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Bogma3ols 950000v9853900L 30M©vYdEgdo 9BsHbgbo s Mgliemo). BodMTgdo s0gdwge 0gbs LodsMmzguml 3 Lbgsalibgs
9300b630: LTy -Kx035bgm0 (sbseniobyg - 41 ° 38'20.0 "n 42 ° 59'10.0" E), sFo6o (909 - 41°33'41.0"N 41°41'48.0"E,
0bowbsmo - 41°33'49.0"N 41°39'11.0"E) s 0d96gmo (ogexemens - 42 ° 11'00.0 "'n 42 ° 58'38.0" E). 60939d0L boffocro
065bgdms Logobrmangdo (-25 ° C) d9dymdo 331g3900Lm30L. Bgwo Bogmaol bsffowo 3003060 gosdwydsgos
36935653900l Foborgdo. 60dMdgdo sig39 0gm WoMmBOEOBIdNWO s Fgbsbro Fs3035MGT0 4 ° C Ggd3gMo¢©sby
399my9b69059¢07. Bogmx3gdL 300gdom 2021-2024 fiergddo Losdmdbdstmgderm Lodfogol 3gmomdo.

Joggo (Hippophae rhamnoides) s®ob bdo®GHm@gdosbo dmBdmgzsbo, g3wosbo 9i39bstg, Gmdgmog Lodswwom 2-4 9-b
00093, HMEJO0 LoTYGHMOMos s BIoMOE dMEWMIdDY FMIMRZWIPMWo GmMTs 5J3L. Jo330L BHMGHIOL odgb
4530bg39gM0 96 IMTogm BYIMHOL JgMdo s FMbogMOLRMM- dMAf3bM Ywm®mGHIdOo. BHMGIO0 93O dMEMZWYDL.
9330056900560 @ ¥93H3M00bo 435300900 BMMEGBSBEY F9TMEOL. FMMEGdO FMOPJMIOMN0s, Log®dom 4-6 D,
w3639GHOLYOMEOO FnMIOL s IMZYHELLOLGBOHM-Bs3M0LBIMHO TIBRINOEWMBOL. Y3530¢0L 330MEHJd0 MBYGHILI® 2 Ferols
93965699 Bbgds. 8YMHMd0MO Y43530emgdol ©sdB3gM3s Foobol Fms 3gMmomEdo bgds s LOMSE SGOL
593009010 Jombg. Bogmao Fongds ©sdEZ3IM30sb isbemmadom 100 egdo (bgdEHgddgH-md@mddg®do).
Jo330L bogmgo dglsdanms ogml 29blbzs3gdmmo gmMIols s BJOOL, Foa®sd MdgEgbliows Mol 335w 96
35¢09MH0 BOMHIOL S Y30m9w0 56 656X oLGBIMHO FgxrgMOEMdOL. Jo30l Boygmzol gmMdol s Bmdol 3madobsgos
9oL BMMEGdoLs s Bogmaol BIMGIOL JMBEHMILEHMSE gMmsE Jbob 53 F3gbs®ol sM9B3xMWgdMOZ ©I3MOEHOME
Foboliosmgdgl. Jo330 dMBIOMOZO® BIMMNM® MOl Fo3MEIWdIo Bmdogho LaM@ywolb dJ399bgddo: Bobgmo,
HML9M0, OO dM0EBIMNO, LogMsbygmo, sbos, boyMwsbrgdo, gMdsbos, dnwmbymo, gobgmo, 339gm0 ©
Bmegz900. Lodo@mzgermdo dogzo dmgo  g39ybol BolidGedom 3bzgds Bm30L ©Mmbost 2500 99EH®sdoy.
B39 90603 090 bamMdL BYMEMBdYDBY, I0bsMOL s B30l LabsdoMmgdby.

2.3. dozgob §396d0 65b3omfigamgdol 33emggs HPLC Ga®sd@dmdgd®vco ©gdadéo®gdol dgomnom
BobdoMfgergdo Fomdmoagbgb Joggol Bogmaol gMm-gHom doMomo 3m33mbgb@L, oz 86033b69¢mgsbos dolo
959602930390 oMY IdOLS S 359M3bMMHO M30LgdJOOL ASBLIBEIMOLMZOL. BobToMFymgdol gdsgbermds s
306396G o305 Fgodangds 8603369¢mgbo  goblbgeggdmmal boymgol Lbodfogol LEsool, xodobs ©s BOEOL
300md9d0L dobgz0m. 500GHM3, Bo00 MoMEIBMdM030 s M30LMBMO30 b3 oBo FomTmMoAIbL 3603369¢rMz56
2003565L Jo330L Bagmxzol 33900m0 @ bsI3MBI™ MZ0LYdYdOL Fglfsgeroliogol[69; 115]
oMLYdMWO  WOoGIMOGHMMOL  FJobgzom, Jo330L boympdo doMomsEo® 3bzgds IMbm- s  OLLYIMHOYdO,
0MM035 JEM3mDBs, BOHJBHMDBS, LodsMmbBs s 5MVO0BMDBs. MMT3s, Fomo BYLEBHO MomEIbmMdM030 T18339wMds s
096585(MEMdS F90dwgds gsblbgsgwgdm©gl Lbgsalibgs {gs®mdo dmgdvwo dmbsizgdgdol dobggoom [116] .
BobdoM§gergdol MHom©gbmd®m030 45BLEBLIMOLMZ0L gsdmYynbgd o 0dbs Jomswo 9i39dGHM™MdOL evbagseee Loobmmo
JOmIsGHm®og0s (HPLC) - Waters, Gm3gerog 5039603000 0gm Gg530od3009w0 060gdbob (RI) @g@addm®om s Binary
HPLC Pump 1525 #¢)90000. JOHmIs@ema®sgoweno ogmas 3obbm®moges 5606 Jomds@mamogome bggdbg (250
30 x 4.5 93) s bsbdoMfiyammgdol LggBbg. L3gBOL GYI3IOGIOs Tgbo@BMBgdMmwo ogm 40°C-By. dmdcmog Bobo
39909ggbgdo 0gdbs 539BMboGmowo/fgarol 85:15 (v/v) batgzo, 1,2 dg/for Bszoolb bokdstoom.

650313900l dmBoEIds JOMTBHMYMFB0E0 5b5¢0BOLMZ0L JoBbMM30gm s 9990 bdgdol dobggzoom: 3gj@obolo
5 bbgs 300moMmo bsghmgdol abswrgds, §396L 99sBHgdm@s 96% gmabmero 1:1 8mEMwmdom mobsgsMEMmdom.


https://doi.org/10.52340/gs.2025.07.02.11
https://sciforum.net/paper/view/19451
https://agrokavkaz.ge/samkurnalo-mcenareebi/qatsvi-samkurnalo-mtsenare-retseptebi.html

Bogmazol 8gdmbggzsdo 10 gMsdosbo bodmdo ©sgd3gdgdsts 396G®08MR0MgdsL 12,000 dGvbo/fymdo bobdsom, 2
§00b 296853wmd530, 4 °C 3993965 wIMsDy. 43gws bodmadol dgdmbzggzsdo 39bGM0BR0MIdOL T98wgy, Bomgd M
b39OEBBL  9ds@IdMs 80% s39BHMboGHMmOoEol blbsMo 1:1 ImEMEMmdom MsboxzsMEMdom. bm3gmbs@ebdo
23980 GO 0dbs 3gsm0 Fsbob gJuBmsgiool (SPE) SEP-PAK C18 35G@®ox ol 2500myggbgdoom s ao@s@eboe ogdbs
9b65¢0Bolm3z0L 2ob3mzbowr 939bm®mxdo [116].

5m©YbMIM030 565¢r0B0o bbMM 3090 LEIBIME O TodMol bLbsMYBOL (e 3B, BOHVYIEM DS, 5M300BMDBS o
Lodo®mbs) godmygbgdoom (gbMowo 1) (ob. sbstmo 1) .

Jo330L bogmazol §39600 4sdmzmagboero 0dbs Lsdo MB0bsbEMMo bsbdomfysero (LryMsmo 1) (ob. sbsdmo 1):
00530bMDY, 4e3mbBs o Logo®mDBos. sBY3g, 290M3wWobEs BHMJBHMBOL docg 3mbEgbGHG™s30s. §396d0 Mo
60300090900l LogOmem  89d339emds 509953 gdms  20°Brix-b, Gmdwwolb 85%-0g bsbdo®fywgdl 8gopqbwo.
3300l 3mbEgbGMmagos §39600 8%-b s0gds@gdms, beagm bogo@mbol 3mbzgb@®mozos 3%-0g oym (gbMowo 2)
(ob. sbsMmo 1). gl Bmbs3989080 30900 YPRL Jo330L bogmgzol 39680 BobdoMfiywrgdol domaer 8993390 mdIBY, Mo
3600369 m35605 JoLo 33900000 OMYOMEGdOLS s 3mEHIBE0MMO 250mygbgdol 3Mmboom.

2.4. Jo330L Bmommelss s Bogmado 35G0MmbIdOL M30LMIGOZ0 s MsmEIbmdMmozo 33emggs HPLC
36 @HMIgEHHmo ©yBgIGomgdol 3gommeol §sdmygbgdom

3930mbgdo, HMAMMOEss Joe0do, Bo@®momdo, JsaEomdo ©s 3936030, 59930EgdgE0s 50Ol MEYboBIOL
B®3oMH0 BMBJ30mb0MHGdoLMZ0L. 0lobo Fmbsfowgmdab gugd HMME oGO dosblOL MgaMEoMgdsdo, bg®zwmmo
0033Mbgdol gos3gdsd0, 3Mbmgdol 89329983590 s bbgs Lobogmbanm 3MMmEglgddo. Jozzol Bmmmebs s bogmedo
3530mbgdol 8993390 mdol  goblobrg®s  360dzbgwmazsbos Fsmo  33gdomo s  LEIIMGBIM  OMHYdIMEGOOL
39Lox3sLgds.

00 33930l 0Bsbos Jozzol Fmommendo, bsgmgzls s 39600 3530MbdOL M30LMdMOZ0 s MOMEIbmMdMGOZ0

296LsBE3MS Fowowo 9x39gIBHWIOMdOL MbYzoo JOHMIsGMyMsgool (HPLC) 3mbowd@mdgdevwmo ©gdgddomgdol
3900 359tmyg69300. HPLC 560b domowo 90Mdbmdgemdols s bgamgd@or®dmdol 9dmby sbsero@ozm®o dgmmo,

MIgwog 00935 39GH0MmbIdOL BMLEO s Lobm RoBLEBPZMOL bdrYsegdsl. 30bIBHMIYGOO ©IBIJBHOMYdS
25800996905 0mbgdol 3mbEgbBHMmo3o0olL AsbLbMzmOLMZ0L. LEBIOEHMWO IJoEH0mbdol bLlbsMYdOL 25dmygbgdom
000%ss  boZowodMm  IMMEId0, GMIwog  LdFoOMS  2odmygbgdme  odbs  JoBHOmbgdOL  MomgbmdMmogo
9bseoBobmzgol (gbMowo 3) (ob. sbstmo 1).

J5330L GmmmEbs s boymgzdo 009bEH0R0E0MdMM 0dbs bod@Momdol (Na+), 3scomdol (K+), dspbomdols (Mg2+) o
3ow@Eomdol (Ca2+) ombgdo (LmGsmo 2) (ob. sbsdmo 1). gmomedo ©sxgodbloMs 3oGoMmbgdol  domswo
306396¢Mo305, M3 80Mmomgdl 83gbs®ol 53 bsffools BobgMown® odEoMYDY. gbLEIMMEMIB0M Bomsro ogm
0obowdol (Mg2+ - 577,6 ppm) o 3oewodol (K+ - 415.4 ppm) 999(33000Mds, Gro3 9900egds 05353806090weo ogml
BOGHMLOobmgBOL s bb3s BoBomwMmyoMGo 3MHm39LgdoL 0bEHIBLOMEM B080bsMYMBILMD. F9EIMHIdOM B 0Ym
390 3odol (Ca2+ - 26.2 ppm) o bs@®omdol (Na+ - 177.2 ppm) 30639635305 (3bGowo 4) (ob. sbstoo 1).
Bogmagddo  3oGHombgdol  3mbEgbB@Maegos  8608369wmgbo  goblibgezadms  BHYMoGHMMm0gdol  dobgzom, o3
30900090 6050l 9o gbermdol s 3w0dsGIMo  30MHMdIBOL  Fo3wgbsBy. gyl bogmao bolinsmgds
3930mbgdol 8905653000 Towswro 999339wMmdOm, 3bLo3MmEMId0m Fopbomdol (Mg2+ - 65.17 ppm) s 3oerowgdol (K+ -
48.02 ppm). ®bowbsHol bogmxo 9839690l JoBH0MbgdOL ©sds 3MBEIBEHME0L, B3 Tgodwgds JomomgdEgL
6050590L LooMdYBY 6 LbZs oMdm Bod@MmMmgdbY. sbowEobol boymgo asdmombgzs Jseomdol (K+ - 266.04 ppm) s
3503000 (Ca2+ - 34.08 ppm) 9909000 Jowoeo 89933390 ™MdOM, M3 8900¢gds 30M0MYPOEIL 53 BHIOOGHMOHOOL
60500530 1393080396 JobgMoE® TgdsgbermdsbHy. mghxmeol bogmao sh3969dL dspbowmdol (Mg2+ - 53.46 ppm)
5 3oewowgdol (K+ - 40.77 ppm) 99005693000 805¢» 8909(339¢00mdL, Mg 21939 8909¢gds 30momgdEIL 53 MHgaombols
605050L LodEoE®gbY.

900g0Mwo 990939000 BMmEgddo 3oBombgool Loghmm 3mb3gbGMmoz0s 8608369¢m3bs s0gds@gds bogmagddo
©5830gdLOMYdME FoB39690gdL. Bogmagddo 3oBH0mbgdol 3mbEg6EHME300L (3395¢gdsEMds F0MOMIOL 3JMRMBOYO
35dBHMMO0L 203w qbaby.

390030L (K+) s 9sbomdol (Mg2+) dswoo 8993390mds BMmmrgddo s Bmyog®om bogmado 800m0mgdl dom
96003690 m356 Hm@ By 839656H0L BoBomEwmyome 36m3qlgddo.

33930L 990093900 boBL MzsaL Jozzol BmmEoLs s Bogmaols BobgMowvy® Lodo®gL, s 8608369 mgsbos Bsmo
3390000 s LOZNOBOM POMYINIEGBOL Fgi3slgdolm3oL.

2.5. o330L Bogmazolss > Mol BgbmeEGo BsgHmgdols 0©IbEH0B0I30s MG Bsmswmgngddvydo (§5g30L)
LbombmGo UPLC-PDA, MS 3goxm©gdoom
296mmEo 659MHgd0lL 99050396 mds s 3mb63g6EHME0s Jo330L boymxls s Bmmmedo dgodergds 360dzbgwmabs
296Lb39309dMEgL BogmBolb x0dol, Lodfoxzol LiEGsool, BOHEOL 30HMBYPdOLS (JE0do@0, B0sIY0) Ws FIMYMsTOO
56900l dobgz0m. 5dgsb godmdEobsty, Fosmo BMLGO 0IbEBHOBOEOMIdS S MMEIBMBMHOZ0  FoBLLBOZMS
§o603Mo9gbl 6033690356 50m3565L Jo330L Bogmzols s BMm®MEIOL s6EHO0MJLOBEGHNMMO s bbgs domemyow®o
233030700l FgBsLYdOLIMZ0U.



JOMBo@GMPMIR0MHYO0LM30L  603dgdol  (Jogzol Bmommeo, bBogmmo, mgbaro) 9JuGH®ModEost 3sbgbom 50%
90956M@om, MEEMVdYIO000 5B5DBOL godmygbgdom (xgMes®, O gduEMod30s8wY). FoMgdEo gdbBHMad@ol
23980 GH3M0L 9900099 39H 60 BowE®oEHJOOL 3mB3E96EHMOMOIL 393990l 30MMdJdT0 TG Tobedy. 99y
90090 3m6396GMo@L 350v9853900m 39dusboo (3boToL, JarmOMBOWOLs s 35MME0BMOEIdOL FMLHEOEYGIWS.
3Med5do  oMhgboer  dIMoe oLl gblboom 1-5 T ImEeemdol  dgmsbmerdo. 8gmsbmosh  gMogdiosl
3830E®53000m 0,45 d03OHMboL dgd0M6 BowGH®To s 35HEIBO® JOHMToBHMYMIROMYIL.

603m09M9d0ms  0I6GHO0B0ISEO00Ls O MMmEIbMdMOZ30  boEoBolmzol  gsdmygbgdmwo  odbs  sMLgdWo
LEoboME o 659000930 (JermOMYgbol 35939, 3339060 35539, 39¢0ob 359039, 339039000, (+) 39¢9Jobol 3oMa@0),
Mmdwgdoag bdoMmow 33300900 Joazol bogmado s 250m0Mmbg3s BOMEMAOMOO 5JBH03MdOm, 603m0gMgdsms Joliol
0mbs390ms 0o dsDo ("https://metlin.scripps.edu”) s M9396%B0MYdMEo Lodg3bogMM 398035309006 FM3M3z9dwwo
1399dBOMEo Fmbo3gdgdo. gl FoEMTs FgLodEgdIMBsL 0IEIMES, ABBMEOEFO0gEGdMEoYm 53 bodg Bogamol
DMLEH0 0009bBH0RB035300.

051-1399dBHOMBYEHMO 5B5EODBO FIBbMM OIS YSMYMBOm 0MbOBEOOL Hg70dd0, MHOL T9GOIRIWIGE POMMIIEO
6030096900Lm30L  F60LIBEIMS  IEMMEHMBOMIdMWO  Fmmg3Mw@o ombol [M-H]- m/z 960336g9mmds, Gog
339093l 30639 Fo@Bmygbsl B5gHmMOl Tglsdarm bEGMMJEGHMGmSbY. 99990 Bsdoxo 0gm JOHMIGHMYMIGOYO
9mbo398900L 565¢0Bo. JOHMI5BHMYM5T06 FobolEBMIMS MoMMgMwo bogmogMgdol JOHmIsEHMmyMsgomo 3ozol
893939006 O™, G5z [oMmIMoy)bs ©sTsBHIO0m  FobslosmMgdgElL  BogMmol  0©IbEHOBoIsEooLmzoL. UV-Vis
139JBHM0B 29BOLEBPIMS MoMMYMo BogmM0gMmYdOL BogdlodowMo Jmsbmddol Gowmol Log®mdyg, sy L3gd@Mol
gmM3d> s 06¢gbLogMds. 063HBLOZMBdS 3MM3MM30E0s 5030 MadoL 3mbiEgbE®Ma00Ls blbo®do, Mog asdmoygbgds
650©96MdM030 9b50BOLMZOL. y3gws Jogdwmo dmbszgdol G9Eamgds o 35E0ESE0S LEdMEMM 9FI30 0Ym
0963080353001 3GMEgLd0. Fsb-139dGHMMIYEHOOMWO, JOMBo@mamsnomwo s UV-Vis dmbszgdgdo 9wstgdmen
0d65 9O 8569 9b, 51939 BEBHBIOEHME BogMmgdmMsb s METLIN-0l dmbsozgdomes dsBobmsb. 99@atgdol 8909900,
639oE 903038 B39dEOI s JOHMToEMAMIBOE Bmbsgdgdl, FoMdm®ygbowos Mg M.

Jo330L Bogmmol dgygboemdsdo 0IbEH0BoE0MYdMwos 89090 Boghmgdo (bGowo 5) (ob. sbstmo 1):
60300096905 1-0b 3sL-L39dEGHOMBYGHMOO BsEwobol FgEgRIE F99M3w0bEs ISOMEMBOMYdYWO FMEg3MEMO
ombo [M-H]- m/z 191.03 9sb0oo. JOHm35@Mma®mog0meo 89353900L MM 895039bws 2.379 Hrob, bowm man@®msoolyge-
bogryaro (UV-Vis) 13gd@@o oB39b9d@s 35gb0doewyd dmsbogdals 222.8 s 273.7 63 Gowwwmol bogMdgby. domgdwwmo
90bo390900L 890056905 LEbIMEME 659MHMN™sb s METLIN-0b 9mbs3930s d5Bobomsb 30090000gdL, Gma 60300096Mgds
1 999L5d50905 Jobsgobob dx530L (Quinic acid) (LwyEsmo 3) (0b. sbsGomo 1).

60307096705 2-0L ©95MYMBOM0O 0MbODEFOOL MYgoddo AsL-L3gdGOMAYEHMOWEO Sbseobol FgYyeE Fodmawobps [M-
H]- ombo m/z 132.95-%g. J6mBo@macoxnonwo 3030L 99353900L6 ©m 8goa9bws 2.819 {rmobl, bmerm UV-Vis
©939dBHMOHoL J0ge oxodboMs Jodulodsww®mo Fmabomdds 260.8 63-By. LEBOEHMW BsgM™MB (3580l 8539,
Sigma-Aldrich) s> METLIN-ol 9mbs3gdms dssbmsb domgdwmmo b3gd@®wmo 9mbogdgdol 99@asmgdol 89wgasm
6030096905 2 0009bGHOBO30MYINE 0dbs MMyMM3 3500l Fg035 (LGSO 4) (0b. sbsdmo 1).

6030009005 3 @5 4-0l  ToL-b3gdBHOMIYBHGOo  SBsEwobol  Tggo©  FOTMZ0bEs  ISOMEHMBbOMmYdO
dmg3®o ombgdo [M-H]- m/z 304.79 s m/z 304.78 dsbom, Gglisdodobs. JOHMIsEHMAMsx300w0 993539008 MM
8900039bs 7.781 s 8.473 ffmol, bowm Mw@E®eoobggm-bowwmwmo (UV-Vis) b3gd@Mo 639690 Fogbodogre
F0060gdsl 271.2 63 BHowrol bogMdgbg mMogzg 603m0gMHgdoLmZoL. Bowgdwyeo dmbsgdgdol 99smgds bBsbsGEwwm
Boggdmsb s METLIN-ob 9mbs3gdos dsHoliorsb dowmmomgdl, Hmd bogmoghgds 3 ggbodsdgds aowm3s@gdobl
(Gallocatechin) (C15H1407), boqoem 60300096905 4 g30g00m3s@gdobl (Epigallocatechin) (C15H1407) (bmGomo 5) (ob.
5650 1).

6030090905 5-0b dsL-b39gJBHOMIGHO0MO bscOBOL YR 298M3w0bs I3NHMEMBOMYdMEo TmmgzMwrEo
ombo [M-H]- m/z 609.27-%g, 86sadgb@s3ool sbswobom 30 @oxodloMs x36sadgb@dm®mo ombo m/z 314.91-%g.
JOMBoGMPMR0Mwo F9353900L O™ 5009605 9.269 b, bmmm Man@®msoolygh-bowvwmo (UV-Vis) bdgd@mo
0B396905 B5glodocrvy® F0sbmddsl 352.2 63 Bowrmol bLogMdgbg (LMsmo 6) (ob. sbsmo 1).

60300096905 6-0b 3sL-L39dEHMMBYEHMOWO BsEoDOL B9 F9IM3EW0bEs ISOMEMBOMYdYO FMEg3MOO
ombo [M-H]- m/z 314.84-%g, g3653096@5300L 565¢w0%Bom 30 ©ogodboMs BGMd9bGwGmo ombo m/z 299.82-%g.
JOMI5GHMPM580vY0 89353900 MM Fgo00a960s 11.950 Fryoml, bmwmm wum@E®soolgg®-bowmwo (UV-Vis) L3gd@eo
2B396908@0 85du0docy msboddsl 370.2 63 Gowrol Log®dgbg (LwyMsmo 6) (ob. sbsdmo 1).

900g0Mwo 3mbs39dgdol 8gaMgds LEBBIOHEHMW bsgMmMYdmMeb s METLIN-0b 8mbszgdms dsHoliorsb d0v10m0mgdl,
63 bogmogMgds 5 Tgglodsdgds 0bm®sdbgE0bol Fo@dmgdmawl (Isorhamnetin derivative) (C16H1207), bomeom
6030096905 6 - 0BMM536930bL (Isorhamnetin) (C16H1207) (byyHomo 6) (ob. sbstoo 1).

603m0gMgds 7-0b dsL-b3gJBHOMYGHO0O bseOBOL 9RO 298M3w0bEs IIMHMEMBOMYdMEo TmmgzMEw GO
ombo [M-H]- m/z 623.15 35L00. JH0Bo@ma®si300¢o 99353900L 6™ 83503969 9.177 o, bagm M@ ®soobage-
bowemo (UV-Vis) b3gd@®o 28396980 95duodoeeme 80sbmgdsl 351.0 63 Gormol Loa®dgby. dowgdwao dmbszgdgdol
89056905 LEBIOEHME boghmgdmsb s METLIN-ob dmbsigdoms 35Bolmsb dommomgdl, Gmd bogmogmgds 7
8995053905 0BMM5369306-3-O-230B0E-M3bMBoL (Isorhamnetin-3-O-glucose-rhamnoside) (C28H32016) (boy@ocmo
7) (ob. sbstmo 1).



60300090905 8-0b ©I3OHMEHMb0MGIMEO Fmeg3MWMOHO 0Mmbo Fodmzw0bs m/z 623.01-Bg. JOHMI>GHMYMIBoMwo 3030L
99353900L MM3 995065 9.592 fmmo. Ma@®s0olxg®-bowvywo (UV-Vis) 3gdGOmmbizm3owo sbseobol 99w99w;
BogmogMgds 8-0b  Fmbmddol  Toduodmdo  oxgodiotms 3354 63 Gowomol LogMdgby. 0gbEH0R035300L
©3L5LEGHMMIOWsE, FJogdwo b3gdBHOwo s JOMmIsGMmyMogormo dmbs3gdgdo 9goMs LEBEIOEHM
659056 s METLIN-0b dmbsigdmes dsbobmsb. 89009390, 0500609, HMmd 60300960905 8 00096¢ 080306090 0dbs
GepmOi3  0BMMs969306-3-O-6vBHobmboo  (Isorhamnetin-3-O-rutinoside), Gmdol  gd3oGHomwo  BmOIMWss
C28H32016 (byosmo 8) (ob. sbsdmo 1).

6030090905 9-0l Fsb-139dBHMMIYGHMOMWOo BsEoDOL FJIROW, MOIMYMBOMSE SFMHBEGHWIO FMY3MW NGO 0mbo
3°00m3w0bs m/z 288.88-%g, Mo 8gglodsdgds [M-H]- 0mbl. 3030l 99353900L @ma d95y0bs 8.857 fmomo. owyobs,
™I 9L 603M0YMYds FoMIMo9bL m/z 577.13-B9 godmgzergboro 0mbol 3Msadgb@sgool 3MmMmIAL. ME@®MmS00LEBgMH-
boro (UV-Vis) 139J@HOmbim3omwo s65¢robol 89wmgew, 80sbmddol dsjbodmdo sgoduots 273.7 63-%bg.
900900 dmbs3g9gd0m bogm0gMmgds 9 9glsdsdgds 35¢9dobl (Catechin), Hmdol §330G0wywo gm@dwss C15H1406
(LmEomo 9) (0b. sbsGmo 1).

603009005 10-0b 5BsEoBobsL, Tsb-L3gdBHOMIYEHO05d sB39bs ISOMEHMboMmgdMWo ombo m/z 609.15-%g, Gog
001100090 [M-H]- 0mb6%9. JH0m3sEHmy0sg30v9co sbsgrobol 8909950, 59 603000960980l 89353900L MM ©si30JloM©s
8.732 fmoby. »wm@®soobggd-bowwwo  (UV-Vis)  13gd@mmbgm3ool  50mygbgdom, Bmobomddol  dodlodsmdo
299m30bs 347.2 63-Bg. 99005609d0L Lsxgmdzgeby, HMIgeoE dmoEeg3s LEBIOEMW bsgOmgdLs s METLIN-ob
mbo3g8mos 05BsL, b0gm0gMgds 10 00Y6EHOBOEOM®s MMYMO3 339M3EIG0b-3-0-39dumBs-7-0-3gdbmbs (Quercetin-3-
O-Hexose-7-O-dHexose) (bvy®omo 10) (ob. @sbs@mo 1).

60300096705 11-0l Isb-L3gdEHOMWo BsEobol FgEIAs®, WISOMEHMB0MIIMWO TMEg3MWIHO 0mbo gsdmazwobos
m/z 609.27-%g, M3 999Lodsdgds [M-H]- omblb. 3030l 893539006 O™ ©sgogboMs 9.323 fmmbg. Me@Eemsoolyg®-
bogryaro (UV-Vis) b3gd@emlizmdool asdmyggbgdom, 80sbomgdol dsgdbodsdo sgodioms 352.2 63-Bg. LEebos®@ma
BogMgd09b s METLIN-0b 8mbsggdoms dsbolimsb gmatgdol 8909w, 503mogmgds 11 0©gb@onosoms Gmames
3396039306-3-0O-6vEHobmboo (Quercetin-3-O-rutinoside), GmIol 93306000 GmGOIMWss C27H30016 (bmeosoo
11) (ob. sbstrmo 1).

60300090905 12-0l  ob-b3gdBHOvIO  9bsEOBOL  FJOIRIW, YISOYNROMOI®  ITMOBHMWO  IMEY3MWOHO  0mbo
©5330Jb0Ms m/z 300.83-bg. JOMBoGHMYMB0MWO B5EoBoL EMHML, 3030l T9353900L EOMI Tgoy0bs 11.411 oo.
)@ Mo00LBgO-bowvywo (UV-Vis) b3gdGemlizgmdool 3s8myggbgdom, 80sbmddol daglodmdo gedmawobos 367.7 63-%g.
LGHBPIOEHWOo boghmgdol s METLIN 9mbs3gdms 35%ol 9mbsgdgdmsb 8900s6mgdol 8909390 ©sa0bos, GmA
60300096905 12 99gLsd59905 geroaol dgogsb (Ellagic acid), Hmdol gd306H0wo gm®mdmwmss C14H608 (byesmo 12) (ob.
650 1).

6030096905 13-0b FoL-b39JGHOvYds 5BoEoHs 563965, HMT Y3OMEMBbOMYdIMO FEg3MYMHO 0Mmbo Fodmgaobos
m/z 476.99-%9, b g6Mod96@¢ 93006 890929© Ho@dmogddbs ombo m/z 301-by. JOMIsGHMM9B0wo sbseroBol MM,
893539006 MM  Fgoa0bs 9.909 Fmmo. MwGMsoobggd-bowmwo (UV-Vis) 13gdEHmmlzm3ool gs0mygbgdom,
F0bmddol dogdbodmdo sgodboMs 352.8 63-Bg. LEHBIOEMWOo bsgOmgdols s METLIN-ob dmbsggdms ds%ol
9996900l Loxzmdzgwbdg, bogzmoghgds 13 0IbEBHOROEOMOS  MMIMEOE  0DMMS3byE0b6-3-0O-aw3mboro
(Isoramnethin-3-O-glucoside), ®®3ol 9830600990 BmEmdmss C22H22012 (bmesco 13) (ob. sbstoo 1).

6030090905 14-0L Isb-L3gJBHOMWO BsEobol F9IR9W, WISOMEHMbOMmYdWo 0mbo sBodbomos m/z 593.03-bg,
bom gMoad963e300L 89009390 398m3wobs 0mbo m/z 461.26-bg. JOHMB>GMAMIR0EO sbsc0bol EMML, 89353900l
©MM3 3goaobs 10.914 frmo. Man@®soolygh-bowwmo (UV-Vis) b3gd@mmligm3ool asdmygbgdom, dmsbmgdol
9odbodmdo oxgodbots 370.2 63-Bg. F9smgdol G9wIae©, HMIgEoE dmoEs3s BEBIOEHME BogMmgdls ©s
METLIN-0b 9tmbs3g0ms dsbBsl, Bogmoggds 14 0w09g6GH08oE0Mm©s, MMym®i 0Bm®ms8bg@0b-396@mbo-Modbmboro
(Isoramnethin-pentose-rhamnoside), ®m3ol 99306000 gm@IMwss C27H30015 (bLyyGomo 14) (ob. sbstoo 1).
603m0gMgds 15-0b  Tob-139dGHHMEWO  bseOBOL  TJIAOW, MOIMYMBOMOE  IFMHBEHWIWO  FMEWYIMEMOO  ombo
399m3m0bs m/z 168.82-%y, HGmIgeo Fo®dmygbl m/z 576.95-Bg 358m3wgbowo ombol BMmoadgb@siool 3Gmmd@L.
JOMI5GHMPM580Y0 5650BoL EOHML, Fg3939d0L MM Fgo0bs 8.980 Frmo. WwGHMsoolggm-bowwo (UV-Vis)
139dBHOMLIM300L A5MYgbgdom, JMNSbmMJdol dogdbodmdo ogodboMs 273.0 63-By. LEGHBIHEHWWO bogHmgdols s
METLIN-0b 8mbs390ms 35%0b 8mbs3g990msb 89ws6gdol 9909350, 60300096930 15 0009bG0B0306@s Hmyme3 ool
35935 (Gallic acid), ®mdol 9930600 gmmdess C7HE05 (Lry@smo 15) (ob. sbstomo 1).

6030096905 16-0b Job-L3gdEBHMMo 965WOBOL FJEIRW, I3OMEHMBOMYIMEO FMEHIMEW MO 0Mmbo Asdmzwobos
m/z 576.80-%). gMsd9635300L 36Hm3gldo Fotdmoddbs ombo m/z 289-%Bg. JOHMIsGHMyMox30Mwo 5650l OHMU,
893939006 O™ Fgoa0bs 8.766 fmmo. MwGMsoobgg®-bowrwo (UV-Vis) 13gd@mmlzm3ool gsdmygbgdom,
Fmobmddol doduodmdo sxgogboMs 274.3 63-%y. LEBIOEGHMWO boghmgdolbs ©s METLIN 9mbsigdoms ds%ol
89000600l 39009390, b0g3m0oghgds 16 00IbGHOBOEOMs HmAMME 3MmEosboobo 1 (Procyanidin 1), Gmdgol
993060990 Gm®Iss CoH26012 ((LvyGooo 16) (ob. sbstoo 1).

Bogmoghgds 17-ob 3sL-b3gdEHOweo 565woBol Bgga®, ©ISOMEMBOMIdO FMEY3N OO 0mbo godmaeobos
m/z 576.95-%g, M55 30900mgdL BMoadg6G0300L 9gas® Fo®dmddbow 0mbby m/z 168.84-%g. JOMTs@GHMyMsz0m9wo
0bseobol MML, 893539001 ©OMI Fgoa0bs 8.993 fmmo. MwEHMs0obggM-bowrwo (UV-Vis) 13gdEmmlzm3ool
3°9my9bgdom, dmsbmgdols Bsgdlodwydo wsgodboMs 273.0 63-Bg. bEGBPIOEGHWW BsgMgdmsb s METLIN 9mbsi3gdos
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B5Bobmob F9sMgdoL 99939, 60300gMYds 17 000gbEGHOBOEFOMS MHMYMEME 3OME05b0©0bO 2 (Procyanidin 2), Gemdwol
983060990 BeOIss CaoH2012 (LryGomo 17) (ob. @sbstroo 1).

603m0gMgds 18-0ol BsL-L3gdGHo BsoBol G999, ©I3OMEHMboMIdMWOo 0mbo sdmgwobos m/z 462.80-%y,
bowme 86sadgbGsEool 89gye© Fomdmogddbs ombo m/z 285-bg. JOmds@myMenormo sbseobol mM, 89353900
O3 dgoa0bs 9.507 §mmo. Me@®ms00bgge-bowreo (UV-Vis) b3gd@®mmbzm3dool gsdmygbgdom, dmobmgdol
05Jb0dwdo sxodlotms 354.8 63-By. LEWBIOEHMWO boghmgdols s METLIN dmbsggdoms dsBol Fga@gdol
bog3ydz9by, B03m0gMgds 18 0gbGHOBoE0Ms Mmam®i 303ghmboro (Hyperoside), Hmdgol 9d306M0wwmo
RM3os C21H20012 (LyBsomo 18) (ob. sbstoo 1).

J35330L Mmool 99a0b0¢mdsdo 0©gbEoxzoE0MgdMEos:

603009M9ds, MMIgEo3 0I6EHOR0E0MGPMO 0ym o330l Boymxdo, 408m3w0bos Jo330L FmmErol SBscroBol
89093905@3. 30bo oL-L39dGHOMEO FobolosMYIYd0 FMO(393L I3OHMEMBOMYdIWME dmerg3ME® 0mbL m/z 190.99-%y,
B653396(35300L 3909350 30 PSBOJLOMES 3030 mM/z 111-BY. JOMToEBHMYM3B0EO 565Dl MM, F93539d0L O™
895009065 2.460 §1000. MaG™ooolyge-bowryeo (UV-Vis) L3gd@H®mbzim3ool 459mygbgdom, dmebmgdol doduodmdgdo
og30dboMs 216.7 s 263.8 63-By. LEGHBIOGHM BogMmgdmsb s METLIN-0b dmbs3gdms dsbaoliosb dgoatgdols
39009250 ©LEHVIMS, HMI 503m0gMgds 1 Fgglisdsdgds Jobogdobol dg03sL (Quinic acid) (bvyMsmo 19) (ob. sbs@mo 1).
Bogmoghgds, HmIgeoE 0wI6EHOBOE0MYPMWo ogm Joggol Boympdo, godm3wobEs Jo330L BmmEOL sbscrobols
8900935053. Jobo Fo-b3gdGHOEo BobsLOsMYIWGO0 T0(3538 PISOMEHMBOMIIME FmErg3MEw)G 0mbl m/z 133.00-by.
JOMBoGMPM5R0MW0 565¢0Bol OMU, 93539008 EOMI Fo0bs 2.646 fmo0. Wu@Hooolggh-bowrvymo (UV-Vis)
1399dBHOMLIM300L  493mYgbgdom, YMsbmddol dodulodmdo @oxodiotms 260.8 63-Bgy. LEBIOEGHM BosgHNMb
(398033535, Malic acid) s METLIN-0b 9mbs3gdoms 05Dolmsb 890s6gd0lL 8909350 0o@sbGwMs, Mmd bogmoghhgds 2
899L50539d5 359ndsjo35L (Malic acid) (Lwy®smo 20) (ob. sbstoo 1).

60300096905 19, MMIgwoE 306391 00IBGHOBOEOM®s J5330L MmO sbse0Bol FgwIEsw, P93m3zwobrs dsls-
139dBOMo BsEWoBol MM, LsLE WIEOMAGHMBOMIIMWO TmEg3WMGOO ombo sxgodloMEs m/z 330.97-%y.
25309635300l 890092500 BM0Tg63GHJd0 56 g50t3¢0bs. JOHMT>GHMYMIBOMWOo BsE0BOl MHML, 89353900l EOMAI
895009005 3.577 frmo. MGms00bggm-bowrwo (UV-Vis) 13gd@@mbimdool gsdmygbgdom, dmsbmgddol dsdlodwdo
©580gdLoMEs 271.5 63-BY. LEABIOHGHM b59OMYPIMs6 s METLIN-0b 8mbszgdms dsHolimsb 990s6mgdol 999y,
6030096905 19 0009bGHOBOGOME MMYMGE ool Fgo35L 3gdbmboo (Gallic acid hexoside), G@Iol gd3oMowO
BMIess C13H16010 (LMoo 21) (ob. @sbstoo 1).

BogmogMgds, H™IgeoE 0wI6EHOBOE0MYPMWwo ogm Joggol Boympdo, godm3wobEs Jo330L BmmEOL sbscrobols
8900935053. Jobo Fo-b3gdGHOEo BobsLOsMYIWGO0 TO(3538 PISOMEHMBOMYIME FmErg3MEWYG 0mbl m/z 304.92-%y.
JOMBoGMPM5R0M0 565¢0Bol OMU, 93539006 EOMA FoA0bs 7.396 fmo. Wu@Hooolggh-bowrvymo (UV-Vis)
139dBHOMLIM300L 2odMmYg69d00m, Fmsbmgdol dogdbodmdo sxoduoMmEs 271.2 63-BY. LEEHBEIOEHME bsgMHMNJIME ©
METLIN-0b 8mbs53g0ms 85%obmsb d9@atgdol 899390, 60gmoghhgds 3 Ggglsdsdgds aowm3zadgdobl (Gallocatechin),
3ol §d3060Mwo gmnMImws sGolb C15H1407 (bLyyHsmo 22) (ob. sbsdomo 1).

35330L MM OL sbscrobol F9gas 293m3wgbowo Moaom 89-5 BogmogMgds Tggliodsdgds Jo3gzol bogmudo sy
009630803009  Bogmoghgds 6-b. dolbo  dsL-L3gd@MEo  Fsboliosmgdgdo TmoEsgl  ISOHMEHMbOMmYdM
9936 0mbl m/z 314.91-%g. JOHMT5GHMYM80wo 565woBolL MU, 93539006 OMA Fgsy0bs 7.396 Fomo.
)G Mo00LBgO-bowvywo (UV-Vis) b3gd@GH®Hmligm3ool gs9mygbgdom, 80sbomgdol dsglodmdo @sgodioms 271.2 63-by.
LAHBPIOGHW  bogOPPsb s  METLIN-ob  dmbsggdms  doBobmob  FgsMgdol  Fggasw, bogzmogmgds
000963080300 HMYMO 0BMmE36gE0bo (Isorhamnetin), GmIwol §a30M0wwo gmMawss C16H1207 (bLyyGomo 23)
(ob. sbseoo 1).

35330L MOl sbscoBol F9gas® 298m3wgbomo Moot 8g-6 BogmogMgds Tgglodsdgds dogzol bogmudo sy
00963080300 M  bogmoghgds 8-b. dolbo  dsb-L3gd@MvEo  Fsboliosmgdgdo TmoEsgl  ISOHMEHMbOMmYdM
9936 0mbl m/z 623.01-%g. 99353900L O™ dgoy0bs 8.920 §mo. 80rsbmddol dodlodwmdo sgodbots 351.6
63-bg. LEHBPIOGHWW bsgHMYoMb s METLIN-ol 9mbsi3g80s 35Bsbmsb FgsMgdol dgwgys©, bogmoghgds 4
009b6GH0B0E0MPS HMYMO3 0BM™969E06-3-0O-6rEobmboo (Isorhamnetin-3-O-rutinoside), GmIgol 9d30H0WE0
ReGos C28H32016 (beooo 24) (ob. sbstoo 1).

35330L Mol sbscobol d9gas® d98m3awgbomwo Modom 89-7 BogmogMgds Fgglisdsdgds ds3ol bogmmpdo sy
00936¢H0BoE3007dMw  60o3m0ghHhgds 7-L. dolo  Fol-b3GHBMEo  ToboliosmMYdEgdo FMmOoEs3L  EI3OHMEHMboMYdME
dmg3ney® ombl m/z 623.01-%g. 99353900 MM Fgoaobs 9.587 Hrmo. MwEHG00LRIM-bowrmo (UV-Vis)
139dBHOMLIM300L Fodmygbgdom, msbmgdol dsgdlodmdo sRoduo®mEs 354.7 63-BY. LEHBIOGHMW bsgOMNIIMB s
METLIN-0b 8mbs3gdms d5%sbmsb 89atgdol 890099, 6030009005 0009bE0R0E0M®s MHMYmM3 0DMmE™sdby@0b-3-0O-
309300-M006mboo  (Isorhamnetin-3-O-glucose-rhamnoside), HmIol gd3oMomwo Gm@IMwss C28H32016
(LwGHomo 25) (ob. sbstoo 1).

6030090905 20 0009bBH0RB0EOMS Jo330L BMMOL s65oBOL FggAsw, HBMIol Fol-1dgdEHHMeEro Boboliosmgdwgdo
900353L ©I3OMEGHMBoMmgdME Imwg3MEe 0mbl m/z 934.31-%y, beagwm gMoadgb@sool 89wgys© Foedmoddbs ombo
m/z 632.79-%7. JOHMI5GHMRM80mo sBogrobol MM, 99353900L ©OMA dgoyobs 8.288 Fmmo. M @EH®ooobygm-
bowrmo (UV-Vis) L3gd@®Hmbzm3ool godmygbgdom, dmabmddol dagdbodwmdo sgodboMs 270 63-Bg. bEGsbsHEGHwWw



Bog™gdmsb s METLIN-0b 9mbs3gdoms dsBolioreb gmatgdol 890990, 503m09M9ds 000gbGH0EB0E0M©s H®MAMO S
39L9eM0d@obo (Casuarictin), Gmdol gd306H00wo BmmIMwss C41H202 (bGsmo 26) (0b. @sbstoo 1).

353308 BMOEOL 5b6se0Bol Fggye® 2odmzergbowro Moaom 3g-9 Bogmogmgds dggbodsdngds Joazol boymado sy
009630803009 bogmogmgds 11-L. dobo  sb-b3gdGHOvEo  Tsbslosmydwgdo FmoEsgl  IdMMEGMboMmIdM
dmg3emé  ombl m/z  609.12-%g, bowm  BMeadgbGegool  9ggas  FoMdmoddbs ombo m/z 314.89-%g.
JO0IGMPMHB0MO 565c0BOL MM, F93537900L MMI F950065 9.211 frmo. Mw@EH®soolygm-bowrwwo (UV-Vis)
1399dBOMLZM300L godmygbgdom, dmsbmgdol dsgdloddo sgodbotms 347.2 63-Bg. LEHBIOGHMW bsghmgdmsb o
METLIN-0b 9mb5390005 3505L096 890000g00L 3909390, 60300096 gds 4 00gbEGH0BOE0M©S OHMym®3 3390393 0b-3-0O-
HMEBobmboo (Quercetin-3-O-rutinoside), GIol 9930600 BmGOIMwss C27H30016 (bmesoo 27) (ob. sbsdmo
1).

303308 BMMNOobL 965¢r0BolL FggAsE Aodmzgergbowo MGoyom d9-10 6ogmoghgds dbgegbos Jo3gol boymezdo sMg
00963080300 6ogmoghgds 12-0b. dolbo Tob-LdgdGHOWwo Tsbslosmgdwgdo dmoEs3l ISOHMEMboMmgdM
909399 ombl m/z 300.91-%g. 993539008 O™I Fgoy0bs 9.686 Frymo. msbmgdol doduodsdo sgoduiotms 271.2
63-%g. LEABPIOGHWME bsgMMgdMb s METLIN-ol dmbs3gdoms 35Bsbmsb FgoMgdol dgwgas©, bogmoghgds 4
00096GH0B0E0MEs MmymemE gerogol I35 (Ellagic acid), GmIgol gddo6omwo gm@dmwss C14H608 (Lmesmo 28) (ob.
bodmo 1).

35330L6 BMNEOoL sbsgrobol Fggas odmgzegboooyom 9g-11 603m0gMmgds Abgaglos Joggol Boymedo sy
0096308030690 6503m0gMgds 13-0b. dobo Fob-b3gdEHOMEO oboliosmgdWdo IMoE3L ISOHMEMbOMYdM
90936 0mbl m/z 476.93-%g, bmwmm g3Medgb@sgool 8gwgye© Fomdmoddbs ombo m/z 301-%by. 99353990 O™
895009065 9.931 frmo. MwGHms00bxgm-bowrwo (UV-Vis) 13gd@@mbimdool gsdmygbgdom, dmsbmgdol dsdlodwdo
©580gdLoMEs 352.2 63-BY. LEABIOHGHM b59OMYPIMs6 s METLIN-0b 8mbszgdms dsHoliomsb 99scmgdol 999y,
B0g3m0gMgds 4 00g6GHOBOEOMES HMAMO G 0DMEIBYEH06-3-0O-3m3mboo (Isorhamnetin-3-O-glucoside), GmIgool
983060990 BmOIMess C22H22012 (bresmo 29) (ob. sbstroo 1).

6030090905 21 Jo330L BmmMol sBseoBol 99 3odmge0bEs, MOl Bsb-L3gdGHHwo Boboliosmgdmmado
3003538 ©93OMEGMBoMYdME I3 e 0mbl m/z 592.95-%9, bnwm gMsadgb@ezool 99wgae Ho®dmoddbs ombo
m/z 285-%9. JOHMB5@MAMR0M0 5b5¢n0Bol MM, 893539d0L OHMA dgoy0bs 7.995 fmmo. Man@G®msoolyg®-bowwmo
(UV-Vis) 139d@®mlgm300l  gs9myggbgdom, dmsbmddol dsdlodwdo @sxzodiods 272.2 63-Bg. bGsbos@Ewmwm
Boggd09b s METLIN-0b 8mbsggdoms dsbolimmsb 8gmatgdol 899, 503mogmgds 21 0©gb@ono3omh@s Hmamts
309353960 @-3-0-6x00bmBoo (Kaempferol-3-O-rutinoside), Hm3wol 9d3o6Howmo gm@dwgmss CsH32016 (LyyGosomo
30) (ob. sbseoo 1).

35330L BMMEOL bseoBol FggRo© 2o9m3wgbowo Goaom 89-12 BogmogMgds Gggbsdsdgds Jozol bogmado sy
0096308030090 Bogmogmgds 18-L. doLo BsL-L3gdGOo  JobslosmgdWdo FMmO3s3L  ISOMEGHMBOMmYdME
dowgzn®  ombls m/z  462.80-%Bg, bowwm  BGMsRdgbGs3ool  dggye  §oMdmoddbs ombo m/z  285-%y.
JOMBoGMPM5R0MW0 565¢0Bol OMU, 93539008 EOMA Fgoa0bs 9.507 fmo. Wu@Hooolggh-bowrvymo (UV-Vis)
1399dBOML3M300L godmygbgdom, dmsbmgdol dsdlodwdo sgodbotms 272.2 63-Bg. LEBIOGHMW boghmgdmsb o
METLIN-ob 8mbs3gdos dsBobmsb 9gws@gdol 89gas®, 50300090905 4 0©abBH0x0300©s OHmymmE 303xMHmboo
(Hyperoside), 0ol 9d306H0wo gm®mdmess C21H20012 (byyHsomo 31) (ob. sbsdoo 1).

53005, HMI Joggol 6sgmxuo s Fmo™mEo FoMmIMoygbl domad@owmo 65gMHmgdol 80 FysHmb, MG
0o0o9n9d@Meo ([6930L) Lombry®Ho UPLC-PDA, MS 9900m©00 53308 3mommabs s Bogmado 0wgb@ogosotgdmew
0g65 21 30MmEMmA0®s© 5dGH0M0 BogMmo: 1 mMsbmeo 35539, 3 3gbme35MdMBT035 s 17 BErs3mbmoo. Jomgdmwo
9mbo390900 53¢gbL 360336 mgsb A9bLb3s39d9dL Boymzzols s Bmmmeol go@mdodon® d9050gbwmdsdo: 3sdwol
05935 (m/z 132.95) 358m3wobws mMogg 608w93do. g39bmer356Md3Mb3553900096: Jobsgdobols (m/z 191.03) s gersgol 85035
(m/z 300.83) 6039 bsffoerdo ©sgodboMms. ool dgs3s (m/z 168.82) dbmerme bogmado 0gb@ogogomgdma odbs.
RWs3mbm0©MHo 659OHMIP0EIB: doewm3s@Egdobo (m/z 304.89) s 0BMMsdbgEH0bo (m/z 314.85) m®ogzg bodmddo oym
fomdmoygbomo. g3ogowmzsdgdobo (m/z 304.78), 35¢gdobo (m/z 288.88) s 30Mm305600006900 (m/z 476.80, 576.95)
dbmnmmE bsgmmpdo godmzwobEs. Bmmmmo  3sdmoMBgmos  gowol 870358 3gdbmbools s 3obvyeod@obols
3993390 MB0m. 456L53MGB0m 50b6TBsZ05 0BM®869EHObOL dao3mboEIdOL (m/z 476.99, 593.03, 623.01, 623.15)
©®30b606M9xds bogmazdo, bogrm 399539Hmen-3-0-601006mboo (m/z 593.03) dbmemo 3momedo 00gbE080E0MmgdwME
0gbs. g 8ggagd0 8608369erm3s60s Jozol LedzmEmbowwm ©s 33980l 3HMEIGHI0To gsdmygbgdol 39MmL3gd@ozolL
F9L5x35LgIWS, FIBLOIMIPOYPOI0M 5bEHOMJUOIBEHMMO S BoMTdIMEMYFOMMO MZoLYBYIOL Yom3scolfobgdoom.

2.6. §5330L bsgmzols s gmmmol g6memm®o bsgHogdol HGsmwgbmdmogo sbsmobo

JOMBoGMPMIR0MEO  9bscobol Fg9gagd0o 3306396908 G™I 39650l bogmzo s BmmMEo  JsbLsIMmMIdoM
90005 BOMEMAOIMSP 5JEH0IM0 BIbMEwMEOo BsgBmgdom.
R96mwMEo BogMmgdo s Bwsgzmbmogdo 3bMdOE0s M930L0 96EHOMJLOIBEHNMMO, sbmMgdOL Lofiobsomdwgam o
56300030H:MdMo  ®30L90900m. 353gJobgdo ©s WYo3MbBHME0s69d0, MMIWgdoE Bwszmbmogdol J3gxaIBIOL
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306396G®o3000.  50b0dbMwo  (3bodmgzgebo 85539008 3MId0bsos  Tglodwrms  bgwo  Fgfiyml  aBosbgdmo
JLm309d0L 50EAJbsLO s BoFodM@IdOL Fo@dmJdbol d99;306MHgdb.
901b95350 0doby, ™I Ledbarg@olb gJuBHGJE0s 3335BMIL Bodmm L3gdGH®oL 3bodmgsbo 53900l Fomgdols
9900 gdEMdL, GEobL-(3b0dgdol Fomdmddbols s 93MMYOwMO S13gdEIO0L FosmZswolfjobgdom, dolo ysdmygbgds
05¢590b EolIHYOMs Fgodmgds 0gml bs3wgds LalvyMzgwo.
F9L5d530bO®, MW GHM0RIN0MO HBMbEOMmGIOLs s BYIMOEH0IMNWO fywom gJuBMgEo0l FgMEYdom F0YdEo
9JbGH®sgdBgdo, 0lY3g CMPMOE 3030 sBgbol bgmo, 39OL3gJG0Mwos Fgdamdo 33wg39d0Lm30L, MHMIWIdOS
008560 0db9ds 8500 98YIGHYIOMBIBY 035¢0L BY30MYo IB05BIBFIOL B1gAgbgPoEool 3Mm3glido.

3. o330 Bogmazols 3m33emgdlvn®o 5039853905 s 565MBIEgdOL ZoseEMMOBE0s
339%0L  86MgH39wmdoL  65MBIbdO, GMIMIdOE BMOoEsgL MERBME o SMOMMYSENME  Toloegdl, FoMmBmaoygbl
LgBOMBY 3OHMBIMYTSL, MMYMOEF 93 MYOMMO0, g3 93MmbMI0ZMEO MZsLIBOOLOM. 33900l IMYHIgE™dsdo
B5MBgbgd0 Fomdmoddbgds 3MmEglol Lbgaalbgs g@&s3byg, byowgmwol Fomdmgdowsb 3Omwdzool d98wmgs9©Y.
3060050 [gotrmgdos:  LILMBWM-LsdgMbgm s LoLEgmgdol Foedmgdol bs@Bgbgdo. Blmywom bsdgisboghHm
33093900  BoMBgbgdol  Fsemgol  Lbgsolbgs do@amdsl  33m935mdL, GMImgdo3 d90gabsota  dgodangds
©OXJMNBOIL:  boMBgbgdol 3619396305  (FoMmTmgdol  3MmEglgdol  m3E0dobsgos  BoMBgbgdol  Famdmddbol
99L5030090o©),  3OMOIBHOL  39MHROLOBMOOL 350l gobobyMdwnggds,  FJBRWMZOL  M3EG0T0DOE0s s
903bdoHxdgms (36Md0gMHJOOL 3o gds 1s339d0L bsMBYbgdoL G903oMgdol Fglisbgd. sbgzg, bsMBIbgdOL woMmgdwmE
36MmMJGH905, 8500 Mol bbgosobbgs ©sbodbrmmgdol 30935053 goo© FoMsgdbs 9600369w™m3zs6 Toymaols
§o03Moy9bL. 50b03bmo Bs®hgbgdo GO0 BOMEWMAOMMS® 9GO0 bogMmgdom, MHMymMmoEss BbmwrmGo
BogMmgdo, 30@990bgdo s 3bodmgsbo 8593900. 33e930L FoBsbL Jo3zoL bsMBIbIdOWIB doMEMYOWMmO® 9GO0
Bogtmgdol gduBH®ogdool Mm3GH0TowmEmO 30MMdIdOL ERIBs s BsgMMIdOL 0I6EHO0B0IIE0s FoMdmowygbos.
Bogmaxzol 200594353900 FoMmImgds WodmMMa@mM0s5do, 65H93Ms© LsFoMIMM 306HMdJdMb JosbEmgdwye goMgdmdo
(LB9000 34). 35LMT539ds© 50O 0dbs 4500 g Jo3zol 396300 (bgwo). Lsbgbdo (3moE3MOL Foliabgbs
3963933600 Labgbo) go@omgdol G909y J00gdw 0dbs 2 BMsgdzos: MBIOWMB0sBO Bsbs - 3900 g (39530l LogMHomm
3sbob 87%), MM3geroE J0MOMIEs© 39900 dgHBMm3aM30oLs s 9BEMIsM30LsRE, s Bs(Bgbo - 600  (3953GM0L LsgMHom
3sbob 13%). 00 306005 F70353L 39B3MOL Jsbbo s gLl (LEsmo 46).
B59MHmgd0l 000gbEGH0B03530s BBMGE0Es JOHMToEMYMxB0MEo s 13gdGMmMLIM3YEo FgomEIdOL godmygbgdoo.
330930L BoGREgdTdo gs9mygbgdmo odbs 9f3569 Hgdbmwmaogdo, oo Mol MEWGHMBYIO0MO DmbEom s
993003030 fywom guGHEagaos, d1939 3bbmMEogwEs omo FgaMgds 3eabogn® gdu@Magdzool dgommEmsb
(Bo3965309).

Joa30b Bameno L6 - (4500 o)

3bab3e

1 gfadans - Abdagmdosbia Babs 11 gyfradans - 55356250 - 13% (600 )
87% (3900 a)

aobdmognantgds - 2 fo, 20°C, oglema - 80 % (480 3)

12000 donbo/i
2bfob gobo - 20 %,
(120 2)
Baee gabe - gbadde
Bmbomo jahmBobo
3,5 % (140 )

Faoms @bs - hdagmmdo
27,17 % (1060 3)

390 @ab - fagbo - 69,23 %
(2700 5)

bm©s00 34. Jo330L bogmagzol aosdmdagqdol lidgds
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Hd0E™d0sbo boffoerol (39009) 990amdo @symxoLs s BMod30mboMgdolmzol gsbbmmEogw®s 39bEGHMORM0MIds
12000 d6nbo/frmmdo LoBdstom, 20°C 3Hgddg@e@mcsby, 2 ool s6ds3emdsdo. (396¢M0xMy0Mmgd0L 3MmEglo
953999690Mm©5 BOJ30900L 3n33mBI6EHIBOL 108 336030L5 s BlBsEMOOL bbgsMdL. F9gA9®, MOOWMB0sBO BMogd30s
0599390090505 BoBME OYMBIL O Yo03e0bEs bydo 83530Mm© sdoxbMwo ggbs (LyGMomo 35) (ob. sbsdmo 1)
bgs wodmzowm®mo xgbs (140 3, Mdowmdosbo BEMsJ300l 3.59%): gl Bgbs doMomss 9gagdM©s (3boddo
dgfmbowo 306HMmEH06Mm0gdoLAsH. 39MME0bM0©Id0, HMAMME GIBHMGHIM36M0EMEO odmazow Mo 30ad96@gd0,
bobi0s0©d0s6 Bogso bibsEMdOM sMs3mMaMvye gsdblbgmgddo, HMAMMOEss 3B0Tgd0o, 853 Bs30MHMds smo
30b396GHM0Mgds Bgs BoBsdo (LwGsmo 35).
3995 Fyoawdo blbowo g39bs (2700 g, HBOMdOBO BGMSJ300L 69.23%): gb 39gbs Fo@dmagbos Fyseblbs®l, MHmIgwos
890339305 30QOMBONH  3m33MBI6EJOL, GrMyMmOmOoEss odMgdo, MmMYBMwo 93900 ©s bbgs {gocwdo blbswo
Bogamngdo (Lydosoo 35).
d3900 Bogrgdo (1060 @, Gd0MB0sB0 GModzool 27.17%): gb 39b6s B9agdms 89dobozm®o bafomszgdobs s »blbswo
3003mbgb3HgdoLYsb, MHMAMMOES MXMIEOL 390l BMT)6EJd0, dmF3Mmgdo s Lbgs dgs®o bsffos3gdo, Hmdgwoms
103330039 509853gdMs Fysab (bvyHomo 36).
Fghmboo 3oOmmEH0boL BMSJ30s, 2) 8wgs ggbo - fgsedo blbso s 3) J3gws 139bs - bsengdo
99000am8 9BH93Bg 33930l FoBobl FoMmBmoagbs o330l 396300l A9sdMdagzgdol Fggye  Fomdmgdbowro
Bo0B9bgd0L  (MdoWwMdO, 965(bgbo) 35WMOHOBsE0s, TomYb BdOMEWMPOMGS© 9dBHoWMO Bagmmgdol gduGHGMagsool
3@085¢MH0 3060mdYOOL oEEIBs s BogMmdOL 0IBEHOB0IS(305, Moms 89damddo 53 BsgMmgdOL gsdmygbgdom
892399865 56&0mJl0sbEHIB0M IE0EIMO 361g3565EHIdO.
3.1. 35330L Hd0EMBI0EG MMEHMBRIH000 DMbEOL 353myrbgdoo domEmyoMMa s5JEoMo 3Mg3sMEgdols domgds
©5 30Lo 353mygbgdol 39MLi3gdE03900 MBMSEITMEMYOvYMHOo Bsersdmyddo
396OMmEGH0bM0@IdoL MH3MmEIbMdMO30 965¢0BolL 890099 ©IER0BY, HMI by Joz0L 3gbzmsdo domo 99339 mdy
3.051 Tp/a-bL Fgoybl TGS ToboBY  FosbYIMHOTGOOm.  JoMMEBHObMOEIdOL MIgBHgbo bsfowo (2.745 Tp/y)
306396¢M0M©IdS MHBOWMB0E BMogd30580, beaenm sbsfibgboll BMod0580 Fomo F9833gwrmds 0.236 dy/a-05 (FbOHowo
10). ®dowmddo SMOLYIMEO  JoOMEGHObMOEIdOL MomMJdol Mo dglsdgo (1.817 Ty/p) FomImoygbowos By
396¢M08MR0098Mw 39bsdo, HmIgol 3H0dmsb Fghimbow Wo3mBowME BMOJ305L (3Mg3s6G0 1) HoMImaygbl.
30090 36M935M5@do (3bodol F99339wmd Bgwo Bogmgzol 3%-0s. JoOHMEGH0bM0Edol »IBIZBIm MomEgbmds
(0.046 3/) ®Bgds 13960, beenem 0.868 dp/y - 396GHM0BMR0MHGdME HBOW®BOL dsbsdo (bHowo 11) (ob. sbstomo 1).
396¢H08MR069801w0 MHBIOWMBOL BoLOED J5OHMEH0bM0YdOL FoduodsemEmo gdu@Mogdzoolmzol gsdmygbgdmw odbs
MEGM5039M0m0  gJbBHMadaos "9f3969" 9JuEH®3963Id0L  As8mygbgdom. MWGHGMBYIMoMO bmbrol  dgmmoom
Md0mdoL  gJuEHMog00  JobbmEmEogw®s  I39bsMgMmo  (3bodols s bbgoslbbgs  3mbEgbGHMozool  gosbmeols
399mygbgdom. g9du@®ogd3ool Mm3EH0dow Mo 30MHMdZdOL dgbambgzs Fglfisguow odbs G90ga0 35650xEMYd0: Igsto
3sbobs s gduBHM9a96GHOL MbsBIMMDY, gJuBHMJE00L BHd3gMe@M®s, bobyMadaogmds s gduBMmoggb@Eol Godo.
99bGH®ogd3ool 9x39JGHWIOMBS FobolsBLzMs 3b0ddo gduGMeg0MdIO 35OHMEH0bM0YdOL L3sboMgdom M EHM00LEBIE
@5 bo 50930 gdbBHcsgdaool ymzgar 5 frymdo (LryGosmo 48). gduGEagiool doMzgw 20 fmmdo 3sGmEobmogdol
9993390 mds 0.1954-sb 0.5381-00g 50Bo0s, b G99amd 5 oo 300963900l 3:mb6395GME00l BMs oG
©5830JdLOMS (OsAMS3s 3). gduBOsd3ool WILMMEgdOL 8999y gJuE®ROMIDdMOo Tobo 396EHOORMFOMmYdME 0dbs 2
o0l gobdsgarmdsdo 20°C-Bg s 8000 dGnbo/fmmdo Lobdsmoom. 396¢M0xMR0Mmgd0l Tggge© (bodo gsdmgym
MOOWMB0sD  Tobol, Tobdo  gJuBMROMIPOMO  3oOMGHObMOEYdOL  TgEIRI  Bgool  FggzgMowwmds 83390060
Bo006x0LBIMHOo 0gm, beagrm HBOEWMB0s60 FobS - FoBRIHMEGdMEo (LMomo 38 (3))(0b. sbsGmo 1).
3396s0MgMwo 3bodols gs3mygbgdom MEWEHMBdYIM0Mo Bmbol dgmmEom 9JuGMagE00l M3EGH0ToWE 30MHMdIBIE
3960LsBO3Ms: Fgo@o obols (Jo330L 396GHGOBMFOMIPIMWO MHdOEMdO - Bgowo Toby) s TBgbvydbomol bgmol
00bs@oM©EMds  1:1, $gd3gmedm®ms 30-35°C (3Hgd3gMe@GMmol  M9awomgds bgdmos  yobrmmgsbo  sdsbsbol
399mygbgdom), 533¢o@Ms 50%, 9du@Mod3ool baba®dwogmds 20 gm0 (0s™sds 3) (LGmsmo 49) (ob. sbstmo 1).
(1 s/ A8003: CAROTENE sananve ()

1D obpasua: Hipopea O6pasey 1/1

3apava 3aseplueHa
‘Maxc 1 (404.60 nm)
045262 A
|

| Makc. 2 (430.40 nm)
~| 0.81066 A

“ Makc. 3 (452.00 nm)

_11.08293 A
600 800 nm|

| Makc. 4 (478.40 nm)
nm: 345.20 A:0.07215 T4 0.89063 A

L5000 37. 3060mEH060L 1i3560Mgds
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06 0,5381 0,5307

10 15 20

adbaesdgool @, Fo

©00M535 3. J5330L 396EGHMORMA0MGOIO MHBOEMINPID MW EHEdRINOMO BMbEOM JoMME0bIdOL 9JuBHod00L
960

390ME0b6M0gd0m 2590 GdIMYE IHBgldHBoMmol HBgmlbs s IBglydbomol Bgmol Lsfyol Bodwxmddo gobolsbrgto
bseoLbbMdGOZ0 3539698 qd0: Mo30LwBIWo 3b0dM3560 8553900l G99339wMds, BYbaHo Mogbgo, n-sboboobol
05639690900, 350MGH060Mm0©gd0L d933390™ds S 96G0MJL0IBEHMMO 5dEH03Mmds.
LogmbEGHmmm IBgbdbomol bgmol 60dMdmsb FgroMgdom, 8553056mds bGHdOWMMO 0gm, Bgxbam@o s n-
260Bo@0bol Mmoibzgdo 99830Ms, 39MdMmE, 35553056mdol 8sB396909wo 0.05% (Logmb@®mmmm bgmo) s 0.06%-o0s
(399000000 Bg»T0). BYbaMo Mosbgzo 2.8-sb 2.56-g, bmwm n-s60boobol MHogbzo 3.73-sb 3.22-0¢)
89930005 (gbMowo 12). gb dowmomgdl 0dsbg, MM 356MMmE0BM0EIdOM 259E0EMHIINME BgmTo seEI30EYMHO
BogMmgdobs s 39MHMmJlogdoL BoMmEYbMds B53¢gd0s LogMbGHMMEM Bgmol 609mBmsb GgsMgdom, Mo oBMHEOL
9oL MJLosEOYH LEMVOEINOMD.
9bGH0MJLOIBEHMOO 5dBH03MdOL FoBLEBOZMOL F9IRO© IR0DPS, MM 35MME0BMOEIBOM §5dEOPMIIMWo Bymo
bolosmYOMEs 3.5-%gM MBROM oo 96EH0MJL0BGHNMM0 5dGH03Mmdom bo3MbBHGM® BodMTmsb FgsMgdom.
3960dm, 0.1 3dm/c DPPH 6sozseol 50%-0560 0b30d06mgdolbmgol Lsgomm ogm 0.33 9y 3sOm@obmogdom
390000006730 B0, beagrm Logmb@Hmmm bgmol dgdmbggzsdo - 1.17 3y (gbMowo 2). s0bodbmwmo dgwgagdo
9809100090L 005Dg, H™MA Joz30L MBOWMB0EE BgmTo 9JuBHEIIEHOMYIMWO 35MMEH0bMogdo (Lsdmowme 0.5941 Ty/y
390 Isbobg) 3609369 m3bs BOOL Bgmol s6E0MJLoIBEHWG od@0gmdsl (FbMowo 12) (ob. sbstmo 1).
9mE90Mwo 3mbs3gdgdom 8godwrgds ©s35133b65m, MM 350MEH0bM0EIBdOL ©BFHJsT Jodmofjzos bBgmol bsdolbols
239033999000 3oMAxMIGUYds.  0953056mdoLS o BYFbaMo  Gogbgzol  FgdzoMmgds  F0MMomdL  0dsbg, O™
3960060005 258053¢00bgL goM33910 5bEH0MJLOIBEHMEO 5JBH03MdS s 89sbgegl Bgmol agsbaz0L 3Mm3gLo.
Jo330L  MBOWMBd0B FBIPMmwMEo BogMmgdol gJuEH®MgEo0LsMZ0L  YEMNVdYIOOMO bmbrol Igmmom  sby3g
39009gbgde 0gbs Lbzoslbgs 3mbiEgb@EMaiool goebmero. bsfgol g@s3bg s0GHuBS 9JuBH®IbGHOL 9BgdBHMOMdS,
39603dm© 9duE®oda9bG® 5090w 0gbs: fiyswo, 25%, 50% o 75% gomabmero. sbg3g oygbowr 0gbs, Bys®o dslobs s
9J6GH®9396BHOL  MbORIMEMBS,  MIBH0TMMO©  23BoLEBPZMs  1:20-56  sbsBsMMds.  LogdBMoggom sl
9JbGHOo3gbBHMB  ghme© 99399 dOPRM©s  3mBmygbobsgos 7000  dGNMEBY 1 foo-ob  gobdogermdsdo.
99bGH®ogd3oobom3z0L 8139 FgMbgMe 0dbs 4 $Hgd3gMe@M o Mggodo: 30 —35°C, 35 - 40° C, 40 — 45°C s 45 - 50°C.
30039 9Hd93bg oblaBO3OME 0465 M3EBH0To o gduBMoagbEOL G030, gduGMogEH®R0MIdMWo bogmogMgdgdol,
9bBH0MJLOIBEHMOO  5JEHOMOMDBOL, JoMMmEHOboLs s XM BIBMwMEmO bsgHmgdol FgdEggermdol dobgwzom.
9096m@ol 306396@Mo300L FoBgdsliomsb ghms gduGMea0Mdmo 6030gMgdgdol 899(3390Mds 56 0HMEYdS,
053M50  o@GHMEmdlL  35MmE0bgdoby s BIBMEgdoL  MomEgbmds, Lodsdolo  Fo@swros  bEGHOMJLOWIBEHMMO
0JBHoMHmds3.  Ydsmglo  8909agd0  dorgdme  odbs 75% gmobmeol  gedmygbgdolol, Lswsg  JoMm@GHobgdol
30b6396GMo305 895039b0s 1.684 3y/a-b, boaewm ggbmengdol - 8.213 9y/a-b. 35HMEH069d0L 899339 ™ds 00mddol 2x96
Bo3gd0s 50% gomsbmerol 9du@mod@do (0,703 y/a) 5 aoEowgdom bogargdos 25% gomsbmenobs (0,282 dp/y) o
Dgwosbo  gdu@®sg@ol (0,121 3y/p) Tg80bgg3sdo. boghomm  ggbmmgdol 89d339wmds  Fo@GMEwmdl  gmsbmerol
306396G®o3ool  3oMowgwMe (2,324 -sb 8,213 dp/a-009) (GbOHowo 13). Fgbsdodolo  Foowos
9bBH0MJLoIBEGHMOO 5JBHOMOMBOL Toboloomgdgwos, 39Mdme 60dMdol 0,163 dy-0s (75% gmsbmerol gduB®msg@Eob
89900b393530) by3ds00Lo DPPH Moogzseol 50% 06308063d0Lsmagol, 35806 Hmas bbgs gdu@msgd@gdol 8gdmbggzsdo
063000603830bsm30L bsFoMm 608xdols Fobs 0BMEYds 0,239 8y-sb 0,547 3y-0¢Y. gb Bmbs3gdgdo dorymomgdl 0dsBy,
3 75% 9oobmo 560L Mm3EH0Tomo gduBMeagb@o Jo30L MHBOWMBdOIL doMJBHOMMO b5gMMYdOL Folowgdo©
(gbMowo 13).
3960mEGH0b9d0L  0gMHIMWBOMMO  d9bgdol  gomzowolfiobgdom, gJuGMed3ool  Mm3@0dsw Mo 39d3gMedGwIMol
©obOAYBs© BBy  gdudgModgbBHado Lbgsolbgs  (3Hgd3gmo@ v  Mg0dd0. 99990 ©oE0bEs, MM
396m@0bgdol odlodoereo gduBeagios doowfiags 45-50°C $H9a3gModvmeBg. 3Hgd3dgco@ ol HBMHEILmb gomsw
396OmE0bgd0b 9JuBH®ogd305 3608369 Mmzbo 4o0BoM©s 0.245 Tp/4-0sb (30-35°C) 1.684 09/4-000 (45-50°C) (00535 4)
(ob. sbsoo 1).
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JoGem@Eobols 898339crmds B/

o~
5

~

x84

30-35C 35-40C 40-45 C 4550 C
9bE®agdEoob (n83gdades °C

3o6mE0bob 3mbagbBeagos dp/y
o -
(=] “« = “«
o
I =~
v
; (=}
w
. ~
i =
v
. q

053M335 4. M BHM0RIM0MN0 HBMbLOm 350Gl 9liBMogd3ool Mm3EH0Tsw GO ¢9d3gMs¢ Mo MGggodol
©>@pJbo

3stea@obols 898339emds 9a/y

1,711
1,704

0s 0,864

0,312

0 5 10 15 20 25
29bGGodaool de, fo

0530335 5. M BHM0RIM0MN0 BMbLOm J5MME0b0L giBMogd3ool Mm3EH0Tse Mo MMOL YIS
®3@085¢M0 9bEHMog300L 30HMBFIOL oLEIBI, 2oBOLEBPIMS HMAMO S BHxI39MGMOOL, 51939 OMOL Fogzwgbs
93bGH®ogd3ool  989dGHMOMdsBY. 9JuEHMJ300L OHMOL M3EH0T0Do300LMZOL PsBoMs 9Ju3gMH0TYBEJO0 Lbbgsslbgs
©MHMOL 063 gM35¢09dd0. 99009390 ©©R0Bs, HMI 35MMEH069d0L oduoTsEw O Fodmbagswo doowfiggs 15 fmmosbo
MEGO503)MH0M0 ©3v)853900LsL. dMmBY3bM 5 Hmmol 3968530 MdsTo 39MMEHO06gBOL MomEgbmds 0o FoBMOWS
(0536585 5). F9gA9® ©R0b®s, MM 75% 90rsbmEom MEHMBRIN0M0 gduBsdzos 45-50°C GHgd3gmsdwMsby 15
o0l 496353 mds80 »HOHMB39wYmxl 3oOMEH0bgd0L FogduoTomm® 3sdmbsgawl. Mamm baby®dwogzo gdbGmadaos o6
ofi393L 39MME0b6gd0L 8383390 mdol 3600369 ™mzsb BMHELL, o3 0oL 03By, M gduGMsgdzool 3HmEglo
QILOMEGIME0S.

900900 9duBHMogd@owsb d0MEMYOMMI© 5JGH0MO B5gMmMIBOL TMbOYMBO®, Ro@oMmEs BMsgdzombomgdol
36m39L0.  39M3ME, 39MMEG0bgd0l  0BME0MYBOLIMZ0L  gJuEBHMsIGHO Fo303s 4°C BHa3gMed by 24 Losmol
296053 Md530 (LvyMsmo 39), ol 993 dmbs JoMHMEH06gd0L Aodmgdzs (L)Ms00 39). BMEOIoMdMEo Bogrgdol
399mbogmazzo 9dud®msddo 396GMoBMRMgdmo odbs 12,000 36/ LobdsGom 4°C -bg 2 Fool goblsgwmdsdo.
dogdmwo bogdo, HmIgwog 89033 39OME0BIdL, WomBowoboMmgdmE 0dbs ©s 3030090  JoMmEH0bgdol
899339000 3609356530 2 ( 3019356M5@0L dobs 15 3y).
3960mEH0b9d0L  gJuBHMod3o0ol 3569w gMs© 75% goobmeo m3GH00seMo  s0dmBbrs BgbmEwmMmo  bagMHomgdol
9JbGHGogdEoobamgzol, 39Mdme fywoom 9JuE®msgiool 990mbgg3s8o Bgbmegdol 999;339wmds 6,324 Tp/y, goobmenol
306396G®o30sLmab ghmo  gJuBH®oR0MgdMwo  BBMEGdOL  HomEgbmds  dGMIMOEoWWsE  ToGMEwmdl  25%
909bmeol dgdmbggzsdo - 9,805 3y/y, 50% gorebmenols 9gdmbggzsdo - 13,661 dp/y o 75% gmsbmerol 990mbggzsdo
24,213 3/ 936G 3sboBY 290556350M089d0m. gduEBMROMIOMWO BIbMEgdOL JMbE3IBEMoE0sd 8gowygbs Boymado
MLYd0o B9bMErgdol (bogmzdo ggbmmgdol 3mbEgb@Mmogos 30,58 dy/y) ssbanmgdom 80 % (gbMowro 13).
296mwmco 659MHMg8000 FE0IM0 36g356M5G0L BoloMgds©, 396GHMOBMF0MIdOL 89y Jomgdywo Lr3gmbsdsbdo
306396¢MmoMmgdmwo  odbs  OHMBIEoMo 3539990l 935Mo@Tdo  40°C BHgd3gmodmeby.  3mbEgb@dmo@o
WomBowoHoMdMwo 0dbs s 3030090 BIbMWGmO BsgBmgdom IEoEsMo 36735Ms@0. 100 ¢ bgowo GdOowMdOL
93bGH®906300L 9999y F00gdMe 0dbs 2 g Moo Asbs (3093508E0 3), HmIGEdos B96MEgdOL 3mbEgbEGMmIE0s 0ym
250 3/ 5 9bGH0MJL0IBEHMMO A5bolsbOgMms Mmamea 0,011 3y (39MdmE 3Mg3s6dGoL 0,011 3y ogm bszdsmolbo
650035000l 50% 06308063d0bsmzg0l) (gbMowo 14) (ob. sbsdmo 1).

Jo330L  Bogmazol 25003053900l Fggas sMbgbowo 100 3 (396@G®08MR0MIOWMO  HBOWMB0EE Fomgdwye
36093560530 (2 3 3OO0 36935053 0) F90393L 500 Ty B9bMmEME BogOmgdL, 0,69 3 zowsl, 0,102 g 39J&H0bL s 0,708
65530 gergdL (bobdomfigangdol 898339wmds godmmaeow 0dbs bbgsmdom) (gbGowo 14).

Jo330L  M30EwmdOEsH  FJorgdy  o0dbs  mmbo  Lbgsolibgs  Lobol  3M935Mm5@0, MHMIgdoz  goblblzsgwId0E
89050396 mdoms s Jomgdol dgmmpoom:
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3609350530 1:  @odmBow)Mo  350mGH0bMmoEgdol  3mb3gbdmsdo  (Jog3olb  Bgmo), Mmdgwog  JogdYEos
3963®08M30090wo 6gwo Joz3ol Gdo™dOLYD s FoMmdmowygbl 3bodmsb dgfimbowr wodmgzowm® BGModzosL
(3960mE0bM0gd0L 3mb6396@ME0s: 1.817 Ap/y s 3bodol 99933390 mds 3% (bgaro bogmazol)).

369350530 2: 3o6OMGH0bM0EgdoL Bbzbowo, HGMmIgmwos doxgdwgw 0dbs EEHMBYIHOMO §JuB®JE00L Igmmom (75%
9qobmom),  OGMmIgwos  FoMdmoagbl  39OMmEH0bMoEIdOL  FYomml  BsMTs393HHIcro s  3MLAYG03IOO
9690390mdoLsm3z0L. 100 g 63000 MdOCMB0EIL Jomgdwyen 0dbs 15 3y 3sMmEGobo.

369350530 3: BgbMHo B5gMmgdoL Bbgbowo, Hmdgwos Jongde 0dbs W GHMdRYMHOMO JJuG®SJE00L Igmm©om
(75% gomsbmerom), 100 a6 bgwo GBoEwMmdoEE Jowgdme 0dbs 2 946 ddMseo dobs GmIgeroi 500 dy BgbmanmE®
Bogmmgdl, 0,69 ¢ (30asl, 0,102 g 399E0bL s 0,708 g 65HToMfgangdl. 9g0dwgds 3s3mygbgdmen 0dbgl BoMIo(393GMIE
30b3gEH03Me IM9H39w™dT0, HMYMO3 B9bMEGHO Bogmgdol 3m6396EM0MYdEo Fystrm.

MEGM039H000 gJuBHMJ300L FgMm©Oom S1939 J0WGOWME 0d6s, 39OME0bMOEIBOD FodO0MIdINMEo I3965MgME0
Bgmo  (39OmEGH0bMogdol  3mbEgbGHMogos: 0.5941 Ta/y TGO Toboby A9WsbRM0TgdOM), FoIxMIJLYdMO
bo®olbMdG030 35839690900 (593056MdOL, B:196mM0 s n-560BoOboL MHoEbzgdol Igd30MYds) s 3.5-%9M MBO®
05000 56@0mJboBEHMMO 5dGH03Mmd0m bZMBEHOMEWM BB FgEoMgdom. 040 Tgodwgds godmygbgdme odbgl
339%0L 36095390 Md580, HMyMmE 3oOMEH0bMOEIdOM 358EOEMIOMO Bgmo.

33930L 899390 ©R0b®s, HMI Jo330L 3gb3MOL 35053853900l Fg9Ro© HoMdmgdbowo BatBybgdo (HdOMdO)
§om3Mo@gbL  35OME0bMmoEIdOLs s FIBMWMGOO BogMmgdol G0 FYsMmML. MWEHMVYIOOMNO BMbEOOMHYdOL
dgomEom s "0H3569"  9dbGHEegagb@gdol  (039bsMgmwo  Bgmo, gosbmmo)  gsdmygbgdom  Jowgdmer  odbs
396OmFGH0bmogdoms ©s  BgbmeyMHo  BsghHmgdom  3s8EoEMPDVIO  36MY39M5BHId0.  J9OHMEH0bM0YdoL
9bBH0MJLOIBEHMOO ©s 56mgdOL Lofobsswdgam dmgdggds byl »Fymdl MmJlosEow®o bGHMmgbobs s sBmgdomo
3639LgdoL F9830MYdL Mool BYs3oMBY, MILE FosdfYzgdO 960d3bgmmds 543L Bsfjod™Mmgdol BMmGIoMmYdOL
369396300Ls s MHYa969M0300L 3OHMEILOL LE0TMWoMmIdOLMZ0L. BIbMEMMmO 65gHMYBOL 301935050, Gg0dEYds 0gmb
9Om-gho  gmbdgodo  3md3mbgbBHo  mBmIwImwmyom®o  Fosdml 89050 9bemdsdo,  MHMIgEos
2bGH0mJLoIBEHMGO M30Lgdgd0L A98M, byl 9vYfHymdl Y MmYIBOL OE3L IB0BIBOLAE s MYAgbgPsEoL.

»003569  H3gbm@mpogdol®  9sdmygbgds  BONBIILYNBL  g3MEmIoGeE  LYgms @ 9BIIHVO  JoEpmdsb
30MEMYOMESQ 5JEH0M0 559HgdOL FoLomgds. J0gdMo 8909900 J8bob dyst boggdzgel dgdamao in vitro s
in vivo 33@w)3990Lm30lL, Gsms FgBsbgl Forgdo  3Mg3sMe3gool  gnBgBHMOMdS  M35wol  BrI3oMHYEo
30 G G380 bofodwdgdol H9aq69Me30590 s EILHBMMEIL Fo00 A5dmyggbgdols glsdwrgdwmds 3MdE0gsdo.

3.2. §o330U 365§6gb0gsb 33969 BHgdbmemyogdom Bommmyor)Ms sgdowMo 659HGmgdolL gduGmsgsos s dolo
359mygbgdol 3gML3gJE 03900 MBMsMMmEMy0sdo

Joz30L §i3960L FomBmgdol 890ama8 smbgbowo s65(Bgbo FoMdmaygbl 3bodgdols s BOMEWMYOMESE o@0MO
Bogemgdol, dom FmMol BgbmemwGo bsghHmgdol, 3608369em3sb Fysmml (gbMowo ). Bzgbo 3330l Tggagdol
0965630, J5330L bgoo s65(Bgbo, GMIgeos osbwmgdom 80% mgberols s 20% bogmzol 3sbolgsb dgwagds
(@b>ME0L 258mygbgdoom - 0.5 - 1.0 39 Dmdolb) (Ly@omo 40) (gbGowo 15), go3ogL 11.95%-sb 13,22%-0g 3bodl
(@bMowo 16) (0G0 BoLoBy  4oosbasM0dgd0m) ©s 0.140-s6 0.583 Ty/a-00g 39MMEH0BL  (39Mocn  Bsbiaby
3900965608900 ) (gbMoo 15) (ob. sbstmo 1).

396006900l M5MmEYbMdM030 5650BOL FgYys© A0S, OMI 5665{Bgbol (3oem3gmeE BModzosdo JoOmEHobgdol
8993300Md5 0mMJdob 9MMbs0M0s Mglicndo 0,112 Fa/q (80%-96 59mbogowwbg 290s56a5M0dgd0m) s 0,117 y/y 30680
(20%-956 250mlbog5bBg 490056350:089000) ddEs¢ Tsbodo (FbOHowo 15) (ob. sbstmo 1).

896m@Mo BogmHmgdol b3gdEMo MO sBsEr0Bol FgIRo ABIDS, MM bywo sbsfBgbol LagBmm BgbmemMmo
BogMomgdol 899330 ™ds 8go9bL 89,41 9a/p, Loosbsg 16,95 3/ dm©ol Bgbmer3sHdIMBs390bg s 64,71 dy/y -
RWwsgmbmogdby.  BWsgmbM0Yd0EB  doMomos  PomImygbowos  303gdobgdo (25,90  Tp/p) o
©g03056G™E0s606g00 (44,45 T3/). J5330L 565(6gbol gduBHsgd@ol 96EH0MILOEBEHMMO sdEH03Mds bo3doMm® oMY,
396dm 565(Bgbol 0,766 Ty-05 LozdsHolio DPPH Googzswol 50% 0bg0d0®Mmgdolamol (gbMowo 17) (ob. @sbsdomo 1).
000gdMwo 99900l gom3zswobfjobgdom, Bzgbo 0Bsbo gobs Jozol 965HBgbol bsmbgbgdol dobodwdsdg
8993060905 ©s dobo oMo 3nd3mbybEIOOL Fodlodoer Mo 3sdmygbgds 3)3569 G9dbmemyogdol bsdmowgdoo. 58
doBbom, 396 2959m3094gbgm MEEHMBdYIMH0MO Bmbom gJuBMod30s s 1vY3gM3M0E03Mwo Yol 9dudmadsos,
3w gd03 2980m0MHB3056 Fowswo 9BJIGHMOMBdOm, LYYJGHOMBHMBOM S J3ME Moo Lofdobwoo.
9JL3960396¢ 0L 9x39IEGHMIOMBS 2oboLBMZMS JJuBMSJ300L A9MBIZE0bMdOm, HMIgEwoE Fosdmomgzsws 3bodgdOL,
396OmEH0bgd0L s BgbmEMo bsghmgdol 999339wmdol dobggom. mMo3g 9gomm©om domgdwymo gduG®ad@gdo
059939090565 890amd ©s8v9ds39d5L, 8500 FmMmol 39BGHMOBMR0MIOL, 3bodol dsdmymgsl, 30mbEgbGH®moMmgdsl s
WOoMGBOWOBIE0L, MM F0GdE0YMm 1B 00 MMHO s 3MBEIbEHMOMIdO 3MY356M5FdO.

Lofgol 9&He3%y 60dM8o gduBHBeagbBHb oMo 9d390IdMPPM®s 3MmIMAIB0DBsEoL 2 [or-ob 296353 mdsdo
69090l 2ox0MHX3900L5 S 30MOESF00L boMolbols golsvydxmdgligdws (15000 RPM - 86v9bols GHom@gbmds ghod
o080, WITEG -ob o630l 3m3mq60bs@mmo). gdu@®sgd3oobomgol m3@odsgMs@ gsbola®bngMs dgs®o doliols s
LoMbOL MbsRMEMDS 1: 20 - MIB, s83wods 50%, 033MWbvyOo bdMNTsm 3030 s JoabLBgwo 75 % gmsbmeo.
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99bGH®gd300@sb 25 Frmomby 9JuBH®sgaoMgdme 0dbs LogHmm ggbmegdo 70,39 B/, Bgbm3sMmdMBI39d0 11,21 Tp/a,
R}Eogmbmogdo 42,28 T/a,  303gdobgdo 18,38 Tp/y @  gozmeb@mzosbgdo  24,730y/a (06w Doliabyg
3900056256089000) (©00M53s 6). 8mBI3bm 5 Frmol sbdsgarmdsdo, gduBmsgoosb 30-9 fmmbg 98 BogMomgdols
899(33000Md5 350DMIEs 4-sb 12-9MHmgmsdEg (B9bmergdo 70,39-sb 84,09-3009). 9JuEH®ogdi00l MMOL d30wymdo
39bobgMdw0390s 56 0fj3935 gJuG®sd300L 298ML3E0s6MBdOL 3608369 M356 BOHLL, Mol JodmE M3G0BsEMHO O™
3960LsB3Ms 30 FMoo (osg®sds 6). 998ama 9Bs3bY BmzsbEobge  gdu@Msgd@ol  39bGMmoBMAocMgds 20 C
G993960GH MO 306H:mdgddo 7 000 d6MmEbY 2 For-ob g96353¢MmdsT0 (05M5Ts 6). 35615 gEIMOE AoBLIBOZOWE 0gbs
99bGHModBHIOoL  56GH0MJLOIBEGHMMO od@BH0o3Mmds s FTMZ0bEs JNMHYWSFOMEO ©TMI0IOIIds BgbmEHo
BogMmgdol 3mb639bBH®M30sLS s 96EHO0MJLOIBEHWM 5JEH03MBSL FMMOL (OsMSTs 7).

900900 gJuEH®gGH0 535936900 MMbOl (H9a3gHodwMsbg (24 LosO0mM) S FbEs (3bOTol {oBTMY39ds. Jomgdwo
3b080oL GomEYbmdsd Ggoyobs 7,365 %, Mog 3H0dol MgmMmom As8mLszswolL (JsliogM®mo, bmdlarg@ol IgommEoo
900gdm 3583969090 msb (11,95%) 89005M900m) ssbermgdom 62% (3bMHowo 16) (ob. sbsdmo 1).
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B U560 ggbeurgdo da/y B B godmbaysggdoda/s

LogHmem Beagmbmogdo 9/y 35()090Bg0o Bp/,
B @gozebimposbyoody/y

050585 6. J5330L 690 5b5{bgbOL BoMEMYOMs© 5JBH0GO BsgBMIdOL gJuBHMod305 MW EHMBYIHOMO BMbol
9mygabgdoom

2dbGsdeeob @GO, Fo
N w .
% g ]
=i 3 =3
g g g
| o
o
@ 3
.
S
2

e
=]
)

0,20 0,40 0,60 0,80 1,00 1,20
DPPH 650350l 50% oB3odomgds 8 BodsBol 8oy

050585 7. J5330L b9 565{6gb0sb M EH®dYIH0mO BMbEOL 3odmygbgdom dorgdwo gibGHMmagd@gdol
9bGH0MJLOIBEHMMO 5dB03Mmds

3b0dob dm0gdol 8999y Inzsbobgm gduGmsg@ol Ws3zmbEgb@MmoMgds 353130L 30MHMdYdA 45C FHYadgModcsby,
900gdMwo  3mb396GHMeG0  3935dMgm  womgowms. 100 g bgowo sb65Bgbosd Tomgdmen odbs 6,72 @
WOoMBOWOBOMHIOWO 3073560530, MMdguwdoa B9bmmgdol 998339wmds 0gm 4 g, 39Mdm 71,4 9p/q 3G dsbsdo.

B9360E03Mwo figarol gduE®sdgool 3Ohmglbdo dgsto 6odmdols s Fyarol msbogs®mds 89bsmBmbos 1:20, Mog fobs
9JL39603963 30 399mYygbgdMEo  MsbIBRIMEPMOOL  BHM0s. gJuBMod300L  9BgIEBHMIOMDS TJRLS BOMEMYO0IMO®
3dBHoM0 b3gMmgdol  459mlagr0sbmdom. MGHMVYIM0m0 gJuEGMod300bAE gsblbgegzgdom, Lw3ghmiMo@ozmwwo
9ol gdbBHeaggoom 5 fmdo domgdme gdu@®ed@do LsgMomm ggbmegdol 99d3Eggwmds dgoagbos 76,16 Ty/y
(3960 356dMbIgo3000 - 6,75 y/a, Bsgmbmogdo - 28,73 Jp/y, 9500 ImMoL  Jo@gdobgdo 11,51 dy/a o
©903056@™305606900 13,43 3p/y). 9JuEH®5d300L EOHMOL osbOOM 6 §mmsdEY, Loghomm Bgbmmgdol 9339w mds
2390DoM©s s Fgoaobs 87,74 Tp/p, bmwm 7 fmoby doswfos 92,25 dy/y 86033690mdsl (osg®sds 8). dgwgagdo
901100090L, H™3 bL3gMH3M0EH03vI0 Yol gdlGMsgd3ool Mm3GH0TswmHo MM BI6MEWMO BogMmgdol dsglodswrto
299mbog056mdol dobomgds 8goa9bL 7 Fmb. 9duGmagsgool 8mdg3bm 3 Fmobl obdsgermdsdo »bodzbgwrmo
35BN X580 B96MEgdoL MHomEgbmds, asbwmgdom 5 ghmgmwoom (92,25-sb 96,75-00g 9y/p). B9wIagd0
0h39bgdL, MHMI Lv3gmH3MH0E03Mwo §ywol gduBeadgos 7 Fmomol asbdsgarmdsdo bBMHMBlgwymal 39bmedo
BogMmgdol FodloTo®  4o0mMbOZE0sbMdL (OsaMsTs 8). oMo bLsBEIOMM 0dbs gJuBHGagEgdoL
3bGH0MJLoIbGHWMOO  5JBH03MdS s 2oTMZWbEs  JMMGWHEOMMHO  EITMI0YOMEgds  BgbmeMo  BogMmgdol
306396GMoE0sls o 9BBHOMJLOIBEHMG  9dBH03MdL  FMMOL  (osMsds 9). Bowadwo fywosbo gJuGMagd@ol
3983033600l 99899 0935436900 MmMabol GYd3gMo@ ey (24 Lssmom) s dmbEs (3bodol JsbaMgz9ds. Jogdweo
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3b030L MomEYbmdsd dgoyobs 10,27 %, Gog 3Hodob MgmMowE A58mbZs¢0L (JslogM®mo, bxdbarg@ol Igmm©om
0o0gdme 958396909 msb  (11,95%) FgoMgdom) @osbarmgdom 86%  (gbGowo 16). Foa@ed  IoMmEGHobgdol
899339 ™dol Jobyz0m LY39M3M0E03wo fywroom guGMmed00m Bowgdnye 3b0ddo 56 BodloMmEYdS JoOME0BIdOL
899(33000Mds, 05906 OMES MWEHMVPRIO0M0 BMbom gJuBHMsR0MmgdME 3boddo 0,105 Ty/y-00 TG Tsbobg
23900556290039d00m.

'3500J0bgdo By

—0 g BAMGOsBIB0 B/g

0536535 8. J5330L by o s65{BgboL (Mgbieno/3560) Bg3M0GH03Mwo Fywom giuBMsgdzool 306Mmdgd0 s Bgbmwmo
BogMmgdol 899339 mds

899003M3 9B93DY 3bbMM309ws fYg0sbo gdu@®ad@ol 30b3gbGMoMmYds 35349dol 3oMmdgddo (55 C GHgd3gMs¢wcol
3060Hmd9dd0) ©s  Im3z5bobgo  BomgdMwo  3mb63gBGHMIGOL  womBowoBszos. 100 g bgowo  sBsBgbosb
99300303790 §gwoom gdu@Magdiolsl domgdwym 0dbs 00mgdol dbgaglo dobs 5,2 g WoMmBooBoMYINWO 30350030,
M3 dog 8gbmergdol 899339 mds ogm 80 dp/ FdGs dsobisdo.

1050 I, 518

SGo> I 0,630

sjo I 0,676
75 I, 0,754
6> I 0,763

1dbE®adaoob e, foo

St I ©,365
0,000 0,200 0,400 0,600 0,800 1,000
5500NFLOEABAZII0 dJH03MDs - DPPH Mdw0gdrals 0% 063000mI0s 07
Bodg8ols Boge

©003M535 9. Jo330L bgoo sbsfbgbols (glero/3560) Bg3M0OE03Mwo fywom 9guEHEag@gdol  sbGHomdbosb@memo
3gdBHogmds

90090 369350539030 B9bmwMEmO Bogmmgdol M30LMBGO30 s MIMPYBMOMOZ0 FoblsHOZMmOL Fggasw, b
096308030090  0dbs 28 b603m0gMgds, Lsosbsg 4 0gbGHOBoE0MIPdMWO SO  5M0L.  BogmogMgdsms
0©96308035300L5 S MoMEIBMBIM 030 565 0BOLMZOL gsdmygbgdwyeo 0dbs B3gbL bywm s®LYdMO bESBIHEHWwO
BogMmgdo 603m0gMgdsms Fslol IMbogdms ©os dsbos ("https://metlin.scripps.edu”) s M9396%0MYdMwo LsdgsbogOm
3990035309006 3m3m39d09o b3gd@Mveo dmbsoi3gdgdo [7; 46; 64; 141].

0963080306980 50300993930 §09371030690056 MMAEMEO B553900L, BHgMH39bmoIdol s Fwsgmbmowgdol
3slgdl.  Bsgzmbmogdo  §oMmImagbomos  gwmogmbmergdols s  BEsz5bMEgdol  J3gxaMBIdom. J9MAM,
096308030090 0dbs: MmMybmwo 3553900: §30b60L 85535 (Quinic acid), 3580l dgs3s (Malic acid), rodmbol 97035
(Citric acid). gaogmbmegdo: 339603930060 (Quercetin), 339639306-3-0O-650bmbow damzmboo (Quercetin-3-O-
rhamnosyl glucosid), 0%™339630&®0bo (Isoquercitrin), 3090839MHM-3-0-33dumBo-7-0 G53bmBowo (Kaempferol-3-O-
hexoside-7-O  rhamnoside),  339039306-3-O-LOBMOMBOE-7-O  odbmboo  (Quercetin-3-O-sophoroside-7-O
rhamnoside), 339039306-3-0-Gs36mbow  ge30B0E-7-0O-M0dbmboo  (Quercetin-3-O-rhamnosyl glucoside-7-O-
rhamnoside), 35998396M@-3-0-OE0bmbowo (Kaempferol-3-O-rutinoside), 3699g96me 3-O ye3mBoo (Kaempferol
3-O glucoside), 0Bm®5969306-3-O bgm3gbdgMomboo (Isorhamnetin-3-O neohesperidoside), ®wm@obo (Rutin),
0DMmM369306-3-0-(6 H536mDbo)3gJumboo  (bsézobobo) (Isorhamnetin-3-O-(6 rhamnosyl)hexoside (Narcissin)),
0DMM969306-0-0039Jumboo (Isorhamnetin-O-dihexoside), 0%mMs3bgEH0bo (Isorhamnetin) s Fo6dobwrsg@EHmbols
§omdmgdmeo (Tanshinlactone derivative). gogsbmemgdo  (35¢9Jdobgdo): g3ogsmmm3zs@gjobo (Epigallocatechin),
23°0m3sgdobo (Gallocatechin), (9)35¢9d0ob-(9)35¢9Jobo ((e)Catechin-(e)Catechin) s 3s@gdobo (Catechin). dozgol
RN 5 Bogma3obogeb 2sbLb3s39d00m Mgberdo 0wIBEHOBOEMYPIME 0dbs 16 sbowo bogmogmgds: Citric acid
(Bogmoggds 22), Tanshinlactone derivative (603m09®Mmgds 23), Quercetin-3-O-rhamnosyl glucosid (Bogmog@gds 24),
Isoquercitrin (603m0g®gds 25), Kaempferol-3-O-hexoside-7-O rhamnoside (6ogoog®gds 26), Quercetin-3-O-rhamnosyl
glucosid (BogmogMgds 27), Quercetin-3-O-sophoroside-7-O rhamnoside (BogmogMgds 28), Quercetin-3-O-rhamnosyl
glucoside-7-O-rhamnoside (BogmogMgds 29), Kaempferol-3-O-rutinoside (Bogmoggds 30), (e)Catechin-(e)Catechin
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(Bogmoggds 31), Kaempferol 3-O-glucoside (bogmog®gds 32), Isorhamnetin-3-O neohesperidoside (bogomoghgds 33),
Rutin (BogmogMgds 34), Isorhamnetin-3-O-(6 rhamnosyl)hexoside (Narcissin) (bogooghgds 35), Isorhamnetin-O-
dihexoside (bogmog®gds 36), Kaempferol-3-O-rutinoside (bogmog®gds 37) s Quercetin (bogmoghgds 38).
Jo330L 965{69b0b domMmEmA0MHo© od@oMo bsgMmMgdoL gJuEH®msgoobmzol dgnslis'df3:69" gduB®adgool ™Mo
0900m©O: MGM0RIO0M0 HBmbom gJuBHMedzos s 1vy3gM3MoE03mmo fywol gduEmadaos. MEG®dYIHOMNO
Bmbom gJuEMogd300LmZ0L, godblbgwrs godmygbgdwye 0dbs fgowro s Lbgoalbgs 3mbEgbEMmE0oL gmsbmero (25%,
50%, 5 75%), G505 m3E000Bs305 IMIHIMOYM 3MEMMBOL 3Mo0gbEHOL Jobg3z0m, M3 3M0EG03Mos Lbgsalibzs
3MmomMdoL IJmbg bogHMgdolL (8gbmer ™o Boghmgdo, 300HmE0bMmogd0) 9839JEHwO0 gduEmsdaoolmaol. 99wgaqdds
0B39b6s, M3 GMMOE 75% gmsbmwom MEwEHMdRgMomo 9JuBMsd3os, s1g3g b3g@3M0GH03Mwo Fgwob gdudmsgdsos,
0dwgms  dbyogl  Fohz9gbgdEgdl HmymM3 0I6GHOR0E0MIIMMO, ol 33w 3gwo  boghmgdol  89d(339wrmdol
dobgzom. gl dowmmomgdl, M3 mMm03g FgmMmEO JBRIJGHWIO0S Jo330L 9BsfbgboB domErmyomEMe© sgEHowWGmo
Bogmmgdob gduB®sgioobmgob.
75% gmobmeom Yan@B®madaamomo 9duE™mod3ool 9x39dGHMIOMBS Fgodengds s0bLBIL gmbm®Ool JMmEsM™mdOm, Mo
330050005 B9I6MMGO bogHmgdol gdlGMsgoolmgol. M EHMmdYIM0m0 BMbEoMmYds byl Mfiymdls MxMgool
390mgdol 3934960316 M3935L, M3 5dw0gmgOL 9duGMadiool d3Mmigbl. LM3gM3moGozwo fymol gdudMsdsos,
Gmdgog 98vdbgds Fywol »bogswe mzolgdgdL oo 3gddgeo@ Mol s §6935Dg, s1939 9B9IGMGO 50IMAB..
1939630030320 FYeol (3359350 30sMHMdS S B350 blbsmds LydroEgdsls 0danggzs gdbBMsrOMYdYE 0gbsl
0MO3 30EGYIEN0, 0 5330 M¥I0 BogMYdO. 301935M5EJOOL FoTMbgE0sbMdOLS s F0YdMEo Jmbsoigdgdols
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Introduction
Relevance of the topic: The wild and cultivated sea buckthorn plant (Hippophae) is widespread in many countries of the
world, with the fruits growing in mountainous regions and relatively cold climates being of particular interest. The soil and
climatic conditions of Georgia turned out to be very favorable for the growth of sea buckthorn. It grows almost everywhere
in Georgia. Sea buckthorn grows along river banks, mountain slopes, and in damp places, where it often forms hard-to-reach
thickets. Sea buckthorn is especially widespread in the valleys of the Rioni, Adjaristskali, Chorokhi, and Tskhenistskali rivers,
where it can be grown on a large scale. Sea buckthorn fruits are widely used, being both a food and a medicinal product.
Several companies in Georgia are engaged in the procurement, drying, and sale of sea buckthorn fruits. Among them are our
partner companies operating in our region. The interest in sea buckthorn in scientific literature is very high. We examined
the trends and geographic coverage of scientific research over the past 10 years. The geographic locations are varied, from
developing countries to high-tech South Korea. First, the chemical composition of the plant's fruits is studied. Derivatives of
organic compounds from sea buckthorn fruit have been studied [2], bioactive polyphenols and volatile compounds from the
leaves have been identified [3], and UHPLC-ESI-QTOF-MS of Hippophae rhamnoides L. fruit and leaves has been performed,
and its anti-inflammatory activity has been determined [4]. Phytochemical studies of shoots, leaves, and bracts were
conducted, and their antimicrobial activity was determined [5]. Antifreeze proteins of frost-resistant forms were studied [6].
Protective properties of fruit polysaccharides for the intestines were studied [7]. Pentacyclic triterpenes have been studied [8].
The ability of sea buckthorn polyphenols to decompose nitrites has been characterized [9]. The antioxidant activity of extracts
obtained by various methods was studied [10]. The chemical composition of sea buckthorn pulp has been studied and methods
for its processing have been proposed [11]. The composition of fruits (carbohydrates, acids, vitamins) has been studied
comprehensively [12,14]. Aurin lignans were isolated and identified, and their hepatoprotective and hypolipidemic activities
were established [15]. The study of proanthocyanidins in sea buckthorn fruits was conducted taking into account the place of
cultivation of the fruits and their genetic origin [16]. Flavonol glycosides from sea buckthorn fruits have been studied in detail
[17]. The antioxidant activity of lipophilic extracts and their content of carotenoids and tocopherols have been studied [18].
Of course, this is not a complete list.
In recent years, the use of biologically active compounds from sea buckthorn fruits in ophthalmology has attracted particular
interest. Superficial post-traumatic scars of the eye, which often cause visual impairment and discomfort, represent a serious
medical problem. Despite the significant advances in modern medicine, research is being conducted in parallel to study the
potential of using natural remedies. The use of natural compounds as adjuvant or alternative therapy can make a significant
contribution to the regeneration of superficial ocular lesions and improve the quality of life of patients. In this regard, the
fatty acids of sea buckthorn oil are of particular interest. Polyunsaturated fatty acids present in sea buckthorn oil are: a-
linolenic acid (w-3) C18:3, y-linolenic acid («-6) C18:3, linoleic acid (w-6) C18:2; and monounsaturated fatty acids are: oleic
acid (w-9) C18:1 and eicosanoic acid (w-9) C20:1 [19; 20; 21; 22; 23; 24; 25; 26; 27; 28; 29]. A study of the literature of recent
years confirms that so-called green and cyclical economy-oriented technologies are preferred for obtaining biologically active
compounds, with only a few dozen full-fledged studies of extraction using an ultrasonic probe, in relation to various plants,
presented in highly rated journals (for example, [30; 31; 32; 33; 34; 35; 36]. Supercritical Fluid Extraction (SFE) has certain
advantages over traditional extractions. Subcritical pressure and temperature Water Extraction (SWE) plays an important role
both in research and for the preparation of drugs [37; 38; 39; 40; 41; 42; 43; 44; 45].
Problem statement: Unfortunately, out of several hundred scientific publications we reviewed, not a single study was found
on endemic plants or industrial waste common in Georgia, and none of the authors are representatives of the Georgian
scientific community. Due to the lack of scientific equipment, the possibilities of using waste from plant processing plants in
the country have not been fully studied (with the exception of several studies by our research group on plant stevia, citrus
pomace and grape seeds). Preparations obtained from plants containing biologically active compounds and the prospects for
their use have not been sufficiently studied. On the other hand, the literature we reviewed (several dozen recent publications)
indicates that the issue of valorization of plant materials and waste from their processing using innovative technologies, the
application of circular economy principles in order to reduce the negative impact on the environment is a priority. Given the
modern problems of food and drug safety, the issue of using plant materials and production waste rich in food biopolymers
and biologically active compounds for preventive or therapeutic purposes is becoming especially relevant. It is necessary to
optimize the methods of plant extraction, especially those endemic to Georgia, develop technologies for obtaining biologically
active preparations, study their chemical composition using modern methods and determine the prospects for their use.
Unfortunately, in Georgian reality, not only in the last 10 years, but in general, there has not been a single serious scientific

work (the exception is a few dissertations, where the chemical composition of sea buckthorn was studied superficially). The
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resource base is quite large, but due to lack of information, consumption of fruits is irrational. Jams and preserves are mainly
produced on family farms. It is dried in small quantities and sold as dried fruits. An in-depth study of the chemical composition
of sea buckthorn fruits, taking into account the characteristics of the chemical composition depending on the species and
regional distribution, as well as the development of innovative technologies for the valorization of plant materials and
processing waste in order to reduce the negative impact on the environment using the principles of a circular economy will
allow us to produce finished products instead of selling plant materials. Instead of importing sea buckthorn-based products
and preparations, they can be exported. This will allow a gradual transition from plant-based raw materials to reliable and
high-tech products, reducing the risks to the country’s food and pharmaceutical security.

The purpose and objectives of the study. The objectives of the study are to study the chemical composition of sea buckthorn
forms (Hippophae) common in Georgia (Chorokhi Valley, Imereti, Kartli), identify biologically active compounds, optimize
innovative technologies for the production of substances and preparations based on the principles of a circular economy in
order to increase the value of raw materials and processing waste, as well as reduce the negative impact on the environment;
Optimization of parameters of supercritical fluid extraction (SFE), ultrasonic extraction (UGE), subcritical barotemperature
water extraction (SBE), ultrafiltration, sorption, desorption, dialysis and other methods based on the cyclic use of only “green”
extractants for biologically active compounds; Study of raw materials and obtained preparations using UPLC-PDA-MS, HPLC,
GC methods; Identification of individual biologically active compounds and study of their quantitative content; Screening of
their biological activity (antioxidant activity) and determination of application prospects.

The object of the study was the fruits, leaves, and processed fruit products (extract and seeds) of wild sea buckthorn growing
in Western Georgia. Samples were collected in three different regions of Georgia: Samtskhe-Javakheti (Akhaltsikhe -
41°38'20.0"n 42°59'10.0"E), Adjara (Erge - 41°33'41.0"N 41°41'48.0"E, Tkhilnari - 41°33'49.0"N 41°39'11.0"E) and Imereti
(Terjola - 42°11'00.0"n 42°58'38.0"E). Some samples were stored in a freezer (-25°C) for further studies. Some of the raw fruits
were directly processed to produce preparations. Samples were also lyophilized and stored in a refrigerator at 4°C until use.
We will harvest the crop during the consumer maturity period in 2021-2024. Sea buckthorn (Hippophae rhamnoides) is a
widely branched, thorny shrub reaching a height of 2—4 m. The branches are symmetrical and often have rounded ends. Sea
buckthorn branches have brown or blackish bark and grayish-green twigs. The branches end in thorns. Flowers with stamens
and pistils appear before the leaves. The leaves are alternate, 4-6 cm long, lanceolate, silvery-gray in color. Flower buds most
often appear on biennial plants. Pollination of female flowers occurs in mid-May and is entirely dependent on the wind. The
fruits ripen approximately 100 days after pollination (September-October). Sea buckthorn berries can vary in shape and color,
but are most often round or oval in shape and yellow or orange in color. The combination of the shape and size of the sea
buckthorn fruits, as well as the contrasting colors of the leaves and fruits, create an unusual decorative feature of this plant.
Sea buckthorn is widely distributed in nature in countries with a temperate climate: China, Russia, Great Britain, France,
Denmark, the Netherlands, Germany, Poland, Finland, Sweden and Norway. In Georgia, sea buckthorn is found throughout
the country at altitudes up to 2,500 meters above sea level. It usually grows on slopes, river banks and seas.

Research Methodology - The following instruments were used in the study: Waters high performance liquid chromatograph
(HPLC) equipped with UV, visible and refractometric detectors (HPLC 1525 binary pump) and a Waters 432 conductivity
detector. An ultra-high-performance liquid chromatograph (UPLC) - Waters Acquity H Class, with photodiode array (PDA)
and mass spectrometric (MS) detectors, pH-meter and conductivity meter - Mettler Toledo pH/Ion meter 5220 and S230
Conductivity, and Mettler Toledo UV5 UV/Vis scanning spectrophotometer were also used.

Qualitative and quantitative analysis of carbohydrates, cations and phenolic compounds was carried out using high-pressure
and ultra-high-pressure liquid chromatography methods (a detailed description of the methods is given in the relevant
chapters) [46, 47, 48, 49].

For chromatographic analysis of carbohydrates, HPLC - Waters (refractometric detector, binary pump HPLC 1525) was used,
column temperature 40°C, eluent - 80% acetonitrile (Merck; Sigma-Aldrich), detection - refractometric detector.
Determination of cations - Cation analysis was performed by high-performance liquid chromatography (HPLC) with
conductometric detection (Waters 432) on an IC-Pak Cation MD column. A solution of 3 mmol/I nitric acid and 0.1 mmol/l
EDTA was used as an eluent.

Identification of phenolic compounds - (Waters, UPLC Acquity, QDa Detectore). Identification of phenolic compounds was
performed by ultra-high performance liquid chromatography (UPLC) using a photodiode array (PDA) and mass spectrometric
(MS) detection (Waters, UPLC Acquity, QDa detector). Separation of compounds was performed using an Acquity UPLC BEH
C18 chromatographic column (particle size 1.7 pm). The solvent system consisted of 0.2% formic acid (solvent A) and

acetonitrile (solvent B).
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The analysis of the composition of carboxylic acids was carried out by gas chromatography (GC) using a Thermo Scientific
TRACE™ 1310 gas chromatograph. Chromatographic separation was performed on an Agilent J&W CP-Sil 88 for FAME GC
capillary column (CP7489) with a length of 100 m, an inner diameter of 0.25 mm, and a stationary phase thickness of 0.20 pm.
Quantitative determination of f-carotene - spectral method. The sample was extracted with a mixture of acetone and hexane
(4:6) until the sample became decolorized (complete extraction), then the optical density was determined on a
spectrophotometer at 455 nm.

Quantitative determination of total phenols - This was carried out spectrophotometrically using the Folin-Ciocalteu reagent,
converted to chlorogenic acid [50].

Quantitative determination of flavonoids was carried out using a spectrophotometric method with aluminum chloride (AICl5)
[51].

Quantitative determination of phenolic acids was carried out by the spectrophotometric method at a wavelength of 320 nm.
Quantitative determination of leucoanthocyanins by a spectral method using leucoanthocyanidin reagent at 550 nm.
Antioxidant activity was determined by the DPPH free radical scavenging method. DPPH is a stable 2,2-diphenyl-1-
picrylhydrazyl radical [52].

Statistical analysis: Standard error was calculated for each data point using Excel. The significance level was defined as p <
0.05.

Scientific news: Scientific innovation: For the first time in Georgia, the chemical composition of sea buckthorn fruits will be
studied (a comprehensive study using chromatography - HPLC-UV, Vis, RI, UPLC-MS, PDA GC, spectral analysis and classical
physicochemical research methods), as well as the qualitative and quantitative composition of biologically active compounds
of sea buckthorn. It will be possible to develop innovative technologies based on the application of circular economy principles
for the integrated processing of fruits, increasing the efficiency of processing waste, and reducing the negative impact on the
environment. Using various modern physical and chemical methods, 3 organic acids, 35 flavonoids, 1 terpenoid, and 23 fatty
acids were isolated and identified from sea buckthorn fruits and their processed products. Several preparations were developed
using green technologies.

Theoretical and practical significance of the work - The composition of biologically active compounds and their biological
activity of leaves, fruits, and their processed products were studied. Technological methods have been selected that ensure
maximum preservation of biologically active compounds. Methods for recycling industrial waste will allow entrepreneurs to
produce biologically active products and drugs that are in demand on the market.

Testing of the work - the results of the research are reflected in 3 scientific articles and the materials of 1 international scientific
conference.

Published scientific works:

5.  Lana Datuashvili, Maia Vanidze, Indira Japaridze, Nona Surmanidze, Inga Kartsivadze, Ruslan Davitadze, Aleko
Kalandia Chemical Composition Analysis of Sea Buckthorn (Hippophae) in Georgia and Development of Innovative
Valorization Technologies Food Science & Nutrition 2025.

6.  Lana Datuashvili; Maia Vanidze; Indira Japaridze; Nona Surmanidze; Inga Kartsivadze; Nona Abashidze; Maia Kharadze;
Meri Khakhutaishvili; Ruslan Davitadze and Aleko Kalandia; Inga Bochoidze; Study of Sea Buckthorn (Hippophae
rhamnoides) Leaves by UPLC-MS and HPLC Methods International Journal of Life Sciences (ISSN: 2277- 193x) 14 (2) (2025)
27-35

7.  LanaDatuashvili; Maia Vanidze; Indira Japaridze (Indira Djafaridze); Nona Surmanidze; Aleko Kalandia; Inga Bochoidze;
Green Approaches to Carotenoid Extraction from Sea Buckthorn Fruit and Their Role in Ophthalmology Georgian Scientists
7,N2, 2025, https://doi.org/10.52340/gs.2025.07.02.11

8. Lana Datuashvili; Maia Vanidze; Indira Japaridze; Inga Kartsivadze; Nona Surmanidze; Ruslan Davitadze; Aleko Kalandia;

Chemical Composition Analysis of Sea Buckthorn (Hippophae) in Georgia and Development of Innovative Valorization
Technologies for Plant Materials and Processing Waste Published: 25 October 2024 by MDPI in The 5th International
Electronic  Conference on  Foods session Chemistry and  Physicochemical Properties of  Foods

https://sciforum.net/paper/view/19451
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1. Experimental part:

1.1. Analysis of carbohydrates in sea buckthorn juice by refractometric detection HPLC
Carbohydrates are one of the main components of sea buckthorn fruits, which are important for determining their energy
value and taste properties. The composition and concentration of carbohydrates can vary significantly depending on the stage
of maturity of the fruit, variety, and growing conditions. Therefore, their quantitative and qualitative analysis is an important
task for studying the nutritional and medicinal properties of sea buckthorn fruits.[53; 54]
According to existing literature, sea buckthorn fruits mainly contain mono and disaccharides, such as glucose, fructose,
sucrose, and arabinose. However, their exact quantitative content and ratio may vary depending on the data presented in
different sources. [55; 56]
For quantitative determination of carbohydrates, Waters high-performance liquid chromatography (HPLC) equipped with a
refractometric detector (RD) and a Binary HPLC Pump 1525 was used. Chromatographic separation was performed on an
amide chromatographic column (250 mm x 4.5 mm) and a carbohydrate chromatographic column. The column temperature
was maintained at 40°C. A mixture of acetonitrile and water in a ratio of 85:15 (v/v) with a flow rate of 1.2 ml/min was used
as the mobile phase.
Samples for chromatographic analysis were prepared according to the following scheme: 96% ethanol was added to the juice
in a volume ratio of 1:1 to precipitate pectin and other colloidal compounds. In the case of fruits, a 10-gram sample was
centrifuged at 12,000 rpm for 2 minutes at 4 °C. In all samples, after centrifugation, 80% acetonitrile solution was added to the
resulting supernatant in a 1:1 volume ratio. The supernatant was filtered using a SEP-PAK C18 solid phase extraction (SPE)
cartridge and transferred to an Eppendorf tube for analysis. [55].
Quantitative analysis was performed using standard solutions of sugars (glucose, fructose, arabinose, and sucrose) (Table 1)
(see appendix 1).
Three dominant carbohydrates were found in sea buckthorn juice: arabinose, glucose, and sucrose. A small concentration of
fructose was also found. The total dry matter content of the juice exceeded 20°Brix, of which up to 85% was carbohydrates.
The glucose concentration in the juice exceeded 8%, and the sucrose concentration reached 3%. The obtained data indicate a

high carbohydrate content in sea buckthorn juice, which is important in terms of its nutritional value and potential uses.

1.2. Qualitative and quantitative study of cations in sea buckthorn leaves and fruits by conductometric detection HPLC
Cations such as potassium, sodium, calcium, and magnesium are essential for the normal functioning of the human body. They
are involved in regulating electrolyte balance, transmitting nerve impulses, facilitating muscle contraction, and other vital
processes. Determining the cation content in sea buckthorn leaves and fruits is crucial for evaluating their nutritional and
medicinal value.

The aim of this study is the qualitative and quantitative determination of cations in sea buckthorn leaves, fruits, and juice
using conductometric detection by high-performance liquid chromatography (HPLC). HPLC is an analytical method with
high sensitivity and selectivity, allowing for accurate and reliable determination of cations. Conductometric detection is used
to determine the concentration of ions. Calibration curves were prepared using standard cation solutions, which are necessary
for the quantitative analysis of the cations involved in the study (Table 3) (see appendix 1).

Sodium (Na+), potassium (K+), magnesium (Mg2+), and calcium (Ca2+) ions have been found in sea buckthorn leaves and
fruits. The leaf contained a high concentration of cations, indicating that this part of the plant was rich in minerals.

The content of magnesium (Mg2+ - 577.6 ppm) and potassium (K+ - 415.4 ppm) was especially high, which may be associated
with the intensive flow of photosynthesis and other physiological processes. The concentrations of calcium (Ca2+ - 26.2 ppm)
and sodium (Na+ - 177.2 ppm) were relatively low.

The concentration of cations in fruits varies significantly depending on the region, indicating the influence of soil composition
and climatic conditions. Erge fruits are characterized by a relatively high content of cations, especially magnesium (Mg2+ -
65.17 ppm) and potassium (K+ - 48.02 ppm). Tkhilnari have a low concentration of cations, which may indicate poor soil or
other environmental factors. Akhaltsikhe fruits are characterized by a relatively high content of potassium (K+ - 266.04 ppm)
and calcium (Ca2+ - 34.08 ppm), which may indicate the specific mineral composition of the soils of this area. Terjola fruits
have relatively high levels of magnesium (Mg2+ - 53.46 ppm) and potassium (K+ - 40.77 ppm), which may also indicate the
richness of the soil in this region.

According to the obtained results, the total concentration of cations in leaves significantly exceeds the values observed in

fruits. The change in the concentration of cations in fruits indicates the influence of geographical factors. The high content of
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potassium (K+) and magnesium (Mg2+) in leaves and some fruits indicates their important role in the physiological processes
of plants.
The results of the study highlight the richness of mineral substances in sea buckthorn leaves and fruits, which is important for
assessing their nutritional and medicinal value.
1.3. Qualitative analysis of phenolic compounds in sea buckthorn fruits and leaves using ultra-high performance liquid
chromatography (UPLC-PDA) and mass spectrometry(MS) methods

The composition and concentration of phenolic compounds in sea buckthorn fruits and leaves can vary significantly depending
on the fruit variety, stage of maturity, growing conditions (climate, soil) and geographic region. Therefore, their accurate
identification and quantitative assessment are an important task for assessing the antioxidant and other biological activities of
sea buckthorn fruits and leaves.

For chromatography, samples (leaves, fruits, seeds) were extracted with 50% ethanol using an ultrasonic bath (once, until
complete extraction). After filtering the resulting extract, we concentrated the filtrates under vacuum to dry mass. We then
treated the resulting concentrate with hexane to remove lipiods, chlorophyll, and carotenoids. The dry mass remaining in the
flask was dissolved in 1-5 ml of methanol. The methanol fraction was filtered through a 0.45 um membrane filter and
chromatographed.

For the identification and quantitative analysis of substances, existing standard compounds (chlorogenic acid, caffeic acid,
gallic acid, quercetin, (+) catechin hydrate), which are often found in sea buckthorn fruits and are distinguished by their
biological activity, were used, an open-source database of masses of substances (https://metlin.scripps.edu) and spectral data
obtained from peer-reviewed scientific publications. This approach allowed the accurate identification of several compounds.
Mass spectrometric analysis was performed in negative ionization mode, resulting in the determination of the [M-H]- m/z
value of the deprotonated molecular ion for each substance, which provides a first indication of the possible structure of the
compound. The next step was the analysis of the chromatographic data. The retention time of the chromatographic peak of
each substance was determined from the chromatogram, which provided an additional characteristic for identifying the
compound. UV-Vis The spectrum was used to determine the maximum absorption wavelength of each substance, as well as
the shape and intensity of the spectrum. The intensity is proportional to the concentration of the substance in the solution
used for quantitative analysis. The final stage of the identification process was the comparison and verification of all received
data. Mass spectrometry, chromatography, and UV-vis data were compared with each other as well as with standard
compounds and the METLIN database. The comparison results, including spectral and chromatographic data, are presented
graphically.

The following have been identified in the composition of sea buckthorn fruits (Table 5) (see appendix 1):

Substance 1 - Mass spectrometric analysis revealed a deprotonated molecular ion [M-H]- with a mass of m/z 191.03. The
chromatographic retention time was 2.379 min, and the UV-Vis spectrum showed maximum absorption at wavelengths of
222.8 and 273.7 nm. Comparison of the obtained data with the reference compound and the METLIN database shows that
substance 1 corresponds to quinic acid.(Fig.3) (see appendix 1)

Substance 2 - Mass spectrometric analysis in negative ionization mode revealed the [M-H]- ion at m/z 132.95. The retention
time of the chromatographic peak was 2.819 minutes, and the maximum absorbance was recorded by a UV-visible detector at
260.8 nm. By comparing the spectral data obtained using a standard compound (malic acid, Sigma-Aldrich) and the METLIN

database, substance 2 was identified as malic acid. (Fig.4) (see appendix 1)

Substance 3 and 4 - Mass spectrometric analysis revealed deprotonated molecular ions [M-H]- with masses m/z 304.79 and
m/z 304.78, respectively. The chromatographic retention times were 7.781 and 8.473 minutes, and the UV-Vis spectra showed
maximum absorbance at 271.2 nm for both substances. Comparison of the obtained data with standard compounds and the
METLIN database shows that substance 3 corresponds to gallocatechin (CisH14O7), and substance 4 to epigallocatechin
(Ci1sH1407).

Substance 5 Mass spectrometric analysis revealed a deprotonated molecular ion [M-H]- at m/z 609.27, and fragmentation
analysis revealed a fragment ion at m/z 314.91The chromatographic retention time was 9.269 minutes, and the ultraviolet-
visible spectrum showed a maximum absorbance at a wavelength of 352.2 nm. (see appendix 1)

Substance 6 - Mass spectrometric analysis revealed a deprotonated molecular ion [M-H]- at m/z 314.84, and fragmentation

analysis revealed a fragment ion at m/z 299.82. The chromatographic retention time was 11.950 minutes and the UV-Vis

spectrum showed a maximum absorbance at 370.2 nm (fig.6). Comparison of the obtained data with standard compounds and
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the METLIN database shows that substance 5 corresponds to a derivative of isorhamnetin (C16H1207), and substance 6 to
isorhamnetin (C16H1207). (Fig.6) (see appendix 1)

Substance 7 Mass spectrometric analysis revealed a deprotonated molecular ion [M-H]- with m/z 623.15. The chromatographic
retention time was 9.177 min, and the UV-Vis spectrum showed maximum absorption at 351.0 nm. Comparison of the
obtained data with standard compounds and the METLIN database shows that substance 7 corresponds to isorhamnetin-3-O-
glucoside rhamnoside (C28H32016) (Fig.7) (see appendix 1).

Substance 8 - The deprotonated molecular ion was detected at m/z 623.01. The retention time of the chromatographic peak
was 9.592 minutes. As a result of spectroscopic analysis in the ultraviolet-visible region (UV-Vis), the absorption maximum of
substance 8 was observed at a wavelength of 335.4 nm. The obtained spectral and chromatographic data were compared with
the standard compound and the METLIN database to confirm the identification. As a result, it was established that substance
8 was identified as isorhamnetin-3-O-rutinoside, the empirical formula of which is C28H32016 (Fig.8) (see appendix 1).
Substance 9 - Mass spectrometric analysis revealed a negatively charged molecular ion with m/z 288.88, corresponding to the

[M-H]- ion. The peak retention time was 8.857 minutes, and this material was found to be a fragmentation product of the ion
found at m/z 577.13. As a result of spectroscopic analysis in the ultraviolet-visible region (UV-Vis), the absorption maximum
was observed at 273.7 nm. According to the data obtained, substance 9 corresponds to catechin, the empirical formula of
which is C15H1406.(Fig.9) (see appendix 1).

Substance 10 Mass spectrometric analysis revealed the presence of a deprotonated ion with m/z 609.15, indicating an [M-H]-
ion. Chromatographic analysis revealed a retention time of 8.732 minutes for this substance. Ultraviolet-visible spectroscopy
(UV-VIS) revealed an absorption maximum at 347.2 nm. Based on a comparison of standard compounds and the METLIN
database, substance 10 was identified as quercetin-3-O-hexose-7-O-dehexose. (Quercetin-3-O-Hexose-7-O-dHexose).(Fig.10)
(see appendix 1)

Substance 11 Mass spectral analysis revealed a deprotonated molecular ion at m/z 609.27, corresponding to [M-H]-. The peak
retention time was 9.323 minutes. Using ultraviolet-visible spectroscopy (UV-VIS), the absorption maximum was observed at
352.2 nm. As a result of comparison with standard compounds and the METLIN database, compound 11 was identified as
quercetin-3-O-rutinoside with the empirical formula C27H30016 (Fig.11) (see appendix 1).

Substance 12 Mass spectral analysis revealed a negatively charged molecular ion at m/z 300.83. Chromatographic analysis
revealed a peak retention time of 11.411 minutes. Using ultraviolet-visible spectroscopy (UV-VIS), an absorption maximum
was found at 367.7 nm. Comparison with standard compounds and METLIN database data showed that compound 12
corresponds to ellagic acid, the empirical formula of which is C14H608 (Fig.12) (see appendix 1).

Substance 13 Mass spectral analysis revealed that the deprotonated molecular ion was detected at m/z 476.99, while
fragmentation yielded an ion at m/z 301. Chromatographic analysis showed a retention time of 9.909 minutes. Using
ultraviolet-visible spectroscopy (UV-VIS), the absorption maximum was observed at 352.8 nm. Based on comparisons with
standard compounds and the METLIN database, compound 13 was identified as isorhamnetin-3-O-glucoside with the
empirical formula C22H22012.(Fig.13) (see appendix 1).

Substance 14 Mass spectral analysis revealed a deprotonated ion at m/z 593.03, while fragmentation revealed an ion at m/z
461.26. Chromatographic analysis showed a retention time of 10.914 minutes. Ultraviolet-visible spectroscopy (UV-VIS)
showed an absorption maximum at 370.2 nm. As a result of a comparison involving standard compounds and the METLIN
database, compound 14 was identified as Isorhamnetin-pentose-rhamnoside with the empirical formula C27H30015 (Fig.14)
(see appendix 1).

Substance 15 Mass spectral analysis revealed a negatively charged molecular ion at m/z 168.82, which is a fragmentation
product of the ion detected at m/z 576.95. Chromatographic analysis showed a retention time of 8.980 minutes. Ultraviolet-
visible spectroscopy (UV-VIS) showed an absorption maximum at 273.0 nm. As a result of comparison with standard
compounds and METLIN database data, substance 15 was identified as gallic acid with the empirical formula C7H605.(Fig.15)
(see appendix 1). Substance 16 Mass spectral analysis revealed a deprotonated molecular ion with m/z 576.80. Fragmentation
yielded an ion with m/z 289. Chromatographic analysis showed a retention time of 8.766 minutes. Ultraviolet-visible
spectroscopy (UV-VIS) showed an absorption maximum at 274.3 nm. As a result of comparison with standard compounds and
the METLIN database, substance 16 was identified as Procyanidin 1, the empirical formula of which is C30Hz26012. (Fig.16) (see
appendix 1).

Substance 17-ob Mass spectral analysis revealed a deprotonated molecular ion at m/z 576.95, indicating a fragmentation ion
at m/z 168.84. Chromatographic analysis yielded a retention time of 8.993 minutes. Using ultraviolet-visible spectroscopy

(UV-VIS), the absorption maximum was observed at 273.0 nm. As a result of comparison with standard compounds and the
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METLIN database, substance 17 was identified as Procyanidin 2, the empirical formula of which is C30H26O12 (Fig.17) (see
appendix 1).

Substance 18 Mass spectral analysis revealed a deprotonated ion at m/z 462.80, while fragmentation gave an ion at m/z 285.
During chromatographic analysis, the retention time was 9.507 minutes. Using ultraviolet-visible spectroscopy (UV-VIS), the
absorption maximum was observed at 354.8 nm. Based on comparison with standard compounds and the METLIN database,
substance 18 was identified as hyperoside with the empirical formula C21H20012. (Fig.18) (see appendix 1).

The following were found in the composition of sea buckthorn leaves:

Substance 1, which was found in sea buckthorn fruits, was also detected during the analysis of sea buckthorn leaves. Its mass
spectral characteristics include a deprotonated molecular ion at m/z 190.99, as well as a peak at m/z 111 observed due to
fragmentation. Chromatographic analysis showed a retention time of 2.460 minutes. Using ultraviolet-visible spectroscopy
(UV-VIS), absorption maxima were observed at 216.7 and 263.8 nm. Comparison with standard compounds and the METLIN

database confirmed that substance 1 corresponds to quinic acid (Fig.19) (see appendix 1).

Substance 2, which was found in sea buckthorn fruits, was also detected during the analysis of sea buckthorn leaves. Its mass
spectral characteristics include a deprotonated molecular ion at m/z 133.00. Chromatographic analysis showed a retention
time of 2.646 minutes. Using ultraviolet-visible spectroscopy (UV-VIS), the absorption maximum was observed at 260.8 nm.
Comparison with a standard compound (malic acid) and the METLIN database confirmed that substance 2 corresponds to
malic acid (Fig.20) (see appendix 1).

Substance 19, first identified in the analysis of sea buckthorn leaves, it was detected by mass spectral analysis, where a
deprotonated molecular ion was found at m/z 330.97. No fragments were detected as a result of fragmentation.
Chromatographic analysis yielded a retention time of 3.577 minutes. Using ultraviolet-visible spectroscopy (UV-VIS), the
absorption maximum was observed at 271.5 nm. As a result of comparison with standard compounds and the METLIN
database, substance 19 was identified as gallic acid hexoside with the empirical formula C13Hi6O10 (Fig.21) (see appendix 1).
Substance 3, which was identified in sea buckthorn fruits, was also detected in sea buckthorn leaves. Its mass spectral

characteristics include a deprotonated molecular ion at m/z 304.92. Chromatographic analysis showed a retention time of

7.396 minutes. Ultraviolet-visible spectroscopy (UV-VIS) showed an absorption maximum at 271.2 nm. As a result of

comparison with standard compounds and the METLIN database, substance 3 corresponds to gallocatechin, the empirical

formula of which is C15H1407(Fig.22) (see appendix 1).

The fifth substance identified during the analysis of sea buckthorn leaves corresponds to substance 6, previously identified in

sea buckthorn fruits. Its mass spectral characteristics include a deprotonated molecular ion at m/z 314.91. Chromatographic

analysis showed a retention time of 7.396 minutes. Using ultraviolet-visible spectroscopy (UV-VIS), the absorption maximum
was observed at 271.2 nm. As a result of comparison with standard compounds and the METLIN database, the substance was

identified as Isorhamnetin, the empirical formula of which is C16H1207 (Fig.23) (see appendix 1)

The sixth substance identified during the analysis of sea buckthorn leaves corresponds to substance 8, previously identified in
sea buckthorn fruits. Its mass spectral characteristics include a deprotonated molecular ion at m/z 623.01. The retention time
was 8.920 minutes. The absorption maximum was observed at 351.6 nm. As a result of comparison with standard compounds
and the METLIN database, substance 4 was identified as Isorhamnetin-3-O-rutinoside, the 7th substance identified in the
empirical analysis of sea buckthorn leaf, which corresponds to substance 7 previously identified in sea buckthorn fruit formula
is C28H32016 (Fig.24) (see appendix 1).

The seventh substance identified during the analysis of sea buckthorn leaves corresponds to substance 7, previously identified

in sea buckthorn fruits. Its mass spectral characteristics include a deprotonated molecular ion at m/z 623.01. The retention
time was 9.587 minutes. Using ultraviolet-visible spectroscopy (UV-VIS), the absorption maximum was observed at 354.7 nm.

As a result of comparison with standard compounds and the METLIN database, the substance was identified as Isorhamnetin-

3-O-glucose-rhamnoside, the empirical formula of which is C28H32016 (Fig.25) (see appendix 1).

Substance 20 Compound 20 was identified by analysis of sea buckthorn leaves, the mass spectral characteristics of which
include a deprotonated molecular ion with m/z 934.31, and fragmentation yielded an ion with m/z 632.79. Chromatographic
analysis showed a retention time of 8.288 minutes. Ultraviolet-visible spectroscopy (UV-VIS) showed an absorption maximum
at 270 nm. As a result of comparison with standard compounds and the METLIN database, the substance was identified as
casuarictin, the empirical formula of which is C41H28026( Fig.26) (see appendix 1).

The ninth substance identified during the analysis of sea buckthorn leaves corresponds to substance 11, previously identified

in sea buckthorn fruits. Its mass spectral characteristics include a deprotonated molecular ion at m/z 609.12, and fragmentation

yielded an ion at m/z 314.89. Chromatographic analysis showed a retention time of 9.211 minutes. Ultraviolet-visible
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spectroscopy (UV-VIS) showed an absorption maximum at 347.2 nm. As a result of comparison with standard compounds and
the METLIN database, substance 4 was identified as quercetin-3-O-rutinoside with the empirical formula C27H30016 (Fig.27)
(see appendix 1).

The tenth substance, identified during the analysis of sea buckthorn leaves, is similar to substance 12, previously identified in
sea buckthorn fruits. Its mass spectral characteristics include a deprotonated molecular ion at m/z 300.91. The retention time
was 9.686 minutes. The absorption maximum was observed at 271.2 nm. As a result of comparison with standard compounds
and the METLIN database, substance 4 was identified as ellagic acid, the empirical formula of which is C14H608 (Fig.28) (see
appendix 1).

Substance 11, identified during the analysis of sea buckthorn leaves, is similar to substance 13, previously identified in sea
buckthorn fruits. Its mass spectral characteristics include a deprotonated molecular ion at m/z 476.93, and fragmentation
yielded an ion at m/z 301. The retention time was 9.931 minutes. Using ultraviolet-visible spectroscopy (UV-VIS), the
absorption maximum was observed at 352.2 nm. As a result of comparison with standard compounds and the METLIN
database, substance 4 was identified as isorhamnetin-3-O-glucoside with the empirical formula C22H22012 (Fig.29) (see
appendix 1).

Substance 21 was identified from sea buckthorn leaf analysis, the mass spectral characteristics of which include a deprotonated
molecular ion at m/z 592.95, and fragmentation yielded an ion at m/z 285. Chromatographic analysis showed a retention time
of 7.995 minutes. Ultraviolet-visible spectroscopy (UV-VIS) showed an absorption maximum at 272.2 nm. As a result of
comparison with standard compounds and the METLIN database, substance 21 was identified as kaempferol-3-O-rutinoside,
the empirical formula of which is C28H32016.(Fig.30) .

The 12th substance identified during the analysis of sea buckthorn leaves corresponds to substance 18, previously identified
in sea buckthorn fruits. Its mass spectral characteristics include a deprotonated molecular ion at m/z 462.80, and fragmentation
yielded an ion at m/z 285. Chromatographic analysis yielded a retention time of 9.507 minutes. Using ultraviolet-visible
spectroscopy (UV-VIS), the absorption maximum was observed at 272.2 nm. As a result of comparison with standard
compounds and the METLIN database, substance 4 was identified as Hyperoside with the empirical formula C21H20012
(Fig.31) (see appendix 1).

1.4. Quantitative analysis of phenolic compounds in sea buckthorn fruits and leaves

The results of chromatographic analysis show that the fruits and leaves of the plant are particularly rich in biologically active
phenolic compounds.

Phenolic compounds and flavonoids are known for their antioxidant, anti-inflammatory, and antimicrobial properties.
Catechins and leucoanthocyanins, which are subgroups of flavonoids, are also characterized by high biological activity.
Quantitative determination of these compounds in sea buckthorn leaves and fruits is important for assessing their nutritional
and medicinal value.

The aim of this study is to determine the amount of total phenols, phenolic acids, total flavonoids, catechins, and
leucoanthocyanins in sea buckthorn leaves and fruits using spectral methods. In addition, the study will determine antioxidant

activity, which is a functional characteristic of biologically active compounds.

Leaf

AA, mg of samples | 0,408+0,081
leucoanthocyanidin mg/g W 1,230,044
Catechin mg/g [ 6,50+0,113
Flavonoids, mg/g I 16,21+0,17
Phenolic acids. mg/g [ 6,23+0,102
43,95+0,176

Total phenolic, mg/z - I —

0,00 5,00 10,00 15,00 20,00 25,00 30,00 35,00 40,00 45,00 50,00
mg/g

Diagraml. Phenolic Compounds and Antioxidant Activity of Sea Buckthorn Leaves
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Sea buckthorn leaves contain 43.95 mg/g total phenols, 6.23 mg/g phenolic acids, and 16.21 units of total flavonoids. Among
flavonoids, catechins account for 6.50, and leucoanthocyanins for 1.23 mg/g units. The difference in flavonoid content (8.48
mg/g) is due to the other flavonoids found in the leaf.

The content of total phenols in fruits collected in different regions ranges from 19.90 to 30.58 mg/g based on dry weight, with
a relatively high value of 34.94 mg/g recorded in the sample from Akhaltsikhe. Of the total phenols, the content of phenolic
acids ranges from 2.24 to 3.43 mg/g, while the concentration of flavonoids is approximately 10 times higher than phenolic
acids and is 16.72-27.01 mg/g.

Quantitative analysis of biologically active compounds in sea buckthorn fruits of different geographical origins revealed
significant differences in the content of total phenols, phenolic acids, flavonoids, catechins, and leucoanthocyanins.

The concentration of total phenols in fruits varied from 19.90 to 30.58 mg/g dry weight. The exception was the Akhaltsikhe
sample, where a significantly higher value was recorded — 34.94 mg/g. This may be associated with the potential influence of
soil and climatic conditions of the Akhaltsikhe region on the synthesis of phenolic compounds. The content of phenolic acids
in the fruits was significantly lower and ranged from 2.24 to 3.43 mg/g. The concentration of flavonoids in the fruits was
approximately 10 times higher than the content of phenolic acids and ranged from 16.72 to 27.01 mg/g. Such quantitative
indicators indicate the dominance of flavonoids in sea buckthorn fruits and largely determine their antioxidant or other
biological activity.

Among the subgroups of flavonoids, catechins (2.44—4.10 mg/g) and leucoanthocyanins (11.38-18.78 mg/g) were
identified. The content of catechins varied somewhat among samples, with relatively high levels observed in samples from
Terjola (3.66 mg/g) and Akhaltsikhe (4.10 mg/g). A similar trend was observed in the case of leucoanthocyanins: Erge (11.38
mg/g), Tkhilnari (13.08 mg/g), Akhaltsikhe (18.78 mg/g), and Terjola (16.44 mg/g) (Tables 6 and 7) (see appendix 1)..

Antioxidant activity was assessed by the DPPH radical inhibition method and is presented in two forms: Firstly, the
sample mass (mg) required for 50% inhibition of the DPPH radical, and secondly, the relative antioxidant activity, which
expresses the inverse relationship of the first indicator. The results showed that the sample from Akhaltsikhe, which was
characterized by a high content of total phenols, had the highest antioxidant activity. For this sample, only 2.881 mg of sample
was required to achieve 50% inhibition of DPPH radical. This indicates that the fruits of Akhaltsikhe sea buckthorn contain
a high concentration of antioxidants. Compared with other samples, 3.702 mg of sample was required for 50% inhibition of
DPPH radical in Terjoli sample, 4.188 mg in Tkhilnar sample, and 6.15 mg in Erge sample. These data indicate that these
samples had relatively low antioxidant activity, which is consistent with their low content of phenolic compounds.

In general, the higher the concentration of bioactive compounds, especially phenolic compounds, in a sample, the
lower the sample mass required for 50% inhibition of the DPPH radical. This indicates an inverse relationship between the
concentration of compounds and the sample mass required for inhibition. The relative antioxidant activity index was used to
demonstrate the direct proportional relationship between the concentration of total phenols and antioxidant activity. The
ratio facilitates the interpretation of the data.

M Erge Tkhilnari Akhaltsikhe Terjola
34.94

30.58
30.00

21635
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20.00 18.57 18.78
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- 4.103 g6
5.00 2.242‘503.433,12 2.442.95
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Diagram 2. clearly illustrates the content of total phenols, phenolic acids, flavonoids, catechins, and

leucoanthocyanins in fruits collected from different regions.
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Quantitative analysis using spectral methods revealed significant differences in the content of biologically active
compounds in the leaves and fruits of sea buckthorn of different geographical origins. Studies have shown that sea buckthorn
leaves and fruits are raw materials rich in phenolic compounds, especially flavonoids. The leaf has a higher concentration of
phenolic compounds than the fruit. The content of phenolic compounds in fruits varies significantly depending on their
geographical origin, indicating the influence of environmental factors on their synthesis. The Akhaltsikhe sample is

distinguished by its high content of phenolic compounds and antioxidant activity.

1.5. Study of lipid compounds in sea buckthorn fruits by gas-liquid chromatography
Sea buckthorn fruits are distinguished by their rich lipid composition, which determines their multifaceted biological activity
and use in both medicinal and food products. Lipid components include fatty acids, sterols, and carotenoids, the identification
and quantification of which are important for assessing the therapeutic potential of the fetus.
The study of the lipid composition of sea buckthorn fruits is carried out using gas chromatography (GC). Chromatography
(GC) method. GC is a highly effective analytical method based on the separation of mixture components based on different
distribution coefficients between the mobile and stationary phasesChromatography method (GC). GC is a highly efficient
analytical method based on the separation of mixture components based on different distribution coefficients between the
mobile and stationary phases.
GC analysis of fatty acids typically requires pre-treatment, including esterification, which increases their volatility and
improves separation efficiency. The esterified fatty acid methyl esters are injected into the GC, where they are separated and
detected using a flame ionization detector (FID).
Detailed analysis of the lipid composition of sea buckthorn fruits using gas-liquid chromatography will facilitate a
comprehensive study of the biological activity of the fruits and the development of new functional food and pharmaceutical
products.
The composition of carboxylic acids was determined by gas chromatography using a TRACE™ 1310 gas chromatograph
(Thermo Scientific). Chromatographic separation was performed on an Agilent J&W CP-Sil 88 for FAME GC Column/capillary
column CP7489 with the following parameters: length 100 m, internal diameter 0.25 mm, and stationary phase 0.20 pm
particle size.
For gas-liquid chromatography of lipid compounds, samples need to be esterified. For this purpose, the samples were pre-
filtered to remove mechanical impurities. Then, 1 ml of the sample was transferred to a centrifuge tube, where 0.5 ml of 2
normal KOH 96% alcohol solution was added (ethanol or methanol can be used). After this, 10 ml of hexane was added (total
volume 11.5 ml). The mixture was vigorously stirred until completely dissolved (at least 30 seconds) and centrifuged for 1
minute at 13,500 rpm. 1.0 pL of the test sample was injected using a 10 pL microsyringe from SGE Analytical Science from the
top fraction of the sample.
The injector temperature was maintained at 260°C. When the sample was injected into the column in a helium flow, separation
was performed in a ratio of 1/20. The flow rate of the mobile phase, helium, was 5.21 ml/min.
Chromatographic separation was performed using a temperature gradient divided into three stages. In the first stage, the
temperature was maintained at 120°C for 8 minutes. In the second stage, the temperature was increased to 180°C at a rate of
8°C/min and maintained for 18 minutes. In the third stage, the temperature was increased to 230°C at a rate of 3°C/min and
maintained at this temperature for 13 minutes. The total duration of the chromatographic analysis was 61.17 min.
Detection of methyl esters of carboxylic acids obtained as a result of chromatographic separation was carried out using an Al-
ionization detector. The detector temperature was maintained at 300°C. The hydrogen supply was 40 ml/min, the air supply

was 400 ml/min, and the exhaust gases were purged with a helium flow at a rate of 25 ml/min.

Identification of the components detected by chromatographic analysis was performed using a Supelco 37 Component FAME
Mix standard sample (product number: CRM47885, lot number: LRAD3869), the composition of which was known in advance.
The study aimed to conduct a comparative analysis of four different methods for extracting fatty acids from sea buckthorn
fruit oil: Soxhlet extraction (method 1, extractant hexane) (Figure 32), ultrasonic probing (method 2, extractant 50% ethanol)
(Figure 32), supercritical water extraction (method 3) (Figure 33) and cold pressing (method 4) (Figure 33). The study involved
the identification and quantification of fatty acids. The oil obtained by each method was characterized by the presence of
different fatty acids. A total of 28 components were identified, of which 5 were unknown compounds. Saturated fatty acids
were identified: Butyric acid methyl ester (4:0), Caproic acid methyl ester (6:0), Caprylic acid methyl ester (8:0), Capric acid
methyl ester (10:0), Undecanoic acid methyl ester (C11:0), Lauric acid methyl ester (C12:0), Myristic acid methyl ester (C14:0),
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Pentadecanoic acid methyl ester (C15:0), Palmitic acid methyl ester (C16:0), Stearic acid methyl ester (C18:0), Heptadic acid
methyl ester (C17:0), Arachidic acid methyl ester (C20:0). Trans Unsaturated Fatty Acids Elaidic acid methyl ester (C18:1n9t)
and monounsaturated fatty acids: Myristoic acid methyl ester (C14:1), Palmitoleic acid methyl ester (C16:1) s Oleic acid
methyl ester (C18:1n9c). Polyunsaturated fatty acids: Linoleic acid methyl ester (C18:2n6c), a-Linolenic acid methyl ester
(C18:3n3c) (Table 9) (see appendix 1).

Data analysis showed that low molecular weight fatty acids (Butyric, Caproic, Caprylic, Capric, Undecanoic, Lauric) were
found only in the oil obtained by Soxhlet extraction, which indicates the uniqueness of this extraction method. Myristic acid
was present in the highest concentration in Soxhlet extracted oil (4.371) and in small amounts in cold pressed oil (0.200).

Palmitic acid was present in the highest concentration in cold-pressed oil (29.102), whereas it was relatively lower in oils

obtained by other methods (10.121-16.317). The highest concentration of palmitoleic acid was found in cold-pressed oil
(12.844) and the lowest in Soxhlet-extracted oil (1.024). The highest content of stearic acid was found in Soxhlet-extracted oil
(25.808) and the lowest in cold-pressed oil (1.192). The oleic acid concentration in cold-pressed oil was the highest (48.127),
whereas in Soxhlet-extracted oil it was relatively low (20.359). Linoleic acid was found in the highest concentration in
supercritical water extracted oil (48.335) and in trace amounts in cold pressed oil (1.998). Alpha-linolenic acid was present in
the highest concentration in the ultrasonic-extracted oil (14.740), whereas in relatively lower amounts in the cold-pressed oil
(10.106). Elaidic acid (trans fat) was detected only in the oil obtained by Soxhlet extraction (0.537). The highest concentration
of behenate was found in oil obtained by supercritical water extraction (0.192) (Table 9) .

Soxhlet extraction produces a wide range of fatty acids but contains trans fats and low molecular weight acids. The Soxhlet
method has significant disadvantages, including a long extraction time (18 hours) and the use of a toxic organic solvent
(hexane), which does not comply with the principles of green chemistry. The ultrasonic probing method is characterized by
a high yield of omega-3 and omega-6 fatty acids. The ultrasonic probing method is an environmentally friendly extraction
method that uses a relatively less toxic solvent, 50% ethanol, which significantly reduces the extraction time (30 minutes).
Supercritical water extraction is effective in extracting omega-6 and is environmentally friendly. The cold pressing method
produces a high concentration of oleic acid, but the yield of omega-3 is low.

The choice of extraction method for the preparation of an ointment containing biologically active compounds of sea buckthorn
fruits should be based on a specific goal - the maximum content of fatty acids that have a pronounced regenerative and anti-
inflammatory effect on superficial post-traumatic scars of the eye.

A comparative analysis of extraction methods conducted as part of a study of the formulation of an ointment for
ophthalmological use of bioactive compounds of sea buckthorn fruits and its effect on the regeneration of superficial post-
traumatic scars of the eye revealed that each of the methods (Soxhlet extraction, ultrasonic probing, supercritical water
extraction and cold pressing) differs significantly in the content of the fatty acids obtained.

Research has shown that ultrasonic and supercritical water extraction methods provide high levels of Oleic acid methyl ester
(C18:1n9c), a-Linolenic acid methyl ester (C18:3n3c) (omega-3), and Linoleic acid methyl ester (C18:2n6c) (omega-6) with
anti-inflammatory and regenerative properties. This is of critical importance in the treatment of superficial post-traumatic
ocular scars.

The cold-pressed extract is also characterized by significant concentrations of methyl ester of alpha-linolenic acid (C18:3n3c)
(omega-3), methyl ester of linoleic acid (C18:2n6c) (omega-6), and methyl ester of oleic acid (C18:1n9c). The combination of
these fatty acids may help repair damaged tissue and reduce scar formation.

Although Soxhlet extraction allows the production of a wide range of fatty acids, its use for ointment preparation may be less
desirable due to the formation of trans fats and environmental concerns.

Accordingly, the extracts obtained by ultrasonic probing and supercritical water extraction methods, as well as cold-pressed
oil, are promising for further research aimed at studying their effectiveness in the process of regeneration of superficial eye

lesions.

1. Complex processing of sea buckthorn fruits and waste disposal

The food industry is one of the most important sectors of the global economy; however, its operation is associated with
significant environmental challenges, in particular, waste generation. Food industry waste, which includes organic and
inorganic materials, represents a serious problem from both an environmental and economic point of view. In the food
industry, waste is generated at different stages of the technological process: from the production of raw materials to the

packaging of products. The main sources are agricultural waste and beverage production. Worldwide scientific research
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suggests various approaches to waste management, which can be grouped as follows: Waste prevention (optimizing production
processes to reduce waste generation), extending product shelf life, optimizing packaging, and raising consumer awareness on
reducing food waste. Another important approach is the recycling of waste into valuable products, including medicinal
products for various purposes. These wastes are rich in biologically active compounds such as phenolic compounds, vitamins,
and fatty acids. The study aimed to determine the optimal conditions for extracting biologically active compounds from sea
buckthorn waste and their identification. The fruits were processed in laboratory conditions close to semi-industrial ones.
4500 g of sea buckthorn berries (raw) were collected for processing. After passing through a chopper (a chopper designed for
chopping tomatoes), 2 fractions were obtained: pulp weight - 3900 g (87% of the total seed weight), which mainly consists of
mesocarp and endocarp, and pulp - 600 g (13% of the total seed weight) (Figure 35 amd 36) (see appendix 1).. It mainly contains
the skin and seeds of berries (in the photo).

Identification of compounds was performed using chromatographic and spectroscopic methods. The study used green
technologies, including an ultrasonic probe and supercritical water extraction, and compared them with the classical

extraction method (maceration).

l Raw sea buckthorn berries- 4500g. ‘

Grinding

‘ [ fraction- Cellulose mass 87%(3900g) ‘ II fraction- preassure — 13%(600g) ‘

R 2 ¥
‘ Centrifugation-2min, 20°C, 1200 rpm ] l Seed - 80%(480g) ‘
2 .
The top layer of | Berry skin — 20%(120g) ‘

fat-soluble carotene 3.5%(140 g)

The bottom layer is the pulp-
27,17%(1060 g)

Middle layer of juice 69,23%
(2700 g)

Figure 34. Sea buckthorn fruit processing scheme

For further separation and fractionation of the pulp (3900g), centrifugation was performed at 12,000 rpm at 20°C for 2 minutes.
The centrifugation process is based on the difference in density and solubility of the components of the fractions. As a result,
the pulp fraction underwent phase separation, and three separated layers were identified: Upper lipophilic layer (140 g, 3.59%
pulp fraction): This layer consisted mainly of carotenoids suspended in fat. Carotenoids, as tetraterpenoid lipophilic pigments,
are characterized by high solubility in non-polar solvents such as fats, which determines their concentration in the upper
phase. Middle water-soluble layer (2700 g, 69.23% cellulose fraction): This layer was an aqueous solution containing
hydrophilic components such as sugars, organic acids, and other water-soluble compounds. Bottom sediment (1060 g, 27.17%
pulp fraction): This layer consisted of mechanical particles and insoluble components such as cell wall fragments, fibers, and
other solid particles whose density was higher than the density of water (FIGIRE 36) (see appendix 1).

The next stage of research aimed to valorize waste (pulp, cake) generated as a result of processing sea buckthorn berries,
determine the optimal conditions for extracting biologically active compounds from them, and identify the compounds for

subsequent use in creating preparations rich in antioxidants.

2.1. Extraction of biologically active compounds from sea buckthorn pulp using “green technologies” (ultrasound) to

produce an eye ointment

Quantitative analysis of carotenoids showed that their content in raw sea buckthorn berries is 3.051 mg/g, calculated on a dry
weight basis. The main part of carotenoids (2.745 mg/g) is concentrated in the pulp fraction, while in the pressed fraction their
content is 0.236 mg/g (Table 1). Almost two-thirds of the carotenoids in the pulp (1.817 mg/g) are present in the upper

centrifuged layer, which is a fat-weighted lipophilic fraction (substance 1). The resulting preparation contains 3% of the fat
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content of raw fruits. The juice contains an insignificant amount of carotenoids (0.046 mg/g), and the centrifuged pulp contains
0.868 mg/g (Table 11) (see appendix 1)..

To maximize the extraction of carotenoids from the centrifuged pulp mass, ultrasonic extraction was used with “green”
extractants. Extraction of the pulp was carried out using vegetable fat and ethanol of various concentrations using an ultrasonic
probe. To select the optimal extraction conditions, the following parameters were studied: the ratio of solid mass to extractant,
extraction temperature, duration, and type of extractant.

Extraction efficiency was determined by scanning the extracted carotenoids in the fat in the ultraviolet-visible region every 5

minutes of extraction. During the first 20 minutes of extraction, the carotenoid content increased from 0.1954 to 0.5381,
whereas no increase in pigment concentration was observed during the next 5 minutes (Figure 1). After completion of the
extraction, the extracted mass was centrifuged for 2 minutes at 20°C and 8000 rpm. As a result of centrifugation, the fat
separated from the pulp, and as a result of the release of carotenoids from it, the oil turned bright orange, while the pulp
became discolored (Figure 38) (see appendix 1)..

The optimal conditions for the extraction of vegetable fat using the ultrasonic probe method were determined: the ratio of
solid mass (centrifuged pulp of the cake - raw mass) and sunflower oil was 1:1, the temperature was 30-35°C (the temperature
was regulated using an ice bath), the amplitude was 50%, and the duration of extraction was 20 minutes. (Fig.38) (see appendix
1).
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Diagram 3. Curve showing the extraction of carotenoids from centrifuged sea buckthorn pulp using an ultrasonic probe

The following quality indicators were determined in sunflower oil enriched with carotenoids and the original sunflower oil
sample: free fatty acid content, peroxide value, n-anisidine index, carotenoid content, and antioxidant activity.

Compared with the control sample of sunflower oil, the acidity was stable, the peroxide and n-anisidine values decreased,
namely, the acidity index was 0.05% (control oil) and 0.06% (enriched oil). The peroxide value decreased from 2.8 to 2.56,
and the n-anisidine value decreased from 3.73 to 3.22 (Table 12). This indicates that the amount of aldehyde compounds and
peroxides in the carotenoid-enriched oil is lower compared to the control oil sample, which increases the oxidative stability
of the oil.
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As a result of determining the antioxidant activity, it was found that the oil enriched with carotenoids was characterized by
3.5 times higher antioxidant activity compared to the control sample. In particular, 0.33 mg of carotenoid-enriched oil was
required for 50% inhibition of the DPPH radical at a concentration of 0.1 mmol/L, whereas 1.17 mg was required for the
control oil. The results obtained indicate that carotenoids extracted from sea buckthorn pulp into oil (on average 0.5941 mg/g

dry weight) significantly increase the antioxidant activity of the oil (Table 12) (see appendix 1)..

From the data presented, it can be concluded that the addition of carotenoids led to some improvement in the quality of the
oil. The decrease in acidity and peroxide value indicates that carotenoids showed some antioxidant activity and slowed down
the oxidation process of the oil.

Ethanol of various concentrations was also used to extract phenolic compounds from sea buckthorn pulp using the ultrasonic
probing method. At the initial stage, the efficiency of the extractant was tested, namely, the following extractants were used:
water, 25%, 50%, and 75% ethanol. The ratio of solid mass to extractant was also determined; the optimal ratio was 1:20. The
extracted mass, together with the extractant, was homogenized at 7000 rpm for 1 min. Four temperature modes were also
selected for extraction: 30-35° C, 35-40° C, 40-45° C, and 45-50° C.

At the first stage, the optimal type of extractant was determined based on the content of extracted substances, antioxidant
activity, carotenoids, and the amount of phenolic compounds. With an increase in the concentration of ethanol, the content
of extractable substances does not increase, but the amount of carotenoids and phenols increases, and therefore, the antioxidant
activity is also high. The highest results were obtained using 75% ethanol, where the concentration of carotenoids was 1.684
mg/g, and phenols — 8.213 mg/g. The content of carotenoids is almost 2 times less in 50% ethanol extract (0.703 mg/g) and
significantly less in 25% ethanol (0.282 mg/g) and aqueous extracts (0.121 mg/g). The total phenol content increases in parallel
with the ethanol concentration (from 2324 to 8213 mg/g) (table). Accordingly, the antioxidant activity characteristic is also
high: 0.163 mg of sample is sufficient for 50% inhibition of the DPPH radical (in the case of 75% ethanol extract), whereas in
the case of other extracts, the sample mass required for inhibition increases from 0.239 mg to 0.547 mg. The obtained data
indicate that the optimal extractant for obtaining biologically active compounds from sea buckthorn pulp is 75% ethanol.
(Table 13) (see appendix 1)..

Considering the thermolability of carotenoids, experiments were conducted at different temperature conditions to determine
the optimal extraction temperature. As a result, it was established that the maximum extraction of carotenoids is achieved at
a temperature of 45-50°C. With an increase in temperature, the extraction of carotenoids increased significantly from 0.245
mg/g (30-35°C) to 1.684 mg/g (45-50°C).
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Diagram 4. Determining the optimal temperature regime for carotenoids extraction using an ultrasonic probe
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Diagram 5: Determining the optimal time for carotenoids extraction using an ultrasonic probe

To determine the optimal extraction conditions, the effect of temperature and time on extraction efficiency was determined.
Experiments were conducted at different time intervals to optimize extraction time. As a result, it was established that the
maximum yield of carotenoids is achieved with 15-minute ultrasonic treatment. Over the next 5 minutes, the amount of
carotenoids did not increase. As a result, it was established that ultrasonic extraction with 75% ethanol at a temperature of
45-50°C for 15 minutes provides the maximum yield of carotenoids. Longer extraction does not result in a significant increase
in carotenoid content, indicating that the extraction process is complete.

To isolate biologically active compounds from the obtained extract, a fractionation process was carried out. In particular, to
isolate carotenoids, the extract was cooled to 4°C for 24 hours, which led to the precipitation of carotenoids. To separate the
resulting precipitate, the extract was centrifuged at 12,000 rpm at 4°C for 2 minutes. The resulting precipitate containing
carotenoids was lyophilized to obtain carotenoids-containing preparation 2 (preparation weight 15 mg).

In addition to the extraction of carotenoids, 75% ethanol was found to be optimal for the extraction of phenolic compounds,
in particular, in the case of aqueous extraction, the phenol content was 6.324 mg/g, The amount of extracted phenols increases
proportionally to the concentration of ethanol: in the case of 25% ethanol - 9.805 mg/g, in the case of 50% ethanol - 13.661
mg/g and in the case of 75% ethanol - 24.213 mg/g, calculated on a dry weight basis. The concentration of extracted phenols
was approximately 80% of the phenols present in the fruits (phenolic concentration in fruits 30.58 mg/g), about 80%. (Table
13) (see appendix 1).

To obtain a preparation rich in phenolic compounds, the supernatant obtained after centrifugation was concentrated in a
rotary vacuum apparatus at a temperature of 40°C. The concentrate was lyophilized to obtain a preparation rich in phenolic
compounds. After extraction of 100 g of raw pulp, 2 g of dry mass (preparation 3) was obtained, in which the concentration
of phenols was 250 mg/g, and the antioxidant activity was determined as 0.011 mg (in particular, 0.011 mg of the preparation
is sufficient for 50% inhibition of radicals). (Table 14) (see appendix 1).

The preparation obtained from 100 g of centrifuged pulp remaining after processing sea buckthorn fruits (2 g of dry
preparation) contains 500 mg of phenolic compounds, 0.69 g of protein, 0.102 g of pectin and 0.708 g of carbohydrates (the
carbohydrate content was calculated by the difference) (Table 14).

The study resulted in four different types of drugs(preparations), differing in composition and method of administration:
Preparation 1: Lipophilic carotenoid concentrate (sea buckthorn oil) obtained from centrifuged raw sea buckthorn pulp and
representing a fat-weighted lipophilic fraction (carotenoid concentration: 1.817 mg/g and fat content 3% (raw fruits)).
Preparation 2: Carotenoid powder obtained by ultrasonic extraction (with 75% ethanol), which is a source of carotenoids for
the pharmaceutical and cosmetic industries. 15 mg ofcarotenoids is obtained from 100 g of raw pulp.

Preparation 3: Powder of phenolic compounds obtained by ultrasonic extraction (with 75% ethanol), from 100 g of raw pulp
2 g of dry mass was obtained, which contains 500 mg of phenolic compounds, 0.69 g of protein, 0.102 g of pectin and 0.708 g
of carbohydrateslt can be used in the pharmaceutical and cosmetic industries as a concentrated source of phenolic compounds.
The ultrasonic extraction method also made it possible to obtain vegetable oil enriched with carotenoids (carotenoid
concentration: 0.5941 mg/g dry weight), Improvement of quality indicators (reduction of acidity, peroxide, and n-anisidine
numbers), and an increase in antioxidant activity by 3.5 times compared to the control oil. It can be used in the food industry
as a carotenoid-enriched oil.

The study showed that the waste (pulp) generated during the processing of sea buckthorn berries is a rich source of carotenoids
and phenolic compounds. Preparations enriched with carotenoids and phenolic compounds were obtained using the method

42



of ultrasonic probing and "green" extractants (vegetable oil, ethanol). Sunflower oil enriched with carotenoids. Notably, the
study used raw materials, eliminating the need for traditional drying methods. This approach represents a significant advantage
for the following reasons: Energy efficiency and cost effectiveness, Environmental benefits.

2.2. Extraction of biologically active compounds from sea buckthorn pulp using “green” technologies (ultrasonic probe and
supercritical water) for the production of eye ointment
The pomace remaining after the production of sea buckthorn juice is an important source of fats and biologically active
compounds, including phenolic compounds (table). According to our research results, raw sea buckthorn pulp, consisting of
approximately 80% seeds and 20% fruit peel, contains from 11.95% to 13.22% fat (Table 16) (see appendix 1). (in terms of dry
weight) and from 0.140 to 0.583 mg/g carotenoids (in terms of dry weight) (Table 15) (see appendix 1)..
Quantitative analysis of carotenoids shows that the carotenoids content in individual fractions of the pomace is almost the

same and is 0.112 mg/g in seeds (calculated for a yield of 80%) and 0.117 mg/g in the peel (calculated for a yield of 20%) in
dry weight (table 15) (see appendix 1)..

Spectral analysis of phenolic compounds shows that the total phenol content in raw pulp is 89.41 mg/g, of which 16.95 mg/g
are phenolic acids and 64.71 mg/g are flavonoids. Flavonoids are mainly represented by catechins (25.90 mg/g) and
leucoanthocyanins (44.45 mg/g). The antioxidant activity of sea buckthorn extract is quite high: 0.766 mg of sea buckthorn
extract is sufficient to inhibit 50% of DPPH radicals. (Table 17) (see appendix 1)..

Taking into account the obtained results, our goal was to minimize the waste of sea buckthorn pressing and to maximize the
use of its valuable components through green technologies. For this purpose, we used ultrasonic probe extraction and
supercritical water extraction, which are characterized by high efficiency, selectivity, and environmental friendliness.

The efficiency of the experiment was determined by the extraction yield, which was calculated based on the content of fats,
carotenoids, and phenolic compounds. The extracts obtained by both methods were subjected to further processing, including
centrifugation, fat separation, concentration, and lyophilization, to obtain stable and concentrated preparations.

At the initial stage, the sample was homogenized with an extractant for 2 minutes to improve the quality of the pulp and
hydration (15,000 rpm - the number of revolutions per minute, WITEG homogenizer). The optimal extraction ratio was 1:20
solid to liquid, 50% amplitude, pulse duty cycle, and 75% ethanol solvent. After 25 minutes of extraction, the total amount of
phenols was 70.39 mg/g, phenolic acids — 11.21 mg/g, flavonoids — 42.28 mg/g, catechins — 18.38 mg/g, and leucoanthocyanins
—24.73 mg/g. (based on dry weight). Over the next 5 minutes, 30 minutes after extraction, the content of these compounds
increased from 4 to 12 units (phenols from 70.39 to 84.09). Further increase in extraction time did not lead to a significant
increase in extraction yield, therefore, 30 minutes was considered the optimal time (Diagram 6). In the next step, we
centrifuged the extract at 7000 rpm for 2 minutes at 20°C. The resulting extract was left at room temperature (24 hours), and
the fat dissolved. The amount of fat obtained was 7.365%, which is approximately 62% of the theoretical fat yield (compared
to the value obtained by the classical Soxhlet method (11.95%)) (Diagram 7).
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20,00 18.38+ 7+0.02 940,02
1:0.01
10.00
0.00
25 min 30min 35min

Diagram 6. Extraction of biologically active compounds from raw sea buckthorn pulp using an ultrasonic probe
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Diagram 7. Antioxidant activity of extracts obtained from raw sea buckthorn pulp using an ultrasonic probe

After defatting, the extract was concentrated under vacuum at 45°C, and the resulting concentrate was lyophilized. From 100
g of raw extract, 6.72 g of lyophilized preparation was obtained, in which the phenol content was 4 g, namely 71.4 mg/g of
dry weight.

During the supercritical water extraction process, the solid sample to water ratio was maintained at 1:20, which is consistent
with the ratio used in the previous experiment. The extraction efficiency was assessed by the yield of biologically active
compounds. In contrast to ultrasonic extraction, the total phenol content in the extract obtained by supercritical water
extraction for 5 minutes was 76.16 mg/g (phenolic acids — 6.75 mg/g, flavonoids — 28.73 mg/g, including catechins — 11.51
mg/g and leucoanthocyanins — 13.43 mg/g). With an increase in the extraction time to 6 minutes, the total phenol content
increased to 87.74 mg/g, and after 7 minutes it reached 92.25 mg/g. The results show that the optimal supercritical water
extraction time to obtain the maximum yield of phenolic compounds is 7 minutes. During the next 3 minutes of extraction,
the total phenolic content increases slightly, by about 5 units (from 92.25 to 96.75 mg/g). The results show that supercritical
water extraction for 7 minutes provides the highest yield of phenolic compounds. After decanting the resulting aqueous
extract, we left it at room temperature (24 hours), and the fat dissolved. The amount of fat obtained was 10.27%, which is
approximately 86% of the theoretical fat yield (compared to the value obtained by the classical Soxhlet method (11.95%))
(Diagram 9). However, in the fat obtained by supercritical water extraction, carotenoids content was not detected, whereas in
the fat extracted using an ultrasonic probe, it was 0.105 mg/g based on dry weight. In the next step, the aqueous extract was
concentrated under vacuum (at a temperature of 55 C) and the resulting concentrate was lyophilized. Supercritical water
extraction from 100 g of raw material yielded a virtually identical mass of 5.2 g of lyophilized preparation with a phenol

content of 80 mg/g dry weight.
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Diagram 8. Conditions of supercritical water extraction of raw sea buckthorn pulp (seed/skin) and the content of phenolic

compounds
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Diagram 9. Antioxidant activity of supercritical water extracts of crude sea buckthorn (seeds/skin)

As aresult of the qualitative and quantitative determination of phenolic compounds in the obtained preparations, a total of 28
substances were identified, of which 4 were not identified. For substance identification and quantification, we used standard
compounds available in our open mass database (https://metlin.scripps.edu) and spectral data obtained from peer-reviewed
scientific publications.

The substances identified belong to the classes of organic acids, terpenoids, and flavonoids. Flavonoids are represented by
subgroups of flavonols and flavanols. In particular, the following organic acids were identified: Quinic acid, Malic acid, and
Citric acid. Terpenoids: Tanshinlactone derivative. Flavonoids: Quercetin, Quercetin-3-O-rhamnosyl glucosid, Isoquercitrin,
Kaempferol-3-O-hexoside-7-O rhamnoside, Quercetin-3-O-sophoroside-7-O rhamnoside, Quercetin-3-O-rhamnosyl
glucoside-7-O-rhamnoside, Kaempferol-3-O-rutinoside, Kaempferol 3-O glucoside, Isorhamnetin-3-O neohesperidoside),
Rutin, Isorhamnetin-3-O-(6 rhamnosyl)hexoside (Narcissin), Isorhamnetin-O-dihexoside, Isorhamnetin.

Flavonoids (catechins): Epigallocatechin, Gallocatechin, (e)Catechin, (e)Catechin, and Catechin. Unlike the leaves and fruits
of sea buckthorn, 16 new substances were found in the seeds: Citric acid (Substance 22), Tanshinlactone derivative (Substance
23), Quercetin-3-O-rhamnosyl glucosid (Substance 24), Isoquercitrin (Substance 25), Kaempferol-3-O-hexoside-7-O
rhamnoside (Substance 26), Quercetin-3-O-rhamnosyl glucosid (Substance 27), Quercetin-3-O-sophoroside-7-O rhamnoside
(Substance 28), Quercetin-3-O-rhamnosyl glucoside-7-O-rhamnoside (Substance 29), Kaempferol-3-O-rutinoside (Substance
30), (e)Catechin-(e)Catechin (Substance 31), Kaempferol 3-O-glucoside (Substance 32), Isorhamnetin-3-O neohesperidoside
(Subtance 33), Rutin (Substance 34), Isorhamnetin-3-O-(6 rhamnosyl)hexoside (Narcissin) (Substance 35), Isorhamnetin-O-
dihexoside (Substance 36), Kaempferol-3-O-rutinoside (Substance 37) s Quercetin (Substance 38).

Two "green" extraction methods were evaluated for the extraction of biologically active compounds from sea buckthorn pulp:
ultrasonic probe extraction and supercritical water extraction. For the ultrasonic probe extraction, water and ethanol of
different concentrations (25%, 50%, and 75%) were used as solvents to optimize the polarity gradient, which is crucial for the
extraction of compounds with different polarities (phenolic compounds, carotenoids) for efficient extraction. The results
showed that both ultrasonic extraction with 75% ethanol and supercritical water extraction gave similar results in terms of
both identified and individual compound contents. This demonstrates the effectiveness of both methods of extracting
biologically active compounds from sea buckthorn pulp. The efficiency of ultrasonic extraction with 75% ethanol is explained
by the polarity of ethanol, which is optimal for the extraction of phenolic compounds. For extraction. Ultrasonic probing
promotes mechanical destruction of cell walls, which improves the extraction process. Supercritical water extraction, based
on the unique properties of water at high temperatures and pressures, has also proven its effectiveness. The variable polarity
and high solubility of supercritical water allow the extraction of both polar and non-polar compounds. Comparing the yield
of the preparations and the data obtained by ultrasonic probing (75% ethanol, 35 minutes), 6.72 g of lyophilized preparation
were obtained from 100 g of raw squeezed juice, in which the phenol content was 4 g, namely 71.4 mg/g dry weight, Using
the method of supercritical water extraction (water, 7 minutes) from 100 g of raw pressed leaves, 5.2 g of a lyophilized
preparation was obtained, in which the phenol content was 80 mg/g of dry weight.

The obtained results indicate that both ultrasonic probe extraction with 75% ethanol and supercritical water extraction are
effective and environmentally friendly methods for obtaining biologically active compounds from sea buckthorn pulp. These

methods can be used to create biologically active additives in the food, cosmetic, and pharmaceutical industries.
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2.3 Sequential extraction of bioactive compounds from sea buckthorn seeds using supercritical carbon dioxide (scCO2)

Traditional extraction methods, such as organic solvent extraction, often result in degradation of compounds, resulting in
reduced product quality and environmental pollution. Therefore, in recent years, research has been actively conducted to
develop innovative and environmentally friendly extraction methods.

The parameters of the SFE, such as pressure, temperature, extraction time, and carbon dioxide flow rate, significantly affect
the extraction efficiency. Therefore, to extract a specific compound, optimization of parameters is required. There are many
studies in the scientific literature on this issue using SFE, although the optimal parameters vary depending on the objectives
of the study and the raw materials used (primary (fruits) and secondary raw materials (agro-industrial waste)).

Although there are many studies on this issue using SCE in the international scientific literature, no such studies have been
conducted in Georgia.

Sequential extraction of lipid, carotenoid, and phenolic fractions from sea buckthorn seeds was carried out using supercritical
carbon dioxide. Each extraction step was optimized to achieve maximum yield and selectivity of target compounds. The total
duration of the extraction was 180 minutes; the dynamics of the extraction process were monitored every 15 minutes using
spectral analysis of fractions in the ultraviolet-visible region. The content of compounds in each sample from the 12 fractions
obtained was quantitatively determined.

At the first stage, optimized parameters for lipid fraction extraction were used: pressure 350 bar, temperature 50°C, flow rate
20 g/min, extraction duration 60 minutes. The yield of the lipid fraction was determined by weighing fractions 1-4 (Table 18)
(see appendix 1)..

In the second stage, carotenoids (fraction 5-8) were extracted under optimized parameters: pressure 500 bar, temperature 50°C,
flow rate 30 g/min, and extraction duration 60 minutes (Table 18) (see appendix 1).

In the third stage, the extraction of phenolic compounds (fractions 9-14) was carried out using ethanol as a co-solvent.
Extraction pressure was 380 bar, temperature was 60°C, carbon dioxide flow rate was 30 g/min, ethanol was 10% to 20%, and
extraction duration was 30 - 60 min (Table 18) (see appendix 1)..

The amount of oil extracted by the SFE method was 20.75% of the dry weight of the seeds, which is 1.5% more than the
amount of fat extracted by the hexane method (19.25%) (Table 19). Identification of the lipid components in the obtained oil,
detected by chromatographic analysis, was carried out using a standard sample Supelco 37 Component FAME Mix (Product
Number: CRM47885, Batch Number: LRAD3869), the composition of which was known in advance.

The results of chromatography revealed significant differences in the fatty acid composition of sea buckthorn seed oil extracted
by the Soxhlet method and supercritical carbon dioxide (SCE) (Figure 41 (a, b)) (Table 20). Eight substances were identified
as saturated, monounsaturated, and polyunsaturated fatty acids. The content of palmitic acid methyl ester (C16:0) from
saturated fatty acids in the oil obtained by the SFE method (39.019%) is 1.955% higher than in the oil extracted with hexane
(37.064%), which indicates a relatively high selectivity of SFE concerning this compound (Table 20). Methy]l stearate (C18:0)
was found only in Soxhlet extracted oil at a concentration of 1.096% and was not detected in SFE extracted oil. The content
of oleic acid methyl ester (C18:1n9c) from monounsaturated fatty acids in oil obtained by Soxhlet extraction (44.236%) is
5.979% higher (Table 20). Among the polyunsaturated fatty acids in the oil obtained by both methods, the methyl ester of
linoleic acid (C18:2n6c) was identified, while in the oil obtained by the SFE method, it was 1.521% higher (6.488% and
4.967%). The content of methyl ester of alpha-linolenic acid (C18:3n3c) in oil obtained by the SFE method is 9.096% higher
(11.158% and 2.062%), which is a significant difference. The content of methyl ester of cis-11,14-eicosadienoic acid (C20:2)
in oil obtained by the SFE method is 3.679% higher (3.89% and 0.211%) (Table 20).

Oil extracted using the SFE method is characterized by a significantly higher content of polyunsaturated fatty acids, which
makes it more valuable from a food and pharmaceutical point of view. Soxhlet extraction provides a higher yield of oleic acid.

After separation of the oil from the sea buckthorn seeds, the carotenoid fraction (fraction 5-8) was extracted at a temperature
of 600 °C for 30 minutes with an increase in pressure to 500 bar and a CO2 supply of 30 g/min (Figure 42). Qualitative analysis
of carotenoids was performed using the UPLC-PDA, MS method (Figures 43 and 44) (see appendix 1)..

The carotenoid content in the obtained carotenoid fraction was 1.24 mg/g dry weight, which is 30 units higher than the
carotenoid content in lipid extracted with hexane (0.95 mg/g). These results confirm the superiority of the SCE method for
carotenoid extraction. The use of SCE ensured the extraction of higher concentrations of carotenoids, which is due to the

unique solvent properties of the supercritical state of CO2 and the low extraction temperature, which reduces the risk of
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thermal degradation. Hexane is also a non-polar solvent, but due to its high boiling point, it causes more pronounced
degradation of carotenoids.

In the third extraction step, phenolic compounds were extracted from sea buckthorn seeds using supercritical carbon dioxide
(CO2) and the addition of ethanol as a co-solvent. During the first 30 minutes (fractions 9-10), extraction was carried out at a
pressure of 300 bar, a CO2 flow rate of 30 g/min, and 10% ethanol. At this stage, 23.44 mg/g phenolic compounds were
extracted on a dry weight basis. Over the next 30 minutes (fraction 11-12), the pressure increased to 380 bar and the ethanol
concentration to 20%. This change significantly increased the amount of extracted phenols to 93.76 mg/g. A total of 117.2
mg/g phenolic compounds were extracted from fractions 9-12 (Table 21). The fraction of phenolic compounds was
concentrated under vacuum conditions, the resulting concentrate was lyophilized, resulting in a dry preparation — sea
buckthorn seed phenols.

The use of ethanol as a co-solvent in supercritical (fluid) carbon dioxide extraction of sea buckthorn seeds is an effective
method for extracting phenolic compounds from sea buckthorn seeds. Optimization of process parameters such as pressure
(380 bar) and co-solvent concentration (20%) significantly increases extraction efficiency.

Three preparations were obtained from sea buckthorn seeds using the supercritical CO2 extraction method: oil enriched with
polyunsaturated fatty acids, a concentrate of carotenoids, and a concentrate of phenolic compounds. Evaluation of the
antioxidant activity of the obtained preparations shows that preparations obtained using green technology exhibit high
antioxidant activity. Antioxidant activity was assessed by the 50% inhibition method of 0.1 mmol DPPH radical and was
presented in two forms: firstly, as the mass of sample required to inhibit the radical, determined in mg, and secondly, as relative
activity (as a ratio to 1) (Figure 10). In general, the higher the concentration of antioxidant bioactive compounds in a sample,
the lower the sample mass required for 50% inhibition of the DPPH radical. This indicates an inverse relationship between
the concentration of compounds and the sample mass required for inhibition. To demonstrate the directly proportional
relationship between the compound and antioxidant activity, the relative antioxidant activity index was used. The ratio makes
it easier to interpret the data. Interpretation: The data presented in the table show that the preparations obtained by the SFE
method are characterized by higher activity than the compounds obtained by the classical method: for 50% inhibition of the
radical, 0.89 mg of oil obtained by the SFE method is required, while almost twice as much (1.72 mg) is required for the oil
obtained by the hexane method. Accordingly, in the case of carotenoids in the case of ESF it is 0.717 mg, and in the classical
one, 1.411 mg. A similar result was obtained in the case of phenols: 0.881 mg and 0.622 mg in the classical version (Table 21)
(see appendix 1)..
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Diagram 10. Diagram of the antioxidant activity of preparations obtained from sea buckthorn seeds
(‘a)lipids; b)carotenoids) total phenols — classical Method, SFE)

To achieve maximum yield, scCO2 extraction parameters were optimized: pressure, temperature, carbon dioxide flow rate,
and extraction duration. The optimal conditions were determined as follows: for carotenoids - 350 bar, 50°C, 20 g/min and 60
min; For lipids - 500 bar, 50°C, 30 g/min and 60 min; For phenolic compounds - 380 bar, 60°C, 30 g/min, 10-20% ethanol and
30-60 min. Gas chromatography analysis revealed significant differences in the fatty acid composition of sea buckthorn seed
oil extracted using Soxhlet and scCO2. Oil extracted using scCO2 is characterized by a significantly higher content of
polyunsaturated fatty acids. The oil yield obtained by scCO2 extraction was 20.75%, which was 1.5% higher than the oil yield
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extracted with hexane (19.25%). scCO2 extraction provided a higher concentration of carotenoids (1.24 mg/g) compared to
Soxhlet extraction (0.95 mg/g). The use of ethanol as a co-solvent was found to be effective for the extraction of phenolic
compounds (scCO2 - 117.2 mg/g, Soxhlet - 90.11 mg/g). The obtained preparations exhibit stronger antioxidant activity
compared to traditional extraction methods.
The use of sequential extraction with supercritical carbon dioxide (scCO2) from sea buckthorn seeds allows to obtaining of
three different fractions: Lipid extract enriched with polyunsaturated fatty acids, carotenoid concentrate, and phenolic
compound concentrate. These fractions are characterized by a significantly higher yield of biologically active compounds,
which determines their strong antioxidant activity, compared to traditional extraction methods.

3. Testing the pharmacological properties of “Sea Buckthorn Eye Ointment” for the regeneration of superficial post-

traumatic eye scars

Eye ointments are semi-solid dosage forms intended for local application of medicinal substances to the surface of the eye. The
study of their pharmacological properties is of crucial importance for the development of effective and safe methods of treating
ophthalmological diseases. (https://doi.org/10.1016/j.jddst.2023.104867).
Before using a pharmacological drug in practice and conducting further clinical trials, it is necessary to assess its safety in terms
of its impact on body tissues. This ensures that possible side effects are minimized. https://www.fda.gov/). Experimental
procedures must comply with the requirements of the Pharmacopoeia and internationally recognized standards, principles of
good  laboratory  practice. (https://www.oecd.org/en/publications/1998/01/oecd-principles-on-good-laboratory-
practice_glgh32e8.html).
Among preclinical studies, toxicological studies are of primary importance, including the study of both general toxicity and
specific types of toxicity. (DOI: 10.1007/s11948-006-0014-y).
Toxicological studies of the ophthalmological drug were conducted in the educational and experimental laboratory of
physiology of the biological faculty of the Akaki Tsereteli State University under the supervision of Professor Reniko
Sakandelidze. For the study, sexually mature, healthy white rats were selected. The experimental animals were cared for under
standard sanitary conditions, where the impact of other external factors on the experiment (temperature, humidity, lighting,
contamination of the storage room with xenobiotics, etc.) was maximally excluded. Control animals were also kept under
similar conditions, together with the study animals.
The acute toxicity of the drug when applied to the skin was studied. The rats selected for the experiment were given the drug
locally at intervals of 4 hours, a total of 6 times over 24 hours. The experimental conditions and results are presented in Table
20 (see appendix 1)..
Considering the pharmacopeia requirements, we adopted a single oral dose of 0.01 mg as the initial dose. As a result of the
experiment, not a single white rat died, and the skin condition of all of them was good. Our experiment showed that the eye
ointment is practically non-toxic to white rats in the doses used. The use of the drug did not result in any fatalities, which is
an indicator of the safety of the substance according to the Hodge and Sterner classification. As the results of the study show,
the use of the ophthalmological drug " Sea Buckthorn Eye Ointment” at a dose of 0.06 mg daily/at night when applied to the

skin of experimental rats does not cause skin irritation in animals.

Conclusion:

1. Ithas been established that the fruits and leaves of sea buckthorn are a rich source of biologically active compounds. Using
the ultra-high performance liquid chromatography (UPLC-PDA)-MS method, 21 biologically active compounds were found
in the leaves and fruits of sea buckthorn: 1 organic acid, 3 phenolic acids, and 17 flavonoids. The obtained data reveal
significant differences in the phytochemical composition of fruits and leaves: malic acid (m/z 132.95) was detected in both
samples. Of the phenolic acids, quinacrine (m/z 191.03) and ellagic acid (m/z 300.83) were detected in both parts. Gallic acid
(m/z 168.82) was detected only in fruits. Of the flavonoid compounds, gallocatechin (m/z 304.89) and isorhamnetin (m/z
314.85) were present in both samples. Epigallocatechin (m/z 304.78), catechin (m/z 288.88), and procyanidins (m/z 476.80,
576.95) were detected only in fruits. The leaf was distinguished by the content of gallic acid hexoside and casuaricin. Of
particular note was the predominance of isorhamnetin glycosides (m/z 476.99, 593.03, 623.01, 623.15) in the fruits, while
kaempferol-3-O-rutinoside (m/z 593.03) was found only in the leaves. The obtained results are important for assessing the
prospects for the use of sea buckthorn in medicinal and food products, especially considering its antioxidant and
pharmacological properties.

2. It has been established that sea buckthorn leaves and fruits contain a significant content of phenolic compounds. The leaf

contains: total phenols 43.95 mg/g, phenolic acids 6.23 mg/g and flavonoids 16.21 mg/g, calculated on dry weight. The content
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of phenolic compounds in the fruits varies depending on the geographical origin (19.90-34.94 mg/g), with the highest levels
observed in the sample from Akhaltsikhe. The concentration of flavonoids in fruits (16.72-27.01 mg/g) was approximately 10
times higher than the content of phenolic acids. The study of antioxidant activity showed that the Akhaltsikhe sample (2.881
mg) had the highest antioxidant activity, which correlates with the high concentration of phenolic compounds in it. Sea
buckthorn fruits and leaves (Hippophae rhamnoides L.) have significant biological potential as a rich source of natural
antioxidants.

3. Unlike the leaves and pulp of sea buckthorn, 16 new substances were found in the seeds: Citric acid (Substance 22),
Tanshinlactone derivative (Substance 23), Quercetin-3-O-rhamnosyl glucosid (Substance 24), Isoquercitrin (Substance 25),
Kaempferol-3-O-hexoside-7-O rhamnoside (Substance 26), Quercetin-3-O-rhamnosyl glucosid (Substance 27), Quercetin-3-
O-sophoroside-7-O rhamnoside (Substance 28), Quercetin-3-O-rhamnosyl glucoside-7-O-rhamnoside (Substance 29),
Kaempferol-3-O-rutinoside (Substance 30), (e)Catechin-(e)Catechin (Substance 31), Kaempferol 3-O-glucoside (Substance
32), Isorhamnetin-3-O neohesperidoside (Substance 33), Rutin (Substance 34), Isorhamnetin-3-O-(6 rhamnosyl)hexoside
(Narcissin) (Substance 35), Isorhamnetin-O-dihexoside (Substance 36), Kaempferol-3-O-rutinoside (Substance 37) o
Quercetin (Substance 38).

4.  Sea buckthorn juice has been found to contain a significant amount of carbohydrates, including arabinose, glucose and
sucrose. Sea buckthorn leaves showed high concentrations of Na*, K*, Mg?* and Ca?" cations, especially Mg?* (577.6 ppm) and
K* (415.4 ppm). The cation content of the fruit varied significantly depending on the geographical region: The fruits of the
Erge variety are dominated by Mg?* (65.17 ppm) and K* (48.02 ppm), in Akhaltsikhe - K* (266.04 ppm) and Ca?* (34.08 ppm),
and the fruits of the Terjola variety are distinguished by the content of Mg?* (53.46 ppm) and K* (40.77 ppm). The obtained
data confirm the mineral value of sea buckthorn and the potential for its use in food and pharmaceutical purposes.

5. The results of the study of the influence of extraction methods (Soxhlet extraction, ultrasound, supercritical water
extraction, cold pressing) on the fatty acid composition of sea buckthorn seed oil show significant differences: The oil obtained
by each method was characterized by the presence of different fatty acids. The oil obtained by each method was characterized
by the presence of different fatty acids. 12 saturated fatty acids, 3 monounsaturated fatty acids, 2 polyunsaturated fatty acids,
and one trans unsaturated fatty acid were identified.

6. It was found that ultrasonic and supercritical water extraction methods provide high content of Oleic acid methyl ester
(C18:1n9c), a-Linolenic acid methyl ester (C18:3n3c) (omega-3), and Linoleic acid methyl ester (C18:2n6c) (omega-6) with
anti-inflammatory and regenerative properties. What is important for the treatment of superficial post-traumatic scars of the
eye. The cold-pressed extract is also characterized by significant concentrations of methyl ester of alpha-linolenic acid
(C18:3n3c) (omega-3), methyl ester of linoleic acid (C18:2n6c) (omega-6), and methyl ester of oleic acid (C18:1n9c). This
combination of fatty acids helps repair damaged tissue and reduce scar formation. Although Soxhlet extraction allows the
production of a wide range of fatty acids, its use for ointment preparation may be less desirable due to the formation of trans
fats and environmental concerns.

7. The research found that sea buckthorn pulp is a valuable raw material for the production of ophthalmic ointment. The
use of “green technologies” provides an environmentally friendly and efficient approach to obtaining biologically active
compounds. Four different types of medicinal preparations have been obtained from sea buckthorn pulp, differing in
composition and method of application: Lipophilic carotenoid concentrate (safflower oil), dry extract of carotenoids, and dry
extract of phenolic compounds.

8.  The ultrasonic extraction method was also used to obtain carotenoid-rich vegetable oil (Carotenoid concentration: 0.5941
mg/g dry weight), improved quality indicators (reduced acidity, peroxide, and n-anisidine values), and 3.5 times higher
antioxidant activity compared to the control oil. It can be used in the food industry as a carotenoid-enriched oil.

9. It has been established that the raw pulp of sea buckthorn, consisting of approximately 80% seeds and 20% fruit peel,
contains from 11.95% to 13.22% fat (calculated on a dry weight basis) and from 0.140 to 0.583 mg/g carotenoids (calculated
on a dry weight basis); Spectral analysis of phenolic compounds shows that the total phenol content in raw pulp is 89.41 mg/g,
of which 16.95 mg/g are phenolic acids and 64.71 mg/g are flavonoids. Flavonoids are mainly represented by catechins (25.90
mg/g) and leucoanthocyanins (44.45 mg/g). The antioxidant activity of sea buckthorn extract is quite high: 0.766 mg of sea
buckthorn extract is sufficient to inhibit 50% of DPPH radicals.

10. It has been established that ultrasonic probe extraction with 75% ethanol, as well as supercritical water extraction, are
effective and environmentally friendly methods for obtaining biologically active compounds from sea buckthorn pulp.
Comparing the yield of the preparations and the obtained data, from 100 g of crude extract by the ultrasonic probe method
(75% ethanol, 35 minutes) 6.72 g of lyophilized preparation were obtained, in which the phenol content was 4 g, namely 71.4
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mg/g dry weight, whereas with supercritical water extraction (water, 7 minutes) from 100 g of crude extract 5.2 g of lyophilized
preparation were obtained, in which the phenol content was 80 mg/g dry weight.

11.  Three preparations were obtained from sea buckthorn seeds using the supercritical CO2 extraction method: The oil is
enriched with polyunsaturated fatty acids, carotenoid concentrate, and phenolic compound concentrate. To achieve maximum
yield, the scCO2 extraction parameters were optimized: Pressure, temperature, carbon dioxide flow rate and extraction
duration. The optimal conditions were determined as follows: for carotenoids - 350 bar, 50°C, 20 g/min and 60 min; for lipids
- 500 bar, 50°C, 30 g/min and 60 min; for phenolic compounds - 380 bar, 60°C, 30 g/min, 10-20% ethanol and 30-60 min.

12.  Gas chromatography analysis showed significant differences in the fatty acid composition of sea buckthorn seed oil
extracted using Soxhlet and scCO2. Oil extracted using scCO2 is characterized by a significantly higher content of
polyunsaturated fatty acids. The oil yield obtained by scCO2 extraction was 20.75%, which was 1.5% higher than the oil yield
extracted with hexane (19.25%). scCO2 extraction provided a higher concentration of carotenoids (1.24 mg/g) compared to
Soxhlet extraction (0.95 mg/g). The use of ethanol as a co-solvent was found to be effective for the extraction of phenolic
compounds (scCO2 - 117.2 mg/g, Soxhlet - 90.11 mg/g). The obtained preparations exhibit stronger antioxidant activity
compared to traditional extraction methods.

13. The ophthalmological drug “Sea Buckthorn Eye Ointment” at a dose of 0.06 mg daily/at night, when applied to the

skin of experimental rats, does not cause skin irritation in animals.
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Description of carbohydrate calibration curves
3b®owo 1 Table 1.
Name Time R R"2 Standard Error Equation
Fructose 4.344 0.999791 0.999582 1.577167e+004 | Y = 4.36e+005 X + 6.44e+003
Glucose 5.351 0.999930 0.999860 2.187388e+004 | Y = 8.71e+005 X + 8.93e+003
Sucrose 7.236 0.999894 0.999788 2.178549e+004 | Y = 8.47e+005 X + 8.89e+003
Maltose 8.640 0.999877 0.999753 1.705166e+004 | Y = 6.14e+005 X + 6.96e+003
J5330L Bogmxol i3960L 655JoMFymgdol JOHMTsGMMogowmmo Fobolinsmgdergdo
Chromatographic characteristics of carbohydrates in sea buckthorn juice
36000 2 Table 2
Name Retention Time Area % Area Height Int Type Amount
1 Arabinose 3,227 1018478 45,25 81577 BB 4,664
2 Glucose 4,023 921615 40,95 39297 BB 8,235
3 Fructose 4,723 1606 0,07 266 BV 0,16
4 Sucrose 5,255 308894 13,73 15621 VB 2,98
BBHoBsOG 35¢0mboms 3sdmlssmgmgmo gmMamegdo
Formulas for calculating standard cations
3b6Mogmo 3 Table Ne3

1BOBIO G 659ODs Lo odMHM 3B¥Ygdo Calibration curves of standard compounds

Bo@®0wdol by 3o odMem IHMEOL GmMTwmEs
Sodium calibration curve formula

Y = 1.44e+005 X + 9.50e+004

35¢030L L35 0dMM IOHMEOL GnMIMWs
Potassium calibration curve formula

Y =7.79e+004 X + 6.01e+004

053609990L Lo od@mem 3OOl GmMTMs
Magnesium calibration curve formula

Y =2.97e+005 X + 2.76e+005

350 3030b L35 odGM IHMEOL GmMTMEs
Calcium calibration curve formula

Y =1.28e+005 X + 2.28e+005
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Figure 2. Chromatogram of leaf and fruit cations
395¢0mbgdol 499339 ™ds o330l BFmmmels s baygmado
Cation content in sea buckthorn leaves and berries
3b®oeo 4 Table 4
600<530-d5330 39¢0mbgdol 999339 mds, Cation content, ppm
Sea buckthorn sample Na- K Mg? Ca*
gmonmeo Leaf 177.2+0.419 415.4+0.623 577.6+0.552 26.2+0.166
603m3ob 50gdol syowo Sampling location Boymgzo
96pq Erge 7.2+0.096 48.02+0.192 65.17+0.207 3.07+0.065
ombowbs@o Tkhilnari 5.05+0.102 28.43+0.143 24.64+0.169 0.4+0.074
sbogoby Akhaltsikhe 14.62+0.168 | 266.04+0.301 21.6+0.175 34.08+0.133
0gbxms Terjola 5.34+0.096 40.77+0.158 53.46+0.182 2.04+0.035
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Figure 3. UPLC-PDA-MS spectrum of compound 1, m/z 191.03
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Figure 4. UPLC-PDA-MS spectrum of compound 2, m/z 133.00
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Figure 5. UPLC-MS spectrum of compounds 3 and 4
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Figure 6. UPLC-MS spectrum of compounds 5 and 6
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Figure 7. UPLC-PDA-MS spectrum of compound 7
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Figure 8. UPLC-PDA-MS spectrum of compound 8
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Figure 9. UPLC-PDA-MS spectrum of compound 9

250000
200000
35000.04
3000004

i 25m0.04

£ 20m0.0]
1500004
1000003

5000.0
[

200 400 &D0 800 1000 1200 1200
Minutes

£.732 Peak 1 - QD 25 WS Scan 28 ODa Negaty
9

25000.(

20000

15000.

10000.(

S000.0

20000 40000 60000 &0000 1000L

miz

9.177 Feak 1 - ODs 23: MS Scan 2% ODs Megative(-

200.00

40000  800.00

mz

800.00 1000(

=(-)

200.00 40000 60000

e

800.00

100000

53



Ly@smo 10. Bogmoghgds 10-ols UPLC-MS bdgd@co
Figure 10. UPLC-PDA-MS spectrum of compound 10
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Figure 11. UPLC-PDA-MS spectrum of compound 11
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Figure 12. UPLC-PDA-MS spectrum of compound 12
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bwMsmo 13. 5o3mogMgds 13-ols  UPLC-MS bdgd@oo
Figure 13. UPLC-PDA-MS spectrum of compound 13
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Figure 14. UPLC-PDA-MS spectrum of compound 14
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Figure 15. UPLC-PDA-MS spectrum of compound 15
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Figure 16. UPLC-PDA-MS spectrum of compound 16
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Figure 17. UPLC-PDA-MS spectrum of compound 17
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LwMsmo 18. Bogmoghgds 18-ols  UPLC-MS bdgd@mo
Figure 18. UPLC-PDA-MS spectrum of compound 18
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Figure 19. UPLC-PDA-MS spectrum of compound 1, m/z 190.99
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Figure 20. UPLC-PDA-MS spectrum of compound 2, m/z 133.00
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Figure 21. UPLC-PDA-MS spectrum of compound 19
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Figure 23. UPLC-PDA-MS spectrum of compound 6
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Figure 24. UPLC-PDA-MS spectrum of compound 8
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Figure 25. UPLC-PDA-MS spectrum of compound 7
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Figure 27. UPLC-PDA-MS spectrum of compound 11
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Figure 28. UPLC-PDA-MS spectrum of compound 12
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Figure 29. UPLC-PDA-MS spectrum of compound 13
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Figure 30. UPLC-PDA-MS spectrum of compound 21
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Lr@omo 31. 6ogmogMHgds 18-ob UPLC-MS L3gd@®o
Figure 31. UPLC-PDA-MS spectrum of compound 22

Jo330L BoEoLs S Bsygmgyol dBommmemaom®s@ 5J@0wMo Bsghomgdo
Quantitative analysis of phenolic compounds in sea buckthorn fruits and leaves

gb®owo 5 Table 5
MO m/z Bogmgzor OMEO
Ne BomogMgds Substance %Form?ﬂge’ [M - H}- ﬂui? 3 Lea?
069690 903900 Organic acids
1 3580l 853> Malic acid | CHoOs | 13295 [ + +
1396me 3560HdMBI;193900 Phenolic acids
2 Jobogdobob 85035 Quinacinic acid C7H1206 191,03
3 9o0l dg535b Ellagic acid C14HsOs 300,83 +
4 290l 5530 Gallic acid C7HeOs 168,82 + -
Rs3mbmogdo Flavonoids
5 239m3539Jobo Gallocatechin CisH1407 304,89 + +
6 030390m35¢3gdobo Epigallocatechin CisH140y 304,78 + -
7 0038690600 fHdngdee Ci6H107 609,27 + -
Isorhamnetin derivative
8 0bm®53bg@0bo Isorhamnetin CisH1207 314,85 + +

57



9 000016)0853@0615. -3-O- 6@@30}"00@—6)086(‘?000@0 CasHnOne 623.15 . .
Isorhamnetin -3-O-glucoside rhamnoside
10 0BmO5369E0bob -3-O- 6){39306.('1"00@0 Isorhamnetin-3- CasHnOne 623,01 . .
O-rutinoside
11 3539gobo Catechin Ci1sH140s 288,88 + -
12 339603930b60b-3-0-39dbmbo-7-0-d 3gdumbowo 609 15 . )
Quercetin-3-O-hexose-7-O-d hexose ’
13 339060006-3-0-6go0bebogo C7Hs0016 609,27 + +
Quercetin-3-O-rutinoside
14 0mG:089606-3- O 3ea30bogo CoHnOn | 476,99 N N
Isorhamnetin-3-O-glucoside
15 o‘bm@a@Bg@oB—BgB@m"oa—6)38501"90@0 Isorhamnetin- CarHsoO1s 593,03 . )
pentose-rhamnoside
16 36305600060 1 Procyanidin 1 C30H26012 476,80 + -
17 3630560060 2 Procyanidin 2 Cz0H26012 576,95 + -
18 30396 mboo Hyperoside C21H20012 462,8 + +
19 doob 8930 3pjbobooe CisHieO10 330.97 - N
Gallic acid hexose
20 3obwodod@obo Casuarictin Ca1H28026 934.31 - +
21 3098900 @-3-0-Ogmobnbogo CasHnOn6 592.95 - +
Kaempferol-3-O-rutinoside
35330L b9 Bogmazdo ggbmegdol Mom@gbmdMogo 993390 mds
Quantitative content of phenols in raw sea buckthorn fruits
3bMowo 6 Table 6
603m3ol spgdols boé];m((gagé)fmggi?o 39bM30MHdMBIz53900 LogOH M Fesgzmbmogdo
5300 Sampling ® < 00 3/ (036oby; Phenolic 0%/9 (09650 %by); Common
location Common phenols mg/g acids, mg/g (d eight) Flavonoids, mg/g (d eight)
(dry weight) » Mg/g (dry weig » Mg/g (dry weig
96 Erge 19.90+0.117 2.24+0.089 16.72+0.165
obowbs@o Tkhilnari 23.96+0.123 2.60+0.101 18.57+0.177
sbsobg Akhaltsikhe 34.94+0.202 3.43+0.144 27.01+0.2
ogbxmeo Terjola 30.58+0.188 3.12+0.174 26.85+0.245

J5330L By Bogmaizdo 39¢3)gdobgdols s wgo3meb@EHmEosbgdol 899339 mds
Quantitative content of catechins and leucoanthocyanins in raw sea buckthorn fruits

3b®owo 7 Table 7
609mBols s0gdol syowo 3989J0bgdo dp/p (88GSDbY); ©903056@M3056900 T/ (3G DY);
Sampling location Catechins, mg/g (dry weight) Leucoanthocyanins, mg/g (dry weight)
90 Erge 2.44+0.062 11.38+0.045
obowbsmo Tkhilnari 2.95+0.052 13.08+0.047
sbagobg Akhaltsikhe 4.10+0.075 18.78+0.061
o9ty mmo Terjola 3.66+0.066 16.44+0.032
35330 Bogmxyol s6EGomJbosbGMGMO sJBHOzMds
Antioxidant activity of sea buckthorn fruits
3b®owo 8 Table 8
DPPH 6o035¢00b 50% DPPH 650035¢0b 50% 06300069ds -
603mBol spgdols 0630006905 9 60ddols Jog®; BOOMBONO 5JEHOZMDS
5300 Samling Antioxidant activity - 50% (OmO3 1-0b BoOE™dY); Antioxidant
Location inhibition of DPPH radical per mg activity - 50% inhibition of DPPH radical -
sample relative activity (in the ratio of 1)
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96pq Erge 6.15+0.032 0.16
obowbsto
Tkhilnari 4.188+0.05 0.24
sboobg Akhaltsikhe 2.881+0.041 0.35
0gbxmeos Terjola 3.702+0.026 0.27
.
i
s,a) ML Lol l d,b) ' e

L6500 43. Jozz0b bogmn0sb bLmduErgEob FgmMEOoms (5) S M EHMIBdIIM0MO BMboom (B) JowgdwryEo bBgmob
3b00m3560 8553900L JOHMAoEMMsds; Figure 32. From sea buckthorn berries by the Soxhlet method (a) and fatty acid
chromatography of oil obtained using the Eutrabakter probe (b).

| | _se™ | i ww

b,a) <o A m. el ool b)b) N _ i S S
b©o00 44. Jo330L Bogmx0sb 3030 Hbgboms (5) s Bg3M0GHOIMWo Fywom (3) Fomgdmwo Bgmol sbodmzsbo
05539000 JOHMBo@BmyMsds; Figure 33. Chromatogram of fatty acids of oil obtained from sea buckthorn fruits by cold pressing
(a) and in supercritical water (b).

35330L Bogmr0sb bbgsalbgs dgmmmoom dowgdywo Bgmob 3bodmgzsbo 9753900

Component composition of carboxylic acids

3b®oeo 9 Table 9
3b00m3560 8553900L 990339 mds % Content of fatty acids (%)
6030096M9d0L 803°380b bergbegdob MY EGO50HIHONO 00336)0@)030.@ © 3030
O™ (Ho); 3900M0; . fywoom; With
Ne LB gds; Name of . bmbo; Ultrasonic - sfibgboom;
Retention Soxhlet supercritical
the substance . . probe Cold pressed
time (min) method water
p | Buoyrie aC‘(i.I(;’)ethyl ester 8.417 1.038:0.01 1.005+:0.01 0 0
g | Caproic aCl(‘é_g;ethyl ester 9.750 0.612:0.01 0.817:0.01 0. 764 0
3 | Caprylic ac(lg_g;’ethyl eS| 115500 0.337:0.005 0.361+0.004 0 0
ic aci hyl
4 | Capricacid methyl ester 14.350 0.747+0.01 0.853+0.01 0 0
(10:0)
ic aci hyl
5 | Undecanoicacid methy 15.817 0.0690.001 0 0 0
ester (C11:0)
Lauric acid methyl ester
6 20.933 0.966+0.01 0.836+0.01 0 0
(C12:0)
7 | Myristic a(cc“ll 4Ifz)’§thyl ST 90917 4.371:0.04 0.090 0 0.200
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8 Unknown 21.833 0.086+0.001 0 0 0
9 Unknown 22217 0.203+0.004 0 0 0
1o | Myristoicacid methyl 22.483 0.471:0.005 0 0 0

ester (C14:1)

Pentadecanoic acid
11 methy] ester (C15:0) 22.800 0.506:0.01 0 0 0
12 Unknown 23.833 0.064:0.001 0 0 0
13 | Palmiticacid methylester | g 16.317:0.04 10.164 10.121 29.102
(C16:0)

14 Unknown 26.117 0.105+0.001 0 0 0
|5 | Palmitoleicacid methyl 26.667 1.024:0.01 2.121 1.605 12.844

ester (C16:1)

Heptadic acid methyl
16 ester (C17:0) 27.417 0.280+0.003 0 0 0
17 | Stearicacid methyl ester 30.500 5.808:0.04 2.948 3.038 1.192
(C18:0)
Elaidic acid methyl ester
1 2.2 537+0.01
8 P 32.283 0.537+0.0 0 0 0
jg | Oleicacid methylester 32.800 20.359:0.04 21377 25.498 48.127
(C18:1n9c¢)
20 Unknown 33.083 0.9600.01 1.558 1.116 5.137
Linoleic acid methyl ester

21 (C18:2060) 06 36.400 30.724:0.04 46,512 48.335 41.998
gy | Arachidicacid methyl 38.067 0.228+0.005 0.229 0 0.113

ester (C20:0)

cis-11-Eicosenoic acid
2 40.1 181
3 methyl ester (C21:1) 0.100 0 0 0 0.18
a4 | ocLinolenicacid methyl 40.300 13.871 14.740 9.331 10.106
ester (C18:3n3c) ®3 ’ ’ ’ ’ ’
25 Unknown 40.833 0.317 0 0 0
cis-11,14-Ficosadienoic

26 acid methyl ester (C20:2) 42800 0 0.127 0 0
27 Behenate 44567 1.038:0.01 0.133 0.192 0
28 acid methyl ester (C24:0) 49.900 0.612+0.01 0.817+0.01 0 0

L5000 35. 2500b5899953905 50O Jo330L 393 (5) s 39BIMOL Fos3vYT539ds (3): 1 - MdOEWMBOBO

BM9d305 5 2 - 3bsfibgbo (mgliero s 3gb3mol 3sbo) Figure 35. Berry grinding process: 1 - pulp fraction and 2 - the

remaining solids (seeds and berry skin)
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L6500 36. OO MBI BMHOJ300L 39bEHMORMROMIOOo Tobob o) Bgws Bgbs- 3b0ddo dgfimbowo JsGMmE0bol
R6M5J309, 2) 895 13965 - FgsewBo bLboo s 3) 3o Bgbos - bogrgdo Figure 36. Centrifuged mass of pulp fraction: A) The
top layer is a fraction of carotenoids, weighted by fat. ~ B) The middle layer is water-soluble. C) The bottom layer is
sediment.

35330 bg0wo bsgmgzol 35058853905 - Labgb 3s6dsbsd0 BGsJ0mboMgds
Processing of raw sea buckthorn fruits - fractionation in a grinding machine
3b®oo 10 Table 10

39OHmGH0bgdol 890339 mds
RMJ30900 366@@060601_5 89930002 MOMOMYIWO BMod300L
% carotenoid content 2585g0350BOL
2359mbog0sbmdol 239m35¢olffobgdoom
bodydo Sample dobggzoom Fractions Ca3/d Cy/d C 3p/p 3Gr5¢m Tsboby carotenoid
by 690wy 336>00b) content, taking into account the
% yield Cmg/ 8 ofraw | Cmg/ & of dry yield of each fraction
weight weight C mg/g dry weight
306365 Berries 100 0.704+0,02 3.051+0,031 3.051+0,031
dogmdo Pulp 87 0.728+0,018 3.155+0,033 2.745+0,028
sbsfibgbo bgowo -
30630b 3260 2 13 1431:0,024 | 1.817:0,022 0.236+0,01
®9Lero Raw pressed -
berry skins and seeds

600Md0560 BMod300L 396EHOBMR0MIOOL 89gA9® F0WIOYO BMoJ30gd0L %-e0 2o3mbagEr0sbmds o
39603 0bgdob 8g9(339c™ds % yield and content of carotenoids in fractions obtained by centrifugation of the pulp fraction

gbMoeo 11 Table 11

BMd30900 %-Mwo 3950mE0bgdolL 890339c™ds carotenoid content

I g365gd30s - ®d0EMdO 3°00L53056md0l
Co 6
Fraction I - Pulp dobggoo Fractions 3sls %b/g e ¢ C 9p/p 3365 Bobsbg C
by % yield 2Ly C me/g 0 mg/g dry weight
Yoy raw weight

(395OOOGYROOIDIO - B> Bgbos -
39OmEobo s gbodo Centrifugation - 3.58+0,038 1.431+0,022 1.817+0,03
top layer - carotenoids and lipids

6050G08IFOOIONCO - 37> Bbs - 69.23+0,354 0.004+0,0008 0.046+0,0009
03960 Centrifuged - middle layer - juice

3050O08I300gRIo - J30w@> Bgb> -
Bogrgdo Mdomdom Centrifugation - 27.17+0,235 0.205+0,004 0.868+0,01
bottom layer - sediment with pulp
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(T s/ A8003: CAROTENE

Q

pasey 1/1

3afanne

0

3apava 3aseplueHa

Makc. 1 (404.60 nm)
045262 A

Makc. 2 (430.40 nm)
0.81066 A

nm: 345.20

Makc. 3 (452.00 nm)
— 1.08293 A

800

Makc. 4 (478.40 nm)
A:0.07215 w 0.89063 A

5,a) ; d.b)

3.C) N—

bmE@omo 38. Jo330lL  396GHGOBMR0MIOMWO MBOWMB0EIL 35OMEH06gd0L gJuBHEMJ30s MWEHGMBYIMoMO DBmbrol

990mom dbglrdBo@ol Bgool gsdmygbgdom: o) M GHEBYIO0MO BMbom 9JuEBHMod309, B) gduGMsgdzool 8999y

396GO08MR0Mg3wo Tobs, ) 9JuGHMed3059©g s JJuEHMSd300L BgEgye© dorgdo bgsmds; Fig. 38. Extraction of

carotenoids from centrifuged sea buckthorn pulp by the ultrasonic probe method using sunflower oil: a) extraction by

ultrasonic probe, b) centrifuged mass after extraction, c) difference before and after extraction.

3960m@0b0m 2580MHgdmo FBgbmdboMol Bymol bsGolbmdmogo dshzgbgdagdo
Quality indicators of sunflower oil enriched with carotenoids

3b®oeo 12 Table 12

bsGolbmdmogo 35B3969dgdo Quality indicators

dBgbmdBoMol Bgmol
Lo3mbG®Mm Bodmdo A
control sample of
sunflower oil

39Om@0bom
3°00GYdMo
3DgLIBoMOL Bgomo
Sunflower oil enriched with

603m3ol dog antioxidant activity, 50% inhibition
of DPPH radical, 0.1 mmol/L per mg sample

carotenoids
530Lv)Bsw;0 9553900 Free Faty Acid (as Oleic
acid, MW 282) 0,05+0.003 0,06+0.003
396 mgbool Goibzo Peroxide Value 2,80+0.047 2,56+0.03
060Boobol Mobgo Anisidine value 3,73+0.041 3,22+0.04
JoOm@GHobo dp/q carotenoids % - 0,05941+0.001
3b6B0mJLoBEHWMO sdBHogmds, 0.1 ddmen/en
(7
DPPH 6500035¢00b 50%-0560 06308060935 Iy 1.1740.018 0.33+0.005

35330L d0Md0EID BOMEMYOIMSE 5JEOMGO bsgMmIdOL MEHMBdYIO0MO HBMbom gJbEGmodEool Mm3EHoTsMo
306dJd0L ©s©yYbs Determination of optimal conditions for ultrasonic probe extraction of biologically active compounds
from sea buckthorn pulp
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936EH0MmJLosbEHMMO
LGHSROMHOMO
P TV T R 39Om@obo dp/y ?32{)5@?&’36?) 256 0gdBHogmdo - dp bodmdol
B350 BororotBdo 650 Folioby 355 dog® DPPH 6s0035¢00l
J extra 39 03 90300 23900562560L9d00 J 50% 0b30d06mgds
gent Yo extractive 1. 39005565M0L9gd0m .. ..
carotenoids in mg/g . antioxidant activity - 50%
substances % . extracted phenols in e
dry weight mg/g by weight inhibition of DPPH
g by weig radical per mg sample
§goco Water 6.61+0.111 0,121+0.015 6,324 0,647
0,
22:; /f‘é’f}?;’g" 7.31:0.121 0,282:0.01 9,805 0,470
0,
> g g‘; /2;’:}?;’130 7.29:0.081 0,703:0.02 13,661 0,239
0,
7%‘; /3;’:}?;’50 7.21:0.123 1.684:0.054 24213 0,163
()

LgH3m0 39. §00bmEosbo gduBH®sd@owsb 4°C 3gd3gMa@msbg 3s9mergdowo JoMmEobol dsbs

Figure 39. Mass of carotenoids precipitated from the ethanol extract at 4°C

35330L BHBOMdOEH FJogdMo 3M935M5FH0L 8905)bEMdS

Composition of the preparation obtained from sea buckthorn pulp

3bMowo 14 Table 14

100 ¢ 690000 HB0EMBOE6 Fo®gdwyo 2 g 36935M5EH0L 89dsabermds Composition of 2 g of the drug obtained
from 100 g of raw (23 g of dry pulp) sea buckthorn pulp

30BmENBo 2b6@0mgdloBEHWMO sdEH03mds - 3y bodmdol
8oy/3 Phenols 9096 DPPH 65©0035¢00b 50% 0630d06Mgds BOWS, 39d®obo, y Bob3omfgegdo, @
3 Antioxidant activity - 50% inhibition of DPPH Protein, g Pectin, g Carbohydrates, g
mg/g radical per mg sample
500+6.009 0,011+0.01 0,69+0.055 | 0,102+0.035 0,708+0.089

P bbb -
hpns - ol Nl
m=2493 s

S
Pb3e - Wbt
PP

60 mz g6y

@m0 40. 565(Bgbol BMadios, HMIgEoa Fomdmaagbl 39b3M0bL LsgBmm dobiol 13% Fgyagds 39630l 3sbols (20%)
5 0gLeoboysb (80%) Figure 40. The pulp, which makes up 13% of the total mass of the berries, consists of the skin of the
berries (20%) and seeds (80%)
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Jo330L 065(bgbols 39dob03 MG ogmas - Madzombomgds
Mechanical separation of sea buckthorn pulp — fractionation

3b®oeno 15 Table 15

396030bgdol F90(339mds 390$H0bgdoL B99E3gwmds
I 3659305 - 863930900 %-0 carotenoids content DOMMITIE0 FOoJ300b
9bsfibgbo 299mboga0sbmdol o5 6DSMB[;) 36@ oo(é(vgbob F6s
Fraction II - dobg3zom Fractions C 93%/ by C 33/2 806> gro30bfoby 0 ¥/o o=
. . 3sl5Bn With 3slsBn With 0oLy carotenoids content, taking
Pressing by % yield J J . .
mg/g wet weight | mg/g dry weight into account the yield of each
fraction, C mg/g dry weight
09gbeo 80 0.130+0.012 0.140+0.012 0.112
3963600 3560 20 0.566+0.019 0.583+0.019 0.117

3bodob 999339 mds Jo330L sb65fbgbdo Lbgsalibgs dgmmobl 3sd3mygbgdoo lipid content in sea buckthorn pulp using

different methods

3bMowo 16 Table 16

3@abognco dgmneo - GO0 IH0M0 Bmbom | bM3gH3MoGH03Mwo Fywwom
609dmdo samples Sodbaboo afbdaggos JuBHGodEos extraction with JLE®ogd30s Supercritical
I Classic method - hexane J G . J G .
. an ultrasonic probe water extraction
extraction
@gbepo/3bo 11,95:0.214 7,365+0.231 10,27+0.218
seeds/skin
»gbero Seeds 13,22+0.261 8,097+0.157 11,73+0.222

35330 965bgbol domeMmyoMMo 59EH0wmo b59OmMId0 s sbEHOMILOIBEMGO sgE0gmds Biologically active compounds
and antioxidant activity

3bMowo 17 Table 17

353300 96s§ibgbo (mgliemo/3060)Sea
BogM9d0 s 96¢0MJLoEsBbEHMMO sdEHozmds Chemical Buckthorn Extract (Seeds/Skin)
compounds 3538650 35371080
byeo Raw Vacuum dried

LogMomm g39bmagdo dy/a Total phenols mg/g 91.67+0.333 89.41+0.401

13960 30600mbT553900 /9y Phenolic acids mg/g 18.38+0.122 16.95+0.117

LogMHNM Gesgmbmogdo dg/y Total flavonoids mg/g 70.88+0.203 64.71+0.225

3909J0bgdo 3y/g Catechins mg/g 29.86+0.132 25.90+0.108

9030563 ™30569d0 39/ Leucoanthocyanins mg/g 40.56+0.2 44.45+0.195
3630mgdLoIBEHMMO sd@ozmds - DPPH Gsogzswol 50%

0630006gds 9y bodmdol dogM Antioxidant activity - 50% 0.638+0.038 0.766+0.036

inhibition of DPPH radical per mg sample

35330L ®gLE0s6 W030WIMO, 35OMEH0bMOEIMO s BIBMW NGO BEMSY309d0L L¥Y3gMZMHOEG0IIO
Bobdo®mMgoby00 gdu@Magdzool 3s6odgEHMmgdo Parameters of supercritical carbon dioxide extraction of lipid, carotenoid,
and phenolic fractions from sea buckthorn seeds

3b®owo 18 Table 18

1993963003030 B0EOHo (CO2+ 3m-Lmwggb@o) gdbBHHodaool 356M53g@EH™Mgdo Supercritical fluid extraction

parameters (CO2+ co-solvent)

06939,
(210N [ e ¥560
Fraction Pressure,
bar

399396053 ME, °C

Temperature, °C

C0280fm0g30b O;jb%(‘)ojgoob 3(\05—6 bmq»goglig)o_
BoRgs6rg 3/ffor CO2 6o, fjo JOOLO Fo Lo
feed rate g/min Extraction time, solvent
eed rate g/mi min Ethanol %
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bgomob dowgds Oil Consumption

1-4 | 350 | 50 | 20 | 60 | -
39600 GH0bmogdol domgds Consumtion of Carotenoids
5-8 | 500 | 50 | 30 | 60 | -
396mE@rGHo BogMmgdol dowgds Consumption of Phenolic Compounds
9-10 300 60 30 30 10
11-12 380 60 30 30 20

300b03wIM0 S LY39E3M0EH03MEo CO2 9dbEHIJE000 0G0 BOMEMYOYMI® odE0MOo bogHmgdo Biologically

active compounds obtained by classical and supercritical CO2 extraction

3b®oeo 19 Table 19

. 3503w FgmMEOm
Bogmmgd0lL g59mbogarosbmds Yield of Compounds Classical method SFE
3bodo % lipids % 19,25+0.159 20,75+0.154
390mGH0bmogdo dy/y carotenoids mg/g 0,95+0.081 1,24+0.002
LogOOM g39bmengdo dp/y total Phenols mg/g 90,11+0.355 117,2+0.545

<<<<<

303
L

| \ | .
|

e

_anan3

b) SN N

d)
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Figure 41. Sea buckthorn seed oil obtained by Soxhlet extraction (a) and SFE extraction (b).

bEJLEgEHOM S BY3MO0EH0IZMO BobBoMMMEsbY0 (SFE) gdu@Meqo®gdme Jo330oL mgberol bgmol 3bodmgsbo
05353900l 9905009bemdsdo  Fatty acid composition of sea buckthorn seed oil obtained by Soxhlet and supercritical carbon

dioxide (SCE) methods

gb®oeo 20 Table 20
99353900L Bgmo LeogbegBoom bgomo CO2
3003mbg6EH0L olisbgegds 6O (fo) 9JbGHGs30M9dMwo % 996G 5306098090
Component name Retention Oil extracted by the % CO2 extracted
time (min) Soxhlet method % from oil %
Palmitic acid methyl ester (C16:0) 24.967 37.064+0.301 39.019+0.327
Palmitoleic acid methyl ester (C16:1) 26.667 7.013+0.153 6.915+0.158
Stearic acid methyl ester (C18:0) 30.500 1.096+0.025 0
Oleic acid methyl ester (C18:1n9c¢) 32.800 44.236+0.455 38.257+0.411
m3bmdo 33.083 3.351+0.089 4.273+0.099
Linoleic acid methyl ester (C18:2n6c) 36.400 4.967+0.112 6.488+0.146
o-Linolenic acid methy]l ester
40.2 2.062+0.04 1.1580.
(C18:3n30) 0.267 062+0.045 58+0.037
cis-11,14-Eicosadienoic acid methyl 42,933 0.21120.005 3.89:0.054
ester (C20:2)
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L5000 42. 3560mEGH0bM0EIdOL BMJ30s (BMsgdzos 5 — 8)
Figure 42. Carotenoid fraction (fraction 5 — 8)
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b©5000 43. SFE - ob 365d305 5 — 8, B 300mEH060L JHmTs@EmyMads
Figure 43. Fraction 5 — 8 SFE, chromatogram of -carotene

1.604 ] Peak #2 - 8.978 - QDa 30: MS Scan
1.40] i 246\
12 ] k 4487
1.00{ d
66341
2 020 o

2] =
0eh = 2 64.41
0.40] N i

: &£
0.20] :

p ﬂ el
00— iy Apex

500 700 800 900 1000 1100
Minutes.

LbmEom0o 44. 39Jbsbom gJuEBHGIFOMYPOME RMJ3050 B 3oOMEHOOL JOMToBMyads

Figure 44. Chromatogram of f-carotene in the fraction extracted with hexane

J5330L ®9LE0EsH F0YdMEO 3019356M5FJOOL 56EHO0MJLOIBEHNMMO sd@03Mmds
Antioxidant activity of preparations obtained from sea buckthorn seeds
3bMoo 21 Table 21

3bBH0oMJLoIBEGHNMMO 5JBHo3mds - 9y bodmdol doge 0.1 ddmero DPPH Googzswrol 50%
0630006M9ds Antioxidant activity - 50% inhibition of DPPH radical 0.1 mmol/mg sample

93bGHGsgdool dgommo .. 39OmGH0bmogdo LagPomnm g9bmergdo
. 3bodo lipids .
Extraction method carotenoids total phenols
3@3L030O0 BOOQOD |y 75,4 049 1.411:0.057 0.88140.04
Classical method
SFE 0.89+0.021 0.717+0.018 0.622+0.02
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bE00 45. 330930LomM30L FgMBIMO MYNMO F0OHMSY3900
Figure 45. White rats were selected for the study

090M 30005339090 Foesdmb ©Eobol TobsliosmgdEgdo
Features of using ointment for white rats

3bMoo 22 Table 22
363:0500b @mba, 336%g 36935M5(0b EROYMO 0960 300m53900 White
§obsbidgarsco Dosage of the drug B0l 253ma1BBol
0NNV .. . Q© & AR rats
3 3 for application to the skin B3 3. 1550l
00QMU; 30O
# bagbo Rat OUY/©0sdMG0 | Bymdstgmds After using
gender gﬁ)m?(gﬁ)ocgo % 0g. Day/night |the daily dose of the drug, the (3(*)3#)5@0 QQIIJCO
Single mg, . .. Alive Deceased
mg. skin condition
1 | 85860 Male 0.01 0.06 35630 Good Gogbowo -
Alive
9yt 3mgbswo
2 Female 0.01 0.06 3960 Good Alive
3 | 85360 Male 0.01 0.06 35630 Good Gogboco -
Alive
Gl loTe) 3mgbswo )
4 Female 0.01 0.06 3960 Good Alive
5 | 85860 Male 0.01 0.06 35630 Good Gogboco -
Alive
99m0 3M@Ebswo )
6 Female 0.01 0.06 3960 Good Alive
7 | 85860 Male 0.01 0.06 360 Good Grgbao -
Alive
99m0 3MEbswo )
8 Female 0.01 0.06 3960 Good Alive
9 | 85800 Male 0.01 0.06 3560 Good Gogboo -
Alive
10 | Qoo 0.01 0.06 35630 Good 6OGbIo -
Female Alive
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