoleptic and physical-chemical characteristics of essential oils of
iris, tuberose and cumin, the research objects meet the relevant quality requirements (Table N°6).

Thus, essential oils from iris roots, tuberose flowers, and cumin seeds were obtained
by hydro distillation, steam distillation, microwave distillation with liquefied gases, solvent-
free microwave distillation, and ultrasound-assisted hydro distillation extraction. Based on
the comparative studies of extraction methods, it is identified that combined “Green
Technique” — ultrasound-assisted hydro distillation extraction appears optimal for getting
essential oils from iris roots or tuberose flowers. The maximum amount of essential oils from
cumin seeds is obtained by steam distillation of raw plant materials.

Based on organoleptic and physical-chemical properties of the essential oils from iris,
tuberose, and cumin, the research objects meet the required standards in terms of good

quality rate.

Chapter IX

Studying essential oils received by green technologies from iris roots (/ris pallida
Lam.), cumin seeds (Cuminum cyminum L.) and tuberose flowers (Polianthes tuberosa L.)
by Chromato-Mass spectrometry GC/MS method

We studied essential oils received by green technologies from iris roots (/ris pallida Lam.),
cumin seeds (Cuminum cyminum L. ) and Polianthes tuberosa flowers (Polianthes tuberosa L.) by
Gas Chromatography-Mass spectrometry GC/MS method (See chapter IV).

The following important compounds were revealed in cumin; (-)-f-Pinene; (.(+)-(R)-
Limonen, 3-Carene; 5,4 - B-Linalool; trans-p-Mentha-2,8-dienol; 5,73 -Limonene epoxide; 6-
Camphenone; cis-Carveol; 6,23 - p-Menth-8en-2-0l; trans Dihydro-Carvone; cis-Carveol;
Dihydrocarveol; (-)-Carvone dominant; Perillaldehyde; (-)-cis-Carvyl Acetate; Limonene-1,2-diol;
B-Elemene; Caryophyllene.

The following compounds are identified in essential oils obtained from iris roots: Citronellol,
Citral, (+)-cis-Verbenol; B-GERANIOL; 2,3-epoxygeranial, «-Citral; (R)-lavandulyl acetate;
Dihydropseudoionone); Geranyl vinyl ether benzofuran; Thymol; Methyl cis-cinnamate; Vanillin;
Vanillyl methyl ketone; p-Coumaric acid methyl ester, dominant; Methyl p-coumarate dominant;
Ferulic acid methyl ester dominant; Methyl 3,4-dimethoxycinnamate.

The following volatile compounds were identified in essential oils of tuberose flowers:
methyl benzoate; pyranone; phloroglucinol; dihydrocoumarone (coumaron), p-cymene - 7 -

ol.

In the dissertation we give all the chromatograms and masspectrums, some of them are given
In the abstract (Pic. Ne30-32).
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Pic. Ne30. GC-MS chromatographys of the essential oils of Iris pallida Lam. obtained by green technologies
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Pic. Ne31. GC-MS chromatographys of the essential oils of Cuminum cyminum L.seeds obtained by green

technologies
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Pic. Ne32. GC-MS chromatographys of the essential oils of Polianthes tuberosa L. flowers obtained by green

technologies



Chapter X

Screening of essential oils on antibacterial activity obtained from the roots of Iris pallida
Lam., flowers of Polianthes tuberosa L. and seeds of Cuminum cyminum L. by green

technologies

We aimed at studying antibacterial activities of essential oils received from the seeds of iris
(Iris pallida Lam.), flowers of tuberose (Polianthes tuberosa L.) and seeds of cumin (Cuminum
cyminum L.) introduced by us in the Batumi Botanical Garden and grown by green technologies.

For studying the antibacterial activities of essential oils received from iris roots and tuberose
flowers by an optimal combined Green Method, ultrasound-assisted hydrodistillation extraction and
cumin seeds by steam distillation, the research was carried out in the George Eliava Institute of
Bacteriophage, Microbiology and Virology (Tbilisi, Georgia).

In vitro evaluation of antimicrobial activities of research objects was conducted by Spot Test
method toward certain clusters of bacterial strains on the following cultures: Streptococcus spp.,
Streptococcus pyogenes, Escherichia coli , Salmonella typhimurium, Proteus vulgaris, Enterococcus
faecalis, Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella Klebliella Spp., Proteus spp.,
Streptococcus spp., Enterococcus spp., Shigella spp., Staphylococcus spp., Enterobacter spp.,
Pseudomona spp.

The Spot Test method means that 0.2 ml of broth culture with indicatory stams is mixed with
semi-liquid agar (0.7%) and placed on Petri dishes with 1 ¢cm diameter circles drown preliminarily.
After hardening the agar (20 min), 0.01 ml dilutions of research filtrates 102 10 10 10-® are dropped
in circles. The dishes are left half-open until droplets get dry. After that, the dishes are incubated in a
thermostat at 37°C for 18-24 hours. The influence of the preparation on bacterial growing is shown
by lysis areas. The Spot Test allows the determination of the activity quality of research filtrates.

Determination of lysis activity and spectrum of the preparation — For the determination of
lysis activity and spectrum of the preparation, 24-hour leached material of bacterial culture from
indirect agar is diluted 10X (108 CFU/ml), a lawn is produced on Petri dishes based on the Spot Test
method and 10 pl preparation is poured on it. After 18-24 hours of incubation at 37°C, lysis activity is
determined according to the quality of lysis zones created by the preparation.

Outcomes of the screening of the antibacterial activity of essential oils obtained from the
roots of iris ([ris pallida Lam.), flowers of tuberose (Polianthes tuberosa L.) and roots of cumin
(Cuminum cyminum L.) by green technologies are shown in the table N°7.

Based on the table, the research objects have expressed antibacterial effects. Essential oils
obtained from the seeds of cumin and roots of iris are distinguished by a wide range of the spectrum.

Thus, based on the studies (by green technologies) of antibacterial activities of essential oils
obtained from iris roots (/ris pallida Lam.), tuberose flowers (Polianthes tuberosa L.) and cumin seeds
(Cuminum cyminum L.) by green agrotechnical activities and tested on a certain cluster of bacteria
stems toward the following cultures: Streptococcus spp., Streptococcus pyogenes, Escherichia coli,
Salmonella typhimurium, Proteus vulgaris, Enterococcus faecalis,  Staphylococcus aureus,

Pseudomonas aeruginosa, Klebsiella Spp., Proteus spp., Streptococcus spp., Enterococcus spp.,



Shigella spp., Staphylococcus spp., Enterobacter spp., Pseudomona spp., it was identified as follows: 1)
research objects have antibacterial effect; 2) essential oil obtained from cumin seeds and iris roots is
distinguished by a wide spectrum of antibacterial activities; 3) the following essential oils obtained
from a) cumin - Escherichia coli; Staphylococcus aureus; Pseudomonas aeruginosa; Enterococcus
spp.; Enterobacter spp.; b) iris roots - Escherichia coli; Salmonella typhimurium ; Proteus vulgaris;
Streptococcus spp.;  Enterobacter spp.; and c) tuberose flowers - Streptococcus pyogenes;

Enterococcus faecalis are characterized with the highest antibacterial activities toward bacteria stams.

Table Ne7
Results of Screening of essential oils on antibacterial activity obtained from the roots of Iris pallida Lam.,

flowers of Polia-nthes tuberosa L. and seeds of Cuminum cyminum L. by green technologies

Strain Title of essential research essential oils
Iris Tuberoza Cumin

Streptococcus. spp - - R
Streptococcus pyogenes - 4+ -
Escherichia coli 4+ - 4+
Salmonella typhimurium 4+ - 3+
Proteus vulgaris 4+ - -
Enterococcus faecalis - 4+ -
Staphylococcus aureus 3+ 3+ 4+
Pseudomonas aeruginosa 3+ - 4+
Klebliella Spp. 3+ - 3+
Proteus spp. 3+ - 3+
Streptococcus. spp 4+ - -
Enterococcus spp 4+ - 4+
Shigella spp 3+ - 3+
Staphylococcus spp R - R
Enterobacter spp 4+ - 4+
Pseudomona spp 2+ - 2+




Conclusions

Green technologies of introduction and processing of some aromatic plants are studied for
the first time based on the Batumi Botanical Garden.

The following conclusions are drawn based on the researches:

1. To assess the primary results of the introduction of aromatic plants, new species for the
collection of the Batumi Botanical Garden, such as: Polianthes tuberosa L., Elettaria cardamomum
(L.) Maton., Coffea arabica L., Coffea canephora Pierre ex A.Froehner., Cuminum cyminum L., Cassia
angustifolia Delile., /ris pallida Lam., Vanilla planifolia Jacks., Zingiber officinale Roscoe., Curcuma
longa L., based on the studies of their features of growth and development in the open field, it was
identified:

a) All species developed shoots from seeds and tubers;

b) Full vegetative and generative development under the conditions of open soil is passed by
the following species: Polianthes tuberosa L., Cuminum cyminum L., Iris pallida Lam. They can
flower, develop the fruit and partially seeds, which proves their full adaptation to new environmental
conditions;

c) Cassia angustifolia Delile. flowers under the conditions of open soil, but without
developing seedboxes. In December, the plant gets frozen and withered. However, under the
orangery conditions, it can flower, bear fruit and develop seeds;

d) Orangery conditions are advantageous for the following species: Elettaria cardamomum
(L.) Maton., Coffea arabica L., Coffea canephoraPierre ex A.Froehner., Vanilla planifolia Jacks.,
Vegetative development occurs normally, while generative development is noticeable with Arabic
coffee - Coffea arabica L. and - Coffea canephora Pierre ex A. Froehner.

e) Vegetative organs of Curcuma longa L..; Zingiber officinale Roscoe.; and Elettaria
cardamomum (L.) reach their full development, but without flowering.

2. Based on the analysis of important aromatic-spicy species of seeds, flowers and leaves of
Cassia acutifolia Delile., seeds of Cuminum cyminum L., leaves and fruits and Coffea
canephora Pierre ex A. Froehner., and Coffea Arabica L., leaves of Vanilla planifolia Jacks., and leaves
of Elettaria cardamomum (L.) Maton., introduced by green technologies under the soil and climatic
conditions of the Batumi Botanical Garden and selected especially for studying the content of
bioactive substances, the following things were detected:

a) The content of essential oils, glycosides, flavonoids, and aglycones are detected as a result
of screening of bioactive substances by thin-layered chromatography;

b) Bioactive substances of various classes are identified based on studying the content of
bioactive substances by Gas Chromatography — mass spectrometry (GC-MS) method. The content of
essential oils is detected in every research species.

3. Based on the studies of growth and development peculiarities of aromatic plants -
Polianthes tuberosa L., Iris pallida Lam., and Cuminum cyminum L., introduced into 7 different
locations of the Batumi Botanical Garden in the conditions of various expositions and soil, such as:
East Asian, the Hymalayan, Australian, Mediterreanean (European), North American
phytogeographical sections, Central Park and the experimental plot, without the use of chemicals, we

can conclude, that:



a) Polianthes tuberosa L., Iris pallida Lam., and Cuminum cyminum L., get on quite well with
soil and climatic conditions of the Batumi Botanical Garden;

b) Research objects pass the full cycle of their growth and flowering on well-lit and fertile
locations. Moreover, their vegetative-generative development is significantly improved while using
liquid humic biopreparations containing mineral and organic substances;

c) Locations surrounded by hardwood plants with high antimicrobial activities condition
healthy growings of research species free from harmful diseases;

d) Full cycle of growth and development for Polianthes tuberosa L. includes the period from
May till the end of December; For /ris pallida Lam. — from January till the end of September, and for
Cuminum cyminum L., the period lasts almost all year long.

e) Among research objects, full generative development occurs with Iris pallida Lam. and
Cuminum cyminum L., while Polianthes tuberosa L. bears no fruit, but flowers.

f) Propagation of Polianthes tuberosa L., Iris pallida Lam., and Cuminum cyminum L. under
the conditions of the Batumi Botanical Garden is possible with the help of seeds and planting
materials of local reproduction received by green technologies, while Cuminum cyminum L., and Iris
pallida Lam., are reproduced by seeds, and Polianthes tuberosa L. — by multiple child tubers produced
during the vegetation process.

g) Successful cultivation of the aromatic plants, such as Polianthes tuberosa L., Iris pallida
Lam., and Cuminum cyminum L., introduced into the humid subtropical climatic conditions of the
Batumi Botanical Garden is possible by green technologies.

4. Microstructural characteristics of underground and aboveground vegetative organs namely,
roots, tubers, leaves of tuberose -Polianthes tuberosa L., are studied; Macro and microstructural
characteristics of generative and vegetative organs namely, leaves, stems and fruits of Cuminum
cyminum L.; Macro and microstructural characteristics of underground and aboveground vegetative
organs, namely, roots, stems, leaves of cumin. Diagnostic characteristics are identified, which will
help to identify suitable raw materials and establish authenticity.

5. Thus, based on the Gas Chromatography - Mass Spectrometry GC-MS method research of
the content of bioactive substances of the aromatic plants Polianthes tuberosa L. (tuberose), cumin
seeds (Cuminum cyminum L.) and Iris pallida Lam. (pale iris), in particular, tuberose flowers and
tubers, iris roots, grown only by biological methods to different locations of the Batumi Botanical
Garden, significant compounds were identified. Most of them are known and used in medicine,
perfumery, cosmetics, the food industry, culinary and many other fields; they have antioxidant
activities, anti-infectious, antimicrobial and other valuable qualities.

6. In the end we can say: Essential oils from iris roots, tuberose flowers, and cumin seeds were
obtained by hydro distillation, steam distillation, microwave distillation with liquefied gases, solvent-
free microwave distillation, and Ultrasound-assisted hydro distillation extraction. Based on the
comparative studies of extraction methods, it is identified that combined “Green Technique” —
ultrasound-assisted hydro distillation extraction appears optimal for getting essential oils from iris
roots or tuberose flowers. The maximum amount of essential oils from cumin seeds is obtained by
steam distillation of raw plant materials.

7. Organoleptic and physical-chemical properties of the essential oils from iris, tuberose, and
cumin are studied. It is detected, that the research objects meet the required standards in terms of

good quality rate.



8. As a result of the study of essential oils obtained by green technologies from the roots of
iris (/ris pallida Lam.), Cumin seeds (Cuminium cyminum L.) and tuberose flowers (Polianthes
tuberosa L.) by chromatography-mass spectrometry, GC / MS, it was established that essential oils
contain: terpenes, terpenoids, phenolic derivatives, aliphatic and aromatic components.

9. Based on the studies (by green technologies) of antibacterial activities of essential oils
obtained from iris roots (/zis pallida Lam.), tuberose flowers (Polianthes tuberosa L.) and cumin seeds
(Cuminum cyminum L.) by green agrotechnical activities and tested on a certain cluster of bacteria
stems toward the following cultures: Streptococcus spp., Streptococcus pyogenes, Escherichia coli,
Salmonella typhimurium, Proteus vulgaris, Enterococcus faecalis,  Staphylococcus aureus,
Pseudomonas aeruginosa, Klebsiella Spp., Proteus spp., Streptococcus spp., Enterococcus spp.,
Shigella spp., Staphylococcus spp., Enterobacter spp., Pseudomona spp., it was identified as follows: 1)
research objects have antibacterial effect; 2) essential oil obtained from cumin seeds and iris roots is
distinguished by a wide spectrum of antibacterial activities; 3) the following essential oils obtained
from a) cumin - Escherichia coli; Staphylococcus aureus; Pseudomonas aeruginosa; Enterococcus
spp.; Enterobacter spp.; b) iris roots - Escherichia coli; Salmonella typhimurium ; Proteus vulgaris;
Streptococcus spp.;  Enterobacter spp.; and c) tuberose flowers - Streptococcus pyogenes;
Enterococcus faecalis are characterized with the highest antibacterial activities toward bacteria stams.

10. Based on this paper, the first experimental plot of aromatic plants in the history of the
Batumi Botanical Garden was established and the collection of aromatic-spicy plants was decided to
arrange.

11. Elaboration of the scientific basis for green technologies of growth-development and
processing the aromatic plants Polianthes tuberosa L., Iris pallida Lam., Cuminum cyminum L.,
introduced to the Batumi Botanical Garden, has great importance for creating the base of ecologically

clean raw materials and obtaining essential oils from them.
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