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53530 H9Mgomob Labgwdfoxm Mboggmbo@gdo;

365 390360
dJodool 393609690505 mEHMMO,
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6039ML0EIGHOL B0dWOM™Y35d0, sg3g ©b039MLOGHIEGHOL 390 3390y www.bsu.edu.ge.

dmmo  OHMLmszgol  babgwdfoxgm  MbogzgMbodg@ol  Lsdwbgdolidg@yzgwm  993bogMgdsms o
X9605330L 3531 EHYGHOL Boobg o0 LsdFml dEogs6o: 6565 Bs®bsdy


http://www.bsu.edu.ge/

dglsog5¢mo

0930b  5gGOEMdS. BEMOHOLEHWIWO MZ5BIBOOLOM 5F5MS JMMN-9MHMNO FOPIGO
09300605 565 oM EM LoJoMMZg ™0, 5M5d9E MY 5809M39335L0530 WS WMIL HMEILSE
3ROIOMwo  LBYdBHMOobs  ©  GHYOOLGHMWO  0bFOIBEHOMIBHOOL 2630005690
36003690m™m35605, OMAMmOE3  Mga0mbobmgzol, slg3g Loghomo  Jggybobogol  dg@o
59 B9 05 MHga0mbol 0bgdmoz0 MHglELYdOL JodowmGmo 33¢935 O MOEFOMbIGO
309mygbgdo.

L,  5OLYIMO  G3MEMPONNOHO  30OMDYB0EID  5dMmIE0bsMy 8B0d3zbgEm35605
d0MEMYPOMMSQ©  9JBH0Mo  6030m09MHdgd0m  dosMmo  dzgbsdgmwo  bywgmwol
99bfoges, MMIgoi 990dwgds  godmygbgdmmo  odbsl, MMmaMmeE 3OHMBOWsIEH03MOO0,
369396300 o LT3 MMbsEM BodwmoEgds. 58 FbMog LoobEgMglms Elaeagnus L. 33500l
Ubbgoolbgs Lobgmdgdo. oo 33wg3s d030bsmgmdl Almgwoml IMsgse  J399sbsdo
3980g9gbgd0ol LGBIOML AoBIOPNMZgdoL Jobbom. F396d0 y39wsDY 9GO POZMEILIONI0S
10s@0obL Elaeagnus umbellata Thunb. Usbgmds. ob Logs@mgzgermdo 0b@GH®Mm™M©30M90ve 0d
d39bstygms Moal 3093936905, MHMIGd0E 3909 TMIMAM 5P MOM03  3e0dSE1O
300MOJOL, OHMYMOE L3NG LoJoMmgeml Bm3zoL3oMs bmedo, 1939 oo dmosb
90bg0d0 s bollosmgds 3900 AbLbIMOsOMdOm. 0MbgEs35 5d0LYS (396560l JodorMo
0909960 MdOLS @S 2odmygbgdols  Jglobgd, Bzgbo Jgggboli Lobsdwgogdo LsdgEbogMH™
@OGIOGHMMS 56 sOBYOMBL 96 dogr0sb BGoM0s, M 56 Bogmzwom bswbme dgoiobsl,
LBoo3  299m0ygqbgdgb sl 3mF-b5Hersgz0l  ©o9350909d0L,  SBMgdOL  Lofobssmdgym,
06MHMbJo@ol @OML  sdMmbobggwgdgw, 963H039wdomE  153PWYdI© S 30GST0bgdOL
390953L900@. MEbMMO oEMGHIMST0 SOLYOIMOL 0bBMOT5305 53 435M0L  I39bsrgmo
d0MEWMYPOVIMSQ 5JBH0MEO BogMIMM: SE39M0Yd0, 35OMEH0bMoIdo, arozmbowgdo,
A9m396m0©gd0,  BEIOMOEId0,  BWs3mMbMmoado,  FobgGowMo  bogmogmgdgdo,
3035906900, m6MQ56mo 9553900 s bbgs 33e93900L Tgbobgd. 58 Bogmmgdl dosBbosom
09653000 93790b5¢0MdOL BoMM 13gdBHE0. 339656 A9BLH3MMYIO00 FEOWIM0S OGO



d0MEMYPOMSQ© 5dBH0OO BogMmol 999339 Mdom, MMIMOOES wo3Mm39bo, MHMIgwos
39800Mb9g35 35050 36EH0MJLO0IBEHMEMO 5dBH0MOMdOM S Bogargds GHmJloMos.

bogomzgermdo gdsGob bogmzo doMomss® byowo Lsboom dmobdstmgds s dolo
3959853905  b53wgds bgds. ol A3gMEgdcmogo  Foewol  dzgbodgs s BgbiBosb
500305330 0HMYd, o538 53539 POML 0EbL bobaMdeog g35¢39dLs3. LmMg sdo@Ema
@005 dobo go3MmE39gwgdol  39ML3YJH039, B3 30WI3 MNBOM FSBOOL Lobgwgmmwm
doBOU.

5990096 259MmI0bstg, dg@Eo 3603369c0m3560, BTEHOL, OHMYMEOF BOMEMAO0IMS©
594300 Bosghmgdom dosmo MalMLbol dglfogers s dolo, GMmAMOE Bwbjgomco
36 3HJooL bgwgmmol Homdmgdol 39ML3gdE030L Aoblobwgme.

3309306 J0Bbo o 59M 396900 - 939U Hogws MsbsdgMm ™39 Bobo3MM-JodoGo s
0bLEGHMMI9bEHIEo FgnMmEIdoL 25dmyqbgdom d3gbsto gds@ol 360dzbgemgsbo Jodom®o
Bogmmgdol:  bsbdomfgergdol, mMysbmwo  3553900L, dobyMowwmmo  bogmogMgdgdol,
B96MMOHo  bsgMmgdols o 39MMEH0bM0IdoL  M30LMOMOZ0 S MIMPIbMdMO30
9993390 mds HPLC-UV,Vis; RI, 3mbowddmdg@tmewo ©s UPLC-PDA, MS dgommogdol,
bbgoolbgs 30935Mo@mo s sbswobmEmo 13939d0l,  LmOMdYEEHLS s godblbgwols
259myqbgdom. RT5GHOL  bogmxzosb 0035697  9JuGH®eRIbGHOL @O MEE®dYIO00
93bGH®sgd3ool  gmmEoo  03m39639933390 30935 GHOL  B0PGdOL  M3EH0TOMEO
3060Mmd9g00L  oEYJbs s BIMOLLMIMOZ0  FobILOsMYPIWGOIOL  2oblsB@3Ms.  FAoEHob
09b0EIB 1Y3gOH RO GJLEMIJF00MS S MG MmO 9JLEHMIYIBEHOL BgMBgzom
Bgool doegds s oo bosmolbmdM03z0 sbolinsmgdegdol @iy bs 0bxcmsfioomgwo
1399EHOMBIM300LS O S0M-LoPbLOHO JOMAsEHMAMsgool (TRACE™ 1310 Gas Chromatograph
- Thermo Scientific) Usdooergdom. dopgdmeo  9du@®mad@gdolbs s  3MMm©MdEgool
3630mJboBEHWOO 54EGH0MOMBOL goblsbrg®s DPPH dgomoom.

33g30L Mmdogd@o - 396569 30530l Elaeagnus umbellata Thunb. bsagmgzo o gmommero.
608m89%0 500 0dbs LEAMIBAMGd™  Lodfogzol 3gMmom@do MmdEHmIdOHOL  dMEM,
69330l sLsfigolido (4 Harob obdsgarmdsdo 2015-2019) LodoM 39wl mmb bgoalbgs



6930mbdo B30l MboL obLb3sz90ME  Bodosmgby, by 10 bodwdo, 396Hdm
L599AMIEM - B9bs30 B30l MB0sb 283 (N1), 0dgEgmO - LETEHOMIOS B30l MBI 25
d (N2), 396005 - mDmM29000 B30l Mbosb 803 (N3), 5356 - Jmdwgmo-bL30l Mmbosb
50 (N4), ¢égbo B30l ©mbosb 33 (N5), sboewdgbo Bo3z0l ©Mbosd 1630 (N6),
b9w3565m60 BO308 Mmbosb 113 (N7), sFo6obfigscro-br30l mbowsb 1508 (N8), dJgcs
D030l ™Mb 2563 (N9), bmyerm Brz0l mbosb 9238 (N10).

3309300 8900MmEMmEMy0s — ool bosgmazol Hd0EMdOL, BmmeErol, mgberols s Jobsb
Pom8mgdmmo  30Gmd3gdol  Jodow®o  sbsgrobo  BosGots  msbsdgodmag
0bLEGHMMIIbE o gnMmEIOolL Q5dmygbgdom.

1. 896m@mo 659M900L 0I6EHOR0IHE0S M EHMSTo0gBIJBIOM0 ((bg30l) Lombmeo
JO®AsGHMAMs3009d0l UPLC-PDA, MS dgom@om;

2. Bsbdodfyergdols QO O06w90 951539000 030LMdM030 3bsE0bo
M350 qx39dGmo  ([bg30l) Loombm@o  JOmds@mydogo®mqgdol UPLC-PDA, MS
d9OMPOM;

3. Bobdom(iyegdols s MmOmYBMwo 3593900L GOMIbMdM030 sBserobo Fswowgngd@medo
(§6930L) LombrMo JOmAsEHmamogomgdol HPLC-UV,Vis; RI dgom@om;

4. 35¢0mbgdol 5bLsBEzMs HPLC- Conductyvity dgomm©oo;

5. B 390mEGH0b60LS s 03Mm3g60L MZ30LMdG0Z0 565¢0BO MeEHEIToMogz3gdErMo (Hbg30L)
LombMo JHms@maMszgo®mqdols UPLC-PDA, MS dgmmoo;

6. B 390MmEH0bols s 03m3960L BoMmYbMmdMm030 FoblisbL3z®ms B3gdEHMMEo dgom©om;

7. 56GH0mdLoBEHMMHO 5JBHOMOMBOL 2oblEBOZGMS (2.2-oxgbowr-1-303M 0w 30Msbowol
LEOBOWIMO M150035¢0l 250mygbgdom) DPPH dgommom;

8. LogMonm 3gbmergdol Hom@9bmdol 45blsb®zMs gmeob-Bomzsw@gml dgommemoo (Folin-
Ciocalteu) (ool 0553519 350059635600 dgd0m);

9. Bogmbmoadol  ®smEabmdMm030  goblobrz®s 13gdBHMmwo dgomooom  (AlCI-ol
9543030, O006BY 4505563560089d0m);



10. 3539406900l  Grom©gbmdcmogo  goblsbwz®s gsbowobols Mgod@ogzol  Lbydrswgdoom,
139G FGNMPO;

11. Bgool  33e935  0bgMsfomgmo  b3gdGHdmbim3ools (Agilent) @s soOH-Lombmeo
JO™AsGHMaMo300L (TRACE™ 1310 Gas Chromatograph - Thermo Scientific) Bsdwgoggdoom.

12, 300039 6030009690505 gdLEHMogd300BsmM30L A98MmYgbgdIE 0dbs Lm3ge 3M0EGH03MI0
$6930L oMo (SFE Waters, USA) @5 «@®sdggmomo gdud®sdazos (Hielscher-UP
400St ultrasonic processor, Germani).

13. 33650 503009M900L goblsDdrg®s - MRMJGH™MIgGHOMEo Jgmmpomn (AOAC 2005
Official Method);

14. 533060 95530960m00L-pH goblsbrg®s (AOAC 2005 Official Method);

15. Bo@®weo 9553096m00L 35bLsBMgzMms (AOAC 2005 Official Method).

16. fgerolbs o  dIMowo  Bogmogmgdool  aoblsbwgz®s - LEIbImEHWwoO,
09MIMAM53089EM0wo dgompom (AOAC 2005 Official Method);

17. BGoGHOLEGH03YMO 5B 0Do: MOMMIMEr JMbos3zgdBg godmmzErowro 0dbs bEIbIOE o
g™dowgds Excel-ols 36530 godmyqbgdom. Lo®fdmbmmdol 3mgz03096@&0 p < 0.05.
153936oghm Bosbang — LodoMmzqwmdo 306039ws© Bo@oMgdMe odbs g35M0 Elaeagnus L.-U
3930390900 bobgmdol gds@ol Elaeagnus umbellata Thunb. bsgmgolbs ©@s gmomeol
Jo80mm0 99960 mdol 33¢935, Jom0 259myqbgdols 3gL39dE03900L sm35¢oL0bgdO0.
05659900 ™39 B0B03MEM-Jodomemo s 0bLEH®I9bEH™MWwo IgmMYd0m - BorsegngdGH o
(HBg30L) Lombm@o HPLC-UV, RI, Conductometry s UPLC-PDA, MS 3d90:0m@gdol
99939md0m  Jgbfiogemoe  0dbs  Fomsero  9bEGHOMJLoIBEHMMO  5BHoMOM™MdOL dJmbg 21
196MMEOH0 65900, 2 35MMEH0bM0©O, 3 Bobdomfiywo, 4 MmMsbmwo 85535 s 5 3o@ombo.
39bLOBEZOME 0dbs BogHmmMs MomIbMmdMm030 999(3390Mds. 306M)39wo® 0465 oPqbowo
1053 0L b3gmxz30056 ,,d(39569“ 9JLEHMIBEHOLS s Y EHMNVdYYMOMO 9JuEOSJ300L BgOMPO
0303963993390 30935M530L 00930l Mm3E0ToemMo 3060MdJO0 @S FoblsbEzmmwo
0965 8009090 3601935M53H0L boerolbMmdm030 obslosmgdgdo. dgbfisgzerowo 0dbs omglerols

@5 Jobgob L3gH 3M0E03Mwo (693000 oMo 9duEHMJao0m JoMgdvIo Bgmols



JodomGo  99agbowmds  0bg®dsfomgmo  L3gdGHMmbim3ools @S soM-LombmEo
JO™AsGHmacmonool (TRACE™ 1310 Gas Chromatograph - Thermo Scientific) go8myggbgdoo.

B5s3OMAol Mmoo s  3ModBozemo  360836gmds —  33wg30L  F9gpgo0

§om8Mogbl dmE8vEo 3oMmEwMyomo Md0gJEHOL 9B 3OMBOWSEH036, 360939630
361935653900 399my9gbgdol dg36096me Bogdzgml. sbodbme 33w9390L 9dbgds 96
doMmG™  LgEboghm, 5M589 3MoJGH03MNWO s LMEOSWIOHO MOMYIMWIdS3. JJMIME

331930l 89092900056 259m80bstg gl I39bs6rg MBOM 39ML3YJGHOMWO S 500MJIIWO
390905, MHMaMOE sboero LsbggMEm Fyos®m. Mosbs3 9396969 6530gd Fmmbmgbsls

my9bgdl 605l s HomBs@gdom  2sdm0oyghgds  BsdmEgabo  dofgdbg  bossaol
L3935, 39PygH 1od0d BMbgdTo 2o0BOMYds Jobo 930 (39¢9d0L 3gML3gdEHo3s s ob
bemg3eol 33300MOLIMZ0L 04693 TSEJO0MO FgdmbogErol Hgstrm.

15335l 33MMDS30S - 33¢930L 9GO0 SLabwyemos 1 LadgbogHm LEGsEGosLs s 4
L59OMTMOOLM Bodg3boghm 3mbrgMgbEooL Tolioengddo.

©OLYOGSE00L IMEEMds O BEAH®MIGHMMs — ©OLYOGESE0s Fgagds 113 bsdgFwo
33900520,  MJBHMOOL  5350090MH0  bsGolboL  IMLsdmzggdws  FoMdmpygbowo
oLIOGHOE00L  35x3mMHIGO0L  0bLEHMI300L dJobgzom s FMoEsgL  LdsGHoGWw™  ©d
badmfig®gool 239MHGdL, FobssmULL, LrMsML 72, 3bBGOOL bmlbsl 16, Osa®Msdsl 8,
399mygbgdmmo  @o@ oG mmol  bolbols 114 gBogMel. doMomoso  BHgduGob
99050093960 M35805: Fgbo35¢0, oG MOGHWMMEo dodmbowrgs, 9Ju3gmHodgb@mwo bsfowo,
3900939000 256Lxs, 13365 . odmygbgd o o @gMo@wMol Bsdmbsmgoeo.

@oGIM5GHOMEo dodmboegs — bsdO®dol 30039 ms3do gobbowryemos di3gbaty
105Gl BOMWMYOIMHO IBIBOIMYDS, dOMOJBHOMMO bsgPMHMYdOL B9bmemMHo bsgMHmgdob,
390mGH0bmogdol,  Bsbdomfiyemgdol,  mOsbmwo  8g53900Ls @ FobgGaeMo
603009690930l 253039wqds 93965699080, Fsmm0  BoBOMEMYPOMEO  5gBHOMOMS.
oLMEGHSE0L 0B sberagl godmygqbgd o wo@gmsd Mol bos.



2.1. g8s¢ ol Elaeagnus umbellata Thunb. 6sgmggdol ¢gdbogmmo s gobozmm-Jodom®o
95h39690¢mgd0

3bLsbEzOIMo  0dbs  RIsGHoL  Elaeagnus umbellata Thunb-bL  Bogmagdols
MM56Mmm9g33H0301600 s BMP0gMHmo BoB03MM-Jodowemo Fobsliosmgdgwo: boymaols Bmds,
%960, RO, oL, IMEMYWMDS, MHBIOEIMBOLS S MJLEOL  Fodmbogswo, sdGHowmeo
9553056md5 (pH), 3o@Meo 955305600, 33600 60300096M9ds (Brix), 9sgo6-05535 0bgduo.
R0H039M-J0F0MM0 356589EGHMJOOL golsBMmTs 259mygbgd o odbs 0,01 39 dyMdbmdosy
GOBROMo 35¢0396mo (Traceable Digital Caliper-6”, VWR International). sUs gobbsb36Mmwo
oym 0,01 3-dg LobmBom (Mettler-Toledo AG, Greifensee).

939659 xdsGHOL INMOIs30, FMTgogm - dmBGH3I0M g9gdml fomgwo boymagdo
LBIOMBYOMOO FMOToLSS. Boymagol boa™dg 6,7-8,6 33, Logsbg 8,1-9,399—0s, dsbs 0,31-0,553,
beeom doimeemds 30 0,41-0,54 9. Boymazol doerosbo dsliols 68-80% Mdowrmdos, 20-32%
0gbeo (Lmeomo 1, gbMogro Nel).

br@omo 1. 38s@ob Elaeagnus umbellata bogmgzol ¢gdbozm@o dsbsliosmgdergdo



B0530b Bogmygdol ¢gdbo3n®mo Tsboliosmgdergdo

3bMogo Nel
60930 bmds 30 aslss dmgmememds, | dsbyy@o Gogo %
N;{j 39600 290 3mOIs

; Lopa®dg | Logsby | 13swo,y | 13swo, 8w | Mdogmdo | oglewo
90g5m—

1 foogmo | dm@Idm | dmdGyzserm | 7,6+0,09 | 8,2+0,1 | 0,310,002 | 0,3+0,003 75+1,1 25+0,37
(0Owsdm)

2 | Boorgwo | 278 | gaeagsane | 7,050,0 | 8,7:0,11 | 040,003 | 0,4150,004 | 731,09 | 27404
9 3om
G3dowo

,6+0,1 ;30,11 | 0.55+0,004 ,540, +1,1 2210,

3 foogeo (Berdceostion) dmdMagowm | 8,6+0,10 | 9,3+0 0.55+0,00 0,54+0,005 78+ +0,33
9 3om

4 foogwo dmdMagzoem | 6,8+0,08 | 8,2+0,09 | 0.52+0,004 | 0.52+0,005 68+1,02 | 32+0,48
dm0gnsdm
dnGH3om

5 foomgwo Berdeosden dmaczse | 7,9+0,09 | 8.1+0,09 | 0,38+0,003 | 0,38+0,003 73+1,09 | 27:0,4

6 foogero | dm@3dm | dmdcyzserm | 7,5+0,09 | 9,1+0,11 | 0.41+0,003 | 0,46+0,004 70+1,05 | 30+0,45

7 | fomgwo | 270R? | goaeagswn | 6,7:0,08 | 8,1:0,09 | 0.45:0,008 | 0,42:0,008 | 72+1,08 | 28:0,42
90553
90553

8 foomgaro dmdczse | 7,5£0,09 | 9,1+0,11 | 0,44+0,003 | 0,44+0,003 80+1,2 20+0,3
(0mOsdm)
G3dowo

9 foogaro dmacpgzse | 7,8£0,09 | 9,2+0,11 | 0,47+0,004 | 0,48+0,004 771,15 | 230,34
(0mOsdm)
dnGH3dm—

10 foomgaro dmdcpzseme | 7,4+0,08 | 8,7+0,1 | 0,43+0,003 | 0,44+0,003 74x1,11 | 2620,39
(0mOsdm)

0@ JM5EGHMOIE Imbs39990096 99069000 LogdoMm39wMb BHYMHOGHMM05DY 50900
RGOl bogmxuo  2odmoMBg3zs  Lo3dom© 3960  BHgdbozmMo  Bsboslosmgdargdoms  ©o

6560933037900 130L909000.




8dsEobL bogmgzol bmyoghomo Jodom®o dsbsliosmgdgeo

3bMoo N2
bodwmdo ddmsero AoG®mo 05906905535
° Bogmoghgds % PH 0535305605 % obogdlo
1 13.6+0,02 3.55+0,1 0.97+0,03 14,02+0,28
2 20.1+0,03 4.05+0,12 0.66+0,02 38,03+0,76
3 15.6+0,02 4.07+0,12 0.56+0,02 33.9+0,67
4 15.4+0,02 3.68+0,11 0.59+0,02 26.1+0,52
5 19,4+0,03 3.85+0,11 0.86+0,03 22,56+0,45
6 12.1+0,01 4.10+0,12 0.65+0,02 22.0+0,44
7 17.4+0,02 3.57+0,11 0.81+0,03 20,47+0,41
8 17.0+,02 3.92+0,12 0,72+0,03 22,37+0,44
9 20.2+0,03 3.69+0,11 0,85+0,03 23,76+0,43
10 21.1+0,03 3.76+0,11 0,83+0,03 25,42+0,51

396LsBE3MME 0dbs s3MgmM3g RTsEOL boymxzol Jodomdo dsh3z969degd0E. FdMsEo
503009M900L 439eoHg B0 Fob39690900 IGROJBOMES b gbol - 12,1%, bmerm
o050 21,3 % LYIGHMIPOOL BHIMOGHMO05DY s0gdMwo RJsEol boymado (gbGowro Ne2).
GOGH®0 3553056md0L 35B396909w0 IgMygmds 0,46-0,97% 8y, pH-ob 9583969990 30
3,55 - 4,10 -0¢09. y39esbHg dopswro pH-ob 3583969800 bolilosmgds Lgbszol bodwdo - 3,55,
439woHg 0SEom 30 sbserdabol 4,10. GHodOwo 9553056mdol domoo dsB396909er0
55304806 9d 0465 Lgbszol 0,97%, bmwm EBIWO MBYGMYgOL bogmando 0,56%.

38650 60300gMgdols s  BHoGOMEo 85539008 MobsBIMIEOMdS,  MHMIGro3
39000Lbgds Fodo®so35 0bgdlom 335 gdsEmdL 14,02 — 38,03 9HMYMEol BsMwgddo,
53 99L50580LOE 50LIBGdS Bogmaol MEMmRBMWY3E03MM M30L9090DY, 39MdmE boymazgdo
14,02 - 26,01-0q0g 8545635535 06@09Jb0m boliosmgd0sh dm@3dm Imdss3m 4gdmomo, bmerm
MBMOHRg0LS s BsIEHMYO00L Boymxgdo MRG® domsero 0bwgduoom 33,9 —38,03 dgsmgdom

A3000s 5 Bo3zwgdo 95539 (sbOoo Ne2).
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2.2.5385¢300L (Elaeagnus umbellata Thunb.) Bsgmgolss s gmoeols Bomemaom®mao sgéommo
6596007980L M30LMdGO30 s M3MEIBMIMOZ0 5B5¢POBO MEPEMS Foromgngddnco (Fgz0l)
boobm®o UPLC-PDA, MS, 950s¢9339d&w60 (§5930L5) Lombuyho JHmds@ma®sgotmgdolss
HPLC-UV, RI @5 13g3@®<eo 8900m@gdom
2.2.1.885¢0UL bagmgzols s 3momeols 39bmmamo Bsghogdol 0gbEoxso3sgos

LoJoOM3geml  Bbgoolbgs  BHIM0GHMM05Dg  29303EJgdo  FdoGol  bogmazol
13960 65gMHM9doL M30LMdM0Z TglHogersl 39HsMIMGd0m Fs®swgngd@do (Bg30L)
LoMbMOO JOMIsBHMPMIR0MGIOL TJPMPOM, MW EMI00LRBIM0, MJBOMII30mEo 0bwgdulol
©9399BH0Mgd0l  89039mdom, bmerm 0 6EH0R035300b5M30L  Jodmygbgdmwo  0dbs
MEG995059539dGHM0 ((6930L) LoMbOO JOMIsEHMEMsz30Mgds (UPLC) dsl (MS) o
B0GHMEonEco  (PDA)  ©9®9dd™m®o.  bsghmgdol  33w935,  0096GH08035300 @
6509bMdM030 565¢00B0 @M UPLC-PDA-MS 99mm©ob 359mygbgdoom.

503009090505 00096EHO0R035305L 35bgbom B396L bgerm sOLYdME0 bEObIOEHIO
6590900l g98mygbgdoom s bogmogMgdsms dsbol https://metlin.scripps.edu ms30LvGBs0
05bBol, 893y  ©9396B0MGOMWO  OBHIMOGHMOIO  AdTM3gdgd0L  dMbo3gdmsb
0905M900m.  JOMISGHMAMIGOM  ©IYMRBI©I  39bIbom  Bodmdol  IMmIBoYdLL
JOMEGMAM73060900b5M30L Yot BsDBMzb0  gJuBHMojgoom, C18 U39RH DY doBoMgdoom
(Lmoomo 23).

3.000e+005

2.000e+005
2
g

1.000e+005 £

200.00

400.00

o~ 600.00
e

800.00

200 400 600 800
Minutes

LMo 2. Bdo@obL bogmaols UPLC-PDA- MS 3D d6m8s@ ™60
1053 0L Elaeagnus umbellata Thunb. Boymado geogmbmen geozmbBogdol LC-MS-
PDA 3300359 L53v5e0gds 9my33d 8395065 99900930 65900900l 00096EH03035309:
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Bogmogigds 1 [M-H-]- m/z 740,79 odbo6gds Jomds@masdstby 893539008 oMmom
3,647 d05bmddol doduodmdoom 223,4 nm. 6030m0)MHJdsms Lol https://metlin.scripps.edu
0530LBOWO  B5HBOM S WOGHIOIGHMM0m BogmogMgds 1 Tggbodsdgds Quercetin-O-
(pentosyl)hexoside-O-rhamnoside (l«yGomo 3).

Bogmoggds 2 [M-H-]- m/z 759,01 godbo6gds Jemds@masdstby 993539006 oMmom
3,800, dmobngddol 2  dsdubodmdoon 2259nm s 334,8 nm  bBogzgmog®gdoms  dsbiols

https://metlin.scripps.edu  ®sgolwyRscmo  dsBom @S  WOBHYOHIGHMOH0m  bogmoghgds 2

0999L5ds39ds Isorhamnetin-O-glucuronide derivative (L«)®s0m0 4).

6030m0gMgds 3 [M-H-]" m/z 594,77 3oduo6gds JOmas@ma6eds®g 893939908 0OHmom
4,126 doobmddol 3 9dsjulodmdood 223,4nm, 255,2nm o 349,1nm bogmogmgdoms dsbols
https://metlin.scripps.edu  ®sgolwygomo  dsBom @5  WOGHIOHIGHOH0om  bogmoghgds 3
999Lod539ds Quercetin-O-(pentosyl)hexoside (LGomo 5).

60300090M90s 4 [M-H-] m/z 562,87 goduo®gds JOrmds@mameds®g 99393900l oMo
5,425 Qomsbogdol 2 doduodmdoo 2253 nm s 284,1lnm  bBogmogMgdsms  dsbiols

https://metlin.scripps.edu  ®sgolwyRocmo  dsbBom @S  @OGHIOIGHMO0om bogmoghmads 4

999L50509ds Sinapic acid-O-pentosyl(hexoside) (formate adduct) (Lv)Hs00 6).

Peak #5 - 3.647 - QDa 18: MS S... Peak #6 - 3.800 - QDa 18: MS S... Peak #7 - 4126 - QDa 19: MS S... Peak #11 - 5.425 - QDa 1: MS S...

4 R259 .4255.2 .3 2841
334.8 349.1
446.9

740.79 759.01 594.77 562.87

888.66
08.85

598.10 95.33 09.53

364.95

L ptaiidlo . ! { L . NN | o du l‘ kol
Apex Apex Apex Apex

LSO 3. bH500 4. bYH500 5. L5000 6.
by@somo 3. bogmoghgds 1- Quercetin-O-(pentosyl)hexoside-O-rhamnoside. bwyMsomo 4.
6030090905 2— Isorhamnetin-O-glucuronide derivative. bvy®s0mo 5. 6o3m0g©gds 3— Quercetin-
O-(pentosyl)hexoside. Lw)@s00 6. bog3m09Mgds 4— Sinapic acid-O-pentosyl(hexoside) (formate
adduct) UPLC-PDA-MS UL3gd@®o.
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Bogmogigds 5 [M-H-]" m/z 592,85 odlo6gds JOrmds@myMsdsbyg 89393990l codmom 6,991
doobomddolb 2 dodbodmdoon  266,3nm s 313, 7nm  Bogmog@gdsms  dsbols

https://metlin.scripps.edu  ®sg30bw)Rscmo  dsHBom @S WOGHYOSGHO0  bogmoghhgds 5
999L5ds090s Kaempferol-O-(coumaroyl)hexoside (Lwy®osmo 7).

B03m09Mgds 6 [M-H-] m/z 756,95 3odbo®gds JOmds@ma®sds®yg 89353900L codmoom 7,300,
doobmddolb 2 doduvodmdoo»  255,2 nm s 3547 nm  bBogmog®gdoms  dsbiols

https://metlin.scripps.edu  ®sgolwyRoemo  dsHBom @S  WOGHIOIGHMM0m  bogmogmads 6

999L5dsd9ds Quercetin-O-(pentosyl)hexoside-O-hexoside (LwyHsmo 8).

bogmog®gds 7 [M-H-] m/z 581,70 godlo®mgds JOHmBs@my®sdsby 893539008 oMHmom 7,479
doobomddolb 2 dsjlodmdood  217,4nm o 277,3 nm  bogmogmgdsms - dsbols
https://metlin.scripps.edu  ®sgolwyRocmo  dsBom @S WOGHIOIGHOH0m  bogmoghmgds 7
999Lodsdgds Diosmetin-8-C-hexoside-C-hexoside (LsGomo 9).

6030009M90s 8 [M-H-]" m/z 385,04 530JLoM@gds JOMTEMAMd5%g 993539008 M™om 7,990,
doobmddolb 2 doduodmdoo»  238,7 nm s 3304 nm bBogmog®gdoms  dsbiols

https://metlin.scripps.edu = ®sgolwygocmo  dsBom @5  WOGHIOHIGHO0om bogmoghmgds 8

999Lodsdgds Sinapic acid-O-hexoside (LGoomo 10).

Peak #12 - 6.991 - QDa 1: MS S... Peak #3 - 7.300 - QDa 29... Peak #13 - 7.479 - QDa 18: MS ... Peak #5 - 7.990 - QDa 1: ...

266.3 313 2552 354.7 773 238.7 3304
p17.4
478.7498.0 71.2490.5 360.9 408.2432.5 470.6499.2

592.85 756.95 581.70 385.04

1136.52

958.27
93.75 ['57.90

956.93| 328.97|

R R o L bl L i, mmm”mlN‘nMV ”MMMMM\WHJ.M\L il “.‘“m L

Apex Apex Apex Apex

LS00 7. LSO 8. b0 9. LyyBsomo 10.

b0 7. bogmogMgds 5— Kaempferol-O-(coumaroyl)hexoside; bvg@smo 8. bogmoghgds 6-
Quercetin-O-(pentosyl)hexoside-O-hexoside; byMsmo 9. bogmoghgds 7— Diosmetin-8-C-
hexoside-C-hexoside; bvy@omo 10. bogmoghgds 8- Sinapic acid-O-hexoside UPLC-PDA-MS
L39J@®o.
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Bogmogigds 9 [M-H-]" m/z 448,87530Ju06 @905 JOH™MTo@MyMsdsBg 89353900L odmom 8,639,
doobomddolb 2 doduodmdoo» 221.0 63 s 2934 63 bBogzmogMgdsms  dsbob

https://metlin.scripps.edu  ®sgolwRomo  dsBom @S  WOBHYOIGHMOH0om  bogmoghmgds 9
399L5dsd9ds Dihydrokaempferol-O-hexoside (LvyMomo 11).

Bogmog®gds 10 [M-H-] m/z 463,32 3odLo®gds JOHmBs@my®sdsbg 993939006 Mmoo 9,487,
doobomddolb 2 doduodmdoon  2559nm s 354, lnm  Bogmogdgdsms  dsbiols

https://metlin.scripps.edu = ®og0lw)Rscmo  dobBom ©s  WoGHIMGMMHom  bogmoghgds 10

999L5ds090s Quercetin-O-hexoside (LwyOsmo 12).

Bogmoghgds 11 [M-H-]" m/z 754,85 g30dLo®Mgds JOmAs@ma®medstbg 893539006 @OMom
10,797, Qmsbngdol 2 9dsjubodmdoo 254,0 nm o 354,7nm  bogmogMgdsms  dslols
https://metlin.scripps.edu = ®s30lbwRscmo  dsbBom s OGHIOGHMMom  bogmoghgds 11
999Lodsd90s Kaempferol-O-dihexoside-O-rhamnoside (Lvy®oomo 13).

60300090905 12 [M-H-]" m/z 622,67 30JLo6 @905 JOmBs@ma®sdsBy 993939008 Mmoo 12,104
doobmddolb 2 dsdbodmdoon  254,6nm s  353,5nm  Bogmogmgdsms  dsbiols

https://metlin.scripps.edu = ®s30lbwRscmo  dsbBom ©s OFGHIOGHMMom  bogmoghgds 12

999Lodsdgds Diosmetin-O-dihexoside (b)Goomo 14).

Peak #6 - 8.639 - QDa 1: ... Peak #8 - 9.487 - QDa 1: ... Peak #10 - 10.797 - QDa ... Peak #13 - 12.104 - QDa ...
1.0203.4 2559  354.1 2540 354.7 28 3535
468.1 490.5| 68.14\98.0 473.0

448.87 54.85 622.67

-
535.08609.35

477.39
624.21

ol g Ll llh\wu Lol a1 P O R R TR A T [ TR A TR ”‘H‘ I 'lh ‘M M m | “ ‘ ‘ L1 ‘MH\ Ih
Apex Apex Apex Apex
LyBosomo 11. LbyGoomo 12. LbyyGomo 13. LyBsomo 14.

LMoo 11. BogmogMgds 9- Dihydrokaempferol-O-hexoside. byy@omo 12. bogmoghgds 10-
Quercetin-O-hexoside; bm@smo 13. bogmogmgods 11- Kaempferol-O-dihexoside-O-rhamnoside;
b0 14. 60300096M9ds 12- Diosmetin-O-dihexoside UPLC-PDA-MS b3gd@&&o.
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BogmogMgds 13 [M-H-] m/z 649,48 30406905 JOMBoGHMacsds®g 99353900L oOHmom 12,915
doobomddolb 2 dodbodmdoon 254,0nm s  3385nm  Bogmog@gdsms  dsbiols

https://metlin.scripps.edu  ®s30lbwRsemo  dsbBom ©s WOoFGHIMGHMMom  bogmoghgds 13
999Lodsd9ds 2-Methylaconitate derivative (bvy@omo 15).

Bogmog®gds 14 [M-H-] m/z 608,79 godbotgds JHmds@my®sdsby 99353900l oOmoo 14,184
doobmddolb 3 doduodwmdood 226,5nm, 284, 7nm s 332,9nm  bogmogMgdoms  dsbiob

https://metlin.scripps.edu = ®og0lbw)Rscmo  doBom ©s  WoGHIMGMH0om bogmoghgds 14

999Lodsd9ds Kaempferol-O-dihexoside (Lwy®smo 16).

6030090905 15 [M-H-] m/z 446,85 30JLo6 @905 JOMBsGHMacsdsBg 89353900L oMHmom 14,406
doobomddolb 2 dodbodmdoon  264,4nm s  3479nm  Bogmogdgdsms  dsbiols
https://metlin.scripps.edu = ®s30LbwBsco  dsBom ©s OFHIOGHMMom bogmoghgds 15
999Lodsdgds Kaempferol-O-hexoside (boyGoomo 17).

60300096905 16 [M-H-] m/z 477,10 0Jbo6 @905 JOMmBsGmacsds®g 89393900L coHmom 14,674
doobmddolb 2 dsjubodmdoo» 253,4 nm s 349,7nm  bogmogMgdoms - dsbob

https://metlin.scripps.edu = ®o30bw)Rscm0  doHBo® s  WOGHIMGHMMOom  bogmoghgds 16

999Lodsdgds Isorhamnetin-O-hexoside (L@omo 18).

Peak #16 - 12.915 - QDa ... Peak #19 - 14.184 - QDa ... Peak #20 - 14.406 - QDa ... Peak #21 - 14.674 - QDa ...

2540 3385 65,847 26844 3479 2534  349.7

332.9
466.8 436.9 64.3479.9 79.9495.5)
649. 608.79 446.85 47710
76.65
609.34 813.00
TRV T L Wanwolhil o Llia N m’nl L L\ bt ) I A T P bt 1
Apex Apex Apex Apex
LyBsmo 15. LOsmo 16. LbyGomo 17. LBsomo 18.

byMsmo 15. Bogmoghgds 13- 2-Methylaconitate derivative; bog@somo 16. Bogmoghgds 14-
Kaempferol-O-dihexoside; bvgMsomo 17. bogmoghgds 15- Kaempferol-O-hexoside; LwmGomo 18.
BogmogMgds 16- Isorhamnetin-O-hexoside UPLC-PDA-MS b3gd@&o.
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1305@0b Elaeagnus umbellata Thunb. gmome8o g3enogmbme» aewo3mBogdols LC-MS-

PDA 3319358 Ls8vgoemgds dmagas 9my3gbobs 89890 Bog®ogdol 0wgb@doxo3s30s,
Lmeoomo 19).

| 6.000e+005
2.50 & L
N lib
o o oUl L
2001 B 'i "i ,?I' 400084005z
& o © DR N~ o S
f Oy D NGRS < ) | =
) p ") ) N c
1504 L © P B N o ¢ qﬁ;?ﬁ% | 2.000e+005
2 ’ e) o o @ Ny T mrmu)uj L
< 0 0o ® I 0 N g .m,mﬁ —
s g0 O s a 0n 1 o v} L
1.00] gpdoe o @ Do QI [ 0.000e+000
. '!: ITe) @ © n LON ! < "Q")N
H W IR ¥ O NG i 200.00
050 (0 @ 2@ g3 O 5 "o Qoo ' [400.00
50 % 2 :
¥ in Q= i 600.00
ook J||| Ii ) | il 800.00
Rl &8> XL XX & [COXOOXELH A
T b eh s W 2l wod ‘ ‘ 1000.00
0.0 2.0 4.00 6.00 8.00 10.00 12.00 14.00 5.00 10.00
Minutes Minutes

LSO 19: gds@ol Elaeagnus umbellata Thunb. gmorerols UPLC-PDA- MS 3D
JOM™@MAEM5d>

603m09Mgds 17 [M-H-] m/z 782,50 godbo®qgds JHmds@ma®sdsby 99393980L odmoo 3,092,
dmobmngdolb  doduodwmdom 211,99 nm  6ogmogMgdoms dsbol  https://metlin.scripps.edu
053095350 BsDOM 5 WO EIMSGVIM00 bogmogMgds 17 Gggbsdsdgds bis-HHDP-O-glucose
(Lmeomo 20).

bogmogigds 18 [M-H-]" m/z 547,05 godloMgds JOmIs@myMsdsty 993939008 Mmoo 4,871
dooboddolb 2 dodubodmdoon  252,8nm s  350,3nm  Bogmogmgdsms  dsbiols

https://metlin.scripps.edu  ms30bvRoo  35Bom s  WOGHIMGHWOom bogmoghgds 18
099L50509d5 Saccharide (LvyHsmo 21).
bogmoghgds 19 [M-H-]" m/z 608,92 godloMqds JOmds@my®msdsby 99393900L Mmoo 4,944

BogmogMgdsms dsbols https://metlin.scripps.edu 053095350 35HOM s WOGHIMIGHIOMO

6030009690519 FgqLodsdgds Isorhamnetin-O-pentosyl(hexoside) (LvyGomo 22).
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Peak #7 3092 QDa L: MS Scan Peak #15 - 4871-QDa 18: MS Scan 1200000 Peak L - Q%%é9é“2"5 Scan 19: QDa Nega

9 \
L /n\/@L 1000000

80000.0-

782,50 30091

60000.01
57 05609.05

40000.0-

783.20
505.18 20000.0+

@MML[MMM\w‘uhm‘m‘.‘Hm DL " J\ L

Apex Apex

G g A‘nL A‘AL‘\‘\ L i
200,00 400.00 600.00 800.001000.00L200.00
mz

byGsmo 20. LOoomo 21. LSO 22.

by®sm0o 20. 603096 qds 17- bis-HHDP-O-glucose; boydsoo 21. bogmoghgds 18- Saccharide;
L3O 22. 6030gMHgds 19- Isorhamnetin-O-pentosyl(hexoside) UPLC-PDA-MS L39J@®o.

3905 5dols gdsEol gmmmerdo bogmgols dbgoglo 09bEGH0B0E0MIdMmo 0dbs
Bogmogtads 3 (Quercetin-O-(pentosyl)hexoside), bogmogMgds 4 (Sinapic acid-O-
pentosyl(hexoside) (formate adduct)), 60ogmog®gds 5 (Kaempferol-O-(coumaroyl)hexoside),
Bogmogeqds 15 (Kaempferol-O-hexoside).

2.2.2.5395¢0L bsgmEBols s ool domEMmyorM® 5§@0wMo 6sgMmgdols - bsgMom
196mmgdoL, Bs3mbmoIdoLs s 353gJobgdo MombmdMmO30 gsblsBEM3MS s Ismo
36&0MJLoEBEHMBO 5§E0MHMdOL ©sPI0s

99L093000s Bodo®mm3zgemlb mmb bbgosbbgs  Mgaombols bsdgyMgurml  (Lgbszo),
23600L (MHYHY)00), 089M9g00Ls (LHFGHMYOS) S 5F5MOL (byerm, Jgws, SFoMOLfYswro,
bgwg5BsmM0, Jmdmwgmo, sbosedgbo, wMgbo) GHIMOGHMMm05BY  sMgdmwo gds@ol 10
608m80L Boymazgdolis s BMmEgdol BGbMW MO Bogcmmgdo. 4obLEBOZMMEo 0dbs LogOom
1396Mqd0L, REs3MmbM0EYOIOLs s BWH356-3-gdoll MomgbmdMmogo 999(3390Mds
5039600 0d6s 3500 96EH0MJLOIBEHMMO 5dBHOoMOMdS.
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R530bL bogmygddo Loghomm ggbmmgdols, gesgzmbmogdol, 3s@gdobgdols
0993300d5 5 35000 B E0MJ0EBEHMO SEHoMGOmMdS

3bMowo N3
oo | amaie | STo0R0 | kb | o B I,
0 Jp/1009 Bgcoa 3slssby Bgce 3slssby 0.1 H 50 % 0b30d0tgds
6o dslssbg dp, 6039900
1 230,1+4,60 125,08+2,50 86,28+1,73 16,01+0,32
2 222,92+4,46 121,57+2,43 78,36+1,57 17,90+0,36
3 298,00+5,96 186,4+3,73 96,02+1,92 13,51+0,27
4 209,18+4,18 112,06+2,24 76,54+1,53 21,35+0,43
5 267,65+5,35 168,,58+3,37 91,90+1,84 14,79+0,30
6 308,00+6,16 188,58+3,77 106,90+2,14 14,13+0,28
7 334,00+6,68 196,8+3,94 123,8+2,48 12,36+0,25
8 379,46+7,59 208,01+4,16 138,99+2,78 11,64+0,23
9 454,00+9,08 270,85+5,42 145,52+2,91 11,03 +0,22
10 520,63+10,41 338,62+6,77 160,92+3,22 10,71+0,21

1ds@olL  Elaeagnus umbellate Thunb-U bogmeqddo ULogMom

dgoygmdl  209,18-520,63 3/100y,
39%9J0obgdols  76,54-160,9209/100y (Bgoen dsLoBg) FoMAwqddo. Lsdogg

5396M900L  Momgbmds

REog3mbmogdol  112,06-338,62 dp/100y, bmeom

d90mbggzsdo

439wy dowseo 85639698900 Ix0JloMEs byeml 3gmHo@m®mosbg s0gdme 60dvddo,
520,639%/100p, gsgmbmogdo 338,62 dp/100y, 3539Jobgdo

160,9282/1009, bmmm g439msbg ©s0seo 358396909000  498momBym©s  JMmdmegmols

Logom  ggbmengdo

60dm8o, Loghom  xg9bmegdol Gomgbmds oym 209,1833/100y,

8/100g,

R53Mmbmogdols

112,0609/1009,  35¢gbobgdols 76,54 0odbs  dsmo

56930 @epgbocro
3bGH0MmJLoBEHMOO  5dBHoMOMdS. FAsEHOL Boymaxzdo  96EH0MJLOBEGHMOO  sdEHoOMdOoL
d5h396909o dgeygmds 10,71-21,35 (DPPH -ob 0.1 H 50 % o0b3odoMgds dy, bodwdom)
9ODIMEOlL BoMRe030. o0 5dBHOMOMO0m godmoMbgms bryeml bodmdo 10,71,

b ©sdswom 30 Jmdmwgmol 21,35 (gbMHogro Ne3).
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R0530L BomEgddo LagHomm ggbmmagdol, Bwsgmbmogdol, 3s¢gdobydol
0993300d5 5 35000 3BE0MJ0EBEHMO SGHoMOMdS

3bMoo Ne4
g 36@0mgdulosbEmmo
Bodv380 B9BENRO BEs3mbMmo©gdo 39¢9Jdobgdo sg@owydmds DPPH -
- 30/100 3p/1009 dp/1009 ol 0.1 H509%
) . o/ 8.')13)% Bgcoem Bssby Bgcoem BBy 0630806905
e ) dp, 6089800
1 2150,23+21,50 | 1505,24+15,05 595,38+5,95 2,60+0,02
2 2087,38+20,87 | 1460,87+14,60 577,43+5,77 2,72+0,02
3 2300,15+23,00 | 1623,45+16,23 637,21+6,37 2,44+0,02
4 1936,40+19,36 | 1355,25+13,55 563,26+5,63 3,04+0,03
5 2527,04+25,27 | 1718,36+17,18 789,50+7,89 2,39+0,02
6 2832,00+28,32 1915,76+19,15 902,08+9,02 2,17+0,02
7 3200,00+32,01 2173,54+21,73 1014,22+10,14 2,05+0,02
8 3136,80+31,36 | 2118,48+21,18 1004,32+10,04 1,94+0,01
9 3582,50+35,82 | 2435,76+24,35 1100,24+11,21 1,69+0,01
10 4058,00+40,58 | 2827,59+28,27 1174,03+11,74 1,13+0,01

1030 Elaeagnus umbellate Thunb-U gmomwgddo LosgHomm 59bmegdol Gom@gbmds
dgMygmdlL 1936,40-4058,00 3/1009, gwsgmbmoqgdol 1355,25-2827,5933/100y, bmerm
3949J0bgdol 563,26-1174,03 32/1009 (bgoer dsbsBg) BoMawgddo. BdsEOL FmmEgddos
65960900l 33c0g30L5L Bowoero F99339eMds IBOJLOMPS bMl, bmwm Esdswo 30
JdMgmol G9gMo@MmMm05Bg s0gdme bodwddo. bwmwmlb bodmddo Loghom R9bmegdols
50m9bmds ogm 4058,00 /100y, g3emsgmbmogdo 2827,59 8p/1009, 35¢)9dobgdoo 1174,03

dy/100g, bmrm  Jmdmwgomol bodmddo 3o, Loghom 1936,40 /100y,

B9bmwgdo
REo3mbmogdol 1355,25 dy/100y, 35¢gbobgdol 563,26 82/100y. 51939 ©sAgbowo 0dbs
om0 3bEH0MJLOIBEHMOO  5BHOIOMDdS.  bygPgdol 99339 ™MdOED  odmIObsty,
39L50580b5 BA5EHOL BMMMET0 5630MJLOIBMMO S9EH0MOMdOL 5B3969090 FgMYygmdOS

1,13-3,04 (DPPH -ob 0.1 H 50 % 0630806905 8, 60dm8om) g60m929e00l 5300009030. 3505¢00
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59BH0OMI0m 45dm0omBgMm©s beml 60dmdo 1,13, bmwm ©sdseom  Jmdmwgomol 3,04
(EbOO0o No4).

4500
4000
3500

il

Q0530535 1. 3ol Boymxzgdolis s Bmmgdol 39bmewmo bsgMmMgdoL OIS

d3/100g (bger dsLsDbY)
D90mm  50b0dbero  Jmbs3ggdgdol  Lsxdzgw by FgodErgds 0mg3sL, GMI  BTsEHOL

Elaeagnus umbellate Thunb-U 60939330 b5900gd0L 330g30L5L boymBMsb Fgscgdom 5-
X9 Bowowo 9583969090 Ixz0JLOMES  BMmMmeEdo. gl Ib30MmMdYdIMos FGmommEdo
d090bstmg 0b6FH9BLoMMO domLobmgBom. oMo sdoby Boymxzgddog o BMMEgddos
B59mgdol  Jowsgro 899(3390Mds  9©0b0dbgdm©s B30l Mb0IL Y3z9esBg Towown
Lodowgbg (bmerm) 5090 60dwddo (OsMsTs 1), MoE 30MHEIS0E 5GHOL SFMINWYIYO
93536  3Wwods@me 30009030  93gbsol  Fopowr  08Mbo@g@sb,  MmIgwogs
39630619005 BbMEW Yo bsgMmM9dOL Fomowo 9993390 Mmd0m.

2.2.3.83035¢0U Elaeagnus umbellata Thunb. 6sgmgol 6sbdo6mfigengdolss s mmysbmmo
3553900l M30LMBIM0Z0 S M3MEPIHMIM0Z0 FB5¢OBO MEEMITssegBRgIEMGo (§Bg30L)
bombwymo UPLC-PDA, MS s 9sesero §6g30l Loobm®o HPLC-UV, RI
JOM3sGHMMsx80Mgd0L Jg0m©Om
105¢0UL Elaeagnus umbellata Thunb. bsgmgdo 0gb@ogoio®gdemo odbs 3 mdobsbdo
Bobdomfigoco: e 3mbs, 36MHYJEHMBs s LodoMrmBs.
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Bbogmogigds 20 [M-H-]* m/z 179.06, 953650 F056339wdz5358 8096Mmmgd0ol 990990
$o6008m0g36905 BLY3™ Fmeng3s m/z224.99. JOHMAsEHMYMsDY 89353990L MM 5.276 oo,
dobongdol doduodmdo UV 139d@mbg o6 BsbL. LEbsdEGHMw bsg@mnmsb ©s METLIN
B596M09d0l dsligdols dBoBoL FgIMYd0m, 60300gMgds 20 ggLlsdsdgds Aew)3mBIL (LyGsmo
23).

120000.0 5.276 Peak 1 - QDa 1: MS Scan 1: QDa Negative(-
20000.0-

100000.0-

] 179.06
80000.0] 15000.0

60000.0 ]
10000.0
40000.0] ]

20000.01 5000.0-|

0.07 ] ; ‘ | \‘ H ‘

200 400 600 800 1000 160.00 180.00 200.00 220.00
Minutes mz

LSO 23. Bogm0gM9ds 20 — yen)3mbols UPLC-PDA-MS b3gd&®o
Bogmoghgds 21 [M-H-]7 m/z 178.92, Qop®sd F056339035535b d0gMmgdol 899
§om8m0gddbgds xglggz™ dmewgzMws m/z224.98, bmwm  Juwm®ol o0mbmsb dogMomgdols
99009390 §o00m0ddbgds m/z 214.87. 99353990L 6™ 5.394 (o, Imnsbomddol dsjlodmdo UV
U39 BHOBY 9O BBL. LEBHBIOGHME 6596 s METLIN boghomgdols dsbigdol dsbol
39L50530b5 6030009MGds 21 TJgbsd5390S BOMJEHMDBIL (LwyGomo 24).

120000.04 250000 5.394 Peak 1 - QDa 1: MS Scan 1: QDa Negative(-

100000.0 214.87
20000.0 178.92
80000.0
+ 15000.0]
600000

40000.01 10000.0

20000.01 5000.01

e 0.0 i 1}
4.00 5.00 6.00 7.00 8.00 150.00 200.0 250.00 300.00

Minutes m'z

0.07 I “M AN

LS00 24. 5030gM9ds 21- HYJBHMbsl UPLC-PDA-MS B3gd@eo
Bogmoghgds 22 [M-H-]7 m/z 341.10, Top®sd F05633905935 d0gMmgdol 8995
Po008m0ddbgds xLyz™ dmeg3mes m/z387.04, bmwm Juwm®ol 0mbmsb dogmomgdols
9909250 §o03m04dbgds m/z 377.04. 99353900L ©@M™ 5.600 oo, dmsbomddol dsduodmdo UV
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U39AHODBY 9O BBL. LEBHBIOFGHWMW b59HOMb s METLIN bsgeongdols dsbigdols dsbob
d9L50530b5 60300096 9ds 22 FggLiodsdgds Lodsermbol (LryMsmo 25).

500000 5.600 Peak 1 - QDa 1: MS Scan 1: QDa Negative(-
377.04
400000 3 30000.0 388.74
25000.0+
300000
20000.04
200000+ 15000.0
1000001 10000.0
5000.0 ’
G‘H_H_‘,‘_H_H_H_H_ 0.0 ‘\ ‘ \ \‘\\‘L,“““wam
0.00 200 400 6.00 800 10.00 12.00 14.00 200.00 300.00 400.00 500.00
Minutes mz

byBaomo 25. 6ogmogMgds 22- Bodsembsls UPLC-PDA-MS 13gd@&o

00s@olL  Elaeagnus umbellata Thunb. bsgmgdo m®asbmeo 85539008 330930l
000963 053030609dmwo 0dbs 89990 bsgmmgdo:

F1.000e+006
[8.000e+005
[6.000e+005

Intensity

F4.000e+005

[ 2.000e+005
[ 0.000e+000

200.00
—400.00

4.00 6.00
Minutes

LYOm0 26. ool boymagzols mMgobmero 8553900l UPLC-PDA- MS 3D J®mds@my®ods
bogmoghgds 23 [M-H-]" m/z 132,93 godlo6gds JOHmds@my®sdsby 99353930L coMmoo 6,355
@0 GJOGHMO0m 6030009MH9ds 23 9gLodsdgds 350l F5o35L (LwyGsmo 27).

300000

129 Q2
TS I0

250000

200000

ALE

1500004

1000004

SOOOOf\—J
ol

000 200 400 600 800 10.00 12.00 14.00

LH500 27. 5030gM9Gds 23 — 350l 855358 UPLC-PDA-MS L3gd@®o
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Bogmog®gds 24 [M-H-]" m/z 190,91 godulotMgds JOrmds@my®sdsty 993939008 Mmoo 7,629
@0 G JOGHMM0m 603000990 23 99653905 3580l B5535L (LYMsmo 28).

400000
350000
300000-
250000

200000;

Intensity

150000
1000007

50000;

0

A N R N N N BN B B
2.00 4.00 6.00 8.00 10.00 12.00 14.00
Minutes

LSO 28. B03mM0gMYds 24 — 0dMbIzs3s d55358 UPLC-PDA-MS b3gd&Mo

1305@0b bogmgzols bobdomiyegdols s MmOYBMo 35953900L MomMgbmdMogz0 sbsewobo
350oM3mgm dosmoero 69308 LombMo JOHmBsGmaMogomgdol HPLC-UV, RI dgmmpoom.
Bobdomfiyegdol JOmas@Mmy®msxz30Mm00LsmM30L LosbsE0BMm bodxmdol (396EM0BMOMYdIM
09096 gduEH®og@L (1:1) 393sEH9gdom 80%-056 s539EH™boGH®ol (1:1) (mdMego goBs) s
650913L 330 E®s3om 0,45936 BMIoL BowE®To.
M296990 3593900L  JOMAoEHMYMIR0MGOIOLIMNZ0L Bosborobm bodxdols 9duEHoy0Mmgdsls
39560960 1%-0560 BMLiRmM 5300 (2:1 MbsxgsGMdOM), 39JE0bm3560 bogmogMHgdgdols
©OLOWYJo 359998539000  96%-0560 LB3oOGom 1:1  0sbsgsmmdom, Fgdymd
3963053206090 6083l 330 EMsz30m 0,45936 Dm0l gowE®mdo.

0.00080

o
{ o
0.00045 &
Y
0.00040 l Ex o
{ L ™
0.000351 ! ©
;' S wn
000030 | S
' w &
0.00025 , | o S
[ | e ©
0.000201 2 ~
» | f @ :
0.000154 | o
3 * i 3
0.00010 | eaea b S =
o= ||} >
0.00006 ] o |1/ @
| ot | |

0.00000f———=~ |t 3 -

200 400 600 800 10.00 12.00 1“4

LH500 29. ool boymaol bobdo®m{iywgdol bogMmm JOHmTsEMmacsds

23



85¢30bL bogmgdo 6sbToMigegdols Homgbmd®ogo 899(339¢mds

gbGoo Ne 5
bodsdo ROIIBHMbo 330bd Usgdo®mbo 85gMgdols xsdo
° /3% ¥/3d /3% /3%

1 28,03+0,42 26,81+0,40 1,82+0,03 56,66+0,85
2 32,71+0,49 33,94+0,51 1,60+0,02 68,25+1,02
3 30,68+0,46 28,62+0,43 2,13+0,03 61,43+0,92
4 17,28+0,26 16,55+0,25 0,71+0,01 34,54+0,52
5 39,85+0,60 35,47+0,53 1,56+0,02 74,47+1,12
6 23,81+0,36 23,48+0,35 0,62+0,01 47,91+0,72
7 39,54+0,59 30,47+0,46 1,24+0,02 74,47+1,12
8 40,30+0,60 43,17+0,65 2,53+0,04 86,0+1,29

9 50,37+0,76 50,58+0,76 3,66+0,05 104,41+1,57
10 43,77+0,66 44,95+0,67 2,29+0,03 91,01+1,37

domso {16930l LoMbYMHO JOHMTSEHMYOIGOMIOOL 1TMOJd0? EIILBEIMHS O™T,
10s@0L bogmxdo Log®om bBobdomfiyegdol 9993390 mds dgMygmdl 34,54 — 104,41 o/32
039MA9gddo, FoMmdmygboer 60dMdgddo ©MI0bsbEH0s Awrm3mbs 16,55-50,58 @/33 QO
BOMIGHmDs 17,28 - 50,37 @/33 93009 Mom©Ibmdomss  LodsMmbs 0,62 — 3,66 ¢/33.
BobdoMfiyemgdol  GgeMmgdoom  dowowo 99933390 mdom  dodmoMmBg3s  Jgol  bodwdo
Bobdomfiyemgdol  Loghom  xsdo 104,41 2/33,  BOYYIEHMD:REM3MDIBodoMmbs
Pomdmoaqbowos 89990 BsM©™dom 0,99:1:0,07, bmgom ©sdswo 8583969990 543l
Jmdmgomol 608m8L 34,54 /39, LOIE BOWYIBHMD:RW3MBI:BodoBrMDs Fo@MBmpygbowos
1:0,96:0,04 356md0m (3bOoo No5, w500 29, 0s®s0s 2 ).

MmO5b6mo 3553900L  33e930LsL dopsero 6930l LoMbMo JOMAsEHMYMROMYdOL
9900000 0096GH0B03E0MJIMWo 0dbs mmbo 5535: 350l 35935, 0dMbIs35, ©3060L
059535 Q05 JoM30L 95535. M5MmEIbMOMH030 9B30D0m HILEHMS OMT, EMI0bsbE) T5535L
Dom8moygbls 3580l 05935, MMIgaro 275-501 dg/100g-0b gsGAwgddo gMygmdl (gbMowo
Ne6, byGosomo 30).
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0,50+
0.50]
= &
0.40 = (]
LT oo
0.20] CF o
o 8
[
0.20- oy 2
Y =
o= 2w
0.10 | oo
o m =
(4]
0.00 e T B
L R — T 1 T T 7T T 1 - - - T

0.00 200 200 a.00 2.00 10.00 1200 12.00
Minutes

LYH500 30. FAoEHOL Bogmaol mMysbmeo 3553900L LogBIM JOHMTSEHMAEOSTS

5395¢)0L bogmBdo mMsbmo 9593900l Mom©abmdMHogo 990339 mds

3bMowo Ne6
bodwmdo 00507539 358gmols Bz 03060U 3z535 Jo®30L 05935
Ne 32/100p 32/1009, 33/100p, 32/1003
1 79+1,58 501+10,02 30+0,60 135+2,70
2 59+1,18 382+7,64 53+1,06 91+1,82
3 42+0,84 275+5,50 48+0,96 94+1,88
4 28+0,56 355+7,10 47+0,94 133+2,66
5 45+0,90 311+6,22 114+2,28 87+1,74
6 60+1,20 277+5,54 108+2,16 76+1,52
7 73+1,46 427+8,54 33+0,66 165+3,30
8 26+0,52 314+6,28 70+1,40 156+3,12
9 82+1,64 425+8,50 110+2,20 167+3,34
10 96+1,92 438+8,76 117+2,34 175+3,50

MEbOMed @WoGgOoGH MO 3mbs(39990msb  Fgotmgdom  BsbdoMfiywgdol
50M9bMdM030 39933900Mds 0omgdols 96»0bs0M0s. 13ds@0ob Bogmando
0©96@08030MGOI0s BOVMIEGMDS, {e3mbs @O BodsermbBs, MHMIGLMsRsb ©MA0bI6bEL
Dom8Moygbl ZMHMIEHMDBS s JE3mDs, 0lgzg OmymeE B39l 60dmdgddo (osyMsds 2).
(o3 999bgds  MmGsbmen  359390L, WOoBHYMHSGMIOwo  dmbs39dgd00 BdsEOL  bogmgzdo
0©96G0x803E0MGOI0s 930 MEMRRBMEo TFg535. B396L F0gH 0wgbE0B0E0MGdMo 0dbs
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dbmEm© Mmbo, 39MHdMmE 3590l 85539, 0dMmbTdz35, 3060l 355535 s JoM30L 854539, Boog

©M30bsBEL 51939 FoMMmobs 3590l 5539.

Q Q

60
50

Ll

o}

o O o o

v

5 s SN §

&6 (o 6.“9 & PR &P vo@ _ﬁ‘)
O $O 0 &
D7 & RSN o

053335 2. 6550y gdol HomEYbmdMm030 MbsgIMIOMdS

2.2.4.5395¢0U (Elaeagnus umbellata Thunb.) 659mx80 3560@EH06Mm0@gdOL M308mMdMG0Z30 ©s
5m©9bmdM030 365¢00B0o MEHMTsmseo {5930l LoMbMO JHMIsEHMmyMsgomgdols UPLC-
PDA, MS s 3gd@®meo 3900m@gdom
1305@0L Elaeagnus umbellata Thunb. 6sgmado 306:0mEH0bm0@gdol 33¢0930L5L (LuyGsmo 31)

@oBJOGHMOME  3mbs39990mab  I9sMgdom  0©YbEHOB0E0MRRMEo  0dbs  F9dgao
BogMagdo:

'2.000e+005 ]

300.00

400.00 1

500.00 Jfrt —

600.00 —

- —.
¥ S
700.00 — P

] P — —
800.00 o

900.00

3.00 4.00 500 6.00
Minutes

br@omo 31. gds@olb Elaeagnus umbellata Thunb. 6sgmgol 3s60m@E0bmoqdol UPLC-PDA -
MS 3D gemds@my®ods
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Bogmoghgds 25 [M]* m/z 536,48 530JLoMm@Yds JOMTsEHMAGmsd5Bg 99353900L Moo 4,251
dobmddol doduodmdoom 472,4 nm, o@gMs@Mom BogmogMgds 25 99gbsdsdgds ¢o3m3gbl

(Lmeoomo 32).
47 .4 0.20{
294.6 1
360.9 0.15
536.48
2 0.10-
105.23 907.82 ]
0.05-
537.42
0.00- A
i HH“‘J\“\'\‘\H“H “‘iumhIHMM‘HMLM T [ T [ T [ T T T T T T T T
0.00 200 400 6.00 800 10.00 12.00 14.00
Apex )
Minutes

bBom0 32. 603m0gMgds 25 — wozm3gboll UPLC-PDA- MS b3gd@&o

603009M90s 26 [M+H]* m/z 537,42 3odbo®gds JOrmds@myMsdatg 99393990L MHmom 7,468
dobmddol 2 dsgjuodmdom 453,1 s 379,8nm, o@EHIMo@IOH0m 60300096 9ds 26 FgqLodsdgds
B 356@E0bL (LMomo 33).

0.161 4.186 Peak 1 - QDa 1: MS Scan 1: QDa Positive(-
014 40000.0- 538.29
0124 § 1
0101 § 3 30000.0-|
20087 . < ] 537.23
< I N o ]
0067 © - 20000.0-
004 © 8 ]
0,021 N 1000001
0.00- ] J} ‘ L
I "" [ R B \\ [ L R B B B B 0. ; Ll J\‘Mmh ‘\hm\ \‘hl\ LmM\]W mlwh IH\ H\Hu M L‘l"ﬂ“ ‘“.M‘\ \‘M 1 Hh‘”\“
0.00 200 4.00 6.00 800 10.00 12.00 14.00 200.00 400.00 600.00 800.00 1000.00
Minutes m'z

L5000 33. 603m0xMYds 26 — P 3oMmEHobol UPLC-PDA- MS b3gd@®o

10s¢0oL Elaeagnus umbellata Thunb. bsgmgdo L3gd@®wcro dgom©oo 3sblsbgmwymo
0465 Loghmm  350HmEGH0bMmoEgdol, o3m39bols @ B 3oMMGH0bOL  MHomEgbmdmo30

9993390 Mdo.
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8530bL bogmgdo Loghomm 35GME06M0EYdoL, o3m3gbols s B JsOmEGobols

©om©9bMmdMH030 565¢0Bo.
gbGowo Ne7
bodwmdo ozm3gbo B 3smm@Eobo LogMorem JsemEobmogdo

Ne dp/1009 d/100y dp/100g

1 43,25+0,87 0,39+0,01 54,06+1,08
2 42,85+0,86 0,35+0,01 53,56+1,07
3 47,15+0,94 0,37+0,01 54,44+1,09
4 41,08+0,82 0,31+0,01 50,35+1,01
5 37,34+0,75 0,25+0,01 45,68+0,91
6 46,08+0,92 0,49+0,01 54,10+1,08
7 46,54+0,93 0,52+0,01 54,68+1,09
8 47,58+0,95 0,54+0,01 56,23+1,12
9 48,58+0,97 0,63+0,01 56,53+1,13
10 49,21+0,98 0,73+0,01 57,01+1,14

10530 Elaeagnus umbellata Thunb. Bogmazdo crozm3gbols 899(339cmds dghygmdls 37,34~
49,21 33/100g, B 396O™E0bo 0,25 - 0,73 dy/100g, LsgHom 35OME0bmogdo 45,68-57,01 dp/100gy
Bgo LBy, 90bodbmwo bsgmmgdo dswo F9d(339Md0™  EIGOJLOMES MEMgbols
AGIO0GHMM05DY 5090 bodmddo wozm3gbo 37,34 3p/100p, B 396OmEobo 0,2599/100y,
390m@GH0bmogdo 45,683/100y by dsLsDy, beagnm Bsmaro 8993390300 go8moMmBgms
byenml bodwdo ozm3gbo 49,2183/1009, B 3oGmEobo 0,73 /100y, 3oGmEH0bmowgdo 57,01
d3/100g By dsbsby (GO No7).
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3. b3 go LogsMmoggemmBo 3536 Egegdnemo Bads@ol (Elaeagnus umbellata Thunb.)
B5gmB0sh o3m39bol MeEMmsdaghomo gd@E®magsool dgmmmols m3@GHodobsEos
03969 9JuEH®5396EH0L g590mygbgdoo.

93969090 bgowgmosb  2sdmymazomo doMEMYOMS©  9dGHoMeo
5030096090930l A50MBog0sbMds @S baGmolbmdMm0gz0 dsbsolinsmgdewgdo 3509369 m3bs
0L ©58M309dYmo  9duGHGodaool  8gom©Ly s 30MHMdYdBY. sOLYIMOL
390MGH0bM09gdol 9JuE®sd00l Medgbodg dgommo.

69w gMosb wo3m3gbol dowgds bgds B39MwgdM030 9JuBHMod300m - OO
(5m©YbMd0m bbzoolibgs mMabmwo 4s8blibgwrol gs8mygbadoom bobaMdwogo 3gMomwol
396353cmds8o.  dowoo  3Hgd3gmodms (80 °C-bg d9@0), Lobosmerg, 56gd500 o
3°dmymazol boby®mdwrogzo 39MH0Mm@o 53306 g3l Job AsdmbogEr0sbmdsL.

5990096, 298mI0bsMg  SJEMOmEos (3569 9JuBH®sJzool Fgmmo. HMIgEros
398M0Mbg35 93MMYO0NOMO0M, F50IWO 453MbO3E0sbMmdOMs s 93Mmbmdom®mdom [5]. ol
390dgds  250mygbgdemo  04bsl M EHMIdPIMOMO,  FOIOMAESWEMMO b Forogro
300OMLEHGH03M0 (69308 IHTsMgd0m gJuEHGSJ300LL.

B3960 33¢930L B0BBL FoMdmoygbos olvgwgom Bods®m3gurml B30l LsbsdoMmm
BmEls (B30l Mmbosb 0-200 ) s oMb Mga0mbdo (bw3zol mbosb 200 9 s
B90mm) 5090 13FoEoL b5gmxz0sb 03Mm3gbol 9JuBModEos MBI 45abLbgEols s
»003969 9duEH®9bGHOL" - FbglmdBoMol Bgmolb gsdmyqbgdom s Jobo MomEybmdmogo
365¢0%o.  gJuBHHogdEool Igmmgdols s 30M>MBJOOL M3GH0F0DIE0s s W03Mm3gbom
390000900 HBgmoL boMHolbmdM030 dsbslinsmgdegdols goblisbwg®s.

30639  Jqdmbgzg3zsdo  29635bmM30gwgm 3do@ol boymazzol Bggmegdmogo 9duModaos
39Jb560:539@™b0:0gmobmerols (2:1:1) BoMggzol godmygbgdom. gduBMod@Tdo  2sbloBgmw
0965 03m39b60l Mom©gbmd®mogo 993339 mds,

33e930L 8992900 ImEgdMEos 3bGowdo Ne8. ©sdermdol 603dgddo  wwo3zm3gbol
9993390 mds 896ggmdl 35,25 — 37,58 93/100y 535609030, berem 3s0swdmosbo Hgaombols
6009939030 46,08 — 60,21 dg/100y G3s5MAE9d30.
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B0530bL bogmBosb 3g9dlssbo:539@EHMb0:8gmsbemols bstgzoom gduEMagsoolsl erozm3gbols

3°0mbsgoemo 9y/100y
3gbGoo 8.
by v | sppedaepogett | S0 L ST o
©mbog:b Qaisbyargds 0J56659300b J0HmBBO

Jmdmegomo 35,25+0,87
0-200 8 - 8oy b9w35656M0 33,15+0,94
sFomolfigowo 37,58+0,95
Jgo 46.08+0,88
200 9@ -sb Bgz0m dmobggzo 49,58+0,97
bumeom 60,21+0,98

bogoem dgmeg 9900bgg3580 o3m39bol 9du@®madaos 29635bmME0gwgm MeEEMmsdRIMH00
93bEH®ogdgoom ,d03569° 9JuBHOoYIbEHOL 39TMYgbgdom. 9JuE®od300L WOML s35YObgm
AH993905GHMMH0OLS s EOMOL  Mm3GH0doermEmo 860d3bgumdgdo, sbgzg dys®o dsbols s
3odbLbgaols Mm3EH0ToEMHO MsbIRIMOMDS.

1305@0L Elaeagnus umbellata Thunb. 659ma30l ©od)305390090 60dMdo s30090m Lbgoalbgs
Gom©gbmdoo  1000¢»  godbLlbgarolsmgols (1:100, 2:100 s 3:100) s 9JuEHGogdEosl
39bgbom 5, 10 @y 15 Hmool 0b@gmzswom. H9a39M5@1IMs, MEEGHMIOYIOONO
L0ddE536g S 533oE¥EOL MLy dgeygmds 20-sb 50 °C-8g, 60-120 W ©s 20 s 60%
©0535Dmbdo. ©030m3960L 39933900Mds 603139030 23963L5BMzMgm
139dEHOMBMEHMIGGHOMo FgoMmEom. by gMmol dsLol goBOHOLLL 30%-00 9dz0MEs
w03m39b60L godmlogoero (34,53 mg/100g). qduB®ogaool ogdulodogrmEmo Asdmbogso 0ym,
dgo®o  Asboby o  godblbgeols  1:50-m56  M9boBsmEMdOL  gdmbgzgzsdo.  3MmEglo
9183993 MMs© 8000bsMgMd©s  033MLYOH  Mg50dd0, MPY39@ 695006  FgsMgdom,
©03m3960L 9JuEHMog06M900Lsm30L M3EH0ToeME 3H9g33gMoE Mo 2960LsBM3Mms 30° C s
MEGM09OH00 BLoAIWH36Mg 85 3.
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OIOPRNTYTGL 9JbEH®sgd@LS @9 »003569" 99bG®sdGHdo ©w03m3960L
0©96@053035300Bsm30L  Imgzsbobgmn  60odMdol  L3sboMgds  MWEHEMI00LBIOO
0bxMsfomgwo 13gdEMHmbzm3o0m (LMoo 34,35,36,37).

m6039 9900bgg3580  Jogdwo  139d@BMowMo  dmbsigdgdo 90mbggms
©w03m3960L wo@gm@MOHE dmbs3gdgdl. wo3m39bobmzol sdabslinsmgdgwro dmsbomddol
doduodwdos 472 63.

om 520 A9 | 34520 ADAINS

byyGsomo 34 byOHsmo 35
bOsmo 34. B30l Lobsdomm bmdo (B30l ©Mmbosd 0-200 3) s09dMwwo BIsGHOL
Bogmxz0sb 39Jusbo:s3g@™bo:dgmebmmo Botgzom (2:1:1) gduE®e0Mgdo wo3m3gbol
dosbongdol UV L3gd@eo;
B30 35. Fo0odm0sb MH9g0mbdo (Bz0l mbosb 200 8 s Bgdmm) s0gdwo gds@ol
Bogmxz0sb 3gJusbo:s3g@mbo:dgmebmmo Botgzom (2:1:1) gduE®ey0Mgdo wo3m3gbol
dosbongdol UV L3gd@eo;

od

@ W W
amws20  Aios72 |
Lo 36 LbGsmo 37

b0 36. B30l Lsbsdo®m bmewdo (B30l ©Mmbosb 0-200 ) s09dMwo BIsGHOL

o
nmx 242.20 A:D.01476 I“

Bogmxz0096 ,,0(3969” 9JuEHModGHT0 wo3zm39bol Fmsbmddol UV bdgd@eo;
95000 37. 3505056 Mg0mbdo (B30l MbosH 200 3 IBYIM®) 500 BTsEHOL
Bogmxz0096 ,,0(3969” 9JuBHModGHTo wo3zm39bol Fmsbmddol UV bdgd@eo;
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0bgmsfomge 139dBH®do 1468 LA, 2920 LI s 2950 LA 3030 S39300MYOMIEPO 0Ym
CH2 o C-H xamx30Lb 6bgzslmsb, 6o wo3m3gbol (3boddo gdu@cmeaogdwyero)
LEAHOYIEHNOOLMNZOL sOOL sboliosmgdgeo (LryMHscmo 38).

bBom0 38. do@ob boymaol ,,d(3569“ 9JuBH®sdEHTo wolzm3gbol 0bg®sfomgwro bdgd@Eeo
(609980 Nel — 5FsemobHgerol boymazgdo s 60dmdo No2 bryenmls bogmezqdo)

105¢30L bagmzob ,0(3569“ gduBMagd@do eozm3gbol 3G mEgb@mero gsdmlisgsemo
gb®ogo 9.

03039600 g59mlisgsemo dg/100 3960l
608250 - B0l 0303960l 3sdmliagseno 83/100y 03m3gbo

Boymgo 39db560:539GHMb0:090056mols -003569"
93gbs®gmen Bgmdo %
Bo®gz00 gJuEHesdzoom 93b&®sgdzoom

350mbs35¢m0

0-200 9 - 9oy,
37,58 32,23 85,76
sFomofyeol bodwmdo
200 9-sb b ,
QI PI309 60,21 52,0 86,36
beeml 6odwdo

,003969% 9duEHM929b6GH0® MW EHMHBYIMHOMO gJuEHMJ300L M3BH0ToME J0MHMOJOTO
99bG®5g300LOL W03M39bol odMbagswr0s LagMmm d9d339wmdol 85% (gbGMowo 9).

033963993390 Bgmoll  mommgmew  60dmddo  gobolisBpg®s 99990
dsboliosmgdgdo: 85532900 Mo3b30, BYsba Mo GoEbgo, b—sboBowobol dsbgz9b9d9go s
3630mJLoBEHMOO 59BH0MOMBS. gl Bsbolinsmgdwgdo 5939 F9BLEBOZOIE 0dbs Bgomols
99b5b30L 39M0mdo (1 — 3 m39) (0syMsds 3-6).

L53MBGHOMEM Bgmols 6odNdbs s Wo3Mm39bom 8OO Bgmols bodmTddo
953537960 GoEbzol 5839690900 Mmomddol ghmbsocmos: 0,06 — 0,061 9y KOH/y 3bodo.
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D996 M0  Gogbgzol dsh396909eo bgmdo 1,20 meq/kg, bmem gds@ol wozm3gbom

39800090 HBgomdo 1,25 (bodmdo Nel) s 1,21 (bodwdo N°2) meq/kg - 0o.

6-960Boobol 35P396909w0: LogmbEHMmem 60dmdo - 3,5, Vgm0 499E0EHIOIO RdsEOL

©w03m3960m - 3,7(608m80o Nel) s 3,6 (bodmdo Ne2) (sbéHocro 10).

3BGH0MJLoBEGHMM0 5dGH0MOMBOL AoBLIBPZMOLIL Wo3M3gbom gdOEEMGDMEo Bgmol

6090930 bollosMYIMEs oW  5JBHOIOMdOm,

3960dm  2-x96 dgBos Bgool

L53MbEMMEMm 603Imsb FgsMgd0m. W03Mm39600 2dEOEMYdIME0 HBgmols dgdmbggzsdo

0,42 (60d9do Nel) s 0,380y (60dmdo Ne2) Bgmo ogm Lszdseolo 0.1 H DPPH -ob 50%-560

0630006 9d0Lsm30L, 35906, HMES BogmbEHMmEm Bgmol 0,85 g sbmM30gEgdL M0 3Zowols

50% 0630006905L (3bGogoo 10).

b53mbEHMMEM BgmOLs s 03M39600 259E0EMmYdMEO Bgmol goboMH—Jodom®o
95B39690¢9%0

gb®owo 10.

B0l L3MbEHOMEM BodMdo s o3m3gboo

3900000M900 bgomo

bbﬁ)ol)bo?)ﬁ)oso B1070ls (bao')() "bao')o
85bsli0smBEgd0 153 oﬁ%@m@m 395000000MPPMWO | 35000EMIBVIMO
Bode o 8dsEobL (bodmdo ®ds@obL (6odmdo
J Nel) grogm3dgbooy | Ne2) qmozmadgboo
35537960 Gogbgo
(8 KOH/z 5bodob) 0,060 0,061 0,060
95963960
Gogbgo meq/kg 1,20 1,25 1,21
6- sboBoobo 3,5 3,7 3,6
36 0mJLosbEHWGmO
59BHoOMds, dy bodwmdol
M50 9gbMds 0,85 0,42 0,38
0.1H DPPH 50 %
0630d06M9d0Lsm30L

03039600 2450000MJO BgmTo bsmobbmdMogo 35839896 qd0 AsBLIBOZOMm

0465 99656308 3 30l 29635300Mds30, TobsbosMYIGOOL YM39EM309MH0 3MBEGHMMEO.

L53MbGHOMEm 60dm8do 85537900 GoEbzol sb39bgdgwo 1-sb 3-030L gobogErMdsTo
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033905 0,06 — 0,131 9Mgmwol BsGygddo, wo3m39bom gs8EoEGmdME bgmdo 30
330935 65309000, 35939600 MoiEbgzo: 60dmdo Nel-ol s bodwdo Ne2 -ols 99dmbggzsdo
3ob0LsBE3Gms 0,061-0,097 s 0,06-0,07 dy KOH/y 3bodol 6omgbmdom (osgMsds 3).

0331905 6-560B00bols 3603369 MdsE (OGS 4).

355360 Moisbgo (g KOH/g sbodols)

0,14
0,12

0,1
0,08

0,06
0,04
0,02

0

3BgbydBoMol 3%gL3BoMOol

8"0312;3{2:)0:6)013 D900 RGO Do oo

J (603530 Nel) (60djdo Ne2)
B Bofyob g@Eedbyg 0,06 0,061 0,06
B 1 og0b 999093 0,085 0,073 0,062
2 m30l 99009y 0,108 0,086 0,068
3 »30l 9989y 0,131 0,097 0,07

056505 3. Ggbobgzol 39MH0m©To Lo3mbEHMmMEMm Bgmols s wozm3gboom
295000M90E0 Bgmob Igs39M0 Hogbgo (9y KOH/y sbodob).

6 — s60Boobo

12

6
4
2 l
0 dbgldbotol  Ibgldbomol
3%Bglrdbocols g2 go BOmO 9o ge Bomo
Bamo D90 BGH0m Dm0 BsGHOM
J (60380 Ne1)  (6odegdo No2)
B Bofyob g@&edbyg 3,5 3,7 3,6
B 1 030l 999099 59 4,2 3,9
2 30L 3989y 83 4,7 43
&ob30 3 m30L 9909y 10,5 5,2 4,5

©053M535 4. F9bsb30L 39MH0M©T0 LogMbEHMM®WM BgmoLy S Wo3zm3gboom
390000900 HBgmoL b — sbobBoobols Mogbzo.
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B951962M0 Gogbgo meq/kg

60

50

40

30

20

10

0

3%bgbiydboGOb f:ggt?;;"b‘g;‘i’)
bgoo
(6099980 Ne1)

LsHgol 9Bs3%Bg 1,2 1,25
1 30l 9990099 18,25 7,99
2 »30bL 9999y 35,35 14,78
3 »30l 9999y 52,38 21,48

3%gL3BoMol
D900 gdsBom
(6099980 Ne2)
1,21
6,01
10,85
15,62

056505 5. Fgbsbgol 3gHomTo LogzmbEHMmmemm Hgmols s o3zm3gboom
398000900 HBgmOL Bgsobamo Goibgo (meq/kg).

L53MBEHOMEM Bgmol bodddo D996 MH0 MoEbzol dsB3969d9o 3608369 mzbsc

wogbgds  F9bosbgzol  3gMHoMmPOL 3560 YEMEIS©

(52,38 meq/kg),

03039600

390000M9d bgmdo  35B3969d9o  ®momddols 2 xgé bs3zwgdos (15,82-21,48 meq/kg)

(00530535 5).

36&0mJLOIBEHMO 5JEHOMOMDS -

mg 603M3ol G®50qbmds DPPH Googzswol 50%

063080690
FogbmIBool d%bgldBool
Broro bgoo Bds@Gom
J (Bodegdo Nel)

Lsfgol gBedbyg 0,85 0,42
1 »30L 899099 0,94 0,55
2 »30l 99997 1,32 0,57
3 30l 9999y 1,54 0,65

9%gLmdBoMOL
Bgmo Bdo@oom

(6099980 Ne2)
0,38
0,46
0,51
0,6

©053M535 6. F9bsb30L 39MH0M©T0 Lo3MbEHMM®WM BgmOLy S Wo3zm3gboom
390000900 HBYMOL 36EGHOMJBOPIBEHMEOO 5dBHOMOMDS.
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3630MmJL0IBEHWOO 5JEH0MOMBOL goblsbEg®msd DPPH ®s©035¢0gdol 0b3odomgdom,
960083690™3560 9bLbgs3905 583965 LH3MBEHOMEIM s W0 3M39bom 458EO0WEGON Dgmols
60893908 FmMob. Wwo3m39bom 98oMgdIM Bgmdo BEGH0MJLOoIBGHMMO SJGoMB@dOL
9563969090 G956 90000 BGHd0WOH0S 3 M30L 256053cMdsT0 T9bsbgolsls. LogmbEmmem
bgodo  dgbsbzol  3gHoM©OL  ELILEML  5dBHOMOMdS Mool 2-xgm  I30MYdS
(00536535 6).

W GHO0RIO0D0 9JuEHOSJ300L FgMm©POm BdsEol bogmxzosb wozm3gbol ,8(3569"
9gbGH®5396G 0 gJuGHEogd300l  M3EGH0TomHO 356539 BHMYdoL  dgmBgzom, oMo gdom
3obbmO3ogm©s  03m3gboll  qedmfgaromgs. gdsBHol  bogmxzosb  wozm3gbol
393mf3wowzolomzol  99MbBgme 0dbs  MEH®OPIOMO  9gJuEHMOJ30s @S AsTbLBYS©
3990myggbgdme 0dbs ,d(39569° 9JuBHMoygbBHo - FBgbIboMol Bgmo. M EHMIBdYIMOMNO
99bG®5gd300L M3EGH0T5EE 30MMOSE PobLEBOZOW 0gdbs BYstro Folobs s AsabLByeols 1:50
096 0565835(:Mds, 393390 es 30 C, s3wo@ms 40% s dsd35 85 W. 9duBtodios ¢bs
§om0356mMl 0839lvH 950800, 9JuEGOsJg00L bobadmdwogmds 10 foo.

09O 35935 M9b F9M9000 BdoE0oL Bogmn0sb ¢03m3gbol godmlisgswo
939bomgMe Bgmdo Fgoygbs IbEmgdom 85%. dormgdmer 3Hm©JGdo wolzm3gbol
0963050353005 s M3MOIbMdIM030  ABLIBEOZMOLsMZ0l 399my9bgd e 0dbs
0bg3Mmsfomgmo 139dGHMHMBZM305 s B3gdBHMMLIM305 MW EHOH0LRIO ©S bowrm s6G9d0.
0339600, 390Q0EMYOICO 36mgEHobl bsGolbmdMoz0 35839690¢09gd0l
990560900Lsm30L, LsHyols s Tgbsbzol 8999y 9Eo3PY, FoblsDLzOMW 0dbs: 85537960
Gogbgo (@3 KOH/y @bodols), bggobym@o  Gogbgo meqg/kg, b-sbobowobo o
3bGH0MmJLoBEHWOO  sdBHowcmmds.  FoEgdmwo  F9Ygdol  Fgxgmgdom,  FgodEgds
53533650, OHM3 BgmoL 0339600 F9FOOEMYdS EIPIIOM 453Gl sbEgbL Bgomols
bsGolbmdMog 95639600 gdbg,  3gMdme:  F9bsbgzol  3gMom@do  8go3mm0  MHosbzol
339905@MdoL Mo LBHmOMbsHBM3obos.  s1939  @ILEGHWMMEYdS, MMI  wo3zm3gbom
39000090 dBgLYIBoMHOL Bgmdo F9baz0m0 3OHMEgLYd0 B0dEObIMYMBL Fgsmgdom
B 3069 Logmb@mmemm bodmddo. b— s6oBoobol sB396909w0, BMIgrog Lofyzol
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93939 Lsdogzg BodMIdo gobolsbwz®s 3,5-3,7 9HMYMErom, 8965630056 3 ™30L 939y
03039600 25000000939 HBgmTdo b- 560Boobol 3539690900 2 96 bszergdo ogm (4,5—
5,2) L53MbGHOMEm 60dMInmsb (10,5) Fgs0gdom. BEH0MJLOoBEGHMOO  sdEHomdmdOl
®oEbgzomo 3583969090 o3m3gbom s80MYdMo Bgmols bodwdgdo momddol 2—-xgM
653e09d05 Bgoob Logmb@HMmem 608mdmsb dgsmgdom.

RIGHOL  boymz0sb  o3m3gbols ,d(3569 9JuEGH®MoR9bG0M M GHM5039)OH0NO
938GH®5d305 s oo 993amdo I6535¢BOO30 Fodmygbgds 9339dGHMMO, 93N MYOIMHO O
©53DMm0 doymdss 396906MH030 MHglwyEOLgdOL J0dSMI.

4.835¢0U (Elaeagnus umbellata Thunb.) 65gmgls s gmomedo 3s@Eombgdol

J6m35EGMAM3BoMmo s65w0Bb0o 3mbmdEmagEHiemo ydgdG™Mol gsdmygbgdom

dobgMsegdo  99i3ergo  BogmogMgdgdos  Logmabarobmgol.  olbobo  89w0sb
Dma09OHM0 3HIMbgdOL, B9MT96EJOOL, 30E5306gdOL S LbZs BomogE0M dmeng3mewqddo,
GmIgdoi dmbsfogmdgb 8608369cm3sb  Lobogmabarm 3MMm3glgddo.  JobgMowrm®o
603009M70900 96  250m3MF30905  3MEboo  MmMABODIoL ToghH s  sdoGHmd ol
9AMIIOME® A5M35¢0obiobgdeo Mbs 0gmlb 33900L Mogombdo.

WOoBIM5GHMOHM ysermgddo oligomo 35¢0mbgdol, MMmaM®m0Ess MImos, Bsbysbmdo,
39w0omdo, Rmbnm®mo, ®30bs, dsabomdo s 3serEomdol 999E39emds  goboloBmzmgds
©ogmxzol  bggwo,  SGHMIMNO-50LMOOEOMWO  139dBHOMBMGHMIGGHMOLs  ©d  swob
R0GH™IgGHOmOL  IgomEgdol  godmygbgdom.  33w93900L  JggyI®©  BIsGHOL  bogmgdo
539600y dobgMoegdol 3900 999339wmds: 3.7 93/3 ovmos Zn, 5.3 93y/y
0sbgobmdo Mn, 53.1 93p/2 03060 Fe, 91.3 939/ 3oew30do Ca, 162.4 93p/ dsgbomdo Mg, 183.3
93%/3 3MLgm®o P s 232.1 93y/p 3oeomdo K.

JO@A5GHMAM50300930L  dgoomEol  godmygbgdom B396 Foge goblobrzdmwo o0dbs
Logo 39 ml bbgoslbgs 390 mm00@sb (B30l Mmbosb 2sblibgs39dwmw Lodsmegby)
50900 Bdodol Elaeagnus umbellata Thunb. 659mg39d80 3o@0mbgdol 999339 mds.
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39¢0mbgdol 33W935 Bo@Go®qd JOMA5GHMAMOR0E0 9900MEO0m
3Mb6MIBHMIgHOMwo  ©9AIJHMOOL  godmygbgdom.  LEHIBIOEHJOL  FoMdmowpqbs:
©@003ob 30OMmJlool Imbm3oMs@o (Li*), bs@®momdol Jurm®owo (Na¥), 3swowdols
Jm®oo (K*), dsgbomdol 3oms@o (Mg*), 35e03030b bo@®modo Gg@®edoms@o (Ca*),
EDTA (Serva). bgelbofigml  9mbs39dgdo s 6950980-0Bm3Ms¢ o &mddm (Isocratic HPLC
pump -Waters 1515), og@od@mmo (Waters 432 -Conductivity), §Omds@my®oxzomwo 13930
IC-PakCationMD, gw9b@o 3 mM HNOs3/0.1 mM EDTA, gawggb@ol 59¢o6M90mds1250
+ 50 pS, LYOSBM FMdbMdGEMds 2000 pS, 06EJeMSEGHMMOL IOHAbMdGEmds 0.01pS, bggEol
G9939M0@MOs  35°C,  Jmenommds-negative.  0659JGH0Mgd5d®g  LosbsEOBM  B0dMIgL
905390Ms 1:20 356553500 M300 ©JoMmboboMgdmwo figsero (563980l godEHm®o F=20),
3m0mygboboMgdols s (396¢H0BMR0M9gd0L F909y 30 3B0EGHM30m 0,453360 DBmdols
530 GH®Jo.

6590900l Gom©gbmdMm030 259695008985 bgdms  LEGHBPIOGHME  60dmTbg
53900 1535¢00dMM IMIEJO0L LT S gdOL, brerm 0©YbEH0B0ZS30s 08039 60dmAgdols
JOM@GMAM530 IMbs3939dmsb dgs®mgdom.

45.00q

40.00q

35.007

30.007

0 25.00]

0

20.007

15.007

Magnesium - 11.803

Potassium -

10.007

ZifRlm - 2.940

Sodium - 3.733

Ammonium - 5.067
Calcium - 13.728

5.004

0.00

0 ™97 v v v o0 [ U© v v [ 7w v 0 [ T 1 T [ 7T
4.00 6.00 8.00 10.00 12.00 14.00
Minutes

LYOomo 39. 73d5EH0L bogmaol 39¢0MbYOOL JOMMAoEMYESTs
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8d5¢30b bogmxzdo 35¢00mbgd0L JOHMBsdMyMox0MEo Bogobo

3bMogo Nell
bodmdo Ne Li* ppm Na* ppm K* ppm Mg? ppm Ca? ppm
1 12,46+0,25 40,24+0,80 185,22+3,70 43,21+0,86 75,95+1,52
2 48,92+0,98 17,88+0,36 295,37+5,91 69,16+1,38 109,72+2,19
3 45,64+0,91 18,58+0,37 333,30+6,67 76,18+1,52 112,46+2,25
4 38,91+0,78 19,06+0,38 220,98+4,42 52,41+1,05 95,7+1,91
5 41,46+0,83 19,54+0,39 331,87+6,64 60,31+1,21 101.35+2,03
6 53,07+1,06 40,12+0,80 351,94+7,04 70,59+1,41 103,94+2,08
7 17,08+0,34 13,72+0,27 187,59+3,75 34,17+0,68 109,06+2,18
8 19,3+0,39 30,04+0,60 206,68+4,13 38,12+0,76 78,14+1,56
9 30,38+0,61 19,76+0,40 216,72+4,33 43,97+0,88 120,08+2,40
10 41,82+0,84 22,5+0,45 359,64+7,19 80,72+1,61 80,49+1,61

JO®A5EHMAMR300930L FgOMOL 253MYy9b9gd0m i@ sMgdmwo 33930l Logdzge by
Elaeagnus umbellata Thunb. 659m»90d0 sg0JloM©s 89800930 3o@0mbgdo: cromowmdo 17,08-
48,92ppm, bo@®omdo 13,72-40,24ppm, 3Ioewowdo 185,22-359,64ppm, dopbovdo 34,17-
80,72ppm o 3o¢0 304930 75,95-120,08ppm. doo M0l MI0bbEL Fo®dmoagbos 3oerowmdo
185,22-359,64ppm, bmem 439wy 93009 H5m©gbmdom ©osgodloms sdmbovmdo 6,98-

29,74ppm (gbGoro Nel11, byGsomo 39).

45.00

40.00

35.00

30.007

25.004

us

20.004

15.004

Lithium - 2.720

Sodium - 3.027

10.00

Magnesium - 7.326
Calcium - 8.680

3.585

1@

5.00

0.0093=

Ammonium - 3.305

e e T i
3.00 4.00 5.00 6.00 7.00 8.00 9.00
Minutes

byOomo 40. ool BmmEol 35GH0mbgdol JHMmasEMmasds

39



B0530L BrmMEdo 35¢0Mmbgdol JOHmBo@Ma®moxgommo sBogobo

3bMogo Ne12
bodmdo Ne Li* ppm Na+ ppm K+ ppm Mg? ppm Ca? Ppm
1 91,875+1,84 61,28+1,23 459,37+9,19 29,01+0,58 14,33+0,29
2 80,595+1,61 56,99+1,14 402,97+8,06 27,16+0,54 12,94+0,26
3 88,125+1,76 75,67+1,51 440,62+8,81 123,45+2,47 62,38+1,25
4 84,63+1,69 61,75+1,24 423,15+8,46 16,36+0,33 9,39+0,19
5 71,19+1,42 62,04+1,24 355,95+7,12 71,45+1,43 53,44+1,07
6 86,49+1,73 68,87+1,38 432,45+8,65 71,12+1,42 53,87+1,08
7 65,98+1,32 63,01+1,26 329,92+6,60 112,77+2,3 40,86+0,82
8 75,06+1,50 64,53+1,29 375,35+7,51 73,24+1,46 21,56+0,43
9 76,84+1,54 59,89+1,20 484,22+7,68 54,52+1,09 42,34+0,85
10 96,79+1,94 67,25+1,35 683,97+9,68 82,89+1,66 61,23+1,22

105@0L ZMmgdol 33eg30LsL GoJBoMEs FgdEIR0

39¢ombgdo: womomdo

65,985-96,79ppm, bo@®omdo 56,99-75,67ppm, 3ocromdo 329,92-683,97ppm, dsabomdo 16,36-
123,45ppm s 35¢0309do 9,39-61,23ppm. 350 Mol mIobsb@l Fo®dmoygbos 3seromdo
329,92-683,97ppm, bmwm g439wsbg 930609 Mom©gbmdom ©sxoduloMEs 3swaodo 9,39-
61,23ppm (gbMHoro Ne12, yGosmo 40).

700
600
500
400
300
200
100

B Li+ ®mNa+ EK+ Mg2+ mCa2+

Bogmazo

BOOIMO

0530585 7. 3oL Boymxzbs s mmmedo dobgMowmo 6030096 gd9d0L
omOYbMdM030 Msbsg3sMmmds (ppm by dslisby)
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OMAMOE3  ©05M530sb  BBL MMM msb  89sMgdom  bsgmgdo  653wgd0s
3530mbgdool 899339 mds. gl 29B306MMdGdMos 0dom, Gmd boympdo dgBos Lbgs
603009690900, {950, BobTomiywgdo s 5.9. (OsYESTS 7).

5.835¢0b (Elaeagnus umbellata Thunb.) oxglsgmols domermyom®s sg@ow®o bsgomgdo
5.1. byy3g® 3M0BH03Mo §B930L BermoMo 9uE®adiool (SFE) 3gommmoo Gomgduymo
1053 0L gleols 9JuEMadGol 0305MdIM030 s H3MPYBMBdMO30 365E0BO

bm396  3OoGHogMwo 69306 BwrmomGmo  gduGeoediool  dgmmeol  (Waters-ob
RBWMOEMOHO JuBHModBHmmo dmogegdo SFE -100-2-C10 s SFE -500-2- C10) (byydooo 41)
3990myg9gbgdom dm3zsb0bgm FAsEHOL MILE0EIB doMEPMYOMES© odBHoWGmOo bsgHmgdols
d00g0ds [46]. 396dMO, YI60O 0465 ool MgLE0EIL BgmOU, 350 MEH0bMOEIdOLS s
R9bMMGo 6590090000 8OO0 BMOJ309d0L  JoEgdol  M3GH0TsMEmO  306HMBYdO.
Lo9JuAHMOJ3oMm©  sgdM  0dbs  BTsBHOL  goddGsero, 0,258 Dbmdol  Boffoers3gdo

53993953900 »gbero (LwGsmo 42).

L5000 42. Gdo@ol mgliro bfyolo s M E3ds3gdMEo
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RGOl glerol 1396 RBEMoOo  gJuEGGodiool 306039 9Ba3bY
39635bmOmE0gwgm 3dsEol 0gLEoEH (3bodmzsbo 603m0gMgdgdol Jowgds (BMogaos 1).
99bG®59d300L M3GH0ToEE 30OHMBIP ZObOLIBEOZGS: {iBg3s - 300 do®0, FHgddgHo@Ms - 50°C,
BobBommmE55690L dofirrgdols LoBJsmg 30p/fm-80, 9JuGH®Modiool boby®dwogmds 120 fwomo.
1305@0b PLEP0EI B0MdIEo 3BOTOL QoTMBOgseo 0ym 8% (3bMowro 13, bvyyMsmo 43).

L9396 B0 gJuEBHIEHMM00 FowYdEo BMY30900

gb®oo N 13
N RM3J30900L ILL0s3IYOS
1 120 oo 300 ds6o 50°C-Bg Bobdobmessbyo 30g/ffor-do LobBJsbom; (sbodols
doqds)
2 | 60 fmoo 350 ds6o 50°C-Bg bsbdomrm®sz560 309/for-do Lobds@om;
3 | 60 fmoo 500 ds6o 50°C-Bg bsbdomrmms560 309/for-do Lobds@rom;
4 | 40 Hmoo 300 ds6o 60°C-Bg bsbdomrm®s560 309/fi0r-do LobJs@om; 10% gmsbmero
5 | 60 §moo 300 ds6o 60°C-Bg bsbdotrm®ssb60 309/fior-do Lobgs@om; 20% gmsbmero
6 | 60 oo 300 d560 60°C-Bg bsbdoMmMEsb0 309/fon-8o Lobds®om; 70% gosbmero
7 | 90 fmomo 300 dsto 60°C-Byg; 6g/For—do 96% gmsbmero
8 | 80 oo 300 ds6ro 80°C-Dyg; 62/Fcn—80 96% gomsbmero;
9 1500 3560 80°C-Bg BobTommMzs690 309/fo-do LoBdoMom; BsdmGmgisbowwo gMmsdizos
10 | 40 moro 300 doto 100°C-Bg; 62/Fo0—do 96% gomsbmero;
11 | 20 fimoro 300 ds6ro 100°C-by; 6/fior—80 96% gomsbmero; + BobBomm®ssbyo 30g/for-
do bLoRJoGmoo;
12 | 30 {mono 300 doto 110°C-Bg; 62/Fo—do 96% gomsbmero;

Lm0 43. ool mglerols SFE gdl@®odool 30sgzogdo

d9mM9 93H93vg 2obbmME0g©s W03MBoWwMMO Bogmmgdol - 356OHME0bMmoydoL

99bG®5930s (FM9d309 2 s 3), LYSE JJVEHMJ300L M3EH0TIYIH 30MMBSE PobOLIBOZMY;
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99GH®5gd300L bsbaderogmds 120 fomo, bsdwmdsm 6935 300 3560 s 3H9a3geGHsOs 50°C,
berenm 65HJoOMGsbg0L dofimgdols LoBJsmg 30/ (bMHowo 13).

RV>GHOL mgleol b3gH BWwMoEOo gJuBeodEool yzgws 9By 35HsMmIMgdEOm
R6M594309008 B3gdEHOOWMH 39560MGBL MW EHGS00LRIO ©s bowrmw sGgdo (LBsmo 44).
000MYE BM5J30530 256LsBW3Oo 0dbs BogPmgdol Gomgbmd®mogo 990339 mds.

¥

bmEomo 44. g;'aa@of)mgb@ob L3096 93@@0@8@)6)0 99bGH®ogdz00m 80@3:;))@@0 9JbGHMogBH9dOL
135606900l UV-VIS 39d@HMgoo me@®soolbnge smgdo: 5)i30Msdsos N2, 8) i30odgos N3, 9)
BM5J309N4, ©) BO309N5, 9) B3MHSJ309N6, 3) BMSJ305N7

13994EHO 0 BgOMPOM FoblsDBPIOMWo 0gbs FdsEH oL Mgbierol Lv3gM BwroIOO
9JbG®sgdz00m dogder gduBHeedGHgddo (2—4 3MoJ309) 39MMEGH0bM0Idol Mosm©gbmdMmogo

0903390 Mds.
105¢0L mgliemols SFE gdudMsgd@gddo 3s6m@0bmogdols Hsm@gbmd®mogo sbsgnobo
gbMoo 14
9J6EMsgd3ool 30MMdYdO
6035, ds60 G9839605G 76, °C 350m0bmogdo 9y/8¢
350 40 0,15
350 50 0,22
350 60 0,09
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390MGH0bMm09gdol Jogdlodseo 9JuEHMR0MGOOLIMZ0L 9JuEHOIJ300L M3EH0TSE MO
3060md9gd0 ogm: O™ 120 oo, (bgzs 350 doGo, bmerm  GH9d3gMo@es  50°C.
390mGH0bmogdol 999339 mds 99opqbs 0,228/, gduB®adEool sdseo 40°C o
dowoeo  60°C  Fgd3gGmsdMol, (6935 250 s 350 856MH0L O™ML  39OMmEH0bmogdol
39805350 9909300 Bogargdos (bMoo 14).

99bG®gd3ool glsdy 9&ed3bg 2obbMME09Ww®s BIEMW MO bsgMYd0L Fodmfzerowgs
(@Osdgos  4-12), ULossg  3m-bLemeggbBHol  Loboom  ©@sgds@s  goool  L3oGM@Eo.
99bG®5gd300LIMZ0L J9M(300 0gbs gomowol B3oMEHOL bbgsslbgs 3mbigb@®magos (10, 20,
70 @5 96%), m330d5M5© 30 Bsom35(s 96% gmoeols b3oMEGo.

39-6 B3M5d30000956 B9IbMEMMO BogHMYdOL - LygMNM BIBMEGdOL, Fsz3mbmoEIdOLS
5 3539406900L 9JLEMs0M00L IMYO 50T35¢0s, 39-7 FMSJ305d0 50fig3L doduodwadl s
89-8 53M5d (30590 IMHYOO OMTS35¢0, M3 J98MOf305 3HJIZIMOGMOL 35653xEMOL BMHST
(80°C). 39-8 gMmodi300L @ILEMMEgdol d9dgy, 9.0. 180 ffor-ob d9dqgy Fowswo {bgzols
30009030 (500 3560) dmbs BIBMEMGO  bsgMmgdol  gJuEHModGHMM0EIb dmwosbo
390m3e0gs, o3 sMgmzg 9ol LB3oMEOL JodubodowMo 3mbagb@sgoom odbs
396306019090 (0sYMSBs 8).

900
800
700
600
500
400

300
200
100

0
SFE4 SFE5 SFE6 SFE7 SFE8 SFES SFE 10SFE 11 SFE 12 SFE 13

= a39bmM0 BogOHmgdo R3s3mbmogdo
— 35¢)0J0bgd0

0530595 8. 53d5@ 0ol glerol SFE 9du@®adGHaddo g396memrdo bogmomgdol,
R53mbM0YdoLL S 39@9J0bgd0l Momgbmdm030 J9d(339w™ds
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990092900L dgx 909000 90dgds 35533653, MM BgbmemHo bs9gHMgdol 9duEGodiool
33006 boby®mdwogmds© obolobeg®s 150 (mmo, Lodmdom §bg3s 300 doo s
}99390GH>Ms 60°C, bergwem 65HF0MMM55680L dofimgdols boBdstg 30/fo (3Mod30s 6 - 7).

5060860 g3M5930900L BEZMBME -0 3MmDB0IdOL 33¢935L 39FoMTMgdo LC-
MS-PDA 9goom@om, 65353  Bodwmowqgds dmygas 9ma39bobs 999gao  Bogmomgdols
0©96@0x8035309.

603009Mgds 27 [M-H-] m/z 625,21 godlo6gds JOHmaodmyMsds®yg 99393900l oMmom
5,043 0@ gMo@M00 b03m0gMhgds 27 dgqLoedsdgds Quercetin-O-dihexoside (Lvy@omo 45).

3000.0+

2000.0+

0.502 - 195.03

1000.0+

:

0.0

200  4.00 ‘ ‘6.(‘)0‘ ‘ ‘8.(‘)0‘ ‘ iO.‘O(‘) ‘ 1‘2.‘0(‘) ‘ 1‘4.‘0(\)
Lbm@omo 45. bogmogMgds 27— Quercetin-O-dihexoside UPLC-PDA-MS b3gd®6o
bogmogMgds 28 [M-H-]" m/z 579,13 goduloMgds JOHmIs@myMsdsty 993939008 Mmoo 5,071
@0oBIOSGHMM00 5030096 gds 28 JgqLodsdgds Kaempferol-O-pentosyl(hexoside) (bGomo 46).

5000.0-

4000.0-

3000.0-

2000.0-

1000.0

0.0 -
; ; ; — T
2.00 4.00 6.00 8.00

b@omo 46. 5ogzm0gMgds 28 — Kaempferol-O-pentosyl(hexoside) UPLC-PDA-MS

L39d@GHeo
39M5 5dobs gds@ol mgberol 9duEHMod@gddo s1939 0IbEH0R0EOMGdMO 0dbs Boymaolbs
©5 ool dbsgLa 603m0gegds 5 (Kaempferol-O-(coumaroyl)hexoside), bogomogMgods 11
(Kaempferol-O-dihexoside-O-rhamnoside), 60300969ds 14 (Kaempferol-O-dihexoside), bogmg®mgds

16 (Isorhamnetin-O-hexoside), 6ogmog®gds 19 (Isorhamnetin-O-pentosyl(hexoside).
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gbMogo Ne15

0096GH0B030MGdYYM0 659MMgdO s 3500 353MEIMYds I3965MOl Lbgsalibgs

bsfogrdo
Ne Bogmogtgds [Mi_]_ Bsgmgzzo | gmommeo | mgligro
1 Querceti‘n—O—(pentosyl) hexoside-O- 740,79 N
rhamnoside
2 | Isorhamnetin-O-glucuronide 759,01 +
derivative
3 | Quercetin-O-(pentosyl)hexoside 594,77 + +
4 | Sinapic acid-O-pentosyl(hexoside) | 562,87 + +
(formate adduct)
5 | Kaempferol-O-(coumaroyl)hexoside 592,85 + + +
6 | Quercetin-O-(pentosyl)hexoside-O- 756,95 +
hexoside
Diosmetin-8-C-hexoside-C-hexoside 581,70 +
Sinapic acid-O-hexoside 385,04 +
Dihydrokaempferol-O-hexoside 448,87 +
10 | Quercetin-O-hexoside 463,32 +
11 Kaempferol-O-dihexoside-O-rhamnoside 754,85 + +
12 | Diosmetin-O-dihexoside 622,67 +
13 | 2-Methylaconitate derivative 649,48 +
14 | Kaempferol-O-dihexoside 608,79 + +
15 | Kaempferol-O-hexoside 446,85 + +
16 | Isorhamnetin-O-hexoside 477,10 + +
17 | bis-HHDP-O-glucose 782,50 +
18 | Saccharide 547,05 +
19 | Isorhamnetin-O-pentosyl(hexoside) 608,92 + +
20 | Quercetin-O-dihexoside 625,21 +
21 | Kaempferol-O-pentosyl(hexoside) 579,13 +

5.2. g85¢0b 0glicmols 030G 3969d0L BogMomgdols 33ergls 0bgMsfoomgwo
139dBHOMLZM300Ls s S0M—-L0MbYMO JHmDodmyMsgols Lsdmogdoo
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93965690 Bgmgdo FoMdmowaqbgb 530560l ymzguwr oMo 33900L Mogombol
96003690mMm356  993s09bger  Bofoeml,  opMgmzg  olLobo  godmoygbgds  Lbgssolbgs
369395309,  3OHMBOWSIBHO0ZNO ©o  3MLAYGHMWMPoNE  Lsdremgdgddo. d3gbstrgmen
©909030 5MLGOMBL M35 RBGMHMZ560 BobOMYJIWM 3033MmbgbBHYd0, BIMYMMOE MXIMO
3b0dmgzsb0 9593900, 3boddo blbso 30EHT0bgdo s Lbgs, M™MIgwms 259m3MTo3905
3999990905 50530560l MmMsb0BTol Jogh.

005@0L MgLEPOLOYSE Bgmol Jobomgds AsdmYgbgdreo odbs ™Mo dgommeo:
bLeJLEgBHol  935M9GH0m  gJuGHMod30s (48 Losmo)  39JLobol  gedmygbgdoom o
bm39M3M0@03MNwo 69306 BwMoMOo  gJuGGodGmemom  gJuEGmadaos  mbgzso
BobdoOrM556g0L Jofimgdom. ©sygbro 0dbs, HMI wo30wgdo FJoygbl  mglicrol
Log®omm ool 7% — bemgdbargBoom, bmwm 8% b3gMH3Modoznwo 6930l BarmoMMo
938GH®5dBHMOH00 9JuEHMJ300L F9dmbgzgzsdo.

800900 Bgmgdol 33¢935L 35(oMIMYd00 0bRMSFomMYEo B39JEHOMLIM300LS s
506O-LombmMo JOMIsGHmacmogol (TRACE™ 1310 Gas Chromatograph - Thermo Scientific)
b5MOgdO.

0bgMsfomgwo B3gdBHMol smgdo (700-csb 4000-b 63 )33¢g30L5m30L 25dMmYygbgdwyero
0dbs Agilent-ob go®dol bgwbofiym Cary 630 FTIR. 33c0g30Lsl ogodbotMgdme odbs
650096039 05bmddols dogdlodmdo. 39Mmdme: 3433,8-2855,1 LI EOs35BMbBTJ0, BMIgwos
999L50599%5 -CH @ LB3oM3H9gddo -OH xanxl; 1747,2-1464,8 13! C=0 s C=C xauxabL,
1318,5-1025 13!, H™I9ge8o 3e00bgds C-O, C-C, C-N, N-O 30wgb@mémo s N-H, C-H, O-H

©IBMOHT30I0 MHbg3900 (LGS0 47).

o) | 0)
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LSO 47. 5) b3ge BEXMOYIOO gJuBHOIJ300m J0PYIMWOo FdsEol Mglicrols Bgmols

063 5fomgwo b3gd@®o; d) LmduergEoom 9duBMogdEo0m Jogdmwro gds@ol Mmgligols
Bgool 0bycMsfomgwo 13gdEH®o

do@gdo  Bgomol  33ag3sl  39bmG0ggdom  sbgzg soM-Lombeo
JO®AsGHMaMo00l (TRACE™ 1310 Gas Chromatograph - Thermo Scientific) Lodwoggdoom.
JOMI>GHMPM980M9ds 3080bsMIYMIS JOMTSGMYMOBOM 3530w 1b3gAHbg Red-ol
5306dol DR-5MS-SA Capillary GC Column, 60 3 Log®dol, 0,25 93 osdg@®ol s 0,25 933
MdM530 FoBob bsfors3gdol bmdom. MdMmsg 930D Ho®dmoygbws 5%-di-Phenyl, 95%-
Methyl polysiloxane.

60013930  s0MH-LoMbMMO  JOMIsEHMYMIB0MGIOLsM30L  gdobozmMo  Jobsbrgzgdols
AbSE0EIOWS© 380 EHMS3Om, 0d90c0ma 3539630506930 Qo
9960503530030l 3MTsGgm 0.5 dew 2 bm®mdscr®o KOH-ol  96% L3oGm@Eblbsmo,
6009938900 203bLgboo 10 g 394LsbTo s o35:390GHMOBMY0Mgm 10 fmmol gobdsgzermdsdo
1000 ?d6/fo-Bg. 0bg9dBH™mMoL  3H9d39GMsG o Mggodo  250°C, dmdGsgzo gsbol —
390930l LoRJs0g 89500896s 1 d/Hon (LyBomo 48).

JOMISGHMPM980M90s  bMO(3090©IIMEs  Ggd3gOHo@IOH e 3M50096@0m.
JOMA5GHMAMR0M9ds  ©s30(yge  120°C-Bg, M™Igwos dodobstrgmds 5  foomol
396353cmds8o. dgmerg 9Bs3bg 20 (°C/Hmmdo) LoBJsMoom 0BOmEYdmEs 220°C-0g s
JOMISEMPM50M9ds Mg gdm©s 12 fymo. dgbsdg 9EHe3by 7 (°C/Hmomdo) LobdsGoom

0bMm9dm©s 300°C-80g ©@o 2MIJYIMEs  5©0bodbmw  39d3geed Moy 7 ool
39635300Md580. JOHMT5BHMAM530MYd0L OO O™ FgoP9bs 51,43 ol (LrGomo 49).
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bYH50 48. 06599GH0MOOL 3565393 Mgd0 LYHSMO 49. 3$9339MH5EHIOHMOo GYsg0d0
JOMA5GHMAM5R300930L  39039MmdOM  IYMBOO  35MdMBT553900L  gmnools  gmgHgdols
©9IOIIHOMY05 brgdmEs S M-0060bs30O ©IGIIOMODY. IOIIGMOOL HY3IHIGHTOS
09509605 300°C -U, {iyoedool dogfimgdms 35 dg/fom., 35900 350 de/fio., s06Mgd0L
29609365 bm®E0gegdm©s 3gerowdom 30 de/fior (LwyHsmo 50).

LYH5m0 50. ©YAHIIEH™OOL LsdNdsm Mg0d0
JOMI5GHMPM80MJd0L  dgdzgmdom  dowgdmwo  3md3mbgb@gdol  0ab@oxnzssos

356bmM309©s  36mdowo  gabowrmdols  dmbg BodMdmeb s oG MHsEEE
dmb5399900956 9smgdom (LYMsmo 51).

5) o)
b@om0 51. 5) beagdbergEol 9JuBHModEool BgmmEom oMgdEo Gds@ol Bymob sot—

LombmEo JOHMAsGHMy®sds; d) Lwy3ge BWMOEMO gJuEHMd3000 F0MYdMEo RTsEHOL
B9g0ob 50O-L0mbOHO JOHMToEHmyMsds
JO®A5GHMAM5R30ds 33¢0g350 33583965, ®MI BdoEH ol Mglerob Jowgdmwo bgmo
0905099600530 9900l doMmomoo 8989y 3H0030553900: BHYEMo©9396T5035 (C14:0),
3oedodmegobols 9935 (C16:1), 3sendoBobol 85535 (C16:0), grobmeol 95535 (C18:2n6c¢)
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(3995 6), mgobol d7535 (C18:1n9c), Sexs ObMEgbols 8535 (mIgae-3) (C18:3n3),
LGHYoMOBoL o35 (C18:0), 3ol 13 gM3mbgbol dzo3s (C20:1), sGodoobols dgogs (C20:0)
(EbGowo 16).

3960mb3753505 333mbgbEMo d90509bemds

gbGogo Ne16

N 3033m696¢3H0b @abobgwgdy 893939000 9 dblgg?ggg)gg@ o SFE

O (fo) % 365J30,%
1 | Tetradecanoate acid methyl ester (C14:0) 11.583 0,354+0.009 0.259+0.006
2 | Palmitoleic acid methyl ester (C16:1) 26.183 0.856+0.021 0.738+0.018
3 | Palmitic acid methyl ester (C16:0) 26.933 10.030+0.251 8.745+0.219
4 | Linoleic acid methyl ester (C18:2n6c) 33.617 35.496+0.887 33.663+0.842
5 | Oleic acid methyl ester (C18:1n9c) 33.817 43.342+1.084 48.170+1.204
6 | a-Linolenic acid methyl ester (C18:3n3) 34.050 7.140+0.0.179 5.752+0.144
7 | Stearic acid methyl ester (C18:0) 34.467 2.159+0.054 2.009+0.050
8 | cis-13-Eicosenoic acid methyl ester 39.017 0.227+0.006 0.267+0.007

(C20:1)

9 | Arachidic acid methyl ester (C20:0) 39.583 0.396+0.010 0.398+0.010

513360l Loboo  Fgodergds omdzsl, MMA BTsEoLb Mglerolsash Jowgdmwo Bgmdo
90,0% §o63moa9bL C18 3563mb3553900, MI0bsbEH0s Mmegobols dgs35 (C18:1n9c¢) 43,342%-
48,170%. 8600369035605, M@ 53853 0L mgberols Bgoo 903Eo3L obmenol 355350, seER3s
0obmgbols 85535L, 3oL 13 9m3mBYboL B5535L5 S HMIJ0EOBOL B5o35L, HMIgdoE MAgYd
3oLy @5 ™mIgad 6-0L 99950gbeMmdsdo Tgdsgoe doMmoms@ (3b0dxs390L Hommoy9gbgb
(gb®oo 16).

53365
1. Logo@mzgwml Lobsdgzowgdo dglfsgerowo 0dbs RBs@Gol Elaeagnus umbellata Thunb.
JodomGmo 99960 mds  565¢0Bol  bsdgem™m3zg  0bLEHMWMIEEGHMWwo  Igomgdoom.
©53gbowo 0dbs bsgmxzol ¢H9dbozm®mo, domdodom@mo ©s Jodom®o 3sB3969d¢gd0. mmb
Lbgosbbgs Mgaombdo (B30l ©Mmbosb  sblbbgeggdwmer Lodswegbg) Losbserobm
5090mwo 10 6099930@sb Lom3zgmgbm BmBom, dsboms ©s FMEIEMd0m  godmoBgls
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MBMOHRIOoLS @S Jgol bsgmxo, bmemm 35Ga0 JodomMo dsbslosmgdergdom (FdMswo
6030096905, 3553056Mds, Vod96351535 069gJuo) Jools s boyerml bodmdo.

2. 9oGMd  BoowgngddHdo  ([6930L) Loobmdo  JOHmds@mydsgol UPLC-PDA, MS
dgomEom RsGob Elaeagnus umbellata Thunb. bsgmado, gmommbs ©s ogberdo Lwen
0©96@0x8030MJOMos 21 89bmwrGo bsghmo, dsm dmGol bsgmado 16 bogmogMgds:
Quercetin-O-(pentosyl) hexoside-O-rhamnoside, Isorhamnetin-O-glucuronide derivative,
Quercetin-O-(pentosyl)hexoside,  Sinapic  acid-O-pentosyl(hexoside) (formate adduct),
Kaempferol-O-(coumaroyl)hexoside, Quercetin-O-(pentosyl)hexoside-O-hexoside, Diosmetin-
8-C-hexoside-C-hexoside, Sinapic acid-O-hexoside, Dihydrokaempferol-O-hexoside, Quercetin-
O-hexoside, Kaempferol-O-dihexoside-O-rhamnoside, Diosmetin-O-dihexoside, 2-
Methylaconitate derivative, Kaempferol-O-dihexoside, Kaempferol-O-hexoside, Isorhamnetin-
O-hexoside. gmomwdo - 7 bogmoghgds, domash 4 bogmoghgds (Quercetin-O-
(pentosyl)hexoside, Sinapic acid-O-pentosyl(hexoside) (formate adduct), Kaempferol-O-
(coumaroyl)hexoside, Kaempferol-O-hexoside) bogmgol dbasglios, bogom 3 45blbgeggdmero:
bis-HHDP-O-glucose, Saccharide, Isorhamnetin-O-pentosyl(hexoside). o0gberdo
0096&0x803E0MI00s 7 b59Mm0, Bomysb 4 bogmogmgds Bogmado g3bgqds (Kaempferol-O-
(coumaroyl)hexoside, Kaempferol-O-dihexoside-O-rhamnoside, = Kaempferol-O-dihexoside,
Isorhamnetin-O-hexoside, 9000 603m09MHds Gmommerdo Isorhamnetin-O-pentosyl(hexoside)
@5 2 29b6bbgoggdemo bBogmomo: Quercetin-O-dihexoside, Kaempferol-O-pentosyl(hexoside)
dbmmo mgbierdo.

3. 30s@¢obL Elaeagnus umbellata Thunb-U Bogmals s gmomedo asbolsbmg®s  LogHmm
1396MEqd0L, BWH3mMbMOEIdols s 39¢3)9Jobgdol MomEabmdMogzo J9d;339wmds. 1ds@oL
Bogmado  ggbmmemo  bsghmgdol  Momgbmds  dgeygmdl  209,18-520,63  9p/100y,
REo3mbmogdol 112,06-338,62 /1009, beerm 3589Jobgdols 76,54-160,9209/1009 (b
3sL5BY). BsBGOL BMPME IO BIbMEMEOO b59M9OOL MoMmEYbMds JgMyqmdls 1936,40-4058,00
93/100g, Rws3mbmogdols 1355,25-2827,599/100y, bmeom 35¢)9dobgdol 563,26-1174,03

dy/1009 (bgoer FsLsByg). Hom©abmd®mog3s bsymxzgdmsb d9atmgdom xds@ol gmmmerdo
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659600900l ®»00Jdol 5xq60 Jopswo 35B396909wo IBOJLOME. sAgbowo 0dbs dsmo
3b3H0MJLOoBEHWMOO  SJBHOMOMdS. bogmgzdo dsB3969d9w0 dgeygmdl 10,71-21,35, bomeom
amomedo 1,13-3,04 (50%-0560 0630d06M9ds dg 503mTob) geromgoeol BsMawgddo.

4. 80s3obL Boymxzob  AoTIMYMBoo @S 0I6EHOROE0MJOME0s  bsdo Bobdo®figsero -
ROMJBHMD, 3m30mDBY, Lodo®rmbs. LogMomm bobdo®migwgdol d9d;339wmds dgMygmdls 34,54
— 104,41 /33 BMR9dd0, Ho®Im9bow 60ddgddo mB0bsbE0s gerrm3mbs 16,55-50,58
/32 5 BOYdBHMmbs 17,28 — 50,37 @/33, 930609 H5m©gbmdomss Bodstrmbs 0,62 — 3,66 /3.
MEbMMEO @oEHIOHIGHMOME dmbs3)dgdmsb 89s0gdom Babdomfiywqdol MomgbmdMogo
9993390 Mds »0mJdob gOHPBI0GO.

5. g0s0ob bogmu0sb 0wg6EH0B0E0MIOM0s MmMbo MMABMo  85035: 350l 35939,
©0dMb3:535, 3060l 35539, JoM30L T55939. 2960LIBMZMS F500 BoMYbMdMOZ0 39d339wMds,
30656 059935L FoTMoqbl 3500l 35539, MMIgeroi 165 —955 3p/100g-0b BoMyegddo
d96ygmdb.

6. dsEHobl boagmazdo dgLfogerowo 0dbs 390ME060Mm0gdoL MZ0LMOdM030 I MomEIbmdMH030
9993390 Mds.  0©I6GHO0BOE0MGOMWos 2 3s0mGobo:  wozm3gbo s P-3sdm@Eobo.
(5m©OYbMOM030 565¢00BoLLL oo 3sB3969d9wo- wozm3gbo 49,218y/100y, B 3oMmEGH0bo
0,73 9p/100y s LoghHom JsOmEGHobmowgdo 57,01 dp/100y (bgoer dsbsbg) woxodloMos
bmeml G900E™mM05Hg 509gdme 60dwddo.

7. 33530l boymxz30@sb wo3m39bol 9duBHModizoobsmzol dgMmbgmmo odbs g3memyomco,
MBOBOObM 5 M3BH0ToM0  FGOMPO-MWGHMdYIO0  gJu@Gmadgos  ,0)3969"
93853963 0m. ©IYI6OO 0dbs M3EH0TSWMOHO 306MBYBO. 3M5JGH03MNE0 ASTMBOZoE0
0y bofigolbols 85%.

8. 80090 36MM©JEHTo LsHgobl s F9bsbzol G989y 0bTMIHomgwo, MeEHMIoLGRYH
bom 15399dGHOML3M3000 00096E0B0E0MIOME0 0dbd O BoMPYBMIMOZ5 FoboLsBPVIGL
©w03m3960, 50939 2oboloBgms: Tg03mM0 Moibzo (33 KOH/y 3bodol), Bgsebaw®o
®ogbgo meq/kg, 6-560Bo0bo s 96EHOMJL0IBEHMMHO 5dEH0OHMBds. FoMdEo F9YAJOOL
99x9Mg00m, Y bowo  0dbs, MMI  RTsGHOL  bsgmxzgosb  o3m3gbol (3569
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998GH53963H0M MGG ¥ 9JBEHMSJ3000 J0LGds S oo F9dymdo IMs35¢THOO30
399mygqgbgds  989JGHMIO0, 93NWMYOMO0 ©S  EFBMY3gwo  Joymdss  dBydMmO30
M9LbOLYdOLOAO.

9. §OHMBsGHMYMoxomo  IgomEom  3mbdBHMIgGOHwo  ©yBIJGHMJd0m  7dsEoL
Bogmaby o Bmomdo 0w 6EGHO0BOE0MGOMEos 5 J9GHombo: omowdo, bsGModo,
Jowov)do, 953609990 @5 39¢0304930. 49BoLYBEZMS oo MoMmEIbmdMoz0 F9di39emds,
©M30bBEL FoBmowygbos 39¢0do, gmmmedo dolo 899339emds MOXIO I9EH0s, 30O
Bogmado. 35¢00wdol dowowo 89d339wmds mMog3g d90mbgzg3sd0 ©oxoJloMmEs bryeomls
60893300, boymgzdo 359,6 ppm, gmommerdo 683,9ppm.

10. osagboeo 0dbs 93gbstrol mgligrosb  Lw3gh 3Mo@03mwo (6930l RwmomEmo
9JuEH®ogdgool  Igomom  Bgool,  39MMEHObMOIdOLS @S BIPMmWGmo  bsgHmgdom
8000sM0  9JuBMOJBHJOoL Bogdol M3GH0Ts MmO 3060HMdYd0.  BIbMWwMMo bsgMgdoL
3059309008 M30LMdIM030 33¢930LsL 0IBEH0BROEFOMIdIMWOo 0dbs 7 BgbmermEo Bagmomo.
11. g8s@0l  0glEologeb bgmo Bomgdo odbs mGo dgommEoom: LmJuergEobs o
390300303 Mwo 69306 BwoMmo  9gJuBHGod@Gmemom  gduGeoedioom  mbgzswo
BobBoOrMM5s6g0L  dofirmgdom.  sygbero  odbs, MMI  L3gMIGoG0IMwo  [bgzolL
R0 YO0 9JuEA®sgdGHmOmom 9duGHModiool 390mbgg3580 4o8mlisgowo dg@0s s 895096l
8%. Ggbfogeroo o0dbs dowgdero Bgomob Jodomeo 89dsa)bermds 0bgMsfomgero
139G MB3M300Ls s SOM-L0PbMMO JOMTsEHMAMSBOOL LTS gd0m. EYIBoO 0gbo,
6™ 90,0%-U Fo®dmoagbl C18 3060mbI593900, MI0bsbEH0s megobols dgs35 (C18:1n9c¢)
43,342%-48,170%. 860033690 m35605, M3 Bgmo Fgogogl  @obmeol  8go35L,  segs
0obmgbols 85535L, 3oL 13 9m3mBYboL B5535L5 S HMJoEOBOL B5o35L, GMIgdoE MAgYd
3-0bd 5 MI9d 6—0b 89950096 Md5d0 893535¢ JOMOMOE (36055390 HotBdmMoYgbgb.

959033946900 Lsdg3boghm dMmdgdo:
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Introduction

Relevance of the topic. From a floristic point of view, Adjara is one of the richest regions not

only in Georgia, but also in the entire Transcaucasus, and today, when the development of the
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agricultural sector and tourism infrastructure is important, the chemical study and rational use of
the natural resources of the region is significant, both for the region and the country as a whole.

Today, due to the current environmental conditions, it is important to study plant materials
rich in biologically active substances, which can be used as prophylactic, preventive and
therapeutic agents. In this regard, different species of the family Elaeagnus L. are of interest. Their
studies are carried out in many countries of the world in order to expand the scope of their use.
Elaeagnus umbellata Thunb is the most common variety in our country. It is one of the plants
introduced in Georgia, well adapted to local climatic conditions, both in the coastal zone of
Western Georgia and in high mountain regions, and is distinguished by good viability.

Nevertheless, there is no scientific literature on the chemical composition and use of the
plant in our country, or information and materials are very scarce and are available only in the
form of traditional medicine, where Elaeagnus umbellata Thunb is used as an anti-inflammatory,
expectorant, anthelmintic and vitamin remedy for gastrointestinal diseases. Foreign literature
contains the information about biologically active compounds of the plant: alkaloids, carotenoids,
glycosides, terpenoids, steroids, flavonoids, minerals, vitamins, organic acids, etc. These
compounds have a wide range of therapeutic applications. The plant is particularly rich in
biologically active compounds such as lycopene, which has high antioxidant activity and is less
toxic.

In Georgia, Elaeagnus umbellata Thunb is mainly consumed raw and less processed. This is
a common floodplain plant that grows in wet areas, but at the same time tolerates long droughts
well. That is why the prospect of its distribution is great, which will further increase the food
supply.

Therefore, it is very important to study Elaeagnus umbellata Thunb as a resource, rich in
biologically active compounds, and determine its prospects for the production of raw materials
for functional products.

The purpose and objectives of the paper are to study the qualitative and quantitative

composition of the most important chemical markers of the Elaeagnus umbellata Thunb plant:
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carbohydrates, organic acids, minerals, phenolic compounds and carotenoids using modern
physicochemical and instrumental methods HPLC-UV, Vis; implementing RI, UPLC-PDA, MS
and conductometric methods, as well as various preparative and analytical columns, sorbent and
solvent: determination of the optimal conditions for obtaining a "green" extractant from Elaeagnus
umbellata Thunb fruit by ultrasonic extraction of a lycopene-containing preparation and
detection of its qualitative characteristics; obtaining oil from Elaeagnus umbellata Thunb seeds by
superfluid extraction, selection of optimal extractants and determination of their qualitative
characteristics by infrared spectroscopy and gas-liquid chromatography (TRACE™ 1310 gas
chromatograph - Thermo Scientific); determination of the antioxidant activity of the obtained
extracts and products by the DPPH method.

The object of the study is the fruits and leaves of the plant Elaeagnus umbellata Thunb. The
samples were taken during the period of consumer maturity in late October, early November
(during 4 years 2015-2019) in four different regions of Georgia at different heights above sea level;
10 samples have been taken in total: in Samegrelo - Senaki (28 m above sea level) (N1), in Imereti
- Samtredia (25 m above sea level) (N2), Guria - Ozurgeti (80 m above sea level) (N3), Adjara -
Kobuleti (5 m above sea level) (N4), Urekhi (3 m above sea level) (N5 ), Akhalsheni (163 m above
sea level) (N6), Khelvachauri (11 m above sea level) (N7), Adjaristskali (150 m above sea level)
(N8), Keda (256 m above sea level) (N9), Khulo (923 m above sea leve)l ( N10).

Research methodology - chemical analysis of the pulp, leaves, seeds and products from Elaeagnus
umbellata Thunb fruits has been carried out using modern instrumental methods.

1. Identification of phenolic compounds by ultra-high performance (under pressure) liquid
chromatography UPLC-PDA, MS method;

2. Qualitative analysis of carbohydrates and organic acids by ultra-high performance (under
pressure) liquid chromatography UPLC-PDA, MS method;

2. Qualitative analysis of carbohydrates and organic acids by ultra-high performance (under

pressure) liquid chromatography UPLC-PDA, MS method;
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3. Quantitative analysis of carbohydrates and organic acids by high performance (under pressure)
liquid chromatography HPLC-UYV, Vis; RI method;

4. Determination of cations by the HPLC— Conductivity method;

5. Qualitative analysis of B-carotene and lycopene by ultra high performance (under pressure)
liquid chromatography UPLC-PDA, MS method;

6. Quantitative determination of B-carotene and lycopene by the spectral method;

7. Determination of antioxidant activity (using a stable radical of 2,2-diphenyl-1-picrylhydrazyl)
by the DPPH method;

8. Determination of the amount of total phenols according to the Folin-Ciocalteu method (in
terms of gallic acid);

9. Quantitative determination of flavonoids by the spectral method (AICI3 reagent in terms of
rutin);

10. Quantitative determination of catechins using vanillin reagent, spectral method;

11. Oil analysis by infrared spectroscopy (Agilent) and gas liquid chromatography (TRACE™ 1310
Gas Chromatograph - Thermo Scientific).

12. For the extraction of individual substances, supercritical fluid (SFE Waters, USA) and
ultrasonic extraction (Hielscher-UP 400St ultrasonic processor, Germany) were used.

13. Determination of dry matter - by refractometric method (AOAC 2005 Official Method);

14. Determination of active acidity-pH (AOAC 2005 Official Method);

15. Determination of titration acidity (AOAC 2005 Official Method).

16. Statistical analysis: Standard error was calculated for each data using Excel software.
Confidence coefficient p < 0.05.

Scientific novelty - for the first time in Georgia, there have been carried out the study of the
chemical composition of fruits and leaves of the species Elaeagnus umbellata Thunb, common in
Georgia, considering the prospects for their use. 21 phenolic compounds with high antioxidant
activity, 2 carotenoids, 3 carbohydrates, 4 organic acids and 5 cations were studied using modern

physicochemical and instrumental methods (high performance (pressure) liquid chromatography
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HPLC-UV, RI, Conductometry and UPLC- PDA, MS methods). The quantitative content of the
compounds was determined. For the first time, the optimal conditions for obtaining a lycopene-
containing preparation by the “green” extractant and ultrasonic extraction from the Elaeagnus
umbellata Thunb fruits have been determined, and the qualitative characteristics of the obtained
preparation have been identified. The chemical composition of seeds and oil obtained from them
by fluid extraction under supercritical pressure was studied using UPLC-PDA, MS methods,
infrared spectroscopy and gas-liquid chromatography (TRACE™ 1310 Gas Chromatograph -
Thermo Scientific).

Theoretical and practical significance of the work - the results of the research represent the
scientific basis for the use of this biological object as new prophylactic, preventive drugs. The
studies will have not only scientific, but also practical and social significance. In particular,
according to the results of the research, the Elaeagnus umbellata Thunb will become a more
promising and recognized new source of food. Since the plant has less soil requirements and is
successfully used to protect the soil on washed-out lands, it will increase the prospect of its spread
in landslide-prone areas, and it will become a source of additional income for the villagers.

Approbation of the work - the results of the study are presented in 1 scientific article and 4
presentations of the international scientific conference.

Scope and structure of the dissertation - the dissertation consists of 113 printed pages,
according to the requirements for preparing a dissertation for a doctoral degree, and includes a
title and signature pages, content, 72 figures, 16 tables, 8 diagrams, 114 items of a list of used
literature. The main text consists of: introduction, literature review, experimental part, evaluation
of results, conclusion and list of references.

Literature review - the first chapter deals with the article, the biological characteristics of
the Elaeagnus umbellata Thunb., the distribution of bioactive compounds of phenolic compounds,
carotenoids, carbohydrates, organic acids and minerals in plants, their physiological activity. The

dissertation is accompanied by a list of used literature.
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2.1. Technical, physical and chemical characteristics of the fruits of Elaeagnus umbellata Thunb.

The organoleptic and some physicochemical parameters of the fruits of the Thunb

umbrella were determined: fruit size, color, shape, weight, volume, pulp and seed yield, active

acidity (pH), titratable acidity, dry matter (according to the Brix scale), sugar-acid index. Physical

and chemical parameters were measured using a digital caliper with a sensitivity of 0.01 mm

(Traceable Digital Caliper-6, VWR International). The mass was determined to the nearest 0.01 g

(Mettler-Toledo AG, Greifensee).

Tannic, sweet and sour red fruits of the pshat plant have a spherical shape. Fruit length

6.7-8.6 mm, width 8.1-9.3 mm, weight 0.31-0.55 g, volume 0.41-0.54 ml. 68-80% of the total mass

of the fruit is pulp, 20-32% - seeds (Fig. 1, Table No. 1).

Figure 1. Technical characteristics of Elaeagnus umbellata fruits.

Technical characteristics of Elaeagnus umbellata fruits.

Table Nel
Sample Size, mm Mass Volume, 1 Mass Fraction %
. colour taste shape . .
Ne Length | Width | 1piece,g | piece ml Pulp Seed
Sourish
1 Red sweetish roundish | 7,6+0,09 | 8,2£0,1 | 0,31+0,002 | 0,3+0,003 75+1,1 | 25+0,37
(astringent)
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2 Red Sourish roundish | 7,940,09 | 8,7+0,11 | 0,4+0,003 | 0,41+0,004 | 73+1,09 | 27:0.4
sweetish
Sweet .

3 Red . roundish 8,6+0,10 | 9,3+0,11 | 0.55+0,004 | 0,54+0,005 78+1,1 22+0,33
(astringent)

4 Red Sweetish roundish | 6,8:0,08 | 8,2+0,09 | 0.52+0,004 | 0.52:0,005 | 68+1,02 | 32:0,48
(astringent)

5 Red Sweetish roundish | 7,9:0,09 | 8.1+0,09 | 0,380,003 | 0,38:0,003 | 73+1,09 | 27:0,4
(astringent)

6 Red Sweetish roundish 7,5+0,09 | 9,1+0,11 | 0.41+0,003 | 0,46+0,004 70+1,05 30+0,45

7 Red S;V)eit.lil roundish | 6,7+0,08 | 8,140,09 | 0.45:0,003 | 0,42+0,003 | 72+1,08 | 28+0,42
Url

8 Red Sourish roundish | 7,5:0,09 | 9,150,11 | 0,44+0,003 | 0,44:0,003 | 80+1,2 | 20+0,3
(astringent)

9 Red Sweet roundish | 7,8:0,09 | 9,2+0,11 | 0,47+0,004 | 0,48:0,004 | 77+1,15 | 23+0,34
(astringent)

10 Red | OWeetish— | ndish | 7.4:0,08 | 87:0.1 | 0.43:0,003 | 0.44:0,003 | 74:1.11 | 26:0.39
(astringent)

of Georgia, are distinguished by good technical characteristics and organoleptic properties.

Compared to the literature data, the fruits of Elaeagnus umbellata, grown on the territory

chemical characteristics of Elaeagnus umbellata fruits

Table Ne2
S 1
ar;;f € Dry matter % pH Titral acidity % | Sugar acid index
1 13.6+0,02 3.55+0,1 0.97+0,03 14,02+0,28
2 20.1+0,03 4.05+0,12 0.66+0,02 38,03+0,76
3 15.6+0,02 4.07+0,12 0.56+0,02 33.9+0,67
4 15.4+0,02 3.68+0,11 0.59+0,02 26.1+0,52
5 19,4+0,03 3.85+0,11 0.86+0,03 22.56+0,45
6 12.1+0,01 4.10+0,12 0.65+0,02 22.0+0,44
7 17.4+0,02 3.57+0,11 0.81+0,03 20,47+0,41
8 17.0+,02 3.92+0,12 0,72+0,03 22.37+0,44
9 20.2+0,03 3.69+0,11 0,85+0,03 23,76+0,43
10 21.1+0,03 3.76+0,11 0,83+0,03 25,42+0,51

The physical and chemical parameters of Elaeagnus umbellata Thunb fruits have also been

determined. The lowest dry matter index was noted in the fruits of Akhalsheni plants- 12.1%, and
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the highest indicator was 21.3% in the fruits of Elaeagnus umbellata Thunb collected on the
territory of Samtredia (Table No. 2). The titral acidity index ranged from 0.46 to 0.97%, pH from
3.55 to 4.10. The Senaki sample had the highest pH value of 3.55, while the Akhalsheni sample
had the lowest pH value of 4.10. A high rate of titratable acidity was noted in Senaki - 0.97%, and
a low one in Ozurgeti fruits - 0.56%.

The ratio of dry matter and titratable acids, expressed by the sugar-acid index, ranged from 14.02
to 38.03 units, which accordingly affected the organoleptic properties of fruits, in particular, fruits
with a sugar-acid index of 14.02-26.01 were characterized by a sweet and sour taste, while the
fruits of Ozurgeti and Samtredia, with a higher indicator - 33.9-38.03, were relatively sweet and

less sour (Table No. 2).

2.2. Qualitative and quantitative analysis of biologically active compounds in the fruits and
leaves of Elaeagnus umbellata Thunb. Using ultra high performance (pressure) liquid UPLC-PDA,
MS, high performance (pressure) liquid chromatography HPLC-UV, RI, refractive index and
spectral methods.

2.2.1. Identification of phenolic compounds in fruits and leaves of Elaeagnus umbellata Thunb.
We have carried out a qualitative study of phenolic compounds of Elaeagnus umbellata Thunb
fruits, common in different territories of Georgia, using high-performance (under pressure) liquid
chromatography, as well as detection of ultraviolet, refractive index and ultra-high performance
(under pressure) liquid chromatography (UPLC), MAC (MS) and photodiode ( PDA) detector.
Screening, identification and quantification of compounds was performed using the UPLC-PDA-
MS method.
Substances were identified using standard compounds at our disposal and compared with the

mass of substances from the free database https://metlin.scripps.edu, as well as in comparison with

the data of peer-reviewed literature publications. Before chromatographic separation, we
prepared a sample for chromatography using the solid phase extraction method, passing it on a

C18 column (Fig. 23).
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Figure 2. UPLC-PDA-MS 3D chromatogram of Elaeagnus umbellata fruit.

The study of flavonol glycosides in the fruit of Elaeagnus umbellata Thunb. using LC-MS-PDA,
allowed us to identify the following compounds:

Substance 1 [M-H-]- m/z 740.79 is fixed on the chromatogram with a retention time of 3.647 with
an absorption maximum at 223.4 nm; according to the mass of the substance in the free base and

literature https://metlin.scripps.edu, Substance 1 corresponds to Quercetin-O-(pentosyl)hexoside-

O-rhamnosiden (Fig. 3).
Substance 2 [M-H-]- m/z 759.01 is recorded on the chromatogram with a retention time of 3.800,
absorption 2 maximum at 2259 nm and 3348 nm mass of substance from

https://metlin.scripps.edu free base and literature, substance 2 corresponds to Isorhamnetin-O-

glucuronide derivative (Fig. 4).
Substance 3 [M-H-] m/z 594,77 is fixed on the chromatogram with a retention time of 4.126 with
3 absorption maxima at 223.4nm, 255.2nm and 349.lnm of substance mass from

https://metlin.scripps.edu free base and literature, substance 3 corresponds to Quercetin-O-

(pentosyl)hexoside (Fig. 5).
Substance 4 [M-H-]- m/z 562,87 is fixed on the chromatogram with a retention time of 5,425

absorption 2 maxima at 225.3 nm and 284.1 nm substance mass from https://metlin.scripps.edu

free base and literature, substance 4 corresponds to Sinapic acid-O-pentosyl(hexoside) (formate

adduct) (Fig. 6).
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Fig. 3. Fig. 4. Fig. 5. Fig. 6.
Fig. 3. Substance 1 - Quercetin-O-(pentosyl)hexoside-O—rhamnosiden; Fig. 4. Substance 2-
Isorhamnetin-O-glucuronide derivative; Fig. 5. Substance 3 - Quercetin-O-(pentosyl)hexoside;
Fig. 6. Substance 4 - Sinapic acid-O-pentosyl(hexoside) (formate adduct) UPLC-PDA-MS

spectrum;

Substance 5 [M-H-]- m/z 592,85 fixed on the chromatogram with a retention time of 6,991 with

2 absorption maxima at 266.3nm and 313.7nm substance mass from https://metlin.scripps.edu free
base and literature, substance 5 corresponds to Kaempferol-O-(coumaroyl)hexoside (Fig. 7).
Substance 6 [M-H-] m/z 756,95 It is fixed on the chromatogram with a retention time of 7,300,

absorption 2 maxima at 255.2 nm and 354.7 nm of substance mass from https://metlin.scripps.edu

free base and literature, substance 6 corresponds to Quercetin-O-(pentosyl)hexoside-O-hexoside
(Fig. 8).
Substance 7 [M-H-] m/z 581,70 is fixed on the chromatogram with a retention time of 7,479 with

2 absorption maxima at 217.4nm and 277.3 nm substance mass from https://metlin.scripps.edu

free base and literature, substance 7 corresponds to Diosmetin-8-C-hexoside-C-hexoside (Fig. 9).
Substance 8 [M-H-]" m/z 385,04 Fixed on the chromatogram with a retention time of 7,990,

absorption 2 maxima at 238.7 nm and 330.4 nm substance mass from https://metlin.scripps.edu

free base and literature, substance 8 corresponds to Sinapic acid-O-hexoside (Fig. 10).
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Fig. 7. Fig. 8. Fig. 9. Fig. 10.
Fig. 7. Substance 5 - Kaempferol-O-(coumaroyl)hexoside; Fig. 8. Substance 6 - Quercetin-O-
(pentosyl)hexoside-O-hexoside;  Fig. 9. Substance 7- Diosmetin-8-C-hexoside-C-hexoside;

Fig.10. Substance 8 - Sinapic acid-O-hexoside UPLC-PDA-MS spectrum.

Substance 9 [M-H-] m/z 448,87 is fixed on the chromatogram with a retention time of 8,639,
absorption 2 maxima at 221.0 nm and 293.4 nm substance mass from https://metlin.scripps.edu
free base and literature, substance 8 corresponds to Dihydrokaempferol-O-hexoside (Fig. 11).

Substance 10 [M-H-] m/z 463,32 is recorded on the chromatogram with a retention time of 9.487,

2 absorption maxima at 255.9nm and 354.1nm of substance mass from https://metlin.scripps.edu

with free base and literature, substance 10 corresponds to Quercetin-O-hexoside (Fig. 12).
Substance 11 [M-H-] m/z 754,85 t is fixed on the chromatogram with a retention time of 10.797,

absorption 2 maximum at 254.0 nm and 354.7 nm substance mass from https://metlin.scripps.edu

free base and literature, substance 11 corresponds to Kaempferol-O-dihexoside-O-rhamnoside
(Fig. 13).

Substance 12 [M-H-] m/z 622,67 is fixed on the chromatogram with a retention time of 12,104
with 2 absorption maxima at 254.6nm and 353.5nm substance mass from

https://metlin.scripps.edu free base and literature, substance 12 corresponds to Diosmetin-O-

dihexoside (Fig.14).
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Fig. 11. Substance 9 - Dihydrokaempferol-O-hexoside; Fig. 12. Substance 10 - Quercetin-O-
hexoside; Fig. 13. Substance 11 - Kaempferol-O-dihexoside-O-rhamnoside; Fig. 14. Substance 12
- Diosmetin-O-dihexoside UPLC-PDA-MS spectrum

Substance 13 [M-H-]- m/z 649,48 is fixed on the chromatogram with a retention time of 12,915

with 2 absorption maxima at 254.0nm and 3385nm substance mass from

https://metlin.scripps.edu free base and literature, substance 13 corresponds to 2-Methylaconitate

derivative (Fig. 15).
Substance 14 [M-H-] m/z 608,79 is fixed on the chromatogram with a retention time of 14,184
with 3 absorption maxima at 226.5nm, 284.7nm and 332.9nm of substance mass from

https://metlin.scripps.edu free base and literature, substance 14 corresponds to Kaempferol-O-

dihexoside (Fig. 16).
Substance 15 [M-H-] m/z 446,85 is recorded on the chromatogram with a retention time of 14,406

with 2 absorption maxima at 264.4nm and 347.9nm substance mass from

https://metlin.scripps.edu free base and literature, substance 15 corresponds to Kaempferol-O-

hexoside (Fig. 17).
Substance 16 [M-H-] m/z 477,10 is fixed on the chromatogram with a retention time of 14,674

with 2 absorption maxima at 2534 nm and 349.7 nm substance mass from

https://metlin.scripps.edu with free base and literature, substance 16 corresponds to Isorhamnetin-

O-hexoside (Fig. 18).
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Fig. 15. Substance 13 - 2-Methylaconitate derivative; Fig. 16. Substance 14 - Kaempferol-O-
dihexoside; Fig.17. Substance 15 - Kaempferol-O-hexoside; Fig. 18. Substance 16 - Isorhamnetin-
O-hexoside UPLC-PDA-MS spectrum.

The study of flavonol glycosides in the leaves of Elaeagnus umbellata Thunb by LC-MS-

PDA allowed us to identify the following compounds (Fig. 19).
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Fig. 19: UPLC-PDA-MS 3D chromatogram of Elaeagnus umbellata Thunb leaves.

Substance 17 [M-H-]" m/z 782,50 is recorded on a chromatogram with a retention time of 3.092

absorption maximum at 211.9 nm mass of substance from https://metlin.scripps.edu free base and

literature, substance 17 corresponds to bis-HHDP-O-glucose (Fig. 20).
Substance 18 [M-H-]" m/z 547,05 is recorded on a chromatogram with a retention time of 4871
with 2 absorption maxima at 252.8 nm and 350.3 nm mass of substance from

https://metlin.scripps.edu free base and literature, substance 18 corresponds to Saccharide (Fig.

21).
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Substance 19 [M-H-]  m/z 608,92 is recorded on the chromatogram of the retention time of 4944
and mass of substance from https://metlin.scripps.edu with free base and literary, substancel9

corresponds to Isorhamnetin-O-pentosyl(hexoside) (Fig. 22).
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Fig. 20. Fig. 21. Fig. 22
Fig.20. Substance 17 - bis-HHDP-O-glucose;  Fig. 21. Substance 18 - Saccharide; Fig. 22.
Substance 19 - Isorhamnetin-O-pentosyl(hexoside) UPLC-PDA-MS spectrum.
In addition, in the leaves of Elaeagnus umbellata Thunb, similar to the fetus, there have
been revealed: substance 3 (Quercetin-O-(pentosyl)hexoside), substance 4 (Sinapic acid-O-
pentosyl(hexoside) (formate adduct)), substance 5 (Kaempferol-O-(coumaroyl)hexoside),

substance 15 (Kaempferol-O-hexoside).

2.2.2. Quantitative determination of biologically active compounds of Elaeagnus umbellata Thunb
fruits and leaves - total phenols, flavonoids and catechins and determination of their antioxidant
activity.

There have been studied the phenolic compounds of 10 samples of Elaeagnus umbellata Thunb
fruits and leaves taken on the territory of four different regions of Georgia: Samegrelo (Senaki),
Guria (Ozurgeti), Imereti (Samtredia) and Adjara (Khulo, Keda, Adjaristskali, Khelvachauri,
Kobuleti, Akhalsheni, Urekhi). There has been determined the quantitative content of total

phenols, flavonoids and flavanols and their antioxidant activity.

The content of total phenols, flavonoids, catechins and their antioxidant activity in Elaeagnus

umbellata Thunb fruits.
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Table Ne3

common Flavonoids Catechins Antioxidant activity
Samfle phenols mg/100g mg/100g mg/100g 0.1 H50 °D/o Pi;gibition of
on raw mass on raw mass on raw mass mg, with a sample
1 230,1+4,60 125,08+2,50 86,28+1,73 16,01+0,32
2 222,92+4,46 121,57+2,43 78,36+1,57 17,90+0,36
3 298,00+5,96 186,4+3,73 96,02+1,92 13,51+0,27
4 209,18+4,18 112,06+2,24 76,54+1,53 21,35+0,43
5 267,65+5,35 168,,58+3,37 91,90+1,84 14,79+0,30
6 308,00+6,16 188,58+3,77 106,90+2,14 14,13+0,28
7 334,00+6,68 196,8+3,94 123,8+2,48 12,36+0,25
8 379,46+7,59 208,01+4,16 138,99+2,78 11,64+0,23
9 454,00+9,08 270,85+5,42 145,52+2,91 11,03 +0,22
10 520,63+10,41 338,62+6,77 160,92+3,22 10,71+0,21

The amount of total phenols in Elaeagnus umbellate Thunb fruits ranges from 209.18 to 520.63

mg/100 g, flavonoids from 112.06 to 338.62 mg/100 g, catechins from 76.54 to 160.92 mg/100 g (

in wet weight). In all three cases, the highest rate was observed in samples taken in the territory

of Khulo: total phenols 520.63 mg/ 100g, flavonoids 338.62 mg / 100g, catechins 160.92 mg/ 100g,

and the lowest rates were characterized by samples from Kobuleti: the sum of total phenols

amounted to 209.18 mg/100 g, flavonoids 112.06 mg/100 g, catechins 76.54 mg/100 g. Their

antioxidant activity was also determined. The indicator of antioxidant activity of Elaeagnus

umbellate Thunb fruits ranged from 10.71-21.35 (0.1 h of 50% DPPH inhibition, mg, with a

sample) within one. Samples from Khulo were characterized by high activity at 10.71, and samples

from Kobuleti - 21.35 (Table No. 3).

The content of total phenols, flavonoids, catechins in the leaves of Elaeagnus umbellate Thunb

and their antioxidant activity

Table Ne4
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common phenols flavonoids on catechins on Antioxidant activity
Sample | onmg/100g mg/100g mg/100g of raw | DPPH 0.1 H 50 %
o of raw mass of raw mass mass inhibitionwith sample
mg,
1 2150,23+21,50 1505,24+15,05 595,38+5,95 2,60+0,02
2 2087,38+20,87 1460,87+14,60 577,43+5,77 2,72+0,02
3 2300,15+23,00 1623,45+16,23 637,21+6,37 2,44+0,02
4 1936,40+19,36 1355,25+13,55 563,26+5,63 3,04+0,03
5 2527,04+25,27 1718,36+17,18 789,50+7,89 2,39+0,02
6 2832,00+28,32 1915,76+19,15 902,08+9,02 2,17+0,02
7 3200,00+32,01 2173,54+21,73 1014,22+10,14 2,05+0,02
8 3136,80+31,36 2118,48+21,18 1004,32+10,04 1,94+0,01
9 3582,50+35,82 2435,76+24,35 1100,24+11,21 1,69+0,01
10 4058,00+40,58 2827,59+28,27 1174,03+11,74 1,13+0,01

The amount of total phenols in the leaves of Elaeagnus umbellate Thunb ranged from 1936.40—
4058.00 mg/100 g, flavonoids 1355.25-2827.59 mg/100 g, catechins 563.26-1174.03 mg/100 g (per
raw weight). When studying compounds in the leaves of Elaeagnus umbellate Thunb, a high
content was recorded in Khulo samples, and a low content was recorded in samples taken in
Kobuleti. In the Khulo samples, the amount of total phenols was 4058.00 mg/100g, flavonoids
2827.59 mg/100g, catechins 1174.03 mg/100g, and in the Kobuleti samples - total phenols 1936.40
mg/100g, flavonoids 1355.25 mg/100g , 563.26 mg/100 g catechins. Their antioxidant activity was
also determined. Thus, depending on the content of the compounds, the antioxidant activity index
of Elaeagnus umbellate Thunb leaves ranged from 1.13 to 3.04 (DPPH 0.1 N 50% inhibition mg,
with a sample) within one. The Khulo sample was characterized by a high activity of 1.13, and

the Kobuleti sample - 3.04 (Table Ne4).
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Diagram 1. Phenolic compounds in Elaeagnus umbellate Thunb fruits and leaves
in mg/100g (raw mass).

Based on the above data, it can be said that when studying the compounds in samples of
Elaeagnus umbellate Thunb, the leaf showed a 5-fold higher rate than in the fruit. This is due to
intensive biosynthesis in the leaf. In addition, a high content of compounds in both fruits and
leaves was observed in the samples taken at the highest altitude (Khulo) above sea level (Diagram
1), which is directly related to the high immunity of the plant in harsh climatic conditions, which

is due to the high content of phenolic connections.

2.2.3. Qualitative and quantitative analysis of carbohydrates and organic acids of Elaeagnus
umbellata Thunb fruits by ultra high performance (pressure) liquid UPLC-PDA, MS and high
pressure liquid HPLC-UV, RI chromatography.

In the fruits of Elaeagnus umbellata Thunb. there have been identified 3 dominant
carbohydrates: glucose, fructose and sucrose.
Substance 20 [M-H-] - m/z 179.06, but as a result of the addition of formic acid, a
pseudomolecule m/z 224.99 is formed. The retention time of the chromatogram is 5.276 min, the
absorption maximum is not visible in the UV spectrum. When comparing the standard compound

and the METLIN mass compound database, compound 20 corresponds to glucose (Fig. 23).
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Fig. 23. UPLC-PDA-MS spectrum of substance 20 - Glucose.
Substance 21 [M-H-] m/z 178.92, but as a result of addition with formic acid, a pseudomolecule
m / z 224.98 is formed, and as a result of addition with a chlorine ion, m / z 214.87 is formed. The
retention time is 5.394 min, the absorption maximum is not visible in the UV spectrum. According
to the reference composition and mass of the METLIN compound, substance 21 corresponds to

fructose (Figure 24).
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Fig. 24. UPLC-PDA-MS spectrum of substance 21 - Fructose.
Sunstance 22 [M-H-] m/z 341.10, but as a result of addition with formic acid, a pseudomolecule
m / z 387.04 is formed, and as a result of addition with a chlorine ion - m / z 377.04. The retention
time is 5600 min; the absorption maximum is not visible in the UV spectrum. According to the

reference composition and mass of the METLIN compound, substance 22 corresponds to sucrose

(Figure 25).
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Fig. 25. UPLC-PDA-MS spectrum of substance 22 — Sucrose.

In the study of organic acids in the fruits of Elaeagnus umbellata Thunb, the following

compounds were identified:
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Fig. 26. UPLC-PDA- MS 3D chromatogram of organic acids of
Elaeagnus umbellata Thunb fruit.
Substance 23 [M-H-]" m/z 132,93 is fixed on the chromatogram with a retention time of 6.355,

according to the literature substance 23 corresponds to malic acid (Figure 27)
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Fig. 27. UPLC-PDA-MS spectrum of substance 23 - Malic acid
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Substance 24 [M-H-]" m/z 190,91 is recorded on the chromatogram with a retention time of 7,629

in the literature, substance 23 corresponds to malic acid (Figure 28).
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Fig. 28. UPLC-PDA-MS spectrum of substance 24 - Citric acid.

Quantitative analysis of carbohydrates and organic acids of Elaeagnus umbellate Thunb
fruits was carried out by high pressure liquid chromatography HPLC-UV, RI method. For
carbohydrate chromatography, 80% acetonitrile (1:1) (mobile phase) was added to a centrifuged
aqueous extract of an analytical sample (1:1) and the sample was filtered through a 0.45 um filter.
For organic acid chromatography, the analytical sample was extracted with 1% phosphoric acid

(2:1 ratio), to precipitate pectin substances, it was treated with 96% alcohol in a 1:1 ratio, then the

centrifuged sample was filtered through a 0.45 pm filter.
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Fig. 29. Total chromatogram of carbohydrates of Elaeagnus umbellate Thunb fruit
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Quantitative content of carbohydrates in Elaeagnus umbellate Thunb fruit

Table Ne 5
Sample fructose glucose Sucrose Total sugars
° g/ke g/ke g/ke g/ke
1 28,03+0,42 26,81+0,40 1,82+0,03 56,66+0,85
2 32,71+0,49 33,94+0,51 1,60+0,02 68,25+1,02
3 30,68+0,46 28,62+0,43 2,13+0,03 61,43+0,92
4 17,28+0,26 16,55+0,25 0,71+0,01 34,54+0,52
5 39,85+0,60 35,47+0,53 1,56+0,02 74,47+1,12
6 23,81+0,36 23,48+0,35 0,62+0,01 47,91+0,72
7 39,54+0,59 30,47+0,46 1,24+0,02 74,47+1,12
8 40,30+0,60 43,17+0,65 2,53+0,04 86,0+1,29
9 50,37+0,76 50,58+0,76 3,66+0,05 104,41+1,57
10 43,77+0,66 44,95+0,67 2,29+0,03 91,01+1,37

Using high pressure liquid chromatography, it was confirmed that the content of total
carbohydrates in Elaeagnus umbellate Thunb fruits ranges from 34.54 to 104.41 g/kg, in the
presented samples, glucose 16.55-50.58 g/kg and fructose 17.28-50.37 g/kg. predominate. There
is a small amount of sucrose 0.62 - 3.66 g/kg. Samples from Keda have a relatively high content of
carbohydrates, the total amount of carbohydrates is 104.41 g/kg, fructose:glucose:sucrose is
represented by the following ratio of 0.99:1:0.07, while the Kobuleti samples have a low value of
34.54 g /kg, where fructose:glucose:sucrose are presented in a ratio of 1:0.96:0.04 (Table 5, Fig. 29,
Diagram 2).

In the study of organic acids by high-pressure liquid chromatography, four acids were identified:
malic, citric, tartaric, and succinic. Quantitative analysis confirmed that the predominant acid is

malic acid, the content of which ranges from 275-501 mg/100 g (Table No. 6, Figure 30).
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Figure 30. Total chromatogram of organic acids of Elaeagnus umbellate Thunb fruit

Quantitative content of organic acids in Elaeagnus umbellate Thunb fruits

Table Ne6
Sample citric acid malic acid tartaric acid succinic acid
Ne mg/100g mg/100g mg/100g mg/100g
1 79+1,58 501+10,02 30+0,60 135+2,70
2 59+1,18 382+7,64 53+1,06 91+1,82
3 42+0,84 275+5,50 48+0,96 94+1,88
4 28+0,56 355+7,10 47+0,94 133+2,66
5 450,90 311+6,22 114+2,28 87+1,74
6 60+1,20 277+5,54 108+2,16 76+1,52
7 73+1,46 427+8,54 330,66 165+3,30
8 26+0,52 314+6,28 70+1,40 156+3,12
9 821,64 42548,50 110+2,20 167+3,34
10 96+1,92 438+8,76 117+2,34 175+3,50

Compared with foreign literature data, the quantitative content of carbohydrates is almost
the same. Fructose, glucose and sucrose were identified in Elaeagnus umbellate Thunb fruits, of
which fructose and glucose predominate, as in our samples (Diagram 2). As for organic acids,
according to the literature data, six organic acids have been identified in Elaeagnus umbellate
Thunb fruits. We identified only four, namely malic acid, citric acid, tartaric acid, and succinic

acid, where malic acid also dominated.
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Diagram 2. Quantitative ratio of carbohydrates

2.2.4. Qualitative and quantitative analysis of carotenoids in the fruits of
Elaeagnus umbellata Thunb.
In the study of carotenoids in the fruits of Elaeagnus umbellata Thunb (Fig. 31)6 using ultrahigh

pressure liquid chromatography UPLC-PDA, MS and spectral methods, as well as comparing with

literature data, the following compounds were identified:
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Fig. 31. UPLC-PDA-MS 3D chromatogram of carotenoids of Elaeagnus umbellata Thunb fruit

Substance 25 [M]*m/z 536,48 is fixed on the chromatogram with a retention time of 4,251 with

an absorption maximum at 472.4 nm, according to the literature, substance 25 corresponds to

lycopene (Figure 32).
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Fig. 32. UPLC-PDA- MS spectrum of substance 25.

Substance 26 [M+H]*m/z 537,42 is recorded on the chromatogram with a retention time of 7,468

with 2 absorption maxima at 453.1 and 379.8 nm, substance 26 corresponds to 3-carotene in the

literature (Figure 33).
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Fig. 33. UPLC-PDA- MS spectrum of substance 26.

Quantitative content of total carotenoids, lycopene and p-carotene in Elaeagnus umbellata

Thunb. fruit was determined by spectral method.
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Quantitative analysis of total carotenoids, lycopene and B-carotene in Elaeagnus umbellata

Table Ne7

Thunb. fruit.
sami)le Z;)f g(r): p ;;cl)ge(:)rgle Comm;)nI;/ clagg;tenoids
1 43,25+0,87 0,39+0,01 54,06+1,08
2 42,85+0,86 0,35+0,01 53,56+1,07
3 47,15+0,94 0,37+0,01 54,44+1,09
4 41,08+0,82 0,31+0,01 50,35+1,01
5 37,34+0,75 0,25+0,01 45,68+0,91
6 46,08+0,92 0,49+0,01 54,10+1,08
7 46,54+0,93 0,52+0,01 54,68+1,09
8 47,58+0,95 0,54+0,01 56,23+1,12
9 48,58+0,97 0,63+0,01 56,53+1,13
10 49,21+0,98 0,73+0,01 57,01+1,14

The content of lycopene in the fruits of Elaeagnus umbellata Thunb ranges from 37.34—49.21

mg/100 g, B-carotene 0.25-0.73 mg/100 g, total carotenoids 45.68-57.01 mg/100 g raw weight. In

a sample taken from the territory of Urekhi, these compounds were found in low content:

lycopene 37.34 mg/100 g, B-carotene 0.25 mg/100 g, carotenoids 45.68 mg/100 g raw weight, while

the sample from Khulo was characterized by a high content of lycopene 49.21 mg/100 g, -

carotene 0.73 mg/100 g, carotenoids 57.01 mg/100 g per raw weight (table No. 7).

3. Optimization of the method of ultrasonic extraction of lycopene from the fruits of

Elaeagnus umbellata Thunb, common in Western Georgia, using a green extractant.

The yield and quality characteristics of biologically active substances isolated from plant

materials significantly depend on the method and conditions of extraction. There are several

methods for the extraction of carotenoids.
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Lycopene is obtained from raw materials by conventional extraction - using a large number
of different organic solvents over a long period of time. High temperature (more than 80°C), light,
oxygen, and a long incubation period reduce its yield.

Therefore, the "green" extraction method is relevant, which is environmentally friendly,
high yield and economical. It can be used for extraction using ultrasound, microwave radiation or
high hydrostatic pressure.

The aim of our study was to extract lycopene from Elaeagnus umbellate Thunb fruits taken
in the coastal zone of Western Georgia (0-200 m above sea level) and in the highland region (200
m above sea level), using an organic solvent and "green extractant" - sunflower oil, and its
quantitative analysis; to optimize methods and conditions of extraction and to determine the
nutritional characteristics of oil enriched with lycopene.
In the first case, the usual extraction of Elaeagnus umbellate Thunb fruits was carried out with a
mixture of hexane: acetone: methanol (2: 1: 1). In the extract, the quantitative content of lycopene
was determined,
The results of the study are shown in Table No. 8. The content of lycopene in lowland samples

ranges from 35.25 to 37.58 mg/100 g, and in high mountain samples from 46.08 to 60.21 mg/100g.

When extracting lycopene from Elaeagnus umbellate Thunb fruits with a mixture of hexane:

acetone: methanol, its yield was mg/100.

Table 8.
Altitude above Lycopene yield mg/100 g with
Area Name hexane:acetone:methanol
sea level ] ..
under extraction conditions
Kobuleti 35,25+0,87
0-200 m Khelvachauri 33,15+0,94
Acharistskali 37,58+0,95
Keda 46.08+0,88
From 200 m -
Shuakhevi 49,58+0,97
above
Khulo 60,21+0,98
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And in the second case, lycopene was extracted by ultrasonic extraction using a “green”
extractant. During the extraction, the optimal values of temperature and time were determined,
as well as the optimal ratio of solid mass and solvent.

A samples of crushed fruits of Elaeagnus umbellata Thunb were taken in different amounts
per 100 ml of solvent (1:100, 2:100 and 3:100) and extracted at intervals of 5, 10 and 15 minutes.
The temperature, ultrasound power, and amplitude level varied from 20 to 50°C, 60—-120 W, and
ranged from 20 to 60%. The content of lycopene in the samples was determined by the
spectrophotometric method. With an increase in the mass of raw materials, the yield of lycopene
decreased by 30% (34.53 mg/100 g). The maximum extraction yield was at a solids to solvent ratio
of 1:50. The process was effectively carried out in a pulsed mode, in comparison with the
continuous mode, the optimum temperature for the extraction of lycopene was determined as
30°C and the ultrasound power was 85 W.

To identify lycopene in the organic extract and the "green" extract, we scanned the sample using
ultraviolet and infrared spectroscopy (Fig. 34,35,36,37).
In both cases, the spectral data obtained corresponded to the literature data for lycopene. The

characteristic absorption maximum for lycopene is 472 nm.

o T n
A 0.97598 q

Figure 34 Figure 35

Fig. 34. UV absorption spectrum of lycopene extracted with a mixture of
hexane:acetone:methanol (2:1:1) from the fruits of Elaeagnus umbellate Thunb, collected in the
coastal zone of the sea (0-200 m above sea level);

Fig. 35. UV absorption spectrum of lycopene extracted with a mixture of
hexane:acetone:methanol (2:1:1) from Elaeagnus umbellate Thunb fruits collected in a high

mountain region (200 m above sea level);
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Fig. 36. UV absorption spectrum of lycopene in the "green" extract of Elaeagnus umbellata Thunb
fruits taken in the coastal zone (0-200 m above sea level);

Fig. 37. UV absorption spectrum of lycopene in the "green" extract of Elaeagnus umbellata Thunb
fruits, taken in a high-mountainous region (200 m above sea level);

In the infrared spectrum, the peaks at 1468 cm-1, 2920 cm-1 and 2950 cm-1 belong to the
vibrations of the CH2 and C-H groups, which is typical for the structure of lycopene (extracted
into fat) (Fig. 38)

Fig. 38. Infrared spectrum of lycopene in the "green" extract of Elaeagnus umbellata Thunb

fruits (sample No. 1 - Adjaristskali fruits and sample No. 2 - Khulo fruits)

The percentage yield of lycopene in the "green" extract of Elaeagnus umbellata Thunb fruit

Table 9.
lycopene yield mg/100,
Sample — fruit of Elaeagnus Y ” g/100 lycopene yield in
umbellata Thunb Extraction with a mixture of "green” vegetable oil %
hexane:acetone:methanol extraction
0-200 m,
i ) 37,58 32,23 85,76
Acharistskali sample
Above 200 m,
60,21 52,0 86,36
Khulo sample
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Under optimal conditions for ultrasonic extraction with a "green" extractant, the yield of lycopene
was 85% of the total content (Table 9).

In each sample of lycopene-containing oil, the following characteristics were determined: acid
value, peroxide value, n-anisidine index, and antioxidant activity. These characteristics were also
determined during the shelf life of the oil (1-3 months) (Fig. 3-6).

The acid number of the control oil sample and the oil sample enriched with lycopene is almost
the same: 0.06-0.061 mg KOH/g fat. The peroxide index in the oil is 1.20 meq/kg, and in the
lycopene-enriched oil it is 1.25 (sample no. 1) and 1.21 (sample no. 2) meq/kg.

N-anisidine index: in control sample - 3.5, in oil enriched with lycopene sample - 3.7 (sample No.
1) and 3.6 (sample No. 2) (Table 10).

When determining the antioxidant activity, oil samples enriched with lycopene were
characterized by high activity, namely, 2 times higher than the control oil sample. In the case of
the lycopene enriched oil, 0.42 (sample #1) and 0.38 mg (sample #2) of the oil were sufficient to
inhibit 0.1 H DPPH by 50%, while 0.85 mg of the control oil inhibited the radical by 50%. (Table
10).

Physical and chemical parameters of control oil and oil enriched with lycopene

Table 10.
Control oil sample and oil enriched with lycopene
Qualitative characteristics - - -
Control oil oil enriched with oil enriched with
sample lycopene (Sample Ne1) | lycopene (Sample Ne2)
acid mumber 0,060 0,061 0,060
(mg KOH/g of fat) ’ ’ ’

Peroxide number meq/kg 1,20 1,25 1,21

N-anisidine 3,5 3,7 3.6
Antioxidant activity, mg

sample 0.1H DPPH for 50% 0,85 0,42 0,38
inhibition

The quality indicators of lycopene in oil enriched with lycopene were determined during 3

months of storage with monthly monitoring of characteristics. In the control sample, the acid
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number index varies within 0.06-0.131 units. within 1-3 months, while the change in oil enriched
with lycopene is less; the acid number in the case of sample No. 1 and sample No. 2 was
determined to be 0.061-0.097 and 0.06-0.07 mg KOH/g fat (diagram 3). The value of n-anisidine

also changes (diagram 4).

Acid value (mg KOH/g fat)

0,14
0,12
0,1
0,08
0,06
0,04
0,02
0
sunflower oil with sunflower oil with
sunflower oil Elaeagnus umbellata = Elaeagnus umbellata
(sample Ne1) (sample N22)
M At the initial stage 0,06 0,061 0,06
1 month later 0,085 0,073 0,062
1 After 2 months 0,108 0,086 0,068
after 3 months 0,131 0,097 0,07

Diagram 3. Acid number (mg KOH/g fat) of control oil and lycopene-enriched oil during storage

N-anisidine

12
10
8
6
4
z l
0
Sunflower oil with Sunflower oil with
sunflower oil Elaeagnus umbellata Elaeagnus umbellata
(sample Ne1) (sample Ne2)
M At the initial stage 3,5 3,7 3,6
B 1 month later 59 4,2 3,9
1 After 2 months 8,3 4,7 4,3
After 3 months 10,5 5,2 4,5

Chart 4. N-anisidine number of control oil and lycopene-enriched oil during storage period.
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The number of peroxides meq/kg

60
50
40
30
20
10
0
Sunflower oil with Sunflower oil with
Sunflower oil Elaeagnus umbellata = Elaeagnus umbellata
(sample Ne1) (sample No2)
At the initial stage 1,2 1,25 1,21
1 month later 18,25 7,99 6,01
After 2 months 35,35 14,78 10,85
After 2 months2 52,38 21,48 15,62

Diagram 5. Peroxide number (meq/kg) of control oil and lycopene-enriched oil during storage.

In the control oil sample, the indicator of the peroxide value significantly worsens during the
storage period (52.38 meq/kg), in the oil enriched with lycopene, the indicator is almost 2 times
lower (15.82-21.48 meq/kg) (Chart 5).

Antioxidant activity -mg sample concentration 50% inhibition
of DPPH radical

1,8
1,6
1,4
1,2
1
0,8
0,6
0,4
O,%
Sunflower oil with Sunflower oil with
Sunflower oil Elaeagnus umbellata Elaeagnus umbellata
(sample Ne1) (sample Ne2)
At the initial stage 0,85 0,42 0,38
1 month later 0,94 0,55 0,46
After 2 months 1,32 0,57 0,51
after 3 months 1,54 0,65 0,6

Diagram 6. Antioxidant activity of control oil and oil enriched with lycopene during storage.

Determination of antioxidant activity by inhibition of DPPH radicals showed a significant

difference between control and lycopene enriched oil samples. The level of antioxidant activity
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of lycopene-enriched oil is relatively stable over 3 months of storage. At the end of the storage
period in the control oil, the activity decreases by almost 2 times (Diagram 6).

By selecting the optimal parameters for the extraction of lycopene from Elaeagnus umbellate
Thunb fruits with a “green” extractant, the ultrasonic extraction method was used to successfully
extract lycopene. Ultrasonic extraction was chosen to extract lycopene from Elaeagnus umbellate
Thunb seeds, and the “green” extractant, sunflower oil, was used as a solvent. The optimal
conditions for ultrasonic extraction were determined: the ratio of the solid mass and the solvent
was 1:50, the temperature was 30°C, the amplitude was 40%, and the voltage was 85 W. Extraction
should be carried out in a pulsed mode, the duration of extraction is 10 minutes.

Compared to the theoretical yield, the yield of lycopene from Elaeagnus umbellate Thunb in
vegetable oil was approximately 85%. Infrared spectroscopy and spectroscopy in the ultraviolet
and visible regions were used to identify and quantify lycopene in the resulting product. To
compare the quality indicators of the product enriched with lycopene at the initial and subsequent
stages of storage, the following were determined: acid number (mg KOH/g fat), peroxide number
meq/kg, N-anisidine and antioxidant activity. Comparing the obtained results, we can conclude
that the enrichment of oil with lycopene has a positive effect on the quality of the oil, namely:
the curve of the change in acid number during the storage period is linear. It has also been
confirmed that the oxidation processes in lycopene-enriched sunflower oil are relatively slower
than in the control sample. The level of N-anisidine, which was determined in all three samples
at the initial stage by 3.5-3.7 units, after 3 months of storage changed. The level of N-anisidine in
the oil enriched with lycopene decreased by 2 times (4.5-5. 2) than in the control sample (10.5 ).
The numerical indicator of the antioxidant activity of oil samples enriched with lycopene is almost
2 times lower than that of the control oil sample.

Ultrasonic extraction of lycopene from Elaeagnus umbellate Thunb with a "green" extractant and
its subsequent universal use is an efficient, environmentally friendly and economical approach to

natural resources.
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4. Chromatographic analysis of cations in fruits and leaves of Elaeagnus umbellata Thunb using a
conductometric detector.

Minerals are essential substances for life. They are part of some hormones, enzymes,
vitamins and other bioactive molecules involved in important life processes. Minerals cannot be
produced by a living organism and therefore must be regularly included in the diet.

In the literature, the content of such cations as zinc, manganese, potassium, phosphorus,
iron, magnesium and calcium is determined by wet distribution methods, atomic absorption
spectrophotometer and flame photometer. As a result of research, the following content of
mineral substances was established in the fruits of Elaeagnus umbellate Thunb: zinc Zn 3.7 pg/g,
manganese Mn 5.3 pg/g, iron Fe 53.1 pg/g, calcium 91.3 pg/g, calcium 162, 4 mcg/g. magnesium
Mg, 183.3 pg/g phosphorus P and 232.1 pg/g potassium K.

The content of cations in the fruits of Elaeagnus umbellata Thunb taken from different
regions of Georgia (at different altitudes above sea level) was determined by chromatography.

The study of cations was carried out by the chromatographic method using a
conductometric detector. The standards were: lithium hydroxide monohydrate (Li*), sodium
chloride (Na*), potassium chloride (K*), magnesium hydrate (Mg*), calcium nitrate tetrahydrate
(Ca?), EDTA (Serva). Instrument data and mode: iso cratic pump (Isocratic HPLC pump -Waters
1515), detector (Waters 432 -Conductivity), chromatography column IC-PakCationMD, eluent 3
mM HNO3/0.1 mM EDTA, eluent conductivity 1250 + 50 pS, base sensitivity 2000 pS, integrator
sensitivity 0.01 pS, column temperature 35°C, negative polarity. Before injection, deionized water
was added to the analytical samples in a ratio of 1:20 (dilution factor F=20), after homogenization
and centrifugation, it was filtered through a 0.45 pm filter.

Compounds were quantitatively counted using calibration curves built on a standard sample;

the identified data of the same samples was compared with the chromatographic one.
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Figure 39. Chromatogram of cations of Elaeagnus umbellata Thunb fruit

Chromatographic analysis of cations in Elaeagnus umbellata Thunb fruit

Table Nel1
Simple Ne Li* ppm Na* ppm K* ppm Mg? ppm Ca?* ppm
1 12,46+0,25 40,24+0,80 185,22+3,70 43,21+0,86 75,95+1,52
2 48.92:098 | 17,88:036 | 29537:591 | 69,16:1,38 | 109,72:2,19
3 45,64+0,91 18,58+0,37 333,30+6,67 76,18+1,52 112,46+2,25
4 38,91+0,78 19,06+0,38 220,98+4,42 52,41+1,05 95,7+1,91
5 41,46+0,83 19,54+0,39 331,87+6,64 60,31+1,21 101.35+2,03
6 53,07+1,06 40,12+0,80 351,94+7,04 70,59+1,41 103,94+2,08
7 17,08:0,34 | 13,72:027 | 187,59:3,75 | 34,17:0,68 | 109,06:2,18
8 19,3+0,39 30,04+0,60 206,68+4,13 38,12+0,76 78,14+1,56
9 30,38+0,61 19,76+0,40 216,72+4,33 43,97+0,88 120,08+2,40
10 41,82+0,84 22,5+0,45 359,64+7,19 80,72+1,61 80,49+1,61

Using the chromatography method, the following cations were observed in fruits of

Elaeagnus umbellata Thunb: lithium 17.08-48.92ppm, sodium 13.72-40.24ppm, potassium 185.22-

359.64ppm, magnesium 34.17-80.72ppm and calcium 75.95-120.08ppm. Among them, potassium

185.22-359.64ppm was dominant, while ammonium 6.98-29.74ppm was recorded in the smallest

amount (Table No. 11, Figure 39).
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Figure 40. Chromatogram of cations of Elaeagnus umbellata Thunb leaf

Chromatographic analysis of cations in Elaeagnus umbellata Thunb leaves

Table Ne12
Sample Ne Li* ppm Na+ ppm K+ ppm Mg? ppm Ca? Ppm
1 91,875+1,84 61,28+1,23 459,37+9,19 29,01+0,58 14,33+0,29
2 80,595+1,61 56,99+1,14 402,97+8,06 27,16+0,54 12,94+0,26
3 88,125+1,76 75,67+1,51 440,62+8,81 123,45+2,47 62,38+1,25
4 84,63+1,69 61,75+1,24 423,15+8,46 16,36+0,33 9,39+0,19
5 71,19+1,42 62,04+1,24 355,95+7,12 71,45+1,43 53,44+1,07
6 86,49+1,73 68,87+1,38 432,45+8,65 71,12+1,42 53,87+1,08
7 65,98+1,32 63,01+1,26 329,92+6,60 112,77+2,3 40,86+0,82
8 75,06+1,50 64,53+1,29 375,35+7,51 73,24+1,46 21,56+0,43
9 76,84+1,54 59,89+1,20 484,22+7,68 54,52+1,09 42,34+0,85
10 96,79+1,94 67,25+1,35 683,97+9,68 82,89+1,66 61,23+1,22

The following cations were observed during the research of Elaeagnus umbellata Thunb leaves:
lithium 65,985-96,79ppm, sodium 56,99-75,67ppm, potassium 329,92-683,97ppm, magnesium
16,36-123,45ppm and calcium 9,39-61,23ppm. Among them, potassium was dominant at 329.92-
683.97ppm, and the smallest amount was calcium at 9.39-61.23ppm (Table No. 12, Figure 40).
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Diagram 7. Quantitative ratio of mineral substances in fruits and leaves of Elaeagnus
umbellata Thunb (ppm on raw mass)

As can be seen from the Diagram, the content of cations in the fruit is less than in the leaf. This is

due to the fact that fruits contain more other substances, water, carbohydrates, etc. (Diagram 7).

5. Biologically active compounds of the seeds of Elaeagnus umbellata Thunb.

5.1. Qualitative and quantitative analysis of Elaeagnus umbellate Thunb seed extract obtained by
the method of liquid extraction under supercritical pressure (SFE).

Using liquid extraction under supercritical pressure (Waters liquid extractors models SFE-100-2-
S10 and SFE-500-2-S10) (Fig. 41), we have obtained biologically active compounds from
Elaeagnus umbellate Thunb seeds [46]. In particular, the optimal conditions for obtaining
fractions rich in oil, carotenoids and phenolic compounds from Elaeagnus umbellate Thunb seeds
have been established. For extraction, we took dried seeds, crushed to particles 0.25 mm in size

(Fig. 42).

Fig. 41. Schematic of the SFE 500 tool.
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Fig. 42. Original and crushed seeds of Elaeagnus umbellata Thunb.

At the first stage of the superfluid extraction of Elaeagnus umbellate Thunb seeds, fatty

substances were obtained from the plant seeds (fraction 1). The optimal extraction conditions

were determined: pressure - 300 bar, temperature - 50°C, carbon dioxide supply rate 30 g/min,

extraction time 120 minutes. The yield of fat obtained from Elaeagnus umbellate Thunb seeds was

8% (Table 13, Fig. 43).

Fractions obtained by super fluid extractor

Table N 13
N Characterization of fractions
1 120 minutes 300 bar at 50°C carbon dioxide at a rate of 30g/min; (fat intake)
2 60 minutes at 350 bar at 50°C carbon dioxide at a rate of 30 g/min;
3 60 minutes at 500 bar at 50°C carbon dioxide at a rate of 30 g/min;
4 40 minutes at 300 bar at 60°C carbon dioxide at a rate of 30 g/min; 10% ethanol
5 60 minutes at 300 bar at 60°C carbon dioxide at a rate of 30 g/min; 20% ethanol
6 60 minutes at 300 bar at 60°C carbon dioxide at a rate of 30 g/min; 70% ethanol
7 90 minutes at 300 bar at 60°C; 96% ethanol at 6g/min
8 80 minutes at 300 bar at 80°C; 96% ethanol in 6g/min;
9 500 bar at 80°C carbon dioxide at a rate of 30 g/min; washed fraction
10 | 40 minutes at 300 bar at 100°C; 96% ethanol in 6g/min;
11 | 20 minutes at 300 bar at 100°C; 96% ethanol in 6g/min; + carbon dioxide at a rate of 30
g/min;
12 | 30 minutes at 300 bar at 110°C; 96% ethanol in 6g/min;
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Figure 43. SFE extraction fractions of Elaeagnus umbellata Thunb seeds.

At the second stage, there were carried out the extraction of lipophilic compounds - carotenoids
(fractions 2 and 3), where the optimal extraction conditions were determined; Extraction time
120 minutes, operating pressure 300 bar and temperature 50° C., carbon dioxide feed rate 30 g/min
(Table 13).

At all stages of the superfluid extraction of Elaeagnus umbellata Thunb seeds, spectral scanning of
fractions in the ultraviolet and visible regions was performed (Fig. 44). In each fraction, the

quantitative content of compounds was determined.

-
1
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Fig. 44. Scanning of UV-VIS spectra of extracts obtained by ultraviolet extraction of Elaeagnus
umbellate Thunb seeds. a) fraction N2, b) fraction N3, c) fraction N4, d) fraction N5, e) fraction
N6, f) fraction N7.

The quantitative method was used to determine the quantitative content of carotenoids in

extracts (2-4 fractions) obtained by superfluid extraction of Elaeagnus umbellata Thunb seeds.
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Quantitative analysis of carotenoids in SFE extracts of Elaeagnus umbellata Thunb seeds

Table 14
Extraction conditions
Pressure, bar Temperature, °C Carotenoids mg/ml
350 40 0,15
350 50 0,22
350 60 0,09

The optimal extraction conditions for maximum extraction of carotenoids were: time 120 minutes,
pressure 350 bar and temperature 50°C. The content of carotenoids was 0.22 mg/ml. At extraction
temperature of low was 40°C and high - 600°C, at pressures of 250 and 350 bar, the yield of
carotenoids was relatively lower (Table 14).
At the third stage of extraction, the extraction of phenolic compounds (fractions 4-12) was carried
out, where ethyl alcohol was added as a cosolvent. For extraction, different concentrations of
ethyl alcohol were tested (10, 20, 70 and 96%), 96% ethyl alcohol was recognized as optimal.
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Diagram 8. Quantitative content of phenolic compounds, flavonoids and catechins in SFE
extracts of Elaeagnus umbellate Thunb seeds
The curve for the extraction of phenolic compounds - the sum of phenols, flavonoids and

catechins from the 6th fraction is ascending, it reaches a maximum in the 7th fraction and the
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curve is descending in the 8th fraction, due to an increase in the temperature parameter ( 80°C).
After the completion of the 8th fraction, i.e. after 180 min under high pressure (500 bar) there
was a complete extraction of phenolic compounds from the extractor, which was also determined
by the maximum concentration of ethanol (diagram 8).

Comparing the results, we can conclude that the optimal duration of extraction of phenolic
compounds is determined to be 150 min, operating pressure 300 bar and temperature 60°C, carbon
dioxide supply rate 30 g/min (fraction 6-7).

We have conducted a study of flavonol glycosides of these fractions by LC-MS-PDA,
which made it possible to identify the following compounds.

Substance 27 [M-H-]- m/z 625.21 is fixed on the chromatogram with a retention time of
5.043; according to the literature data, substance 27 corresponds to Quercetin-O-dihexoside (Fig.

45).
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Fig. 45. UPLC-PDA-MS spectrum of substance 27 - Quercetin-O-dihexoside
Substance 28 [M-H-]  m/z 579,13 is fixed on the chromatogram with a retention time of

5,071; according to literature, substance 28 corresponds to Kaempferol-O-pentosyl(hexoside)

(Figure 46).
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Figure 46. UPLC-PDA-MS spectrum of substance 28 - Kaempferol-O-pentosyl(hexoside)
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have

also identified: substance 5 (Kaempferol-O-(coumaroyl)hexoside),

substance

In addition, in extracts of Elaeagnus umbellate Thunb seeds, as well as fruits and leaves, we

11

(Kaempferol-O-dihexoside-O-rhamnoside), substance 14 (Kaempferol-O-dihexoside), substance

16 (isoramnetin-O-hexoside), substance 19 (isoramnetin-O-pentosyl (hexoside).

Table Ne15

Identified compounds and their distribution in different parts of the plant

Ne Substance [M-H-T fruit leaf Seed
m/z
1 Quercetin-O-(pentosyl) hexoside-O- 740,79 N
rhamnoside
2 | Isorhamnetin-O-glucuronide 759,01 +
derivative
3 | Quercetin-O-(pentosyl)hexoside 594,77 + +
4 | Sinapic acid-O-pentosyl(hexoside) | 562,87 + +
(formate adduct)
5 | Kaempferol-O-(coumaroyl)hexoside 592,85 + + +
6 | Quercetin-O-(pentosyl)hexoside-O- 756,95 +
hexoside
7 Diosmetin-8-C-hexoside-C-hexoside 581,70 +
8 Sinapic acid-O-hexoside 385,04 +
Dihydrokaempferol-O-hexoside 448,87 +
10 | Quercetin-O-hexoside 463,32 +
11 Kaempferol-O-dihexoside-O-rhamnoside 754,85 + +
12 | Diosmetin-O-dihexoside 622,67 +
13 | 2-Methylaconitate derivative 649,48 +
14 | Kaempferol-O-dihexoside 608,79 + +
15 | Kaempferol-O-hexoside 446,85 + +
16 | Isorhamnetin-O-hexoside 477,10 + +
17 | bis-HHDP-O-glucose 782,50 +
18 | Saccharide 547,05 +
19 | Isorhamnetin-O-pentosyl(hexoside) 608,92 + +
20 | Quercetin-O-dihexoside 625,21 +
21 | Kaempferol-O-pentosyl(hexoside) 579,13 +
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5.2. The study of compounds of the lipid nature of pshat seeds by infrared spectroscopy and gas-
liquid chromatography.

Vegetable oils are an important part of the daily human diet, and they are also used in various
preventive, prophylactic and cosmetic products. Vegetable oils contain many useful components,
such as unsaturated fatty acids, fat-soluble vitamins, and others that cannot be produced by the
human body.
Two methods were used to obtain oil from wheat seeds: Soxhlet extraction (48 hours), using
hexane, and extraction with a supercritical fluid extractor, using liquid carbon dioxide. It was
determined that lipids make up 7% of the total mass of seeds by Soxhlet extraction, and 8% - by
supercritical pressure liquid extraction.
The resulting oils were examined by infrared spectroscopy and gas-liquid chromatography
(TRACE™ 1310 Gas Chromatograph - Thermo Scientific).
For studies in the infrared spectrum (from 700 to 4000 nm), an Agilent Cary 630 FT-IR
spectrometer was used. Several absorption maxima were observed during the study. Namely, in
the range of 3433,8-2855,1 13!, which corresponds to the -CH and -OH groups in alcohols;
1747,2-1464,8 19! into the group C=0 and C=C, 1318,5-1025 13}, in which C-O, C-C, C-N, N-O

are valence vibrations and N-H, C-H , O-H are deformation vibrations (Fig. 47).

a) b)
Fig. 47. a)Infrared spectrum of Elaeagnus umbellate Thunb seed oil obtained by superfluid

extraction; b) Infrared spectrum of Elaeagnus umbellate Thunb seed oil obtained by Soxhlet
extraction.
We also examined the obtained oil using gas liquid chromatography (gas chromatograph
TRACE™ 1310 - Thermo Scientific). Chromatography was carried out on a chromatographic
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capillary column DR-5MS-SA Capillary GC Column from Red, 60 m long, 0.25 mm in diameter,
and stationary phase particle size 0.25 um. The stationary phase was 5% diphenyl, 95%
methylpolysiloxane.

The samples were filtered for gas-liquid chromatography from mechanical impurities, then
centrifuged and 0.5 ml of a 96% alcohol solution of 2 normal KOH was added for esterification,
the samples were dissolved in 10 ml of hexane and centrifuged for 10 min at 1000 rpm. The
temperature regime of the injector is 250°C, the rate of the mobile phase - helium is 1 ml/min
(Fig. 48).

Chromatography was carried out with a temperature gradient. Chromatography was started
at 120°C for 5 minutes. At the second step, the temperature was raised to 220° C. at a rate of 20 (°
C./min) and chromatography continued for 12 minutes. At the third step, it was raised to 300° C
at arate of 7 (° C./min) and continued at this temperature for 7 minutes. The total chromatography

time was 51.43 minutes (fig. 49).

Fig. 48. Injection parameters Figure 49. Chromatography temperature regime
Chromatographically separated methyl esters of carboxylic acids were detected on an
aluminum ionization detector. The detector temperature was 300°C, hydrogen was supplied at a

rate of 35 ml/min, air at 350 ml/min, degassing with helium at a rate of 30 ml/min (Fig. 50).
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Figure 50. Working mode of the detector

5) 0)
Fig. 51. a) Gas-liquid chromatogram of pshat oil obtained by Soxhlet extraction; b) Gas-liquid

chromatogram of pshat oil obtained by superfluid extraction.
The components obtained by chromatography were identified by comparison with a

sample of known composition and literature data (Fig. 51).

Chromatographic studies have shown that the oil, obtained from the seeds of Elaeagnus
umbellate Thunb mainly, contains the following fatty acids: tetradecanoic acid (C14:0),
palmitoleic acid (C16:1), palmitic acid (C16:0), linoleic acid (C18:2n6c) (omega-6), oleic acid
(C18:1n9c), alpha-linolenic acid (omega-3) (C18:3n3), stearic acid (C18:0), cis-13-eucosenoic acid
(C20:1), arachidic acid (C20:0) (Table 16).
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Component composition of carboxylic acids

Table N°16

Ne ) extracted by .

Component name Retention Soxhlet SFE fraction,

time (min) ’ %
%
1 | Tetradecanoate acid methyl ester (C14:0) 11.583 0,354+0.009 0.259+0.006
2 | Palmitoleic acid methyl ester (C16:1) 26.183 0.856+0.021 0.738+0.018
3 | Palmitic acid methyl ester (C16:0) 26.933 10.030+0.251 8.745+0.219
4 | Linoleic acid methyl ester (C18:2n6c) 33.617 35.496+0.887 33.663+0.842
5 | Oleic acid methyl ester (C18:1n9c) 33.817 43.342+1.084 48.170+1.204
6 | a-Linolenic acid methyl ester (C18:3n3) 34.050 7.140+0.0.179 5.752+0.144
7 | Stearic acid methyl ester (C18:0) 34.467 2.159+0.054 2.009+0.050
8 | cis-13-Eicosenoic acid methyl ester 39.017 0.227+0.006 0.267+0.007
(C20:1)

9 | Arachidic acid methyl ester (C20:0) 39.583 0.396+0.010 0.398+0.010

In conclusion, we can say that 90.0% of the oil, obtained from Elaeagnus umbellate Thunb

seeds, is C18 carboxylic acids, oleic acid (C18:1n9c) predominates, 43.342%-48.170%.

Importantly, castor oil contains linoleic acid, alpha-linolenic acid, cis-13-eucosenoic acid, and

arachidic acid, which are the main omega-3 and omega-6 fatty acids (Table 16).
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Conclusion

1. We have studied the technical, physical and chemical characteristics of the fruits of Elaeagnus
umbellata Thunb. The fruits of the Ozurgeti and Keda varieties are distinguished by the best size,
weight and volume, while the Keda and Khulo samples have good biochemical indicators (dry
matter, acidity, sugar-acid index).

2. In the fruits, leaves and seeds of Elaeagnus umbellata Thunb, there have been identified 21
phenolic compounds by UPLC-PDA, MS method, including 16 substances in fruits:Quercetin-O-
(pentosyl) hexoside-O-rhamnoside, Isorhamnetin-O-glucuronide derivative, Quercetin-O-
(pentosyl)hexoside, Sinapic acid-O-pentosyl(hexoside) (formate adduct), Kaempferol-O-
(coumaroyl)hexoside, Quercetin-O-(pentosyl)hexoside-O-hexoside, Diosmetin-8-C-hexoside-C-
hexoside, Sinapic acid-O-hexoside, Dihydrokaempferol-O-hexoside, Quercetin-O-hexoside,
Kaempferol-O-dihexoside-O-rhamnoside, Diosmetin-O-dihexoside, 2-Methylaconitate derivative,
Kaempferol-O-dihexoside, Kaempferol-O-hexoside, Isorhamnetin-O-hexoside; in the leaf - 7
substances, 4 of them (Quercetin-O-(pentosyl)hexoside, Sinapic acid-O-pentosyl(hexoside)
(formate adduct), Kaempferol-O-(coumaroyl)hexoside, Kaempferol-O-hexoside) are similar to
the fruit. and 3 different ones: bis-HHDP-O-glucose, Saccharide, Isorhamnetin-O-
pentosyl(hexoside). 7 compounds have been identified in the seeds, 4 of them are found in the
fruit (Kaempferol-O-(coumaroyl)hexoside, Kaempferol-O-dihexoside-O-rhamnoside,
Kaempferol-O-dihexoside, Isorhamnetin-O-hexoside, one substance in the leaf isorhamnetin-O-
pentosyl (hexoside) and 2 different compounds: Quercetin-O-dihexoside, Kaempferol-O-
pentosyl(hexoside) only in the seed.

3. The quantitative content of total phenols, flavonoids and catechins in the fruits and leaves of
Elaeagnus umbellate Thunb has been determined. The amount of phenolic compounds in the
plant fruits ranges from 209.18 to 520.63 mg/100 g, flavonoids from 112.06 to 338.62 mg/100 g
and catechins from 76.54 to 160.92 mg/100 g (on raw weight). The amount of phenolic compounds
in the leaves of Elaeagnus umbellate Thunb ranges from 1936.40 to 4058.00 mg/100 g, flavonoids
from 1355.25 to 2827.59 mg/100 g, catechins from 563.26 to 1174.03 mg/100 g (on raw weight).
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Quantitatively, in comparison with the fruits, almost 5 times higher norm of compounds was
observed in the leaves of Elaeagnus umbellate Thunb. Their antioxidant activity was determined.
The value in fruits ranges from 10.71-21.35, and in leaves - within 1.13-3.04 (50% inhibition mg
of the sample).

4. Three carbohydrates - fructose, glucose, sucrose - have been isolated and identified from
Elaeagnus umbellate Thunb fruits. The content of total carbohydrates ranges from 34.54 to 104.41
g/kg; amount from 0.62 to 3.66 g/kg. Compared with foreign literature data, the quantitative
content of carbohydrates is almost the same.

5. Four organic acids have been identified from Elaeagnus umbellate Thunb fruits: malic, citric,
tartaric, and succinic. Their quantitative content was determined, the dominant acid is malic acid,
which ranges from 165 to 955 mg/100g.

6. The qualitative and quantitative content of carotenoids in Elaeagnus umbellate Thunb fruits
was studied. Two carotenes have been identified: lycopene and P-carotene. When analyzed
quantitatively, a sample taken from the Khulo region showed high levels of lycopene at 49.21
mg/100 g, B-carotene at 0.73 mg/100 g, and total carotenoids at 57.01 mg/100 g (on raw weight).
An ecological, safe and optimal method for extracting lycopene from pshat fruits was chosen -
ultrasonic extraction with a "green" extractant. Optimal conditions are determined. The practical
yield was 85% of the original.

8. In the obtained product at the beginning and after storage, lycopene was identified and
quantified by infrared, ultraviolet and visible spectroscopy; the following were determined: acid
number (mg KOH / g fat), peroxide value meq / kg, n-anisidine and antioxidant activity. By
comparing the results obtained, it has been established that the ultrasonic extraction of lycopene
from Elaeagnus umbellate Thunb fruits with a “green” extractant and its subsequent versatile use,
is an effective, environmentally friendly and resource-saving approach.

9. In the fruits and leaves of Elaeagnus umbellate Thunb, 5 cations were identified by
conductometric detection, using the chromatographic method: lithium, sodium, potassium,

magnesium and calcium. Their quantitative content was determined; potassium was predominant,
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its content in the leaf was twice as high as in the fruit. A high content of potassium was noted in
both cases in Khulo samples: in fruits 359.6 g/t, in leaves 683.9 g/t.

10. The optimal conditions for obtaining extracts rich in oil, carotenoids and phenolic compounds
from plant seeds by the method of liquid extraction with supercritical pressure have been
established. In a qualitative study of fractions of phenolic compounds, 7 phenolic compounds were
identified.

11. Elaeagnus umbellate Thunb seed oil was obtained by two methods: Soxhlet and extraction
with a supercritical pressure liquid extractor with liquid carbon dioxide. It has been established
that during extraction with a fluid extractor of supercritical pressure, the yield is higher and
amounts to 8%. The chemical composition of the resulting oil was studied by infrared
spectroscopy and gas-liquid chromatography. It was found that 90.0% are C18 carboxylic acids,
oleic acid (C18:1n9c) predominates, 43.342%-48.170%. Importantly, the oil contains linoleic acid,
alpha-linolenic acid, cis-13-eucosenoic acid, and arachidic acid, which are the main fatty acids

found in omega-3 and omega-6.
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