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9363290 d5BOHOLIMZOL, MM 399300535l s F0od35 35BgL 39680 BHOGHOIO B553056MdOL
9o0owo 3mb6396@®530s (1,22 s 1,03 %) gobs30MHMdYOL Fodo6r85535 0609l sdsw dsB3969d9wl
(8,03 — 8,6), M3 o MmOl FgbodsdoLbMdSd0 LEHbIMEHMB (dsDBMOl Fmmbmgbs). Gog Tggbgds
5QQ0MdM03 160N , HOGMWIWO 85553056005 1%—-05, beaenm 85go635535 0bgduo 9 -Bg g 0s.

35656060l Bogmxygdols ¢gdbozm®o dsbaliosmgdergdo

3b®oo Ne 1
056005Mm0bob bogmazol ¢9dbozmmo 35639698 gd0
603dwgdols
@slobgEgds b¢d,39 3ol BmEmEmds
ad 6 0
3390 3300 oo Log™ady Logoby 900 oo, 3l JOMO 35O, dev.
93 30m-
Gopvgho by Berdigoge ggomgwo | IMagzswo | 42.33+0.51 |51.33+0.62 80+0.76 86+0.82
399349 39b9 InGH30m 4g0m9ero | dMyzsero | 65.08+0.78 |75.80+0.91 91+0.86 95+0.83
9tg30005 M-
0059935 3919 003530 Berfioben 96350 | 50.23+0.60 |67.69+0.81 87+0.83 91+0.77
035L530 InGH30m | dmgzomom | IGagzswo | 73.13+0.88 |100.22+1.2 100+0.95 108+0.92
0905 3oLy 33d0wo ggomgeo | dGpzswo | 40.73+0.49 |51.55+0.62 45+0.43 49+0.67
005530~ 9430900,
-2 43.95+0. .8410.71 +0.81 +0.
6063960-20 Berh o ©sdgPoo 00350 | 43.95+0.53 |58.84+0 85+0.8 89+0.80
00(396m-
0993000505 003753m Berggoomsee d6pgowo | 60.58+0.73 |74.01+0.89 96+0.91 103+0.87
baobegds | OB oo | d6agsmo | 66.36:0.80 |70.78:0.85 81+0.77 87073
I 3H30m
9tmyg30momm
Goobotd 0m03930 Berdfigaben 300 | 57.23+0.69 |67.36+0.81 79+0.75 85+0.71
005530~ 0 df396m-
3w9996wgemqLio o gde | dggoomsae M350 | 52.39+0.63 |57.90+0.69 86+0.82 92+0.77
0m07530- | 9Yg30005M—
.340. 21+0.72 +0. 104+0.92
630wy Borh o0 B350 96300 | 55.34+0.66 |60.21+0.7 98+0.93 04+0.9

RMO0OMbEol 609m8gd0 s0gdME 0dbs bmgddcmol dmwml LGwwo Lodfoxgol dgMmomedo.
Boymxnqd0 dmdM35¢M, JMYMmAM-35¢OH0 BMEOIOLS, IMY30005WM-bsM0bxolEgMHo 0ym, dmdzgsgm-
9330 290mm0. Bogmgxzol Lodmserm dsbs 89s0Mgd00m 0O 9J3L B3Mdm@Gmbs (208p) ©s
Lo63069e0l (224 ¢) Boymxyqdl, beerm sbs®hgbo Bogmaqdols dsligdo momddol msbsds®mos (182 -
195 9) (gbGoo Ne2).

RBOOMbEol  609939d0bgsb FdMoeo bogmogmgdgdol dowswo (9.2%) s GoGHMEo
0553006000L 050 999339 Md0m BILOSMPYds B3MIMGHM. bmwm Moo bogmogMgdol
3905090000 VSO S 35953056Mmd0L  Fomoo  BsB39693om BILOLMYdS F5¢gblos Y Eo-
8.1%, Jdglodsdolo BSOS F5go0dz935 0b9JLolL  MoMEIBMdS, Moz s0bobgds dol  ggdme
030U9090g.  Foo0s 3960l 200mbogswo  Bw3MAMEML  dgdmbggzedo  (54%), IbsGbgbo
65033900 30 98m0MRI3056 i39B0L 450Mb3e056MdOL 0ol MbsdMO Momgbmdom (45-48%)
(005505 N3, 0b.sbstrmo Nel).




BMNMbEol bsymygdols 3gdbozm®o dsbsliosmgdegdo

3500 N2
R0ODMbob bogmazol Ggdbozmmo 95639698 gd0
Ne|  Bodmdols 005,09 3ol I Gdd
QoLsbgEgds 2399m 3960 B0OIS 3 [Gles)0) 9MH»O

Lopa®™dg | Logsby (39¢0b, 3 | (390ob, dew

1 39t9bboos 00@330m- | 3myzomsem-

R BBz Berdfigoben 00350 | 69.3+0.83|75.7+0.91 | 192+1.82 200+1.90
2 | L0030 Begawe | B0ORO | g g b lmago| 070 | 93088 | 70:0.84 | 195:1.85 | 204:1.80
0c0g3m 35009960
ImGH3dM- | Imyz0mom- dmamAm-
3 Boggro Berdigoge Berdfigaben 3@ O 80+£0.96 | 86+1.03 | 182+1.73 189+1.69
I 3H30m-
g | BROION | e | BoOOBXOVBIGO | 000X | 76,084 | 71,085 | 208:198 | 212:1.94
Bsggaro ®
I 3H30m- 0h3:09-
5 | Lbabagobgero Berdigoge dMmy300m9m mgzoey®o | 73.3+0.88|63.8+0.77 | 224+2.13 230+2.19
ICBIO00

Bogmaol JodomMo 890339wMds ©sdM30YdME0s doge Moy BoJBHMODBY, dsod TmMob
300G Me 306Mm090bY. 39MHIME, Bogmxzol 392939300LsL, Hongdol dMmiEgldo sMLgdMo
3993965 Omo Mgg0do 360d369m3bs ImJdggdl, MMmaMmME TodMgdol oaMM39dsDY, 1939
0553056000 990(3060905%y.

MQMO3 5330039008 99ga90d> 33083965, 2016-2018 Fargddo dgammzowo 60ddgdols
03969000 Brix 9608369cmgboo 96  oblbgo3wgdm©s.  BHoGOWWo  8553006Mds  Fooero  ogm
3mOOMbEol (39690, 3000609 dsbsMO6oL j39630. BsbEMOBOL Loo®mgM X 0dgdoLYD Fogo6Ds535
0609JLb0 50 0ym 05935 35L9L 39600~ 8,6%, Log3056Mm X 089d0LYE 33053500 -8,03 %, Mo
30053060 353006305 oo 8553056Mm0LMsb. (BHoGMwwo 8553056Mmd0l dsmowo dsbgz9b9dgwo
LosGMgm x00go0oLsb doogogs 3sgL 39600 1%-05, beem Loag056m ¥009gdoLsh  3w93m05dsl
$396300- 1,22%) (0006505 No3, ob.cosbstrono Nel).

0545635535 0609Juol Jowoo sB396909w0, MMMz GoGHOMMLOL bogmaol batolbol goHom-
96000 0535600 b0 YOYE0 B0NO0MYIL FobEIMOBOL Foon botolbby.  s0dmBbos, Gmd pH-
ol 953969090 3608369036500 033wgds Lgbmbgdls Im®ol(2016- 2018(gal) s s1g3g X 0dgdL
dmeob. 2018 farol dgdmymdsby 50930 603dgdol »dMmegergbmdsdo pH wa3dm dswsero 0gm,
3000969 2016 Hgarb. gl Gg0degds 0m0mgdEIL 0d5Bg, M LeHBMEMGOO Foblibgs3909d0 gogergbsls
3bgbls 35615993HM9dBY, HMYMOMOESs ool pH. 496s 5dobs, (3b50s, MM 3oGOMLOL (3960l 50
3oboliosm9gdgdoLsm3z0l B0MgdEo G99 0oL (339¢)05EMdSF0, K¥0TdgdL TGOl LbgsMds MBOH™
39 OEUL SLEOWYEgdL, 30006 LYBMEMMHO Foblbzs390900 (OIS No4, 0b.sbstmo Nel).



0530 3. 3913900060l s Bb3s BesgmbBIdOL gJuEH®sgE00L M3E0T0BIE0s s Igommeols
3080300705 30GHMMIM3560s byegmemmsb dodsMmgdsdo

@O90LIMZ0L 5O SMBYOIMOL 35CO0EOMYOVIEO FJNMPOId BESZMBMOIMHO 2e03MHBOYdOL
396LsBE3MHOL MHML 9JLEGRIBEOL godmygabadslidmsb s3s3d0Mgdom.
9gbG®5gd3ool  306MHMdYOOL  ILOYIBs©  J9dMYgbgdo oym Bz96 by sOLYdIMEo
UAHBIOGHMo  3gb3ghoobo  (Sigma-Aldrich), sbggg Bzgb  dogh  JoEgdmwo o
39053600839 gdMo bsgHmMJd0. 9JuBHMII300L M3EH0TsOHO 30MMdIOOL ELIAIBI® 5©0YOMEO
oym oomm dy 39L39Moobo s Bbgssbbgs sdblbgwo: goobmero,  gmsbmewdo  DMSO-U
(0039000 lEamdloo) bbgswalibgs 3mbigb@®msisool (10, 20, 30, 40 s 50%-0560) BLBsMYdO S
MGHO0RIO00  ©53)F53900m. 39L39MHO0EPOLOL LEOWWOo bLbsEMOOL  OLEAJBs  BoBoM
90093990 blibsegdol UV b3gd@®mob Lgsbocmgds s UPLC-PDA-MS sbsgrobo (gbMowo Ne 3).

3939m0E0boL BbsEMdS LbgzsEslbgs gsablbgerdo UPLC-PDA-MS s UV 1s3gd@®ols

3sbsbosmgdWYdO
3b®owo N3
©3LobYw9ds 9JbEH®sgdgos 83‘2;6(;?201) %b‘:))i(isbo Z)ei/(;i % }2\ :; %ba'
3qL3gmogobo 1 1.04 8p/d¢» +96%gmsbmeo 5,054 4777205 0,269 31,64 0,1
393960060 2 | 1.0383/3¢+20%DMSO/gmsboagmo | 4,739 9053003 | 0509 | 5995 | 0.3
39b3gGogobo 3 | 1.0393/3e+30%DMSO/gmsbmero 4,743 10226226 0,575 67,72 1,3
39b3gMoobo 4 | 1.1193/8¢+50%DMSO/gmsbmero 4,749 10559702 0,594 84,68 1,7
39b3g60@obo5 | ! lggzﬁzzizgﬁiﬁgxi‘z@o 4745 15100697 | 0,849 | 100,00 | 2,1

39L39M0OoboL  blbsmds {goawdo 3ModBHoznms 96 8godhbggzs. BLbsMDY 96%—0560
U30OGOL 535GJdS BLBsMBL BOEOL, oMsd gl F9IR0 XIM 3093 doe0sh 30695, Y0
3619350530 509090 1 3y Fobosb dbmerm 30-35 %-0g obLbYdS (0.27 Ip/den; osbordds 283 63-
g -0.1 -05) (LOs0o 1). godblibgardo fywol bsgaws 20%-0s60 DMSO/gmsbmeols ©sds@gdo,
39L39M00boL blibsmdsl 3603369 m3bs Mol - 60%-yg (0.51 dp/dww, mnsbodds 283 63-by
0.3-05) (LyGsmo 2), blbserdo 30% DMSO/gmsbmeols 30 70%-0¢0g beMol dsB39b9degdl (0.57
dy/0qw, dmsbomdds 283 63-By -1.3) (LyGsmo 3), 40%-0560 DMSO/qgmsbmerol 75%-0¢g, 50 %-0sbo
DMSO/909bmeols  @sds3gds 30 358396909l 85%-8gg (0.599p/dcw, dmsbodds 283 63-bg -1.7)
(LG50 4), beagnm 50% DMSO/9msbmerol s godmygbgdolol blibs®ol e @®madyg®om 5dsbsbsdo
05318539005l Jo0Mgds LEWMEo blbsmds (0.850p/0¢w, Jmobmdds 283 63-bg 2.0-Bg 9g30)




(L5000 5). J0YdYO FJIAJOOM 53900 133Bs, HMA Lo3gmalic Fgga0 JooMgds Bodwxdol
50%-0560 DMSO/9m5bmeol 9@ 50390000 ©s8w9ds39000.

5.002 Peak 5

4.441 Peak 3
P10.7 p13.7
0.35f0 0.607°,
\
0.309 os0] |
0.25]
040 |
|
0.20] |
2 2oa30] | 282.9
| /\
0.15] | \‘ S\
| 0.20 | \
-/ \
\ /\ \ /
/ \ 0.104 \
] Y, \ \ / \_ 330.4
0.5 \_“ N\ 329.2 \_/ 2
- ==t 406.3423.2  468.1497.3
0.0 — . emese, TR 0.00] —
250.00 300.00 350.00 400.00

nm

LbmE.1 39L3g9moobo 1, bL3gdGmo 210-500 69

250.00 300.00 350.00 400.00 450.00
nm

bE.2 39L39Moobo 2, L3gdGeMo 210-500 69

4.681 Peak 6 4.678 Peak 6
227.1 2.0007227.7
1.60]
1.80] \ 835
1.40 283.5 1607 / \ '
1.20+ 1.407 ‘\ /
|
1.00] \ 1204 | / \
|
2 0.80] \ 2 1.0 “ \
/ 0.807
0.60]
0.604
0.40]
328.6 0.40 328.6
0.20] 0.20]
0.00] 0.004
250.00 300.00 350.00 400.00 250.00 300.00 350.00 400.00 450.00
nm

nm

b6.3 3gb3gMoobo 3, L3gd@®o 210-500 63 b6.4 39b3gMoobo 4, L3gd@®o 210-500 63

4.682 Peak 4
230.2
2.007 /\ 28/%\-9
1809 [ | / \
| |
1.609 | \‘ / \
1.409 / ‘\ / \
1.209 ‘\‘ | \
2 1.00] | /
\
0.80 \ / \
0.60] \ / ‘
0.40] \\// 328.6
0.201
0.007
250.00 300.00 350.00 400.00 450.00

nm

bmE@.5 39L39Moobo 5, bL3gdGMo 210-500 63

33w93900  Bo@BoM©s  3sbatobols 396900l  33emg30L  m3EGH0dsBogoolbsmzol.  (3gbo
33000905 3903938 99fmbogm Bofiors3gdl s dobo sdwydsgzgdol bbgsalibgs dgmmo 0derggs
3obLb35390  Jg9gaqdL. 33930l OML 396GMORMROMIBOL s bogrgdol dmEomgdol Lbgs
L535egd9gd0L 45dMmYgbgds 56 0deg3s BgbMEIMEO bogMmgdol 899339 mdOL MgoErE LwyEom,
5095653 BW3MbMOEMH0 {030 YdOL, o FmMol  3gbdgeHoobol doMomso bsfjoero
LbHemM9g dghmboe 3memoEe b5fows3gddos. dsbasdobol (39600 39L39M0obols 899339wmdoL
5L5YP9Bs© F935009M g 5 35M056F0: 1- FsbsM0bol (i39b0; 2-056@sM0bol 3960 DMSO/Hgsero
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(1/1);  3-056@5M0bol 3960 gmsbmeno; 4-056s®obol §39bo 50%—0s60 DMSO/gmsebmero; 5-
956s60bol 3960 50%—-0560 DMSO/gmsbmeo »an@®msd9Mm0m0 535%sbs (3bMHowo No4).

35656(060L {39600 39L3gMoobols 899339 mds

3b®owo N4
M Bodiydo 393539000 3030L Gom©9bmds
O™ ROMHDNMOO dgy/dew

1 0oboMobol §3gbo 4,727 802306 0,09

2 35605Mm0bob §zgbo + DMSO/fgswo (1/1) 4,731 1391705 0,30

3 056oM0bob 3960 + gomsbmeno 4,735 1326592 0,29
0565M0bols 3960 +

4 5006DMSO/orsb@o 4,727 4187768 0,92
9oboM0bol §3gbo +

5 50%DMSO/gmsbmeo 4,718 4416754 0,97

MO GHOVPIO00 5dHbs

9obo®m0bols  i3gboll  965¢0BOLYL  Ym3geaz5M0 BT BHOL o093y  Fbmerm
395GHMORMY0MGO0M 5 AIBOWEZM0m, 39U39M0EOboL F9d;339emds FbMEm 0,09 Tp/de0-dos.
356sM0bols 3969 DMSO/fgseo sds@gdom gi 583969890 3608369 m3bs Fo¢ e mdl s
0,3 92/0¢ 895090060; 3560060l §396%g gmebmerols sdsgdom dsB3969d9w0 360d3bgerm
0(33w9ds 0,29 8g/dew; 50%-0560 DMSO/qmsbmero 656930l ©s3s@gd0m 391390H0@0bols 999339 mds
3-x96 09@0s (0,92 9p/0¢), beagoe dsbo®obols 396%g 50%—0560 DMSO/gmsebmeols sds@gdoom
MGHOPIO0m 5356500 8485390000 39139M0OBOL T9d3390™MdOL BsB39bgdgwo 0,97 9p/d¢»
395009960

31939  LoobGHYMGM  0gm Y3900  BWH3MbMOEMOHO A0 3MBoEIdOL  LBMEo
9uGHEsgdzool  306mds  3oBHGMLOL b3y Bsfowgdosb (3960,  GBowMdO,  258mbsfbgbo).
39L39M0OboL s b3y BEsg3mbydol 899(339MdOL L PNBs® T935MYn 5 35M0sBGH0: 1-
09boMobol  3560L  gduB®odsos  fywom, 2-056sM0bol  3obo 50%—0s60 DMSO/figsero, 3--
956oM0bols 3960 96%-0560 gosbmeo, 4- F56bEsMObol 3960 50%-0sb0 DMSO/gmsbmero,  5-
956oM0bols 3560 50%-0560 DMSO/gmsbmeo M@ ®msdygMHomo s35%sbs (43gws dgdmbggzsdo
05658356M©M™d 50dMdbs s odblbgarls ImEol ogm 1:10) (gbGHowo No5).
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35bqs®Mobols 35630 3g9L3gMoobols 899339¢Mds

3b®oo Ne 5
5009bMdy
89353900b 9%/3%
# 603wdol gduesdaos v ROOHOMOO By Bslssby
39055639003 gd0m
1 09boM0bol 3obo+{gseno 4,654 237383 124,43
2 05605Mm0boL 3960+ DMSO/figsewo (1/1) 4,663 1052559 510,25
3 0ebacobob gabos 4,654 374670 247,84
gobmeo
4 | 396Q5MH0bOL 3960 +50%DMSO/gmsbmero 4,668 2266385 1386,12
0,
5 056056060l 3560+ 50%DMSO/gmsbmeno 4,665 0434763 1397.61
MEOGHOVPIO0D0 505Bobs

odo  89Iag000  ©IHObS,

©md  60dmdgdbg 50%—0560 DMSO/gmsbemerols

53539300  MEGHMVRIN0m 505Hb65d0 35390000 39L39MH0EOLOL 993390 MdOL JogdlodoeE

9539690900 8000gds s gl M3EH0T5WH 30MHMdI© Joz086090 (LYGsMO 6).

180000.0
160000.0;
140000.0-
120000.0-
100000.0-
80000.0°
60000.0;
40000.0;
20000.0;
0.0-

=z
7]
c
9]
i)
c

»-4.138 - 592.85

—
3.00

AN S —
4.00 5.00

Minutes

Lm0 6. 35bEMOBOL 3560L 3g39H0EOBOL JOHMToGMYEMSTS Lb3oELBZs ALY oM

©53853900L5L

12



0530 4. 5356530 06EMHMEE0MIdMEO BMyogHomo x0dol dsbs®obolss s gmMammbeols
Jodomeo 99950039bemdol mzolmdMmogo 33eg3s UPLC PDA-MS ©gdgddm®omn

4.1 g9bmeme bsgMomms 33¢93s

BOGOMLM3Z56ms Bogmxgdoligsb 0bogzoseMo bsgMmgdols dsdmymas begdmos Bgg@ob
JOM5GHMAMIR0MJO0m, 5939 30935M3GNM0 50w IRIJGHIO0 LombEmo JOHMISGMYMTBoMYOOL
9900MEOm, MG®M500LRIO0, MH9BMIIEMIGEGHOwo 06gJlol ©yABYIEMJdoL F9dzgmdom, bmerm
096¢053035300B5m30L 259mygbgdmewo ogm MEH®s 9x39dGWIO0 LoMbYOO JOMISEMYMIGOMIDdS
(UPLC) 95 (MS) o gm@m©omeo doGomogawo (PDA)  ©g@gddmmo.  bosgHomgdols
5096MmdMH030 9bsErobo Bs@odos UPLC-PDA-MS, HPLC-UV, IR, Conductyvity ©9@&9d&otmgdol
9900m@Oob 359mygbgdom.

6030096935005 00096¢0%3035300L5 s M3MEIEMBO0Z0 965¢O0DOLIMZOL JsdmyYgbgdero
0dbs B396 bgwo  sOLYIMo  LGHBIOEHWWwo  bsgMmgdo  (3g3gMHoobo,  bsMobyobo) s
B03009Mgdsms  dobiols  https://metlin.scripps.edu  mo30LwBsO BB, Y3y  M93g6POMYdMO
0o BIMSGHIOI0 godm393900L dmbsizgdgdo (L@smo 7-9).

4.497 Extracted
120000.0- 578.91

Peak #2 - 4.420 - QDa 18: MS Scan

3 7
100000.0 2829
80000.0- 270.96 331.7

578.98

Intensity

60000.0-

40000.0-

579.97
20000.0-

0.0+

[T VR AT AT R e
Apex

200.00  400.00  600.00  800.00  1000.00  1200.0C
m/z

b0 7. BEBIbIOEGHMEo bsHobyobol UPLC-PDA-MS L3gd@®o

6.
1.0x10™
0x10 5.000e+005 |

=
@
c
]
£

8.0x10°

6.0x10° 200.00 t

400.00

Intensity

4.0x10° 600.00

800.00 ‘

2.0x10°
1000.00 4

VU U Y 1200.00 T T T T
0.00 200 400 6.00 800 10.00 12.00 14.00 4.00 5.00 6.00 7.00
Minutes Minutes

19500 8. bEHObIMEMO BsHObaobol LC-MS LoghHomm JOHrmAs@ma®osds LC-MS Jemds@myMods o
3D gm®ds@Go
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https://metlin.scripps.edu/

Peak #2 - 5.414 - QDa 18: MS Scan
\9 284.1

5.414 Peak 2
225.9

331.0 1.404
284.1

1.20

609.12
1.00

o 0.807
<<
0.60
0.409

331.0
0.20-

0.00+

250.00 300.00 350.00 400.00 450.00
nm

+-3.000e+005
4,758 Extracted [

[2.000e+005
250000 [

Intensity

[ 1.000e+005

200000
301.01

150000

Intensity

100000

50000

=1000.00

1200.00

; ‘
20000 40000  600.00  800.00  1000.00  1200.0C 4.00 6.00
mz Minutes

500 9. LEBIOEHMWwo 3939600060l UPLC-PDA-MS 139d@®0 dmsboddol max 284.1.

JOMISGMYM70 994553 39bgbom 60dwxdols 9mdbo9dsL
JO@ASGMYO550M0900LsM30L  FYs® RsBM3sbo gJuE®msJgo0m, MoE FMmoEsgl BoTMAoL oM gdsl
1393y (C18 Waters). 60339d0L  ©o@sbsdg 39bgbom 139E0L 5d@035305L Tgmsbmeroom.
3900092 399dGH0M9dM  LeMdBAHL  35HMbsLHMMGdEom  godmboowo fywom. dbmermE 3ol
3900093 ©533Jmbs  39OGHMoxDg bodwmdo 3539730l dgdzgmdom. 90y 9BHI3DY bIdMES
L9634 By ©sMBgbowo 56589bm M0 3003bgbEgdoL dmEowgds fgwoo.
©53Mb63396¢3H0M9dmo 503009690900l  JEoMgdL 39bEbom Fgmabmwom. dglsdwgdgero
239bs M58096009 BogMmOl 0YbEHOR03IS309.

Bogmgdol 096G 0x5035300bsmM30L I60d369gEM35605 Fomo FMRTIBEHSE0S s Slg3g Fo0
dsbgdolL (33000 gds (0Mbms F0ToEHYdoL boMxbDg) s Fmsbmddol dosglodmdgdol 360d36gcmds UV
s6gdo.

BOGONLM3bms 3960 bogmaxzol bbgs bsfowgdmsb 8gsmgdom ggbmmwimo bosghHmgdoo
439w sHg 90M0s, 5d0GMAs3 b59MmM9d0olL 00096E05B035300LIMZ0L Fodmygbgdmwro oym HmymO3
630U, 5939 0bGHOMYY306090)0 BsbEIMOBOLS S FMOHDMbEOL 3560l gJuEHModEgdo (LwyGmscmo
10).
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10.00 15.00
Minutes

AU

-2.000e+005

Intensity

1.000e+005
£ 0.000e+000
200.00

0.00

[ 400.00
- | 600.00
-
— [ 800.00
: : : 1000.00
200 400  6.00

Minutes

b©o00 10. 3565006 Unshiu bogmazols 3060l UPLC-PDA- MS 6Hmds@ma®oeds

RE930mbM0EMOH0 2e03mBoEgdol LC-MS-PDA 3309350 Lodwomgds dmag3s dmya39boobs

39900930 6590900l 00096¢05303530s:

bogmogMgds 1 [M-H] - m/z 609,09 godlo®mgds JOmds@myMsds®g d9353980L Mmoo 5,195
252396393008 dggo© §o®dmoddbs m/z 300,93, dosbmgddol doduodwmdoon 284,1 63. METLIN
(https://metlin.scripps.edu) bog®mgdol dolgdol dobol Tgbodsdobs  Bogmoghgds 1 Fgqlodsdgds

39L39600bL, dmerg3Mwr@o dsboo 610,1898 a/dmwo (C2sH34015) (LyEroocmo 11).

5.270 Peak 3 - QDa 18: MS Scan 18: QDa Ne

5.270 Peak 3 - QDa 18: MS Scan 18: QDa N

400000 609.06 ]
] 20000.0 300.93
300000 18000.07
2 1 2 16000.0°
< ] 2 ]
[J] 1
£ 200000+ £ 14000.0-
] 12000.0
100000 ]
] 10000.0
e S — gooo0l —
200.00400.00600.00800.001000.02200.00 200.00 300.00 400.00 500.00
m'z m'z
5.195 Peak 11
] 284\.1
Peak #11 - 5.195 - QDa 18: MS Scan 1232.6 |\
2004 | | |
2326 1/ ‘
1
3279 150{ “C
2,
609.09 1.00 /‘ \\
827.9
0.50 RN
0.00 —
‘ e
300.00 400.00
Apex
nm

LOHomo 11. bogmogmgds 1-ols UPLC-MS b3gd@G&o SIR 609,09 Da, dmsbogdols max 284,163.
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https://metlin.scripps.edu/

603009M9ds 2 [M-H] - m/z 579,42 3odlo®gds JOmdo@my®sds®y 99353900L Mmoo 4,862
252396393008 dggyo Fo0dmoddbs m/z 271,27.90s6mddol dsdsodmdoor 282,3 63. METLIN
(https://metlin.scripps.edu) 6559600930l sbgdol BBl Tglodsdolo  603m0gcgds 2 Fggliodsdgds
Bo®0OMm0bL, Imerg3memEo dsboo 580.54/dmeo (C27Hz2014) (bvyGomo 12).

Intensity

150000-]

100000-

4.945 Peak 2 - QDa 18: MS Scan 18: QDa Ne
579.01

Intensity

50000-]

O+ o b e T
200.00400.00600.00800.00L000.00200.00
mz

Peak #10 - 4.862 - QDa 18: MS Scan

2

9 282.3

330.4

579.42
578.62

L L hh‘.huuu TR |

Apex

4.945 Peak 2 - QDa 18: MS Scan 18: QDa Ne
000.0

3000.0
2000.01

1000.01

1 271.27

0.0
250.00 300.00 350.00 400.00 450.00

0.60
0.50
0.40
) ]
< 0.301
0.20
0.10

0.00]

m'z

4.862 Peak 10
225.9

282.3

330.4

30000 40000

nm

L5000 12: bogmog®mgds 2-ols UPLC-PDA-MS 13gd@&o  dmsbogddols max 282,3 63.

6ogm0gMgds 3 [M+H]* - m/z 593,20 3ogboMgds JOmds@my®medsbg 93539008 Mmoo 7.246
RM52396¢)93008 ggyo Fo0dmoddbs m/z 285.12.90m56mgdol dsdusodmdoor 282,9 63. METLIN
(https://metlin.scripps.edu) 659007900l dolgdol dsBol Fgbodsdolo  Bogmoghgds 3 Tggliodsdgds

©00d0bL dmeg3MEMo dsbom 594.56p/ dmeno (CsHz:014) (bB000013).

Peak #13 - 7.246 - QDa 18: MS Scan
2285 282.9
3310 437.5 473.0488.6
593.20
N L “Hu‘\wh L
Apex

16

7.246 Peak 13
0.0826.5
0.061 |
I | 2829
4 “ “/‘ ‘
2004
002 | \
] \331.0
] \_437.5473.0488.6
O . OO, N— T T S,
300.00 400.00
nm


https://metlin.scripps.edu/
https://metlin.scripps.edu/

7.308 Extracted
20000.0 285.12

18000.0

593.01

16000.07
14000.04

Intensity
PP
o N
o O
o o
o O
2.2

0.0 Tl I ‘\ |.m\u“‘m\\ L I
200.00 400.00 600.00 800.00 1000.00  1200.0C

mz

LS00 13. bogmogegds 3—ob  UPLC-PDA-MS 1399@ &0, dmsbogdol max 283.5 63.

bogmoghgds 4 [M+H]* - m/z 403.15 godlo®gds JOHmIs@myMsdsBg 993539008 ©OMOm
4.326, 3653996@5300L 890990 HoMdmoddbs m/z 359, dmsbmddol dsduodmdoo 282.9 63. METLIN
(https://metlin.scripps.edu) 6sgMomgdol dobgdol dsHBoL Fgbodsdobs  Bogmoghgds 4 Fggliodsdgds
Bmdog3obl, Imerg3memeo dsboo 402.01p/dmero (C21H20s) (LMoo 14).

] Peak #11 - 4.326 - QDa 18: MS S...
1 5
1.50- 2 282.9
b ™
! & o 331.0 498.6
- 1.00- .2
< ] m ' 403.15
il 359.19
0.50- @
B 632.97
0.00- i
! ‘ ! ! ! ! ‘ ! ! ! ! ‘ ! ! ! ! ‘ ! ! ! L Ll \‘ Ll \u 1 4 ITRTIT 1)
350 400 450  5.00 e
i Apex
Minutes

LbOomo 14. Bogmoghgds 4 —olb UPLC-PDA-MS 13gdG®o, 8msbmgdols max 282.9 63.

BogmogMgds 5 [M+H]* - m/z 394.94 (372.12+Na) 30gbo®@9ds JOMI>GMYMsbg 99353990
©OMom 6.330, Insbmddol dogjbodmdoo> 325.5 63. METLIN (https://metlin.scripps.edu) bsg®ongdols
dsbgdols  B3BoL  Jglododobo  bogmogmgds 5  Fgglodsdgds  Lbobgblg@obl, dmeng3meMo
dsboo 372.12 o/dmeo (C20H2007) (LyyGsomo 15).

30000.0- Peak #22 - 6.295 - QDa 18: MS S...
25000.0° 3 & 6
] 0w N
20000.0- S 3255 423.8440.6
2 : &
2 £ N 78.94
g 15000.0- RN
£ . © N
10000'05 S
5000.0 395.03
0.0- | \ |
| ror ettt ot . bt dubd sl e
6.00 6.50 7.00 bttt ‘A
Minutes pex

LMo 15. Bogm0gMgds 5-ol UPLC-PDA-MS L39J@®0, 80560dd0b max 325.5 63.
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bogm0g®mgds 6 [M+H]* - m/z 395.24 (372.124+Na) godbo®ME9ds JOMTsEHMMdsbg 99353900l
©OMOm 6.565 RMAdg6Gs300L Fg9Ro® Fo0dmogdbs m/z 156.96, dosbmgdol dsguodmdoo 284,1 6.

METLIN (https://metlin.scripps.edu) 659600900l dsbgdol dsBol  Jguodsdolo

BogmogeMgds 6

d99L5058905 BobaM9E0bL, g3 dsboom 372.12 @/ dmewo (C20H207) (LGomo 16).

Intensity
6.592 - 455.04
6.782 - 395.24

650 7.00 750

Minutes

600

Peak #28 - 6.565 - QDa 1: MS Scan

156.96

295.27

448.39505.22
r 827.22

Apex

LrBomo 16. Bogmoghgds 6-o UPLC-PDA-MS L3gd@®o, 8osbomddol max 283.5 63.

Bogmoghgds 7 [M-H] - m/z 609.19

530g4L0MEYdS JOMASBHMYMT>BY F9353900L OMOM

3,282, dmobmddol doduodmdo 284.7 63. METLIN (https://metlin.scripps.edu) bsg6omgdols dsligdols

d5bob d9L505d0Ls© BogmogMgds 7

399L5050909,

I 3OO dsboo

B9™39L396H00bL dmeng3Mo dsboom 326.29 3/dmeno (CsHi1007) (LmGomo 17).

600000
500000
5, 400000 o >
2 3 < 2
300000 ! g g
= 2 3 £
o '
2000007 - o
& 3
100000 & o
[90]
o] R
250 300 350 400 450 500 550

Minutes

3.282 Peak 1 - QDa 19: MS Scan 19: QDa Negati

25000.0%
20000.0—?
15000.0—?
10000.0—?

5000.0

609.19

593.48
592.75

200.00 400.00 600.00 800.001000.001200.00
mz

Peak #12 - 3.966 - QDa 18: MS S...
R22.8 369.0
284.7
477.4
609.14
609.89
Apex

bOomo 17. bogmogegds 7-ob  UPLC-MS 139d@®0,d0s60mgdols max 284.7 63.
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603096 9ds 8 [M-H] - m/z 578.91 gogboMgds JOmds@my®sds®y 89303900L Mmom 5,133.
252396393008 dggyo® §omdmoddbs m/z 270.86, dosbmgdol dsduodmdo 281.7 63. METLIN
(https://metlin.scripps.edu) 659600930l dobgdol d5BoL Fgbodsdolo  Bogmoghgds 8 Tggliodsdgds
Bom0bg0bls, Imeg3mErmEo dsboo 580.54 ¢/dmemo (C2zH32014) (LvyGomo 18).

5.167 Extracted

Peak #12 - 5.133 - QDa 18: MS Scan 1 578.91
— 50000.0
’ 281.7 ]
334.1 40000.0-
496.1 ]
> ]
578.90 G 30000.0-
9 4
E ]
20000.0
579.66 10000.0]
\ 0.0t bl { k. ‘.‘i.tl\l‘.”‘ —
ot ol 200.00400.00600.00800.00L000.02200.0C
Apex m
yA
5.167 Extracted
10000.0
1 270.86
8000.0
= ]
2 6000.0
g ]
= ]
4000.0
2000.0 ‘ }
0.0l L \WM‘\ L, “\ ‘\‘\HM“‘\\H i iy 1,

(o]
206.00 400.00 600.00 800.00
mz

Lm0 18. bogmogmgds 8 —ols UPLC-MS L3gd¢®0, 805604dol max 281.7 63.

51939 dgbfogerowo 0dbs ILEZEgm Bods®mM3gemdo 0bEHMmMY30609d9o Hoomgwbsgmas
RO Mbo Lobaz069w0l 56 M(3056900 (LwGsmo 19).

0.030- ]
] = ]
3 60000.0
] . ~ ]
0.020- - &
Q D 2 ]
5 © D @ @ 40000.0
< 1 o) o S 1
0.010 Lo £
] o S = |
S B 20000.0
0.000- ? >
e Gl 0.0
e = e
6.00 8.00 10.00 6.00 700 800 9.00 10.00
Minutes Minutes

L5000 19. FMOCMbE bLBY3069OL JOHMToEMYEI>Tgd0

UPLC-PDA, MS  9gomol  250mygbgdom  Lobgzobgwols (39680, ®dowrmddo o
399mbs(Bgbdo 009gbEH0R0E0MOME0s 9090 BEHME306gdO :
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B0o3m0g®mgds 9 [M+H] * - m/z 448.68 x3ogdloM©gds JOHMIs@MyMsdsbyg 993539008 OMO™
5,746. 365389635300l 89939 §oMmdm0ddbs m/z 286.91, msboddols dosgjlodmdo 281.7 63. s 518 6.
(Lsdfmbstrm UPLC-PDA 500 63-000g 993b 1356060930L ©0535Hmbo, 853600 (30039 59 Boghonol
1356069059  bowew  sMHgdo  QoIM3w0bs  Fmsbogdolb  dojuodmdo 518  63). METLIN
(https://metlin.scripps.edu) 659600930l dsbgdol d5HBoL Fgbodsdolo  Bogmoghgds 9 Tggliodsdgds

305600 06-3-3)30bol, Imnwg3mw®o dsboom 449.38 o/dmewo (C21H21011) (LGomo 20).
5.746 Peak 1 - QDa 31: MS Scan 31: QDa Pos

5000.0 5.746 Peak 1 - QDa 31: MS Scan 31: QDa Po
] 12000.01 28601
448.68
] 10000.0
4000.01
> 1 ul
5 ] 2z 800007 575 97
g ] € 60000
£ 3000.0- g :
] " 4000.0]
2000.01 2000.0]
| S S N S I A S A A 0.0
42000 440.00 460.00 480.00 500.00 200.00 400.00 600.00 800.00 1000.0C
m'z mz

LEomo 20. Bogmogegds 9 UPLC-PDA, MS 139d&H6M0, 800s6mddol max 281.7 63. s 518 6.

Bogmoghgds 10 [M+H] + - m/z 534.87 530dlo®@gds JOmAo@my®msdsby 993539008 OMO
7,399. 3653096@5300L 99009250 Fo0dmoddbs m/z 286.65, osbogdol doduodwdo 281.7 63 s 518 6.
METLIN (https://metlin.scripps.edu) 659Gm»gd0l dslgdol dsBol dglsdsdobs  bogomogmgds 10
399L5053905 (3056006 3—(6"-05¢mbogy v 3mboEL), JmEg3MEOo dsboo  535.4 /dmero
(C2sH23014) (byroomo 21).

7.399 Peak 2 - QDa 31: MS Scan 31: QDa Po 7.399 Peak 2 - QDa 31: MS Scan 31: QDa Po

40000.0 534.87 10000.0-]

30000.0- 8000.0- 286.65
2 1 > ]
‘D ] ‘D 6000.0
& 20000.0-| o ]
= ] = 4000.0

0.0 \‘H“ “‘ ‘H“ HH\H ‘\ \“ . \L “‘ h “ “ ol
200.00 400.00 600.00 800.00 1000.0C 250.00 300.00  350.00
nmz m/'z

LMoo 21. bogmogmgds 10—ol UPLC-MS L3gd@®o, 805b0ddol max 281.7 s 518 63

Bogmoghgds 11 [M+H] + - m/z 449.10 g3ogbo®gds JOmds@my®msdsby 993539008 OMOM
7,680. 365989635300l G990 Ho®dmoddbs m/z 302.87, osboddols dsdlodwmdo 281.7 63. oo 518 63.
METLIN (https://metlin.scripps.edu) 659Gmgdol dsbgdol dsBol dglodsdobs  Bogomogmgds 11

399Lod5090s Y R30600006 3-M536mBoEL, ImEg3MwmGo doboo  449.10 @/dmero (C21H210m)
(bmErsmo 22).
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/680 Peak 2 - QDa 31: MS Scan 31: QDa Po 7.680 Peak 2 - QDa 31: MS Scan 31: QDa Pos

] 449.10 4000.01 302.87
25000.07 ]
£ 15000.0- 2
Q ] o}
c b e ]
10000.0 = 2000.0-
sooo.oh ‘
1 Hluum‘.LH‘H\MMWM\‘ MMMMM Wm.w Lt w000 . )
200.00 400.00 600.00 800.00 1000.0C 300.00 310.00 320.00
m'z m'z

bOo00 22. 60300096M9ds 11-0b UPLC-MS L3gd@®0, 80560Jdol max 281.7¢0s 518 63

OMymOE 33093990056 BBl UPLC-PDA, MS
0963050300900 Fomgwbogmas  FmMommbow  Bsbyzobgwols

399mb5{bgbdo d99ga0 BEGHME056700: (3056006 - 3mBoo, F0sB0EOL 3—(6"-Fscrmbogn

d900mgdol  95dmyqbgdom

Moowmddo, {)39bLs o

3W30H0EO) s I B0b0EOL 3-M5I6MB0O. MI0BBE BogH FoMdmoagbl 3056006 3
3300HD0EO S JoLo M3MEIBbMIG030 T9I339mds Fgogbl MdomdIo — 25,6 Jp/33—do,
039600-9,6 3y/32, @odmMbsfibgbdo-12,48 Tp/3p, (096006  3—(6"-Tscrmboer g 3MBoEOL)
3993390 M0ds MBoErMddo, (396 s A9dMbsbgbdo Fglisdsdolo, sl 7,16 /3y — 2,68 dp/33—
3,4989/3%, bewm ©gwn060006 3-M58bmBool 9993390 dsd, dgLsdsdols, dgoyobs 6,970/33 —
2,16 9/ 33 — 3.24 3/ 3 (3bOoo No7).

2018 fiemols 93980930 3 3MHyR0mo BMMmMbogr sbag0bgmol s6Emz0sbgdo

3b®owo N7
056006 3—(6— LogHmm s6EGHMEosbgdo
(6AbO gosbogo 3 | 7L ©)@30600d Bgcow 5o
K * BI3IBORO SO0 3-658603%00 QY 625309
Lobgz0bgao 33/33 309930H0EO) 8oy 2905635003930
/30 30 33/30
MHd0w™dO 25.6+0.41 7.16+0.41 6.97+0.18 42.12+0.62
§3960 9.6+0.21 2.68+0.11 2.16+0.41 15.68+0.35
2450mbsfbgbo 12.48+0.29 3.49+0.17 3.24+0.14 21.14+0.38

000963053030090w0 356@IM0BoLs s BMOMMbEOL  domsd@ommo bogmgdols UPLC-
PDA-MS @sbsboosmgds §o0dmaqbowos sbMowo N6-bg.
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356@s6060Ls s BnMHoMbEOL domsgd@or®o baghomgdols UPLC-PDA-MS  @sbslosmgds

3b®owo N6
Bogmoghgdol . [M-H] [M-HJ* UV max.
# RT (min) | MW 3M53996¢)0
Qobobggds (m/z) (m/z) (60.)
1 BoroHmmobo 4.851 580 579 581 271/273 282.3
2 39b3gMoobo 5.195 610 609 611 301/303 284.1
3 69m3gLdgmoobo 5.603 610 609 611 301/303 284.2
4 ©o0©O030bo 7.246 594 593 595 285/287 282.9
5 606060 5.133 580 579 581 271/273 281.7
6 &oba9M9@0bo 6.565 372 371 373 157 284.1
7 LobgbLg@obo 6.330 372 371 373 341/343 325.5
8 Bemdog@obo 4.326 402 401 403 357/359 282.9
9 | 30s500b 3-aem3mBoo 5.746 447 - 448 287 281.7
30560006 3—(6"-
10 7.399 534 - 535 287 281.7
oembog 3wv)3mH0o©o)
6 63—
11 QITBDORO 7680 | 448 . 449 303 2817
6536mBoo

0600030050 M0 b5gOHM9d0L 00960803300l F90amd LsobGHIMLM 0ym, M) BHAYMO
bgdmEs  BwsgzmbmoMMHo  o3mbogdols 65096MdM030  A9bsHogds  bagmgol
Ubgoolbgs bsfowwdo - 39600, GOOWw™dTo, (39bLs s @odmbsbgbTdo. oo™ xdDg Ne5-12
§omIm©A9600s MI0bsbE0 B0gm0gMHgd9d0L MoM©IbmdM0Z0 8993390 ™ds (0b.sbsMmo Nel).

6039 LobgMdsLY (39bEIM0BO S FMOMMbowo) s oo X0dgddo 0IbEHOTROEFOMGOE
Boghomms dobgz0m, 3006303110 M30LMdMO30 4obLH3539ds 56 Fgobodbgds, oM BMOMMbogw
Bobg306gaols.  gzgws  89dmbgzgzsdo  Mom©gbmdMo350 39b3gGmoobo  FoMBMAL Lbgs
3W03MmH0Yd0L 899339 MdL s 59 b5gM09d0L LogMM M3MEIBMdOL 80-90%-8¢gs. dob b3l
Bo®oGmmobo (10-15 %), 6560by0bo, oodobo, sBsMbgbo BogmogMgdgdo 30 FoMdm®agboros
93069 M5mEabmdom. 53 bsgMmgdol OO  MoMEYbMds  FoMdmygbowros 35680, 909y
(00 dd0, 359mbsfbgbls s {39680 (LGsmo 23).

5000004

400000

3000004

Intensity

2000004

100000+

87 I 7.086 - 608.92

- 6.107 - 608.95

v‘h//

[

| 47.319 - 592.79

i ?4.556 -593.08
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Minutes

LIH500 23. 30GHOMLMZ6ms 391396H0EOLOL LygMom LC-MS J6HrmAs@ma©0s.
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356oM0bols (11 x0d0) s GmOmMbeol (5 x0do) 3569830 0096E0530E0MYdIE0s
39b3gMoobo,  bgm3gldgMoobo,  BsMotmmobo,  bs@obyobo, oodobo,  FsbygMg@obo,
BmdowgBobo, LobgblgBobo, bmwm  GBdoWwMdTo, sdmbsfibgbls s 39680  3gldgHoobo,
Bom0oOmMm»0bo s o0dobo, Fomgwbsgmags BmOMMbsETdo 30560006 3—ym3mHB0EO, 305600
3—(6"-0ocrmbo ) 30H0O), JB060EOD 3— ModbmbBoo.

X 038900l dobgz00 391396MH00bOL Jowowo 899339 ™MdO0 250M0MBY3s LoGLvYdslo—2503.9
39/32 09 06s 35L9L 3s60— 2400.1 dg/ 39, oo 899339 MdS JSFOLIO0? IBIW0S EHObIMS MbTols
39680 — 1290.1 39/3, ©6560R9gbo 35bstr0bols 30600 30 TgMygmdl 1297.6 /336 1943.1 dp/33—
0009, §39600 — 346.12 dp/e—sb - 644.14 3y/cw-00g, MdomdTo 445.1 dy/3p — 879.3 3y/33-0009,
bogom 250mbs(bgbdo 95.11 dp/33—wsb - 205.51 dy/33-009 (0s3®sds N5-8, ob.cosbstano NI1).
BMOOMbEol 60399990096 39L39M0EObOL Fomseo J9d339emds HoMmdmoygbowos babygzobgarols
39680, ®B0EMdT0,50mbs(bgbls s 39bdo (1941.1 3y/32-830.6 dp/3 — 278.1 3y/3p — 511.8 Tp/¢»)
(0053535 Ne 9-12, ob.osbstrono Nel).

4.2 Bogmoms Lbgs 3esligdols 33¢g3s

06@O®M©30090wo  Bmyogmo xodol  3sbsMobols s FmODmbEol  {i39bol
6060 05939006 00096G0RB030300  Jobbmedzogwes HPLC-UV, IR, UPLC PDA-MS
JOM5EHMAM5R300500L FgMEIdom. 459mYygbgdwo 0dbs 3G1935Me@ o 13g@o (Phenyl 3.5um, 4.6
x 150mm), 358bLbbgerms LolGgds 0.1 % gomboboMYdMEo Fyseo, 5:39GH™bOGHMOE0 A50M©09bEd0.

6030096M9ds 12 [M-H] - m/z 132.94 g6530d96¢5300L 8990 m/z 115 3030s. 89353900L oM™
6.321 ({0, 8056090l dodubodmdo UV- 241 63. LEsbs®GHME b5g@mmsb s METLIN bsgHmgdols
3sbgd0L BBl gbsdsdolo 603m0gMgds 12 8gglsdsdgds 358¢dzsgs (LyGsmo 24).

q 6.321 Peak 1 - QDa 1: MS Scan 1: QDa Ne¢
300000 180000.0 35 94
] 160000.0
2500007 140000.07
- 200000 120000.04
= 4 > ]
2 1 ‘% 100000.04
T 150000 2 ]
£ 1 £ 80000.07
100000 60000.07
50000—5 40000.0
] 20000.01
07 ]
VYYD 0.0‘\““”\\‘”\”‘\”‘
0.00 200 4.00 6.00 8.00 10.00 12.00 14.00 200.00 400.00 600.00 800.00 1000.0C
Minutes m'z

LbyGomo 24. 603m0gem9ds 12-0ls UPLC-PDA-MS b3gd@®o m/z 132.94

603m09Mgds 13 [M-H] - m/z 174.94 g3653096@5300b 9900920 m/z 115 30300. 89353990L oM™
6.321 o, dobmnddols dsgjlbod~mdo UV- 245.4 63. bGsbosd@Emw bsg@mmsb s METLIN bsgbhmgdols
3sb9d0L B5BoL Fgbsdsdols bogmogMgds 13 8gglodsdgds L- sligmMdobol d5535L ( LwyGsmo 25).
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6.434 Peak 1 - QDa 1: MS Scan 1: QDa Nega
174.94
] 200000-|
300000 ]
> ] 150000+
‘2 200000 z ]
4 (%] 1
g ] 5 ]
£ ] £ 100000
100000- ]
] 50000+
07H‘\H‘\H‘\Hf\w“w“w“w‘ 0:‘\‘L““\““L\“‘\“‘
000 200 400 600 800 10.00 12.00 14.00 200.00 400.00 600.00 800.00 1000.0C
Minutes mz

LOom0 25. bogmoghgds 13-o UPLC-PDA-MS 13gd@B®o m/z 174.94

B030m09M9ds 14 [M-H] - m/z 190.93 653396 5300L 39090 m/z 111 3030s. 99393900l oM™
7.651 o, 8obmnddols dogjbod~mdo UV- 210.7 63. bsbod@mw bsg@mmsb s METLIN bsgbHamgdols
9s19gdoL BB FJBodsdoLO B030YIMYds 14 Fggbodsdgds w0dmbdgezsl (LwGmsmo 26).

400000 7.651 Peak 1 - QDa 1: MS Scan 1: QDa Nega
1 250000190.93
300000{ 200000
> ] _ ]
2 200000 g 1500007
£ ] 2 ]
] £ 1000001
100000 ]
] 50000
01 i o] ‘
L B By B By B B By By B B B B T — ey
200 400 6.00 800 10.00 12.00 14.00 200.00 400.00 600.00 800.00 1000.0C
Minutes m'z

om0 26. 50gm0gegds 14-os UPLC-PDA-MS L3gd®®o m/z 190.93

956oM0bols s BMOHMMbEol (3969000  0©09bGH0BR0E0MGOMWO 0dbs 3 396MdMBTge30:
35905535, L-ob3mMd0635535 5 erodmbdssgs.

bogmoghgds 15 [M-H] - m/z 179.06, 853650 F056339000:535L F0g60009d0L 89009390
0oM0m0ddbgds RLY3EM dmeg3mws m/z 224.99. JOMIsGHMYMsdobg 893539008 O™ 5.276 (oo,
d0560gdols dodbodmdo UV L3gd@®mbg o6 BbL. LEobo®@me bosghmmsb s METLIN bsgHhomgdols
3sL9d0L B5BOL F9Md0m, 6030gMYds 15 F9glsdsdgds yar)3mbsl (Lwydsmo 27).
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120000.0 5.276 Peak 1 - QDa 1: MS Scan 1: QDa Negative(-
1 20000.0
100000.0 ]
] 1 179.06
80000.01 15000.0+
> ] ]
2 60000.0 2 ]
2 ] § 10000.0-
= 40000.0] = ]
20000.0- 5000.0-
O'O?_H_H_H_H_‘ q‘w_‘u\”\_‘_u‘H“\_
2.00 4.00 6.00 8.00 10.00 160.00 180.00 200.00 220.00
Minutes m'z

LYoo 27. bogmogmgds 15-ob UPLC-PDA-MS b3gdd®o m/z 224.99

Bogmoghgds 16  [M-H]- - m/z 178.92, 953650 F00633900055358 d0g0mgdols 890930
0oM0m0ddbgds glggzm dmeg3Ms m/z 224.98, bmwm Jwmemol ombmsb doghmgdol dggys©
§oM3m0gdbgds m/z 214.87. 99353900l 6 5.394 (o, 0sbmgdol doduodmdo UV b3gEHeabyg o6 BbU.
UGobIOEGM 6596 s METLIN bsg@ongdols dsligdols d5Bol dqlodsdols bogmogMqds 16
d99L5053905 BFOHIEBHMBIL (LIPSO 28).

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

120000.07 25000.0
100000.0- ] 214.87
] 20000.0 178.92
80000.0 ]
2 i ]
'a ] 2 15000.01
£ 60000.0- 3 ]
7 c
E ] g ]
~ 40000.01 £ 10000.0]
20000.07 5000.0-|
R s S— 0.0 “M‘_‘\Wd“ ATty I “\Mu
4.00 5.00 6.00 7.00 8.00 150.00 20000  250.00  300.00
Minutes mz

bOomo 28. bogmogmgds 13-ob UPLC-PDA-MS b3gd@®o m/z 224.98

Bogmoghgds 17  [M-H]- - m/z 341.10, 953650 F00b3F39e0055358 d0g0mgdol 890939
0oM3m0ddbgds BLY3EM Img3mws m/z 387.04, bonwm Jam®ol 0mbmsb doghmgdols 8ggys©
0oM3m0ddbgds m/z 377.04. 893539006 @M 5.600 o, osbmgddols dsgjlbodmdo UV b3g@Eombg o6 BsbU.
UGobIOEM 659Mmmsb s METLIN bsg@ongdols dsligdols d5Bol dqlodsdols bogmogemqds 17
399L5053905 Logse@bsbl (Lwysmo 29).
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5.600 Peak 1 - QDa 1: MS Scan 1: QDa Negative(-

] 377.04
700000 30000.0 388.74
600000-] i
25000.0+
500000 ]
- ]
> 2 20000.0
2 400000 S 1
5] s u
N £ 15000.0]
200000, 10000.0
1000004 5000.0; ‘ ‘
% _ 0.0 ‘\‘ R ‘ ‘ ‘M‘L‘H \C “‘L‘.‘N\w
TT3b abo | 500 e 700 8O0 000 20000 30000 40000 500.00
Minutes mz

Lm0 29. bogmogegds 17-ob  UPLC-PDA-MS b3gdd®o m/z 387.04

956oM0boLs s BmOOMbol §3969080  09bGHoR0E0MGdMo 0dbs 3 ©M0bsbEO
BobdoMfyseo: 330D, FOHYdEHMbBs s boJoOmbs.

0530 5. 3356530 06GHOHMPOM30MJOY0 BM0gMmo Kool J5bEsMbols s BmGmMberols §3gbols
MM56veo 95539005 s BabdoMmfigergdol Mom©gbmdmogzo sbsgroBbo HPLC-ol dgommpom
5.1 696memo 85939008 Gomgbmd®mogzo 33eng3s HPLC-ob dgom@om

396035539008 0009bEH08035300L 939 Fowswro (6930l LoPLYMHO JOHMToGHMYMIR0MYOOL
d900m©om 3969030 256LSBEO3OWME 0dbs MI0bIBEHO B0g3m0gMgdgdoL L- sl3mMd0bol 3035,
350355356 o 0dMbIgo358 F99(339@Mds.  JMMTdEMYM9B0MGd0LIMZ0L B0dFdo FMIBI©s
39900920 Pobom; 39dBH0bol olsgngds Bogmgol 396l 1:1 msbsgsmMdom §dsdgds gosbmeno(
96%-0560). (396M0x8MR0M900L 9909 600MTdo 1:1 MsbsxsMEMdom gMg3s ImdMs3 Bobsl-0,1%
3mbRMOI35L.  0bx9gdGH0Mgdsdg b0odmdo oxowEmadm©s 0,45 936 BmIol  BowEH®Jo.
JOMI5@GMYM5x80Mwo  sbsgrobo  d0dobstgmds UV-Vis 2489 ©9@gddmOom L- 51530603060l
05035bom30L 254 63-by, w0dMbIgogoLom30L 214 63-Bg, beagwm 3590l dggogolsongols UPLC -MS
©9393BH0Mgd0m.  ©IYMBOLIMZ0OL Fodmyqbgdme odbs Shodex -0l goMdob Lgg@o - KC — 811 o
9d653 535Dl HoMdmoy9gbs 0,1% HiPO4,

L - sb3m&Mdobol 97935  0009bEGH0803060900L 9999y  Mom©gbmdMmoz0 255645003905
bmM 309905 135¢0dMHM POl Jobgzom, 60dMTol FMmIBoEIOOLLL SOLYdIMO oEBI3900L
3394 BHMO0L Qom35¢0LHobgdoom.

396LsBW3MME 0dbs FsbEIMmObOLS s BMODMbEOL Boymaol 3o0@sdobo C-U, 0dmbdsgogols
Q5 359055358 3mbEgbE®s30s. 39MdM, 3sbamobol {j396d0 30398060 C-ls omsemo Jgd339wmds
©5830JB0MES 0vms gL (39600 -1,046 /e, y39wsHy Voo - Goamho 3sLgl - 0,245y/em,
B563560Ls -0,2859/c0 o 3993m05351-0,258y/cn 39600, brmwm  ©@sbs@Bb bodmdgddo momddols
056505600 MroMmOIbMdOMSS HoMBmygboro (EbMoo Ne§).
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020 2.00]

1.804
1.004

1.604

0.804 1.404

1.204

=}
< 0.60] 1.00

AU

0.80
0.404
0.60]

0.20 0.40

}5. 100

0.20]

—+0.863

0.00 st 7 0.00
000 100 200 300 400 500 600 700 800 900 10.0C 006 106 200 300 400
Minutes

T
9.00 10.0C

L@omo 30. 30@GOMLOL (3960L 3035306  C-bs s MOYSEMo dggo39d0 HPLC-UV
R CIUIATTOPORYIAY

bgsalibgs x08ol dsbs®obol §39680 0dmMbgegsls s 30Gsd0bo C-ls Bgdzggemds

3b®oo Ne§
9565M0b0L 3960l mMsbmwo 3593900
bodjdob @ababgargds 00mbzo350 3590l 35535
C 30@sdobo o/
899339 mds o/ e
&o3nbho 35bg 5.74+0.13 0.245+0.01 0.78+0.01
™303v) 359 6.46+0.14 0.427+0.01 0.87+0.03
3059935 359 6.85+0.15 0.323+0.01 0.93+0.02
035b530 4.72+0.10 0.621+0.01 0.64+0.01
065 35Lg 8.1+0.18 1.046+0.02 0.99+0.02
Bob3960-20" 6.12+0.13 0.285+0.01 0.83+0.02
0993020585 8.7+0.19 0.258+0.01 1.08+0.03
Lol do* 5.8+0.13 0.495+0.01 0.78+0.01
B0sbs6)d MbIor”* 6.02+0.13 0.531+0.01 0.82+0.02
3w9dgbmemgl® 6.09+0.13 0.88+0.02 0.83+0.02
mbdovy* 6.15+0.14 0.412+0.01 0.86+0.03

9965060 39600 MO0 35539006 LogHmm MoMmEYbMds gobolsBMzms 5.36 — 9.78 3/
9M0IMNom.  MmOYsbMmo  953900Ly0  3oGOMLMZbms 3969000 oo  HomEgbmdom
Domdmagbowos  @wodmbdgogs  (Fsbodbmos  Lsg306m  x0d900).  W0dMBIge35L  Bowowo
5096MmdMH030 8993390 mds  [omdmEygboos 3993m0sdsld s 0 3sbgl 39630  (8.7g/cn-
8.13/),505¢05 0355300-4.729/¢0, bmem bbb 60339330 100JTol MsbsdMO MomEYbMdss
(5.74-6.85p/¢) (3bG0E0 Ne§).
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RONMbEol j396900L256 30@9d0bo C -l Jowowo 899339 ™ds FoMdmygboeos 3sergblios
I G530-0.6233/c, 096dM0 MoMm©abmdomss 6539e0bsl-0.453/aw, Loby3z069e0ls-0.513/c s

19039 Boggarol- 0.5359/cn 3969000, dSEO 3mbB396EHME0S MOl Bw3MTmE™UL §39680-0.389/cn
(EbOowo N29) (LmEosomo 30).

bgsalibgs X030l BmemMbEol 39680 @0dmbygsgals s 3oGedobo C-ls 3g0339emds

3b®oo N9
3owblosl 6539@obsb X330 bsBag069@Ob
X3RO XdIBO —
6670 b3ag0s6em Lodmowm dfoxso LosEMgM bpg0560
05153990
35emgblos
bnogg by 0 dmEm 6y o) Lsbgaz0bgeo
O 9039 bo3go | 3030300 30 33069
@03cB3y535 3/ 16.50:0.36 11.24:025 | 13.07:029 | 11.06:0.24 14.21+0.31
0.513+0.01
3053060 C /e 0.623+0.01 0.535+0.01 0.389:0.01 | 0.453+0.01
1.3120.03
3580535 3/ 1.52+0.03 1.06+0.02 1.21:0.03 1.04+0.02

BOOMbEool i396900L56 0dMbIzo39L Foocno d9d(339PmdO® boLosMEYds  35¢gblios
I HO-16.59/am, ©dseo 65390065~ 11.06, bemgwm ©sbs®Bgb 60ddgddo 30 00mddol Mbsds®o
65gbMd0mss 11.24-14.21y/cw (gbGoeo N°9).
9565M060L 39600 0dMbgogols s 35ddz35L MOl TMI0YdINGdS dodmobsds 7:1,
bemm gmdombamols (3969030 10:1 0sbsgsm@Mdo0.

5.2 6sb3ofigegdol Mom@gbmdmogo 33¢g3s HPLC-ob dgmmeom

Bobdomfyargdol  Momgbmd®mogo s  ®M30LMdMO30 899339 ™dOL  33¢g30LSMZOL
399099gbgdmo  ogm  FoeswgngdGMGo  Lombwemo  JOMIsGHMmAmsxzomgds (HPLC)- Waters (RI
©939d&H™6M0, Binary HPLC Pump 1525), d6mds@ma®dogomnmwo bggdo amide (250 90 4,5 99) o
Carbohydrate, bggEHob 39d3gOs@Mes 40°C garmgbBo 80 %-0s60 s3gd™mbodMowo (Merck; Sigma-
Aldrich), ©9®&9d&069ds RI. JOHMIs@myMsg06MH9gd0lsmgzol 50dMdgdo dmdbsws d9dwgao Folboo;
399dB0bob  sboergds §396L 1:1 sbsxsMmEMdom 9dsGgds 96%gmsbmero. 396GM0BM0MIdOL
0909 bodmdo 1:1 msbsxgsd@Mdom gMgzs dmdMms3  BoBoL-80 %-0sbo 539G ™boGGoo.
0651943H06M9050g bodmdo 0xgowGHM9gdm©s 0,45336 Dmdob gow@®do.

9960060l s BMOHDMbEol ¥0d90d0 (39630) BobdoMfyargdolgsb 0w9bEogoEotMgdme
0965 3 30Bs, BOHWYIEHMDBS s Lado@mbo (LEromo 31).
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600.00
500.00
400.00

300.004

MV

200.00

Fructose - 4.794
Glucose - 5.077

100.00

>Sucrose -6.517
-7.128

061
4.350
"
8] .
©
8

0.00-

4;

—
6.00
Minutes

D
o
o
a
(e}
o

bOomo 31. 30@GHGMLOL (3960L BobJoMfyargdol LogMomm JOmAo@Mmy™mads

9560060l {i39680 FogMgdol LogMHmm Mom©gbmdsd dgoaobs 81,67 — 98,94 o/an, Losg
330Bs O BOHMIBHMDS P0MJIoL M9bsdIMO  MoMm©IbMmdom 9oL HoMmdmoygbowo, bmerm
Logdombsls 3mbEgbEME05d 950000 Loghomm FodMgdol 55 — 63%. Lopa3056m ¥0dgdoLsb B396d0

393M3EIWIOME0  BIOOMBMNEM3s60 Mbdomls s MJOGHOMOYE0MGIM  FHosboMms MBJonls
03969030 TogMgdol LogMmm xsdo Mool MbsdsMos —87,94p/¢—81,67p/¢ s T9IMd0m
Q505¢005 ©BMBID Log3056M K 0T9dMb Fgomgdom (3bMHowro Ne10).

356050M060b {39630 65bHIoMfyemgdols 999339wrmds

3bMogo Ne10
Ne @3b3byagd BOMIGHMDS 330D Logormbs dsd69godob x50
v v v yw
1 Boaho 35b9 20.37+0.41 16.27+1.19 59.25+1.19 95.89+1.92
2 ™33 39L9 18.62+0.37 15.64+1.00 50.12+1.00 84.38+1.69
3 0059935 359 21.49+0.43 18.06+0.98 48.78+0.98 88.33+1.77
4 035L530 16.5+0.33 17.9+1.00 50.2+1.00 84.6+1.69
5 09965 39b9 20.74+0.41 18.34+1.17 58.58+1.17 96.56+1.93
6 6563960-20 19.66+0.39 16.47+1.22 61.05+1.22 97.13+1.94
7 03000505 22.65+0.45 20.13+1.06 53.13+1.06 95.91+1.92
8 Lo@Lwyds* 24.75+0.50 21.48+1.05 52.71+1.05 98.94+1.98
9 GooboMs Mmbdo* 17.35+0.35 18.79+0.91 45.55+0.91 81.67+1.63
10 3w9996emgly™ 18.15+0.36 19.69+1.13 56.32+1.13 94.16+1.88
11 bdo* 16.87+0.34 18.35+1.05 52.72+1.05 87.94+1.76

51939  dg30Lfogargom BOOMbEol  bro  xoddo  bsbdoGmfigwadol 999339 mds.
Domdmoagboo 60993900Lgsb LogHmm bsbdo®mfigwgdol  dswowo 3mbaab@®MsEos sxgodloms
2M39m@ml 39680~ 153.6p/w0, 8505¢00,00000§308 30bsdIMO MM bmds Boggwobs s gozg
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Boggamol (3969900 (146.9-147.8p/), bmwm ©dswo 3mb:396¢Mo30s 35¢9gblos g @sl (i396d0-
112.28y/cw. HmamO3 3bOHoosb b, ©mdobsbE Tododl  Ho®mBmoagbl Lodsermbs, bmgom
BOMIGHMDBS ©S  JE3mDBs  00mJIolb  M9bsdIMO  MOMEIBMBOMss.  LogeMmbol  dms@gdro
50M96M0ds 5 B0 T553056Mds F9BIMOBLY s BMOMMbIEL LolsIM3bMm Tm@E3dM 29dml
0b0FqdlL. x089d0L dobggzom, ULszzergg 60dmdgddo o6 Fgobodbgds 0603369 mzsbo  Lbgomds
3 300D0oLS O BOHWJEHMDOL F9033900MdL FGMOL (OOYEMsds Ne13, ob.sbsdomo Nel).

0530 6. 5356530 06&HMEOE0MIdMEO BMY0gHoo }0dol dsbs®obols s mMammbemols
fi3060b 35m0mBgd0L 33¢g3s 3MbENIGMIYGOIL EIGIIGMMOL ysBmygbydom

GOGO®MLMZbms  3oGombol 331935 BoBoms  JOMAsEGHMYMoxnomwo  Gg0MmPOm,
3060019 ™I9AHOMwo ©IAHIIOMO0m. 1BEBBIOEHIO0 WoModol 30OHMJloEol dmbm3owMms@o
(Li*), Bs@®owmdol dJorm®oo (Na*), s9mbormdol Joméoo (NH4+), 35000930l JemMoo (K*),
0536030l 3oMs@o (Mg*), 3oeomdol Bo@®msdo  GHgdMedoMsdo (Ca%), LEGMMbEomdol
6o@®5@0 BH9B®9300MsEH0 (Sr2), ds6H0Iol Jarm®0oo odo®Msdo (Ba?) (FisherScientific), EDTA
(Serva). 0bm3Ms@GHMwo GHwddm (Isocratic HPLC pump -Waters 1515), g@gd@meo (Waters 432 -
Conductivity), JOmds@maMegowo bgg@olC-PakCationMD, gewygb@o 3 mM HNOs/ 0.1 mM EDTA,
90996G0L  290BHoMmgdemds 1250 +50 pS, Lodobm  dgMdbmdgwmds 2000 pS, 0b@GHgaMs@memol
936M3dbmdgemds  0.01uS, UBzgdol  GHgddgeo@m®s 35°C, 3mmommds-negative.  0bg9d@06M9ds0©9
Bosboobm 608mdgdo 0gdgdm®s 1:1 MsbsxsMEMd0m 96%-0560 gmowol L3oMHEGHom 39JE0bol
©oLOwgdo®,  (396GHGORMYMYd0L  Fgdgy  6odmAL  1:10  mbsgsmdom  9ds3gdMms
©90MmboBoMGOMwwo figoeo (gobbsggdol god@Bmeo F=20) s oxgow@H®mgdmes 0,453360 bmdol
530E®do.

B59MH»g00L MomIbMdMH030 Fo5bgsM0d9ds bEgdMm©s LEBHBIMEO bsgMmgdols 99939mdOo
52900 B5350dGMM  dMEgdol Jobg3zom. JOMISGMYMIR0MdoL d9d39mdom  JogdEo
30936963900l 00gbEH0B035305 J9BBMOE0gEs 3bmdowo Fgygbowmdol ddmby 3o@Gombgdols
9mb539990056 Tgo6M9d0m.

40.00+
35.00+
30.00+
25.00+

@ 20.00]

Potassium - 4.394

15.00

Sodium - 3.318

Ammonium - 3.627

10.00

5.00+

7Ca|cium -9.452

>Magnesium -8.100

Minutes

19500 32. F5bM0bOL 39600 35EH0MbBYBdOL JOHMDsEMYEsTd
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9960060l 396900Lgob Fowowo  3somdol 899339wMds IROJLOMES 0MYMS 35L9L
(2160.5+49.69ppm) 5  J0oa53> 3oLl (2034.42+46.79 ppm) (3969080, ©@sdswo GHopwmbo 3olgl
(594.06+13.66ppm), Lo@Glwdsabs (600.63+13.81ppm) s 3gdgboyengliols (989.06+22.75ppm) (3969000,
bem ©sbs®Bgb 603m89gddo omJdol ™MsbsdsMo MHoMmEIbmdomss FoMdmyqbowo. bosbswrobm
603dg0do  39Bombgdol  3mbEgbE®mosos  FoMdmpqbowos  990aabso®ms  MbsgsMmdoo:,
3963, ©MI0bBAEHL Fordmoygbl 3oc0dol ombgdo (594-2160 ppm), ol Imb3L JoeEowydo
(136-270 ppm) , dsgb0mdo (28-125 ppm), bo@®owgdo (18- 102 ppm) (gbGoo Nell, bydsmo 32).

3560036060L 3960l 39070mbgdo

3b®oo Nell
39G0mbgdol 990339 mds ppm
056sM0bol 3960
Na* K+ Mg2+ Ca2+
Adauho 3509 18.63£0.43 | 594.06+13.66 | 28.68+0.66 160.8+3.70
c
5§< M3739 3569 69.6+1.60 1159.7£26.67 | 116.47+2.68 | 185.82+4.27
% 0053535 35L9 91.83+2.11 | 2034.42+46.79 | 123.09+2.83 | 220.05+5.06
%‘ 0350530 59.9+1.38 1039.7£23.91 | 87.63+2.02 | 212.55+5.42
-
099Ms 39bg 102.66+2.36 | 2160.5£49.69 | 125.04+2.88 | 189.06+6.20
6563560-20 86.34+1.99 | 1642.59+37.78 | 120.36+2.77 | 136.5+4.89
c 04930505 76.83+1.77 | 1585.14+36.46 | 111.09+2.56 | 217.56+4.35
3=}
¢
? BoGemds 17.43+0.40 | 600.63+13.81 | 21.33+0.49 | 235.47+3.14
=]
2 G026 69.9:1.61 | 1458.99:33.56 | 100.26:2.31 | 168.82+5.00
< 630w
3
3w9096memqls 45.63+1.05 | 989.06£22.75 | 68.63+1.58 | 269.55+3.88
mbdow 59.5+1.37 | 1398.87+32.17 | 97.15+2.23 | 202.45+4.66

9965060l 11 x0dls s FmOMMbEol 5 x¥0ddo 0©IbEH0B0E0MJOMWos 4 JoMHOMSO
39Gombo: bo@®mondo,  3owodo, dsabomdo o 3o 3ovydo. 3s6@sM0bols s BmOMMbEol
Bo@eowmdols

056585MOMdS BMONMbEOoL ¥0dqgddo goblibgs39d0ME0s @S AdE30Egd0m bs3egdos dsbwsmobols

609dgddo  ©™IobsbEHO  Joeomdol  35BH0Mmbos.  39wE0wdol,  dogbomdols o

65089890056 d9M9000. 3963, BMONMbEol 3969000 Jsewomdols 899339 mds dgeygmdl 536-

1000.02 ppm, 439wy ©@sdseros dsB39690go g3m3dm@ml {39600 536.73+12.34 ppm (sbMogro
Ne12).
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BMMbeob {39600 35¢0mbgdo

3b®owo Ne12
39¢0mbgdol 999339 mds ppm
Ne | gm®ombeols §g9bo
Na* K+ Mg Ca?

1 bgog3g boggeo 38.01+0.87 1000.02+23.00 | 50.52+1.16 136.83+3.15
2 Boggero 28.05+0.65 680.04+15.64 37.05+0.85 173.13+3.98
3 ®939InGHM 43.05+0.99 536.73+12.34 47.86+1.10 186.21+4.28
4 | 35wgbLos g 40.56+0.93 784.02+18.03 87.18+2.01 188.43+4.33
5 Lobagobgaro 43.87+1.01 830.65+19.10 92.58+2.13 195.24+4.49

0530 7. 856050M0bol 3560l gogHBYmoL 336935 S0H-L0MbMMO JOMTsEMyM583000

300MHMEOLEHOE0530000  F0PIOME0  30GHOMLMZbgdoL  bsgmgol  gomgHbgmol  33w939
356bMOE0gw©s soM-bombrMo  JOHmds@myMonol (TRACE™ 1310 Gas Chromatograph — Thermo
Scientific) Us3995wgd0m. JOMIsBHMYM5R0MJdS J0IEOBIMYMIS JOMTSEMPMISTBO-M 3530
1393y - SGE BPX5 Capillary GC Column 30 3 Log»dol, 0,25 99 ©o0sdg@®ob s 0,25 939 «9dems30
RoBoL Boffoeszgool Bmdom. MdMsg BoBol FoMBmoygbs 5% Phenyl Polysilphenylene-siloxane.
9d653 BoBoL FoMdMoybl 3gwodo, HMIwol ImdMsmdol bLoBdstg dgoygbl 0,700 de/fimmdo.
bo33wg30 60dMJol 0bs9dBH0MYds bMGmE0gwgdms SGE Analytical Science go®dol 10 93¢
90360m33M030L 39939mdom.  0bg9dG™MOL  ($H9d3gMo@OHImo Gggodo 280°C-0s, bmwm, 139@do
d9qbogzsbo  60dmMdol  3geomdol 6535000 oymBs  bmME30geEadm©s 1/100  msbosgsdmdoom.
JOMI5GMYM553060905 bmOE09wgdm©s GH9gd3gmo@OH e 4Msogb@do mmb g@sds. 39MHdm,
JOM5BHMYM553060905 0fggdms 50°C -bg, Gmdgwog 3 (°C/fimmdo) bLobds®om 0bBMEIdMms 250°C-
99 (09mMg 9B30) ©5 JOMIGHMYMIR0MYds Mg Ydm©s 10 fmoo. Tglsdg g@s3by 10
(°C/Hm80) Lobdsmom 0BMHEIdMEs 270°C-80 S 3MJEIOMES 50bodbM $H9d3gMo@ sty 3
Pmool 9963530 mdsdo. dgmoby 93s3by 21,4 (°C/HmmTo) LoBJs@rom 0bO©gdmps 320°C-dy s
339w YdMEs 5006  Hgd3gMo@ By 5 (ool  49b3s3wmdsdo.  JOHMTSGMYMITR0MOOL
LOHMEo O™ 95008906 89,0(m-b. ggOHBgMOL H3MEIBMIGM0Z0 993390 Mds OLLDBPOZMHYJOMOS
30300 B360MdoL Jobgz00m 360H:m(396¢390d0 0,01%-0b LobMLEm.

JO™I5GHMYM553060900L  F9d30MB0m  IYMBOWO  JIIOBINJOOL ©IBHIJBH0MIOS bYdIM
5EM-0boBo306M ©YBHIJBHMODY, HMIol LsdMdom Mgg0do dmEgdeos brMomo 33 -by.
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Oven S/5L front) | | FID front) | Run Table

Detector Signal

Flame on: v GC peak width:

Temperaturs: i~ 280 *C Standard (> 1 5ec.): o
Ignition threshold: m p& Fast (< 1sec): lﬁ
Gas flow

Air: v ,m mLimin

Hydrogen: v ’m mUmin

Makeup gas: v m mLUmin

bO00 33. IBIJEH™OOL Lsdwydsm Mgsg0d0

396060l 3560l gogHBgmMmzsbo FsLol Jogdsl Fobm®E0gEgdom (3030 Fodmfibgbgols

9900MEOm.

SN S 5 Y WO DR S

Bl ooty [ 66556020 Wl 30605000

L6500 34. 356060l gmg@HgmoL 3D JOrmds@myMsds

JOMI5GHMYM5x300900L8  99939mdom  JoEgdimo  3m33mbgbBgdol  0gbE0x803sE0s
396bmOE0gw©s  36mdowo  Jgygbowmdol ddmbg 6odmBol dmbszgdgdmab TgoMgdom
53503069  ggEBgmdo 13930803MO HIO39BM0MOO FgEygbowMds. sbsEobol Tggagd0
9094306000005 JOMIGHMAM5T5Dg (LErsmo 34).

B396 0096 JOMBoBHMAMB0o 33009308 9939, FBEMmOboL  3560Lssb doMgdmeo
909HBgmol 995090 Mmd580 sx0JloMmEs 82 3m33MbybE0. 99smYsb 0wgbEH0TBOEEMGOME0s 23
333mb9b@ 0, ool 4 MA0bsBE0s.

3969dm©, 00096E0x0(30609390s 9000980 3d3mbgbEgdo: Sabinene, a-Thujene, o — Pinene,
B — Pinene, a — Terpinene, Myrcene, Linalol, trSabineneHydrat, 1,8-eucalyptol, Nonanal, Limonene, ( E

)-B-Ocimene, y —Terpinene, Terpinen -4-ol, Geranial, a-Terpineol, Decanal, Undecanal, Citronelylacet,
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Nerylacetate, Thymol, Geranyl acetat, E-Caryphyllene, Met. Nmetantani, Dodecanal, 2.6-Dodecadien, a-
Humulene, a-Sellnene, (E, E) -a—Farnes, Thymol methyl, b — Cadinene, a — Isocomene, Z — Caryophyllen
(b0 Ne13).

3565060l gogHBgmol 3m33mbgbm™mo 99050gbemds

3b®owo Ne13
630y
6563560 532980
N 30030696300 6, 30 mgg)(;‘:j 63230 4050 305)5)(*1- @omgoEmGO SFE
©3Lobgmgds foo | gs®omdo B5GPABO% BOOMVO | 4 Bmbgboo | O OO 2580b0d 9JoEmsga0s
% % BIOOMBO % (356);: ™00 BYOOMB0% | FsGOMdO%

1 Sabinene 11.370 0 0 0.176 0.005 0.214 0.007 0.008

2 o —Thujene 11.407 0.185 0.210 0.267 0.029 0.234 0.009

3 | a—Pinene 11.785 0.958 0.978 0.839 1.079 1.448 0.955 0.103

4 | B—Pinene 13.983 0.156 0.155 0.139 0.159 0.039 0.136 0.535

5 | a—Terpinene 14.245 0.379 0.415 0.367 0 0 0 0.296

6 | Myrcene 15.013 1.906 1.913 1.766 2.380 0 2.241 1.299

7 | Linalol 15.907 0.040 0.041 0.037 0.026 0 0.025 0.037

8 | trSabinene Hydrat | 16.083 0 0 0.058 0.045 0 0.039 0

9 | 1,8-eucalyptol 16.133 0.058 0.050 0 0 0 0 0

10 | Nonanal 16.557 0.089 0.101 0.089 0.132 0 0.123 0.089

11 | Limonene 17.765 88.847 88.008 83.414 87.438 85.306 82.850 74.954

12 | (E)-B-Ocimene 18.260 0.035 0.041 0.048 0 0 0 0.051

13 | y-Terpinene 18.982 4.103 4.732 4.446 5.940 5.678 5.862 4.080

14 | Terpinen -4-ol 19.775 0.012 0.014 0.206 0.293 0.333 0.290 0.249

15 | Peak3 21.367 0.023 0.029 0.012 0.116 1.175 0.200 0.012

16 | Geranial 23.568 0.027 0.030 0.030 0.017 0.008 0.014 0.095

17 | a—Terpineol 25.290 0.098 0.109 0.106 0.006 0.101 0.012 0.026

18 | Decanal 25.577 0.052 0.054 0.070 0.072 0.006 0.079 0.044

19 | Undecanal 26.160 0.006 0.003 0 0.004 0.150 0.072 0.037

20 | Citro nelylacet 26.785 0.005 0.003 0.019 0.005 0.444 0.008 0.099

21 | Nery lacetate 27.743 0.006 0.006 0.008 0.003 0.063 0.011 0.024

22 | Thymol 28.118 0.028 0.020 0.021 0.062 0.024 0.054 0.033

23 | Gerany lacetat 28.592 0.012 0.005 0.005 0.011 0.008 0.211 0.008

X0393L  dM0ol  3083mbgbBMO 8905096 mdsdo  godlomgds 83oMmg Lbzsmdgdo, o3
d90dgds Bsomzsemlb x¥0dol L3gEoR03MM 3H9M39bmoe J9agbowmds. by33wg3 60ddgddo
©M3dobsbGos Limonene, MHmdwol 9gdi33germds  80%-bg dgBos o dghygmodl 83,41-88,85 %
RO g0do. 51939 EMI0bsbEGHO 3mB3MbgbHJd0s o — Pinene - 0,84-1,0 %, Myrcene - 1,76-2,4 %, y -
Terpinene 4,1-056 5,9%-0¢g d9MygmdlL, 39MHdm, d5Egds d90608b9ds d90ga0 9630dEgztr™MdOom
6563560-20 < @ogmbo 359 <m393y 35bg<bdovy (sbOowro Ne13).

9090B9gmol Jodo® 9960 MdsBY goblibzsg9dmws dmddgwgdl dobo domgdol dgmm©9do.
3030 OLAHOEE00L 8995 IJBHO MomMmIbmdomss JgMbmgddo [omdmoygboeo wodmbgbo,
dotigbo  ©@s  30bgbo.  30MHMPOLEBHOWSE0s  BbIMOBOL  gmg@bgmdo  0fj3g3l  30bgbols
G9M30bgmeol s 3BOGOMbYows3gBsGHol 5B, bmwm  wodmbgbo  3wgdE™dL.
WOoMBOOHO IOMd00 800gd 30mbgbLoGdo Jo@wmdl &gm3obgbo, 39Msbomeo s bmem
009 39000 365JGH03MNWs© 055, SFE 89009890 d00gden gomghbgomdo Humulene d9@os,
300009 bbgs 35005639000, bergm 00dmer Igomool 999;339cmds 3603369 m3bs dodmemdl.
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0530 8. 5356530 0b&HMEE0MYdME0 BMYogMHmo }0dol dsbs®obols s
RMOHOHMbEol 35630,0H30mdLS s {39630 Lsghomm 53gbmegdol, B sgmbmogdols
5m©g6MmdM030 565¢r0bB0 s I500 6E0MIBOoMPBEHMOO sdEGHoMOMdS
Bogmbmomo  65gMmgdol  0©YbGH0BR0E0M9d0L  dgdyma,
39bLsBWZOMOo 0gm LogPO™M RBIBMEWGIOL O FEog3MbMOEIBOOL MOMEIBbMIM0Z0 T9d339EMdS
Bogmaol 39e 39 Bofioergddo (3960, GdoEM™dO, {i3960), IYIBow0s Bsmo sbEHoMJboIBE MO
59BHoMO™Mds s 89093 Mos B39600 FoMmmE go3M(39ggdeE x0d9d0mMsb.  Mom©gbmdMogzo
39bLsBPZOHOLIMZOL  300gdOm  J9boby s MOOEMIOL Tgdmnbggzsdo  5-5p-U, 9JuBH®J30SL
35b9bom 50 %-0560 DMSO/gmsbmeom 9Msg35¢xgMss@ (150-100 dew), gdu@®agdol Lo
39989OWWGd0©9 O FJoEgdM 9GOl 399006 gdOm s 3049bgdom Fgdamdo
33193900L5m30L. 330939L 39(oMIMgdOm Lsdo erol 2sbdsgwrmdsdo (2016-2018). gbOowgddo

GoGO®MLOL  bogmado

Ne14-16 §o00m9b0e0s bsdo ferol Lodwsgom dsbgzgbgdergdo.

155650 DBME 50O FobIMOBol Bodwmdgdo (LosEMgML 5 x0do s Loa3056ML 6 }0dgd0)
396Ub3530090056  BgbmEmGo  bsgMmgdol  F9dE39wemdom, 3gMdmE,  LosGgm  X03d9d0qsb
5396Mm9gd0ol Jomaeo 999(339md0m 459Mm0MB9G35 M39(32) 35LgLs O 0IMS 35LgL 3960 (4052.31 Y/ 39~
6122.87 3y/32), ®dowmdo (1365.1 dg/33-1430.9 Jp/33) ©° {3960 (1086.7 09/33-1191.3 Tp/39).
39056M90000 505 gl 8sB3969dgo  GogmBols 39680 3245 dy/3a, MdomdTdo— 1171.8 /39,
039600 —744.8 3y/33. ALRO3LO M9BIBIOEMOOM GOV HoMmTMEY)bowo BWws3mMbMoYdo boygmaols
Ubgoalbgs 65foegddo (Boworos M3y 3oLgLe s 0Ms 3sLgL 39600 905.5 Ty/39-993.0 3y/32,
39680  2026.0-3000.12 9p/33, Mdocmddo 1050.5 0p/33-1287.4 3y/33, borm ©sdsero Gosydol

60dwdg0do: 30600 — 620.8 dp/39, 39600— 1622.0 dp/33, OBd0wMdI0-781.2 dp/3y) (gBOOo Ne14).

L55Mgm 356sMOBOL }0dol bagmazols (3960, 3560, HdOWMBO) Lsghomm Bgbmegdol,
BE53MmbMoEYdols H30YbmdM030 8903390 MdS s 3500 56EH0MJOIBEGHWMO SJE0OHMdS

3b®owo Ne14
LogMH™ B9bmmwmGo bogdmgdo 530600030 303gH0obby 3bBHomgLloIbEGH MO
350l 35535D9 2505656009d00m 3@ Q Q 3dBHommds DPPH ®sogzseols
L0 3y/33 (6w Asbo, B3@2s8g2608gB00, 8e/33 (oo | 550" 65 063080600 8
356056060b 33 (50@ 0obaby Bsb5g 350056350089B0m) 9o0P T
%0800 2390056256039800) 6033bg goo9bgMH0Tgd00m
§3960 3960 00EMdO 03960 3960 Mdomdo | 3960 3960 00EMdO
1622.0+
&oymbPo gobg | 744.8+ 13.0| 3245.2+81.1 [1171.8+19.5| 620.8+0.2 475 781.2£9.8 | 92.9+2.3 | 60.5+1.6 71.7£1.9
2026.0+
03037 35b9 1086.7+17.3| 4052.3+101.3 | 1365.1+26.0| 905.5+0.3 50.7 1050.5+13.4| 83.59+2.2 | 30.6:0.8| 49.8+1.3
1900.5+
0059035 30l | 817.8+13.7| 3625.3+90.6 |1258.5+25.6| 743.1+0.2 406 890.8+10.8 | 90.62+2.4 | 44.4+1.1| 62.2+1.7
3000.12+
065 3o 1191.3+17.4| 6122.7+153.1 | 1430.9+37.0| 993.0+0.3 750 1287.4+18.7| 47.2+1.2 | 28.8:0.7| 34.5+0.9
1812.5+
035b530 855.5+ 13.3 | 3835.1+95.9 |1182.3+20.4| 778.6+0.2 453 985.9+13.0 | 84.5+2.4 | 58.9+1.6| 70.8+1.9

booMgm x0dgd0l bgogls, Boaz096m Xx0d90d303 BIBMEMEMO bsgMmgdol MHom©gbmds
AL s3Lo MBGIMMIOM ML FoMmdmAgboo, 0ao Tghygmdl: 30680 3267 dy/3y — 6200 /3y
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Mdomddo 1150 — 1582 dp/33 BoGRwgddo. 3565 s GBOE™MdT0 BgbmemEmo bsgMmgdols s
BE930mbMm0EYdoL 990(33900MdL MOl 3N S30wIMHO0 ETMI0IINGOS 2odmobodgds 2.5:1-3.5:1
0565835MOMI0M. 13060 X¥089dMB T9gEsMGOOLL 50BMABbEs MMA 53 BogMHMGOOL MomEYbMdMHO30
3993390™ds B396m9b 1339 5OBYOME0 FoMOMBMMM3560 MbdomL 39600, MdOEMBLS s 396d0
L53mOEPMS S 96 BFM)350MI0s F9dmEsbogn x0Td9dL.

95656060l %089080 BgbmEMEo BoghHmgdol 899339wMmdLs @S 9bEHOMJLOIBEME
59BH0MOMOL JMOOL 306EI30O 300609530M0 35300605, BIBMEYdOL Fosmowro F99(339EMdOLSL
DPPH 6500035¢00l 50% 06300069350 4965bm®309egdl LosbsenoBm bodwmdols 990s690000 ©odseo
50096M05(3 603Toby), BoQow0MOE: 0O 35Lgl F9dmbgggzsdo (3gbol 47,52 g, 3960l 28,28 g
5 MdoEMdoL 34,55 dy M0l LsgoOm 50% 0630d0M7d0LIM30L (FbOoo Nel4), dsdob Mmas
A93MBol 603939000, LosE F9EIMYO00 BE0S BIBMMgdoL F9d;339cmds 0630d0MYdOLIMZ0L
LoFodOm bqgds i3gbols 92.9 T, 3560l 60.5 Ty s MdOWMdOL 71.70y. dgoglo 3MEMgEs30s SMOL
L5 3006M ¥ 00996 d0dsMNgdsdos (3bMHowo Nel15).

15533056m 3s6sMObOL xodols bagmgol (§39b0, 3960, HBdOEMdO) LsgMomm BgbmeEgdol,
RW530m60007gd0L GomEgbmdMogz0 999(339¢™Mds s 3500 36GH0MJ0©IBEGHVIMO sg@EHOGMdS

3b®owo Ne15
LogOOM G9bmEr©o BogPmgdo 2bBomdlosb@meo
Rs3MmbM0gdo 39b39Mm0EobbY
1522056 390l 055357 3500565003 gd0m 5dBowO™ds DPPH 6500350l
3305bm 8a/33 (6 st 39005565603gd0m, 93/39 (bgw 50%-0360 OB 30BOGHBO 3
ObO 0-0500 OB3000 00
856aM0obob 38 POSE J BsL5BY o6 MOTIBO) 9 ®
%08930 239056250039800) 6039bg go096g6MH0Tgd00m
$3960 39bo domdo | {13960 3960 Mdomdo | §i39bo 3960 | ®dowmdo
6563560 - 20 | 935.8+12.1 | 4858 1+121.5| 1324.8+29.5| 840.6+0.4 | 2429.2+60.7 | 1104.5+14.7| 54,1415 | 37.3x1.0 | 50.8+1.4
Bm3m008> | 1249.1£10.814910.4+122.8| 1350.7+29.8| 961.2+0.3 | 2554.1463.8 | 1191.9+13.1| 77.2+2.0 | 46.2+1.3 | 69.9+1.9
Lobeyds | 1297,5+18.116206.7+155.1| 1582.1+41.4| 998.2.+0.3 | 3100.4+77.5 | 1282.6+20.6| 57.6+1.6 | 29.8:0.8 | 54,7+1.5
G0oboto
58 879.8+12.6 | 3267.5+81.7 | 1320.2+25.3| 796.6+0.3 | 1633.5+40.8 | 1016.3+13.4| 80.5+2.2 | 38.1+1.0 | 42.4+1.1
()bdoy
39dgbeagl| 929-4+12.0 | 3808.2495.2 | 1150.2422.9| 664.4+0.2 | 1904.4+47.6 | 885.6+10.8 | 46,9+1.2 | 32.7+0.8 | 40.4+1.1
680wy | 1116.5+12.4| 3560.6+89.0 | 1353.7+25.6| 859.4+0.3 | 1893.8+47.3|1128.1+13.9| 65.4+1.8 | 33.5:0.9 | 385+1.0

ROOOHMbEool i3960L, 3560Ls @y GBOEIMBOL LogP™M BYBMEIGOOL MomMmEgbmMds Tgeygmodl

039600 817 — 1000 Tg/3y, 39600 3732 8p/33-6215 3y/33, Mdowmddo 1785.14-2322.28 Jy/3
RO g0d0, BEs3mbMmogdols 30 (396do 707.4 dy/32-908.5 9y/3a, 39600 1866 0p/33-3145 3y/32,
Mdomddo 1085 09/33-1365 dy/3a. o9 bsg®ogdol
LoBa30bgeol 3960,  GOOEMdO, (3960 @S TFGUodsToLO® FoMO0s B0  9BGHOMILOWIBEHMGO

Jo@oo 3993390000 250m0MmBg3s

5dBHoMOHMds, bmwm gl 3963969000 FasMgd0m ©dI0s 35¢gbliosls dgdmbggzsdo (EbGoo
Nel16).
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3MOH0OMbEOL BMy0gMHmo x0dol bagmzob (§3960, 3560, MdOEMdO) LaghHomm ggbmemgdol,
BE53MmbMoEYdol M30gbmdM030 8993390 MdS s 3500 56EH0MJoEIBEGHNMO SJE0OmMdS

3bcoo Ne16
Log@ome 396me@o 659600900 ool | B3wsgzmbmogdo 39b39MH0obbg| sbEH0MILOIBEHWIMO s5dEHOMBMdS
BOOOMbEOL 05953519 290059b6350m0890000 Tp/39 2300056950M039800m, 93/3 99 6033dobs 50 %-0 0630d06MHgds
©ababyergds $3960 3obo Mdowmdo | {3960 3obo Mdowmdo | §3gbo 3obo (GluleTugutelo)
39¢9bboos 1785.14 707.4
816.6£12.2 | 3732.51+93.3 1866.4+7.4|1085.5+2.8(53.15+1.4 | 43.01+1.1 | 49.67+1.3
QIWGS +44.6 +0.2
19039 1954.04 887.2
997.8+13.1 | 6068.98+151.7 3031.1+15.5/1302.4+3.1 |46.24+1.3 | 40.65+1.1 | 43.48+1.2
Boggaro +48.9 +0.3
2146.89 766.8
Boggaro 886.6+13.3 | 4978.84+124.5 537 0.4 2478.5+15.7|1341.6+2.6|42.55+1.2 | 40.31+1.0 | 41.79+1.1
+53. 0.
1845.65 741.4
g3dnGm | 890.2+14.6 | 5423.37+135.6 461 05 2609.1+16.2| 118.5+4.9 |51.45+1.4 | 38.67+0.9 | 40.01+1.0
+46. +0.
2322.28 908.5
Lobagobgero | 1008.5+16.2 | 6215.45+155.3 53.1 0.6 3145.4+24.7/1365.8+5.5|40.65+1.1 | 33.52+1.0 | 40.12+1.0
+58. +0.

d00qdmo bsdo ool bsdmocnm  Fggaqdol  Logwydzgedg dgodergds omdgsl, ™A
GOGO®MLOL MmEM039 Lobgmds (356@sM0bo s FmOMMbowo) s Fomo x08gd0 oMo JmgMym
50 MdM03 300035GME 3060HMIJOL, IgEHIuMds Fomysbols oMy Lboby 3olbmdl LEBEIMEOL
dmbmzbgol, 250m0MmBg3056 Loghomm ggbmeMo bsgMmgdols s oo  36EH0MmJLoIbEHMEMO

54BHOMOMdS F505¢0 9993390 MBOM. M5E 00¢0g35 bETMsEgdsl 193MTgbsE0s Jogfioml s0bodbmwo
X 03900 ©939EHqLMdL 899aMo 2030 3909d0L 39ML39dEH0300.

0530 9. 35bs®0bols 3960l domgdol dgdwamado s650Bg60©sb domemmaomMs sg&om®o
BogmogMgdgdol dowmgds

GOGO®MLOL 565(BIB0IB doMEMY0MMo sg@oMo bsgMmgdol owgdol G9dbmermaom®o
Udgdol 993mTs39d0LomM30L, 330093900 BoBoMgdme odbs 8.3.L. GIAMG (Jmdwwgmo) bsfo®dmdo,
056056060l {i39b0l dogdol d9dgy HomBmddbogn s65MRY690DY. GH9dbmemyom® 33193509
d930Lfogargo sbsBgbols JodoMo Tgygbocmds.

956560060l 9589853900l BHgdbmewmyom®mo 3MmEgbo dsgubodMd 3 ™M39L AMAYEYdS ©S
Bogmagzols 259 853930L 3565y by BoGIMm®IL 800gdo 5656MBIBOL AsaOM™MdS ©o
L6530 49058853905, M3 HoMBmgdoLsm30L 5M09bEd9wIM0s. 3MHMEJLOL M3E0Tobs0olsM30l
SMEOWYOYE0d 9BsMBgbol G9bobgs. Ggbobgol m3EH0doeMHo 30MHMdOOL sLvAIBs As8m30Ygbgo
9OMds (3sbogw®mo abs) s Bywgmol F9bsbgzs 390ROEHOL - 35¢0dol dg@sdolYIER0EOL
535390 : 5565609300 1 33-b 56560BgbDg 1.0; 1.5 05 2.0 3-0b mgbmdoom.

6503939030L obsliosmgdEgdEol Jglfogeroom (3gd@obo, 39L3gM0obo, JsOmGobo s bbgs
3993390 ™05%9) Mm3E0doeGms d0308609m 1.5 g 35009530G0L ©sdsEgds. [oMdmgdol sbs0Bgbols 1
P 0560 gbsb30LsL Lodogdm BsgMHmgdol: 3gd@Eobo (8gbs@PBmbos 98 %), 39L3gMmoobo (dgbs®hmbos
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X M9bs 4859 (130%). M@ ©5039H0M0 38539000 9JuEHMod300LOL Falodwgdgwro gobs 1 3
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Introduction.

Relevance of the topic: Citrus cultivation is a promising area in the development of agriculture in
Western Georgia. In this part of the country, as a rule, there is a cold winter once every 20-30 years. It
causes significant damage to citrus fruits. Hail and frosts which also greatly damage plants and crops, are
frequent in November as well. Therefore, for many years, plantations have been cultivated mainly with
high frost resistance and with citrus seedlings grafted onto a trifoliate root. In a non-competitive
environment, citrus fruits were indispensable and scarce fruits, but the country's European prospects and
its integration with the West began to create some problems for citrus producers. The development of
citrus fruits in the country should be guided not by quantity (as it was before), but by growing citrus
fruits due to soil and climatic conditions, as well as growing those varieties that are best suited to our
climate and produce a crop with such fruits, the chemical composition of which will comply with
European standards.

In the Adjara region, within the framework of the state program for the development of
agriculture, there have been created several enterprises, including the Agroservice Center A(A)IP, in
several areas of which seedlings of both local citrus varieties and imported from many countries are
grown: up to 20 different varieties of mandarin (Iwasaki, Okitsu Wase, Satsuma, Nichinani-20,
Clementules, Nova, Amakusa, Murkuti, Ortanigui, Georgian Tiahara Unshiu, Kawano Wase, Clementine,
Yura Wase, Mikayama, Taguchi, Miyagawa Wase, Ueno, Ohotsu), up to 10 varieties of lemon, 5 varieties
of orange, 5 varieties of grapefruit. Grapes, feijoa, persimmons, blueberries, apples, pears and other crops
also grow in abundance there. It is known that not only agricultural technology, but also soil and
climatic conditions affect the growth and development of plants. Among the subtropical plants, citrus
fruits are especially susceptible to such changes. Most of the crops in the Center are fast-growing and, of
course, it is important to determine their chemical composition, economic and technological
characteristics, self-preservation and other data. Imported plants should be propagated only by
establishing these characteristics, verifying the results obtained and maintaining varietal purity.

It can be said that the current state of research on the problem in Georgia is very poor. There
are practically no data on the chemical composition of newly introduced plants in Georgia. There are
incomplete physical-chemical data on citrus fruits, previously common in the agro-climatic conditions
of western Georgia. Research was mainly carried out 20-30 years ago, of course, by possible technical
means of that time. There is no information about new introduced plants in Georgia as well. The plants
have also changed their chemical composition as a result of changes in the climatic and soil-ecological
situation. Complete introduction, zoning and distribution of the plants is possible only after their
complete physical and chemical study. Such information has not only theoretical value, but also the
greatest practical significance. Based on the results obtained, plants can be certified and zoned, practical
advice can be given as well.

The study of citrus processing wastes is also of great importance. In particular, wastes from the
industrial processing of mandarins, which, due to their cheapness and availability, are usually disposed
of in the environment as garbage, can be considered as an important source of nutraceuticals. Unwanted
waste rich in bioactive compounds can be recycled as value-added food supplements, which in turn can

be used in the development of functional foods.
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Due to the high water content citrus waste is perishable, microbial fermentation, acidification
and other processes begin quickly, they can be stored for only 2-3 days. About 160-180 tons of waste,
which cannot be processed continuously even with rational technology, are generated per day at juice
processing enterprises in Georgia. That is why it is necessary to use different methods of processing
(storage) in order to extend the shelf life of mandarins processing waste, to study physical and chemical
indicators for their further use, to develop small-scale or waste-free technologies.

The purpose of the research is to study the chemical composition of mandarins (Unshiu), as well as
other new modern citrus varieties, introduced in Georgia by the Center (A (A) IP of the Ministry of
Agriculture of the Adjarian Republic, using modern physical and chemical methods; to assess the
changes in plant fruits; to study the chemical composition of residues obtained during the production of
juice from the fruits of industrially grown mandarin; to use the most environmentally friendly
technologies for obtaining biologically active compounds from residues; to study the chemical
composition and antioxidant properties of the obtained preparations.

Scientific novelty - For the first time in Georgia, the qualitative and quantitative content of
introduced and local citrus bioactive compounds of mandarin 11 and 5 varieties of orange was studied
using HPLC-UV, RI, Conductometry and UPLC-PDA, MS methods, through preparatory and analytical
columns, through various sorbents. Qualitative and quantitative composition of phenolic compounds,
carbohydrates, organic acids, vitamins, minerals was determined in each variety. Using modern
physicochemical methods, 8 flavonoids and 3 anthocyanins were individually isolated and identified, up
to 80 components in the composition of citrus peel oil were identified, of which 23 components were
identified. Their quantitative content was determined. Using various methods, including supercritical
fluid fluid, ultrasound, high pressure and temperature water extraction, citrus juice production waste
processing, virtually waste-free technology was developed and various bioactive drugs were obtained.

The practical significance of the article - These studies have not only scientific, but also practical
and social significance. In particular, by processing and coordinating the results obtained, on the basis of
scientifically based research, it will be possible to select such citrus plants that are most suitable for the
natural conditions of the region. When selecting varieties, one should also take into account not only the
good taste properties of fruits, but also the fact that they should be distinguished by a high content of
biologically active compounds. Until today, no such information existed. The scientific information
obtained will help farmers renew their plantation areas with new varieties of early and late maturing
citrus fruits, as well as increase the volume of harvest lots sold. With proper business planning and
management, citrus plantations are very profitable and can be cost effective for small farmers. It is also
important to study the physical and chemical indicators of waste for their further use, the development
of small-sized or waste-free technologies.

Object of study, material and methodology: The object of study is citrus fruits grown on private
plots and on the territory of Agroservice Center (plants imported from different citrus zones of the
world), introduced in Western Georgia: 10 sorts of mandarin: Ivasaki, Okutsu Wase, Satsuma, Nankan-
20, Clemenules, Yura Wase, Mukoyama, Taguchi, Miyagawa Wase; Tiaxara, 4 varieties of orange: Seike
Navel, Fukumoto, Sanguinelli, Valencia Delta). For comparison, we took the local mandarin unshiu and
the Washington navel. Also, for research, we used the remains of mandarin (peel with parts of the pulp),

obtained after the industrial production of citrus juice by Ltd GIAMGI (Kobuleti).
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The fruits were harvested in 2016-2018 in different months of consumer ripening, namely, early
mandarin varieties (Yura Wase, Miyagawa Wase, Taguchi, Okutsu Wase, Iwasaki) were harvested in the
first half of October and late varieties (Mukoyama, Tiahara, Clemenules, Nankan 20 and Satsuma
Clauselin, local Unshiu) - in mid-November. The research objects are located at an altitude of 350 m?
above sea level in the northwestern part of the Center. These varieties were grafted onto a trifoliate root.
The fruits were harvested from all four sides of the plant, both inside and outside. Their average samples
were taken for analysis.

Substances were isolated and identified by high-pressure liquid and ultra-high pressure liquid
mass-spectral chromatography (UPLC); Quantitative content and antioxidant activity of compounds
(common phenols, flavonoids, anthocyanins, carotenoids, pectin) were determined by spectral method;

Approbation of the dissertation. The results of the study are presented in 3 scientific articles and
materials of 8 international scientific conferences.

Volume and structure of the thesis - The thesis consists of 118 printed pages, according to the
requirements for the dissertation for obtaining a doctoral degree, and includes a title page and sheets
with signatures, a summary in Georgian and English, content, 67 figure, 20 table, 14 diagram, 3 Scheme
list of references- 145 units and illustrative material in Appendix N1. The main text consists of:
introduction, literature review, experimental part, conclusion, list of references and appendix.

Literature review - The first chapter of the article deals with the biologically active compounds of
citrus plants, the flavonone glucosides, the distribution of phenolic compounds in plants, their
physiological activity and biological characteristics of citrus fruits introduced in western Georgia. A list

of used literature is attached to the thesis.
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Chapter 2. Technical characteristics of some varieties of mandarins and oranges and some
physico-chemical indicators of the juice introduced in western Georgia
We studied both local and reintroduced mandarin and orange fruits(Unshiu, Vashington navel).
The fruits are round in shape, yellowish-greenish in color, sweetish-sourish, sweetish and sweet in taste.
The fruits of the varieties Okutsu Wase, Mukoyama and Iwasaki are relatively large and their average
weight is 91-100 g, and the fruits of Yura Wase have the smallest weight - 45 g, but are characterized by
good organoleptic characteristics (taste) (Table Nel). For the study, a sample weighing 1 kg was taken and
Organoleptic and some physico-chemical parameters of mandarin and orange fruits have been
determined: fruit size, color, shape, weight, volume, juiciness, active acidity (pH), titratable acidity, dry
matter (Brix), fatty acid index.
Amount of juice yield from mandarin fruits was 29.2 - 58.0%, in particular, the lowest rate was from
Iwasaki fruits 29.2%, and the highest from Nankan-20 fruits (58%) (Table Ne1) .

Technical characteristics of mandarin fruits

Table Nel
Technical characteristics of mandarin fruits
Sample name Size. mm
’ Mass of one Volume of
Taste Color Shape . .
Length Width piece, gr one piece, ml
Taguchi Wase | VUM | Ciiow | round | 42334051 | 5133:062 | 80:0.76 86:0.82
sourish
Okutsu Wase Sweetish yellow round 65.08+0.78 | 75.80+0.91 91+0.86 95+0.83
Miagava Wase | Sourish | YELOWEH | oind | 50.23:060 | 67601081 | 87:083 91+0.77
- greenish
Twasaki Sweetish | yellowish | round 73.13£0.88 | 100.22+1.2 100+0.95 108+0.92
Yura Wase Sweet yellow round 40.73+0.49 | 51.55+0.62 45+0.43 49+0.67
Nankan-20 | Sowish | ovellow ) g | 43.95:053 | 58.84:071 | 85:081 89:0.80
sweetish spotted
Mukoyama Sourish | BMSRT 1 nd | 60.58:073 | 74014089 | 961091 103:0.87
yellowish
Satsuma Sourish- | & )1 wish | round | 66.36:0.80 | 70.78:0.85 | 81+0.77 87:0.73
sweetish
Tiharaunshiu | Sourish | YLoWSP | ound | 57.23:069 | 6736:081 | 79:075 85:0.71
-greenish
Sourish- | greenish-
Clemenules . . round 52.39+0.63 57.90+0.69 86+0.82 92+0.77
sweetish | yellowish
. Sourish- | yellowish
Unshiu . . round 55.34+0.66 | 60.21+0.72 98+0.93 104+0.92
sweetish | -greenish

The Nel, N°2 diagrams show the average data for three years (2016-2018) (both early and late
Imaturing fruits) (See Appendix N1). Samples of Taguchi Wase, Nankan-20, Satsuma, Tiahara Unshiu,
Iwasaki and Clemenules were characterized by a high content of dry matter (9.7 - 10.2%) and a low
content of titrate acid (0.59 - 0.96%), which determines the high index of sugar acid (10.1 - 17.28) and,
accordingly, the quality of mandarin fruits. While the high concentration of titratable acidity in the juice
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of the Mukoyama and Miyagawa Wase varieties (1.22 and 1.03%) causes a low sugar acid index (8.03-
8.6), which does not meet the standard (market requirements). As for the local Unshiu, the titratable
acidity is 1% and the sugar acid index is over 9.

Orange samples were taken at the end of November in the period of full ripening. The fruits are
round, oblong-oval, yellowish-orange in color, with a sweet and sour taste. The average fruit weight of
Fukumoto (208 g) and sanguineli (224 g) is relatively large, while the masses of other fruits are almost
equal (182 g -195 g) (Table Ne2).

Technical characteristics of orange fruit

Table Ne2
Technical characteristics of orange fruit
Ne Size, mm
Sample Name ) Mass of one Volume of
Taste Color Shape . .
Length Width piece, gr one piece, ml
p | Valensia | sweetish | ellowish- | g ] 693,083 | 757091 | 192:1.82 200+1.90
Delta -sourish greenish
o | SeikeNavel | sweetish | Elongated |3 88 | 70+0.84 195:1.85 204:1.80
-sourish oval
ish | Yellowish- ElL
3| Neveli | SWeeUsh | ferowss ongated | 95,096 | 86:103 | 1824173 189:1.69
-sourish greenish oval
Fukumoto sweetish .
4 . orange roundish 70+0.84 71+0.85 208+1.98 212+1.94
Navel -sourish
ish ith
5 | Sanguinemni | SWeetsh | Greenwithal - O 733:0.88 | 63.8:0.77 | 224:2.13 230:2.19
-sourish | yellowish tint

Among orange samples, Fukumoto is characterized by high dry matter content (9.2%) and low
titratable acidity. While a relatively low dry matter index and high acidity are characteristic of Valencia
Delta - 8.1%, hence the low number of sugar acid index, which is reflected in its taste properties. The
juice yield is high in the Fukumoto variety (54%), while the rest of the samples show an almost equal
juice yield (45-48%)(Diagram Ne3, See Appendix N1).

The chemical composition of fruits depends on a number of factors, including climatic
conditions. In particular, the temperature regime during the growing season of fruits, in the process of
ripening, has a significant impact on both the accumulation of sugars and the decrease in acidity.

As the results of observations showed, the Brix samples collected in 20162018 did not differ
significantly. Titratable acidity in orange juice was higher than in mandarin. Among the early maturing
varieties of mandarin, the index of sugar acids was lower in the juice of the Miyagawa Wase variety - 8.6
%, among the late varieties there was Mukoyama - 8.03 %, which is directly related to high acidity.
(Among the early varieties, the highest indicator of titratable acidity was found in the juice of Miagawa
Wase — 1 %, while among the late varieties in the juice of Mukoyama - 1.22 %) (Diagram Ne3, See
Appendix N1).

A high index of sugar acid, as one of the main characteristics of the quality of citrus fruits,
indicates a high quality of mandarin. It was revealed that the pH indicator varies significantly between
seasons (2016-2018), as well as between varieties themselves. Most of the samples taken in the autumn of
2018 had a higher pH than in 2016. This may indicate that seasonal differences affect parameters such as

fruit pH. In addition, it is clear that differences between varieties play a larger role than seasonal
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differences in the variability of the results obtained for these citrus juice characteristics (Diagram Ne4 ,
See Appendix N1).

Chapter 3. Optimization of extraction of hesperidin and other flavonoids and modification of
the method in relation to citrus raw materials
Currently, there is no validated method for using an extractant for the determination of flavonoid
glycosides. To determine the extraction conditions, we used the standard hesperedin available to us
(Sigma-Eldrich), as well as the compounds obtained by us and recrystallized. To determine the optimal
extraction conditions, 1 mg of hesperidin and various solvents were taken: ethanol, solutions of various
concentrations of DMSO in ethanol (10, 20, 30, 40, and 50 %), and ultrasonic treatment was used. To

determine the complete solubility of hesperidin, the UV spectrum of the resulting solution was scanned
(Table Ne 1) and analyzed by UPLC-PDA-MS (Table Ne 3).

Hesperidin solubility in various solvents, UPLC-PDA-MS and UV spectrum characteristics.

Table Ne3
A
Name Concentration Rete.ntlon Area Amount % max.
Time mg/ml 283
nm
Hesperidin 1 1.04 mg/ml Ethanol 5,054 4777205 0,269 31,64 0,1

1.03 mg/ml + 20%

Hesperidin 2 DMSO/ethanol 4,739 9053003 0,509 59,95 0,3
1 1.03 mg/ml + 30%

Hesperidin 3 OMSO/erhanol 4743 | 10226226 | 0575 | 67,72 | 13
. 1.11 mg/ml + 50%

Hesperidin 4 OMSO/erhanol 4749 | 10559702 | 0594 | 8468 | 17
1.11 1+ 20%

Hesperidin 5 mg/ml +20% 4745 | 15100697 | 0,849 | 100,00 | 2,1

DMSO/ethanol Ultrasonic Bath

The solubility of hesperidin in water is practically not observed. Adding 96% alcohol to the
solution increases the solubility, but this result is still very small, since only 30-35% of the mass of 1 mg
of the drug is dissolved (0.27 mg / ml; absorbance at 283 nm - 0.1 )(figura.1). The addition of a 20%
DMSO/ethanol instead of water significantly increases the solubility of hesperidin to 60% (0.51 mg / ml,
absorption at 283 nm - 0.3 )(figura 2), 30% DMSO/ethanol in solution increases this figure to 70% (0.57
mg/ml, absorbance at 283 nm -1.3)(figura 3), addition of 40%DMSO/ethanol increases to 75% at 40°C and
complete solubility, addition of 50% DMSO/ethanol increases to 85% (0.59mg/ml, absorbance at 283 nm-
1.7)(figura 4), while adding 50% DMSO/ethanol and processing the solution in an ultrasonic bath,
complete solubility is achieved (0.85 mg/ml, absorbance greater than 2.0 at 283 nm)(figura 5). From the
results obtained, it was concluded that the best result is obtained by ultrasonic treatment of a mixture of
50% DMSO/ethanol.
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This optimal mixture of 50% DMSO/ethanol obtained by ultrasonication was used for further

processing of the samples.
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Studies have been conducted on mandarin juices, which inevitably contain suspended particles,

and different processing methods give different results. The use of centrifugation and other means to

remove sediment in the study does not give a reliable picture of the content of phenolic compounds,

since most of the flavonoid glycosides, including hesperidin, are in suspended colloidal particles. To

determine the content of hesperidin in mandarin juice, 5 options were compared: 1 - mandarin juice; 2 -

mandarin juice - DMSO/water (1/1); 3-mandarin juice-96% ethanol; 4- mandarin juice- 50%
DMSO/ethanol ; 5- mandarin-50% DMSO/ethanol ultrasonic bath; (Table Ne4).

55



Content of hesperidin in mandarin juice

Table Ne4
. . Amount
Ne Sample Retention Time Area
mg/ml
1 Juice of Tangerine 4923 802306 0,09
Juice of Tangerine
2 492 13917 ,
DMSO/water (1/1) 926 391705 030
3 Juice of Tangerine 4,934 1326592 0,29
Ethanol ’ ’
Juice of Tangerine 50%
4 DMSO/Ethanol 4,923 4187768 0,92
Juice of Tangerine 50%
5 DMSO/Ethanol 4918 4416754 0,97
Ultrasonic bath

When analyzing mandarin juice without any additives by centrifugation and filtration only, the
content of hesperidin is 0.09 mg/ml. When DMSO/water (1/1) was added to mandarine juice, this figure
increased significantly to 0.3 mg/ml. When ethanol was added to mandarin juice, this indicator increases
slightly 0.29 mg / ml; when a mixture of 50% DMSO/ethanol is added to mandarin juice, the hesperidin
indicator was 3 times higher (0.92 mg/ml), and when a mixture of 50% DMSO/ethanol , processed in
ultrasonic bath, was added to mandarin juice, the hesperidin content was 0.97 mg/ml.

It was also interesting to determine the condition for the complete extraction of flavonoid
glycosides from other parts of citrus fruits (skin, pulp, crushed fruits). To determine the content of
hespedin and other flavonoids, 5 options were compared: 1- Extraction of mandarin peel with water; 2-
mandarin peel - DMSO/water (1/1); 3 - mandarin peel — 96% ethanol ; 4- mandarin peel — 50%
DMSO/ethanol ; 5- mandarin peel- 50% DMSO/ethanol - ultrasonic bath (in all cases the ratio between
sample and solvent was 1:10. The maximum content of hesperidin was 1397.61 mg/kg after skin

treatment with an ultrasonic bath with a mixture of 50% DMSO/ethanol (Table Ne5).

Content of hesperidin in mandarin peel

Table N°5

Ne Sample egsraction Rete.znnon Area Amount
Time mg/kg

1 peel of Tangerine + water 4,654 237383 124,43
2 peel of Tangerine DMSO/water (1/1) 4,663 1052559 510,25
3 peel of Tangerine 96%/Ethanol 4,654 374670 247,84
4 | peel of Tangerine 50% DMSO/Ethanol 4,668 2266385 1386,12

1 0,
5 peel of Tangerine 50. Yo DMSO/Ethanol 4,665 2434763 1397.61
Ultrasonic bath
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The results obtained have shown that the maximum content of hesperidin is achieved when the

mixture is treated with an additional mixture of 50% DMSO/ethanol processed in an ultrasonic bath, and

we consider this method to be optimal (Figura 6).
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Chapter 4. Qualitative study of chemical composition of some varieties of mandarins and oranges
introduced in Adjara with UPLC PDA-MS detector

4.1 Study of phenolic compounds

Individual compounds of citrus fruits were isolated by column chromatography, as well as by

high-efficiency liquid chromatography, by detection of ultraviolet, refractometric index, and ultra-

efficient liquid chromatography (MS) and photomodulation (MS) were performed for identification (MS).

Quantitative analysis of compounds was performed using UPLC-PDA-MS, HPLC-UV, IR, Conductyvity

detection method. Substances were identified and quantified using standard compounds (hesperidin,

naringin) and the free substance database https://metlin.scripps.edu, as well as data from peer-reviewed

literature publications(Figure 7-9).
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Figure 8. Standard Naringin LC-MS Common Chromatogram LC-MS Chromatogram and 3D Format

Peak #2 - 5.414 - QDa 18: MS Scan 5414 gpeakz
9 284.1 1.40]
284.1
1.201
1.00
609.12
o 0.801
<
0.60]
0.40+
331.0
0.20+
0.00]
Apex 250.00 300.00 350.00 400.00 450.00
nm
- 3.000e+005
4.758 Extracted [
609.00 b
[2.000e+005 .
250000 [ 2
i g
[ 1.000e+005 £
200000 [
301.01
2
12}
£ 1500001
£ ———————y]
£ = ="200.00
400.00
100000
:E;A 600.00
—
50000+ = a—=2—7-800.00
=1000.00
w \ ; ; ‘ — = 1200.00
200.00  400.00  600.00  800.00  1000.00  1200.0C 4.00 6.00
mz Minutes

Figure 9. Standard hesperidin UPLC-PDA-MS spectrum absorption max 284.1.

Before chromatographic separation, the sample was prepared for chromatography by solid phase
extraction, which included sampling on a column (C18 Waters). Before sampling, the column was
activated with methanol. Then the activated sorbent was balanced with distilled water. Only then did we
have a sample on the cartridge through a vacuum. The next step was to remove unwanted components
remaining on the sorbent with water. We concentrated the elution of concentrated substances with
methanol. It became possible to identify several compounds.

For identification, it is important to reveal their fragmentation, as well as the change in their
mass (due to the addition of ions) and the significance of absorption maxima in the UV.

The peel of citrus fruits is richer in phenolic compounds than other parts of the fruit; therefore,
extracts of both unshiu and introduced mandarin and orange peel were used to identify the compounds
(Figure 10).
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Figure 10. Mandarin Unshiu Fetal skin UPLC-PDA-MS chromatogram

The LC-MS-PDA study of flavonoid glycosides allowed us to identify the following compounds:

Substance 1 [M-H]- - m / z 609.09 is recorded on the chromatogram with a retention time of
5,195 resulting in 300.93 m / z fragmentation with a maximum absorption of 284.1 nm. According to the

METLIN (https://metlin.scripps.edu) compound mass base, substance 1 corresponds to hesperidin, with a
molecular weight of 610.1898 g/mol (C28H34015) (Figure 11).
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Figure 11. Substance 1 UPLC-MS spectrum SIR 609,09 Da, Absorption max 284.1
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Substance 2 [M-H] - m / z 579.42 recorded on chromatogram holding time 4,862 Fractionation
resulted in 271.27 m / z. Maximum absorption 282.3 nm. Accordingly, substance 2 corresponds to

narirutin, with a molecular weight of 580.54 g/mol (C27H32014) (Figure 12).
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Figure 12. Substance 2 UPLC-PDA-MS spectrum ,Absorption max 284.1

Substance 3 [M+H]* - m / z 593.20 recorded at chromatogram holding time of 7,246 fractions
resulting in m / z 285.12. Absorption maximum 282.9 nm. 3 corresponds to Didimin with a molecular

weight of 594.56 g/mol (C2sH34014) (Figure 13).
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Figure 13. Substance 3 UPLC-PDA-MS spectrum ,Absorption max 283.5.

Substance 4 [M+H]* - m/z 403.15 recorded at chromatogram holding time 4.326, fragmentation
yielded m/z 359, absorption maximum 282.9 nm. METLIN (https://metlin.scripps.edu) According to the
mass base of the compounds, substance 4 corresponds to nobiletine with a molecular weight of 402.01
g/mol (C21H20s) (Figura 14).
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Figura 14. Substance 4 UPLC-PDA-MS spectrum ,Absorption max 282.9

Substance 5 [M+H]* - m / z 394.94 (372.12 + Na) is recorded on the chromatogram with a
retention time of 6.330, with a maximum absorption of 325.5nm. METLIN (https://metlin.scripps.edu)
According to the mass base of the compounds, substance 5 corresponds to sinensetin, with a molecular
weight of 372.12 g/mol (C20H2007) (Figura 15).
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Figura 15. Substance 5 UPLC-PDA-MS spectrum ,Absorption max 325.5
Substance 6 [M+H]* - m / z 395.24 (372.12 + Na) is recorded on the chromatogram with a
retention time of 6,565 resulting in 156.96 m / z, with a maximum absorption of 284.1 nm. METLIN

(https://metlin.scripps.edu) According to the mass mass of the compound, substance 6 corresponds to

tangerine, with a molecular weight of 372.12 g / mol (C20H20y) (Figura 16).
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Figura 16. Substance 6 UPLC-PDA-MS spectrum ,Absorption max 283.5 nm.
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Substance 7 [M-H] - m/z 609.19 recorded at chromatogram holding time 3,282, absorption

maximum 284.7nm. According to METLIN (https://metlin.scripps.edu) according to the mass base of the

compounds, substance 7 corresponds to a molecular weight of neohesperidin with a molecular weight of
326.29 g/mol (CeH1007) (Figura 17).
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Figura 17. Substance 7
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UPLC-PDA-MS spectrum, Absorption max 284.7 nm.

Substance 8 [M-H]- - m / z 579.90 recorded at chromatogram retention time 5,133. Fragmentation
resulted in m / z270.86, absorption maximum 281.7nm. METLIN (https://metlin.scripps.edu) According
to the mass mass of the compound, substance 8 corresponds to naringin, with a molecular weight of
580.54 g mol (C7H32014) (Figura 18).
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Anthocyanins of orange sanguine red fruit introduced in western Georgia were also studied (Figura

19).
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Figura 19. Chromatograms of orange sanguine

The following anthocyanic glycosides were identified in UGLC-PDA using the MS method in
sanguine juice, pulp and extract.

Substance 9 [M+H] * - m/z 448.68 recorded at chromatogram retention time 5,746. Fragmentation
resulted in m/z286.91, absorption maximum 281.7nm and 518nm. METLIN (https://metlin.scripps.edu)
According to the mass of the compound, substance 9 corresponds to Cyanidin-3-glucoside, with a
molecular weight of 449.38 g/mol (C21H21011)(Figura 20).
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Figura 20. Substance 9 UPLC-PDA-MS spectrum ,Absorption max 281.7nm 5 518 nm

Substance 10 [M+H] * - m/z 534.87 recorded at chromatogram retention time 7.399
Fragmentation resulted in m/z 286.65, absorption maximum 281.7 nm and 518 nm. METLIN according to
the mass (https://metlin.scripps.edu) of the compound, substance 10 corresponds to Cyanidin3-(6"-
malonylglucoside), with a molecular weight of 535.4 g/mol(C24H23014) (Figura 21).
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Figura 21. Substance 10 UPLC-PDA-MS spectrum ,Absorption max 281.7nm s 518 nm

Substance 11 [M+H] * - m/z 449.10 recorded at chromatogram retention time 7.680,
Fragmentation resulted in m/z 302.87, absorption maximum 281.7nm and 518nm. METLIN
(https://metlin.scripps.edu) According to the mass of the compound, substance 11 corresponds to
Delfinidin 3-rhamnoside, with a molecular weight of 449.10 g/mol (C21H21011) (Figura 22).
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Figura 22. Substance 11 UPLC-PDA-MS spectrum ,Absorption max 281.7nm s 518 nm

The red anthocyanins in the pulp of orange sanguine, in addition to the above-mentioned
flavonone glycosides, have been identified and quantified by the following anthocyanins: Cyanidin 3-
glucoside, Cyanidin 3- (6-malonyl glucoside) And Delfinidin 3-rhamnoside. In this case, the dominant
compound is cyanidine 3-glucoside and its quantitative content is -25.6 mg/kg in pulp, -9.6 mg / kg in
juice. Extraction - 12.48 mg/kg, cyanidine 3 - (6-malonyl glucoside content in pulp, juice, extract is 7.16
mg/kg - 2.68 mg/kg - 3.49 mg/kg, while the content of delphinidine 3 - ramnoside is 6,97 m/kg — 2,16
mg/kg — 3,24 mg/kg (Table N°7).
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Anthocyanins of orange Sanguinella picked in desember 2018

Table Ne7
Cyanidin3- Cyanidin 3-(6-malonyl| Delfinidin 3- Common anthocyanins
Sanguinella glucoside Glucoside) rhamnoside (By Wet weight calculation)
mg/kg mg/kg mg/kg mg/kg
pulp 25.6+0.41 7.160.41 6.97+0.18 42.12+0.62
juice 9.6:0.21 2.68+0.11 2.16+0.41 15.68+0.35
residues 12.48+0.29 3.49+0.17 3.24+0.14 21.14+0.38

Characterization of UPLC-PDA-MS bioactive compounds of identified mandarin and orange is

presented in Table Ne6.

Characterization of UPLC-PDA-MS bioactive compounds of mandarin and orange

Table N°6
. [M-H]- [M-H]+ Fragment UV max.
Ne Name RT (min) MW
(m/z) (m/z) (nm)
1 Narirutin 4.851 580 579 581 271/273 282.3
2 Hesperidin 5.195 610 609 611 301/303 284.1
3 Neohesperidin 5.603 610 609 611 301/303 284.2
4 Didimin 7.246 594 593 595 285/287 282.9
5 Naringin 5.133 580 579 581 271/273 281.7
6 Tangeretin 6.565 372 371 373 157 284.1
7 Sinensetin 6.330 372 371 373 341/343 325.5
8 Nobiletin 4.326 402 401 403 357/359 282.9
9 | Cyanidin 3-glucoside 5.746 447 - 448 287 281.7
Cyanidin 3- (6-
10 . 7.399 534 - 535 287 281.7
malonyl glucoside)
Delfinidin 3-
11 ) 7.680 448 - 449 303 281.7
rhamnoside

After identifying individual compounds, it was interesting to see how their quantitative
distribution occurred in various parts of the fruit - peel, pulp, juice and residues. Diagrams N°5-12 show
the quantitative content of the dominant flavonoid glycosides (See Appendix Ne1).

Qualitative differences in the compounds identified in two types of citruses (mandarin and
orange) and their varieties were not observed. In all cases, hesperidin quantitatively exceeds the content
of other glycosides and is up to 80-90% of the total amount of these compounds. It is followed by
narirutin, naringin, didimine, and the remaining substances are present in small quantities. A large

number of these compounds has been identified in the peel, then in pulp, the residues and juice (Figura
23).
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Hesperidin, neohesperidin, narirutin, naringin, didymin, tangeretin, nobiletin, sinensetin were
identified in the peel of mandarins (11 varieties) and oranges (5 varieties), and hesperidin, narirutin,
didymin were identified in the pulp, residues and juice.

According to the varieties, the skin of Satsuma-2503.9 mg/kg and Yura Wase - 2400.1 mg/kg are
distinguished by a high content of hesperidin [there 1]. The low content of hesperidin is observed in the
skin of Tiahara Unshiu - 1290.1 mg/kg, while in the peel of other varieties of mandarin, it ranges from
1297.6 mg / kg to 1943.1 mg / kg, in juice - from 346 mg/kg to 644.14 mg/kg, in pulp - from 445.1 mg/ kg
to 879.3 mg/kg, and in residues - from 137.28 mg/kg to 205.51 mg/kg . Their orange samples taken for
analysis have high levels of hesperidin in the peel, pulp, residues and juice of Sanguinella (1941.1 mg/kg -
830.6mg/kg — 278.1mg /kg — 511.8 mg/kg) (See Appendix Nel).
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Figura 23: Common LC-MS chromatogram of citrus hesperidin.

4.2 Research on other classes of compounds

Identification of organic acids of mandarin and orange juice of some introduced varieties has
been carried out by HPLC-UV, IR, UPLC PDA-MS chromatography. There have been used a preparation
column (Phenyl 3.5 pm, 4.6 x 150 mm), solvent system in 0.1% deionized water, Acetonitrile in gradient.
3 dominant carbohydrates have been identified in mandarin and orange juice: glucose, fructose and

sucrose.

Substance 9 - [M-H] - m/z 132.94, fragmentation m/z 115; retention time - 6.321 min, maximum
absorbance - UV-241 nm. According to the standard composition and weight of METLIN compounds,

substance 9 corresponds to Malic acids(Figura 24).
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Figura 24. Substance 9 UPLC-PDA-MS spectrum, m/z 132.94

Substance 10 [M-H]- - m/z 174.94, fragmentation result - m/z 115; retention time - 6.321 min,
maximum absorbance - UV-245.4 nm. According to the standard composition and mass base of METLIN

compounds, substance 10 corresponds to ascorbic acids(Figura 25).
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Figura 25. Substance 10 UPLC-PDA-MS spectrum, m/z 174.94

Substance 11 - [M-H] - m/z 190.93, fragmentation result - m/z 111 peak; retention time - 7.651
min, maximum absorbance - UV-210.7 nm. According to the standard composition and mass base of

METLIN compounds, substance 11 corresponds to Citric acids (Figura 26).
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Figura 26. Substance 11 UPLC-PDA-MS spectrum; m/z 190.93

68



Three carboxylic acids have been identified in mandarin and orange juices: malic, ascorbic and
citric.

Substance 12 - [M-H]- - m/z 179.06, but the addition of formic acid leads to the formation of a
pseudomolecule m/z 224.99. The retention time of the chromatogram is 5.276 min, the absorption
maximum is not visible in the UV spectrum. Compared to the standard compound and the mass of

METLIN compounds, substance 12 corresponds to glucose (Figura27).

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

120000.0 20000.0]
100000.0 ] 179.06
] 15000.0
80000.0
z ] g 1
2 60000.0- § 10000.0
% ] § ]
40000.0
200000 5000.0
0'0{““““““““““ 7““\““\“““‘\‘”‘H‘\ “
2.00 4.00 6.00 8.00 10.00 160.00 180.00 200.00 220.00
Minutes m'z

Figura 27. Substance 12 UPLC-PDA-MS spectrum, m/z 224.99

Substance 13 - [M-H]- - m/z 178.92, but the addition of formic acid leads to the formation of a
pseudomolecule m/z 224.98, and the addition of chloride ions leads to the formation of m / z 214.87.
Retention time 5.394 min, maximum absorbance not visible in UV spectrum. According to the standard

composition and weight of METLIN compounds, substance 13 corresponds to fructose (Figura 28).
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Figura 28. Substance 13 UPLC-PDA-MS spectrum, m/z 224.98

Substance 14 - [M-H] - m/z 341.10, but the addition of formic acid leads to the formation of a
pseudomolecule m/z 387.04, and the addition of chlorine ion gives m/z 377.04. Retention time - 5600
min, maximum absorption is not visible in the UV spectrum. According to the standard composition and

mass of METLIN compounds, substance 14 corresponds to sucrose (Figura 29).
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Figura 29. Substance 14 UPLC-PDA-MS spectrum; m/z 387.04

Chapter 5. Quantitative Analysis of Organic Acids and Carbohydrates of Some Mandarins
and Orange Juices Introduced in Adjara by HPLC Method
5.1 Quantitative study of organic acids by HPLC method
After the identification of carboxylic acids by high pressure liquid chromatography in juices, the
content of the dominant substances L-ascorbic, malic and citric acids was determined. Samples for
chromatography were prepared as follows: to precipitate pectin, ethanol (96%) was added to fruit juice in
a ratio of 1:1. After centrifugation, the sample was mixed with the mobile phase in a ratio of 1:1 to -0.1%
phosphoric acid. Prior to injection, the sample was filtered through a 0.45 pum filter. Chromatographic
analysis was performed using a UV-Vis 2489 detector for L-ascorbic acid at 254 nm, for citric acid at 214
nm and for malic acid using UPLC-MS detectors. A Shodex - KC - 811 column was used for separation,
and the mobile phase was 0.1% H3PO4, After the identification of ascorbic acid - L, a quantitative
calculation was made according to the calibration curve, taking into account the dilution factor that was

available during sample preparation.
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Figura 30. Chromatogram of citrus juice with vitamin C and organic acids

The concentrations of vitamin C, citric acid and Malic acid in tangerines and oranges were
determined. In particular, a high content of vitamin C of mandarin juice was observed in Yura Wase
juice - 1.046 mg / ml, the lowest in Taguchi Wase juice - 0.245 mg / ml, Nankan - 0.285 mg / ml and

Mukoyama - 0.258 mg / ml, while in the remaining samples it was almost the same (Table Ne 8).

70



The total amount of organic acids in tangerine juice is defined as 5.36 —9.78 g/1% . Of the
organic acids in citrus juice, citric acid is present in large quantities (* - late varieties are
mentioned). High quantitative content of citric acid is present in Mukoyama and Yura Wase
juices (8.7 g/1-8.1 g/l), low in Iwasaki juice -4.72 g/l, while the remaining samples have almost
equal amounts (5.74-6.85 g/1) (Table Ne8).

The content of citric acid and vitamin C in different varieties of mandarin juice

Table Ne§
Organic acids of mandarin juice
Sample Name
Citric acid content g/L Vitamin C mg/ml Malic acid g/L

Taguchi Wase 5.74+0.13 0.245+0.01 0.78+0.01
Okitsu Wase 6.46+0.14 0.427+0.01 0.87+0.03
Miyagava Wase 6.85+0.15 0.323+0.01 0.93+0.02
Iwasaki 4.72+0.10 0.621+0.01 0.64+0.01
Yura Wase 8.1+0.18 1.046+0.02 0.99+0.02
Nankan-20* 6.12+0.13 0.285+0.01 0.83+0.02
Mukoyama* 8.7+0.19 0.258+0.01 1.08+0.03
Satsuma* 5.8+0.13 0.495+0.01 0.78+0.01
Tiahara Unshiu* 6.02+0.13 0.531+0.01 0.82+0.02
Clemenules* 6.09:0.13 0.88+0.02 0.83+0.02
Unshiu* 6.15+0.14 0.412+0.01 0.86+0.03

content of citric acid and vitamin C in orange juice of different varieties

Table N°9
Navelina Group
Valencia Sanguinella
Organic acids Group - Late Medium mature Early
Group — Late
Valencia Delta | Seike Navel Fukumoto Naveli Sanguinella
Citric acid g/L 16.50+0.36 11.24+0.25 13.07+0.29 11.06+0.24 14.21+0.31
Vitamin C g/l 0.623+0.01 0.535+0.01 0.389+0.01 0.453+0.01 0.513+0.01
Malic acid g/L 1.52+0.03 1.06+0.02 1.21+0.03 1.04+0.02 1.31+0.03
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Among orange juices, high content of vitamin C is present in Valencia Delta juice - 0.623
g /1, an equal amount in the juices of Naveli - 0.453 g /I, Sanguinella - 0.513 g/l and Seike Tavel -
0.535 g/l in juices, low concentration in Fukumoto juice 0.389 g/l . Among orange juices,
Valencia Delta -16.5 g/l, Low Naveli - 11.06 are characterized by a high content of citric acid,
while in other samples the amount is almost equal to 11.24-14.21 g/l. (table 9). The ratio

between citric acid and malic acid in mandarin juice was 7: 1, while in orange juice it was 10: 1

(Table N°9) (Fugura 30).

5.2 Quantitative study of carbohydrates by HPLC method

High performance liquid chromatography (HPLC) - Waters (RI detector, Binary HPLC Pump
1525), chromatographic column with amide (250 mm x 4.5 mm) and Carbohydrate (Merck; Sigma-
Aldrich); column temperature 400C, eluent 80% acetonitrile (Merck; Sigma-Aldrich) detected by
refractometry; X-ray detection.

Samples for chromatography were prepared as follows: to precipitate pectin, 96% ethanol was added to
the juice in a ratio of 1:1. After centrifugation, the sample was mixed with the mobile phase in a 1:1 ratio
with 80% acetonitrile. Prior to injection, the sample was filtered through a 0.45 pm filter.

Among the carbohydrates in the juices of various varieties of mandarin and orange, there have been

identified glucose, fructose and sucrose (juice) (Figura 31).
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Figura 31. Common chromatogram of carbohydrates in citrus juice
The total amount of sugars in mandarin juice was 81.67 - 98.94 g / 1, where glucose and fructose

were present in almost equal amounts, while the concentration of sucrose was 55-63% of total sugars.

Among the late varieties, the total amount of sugars in the broad-leaved Unshiu and reintroduced
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Tiahara Unshiu juices was almost equal to -87.94 g / 1-81.67 g / 1, and it was relatively low compared to
other late varieties (Table N°10).

The carbohydrate content of five varieties of oranges was studied. A high concentration of total
carbohydrates from the presented samples was noted in Fukumoto juice - 153.6 g/l; high, almost equal
amounts in Navelina and Seike Navelina juices (146.9-147.8 g/1), while low concentrations in Valencia
Delta juice are 112.28 g/1.

Carbohydrate content in mandarin juice

Table Ne10

N Sample name Fructose g/L Glucose g/L Sucrose g/ | Total sugar g/L
1 Taguchi Wase 20.37+0.41 16.27+1.19 59.25£1.19 95.89+1.92
2 Okutsu Wase 18.62+0.37 15.64+1.00 50.12+1.00 84.38+1.69
3 Miagava Wase 21.49+0.43 18.06+0.98 48.78+0.98 88.33+1.77
4 Iwasaki 16.5+0.33 17.9£1.00 50.2+1.00 84.6+1.69
5 Yura Wase 20.74+0.41 18.34+1.17 58.58+1.17 96.56+1.93
6 Nankan-20 19.66+0.39 16.47+1.22 61.05+1.22 97.13+1.94
7 Mukoyama 22.65+0.45 20.13+1.06 53.13+1.06 95.91+1.92
8 Satsuma 24.75+0.50 21.48+1.05 52.71£1.05 98.94+1.98
9 Tiahara unshiu 17.35+0.35 18.79+0.91 45.55+0.91 81.67+1.63
10 Clemenules 18.15+0.36 19.69+1.13 56.32+1.13 94.16+1.88
11 Unshiu 16.87+0.34 18.35+1.05 52.72+1.05 87.94£1.76

As can be seen from the table, the predominant sugar is sucrose, while fructose and
glucose are present in almost equal amounts. The increased amount of sucrose and low acidity
give mandarins and oranges a pleasant sweet taste. There was no significant difference between
the content of glucose and fructose in the studied samples by variety (Diagram Ne13, See

Appendix Nel).
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Chapter 6. Investigation of cations by a conductometric detector in the juice of some varieties of

mandarins and oranges introduced in Adjara

The study of the citrus cation has been carried out by the chromatographic method,
conductometric detector. Standards Lithium Hydroxide Monohydrate (Li*), Sodium Chloride (Na*),
Ammonium Chloride (NH4*), Potassium Chloride (K*), Magnesium Hydrate (Mg?"), Calcium Nitrate
Tetrahydrate (Ca?") , Strontium (Sr?")),Barium chloride dihydrate (Ba?*)( Fisher Scientific), EDTA (Serva).
Isocratic HPLC pump - Waters 1515, detector (Waters 432 -Conductivity), chromatographic 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 350°C, negative polarity.

Before injection, the samples were diluted to precipitate pectin with 96% ethyl alcohol in a ratio of
1:1, after centrifugation, deionized water (dilution factor F = 20) was added to the sample in a ratio of
1:10 and filtered through a 0.45 pm filter.

Compounds were quantitatively calculated using calibration curves constructed using standard
compounds. The components obtained by chromatography were identified by comparison with the data
of cations of known composition.

A high potassium content was observed in the mandarin juice of the Yura Wase varieties
(2160.5+49.69 mg/1) and Miyagawa Wase (2034.42+46.79 mg/l), a low potassium content in the juice of
the Taguchi Wase varieties (594.06+13.66 mg/l), Satsuma (600.63+13.81 mg/l) and Clemenules
(989.06+22.75 mg/1), and in all other samples, the amount of potassium is almost almost equal. The
concentration of cations in the samples taken for analysis is presented in the following ratio: in
particular, potassium ions predominate (594.06+13.66-2160.5+49.69 ppm), followed by calcium (136+-
270 ppm), magnesium (28-125 ppm), sodium (18- 102 ppm) (Table Ne11, Figura 32).
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Figure 32. Chromatogram of mandarin juice cations
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Cations of mandarin juice

Table Ne11
Content of cations, ppm
Mandarin juice
Na* K+ Mg?* Ca*
2 Taguchi Wase 18.63+0.43 594.06+13.66 28.68+0.66 160.8+3.70
g Okutsu Wase 69.6+1.60 1159.7£26.67 | 116.47+2.68 | 185.82+4.27
s
'g Miagava Wase 91.83+2.11 2034.42+46.79 | 123.09+2.83 | 220.05+5.06
_‘i" Ivasaki 59.9+1.38 1039.7£23.91 87.63+2.02 | 212.55+5.42
?:; Yura Wase 102.66+2.36 2160.5+49.69 | 125.04+2.88 | 189.06+6.20
Nankan-20 86.34+1.99 1642.59+37.78 | 120.36+2.77 136.5+4.89
§ Mukoyama 76.83+1.77 1585.14+36.46 | 111.09+2.56 | 217.56+4.35
9
é Satsuma 17.43+0.40 600.63+13.81 21.33x0.49 | 235.47+3.14
;‘.Z“ Tiahara Unshiu 69.9+1.61 1458.99+33.56 | 100.26+2.31 | 168.82+5.00
E Klemenules 45.63+1.05 989.06+22.75 68.63+x1.58 | 269.55+3.88
o
a Unshiu 59.5+1.37 1398.87+32.17 | 97.15£2.23 | 202.45+4.66

As we can see on the chromatograms, there are at least 4 main cations: sodium, potassium,
magnesium and calcium. Potassium cations predominate in mandarin and orange samples. The ratio of
calcium, magnesium and sodium varies in orange varieties and is much lower compared to mandarin

samples. In particular, the potassium content in orange juice ranges from 536 to 1000.02 ppm, the lowest

is in Fukumoto juice - 536.73 ppm. (Table Ne12).

Orange juice cations

Table Ne12
Content of cations, ppm
Ne Orange juice
Na* K Mg* Ca*

1 Seike Navel 38.01+0.87 1000.02+23.00 50.52+1.16 136.83+3.15
2 Naveli 28.05+0.65 680.04+15.64 37.05+0.85 173.13+3.98
3 Fukumoto 43.05+0.99 536.73+12.34 47.86+1.10 186.21+4.28
4 Valencia Delta 40.56+0.93 784.02+18.03 87.18+2.01 188.43+4.33
5 Sanguinelli 43.87+1.01 830.65+19.10 92.58+2.13 195.24+4.49
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Chapter 7. Study of the essential oil of mandarin peel by gas chromatography

The study of the essential oil of citrus fruits obtained by hydrodistillation was carried out using a
gas-liquid chromatograph (TRACE™ 1310 Gas Chromatograph - Thermo Scientific). Chromatography
was carried out on an SGE BPX5 Capillary GC Column with a particle size of 30 um in length, 0.25 mm
in diameter and 0.25 pm in the stationary phase. The real phase was 5 %
phenylpolysilphenylenesiloxane.

The mobile phase of the chromatography was helium at a flow rate of 0.700 ml/min. The test
sample was injected using a 10 pl microsyringe from SGE Analytical Science. The temperature regime of
the injector was 280°C, while the sample in the column was divided by a helium flow in the ratio 1/100.
Chromatography has been carried out in four stages in a temperature gradient. In particular,
chromatography was started at 50°C, which at a speed of 3 (°C/min) was raised to 250°C (second stage)
and continued chromatography for 10 minutes. At the third stage, at a rate of 10 (°C/min), it increased to
270°C and continued at this temperature for 3 min. At the fourth stage, at a rate of 21.4 (°C/min), it
increased to 320°C and continued at this temperature for 5 min. The total chromatography time was 89.0.
The chromatographic determination of the separated essential oils was carried out on an allure-ionization
detector. The quantitative content of essential oil was determined with an accuracy of 0.01% by peak
area.

The isolated essential oils were determined by chromatography on an allure-ionization detector,

the operating mode of which is shown in Figure 33.

Owven 5/5L ffront) FID front) Run Table

Detector Signal

Flame on: [w GC peak width:

Temperature: [ 230 °C Standard (> 1 sec.): o
Ignition threshold: m p& Fast (< 1 sec.): i
Gas flow

Bir: rd Iﬁ mL/min

Hydrogen: [v lm mbL/min

Makeup gas: [w IW mLimin

Figure 33. Detector operation mode

Obtaining the essential o0il mass from the mandarin peel was carried out by cold pressing. The
components obtained by chromatography were identified by comparison with the data of samples of
known composition, and the specific terpenoid composition in the essential oil was also determined. The
results of the analysis are presented on chromatograms (Figura 34).

As a result of our chromatographic study, 82 components have been found in the composition of
the essential oil obtained from the peel of the mandarin. Among them, 23 components have been
identified; 4 components are dominant. The content of limonene in all three samples is higher by 80%
and ranges from 83.41-88.85%.
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In particular, the following components were defined: Sabinene, a-Thujene, a — Pinene, B —
Pinene, a — Terpinene, Myrcene, Linalol, trSabineneHydrat, 1,8-eucalyptol, Nonanal, Limonene, ( E )-B-
Ocimene, y —Terpinene, Terpinen -4-ol, Geranial, a-Terpineol, Decanal, Undecanal, Citronelylacet,
Nerylacetate, Thymol, Geranyl acetat, E-Caryphyllene, Met. Nmetantani, Dodecanal, 2.6-Dodecadien, a-
Humulene, a-Sellnene, (E,E)-a—Farnes, Thymol methyl, b — Cadinene, a — Isocomene, Z — Caryophyllen (
Table Ne13).

- Taguchi Wase - Nankani - Okutsu vase

Figure 34. 3D Chromatogram of essential oil

Small differences are observed in the component composition of varieties, which can be
considered as a species-specific terpenoid composition.

The predominant sample is limonene with a content of more than 80%, which fluctuates
between 83.41-88.85%. Also, the dominant components are a-pinene - 0.84-1.0%, myrcene - 1.76-
2.4%, y-terpene - from 4.1 to 5.9%, in particular, an increase is observed in the following order: Nankan
< Taguchi Wase < Okutsu Wase < Unshiu (Table Ne13).

The chemical composition of an essential oil is particularly influenced by the method it is
obtained. Cold distillation increases the content of limonene, myrcene and pinene in essential oils.
Hydrodistillation of mandarin essential oil causes an increase in the content of pinene-terpineol and
citronyl-acetate and a decrease in the content of limonene. In the lyophilized dry condensate, the
content of terpinene and geraniol increases, while thymol methyl is practically absent. The essential oil
obtained from SFE has more humulene than other variants, while the content of thymol-methyl is

significantly increased.
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The component composition of mandarin peel essential oil

Table Ne13
. Unshiu
Time, Nankani Okutsu Taguchi —
N | Component name Min Area % vase vase ° Hydrodistilation | Freezing dray SFE
Area % Area % pressare Area % Area % Area %
Area %

1 | Sabinene 11.370 0 0 0.176 0.005 0.214 0.007 0.008
2 | a—Thujene 11.407 0.185 0.210 0.267 0.029 0.234 0.009
3 | a—Pinene 11.785 0.958 0.978 0.839 1.079 1.448 0.955 0.103
4 | B—Pinene 13.983 0.156 0.155 0.139 0.159 0.039 0.136 0.535
5 | o~ Terpinene 14.245 0.379 0.415 0.367 0 0 0 0.296
6 | Myrcene 15.013 1.906 1.913 1.766 2.380 0 2.241 1.299
7 | Linalol 15.907 0.040 0.041 0.037 0.026 0 0.025 0.037
8 | trSabinene Hydrat | 16.083 0 0 0.058 0.045 0 0.039 0

9 | 1,8-eucalyptol 16.133 0.058 0.050 0 0 0 0 0
10 | Nonanal 16.557 0.089 0.101 0.089 0.132 0 0.123 0.089
11 | Limonene 17.765 88.847 88.008 83.414 87.438 85.306 82.850 74.954
12 | (E)-B-Ocimene 18.260 0.035 0.041 0.048 0 0 0 0.051
13 | y -Terpinene 18.982 4.103 4.732 4.446 5.940 5.678 5.862 4.080
14 | Terpinen -4-ol 19.775 0.012 0.014 0.206 0.293 0.333 0.290 0.249
15 | Peak 3 21.367 0.023 0.029 0.012 0.116 1.175 0.200 0.012
16 | Geranial 23.568 0.027 0.030 0.030 0.017 0.008 0.014 0.095
17 | o - Terpineol 25.290 0.098 0.109 0.106 0.006 0.101 0.012 0.026
18 | Decanal 25.577 0.052 0.054 0.070 0.072 0.006 0.079 0.044
19 | Undecanal 26.160 0.006 0.003 0 0.004 0.150 0.072 0.037
20 | Citro nelylacet 26.785 0.005 0.003 0.019 0.005 0.444 0.008 0.099
21 | Nery lacetate 27.743 0.006 0.006 0.008 0.003 0.063 0.011 0.024
22 | Thymol 28.118 0.028 0.020 0.021 0.062 0.024 0.054 0.033
23 | Gerany lacetat 28.592 0.012 0.005 0.005 0.011 0.008 0.211 0.008

Chapter 8. Quantitative analysis of total phenols, flavonoids in the peel, pulp and juice of

some varieties of mandarins and oranges introduced in Adjara and their antioxidant activity.

After identification of flavonoid compounds in citrus fruits, the quantitative content of total
phenols and flavonoids in individual parts of the fruit ( peel, pulp, juice) , their antioxidant activity was
determined and compared with relatively common varieties in our country. For quantitative
determination, 5 g of the skin and pulp were taken, repeatedly (150-100 ml) extracted with a mixture of
50% alcohol and DMSO until the extract completely discolored; the obtained extracts were combined
and used for further studies. We conducted the study for three years (2016-2018). Tables Ne12-14
present average indicators for three years.

The mandarin samples taken for analysis (early and late varieties) differ in the content of

phenolic compounds, in particular, among the early varieties, Okutsu Wase and Yura Wase differ in the
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high content of phenols: peel - (4052.31 mg/kg - 6122.87 mg/kg), pulp -(1365.1mg/kg-1430.9mg/kg) and
juice - (1086.7mg/kg-1191.3mg/kg). This indicator is relatively low in Taguchi Wase: peel —
3245.42mg/kg, pulp - 1171.8 mg/kg, juice - 744.8 mg/kg.

Flavonoids are presented in similar proportions in different parts of the fruit (high content in the
juice of Okutsu Wase and Yura Wase 905.5mg/kg- 993.0mg/kg, in the peel 2026.0-3000.12 mg/kg, in the
pulp 1050.5mg/kg — 1287.4; and the lowest content of flavonoids is observed in Taguchi samples: juice —
620.8 mg/kg, peel-1622.0 mg/kg, pulp—781.2 mg/kg) (Table N°14).

Quantitative content of total phenols, flavonoids in the fruits of early ripe mandarin varieties (juice,

peel, pulp) and their antioxidant activity

Table Ne14
Common penolic compounds based on gallic Flavor%mds based on hesperld‘m Antioxidant activity mg 50% of the
Early . . . calculation mg/kg (By Wet weight e
. calculation mg/kg (By Wet weight calculation) . sample inhibition
mandarin calculation)
varieties
juice peel pulp juice peel pulp juice peel pulp
Taguchi
Wase 744.8+£13.0 | 3245.2+81.1 1171.8£19.5 | 620.8+0.2 | 1900.0+47.5 781.2+9.8 845+23 | 605+1.6 | 70.8£1.9
Okutsu
Wase 1086.7+17.3 | 4052.3x101.3 | 1365.1+26.0 | 905.5+0.3 | 2026.0+50.7 | 1050.5+13.4 | 83.59+2.2 | 30.6+0.8 | 49.8+1.3
Miagava
Wase 817.8+13.7 3625.3+90.6 1258.5+25.6 | 743.1+0.2 | 1622.5+40.6 | 890.8£10.8 | 90.62+2.4 | 44.4+1.1 | 62.2+1.7
Yuravase | 1191.3+17.4 | 6122.7+153.1 | 1430.9£37.0 | 993.0+0.3 | 3000.12+75.0 | 1287.4+18.7 | 47.2+1.2 | 28.8+0.7 | 34.5+0.9
Iwasaki 855.5+£13.3 | 3835.1495.9 1182.3+20.4 | 778.6+0.2 | 1812.5+45.3 | 985.9+13.0 | 92.9+2.4 | 58.9+1.6 | 71.7+1.9
Quantitative content of total phenols, flavonoids and fruits of late mandarin varieties (juice, peel,
pulp) and their antioxidant activity
Table Ne15
late Common p.enohc con‘lpounds Flavonmdf based on hesperidin Antioxidant activity mg 50% of
. based on gallic calculation mg/kg calculation mg/kg (By Wet LS
mandarin . . . . the sample inhibition
arieties (By Wet weight calculation) weight calculation)
varietl
juice peel pulp juice peel pulp juice peel pulp
935.8 4858.1 1324.8 840.6 2429.2 1104.5
Nankan-20 1121 11215 1295 104 160.7 1147 54,1£1.5 | 37.3£1.0 | 50.8+1.4
1249.1 | 4910.4 1350.7 961.2 2554.1 1191.9
Mukoyama 110.8 11228 129.8 03 163.8 1131 77.2+2.0 | 46.2+13 | 69.9+1.9
12975 | 6206.7 1582.1 998.2. 3100.4 1282.6
satsuma | yg1 | 41550 | sd14 203 | 4775 206 | O70x16 | 29808 1 54T
. . 879.8 3267.5 1320.2 796.6 1633.5 1016.3
Tiahara unshiu 1126 1817 1953 103 140.8 1134 80.5+2.2 | 38.1+1.0 42.4+1.1
929.4 3808.2 1150.2 664.4 1904.4 885.6
Clemenules 1120 1959 1929 102 476 1108 46,9+1.2 | 32.7+0.8 | 40.4:1.1
. 1116.5 | 3560.6 1353.7 859.4 1893.8 1128.1
Unshiu 1104 189.0 1956 103 1473 113.9 65.4+1.8 | 33.5+0.9 38.5+1.0
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As in early varieties, the amount of phenolic compounds in late varieties is presented in a similar
ratio, it varies: in the peel 3267 - 6200 mg/kg and in the pulp within 1150 - 1582 mg/kg. The correlation
between the content of phenolic compounds and flavonoids in the peel and pulp is expressed in a ratio of
2.5:1-3.5:1. Compared with later varieties, it has been established that the quantitative content of these
compounds in the juice, pulp and peel of the broad-leaved Unshiu already existing in our country is
average and is not inferior to imported varieties.

There is a direct correlation between the content of phenolic compounds and antioxidant activity
in mandarin varieties; with high phenol content, 50 % inhibition of DPPH radicals will be achieved
with a relatively small amount of sample taken for analysis (mg of sample), for example: in the case of
Jura Vase, 47.52 mg of juice, 28.28 mg of peel and 34 .55 mg of pulp, while in Taguchi vase samples,
where the phenol content is relatively low, 92.9 mg of juice, 60.5 mg of peel and 71.7 mg of pulp are
required for inhibition. A similar correlation is observed for late varieties (Table Ne15).

The total amount of phenols in orange juice, peel and pulp ranges as follows: from 817mg/kg to
1000 mg/kg in juice, 3732.5mg/kg-6215.45 mg/kg in peel, 1785.14mg/kg-2322.28 mg/kg in pulp; the
amount of flavonoids in the juice is 707.4mg/kg-908mg/kg, in the peel — 1866mg/kg-3145mg/kg, in the
pulp 1085mg/kg-21365 mg/kg.The peel, pulp and juice of Sanguinella are characterized by a high content
of these compounds and, consequently, by their high antioxidant activity, while in Valencia these figures

are relatively low (Table N°16).

Quantitative content of total phenols, flavonoids in the fruits of some varieties of orange (juice, peel,
pulp) and their antioxidant activity.
Table N°16

Common penolic compounds Flavonoids based on
based on gallic calculation mg/kg | hesperidin calculation mg/kg
(By Wet weight calculation) (By Wet weight calculation))

Antioxidant activity mg 50% of the
sample inhibition

Orange
juice peel pulp juice peel pulp juice peel pulp
. 816.6 373251 1785.14 | 707.4 1866.4 1085.5
Valensia Delta 1129 1933 1446 102 74 08 53.15+1.4 | 43.01+1.1 49.67+1.3
Seike Navel 997.8 6068.98 195404 | 887.2 30311 13024 46.24+1.3 | 40.65+1.1 | 43.48+1.2

+13.1 +151.7 +48.9 +0.3 +15.5 +3.1

. 886.6 4978.84 2146.89 | 766.8 24785 1341.6
Neveli 1133 11245 53,7 0.4 115.7 26 4255+1.2 | 40.31+1.0 | 41.79+1.1

890.2 5423.37 1845.65 741.4 2609.1 118.5
Fukumoto Navel 1146 11356 1461 105 1162 149 51.45+1.4 | 38.67+0.9 40.01+1.0

R 1008.5 621545 | 2322.28 | 908.5 31454 1365.8
Sanguinelli 1162 11553 1581 106 1047 455 40.65+1.1 | 33.52+1.0 | 40.12+1.0

According to the average results for three years, we can say that both types of citrus fruits
(mandarin and orange), as well as their varieties, are well adapted to local climatic conditions; the
appearance of most of them meets the requirements of the standard, they are distinguished by a high
content of total phenolic compounds and antioxidant activity, that allows us to recommend most of these

varieties for the purpose of further reproduction.
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Chapter 9. Obtaining biologically active substances from the subsequent residue

of tangerine juice

Before carrying out technological studies, we have examined crushed mandarin fruits (production
residues) obtained during the processing of mandarin juice into concentrate at LLC GIAMG (Kobuleti).
The technological process takes 2, maximum 3 months, and it is unprofitable to quickly process the
residues. It is desirable to store the obtained mass for a certain period of time, and at the end of the citrus
processing period, it is necessary to carry out a complex processing of the residues to obtain the
biologically active preparations contained in it. To optimize the process, storage of residues is very
important. To determine the optimal storage conditions for residues, we have used the classical method
and added kadifit to the storage mass (1.0; 1.5; 2.0 g per 1 kg). The classic method is drying or treating
with aggressive sulfur dioxide. Drying is energy intensive and must be carried out in parallel with the
fruit processing, what is inconvenient for production.

We periodically checked the stored samples and came to the conclusion that 1.5 g of kadifit can
be added optimally. During 1 year of storage of production residues, the amount of pectin, hesperidin,
carbohydrates, organic acids, etc. in the desired compounds practically did not change. The content of
carotene naturally decreased.

For the complex processing of fruits, three methods have been used: the first was the use of
supercritical pressure water vapor in combination with superfluid extraction (carbon dioxide, co-solvent
alcohol, acetone), the second was high-frequency ultrasonic processing of raw materials (Scheme Nel,
Figura 35).

Figura 35. Fractions obtained as a result of technological processes
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The use of high pressure and temperature water in the processing of production residue allows to
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obtain 5 g of essential oil from 1 kg of raw mass (25% of the initial content of raw material); Carotene 1.0
g (50%); Pectin 270 g (82%); Hesperidin 64.5 g (84%); Cell 401 g (107%). The use of superfluid extraction
allows to obtain 20 g of essential oil from 1 kg of raw mass (100% of the initial content of raw material);
Carotene 2.0 g (100%); Pectin 170 g (52%); Hesperidin 55.3 g (72%); Cell 485 g (130%). Extraction by
extraction by ultrasonic processing made it possible to obtain 15 g of essential oil from 1 kg of raw
material (75% of the initial content of raw material), carbohydrate complex 175 g (95%), complex of
organic acids 10 g (100%); Carotene 1.7 g (85%); Pectin 272 g (82%); Hesperidin 65.2 g (85%); Cellulose
and other compounds 391 g (105%) (Figura 35, Table Ne17). The increase in cellulose and other
compounds was due to the fact that complete extraction of bioactive compounds did not occur and they
remained with cellulose.



Chemical composition of mandarin fruit extract and yield of bioactive preparations using different

processing methods

Table Ne17
raw
materials Received . By
Raw Lo Received .
. of initial from % % ultrasonic %
Ne Name material . % L from SFE L .
with o SWE of initial of initial | extraction of
g/kg .| of initial g/kg .
kadefitit g/kg g/kg initial
gkg
1] Essential oil 20.0+0,50 15.0+0,38 |75.0+1,88 5.0+0,13 25.0+0,63 20.0+0,50 100.0+ 2,50 15.0+0,38 75+1,88
2| Carbohydrates | 184.0+4,60 | 175.0+4,38 [95.1+2,38 | 183.0+4,58 | 99.5+2,49 180.0+4,50 97.8+2,45 175.0+4,38 195.11+2,38
3 |Organic acids 10.0+0,25 9.0+0,23 190.0+2,25 10.0+0,25 | 100.0+2,50 10.0+0,25 100.0+2,5 10.0+£0,25 |100.0+2,50
4| carotenoid 2.0+0,05 0.5+0,01 ]25.0+0,63 1.0+0,03 50.0+1,25 2.0+0,05 100.0+2,5 1.70+0,04 | 85.0+2,13
5 Pectin 332.0+8,30 | 325.0+8,13 |97.9+2,45 | 270.0+6,75 | 81.3+2,03 170.0+4,25 51.2+1,28 | 272.0+6,80 |81.93+2,05
6| Hesperidin 77.0£1,93 75.0£1,88 |97.4+2,44 | 64.5+1,61 83.7+2,09 55.3+1,38 71.8+1,80 | 65.20+1,63 |84.68+2,12
7 Fibber 375.0+£9,38 | 370.0£9,25 |98.7+2,47 | 401.0+10,03| 106.9+2,67 | 485.0+12,13 | 129.3+3,23| 391.1+9,78 ]104.29+2,61
8 aloss 0.00 30.5+0,76 | 3.1+0,08 65.5+1,64 6.5+0,16 77.70+£1,94 7.77+ 0,19 70.0+1,75 7.0+0,18

The composition of the obtained drug was studied by UPLC-PDA, MS chromatography. The figure 36-

39 shows the chromatograms of the drugs obtained by SWE, SFE, classical and ultrasonic extraction

technologies, respectively.
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Figure 36. UPLC-PDA-MS chromatogram of mandarin residue obtained by classical technology
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Figure 37. UPLC-PDA-MS chromatogram of mandarin residue obtained by SWE technology
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Figure 38. UPLC-PDA-MS chromatogram of mandarin residue obtained by SFE technology
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Figure 39. UPLC-PDA-MS chromatogram of mandarin residue obtained by ultrasound technology
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The purest form of the flavonoid drug was crystallized using SWE technology, where hesperidin
accounted for 84% of the total drug. (Table N°18).

Chromatographic characteristics of preparations obtained by different methods during mandarin extract

processing
Table Ne18
With classic Received from | Received from By ultras'onic
Ne Sample Name technology (CT)% SWE SFE extraction
eenotosy ° % % %
1 Hesperidin 77.0£1,93 84.0+2,10 81.0+2,03 75.0+1,88
2 Narirutin 23.0+0,58 16.0+0,40 19.0+0,48 25.0+0,63

The antioxidant activity of the obtained hesperidin was determined. Hesperidin obtained by SWE
technology is relatively high in antioxidants - a sample of 0.34 mg gives a 50% inhibition. However, it
can be said that there is no fundamental difference between the drugs (Diagram Ne14, See Appendix Nel)

which is due to the similarity of their chemical composition.
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Conclusions:

1. The technical characteristics of the fruit of some varieties of mandarin (11 varieties) and orange (5
varieties) introduced in western Georgia and some physico-chemical parameters of the juice were
studied, on the basis of which it was determined that all varieties meet the requirements of the standard,
except Mandarin Yura Vase.

2. Optimization of the extraction of hesperidin and other flavonoids and modification of the conditions
with respect for all parts of the citrus fruit were established.

3. The chemical composition of some varieties of mandarin and orange peel with Using HPLC
preparatory collector and UPLC PDA-MS detector has been studied. 8 flavonoids were individually
isolated and identified. Hesperidin [M-H] - m / z 609.09, Narirutin [M-H] - m / z 579.42, Didimin
[M+H]*- m / z 593.20, Nobiletin [M+H]*- m / z 403.15, Sinensetin [M+H]*- m / z 395.03, Tangerine
[M+H]*- m / z 395.24, neohesperiding [M-H] - m / z 609.19, naringin [M-H] - m / z 579.90.

4. In all cases studied, hesperidin quantitatively exceeds the content of other glycosides and is up to 80-
90% of the total amount of these compounds, Narirutin-10-15%, Naringin, Didimin, the rest of the
substances are present in small quantities.. Large amounts of these compounds are localized in the skin
and pulp, with relatively small amounts being excreted in the juice. According to the varieties, the peel
of Satsuma-2503.9 mg/kg and Yura Wase - 2400.1 mg/kg are distinguished by a high content of
hesperidin. Their orange samples taken for analysis have high levels of hesperidin in the peel, pulp,
residues and juice of Sanguinella (1941.1 mg/kg -830.6mg/kg — 278.1mg /kg — 511.8 mg/kg).

5. Red fruit was identified from sanguine pulp, juice and extract 3 anthocyanins: Cyanidin 3-glucoside
[M+H]*- m / z 448.68, Cyanidin 3- (6 " - malonyl glucoside) [M+H]* - m/z 534.87, Delfinidin-3-
rhamnoside [M+H]*- m / z449.10. The predominant compound in all cases was cyanidin 3-glucoside and
it is 25.6 mg / kg -9.6 mg / kg-12.48 mg/ kg in pulp, juice and extract, respectively.

6. Qualitative and quantitative composition of carbohydrates, organic acids, vitamin C in each variety
was determined by HPLC method. The highest content of vitamin C in mandarin juice was observed in
Iura vase juice -1,046g/1, the lowest-in Taguchi Vase-0.245g/1, in Nankan-0.285g/1 and in Mukoyama-
0.258 g/l. The dominant organic acid is citric acid in citrus juice. The high quantitative content of citric
acid is present in the juice of Mukoyama and Yura Vasse (8.7 g/l -8.1g/l), low in Ivasaki -4.72 g/l. The
high content of vitamin C in orange juices is present in Valencia Delta -0.623 g/l, equal amounts in
Navelina -0.453 g/1, Sanguinelli-0.513 g/l and Seike navel-0.535 g/I, The low concentration is in fucumoto
juice -0.389 g/l. Valencia Delta -16.5 g / 1 is characterized by high content of citric acid, low in Navelina
juice - 11.06 g/1.

7. Of the carbohydrates, fructose, glucose, and sucrose have been identified. The dominant
carbohydrate is sucrose. The total sugars in tangerine juice was 81.67 - 98.94 g/1, where glucose and
fructose are present in almost equal amounts, and concentration of sucrose was 55-63% of the total
amount of sugars. The increased amount of sucrose and low acidity give mandarins and oranges a
pleasant sweet taste. There was no significant difference between the content of glucose and fructose in

the studied samples by varieties.

8. Chromatography of cations of some varieties of mandarin and orange juices by conductivity detection
by the HPLC method study revealed that potassium cations are dominant. High potassium content in
tangerine juices was observed in Iura vase (2160.5 + 49.69 ppm) and Miyagawa vase (2034.42 + 46.79
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ppm), low taguchi vase (594.06 + 13.66 ppm ppm), satsuma(600.63 + 13.81 ppm) and Clemenules (989.06
+ 22.75 ppm) juices, and in other samples, it is present in almost equal amounts. The ratio of calcium,
magnesium and sodium varies in orange varieties and is much lower compared to mandarin samples. In
particular, the potassium content in orange juice varies from 536 to 1000.02 ppm, the lowest in
Fukumoto juice at 536.73 + 12.34 ppm.
9. Qualitative and quantitative composition of essential oil obtained from mandarin peel was studied
using various methods, including supercritical pressure fluid, ultrasound, high pressure and temperature
water extraction. Of the 82 components observed, 23 were identified, of which 4 were dominant. The
content of limonene is more than 80% and ranges from 83.41 to 88.85%. Also dominant components are
o-pinene - 0.84-1.0%, myricene - 1.76-2.4%, y-terpene - from 4.1 to 5.9%.
10. In the fruits of mandarin (11 varieties) and orange (5 varieties), the content of total phenols and
flavonoids in individual parts of the fruit (peel, pulp, juice) was determined and their antioxidant activity
was determined. Both types of citrus fruits (tangerine and orange) are characterized by a high content of
common phenolic compounds and antioxidant activity. The mandarin samples taken for analysis (early
and late varieties) differ in the content of phenolic compounds, in particular, among the early varieties,
Okutsu Wase and Yura Wase differ in the high content of phenols: peel - (4052.31 mg/kg - 6122.87
mg/kg), pulp - (1365.1mg/kg-1430.9mg/kg) and juice - (1086.7mg/kg-1191.3mg/kg). The correlation
between the content of phenolic compounds and flavonoids in the peel and pulp is expressed in a ratio of
2.5:1-3.5:1. Compared with later varieties, it has been established that the quantitative content of these
compounds in the juice, pulp and peel of the broad-leaved Unshiu already existing in our country is
average and is not inferior to imported varieties.From orange varieties of Sangunelli the peel, pulp and
juice are characterized by a high content of these compounds.

11. Practically waste-free technology for processing waste from citrus juice production was developed,

using ultrasound, high pressure and high temperature water,and various bioactive drugs were obtained.

(cellulose, total pectin, hesperidin, total carotene, essential oils).

12. Comparison of flavonoids obtained with different technologies showed that relatively high results

were obtained using SWE technology, the hesperidin content of the drug obtained by this method was

84%, relatively less during SFE (81%) and USE (75%). The drug obtained using SWE technology was

crystallized with the highest content of hesperidin. The antioxidant activity of hesperidin was

determined. Hesperidin obtained by SWE technology is relatively rich in antioxidants - a sample of 0.34

mg gives 50% inhibition. There was no significant difference between the drugs, this is due to the

similarity of their chemical composition.
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Some physical and chemical indicators of early maturing varieties
of mandarin Satsuma in 2016 — 2018.
Diagram Nel
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Average physical and chemical characteristics of different varieties of oranges for three seasons
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Q05595 Ne9
Quantitative Analysis of Flavonone Glycosides in Orange juice Content mg/L
Diagram N9
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Q0536595 N°10
Quantitative Analysis of Flavonone Glycosides in Orange Peel Content mg/kg,
Diagram Ne10
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3ogblbos  bgogg boggawo  bsggawo Neveli  @m3dmn@Gm  Lobyzobgwo

©ILGHS Seike Navel Boggaro Sanguinelli
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Navel
B ©0oodobo Didimin 29.6 32.6 27.9 29.3 34.5
E bstotrmomobo Narirutin 429.8 610.5 516.8 528.4 619.7
B 39b3gMoobo Hesperidin 1164.6 1843.9 1578.5 1624.5 1941.1
B 65606060 Naringin 85.3 128.6 109.7 112.1 130.5
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Q056535 Nell

Quantitative Analysis of Flavonone Glycosides in Orange pulp Content mg/kg

Diagram Nell
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B 39b39Moobo  Hesperidin 645.2 792.8 802.3
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Q053505 Ne12

Quantitative Analysis of Flavonone Glycosides in Orange Residues Content mg/kg

Diagram Ne12
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B 39139M0oobo  Hesperidin 131.8 211.8 273.3

94

200
150
100

50

B30

bsggewo
Fukumoto

Navel
10.4

61.5
168.6

Lobag0bgwro
Sanguinelli

15.3
99.3
278.1



RONMbOol 39600 bsbdomfigergdol 9993390 mds ©0sMsds Ne13
Carbohydrate content in orange juice Diagram Ne13
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Q05505 Ne14
Antioxidant activity of hesperidin obtained by 50% inhibition of mg sample
Diagram Ne14
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Antioxidant of hesperidin
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