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©053™585 1. G} 0 dmEgol Bogmagzol i3960L go8mbisgswo,%

HMAMOE 0905306 BBl mExo dmE30L  bsgmx3gdosb  §3gbol  godmliagswo
3d96MYgmdl 70-92 %-0b g3o6en9d3do. do0oo 3960l 459mbogwr0sbmdom godmo®mBaggzs dol@o - 92%,
39005690000 V50 godmbgE0s6Mmds IBOJLOMPS O3LS S dYMIdo 70-70% (OsRMTs 1).

@x0 3ma30L bbgsslbgs x0dol 3oBbogmMm-Jodom®o dsB3z9bgdwgdo

3bMoo 2
Ne 609mdol 986s¢0o bogmogMgods, 656?:32%223)60?%%3
alisbgamgds (20°C) % . ’
(20°C)

1 B 3OMM30 10,0+0,14 10,18+0,20

2 90BsdgHo 10,0+0,14 10,08+0.20

3 6939 10,0+0,14 10,12+0.20

4 BOEIMAMENOO 8,0+0,11 8,1+0.16

5 Q030 10,0+0,14 10,1+0.20

6 LobMoolio 10,00,14 10,08+0.20

7 0930 10,0+0,14 10,2+0.20

8 1356 Gbo 10,00,14 10,12+0.20

9 dobBo 10,0+0,14 10,08+0.20

10 ©9dLo 10,0+0,14 10,12+0.20

11 GHMO® 11,0+0,15 11,08+0.22

12 06003>-090 9,0+0,13 9,12+0.18

13 Bobowg®o 10,0+0,14 10,2+0.20

14 ®bgoo 10,0+0,14 10,1+0.20

15 dMg0 8,0+0,11 8,1:0.16

16 9O0dEYY 11,0+0,15 11,1+0.22

17 353MH0M G0 9,0+0,13 9,12+0.18

X0  dmazolb (39600 Moo 603m0gMgdol  goblobmzMol  3sHomBmgdom
983605JGHMgGHO0L Lo gdom. BssbsoBmE 50gdMw 60dIgdl ImEOL yz9wsHg IdSWO
0563969090  ©sRoJLOMES  dMYAMEELs s dEMMgol boymazdo - 8,0+0,11%, bemeom
39005609000 Fowseo 11,0+0,15% GmOH@bs s 9OHodeml boaymado (gbMowo 2).



@) 0 Im330L §3960L BoBoIMG-Jodomdo dsB3zxbgdergdo

gb®oo 3
S, 0 0BG
Ne | 603w80b slssbgemgds 6303:3)(2;?16&, pH 8;23(()2525 %
1 B 3OHM30 3,5+0,08 0,40+0,01
2 90D gBHO 4,0+0,09 0,51+0,01
3 6935 3,66+0,08 0,45+0,01
4 ORMENOO 3,4+0,07 0,64+0,02
5 ©O¥)30 3,77+0,08 0,47+0,01
6 LobGoolio 3,94+0,09 0,46+0,01
7 093¢0 3,78+0,08 0,41+0,01
8 L3o6obo 3,61+0,08 0,39+0,01
9 dobBo 3,51+0,08 0,38+0,01
10 ©gpolo 3,41+0,08 0,48+0,01
11 AHNOC 3,73+0,08 0,43+0,01
12 BdM0Q0Hd-M90 3,76+0,08 0,95+0,02
13 Bobomag®o 3,33+0,07 0,53+0,01
14 mbgoero 4,22+0,09 0,38+0,01
15 0o 3,77+0,08 1,00+0,03
16 90BNy 3,99+0,09 0,50+0,01
17 35@Mom®GH0 3,42+0,07 0,64+0,02

594BH0M0 055305630l pH-0b 3sb396909¢0 dgeygmds 3,33+0,07 - 4,22+0,09 ©0s35Bmbdo.
439wsHg o050 pH-om bsliosmqds Bsbowrgho 3,33+0,07, y39esbyg dowowom 3o mbgowo
4,22:0,09, 653 99gbgds  BHoGHOME  0993056MdsL,  M™MIgms  godmmzwsl  3sbgbom
00mb35535D9 499bgsMm0dgd0m (pH 8.1), dowowo 9583969390  osxgodboMgd o  odbos
dgodo - 1,00+0,03%, bereom ©sdsero mbgoels s dobEdo 0,38+0,01 - 0,38+0,01% (3bMowwo3).

93Mse0o 603009HgdoLs ©5 BHOoGOHMOo 37153056mdol

30 56583 Mds

» | AL

0 wirfirteieinieinin e et la ol ia

B 9960 bogmog®gds %
AOGMI0 3553056005 %
3dIM50 5030009M9OOLS s T5193056MBOL BoMHEOMdS

©05M535 2. X0 dmEgol Bogmxgol (3960l 3dMswo bogmogMgdols s GHoG®mvIwo
0553006000L 0965535MMdY.

dm330L  bogmaxzol 39600  dIMso  B03m0gMgdols s GHOGHOYIEo  3953056mdol
3993390 M00L BoMEMdS (Jodo®-35535 0bgdlo-Ratio) 56 s60b gM0bs0M0 (3MMgerszool IMIo
36 oMol LHmObsBM3560), Mo3 396300HMdGdMwos x0dgdl Fmeol  GHoGOwwo 8553056mdol
Lbgoslibgs 9933w mdom, d0vbgsgzs Moo 603m0gMgdol Msbsdstmo 98339wMmdoby, M3
30605306 3OM3MOEF0Ys© 50LsbGOs Bogmaol MmMYsbmg3E03we dsbolosmgdwgdbyg. Hmas gb
56585M©M™ds 10 9MmgMmol Bobygddos bogmgo bsbosmgds 539 a9dmmo, 15 — 17
9600970l BoMaqgddo ImGH30m-0mdgegm, bomerm 20 — 25 99dmbggzsdo bogmzo 3H3dowos.
d9L50590L5 gl FobILOSMYOYE0 Tg0degds Yodmygbgdmeo 0dbsl boymaols Lodfogol, dmbogwols
50900 35000L L YIBI© (OsMSTs 2).



9m@330olb §3960L govo3zy® - JodoyHo
9sbsbosmgdwgdo 4 ffewob (2015, 2016, 2017 s
2018 §F) bLodmsam dsB3969demgdo

W 33650 bogm. % M &HoGHOmweo 3553056005 % M 5dE0wMo 3553056mds

—
n o ) o
o — o —

™

© < ™ <
© N Qo n
o o <) o

3.16
3.63
3.68

2015 2016 2017 2018

©053®505 3. 2015, 2016, 2017 s 2018 fiewol dmiz0l dmbsgswdo {39608 gobome-Jodow®o
3oboliosm9gdgdO.

2015, 2016, 2017 s 2018 ferob dm3g0L dmbogserol bagmagdol §3960L 30bo3wme-Jodorm@o
oboloomgdgdo  (Lodmowm  dmbozgdgdol  dobgzom) 0933960 o6 goblibgoggds
9600569m0L5ys6, 390dm©, FIMswo bogzmogmgdols dsh3z9bgdgwo 9,5 - 10,1%, sgGHomdo
0593096m0ds - pH 3,16 — 3,68 @5 GHo@d®Mwo 09553056m0s 0,54 — 0,66%, o3 Ls3s6M9OMO
39630039005 FoBIRBMYWO - BoBbEol  gOHPBI0MO M3EGH0TSMOO gd3geoE IO
950000 (Q053M5Ts 3).

0530 2. 6Hx0 3m330L MmOR6mE BsgMmms 0z30lMmdMog0 33eg3s HPLC s UPLC-
PDA-MS 890000,

2.1. exo 3mE30L sbEBHM30569d0L 35dmyma3s s 00YBEOB03IE0s Fs®segxgdGHUIMo
LobNMMO JOHMIsEHMyMsgoms (HPLC) s Mem@ms 050595394 ado Lombuw®o
J6@0s¢ma®sx30L (UPLC- PDA-MS) 00g®5d3099¢0 560bs s 3sb-U39dEoMayero

©IHIIOHMO00

d9LPogerowo 0465 oLsgErgm LodoMmzgemdo 0bEGHMMYY306090I0 OHXO  dm(330L
bBHME0s6700, 3900dm© 3500 RIJEHWO0 LoObMMO JOMIsEHMyMoxol (HPLC) ©s man@®ds
850595399 GHMO0 LomMbEo JOHMIsGMMsx0L Fsb-139gGM Mo IBGIIG™Oom (UPLC-PDA-MYS)
3900MgmBowo s 0096G0B030MGIMWOo 0dbs, BMAMEME S3w03mbgdo, 1939 w03MbBoEIdO.
JOMASGHMYMIB0ME ©IYMBAEY  395bgbom  60dMdol FMmIBoEIOL  JOHMToGHMYMSBOMY-
d0Lom30lL, M3  woLbIMAL  Losbserobm  BodMAol  gJuBHBodaosl,  9duB®agGoL
©53Mb(396¢HH0MgdsLs o 890amd 9B93Bg bsgMgdoL  BOMIJ30MmboMYOIl  FYsOIBIBMZs60
9db@®sdgoom. dm3zol Bogmazol (10) gduBeodzos gobgsbmMEogumgor 99959390wo (0,1%)
3900956Mm@om ©dso 3gd3gMo@meol 300mdgddo (-25°C ©oymgbgdom). 9909y Jomgdwero
9JuGHMsgdBHo  ©9353Mmb396GHMOMgM 3539M3NE 306OHMdYdTo 40°C 3H9d3gMmoGMMsHy. Jomqdwo
99bGH®5gdBoL  ogmBoLsm30L  (65HA0MYwgdo, MOYEMWwo 8553930, B9I6MEI5MdMBTs53900,
bBHME0BMOmo  3mI3gdbo) godmz09gbgo  YsORsBMIsbo  gJuB®od30s, M3 IolbIMdL



603430l 25@sM9dsl Waters Sep-Pak C18 (500 dg) 3o0GMoxbg. 6503130l o@sbsdwg 3sbgbom
139GHOL 2959dE0MGOIL FgbMEom S F90gy LMOBdIBEHOU 2ofmbolfMMYdSL Fywwoo.

bLemEOdYBGHDBY b0dMIol  EHBOL 90y  JIOGHMOXOL  ©sdTFs3905L  obgbom
3905539010 (0,1%) fywoom bsbdomfiyemgdols @ mMasbmeo 95939008 ©ologmeBs© s
900900 GBMog309d0L  FgMmm3905L bogBomms 0©9IbEGH0R035300LsM30L. Fgdymd 9@S3bY
35bbom  BIBMEIoMIMBTF93900L  BOOJ30MbOMGIL  JOOWS3IBHIGH0D S dragmls
bBH™ME056g00L  gEomo®mgdsls  890:939dewo  Igmobmerom.  dogdo  garvgsb@ob
5306339606930l 9999 603N 380w GHMg3om ,,Waters Acrodisc LC PVDF Filter 13 mm
0,45pm*“ goe@®Jdo.

bBH™ME3056900L  33eng3s 9bbmE09ws HPLC-om, C18 5boerobwé o 369356Mo@wen
1U393PY.  9ggbBHo  A:  §goo/FosbF3gwdiezs/s3gBmbodtowo  (87:10:3); garmgbdHo B:
0900/ 3056339005535/ 539G ™boG®mowo (40:10:50); 4Gms0gb@o (0-15 for- 6%-sb 30% B, 30 (oo
50% B, 35 fjo» 60% B, 41-45 fio> 6 % B). 0g@9d@Hocgds 518 63. UPLC-MS sbsero®o BEN C18, 1.7pm,
BENAmidel.7um, b39¢0. 90999630 539G™boGH®00, F056339c005939, (gradient), Flow 0,4 ml/min,
139GH0L GH9d3gmo@G«es 50°C, MS- scan 200-1200 da, Probe 500°C, Positive 0,8 kV, 3s3oas®o 1,5
kV,CV -15.

09bGH0R0E0MGOME05, OHMYMOF 53w03mbgd0, 51939 3W03MB0IYdO. s3W03MbgdOL
0©963053035300B5m30L  45635bMmME0gmgm 659Nl 30EOMEOBO 6 M o0 Ts535050
3953b9egd0m.

6030009693505 00096E 0530353058 39bIBL0 BEIBIOEHMEO BogMgdOL godmygqbgdom
5 603009Mmgdsms dsbiols https://metlin.scripps.edu mogolwygso dsBob Lsdsegdom, 51939

0939500900 oEIMOGHWOHIO 459tm(3999d0L IMbo(39993m9b FgoMmgdoo.

bgdmm  50bodbEo  IgomEo  LYGMegdSl  0dg3s  JOPEOMMES©  BoBoMmgl
5096039 bsgMmol 33935, B0 0©I6EHOR035300L Bs®faMbmgds 2530090000 FoLOW0s.
06905, HMYMOE bsgMHmMoL JOMTs@Mmy®msi3009w0 Fobslosmgdewrgdo, 939 B39JGHOMO S
951-139d B0 FobolinsMYdWGdO. b5gMMNYdOL 0IbEHOFB0IsE00LsM30L I60F36gEM3s605 Tsmo
0305399639305 o 91939 Fomo Fobgdol (33¢0Egds (0MbmMs 0ToBHYdol botrx D) s dmsboddol
95g4Lb0dmBgd0L 860A36gmds UV s69do.

dopowo 69306 LombGmo  JOHMASGHMAMB0MGBOLIL  0IbGHOBOEMIOMEo  0dbs 5
33w03mbo: 39¢mbowobo, 3gmbowobo, Bsezoobo, gwxzobowobo s 3osbowobo (LyGsmo 1.
3bMowo 4).

1.620 - 302.87
8+8.354 - 949.26

T
000 200 400 600 800 1000 200 14001600 1800 2100 Z200 2400 2600 2800 2000 0.00 2.00 4.00 6.00 8.00 1000  12.0¢
Hinutes M|nutes

5000 1. mexo 8magol Bogmazgdol saao3mbgdol JOHMmTs@my®msds
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https://metlin.scripps.edu/

@G0 3m330L Bogmzgdols 9905c0896emds8o 8995350 5e03mbgdo

gbc®oo 4
Ne slsbgemgds 803;?201) RONMB0 966)00;0@501) Mo0Egbmds | gBmgmemo
1 | egwgobowobo 1,625 30491398 11,78 0,39+0,008 dy/
2 3osboobo 2,243 36198708 13,99 0,460,009 A/
3 | 39¢vbogobo 2,640 19118594 7,39 0,24+0,005 dy/
4 | 3gmbo@obo 3,373 2083539 0,83 0,030,001 /e
5 | 8segooobo 3394 | 80914429 31,27 1,030,021 /e

1200000 1000e+005 .“:‘
1000000 £
100.00

800000 & . A - — -

600000 2

300,00
40000.0

~Lao0oo

20000.0

—500.00

~ 60000

700,00

1 800.00

o

= s00.00

000,00 +1000.00
000 200 400 ©00 800 1000 1200 1400 1600 18.00 2000

1
600 800 10.00 1200 14.00 16.00 18.00
Mnutes Mnutes

U500 2. o) o dmEgob bogmazgdol syaozmbgdols UPLC-MS d6mds@ma®sds 3D g30m®ds@do,

scan.

MO 3 JOMT5GHMA589006 s 3BO0W0EIb BBl Mo Im3gol G050y9bwmdsdo
39053500 5200369006 MB06BE) 9g03MmbgdL FoMmBmoyqbl dsengzoobo s 3osbowobo,
bmwm 439wsBg 93069 8993390000 gdmoMmbg3s 39mbowobo (Ly®msmo 1, Lv®msmo 2; 3bMHowo
4).

33w93900L  dgBo  LEMHIMBMYdOLOMZ0L oGO0 R0 3MbYdOL  33eg3s  SbY3Y
396bMOE09Ww s JHMBoEHM-058-139dGHOIWo YAHIIBHMJOOL FgMPOm. OsEYJbowo odbs 5
33wozmbols  39@Mboobols  (m/z317), 3gmboobol  (m/z301), dsewgzoobol  (m/z331),
9 53060©0boLs (m/z303) s 305600bol (M/2287) sGlsgd™ds.

60300096905 1 - JOMA>BHMAGM935Bg godbomgds [M-H]* - m/z 302,87 dmeng3emdo
dsbom; 393539008 O™ 1,625 (-0, 305600l dodlodmdo »arEMooobgg®d Lbogbg 276,1 63-by
130JLoMEYds (LOIMO 3), beagwm bowmer sGgdo 518 63-bg. BogMHgdol dsligdols METLIN-ob
050l dgLodsdolo  bogmoghMads 1 dggLodsdgds gwxoboobl, ®mdwol  9d3oMoveo
ROIMss - CisH1107 dmengzmeney®o dsbs 303,30.

Peak #2 - 1.625 - QDa 30: MS Scan

276.1
3404

302.87

Apex

byMsmo 3. bogmoghgds 1 UPLC-PDA-MS b3gd@®o
603000960905 2 - JOMIoGHMyMsd5Dg BoduotMgds [M-H]* - m/z 286,89 dmerg3me@o
dobom; 393539008 O™ 2,243 (-0, d00560gdols doduodmdo MarEMooobgg®d Lbogbg 283,5 63-by
130JLoMEYds (LMo 4), beagwm bowmer sGgdo 518 63-bg. BogPmgdol doligdols METLIN-ob

11



05Bob dgLodsdols 603m0gMgds 2 Fgqlisdsdgds (305600bL, Mol §d3oMH0Eo BMMIMWSS -
CisH1106 9mq0g39900meo dsbs 287,24.

Peak #4 - 2.243 - QDa 30: MS Scan
216.7 2835 1249

286.89

302.88

Apex
by@sm0 4. 6ogmoghgds 2 UPLC-PDA-MS b3gd@®o

60300960905 3 - JOMAoFGHMyMsdsg BoduotMgds [M-H]* - m/z 316,91 dmerg3me®o

dsbom; 893539008 O™ 2,640 (-0, d0560gdols dodlodmdo MarEHMo0obgg® Lbogbg 278,0 63-by

5304boMEgds (LMo 5), bowm bowwwer s®gdo 518 63-By. bogHmgdol dsbgdol METLIN-ob

05Dob gbsdsdols B03m0gMmgds 3 FggLsdsdgds 39¢mboobl, HmIwol gd30MH0wwo BMMIMWSS

- Ci16H1307 3mgng3menmdo dobs 317,27.

Peak #4 - 2.640 - QDa 30: MS Scan

278.0

316.91

Apex

Lg@s00 5. bogmoghgds 3 UPLC-PDA-MS b3gd@®o
60300096905 4 - JOMI>GHMYMT5Dg BoduotMgds [M-H]* - m/z 300,94 dmerg3mew®o
dsbom; 393539008 O™ 3,373 (-0, d056mddols dodlodmdo MarEHMooobgg®d Lbogbg 276,7 63-by
5304boMEgds (LSO 6), bowm bowwwer s®gdo 518 63-By. bogMmgdol dsbgdol METLIN-ob
05Bob dglsdsdola B03m0gMgds 4 GggLsdsdgds 39mboobl, HMAEOL 9a30Mm0IMO BMEOIMWSS -
CisH1306 9ten93e0og6o dsbss 301,27.

Peak #5 - 3.373 - QDa 30: MS Scan

2716.7

3379

330.95

300.94

|

Apex
bG350 6. 60309 gds 4 UPLC-PDA-MS b3gd@®o

603000960905 5 - JOMIoBHMyMs35Dg BoduoMgds [M-H]* - m/z 330,96 dmerg3me®o

dsbom; 99393900l O™ 3,394 (-0, sbmddol doglodmdo »arE®ms0obyge Lbogbg 276,7 63-By

130JLoMEYds (LOIMO 7), beagwm bomer sGgdo 518 63-bg. BogMmgdol doligdols METLIN-ob

05Dob gbsdsdols 603009M9ds 5 Tgglodsdgds Foe300bL, HMIEoL GI30MOEO BMOIMES -

Ci7H1507 9memg3emméo dsbs 331,30.

12



Peak #6 - 3.394 - QDa 30: MS Scan

276.7
337.9

330.96

Apex

bm@500 7. bogmoghgds 5 UPLC-PDA-MS b3gd@®o

by
280 ;‘
2804
240 3 5
uf [v]
220 | ¢
2009 §
180 &
160 |
g
e 8 g = &
5 1§ K 2 . &
s 8 B 9.8‘"3’88 §§ B o
¢ §8 ﬂb"ﬁgg ‘; R ol 838 o 283 "“'_H;Q
: 2 g e m;seg~—.—momvgz@@ 28
H-THHE 1M Lk
I o fn [ 1ot (it Y] \ v i r @l .
: J.\\gw B U IR 28
TR b < [====31 B=Y \fA o 7 & |
I VWA ?k-i)fkw@‘x,-‘!w\gs&« . VR vk
600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700  18.00

Minutes

bm™500 8. Lbgoolibgs x0dol rwdxo dmEgol bogmagdol sbEHmE0sbydol
JOMBoGH MY
UPLC-PDA-MS dgomob 399my9bgdom ©OLOZWIM Lodomomzgemdo
06¢OHMOME0MHYdMo e xo  dms3ol  bogmaowsb 00096&083030609dMwos  8999y0
3bG™M 305690 Ao 3mbogdo (LyGsmo 8):

60300096905 6 - JOMA>BHMAMT5Bg BoJubomgds [M-H]* - m/z 449,00 dcmeng3w9e)Mo
dobom  BMOIIPGHom m/z  286; F9393900L O™ 0,486 [on-05, Fmobmnddol  ogduoddo
M GO500LRIM Lbog®g 280 63-Bg BodloMYds, bemwm bowwre s@gdo 511 63-by (LmGomo 9).
BogOHmgool dsligdol METLIN-ol 85%0b dqlsdsdols 6030096M9ds 6 899L505990s (30560006-3-O-
239594 GMBoOL, OOl 93306000 GmEMTMss - C21H2101 dmerg3memeo dsbs 449,4.

22000, 0

nnnnnnnnnn

L5000 9. 6030009M9ds 6 JOMT>GMPMST>
603000960905 7 - JOMIoBHMyMs35Dg BoduotMgds [M-H]* - m/z 449,14 dmerg3me®o
dsboon B bGHom» m/z 286,98; 093539006 O™ 0,505 {for-0s, Ymsbmgdol dosglodwdo
P GHOo00bBIO Lbogbyg 280 63-Bg BodloMmEYds, bmwm bowwmw sGgdo 517 63-bg (LyGsmo 10).
BogOmgdol dsligdol METLIN-0ol 85%ob dqledsdols 60300g@Mgds 7 899Lsdsdgds 30560006-3-O-
3 30H0EOL, H®MIOL §I30MH0E0 GMEMTMEss - C21H21011 dmeg3merm®o dobs 449,4.
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Infensiy

™300 10. 603000960905 7 JOHMA>GHMYEMT>
60300096905 8 - JOHMToGMM5d5Bg BoJuoMqds [M-H]-m/z 465,07 dcmeng32emmdo dsboo
RM5396¢ 00 m/z 302,89; 993539008 O™ 1,534 {or-05, Fmsbmddol doglbodmdo M GMo00LR e
bbogbg 276 63-Bg godloMgds, bmwm bowvyem s6gdo 523 63-Bg (LmGsomo 11). bsg@ongdols
dobgdol METLIN-ob 35%Bol dgledsdols bogmogtagds 8 Tgglsdsdgds ©gwi0bowob-3-O-
39W3dBHMBoEL, MMIol 9a30MH0-e0 MMIMEss - C21H21012 8¢ 30 ®Ho ol 465,4.

SOOOM0 _1.534 E:I:rat.beddﬁ —

Intepsity

00000 4

200000
i Ll

8 1.540 Peak 2 - QDa 30: MS Scan 30: QODa Posiiva(+)
D10 - 303.89

20000 40000 600.00 E00.00 1000.00
fin'e

om0 11. 6030009090 8 JOHMAoEMysds
60300096905 9 - JOMToGHMYM55Bg BoJuoMqds [M-H]-m/z 435,07 dcmeng3oenmdo dsboo
RM5396¢ 00 m/z 302,90; 993539008 O™ 2,036 for-0s, Fnsbmddol dogbodmdo MerEMHI00LRYEM
bogbg 276 63-Bg godloMmYds, begrm bowrvyen sMgdo 523 63-bg  (LYOsmo 12). BsgMHongdol
dsbgdol METLIN-ob 35Bol dglodsdols bogmogads 9 9gglodsdgds ©gwi0bowob-3-O-
56500b6mBoL, OOl §3306H0-wo GnEOIMWSs - C20H19011 Iewg3mer®o dobss 435,4.

20038 Peak 1 - ODa 30: MS Scan 30 QDa Positive(+) :

scfooo 20250

508000

400000

200000
o

2,036 Exdracted

15000 435 0pea9.03
) E
1EoD
50000 ll
e BT ad ok

Z00.00 40000 50000  BO0.00 1000.00
Tz

b®5000 12. 60300090905 9 JOHMB>EMYMsTd
60300096995 10 - JHMA>EHMYM535B9 BoguoMgds [M-H]*-m/z 479,13 8t 360 doboo
53053396 GH0 m/z 316,93; 89353900L MM 2,786 ffor-05, Fmnsbomgdol dogdlodwdo MEEEmooolggH
bbogbg 276 63-Bg 130JLoM©Yds, bowrm bowrver sG9gdo 523 63-Bg (LyGsmo 13). bsgOmgdols
dsbgdol METLIN-ob 85%ol  dqLsdsdolo  bogmoghgds 10 8gqLodsdgds  39¢mboob-3-O-
39594 GHMBoEL, OOl §I306MH0vIE0 BMETMess - C22H23012 Imemg3memedo dobs 479,4.
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https://pubchem.ncbi.nlm.nih.gov/#query=C20H19O11+
https://pubchem.ncbi.nlm.nih.gov/#query=C20H19O11+

2. 783 Paak 1 - ODa 30 MS Scan 30 ODa Positive(+] Scan (0004000, 000

z K]
a
£
o0
a Lid
i 2 785 Extracied
& i YN
fovoe 4
4 1
E 4
200000
0 Ly b
M— S N
200.00 40000 600,00 BO0G0  1000.0C

e

L6500 13. 60300096905 10 JOHMBoBHMyMsds
60300096905 11 - JOMT>EMyM535Dg BoJlomgds [M-H]-m/z 449,08 dmeng3meweo dsboo
RM396¢ 00 m/z 316,93; 993539008 O™ 3,121 {or-05, Fmsbmddol doglbodmdo M GMS00LBYEM
bbogbg 276 63-Bg 8oJuLoMEYds, brem bowwm s@gdo 526 63-Bg (LGHscmo 14). bsg@ongdols
dsbgdools  METLIN-ob  05bol  dglodsdobs  Bogomoghgds 11 8ggLodsdgds  39¢vmboob-3-O-
5650060mBoEL, GOl 983000 BMOTMWSS - C21H21011 Imeng3zerm®o dobs 449,4.

Intensity
3.121 - 449.08

T \7\\ T T T T T T T [ T T T [ T T T [ T T T[T
0.00 200 4.00 6.00 8.00 10.00 12.00 14.00
Minutes

LyMsm0 14. 5030009935 11 JOMToEHMAMSTo
60300096905 12 - JH MA@ MYEM595B9 BogboMgds [M-H]*-m/z 493,05 8ceg3me)6Ho dsboo
RM5396¢ 00 m/z 330,91; 993539008 O™ 3,412 or-05, Fnsbmddol dogbodmdo M EMS00LRYEM
bogbyg 276 63-Bg godloMgds, begrm bowwen sGgdo 527 63-Bg (LyMosmo 15). bsgMongdols
dsbgdol  METLIN-ol  d5bol  9glodsdobos  bogmoghmgds 12 8gqlodsdgds  ds¢w30006-3-O-
239594 GMBoEL, OOl §I30MH0IE0 BGMEMTE0ss - C23H25012 9meng3mermeo dsbs 493,43.

5 3.412 Extracted
1.0x10°H 493.05

Intensity

5.0x10°

] [
0.0
3.418 Peak 1 - QDa 30: MS Scan 30: QDa Positive(-
] 330.91

1.0x105

Intensity

5.0x10°]

1 | .
0.0
200.00 400.00 600.00 800.00 1000.00
m/z

L5000 15. 650300090905 12 JHMA5EMyMods
60300096995 13 - O MA@ MPM35D9 BoguoMgds [M-H]*-m/z 463,04 3t 360 doboo
53053396 GH00 m/z 330,99; 89353900L ™ 3,881 ffo-05, Gnsbmgdol dogdlodwdo MEEE®m0oLEYH
bbogbg 276 63-Bg 30JL0MEYdS, bmwm bowrye ségdo 527 63-bg (LmGosmo 16). bogOmgdols
dsbgdol  METLIN-ol  dsbol  9glodsdobs  bogmoghmgds 13 8ggLodsdgds  dse30006-3-O-
36500bmboL, HMIwol §d306H0wwwo GmEOIMss - C2H23011 Imerg3mew®o dsbs 463,4.
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3.881 Peak 2 -QDa 30: MS Scan 30: QDa Positive(+) Scan

o1 330.99
=
£ox10 5 3

0.0

3,883 Extracted
= ] 363.04
QGDDU 1
200000 -
||. L

T T T T
200,00 400, 00 GO0, 00 800,00 100000
miz

L6500 16. 60300096905 13 JOMBoBHMyMsds
60300096905 14 - JOHMT>GMYM535Dg Bogdlomgds [M-H]-m/z 493,01 dmeg3meeo dsboo
RM5396¢ 00 m/z 330,91; 993539008 O™ 5,872 {or-05, Fnsbmddol doglodmdo M GMI00LBYEM
bogbyg 276 63-Bg goduoMgds, bmwm bowre s69gdo 527 63-Bg (Lmosmo 17). bsgMongdols
dsbgdol METLIN-ol  d5bol  9glodsdobo  bogmoghmgds 14 8ggLodsdgds  dse30006-3-O-
39930 Do©L, HMIWob 9330600 BTN - C23H25012 0meg3wamcdo dobs 493,43.

L& 5872 Peat 1- ODa 33 M5 Scan 33 O0a Fostivels Sxan
2810 ¥ o EETER]

= _ 3
Eota 5 3
soe1o ¥

g 4
SATE Estrasted

o 3 107 01
gfﬂ:ﬂﬂe-: N

E ]

5 ox10 ¥

o -

.
20000 400D GO0 B0000 00000
iz

bm6omo 17. 6030009690 14 JOHMBo@GmyMsds
60300096905 15 - JOMI>EMyM55Dg odulomgds [M-H]-m/z 463,05 dmerg3meeo dsboo
RM5396¢ 00 m/z 300,93; 993539008 O™ 6,217 for-0s, Fnsbmddol Jogbodmdo MeEEHMS00LRYEM
bogbyg 279 63-Bg godloMgds, begrm bowvar s6H9gdo 520 63-Bg  (LyGomo 18). bsgMmongdols
dsbgdoll METLIN-ob 350l dglodsdolo  bogmogmgds 15 dgqgbsdsdgds  3gmbowob-3-O-
39594 GHMBoEL, OO0l 9§I306MH0vIE0 BTy - C2H2301 dmergzmemémo dobs 463,41.

12000.0
Peak #3 - 6.217 - QDa 1: MS Scan

463.05 10000.0

3.847 - 242,94

8000.0

~6.217 - 463.05
6.941 - 330.94

6000.0

—5.710 - 300.93

Intensity

4000.0
20000

0.0
3.00 4.00 5.00 6.00 7.00 8.00 2.00
el L - - Minutes

Apex

byM500 18. 6503000960935 15 JOMToEHMAMTs
6503000960905 16 - JOHMA>EMPM35Bg BoguoMgds [M-H]*-m/z 419,00 dcgng3e)to doboo
53058396 GH0 m/z 286,91; 89353900L M 8,563 fjor-05, Fmsbmgdol dogdlodwdo MEEE®m0olggH
bbogbg 280 63-Bg x30JLoM©Yds, bowrm bowre sGgdo 517 63-Bg (LGsmo 19). bsgOmgdols
dsbgdol METLIN-ob  dsbols  9gLsdsdols  bogmogegds 16  dggbsdsdgds  30560006-3-O-
36500b6mbBoL, HMIol §3306H0v)wo BGmEOIMSs - C20H19010 I 3me®o dobs 419,4.
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B 552 Exiracted

5 q 0479
20g000
=
100030 4 J
. |
B ohd Paak & - CH0ky 30 M5 Seam 30 O0ks Patanal +] Sean (600
e 310 BE
S 288 91_
408000
=
00000 4
|-I T T T T
20000 400,00 S00.00 20,00 100000

e

L9500 19. 6503000960935 16 JOToEHMAM ST
60300960905 17 - JOMIGHMAMToDg BoduoMgds [M-H]*-m/z 465,024 9me0g3w9¢0w6o
dsboon  BEMLadgbGHom m/z 302,03; 993539006 O™ 8,589 {jor-0s, Jmsbomgdol dsglodsdo
" E®500LBM Bbogby 276 63-Bg goJuoM©Yds, begrm bowyen sgdo 525 63-bg (LyMsmo 20).
Boggdol dsligdoll METLIN-ob d5Hol 9glisdsdols 6030096M90s 17 899Ls05990s ©09eg0boob-
3-0-3 3000, HMIOL 983000990 BT )ss - C21H210128meng 39 Mo dobs 465,4.

500000

Peak #1 - 5,235 - QDa 30: MS Scan
[T

858946524

5,235 -302:92-

000 200 400 800 800 1000 1200 1400 1600 1800 ‘
Mnutes B

Apex

95000 20. 503000990 17 JOMToEHMAM ST
60300096905 18 - JOMB>EHMAM 535D BoJboMgds [M-H]-m/z 535,16 9neng3wew®o doboo
73053996 GH0 m/z 330; 99353900l M 2,066 {on-05, Jmsbmngdol dodbodmdo MEEE®m00LEYM
bogbg 276 63-Bg 830JuoME©IYds, beowm bowre s6gdo 527 63-bg (LmGomo 21). BsgMHongdol
dsbgdol  METLIN-ol  35bol  9glodsdobos  bogmoghmgds 18  8gqlodsdgds  ds¢30006-3-O-
(6”539G0w) 395 BHMHBoEL, GOl 983060010 MMMy - CxsH2rO13 Imegzmem®do Iobs
535,47.

6 f 2.066 Peak 1 - QDa 1: MS Scan 1: QDa Positive(4
1200 \ 535.16
1.0x108] |
2 80:10°]
g 5
S 6,0x10°]
£
40x10°]
2,010
0.0 - - O“‘.“““‘.LL“.““““"
ok 10 150 200 2% 300 200.00 400.00 600.00 800.00 1000.00
Minutes nmz

L5000 21. 650300096090 18 JOHMI5EMyMods
60300096705 19 - JOHMB5EHMYM535Bg BoJuotMgds [M-H]*-m/z 535,09 dmerg3me®o
dsboon  BEMLadgbGHom» m/z 330,96; 993539006 O™ 5,240 {for-0s, Jmsbmgdol dosglodwdo
M G®500LBIM Bbogby 276 63-Bg BoJuoMEYds, bergrm bowye sMgdo 527 63-Bg (LMosmo 22).
BogHmgdol dsligdol METLIN-ol 050l dglsdsdola 6030m096Mm9ds 19 999Lsdsdgds dsez0ob-3-O-

(6”539¢0w)3w3mBoL, OHMIWol 9830600 BMEOIMWss - CsH2013 dmegzme®o dobs
535,5.
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5.240 Extracted
1 535.09

200000

Intensity

100000

ol 1 \\\

5.255 Peak 1 - QDa 30: MS Scan 30: QDa Positive(+)
300000 330.96

200000

Intensity

100000

. [ .
200.00 400.00 600.00 800.00 1000.0C
mz

B9M500 22. 503000960905 19 JOMToEHMAM ST
60300096905 20 - JOMA>BHMAGM535Bg GBodbomgds [M-H]*-m/z 520,97 dmeg3w9em6o
Ao BMOd BB m/z  316; F9393900L ©O™ 6,826 [m-05, Y;obmnddol  ogdusodmdo
M GO500LRIM Bbogby 276 63-Bg BoJLoMYds, bergwm bowye sMgdo 526 63-bg (LyBHsomo 23).
BogMogdol dsligdol METLIN-0b 35%Bolb 9gledsdols 603m096gds 20 999Lsdsdgds 39&w9boob-3-
0-(6"5393H0w)330mDoEL, H@Iwol 98306M0wo BmGOIMwss - CaHrsO13 ImergzmermEo dobo
521,4.

6.826 Peak 1- QDa 1: MS Scan 1: QDa Positive(+) Sc:

400000 520.97

400000

300000 300000

6.826 - 520.97—

Intensity
7.374 - 535701~

Intensity

200000 200000

100000 100000

0 . |

0 |
5.00 6.00 7.00 8.00 9.00 10.00 200.00 400.00 600.00 800.00 1000.00
Minutes mz

L6500 23. 60300096905 20 JOHMBoBHMyMods
60300096905 21 - JOHMA>BHMAGM35Bg GBodbomgds [M-H]*-m/z 505,08 dmeng3w9emdo
oo gMsadgbGHom m/z  300; Fg393900L ©@O™ 9,102 Fom-05, Fmobomnddol  dogduodwdo
P GHMo00LBIO Lbogbyg 276 63-Bg BodloMmEYds, bonwm bowwmw sGgdo 526 63-bg (LyGsmo 24).
BogOmgdolL dsbigdol METLIN-ob dsbols dgLsdsdola 60300096090s 21 99glsdsdgds 3gmbowob-3-O-
(6”539G0W) 39 5JGHMDBOEL, GOl 9d3060990 GmEOIMss - CaHas012 Inegzem®do Iobs
505,45.

12000.0

10000.04

11.774 - 504.96

8000.0-

Intensity

6000.0
4000.0

2000.0

>

000 = 200 @ 400 = 600 800 10000 1200 14l00
Minutes

L5000 24. 6030009M90s 21 S 6503000gMYds 22 JOHMTSGMYEMSTS
603000960905 22 - JHMA>EMPM35Bg BogboMgds [M-H]*-m/z 504,96 dcerg3e)Mo doboo
53053396 GH0 m/z 316; 993539006 O™ 11,774 {or-05, Gmobmnddol dsdubod«ydo ME@&EmeoolggH
bbogbg 276 63-Bg 130JLoM©Yds, bowrm bowrwen sG9gdo 526 63-Bg (LyGsmo 24). bsgOmdgdOL
dobgdol METLIN-ob  35Bol  dglodsdols  bogmogMqgds 22 dggbodsdgds  3gmboob-3-O-
(67539303 3mBoL, HMIwol 9d3o00M09wo RMOIMEs - CauHs012 dmegzme®o dobs
505,4.
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@R 8330l - 9gEoBodYEGOL, B350, dELMYMEEOLS s dMOYOEHS-MJOL bagmegdols
36GME0s69Mm0 3e03mBoEIdOL 899339wMds

gb®owo 5
Ne 36GHME006YMHOo eozmbogdo prxo g0l 26¢mgostabo, G/100;
050030930 6935 3o | 3G0og0ds-Mg0

1 | 30560006-3-0O-goeod@BHmbBoo 10,34+0,21 6,08+0,12 13,93+0,28 8,34+0,17

2 | 30560@06-3-0O-a3mbowo 11,65+0,23 10,74+0,21 4,10+0,08 28,35+0,7

3 | ©09030b60@0b-3-0-gowsd@mboo 137,1+2,74 125,04+2,5 | 153,03+3,06 279,9145,60
4 | ©9x3060006-3-0O-56580bmbBoo 14,56+0,29 12,18+0,24 10,20+0,20 27,08+0,54
5 | 39¢vb00b-3-O-gomsd@Hmbooo 13,12+0,26 14,61+0,29 4,87+0,10 11,16+0,22
6 | 390%v160©06-3-0-56500b6mBoo 7,68+0,15 4,91+0,10 5,29+0,11 17,48+0,35
7 | 95¢0300006-3-0-25odBHmbowo 11,74+0,23 7,4620,15 8,19+0,16 8,57+0,17
8 | 95¢030006-3-0-56500b6mBowo 6,72+0,13 4,64+0,09 5,89+0,12 25,70+0,51
9 | 35¢0300006-3-0-3930Do©o 38,40+0,77 9,72+0,19 15,43+0,31 9,14+0,18
10 | 39mbogob-3-O-gomod@mbooo 15,55+0,31 9,05+0,18 6,34+0,13 14,72+0,29
11 | 3060006-3-0-565006mBoo 6,82+0,14 8,21+0,16 11,06+0,22 11,04+0,22
12 | 09w 10600006-3-O-aamm3mBoo 12,22+0,24 5,13+0,10 7,09+0,14 67,22+1,34
13 | 85¢0300006-3-(6"-5393H0w)3owsdEGHmboo 7,30+0,15 8,06+0,16 29,93+0,60 25,42+0,51
14 | 85¢0300006-3-(6"-539GH0w) 330 BO©O 6,27+0,13 8,93+0,18 11,45+0,23 17,60+0,35
15 | 39¢99b00b-3-(6"-539¢0w)3wM3mBoEO 13,70+0,27 4,59+0,09 7,62+0,15 13,05+0,26
16 | 39mboob-3-(6"-53930w) dowsd@mbowo 8,51+0,17 4,76+0,10 7,65+0,15 13,86+0,28
17 | 39mboob-3-(6"-53930w) aerm3mboo 8,77+0,18 5,41+0,11 6,7920,13 7,53+0,15
X500 330,5+6,61 249,5:4,99 | 308,87+6,18 586,16+11,72

@) 0 9m330L - 39M3ol, B3sMEBOL, @gysliols s derm3MM3ol bsgmzgdol sbGHmaosbmmo
3%03Mmbogdol 899(339emds

3b®»owo 6
0 dc330L s6¢EME0sbgdo, 8y/10
N R e bg@g@?‘g@x bBog?baBO bm@ggabo i gz)@m@oﬁo
1 | 3056006-3-O-gomod@mboo 3,28+0,07 3,57+0,07 7,48+0,15 15,23+0,30
2 | 30960006-3-0-amn3mboo 3,61+0,07 13,73+0,27 | 15,58+0,31 9,89+0,20
3 | ©09053060006-3-O-gomsd@mboo 73,77+1,48 93,97+1,88 | 122,25+2,45 | 165,00+3,30
4 | ©9x3060©06-3-0-56580bmBowo 12,65+0,25 6,67+0,13 4,33+0,09 7,08+0,14
5 | 39%960006-3-O-gomsd@mbopo 7,87+0,16 3,55+0,07 9,60+0,19 7,15+0,14
6 | 39¢b0@0b-3-O-s05d0bmboo 2,80+0,06 6,25+0,12 14,40+0,29 11,87+0,24
7 | 05¢0300006-3-0-20modBHmbowo 7,57+0,15 6,69+0,13 4,50+0,09 17,07+0,34
8 | 85¢300006-3-0-56580bmBowo 3,22+0,06 6,19+0,12 4,75+0,10 9,23+0,18
9 | 95¢0300006-3-0-am3mHogo 4,93+0,10 3,28+0,07 7,08+0,14 6,21+0,12
10 | 39mb0og0ob-3-O-gowsd@mboo 6,13+0,12 4,54+0,09 6,95+0,14 9,79+0,20
11 | 3060@06-3-O-s6d0bmboo 6,81+0,14 23,35+0,47 | 11,70+0,23 7,84+0,16
12 | ©09e03060006-3-0-g0m3mBowo 4,62+0,09 10,83+0,22 8,10+0,16 36,85+0,74
13 | 85¢0300006-3-(6"-5393H0w)dowsd@Hmbowo 3,77+0,08 6,50+0,13 5,53+0,11 13,39+0,27
14 | 85¢1300006-3-(6"-539H0w)39300H0©O 6,76+0,14 6,40+0,13 7,70+0,15 8,92+0,18
15 | 39¢v9bo0b-3-(6"-53930w) )30 Bo©o 4,80+0,10 7,61+0,15 7,00+0,14 10,62+0,21
16 | 39mb0006-3-(6"-5393H0w) 3owsgGHMBO©O 3,32+0,07 3,30+0,07 5,10+0,10 7,56x0,15
17 | 39mb0006-3-(6"-53930w) aerm3mboo 3,40+0,07 4,28+0,09 5,90+0,12 7,46x0,15
X500 159,3+3,19 210,7+4,21 | 247,93+4,96 | 351,16+7,02

UPLC-PDA-MS 8900m@©obl 250mygbgdom 0w09gbGHonozomqdmwo odbs 17 sb@maosbmemo

303mH0EO:  (30560006-3-0O-5¢0dBHmB0©0o; (305600006-3-0O-430H0©0; gwr0boob-3-

O-gowsd@Hmboo;
39316006-3-0-56500bmboo;

©93060©06-3-0-5605006mboo;
95e0300006-3-O-gowsd@mboo;

393?960006-3-0O-gowsd@mBoo;
95en30006-3-0-

5650060mH00; 35e30006-3-0-30)300H00; 390b006-3-O-gowsdBmBoo; 3060w0b-3-O-
3650060mB00; I B0b0OL-3-0O-3y30mb0oEO;  B5¢3006-3-(6"-539¢0W)FWSEHMDO©O;
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05¢300006-3-(6"-539G0w) 3300 B00; 393 b00b-3-(6"-5:393H0w) 230 H0©O; 39Mmbob-
3-(6"-539¢0w) 3oogdBHMHB0oOo; 39mbo0b-3-(6"-539GH0w)ye3mboo (LOsmo 25; gbMHowo 7
5 8).

030bmdM030 F993390mdol  Jobgzom WMo dmazol  Bogmaol  SBEGHM3069d0L
3993390™05 0©IbGHMEM0s. Fom FMEOL Bb3oMds ©sxk0JLOMPs MOMEIbMdIM0Z0 T9d339w™dOL
dobgz00 (Moo 5 s 6).

X0 9m330L bsyme3gd0sb 00gbGHo8oEeMgdMEo bsgMomgdol dmbsigdgdo
6030009690505 0©IBEGH0B0353058 35bgbom bogzmogMgdsms dslol https://metlin.scripps.edu
0530L99R50 BHBOL Lodw)oEgdom, 51939 M939bBOMYdIMO OEIMOGHWEOIMWO §5dm3999d0L
9b539990056 F9s6Mgd0m.

I > o X |1| I O (e 0 | H
A B C D E F G
e e o) '
) I i LW"" I !
P Il B I B
H I ] K L M N
T e
L 0 L5 ey Sy
p \ e [ Lo & p
o) P Q R S T U
\' bm500 25. 530003Mmbgdols s s6GME0s6MMo aeo3mBoEIdol FmMImemgdo: A -

©953060©0b0; B-305600060; C-39¢vboobo; D-3gmboobo; E-8s¢300060; F-30sboob-3-
O-gowogHmBoo;  G-30060006-3-0O-gym3mboo; H-w0953060006-3-0-gowsd@mboo; I-
©98060@06-3-0-5650060mB0oO; J-39)160006-3-0-g5wsgEHmboo; K-39&1boob-3-0-
565006mboo;  L-85¢w300006-3-0O-gowsgd@mboo;  M-85¢0300006-3-0-5650bmboo;  N-
85¢0300006-3-0-3)300H00; 0-39Mb006-3-0-35wsg@Hmbooo; P-305600006-3-O-
36500bmboO; Q-09530600006-3-0-3300D0EO; R-85¢0300006-3-0-(6"5:39GH0)30e00d-
AMBoo; S-35¢300006-3-0-(6"539GH0w) 3300005 T-39¢b006-3-0O-(6"539GH0w)-
393mbol;  U-39mb0ob-3-O-(6"5:393H0w)a0wsg@mbool;  V-39mboob-3-O-(6"s39@0wm)-
dLY3MbOL.
00963 08030609800 65909d0L Saer03mbgdol dmbszgdgdo

gbdowo 7
BogoogByds 6sg®orol dcagmo3yemols | dmegzmeEnvy®o [M+H]+ Re(min)
@sbabgemgds ROGHIMes dalss (m/z)
1 ©9)gobowobo CisHuO7 303,24 302,87 1,625
2 309600bo CisH110s 287,24 286,89 2,243
3 39¢mbogobo CisH1307 317,27 316,91 2,640
4 39mbogobo Ci16H130s 301,27 300,94 3,379
5 o@3000060 Ci7H1507 331,30 330,96 3,394
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00963H080E30MYdMO BEME0s6IMO 3eo3zmBoEYdoL Imboigdgdo

gbc®oo 8
5(;?;;)0 B59M000L slsbgegds a;ﬁ?faggzb [szl:r/f)] [12;[;/1:)] Re(min)
6 30560006-3-O-gomod@mbooo C21H21011 499,00 286 0,486
7 (30560006-3-0-3¢930Do©o C21H2101 499,14 286,98 0,505
8 ©0953060©06-3-0-35¢5JEHmBoo C21H210mn 465,07 302,89 1,534
9 ©0953060©06-3-0-56500b6mBoo C20H19011 435,07 302,90 2,036
10 39()1960006-3-O-g0msgBHmbowo C22H2301n2 479,13 316,93 2,786
11 39¢%16006-3-0-56580bmBboo C21H21010 449,08 316,93 3,121
12 05¢300006-3-0-g9mod@Hmboo C23H25012 493,05 330,91 3,412
13 05¢300006-3-0-565d0bmboo C2H201 463,04 330,99 3,881
14 05¢300006-3-0-30g3mbo@o C23H25012 493,01 330,91 5,872
15 390b00b-3-O-gowod@mbowo C2H230n 463,05 300,93 6,217
16 3060006-3-0-56500bmBowo C20H19010 419,00 286,91 8,563
17 09 53060006-3-0-gg3mbo@o C21H2101n2 465,02 302,03 8,589
18 05¢300006-3-(6"-5393H0w) 3owsgd@Bmboo C2sH27013 535,16 330 2,064
19 05¢300006-3-(6"-539H0w)309300D0E©O C2sH27013 535,09 330,96 5,240
20 3941960006-3-(6"-5393H0w) 39300 HO©O C24H25013 520,97 316 6,826
21 39Mb0o0b-3-(6"-5393H0w) Fowsd@EHmboo Ca4H25012 505,08 300 9,102
22 390600006-3-0-(6"5:39¢0¢) 3030000 C24H25012 505,44 316 11,774

2.2. oo 3c330L Bgbmen356d3Mb3753900L 33emg35 I Ms 8505¢gi3gdGvdo
LombyyMo JOHmIs@m®sxgol dst-bidgdBHOHmemo gdgddMGoo UPLC

196 35MmdMbI539008 330935 B0  dmE30L  Boymxudo  dmgobobgm  Man@GHMs
950595399 GHMO0 LOMHBLIMO JOMTGHMPMSGBOL Tob-3gdBHMMwo yBIIG™Oom (UPLC-PDA-MS).

1396 35MDM6353900L  33e0935L  39bgbom  gMOWsE3IBIGH0E  BMOJ30s80.  BorMgdmwo
90995630l ©53Mmb(396GHM0Mgd0l d90gy 603Nl 330w EMs30m ,,Waters Acrodisc LC PVDF
Filter 13 mm 0,45pm® o @®do. Imdow6 RsHgdo© 3900m0ygbgdms 0,1% Fosb6339wdgs3s :
09owo (9emsbBo A) s 0,1% 30563395935 1 539@G™bo@GMowo (9ermab@o B). gMoogb@o 0.20
d/for oym 10% B (0-2 fon), 10-60% B (2-14 §on), 60% B (14-16 §o), ol 99909353 3906019690000
Lofiyol 3MBoMgmdsdo s 4 oo begdms godblbgewms mbslfimmmdol sdgs®mgds. Gowmols
Log®dg 290 s 306 63. 359mygbgdremo 0dbs 0mbobsE0ol IWIBOMO S LYSMYMBOMO Mg0d0.
13930 39390 «OS 10°C; MS- scan 100-1100 da; Probe 600°C; negative 0,8 kv, Capilarity 1,5 kv, C
-20, 40 v).

120000.0 120000.0

1000000 1000000

80000.0 80000.0

3.416- 35341
3.445-353 12~

Intensity
Intensity

60000.0 60000.0

400000 400000

20000.0 200000

~4.041 - 353.13
4.043 - 353.03
5.014 - 439.18

00— — e

280 300 320 340 360 3.80 400 420 440 460 480 500 520 540 280 300 320 340 360 380 400 420 440 460 480 500 520 540
Minutes Minutes

- 0.0+——— 4 — —

LMA5070 26. OR 0 IM330L BogmxzgdolL Jerm®mgbol d:535 HPLC JOmdo@my®ads
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Jerm®mygbols 370356 F90(339¢dS o dmEgol Bagmegddo

3gb®owo 9
Ne 603mols alsbgengds JeomMmagbol 9535
Bgcomo Bagmgo J/p
1 03030 0,41+0,008
2 J0BsdYHO 0,49+0,010
3 935 0,34+0,007
4 OYIRMCOO 0,39+0,008
5 QQ0Y130 0,47+0,009
6 LobMoobio 0,36+0,007
7 0963000 0,34+0,007
8 L3oM@obo 0,360,007
9 dobBo 0,38+0,008
10 @gob0o 0,330,007
11 GOO™ 0,47+0,009
12 06H030B-Mg0 0,50+0,010
13 Bobomag®o 0,57+0,012
14 mbgowo 0,39+0,008
15 OO0 0,37+0,007
16 9OHWOdEY) 0,44+0,009
17 35BOH0MGH0 0,430,009

UPLC-PDA-MS L39JdGHOom oybowo 04dbs, 600 WMOHXRO dm330L
396 356M0Mb7939000  ©MT0BBEH0s  JeomMmagbol e3>  (m/z  353,11),  Ubgs
1396 356dM63553900 IB0IZ6gm MoMEIbMBOMS. Jerm®mMygbol dxo35 Lbgsslbbgs x0ddo
Lbgoslbgs Mom©abmd®mogo 999339wmdom godlo®mgds @s ob dgmyqmdls 0,33+0,007-sb -

0,57+0,012 3y/3 9O»IMWsd@Y. Y3gsbg dowswo 9993300 Mds ©sx0JLoMm©s BbwgHdo
0,57+0,012 3/, bmerm 439eobg sdswo 30 wgaslido 0,33+0,007 dp/w (LvyGosmo 26, sbMHogo 9).

2.3. g0 dmigol Babdomfyemgdo s Mmeysbryemo 3553900
9dm330L  Boygmaols Jodom® s MmMRbMmg33H036  Fobolinsmgdwgdl 960d3bgwmgbs

39bLsBEZMH3L BobToMfyargdols s MmMPsbEo 3553900L M30LMOMOZ30 s MOMEYbMdMO30
39933900005 Q5 3H0xg00L 3OHM(39830 500 (335gdSEMBS. 39MIM, 0LbO Fogzagbsls sbgbgb
399mb, 89gmOL, Lmbol, pH, LsghHmm 8553056Mmd0Ly s F03MMIOMEMAOMMO  FEYMIMIOL
Bodmyse0dgdsbyg, olggg Imbsfowgmdgb Boymaol  ©sdfoggdolsl d0dobsty domdodo
36m39L90d0.

33960l LoddMd ™o, BOHOWMgm 539003590, 3300939000 LERMAIZ9EHY IRJBOO.,
Mmd dm33ol bogmazdo bsbdomfyangdols s mMsbmeo d553900L G90339wmdol dobgzom,
3MLgdMBL  MomIbMdMH030 s M30LMOMOZ30 356M05(30900, M55 IIMIOIYdIMos  K0dDY,
3960303%Bg, ©s9foxgool 3MMmiEglBy s bbgs 3odBmemqd®y. B3gbl Lobsdwgowgdo dbysgzlo
330093900 56 5OLYOMOS.

33w930bom30L 30496900 HPLC, UV, RI s UPLC-PDA-MS 38900m@qdl dm;330L
Bogmaols Lodfoxzgol ygzgws BESOsBY. JOMDsGHMAMIBOIE IYMBSAEY 35BYbEom bodMTol
93D59gd5L JOMToGHMPMSB0MYOOLOMNZ0L SMHgMowo Faloom.

Bobdomfyangdols s mGsbmaro 8:53900L 00 6EH0R035(300LsM30L 3099bgdom Fywrnsb
BM5J305L. B00gdME0 9Bl ©s3MbE96EMOMgdOL F9dwgy Bodmdo do3xz30mEGHMgo ,, Waters
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Acrodisc LC PVDF Filter 13 mm 0,45pm® go@®do.  33w930Lom30l 458myggbgdgero odbs
350595399 GIM0 LOMBNYMO JOHMToBHMPMR0Mgds (HPLC)- Waters (RI 9@ gd@m®o, Binary HPLC
Pump 1525), d6OHm3s@GHma®dogomwmo bggdho amide (250 99 4,5 89) o Carbohydrate, Lgg@ol
$993965G65 40°C 9e096@0 80 %-0560 539 ™boGMmowo (Merck; Sigma-Aldrich), ©g@gd&ocgds
RI. sbg3g UPLC-PDA-MS 9gommo.

3305 O FOMIGHMDBs [omdmoygbs @MA0bsbE FogoMl, bmeom bbgs doddgdo -
15gdoMmMBs, WogBHMDB, FoeBHMDBS 6533605 3350l Lyboo (LrBsmo 27 s 28).

0.00035 |
0.00030
0.00025
2 0.000201
o 1
& 0.000157

- Fructose - 4.561
~Glucose - 5.216

0.00010

0.00005-

R Sucrose - 6.553

1 7.384

—7.810

i %;%5859' 8.230
Maltose - 9.633

0.000001

0.00 2.00 4.00 6.00 8.00 10.00 12.00
Minutes

bMM5000 27. 3 36:0930L Bogmazol Bobdo®mfyargdols JOmas@masds.
wdfogsé 3969 s Fomgwo 89l Bogmazdo yar3mBols s BOHYIEHMBOL Mom©gbmds
39530900, bs3egd0s 30z boymemsb dgsmgdom (LGMomo 28).

0.00035

0.00030 0.00030 0.00030 =
. =
0.00025 0,00025 =) 000025 -5
Do e o
S0 =3 5 50.00020 Is Rl 2"
& oois T - £ o S0.00015 £2
=0 o ; 2000015 2. a Se
s ., 2
0.00010: =22 > 0.00010 =3 0.00010 u.Ef;
EE] =23 25 o« . i
000005 22 TS 000005 o 3 oie
~ r—deo =
000000 it 0,00000 S 000000
000 200 400 600 800 10.00 000 100 200 300 400 500 600 7.00 800 800 10.00 000 200 400 600 800 1000 1200
S Minutes 6 Minutes 6 Winutes

195000 28. (5, B, ). 9JOW0dNML Bogmaols BobdoMfyargdols JOHmTo@myMoi3099wo bryMsmo
Bogmazol Lodfogol bLbgsalibgs LEsosby: o) MIFoxszsmo df3969 bogmao, d) wdfogs@o fomgwo
Boymanz0, ) Ifogxgg boymao.

Bsbdomfigergdols 990339emds Erytxo 9m30L bagmgols Lodfogols Lbgswslibgs bBoos®y

3b®oo 10
65b3omfiyegdo 833;%?30[) RBOOMdO g;bﬁx());mbob 6501009bmds | 9HogIEmo

moGoxs@o dfgsbg bagmao

1| x6md@mvs 4,448 426305 28,32 10,35+0,21 /32

2 330D 5,058 639974 42,51 15,80+0,32 /3%
m0Fonsm0 fomgwo bsgmxo

BOWIBHMDS 4,460 815673 49,76 19,80+0,40 /32

4 330D 5,070 701305 42,78 17,315+0,35 /3%

dfogg bogmapo
BOWIGHMD 4,448 2016995 49,62 48,96+0,98 /3%
33000 5,057 2047948 50,38 50,56+1,01 /3%

3596900l LoghHmem  Momgbmds  o@emdl Bogmaol  ©sdfongdols oMoy Mo,
mdfoge® d)3s69 Boymado 8ogcMm9d0l LogMmm Gomgbmds F9sgbl 26,159/3y (2,61%), »afogs6m
foogwdo 37,119/32 (3,71%), beagoe dfoggg bogmazdo 99,529/39 (9,95%)(3b6. 10).
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0.00035
0.00030
0.00025
0.00020

DelRIU

0.00015
0.00010
0.00005

0.00000

8.00
Minutes

400 6.00

10.00

1200 14.00

bm65000 29. comGxo dmEgol 17 x0dol bagmaols bsbdomfigwgdol JOmds@my®sds

Ubgoslbgs x0dol ermdxo dmagol bagmegdol bsb8omiiymadols Momgbmd®ogo 890339wmds

Ne 3LabYMYdS BB mbs 300300 8sgMgdol
9fjogxg bagmago VYD /3> X500 3/33

1 6939 44,16+0,88 48,31+0,97 92,47+1,85
2 L35G Gbo 49,46+0,99 51,87+1,04 101,33+2,03
3 LobMoobio 48,06+0,96 55,98+1,12 104,05+2,08
4 GH0OM 50,43+1,01 52,45+1,05 102,88+2,06
5 dobBo 43,68+0,87 48,55+0,97 92,23+1,84
6 QO30 53,65+1,07 56,60+1,13 110,25+2,21
7 06030 -Mg0 35,91+0,72 39,29+0,79 75,20£1,50
8 090 41,11+0,82 43,90+0,88 85,01+1,70
9 @gpolo 42,55+0,85 42,78+0,86 85,34£1,71
10 B 36H30 51,31+1,03 45,25:0,91 96,56+1,93
11 BOEIMYAMENO 39,28+0,79 35,84+0,72 75,12+1,50
12 Bobomg®o 48,45+0,97 44,60+0,89 93,05+1,86
13 mbgoero 39,67+0,79 35,80+0,72 75,47+1,51
14 90BNy 45,77+0,92 53,99+1,03 99,76+1,90
15 9EoLdYEHO 43,38+0,87 40,76+0,77 84,14+1,60
16 B9MH30 49,56+0,99 45,99+0,87 95,55+1,82
17 35BMoMm®GH0 41,83:0,82 39,83+0,79 81,66+1,63

3b®owo 11

X 038900l dobggom dm3z0l Lszgzwerg3 60ddqddo 56 godloMgds 360d3zbgemgzs60 Lbgomds

33BoLs s BOWJBHMDOL 999339 ™dsl Mo, boymado BOVYIGHMBOL dmds@gdmeo

50096M05 5 B0 51305605 Tols LolinsdM3bm 4gdmUL 560Fdl. er)3MbBol EMbg dgeygmol
35,80+0,72 ¢/33-056 56,60+1,13 3/33-009, bem 36mJEmbobs 35,91+0,72 ¢/33-056 53,65+1,07
%/33-0009. X590 F5JM900L Fomoeo d99(339emdOm 45dm0MmBg3s 0vY30 110,25+2,21 9/ 3, beagnm

Q505¢0 3993390000 dM0Y0E-M90 75,20+1,50 3/39, dcrgameno 75,12+1,50 ¢/32 s mbgowo
75,47+1,51 3/3 (3bGowo 11; LyGosmo 29).

R0 dmiz0l by boagmudo 3gd@obols 998339@mds

56LGOMBOL M3bMwMO 330093900 I 3380 399dE0BOL (3olssM0Yd0L) 99339 ™dSBY,

509653 39dBH0BL gooBbos 565 BoMBHM 1533900, LOIMBEOGHMM, M99 BMTS3MEMYOYIOO
8608369 mdss. B39bL dog Gglfagerowo 0dbs 30MH™39gd@obols, d3GmEHMm3gdEobol s LygOmm
39d&H0bob Mom©gbmdMogzo 8993390 mds (%).
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@G0 dmE30L bogmggdols 399sp9bermdsdo dgdsgsemo 3gd@obols 890(339emds

gb®owo 12

Bodurdols 39J®0bo FdGsem Tslsby 9ssbRIMGOdgBdOm, %
@3LbIIBs | 30006mm3gddobo | 3GmBm3gd@obo :332?&3
Bobomg®o 0,94+0,03 2,32+0,06 3,25+0,09
133O FHO60 1,16+0,03 1,69+0,05 2,85+0,08
dobBo 2,13+0,06 5,29+0,14 7,42+0,20
0 30M30 2,84+0,08 4,12+0,11 6,96+0,19
B0 2,44+0,07 3,14+0,08 5,58+0,15
09M3w0 3,95+0,11 4,59+0,12 8,54+0,23
9obadgEo 1,45:0,04 2,75+0,07 4,20+0,11
GO 0,70+0,02 2,22+0,06 2,92+0,08
9OOdYY 0,59+0,02 1,82+0,05 2,41+0,07
@99L0 0,43+0,01 2,48+0,07 2,91+0,08
O30 0,50+0,01 2,33+0,06 2,83+0,08
6935 0,09+0,01 3,52+0,10 3,61+0,10
BdGOZOEH-M90 1,42+0,04 2,63+0,07 4,05+0,11
LobMoobo 0,16+0,01 0,26+0,01 0,42+0,01
BB 0,30+0,01 0,34+0,01 0,64:+0,02
®bgowo 0,21+0,01 0,42+0,01 0,63+0,02

©5y0bs MMI, yzgws x0ddo 30MHM39dGHobol 899339wmMds 8900 bo3ergdos
30069 3OMAM™39JG0bob. Laghmem 39JE0bol y3gesBg oo M3MmEYbmds sx0JLoMEs dM IS
8,54+0,23% o dobBHdo 7,42+0,20%. y39modg bogargdo - LobGosoldo 0,42+0,01%, dcenm@golos
0,64+0,02% 5> mbgoerdo 0,63+0,02%. bergrm 0000ddol 056505600 Gom@gbmdomsd dM0Y0ES-Mg0U,

6935b, 0?Y30L, W9AsLOL, JOEOdEINML, dYAMEOEOL, dY3MHM30L, B3sMEBOL, BsbEEGMOLS
5 90BsdgEOL Boymxnqddo (sbMogro 12).

)0 0m330L bsgmezgdols memysbmero 9553900l 3g3engzs HPLC-ols 3gomoo
35050 {6930l LoMbMMO JOMTSEMYMIB0MYdOL FgMOt dm330L bogmazdo MmMsbmwo
9553990 dqULHogerolsl 0gbE0B0E0MGdIMo 0dbs - Wodmbdgs3s, HMTGEoE MomMmgbmdMmO350
Dom3moygbl LogMomm 8593900l 50%-bg dgBHL (LmGsmo 30). wwexo dmazol dgbfsgero 17
X 0300 0dmbdzo35L Momgbmds IgMygmdl 5,43+0,13 - 11,72+0,27 3/ gsGawgddo (gbOHoo 13).

0.28
0.26
0.24
0.22
0.20
0.18
0.16

50.14

<012
0.10
0.08
0.06
0.04] :
0.02 —
o0} —

Citric Acid - 6.186~

Peak! - 5,190
. 6.946
~7.871
+9.115
11017

000 100 200 300 400 500 600 700 800 900 1000 1100 12.00
Minutes

bm™5000 30. )0 dmEgol Bogmazol mmysbyeo 3553900L JOHMBoEmyMsds
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bgo0slsbgzs X080l erMxo dmEgoL bagmazgdol MmEyBmmo dgs3900L GomEgbmdMogo

809330md>
3b®oo 13

Ne 5062;:;&22&2?3& @0dmbBgegs 3/ee | Bogdo®/Bggs obeogdbo
1 939 6,48+0,15 14,27+0,33

2 135G Gbo 7,85+0,18 12,90+0,30

3 LobGoobio 6,60+0,15 15,76+0,36

4 HMOHM 9,19+0,21 11,19+0,26

5 dobBo 5,89+0,14 15,65+0,36

6 QQ0YI30 8,75+0,20 12,60+0,29

7 BM0R0FH-M70 11,72+0,27 6,41:0,15

8 dMOHJO 8,51+0,20 9,98+0,23

9 @gpolo 8,21+0,19 10,38+0,24

10 0 30HM30 8,73+0,20 11,06+0,25

11 BEIMAMENO 8,87+0,20 8,46+0,19

12 Bobomag®o 7,88+0,18 11,80+0,27

13 mbgowo 6,47+0,15 11,66+0,27

14 9OHOdEYY 6,98+0,16 14,28+0,33

15 9eobsdgEHO 5,43+0,13 15,49+0,36

16 09M30 7,05+0,16 13,55+0,31

17 35¢Mom@0o 8,38+0,19 9,74+0,31

501560865300, OMA F5g961/85535 06gJLO 36M5gdEH03s© Y3gs K 0dd0, SMIES X 0TJOOLS
- 0603039-Mgob  6,41+0,15, demEgol 9,98+0,23, deryame@ols 8,46+0,19 s 3sGHEmom@Gol
9,74+0,31 10-%g 93095, M53 359Mm0bsE9ds bogmagzo bolosdmgbm bo@3dmdo, ymgzgwrogg gl 3o B396do
Do6m3mgdan dmbogzsels Jologdl bol §3mm3wewo d5BGOOLIMZ0L (Moo 13).

2.4. o0 8mz0l bagmgzol 3s3mmaegdgb@gdol 33eng3s dsmaero {ibgzol Lombm®mo
JO@I5EmMaMsx830M900L dgmmEom

@OoBIOSGHMOMo  dmbs3gdgdom  3bmdowos, MM @mexo  dma30l  Bogmaols
86038369 mzsb0  3m83mbgbEos BobgMowMo gwgdgb@gdo, MHmIgwog MmMR6oBol LMo
13bJ30mboMgdolsmzol  LsbogmEbwm® 930w gdgEos.  Bo30MMgwgdgbBHms 3  XYMRL
90937036905 K, Ca, Mg, P 05 5.0.

B30bL doge TgLfogerowo odbs wybxo dmiszol 17 Bodwmdol ds3MmgergdgbdmMo
399339005 oo §6930L LoMbEMO JOMASEMYMIROOL 45dmYygbgdom. Imgsbobgom bodmdols
9dbs9ds Losbsobm, 5dolomzols 10 g Losbserobm bodmdo Hoboslfo® ©3bsgMgm  Towoe
39939M5GHE5by.

3940Mmbob 331935 BoGoMm©s JOHMAsGHMAM9x30w0 Igmm©om, Mb)@ mdg@emwo
©939dEH™O0m. bEHbsMGHId0 Womoydol 3oO™MILoEOL dmbm3owmsdo (Li), Bs@@momdol
Jwmoo (Na*), 59mbowdol JormMoo NH4), 3oc00wgdol Jarm®oo (K+), 3spbomdol 3oms@o
(Mg?), 35 30990b boB®MoBo GgB®s30Mms@o (Ca?), bBOMHMbE0wdol boBMmo@O GHYGHM30MGHO
(Sr%), 35609990 JarmMoo o3oms@o (Ba%) (Fisher Scientific), EDTA (Serva) (Lwy®smo
31). 0Bm3Ms@GMo G&ddm (Isocratic HPLC pump -Waters 1515), g@gddmeo (Waters 432 -
Conductivity), JOmds@macegomwo bggdo IC-Pak Cation MD, gaomgb@o 3 mM HNOs/0.1 mM
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EDTA, 9w9gb@ob  50@sM9dwmds 1250  +0,50 pS,  Lsdsbm  93™dbmdgermds 2000 S,
06¢3)93M5@™OM0ob dgMdbmdgarmds 0.01pS, BggBol $gddgms@ s 35°C, 3msMmds -negative.

40.00-
35.00
30.00
25.00

@ 20.00]

— Potassium - 4.354

15.00-

2983
- Sodium - 3.318
— Ammonium - 3.627

10.00-

5.00

+ Magnesium - 8.100
= Calcium - 9.452

0.00 [+ y - L

3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Minutes

bm650031. 35300900 9996¢3900L bBobs®Gwo bsg@mgdol: womodol, bsd®owmdol,
5dmb0wdol, 35¢0gdol, dogabodols s 35en30vdol 0MbYdOL JHMDoBMEmsds
MO0 dmazol bsgmxnqddo bBosgMol  9wgdgb@gdol  3MMmEgbGmwo  899339wmds
d96yggmds  5580+106 — 11300+214 ppm-ol goMegddo (6o FoLobg 49o96yM0d9d0m).
Bog®ol 89033900Mds F99M90000 OO 0gm gasliol 5960+113 ppm, Rsberg®obs 5580+106
ppm s d¢Mgol 5793+110 ppm bsymx3qddo, bowem dswswo dem3mm3obs 10500+199 ppm o
06H0039-M90L bogmazdo 11300+214 ppm (3bMHogro 14).

)0 Im330L bogmgdo bsgMols 999339emds

gb®oo 14
Ne 609980l LIbYEMgds Bogo®ol 899339¢mds ppm
Bycoemo bsgmgo (30656 Bsl5BY 290059695(0TPOm)
1 03030 10500+199
2 90BsdYBHO 8370+159
3 0935 8710+165
4 OO 7525+142
5 Q0130 9150+173
6 LobGsolio 7030+133
7 09030 8505+161
8 L3sGEobo 9465+179
9 dobBo 6250+118
10 ©9dbo 5960+113
11 AHNOM 8415159
12 0MH030E-M90 11300+214
13 Bobogrgto 5580+106
14 ®bgoo 8120+154
15 0o 5793+110
16 9OWOodEY 8700+165
17 35BM0ME0 8120+154

wmeOxo dmazol 17 603xddo JoMHomss© 0gbG0B0E0MgdMYmo odbs  3swodob,
052609930bs s 35¢E0Ydob 0MbYdO, bmerm bbgs ds3MmgegdgbEgdo a3bgdms 3350l Laboom
Lwesmo 32). g3odboMEgds 50bodbme ©MIobsbE 0mbrxdl TmMol  goblbzeggds x0dgdol
dobg300. Mom©Ybmdgdo d9MygmdEs 9999y BoMRgddo: 35¢rowgdol 0mbgdol 1172+22.3 -
2205+41,9 ppm, dopbowmdol 119+2,3 - 735+14,0 ppm, 3Jsewiomdol 670+12,7 - 1720+32,7 ppm
(3H0015). 350030l 0mbol Fowso 899(339¢Md0® 2odMoMBIMES de3mM3ol 2205+41,9
pPpm, 0M03039-Mgobs 2111+40,1 ppm, s L3sOEBOL bogmangdo 1988+37,8 ppm; dogbomdols ombols
- 0 36Mm30L 735+14,0 ppm, B3sOGBOLs 663+12,6 ppm S EO030L boymagdo 641+12,2 ppm,
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beem 3o 30mdol - d600@s-Mgob 1720+£32,7 ppm, de3Gm30bs 1260+23,9 ppm @ B3sGEobols
Boymaqdo 1136+21,6 ppm (gbMogro 15).
40.00]

25.00

20.00

— Potassium - 3.861

15.00]

10.00+

Ammonium - 3.213
34906
Magnesium - 7.295
Calcium - 8.634

5.00
0.00- b - -
-5.00]

3.00 4.00 5.00 6.00 7.00 8.00 9.00
Minutes

bg@000 32. dxo ImE3oL 9358 0mbgdol JOHMTo@EMmyMsds
@m0 3ma30L Bogmxgddo ombgdols 399339wmds

gb®oo 15
0mbB3d0L 9909339 mds FaMsgm AslssBY 450055695M08gd0m,
Ne 609930l alabymgds ppm
K+ Mg2 Ca2

1 00330 2205+41,9 735+14,0 1260+23,9
2 9e0DsdYHO 1758+33,4 586+11,1 1004+19,1
3 935 1829+34,8 610+11,6 1045+19,9
4 OIYIAMEPO 1580+30,0 527+10,0 903+17,2
5 @030 1922+36,5 641+12,2 1098+20,9
6 LobGoobio 1476+28,0 492+9,3 844+16,0
7 0930 1786+33,9 595+11,3 1021+19,4
8 L3o6Eobo 1988+37,8 663+12,6 1136+21,6
9 dobBo 1313+24,9 438+8,3 750+14,3
10 @3golo 1252+23,8 417+7,9 715+13,6
11 MO 1767+33,6 589+11,2 1010+19,2
12 BOOZOHI-M0 211140,1 585+11,1 1720+32,7
13 Rsbowgo 1172+22,3 391+7,4 670+12,7
14 mbgoeo 1705+32,4 119+2,3 974+18,3
15 BEMGHJO 1217+23,1 406+7,7 695+13,2
16 9OHWOodEY 1827+34,7 609+11,6 1044+19,8
17 353M0ME0 1705+32,4 568+10,8 974+18,3

0530 3. Bb3sslbzs x0dol ermtxo dmagol bsgmxagdols LogMorm igbmergdols,
B3mbmoEgdol, sbEHME0sbgdoLs s 39¢tgJobgdols omgbmd®mogzo sbsgrobo s
36BH0mLoMmEIBEHMBO S5JGHOMOMdS

d9LFog3e0w0 0465 Lbgsalbgs x0dol gty o dmi3oL - JolEob, mbgool, geroBsdgE oL,
dMgols, B9gM3E0L, 9MHOdEIML, LIBMSOLOL, GHMOML, ©O030L, wYYsLol, BsbwgMOU,
U35MEGHObOL, 9350, dMOYOES-MYOL, dYIMOMIOL, dELMYMWPOLS S 35GMoMmEGoL  bgwo
Bogmazols LogHmm 5396meqdol, BEs3mbMmogdol, sbEME0sbYd0L, 3939]J0obgdols 90339 Mds o
3630mgdbosbMM0 S5JE0MOMdS.

LogPonm  Babmegdol  899339wmdol  ABEGO3  Yzgwsb) OO  MH3MEIbMdS
©5830JLB0MYOME0s BsbwgMdo 1376,3+23,4 Jdp/100y, dewm3dm3bs 13862,8+23,2 3y/100y oo
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099380 1354,8+23,0 dp/100y. y39wsBy bsgergdo 9993390 mdom boliosmgds Mg3s 598,0+£10,2
dg/100g, L3 Esbo 602,1+10,2 3y/100y. BasgmbMoEIdOL J9d(339wmds IgMHygmdl 368,0+7,4-sb —
877,3+17,5-0q09 dp/1009-0b 35690 d0. 5§9sb domoro 3583969000 bolinsmgds Rsbwrg®mo
877,3+17,5 dy/1009, c©om3o 754,2+15,1 d/100y s dM0y0@s-Mgo 798,0+16,0, bmerm yzqwsby
Bogengdom 3o mbgoeo 368,0+7,4 /100y, o3 d99bgds 39¢39d0bgdol 999339 mdsls dobodorwy®o
©5530JLoMES Mg35d0 100,4+2,1 /1009, dsgjlodsgrEo 30 ov3do 280,6+5,9 dy/100g, BBl
226,6+4,8 931009 oo GHemdmdo 215,4+4,5 dp/100y (sbGowo 16).

X0 dm330L baygmgzgdols 8995009906amdsdo 899535¢m0 bsghmm ggbmengdols,
B53MmbM0gdols s 39¢Jobgdol Mome9bmdmogo dgd;339wmds

gb®oo 16
69como bagmao
Lsgomm ggbmengdo BWs3:mbmo©gdo 33639dobgdo
N | oo Bopgo | 530U 85535%g 20706 (+) 35303069
25005569560d9000) 3500556250M0d9000m, | 3900556356000

09/100g 89/100g 89/100gy
1 03030 1362,8+23,2 544,7+10,9 187,6+3,9
2 | gero%sdgdo 1015,2£17,3 487,0+9,7 164,0+3,4
3 935 598,0+10,2 389,2+7,8 100,4+2,1
4 | deomammo 765,0+13,0 467,0£9,3 165,8+3,5
5 Q030 1354,8+23,0 754,2+15,1 280,6+5,9
6 LobGooLO 765,1+13,0 387,2+7,7 127,1+2,7
7 090300 656,9+11,2 377,5+7,6 206,0+4,3
8 L3oM@ b0 602,1+10,2 377,2+7,5 167,2+3,5
9 dobBo 689,8+11,7 499,9+10,0 208,5+4,4
10 @99L0 754,4+12,8 399,7+8,0 140,2+2,9
11 AOO® 1262,8+21,5 740,8+14,8 215,4+4,5
12 0M00@-Mg0 1231,8+20,9 798,0+£16,0 202,7+4,3
13 Bobowg®o 1376,3+23,4 877,3+17,5 226,6+4,8
14 ®bgowo 689,6+11,7 368,0+7,4 107,4+2,3
15 B0 804,7+13,7 477,0£9,5 158,7+3,3
16 | goeode 1003,5+17,1 565,1+11,3 207,2+4,4
17 353HomEGH0 838,8+14,3 379,6+7,6 162,4+3,4

wmeOxo  dma3ol  bbgoolbgs  x0do  sbGHME0s6900L  bbgoolibgs 8993390 mdom

boboomgds. dmbmIgMro s6EHME0s6gd0L 89933390 mds  owowos Bsbwg®do 611,7+11,62
d3/100g, 35l ImMbLg3L dMOoYoGs-Mgo 575,3+10,93 dp/100y s GHmOm 505,4+6=9,60 0/100y,.
3b6G™M 30569008 999(339cMmds B0 dgM3eol - 161,5+3,07 33/100g, LsbGMsobolb - 200,1+3,80
dy/100y 60089080, 00Jdol MsbsdIM0 M3MEIbMds BOJLOM®S sGHMom@bs 207,7+3,95
dp/1009 s L3oMEs6do 209,4+3,98 dp/100g (3bGowo 17).

39bLsbO3OMo  0dbs  ImEzol  Boygmxygdol  gduBHedBHadol  9bEomJlosb@E Mo
5JBHoMOHMds, d0Mgdmwo 999 gdol  FgxgMgdom  8godwgds  ©o35L33065m, MM FoEowo
3630mgdboIBEGHMOMO 5dGH0MOMdOm 45dmoMBg3s BsbwmgMo 2,4+0,05 Ty, GHmedm 2,6+0,05 9y o
06H03039-M90 2,7+0,06 . LodMsem 565EGHOMJLOIBEMMO 5dEH0IOMOdOMm boliosmgds LybMsolio
5,5+0,12 g, doLE0-5,5+0,12 3y, bL3sOIBHbo 5,4 +0,11 g, dgM3e00 5,7+0,12 Tg s gl 5,4+0,11 Ty,
boErm 0o 5d@0O™mdom boslosm@gds mbgowo 6,1+0,13 I ©s 3sGHGom@o 6,0+0,13 Iy
(gbOoo 17).
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@60 3330l Bogmzgdols s6EME0sbgdOL Gommgbmd®mogo 999(339emds s BE0MmJLoEIbMGO

3b®owo 17

5JBHoMOMds
Bgogo bagmgpo
Ombmdghmmo s6@MEosbgdo sBeomgsosBEmGo
Ne 30560006 -3-O-
mGxo dms3o sJBogmmds 50 %
BB (39, bodmdo)
35005563500899800), 8/100y ’
1 0 3MM30 347,1+6,59 3,1+0,07
2 90BsdYBHO 320,2+6,08 3,9+0,08
3 4935 248,8+4,73 6,1:0,13
4 OYIRMCOO 299,2+5,68 4,2+0,09
5 Q©0v)30 443,6+8,43 3,7+0,08
6 LobGoolio 200,1+3,80 5,5+0,12
7 090300 161,5+3,07 5,7+0,12
8 13oG 6o 209,4+3,98 5,4+0,11
9 dobEo 281,4+5,35 5,5+0,12
10 ©gpolo 250,5+4,76 5,4+0,11
11 H0OM 505,4+9,60 2,6+0,05
12 BM0Q0Hd-M90 575,3+10,93 2,7+0,06
13 Robowgmo 611,7£11,62 2,4+0,05
14 mbgoo 242,6+4,61 6,1+0,13
15 dEMOJ0 310,3+5,90 3,8+0,08
16 9OHWodEY 351,9+6,69 3,3+0,07
17 35¢HomGH0 207,7+3,95 6,0+0,13
OMamO3 33093900056  Bsbl  Bmbmdghremo  9BbBHME0s6gd0L  Mrom@gbmdsls o

36300 IBEHWME 5JE0MOMBL FMEOOL SMLGIMBL JMMGEE0MO 353006M0.

d9LFogze0wo 0465 Im330L Bogmado dOMEMYOMSE 5dEH0YO BogHP™MS MoM©YbMmdMH030
33090900  ©53(0xgdol 3MM3gLT0 (OsREMTs 4). HMYMOF 3339006 bl Bywgmwo
50900 0465 bod 935, bogmao df3969 Mafoxzsmo, Fomgwo Mafoxsmo s fosy. Loghmm
3396Mm@gdol  Gomgbmdsd  ©HongdoLLL  momddol  3-xgM, 3939Jobgdol  5-x96, bemenm

BE530mbMm0 035 9-x 960 Im0ds@s, Mo 899bgds BEME0569dL, MMTgems Bswswro 999339 mdO

3980m0MB935 Im330 Im0do@s 0-sb 600- 9B0gEsd©Y.

bsgomm g9bmegdo

1500
1000
500
0

1000

500

1000

0ofog.  vdfog.  dFogy
(3969 foogwo
36@m30sbgdo
300
200
[— 0
oofog.  mBfos.  8foxy
93969  fomgero

REo3mbr0©gdo

—

9ofog.  mifog.

%oz

(/3269 foogwo

3o9gobgdo

-

9dfog.  »ofog.
d3969 foomgwo

dGogxg

0530505 4. Im330L bogmxzdo BoMEWMYOMMI® 5d@0G bsgMHmms 0bsdozs

©53(oxngdol 3Om3gLdo
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QMO 0530530056 BsbL 56EHME0569d0 LogMHmm 96 3odloMmYds »MIFogsm df3969
Bogmazdo, bmewm ©sdfioggdol 3565w 0HBOmYdS dOMEMYOMI G0 BsgMmgdoL
3903390 Mds.

50 33093900L Loydz9w B 890degds 093mT9IbE0S Fo9hoMmb 9dAMT0 493M(39EgdOL
396M1399GH0300 BB, 3G0Y0E-M10L, GHMOM, 0L S dEY3HMIL.

0530 4. 35335L0M60 3,330l ( Vaccinium arctostaphylos L) 6sgmgol domenmaom®ao
593000 BsgMmgdols 33emg3s

B396L dog® FgbFogerowo 04bs 5yOMdM030 dm330 Vaccinium arctostaphylos. 603493980
509090 0g65 5F5M0LS s 0dxMYNOL MYROMT0. SHOWMIMOZ0 35335L0v)M0 dm330L Vaccinium
arctostaphylos L bsgmaqdo 9530 99896H0mdols s 3035000 3mMdobss. 3933560w9M0 Im;330
OYX Im3E30056 99005609300 go8moMBg3s 35@9Ms Dmdol boymagdom, Mmdol dsbs 0,89+0,01 —
0,94:0,01 g-05, bmwm ©osdgBHMo 9,43+0,14 — 9,7520,15 30-0ol gostygddos (gbOGowol8).
33w930Lsm30L 50900 0dbs 500 a@sdo 60dmdo goblsbwgzmmo odbs dolo Egdbozmemo
056396900900 s ©sRgb0o 0465 §3960L A5dMbszse0, HMIgEoE Ighygmds 85-95% dg.

3933301960 dm330l Vaccinium arctostaphylos L 6sgmgols ¢ggbozm®o 9sB39690¢gdo

gbdoo 18
35333B0mMo dms30L Bgdbozmmo dsh3zgbgdengdo
Ny 3983°b0060 B0,00 s> Borgmeecds
dm330
3960 B3> 263030 396030 9600 9600 390

3&owo 36owo | GXwob,p | Edwol, de»
1] Jmdymgmo dsgo | dGp3seo | 9,87+0,15 | 9,75+0,15 | 0,94:+0,02 0,89+0,01 00503m
2 0d96mgomo ds30 dM35wo | 9,54+0,14 | 9,43+0,14 | 0,89+0,02 0,82+0,01 00g53m

39335609960 dm@Egol Vaccinium arctostaphylos L 6sgmgol gobozmém-dodomémo 3s839690engd0

3bdowo 19
" 3533350160 Bogma3ol gobozm®-Jodomco dsBg9bgdegdo
) dmggo sJBoneo GodHOIwo 88@qo
025305605, pH 05530563, % | bogomogegds, %
1 Jmodmmamo 3,28+0,07 1,09+0,03 8,0+0,7
2 099M9gm0 3,15+0,07 0,87+0,02 8,0+0,17

0996M9mbd 5 JMdMgmol FHJMOOGHMOM05DY 50gdMEo  393350vMm0 dm330L 603 Tgdols
330930L5b, 93500006900 MHMA 5dBH0MO 0553056005 s FIMIwo B03009MHgdOL oM gbMds
abyogLos, 8039  AOBLL3ZS39dMWO  3K0TdEIMHO  306HMBYBOLS, o3 Tggbgds GHOoGOW
05530060051 0l 850505 JMdMEgmol MHga0mbdo s0gdme 6034939030 039MgMb FgsMgdom,
53 B399 ME 29630MMDdYOME0s 0TgMIOL 30bEH0696EWOO 300dsEom (bMoro 19).
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393390190 dm330L Vaccinium arctostaphylos L 65gmg3980¢sb 56@m30sbgdols go8mygmes s
0096308035305 3505¢gn9dBvIMo LoMb Mo JOmBs@ma®sgoms (HPLC) s men@ s
3505093399390 LoPbMO JOHMIsBHMYMIBOL ORS00 sGOLS S As-139dBHHMEwo
©933d3™Ooom (UPLC-PDA-MS).

B39BL 096 30639es 0465 Tglfogerowo slvgwgo bods®mzgwmdo, 39MHdm 0dgMHgmLs
Q5 0390500 293MEI9dMEo  39335B09M0 dmE30L bogmegdol Jgdeygbermdsdo d9dsgso
3bG™ 3056900l 8993390mds HPLC s UPLC-PDA-MS-oom.
60300096905 23 - JOMoGHMPM5oBg BoduoMgds [M-H | - m/z 479,06 dmeng3menmdo
oo  BEMLad96G0m m/z 316,91; Fg393900L @O 5,213 {or-05, Fosbmgdol dsgdlodmdo
M GO500LRIO Bbogby 276 63-Bg BoJLoM©Yds, bergwm bowye sMgdo 526 63-bg (LMoo 33).
Bog60gd0lL dsligdol METLIN-ob 35%Bolb 9glsdsdols 6030m096Mgds 23 99Lsdsdgds 393w9boob-3-
0-330B0EL, GOl §d306MH0vIE0 BTy - C2H23012 dmeg3mey®o dobs 478.

5.213 Bxtracted
600000
2400000
200000

0
5.225 Peak 2 - QDa 30: MS Scan 30: QDa Positive(+) Scan (60.00-1(
316.91

700000 479.06
600000

500000

5,225 - 316.91—
Intensity

400000

i
2
2
= 300000

6
200000 1.0x10

Intensity

100000 5.0x10°

3.870 - 242,96

200.00 400.00 600.00 800.00 1000.00
mz

0

100 200 300 400 500 €00 700 800
Minutes

byMs00 33. 6503000990 23 JOMToEHMMSTd
50300096905 24 - JOMsGHMPMd5Dg BoJuoMgds [M-H ]* - m/z 463,05 dmeng3oenmdo
oo  BMLad96G0m m/z 300,93; F9353900L ©@OM 6,217 {or-0s, Fosbmgdol dsduiodmdo
M GO500LRIO Bbogby 276 63-Bg BoJLoMEYds, brgnm bowe s®gdo 527 63-Bg (LMoo 34).
BogmHmgdol dsbgdol METLIN-ob 850l dglsdsdolo 503000960905 24 Jgqlisdsdnds 3gmbowob-3-
0-209 3000, HMIol 9830600 BMMIMEss - C22H2301 8meg3e®o dsbs 462.

e ‘ Peak #3 - 6.217 - QDa 1: MS Scan

100000 46305

384724294
6.217 - 463.05

80000

—6.941 -330.94

6000.0

~5.710-300.93

Intensity

40000
20000
00 |

W0 40 500 600 700 B0 800 |
Mrutes . I

Apex
b9M5000 34. 50300096M9ds 24 JOMToBHMMSTd
603000960905 25 - JHMToBHMYM5Tobg Bogdbodmgds [M-H ]+ - m/z 432,89 dmerg3zwmanmdo
Ao BMoadgbGHom m/z 301,07; 993539006 ©OH™ 6,946 (f0r-05, Jmsbomgdol dsglodsdo
M G®500LBIM Bbogby 279 63-Bg goJuoMEYds, begnm bowre sMgdo 527 63-bg (LMsmo 35).
BogOHmgool dsbgdoll METLIN-ob 850l dgledsdols 5030096935 25 Jgqlsdsdnds 3gmbowob-3-
0-56500b6mbol, MHMIwol 9830600 BMEOIMWss - C21H21010 dmeng3memeo dobs 431.
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100000.0

80000.0

60000.04

Intensity

40000.0

1.978 - 205.01
7.797 - 494.78
11.077 - 432.69

20000.04

0.0 iy
T T T T T
000 200 400 600 800 1000 1200 14.00

Minutes

bm6500 35. 60300096905 25 JOHMAoEHMycsds
6030009690505 0©IBEGH0B035305L 35bgbom bogzmogMgdsms dslol https://metlin.scripps.edu
0530L99R50 BBOL Lodw)oEgdom, 515939 M939bBOMYdIMO WOEIMOGHWEOIMWO 5dm3999d0L
9b539990056 96 gd0m.
6030096905 23, 24 s 25 9sL-13gdGHEMyeo dmbszgdgdo

R
YAy

A

3b®owo 20
Bogmog 90y 3memols [M+H]}* [M+H]* .
Ggds aliabgengbs REOIMENS (m/z) (m/z) Re(min)
23 39¢¥960006-3-O-g30HBoo C2H230n 479.06 316.91 5.213
24 390b0006-3-0-gmm3mbBoo C2H230n 463.05 300.93 6.250
25 3960@06-3-0-s6500bmbowo C21H21010 432.89 300.97 6.946

bmomo 36. s63ME0s6gd0olL  aem3mbogdols BmOImmgdo: A - 393«9boob-3-0-
39)30mD0©0; B - 39060006-3-0-3300%00; C - 39¢m60006-3-0-565806mbo©o;

039609000L  BHIO0EHMM05DY 50gd dmi30l bodmdgddo 0IbEGH0R0E0MYOMwO 0dbs 18
bGHME056Mm0  ge03mBoEo. ©MB0bs6E wozmbol  [oMmdmoagbws  gR0bowob-3-0-
amzmboo  112,2+2,24  3y/100, (30960006-3-O-sM530bmboo  92,99+1,86 dp/100y oo
390b0@06-3-0-gcm3mboo 88,42+1,77 dp/100g, 93069 Grom©gbmdom 30 890339305 530006~
3-(6"539¢0w)-aomod@Hmbogo 0,98+0,02 dp/100g (LwEsmo 37; gbGowo 21).

2.00]
1.80; '
\ 5
1.60] =
<
1.40 SE 5
© o 'Y ©
0 D
1.20] G ]
> v o
2100’ - %C‘) =8 N
£ OoeE I W
0.80 - gﬂ- Vo IS
@ o) ‘ mo 2 2 8
0.60- [} — o e
@ ‘ §|l E2 ¢
0.401 A | l 'gg =
\ | o =
020 A 3 Z% =
I VTS
0.00 —d 1 MY Y MY TN AN A

000 2.00 400 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00
Minutes

bm™5000 37. 009690030 5090990 35335009960 BmE30L Bogmazol sbGHmEosbgdol HPLC
JO™I>EGHMYM50s scan. 518 nm.
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009690130 50900 39335L0v)Mo dm330L Vaccinium arctostaphylos L 6sgmegols 9985c096emmdsdo

090535¢00 36GHM3056980L JOHmBo@my®oxoreo dmbszgdgdo

Minutes

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38,00 40.00 42.00 44.00

3b®owo 21
89353900L BH0MdOL
3lsbgegds o % 6500096mds | gBmgYEo
1 | ©@980b60@06-3-0-gomod@mbooo 16.856 8.14 46,00+0,92 07/1009
2 | ©98060006-3-0-4@w3mDoo 17.742 19.86 112,2+2,24 93/100y
3 | 30o60©0b-3-0O-asmad@mbowo 19.158 10.02 56,61+1,13 07/1009
4 | ©953060006-3-0-565d06mboEo 20.216 6.38 36,04+0,72 93/100g
5 | 30960@0b6-3-O-gem3mboo 20.713 4.41 24,91+0,50 02/1009
6 | 39¢)1b00b-3-0-gowsd@Hmboo 21.203 0.25 1,41+0,03 93/100g
7 | 30560@06-3-0-565d06mboo 21.605 16.46 92,99+1,86 93/100g
8 | 39¢b00b-3-0-9c3mBowo 23.019 3.18 17,96+0,36 07/1009
9 | 39mbo0b-3-0-goesdBHmboo 23.350 0.32 1,80+0,04 93/100y
10 | 39¢%+960006-3-0-56H5d0bmbowo 24.287 7.10 40,11+0,80 02/1009
11 | 39mb006-3-0-gem3mboro 25.169 15.65 88,42+1,77 02/1009
12 | 85¢30006-3-O-goesd@mBoo 25.707 1.30 7,34+0,15 93/1009
13 | 39mb00b-3-0-5G5d06mbowo 26.631 3.45 19,49+0,39 09/1009
14 | 85¢300006-3-(6"539¢0w)d5wsdGHmboo 27.050 0.17 0,98+0,02 83/100y
15 | 85¢300006-3-(6"-539H0w) 33000 27.400 0.22 1,26+0,03 02/1009
16 | 390 60006-3-(6"-53900w)aw3mbogo 27.657 0.97 551:0,11 | 83/100p
17 | 39mB006-3-(6"-539GH0®) 35eadEH™mBo©o 28.424 0.38 2,07+0,04 dp/100p
18 | 39¢60006-3-(6"-53900w) 3e13¢moRo 29.524 0.80 453:0,09 | 8y/100p
A
1.80] o9 T
1.60] % 50 %
[ o< |
1.40] b ooy
2 03BE: Do
> . gi ﬂ N%% : © 0
< 1.001 = i g SR g 23
0.80- 2 ‘ oNET s 28
© "3\ O NFL N
0.60] o ‘> % | 0wy * £
el\ g(f o o £31
- 4 Lo i =
3e9|| el EgHer <8
0.20] A2 ATR| M (it | | | 82
soa | | (V) B8 | &)
0.00 — izl 4_-}1‘ 1 | | Y :i:#‘ N VA1) I‘-.~7-7.c,\_"k.>_ T

L5000 38. JdEgmT0 50O 39335L09M0 T30l Bogmxzol sbEHME0sbydol HPLC

JO™I>@GMyM50s scan. 518 nm

J0gmol GgMHoEm©m0sBY 5090 dm33ol 6039999030 0rbE0B0E0MYdMWwo 0dbs 17
3bGH™ME056MOO 2e03mBoO. 2563539000 JMmdMEgmol 60odMddo 0dgMgmols 6oddosb o6
0d6s  0096GH0R0E0MYOMo  39H1b00b-3-0-45wsdBHMHoo.  ©MT0bIBE  eo3mHBoEIdL
DomBmoaabs ©gR060©06-3-0-aemm3mbBoo  146,65+£2,93  8y/100y,  305600006-3-O-
565006mBoo 124,56+2,49 3y/100y s 390Mb0©06-3-0-300m3mbBoo 101,9+2,04 /100y, dz06M9
(om©9bmdom 30 B0oJLOMEIYdS 39MmboOb-3-(6"-539BH0w) FowsdGHmboo 0,81+0,02 T/100y
(LmEosomo 38; sbGowo 22).
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Jdgmdo s®gdemo  35335B0MEmO dmEgol Vaccinium arctostaphylos L bagmgols
0905009960md5d0 899535¢00 56EM 3056700

3bMogo 22
3Lsbgegds 8&2%30?0" gbﬁx‘);ombob 6500096mds | gBHmgro
1 | ©98060006-3-0-25¢sd@mBoo 16.862 7.31 49,56+0,99 J/1009
2 | ©@953060006-3-0-g00m3mboo 17.656 21.63 146,65+2,93 Jp/1009
3 | 30960006-3-0-gomsgd@mbowo 19.077 10.08 68,34+1,37 9p/100
4 | ©98060©06-3-0-565806mBoEO 20.141 851 57,69+1,15 9p/100
5 | 305600006-3-0O-33mboo 20.652 3.35 22,71+045 dp/100y
6 | 30560@0B-3-0-569d0bmbowo 21.540 18.36 124,56+2,49 | 3p/100y
7 | 39¢yMb0©06-3-0-3¢)30mB0©0 22.981 2.19 14,85+0,30 9p/100g
8 | 390b60¢06-3-0-g5¢sd@Hmboo 23.269 0.71 4,81+0,10 9p/100
9 | 39¢b00b-3-0-gomsd@mboo 24.172 5.31 36,02+0,72 dp/100y
10 | 3960@06-3-0-303mBooo 25.131 15.02 101,9+2,04 dp/100g
11 | 35e30006-3-0-gowod@mboo 25.681 1.21 8,21+0,16 dp/100g
12 | 39mb60@06-3-0-505006mbowo 26.611 1.92 13,02+0,26 dp/100y
13 | B5@30006-3-(6"-539G0w)oe5gHMbowo 27.102 0.16 1,08+0,02 dp/100g
14 | 35¢030006-3-(6"-539¢0)de¥)3mBOEO 27.400 0.38 2,57+0,05 39/1009
15 | 39160@06-3-(6"-539¢0) 3@ m3mBoEo 27.657 0.31 2,10+0,04 dp/100g
16 | 3gmbBo@0B-3-(6"-539H0w) goesd@mbowo 28.029 0.12 0,81+0,02 92/1009,
17 | 39b0@0b-3-(6"-5:39¢0w) aerv3mboo 29.721 0.17 1,15+0,02 dp/100y

3329306 8900 0By 39339L0N0 s WYHXO FmE3oL  gdBLbZZIdYEO
®30bMdM030  FgAgboMds. 0lobo  GMMBbYNOLHYSD  AoBLL33WYd0L 5 BEGHM06MMO
3W03MmbHBoEOm, 39MHdmE  39335B0M6  dm33do 9O 0dbs  0©YbGHOR0E0MIOMWO  CMBXO
dm330L5m30L 535bsll0sMYdgO 3bG™E3056000bgd0: 95¢300006-3-0-gm3mHBoo
(m/z493/331), 05¢30006-3-0-56500bmboo (m/z 465,32/331), bmwm 353356096  dm33d0
©5830JLoMGOMWo 39EB0OB-3-0-g3mboEOo, 39Mmboob-3-0-3w3mBoo s 3gmboob-
3-0-50530bmBoo 6  0dbs  0wgbGHoGBoE0MIOMo Wbk  dm3gdo. OHmymea  UPLC-ob
33193900056 BoBL JMdMEgmol GHgMo@mMmosbg s09gd0veo dm3gol 6odwmdgddo sbGmEosbmemo
303mH0Yd0L 899339 ™ds FoMHdMIL 0d9M9gm0L BHIMOEGMM05DY 5090w 603dgdby.

3533301960 dm330l Vaccinium arctostaphylos L bosghorm 39bmemgdol, gumsgmbmoggdols,
3bEBH™3056980L s 39¢hgdobgdOL HoMEYBMBdOOZ0 563¢BO S 36EHOMJB0MPIBEHMOO 5gE0MMDS

B39bL dogM TgLfogeowo s 99sMgdeo 0dbs 2936 39wgdol bbgsalibgs sMgseols
9Jmbg 39335L09MH0 ImE30L  BIBMEMHO B5gOHGOOL JoMOMIO J393eolgdOL MoMm©YbmdMmOZ30
3902960Mds. Y600 0gbs, MMT  JMdMEgmbs s 039MHgmMTo 5090 Bodwxdqdl ImGol
OEOs 2oblbgoggds 9BEBHME0sbgdLs s LsgMmm Fgbmergdols F9d(339w™ds0, JmdEgool
60dxmddo gl bogdmgdo 100 gMomgMom dgBos, 3069 039M9mdo, L3 3960 303HY300
BE930mbMoEadLY s 39¢39J0bgdbY (Moo 23).
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3533301960 dm330l Vaccinium arctostaphylos L Loghorm ggbmmgdols, gansgmbmogdols,
3b6BHME0s6gd0L s 39¢3dobgdol MoMEYbmdMO30 565¢0BO S BGHOMJBOMPIBENIMO 5JE0MmMdS

3bdowo 23
393330mGo dmszo 39333607360
30ME@Q0MM50 3§BHoHo bsghmgdo oo Berag0 0890
36G™ 3096900 30560006-3-0O-ge30bDobHYy
4555675089800 3/1003 678,44+12,89 565,23+10,73
LogMM B96MEdO ool Fggog5bY
17 + 2 1686,1+28,
290056356099d00 87/100g 83,8:30,3 686,1:28,66
REs3mbmogdo
006%g 35©556350089d0m, 8/100y e 923.9:16,31
3939gobgodo
(+)-35¢)9J0b%g 990968508900 /100y 422,4:8,87 387,4+8,13
9b6GH0MJLOIBEHMMO sd@owOH™MdS In(50%) Ty, 1740.03 194003
608330 T T

bbgs LSO 4353l B0ddgdol )0 dmE30l 603w9dgdmsb T9EsMgdolsl.  LsgMHomm

196MEgdol,  BEs3mbmogdol, 3589dobgdols  9993339cmdom o
96300 IBEHWOO 5JEHOMOMIO® 35335L0wM0 ImE30L bogmzgdo momJdol 1,5-x96M 50gds@gds

bBBHM™E0sbgdol o

EOYX dm330L bogma3gdl (0ogsds 5).

2000 1783.8 1686.1
1500 1354.8
1000 E >
a9 565.28 | . 589
| 422.4 387.4 89.2 44
500 248 00 226.6
7 1.9 100.¢ 1 2.4
0 i 2 . B
Jodamgoo 0396900 6935 Q©O0¥I30

H9mbmdgmheyao sbGHmEosbgdo /100y

Bbs90H0m 39bme@o bogdmgdo  da/100y

O gansgmbmogdo dy/100y

B 35¢9gdobgdo 93/100gy

H56300dbosb@GHm®o sd@om®mds In(50%)3dy.60030

393356060 dmEzols s wyxo ImE3ol Loghmm  g9bmegdob,
39¢49Jobgdols 090339W™ds o

©O053M535 5.
BE53mbMmoydol,
36300 IBEHWMOO 5BHOMOM™dS.

d9Lfogowo 39335B0M0 dmEgolb Vaccinium arctostaphylos L g3gbmanmto 6sgeogdols

d903960mdols QMOHXO
3902960MdsLmb, oPbowo 0dbs MM, M30LMOMOZ35 Fs00 FMEOL SGOL AoBLLIs3gds.

3b6GHME0sbgdoLs, 509bMdMH030

®30bMdMH030 O MOMPIbMdMO30 d9056Mm900, dm330L

39339606 dmEzdo sedmBgbowo

(39¢1Mb0©06-3-0-g03mbBowo;
390b60@06-3-0-5650060mB00). ©sR0bEs, OMI 35335L091M0 IM330 BOMELMYPOYMIE 5dEH0WOO

5 0963050300900 0db6s dmE30l Lobgmdgdolomzol

sbowo  bogmoghgdgdo 39060©06-3-0-2300H00;

BogHmgd0lL 39(3390Md00 MBOM FEOEIM0s, 300MY CMOXO JME30 s 399B60s MROM oEowo
3630mgdboIbEGHWMMO s5JBHOMOMdS.

36



0530 5. 39335B0v)®o ( Vaccinium arctostaphylos L) s qovyxo 3magol bagmgols Jodom®o
390039600Md0L (33¢00egds Fgbsbgols s 900539853900 ML

dm(330, 01939 MMM Y39 396360 F50RYFJd500 boros MsgzoLo Babo LEMmXIEHmeol
390, gl 30 FMombm3zL  dMbogwol  5Mgdol  Fgdymd  Tgbsbgols o oM To39dl

39939653 OHo 3060HMdJO0L 3MbEGHMMmOom. Mog bgwls 9gmhgml ImEgol dmbdamgdsl dogero
ferol 4960530 mds580. OGmymeE 339 93060369 dmM330 dOMEWMYOMES© 9dEH0MO bsgMmgdol
o0oeo 8993390 MO0MS O 95050 36G0MmJLOIBGHMMO  dBHOMBIMdOM
399m0MBg35. 253 T53930Ls s Fgbsbgolsl ImombMmzL M3EH0ToOO 30MMDdIOOL (339,

d9L5d5dobO,

0m53 35gdB0do Mo 04690 9bsBMbgd Mo 396300l batolbo.

B ©3M9B0E Im330L Bogmaqdl Fobslifjot 35bsMOLHYIOM s 3530 - 41bHU,
BOMEL, ©FYgBow s LBIdMZ69dM Bogmngdl, 3MgEbogom godobstyg Fywoom,
5936900l 990009 35075359BPOM (303 SAOWSL M3EH0ToMMO F9gd3gMoEIMsBg 0°C-sb 5°C-
9009, 899092 39bIb0m bogmBgdols dm3M 4ogyobzsl -45°C-bg s g30bsbsgom -25°C-by.

dgbfogaroeo  ogbs 0MEMPONMS©  9BHowmo  Boghmgdol o
3b6GH0MJLoIBEGHMMO  5dBHOMOMIOL (330 gds Fgbsbzol  bgoslibgs 30MmMddT0. 39MHIm-

Bogmazols

Bgowo bsgmgzo 9gbsbmeo 5°C-bg 2 3306000, -25°C-Bg gMomo, Lsdo, 9d3bo s gbMs ™30L
396053 mdsdo.

39339L09960 s MR ImE30L Bagmezgdol LagHomm ggbmergdols 8gd33gemds dgbabgol

Lbgoslibgs 30MmMdYddo
3b®oo 24
Boghomem ggbmergdo 350l 3g535%] 3owssbyH089d00 8y /100 ¢ (883G BslisBy)
09bsbgols ibgsalibgs 3o6mdgddo
Bmpgols Bagogols b 50C %y - 25°C %y - 25°C %y - 250C %y - 250C %y
adbo®sddo ©530M9800 d9bsbyemo 2 dgbobmaro d9bsbyemo dgbsbyaro dgbsbmaro
33060b 399097 1 »30L 3999y 3 o330l 93909 6 o30L 999009 9 m30L 9939

03¢y 3MM30 1362,8+23 1287,2+21,9 1358,9+23,1 1360,9+23,1 1341,8+22,8 1307+22,2
90HdYBHO 1015,2+17,3 973,9+16,6 1005,9+17,1 1003,7+17,1 999,8+17,0 993,9+16,9
935 598+10,2 486,2+8,3 595+10,1 574,1+9,8 563,5+9,6 558,2+9,5
OEIMPAMIOO 765+13,0 668,3+11,4 761+12,9 760,2+12,9 745,1+12,7 731,9+12,4
Q0930 1354,8+23,0 1217,8+20,7 1389,5+23,6 1354,5+23,0 1349,6+22,9 1347,9+22,9
LobGsobo 765,1+13,0 661,7+11,2 755,1+12,8 757,3+12,9 749,8+12,7 741,3+12,6

0930 656,9+11,2 549,6+9,3 650,1+11,1 592,9+10,1 587,4+10,0 581+9,9
L3oOBHobo 602,1+10,2 541+9,2 604,9+10,3 589+10,0 577,25+9,8 571,2+9,7
dobiGo 689,8+11,7 645,9+11,0 680,81+11,6 680,9+11,6 675+11,5 670,9+11,4
©93°L0 754,4+12,8 640+10,9 744,6£12,7 750,5+12,8 742,05+12,6 723,8+12,3
GHOOM 1262,8+21,5 1136,5+19,3 1242,1+2,11 1256,2+21,4 1209,9+20,6 1189,5+20,2
0M00Bo-M90 1231,8+20,9 1018,7+17,3 1221,2+20,8 1222,4+20,8 1211,7+20,6 1197,9+20,4
Robowgmo 1376,3+23,4 1323,4+22,5 1366,3+23,2 1348,7+22,9 1332,4+22,7 1327,6+22,6
mbgowo 689,5+11,7 587,7+10,0 675,7+11,5 670,1+11,4 664,8+11,3 664,1+11,3
dEO0 804,7+13,7 750,8+12,8 806,1+13,7 800,9+13,6 796,92+13,5 792,1+13,5
JOHWOdYY 1003,5+17,1 907,9+15,4 1009,5+17,2 995,2+16,9 990,92+16,8 979,2+16,5
35BHM0MGH0 838,8+14,3 689,7+11,7 822,6+14,0 820,2+13,9 814,5+13,8 810,3+13,8
3233ebog60 1783 8+30,3 1572,5:26,7 1743,6+29.6 1743,4+29.6 17251293 1709,7+29,1

9330 JmdMmgmo
3233°b0g60 1686,1+28,8 1521,8+25,9 1679,2+28,4 1667,4+28,3 16562282 1635,5+27,8
9dm(330 096MHgN0

B39b6L dog® A9BLEBEZOO 0465 ImE30L bogmagdol LogHmm ggbmergdols 993390 ™Mds

bbgoolibgs $gd39Gmo@d«mvemo Mg:030Ls S 39M0MEOL 30MHMdYddo Jgbobgzolsl. ggbmergdols
3903390mds by b0dMdmeb  dgedgdom  bodmddo 5°C-Bg Tgbsbgolsls mGo 33060l
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396853wMdsdo 9993060 4 - 18 %-0m. B9bmegdol domso F9di339wmds F9bsBMbgdmwo odbs
90H09gELS s BbEIMT0, beagrm Y39 By 95000 IB35MA0 IROJLOMS 35GHMOMELS
5 G93580 (3bMHow024). -25°C-Bg Fgbsbmer 609m8gddo 30 LogMHmm Bgbmemgdol 999339 mds
=3609369crm@ 0,41 %-qs6 25%-000g d30Mgds. 9bsb3z0sb ghmo ™30l 8999y Bmaogho
X0383d0 - 0930, B35M b0, JMHWOdWY), PIROJLOMPS F30MYI BIEMW MO BogHmNgdOL ToYdSE.
bogom 3, 6 s 9 mz00 Fgbsbgzol 9939y 6034939830 godloMEgds dbodzbgerm Momgbmdom
399306905 (bMoro 24).

35335L0MM0 5 X0 Im330L Bsygmggdol g3esgmMbrmogdols 399(339¢rmds 8gbabgols

ibgo0slsbzs 30GHMdYddo
gb®owo 25
B53mbmogdo Hmobby 33ss6y5M08gd0m Ty /100 38300 dslss)
Beagols Bogemols 3gbsbzol ibgsslibgs 3o06Hmdgd30
adsesdeo b 5°C -%g - 25%C -%g - 25%C -%g - 25°C -%y - 259C %y
©53M9BOO 9gbobeyamo 2 d9bobaro dgbobaro d9bobamo 99bsbamo
33060l 399009y 1 30l 990009y 3 »3ob 99909y 6 30L 9999 9 m30bL 97009
d¢36Mm30 544,7+10,9 499,8+10,0 545,2+10,9 531,8+10,6 503,8+10,1 486,7+9,7
90badYHO 487,0+9,7 341,2+6,8 455,249,1 443,0+8,9 413,3+8,3 397,0+7,9
935 389,2+7,8 305,9+6,1 382,3+7,6 362,4+7,2 342,4+6,8 301,4+6,0
BIAMEPO 467,0+9,3 379,2+7,6 469,1+9,4 449,7+9,0 423,2+8,3 394,4+7,9
©0¥Y30 754,2+15,1 618,4+12,4 745,0+14,9 738,0+14,8 721,8+14,4 709,9+14,2
LobGSoLO 387,2+7,7 345,0+6,9 377,1+7,5 368,9+7,4 352,7+7,1 331,0+6,6
9630 377,5+7.6 292,4+5,9 277,5+5,6 274,9+5,5 255,5+5,1 244,6:4,9
L3O Eobo 377,2+7,5 224,9+4,5 304,8+6,1 300,7+6,0 270,1+5,4 264,3+5,3
dobBo 499,9+10,0 354,4+7,1 479,2+9,6 413,0+8,3 402,4+8,0 369,0+7,4
©95b0 399,7+8,0 276,2+5,5 386,7+7,7 337,0+6,7 310,8+6,2 297,1+5,9
GHMOM 740,8+14,8 600,4+12,0 739,0+14,8 725,0+14,5 701,3+14,0 679,6+13,6
B6030Hd-Mg0 798,0£16,0 690,5+13,8 770,0+15,4 756,8+15,1 694,5+13,9 676,5£13,5
Babwg®o 877,3£17,5 692,4+13,8 876,2+17,5 815,3+16,3 792,7+15,9 706,8+14,1
mbgoero 368,0+7,4 295,0+5,9 370,1+7,4 348,3+7,0 304,7+6,1 261,4+5,2
dEMO90 477,0£9,5 401,2+8,0 455,249,1 443,0+8,9 413,3+8,3 397,0+7,9
9OHEOd?) 565,1+11,3 499,8+10,0 545,2+10,9 531,8+10,6 503,8+10,1 486,7+9,7
35BMomABH0 379,6+7,6 291,2+5,9 366,8+7,3 323,0+6,5 309,8+6,2 300,1+6,0
3233°b0g00 952,2+19,0 822,4:16,4 956,2:19,1 905,3+18,1 862,7+17,3 833,8:16.7
dm(330 Jdvyemgmo
3233b0g060 925,9:18,3 787,4+15,7 910,5:18,2 890,0+17,8 836,9:16,7 800,3:16,0
dm330 099Mgmo

REo3mbmogdoll  99d33germds  5°C-by

d9bsben  6b0dmddo Mo 33060L  J909Y

3993005 9B MYd0m 8 %-sb 30 %-0). Bs3MmbM0EIOOL F)EIMYd0m FoO0 B3P0
©580JLOMES wgAdLTo 30%, bem yzguwsbg B0 d3MM3do 8% (3bMowo 25). -25°C-Yby
99656 603989080 30 BWs3MbM0EYdOL T9d(339cmds db0dzbgem© I30MmYds dgbsbgols
3500990l BOEILMID JOHs©. 9 M30m F9bsbyro 603dgd0E Y3zgesby odsero FgdEotgds
BE930mbMoEIdol 3993339 ™doLy IROJLOMES 09300 OB MYdom 6%, brerm yzgwsby
95050 mbgoedo ssbemgdom 28%(sbGowo 25).

33193900L5L  OLOdNMS, BMT 6EMEF05BIOOL MomMmEgbmds dgbsbgzolsl mGo 33000l
396853 ™d5d0 5°C-bs s 1 M30L 496353 Mdsd0 -25°C -Bg 00mMJdob 56 033¢9ds, beagwe -25°C -
B9 Lo MZ30L gobdsgzermdsTo dgbobwyer by bogmgzdo sbEME0s6xdds Imodo@s 0,22%-sb 13%-
9y (3bM0w026). Mo3 S0blbgds 0dom, GMI HgddgMsd ol d9dEoMgdolsl J0dEObsmgmMdL
RB0DOMWMYOMOO 3OME9900, M3 byl »fymdl 3O MIBEHM3056900L 256Msddbols 3MrMEgLYdL.
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393396060 > FHX0 dmE30L Bsgmzgdols s6EHME0sBgdOL 9gd33gwmds Fgbsbgol Lbgsalibgs

3060md9dd0

3b®owo 26

36¢)m3056900 305600063 3xv)3mB0oEBY 350056g5(089000 dg /100 g (Mo dsbo)
9bsbzol Lbgsslibgs 3oMHmMdIRY0

Bmg30b Bagogols sSbes© 5°C %9 - 25°C %y - 25°C by - 259C %y - 259C %y
adboBegoe ©53609BOWO dgbsbmaro 2 dgbsbmaro dgbsbyaro dgbsbmaro dgbsbmaro
33060b 3999y 1 »30lL 99997 3 30l 99993 6 030b 9909y 9 30l 3999y
dE36m30 347,1:6,6 304,7+5,9 333,8:6,3 349,7+6,6 356,9:6,8 354,7+6,7
9@0bd)HO 320,2:6,1 300,457 305,5:5,9 320,9:6,1 347,7+6,6 333,9:6,3
G930 248,8+4,7 209,2:4,0 207,7+3.9 237,3:4,5 236,9+4,5 224,6:4,3
OEIIAMIO 299,2+5,7 267,4+5,1 288,6+5,5 290,5+5,5 291,245,5 275,0+5,2
©0v)30 4436184 400,17,6 437,7:8,3 462,6:8.8 460,1+8,7 446,3:8,6
1566G30bo 200,1+3,8 167,8+3,2 197,3:37 210,4+4,0 227,9+4,3 214,3:4,1
DO 161,5:3,1 149,4:2,8 147,2:2,8 169,9:3,2 170,432 174,6:33
13568360 209,4:4,0 190,1:3,6 202,7+3.9 222,4+4,2 238,3:4,5 227,9+4,3
3obHo 281,4+5,3 238,6+4,5 280,4:5,3 278,7+5,3 263,3:5,0 229,7+4,4
9aolo 250,5:4,8 210,2+4,0 247,7+4,7 259,3+4,9 256,9+4,9 236,6+4,5
HOG 505,4:9,6 500,2:9,5 500,2:9,5 520,8+9,9 505,4:9,6 498,3:9,5
B6HOOG-670 575,3:10,9 560,7+10,7 557,4:10,6 563,7+10,7 591,111, 592,011,2
BoBowq6o 611,7+11,6 576,6+11,0 613,111,6 627,7+11,9 610,2+11.,6 591,1+11,2
®Bgowo 242,6:4,6 213,3+4,1 222,7+4,2 273,7+5,2 271,4+5,2 243 34,6
Beowio 310,3+5,9 301,0+5,7 300,757 312,9+5,9 346,5:6,6 343,6+6,5
JHEOdw) 351,9+6,7 299,6+5,7 323,7+6,2 347,1:6,6 386,4+7.3 374,2+7.1
3566000 207,7+3,9 180,034 200,2+3.8 212,7+4,0 228,1+4,3 217,5+4,1
3233°b000 724,3:138 699,9:13,3 717,7+13.,6 762,214, 763,9:14,5 741,4:14,1
90330 JMdEmgmo
3233260700 698,4+13,3 676,4+12,9 695,5+13,2 724,4+13,8 731,9:13.9 699,9+13,3
90330 00969m0

36¢0mgbosbEMo 5gE0MOMds - 0630d0MYds (In) Ggbsbzols Lbgsslbgs 306HMddA0

3
g S 3 c
2 55 e G5/
2 e
& & B3R
BE R S5 55
010 DS Rt |
]
g &€
% bgowo  m®Go  ghmo bodo  gdgbo  @EbGs
) bogmgo  3gods @39 ©39 039 039
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Introduction
Relevance of the topic: In recent years, agriculture has become interested in crops that,

compared with traditional but low-yielding crops, will have a serious economic impact on small
farmers. Blueberries are representatives of this type of plants. Cultivation of blueberries began at the
end of the 19th century, and by the 1980s, 45 varieties had already been spread to several countries.
Now blueberries are grown in the USA, Canada and Europe, as well as in New Zealand, Australia,
Japan, Ukraine and other countries. Why is blueberry so popular in the world? It is interesting not only
for its taste, but also for its chemical composition. Many studies have been carried out abroad on these
issues, but practically no research has been carried out in this area in Georgia, except for a few
experimental works carried out by our group.

The chain of development of blueberry production, from cultivation to the sale of products,
allows it to be a profitable plant. A farmer can grow blueberries that will be sold well on the market in
areas with a poor geographical position and inaccessible to heavy equipment (90% of farmers in Adjara
have such plots). The USAID study proves that there is good potential for blueberries in Western
Georgia. American blueberries adapt well to the acidic soils and climatic conditions of the highlands of
Guria and Adjara; these soils are mostly undeveloped after depreciated tea plantations. Thus, 17
varieties of blueberries have been brought and grown in Western Georgia. All varieties bear fruit at
different times and are harvested by August 15th. Blueberry is a shrubby berry crop with round blue
fruits; it is frost-resistant, withstands 20-degree frost; it does not tolerate drought, so in hot weather it
must be watered; it is characterized by high resistance to diseases; it contains vitamin C and tannins; it
has antioxidant properties; it widely used in cooking and folk medicine. Due to its high nutritional and
dietary properties, it is widely distributed in the world and is in great demand among consumers. The
original, sweet and sour taste of the berry further increases its popularity. It is used raw, frozen and
dried.

A plant is a living organism, therefore, a change in environmental conditions can also lead to a
change in the chemical composition in certain directions. Therefore, further chemical analysis of the
adaptation of imported blueberry varieties to the environment is relevant. Extensive large-scale studies
are needed to determine what advantages the introduced species have over the native ones. Different
varieties are harvested at different times, so it is important to analyze the fruits at different times of the
growing season to determine the quality and timing of ripening. Substances that determine the healing,
beneficial properties of blueberries have a labile nature of the phenolic class, so it is important to take
samples and analyze them during drying, raw storage, freezing and processing. Blueberries grown in
Georgia have a special taste and are very popular in the European market.

The goals and objectives of the research are: the qualitative study of organic compounds of local
wild-growing and introduced in Georgia blueberry varieties by HPLC and UPLC-MS methods; the
isolation and identification of anthocyanins; the study of organic acids, phenolcarboxylic acids, mono-
and polysaccharides; the quantitative analysis and antioxidant activity of total phenols, flavonols,
catechins, blueberry anthocyanins; the study of pectin in raw blueberries; the study of changes in the
chemical composition of blueberries during storage and processing.

Scientific novelty: phenolic compounds, organic acids and carbohydrates have been isolated
and identified by HPLC and UPLC-MS methods from 17 introduced and local varieties of blueberries
common in western Georgia. The qualitative composition and quantitative content of total phenols,

flavonoids, catechins and anthocyanins were determined and compared. There have been developed
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the raw material storage regimes and various processing technologies, as well as its biochemical
properties and antioxidant activity.

The practical significance of the article. For the first time in Georgia, we have conducted
chemical and biochemical studies of introduced and native species of the Vacciniaceae family using
chemical, physicochemical and modern instrumental methods. Based on the results of the research, we
can passport the plants. It is interesting to note the different quantitative indicators of compounds in
introduced varieties, which are due to the influence of the external environment, agroecological and
geographical conditions. After processing and comparing the results, it will be possible to scientifically
select plants suitable for a particular region. These studies have not only scientific, but also practical
and social significance. In particular, small businesses and consumers will have the opportunity to use
the best forms of processing and consumption of raw materials, and in the pharmaceutical industry to
supply new raw materials, where the useful bioactivity of the compounds will be maximum, which in
turn, will provide additional income to the local population, mainly residents of high mountains. Also,
when choosing a variety, one should take into account not only good taste properties, but also a high
content of biologically active compounds. To date, no such information has been available. Based on
the results of the research, an information scientific base has been created. Without the results of the
study, further distribution and cultivation of introduced plants in the region is impossible. All this will
help farmers to increase the area of blueberry plantations and the volume of harvest batches sold. With
proper planning and good management, blueberry plantations are very profitable and can generate
serious economic returns for small farmers.

Object of study, material and methodology: The object of study is the fruits of the local
Caucasian bilberry (Vaccinium arctostaphylos L) and introduced blueberries, common in western
Georgia, in particular in Imereti and Adjara. There have been analyzed 17 varieties of blueberries:
Elizabeth, Reka, Bluegold, Duke, Sunrise, Berkeley, Spartan, Misty, Legacy, Toro, Brigittaray,
Chandler, O’Neal, Blueray, Earliblue and Patriot.

The following physicochemical methods were used for the study:

1. Isolation and identification of anthocyanins were carried out by high performance liquid
chromatography HPLC-UV, RI and ultra-high performance liquid chromatography UPLC-PDA, as
well as by MS;

2. Phenolcarboxylic acids were investigated by ultrahigh performance liquid chromatography
UELC-PDA, MS method;

3. Carbohydrates and organic acids were studied by HPLC-UV, RI;

4. Qualitative and quantitative determination of macronutrients - HPLC method -
Conductyvity;

5. Determination of antioxidant activity was carried out using a stable radical of 2,2-diphenyl-
1-picrylhydrazyl) by the DPPH method;

6. Determination of the total amount of monomeric anthocyanins was carried out by the
method of pH differentiation (Official method of AOAC);

7. Determination of the amount of total phenols - according to the Folin-Ciocalteu method
(calculated as gallic acid);

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

9. Quantitative determination of catechins with vanillin reagent - spectral method;
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10. Determination of pectin by carbazole spectral method(Official method of AOAC);

11. Determination of sugar content - refractometric method;

12. Determination of pH (Official method of AOAC);

13. Determination of titratable acids (Official method of AOAC).

Dissertation approbation. The results of the research are presented in 3 scientific articles and 3
international scientific conference.

Dissertation volume and structure. The dissertation consists of 133 printed pages in accordance
with the Dissertation instructions for obtaining a doctoral degree and includes a title and signature
pages, content, a list of 27 tables, 2 scheme, 14 diagrams, 73 figures, a list of references - 122 units. The
main text consists of: introduction, literature review, discussion of results, experimental part,
conclusion, bibliography and appendix.

Literature review - The first chapters of the article discuss the distribution of phenolic
compounds in plants, their physiological activity; biosynthesis of anthocyanins in blueberries; factors
affecting the accumulation of anthocyanins in different parts of the plant; biological characteristics of
the blueberry family Vaccinium. The dissertation is accompanied by a list of used literature.

The results of the study are presented in the experimental part.

Chapter 1. Technical and physical-chemical characteristics of fruits and blueberry juice.

In samples of 17 varieties of blueberries, introduced on the territory of Western Georgia,
organoleptic and some physical-chemical characteristics have been determined (fruit shape, size,
weight, juice yield, extract, active acidity pH, titratable acidity and dry matter (Brix). Samples were
taken during the period consumer maturity from late May to mid-June. Each indicator is influenced
by factors such as environmental conditions - location, climate, soil, as well as the stage of fruit ripening
and genetic differences between varieties.

Technical indicators of blueberry fruits

Table 1
Blueberry fruits physical and organoleptic characteristics

Ne S;:iﬂee Berry size, mm Berry Berry

Color Form Bunches Bunches volume, Taste

. . mass, g
Height Width ml

1 | Bluecrop | Blue | roundishoval | 1424021 | 125:0,19 | 135:0,02 | 140,01 S:::Et
2 Elizabeth Blue | roundish oval | 15,5+0,23 | 12,71+0,19 | 1,87+0,03 1,9+0,02 Sweet
3 Reka Blue | roundish oval | 11,4+0,17 12,85+0,19 1,23+0,02 1,2+0,01 Sweet
4 Bluegold Blue roundish oval | 14,35+0,22 | 12,85+0,19 1,37+0,02 1,4+0,01 Sour
5 Duke Blue roundish oval 13,5+0,20 11,41+0,17 1,09+0,02 1,13+0,01 Sweet
6 Sunrise Blue roundish oval | 15,85+0,24 | 12,46+0,19 1,29+0,02 1,33+0,01 Sweet
7 Berkeley Blue | roundish oval | 17,71+0,27 | 13,44+0,20 | 2,38:0,04 | 2,33:0,02 Sweet
8 Spartan Blue | roundish oval | 17,64+0,26 | 13,74+0,21 | 2,28+0,04 2,27+0,02 Sweet
9 Misty Blue | roundish oval | 17,5+0,26 13,2+0,20 | 2,04+0,03 2,0+0,02 Sweet
10 Legacy Blue | roundish oval | 13,74+0,21 | 11,60,17 1,55+0,03 1,6+0,02 Sweet sour
11 Toro Blue roundish oval | 14,54+0,22 11,8+0,18 1,13+0,02 1,13+0,01 Sweet sour
12 | Brigittaray Blue roundish oval 17,0+0,26 13,6+0,20 1,64+0,03 1,53+0,02 Sour
13 Chandler Blue roundish oval | 15,12+0,23 | 19,28+0,29 2,42+0,04 2,5+0,03 Sweet sour
14 O’Neal Blue roundish oval | 14,95+0,22 | 12,22+0,18 1,63+0,03 1,66+0,02 Sweet sour
15 Blueray Blue | roundish oval | 16,75+0,25 | 13,32+0,20 | 2,05:0,03 2,12+0,02 Sour
16 Earliblue Blue | roundish oval | 11,05+0,17 | 13,27+0,20 | 0,84+0,01 0,86+0,01 Sweet
17 Patriot Blue | roundish oval | 17,72+0,42 | 13,72+0,21 1,86+0,03 1,82+0,02 Sour
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The blueberry fruits taken for analysis are characterized by a dark blue color and a roundish-
oval shape. The taste of blueberries is mostly sweet, with the exception of Brigitteray, Bluegold, Patriot
and Blueray, which have a slightly sour taste. The diameter of blueberry fruits ranges from 11.41+0,17
mm to 19.28+0,29 mm, weight - from 0.84+0,01 to 2.42+0,04 g, volume - from 0.86+0,01 ml to 2.5+0,0,3
ml. Chandler 2.42+0,04 g and Berkeley 2.38+0,04 g are characterized by a large mass of fruits. The
Earliblue fruit is characterized by the smallest weight (0.84 g) (Table 1).

Juice output %
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Diagram 1. Juice output from blueberries, %
As it can be seen from the diagram, the output of juice from blueberries ranges from 70-92%.
Misty is distinguished by a high amount of juice output - 92%, a relatively low output was observed in
Duke and Berkeley 70-70% (Diagrama 1).

Physical and chemical indicators of different varieties of blueberries

Table 2
uice brix, Correct brix,

Ne Sample Name ](20 °C) % 20°C)

1 Bluecrop 10,0+0,14 10,18+0,20
2 Elizabeth 10,0+0,14 10,08+0.20
3 Reka 10,0+0,14 10,12+0.20
4 Bluegold 8,0+0,11 8,1+0.16

5 Duke 10,0+0,14 10,1+0.20
6 Sunrise 10,0+0,14 10,08+0.20
7 Berkeley 10,0+0,14 10,2+0.20
8 Spartan 10,0+0,14 10,12+0.20
9 Misty 10,0+0,14 10,08+0.20
10 Legacy 10,0+0,14 10,12+0.20
11 Toro 11,0+0,15 11,08+0.22
12 Brigitta-rey 9,0+0,13 9,12+0.18
13 Chandler 10,0+0,14 10,2+0.20
14 O’Neal 10,0+0,14 10,1+0.20
15 Blueray 8,0+0,11 8,1+0.16
16 Earliblue 11,0+0,15 11,1+0.22
17 Patriot 9,0+0,13 9,12+0.18

Determination of dry matter in blueberry juice was carried out using a refractometer. Among
the samples taken for analysis, the lowest indicator was noted in the fruits of the Bluegold and Blueray
varieties - 8.0 + 0.11%, and relatively high - 11.0 + 0.15% in the fruits of the Toro and Earliblue varieties
(Table 2).
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Physical and chemical parameters of blueberry juice

Table 3
Activity acidity, Titr. Acidity by citric acid

Ne Sample Name t;’H 24 (pg 8. 1}; %
1 Bluecrop 3,5+0,08 0,40+0,01

2 Elizabeth 4,0+0,09 0,51+0,01

3 Reka 3,66+0,08 0,45+0,01

4 Bluegold 3,4+0,07 0,64+0,02

5 Duke 3,77+0,08 0,47+0,01

6 Sunrise 3,94+0,09 0,46+0,01

7 Berkeley 3,78+0,08 0,41+0,01

8 Spartan 3,61+0,08 0,39+0,01

9 Misty 3,51+0,08 0,38+0,01

10 Legacy 3,41+0,08 0,48+0,01

11 Toro 3,73+0,08 0,43+0,01

12 Brigitta-rey 3,76+0,08 0,95+0,02

13 Chandler 3,33+0,07 0,53+0,01

14 O’Neal 4,22+0,09 0,38+0,01

15 Blueray 3,77+0,08 1,00+0,03

16 Earliblue 3,99+0,09 0,50+0,01

17 Patriot 3,42+0,07 0,64+0,02

Active acidity, pH ranged from 3.33+0.07 - 4.22+0.09. The lowest pH is typical for Chandler

3.33 + 0.07, the highest for O’Neal 4.22 + 0.09; the titratable acidity was defined by calculating citric
acid (pH 8.1), a high indicator was observed in Blueray - 1.00 + 0.03%, and low in O’Neal and Misty
0.38 + 0.01-0.38 + 0.01% (Table 3).

THE RATIO OF DRY MATTER AND TITRATABLE ACIDITY

™ Brix, % Titratable acid % Brix/ titratable acid

Diagram 2. The ratio of dry matter and titratable acids of blueberry fruit juice

The ratio of dry matter and titrate acid content in the juice of blueberries is not the same (the
correlation curve is non-linear), which is associated with a different content of titral acids between
varieties, despite the same dry matter content. This is directly proportional to the organoleptic
characteristics of the fetus. With a ratio within 10 units, the fruit is characterized by a sour taste, within
15-17 units - sweetish-sourish, and in 20-25 cases - sweet. Accordingly, on this basis, it is possible to
determine the ripeness of fruits, the time of harvest (Diagrama 2).

PHYSICAL-CHEMICAL CHARACTERISTICS OF

BLUEBERRY JUICE WITHIN 4 YEARS (2015,
2016, 2017 AND 2018); AVERAGE INDICATORS

M Brix, % Titratable acid % Activity acidity, Ph
n ; «Q o
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Diagram 3. Physical and chemical parameters of blueberry juice
in 2015, 2016, 2017 and 2018
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Physical and chemical parameters of blueberry juice harvested in 2015, 2016, 2017 and 2018
(according to average data) do not differ significantly from each other, namely: the share of solids is 9.5
- 10.1%, the content of active acids is 3.16 —3.68, and the content of titratable acid is 0.54-0.66%. This

is probably due to the same optimal temperature regime in spring and summer (Diagrama 3).

Chapter 2. Qualitative study of blueberry organic compounds by HPLC and UPLC-MS
methods
2.1. Isolation and identification of blueberry anthocyanins by high performance liquid
chromatography (HPLC) and ultra high performance liquid chromatography with mass
spectrometer (UPLC- PDA-MS).

Blueberry anthocyanins introduced in western Georgia were studied, namely, using high
performance liquid chromatography (HPLC) and ultra high performance liquid chromatography with
a mass spectrometer (HPLC -PDA-MS), both aglycones and glycosides were isolated and identified.
Before chromatographic separation, the sample was prepared for chromatography: first, the sample was
extracted for analysis, then the extract was concentrated, and then the compounds were fractionated
by the solid-phase extraction method. The extraction of blueberries (10 g) was carried out with acidified
(0.1%) methanol at a low temperature (exposure -25°C). Then the resulting extract was subjected to
vacuum extraction at 40°C. Solid phase extraction was used to separate the compounds in the resulting
concentrate, namely the separation of carbohydrates and organic acids, phenol carboxylic acids and
anthocyanin complex, which includes sampling into a Waters Sep-Pak C18 (500 mg) cartridge. Before
sampling, the column was activated with methanol, and then the sorbent was equilibrated with water.
The next step was sorbent sampling.

After sampling for the sorbent, the cartridge was treated with acidified (0.1%) water to separate
carbohydrates and organic acids, and the resulting fractions were collected to identify compounds. In
the next step, we fractionated the phenolic acids with ethyl acetate and finally eluted the anthocyanins
with acidified methanol. After concentrating the resulting eluant, the sample was filtered through a
Waters Acrodisc LC PVDF 13 mm 0.45 um filter.

The study of anthocyanins was carried out by HPLC on an analytical preparatory column C18.
Element A: water/formic acid/acetonitrile (87:10:3); Element B: water/formic acid/acetonitrile
(40:10:50); Gradient (0-15 min - 6% to 30% B, 30 min - 50% B, 35 min - 60% B, 41-45 min - 6% B).
518 nm detection. UPLC-MS analysis BEN C18, 1.7 pm, BENAmide 1.7 pm, column. Eluent
acetonitrile, formic acid, (gradient), Flow 0.4 ml/min, column temperature 50°C, MS scan 200-1200 da,
Probe 500°C, Positive 0.8 kV, capillary 1.5 kV, CV -15.

Both aglycones and glycosides have been identified. To identify aglycones, the compounds were
hydrolyzed by heating with 6M hydrochloric acid.

We identified substances using standard compounds and the free substance mass database

https://metlin.scripps.edu, as well as comparing data from peer-reviewed literature publications.

Using HPLC method, there have been identified 5 aglycones: petunidin, peonidin, malvidin,
delphinidin, and cyanidin (Fig. 1, Table 4).
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Figure 1. Chromatogram of blueberry aglycones.
Aglycones of blueberries

Table 4
Retention .
Ne Name . Area Area % Amount Unit
time
1 Delphinidin 1,625 30491398 11,78 0,39+0,008 Mg/l
2 Cyanidin 2,243 36198708 13,99 0,46+0,009 Mg/l
3 Petunidin 2,640 19118594 7,39 0,24+0,005 Mg/l
4 Peonidin 3,373 2083539 0,83 0,03+0,001 Mg/l
5 Malvidin 3,394 80914429 31,27 1,03+0,021 Mg/l

T000.00 e L
B00 60D 1000 1200 1400 16.00 1600 0 200 400 00 B0 1000 1200 1400 1800 1800 2000
Mtes e

Figure 2. UPLC-PDA-MS Chromatogram of blueberry aglycones in 3D format, scan.

As can be seen from the chromatograms and the table, the dominant aglycones in blueberries
are malvidin and cyanidin, while peonidin differs in the lowest content (Fig. 1, 2; Table 4).

The study of aglycones obtained for more reliable studies was also carried out by the mass
spectral method. The presence of 5 aglycones petunidin (m/z317), peonidin (m/z301), malvidin
(m/z331), delphinidin (m/z303), and cyanidin (m/z287) was determined.

Substance 1 - fixed on the chromatogram with [M-H]* - m/z 302.87 molecular
weight; Retention time 1.625 min, maximum absorption in ultraviolet light 276.1
nm,while in the visible area 518 nm (Fig. 3). According to the mass database of METLIN
compounds, substance 1 corresponds to delphinidin, which empirical formula is CisH1107

with a molecular weight of 303.30.

Peak #2 - 1.625 - QDa 30: MS Scan

276.1
340.4

302.87

Apex

Figure 3. FAELC-FDA-MS spectrum of substance 1.
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Substance 2 - has been fixed on the chromatogram with [M-H]* - m/z 286.89 molecular
weight; the retention time is 2.243 min, the maximum absorption in the ultraviolet light is fixed at
283.5 nm,while in the visible area 518 nm (Figure 4). According to the mass database of METLIN
compounds, substance 2 corresponds to cyanidin, the empirical formula of which is CisH110s, molecular
weight 287.24.

Peak #4 - 2.243 - QDa 30: MS Scan

N 2835 3249

286.89

02.88

|

Apex

Figure 4. UPLC-PDA-MS spectrum of substance 2.

Substance 3 - has been fixed on chromatogram with [M-H] *- m / z 316.91 molecular weight;

the retention time is 2,640 min, the maximum absorption at the ultraviolet beam is 278.0 nm,while in
the visible area 518 nm (Figure 5). According to the mass database of METLIN compounds, substance

3 corresponds to petunidine, which empirical formula is C1sH1307 molecular mass 317.27.

Peak #4 - 2.640 - QDa 30: MS Scan

278.0

316.91

I A
Apex
Figure 5. UPLC-PDA-MS spectrum of substance 3.

Substance 4 - has been fixed on chromatogram with [M-H]* - m / z 300.94 molecular weight;

the retention time is 3,373 min, the maximum absorption at the ultraviolet beam is 276.7 nm,while in
the visible area 518 nm (Figure 6). According to the mass database of METLIN compounds, substance

4 corresponds to peonidine, which has an empirical formula - CisH130s molecular mass 301,27.

Peak #5 - 3.373 - QDa 30: MS Scan

276.7
337.9

330.95

300.94]

A‘p‘ex
Figure 6. UPLC-PDA-MS spectrum of substance 4.

Substance 5 - has been fixed on chromatogram with [M-H] *- m / z 330.96 molecular mass;

the retention time is 3,394 min, the maximum absorption at the ultraviolet beam is 276.7 nm,while in
the visible area 518 nm (Figure 7). According to the METLIN base of the masses of the compounds,

substance 5 corresponds to Malvidin, which empirical formula is Ci7HisO7 molecular mass 331.30.
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Figure 7. UPLC-PDA-MS spectrum of substance 5.
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Figure 8. Chromatogram of anthocyanins in blueberries of different varieties.

The following anthocyanin glycosides have been identified from blueberries introduced to
western Georgia using the UPLC-PDA-MS method:

Substance 6 - has been fixed on the chromatogram [M-H] * - m/z 499.00, molecular weight of
the fragment m/z 286; The retention time is 0.486 min, the absorption maximum in the ultraviolet
beam is fixed at 280 nm, while in the visible area 511 nm (Fig. 9). According to the mass base of
METLIN compounds, substance 6 corresponds to cyanidin-3-O-galactoside, the empirical formula of

which is C21H21011 with a molecular weight of 449.4.
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Figure 9. Chromatogram of substance 6.

Substance 7 - is fixed on the chromatogram [M-H]* - m/z 499.14, molecular weight of the
fragment m/z 286.98; the retention time is 0.505 min, the absorption maximum in the ultraviolet beam
is fixed at 280 nm, while in the visible area 517 nm (Fig. 10). According to the mass database of METLIN
compounds, substance 7 corresponds to cyanidin-3-O-glucoside with the empirical formula C21H210u

with a molecular weight of 449.4.
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Figure 10. Chromatogram of substance 7.
Substance 8 - The chromatogram shows [M-H] * - m / z 465.07 molecular weight fragment m /
z 302.89; The retention time is 1,534 min, the maximum absorption at the ultraviolet beam is fixed at
276 nm, while in the visible area 523 nm (Figure 11). According to the METLIN base of the masses of
the compounds, substance 8 corresponds to the dolphinidin-3- O-galactoside, whose empirical formula

is C21H21012, with a molecular weight of 465.4.

S00000 -1.534 E:tracbedd_‘_- =

00000

Intepsity

200000 -
1 L

B 1.540 Peak 2 - QDa 30: MS Scan 30: QDa Positiva(+)
Det™ — 203.89

20000 40000 600.00  £00.00 1000.00
mE

Figure 11. Chromatogram of substance 8.
Substance 9 - The chromatogram shows [M-H]* - m / z 435.07 molecular weight fragment m /
z 302.90; The retention time is 2,036 min, the maximum absorption at the ultraviolet beam is fixed at
276 nm, while in the visible area 523 nm (Figure 12). According to the METLIN base of the masses of
the compounds, substance 9 corresponds to the dolphinidin-3-O-arabinoside, whose empirical formula

is C20H19011 with a molecular weight of 435.4.
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Figure 12. Chromatogram of substance 9.
Substance 10 - The chromatogram shows [M-H] * - m / z 479.13 molecular weight fragment m
/ z 316.93; The retention time is 2,786 min, the maximum absorption at the ultraviolet beam is fixed at
276 nm, while in the visible area 523 nm (Figure 13). According to the METLIN base of the masses of
the compounds, substance 10 corresponds to the petunidin-3-O-galactoside, whose empirical formula

is C22H23012 molecular mass 479.4.
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Figure 13. Chromatogram of substance 10.
Substance 11 - The chromatogram shows [M-H] * - m / z 449.08 molecular weight fragment m
/ z 316.93; The retention time is 3,121 min, the maximum absorption at the ultraviolet beam is fixed at
276 nm, while in the visible area 526 nm (Figure 14). According to the METLIN base of the masses of
the compounds, substance 11 corresponds to the petunidin-3-O-arabinoside, whose empirical formula

is C21H21011 molecular mass 449.4.
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Figure 14. Chromatogram of substance 11.
Substance 12 - The chromatogram shows [M-H]* - m / z 493.05 molecular weight fragment m
/ z 330.91; The retention time is 3,412 min, the maximum absorption at the ultraviolet beam is fixed at
276 nm, while in the visible area 527 nm (Figure 15). According to the METLIN base of the masses of
the compounds, substance 12 corresponds to the malvidin-3-O-galactoside, which empirical formula
is C23H25012, with a molecular weight of 493.43.
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Figure 15. Chromatogram of substance 12.
Substance 13 - The chromatogram shows [M-H] * - m / z 463.04 molecular weight fragment m
/ z 330.99; The retention time is 3,881 min, the maximum absorption at the ultraviolet beam is fixed at
276 nm ,while in the visible area 527 nm (Figure 16). According to the METLIN base of the masses of
the compound, substance 13 corresponds to malvidin-3-O-arabinoside, whose empirical formula is
C22H23011 molecular mass 463.4.
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Figur 16. Chromatogram of substance 13.
Substance 14 - The chromatogram shows [M-H] * - m / z 493.01 molecular weight fragment m
/ z 330.91; The retention time is 5,872 min, the maximum absorption at the ultraviolet beam is fixed at
276 nm, while in the visible area 527 nm (Figure 17). According to the METLIN base of the masses of
the compound, substance 14 corresponds to malvidin-3-O-glucoside, the empirical formula of which

is C23H25012 - molecular mass 493.43.
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Figure 17. Chromatogram of substance 14.
Substance 15 - The chromatogram shows [M-H] * - m / z 463.05 molecular weight fragment m
/ z 300.93; the retention time is 6,217 min, the maximum absorption at the ultraviolet beam is fixed at
279 nm, while in the visible area 520 nm (Figure 18). According to the METLIN base of the masses of
the compound, substance 15 corresponds to peonidine-3-O-galactoside, whose empirical formula is

C22H23011 molecular mass 463.41.
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Figure 18. Chromatogram of substance 15.
Substance 16 - The chromatogram shows [M-H] * - m / z 419.00 molecular weight fragment m
/ z 286.91; the retention time is 8,563 min, the maximum absorption at the ultraviolet beam is fixed at
280 nm, while in the visible area 517 nm (Figure 19). According to the METLIN base of the masses of
the compound, substance 16 corresponds to cyanidin-3-O-arabinoside, the empirical formula of which

is C20H19010 - molecular mass 419.4.
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Figure 19. Chromatogram of substance 16.
Substance 17 - The chromatogram shows [M-H]*- m / z 465,024 molecular weight fragment m
/ z 302.03; the retention time is 8,589 min, the maximum absorption at the ultraviolet beam is fixed at
276 nm, while in the visible area 525 nm (Figure 20). According to the METLIN base of the masses of
the compound, substance 17 corresponds to the dolphinidin-3-O-glucoside, whose empirical formula
is C21H21012, with a molecular weight of 465.4.
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Figure 20. Chromatogram of substance 17.
Substance 18 - The chromatogram shows [M-H]* - m / z 535.16 molecular weight fragment m
/ z 330; the retention time is 2,066 min, the maximum absorption at the ultraviolet beam being fixed at
276 nm, while in the visible area 527 nm (Figure 21). According to the METLIN base of the masses of
the compound, substance 18 corresponds to the malvidin-3- O- (6" acetyl) galactoside, whose empirical

formula is C2sH27013 with a molecular weight of 535.47.
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Figure 21. Chromatogram of substance 18.
Substance 19 - The chromatogram shows [M-H] - m / z 535.09 molecular weight fragment
m / z 330.96; the retention time is 5,240 min, the maximum absorption at the ultraviolet beam is fixed
at 276 nm, while in the visible area 527 nm (Figure 22). According to the METLIN base of the masses
of the compound, substance 19 corresponds to the malvidin-3- O- (6"acetyl) glucoside, whose empirical

formula is C2sH27O13 with a molecular weight of 535.5.
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Figure 22. Chromatogram of substance 19.

Substance 20 - The chromatogram shows [M-H] * - m / z 520.97 molecular weight fragment
m / z 316; the retention time is 6,826 min, the maximum absorption at the ultraviolet beam is fixed at
276 nm, while in the visible area 526 nm (Figure 23). According to the METLIN base of the masses of
the compound, substance 20 corresponds to the petunidin-3- O- (6 " acetyl) glucoside, whose empirical

formula is C24H25013 - the molecular mass is 521.4.
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Figure 23. Chromatogram of substance 20.
Substance 21 - The chromatogram shows [M-H] * - m / z 505.08 molecular weight fragment
m / z 300; the retention time is 9,102 min, the maximum absorption at the ultraviolet beam is fixed at
276 nm, while in the visible area 526 nm (Figure 24). According to the METLIN base of the masses of
the compound, substance 21 corresponds to the peonidine-3- O- (6 " acetyl) galactoside, whose

empirical formula is C24H25012, with a molecular weight of 505.45.
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Figure 24. Chromatogram of substance 21 and substance 22.
Substance 22 - The chromatogram shows [M-H] - m / z 504.96 molecular weight fragment
m / z 316; the retention time is 11,774 min, the maximum absorption at the ultraviolet beam is fixed at
276 nm, while in the visible area 526 nm (Figure 24). According to the METLIN base of the masses of
the compound, substance 22 corresponds to the peonidine-3- O- (6 " acetyl) glucoside, whose empirical

formula is C24H25012, with a molecular weight of 505.4.
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The content of anthocyanin glycosides in Elizabeth, Reka, Bluegold

and Brigittaray blueberry varieties.

Table 5
Ne Anthocyanin glycosides ‘ Blueberry Anthocyanins, mg/ 100 g _
Eizabeth Reka Bluegold Brigittaray
1 | Cyanidin-3-O-galactoside 10,34+0,21 6,08+0,12 13,93+0,28 8,34+0,17
2 | Cyanidin -3-O-glucoside 11,65+0,23 10,74+0,21 4,10+0,08 28,35+0,7
3 | Delphinidin-3-O- galactoside 137,15+2,74 125,04+2,5 153,03+3,06 279,9145,6
4 | Delphinidin -3-O-arabinoside 14,56+0,29 12,18+0,24 10,20+0,20 27,08+0,54
5 | Petunidin-3-O- galactoside 13,12+0,26 14,61+0,29 4,87+0,10 11,16+0,22
6 | Petunidin -3-O- arabinoside 7,68+0,15 4,910,10 5,29+0,11 17,48+0,35
7 | Malvidin-3-O- galactoside 11,74+0,23 7,46+0,15 8,19+0,16 8,57+0,17
8 | Malvidin -3-O- arabinoside 6,72+0,13 4,64+0,09 5,89+0,12 25,70+0,51
9 | Malvidin -3-O- glucoside 38,40+0,77 9,72+0,19 15,43+0,31 9,14+0,18
10 | Peonidin-3-O- galactoside 15,55+0,31 9,05+0,18 6,34+0,13 14,72+0,29
11 | Cyanidin -3-O- arabinoside 6,8210,14 8,210,16 11,06+0,22 11,04+0,22
12 | Delphinidin -3-O- glucoside 12,22+0,24 5,13+0,10 7,09+0,14 67,22+1,34
13 | Malvidin -3-(6"-acetoyl) galactoside 7,30+0,15 8,06+0,16 29,93+0,60 25,42+0,51
14 | Malvidin -3-(6"-acetoyl) glucoside 6,27+0,13 8,93+0,18 11,45+0,23 17,60+0,35
15 | Petunidin -3-(6"-acetoyl) glucoside 13,70+0,27 4,59+0,09 7,62+0,15 13,05+0,26
16 | Peonidin -3-(6"-acetoyl) galactoside 8,51+0,17 4,76+0,10 7,65+0,15 13,86+0,28
17 | Peonidin -3-(6"-acetoyl) glucoside 8,77+0,18 5,41+0,11 6,79+0,14 7,53+0,15
Total 330,50+6,61 249,51+5,0 | 308,87+6,18 | 586,16+11,72
The content of anthocyanin glycosides in Berkeley, Spartan, Legacy and
Bluecrop blueberry varieties.
Table 6
Ne Anthocyanin glycosides Blueberry Anthocyanins, mg/ 100 g
Berkeley Spartan Legacy Bluecrop
1 | Cyanidin-3-O-galactoside 3,28+0,07 3,57+0,07 7,48+0,15 15,23+0,30
2 | Cyanidin -3-O-glucoside 3,61+0,07 13,73+0,27 | 15,58+0,31 9,89+0,20
3 | Delphinidin-3-O- galactoside 73,77+1,48 93,97+1,88 | 122,25+2,45 | 165,00+3,30
4 | Delphinidin -3-O-arabinoside 12,65+0,25 6,67+0,13 4,33+0,09 7,08+0,14
5 | Petunidin-3-O- galactoside 7,87+0,16 3,55+0,07 9,60+0,19 7,15+0,14
6 | Petunidin -3-O- arabinoside 2,80+0,06 6,25+0,12 14,40+0,29 | 11,87+0,24
7 | Malvidin-3-O- galactoside 7,57+0,15 6,69+0,13 4,50+0,09 17,07+0,34
8 | Malvidin -3-O- arabinoside 3,22+0,06 6,19+0,12 4,75+0,10 9,23+0,18
9 | Malvidin -3-O- glucoside 4,93+0,10 3,28+0,07 7,08+0,14 6,21+0,12
10 | Peonidin-3-O- galactoside 6,13+0,12 4,54+0,09 6,95+0,14 9,79+0,20
11 | Cyanidin -3-O- arabinoside 6,81+0,14 23,35+0,47 | 11,70+0,23 7,84+0,16
12 | Delphinidin -3-O- glucoside 4,62+0,09 10,83+0,22 8,10+0,16 36,85+0,74
13 | Malvidin -3-(6"-acetoyl) galactoside 3,77+0,08 6,50+0,13 5,53+0,11 13,39+0,27
14 | Malvidin -3-(6"-acetoyl) glucoside 6,76+0,14 6,40+0,13 7,70+0,15 8,92+0,18
15 | Petunidin -3-(6"-acetoyl) glucoside 4,80+0,10 7,61+0,15 7,00£0,14 10,62+0,21
16 | Peonidin -3-(6"-acetoyl) galactoside 3,32+0,07 3,30+0,07 5,10+0,10 7,56+0,15
17 | Peonidin -3-(6"-acetoyl) glucoside 3,40+0,07 4,28+0,09 5,90+0,12 7,46+0,15
Total 159,31+3,2 210,69+4,21 | 247,93+4,96 | 351,16+7,02
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Using the UPLC-MS method there have been identified 17 anthocyanin glycosides: Cyanidin-3-
O-galactoside; Cyanidin-3-O-glucoside; Delphinidin-3-O- galactoside; Delphinidin-3-O-arabinoside;
Petunidin-3-O-galactoside; Petunidin-3-O-arabinoside; Malvidin-3-O-galactoside; Malvidin -3-O-
arabinoside; Malvidin-3-O-glucoside; Peonidin-3-O-galactoside; Cyanidin-3-O-arabinoside;
Delphinidin-3-O-glucoside; Malvidin -3-(6"-acetoyl)galactoside; Malvidin-3-(6"-acetoyl)glucoside;
Petunidin-3-(6"-acetoyl)glucoside;Peonidin-3-(6"-acetoyl)galactoside;Peonidin-3-(6"-acetoyl)-
glucoside (Figure 26; Table 7 and 8).

According to the qualitative content, the content of anthocyanins in blueberries is identical. The
difference between them was observed in quantitative content. The dominant anthocyanin glycoside
in all blueberry varieties is delphinidin-3-O-galactoside (Fig. 25; tables 5 and 6).

We have identified substances through the free substance mass database https://metlin.scripps.edu

and also compared data from peer-reviewed literature publications.

Data on compounds identified from blueberries.
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Figure 25. Formulas of aglycones and anthocyanin glucosides: A-Delphinidin; B-Cyanidin; C-
Petunidin; D-Peonidin; E-Malvidin; F-Cyanidin-3-O-galactoside; G-Cyanidin-3-O-glucoside; H-
Delphinidin-3-O-galactoside;  I-Delphinidin-3-O-arabinoside; J-Petunidin-3-O-galactoside; K-
Petunidin-3-O-arabinoside; L-Malvidin-3-O-galactoside; M-Malvidin-3-O-arabinoside; N-Malvidin-
3-O- glucoside; O-Peonidin-3-O-galactoside; P-Cyanidin-3-O-arabinoside; Q-Delphinidin-3-O-
glucoside; R-Malvidin -3-(6"-acetoyl)galactoside; S-Malvidin-3-(6"-acetoyl)glucoside; T-Petunidin-3-
(6"-acetoyl) glucoside; U-Peonidin-3-(6"-acetoyl)galactoside; V-Peonidin-3-(6"-acetoyl)glucoside.

Aglicon data of identified compounds

Table 7
m 1 r 1 r +H]+ .
subsance | R0 O | Ve | | R
1 Delphinidin CisH11O7 303,24 302,87 1,625
2 Cyanidin Ci1sH1106 287,24 286,89 2,243
3 Petunidin Ci6H1307 317,27 316,91 2,640
4 Peonidin C16H1306 301,27 300,94 3,379
5 Malvidin Ci7Hi1507 331,30 330,96 3,394
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Data of identified anthocyanin glycosides

Table 8
Substance Compound Name Lﬁfnau]ﬂ;r [IXIT/I:)P [lzﬁ-}j)])r Re(min)
6 Cyanidin-3-O-galactoside C21H2101 499,00 286 0,486
7 Cyanidin -3-O-glucoside C21H21011 499,14 286,98 0,505
8 Delphinidin-3-O- galactoside C21H21012 465,07 302,89 1,534
9 Delphinidin -3-O-arabinoside C20H19011 435,07 302,90 2,036
10 Petunidin-3-O- galactoside C22H23012 479,13 316,93 2,786
11 Petunidin -3-O- arabinoside C21H21010 449,08 316,93 3,121
12 Malvidin-3-O- galactoside C23H25012 493,05 330,91 3,412
13 Malvidin -3-O- arabinoside C22H23011 463,04 330,99 3,881
14 Malvidin -3-O- glucoside C23H25012 493,01 330,91 5,872
15 Peonidin-3-O- galactoside C22H2301 463,05 300,93 6,217
16 Cyanidin -3-O- arabinoside C20H19010 419,00 286,91 8,563
17 Delphinidin -3-O- glucoside C21H21012 465,02 302,03 8,589
18 Malvidin -3-(6"-acetoyl) galactoside C2sH27013 535,16 330 2,064
19 Malvidin -3-(6"-acetoyl) glucoside C2sH27013 535,09 330,96 5,240
20 Petunidin -3-(6"-acetoyl) glucoside C24H25013 520,97 316 6,826
21 Peonidin -3-(6"-acetoyl) galactoside C24H25012 505,08 300 9,102
22 Peonidin -3-(6"-acetoyl) glucoside C24H25012 505,96 316 11,774

2.2. Investigation of blueberry phenolcarboxylic acids on an ultrahigh performance
liquid chromatograph with a UPLC mass spectral detector.

The study of phenolic acid in blueberries was carried out on an ultrahigh performance liquid
chromatographic mass spectrometer (HPLC -PDA-MS). Solid phase extraction was used to separate the
compounds in the resulting concentrate, which includes sampling on a Waters Sep-Pak C18 (500 mg)
cartridge. Phenolcarboxylic acids were fractionated with ethyl acetate.

After concentration of the resulting eluant, the sample was filtered through a Waters Acrodisc
LC PVDF 13 mm 0.45 pm filter. Water 0.1% formic acid (solvent A) and acetonitrile 0.1% formic acid
(solvent B) were used as mobile phases. 2.0 uL of each sample was injected and analyzed at 30 °C. The
elution program at 0.20 mL/min was 10% B (0-2 min), 10-60% B (2-14 min), 60% B (14-16 min)
followed by a 2 min wash with 100% B and a 5 min re equilibrat ion step. The detection wavelengths
were set at 290 and 306 nm. Electrospray ionization in positive and negative mode was used. Samplers
temperature 10°C; MS- scan 100- 1100 da; probe 600°C; negative 0.8 kV, Capilarity 1.5 kV, C -20, 40V).
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Figure 26. HPLC chromatogram of blueberries with chlorogenic acid.
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Chlorogenic acid content in blueberry fruits

Table 9
Ne Sample Name chlorogenic acid
Raw fruit mg/g

1 Bluecrop 0,41+0,008

2 Elizabeth 0,49+0,010

3 Reka 0,34+0,007

4 Bluegold 0,39+0,008

5 Duke 0,47+0,009

6 Sunrise 0,36+0,007

7 Berkeley 0,34+0,007

8 Spartan 0,36+0,007

9 Misty 0,38+0,008
10 Legacy 0,33+0,007

11 Toro 0,47+0,009

12 Brigitta-rey 0,50+0,010
13 Chandler 0,57+0,012
14 O’Neal 0,39+0,008

15 Blueray 0,37+0,007

16 Earliblue 0,44+0,009

17 Patriot 0,43+0,009

The HPLC-PDA-MS spectrum showed that blueberry phenolic acid was dominated by
chlorogenic acid (m/z 353.11) with a small amount of other phenol carboxylic acids. Chlorogenic acid
is fixed in different amounts in different varieties. It ranges from 0.33+0,007 to -0.57+0,012 mg / g units.
The highest content was observed in Chandler at 0.57 mg / L and the lowest in Legas at 0.33+0,007
mg/L (Figure 26, table 9).

2.3. Carbohydrates and organic acids of blueberries.

Chemical and organoleptic characteristics of blueberries are largely determined by the
qualitative and quantitative content of carbohydrates and organic acids and their variability during
ripening. In particular, they influence the formation of taste, color, smell, pH, total acidity and
microbiological stability, and also participate in the ongoing biochemical processes during fruit
ripening.

In the homeland of the plant, in North America, studies have established the presence of
quantitative and qualitative variations in the content of carbohydrates and organic acids in blueberries
depending on the variety, genotype, ripening process and other factors. Such studies have not been
carried out in our reality.

Therefore, we have used high performance liquid chromatography (HPLC) study of blueberries
for all stages of ripening. Solid phase extraction was used to separate the compounds in the resulting
concentrate, which included sampling with a Waters Sep-Pak C18 (500 mg) cartridge. Before sampling,
the column was activated with methanol, and then the sorbent was equilibrated with water. The next
step was sorbent sampling.

After sampling for the sorbent, the cartridge was treated with acidified (0.1%) water to separate
carbohydrates and organic acids, and the resulting fractions were collected to identify compounds.
After concentration of the resulting eluent, the sample was filtered through a Waters Acrodisc LC
PVDF 13 mm 0.45 pm filter. The study used high performance liquid chromatography (HPLC) - Waters
(RI detector, Binary HPLC Pump 1525), chromatographic column with amide (250 mm 4.5 mm) and

carbohydrate, column temperature 40°C, eluent 80% acetonitrile (Merck; Sigma ), RI detection.
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The dominant sugars were glucose and fructose, while other sugars - sucrose, lactose, maltose
- were found in the form of traces (Fig. 27 and 28).
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Figure 27. Chromatogram of carbohydrates of Bluecrop fruit.
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The amount of glucose and fructose in unripe green and red fruits is much less than in ripe
fruits (Fig. 28).
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Figure 28. (a, b, c). Chromatographic pattern of Erliblue fruit carbohydrates at different stages
of fruit ripening: a) immature green fruits, b) immature red fruits and c) mature fruits.

The content of carbohydrates at different stages of ripening of blueberries.

Table 10
Carbohydrates Ret';:eon Area Area % Amount Units
Immature green fruits
1 Fructose 4,448 426305 28,32 10,35+0,21 g/kg
2 Glucose 5,058 639974 42,51 15,80+0,32 g/kg
Immature red fruits
3 Fructose 4,460 815673 49,76 19,80+0,40 | g/kg
4 Glucose 5,070 701305 42,78 17,315+0,35 | g/kg
Mature fruits

5 Fructose 4,448 2016995 49,62 48,96+0,98 g/kg
6 Glucose 5,057 2047948 50,38 50,56+1,01 g/kg

The total amount of sugars increases in parallel with fruit ripening: the total amount of sugars in
immature green fruits is 26.15 g/kg (2.61%), in immature red fruits 37.11 g/kg (3.71%), and in mature
fruits 99.52 g/kg (9.95%) (Fig.28; Table 10).
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Figure 29. Chromatogram of blueberry fruits of 17 varieties
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Quantitative carbohydrate content of blueberry fruits of different varieties

Table 11
Ne Name Fructose Glucose Total sugars
Mature fruits g/kg g/kg g/kg

1 Reka 44,16+0,88 48,31+0,97 92,47+1,85
2 Spartan 49,46+0,99 51,87+1,04 101,33+2,03
3 Sunrise 48,06+0,96 55,98+1,12 104,05+2,08
4 Toro 50,43+1,01 52,45+1,05 102,88+2,06
5 Misty 43,68+0,87 48,55+0,97 92,23+1,84
6 Duke 53,65+1,07 56,60+1,13 110,25+2,21
7 Brigittaray 35,91+0,72 39,29+0,79 75,20+1,50
8 Blueray 41,11+0,82 43,90+0,88 85,01+1,70
9 Legacy 42,55+0,85 42,78+0,86 85,34+1,71
10 Bluecrop 51,31+1,03 45,25+0,91 96,56+1,93
11 Bluegold 39,28+0,79 35,84+0,72 75,12+1,50
12 Chandler 48,45+0,97 44,60+0,89 93,05+1,86
13 O’Neal 39,67+0,79 35,80+0,72 75,47+1,51
14 Earliblue 45,77+0,92 53,99+1,03 99,76+1,90
15 Elizabeth 43,38+0,87 40,76+0,77 84,14+1,60
16 Berkeley 49,56+0,99 45,99:+0,87 95,55+1,82
17 Patriot 41,83+0,82 39,83+0,79 81,66+1,63

There was no significant difference between the content of glucose and fructose in the studied

blueberry samples by variety. The increased amount of fructose in fruits and low acidity give them a

pleasant taste. The glucose level ranges from 35.80+0.72 g/kg to 56.60+1.13 g/kg, and the fructose level
ranges from 35.91+0.72 g/kg to 53.65 g/kg. Duke 110.25 + 2.21 g/kg has the highest content of total
sugars, and Brigittarei 75.20 + 1.50 g/kg, Bluegold 75.12 + 1.50 g/kg and Oneil 75.47 + 1.51 g/kg. (Fig.29;

Table 11).

The content of pectin in blueberries

There are foreign studies on the content of pectin (polysaccharides) in blueberries, since

pectin has not only food, confectionery, but also pharmacological significance. We have investigated

hydropectin, protopectin and total pectin.

Pectin content in blueberry fruits

Raw fruits
Sample Name Pectin with recalculation on dry weight, %
Hydropectin Protopectin Common pectin
Chandler 0,94+0,03 2,32+0,06 3,25+0,09
Spartan 1,160,03 1,69+0,05 2,85+0,08
Misty 2,13+0,06 5,29+0,14 7,42+0,20
Bluecrop 2,84+0,08 4,12+0,11 6,96+0,19
Bluegold 2,44+0,07 3,14+0,08 5,58+0,15
Berkeley 3,95+0,11 4,59+0,12 8,54+0,23
Elizabeth 1,45+0,04 2,75+0,07 4,20+0,11
Toro 0,70+0,02 2,22+0,06 2,92+0,08
Earliblue 0,59+0,02 1,82+0,05 2,41+0,07
Legacy 0,43+0,01 2,48+0,07 2,91+0,08
Duke 0,50+0,01 2,330,06 2,83+0,08
Reka 0,09+0,01 3,52+0,10 3,61+0,10
Brigitta-rey 1,42+0,04 2,63+0,07 4,05+0,11
Sunrise 0,16+0,01 0,26+0,01 0,42+0,01
Bluerey 0,30+0,01 0,34+0,01 0,64+0,02
O’Neal 0,21+0,01 0,42+0,01 0,63+0,02
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It has been established that the content of hydropectin in all varieties is relatively lower than
that of protopectin. The highest amount of total pectin was observed in Berkeley 8.54+0,23% and Mist
7.42+0,20%. Sunrise 0.42+0,11%, Blueray 0.64+0,02% and O’Neal 0.63+0,02% had the lowest scores,
almost equal numbers for Brigitaray, Reka, Duke, Legacy, Erlieblue, Bluegold, Bluecrop, Spartan,
Chandler and Elizabeth (table 12).

The study of organic acids in blueberries by HPLC
Chromatographic analysis of organic acids was performed using a UV-Vis 2489 detector at 254
nm for L-ascorbic acid and 214 nm for citric acid. A Shodex-KC-811 column was used for separation
and 0.1% H3PO4 was used as the moving phase. In the study of organic acids in blueberries, high-
pressure liquid chromatography revealed citric acid, which quantitatively makes up more than 50% of
the total acids (Fig. 30). The amount of citric acid in 17 studied samples of different varieties of
blueberries ranged from 5438+0.13 to 11722+0.27 g/1 (Table 13).
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Figure 30. Chromatogram of organic acids of blueberries

Quantitative content of organic acids in fruits of different varieties of blueberries

Table 13
Ne Sample Name Citric acid sugar / acid
Raw fruit g/l index

1 Reka 6,48+0,15 14,27+0,33
2 Spartan 7,85+0,18 12,90+0,30
3 Sunrise 6,60+0,15 15,76+0,36
4 Toto 9,19+0,21 11,19+0,26
5 Misty 5,89+0,14 15,65+0,36
6 Duke 8,75+0,20 12,60+0,29
7 Brigitta-rey 11,72+0,27 6,41+0,15
8 Bluerey 8,51+0,20 9,98+0,23
9 Legacy 8,21+0,19 10,38+0,24
10 Bluecrop 8,73+0,20 11,06+0,25
11 Bluegold 8,87+0,20 8,46+0,19
12 Chandler 7,88+0,18 11,80+0,27
13 O’Neal 6,47+0,15 11,66+0,27
14 Earliblue 6,98+0,16 14,28+0,33
15 Elizabeth 5,43+0,13 15,49+0,36
16 Berkeley 7,05+0,16 13,55+0,31
17 Patriot 8,38+0,19 9,74+0,31

It should be noted that the sugar-acid index is more than 10 in almost all varieties, except for
the varieties Brigitaray 6.41+0.15, Blueray 9.98+0.23, Bluegold 8.46+0.19 and Patriot 9.74+0.31, which
is expressed in a pleasant sweet taste of fruits, all this makes our crop acceptable for the European

market.
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2.4. Investigation of blueberry fruit macroelements by high pressure liquid chromatography

Literature data show that an important component of blueberry fruits is bioelements, which
are necessary for the proper functioning of the body. This group of macronutrients includes K, Ca, Mg,
P etc.

We studied the macroelement composition of 17 samples of blueberries by high pressure
liquid chromatography. We prepared the sample for analysis by preheating 10 g of the sample at high

temperature.

The study of cations was carried out by the chromatographic method, conductometric
detector. Standards: Strontium nitrate tetrahydrate (Sr2), barium chloride dihydrate (Ba?*) (Fisher
Scientific), EDTA (Serva)(Fig. 31). Isocratic HPLC pump (Waters 1515), detector (Waters 432 -
Conductivity), chromatographic column IC-Pak Cation MD, eluent 3 mM HNO3/0.1 mM EDTA, eluent
conductivity 1250 + 0.50 pS, basic sensitivity 2000 pS, integrator sensitivity 0.01pS, column

temperature 35°C, polarity -negative.
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Figure 31. Chromatogram of standard macronutrient compounds: lithium, sodium,
ammonium, potassium, magnesium and calcium ions.

Ash content in blueberry fruits

Table 14
Sample Name Ash content ppm
Ne Raw fruit (By dry mass calculation)
1 Bluecrop 10500+199
2 Elizabeth 8370+159
3 Reka 8710+165
4 Bluegold 7525+142
5 Duke 9150+173
6 Sunrise 7030+133
7 Berkeley 8505161
8 Spartan 9465+179
9 Misty 6250+118
10 Legacy 5960+113
11 Toro 8415+159
12 Brigitta-rey 11300+214
13 Chandler 5580+106
14 O’Neal 8120+154
15 Blueray 5793110
16 Earliblue 8700+165
17 Patriot 8120+154
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The percentage of ash elements in blueberries ranged from 5580+106 to 11300+214 ppm (in
terms of dry weight). Ash content was relatively low in Legacy 5960+113 ppm, Chandler 5580106
ppm and Blueray 5793+110 ppm and high in Bluecrop 10500+199 ppm and Brigitaray 11300+214 ppm
(Table 14).
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Figure 32. Chromatogram of blueberry Reka ions
Content of ions in blueberry fruits

Table 15
Content of ions ppm
Ne Sample Name (by dry mass calculation)
K+ Mg? Ca2+

1 Bluecrop 2205+41,9 735+14,0 1260+23,9
2 Elizabeth 1758+33,4 586+11,1 1004+19,1
3 Reka 1829+34,8 610£11,6 1045+19,9
4 Bluegold 1580+30,0 527+10,0 903+17,2
5 Duke 1922+36,5 641+12,2 1098+20,9
6 Sunrise 1476+28,0 492+9,3 844+16,0
7 Berkeley 1786+33,9 595+11,3 1021+19,4
8 Spartan 1988+37,8 663+12,6 1136+21,6
9 Misty 1313+24,9 438+8,3 750+14,3
10 Legacy 1252+23,8 417+7,9 715+13,6
11 Toro 1767+33,6 589+11,2 1010+19,2
12 Brigitta-rey 2111+40,1 585+11,1 1720+32,7
13 Chandler 1172+22,3 391+7,4 670+12,7
14 O’Neal 1705+32,4 119+2,3 974+18,3
15 Blueray 1217+23,1 406+7,7 695+13,2
16 Earliblue 1827+34,7 609+11,6 1044+19,8
17 Patriot 1705+32,4 568+10,8 974+18,3

In 17 blueberry samples, mainly potassium, magnesium and calcium ions were identified, the
remaining microelements were found in the form of traces (Fig. 32). Between varieties, there is a
difference between the indicated dominant ions. The amounts varied as follows: potassium ions
1172+22.3-2205+41.9 ppm, magnesium 119+2.3-735+14.0 ppm, calcium 670+12,7-1720+32,7 ppm.
(Table 15). Bluecrop 2205+41.9 g/t, Brigitarey 2111+40.1 g/t, Spartan 1988 + 37.8 g/t, magnesium ions
- in Bluecrop 735 + 14.0 g/t, Spartan 663 + 12.6 g/t and Duke 641.12.2 g/t, while calcium — in Brigitaray
1720 + 32.7 g/t, Bluecrop 1260 + 23.9 g/t and Spartan 1136 + 21,6 g/t (Table 15).
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Chapter 3. Quantitative analysis and antioxidant activity of total phenols, flavonoids,

anthocyanins and catechins of blueberry fruits of different varieties.

There has been studied the content of total phenols, flavonoids, anthocyanins and catechins in
raw blueberry fruits of different varieties - Mist, Oneil, Elizabeth, Blueray, Berkeley, Erliblu, Sunrise,
Toro, Duke, Legacy, Chandler, Spartan, Reka, Brigitaray, Bluecrop, Bluegold and Patriot.

As for the content of total phenols, the highest indicator has been observed in Chandler 1376.3
+23.4mg/100 g, Bluecrop 13862.8 + 23.2 mg/100 g and Duke 1354.8 + 23.0 mg/100 g. Reka 598.0+10.2
mg/100 g and Spartan 602.1+10.2 mg/100 g are characterized by the lowest content. The amount of
flavonoids fluctuates from 368.0 to 877.3 mg/100 g (Table 16). Among them, Chandler 877.3 + 17.5
mg/100 g, Duke 754.2 + 15.1 mg/100 g and Brigitaray 798.0 + 16.0 have the highest indicators, while
O’Neal 368.0 + 7.4 mg/100 g has the lowest one. As for the content of catechins, their minimum has
been observed in Reka 100.4+2.1 mg/100 g, and the maximum in Duke 280.6+5.9 mg/100 g, Chandler
226.6 +4.8 mg/100 g and Toro 215.4 + 4.5 mg/100 g. (Table 16).

Quantitative content of total phenols, flavonoids and catechins in blueberry fruits

Table 16
Raw fruit

Common phenols Flavonoids Catechins (+)

Ne Blueberry calculated on gallic calculated on calculated on
varieties acid rutin, mg/100 catechin,
Mg/100g g mg/100 g
1 Bluecrop 1362,8+23,2 544,7+10,9 187,6+3,9
2 Elizabeth 1015,2+17,3 487,0+9,7 164,0+3,4
3 Reka 598,0+10,2 389,2+7,8 100,4+2,1
4 Bluegold 765,0£13,0 467,0+9,3 165,8+3,5
5 Duke 1354,8+23,0 754,2+15,1 280,6+5,9
6 Sunrise 765,1+13,0 387,2+7,7 127,1+2,7
7 Berkeley 656,9+11,2 377,5+7,6 206,0+4,3
8 Spartan 602,1+10,2 377,2+7,5 167,2+3,5
9 Misty 689,8+11,7 499,9+10,0 208,5+4,4
10 Legacy 754,4+12,8 399,7+8,0 140,2+2,9
11 Toro 1262,8+21,5 740,8+14,8 215,4+4,5
12 Brigitta-rey 1231,8+20,9 798,0+16,0 202,7+4,3
13 Chandler 1376,3+23,4 877,3£17,5 226,6+4,8
14 O’Neal 689,6+11,7 368,0+,7,4 107,4+2,3
15 Blueray 804,7+13,7 477,0+9,5 158,7+3,3
16 Earliblue 1003,5+17,1 565,1+11,3 207,2+4,4
17 Patriot 838,8+14,3 379,6+7,6 162,4+3 4

Different varieties of blueberries are characterized by different anthocyanin content. The
content of monomeric anthocyanins in Chandler is 611.7+ 11.62 mg/100 g, followed by Briguitarei
575.3 + 10.93 mg/100 g and Toro 505.4 + 9.60 mg/100 g. Among the samples taken for analysis, the
content of anthocyanins was the lowest in Berkeley samples - 161.5+3.07 mg/100 g, Sunrise -
200.1+3.80 mg/100 g, almost equal amount was observed in Patriot samples 207.7 +3.95 mg/100 g and
Spartan 209.4 + 3.98 mg/100 g (Table 17).

The blueberry fruit extracts taken for analysis are characterized by high antioxidant activity,
comparing the results, we can conclude that Chandler is characterized by high antioxidant activity of
2.4 +0.05 mg, Toro 2.6 + 0.05 mg and Brigita Ray 2.7 + 0.06 mg. Sunrise 5.5 + 0.12 mg, Mist-5.5 + 0.12
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mg, Spartan 5.4 + 0.11 mg, Berkeley 5.7 + 0.12 mg and Legas 5.4 + have similar antioxidant activity.
0.11 mg, while Oneil 6.1 + 0.13 mg and Patriot 6.0 + 0.13 mg have low activity (Table 17).

Studies show that there is a correlation between the amount of monomeric anthocyanins and

antioxidant activity.

Quantitative content of anthocyanins and antioxidant activity in blueberry fruits

Table 17
Raw fruit

Ne Monomeric anthocyanins Antioxidant

Blueberry calculated on cyanidin-3- activity 50%

O-glucoside, mg /100 g (mg, sample)
1 Bluecrop 347,1+6,59 3,1+0,07
2 Elizabeth 320,2+6,08 3,9+0,08
3 Reka 248,8+4,73 6,1:0,13
4 Bluegold 299,2+5,68 4,2+0,09
5 Duke 443,6+8,43 3,7+0,08
6 Sunrise 200,1+3,80 5,5£0,12
7 Berkeley 161,5+3,07 5,7+0,12
8 Spartan 209,4+3,98 5,4:0,11
9 Misty 281,4+5,35 5,5+0,12
10 Legacy 250,5+4,76 5,4:0,11
11 Toro 505,4+9,60 2,6+0,05
12 Brigitta-rey 575,3+10,93 2,7+0,06
13 Chandler 611,7+11,62 2,4+0,05
14 O’Neal 242,6+4,61 6,1+0,13
15 Blueray 310,3+5,90 3,8+0,08
16 Earliblue 351,9+6,69 3,3+0,07
17 Patriot 207,7+3,95 6,0£0,13

Based on these studies, a recommendation with a view to further extension can be given to

Chandler, Brigitaray, Toro, Duke and Bluecrop.

The quantitative changes of biologically active substances in blueberry fruits during ripening

have been studied as well (diagram 4). Studies show that raw materials were taken in three stages: green
immature fruits, red immature and mature ones. The total amount of phenols during maturation
increased almost 3 times, catechins - 5 times, flavonoids - 9 times. As for anthocyanins, the high content

of which is characteristic of blueberries, it increased from 0 to 600 units.
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Diagram 4. Dynamics of biologically active compounds in blueberries during ripening.
As can be seen from the diagrams, anthocyanins are not observed at all in immature green

fruits, and the content of biologically active compounds increases with ripening.
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Chapter 4. Study of biologically active compounds of Caucasian bilberry (Vaccinium
arctostaphylos L) fruits.

We have studied the native bilberry variety Vaccinium arctostaphylos L. Samples were taken
in Adjara and Imereti. The fruits of the local Caucasian bilberry (Vaccinium arctostaphylos L) are black
in color and round in shape. Caucasian bilberries differ from bilberries by smaller size, weighing
0.89+0.02 - 0.94+0.02 g, with a diameter of 9.43+0.14 - 9.75+0.15 mm (Table 18). For the study, we
have taken a sample weighing 500 g and determined its technical parameters: the output of juice was
determined - it ranged from 85-95%.

Technical characteristics of fruits of Caucasian bilberry (Vaccinium arctostaphylos L)

Table 18
Technical characteristics of Caucasian bilberry
Caucasian Berry size,mm
Ne R Berry Berry
bilberry Color Form Bunches Bunches Taste
. . mass,g volume,ml
height width
1 Kobuleti black Round 9,87+0,15 | 9,75+0,15 | 0,94+0,02 0,89+0,01 Sourish
2 Imereti black Round 9,54+0,14 | 9,43+0,14 | 0,89+0,02 0,82+0,01 Sourish

Physical-chemical characteristics of fruits of Caucasian bilberry(Vaccinium arctostaphylos L)

Table 19
. Physical-chemical characteristics of fruit
Ne Caucasian o idity by i
° . tr.acidity by citric
bilberry | Activity acidity, pH ' Brix, %
vity acidity, p acid(pH 8.1)% °
Kobuleti 3,28+0,07 1,09+0,03 8,0+0,7
2 Imereti 3,15+0,07 0,87+0,02 8,0+0,17

When studying Caucasian bilberry samples taken in Imereti and Kobuleti, we found that the
active acidity and the amount of dry matter are similar, despite different climatic conditions, and as for
titratable acidity, its indicator in samples taken in the Kobuleti region is higher than in Imereti, which

is probably due to the continental climate of Imereti (Table 19).

Isolation and identification of anthocyanins from Caucasian bilberry (Vaccinium arctostaphylos L)
fruits by ultra-high pressure liquid chromatography with diffraction and mass detector.

For the first time, we studied the content of anthocyanins in the fruits of Caucasian bilberries,
common in Western Georgia, in particular in Imereti and Adjara, using high performance liquid
chromatography (HPLC) and an ultra high performance liquid chromatography-MSCh (MSCh)
detector.

Substance 23 - is identified on the chromatogram as [M-H] * - m/z 479.06 of molecular weight,
fragment - m/z 316.91; retention time 5213 min, maximum absorption in ultraviolet light 276 nm,while
in the visible area 526 nm (Fig. 33). According to the mass base of the METLIN compound, substance
23 corresponds to petunidine-3-O-glucoside, the empirical formula of which is C22H23012, molecular
weight 478.
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Figure 33. Chromatogram of substance 23
Substance 24- is identified on a chromatogram as [M-H] +- m / z 463.05 of molecular weight,
fragment - m / z 300.93; retention time is 6,217 min, maximum absorption at the ultraviolet beam is
fixed at 276 nm, while in the visible area 527 nm (Figure 34). According to the METLIN base of the
compound masses, substance 24 corresponds to the peonidine-3-O-glucoside, the empirical formula of

which is C22H23011, molecular mass 462.
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Figure 34. Chromatogram of substance 24
Substance 25 - is identified on a chromatogram as [M-H ]*- m/z 432,89 of molecular weight
fragment m/ z 301.07; retention time is 6,946 min, maximum absorption at the ultraviolet beam is fixed
at 279 nm, while in the visible area 527 nm (Figure 35). According to the METLIN base of the
compound masses, substance 25 corresponds to peonidine-3-O-arabinoside, the empirical formula of

which is C21H21010, molecular mass 431.
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Figure 35. Chromatogram of substance 25

We have identified substances through the free database of substances https://metlin.scripps.edu,
as well as comparing data from peer-reviewed literary publications.
Substance 23, 24 and 25 mass spectral data

Table 20
H]* H]*
Substance Name Molecular formula [lzf;/z)] [sz:/z)] Ry(min)
23 Petunidin-3-0-glucoside C22H23011 479.06 316.91 5.213
24 Peonidin-3-O-glucoside C22H23011 463.05 300.93 6.250
25 Peonidin-3-0-arabinoside C21H21010 432.89 300.97 6.946
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Figure 36. Formulas of anthocyanin-glucosides: A - Petunidin-3-0-glucoside; B - Peonidin-3-
O-glucoside; C - Peonidin-3-0-arabinoside.

18 anthocyanin glycosides have been identified in blueberry samples gathered in Imereti. The
predominant glycosides were: delphinidin-3-0-glucoside 112.2+2.24 mg/100g, cyanidin-3-O-
arabinoside 92.99+1.86 mg/100g, and peonidin-3-0-glucoside 88.42+1.77 mg/100g; there was a small
amount of Malvidin -3-(6"-acetoyl) galactoside 0.98+0.02 mg/100g (Fig. 37; Table 21).
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Figure 37. HPLC chromatogram of anthocyanins from Caucasian bilberries gathered in Imereti scan.
518 nm.
Chromatographic data of anthocyanins from the fruits of the Caucasian bilberry (Vaccinium
arctostaphylos L), gathered in Imereti

Table 21
Name Retf:ntlon Area% | Amount Unit
time
1 | Delphinidin-3-0-galactoside 16.856 8.14 46,00+0,92 | Mg/100y
2 Delphinidin -3-0-glucoside 17.742 19.86 112,2+2,24 | Mg/100p
3 | Cyanidin -3-O- galactoside 19.158 10.02 | 56,61+1,13 | Mg/100y
4 | Delphinidin -3-0-arabinoside 20.216 6.38 36,04+0,72 | Mg/100y
5 | Cyanidin -3-O- glucoside 20.713 4.41 24,91+0,50 | Mg/100y
6 Petunidin-3-0- galactoside 21.203 0.25 1,41+0,03 | Mg/100y
7 | Cyanidin -3-O- arabinoside 21.605 16.46 | 92,99+1,86 | Mg/100y
8 | Petunidin -3-0- glucoside 23.019 3.18 17,96+0,36 | Mg/100p
9 | Peonidin -3-0- galactoside 23.350 0.32 1,80+0,04 | Mg/100y
10 | Petunidin -3-0- arabinoside 24.287 7.10 40,11+0,80 | Mg/100y
11 | Peonidin -3-0- glucoside 25.169 15.65 | 88,42+1,77 | Mg/100y
12 | Malvidin-3-O- galactoside 25.707 1.30 7,34+0,15 | Mg/1009y
13 | Peonidin -3-0- arabinoside 26.631 3.45 19,49+0,39 | Mg/100y
14 | Malvidin -3-(6"-acetoyl) galactoside 27.050 0.17 0,98+0,02 | Mg/100y
15 | Malvidin -3-(6"-acetoyl) glucoside 27.400 0.22 1,26+0,03 | Mg/100y
16 | Petunidin -3-(6"-acetoyl) glucoside 27.657 0.97 5,51+0,11 | Mg/100y
17 | Peonidin -3-(6"-acetoyl) galactoside 28.424 0.38 2,07+0,04 | Mg/100y
18 | Peonidin -3-(6"-acetoyl) glucoside 29.524 0.80 4,53+0,09 | Mg/100y
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Figure 38. HPLC chromatogram of anthocyanins of Caucasian bilberries collected in Kobuleti
scan. 518 nm

In bilberry samples collected in Kobuleti, there have been identified 17 anthocyanin glycosides.
In contrast to the composition of the Imereti samples, petunidin-3-0-galactoside was not identified in
the samples of the Kobuleti blueberry. The predominant glycosides were definidin-3-0-glucoside
146.65+2.93 mg/100g, cyanidin-3-0-arabinoside 124.56+2.49 mg/100g and peonidin-3-0-glucoside
101.9+2.04 mg/100g; there was observed a small amount of Peonidin -3-(6"-acetoyl)galactoside
0.81+0.02 mg/100g (Fig. 38; Table 22).

Anthocyanins of Caucasian bilberry fruits (Vaccinium arctostaphylos L) collected in Kobuleti

Table 22
Ne Name Retfenuon Area % Amount Unit
time

1 | Delphinidin -3-0- galactoside 16.862 7.31 49,56+0,99 Mg/1009
2 | Delphinidin -3-0- glucoside 17.656 21.63 146,65+2,93 | Mg/100y
3 | Cyanidin-3-O- galactoside 19.077 10.08 68,34+1,37 Mg/100p,
4 | Delphinidin -3-0- arabinoside 20.141 8.51 57,69+1,15 Mg/100y
5 | Cyanidin -3-O- glucoside 20.652 3.35 22,71+045 Mg/100y
6 | Cyanidin -3-O- arabinoside 21.540 18.36 124,56+2,49 | Mg/100y
7 | Petunidin -3-0- glucoside 22.981 2.19 14,85+0,30 Mg/100y
8 | Peonidin-3-0- galactoside 23.269 0.71 4.81+0,10 Mg/1009
9 | Petunidin -3-0- galactoside 24.172 5.31 36,02+0,72 Mg/100p,
10 | Peonidin -3-0- glucoside 25.131 15.02 101,9+2,04 Mg/100g
11 | Malvidin-3-O- galactoside 25.681 1.21 8,21+0,16 Mg/100p,
12 | Peonidin -3-0- arabinoside 26.611 1.92 13,02+0,26 Mg/100p
13 | Malvidin -3-(6"-acetoyl) galactoside 27.102 0.16 1,08+0,02 Mg/1009
14 | Malvidin -3-(6"-acetoyl) glucoside 27.400 0.38 2,57+0,05 Mg/1009
15 | Petunidin -3-(6"-acetoyl) glucoside 27.657 0.31 2,10+0,04 Mg/1009
16 | Peonidin -3-(6"-acetoyl) galactoside 28.029 0.12 0,81+0,02 Mg/1009
17 | Peonidin -3-(6"-acetoyl) glucoside 29.721 0.17 1,15+0,02 Mg/1009

The study revealed differences in the quality composition of Caucasian bilberries and
blueberries. They differ from each other in 5 anthocyanin glycosides, in particular, among Caucasian
bilberries, there have not been found anthocyanins characteristic of blueberries: malvidin-3-O-
glycoside (m/s493/331), malvidin-3-O-arabinoside (m/s493/331). Petunidin-3-0-glucoside, peonidin-
3-0-glucoside and peonidin-3-0-arabinoside, which were identified in Caucasian bilberries, were not
found in blueberries. As shown by UPLC studies, the content of anthocyanin glycosides in bilberry
samples collected in the Kobuleti region, with the exception of a few, is somewhat higher than in

bilberry samples taken in Imereti.
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Antioxidant activity and quantitative analysis of common phenols, flavonoids, anthocyanins

and catechins of Caucasian bilberry (Vaccinium arctostaphylos L).

We have studied and compared the quantitative composition of the main subclasses of
phenolic compounds in Caucasian blueberries with different distribution areas. It has been established
that there is a big difference between the samples collected in Kobuleti and Imereti in terms of the
content of anthocyanins and total phenols. In the samples collected in Kobuleti, these compounds are
100 units more than in the Imereti samples, which cannot be said about flavonoids and catechins (Table
23).

Antioxidant activity and quantitative analysis of total phenols, flavonoids, anthocyanins and
catechins of Caucasian bilberry (Vaccinium arctostaphylos L).

Table 23
R . Caucasian bilberry Caucasian bilberry
Biologically active compounds Kobuleti Imereti
Anthocyanins calculated on cyanidin-3-O-glucoside 678,44+12.89 565.23:10,73
mg/100 g
Common phenols
L 1783,8+30,32 1686,1+28,66
calculated on gallic acid in mg/100 g
Flavonoids calculated on rutin, mg/100 g 952,2+19,04 925,9+18,51
Catechins (+) — calculated on catechins mg/100 g 422,4+8,87 387,4+8,13
Antioxidant activity in (50%) mg of sample 1,7+0,03 1,9+0,03

We get a different picture when comparing bilberry samples. In terms of the content of total
phenols, flavonols, anthocyanins and catechins and antioxidant activity in the fruits of Caucasian

blueberries, they are almost one and a half times higher than in bilberries(Diagrama5).
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. 1354.8
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B Catechins mg/100g
[ Antioxidant activity In(50%)mg of sample
Diagram 5. Antioxidant activity and quantitative content of total phenols, flavonoids,
anthocyanins, catechins in Caucasian bilberries and blueberries.

When comparing the qualitative and quantitative composition of phenolic compounds of the
Caucasian bilberry (Vaccinium arctostaphylos L) with the composition of blueberries, it was found that
they qualitatively differ in 5 glycosidic compounds. New for blueberry species substances (petunidin-
3-0-glucoside; peonidin-3-O-glucoside; peonidin-3-0-arabinoside) were found and identified in
Caucasian bilberry fruits; their structure was determined. The comparison showed that Caucasian
bilberries are richer in biologically active compounds than blueberries and have higher antioxidant
activity. We compared the chemical and biochemical composition of samples taken in different areas
of blueberry distribution. Qualitative differences were not observed, but in terms of quantitative

indicators, in samples of Caucasian bilberries taken in Imereti, where the continental climate prevails,
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there was a smaller amount of biologically active substances and less antioxidant activity than in
samples collected in Kobuleti. Thus, among 19 samples studied by us, the highest content of biologically
active compounds and, as a result, high antioxidant activity, are peculiar to the fruits of the Caucasian

bilberry, common in the territory of Kobuleti.

Chapter 5. Changes in the chemical composition of Caucasian bilberries (Vaccinium
arctostaphylos L) and blueberries during storage and processing.

Blueberries, like all berries, are perishable due to their delicate structure. And this, in turn,
requires post-harvest storage and temperature-controlled processing, which will facilitate the
consumption of blueberries throughout the year. As already mentioned, blueberries are distinguished
by a high content of biologically active compounds and, as a result, high antioxidant activity. It requires
compliance with optimal conditions during processing and storage, which contributes to the maximum
preservation of the quality of berries.

Freshly picked blueberry fruits were pre-sorted - the stalks, leaves, damaged and infected
fruits were removed; the selected fruits were washed with running water, then drained and placed in
a cool place at an optimum temperature of 0 ° C to 5 ° G, so that the fruits could dry out from the water,
then they were frozen to -45 °C and finally stored at -25 °C.

The change of biologically active compounds and antioxidant activity under different
conditions of fruit storage was studied. We examined raw fruits stored at 5 °C for 2 weeks, at -25 °C for
one, three, six and nine months.

The content of total phenols in fruits of Caucasian bilberries and blueberries under various storage

conditions
Table 24
Common phenols calculated on gallic acid Mg/ 100 g (on dry mass)
Storage under different conditions

Berry fruit extract Fr'eshly Raw fruit Raw fruit Raw fruit Raw fruit Raw fruit

picked stored at 5°C stored at stored at stored at stored at

raw fruit after 2 weeks -250C after -250C after -25%C after -25°C after

1 month 3 months 6 months 9 months

Bluecrop 1362,8+23 1287,2+21,9 1358,9+23,1 1360,9+23,1 1341,8+22,8 1307+22,2
Elizabeth 1015,2+17,3 973,9+16,6 1005,9+17,1 1003,7+17,1 999,8+17,0 993,9+16,9

Reka 598+10,2 486,2+8,3 595+10,1 574,1+9,8 563,5+9,6 558,2+9,5
Bluegold 765+13,0 668,3+11,4 761+12,9 760,2+12,9 745,1+12,7 731,9+12,4
Duke 1354,8+23,0 1217,8+20,7 1389,5+23,6 1354,5+23,0 | 1349,6+22,9 1347,9+22,9
Sunrise 765,1+13,0 661,7+11,2 755,1+12,8 757,3+12,9 749,8+12,7 741,3+12,6

Berkeley 656,9+11,2 549,6+9,3 650,1+11,1 592,9+10,1 587,4+10,0 581+9,9

Spartan 602,1+10,2 541+9,2 604,9+10,3 589+10,0 577,25+9,8 571,2+9,7
Misty 689,8+11,7 645,9+11,0 680,81+11,6 680,9+11,6 675+11,5 670,9+11,4
Legacy 754,4+12,8 640+10,9 744,6+12,7 750,5+12,8 742,05+12,6 723,8+12,3
Toro 1262,8+21,5 1136,5+19,3 1242,1+2,11 1256,2+21,4 | 1209,9+20,6 1189,5+20,2
Brigitta-rey 1231,8+20,9 1018,7+17,3 1221,2+20,8 1222,4+20,8 | 1211,7+20,6 1197,9+20,4
Chandler 1376,3+23,4 1323,4+22,5 1366,3+23,2 1348,7+22,9 | 1332,4+22,7 1327,6+22,6
O’Neal 689,5+11,7 587,7+10,0 675,7+11,5 670,1+11,4 664,8+11,3 664,1+11,3
Blueray 804,7+13,7 750,8+12,8 806,1+13,7 800,9+13,6 796,92+13,5 792,1+13,5
Earliblue 1003,5+17,1 907,9+15,4 1009,5+17,2 995,2+16,9 990,92+16,8 979,2+16,5
Patriot 838,8+14,3 689,7+11,7 822,6+14,0 820,2+13,9 814,5+13,8 810,3+13,8
Caueasian | yo030.303 | 157254267 | 17436296 | 174341296 | 1725:293 | 1709,7:29,1

bilberry Kobuleti
Caucasian | a0 1088 | 152184259 | 167924284 | 166744283 | 1656282 | 163554278
bilberry Imereti
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The total content of phenols in blueberries was determined at different periods of storage at
different temperature conditions. As mentioned above, the fruits of wild blueberries are characterized
by a high content of common phenols, the content of which is 3 times higher than the content of
phenolic compounds of some introduced blueberry varieties. The content of phenols in samples stored
at temperatures above 5°C, compared with the original sample, after two weeks decreased by 4-18%.
High phenol levels were maintained at Elizabeth and Chandler, and the highest losses were observed
at Patriots and Reka (Table 24).

In samples stored at -25°C, the total phenol content decreased slightly - from 0.41% to 25%.
There are also varieties in which, after a month of storage, a slight increase in the amount of phenolic
compounds was also observed. These are the varieties: Duke, Spartan, Earliblue, and in samples stored

for 3, 6 and 9 months, there is a slight decrease in the content of total phenols (Table 24).

The content of flavonoids in fruits of Caucasian bilberries and blueberries under various

storage conditions

Table 25
Flavonoids calculated on rutin Mg / 100 g (on dry mass)
Berry fruit . Storage @der different condi'tions ' '
extract Freshly Raw fruit Raw fruit Raw fruit Raw fruit Raw fruit
picked stored at 5°C stored at - 25°C | stored at -25°C | stored at -25°C | stored at - 25°C
raw fruit after 2 weeks after 1 month after 3 months after 6 months after 9 month
Bluecrop 544,7+10,9 499,8+10,0 545,2+10,9 531,8+10,6 503,8+10,1 486,7+9,7
Elizabeth 487,0+9,7 341,2+6,8 455,2+9,1 443,0+8,9 413,3+8,3 397,0+7,9
Reka 389,2+7,8 305,9+6,1 382,3+7,6 362,4+7,2 342,4+6,8 301,4+6,0
Bluegold 467,0+9,3 379,2+7,6 469,1+9,4 449,7+9,0 423,2+8,3 394,4+7,9
Duke 754,2+15,1 618,4+12,4 745,0+14,9 738,0+14,8 721,8+14,4 709,9+14,2
Sunrise 387,2+7,7 345,0+6,9 377,1+7,5 368,9+7,4 352,7+7,1 331,0+6,6
Berkeley 377,5+7,6 292,4+5,9 277,5+5,6 274,9+5,5 255,5+5,1 244,6+4,9
Spartan 377,2+7,5 224,9+4.5 304,8+6,1 300,7+6,0 270,1+5,4 264,3+5,3
Misty 499,9+10,0 354,4+7,1 479,2+9,6 413,0+8,3 402,4+8,0 369,0+7,4
Legacy 399,7+8,0 276,2+5,5 386,7+7,7 337,0+6,7 310,8+6,2 297,1+5,9
Toro 740,8+14,8 600,4+12,0 739,0+14,8 725,0+14,5 701,3+14,0 679,6+13,6
Brigitta-rey 798,0+16,0 690,5+13,8 770,0+15,4 756,8+15,1 694,5+13,9 676,5+13,5
Chandler 877,3+17,5 692,4+13,8 876,2+17,5 815,3+16,3 792,7+15,9 706,8+14,1
O’Neal 368,0+7,4 295,0+5,9 370,1+7,4 348,3+7,0 304,7+6,1 261,4+5,2
Blueray 477,0+£9,5 401,2+8,0 455,2+9,1 443,0+8,9 413,3+8,3 397,0+7,9
Earliblue 565,1+11,3 499,8+10,0 545,2+10,9 531,8+10,6 503,8+10,1 486,7+9,7
Patriot 379,6+7,6 291,2+5,9 366,8+7,3 323,0+6,5 309,8+6,2 300,1+6,0
Caweasian |55 5.19,0 822,4:16,4 956,2+19,1 905,3+18,1 862,7:17,3 833,8:16,7
bilberry Kobuleti
Caucasian 19559183 787,4+15,7 910,5+18,2 890,0+17,8 836,9:16,7 800,3:16,0
bilberry Imereti

The content of flavonoids in blueberry fruits was determined at different periods of storage at
different temperature conditions. The content of flavonoids in samples stored at temperatures above
5°C decreased from about 8% to 30% after two weeks. A relatively high loss of flavonoids was observed
in Legasy (30%) and the lowest in Bluecrop (8%) (Table 25).

In samples stored at -25°C, the content of flavonoids decreased slightly with increasing storage
time. In samples stored for 9 months, the lowest flavonoid content, at about 6%, was observed in Duke,
and the highest, at about 28%, in O’Neal (Table 25).

Studies have shown that the amount of anthocyanins during storage of fruits at 5°C for two
weeks and at -25°C for 1 month practically does not change, and in fruits stored at -25°C for three

months, the number of anthocyanins increased from 0.22% to 13% (Table 26). With an increase in the

79



storage time, this amount gradually decreased, but was relatively higher than the initial indicator. It
can be explained by the fact that with a decrease in temperature, physiological processes occur that

facilitate the transformation of proanthocyanidins.

The content of anthocyanins in fruits of Caucasian bilberries and blueberries under various

storage conditions.

Table 26
Anthocyanins calculated on cyanidin-3 glucoside Mg/ 100 g (dry mass)
Storage under different conditions

Berry fruit Freshly Raw fruit Raw fruit Raw fruit Raw fruit Raw fruit

extract picked stored at 5°C stored at stored at stored at stored at
raw fruit after 2 weeks -259C after 1 -25°C after 3 -259C after 6 -25°C after 9

month month months months

Bluecrop 347,1+6,6 304,7+5,9 333,8+6,3 349,7+6,6 356,9+6,8 354,7+6,7
Elizabeth 320,2+6,1 300,4+5,7 305,5+5,9 320,9+6,1 347,7+6,6 333,9+6,3
Reka 248,8+4,7 209,2+4,0 207,7+3,9 237,3+4,5 236,9+4,5 224,6+4,3
Bluegold 299,2+5,7 267,4+5,1 288,6+5,5 290,5+5,5 291,2+5,5 275,0+5,2
Duke 443 ,6+8,4 400,1+7,6 437,7+8,3 462,6+8,8 460,1+8,7 446,3+8,6
Sunrise 200,1+3,8 167,8+3,2 197,3+3,7 210,4+4,0 227,9+4,3 214,3+4,1
Berkeley 161,5+3,1 149,4+2,8 147,2+2,8 169,9+3,2 170,4+3,2 174,6+3,3
Spartan 209,4+4,0 190,1+3,6 202,7+3,9 222,4+4,2 238,3+4,5 227,9+4,3
Misty 281,4+5,3 238,6+4,5 280,4+5,3 278,7+5,3 263,3+5,0 229,7+4,4
Legacy 250,5+4,8 210,2+4,0 247,7+4,7 259,3+4,9 256,9+4,9 236,6+4,5
Toro 505,4+9,6 500,2+9,5 500,2+9,5 520,8+9,9 505,4+9,6 498,3+9,5
Brigitta-rey 575,3+10,9 560,7+10,7 557,4+10,6 563,7+10,7 591,1+11,2 592,0+11,2
Chandler 611,7+11,6 576,6+11,0 613,1+£11,6 627,7+11,9 610,2+11,6 591,1+11,2
O’Neal 242,6+4,6 213,3+4,1 222,7+4,2 273,7+5,2 271,4+5,2 243,3+4,6
Blueray 310,3+5,9 301,045,7 300,7+5,7 312,9+5,9 346,5+6,6 343,6+6,5
Earliblue 351,9+6,7 299,6+5,7 323,7+6,2 347,1+6,6 386,4+7,3 374,2+7,1
Patriot 207,7+3,9 180,0+3,4 200,2+3,8 212,7+4,0 228,1+4,3 217,5+4,1
| Caucasian | )1 3.138 | 699.9:133 717,7+13,6 762,2+14,5 763,9+14,5 741,4:14,1

bilberry Kobuleti
Caueasian g4 133 | 67642129 695,5:13,2 724,4+138 731,9:139 699,9+13,3
bilberry Imereti

Antioxidant activity - Inhibition under various storagen conditions.
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Diagram 6. Antioxidant activity of blueberries (Berkeley, Spartan, O’Neal, Toro, Duke,

Sunrise) under various storage conditions.
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Diagram 9. Antioxidant activity of Caucasian bilberries under different storage conditions
Diagrams 6 - 9 show how the antioxidant activity of blueberries changes under different storage
conditions. It decreases in samples stored at 5°C for two weeks and gradually increases in samples stored

at -25°C, which correlates with anthocyanin content.
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Processing of Caucasian bilberry fruits. The total mass of the samples provided for analysis was
11,215 kg, of which fruits 9,535 kg (85% of the total mass), juice 1.25 1 (11.14% of the total mass), leaf
0.430 kg (3.86%) % of total weight).

As the above studies have shown, the biological activity of blueberries is determined by
anthocyanins, which have high antioxidant activity. Anthocyanins were determined according to
Europharmacope by calculating cyanidin-3-glucoside chloride. The content of anthocyanins in

processed bilberries is 1044.57 mg/kg.

[ Bilberry fruit ]
Lyophilized extrusion Shock freezing
drying storage

v ¥ 4

Packing drying 50°C residues juice

drying Concentrating

Lyophilized 500C

drvling + ¢

spontaneous juice ¢

¢ packing
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Wine alcohol —> alcohol 7%
Mash — > Carbohydrates 7%

Scheme 1. Bilberry processing.
The fruits, which accounted for 85% of the total sample, were processed, namely, the resulting
juice, juice concentrate and the resulting residue were dried, one part was convected, and the other

part was lyophilized.

Production of convection dried and crushed bilberries (drying of bilberries at 5°C). Under
these conditions, 161 g of dry product (anthocyanin content 3426.18 mg/kg) were obtained from 1 kg
of raw fruits, and 258 g (anthocyanin content 5027.86 mg/kg) of dry product were obtained from 1 kg
of crushed fruits.

Dried bilberry fruits in a lyophilized way. From 1 kg of raw fruits, this method yielded 143.5
g of dry product (anthocyanin content 6044.57 mg/kg), and from 1 kg of crushed fruit, 180 g of dry
product was obtained (1% anthocyanin content 8217.27 mg/kg) . The moisture content of the dried
samples did not exceed 10%.

According to the content of anthocyanins in dried products, preference is given to lyophilized
drying. The content of anthocyanins is almost 2 times higher in lyophilized dried products.

Obtaining juice. The fruit was crushed, but not grinded, so as not to damage the pulp. The
juice yield was 60 - 62.5%, water-soluble compounds in the resulting juice - Brix 7.9 - 8.1% (extract
compounds 7.3 - 7.35%), titratable acidity 5.21 - 5.24%, content of anthocyanins 140 - 145 mg/1.

Production of juice concentrate. The juice was concentrated in vacuum conditions (40-45°C).

Concentrate production reduces juice volume by 7 (55% Brix) - 9 times (60% Brix), which is 1956.82
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mg/kg. Thus, the remains are an important secondary raw material for the production of anthocyanin
extract. It should also be noted that the remains are virtually sugar-free, which is the optimal condition
for maximum release and concentration of anthocyanins.

80% ethyl alcohol was used as an extractant to obtain an anthocyanin extract; extraction was
carried out three times in an ultrasonic bath (without heating). At the first stage of multiple extraction,
83% of anthocyanins were extracted. Therefore, a single extraction of residues is possible, and the
extracted residues, which are mainly a cellulose mass, can be used in the confectionery industry as an
anthocyanin-containing additive.

Water-soluble compounds in spontaneously obtained juice, the so-called Brix, was 7.6%
(extract compounds 7.3%), anthocyanin content - 191.67 mg/l. Part of the juice was used as bilberry
wine material, respectively, culture yeast and an activator were added, and the content of anthocyanins
in the resulting "wine" was 188.02 mg/l. As a result of alcoholic fermentation, up to 4-4.5% ethyl
alcohol were accumulated. This figure did not reflect the organoleptic characteristics of the product,

and ethyl alcohol (wine) and grape mash (65%) were added to adjust.

The content of anthocyanins and antioxidant activity in bilberries, juice and products derived from

them
Table 27
Ne Name anthocyanins ar%t:io?dfla'nt activity, 50%
inhibition mg. Sample
1 | bilberry fruit 1044.57+19,8 2.0+0,04
2 | bilberry self-extracting juice 140+2,7 2.9+0,06
3 | Juice concentrate 1305+24,8 1.83+0,04
4 | Crushed fruit 1956.18+37,2 1.61+0,03
5 | Dried fruit 50 °C 3426.18+65,1 1.27+0,03
6 | Dried crushed fruit 50 °C 5027.86+95,5 1.10+0,02
7 | lyophilized dried fruit 6044.57+114,8 1.07+0,02
8 | lyophilized dried crushed fruit | 8217.24+156,1 1.01+0,02
9 | Wine 189,92+3,6 2,7+0,06

In a number of products obtained as a result of processing, both lyophilized dried and crushed

raw fruits are characterized by high antioxidant activity (Table 27).
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Conclusions:
1. There have been studied the chemical composition of 17 species of blueberries introduced in western
Georgia: Bluecrop, Elizabeth, Reka, Bluegold, Duke, Sunrise, Berkeley, Spartan, Mist, Legacy, Toro,
Brigita-Ray, Chandler, O'Neill, Blueray, Earlyblue and Patriot. 17 anthocyanin glycosides have been
identified from blueberry fruits using UPLC-PDA-MS method: cyanidin-3-O-galactoside; Cyanidin-3-
O-glucoside; delphinidin-3-O-galactoside; delphinidin-3-O-arabinoside; petunidine-3-O-galactoside;
petunidine-3-O-arabinoside; malvidin-3-O-galactoside; malvidin-3-O-arabinoside; malvidin-3-O-
glucoside;  peonidin-3-O-galactoside;  Quinidine-3-O-arabinoside;  delphinidin-3-O-glucoside;
malvidin-3-(6"-acetyl)galactoside, malvidin-3-(6"-acetyl)glucoside; petunidin-3-(6"-acetyl)glucoside,
peonidine-3-(6"-acetyl)galactoside; Peonidin-3-(6"-acetyl)glucoside and 5 aglycones: petunidin,
peonidin, malvidin, delphinidin and cyanidin. Blueberries grown in Georgia have been found to differ
in anthocyanin composition from blueberries grown in Canada, Korea, Western Europe, China and the
United States. Similarities were observed only with the results of a study conducted in Romania.
2. For the first time, we have studied the anthocyanin content of Vaccinium arctostaphylos L, a local
species of Caucasian blueberry, common in western Georgia, in two regions of Adjara, using UPLC-
PDA-MS chromatography; 17 glycosides have been identified in the samples of blueberries taken for
research, and 18 —in the samples collected in Imereti. They differ only in one anthocyanin - petunidin-
3-0-galactoside. The predominant anthocyanins in all samples were definidin-3-0-glucoside, cyanidin-
3-O-arabinoside and peonidin-3-0-glucoside.
3. A qualitative difference in anthocyanins was observed between the composition of Caucasian
bilberry Vaccinium arctostaphylos L and blueberry. In particular, anthocyanins characteristic of
blueberries - malvidin-3-O-glucoside (m / z 493 / 331) and malvidin-3-O-arabinoside (m / z 465,32 /
331) were not identified in Caucasian blueberries, while petunidine-3-0-glucoside, peonidine-3-0-
glucoside and peonidine-3-0-arabinoside, found in Caucasian bilberry, were not identified in blueberry
fruit.
4. There have been determined the physical and chemical parameters of different varieties of
blueberries harvested in 2015-2018 as well; these data are similar and fluctuate within the limits of dry
matter 9.5 - 10.1%, active acidity 3.16 - 3.68 and titratable acidity 0.54 - 0.66%, which is probably due
to the same spring-summer optimal temperature conditions during this period. Comparing the data of
blueberry fruits brought to us with the data of fruits grown in North America, Korea and Europe, it
was found that their dry matter content is 2-3% lower than in fruits from North America, and does not
differ much from blueberry data. grown in Korea and Western Europe, and the titratable acidity is
lower than in the data of foreign studies.
5. Phenolcarboxylic acids, carbohydrates and organic acids were analyzed by UPLC-PDA-MS.
Chlorogenic acid is the predominant phenolic carbonic acid in blueberries. Chlorogenic acid in
different varieties ranges from 0.33+0.007 to -0.57+0.012 mg/g. This result is similar to data from studies
conducted in the United States. From monosaccharides, glucose and fructose were identified, from
organic acids - citric acid (more than 50% of acids), and other phenolic acids, organic acids and
carbohydrates were found in the form of traces.
6. Pectin and protopectin were examined by gravimetric method. The largest numbers were observed
in Berkeley 8.54+0.23% and Mist 7.42+0.20%.
7. When determining the sugar-acid index in the fruits of different varieties of blueberries, it was found

that the crop grown in our country corresponds to the demand of the European market (sugar-acid
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index is more than 10) for blueberries, with the exception of the variety - Brigita Rey 6.41 + 0.15,
Blueray 9.98+0.23, Bluegold 8.46+0.19 and Patriot 9.74+0.31 where the sugar-acid index is below 10.
8. The study of ash elements in fruits showed that the percentage ranges from 5580+106 to 11300+214
ppm. The content of potassium ions in fruits is 1172+22.3 - 2205+41.9 ppm, magnesium ions 119+2.3 -
735+14.0 ppm, calcium ions 670+12.7 - 1720+32.7 ppm, the remaining trace elements are found in the
form of traces. In blueberries cultivated in our country, the content of potassium ions is almost 2 times
higher than in Northern Europe, and 1.5 times lower than those of blueberries grown in South America
and North Africa.

9. There have been studied the relationship between the quantitative content of total phenols,
flavonoids, catechins, anthocyanins and antioxidant activity in 17 blueberry varieties with fruit
ripening phases and the varieties themselves. The content of total phenols ranges from 1376.3+23.4
mg/100 g to 598.0+10.2 mg/100 g, flavonoids from 368.0 to 877.3 mg/100 g, catechins from 280.6+ 5.9
mg/100 g to 100.4+2.1 mg/100 g, anthocyanins — 611.7+11.62 mg/100 g -161.5+3.07 mg/100 g, and
antioxidant activity 2.4+0.05 - within -6.0+0.13 mg. The following varieties are distinguished by the
content of phenolic compounds and a high content of antioxidants - Chandler, Brigita-Ray, Toro, Duke
and Bluecrop. When studying three stages of maturation, the amount of total phenols during
maturation increased by 3 times, catechins - by 5 times, flavonoids - by 9 times, anthocyanins - from 0
to 600 mg/100 g. In terms of the quantitative content of biologically active compounds and antioxidant
activity, the indicators of introduced varieties are similar to the data of American and European
research, and it is more than 2 times higher than the Korean data.

10. There was established the quantitative content of anthocyanins 678.44+12.89-565.23+10.73
mg/100g, total phenols 1783,8+30,32 - 1686,1+28.66 mg/100g, flavonols 952.2+19.04-925.9+18.51
mg/100 g, catechins 422.4+8.87-387.4+8.13 mg/100 g and antioxidant activity 1.7+0.03-1.90.03 in
common blueberry Vaccinium arctostaphylos L. It has been established that the fruits of Caucasian
bilberry contain almost 1.5 times more biologically active compounds and 2-2.5 times more antioxidant
activity than blueberries; the data on the distribution area differ slightly. It has been established that
the data of the Caucasian blueberry growing in the territory of Kobuleti are higher compared to the
data of the Imereti region.

11. Various fruit storage conditions (temperature and duration) were tested in order to maintain and
improve the basic chemical parameters of blueberries. It has been proven that the optimal storage
conditions are raw fruits - storage at a temperature of -25° C for 1-3 months, at which the content of
phenolic compounds decreases slightly, the amount of anthocyanins almost doubles, and the content
of antioxidants increases by 0.5 times, which in correlation with the content of anthocyanins.

12. A technological scheme for the processing of Caucasian blueberries Vaccinium arctostaphylos L.
has been developed. In the resulting products — blueberry fruits, blueberry juice, juice concentrate,
blueberry brans, dried fruits 50° C, dried brans 50° C, lyophilized dried fruits ( 84° C), lyophilized dried
brans ( 84° C) , blueberry wine - it was found that of all these products, both lyophilized dried brans
1.01 + 0.02 and whole fruits 1.07 + 0.02 are characterized by the highest antioxidant activity.
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