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dbmemE 2 99900H3939, HM3S BoOEMdOL 35B396989w0 1-0sb SbEml sGHobL. 300390, M3
RO BHMD/3mBoL 0965835MMdS 6oL 1,09 (JH18), dogMsd 53 99dmnbggzsdo by3dsm©
350005 a)30DS/FYyaol BosMEOMdS (1,99). dgmMg dg0mbgazs, MHmEs dwy3mba/figerol
RoMHEOMOOL 353969090 1,05-0s (JHI1), 99698 odog BOIEMBS/gam3mbol qobsgmazols
9539690900 1,22-05. 9L50530L5©, 56 BoJLOMYdS 3MOBEIWODsEOOL 3OM39LO.

D000l O XML MIFWO 56 J0930036905 503005 FOHOLEIOMJIIO MOTFGIL.
HPLC 8900m@©000 ®oxwol 60dwdgodo 9odmymazo ©s 0©9b@GHono3o0Mgde odbs 4
Bobdomfigsaro: gOWJEHMDB, 33mDBs, LogoMrmBs s FoEEMDBs. Joo FmMoL MIobsbEo
56M0L BOHMIBHMDS. BOHWYJEHMD/gem3mBobs (F/G) s ge3mbs/figeol (G/W) godomdols
956396900l Jobg30m, 5353006 MoBEOLORD Foblibgzs39d0m, [odeols s KM MoRwO

56 3093036905 500305 3MOLEHIWOMIOIP MOBLGOL.

1.6. 5ol 35¢0Mmb7d0L M30LMdMOZ30 s M3MEYbMdMogzo 33emg3s HPLC

30bvdBHMIgBHH Mo ©gEIdGH0MIdoL 3gomEols 3sdmygbgdoom

05830  d90353L6  bbgoobbgs 8s30m s do3zMm  gwgdgb@l. olbobo mogedo
Po@dmagboos 0,02-1,03%-0b Rstywmgddo: k, Na, Mg, Ca, P, Mn, Fe, Li, Co @ 5.9. 3s000
09095003960 Md5 03305 MRl dMEGH603MNMHO s dgMaMx30mEo  FomdmImdol

d9L50580bo. JobgEsEgdol 993390 MBS 393 gbsL SHIBL MOTOL BgOBY, 39MIM, Mo
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W3O gBHoo oo 3mb3bGHMe30s Mexrdo, dom WM™ dMJdo F9BIOOEMIOLLS 0Y0.
dobgmsegdol 999339 mds 1939 990derqds 25dmygbgdrier 0dbsl, Mmames gMm-9Hmo
35639600 05530l b5GMoMmdol oILEMMIOOLIMZO0U.

39¢0mbgdolL 331935 BoGoM©s JOMAsBHMYMR0mwo dgomm@om, dowswo {jbgzol
Lombmo  JOmds@Gmaconol,  3mbddmdg@dmmwo  ©9BJGH™OM0L  godmygbgdoo.
0DMm3Mo@GMwo Gmddm (Isocratic HPLC pump - Waters 1515), gdgd@meo (Waters 432 -
Conductivity), Jemds@macdogonwo bgg@o ICPakCationMD, gwmgb@o 0.1 mM EDTA,
9096GH0L 25939090 ™ds 1250 + 50 pS, LsdsBMm dgMmdbmdgwmds 2000 S, 0bEgacsdmemols
33M3bmdgemds 0.01pS, 139G oL 3H9a39MoEMGs 35°C, 3tsMmds-negative.

d0madmo  3m33mbgbBHgdol 0wgbEH0R035300LIM30L  2odmygbgder  0dbs
UBHObIMEJd0: WMol 30EOHMJLoEol Imbm3ow®s@o (Li*), bs@®momdol Jarmeowo
(Na*), $9mbomdol Jum®oo (NH4), 3500dol Jarméoo (K*), 8sabomdol 3oMs@o
(Mg2+), 35w30ondol  6o@®msdo  GHg@®edomsdo (Ca%), ULEGHOMbEowmdol bodMo@o
A9IBHM9300M5GH0 (Sr*), 35600l JarmEGoo odoMs@o (Ba*) (FisherScientific), EDTA
(Serva).

906965 qdol  MomgbmdMmoz0 89933390 MdOL  F5BLEBOZMOLIMZOL  45TMmYgbgdmen
0965 BB9bIOEHME B59HPMS Bo3oE0dOH™M A IOO.

UGsbsmEGHme 3530Mmbms godmlismgzwgeo 1s3seod®mm 3Mwgdo BMmMIMEgdo

gbMoo Ne3
U39bIOEHWM BogOHOMS B3O 0dGMM IBMIdO
@000l 1535¢0dMHM IMHIEOL BMOTS Y =3.55e+005 X - 7.26e+003
Bo@®0mdol bo35e0dMH™M IOHYEOL BMMIS Y = 1.44e+005 X + 9.50e+004
59mb0dol 1o 35E0dMM MOl MMM Y =1.65e+005 X + 1.21e+005
39¢0dol Lo3oe0dMH™M IMHYEOL FmMOHIS Y =7.79e+004 X + 6.01e+004
95260190 153500dMM MOl BMEOTMES Y =2.97e+005 X + 2.76e+005
3903030 b535¢0dMM IOEOL FMOIMS Y =1.28e+005 X + 2.28e+005

395¢0mbgdol 33e935 obbMM30g @y 535300L, §odol, 353b30L, (353b3-Fodeol,
30EOREMON)E DOGLS 8 KIMIL Mgl 60399d98d0. MoREol Bodwdndo s¢gde 0dbs
L5dgRMIEML, MO0, 039MGNOLS O 5F5MOL Mgy0mbgddo.
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o

Disse ™

AMtee

BYEOS00 2: MoBOobL 35¢0MbIOOL TIBIBOsMYOGO JOMTdEHMYMSDS
JOMA5GHMPM0R0Mwo  33¢0g30LomM30L  MOGBoL  60dMdgdl  gblbooo  1:10

0565835MmEMO0m ©JoMmboBgdMw (ysedo s Jogdmw Fysebliboml 3n0wEHMsg3oom 0.45
9036mbo bmdol gowG®do.

ombadols bantomm Bgpenemds dy/ g

WS s
193104
MIT.SN AL U474 %0
| I I I | I

0536595 17. 0mbgdolL LogMomm 999339 ™ds LsdgaMgeml, 29Mo0lL, 08gMHgIMOLS S
53560 3ol moxwdo

LosbOEOBME 50O 603dgddo  0IbEGHOR0E0MIdMN™  0dbs  bo@Eomdol,

59mbomdols, 390 dol, ds360w9dols s 3oEEowdol 0mbgdo. om0 KsFMMO F9d(339™MdS

Lodmoem 35839698900l dobodseryMo (min) s dodbodogrm@o (max) 860d3z69wMdgd0Mss

Dom3mygb0w0 (©053M5Ts 17), 3963, ffodeol mogeol 60d3gddo - Lodgamgarm 5278,92

5 6259,46 dp/32, 3600 5644,34 oo 7443,72 3y/ 32, 009690 5847,94 0o 5850,26 /3y, 53560
5445,34 o5 7991,04 3y/32.

{900l moggerdo ombgdol 9993390 Mds 999000 39309, 3000609 3o3b30L (2530,72

- 3097,94 9p/39), 935300UL (2497,46 - 3787,84 03/3), 35Dogbmemols 3merogeme e (3296,14 -

4089,98 92/39) ©s 399mamdol 3meogemmewer (4287,46 — 5635,48 dp/39) 00993¢0do. JogMsd
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393b30-0s0ol  mogwdo momgdols dugoglos 5680,84-7106,92 Tp/33, o3 dgodwgds

35939990 0ymb msxerdo {30l 33H360056900L sMLYIMdOM.

By o
730893 orBpob bagHom Bpemde 3y 1 b ;R

568084 563548

40gy ag 28746
3787,84
mr 94 3296.14
I e I
f

A'I I,|
a o |
&
-l

;,-:
=
%

I—C
x

.\

A
- u
= o 0% ‘
0
[l

L 1

430
S 5 34
W Cale Oyl " Mg Ol » NHés D/l - Nas Oy

S 0
053M535 18. (5) 53560l Mg0mbdo Imfigmar bgsalbgs Msg3edo 0mbydol LsgMom

9993390 Mds 3/39 (0b0dsery®o (min) s dsgdlodsery®o (max) 3609369crmdgdom). (3)
§90ol msxgedo ombgdol LogMomm 999339 Mds Y/ 3
L5565EPO0BME 50O Y39ws 60dddo 35¢0MbYdL TGOl EMT0bsbEHO Jserordols

00b00, BogM58 oo M>MPYHMBY (3350 GdSP0S M9BOL HoMTIMIMdOL JobgE30m. J5¢0wydols
doeoo 0993339 mdom  {odol moxwol 50dmdgdo godmoMbgzs. dolbo FgdiE3germds
0583do  Isbemgdom  5050,06-osb  7248,30 Tp/33-90095. 69a0mbgdols  dobgwgom,
39wodolb  0mbgdls  JmEOol 9339060  2odmbsdwo  Lbgomds 96 godloGmgds.
39bLO3MPMGdom Bs0bFHIMglMm 0gm BM30L Mbosb 3003 LodseEgbg JYdsGY F0sb
bmagedo 99MM390E0 MoRE0. 35880 35¢0mdol 999339 ™MdS 509Fo@gdm©s 7000 /3y~
L.

39wovdol 0mbgdo FgosMmgdom 6530900 Mom©gbmdom ML Fomdmoaqbowo
3o3b30L (2377,34-2746,58 0/33), 535300L (2220,22-3444,50 9p/33), 39Dox3bweols (296,72-
3595,44 3y/32) 5 990m©amdol (3856,28-5092,18 dy/33) 30ME0REMO™ME o3¢ do, Jop®od
393b3-§90ol 60339ddo dolo 3mb3gbE®MsE0s 035@gdL (5167,94-6516,32 3/39) (ALys3LO©

00bgd0l LogHmm 8993390 MdOLS) o MoMJdol Abgoglos Fosdol moxgwrols 6odmdgdols.
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0583ob y3zgws 603mddo 35¢rowdol dslwmo Howro 35EH0Mmbgdol Logmomm 9339w mdols
90%-%g d9¢09.

39wo9dol 0mbgdol gmbbyg Lbgs Jo@0MmbgdoL 903390 Mds J5EGOWII0? IDIWOY.
Podeol moxgwdo 3siomdo 13,44-307,34 3/3%, Bod®omdo 26,5-122,82 3y/3y, dspbomdo
58,18-134,08 3/3p o s8mbowmdo 6,28-197,80 /39 8993390™Md0m (0L Fo0dmoagboro.
Abasglo MbIBIMPMB0M ML FomdMmygbowo 35GH0Mbdo 535300L, Fod¢ol, EoEb3oU,
393b3-§90obd s 3MOBLWMOHIO MRl 50d)F9dT0 (oM 18 ).

MmO 3 890939935 563965, Hodol Moz do 35EH0Mmbgdol LogHmm 90339 ™ds S
509953905 8-9%-b. 60393900l FgEHgLMdT0 35 30Ydol Bsb3969dgd0s 14 y/3y-0s6 500
9%/33-0009, 653 09500396l 3530Mbgdoll dmerosbo 89d3z9wmdol 0,33-7,2%-b, bemerm
9526030 560bL 51-sb 130 3y/33-09, M55 39EH0MbYdOL LogHmm 9339w mdol 0,88-1,95%-
b 9900p9bL. o3 Tggbgds Bo@®omadl, dobo T9I;3390mMds 26-sb 140 Tp/33-00099, M3
39¢0mbgdol dmerosbo 999339wmdol  0,45-2,1%-0s. 53mbomdol ombols 8993390 mds
0(33WJOS OO O35DMbOm, 24-sb 197 Ty/39-0009 (©OsREMsTds 19 ).

tE a | . & A% 3 ' 08 a7 I- o .’ ¥ I 108
1034 a2a e E i
Kt 978 i -
(MR Il o R LU I !

053335 19, 53560l Mga0mbTdo dmfgmw Lbgzoolibgs msgwrdo Nat, NH4*,Mg?, Ca*
00b9gd0lL LygMNM F99(3390MdS 3Y/39 (F0bodserMo (min) s oglodserMHo (max)
96003690™d9000m)
3oBogbwls s 999mEMToHBY  MIBWO  3MWOREIMOWMWOS @  dsbdo  Jorowdols
09933000Mds, OMAMOE Bgdmm 50360869m, Bo3dom@ Toeseros - 3o@Gombgdol Loghom
50 9bMdoL 306033 87,9 %. LssbserobM© 500 MRl H60dmdgddo Lbgs 0mbgdls

dm60b (Hodol mogendos) Ca?t 99Gmygmodl 43,6-sb 378 dp/32-0009, bmewem Mg s6ob 29,8-
33



56 94,1 92/393-0009, ®53 99500296l doosbo  3oEombgdols Gomgbmdols 1,77-8,44%-1. Na*
3530Mbgd0lL 999339 mds 6oL 28.2 — 134.3 9p/39, G193, Qo9bEMgdom, 3o@ombols dmerosbo
3993390™d0l 1.12-056 2.9%-0¢095 (0536535 18).

fabemols msagma

o K+ 0/ 2
mK+ i’;l’"‘.m f +0/38

o 72483 5167.94 5092.18
6840.42
350544
5839.4 cant g 5661.02 R e
cat s 5401.38 PO
_vL“_‘Lv 06 5 ] a04 .I‘J UL 17 4‘" 8 .:'r:; ] 72
I I I I 1 I 1 I I I
o N - 3 - ~ v ] J 3 5 Y s ’
— o i X 3 N ’." '\ . y Ll o = >

S o
©053M535 20. (5) 35eomdols ombol 899;339emds /3 (BobodsgrEo (min) s

35JLodoErmEo (max) 3609369 Mdgd0m). (B) Hodob, 3o3bzol, 535300Ls S
30RO 058 d0 0mbgdol bLogBomm 899339 ™ds, JEgdBHMMASIBHIMOMDS s om0
0965835(:Mds (806005¢Go (min) s dsgdlodsgrmEo (max) 360d3zbgemdgdom)

05830ob Fomdmygboe b0dmTgddo sliggg 3obLEBOZIOMIE 0465 9EgdEOMASTGHIMIMDS.
dolo 999339wmds 9MYygmdEs odol msgeol 60dmdgddo 1,41-0sb 1,96 dogroliodgblio/lsd-
909. 353H30L Moxgwdo - 0,81-sb 1,33-009, 3o3b3-Ho0ol 60ddgddo - 1,7-¢sb 1,75-009,
535300L 603939030 0,91-s6 1,05-007, 3MEORBMOHME M9x3egddo 0,96-sb 1,87-¢9.

0900l moxwdo 35¢0mbydol 899500960 MdsLS @S GEgdEBMmMPSTBHIMMISL TGOl
3963399000 3MEOIEIS(305 IY0DW.. 39MIM®, BooE F9E0s 0MbgdOL MoMmEabmds, 0 Ag@0s

999 GHOMATEHOMdOL 35B39690900E. 0mbgdol 998339 mdLS @S JergdGHO™YIEIOMDIL
6oL BoOEOMds Fodol mog3emol 9dmbgg3sdo 4oboloBgcs, Mmymes 0,30 s 0,44

(806085¢0 ™0 @5 FogdLodseMo Fsb396989w0). Lbgs mogargdol 390mbggzsdo, Mmames 0,24
s 0,41.
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dg]g] s

S o
©053M535 21. Fodob mox3edo 0mbydols LygMom d99339w™mds,

006990l JOHMo>@MYMoB0Mwo 33eg3s 51939 PbbMMEF0gE©s KoMVl MoRErol 18
6091330, Lowoz 0I6GHOBOE0MGOME 0dbs Li, Na, K, Mg u Ca (b9smoll ), GmIgemoms
9993390 Mds 2613,5 - 5568,4 3y/33-0L BoMgdT0s (©OMTs 22 ). F0©gdo F99gA900L

99x 909000, 3500930 FoMIMogbl MIT0bsbE oMbl s Jolio 999339 mds 2174,86 dy/3Y -
©sb 5074,36 dy/3 -9q09s.

P otassium - 4.103

2|3
jLm - 3.079

Mmonilm - 3373
'slcium -9.490

hggnesium - 7967

i

f
lILJ
f

! = =

[
riﬁr

&
£
%

E

[
a
=
i
R

a0C )
AL

LYH00 3 . KOV MOGREOL JoB0Mmbgdol HPLC JOrmdo@ma®mods

39wodol ombo  xs6Ml  MoxEol bodmdgddo Losgmom  F9di339wmdol  89%-U
0950099bL. 395¢09dol 0mbgdol 993339 ™dom (Lodwgswm dsB3969dcom) Joobs (3546,72
d9/33) o d999bgz0l (3501,46 3/ 32) 093¢0l Bodwmdgdo dbgsglos. md3s, Jgol bodmdgddo
39099dol 0mbHgd0L MomMmEbmds Ls309ME (339050, Fogowomsq, JH1, JH2, JH3 s JH6
65091393do dobo 3mb396G®SE0s 2239,88 dg/ 3 - 096 2998,04 /3 - 39S, beaenm JH4, TH5 0o
JH8 omogendo 4702,58 8/3 - b 48603,36 92/33 - 9¢09s. 3w9obgzol mogerols 60dvmdgddo
9563969093l MOl S1go 933900 (335¢0SMBS 56 500bodbgds (3259,64 — 3856,74
3%/32)- Jool 603wdgdol dbgoglo 033w gds 39¢0wgdols d99(339™ds byenml mogendo,
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396Gdm, JH 16 (2356.68 9y/3) s JH 18 (2395,72 3y/32) 00mgdol 0@gb@os, sgdsd 50
6089890056 FgoMgdom 3oeodol 999339 mds 2-xg6 dgBos - 5074,36 dy/ 33 bmeomls
05830l Igonmmbdgdg bodxddo.

"\".;.f-'v.‘.l. MHWEIO & nmbinol Logtiaem Tgigagemedy (3 13 JH-18 we—

. 33:1{"{33'-3 JH-17 eeesosss—

B T de135 RV

L VETo 2 S ran R

i 55»1; : > JH-18 St —

L 72 e, 1 I

R q‘,':.f';t‘;;"" JH- 12 e ——

i - "_‘yé.ﬁﬁ JH- 10 & — -
AP JH-10 Se—

I p 1 \a*:‘ ‘ w.s bl mNae

H £ T30 2 JH-8 Sem— m Mg2+

I Tadi%R H-7 : . Ca2s

20E0 4 3 2

; 4702 Fﬁ‘ JH-6 meete—

3 pall JH-5 s——

" 2:’3:'43’51;” 8 JH-4 _

IH.- 33(0:'!':391 3 JH-3 see—

IH 4810 fzb" 6 JH-2 sSe—

I Tesorddd H-1 S—

I 25106

" el >4 0 W0 400 N 8w X

S o)

©O053M535 22. (5) XL MOBOL 35¢0)dobs 0Mmboby s 3530MmbgdolL LogHmm
9993390 mdos (32/33)- () xo6ML moxewdo Na*, NHs",Mg? s Ca? 0mbgdol 993390 mds

3oe0omdol 0mbgdol 9999y, 999339 ™dol dobgzom dgmeg ombo (Ca) - 141.28 —
795.06 3y/33. 95360430Ls (Mg) s bs@®mowmdol (Na) -ob ombgdol 999339wmds d9@¢o©
(3390905005 6039 d90L ImEOU. dogbordo 43b39ds 41.6-sb 262.34-0¢09, beaargnm bo@®owdo
2.4-56 33.58-009. X56ML Mok do womowgdo (Li) doserosh 8306y Gom@gbmdoom a3b3wgds
(8.22 - 19.44 9/39) (00026505 22 ).

39099dol MHoMmEIbmdM030 M9BRsMEMBS 35EH0MbYdOL LogMmMm GoMmEYbMdLML
5 99dGHOMYPSFBHIMMBS Fg0dEgds 259mygbgd e 0gbsl, Mmam®E 563960900 Mogwols
B3 M5emd0l Lo gbs.
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1.7. 25830l 30memy0v©s© 5JGomeo bogmomgdols UPLC PDA-MS 3gomom

33032
196MEMEOH0 659MHMgd0 FoMdmowagbgb moxwols 36083690 m3s6 Fo639ML. moxwdo

350 ®30LMOM0Z30 s MIMPOI6MOM030 F903390PMds  ITMI0WIOI0S BI3O TBoJEHMMHDY,
9500 JmEMOL 5OOL Mool 3mEobo3mEMo (odmdmds, 3330l BgMdgbE o 5g@03mds s
396993390 LY.

O SO gMEgd0s, MoBwdo  BbmmMMmo  BogMmgdols  sbsgrobBo  Fgdo©
5JBH MO0, GO0  55F0sbol X bIMMIMISDY  BogPmgdol  M30LMdMOZ o
50 9bMdM03 999(3390™d5DY. GgLsdsdobo, Fgdv 360936935605 00YbEH0R035:305 S
509bMOM030 gobloBZGMs. MIFdo 98 BsgMHMgdoL QobLsBWIGMS M8Ybodg 9@93056
3309358 dm0o@3ogL, 39Mdm, 3500 2odmfzeogzsl MoxEroEsb s d90ymd 331930l
056589000Mm39 39nm©gdol 459mygbgdom 350 MM gbMmdMH03 goblsbwg®sl.
058wol 600m3gd30 ggbmemmmo bsgMmgdol JOhmds@myMsxgommo 33¢930Lsm3z0L, Lafyol
93939 609N 3595000 FYsOHRsBMZ560 gJuBMIJEo0m. LmEMmdIbGHI®© 30949bgdom
Amberlite XAD-2. bs{gol 9@s3Bg 398Do0000m moxgol 10 % — 30 % §yseblbs@ml
(350bLbgero - B0 dzx5358 Fyseblbo®o, pH=2). msxgwol {goeblbsmol 30b6396@®s300
©59M3009dY0s  MOBwol  Lobgmdsby, JgMHdm, 9353006  MoRrol  Fgdmbggzsdo
300980 25-30% §yoeblbo®ls, Hodeob, 353530l O XML MRl d9dmbggzsdo 10 %
Dgoblibo®l. 9909y 9G93%9 bgdms bodmdols s LmMdgbEHOL Amberlite XAD2 (309)
9960935 5 JOMIsGHMAMox0mw 139BHdo d9@sbs, (BggGHol Bmdgdo - Lodsperg 35 LA,
©0539BHMo 25 8d). Amberlite XAD-2, Hmam63 Lm®dgbEHo sbgbl B39bmemGo Bsg®mgdols
bLEMEOOE0SL.  BodMIol  FMmIbogdol  F60dzbgEmgsbo  gBEedos  Mgsbgzs,  30MH39Ws©
80900bs6MgMmdL MgEbgs 150 — 200 de» ds60 5358 fgoblbstrom (pH=2). 53 9¢o3Hg beogds
Bobdomfiyegdol dmEogds. 8999y M9i3b39L 3586039 qdom 100 der Asdmbooro fywoom,
69330l LOMEGdIL 35dM{TGIOM MYJRMJEHMIGEHOOL LTG0 (MIRMSJGH™MIYEHODY
Bmemgsbo 3sbgbgdgero).

1396MmEMOH0 BsgmHmgdol gEmocmqdsl 3sfo®dmgdom 80 % dgmsbmeom (150 — 200

dw). 90600l  ILOWWGdL  350M{IJPPPOD MW EHGMI00LRBIO S bowre  sGgdo
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89009600560 BGMJ30900L b3sboMmgdOom. 53 9EO30L LMW gdol T9dgy 39HIbOm
9096GHOL  3mb396¢H0M9dsL 3530l 3ommdgddo 40°C s B0MgdMEo 3mb39bG®sE 0L
50965 1 -2 d¢» 80 % 890056M¢000 (3900560000 509608 IMEEMds HTMI0YII0s
1396MEMEH0 B59M9d0L 3mb3EIbEGHM300m ger)9b@Edo). Bodmol dmIbsgdols sLslimwls
608186  3x30wGHM300  0,45-00360Mb0s6  Bow@GH®Tdo. 0bozoMewmo  Bogmomgdols
0095305035305 bIdM©s MEGHM9939JGIO0 LodbmMo JOHmdsGmydmegomgdoom UPLC,
RMGHMEOMEO0 JoEMoiobs (PDA) s dsb (MS) ©09@9dd™6m9d0b 459mygbgdoo.

o
] o
2.50 o)
B (30)
2 OO*: w0
’ ] <N o
1 50: 8 2
2 " g NO"-I‘O- o
< ] ™o 9
100f ! [ | o'
] OO
7 0 o<f N
0.50- — o~ ©
] NN ™
0.00- =2
T ] i 7 7 | T i 1 | ! ! ! |
2.00 4.00 6.00 8.00

U500 4. 535300L Moxgols UPLC-PDA MS J6mds@ma®sds (b3sboMgds 205-500 nm)

Peak #1 - 1.328 - QDa 1: MS Scan Peak #3 - 1.662 - QDa 1: M3 Scan
PR 5760, 1

275.5 495.5

194.94
14.98

25.04
T/zu.go

s ’\JHH h‘ il
Apex Apex
S o)

b©o00 5. (5)M9x3eol UPLC- PDA-MS 6mds@ma®oeds ESI m/z 194,94 (M-H-). doogerol

UPLC-PDA-MS g46m0s&ma®sds ESI m/z 191 (M-H")
6030090905 1 -[M-H -] - m/z 194,94, 893539000 cobm 1.328 oo, METLIN 659600900l dsligdols
05BoLY O WOFIOIGHMOMEo Jmbs3gdgdol (DOI: 10.22616/rrd.25.2019.034) d9Lsd530bo©
6030096905 1 G9gglodsdgds dem30mbol d5535L (Gluconic acid, 2,3,4,5,6-Pentahydroxyhexanoic
acid) (CsH1207) (bvgGom0 5 o).
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bogomogtgds 2 -[M-H -] - m/z 191, 99353930L o6 1.662 o, dmnsbogddol dsjlodwdo UV-225.5
nm METLIN 6596009300 95900l 05Bol dgbodsdobs 6030m0960gds 2 89qladsdgds Jobsdobols

955356 (Quinic acid, 1,3,4,5-Tetrahydroxycyclohexane-1-carboxylic acid) (C7H120s) (bsy6o00 5

B).
Peak #10 - 4.886 - QDa 1: MS Scan FPeak #11-5.121 -QDa 1. M3 Scan Peak #12 - 5.341 - QD& 1: M5 Scan
31 ey Y13 '
— 2921311
——, - —
33.08 56 a7 17881
236 0634379
224.96
41.93
%0.86 sapse S9ZE4
MMLM“‘IL\HMMMI«\ ol il »nm\‘\ ol M bl Mﬂﬂm]ﬂ-'l |-| ij-.._u.J..L. u(TET
Apex Apex Apex
S o o

@m0 6. (5) Mool UPLC-PDA-MS 6Hmds@ma®oeds ESI m/z 133,08 (M-H). (3) ovogeols
UPLC-PDA -MS g6m0s@my®sds ESI m/z 136,97 (M-H)). (3) ovogerols UPLC-PDA-MS
JOMIsGmasds ESI m/z 179,01 (M-H")

Bogomogigds 3 -[M-H -] - m/z 133.08, 993539008 co6m 4.886 (oo, donsbangdols dsglodmdo UV-
213.1 nm METLIN 65960930l 355900l 05Bobs s @o@gho@yerwo dmbs3gdgdol (DOI:
10.22616/rrd.25.2019.034) dqLods30Lo BogmogMgds 8gglodsdgds 35d¢dygogsl (Malic acid, 2-

Hydroxybutanedioic acid) (CsHeOs) (bv965000 6 ).

Bogmogigds 4 - [M-H - | - m/z 136.97, 89353900L o6 5,121 o, ;sbomddols dsdusodmdo UV-
258,3 nm METLIN b596mgdol dslgdols dsDolb 99Lsdsdobo 6030m09Mgds 4 899Lodsd9gds 4
3000MHMJlodgbbBmOol 30350 (4 Hydroxybenzoic acid) (C7HsO3) (LvyGomo 6 d).

Bogmogtgds 5 - [M-H - | - m/z 179,01, 89353900l cobm 5,341 o, mobmgdols dsgjlodsdo UV-
211.3 nm METLIN b59601900l dslgdol 85Bol dgbodsdols b0ogmogMgds 5 89gLsdsdgds
30539060l 5535L (Caffeic acid, 3-(3,4-Dihydroxyphenyl)-2-propenoic acid) (CoHsOs4) (b)6Hromo
69).
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Peak #14 - 5.788 - QDa 18: MS Scan Peak #14 - 5.302 - QDa 18: ME Scan Peak #22 - §.857 - QDa 1: M3 Scan

e {‘_ 2718 GPAT E?\J
T T Y 2TAT
., g
270.93 768 08 E
236.04 BE1 36

aF &s
g froeas

254 63 T I

bt ity ‘ _uLll.lLL N u . L | | [
Apex Ay Apex
S 0 3

L5000 7. (5) Mool UPLC-PDA-MS 46m8s@my®sds ESI m/z 270,93 (M-H)). (3) ovsxerols
UPLC-PDA-MS d6m8s@Hma®ods ESI m/z 269 (M-H). (3) oogwol UPLC-PDA-MS
JOMIsGmasds ESI m/z 282,69 (M-H")

Bogomogigds 6 -[M-H-]-m/z 270,93, 89353900L6 ©0®m 5,778 (o, dmnsbmnddols dsgjlodmdo UV-
271.8 nm METLIN b59609d0l dslgdol 85Bol dgbodsdols b0ogmoghgds 6 89gLodsdgds
306mdsbjuobo (Pinobanksin, (2 R ,3 R )-3,5,7-Trihydroxyflavan-4-one) (CisH1205)(bvy6o00 7 9).
Bogomogigds 7 - [M-H - ] - m/z 269, 99353900L o™ 5,902 fo, dosbmddol dsgbodmdo UV-
271.8 nm METLIN B59601900l dslgdol 85Bol dgbodsdols b0ogmoghgds 7 899Lodsdgds

53039606l (Apigenin, 4',5,7-Trihydroxyflavone) (CisHio Os) (by@oomo 7 d).

Bogmogtgds 8 - [M-H - | - m/z 282.69, 89353900l cobm 6.857 (o, mobmgdols dsgjlodsdo UV-
227.1 nm METLIN B5g60gdol dsLgdol 85Bol dgbodsdols 603mogMgds 8 8gqlodsdgds
93939¢0bU (Acacetin, 5,7-Dihydroxy-4'-methoxyflavone) (CisH1205) (l@omo 7 g).

0.40-

S 2 9
03015 o)
I p OB
i Bp
2 020, 2 BB
1 QIO
1O (@9 .
1m -00
01015 ap
0.00- E&&
o T D
0.00 5.00 10.00 15.00 20.0C
Minutes

bO500 8. 9353008 Myxol UPLC-PDA MS 46m8s@my©9s (135606905 205-500 nm  100-
700 o @mbo)
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Peak #5 - 8.524 - QDa 32: MS Scan Peak #6 -8.777 - QDa 32: MS Scan Peak #19 - 14541 - QD& 1° MS Scan

3 306.3 W] 299.5 AT e
e 3RTT
T T 487 4

—_—

162.96 179,92 T4 01

125.21 2709
463 14501.08

1._I_IL i LM dist Ll i
Apex Apex Apenx

S 0 3
LS50 9. (5) M3xeol UPLC-PDA-MS JOmds@ma®msds ESI m/z 162,96 (M-H"). (0) ool

UPLC-PDA-MS d6m8s@ma®ods ESI m/z 172,92 (M-H). (3) osgwol UPLC-PDA-MS
JOMIsGmasds ESI m/z 314,91 (M-H")

6030096905 9 - [M-H - | - m/z 162,96, 99353900l o™ 8,524 {jon, sbomddol doglodw~do UV-
228,3 nm METLIN 65960900l ds19dol 05Bol 89L58530bs@ Bogmoggds 9 dgglsdsdgds - p -
33560 05535, (p-Coumaric acid (trans 4-Hydroxycinnamic acid)) (CoHsO3) (bwgGomo 9 o).
Bogomogtgds 10 - [M-H - | - m/z 172,92, 89353900L ot 8,777 {o, donsbmngddol dsdusodwdo UV-
227,1 nm METLIN b65960900L dsbgdol 85Bol 99Lsdsdobo bogmogmgds 10 9gglodsdgds
d03000L 055356, (Shikimic acid; 3,4,5-trihydroxycyclohexene-1-carboxylic acid) (C7H1w0Os)
(LS50 9 0).

Bogomogtgds 11 - [M-H - | - m/z 314.91, 89353900l o 14.641 {fo, d0sbmddols dsgjbod«ydo
UV- 270.6 nm METLIN 659600930l 851900l 050l dqlsdsdols Bogmog®mgds 11 99glodsdgds
6-0900mJl0390839OMEL -  (6-methoxykaemperol, 6-Methoxy-3,5,7,4'-tetrahydroxyflavone)
(C1sH1207) (byGomo 9 g).

Peak #20 - 14.839 - QDa 1: MS Scan

& 2724

314.87

270.98
201.13

L w\‘w A

582.03

\‘H\M L T T B

LH \lu Ll \J b il
Apex

LS00 10. 0ox3eol UPLC-PDA-MS J6mds@ma®mosds ESI m/z 314,87 (M-H")
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bogoogigds 12 - [M-H - | - m/z 314.87, 89353900l o 14.839 {fo, 805bmddols dsgjlod«ydo

UV-272.4 nm METLIN b5960980b 9sl5900lb d5Dolb dglisdsdols 603000969ds 12 899505990

0bMEM53b9EH0bL - (Isoramnetin, 3,4',5,7-Tetrahydroxy-3'-methoxyflavone) (CisH1207) (bvy®somo

10).
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Minutes

Lm0 11. Hodeob mogeols UPLC-PDA MS J6mds@ma®msds (b3sboMgds 205-500 nm 100-

700 se@mbo)

Peak #4 - 7.549 - QDa 32: MS Scan

Peak #9 - 7.558 - QDa 1: MS Scan

Peak #10 - 8.781 - QDa 32: MS Scan

h)

6.1 .6 228.3 )
323.0 295.8
464.9479.9 446.2464.9
152.97 329.00 153.03 162.93
79.17 328.91
LUl “‘“‘“‘“ i ““‘”‘ il v b L 1l ‘u n“u“\l bl s st bt \\I“ Ll b L H.Hu\\ L ‘hl‘ Ml tital b v
Apex Apex Apex

Lm0 12. (5) ool UPLC-PDA-MS Jemds@ma®sds ESI m/z 329 (M-H"). (0) ool

UPLC-PDA-MS J6cmds@ma®mosds ESI m/z 153,03 (M-H). () ooggerols UPLC-PDA-MS

JOmBo@mp®38s ESI m/z 162,93 (M-H)

Bbogomogigds 13 - [M-H -] - m/z 329, 993539006 6™ 7,549 {fo, dosbmnddol dsduodmdo UV-

216.1 nm. METLIN Bsg60gd0l 3s5900L 35Bol d9Lsdsdobo 6030096M9ds 13 899Lod599ds

©odgmoe»  339039¢0bo (Bis - Methylated quercetin, 3,5,7-trihydroxy-2-(3-hydroxy-4-

methoxyphenyl)-4H-1-benzopyran-4-one) (CisH1207) (by@oomo 12 o).
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bogoogigds 14 -[M-H -] - m/z 153,03, 99353900L o6 7.558 {o, mobmgdols dsgjlodsdo UV-
218.6 nm METLIN 659600930 951900l d5Dob d9Lsds8obo 6030009690 14 GgqLlsdsdgds - 2,5
©003000MJLB0dYbBMOL dx9358 Gentisic acid (2,5 - Dihydroxybenzoic acid) (C7HsOs4) (byGomo
12 d).

fodeol moxwdo bogmoghgds ESI m/z 162,93 (M-H-) 0©gb@ogo3o6gdnwmos, Hmym®s
5030096905 9 — p 30l B3935 (p — Coumaric acids) (L@osco 12 Q).

Peak #14 - 10.675 - QDa 1: MS Scan Peak #20 - 14.701 - QDa 32: MS Scan
R25.9 : 2 9721

281.0 479 3
136.99 284.92 314.93

Apex

S 0
brGomo 13. (5) mox3eol UPLC-PDA-MS J6mds@ma®sds ESI m/z 136,99 (M-H). (3) oogeols

UPLC-PDA-MS J6mds@ma®sds ESI m/z 314,93 (M-H")
Bogmogtgds 15 -[M-H -] - m/z 136.99, 89353900L o™ 10.675 {o, dosborddols doglodwdo UV-
225.9 nm METLIN b5960900b 9sbgdol d5sDol dglsdsdols 60300096905 15 d9qladsdgds -
Salicylic acid (O Hydroxybenzoic acid) (C7HsO3) (boy®omo 13 o).
Doderol mogwdo bogmog®mqds ESI m/z 314,93 (M-H’) 0w09b&0g8030090m@0s, HMyme3
6030096905 12 — 0BMEGo3bgEH0bo (Isoramnetin, 3-Methylquercetin) (CisH1207) (byGoomo 13 d).

20000.01 9.885 Peak 1 - QDa 1: MS Scan 1: QDa Negativel
150000 20000.0{13096
2 ' ]
2 , 15000.0-
[J] —| ]
E 10000.0 G ]
£ 10000.01
5000.0+ - ]
5000.0-] L
0.01 L By L e s et s 0 G: | \Lulm‘ W\l‘h\l\hu\]NMI\ mp\]ml‘h‘lml\hmm\lw‘. Jul, \H.‘n I NI
0.00 5.00 10.00 15.00 20.00 ’ 200.00 400.00 600.00 800.00 1000.0C
Minutes mz

LMoo 14. 603m09Mgds 16 - o UPLC-PDA-MS 139d@®Mo m/z 136.96
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bogomogtgds 16 -[M-H -] - m/z 136.96, 89353900L o 9.885 oo, METLIN bsgeongdols dsbgdols
05BoL Jgbodsdolso 60300gMgds 16 Jggbodsdgds - 2.5 ©030OHMILoEd96Bs©g3ol
Gentisaldehyde (2,5-Dihydroxybenzaldehyde) (C7HsOs3) (by6roomo 14).

0.867 Peak 1 - QDa 32: MS Scan 32: QDa Negati
88;974,116.89

15000.01

10000.01

Intensity
Intensity

5000.0

T 0.0~

T 1 T
.00 4.00 6.00 200.00 400.00 600.00 800.00 1000.00
Minutes 'z

brOsmo 15. 35336308 Mmegzgeols UPLC- PDA -MS d6mds@my®sds m/z 88,94 (M-H)
Bogomogigds 17 - [M-H - | - m/z 88,94, 99353900L ot 0,869 METLIN bsghomgdols dslgdols
d5Dols S S OEIMSEHOH0 Jmbs3gdgdol (DOI: 10.22616/rrd.25.2019.034) 9glsdsdobo
603000960905 17 899lodsdgds 05509605153 (Oxalic acid, ethanedioic acid) (H2C204) (bryGoomo 15).
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1 8 ©Q © — )
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000 500 1000 15.00

Minutes

Lm0 16. 353b30L Moxgrols UPLC-MS J6mds@maads (L3obo®gds 100-700 s @mbo)

Peak #5 - 7.286 - QDa 1: MS Scan Peak #5 - 8.578 - @Da 1: M5 Scan Peak #8 - 5,726 - @Da 32: MS Scan
w ;21 /3&9.—.*3:-: 5 a4 2821

425.7459.3 = ‘ _ 4583 | ) e 46584992
178.96 18285 . e
24396
b el R ITR P L TR W BT o
Apex Apex Apex
S ) 3

44



Lm0 17. (5) msgeol UPLC-PDA-MS Jomds@ma®sds ESI m/z 178,96 (M-H"). (0) ool
UPLC-PDA-MS d6m8s@Hma®ods ESI m/z 162,58 (M-H). (p) 0sg3eols UPLC-PDA-MS
JO™AsGHMa6sds ESI m/z 137,01 (M-H")

Podeol mogedo bogmoghmgds ESI m/z 178,96 (M-H') 0w09b6&0830306000mw0s, Mmam®3
Bogmogmgds 5 — 3mxugobols dxs3s (Caffeic acid, 3-(3,4-Dihydroxyphenyl)-2-propenoic acid)

(LmBsmo 17 ).

Podeol mogdo bogmoghmgds ESI m/z 162,58 (M-H') 0w096@&0830306000w0s, GMmam®3
6030096905 9 — p 3Bl 85553 (p — Coumaric acids) (LGomo 17 d).

Bogomogtgds 18 - [M-H - | - m/z 137.01, 89353900L o 9.726 (o, donsbongddol dsdusodwdo UV-
220,4 nm METLIN 659600900L 951900l 85Bol 99Lsdsdobo bogmogmgds 18 9gglodsdgds
3000MHMJlodg6Bmol o35l - (Hydroxybenzoic acid) (C7HsOs) (bwyGomo 17 g.).
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Minutes Minutes

bm@om0 18. X905l mogerol UPLC-MS J6mds@ma®aeds (BgsboMgds 100-700 osw@mbo);

05830l UPLC-MS J6mds@ma®osds ESI m/z153,06 (M-H-), m/z328 (M-H") o
m/z153 (M-H")
bogomogmgds 19 - [M-H - | - m/z 153,06, 89353900L o6 5,981 {joo, METLIN bsg6Hrangdol dsbgdols
d5Bob gLsdsdoby BogmM0gMgds 19 Fgglsdsdgds 2,4 - 030EOHMJLOdI6EDMOL dgog5L (2,4 -
Dihydroxybenzoic acid (Resorcylic acid) (C7HsO4)( boy@oomo 18).
XML moxgwdo bogmogmgds ESI m/z 328,8 (M-H) 0©9b&H0ox03060939w0s, Gmam®3
Bogmoghgds 13 — (Bis - Methylated quercetin) (bvyGoomo 18)
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XML moxwdo bogmoghgds ESI m/z 153 (M-H’) 0©09630530306090wwos, Gmym®3
Bogmogmgds 14 — (Gentisic acid (2,5 - dihydroxybenzoic acid)) (l»m@oomo 18).

1 | 1
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S 10000 D: : I[:‘]. _ E o= E E
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Minutes Minules
S o

Lm0 19. (5) Mmogwols UPLC-MS Jemds@ma®msds ESI m/z 136,99 (M-H") s

m/z 136,88 (M-H"). (3) 0s3¢ols UPLC-MS Jdémds@myMsds ESI m/z 153 (M-H)
XML mogx3edo bogmoghgds ESI m/z 136,99 (M-H) 0©9bGH0ogo300m9dw9mos, Goym®da
603000960905 4 - 4 30MHMJL0dYEDMOL d5535 (4 Hydroxybenzoic acid) (bLvyyGomo 19 o).
XML moxendo bogmogmgds ESI m/z 136,88 (M-H’) 00©9bGH05303060939w0s, H™myme3
Bogmogegds 15 - O - 3006OHMJLod)EDMOL 535 Salicylic acid (O Hydroxybenzoic acid)
(LmEomo 19 o).
Bogomogtgds 20 - [M-H - | - m/z 153, 99353900L ot 7.595 oo, METLIN bogbongdols dsbgdols
05Bob Fgbsdsdols BogzmogMgds 20 GgqLodsdgds (Protocatechuic acid, 3,4-Dihydroxybenzoic
acid) (C7HeO4) (Lm@oomo 19 0).

2500.00
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—_— T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00
Minutes

U500 20. msxgol UPLC-MS 6mds@ma®mosds ESI m/z 262,93 (M-H))
Bogomogmgds 21 - [M-H - | - m/z 262,93, 89353900L o6 5,786 {joo, METLIN bsg6Hangdol dsbgdols
05Bob Jglodsdolo 603009Mgds 21 Jgqliodsdgds (Abscisic acid, 1-hydroxy-2,6,6-trimethyl-4-
oxocyclohex-2-en-1-yl]-3-methylpenta-2,4-dienoic acid) (CisH2004) (bvg®somo 20).
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B0MEMYOM5© 9JBH0IM0 boghmgdosb 09gbE0RoE0Mgdme odbs 21 bsghoo: 4
MO0 09535 (399085535, @em3mbols 035, 05909605535, Jobodobols 8z93s), 10
196M356M3Mbdz535 (4 30OMJLOdIBEDBMOL T35, 9O030LOL  B54535,  3MGBJobol B3,
36OME™M35397dobols 85535, P - 399560L 05535, 9030000 84535, 2,5 - ©©0300OMJL0d96Bmols
359939, LOEYPOEOEPOL T44935, 30MHMJLOdIEDMOL T5539, 2,4 - 030OMILOdIHDMOL F5939), 7
(306mdsduobo, 330996060,

Rs3mbmoo 5353930bo,  6-99mdlo3z9dxgOHmo,

0bMEM5369EH0b0, o Fgmow 3396393H0b0, 29bGH0Lsw©g300). gbMoo 4

0580l 30MEM{0MMS© 5dE0® boghooms UPLC — PDA — MS 8gom@oom 33e0g3s
Ne B3gGomgdo 535300L | §odeol | 3533b30L XML
0OBRWIO | MOIBWO |  DOGO 0OBWO
696990 9553900
1 3500005539 + - - -
2 3)30mbol 95535 + - - -
3 055096055535 - - + -
4 Jobogobols ds0305 + - - -
1396M 0 3560605153900
5 4 3000OHMJL0dI6BMOL 855535 + - -
6 5030Lob 05535 - - -
7 305390600 95535 + - + -
8 3MOMBHM35BH9Jobol 35535 - - - +
9 P - 39995600 055395 + + + -
10 do3odol 05539 + - - -
11 2,5 ©03006OHMJLodgbbBMOl i s i .
055395
12 Lol 95535 i s i .
(O - 30006H™mJLodgEBMOL 055395)
13 30006MmJL0d6BMOL B5535 - - + -
2,4 ©030MOMJLod6EBMOl
14 - - - +
05939
35360 d0
15 30b6m0d59Lobo + - - -
16 530996060 + - - -
17 5353930bo + - - -
18 6-0900J10390539O M0 + - - -
19 0bMM53b930bo + + - -
20 0 3900 3396339¢0b0 - + - +
21 396¢0bsE©93000 - + - -
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dbMEME 9353008 Megedo 0dbs 0IbGHOROEMYPIMO 3sTeol, Jarwy3mbols s
Jobogobols 85539, 353b30L Mogerdo Bs549685530.

1396M 35603Mb3515390056 G0300060L T5535 - 535300L MoRETo, 30OHMJL0dYEDMOL
953935 - 3536308 Moxwdo, 2,4 - 030OHMJLOdIEDMOLS S SBEFOBOL T5535 X IMIL Moxgwdo.
096Dmob 35535L FodMgdIEgdo oMM 336 Yds HodOLS S KMVl MoReETo.

RE53mbM0@Yd0sb 0bBM®s3bgB0bo 23bgds 535300L5 @S Hodeol  mogendo.
30bmdsduobo, 930396060, 535393060 s 6-9>MJl039IBIOMMO 0IBEHOTROF0MGOIMOS
535300l Moxwdo, 496@¢0LI©I300 - (odol moxwdo, odjmo 339039@0bo 30
Podeobs o K6l moxgerdo.

1.8. 35530l LygMHom ggbmergdol, Bwsgzmbmogdol,
8960 3560d0b3g53900L 999(339¢rmdoL gLfagers s sbGHomJlosbEMMo
593H03mdoL 5b6LSBM3MS
05830 3903530  B0MEMYOMMO®©  9JBHOoE  Ggbmerme  BogMmgdl, MMAWYdo3
05x3do  b3zgds 9439300l 63JBHM0@b 96 339MFIV0WsB.  PIREOL, MMAMO3
R9PmMOHo  Bogmomgdol  F9d3ggwemds,  dg3g  9bGHOMJLOPIBGHMMO  9GH0ZMdS
©59M 300090905 Aol d356036 S gMaMR0Mw FoMIMmTmdBY.

X
i !
o
| |

il

BT | Phanaod Lt B Antoxidant actl

053M335 23. 535300l OB LogHmM BIBMGdo s BEGH0MJLOoIBEH MO

59303Mdd
300900 8909290090 453m30bsMY, 9353008 Moxgwdo Loghomm ggbmegdol
om9bmds 109 — 433 8y/33-0L BsMRW9dd0s. 0d9MHJMOL MoREEol 60ddgddo bydvsEMm
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dob396909e0 216,64 0p/3y (112 - 279 3y/33), 39M00b 6odmdgddo - 256,04 dy/3p (158,64-433
dy/3a) s 176,05 9y/3y (109-259,73 33/33) 93560L 603dmdgddo. gm@ool 60dmdgddo
090560900  Booos  BIBMgdol  3mb3gb@®MsE0s. FgLodsdoby, oo
3b630MmJLoBEGHMOO  5dBH03Mds. FoLs0  BEHOMJBOWIBEHMMO SJGH0ZMdS MHOEbMdMO35
d30m9 860936900Mmd9000 253Mm0obsEIds, Mosbs3 433 dp/3y B9bmEgdol 99dmbggzsdo o0
608m8oL dbmwme 50,55 3y Ls3dsG0OLO 0y DPPH 6s035¢00b 50% 0630d069d0lsmgol,

beenm 158,64 dp/33 39bmengdol 99dmbggzsdo 99smgdom dg@o - 126,5 9 omoxgerols bodwdo.

Padenob oveemo
® bageom gabmargda da/ 1 B 6o sb o sgdyomembs

503.5
461.5

387.44 Aoaa -
35001
271.76 )1(01 302.2 o
2015
148.6
.3 Iz 02 17I11I 75 8”‘«45
-, " o in dn K

CH-1CH-2CH-3CH-4CH-5CH-6CH-7CH-8B(H-9 CH- (H- C(H- CH CH
10 1 12 13

0530535 24. {00l Mogol LogHmm 53gbmegdo s SB6EH0MJLOIBEHMMO sdE03Mds

Podeol  moxgwdo ggbmegdol Lsghmm 9339w mds s 9BEGH0MILoIbEHMOO
5930335 256Lb35398905 M90Mbgdol Jobgz0m. 39MIM, Bl dMEsb03MMO dools
6081830, CH-12, 5006036905 850500 5396mem&o 899339 ™ds 503,50/ 3y. 9ol 8mlicogab ool
60dmdo CH-8 - 461,589/3p 05 Y3905Hg ©905¢00 89933900005 30JB06MEGds ¢ghbwydol Moombols
Dodeol mogeols bodxddo CH-14 - 80,6 dp/32.

XML 0553 do LygOHNM FgbMEgdoL 993390 Mds 033egds 622-s6-1105,56
99/33-0009. 389bmegdol Lodwswm dsbgz969dwol dobggzom, Jgwobs (788,313y/33) o
bmewmb (817,51 8y/3p) 60889830 139bmemqdol 9993390 Mds 0mMJdol MsbsdIM0s, BogMsd
Jool msgedo 603xdqgdl dmGol Lbgsmds godlomads, 3gMdme, JH 6 — 9 Bsmgeom
196MmEqdol 99933390 mds 643,73 3y/32 (Lodmoemm dsb396909e00). FgEoMgdom FoLsEro
39933900Md5 9530JLOM©S dgLsdy (987,19 Tp/3) s Igmeg 6odmddo (1105,56 p/3y). ALs3LO

bbgomds  godLoMmgds  breml  Xo®Mol  Moxwol  603wdgddo. LosgHmm  13gbmergdol
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999339 Mds, BLsdsm 58396900l Jobg30m, 9096Mgd0m To®oos §w9sHg30L MgEdo
930,72 dp/33.

B96Mm35MdMbBz53900L 999(339cMds XML Mogol 60339830 033w gds 359,8-sb
682,4 02/33-0009, 653 0950p90L Loghom  ggbmegdol  899339wmdol  45-65%-U.
R96M30MHdMBT53900L  HoMm©bMds  (bLodwgoem  Bshgzgbgderol  dobgz0m), LogMom
196mEgdol 9993390l AbsgLs, Fw9obgzol 60dxMdqgddo Ads30wgdom g@0d S 00
9950096 573,40 9Mgmel, bomeom Jgols (455,250p/33) ©s bmeoml (488,42 dy/32)
6508189330 000 Jdob 09BBIMI0S. Booero F9d(339™ds sgodboGs JH - 2 (682,4 dy/3), TH
-13(612,4 9p/3p) o JH - 14 (648 92/393), beargom y39asBg odseno 899339cmds JH1-U 3dmbos
(453,3 3y /3p)-

1.4

o 05 0 0 0 'I.|| |
©053M335 25. K651 MBREOL LogMM BJ6MEgdO, BIBMM356MHdMET53900,
RE93MmbM0 Y00 S 56GH0MJLOIBEHWEMO 59EH03Md.

XML moxwoll 6007dgddo  REez3mbmogdol  LogMom  390339w0mds
3obLb35390w0s s dobo 60d36gmds  143,6 — 321,9 Fp/32-0009 0HBOYdS, F9EIMGOOM
3o0so sgoduomes JH - 2 (321,9 3y/3p) s JH - 3 (307,9 3y/3y), 9900569300 bszergdo JH -
6 (203,70/3%), JH - 15 (199,6 dp/33) oo JH -16 (154,3 9p/33), JH - 9 (143,6 dp/33), Lbgs
608189830 999339 ™dS> ®0mMJdol sb5d5M00.

XML Moxwol 60ddgol dmMol Bgbmgdol LogOom 9339w mds 622,34-sb

1105,56 3y/33-009. 603m3gdl GMIwgdog bolosmgd0sb Lsghmm ggbmengdols 801,61-

1105,5609/33-0009 5§30 8900569000 350500 56EH0MIL0IbEOO 59E03Mds, 390dm, 75,10y
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- 6809-0009, bemenm 622,34 - 752,95 /39 BogOom g9bmegdols 0630d06m9dsls - 94,75 - 128,083y
0583¢0. foMImygbow 603dgddo 99EsMm9d0m Fooo 5JE03Mmdom (75,1 3y, Mosgeol 50%
0630006995 0,1 39 DPPH) 459m06mBg3s Jgool 399bo303sero@g@do dmyzsbowo msgwo - JH-
2, 6MHmdgwog 0903538 ©O0EO  MH3MmEIbMmdom  Loghom  gqgbmengdl (110556 dy/32),
296 3560HdMBTs5390s (682.4 Tp/3p) O BWs3MmbM0dL (321.4 Tp/3y) -

300900 9993900l d9xgMH9d00 Fgodergds 35133650, MM XML MoRErdo
3930d  gabmwMGo  Bogmomgdol 999339wmds s TgLodsdols  bEHOMJLOIBEHWGO

5JBH03Mds3.

1.9. 56commM3gmGmJuobols sbsenobo UPLC PDA-MS dgom@om

bdoMos Jgdmbzgz9300, MMEs  IMIBAsMYOEGo0  B0JMMdGD, O™ ,bsEMwY©O
3G 3b909w0s. 8o GHmdbobo, MHMIgerog Fgodargds s©0dmMBbgl 153390300,
5Q0580560L X 9b6AMMYIEMIOLINZOL  Lobogsmms.  Mexgwo,  OMAMmOE  bsGmowmeo
535330090, mrgwomdo ghm-90mo bdocMs IndbIsmgdso 3MMmEJB0s s Jolby
dmbmgzbs  §wosd  fersdg  0HBOEIds. 0993,  oREol  MLIFOMLMYILML
5393006930 3O:MdWYdgd0 bdocMos. 3obLo3Mm©9d00 5806, OMEs BME3M0 bgd@ocl
53MHM390L dbsdosbo 39bstgqadoLash (Rhododendron sp, Pieris, Agarista, Kalmia, Coriaria
arborera, Tripterygium wilfordii Hook F.). sbgoo omogwo 8903s3L 365056mEmduobl
(graianotoxins), GHMo3GHmoL (triptolides), @GHw@GoblL (tutin) ©@s 30OHMEOHBOPYO
535¢0Mm0EqdL (pyrrolizidine alkaloids). &mdLozmMo Moxwol 458m0yYgbgdsd Fgodengds
39000300 dE0gMo 0bGHMJL0ZsE0s s 0030500 F9dNH3935d0 Tgloderms, ROEHIWMEOO
8909306 ©>©HIYL-

000056 5356580 5W3MMHO 5 BYd3MM0 3Yggool Bmbs godmomBgzs Mogwrmzsbo
939656M9900L 3Bz RgMM36900m, JgLodsdols, 58 GHIMOEGHMM05DY Imfgmwo Moxzgwol
M39gBHLMBS 3MEOBWMOIE0s S 8E0PIM0S JodomEmo F905a90wMdOm. MoREM3560
9396569930l 59353905l (3030 o 330960 AIBIFLYWOL  30OMOdYdo  [ob  MLHGOL
OMOMEIBOOMbOL  43930Mds, MMIgwos 99oEegl  GHmJLobL. FgledsdobsE, OO
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5EB5MMBS  0doLs, MMI BME3MTS S00ml  OHMEOMEIbEOMboL bBgd@odo s GmJuobo
dmbzgl mogxol d935a9bemdsdo.

09wo - Rhododendron luteum, ®MmEO®M©OIbEOMbOL 53 LobgMdsL 3530060
35053006 8F96580 ,db530560% (,05(Yygbostrs®, ,,d5MHMBYES*) MGl FM3M3gds. 09Ol
QOO  M5mobmdom bgd@H®ol dmbggo®ol 8909y MoBo  GMm3LozMmO  bdy,
A™MJLo3MOO MR oMM FMfomsm  4s30LbR9gM0s s bollosmgds FmIFoOr™
399mmo0.

3M5056m@GHMJLbobo, 31939 3b™doos, OMPMO3 3bmMIgomEmdlobo,
5393H09bEMMIIOME0 S HMEO®EGMJLobo. 0go Forsw GMmdLozMMO OEYM3gbmomwo
65960005. CLYOLIMZ0L IMGTROLEHMOMYIOME0s AM505BMEHMJLOLOL 25 0BMIGHMEO BMODs.
o FmO0L 26M5056mGHM™Juobo I, II o III moxgwdo 43z9wsdg dgBo 93M(39wgdmwo
&™gbobos.

3650560 EGHM™JLob-III-0l 0YbEHOFB0Zs300LMZ0L 5 g Msxzol bodwdo dgMgreo ogbs

30 9w 990560 msb, MHMIGELsE 350539000 I WEMY39wsDg 60°C FHgd3gcsd MDYy 6
Bosmols  96353@0mdsdo.  o0gdmo  gduBHMogddo  3953Md  S3smOmJwgdom  0gbs
©53Mb396EGHM0MgdMo FdMoen dsbsdg (INGOS RVO 400) 40°C-bg. 9900990 dd6scno dobo
393bLgboom 10 I AsdMbo {ysedo s sEbow 0dbs C18 (SPE) 3560GHMox by (Waters
Sep-Pak, Vac 6cc, C18 — 500 39). 39OGHMOX0 00305300395 355J¢H0390¢0 0gm 5 dew
9909bmwom, 9999 gofimbslifjmMgdmwo 5 dww fiyeoom. C18 SPE-©sb 5 der dgmsbmemom
900090 065 GHMdLobo. 9Emo®gdEo IgmsbmEosbo BMOJ30s ©e353MmbEIbEGHMOMgm
M50 AoL5dY 35399999 5O 9d9gEdo dso 6930l J3qd 40°C-by. 35530JLBoMgM
M50 Bsdomols dsbso, 2493bbgbom 990sbmedo Qo 9358Bogom
JOMA5GHMAM58306900L5mM30U.

MEMS 3500 LombMo  JOHMToGMYMmoxz009ds (Waters, UPLC Acquity, QDa
Detectore)  59mygbgdmo  ogm  4M5056mEGHMJLob-III-0l  0IbGH0G035300LIZ0UL,
3b65¢0@03796m0 13gBHo ogm Acquity UPLC BEN C18, dmdowww&o 3sbs 90p9gdmes 50:50
£95000/89056M¢0ologsb, MMIgerog 89039305 1% dds63z5358. 0,3 dew/Hon bs3500L LoBJsGrom
8 oo godmymgow odbs GTX-IIL
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390560930 0gm OHMOMEIBEOM®MbOL y3530¢0L gJuE®mod@EH0o, FsmMHMOIMS MIREO
@5 399mymdol 300REMOHY0 Mool 12 60dxdo (bMowo 5 ). msxgwol 60dxdgdo
50909 0465 35058056 5F6580, D030l MBoD Bb3zsILb3s Lodswwgbyg (B30l
©Mbosb 450 8-sb 2040 3-0¢0Y).

15565¢w0BME 5090 o dg0mamdol 3mEoBEMOHYo MsBErol 6odxdgdo

gbMowo 5.
50900 | Lodsang B3Ol
B0dwydo ©@Labg@gte | e, ©b0sb, 3
990mamdoL 3MEOFWMHYYMO AH -1 2019 450
05530 1
899m@a0L 3MEWOBW@OEO AH-2 2019 600
5% o 2
999m@ymdoL 3MEOFWMHYYMO AH-3 2019 780
MOBWwo 3
999m@ymd0L 3MEOFWMHYYMO AH - 4 2019 1566
»noxwo 4
999030l 3MOBEMOHMO AH-5 2019 720
®OBWwo 5
89900pM30L 3MWORLMOHNEO AH-6 2019 760
MORPOo 6
990m@ym3oL 3ME0GLMMEOo AH -7 2019 1400
®OBRo 7
8900@3Mm30L 3MEOGLMHYEOo AH-8 2019 1600
5RO 8
9900330l 3mEOBEMOWEO AH-9 2019 923
®Oxwo 9
8900330l 3MEOGLMHYEO AH - 10 2019 1000
0s53o 10
990m@ym3oL 3ME0GLMMEOo AH-11 2019 1750
msgwo 11
9900@3Mm30L 3MEOFLMHYEO AH-12 2019 2040
05530 12

Bog009Mgds 22 (Ly@omo 21.) 993939d0L M 8,359 (o, m/z 369 [M-H]-, £ max 289 63;
000900 399a00Ls s Boghomgdol  dsbol  Bmbsizgdms  dsbol  METLIN
(https://metlin.scripps.edu) dobgz0m 1 603009MH9ds 00IBEGHO0ROE0MGIM 065, BrrAMO;
305056m@HMmJbobo-III. - C20H3606: m/z= 369.26 [M-H-], d;meng3memédo dsbs: 370 g/dmeno.
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80000.04 o
sooo00] 3913577.04 577 04
.. 60000.01 !
2 40000.0- £ 000000
c ) @
E T’) é 40000.0 78.08
20000.01 =
: 20000.0 1
00+t = I ! e
5.00 10.00 200.00400.06800.00800.00000.00
Mnutes mz

8.359 Peak 1 - QDe 1: MS Scan 1

Peak #1- 8355 -0Q0a 1: ...

bSO 21. HMEOMPIBOOMBbOL 4353000l JOMTSEHMAGMSs, scan ESI-MS m/z: 369 [M-H']

Intensity
=)

15000.01 20000.01 309 26
. 15000.0]
S 10000.01
5000.01 =
‘ M 5000.04
0.0+——"~

400 600 800 10.00
Minutes

0.0%

6.613 Peak 1 - QDa 30: MS Scan 30. QD3 Ne:

Peak 19 - 6733 - Q02 30; M3 Scan

e e S TSI I
20000 40000 600.00 800.00 1000.00
mz

Va—

X1

Apis

LO00 22. FoOHMBYES 05830l JOMIdEMYMsds, scan ESI-MS m/z: 369 [M-H']

1400.004

1200.00
1200.004
1000.004 1
1000.00

5 B00.004
'E 800.004
&00.004 £ ]
E = 600.00
400.00 400.00]
200.00 200,001

ﬂu L ) | T T T T Tr Dnnd"'lI"'|"'l'|'l'i"'tl"'!1l'I"'I-1rl'|'l1ll"'
0.00 500 10.00 15.00 S00 600 7.00 BOO 900 10.00

h}

Minutes

)

Winutes

LS00 23. 999mymdol moxerol AH4 60ddols JOmas@my®sds ; MSL —1566 m; scan
ESI-MS m/z: 369 [M-H-]. (3) 899ma™dol msgerol AH7 60ddol §Omds@mey®sds; MSL —
1400 m; scan ESI-MS m/z: 369 [M-H"]

1800.00 3500.00
1800.00+
140000 3000.004
1200004 250000
= 1000.003 = 000,00
E 300,004 E 1500.00 4
B 1000.004
40000
300,004 500,004
0,004 0.0
003 '5:111 '|l]I|:||] '|5I|][I ("]
Nirisbes
S 0

0 200 400 6.00 800 10.00 1200 16.00 16.00
Wanibes

A0 .+

- M
0. y

— T T
oo s00 1030 1500
Winuies

0

U500 24. (5) 899m™dol mogerol AH8 603993900l JOrmds@ma®msds; MSL — 1600 m;
scan ESI-MS m/z: 369 369 [M-H-]. (3) 999mgamdol msxeroll AH11 bodwxdols
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JO®A5EHMaM5ds; MSL —1750 m; scan ESI-MS m/z: 369 369 [M-H-]. (3) 899m@amdol mogerols
AH12 60330bL J6O®As@Ema™sds; MSL —2040 m; scan ESI-MS m/z: 369 [M-H']

3®50bm@EHmguobo-III Msmgbmds 9g90mpamdol msgedo

3bGoo 6.
60dwdo 30506m@HMmguobo-1I1 3/ 33
FoMHMDOYIS MORLO 500+15
AH-4 4.2+0.126
AH-7 6.3+0.189
AH-38 8.4+0.252
AH-11 17.0+0.51
AH-12 24.0+0.72

d00q0o 9903900l 205625608900,  FoOMdGS  moxedo  GmdLbobol
3993390™ds 0gm 500 3y/32. LssbswoBm@ 50gdMw Msgxzol 12 603/l Imemol GHmduobo
39903w0bs Moxwol 5 6odmddo, 39MHdmE B30l Embowsb 1566, 1400, 1600, 1750 cos 2040
d9@®Bg 5090 60dmdgddo - AH-4 (4,2 dy/3y), AH-7 (6,3 9p/33), AH-8 (8,4 9y/3p), AH-11
(17,0 9p/3) > AH-12 (24,0 92/33), G193 35309000 6530900 3mb396EHM305s FomOHMdYs
0583w AD J9smqd0m (LGomo 44-48) (gbOowo 6). Moxwdo GHmdubobgdol 99339 mds
0DMY05 LOT>MOL ToFYdSLMSD ghms (4.2 — 24.0 Fp/3p) (GbOOEO 6).

JOMA5GHMAM98300 FGOMPOM MR F0 BMJLobols goblsbrg®s 15 fo-bg bs3egd
©@OM3o 0degzs LTS gdsll 0IbEHOBOE0MIOME 04698 GHmJbobo s Ms306 0gbgls
5300900 LogMmmbg (GmJbobom 0bEHMJL035309).

1.10. 83009 3g¢oergd0ols s sbEH0d0MEG03900l 33¢g3s
05x8wo 3900306500  499Mm0Yygbgds,  MHMMOE  Lsd3MOBsM-3OHMBOEsEH03MOO
Lodoegds: bgganobl, s6a0bol, 3960L 935090, 39F0l Fywrmolis s Lb3s EMMU, BogMsd
dslido 990degds 0gmb s6E0d0MEH03900Ls s 8d0dg 9@ go0oL FoMHDIO MH5MEIbMdS, Mg 8
86093690356 36 BHL bzdom Lobogsmml bool.
L5565¢POBME 50GO 0465 EILOZW D LoJoONZGMT0 (5F56r5, 2960, LoAYRMI M
@5 0896M9m0) dmfgreo bbgoalbgs dm@sbo 3o (omdmdmdol msgeol 50 bodmdo, sdgwsb
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10 §oderobl, 10 (353b30L, 10 535300, 10 dmeronwmms (dobzmol) s 10 bodmdo x oMol
MOFEOU.

365¢00BolsmM30L Mozl bodmdgdol 3y gblboom dmMa3gMdo. sbEHOBdOMEH03gd0L
9 m06M900LS S 3MB396GHM0MOOLIM30L 309gbgdom Waters Sep-Pak C18-o (500 mg);

365¢r0Bol sfygdsdg  yzgwrs 60dMaL 3530 GHMg30m Acrodisc LC PVDF Filter
13 mm 0,45 pm gog@Mol 3s8moygbgdoom.

3b6G030mFH03900L 334935 JOMTSEGHMAMBOM  FJgMmEIdDYs  ©oxwdbgdero,
MEGHM00LBIO0 5 L~ ©IGHIJHMOGOOL  490MmYgbgdom, o3 0dErg3s  BTMOGASL,
50dmBgbo 0465l Bosmo dbodzbgurm Momgbmdsg 30 (0.1 93/33)-

363030M 303900l 33935 BosGo®ms HPLC , C18-0l s65¢00@o03® bggdbg. blbsto A:
539¢Mbo@mowo, blbsto B: fyswo-pH (8.5) (B) 99EH«¢0sbgdmero 0.01% sdoszom,
36050009640 (0-7 §o»-20%-0%B-sb, 8o 0% B, 10-12 {oo 20% B, 14-20% B). UPLC-MS
sboewobo BEN C18, 1.7um, BENAmidel.7um, Ugg®o. bs3oo 0,40¢0/fo, Ugg@ob
A99396sBH MMy 50°C, MS- 1356060905 200-1200 Eosw@mbo, Bmboo 600°C, @sgdomo
(msygmgomo) 0,8 33, bgg@o 1,5 33, CV -15. DAD ©g39d@ ™ol dmbo@memobyo (220-400 63),
608m30ob 0b9J3o0l BmiEmEmds ogm 10 d3am.

3b65¢0B0  Bo@IM©s Fowowo (6330l Loobwemo  JOHmds@mycmsgomgdoo HPLC-,
OMIgog s0FmH30os UV ©g@gd@memoom Bridje C18 5 um (150 x 4.6 99 1.D.). dmggdwer
3650096GHw 3060HMdYdT0: MOOEOHO GBS - 539G™MboGMmowo (A) s fyseo-pH (8,5) (B).
) 993GH0569d9o 0,01% 5805300m. 3M509gbEH0 (0-14 for- 20%-0%B-sb6, 16{or 0% B, 20-24
foo 20% B, 25-80% B). bs3oo 1 dgn/fon.

LogoOmzgermdo 998333000 oMM 094gbgdgb 12 sB6GHodomE03L, qugbos:
39@®™bosBmeo (Retention Time-6,759), HmbosBmero (RT-8,228), g@oom®dmdoiobo (RT-
8.868), bo@dmymemsbo (RT-11,712), @obzmdogobo (RT-12.185). UPLC-MS 0gomm@om
0096¢0x8030MG0Mos  mJLoEYBHMI303wobo (m/z-459.14, m/z+461,14), G9EHMs303wobo
(m/z-443.15, m/z+445.16), LEHO93BH™Iozobo (m/z-580.25, m/z+582.27), LvErgeodg@mjLbo
(m/z- 309.06, m/z+311.08), Jeom®59539603m¢00 (m/z- 321.00, m/z+323.01), dg9¢Ombosbmo
(m/z-170.05, m/z+ 172.07), ®mbosbmewo (m/z- 199.04, m/z+201.06), gbHomcdmdogobo (m/z-
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732.45, m/z+ 734.47), boGHomgmemebo (m/z-112.00, m/z+114.01), ¢robzmdoiobo (m/z- 405.21,
m/z+407.22), Bogombobo (m/z-914.51, m/z+916.52), Gogsd3oiobo (m/z- 821.39, m/z+823.41)
(LmBomo 25).

365¢00Bol 90990 MJLoEIGHGS303e0bo BoJuLoMmEYds Fodol Mogeol boddols
20%-30, 3536300 30%-80, 535300 30%-80 s 3ob3MoL 20%-T0. 39EM303w0bo - {odwols
30%-80, 353b30L 20%-80, 5353006 40%-00 s> d0b3zMoL 20%-8o EsLsI390%Dy dg@o
509bMds. LEGHMY3BHMA0E0b0 - (oderol 6odmdol 30 %-To, gogbzol 30%-8o, s35300L 50 %-
4o @5 dobz®mol 20%-3o. Ly rs0dgBmdbobo {sdeol bodwdol 20 %-Jo, 353b30L 20%-do,
535300L 30%-80 s 80bzmol 10%-8o. JermMsdxgbozmewo - {odgrols bodxdols 10%-do,
3o3b30L  10%-3o, 5353006 30%-80 s 80bz®ol 10%-8o. dgBOHMmbosbmwo Fodwols
608m8ob 30%-do, 3ogbzol 30%-0o, s535300L 40%-30 s d0b3MOL Moxwrols 20%-Jo.
OMboIBMEo d9@Mm0bosHmmol Abasgbo gosbsfiows (foderol msgwol 20%-do,
353b30L moxgol 20%-30, 9353008 Mool 30%-0o s dobzmol mszgol 10%-3o).
Bo@mmgmemsbo 943bgds §odwol moxwols 20%-3o, 3s3b30L mozgwol 20%-3o, 535300l
05830l 20%-80 s 80b3MH0oL Mmoxwrol 10%-3o. wo3zEmdosobo - §odwol msgol 30 %-
3o, 393b30L MoxErol 30%-30, 535300L Moxkgol 50%-3o s dobzMol Msxgwrols 20%-Jo.
Gowmbobo {odeol msgwol 20%-30, gogbzol mogwol 20%-30, 535300l Mogeol 30%-3o
@5 906360l mox3eol 10%-do. Goxsd3ozobwmdo (odwol msgwol 20%-do 53b30L
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Introduction

Topic's relevance. A popular food supplement, honey has a long history of production dating back
to antiquity. All natural sweeteners are concentrated and ready-made; for hundreds of years,
people have utilized them extensively. Nowadays, beekeeping is practiced in many nations, and
as a result, a wide variety of honey is produced and sold on the global market. Even though honey
was consumed more extensively as a sweetener before the industrial manufacturing of sugar (until
the 19th century), it is now regarded as a useful natural substance. Given its status as one of the
most ancient agricultural practices, beekeeping has maintained a significant historical and
contemporary relevance in Georgia. Georgia possesses one of the most expansive ecosystems
globally, encompassing diverse agroecological zones that foster optimal circumstances for the
cultivation of honey originating from various sources. The honey industry in Georgia is
predominantly managed by family plantations. Due to the globalization of the honey market,
which presently involves dozens of countries, verifying the identity and provenance of honey is
a critical undertaking. The constituents of the nectar, which determine the medicinal and
prophylactic properties, color, fragrance, and flavor of honey, are contingent upon the
entomophilous plants that flourish in the region where the honey is smoked. The chemical
composition of flowers, in addition to the plant itself, is influenced by the soil and climatic
conditions under which the plant develops and grows. The plant's biologically active compounds
are initially detected in the nectar and subsequently transferred to the honey, resulting in varying
degrees of antioxidant, antibacterial, and antiradical properties.

Formulation of the issue: Honey, which is gaining worldwide and Georgian popularity, is
characterized by extensive consumption, a high price, and its high nutritional and functional
properties. The composition of honey is regulated at the international level by the standards and
norms established by the Codex Alimentarius (Codex Standard for Honey, 2001). In the reality of
our country, the study of the chemical composition of honey acquired more relevance when the
opportunity to export Georgian honey to EU countries appeared. By analyzing the chemical
composition of honey, its nutritional and medicinal value, degree of adulteration, and
contamination with antibiotics and heavy metals can be determined, in addition to honey's quality
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and naturalness. Additionally, it is critical to analyze the qualitative indicators of honey in order
to determine the optimal processing methods and storage conditions for preserving biologically
active honey compounds for an extended period of time. Consequently, the examination of the
attributes stipulated by the European legislation guarantees the evaluation of Georgian honey's
nutritional and functional worth, safeguarding consumer interests, and promoting healthy
competition in both domestic and global markets.
The purpose of the study is to examine the physical and chemical properties of mono- and
polyfloral honey from different sources in Western Georgia, as well as semi-wild Jara honey.
Additionally, the research aims to identify and isolate biologically active compounds, as well as
quantify their content and measure antioxidant activity. Assess the morphological makeup and
honey pollen concentration to ascertain the botanical provenance of the honey. analysis of honey
for heavy metals, antibiotics, and andromedotoxin.
The object of the study was Acacia, Chestnut and Jara honey collected in 3 regions of Western
Georgia - Imereti, Guria, Adjara. Research methodology — The research examined the quantitative
and qualitative content of carbohydrates, total phenols, flavonoids, phenolic acids, and cations
using modern instrumental research methods such as HPLC, UPLC-MS Acquity H Class, pH/Ion
meter S220 and S230 Conductivity, Mettler Toledo UV5, UV/Visible Scanning Spectrophotometer

The honey samples were analyzed for physicochemical characteristics. According to the
EU Regulation (Council EU, 2001) and Codex Alimentarius (2001): The refractometric method
was used to determine the moisture, or conversely the soluble solids in honey. pH/Ion and free
acidity meter S220 and S230 Conductivity (Seven Compact, Mettler Toledo). Determination of
electrical conductivity - Electrical conductivity was using a conductometer Mettler Toledo.
Determination of diastase activity —Standard Schade method and proline. Color intensity - was
determined using the Pfund scale ( Lovibond 2000 & 1000 comparator).

Bioactive compounds - identification of phenolic compounds by ultra-high performance
(under pressure) liquid chromatography UPLC-PDA, MS method. Total content of phenolic
compounds (TCPC), Determination to the Folin-Ciocalteu method (in terms of gallic acid). Total

content of flavonoids (TCF), by the spectral method (AICI3 reagent in terms of rutin). Total
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content of phenolic acids (TCPA), Phenolic acids were determined according to the method of
Mazza, Fukumoto, Delaquis, Girard, and Ewert with some modifications. Antioxidant activity
assay with DPPH- 2,2-Diphenyl-1-picrylhydrazyl - DPPH 0.1 N 50% inhibition mg, with a
sample. Carbohydrates - the sugar content is determined by Waters HPLC (High Pressure Liquid
Chromatography) with RI-detection. Cations - the minerals are determined by the Waters 1515
isocratic HPLC Pump (High-Pressure Liquid Chromatography) with Waters 432 Conductivity
detection. Column - IC-Pak C M/D; Mobile phase: 0.1 mM EDTA/3 mM HNOs. Protein — Based
on the Kjeldahl method, determining the nitrogen and the conversion factor yields the result of
the crude protein. Pollen Analysis - The pollen analysis was made according to the method of
Louveaux et al. slides were prepared from each sample and photographed under a light
microscope. The identification of the pollen grains is based on their size and shape. Grayanotoxin-
IIT Analysis - Liquid chromatography-tandem mass spectrometry (Waters, UPLC Acquity, QDa
Detector) was used for the identification of grayanotoxin-III.

Scientific novelty- For the first time in Georgia, studies were conducted on the analysis of
biologically active compounds in honey. Using chemical, physico-chemical and modern
instrumental methods, 4 carbohydrates were separated and identified: fructose, glucose, sucrose
and maltose. Among the biologically active compounds, 21 compounds were identified: 3 organic
acids: Malic acid, Gluconic acid, Oxalic acid, 10 Phenolic acids: Quinic acid, 4 Hydroxybenzoic
acid, Abscisic acid, Caffeic acid, Protocatechuic acid, P-coumaric acid (trans 4-Hydroxycinnamic
acid), Shikimic acid, 2,5 - Dihydroxybenzoic acid (Gentisic acid), Salicylic acid (O
hydroxybenzoic acid), Hydroxybenzoic acid, 2,4 - Dihydroxybenzoic acid (Resorcylic acid). 7
flavonoids: Pinobanksin, Apigenin, Acacetin, Methoxy kaemperol , Isoramnetin, Bis methylated
quercetin. Gentisaldehyde. Research was conducted on 12 antibiotics in honey samples:
Oxytetracycline,  Tetracycline,  Streptomycin,  Sulfadimethoxine, = Chloramphenicol,
Metronidazole, Ronidazole, Erythromycin, Nitrofuran, Lincomycin, Tylosin, Rifampicinum. 7
heavy metals were also determined: cadmium, cobalt, chromium, mercury, arsenic, lead, zinc. 5

cations: Sodium, Ammonium, Potassium, Magnesium and Calcium.
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Theoretical and practical significance of the work The obtained results may non only be of
significant scientific interest, but they hold practical importance for specialists in the agricultural
sector. With these results, honey can be authenticated and its origin determined. This will
enhance awareness of the university's research potential in the region and improve the
competitiveness and quality of agricultural products.

Approbation of the work - the results of the study are presented in 5 scientific article ,1 in

the monograph, and 3 presentations of the international scientific conference.

1.Experimental part:

1.1. research object

The object of the study was Acacia, Chestnut and Jara honey collected in 3 regions of
Western Georgia - Imereti, Guria, Adjara. Acacia honey - Samples collected over a span of two
years 2022 and 2023. Samples were selected based on microscopic examination of stamens. In
particular, those honey samples where the amount of acacia pollen was more than 45% were
selected for analysis. Out of the collected samples, 30 honey samples were chosen for analysis (10-
10 samples from each municipality and a total of 60 samples over 2 years). Chestnut honey samples
were taken in Guria, Adjara and Imereti regions. As a result of the analysis of Pollens, those
samples were selected in which the number of stamens was more than 75%. 14 samples of chestnut
honey (ChH), 2022 harvest. Jara honey samples collected from three different municipalities -
Adjara, in particular, Keda, Shuaxevi , Khulo . The harvest took place in the fall of 2018 (in
September). Autumn polyfloral honey 12 samples. We stored honey samples in hermetic
containers (4-5 ° C).

2. Microscopic study of pollen grains to confirm the botanical origin of honey

The flower nectar, composed of entomophilous plants that bloom during the honey
collection time, gives honey its color, flavor, taste, and curative-prophylactic qualities. The
flower's biologically active components determine the biological activity of honey. Pollen analysis
was conducted using a light microscope that was equipped with a video eye (AmScope/Microscope
Digital Camera 18MP Aptina Color CMOS/Ultra-Fine Color Engine Inside /MU1803

USB3.0DC5V.900mA). In order to conduct the analysis, 10 g + 0.1 g of the honey sample was
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combined with 20 ml of water and dissolved at a maximum temperature of 400 °C using a vortex.
Ten minutes after being opened, the sample was centrifuged at 1000 rpm. Following the extraction
of the centrifuged liquid, 20 ml of fresh water was introduced and the mixture was centrifuged at
1000 rpm for an additional 5 minutes. To remove the liquid entirely, the resultant substance was
decanted and centrifuged at a 45-degree angle on filter paper while inverted with the open end
down. The residual precipitate was transferred to a preheated glass slide measuring 22 x 22 mm,
with a temperature of 400 °C. The stamens were uniformly distributed onto the glycerine-gelatin
surface using a cross-motion. Following the mixture's maximal heating at 400 degrees Celsius for
five minutes, it was scrutinized under a microscope. Pollen identification was accomplished using
pollen preparations of honey plants (which we produced ourselves) and pollen atlases of various
plants. Pollen grains exceeding 500 in number were analyzed in each sample. For increased
accuracy, pollen counts were performed in triplicate, and the average rate was calculated for each
sample. The indicator is calculated in percentages, and the results are given in the chart #1—#5.
According to the content, pollens were divided into 4 groups: dominant pollens (more than 45%),
secondary pollens (16-45%), essential minor pollens (3—15%), and minor pollens (less than 3%).
The study's findings showed that of the honey samples collected for examination included acacia

pollen, with pollens being those from Linden, apple, raspberry, plum, oak, and leather.( Diagram

1)

Diagram 1. A.Pollen content in 10 samples of Acacia honey from Imereti region B.Pollen

content in 10 samples of Acacia honey from Guria region C.Pollen content in 10 samples of Acacia
honey from Adjara region.

The study's findings showed that of the honey samples collected for examination included
dominant acacia pollen, with the remaining secondary pollens being those from apple and plum.

In samples: ACHI11, ACHI19, ACH23, ACH26, ACH29, secondary pollens being Linden.
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Rhododendron pollen was also detected as trace in sample ACH30. which is identified in Adjara,
namely the Khulo district. ACH9 in the Imereti region and ACH21 in the Adjara region are
distinguished by a high content of acacia pollen.

Chestnut pollen makes up the majority of the pollen in the samples of chestnut honey; it ranges
in number from 75% to 94%. The remaining pollens in the samples are composed of 5-10%
Linden, acacia, woodland clover, umbelliferae, tea tree, and plum flower pollens. Only 10% of the
CH-3 sample of chestnut honey, 7% of the CH-7 honey, and 5% of the CH-4, CH-5, and CH-6

samples contain Linden pollen. Of the rest, less than 5 percent are pollen (Diagram 2.A.)

Diagram 2.A Pollen content in 14 samples of ; B. Chestnut honey Pollen content in 18
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Jara honey samples
The results of qualitative pollen analysis indicates the diversity of resources utilized by honeybees

in the region of investigation. Pollen analysis of Jara Honey showed that out of 18 analyzed
samples were identified: Chestnut, Tilia, Acacia, Juglans regia, Prunus laurocerasus, Malus
domestica, Pyrus communis L, Prunus domestica, Trifolium pratense, Taraxacum, Solidago
virgaurea, Rubus idaeus pollen (Diagram2.B.). In 15 samples of honey, the content of chestnut
pollen was more than 45; in Kedi samples, it ranged from 47.5-26.789%, in Shuakhevi, from 53.28
t0 96.6, and in Khulo, from 46.19 to 80.47%. In three Jara honey samples, the presence of chestnut
pollen is not predominant (JH 1, JH 6, and JH 15). However, it has a higher composition than
acacia, Linden, and others. Rhododendron pollen has been identified in the samples: (JH 1, JH 6,
JH9, JH10, JH11, JH13, JH14, JH15, JH16 and JH17). The consistency of Rhododendron pollen is
higher in JH-9, JH-13 and JH-16 samples. This samples belong to important minor pollen group
(JH-9 — 4.45%, JH-13 — 4.88 % and JH-9 — 4.26%), in other cases their consistency is lower than
3%. Depend on melissopalynology analysis result we can conclude that jara's honey can be

classified as multiflorals honey. Although JH-7, JH-8, JH-9, JH-10, JH-12 and JH-16 samples of
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honey, concentration of chestnut pollen for unifloral honey is in settled limits (73.36 — 96.89 %).
Physico-chemical characteristics of acacia, chestnut and jara honey collected in 3 regions of
Western Georgia (Imereti, Guria, Adjara) were studied. At the Initially stage, based on the
microscopic analysis of pollen, the botanical origin of honey was confirmed and acacia honey was
selected for analysis, where the amount of pseudo acacia pollen was more than 45%. Chestnut

honey had 75% to 94% chestnut pollen. Jara honey was identified as polyfloral honey.
4. study of physico-chemical characteristics of honey

One of the most contaminated foods in Europe is honey. There are many different ways
and means of falsifying it, which is bad for both the consumer's health and the quality of the
honey. The Code on the Standard of Honey was established in 1981 to safeguard such a valuable
commodity. It has since been updated on a regular basis, with modifications made in 1987, 2001,
and 2019. By identifying the factors that affected honey quality, the code was designed to control
the environment of honey production and storage. According to the European regulation, the
criteria for determining the latter are separated into two groups: organoleptic characteristics,
which include evaluating the honey's color, taste, consistency, and aroma; and physicochemical
characteristics (moisture, carbohydrate content, acidity, pH, minerals, electrical conductivity,
vitamins, proteins, hydroxymethylfurfural, organic acid content). The type of nectar, the climate,
and the procedures used to process the honey all affect these qualities.

The physico-chemical properties required by the European regulation were ascertained
in the acacia, chestnut, and Jara honey samples after the pollen analysis verified the honey
samples' botanical origin. These characteristics included water and solid content, active acidity,
concentration of free acids, electrical conductivity, diastatic activity, protein, and proline amount.
The water content in honey stands as the important parameter. The mass fraction of water in the
honey samples taken for analysis is within the norm according to the European regulation and
the technical regulation on honey in force in Georgia. (no more than 20%), in particular from
16.9 to 20%. The samples of acacia honey taken for analysis are yellowish-amber and
characterized by the distinctive aroma of acacia flowers. The water content in honey stands as the

important parameter. The mass fraction of water in the honey samples taken for analysis is within
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the norm according to the European regulation and the technical regulation on honey in force in
Georgia. (no more than 20%), in particular from 16.9 to 20% (Diagram 6;7;8.). It is only an
exception ACH8 (Kharagauli), ACH11 (Lanchkhuti) and ACH23 (Keda) sample, where the rate is
21.1%. A relatively low rate was observed in the sample taken in Samtredia municipality, 15.8%
(Diagram 3 ). In the samples taken from all three regions, the average rate of water is actually
similar, Imereti region 18.83%, Guria region 18.75% and Ajara region 18.74%.The total content

of soluble substances in acacia honey is in the range of 78.9-84.2%.

A B C

Diagram 3. A. Mass ratio of water and dry matter of Acacia honey in Imereti region B. Mass ratio of water and dry

matter of Acacia honey in Guria region C. Mass ratio of water and dry matter of Acacia honey in Ajara region

The fourteen samples of chestnut honey that were collected for examination all have a
black hue, a taste that is somewhere between bitter and sweet, a faint scent, and a distinct smell
that is unique to chestnut flowers. Samples of chestnut honey had water contents ranging from
17.8% to 20.0% (Diagram 4.A). The honey from Kobuleti (Chakvi) had the greatest rate, which
may have been brought on by the area's high relative humidity. As a result, the dry matter content

of chestnut honey is 80.0-82.3% (average 81.15%), which also complies with the regulations.
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Diagram 4. AWater and dry matter content of Chestnut honey samples B. Water and dry Substans content of Jara
honey samples

Jara honey is collected once a year, at the beginning of autumn. Since it contains pollen from
many plants and flowers, Jara honey can differ in color, taste and aroma from other honeys. The

moisture level in this inquiry ranged from 14.3% to 18.6%. (Diagram 4.B.), As a result, the dry
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matter content of Jara honey is 80.0-82.3% (average 81.15%), JH-14, JH-15 and JH-17 samples
are distinguished by high Content of dry matter (85-86%).

The average rate of water content in acacia honey samples taken from the Adjara region
was 18.77%, and the total content of dray substances was 81.23%. The water content in Jara honey
samples ranges from 14.3% to 18.6%, so the mass fraction of dry matter is from 81.4% to 85%. i.e.
Average rate of water content in jara honey is 17.13%, and dry matter is 83.17%. The water
content in chestnut honey samples ranges from 18.2% to 20.9%, with an average rate of 19.40%.
Consequently, the mass share of dry substances ranges from 79.1% to 81.8%, with an average rate
of 80.58%

Honey samples from Western Georgia have less than 20% water content; of these, Jara
honey samples have the lowest rate (17.13%), followed by acacia honey (18.77%) and chestnut
honey (19.40%). These rates are within the established norm and the International Honey
Commission standard. Honey's stability and resistance to enzymatic reactions are guaranteed by
its low water content.

One of the key indicators of honey's ripeness is its free acid level. It also shows the
modifications that occurred when the honey was being stored. The organic acids found in honey,
which are in balance with lactones, esters, and certain ions like phosphates, sulfates, and chlorides,
are what give it its significance. An elevated acidity level may also suggest that the honey
underwent fermentation at some point, converting the alcohol that resulted into an organic acid.

The acid content of honey is relatively low, but it is crucial for the taste of honey. The acidity of
honey is determined by titration and is expressed in milliequivalents per kg, Calculated as
milliequivalents of acid per kg of honey. The acidity in the samples submitted for analysis is less
than 50 units, In particular, the average rate in Imereti acacia honey samples is 15.45 mEq/kg,

18.22 mEq/kg in Adjara samples and It is relatively high in Guria samples at 20.2 mEq/kg.
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Diagram 5. A. Free acidity of Acacia honey samples B. Free acidity of Chestnut honey samples
Additionally, it ranges from 20.8 to 44.6 milliequiv/kg in chestnut honey (Diagram 5). Diagram 6

displays the findings of the free acidity study of Jara honey. The free acidity index varied between
20.96 and 28.5 mEq/kg, whereas the range of acacia honey concentration is between 11.2-28.5

mEq/kg (Diagram 5.A.).
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Diagram 6. Free acidity of Jara honey samples
By comparing the average rates of the obtained results, free acidity is relatively low in

Acacia honey at 17.96 units, increases in jara honey to 25.2 units, and is relatively high in chestnut
samples at 30.65 units.

Since pH has an impact on the texture, stability, and shelf life of honey, it is one of the key
elements of honey. Specifically, it stops microbiological activities from growing. The Codex
Alimentarius Commission does not specify the pH of honey; it often ranges from 3.2 to 4.5.
Numerous variables, such as the pH of the soil and nectar, affect its worth. The acacia honey
samples that were submitted for analysis all had very identical pH values. Specifically, 3.64—4.14
for Imereti acacia honey, 3.58-4.25 for Guria samples, and 3.61-4.08 for Adjara samples (diagram
7). The pH values of the chestnut honey samples range from 4.5 to 4.97 while the Jara samples,

which correspond to the standard (pH 3.40-6.10), range from 4.23 to 5.63 (Diagram 8.A.B.).
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The honey's acidity, mineral content, and botanical origin all have a direct impact on its electrical
conductivity. As per the honey regulations, the value of floral honey is less than or equal to 0,800

mls/cm, whereas the value of chestnut honey exceeds this limit.

i

A B C
Diagram 7. A.Acacia honey from the Ajara region: pH and electrical conductivity B. Acacia honey from the Guria

region: pH and electrical conductivity. C. Acacia honey from the Ajara region: pH and electrical conductivity

The electrical conductivity limit in samples of acacia honey is comparable. Specifically, the
average value of the minimum value for Imereti was 0.152 milliliters/cm, while the average value
for the samples from the Adjara and Guria regions was 0.154 mS/cm. The maximum value is 0.29
mS/cm (average value) for Imereti, 0.285 mS/cm (average value) for Guria, and 0.282 ml/cm

(average value) for Adjara honey (Diagram 7).
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Diagram 8.A. pH and electrical conductivity in Chestnut honey B. pH and electrical conductivity
in Jara honey
In the chestnut honey samples that were analyzed, the electrical conductivity values

ranged from 1.036 to 1.9162 ps/sm (diagram 8.A.); in the Jara honey samples, they varied from
1.071 to 1.706 ps/sm (diagram 8.B.).

Average values of electrical conductivity in the samples of jara and chestnut honey are
almost similar, 1.2441 and 1.43 ps/sm, respectively, but it is much smaller in acacia honey - 0.2293,

which is one of the important distinguishing markers in relation to other honeys. Since the amino
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acid composition of honey is entirely based on its botanical origin, both its qualitative and
quantitative content can be used to successfully gauge the product's naturalness and quality.
Honey contains 1% or less of amino acids by mass. Its composition includes glutamic acid, aspartic
acid, glycine, threonine, histidine, glutamine, proline, and others. But among them there is more
proline, which is mainly produced by bees during nectar processing. Its content depends on the
time of nectar processing by the bees and, accordingly, on the botanical origin of the honey. It
makes up about 50-85% of the total mass of amino acids and its concentration is different in

different honeys. The FEuropean regulation determines the proline content in honey and it should

not be less than 180 mg/kg.

Diagram. Proline content in Acacia honey
In Imereti honey samples, proline concentration ranged from 357 to 1247 mg/kg (average value
991.8 mg/kg), in Guria honey, from 546 to 1456 mg/kg (average value 1028.43 mg/kg), and in
Adjara honey, from 653 to 1380 mg/kg (average value 1213.88 mg/kg), according to a comparison
of the obtained data. The Imereti region has the lowest proline content on average, followed by
the regions of Guria and Adjara (Diagram 9 ).
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The proline content of Jara honey samples ranged from 761.28 to 1372.29 mg/kg (Diagram
10.A.). The lowest proline concentration was measured in JH-2 (761.28 mg/kg) and JH-3 (790.62
mg/kg) in the honey samples from Keda. The highest amount was observed in five samples: JH-5
(12498.39 mg/kg), JH-7 (1311,06 mg/kg), JH-12 (1234.9 mg/kg), JH-13 (1208.16 mg/kg), and JH-
18 (1372.29 mg/kg). Diagram 10.A.- shows that all proline values for honey were well above the
180 mg of proline per kilo of honey standard.

Chestnut honey has a proline concentration ranging from 557.82 mg/kg to 1938.86 mg/kg.
The rate is comparatively low in the samples from Askani and Guria (557.82 mg/kg), Keda (803.13
mg/kg) honey, and Tskaltubo (980.67 mg/kg) honey (viewed). It is found in multiple samples of
Imereti (Baghdati, Zegan), Kobuleti (CH5), and Kedi (CH3 and CH4), all within 1300 units. The
honey from Jalabashvili village in Kedi had the highest rate of 1938.86 mg/kg among the samples
that were given (diagram 10.B).

Diagrams No. 9, 10 demonstrate that all Jara honey samples had a rather high proline
content. Proline concentrations in chestnut and acacia honey samples ranged from 557.82 to
1938.86 mg/kg and 357 to 1556,1 mg/kg, respectively. Of the samples that were given, chestnut
honey had the highest proline content (1938.86 mg/kg) and acacia honey had the lowest (357
mg/kg). The average proline level in the Jara and acacia honey samples is 1063.22 mg/kg and
1078.04 mg/kg, respectively, whereas the proline amount in the chestnut honey is 1277.21 mg/kg.
The activities of diastase are the basis for evaluating the quality of honey. The enzymatic
composition of honey includes glucosidases, o« and  amylases, o« and B glucosidases, as well as
proteases. Honey differs from each other in the composition and quantity of enzymes, as their
content is completely dependent on both the nectar collection period and the physiological age
of the bee colony and sample storage conditions. o and 3 amylases, or diastases, are the enzymes
that occur in relatively large quantities in honey, and their content depends on their botanical
and geographical origin. [28]. A diastase catalyzes the breakdown of starch into maltose. For all
varieties of honey, the diastase (amylase) activity should be at least 8 units, as determined by the
shade scale. The analysis shows that the rate is less than 8 in 15 samples of acacia honey (ACH 3,

7,8,13, 14, 15, 16, 17, 21, 22, 24, 25, 27, 28, 29). The Guria region's tenth sample had the highest
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rate of diastatic activity (20 units), followed by the twenty-third sample (15 units), the twenty-
sixth sample (12 units), and the thirty-third sample (18 units). The average rate of diastatic activity
in the remaining 15 samples was found to be 13.3 units, after accounting for rates higher than 8
units (Diagram 11).
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Diagram 11. A. Diastatic activity in acacia honey. B. Diastatic activity in Chestnut honey C. Diastatic activity in

Jara honey

Only three of the fourteen samples of chestnut honey—the samples from the Kedi district, the
two villages of Kharaula and Dandalo, and the sample from Kobuleti—showed eight units. It is
more than 8 (between 11 and 25) in all other circumstances (diagram11.B.).

The diastatic activity rate in Jara honey ranges from 9 to 27, particularly in samples of
Shuakhevi honey, where the activity rate is significantly higher, along with the concentration of
enzymes (diagram 11.C.). This consistency in Jara honey samples is expected due to the diverse
array of honey plants found in the forest.

In the honey samples taken for analysis, the diastase activity is notably higher than 8 units.
Specifically, for acacia honey, it ranges from 8 to 30 units (with an average rate of 11.91 units),
while for chestnut and jara honey, it ranges from 8 to 27 units (with average rate of 16.42 and
16.44, respectively). Since bees are the primary producers of honey, which has a very low protein
concentration, the amount of protein in honey is mostly determined by how well and how long
the bees digest the honey. Samples of acacia honey collected for examination contain 0.16-0.39%
of it. Diagram 30 shows that three samples from Guria (acacia honey ACH-13 (0.37%), ACH-17
(0.37%), and ACH-18 (0.39%)) and one sample from Adjara (acacia honey ACH-8 (0.39%)) had

quite high rates.
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Protein % Protein %

A B C
Diagram12. A.Protein content of Acacia honey B.samples Protein content of Chestnut honey samples C. Protein
content of Jara honey samples

Physico-chemical of honey Western Georgia characteristics Table Nel
Physico-chemical Western Georgia honey
characteristics Acacia honey Chestnut honey Jara honey
Water content% 18,77 19,4 17,13
Mass fraction of soluble substances,g/100 g 81,23 80,58 83,17
Free acide milliequiv/kg 17,0 30,65 25,2
Electrical conductivity ps/sm 0,2293 1,4300 1,2551
pH 3,93 47 5,06
Proline mg/kg 1078,04 1277,21 1063,22
Protein % 0,3 0,37 0,56
diastase activity (by the shade scale) 10,65 16,43 21,14

Tablel lists the average indicators of the physico-chemical properties of Jara, chestnut, and acacia
honey produced in Western Georgia.

Chestnut honey's protein content ranges from 0.24% to 0.46%, with little discernible variation
between the samples. The 13th sample of chestnut honey (Baghdati, Zegani) has a comparatively
low rate. The nitrogen content of Jara honey samples ranged from 0.31 to 0.91% (Diagram 14 C).
A high concentration of protein, almost 1%, is recorded in ridge 4 (JH2, JH3, JH4 JH and sample
1 of Khulo (JH14). The average rate of protein content in acacia honey is 0.3%, in samples of

chestnut honey it is 0.37%, and in samples of Jara honey it is 0.56%.

5. Qualitative and quantitative analysis of honey carbohydrates using HPLC-UV,
Vis, and RI methods

Honey contains a significant amount of carbohydrates, mostly in the form of mono- and
disaccharides. Honey's botanical and geographical origins are the primary determinants of its
carbohydrate content, both in terms of quality and quantity. But other variables including
weather, honey processing techniques, and storage conditions also affect the amount of carbs.

Carbohydrates in honey were identified by the high-pressure liquid chromatography method
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using the HPLC-Waters Breeze instrument. Column: carbohydrate, column temperature: 40 oC,
mobile phase: 80% acetonitrile (Merck; Sigma-Aldrich), detection: RI Detector 2414. For the
identification and quantitative analysis of individual compounds, the standard compounds at our
disposal were: glucose, fructose, maltose, and sucrose. The peaks were identified according to their
retention time, and the obtained results were recalculated according to the calibration curve of
the standard compounds (table 2).

Description of carbohydrate calibration curves

Table 2
Name Time R R"2 Standard Error Equation
Fructose 4.344 0.999791 0.999582 1.577167e+004 Y = 4.36e+005 X + 6.44e+003
Glucose 5.351 0.999930 0.999860 2.187388e+004 Y =8.71e+005 X + 8.93e+003
Sucrose 7.236 0.999894 0.999788 2.178549e+004 Y = 8.47e+005 X + 8.89e+003
Maltose 8.640 0.999877 0.999753 1.705166e+004 Y = 6.14e+005 X + 6.96e+003

For examination, a 5 g sample of honey was obtained and diluted in 40 ml. We added 25
ml of methanol to the aqueous solution after quantitatively transferring it to a 100 ml volumetric
flask in water. The flask with the distilled water was filled to the mark. After passing a 0.45-
micron membrane filter through the sample that was ready for analysis, we carried out the

chromatographic analysis of the material.
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Picture 1. Carbohydrate calibration curve
Samples of acacia honey detected fructose, glucose, and sucrose. According to a comparison

of the obtained results, fructose is the predominant carbohydrate in all 30 samples that were taken
for analysis; its amount in the samples from the Imereti region falls between 34.2-49.78% (average
rate: 42.44%) (Diagram13.A.), in the samples from the Guria region, between 41.4—44, within 82%
(average rate: 42.98%) (Diagram13.B), and in the samples from the Adjara region, between 41.5—
45.5% (average rate: 43.18%) (Diagram13.C). Regarding the glucose content, the average value is

33.46% (ranging from 26.94 to 36.14%) (Diagram13.A) in the honey from the Imereti region,
82



35.24% (ranging from 30.47% to 36.86%)(Diagram13.B) in the samples from the Guria region,
and 31.82% to 35.4% in the samples from the Adjara region(Diagram13.C).
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Diagram 13. A. Carbohydrate content in Acacia honey from Imereti region B. Carbohydrate content in Acacia
honey from Guria region C. Carbohydrate content in acacia honey from Adjara region

Since the technical standard on honey stipulates that the concentration of sucrose should
not exceed 5%, the amount of sucrose in honey is a crucial metric for verifying its naturalness. All
three locations' average rates of sugar concentration for acacia honey samples range from 1.26 to
1.44%, which is within normal limits. The results show that the honeys from the Adjara region
have a relatively greater fructose content (based on the average indicator) while the samples from

Guria have a higher glucose content.
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Diagram 14. A. Carbohydrate content in Jara honey B. Carbohydrate content in Chestnut honey

About 75% of Jara honey's total composition consists of monosaccharides (fructose and
glucose), and the remaining 10% to 15% are disaccharides. In samples of Jara honey, fructose,
glucose, sucrose, and maltose were detected. Among them, glucose and fructose were the most
prevalent molecules. Based on a comparison of the obtained data, it can be determined that the
samples of Jara honey had a fructose percentage of 44.5-56.4% and a glucose concentration of
27.8-37.07% (diagram 14.A). In the Jara honey samples taken for analysis, taking into account
the average value of the indicators, the dominant compound is fructose (38.94%), followed by
glucose (31.65%). Sucrose identified in identified in samples: JH-2, JH-3, JH-10, JH-13, JH-16, and

JH-17, and the contents of the honey samples ranged from 0.065% to 0.403%. Maltose was
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identified only in 2 samples: JH-12 and JH-15. (diagram 14.A). The maltose content was 2.006%
and 1.8%. The sucrose and maltose contents are significantly lower than the fructose content as
well as the glucose content. The predominant carbohydrate in samples of chestnut honey is
fructose. It makes up between fifty and fifty-five percent of all carbs. Additionally, maltose makes
about 2.4-7.5%, sucrose 1.4-2.75%, and glucose 35—42% of the overall amount. It should be
mentioned that no sample had more sucrose than 2.75% (diagram 14.B). Every sample of chestnut
honey included both sucrose and maltose. The ratios of glucose to water G/W and fructose to
glucose F/G are also significant indicators when assessing the quality of honey. When the fructose
and glucose ratio is less than 1, honey crystallizes, indicating that there is more glucose than
fructose in the honey. A good characteristic of acacia honey is the average fructose/glucose ratio
in the samples collected for analysis: 1.25 in Imereti honey, 1.22 in the second 10 samples
(ACH11-ACH20), and 1.27 in the first 10 honey samples (Adjara region).

Furthermore, the ratio of glucose and water is crucial. The ratio of glucose and water in
the seven acacia honey samples (ACH3, ACH5, ACH14, ACH18, ACH20, ACH28, and ACH30) is
between 2.03 and 2.11, indicating that the crystallization process is progressing. The ratio is less
than 1.7 in three samples from the Imereti region (ACH7, ACH8, ACH10) and three samples from
the Adjara region (ACH21, ACH22, ACH23), indicating a low or negligible possibility of
crystallization. The ratios in the remaining honey samples range from 1.74 to 1.94. The features
of both ratios are rather high in the samples of chestnut honey that are being shown. Specifically,
the average rate of the glucose/water ratio is 1.6 and the fructose/glucose ratio is 1.34.

In Jara honey samples, the fructose/glucose ratio varied between 1.09 and 2.08, and the
glucose/water ratio was between 1.05 and 2.24. When the ratio is near 1, just two cases are
documented. First, the glucose/water ratio in this instance is rather high at 1.99, whereas the
fructose/glucose ratio is 1.09 (JH18). A glucose/water ratio of 1.05 is the second (JH1). However,
the fructose-to-glucose ratio is 1.22 here as well. The crystallization process is therefore not fixed.

The honey that crystallizes readily does not include chestnut and Jara honey.
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Diagram 15. Average rate carbohydrate content of Acacia, Jara and Chestnut honey
All samples of acacia, chestnut, and Jara honey from Western Georgia contained fructose (acacia:
42.87%; chestnut: 41.66%; Jara: 49.90%), glucose, and sucrose. The amount of fructose and total
carbs in Jara honey samples is comparatively greater. Acacia honey has an average glucose rate of
34.33%, which is comparatively higher. Moreover, maltose is detected in samples of Jara and
chestnut honeys; its average rate is 0.21% in Jara honey and 4.04% in chestnut honey (diagram 15).
6. Qualitative and quantitative analysis of honey cations using the HPLC conductometric
method

Numerous macro- and microelements can be found in honey. The range of their presence
in honey is 0.02-1.03%. The majority of these elements are Fe, Li, Co, K, Na, Mg, Ca, P, Mn, and
so on. Depending on the honey's botanical and geographic origins, their composition varies.
Honey's color is influenced by the minerals it contains; in particular, the more minerals there are
in the honey, the darker the hue. One of the indicators to verify the naturalness of honey is its
mineral content. The mineral value of the honey is particularly reduced when the beekeeper
further feeds the bees sugar syrup.
The study of cations was carried out by the chromatographic method, using a high-pressure liquid
chromatograph, a conductometric detector. Isocratic HPLC pump - Waters 1515 (Waters 1515),
Detector Waters 432 (Conductivity) Column IC-Pak Cation MD, Eluent 0.1 mM EDTA, Blanc
conductivity 1250 + 50 pS, Base Sensitivity 2000 pS, Integrator Sensitivity uS, column temperature
35°C, Polarity-negative. Standards were obtained for Lithium hydroxide monohydrate (Li*),
Sodium chloride (Na*), Ammonium chloride (NH4*), Potassium chloride (K*), Magnesium nitrate

hexahydrate (Mg?"), Calcium nitrate tetrahydrate (Ca%), Strontium nitrate tetrahydrate (Sr*),
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Barium chloride dihydrate (Ba%") (Fisher Scientific), EDTA (Serva). Calibration curves of standard
compounds were used to determine the quantitative content of minerals.

Formulas of calibration curves of standard compounds

Table Ne 3
Calibration curves of standard compounds

Lithium calibration curve formula Y = 3.55e+005 X - 7.26e+003
Sodium calibration curve formula Y = 1.44e+005 X + 9.50e+004
Ammonium calibration curve formula Y =1.65e+005 X + 1.21e+005
Potassium calibration curve formula Y =7.79¢+004 X + 6.01e+004
Magnesium calibration curve formula Y =2.97e+005 X + 2.76e+005
Calcium calibration curve formula Y =1.28e+005 X + 2.28e+005
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Picture2: HPLC cromatograma of honey cations

The cation analysis was done on jara honey, polyfloral honey, acacia, Linden, and Linden-
chestnut samples. In the districts of Samegrelo, Guria, Imereti, and Adjara, samples of honey were
collected. After comparing the findings, 115 samples in all were examined, and 18 samples with
the lowest and greatest values of the indicators were given. The findings from eighteen jara honey
samples are shown below.We used deionized water to dilute the honey samples 1:10 for
chromatographic research, and then we filtered the resulting aqueous solution using a 0.45-
micron filter. The ions found in the samples collected for analysis were calcium, magnesium,
sodium, ammonium, and potassium. The average indicators (diagram) in the samples of chestnut
honey have the following values that indicate their total content: Samegrelo 5278.92 and 6259.46
mg/kg, Guria 5644.34 and 7443.72 mg/kg, Imereti 5847.94 and 5850.26 mg/kg, and Adjara 5445.34
and 7991.04 mg/kg.
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Total ions content mg/kg

Diagram 16. Total ions in Samegrelo, Guria, Imereti, and Adjara chestnut honey

Compared to Linden (2530.72-3097.94 mg/kg), acacia (2497.46-3787.84 mg/kg), spring
polyfloral (3296.14-4089.98 mg/kg), and autumn polyfloral (4287.46-5635.48 mg/kg), chestnut
honey has a comparatively greater ion concentration. However, it is nearly identical in Linden-
chestnut honey (5680.84-7106.92 mg/kg), which could be related to the honey's inclusion of

chestnut pollen.

8000 7106.92 M total ion content mgk%
6000 5680.84
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Diagram17. A.Total amount of ions in different honeys of Adjara region mg/kg B.Total content of

cations in chestnut honey

The amount of the potassium ion, which is the predominant cation in all of the samples collected
for examination, varies according to the honey's place of origin. Samples of chestnut honey can
be identified by their high potassium content. Honey contains between 5050.06 and 7248.30
mg/kg of it. Regional variations in potassium ion concentrations are negligible. Particularly
intriguing was the honey that was harvested in a highland community 300 meters above sea level.
It had more than 7000 mg/kg of potassium. Potassium ions are present in relatively smaller
amounts in Linden (2377.34-2746.58 mg/kg), acacia (2220.22-3444.50 mg/kg), spring (296.72-
3595.44 mg/kg) and autumn (3856.28-5092.18 mg/kg) in polyfloral honey, but in Linden-chestnut

samples its concentration increases (5167.94-6516.32 mg/kg) (similar to total ion content) and is
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almost similar to chestnut honey samples. In all honey samples, the mass fraction of potassium is
more than 90% of the total content of cations.

Against the background of potassium ions, the content of other cations is much lower: in
chestnut honey: calcium 13.44-307.34 mg/kg, sodium 26.5-122.82 mg/kg, magnesium 58.18-
134.08 mg/kg and ammonium 6 28-197.80 mg/kg is present. The cation content of the acacia,
chestnut, Linden, Linden-chestnut, and polyfloral honey samples is comparable. The findings
indicated that chestnut honey had a total cation level of no more than 8-9%. Magnesium
concentrations in most samples range from 51 to 130 mg/kg, or 0.88-1.95% of the total content of
cations, while calcium values range from 14 mg/kg to 500 mg/kg, or 0.33-7.2%. Sodium makes up
between 26 and 140 mg/kg, or 0.45-2.1%, of the total concentration of cations. There is a wide

range in the ammonium ion content, ranging from 24 to 197 mg/kg. (Diagram17.B. ).
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Diagram 18 . The content of Na+, NH4+, Mg2+, Ca2+ cations in different honeys of the Adjara region
Honey is polyfloral in the spring and fall, and as we previously discussed, it contains a

significant amount of potassium—at least 87.9% of all the cations. The additional ions in the
examined honey samples (also found in chestnut honey) include Mg2+, which ranges from 29.8
to 94.1 ppm, and Ca2+, which ranges from 43.6 to 378 ppm. Together, these ions make for 1.77-
8.44% of the total number of cations. Only 1.12-2.9% of the total cation content—28.2-134.3

ppm—is made up of the Na+ cation (diagram18).

Chastnut honey
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Diagram19. A.Content of potassium cations in chestnut honey mg/kg B.Content of potassium cations in
polyfloral honey mg/kg
The electrical conductivity content of the honey samples that were provided was also

measured, and it ranged from 1.41 to 1.96 millisiemens/cm for the samples of chestnut honey.
From 0.91 to 1.05 in acacia samples, from 1.7 to 1.75 in Linden honey, from 0.81 to 1.33 in Linden-

chestnut samples, and from 0.96 to 1.87 in polyfloral honeys.
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Diagram 20. A.Total ion content, electrical conductivity and their ratio in chestnut honey B.Total ion

content, electrical conductivity and their ratio in chestnut, Linden, acacia and polyfloral honey

It was found that there is a specific relationship between electrical conductivity and the
cation composition of chestnut honey. Specifically, higher ion concentrations are correlated with
higher electrical conductivity indices. In the case of chestnut honey, the ratio between ion
content and electrical conductivity was found to be between 0.30 and 0.44 (the minimum and
maximum values). 0.24 and 0.41 in the case of other honeys. Two quantitative measures that can

be used to assess the naturalness of honey are electrical conductivity and the potassium to total

cation ratio.
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Picture 3. . HPLC chromatograms of the Cations Jara honey
In the Jara Honey, there were identified microelements such as Li, Na, K, Mg, and Ca (picture 3),

with concentrations ranging from 2613.5 to 5568.4 ppm. Analysis of the results is presented in
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Diagram52. Based on the obtained results, it can be concluded that K is the dominant element,

with its content ranging from 2174.86 to 5074.36 ppm.

Diagram21. Total potassium and ion content of jara honey

This mineral is the most quantitatively important in honey, accounting for around 89% of
the total mineral content. The average potassium ion concentrations in the honey samples from
Keda (3546.72 ppm) and Shuakhevi (3501.46 ppm) are similar. However, the concentration of
potassium ions in the ridge samples varies significantly. For instance, in the first, second, third,
and sixth samples, the concentration ranges from 2239.88 ppm to 2998.04 ppm, while in the
fourth, fifth, and eighth honey, it ranges from 4702.58 ppm to 48603 ppm, with a difference of up
to 36 ppm. In Shuakhevi honey samples, there is no significant variation in the indicators (3259.64
ppm to 3856.74 ppm). Similar to the ridge samples, the potassium content in Khulo honey varies.
For instance, JH 16 (2356.68 ppm) and JH 18 (2395.72 ppm) have almost identical concentrations.
However, compared to these samples, the potassium content is twice as high in the fourteenth

sample of Khulo honey, reaching 5074.36 ppm.
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Diagram 22 . The Cations - Na*, NH4",Mg?* o5 Ca? - of Jara honey
The second most abundant mineral in all samples was Ca, ranging from 141.28 — 795.06

ppm. The average content of Mg and Na varied significantly among samples. The concentrations
found in the samples ranged from 41.6 to 262.34 ppm for Mg and from 2.4 to 33.58 ppm for Na.
The concentration of Li was the lowest (8.22 — 19.44 ppm). (Diagram22)

Two quantitative measures that can be used to assess the naturalness of honey are electrical
conductivity and the potassium to total cation ratio.

7. Study of biological activity compounds in honey using the UPLC PDA-MS method
Phenolic compounds are an important marker of honey, because their qualitative and quantitative
content in honey depends on many factors, including: botanical origin of honey, enzymatic
activity of bees and surrounding world.

The analysis of phenolic compounds in honey has been more relevant in recent decades than in
the past, because the effects of phenolic compounds on human health are closely related to the
qualitative and quantitative content of these compounds in food. Therefore, identification and
quantification are very important. The determination of these compounds in honey includes
several stages of research, namely their extraction from honey and their subsequent quantitative
determination using modern research methods.

For the chromatographic study of phenolic compounds in honey samples, at the initial stage, we

prepared the sample by solid phase extraction (Scheme 1). We used Amberlite XAD-2 as a sorbent.
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At the initial stage, we prepared a 10%-30% aqueous solution of honey (solvent - hydrochloric
acid aqueous solution, pH-=2). The concentration of the aqueous solution of honey depends on
the type of honey, in particular, in the case of acacia honey, we obtained a 25-30% aqueous
solution, in the case of chestnut, Linden and jara honey, a 10% aqueous solution. In the next step,
the sample and the sorbent Amberlite XAD2 (30g) were mixed and introduced into the
chromatographic column (column dimensions - height 35 cm, diameter 25 mm). Amberlite XAD-
2 as a sorbent performs sorption of phenolic compounds. An important stage of sample preparation
is washing, for the first time washing is carried out with 150-200 ml of hydrochloric acid aqueous
solution (pH=2). At this stage, carbohydrates are removed. Then we continued washing with 100
ml of distilled water, checking the end of washing with a refractometer (zero point on the
refractometer).

Phenolic compounds were eluted with 80% methanol (150-200 ml). We checked the completion
of the elution by scanning the methanolic fractions in the ultraviolet and visible light. After
completing this step, we concentrated the eluent in a vacuum oven at 400C and recovered the
obtained concentrate with 1-2 ml of 80% methanol (the amount of methanol recovery depends
on the concentration of phenolic compounds in the eluent). At the end of sample preparation, we
filtered the sample through a 0.45 micron filter. Individual compounds were identified by ultra-
performance liquid chromatography using UPLC, photodiode array (PDA) and mass (MS)
detectors.

Study of biologically active compounds of honey by UPLC-PDA-MS method
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Picture 4. UPLC-PDA MS chromatogram of acacia honey (Scan 205-500 nm 100-700 daltons)
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Peak #1 - 1.328 - QDa 1: MS Scan Peak #3 - 1.662 - QDa 1: MS Scan
228.5269.1
2755 495.5| /ZUGL
194.94 191.05
214.98
Tﬂéﬂ.go 34371
l s ’.um“ J\H“m\lidmlhmum TV ST AP T AT
Apex Apex
A B

Picture 5.A UPLC- PDA-MS chromatogram of honey ESI m/z 194,94 (M-H") Picture B. UPLC- PDA-MS

chromatogram of honey ESI m/z 191 (M-H)

Substance 1 -[M-H -] - m/z 194,94, is recorded on the chromatogram of the retention time

of 1.328 sc, and mass of substance from METLIN https://metlin.scripps.edu with free base and

literary (DOI: 10.22616/rrd.25.2019.034) Substance 1 corresponds to - gluconic acid.(Picture 5.A).
Substance 2 -[M-H -] - m/z 191, is recorded on the chromatogram of the retention time of
1.662 sc, absorption maximum at UV- 2255 nm and mass of substance from METLIN

https://metlin.scripps.edu with free base and literary (DOI: 10.22616/rrd.25.2019.034) Substance

2 corresponds to - Quinic acid.(Picture 5.B).

Peak #10 - 4.886 - QDa 1: MS Scan Peak #11 - 5.121 - QDa 1: MS Scan Peak #12 - 5.341 - QDa 1: MS Scan
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Picture 6 A. UPLC- PDA-MS chromatogram of honey ESI m/z 133,08 (M-H-) Picture 6B. UPLC- PDA-MS
chromatogram of honey ESI m/z 136,97 (M-H-) Picture 6C. UPLC- PDA-MS chromatogram of honey ESI
m/z 179,01 (M-H)

Substance 3 -[M-H -] - m/z 133.08, is recorded on the chromatogram of the retention time
of 4.886 sc, absorption maximum at UV- 213.1 nm and mass of substance from METLIN

https://metlin.scripps.edu with free base and literary (DOI: 10.22616/1rd.25.2019.034) Substance

3- corresponds to - Malic acid(Picture 6 A)
Substance 4 - [M-H - ] - m/z 136.97, is recorded on the chromatogram of the retention

time of 5,121 sc, absorption maximum at UV- 258,33 nm and mass of substance from
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METLINhttps://metlin.scripps.eduwith free base and literary(DOI: 10.22616/rrd.25.2019.034)

Substance 4 - corresponds to - 4 hydroxybenzoic acid.( Picture 6B)
Substance 5 - [M-H - ] - m/z 179,01 is recorded on the chromatogram of the retention time

of 5,341 sc, absorption maximum at UV- 211.3 nm and mass of substance from METLIN

https://metlin.scripps.edu with free base and literary (DOI: 10.22616/rrd.25.2019.034) Substance

5 corresponds to - caffeic acid.( Picture 6C)

Peak #14 - 5.788 - QDa 18: MS Scan Peak #14 - 5.902 - QDa 18: MS Scan Peak #22 - 6.857 - QDa 1: MS Scan
N 271.8 326.7 1
273.7
270.93 269.06 282.69
236.06| 961.86|
86.65
254.63 220.15 [355-15
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Picture 7A. UPLC- PDA-MS chromatogram of honey ESI m/z 270,93 (M-H-) Picture 7C. UPLC- PDA-MS
chromatogram of honey ESI m/z 269 (M-H") Picture 7B. UPLC- PDA-MS chromatogram of honey ESI m/z
282,69 (M-H")

Substance 6 - [M-H - ] - m/z 270,93, is recorded on the chromatogram of the retention

time of 5,778 sc, absorption maximum at UV- 271.8 nm and mass of substance from METLIN

https://metlin.scripps.edu with free base and literary (DOI: 10.22616/rrd.25.2019.034) Substance

6 corresponds to - Pinobanksin. (Picture 7A).
Substance 7 - [M-H - ] - m/z 269, is recorded on the chromatogram of the retention time
of 5,902 sc, absorption maximum at UV- 271.8 nm and mass of substance from METLIN

https://metlin.scripps.edu with free base and literary (DOI: 10.22616/rrd.25.2019.034) Substance

7 corresponds to - Apigenin.( Picture 7B)
Substance 8 - [M-H - ] - m/z 282.69, is recorded on the chromatogram of the retention
time of 6.857 sc, absorption maximum at UV- 227.1 nm and mass of substance from METLIN

https://metlin.scripps.edu with free base and literary (DOI: 10.22616/rrd.25.2019.034) Substance

8 corresponds to - Acacetin.( Picture 7C)
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Picture 8. UPLC- PDA-MS chromatogram of acacia honey (scan205-500 nm 100-700 Dalton)

Peak #19 - 14.641 - QDa 1: MS Scan

Peak #5 - 8.524 - QDa 32: MS Scan Peak #6 - 8.777 - QDa 32: MS Scan
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Picture 9A. UPLC- PDA-MS chromatogram of honey ESI m/z 162,96 (M-H"). Picture 9B. UPLC- PDA-MS
chromatogram of honey ESI m/z 172,92 (M-H-) Picture 9C. UPLC- PDA-MS chromatogram of honey ESI m/z
314,91 (M-H)
Substance 9 - [M-H - ] - m/z 162,96, is recorded on the chromatogram of the retention

time of 8,524 sc, absorption maximum at UV- 228,3 nm and mass of substance from METLIN

https://metlin.scripps.edu with free base and literary (DOI: 10.22616/rrd.25.2019.034) Substance

9 corresponds to - p-coumaric acid (trans 4-Hydroxycinnamic acid). (Picture 9A)
Substance 10 - [M-H - ] - m/z 172,92, is recorded on the chromatogram of the retention
time of 8,777 sc, absorption maximum at UV- 227,1 nm and mass of substance from METLIN

https://metlin.scripps.edu with free base and literary (DOI: 10.22616/rrd.25.2019.034) Substance

10 corresponds to - Shikimic acid.( Picture 9B)
Substance 11 - [M-H - ] - m/z 314.91, is recorded on the chromatogram of the retention
time of 14.641 sc, absorption maximum at UV- 270.6 nm and mass of substance from METLIN

https://metlin.scripps.edu with free base and literary (DOI: 10.22616/rrd.25.2019.034) Substance

11corresponds to - methoxy kaemperol(Picture 9C)
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Picture 10. UPLC- PDA-MS chromatogram of honey ESI m/z 314,87 (M-H")
Substance 12 - [M-H - ] - m/z 314.87, is recorded on the chromatogram of the retention time of

14.839 sc, absorption maximum at UV- 272.4 nm and mass of substance from METLIN
https://metlin.scripps.edu with free base and literary (DOI: 10.22616/rrd.25.2019.034) Substance

12 corresponds to - Isoramnetin
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Picture 11. UPLC-PDA MS chromatogram of chestnut honey (scan 205-500 nm 100-700 Dalton)
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Picture 12.A. UPLC- PDA-MS chromatogram of honey ESI m/z 329 (M-H"). Picture 12.B. UPLC- PDA-
MS chromatogram of honey ESI m/z 153,03 (M-H-). Picture 12.C. UPLC- PDA-MS chromatogram of
honey ESI m/z 162,93 (M-H")

Substance 13 - [M-H -] - m/z 329, is recorded on the chromatogram of the retention time of
7,549 sc, absorption maximum at UV- 216.1 nm. and mass of substance from METLIN
https://metlin.scripps.edu with free base and literary (DOI: 10.22616/1rd.25.2019.034) Substance

-13 corresponds to - bis - methylated quercetin. (Picture 12.A.)

Substance 14 -[M-H -] - m/z 153,03, is recorded on the chromatogram of the retention time
of 7.558 sc, absorption maximum at UV- 218.6 nm and mass of substance from METLIN
https://metlin.scripps.edu with free base and literary (DOI: 10.22616/rrd.25.2019.034) Substance
14 corresponds to - Gentisic acid (2,5 - dihydroxybenzoic acid).( Picture 12.A.)
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In chestnut honey, substance ESI m/z 162.93 (M-H-) was identified as substance 9-p-

coumaric acid(Picture 12.A.)

Peak #14 - 10.675 - QDa 1. MS Scan Peak #20 - 14.701 - QDa 32: MS Scan

P75.9 > 2 3721
281.0 479.3

314.93

136.99 284.92

361.46439.38
" 464.01

L

Apex

Apex
B

A
Picture 13.A. UPLC- PDA-MS chromatogram of honey ESI m/z 136,99 (M-H"). Picture 13.B. UPLC-
PDA-MS chromatogram of honey ESI m/z 314,93 (M-H-)
Substance 15 -[M-H -] - m/z 136.99, is recorded on the chromatogram of the retention time

of 10.675 sc, absorption maximum at UV- 225.9 nm and mass of substance from METLIN
https://metlin.scripps.edu with free base and literary (DOI: 10.22616/rrd.25.2019.034) Substance

15 corresponds to - Salicylic acid (O hydroxybenzoic acid).( Picture 13.A.)
In chestnut honey, substance ESI m/z 314,93 (M-H) was identified as substance 12 -

Isoramnetin.(Picture 13.B.)

E 9.885 Peak 1 - QDa 1: MS Scan 1: QDa Negative(
20000.04 20000‘0713?.96
> 15000.0 15000.0
‘n ] >
5 & 2
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Picture 14. Substance 16 - UPLC-PDA-MS spectr m/z 136.96
Substance- 16 -[M-H -] - m/z 136.96, , is recorded on the chromatogram of the retention time of

9.885 sc. and mass of substance from METLIN https://metlin.scripps.edu with free base and
literary (DOI: 10.22616/rrd.25.2019.034) Substance 16 corresponds to - Gentisaldehyde (2,5-
Dihydroxybenzaldehyde)

0.867 Peak 1 - QDa 32: MS Scan 32: QDa Negati
88.94116.89
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Picturel5. UPLC- PDA -MS chromatogram of linden honey m/z 88,94 (M-H")
Substance 17 - [M-H - ] - m/z 88,94, is recorded on the chromatogram of the retention time of

0,869 and mass of substance from METLIN https://metlin.scripps.edu with free base and literary
(DOI: 10.22616/1rd.25.2019.034) Substance 17 corresponds to - Oxalic acid.
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Picture 16. UPLC-PDA MS chromatogram of Linden honey(scan 100-700 Dalton)
Peak #5 - 7.286 - QDa 1: MS Scan Peak # - 8.578 - QDa 1- MS Scan Peak #8 - 9.726 - QDa 32: MS Scan
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Picture 17A. UPLC- PDA-MS chromatogram of honey ESI m/z 178,96 (M-H"). Picture 17B. UPLC- PDA-MS
chromatogram of honey ESI m/z 162,58 (M-H-). Picture 17C. UPLC- PDA-MS chromatogram of honey ESI
m/z 137,01 (M-H")

In chestnut honey, substance ESI m/z 178,96 (M-H-) was identified as substance 5 — caffeic
acid(Picture 17A.).
In chestnut honey, substance ESI m/z 162,58 (M-H-) was identified as substance 9 — p-

Apex

coumaric acid.( Picture 17B).

Substance 18 - [M-H - ] - m/z 137.01, is recorded on the chromatogram of the retention
time of 9.726 sc, absorption maximum at UV- 220,4 nm and mass of substance from METLIN
https://metlin.scripps.edu with free base and literary (DOI: 10.22616/rrd.25.2019.034) Substance
18 corresponds to - hydroxybenzoic acid.( Picture 17C).

Intensity
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Picture 19. HH{SJPLC—MS chromatogram of jara honey (scan 100-700 Dalton)
UPLC-MSchromatogram of honey ESI m/z153,06 (M-H"), m/z328 (M-H") o> m/z153 (M-H),

400 600 800 1000 1200 1400 1600 18:00

Substance 19 - [M-H - ] - m/z 153,06, is recorded on the chromatogram of the retention time of
5,981 and mass of substance from METLIN https://metlin.scripps.edu with free base and literary
(DOI: 10.22616/rrd.25.2019.034) Substance 19 corresponds to 2,4 - dihydroxybenzoic acid
(resorcylic acid). In jara honey, substance ESI m/z 328,8 (M-H") was identified as substance 13 —
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bis - methylated quercetin In jara honey, substance ESI m/z 153 (M-H") was identified as
substance 14 - Gentisic acid (2,5 - dihydroxybenzoic acid).
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Picture 20.A. UPLC-MS chromatogram of honey ESI m/z 136,99 (M-H") o> m/z 136,88 (M-H") Picture 20.B.
UPLC-MS chromatogram of honey ESI m/z 153 (M-H")
In jara honey, substance ESI m/z 136,99 (M-H") was identified as substance 4 - 4

hydroxybenzoic acid. In jara honey, substance ESIm/z 136,88 (M-H") was identified as substance
15 - Salicylic acid (O -hydroxybenzoic acid).

Substance 20 - [M-H - ] - m/z 153, is recorded on the chromatogram of the retention time
of 7.595 and mass of substance from METLIN https://metlin.scripps.edu with free base and literary
(DOI: 10.22616/1rd.25.2019.034) Substance 20 corresponds to - protocatechuic acid
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Picture 21. UPLC-MS chromatogram of honey ESI m/z 262,93 (M-H")
Substance 21 - [M-H - ] - m/z 262,93, is recorded on the chromatogram of the retention time of 5,786

and mass of substance from METLIN https://metlin.scripps.edu with free base and literary (DOLI:
10.22616/rrd.25.2019.034) Substance 21 - corresponds to - Abscisic acid

Biologically active compounds of honey by UPLC-PDA-MS method
Table 4

Biologically active compounds of honey by UPLC-PDA-MS method

Ne Substance Acacia honey Chestnut honey Linden honey Jara honey

Organic acid

1 | Malic acid + - _ -
2 | Gluconic acid + - - _
3 | Oxalic acid - - i R

Phenolic acids

4 | Quinic acid + - - -
6 | Abscisic acid - - - +
7 | Caffeic acid + - 4 R
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8 | Protocatechuic acid - - - +

P-coumaric acid (trans 4-
Hydroxycinnamic acid)

10 | Shikimic acid + - - -
2,5 -Dihydroxybenzoic acid (Gentisic
11 . - + - +
acid)

12 | Salicylic acid (O hydroxybenzoic acid) - + - +

13 | Hydroxybenzoic acid - - " -

2,4-Dihydroxybenzoic acid (Resorcylic
14 ) - - - n
acid)

Flavonoids

15 | Pinobanksin

16 | Apigenin

17 | Acacetin.

18 | Methoxy kaemperol

o+ |+ |+
|
|
|

19 | Isoramnetin

20 | Bis — methylated querceti n - + - +
21 | Gentisaldehyde - + - -

Among the biologically active compounds, 21 compounds were identified: 3 Organic acid

(Malic acid, Gluconic acid, Oxalic acid), 7 Phenolic acids (Quinic acid, 4 hydroxybenzoic acid,
Abscisic acid, Caffeic acid, Protocatechuic acid, P-coumaric acid, Shikimic acid , 2.5 5 -
Dihydroxybenzoic acid (Gentisic acid), Salicylic acid , Hydroxybenzoic acid, 2.4
Dihydroxybenzoic acid), 7 Flavonoids (Pinobanksin, Apigenin, Acacetin, Methoxy kaemperol ,

Isoramnetin, Bis — methylated quercetin, Gentisaldehyde.

7. study of changes in total phenols, flavonoids, phenolic acids in honey and

determination of antioxidant activity
Phenolic chemicals that are biologically active are found in acacia honey and are derived

from the nectar of the flower or citron . The botanical and geographic origins of honey determine
its amount of phenolic compounds and antioxidant activity. The results show that the total phenol
content of acacia honey ranges from 109 to 433 mg/kg. The average value of the honey samples
from Imereti is 216.64 mg/kg (112 - 279 mg/kg), whereas the samples from Guria are 256.04 mg/kg
(158.64-433 mg/kg) and the samples from Adjara are 176.05 mg/kg (109-259 73 mg/kg). Samples
from Guria have a comparatively high phenol content. Antioxidant activity is hence high. Because
only 50.55 mg of this sample was required for 50% suppression of the DPPH radical in the case of
433 mg/kg of phenols and 126.5 mg of honey sample in the case of 158.64 mg/kg of phenols, high
antioxidant activity is expressed in numerically tiny amounts.
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Diagram 23, Total phenolic and antioxidant activity in acacia honey
Besides the qualitative characteristics, the total number of phenolic compounds and their

antioxidant activity were also studied in the samples. These data are slightly different in the
region. The honey obtained in the Botanic Garden in Batumi (ChH 12) is distinguished by
comparatively high phenolic compounds. Next, there is the harvest of 2016 in the Keda District

(ChH 8). while the lowest content was fixed in the Lechkhumi region in 2017

M Total phenolic mg/kg  ® Antioxidant activity

600

400

200 A

CH-1CH-2CH-3CH-4CH-5CH-6CH-7CH-8CH-9 CH- CH- CH- CH- CH-
10 11 12 13 14

Diagram 24. Total phenolic and antioxidant activity in chestnut honey
The total phenolic content and antioxidant activity of chestnut honey varies by region. In

particular, the sample of the Batumi Botanical Garden, CH-12, has a high phenolic content of
503.5 mg/kg. It is followed by the ridge sample CH-8 - 461.5 mg/kg and the lowest content is

recorded in the chestnut honey sample of Lechkhumi region CH-14 - 80.6 mg/kg.
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Diagram 25. Total phenols, total phenolic acids, total flavonoids and antioxidant activity in jara honey
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The total amount of phenols in the honey samples taken for analysis ranges from 622.34
to 1105.56 mg/kg: According to the phenol content, the samples from Keda (788.31 mg/kg) and
Khulo (817.51 mg/kg) have similar phenol levels. However, in Keda honey, there is a noticeable
difference between the samples. In particular, the phenol content, including JH 6-9, averages
643.73 mg/kg, with a relatively high content observed in the third sample (987.19 mg/kg) and the
second sample (1105.56 mg/kg). A similar difference is observed in the samples of Khulo Jara
honey. The average total phenols content in Shuakhevi honey is relatively high at 930.72 mg/kg.
The phenolic acids content in the Jara honey samples ranged from 359.8 to 682.4 mg/kg and
accounted for around 45 - 65 % of the total phenolic content. The amount of phenolic acids
(according to the average indicator) is much higher in Shuakhevi samples, amounting to 573.40
units, while it is almost equal in Keda (455.25 mg/kg) and Khulo (488.42 mg/kg) samples, similar
to the content of total phenols. Phenolic acids content was highest in honey samples: JH-2 (682.4
mg/kg), JH-13 (612.4 mg/kg), and JH-14 (648 mg/kg), whereas samples JH1 had the lowest content
(453,3 mg/kg). The total content of flavonoids in Jara honey samples was 75.1 - 321.9 mg / kg, JH
2 (321.9 mg/kg), JH 3 (307.9 mg/kg), relatively less in JH - 6 (107.15 mg/kg), JH - 9 (111.58 mg/kg),
JH - 15 (104.3 mg/kg) and Honey 16 (109.24 mg/kg), in other samples the content is almost equal.

Among Jara's honey samples, those with a total phenol content of 801.61 to 1105.56 mg/kg
have a relatively high antioxidant activity, so less of the honey mass is required to inhibit 50% of
the radical, namely 75.1 to 90, 68 mg, While 622.34 - 752.95 mg/kg of total phenols are inhibited
by 94.75 - 128.08 mg of honey. In the presented samples the relatively high activity (75.1 mg, 50%
inhibition of honey 0.1 mm DPPH) stands out among the honey grown in Keda municipality -
JH-2, which contains a large amount of total phenols (1105.56 mg/kg), total phenolic acids (682.4
mg/kg), and total flavonoids (321.4 mg/kg)

By comparing the obtained results, it can be concluded that the content of phenolic

compounds is higher in jara honey and, accordingly, the antioxidant activity.

8.Study of andromedotoxin in West Georgia honey by UPLC-MS method
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Customers frequently believe that a "natural product" is safe. However, the toxin is harmful to
human health and is present in food. One of the most widely used natural sweeteners in the world,
honey is becoming more and more popular every year. Nonetheless, issues about the safety of
honey are frequent. It happens when bees gather nectar from plants that are toxic (including
Tripterygium wilfordii Hook F., Agarista, Kalmia, Coriaria arborera, and Rhododendron sp.). Such
honey is rich in pyrrolizidine alkaloids, triptolides, graianotoxins, and tutin. Toxic honey
consumption has the potential to be extremely intoxicating and, in rare circumstances, deadly.
In mountainous Adjara, the alpine and subalpine forest zone is distinguished by the diversity of
honey plants, therefore, most of the honey harvested in this area is polyfloral and rich in its
chemical composition It is also worth noting that the flowering of honey plants in the highlands
of Adjara is preceded by the flowering of Rhododendron, which contains a toxin, in cold and late
spring conditions. Accordingly, there is a high probability that bees collect Rhododendron nectar
and the toxin gets into the honey.

Yale - Rhododendron luteum, this species of rhododendron is associated with the extraction of
"poisonous” ("Makzenara", "Matrobela") honey in the highlands of Adjara. The honey turns
poisonous after obtaining a significant amount of nectar from the hive. The majority of toxic
honey is reddish brown and tastes harsh Additionally referred to as andromethotoxin,
acetylandromedol, and rhodotoxin, is gyanotoxin. It is a diterpenoid molecule that is quite
poisonous. There have been 25 isomeric variants of grayanotoxin registered thus far. The most
prevalent toxins in honey are grayanotoxin I, II, and III.

Approximately 5 g of honey sample was extracted with 30 mL methanol in flask attached to a
condenser at 60°C in 6 h. The remaining extract was evaporated until dry using a rotary evaporator
(INGOS RVO 400) at 40°C. The residues were dissolved in 10 mL distilled water and transferred
to a C18 solid phase extraction (SPE) cartridge (Waters Sep-Pak, Vac 6cc, C18 — 500mg) which
was initially conditioned with 5 mL methanol followed by 5 mL water. Using 5 milliliters of
methanol, the toxin was extracted from the C18 SPE. At 40°C and low pressure, the eluted
methanolic fraction was concentrated until it was completely dry in a vacuum evaporator.

Weighing the dry bulk, we dissolved it in methanol.
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Ultra high Liquid chromatography-tandem mass spectrometry (Waters, UPLC Acquity, QDa
Detectore) was used for the identification of grayanotoxin-III. The analytical column was a
Acquity UPLC BEN C18. GTX-III was eluted using a mobile phase consisting 50:50
water/methanol solution containing 1% acetic acid at flow rate of 0.3 mL/min in 8 min.

Twelve samples of autumn polyfloral honey, ‘Matrobela’ honey, and rhododendron flower extract
were compared. In the Adjara highlands, samples of honey were collected at various elevations
ranging from 450 meters to 2040 meters above sea level.

Samples of autumn polyfloral honey were collected for examination

Table 5
Sample N Harvest Date Mean sea level (MSL)
Autumn polyfloral honey 1 AH-1 2019 450
Autumn polyfloral honey 2 AH-2 2019 600
Autumn polyfloral honey 3 AH-3 2019 780
Autumn polyfloral honey 4 AH-4 2019 1566
Autumn polyfloral honey 5 AH-5 2019 720
Autumn polyfloral honey 6 AH-6 2019 760
Autumn polyfloral honey 7 AH-7 2019 1400
Autumn polyfloral honey 8 AH-8 2019 1600
Autumn polyfloral honey 9 AH-9 2019 923
Autumn polyfloral honey 10 AH-10 2019 1000
Autumn polyfloral honey 11 AH-11 2019 1750
Autumn polyfloral honey 12 AH-12 2019 2040

A substance 1 (Pic. 34) is retention time 7.749 min, m/z 369 [M-H]+, A max 289 nm; according
to the obtained results and compounds mass database METLIN (https://metlin.scripps.edu) the
substance 1 is grayanotoxin-III. - C20Hs3sOs Negative FABMS: m/z= 369.26 [M-H+], Molecular
Weight: 370 g/mol.
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Picture 22. Chromatograms of a Flower of Rhododendron, scan ESI-MS m/z: 369 [M-H*]
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Picture 23. Chromatograms of a Mad honey, scan ESI-MS m/z: 369 [M-H*]
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Picture 24.A. (AH 4) Chromatograms of Honey produced in autumn; MSL — 1566 m;

scan ESI-MS m/z: 369 [M-H*]. B. (AH 7) Chromatograms of Honey produced in autumn; MSL -
1400 m; scan ESI-MS m/z: 369 [M-H*]. C. (AH 8) Chromatograms of Honey produced in autumn;
MSL — 1600 m; scan ESI-MS m/z: 369 [M-H+]
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Picture 25.A. (AH 11) Chromatograms of Honey produced in autumn; MSL — 1750 m;
scan ESI-MS m/z: 369 [M-H+]. B. (AH 12) Chromatograms of Honey produced in autumn; MSL

— 2040 m; scan ESI-MS m/z: 369 [M-H"]

The grayanotoxin-III content of autumn honey

Table 6
Samples Grayanotoxin-III mg/kg
Mad honey 500+15
AH -4 4.2+0.126
AH-7 6.3+0.189
AH-8 8.4+0.252
AH-11 17.0+£0.51
AH-12 24.0+0.72
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Among the 12 samples of honey taken for analysis, the toxin was identified in 5 samples of honey
- AH-4, AH-7, AH-8, AH-11 and AH-12. In particular, in samples taken at 1566, 1400, 1600, 1750
and 2040 meters above sea level. The toxin content in honey increases with increasing height (4.2

— 24.0 mg/kg).

9. Research on heavy metals and antibiotics using the UPLC PDA-MS method

In medicine, honey is used as a preventive and therapeutic measure for a variety of
ailments, including stomach ulcers, skin ulcers, angina, and cough. However, it can include
excessive amounts of heavy metals and antibiotics, which makes this crucial commodity
extremely hazardous. Twenty samples of chestnuts, ten Lindens, ten acacias, ten polyflora (field),
and ten samples of Jara honey (obtained in semi-wild settings) were among the fifty samples of
honey of various botanical origins that were smoked in Western Georgia (Adjara, Guria,
Samegrelo, and Imereti) and collected for examination.For analysis, we dissolved three grams of
honey samples in the buffer. For the elution and concentration of antibiotics, we utilized Waters
Sep-Pak C18 (500 mg); before to analysis, all samples were filtered using a Waters Acrodisc LC
PVDF Filter 13mm 0.45um filter. Antibiotic research relies on chromatographic techniques that
employ UV and mass detectors to identify even minute quantities (0.1 ppb) .

A study of antibiotics was conductedHPLC, in the C18 analytical and preparatory column
C18. The solution A: Acetonitrile, The solution B: Water—pH (8.5) (B) adjusted with 0.01%
ammonia, the gradient (0-7 min- 20%-from 0%B, 8 min 0% B, 10-12 min 20% B, 14-20% B).
UPLC-MS the analysis BEN C18, 1.7 um, BENAmidel.7 pm, column. Flow 0,4 ml/min, column
temp 50 °C, MS- scan 200-1200 da, Probe 600 °C, Positive (Negative) 0,8 kV, Capilari 1,5 kV, CV
-15. The DAD detector monitoring (220-400 nm), the sample injection volume was 10 pl. The
sample was analysed by HPLC equipped with UV detector using a Bridje Cis 5 pm (150 x 4.6 mm
I.D.) column in gradient conditions in gradient conditions given below, with mobile phase -
Acetonitrile (A) and Water—pH (8.5) (B) adjusted with 0.01% ammonia. The gradient (0-14 min-
20%-from 0%B, 16 min 0% B, 20-24 min 20% B, 25-80% B). Flow (1 ml/ min).
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Beekeepers in Georgia mainly use 12 antibiotics, they are: Metronidazole (Retention Time-
6,759), Ronidazole (RT-8,228), Erythromycin (RT-8.868), Nitrofuran (RT-11,712), Lincomicina
(RT-12.185). By the UPLC-MS Method Identified : Oxytetracycline (m/z-459.14, m/z+461,14),
Tetracycline  (m/z-443.15, m/z+445.16), streptomycin  (m/z-580.25, m/z+582.27),
sulfadimethoxine (m/z- 309.06, m/z+311.08), chloramphenicol (m/z- 321.00, m/z+323.01),
Metronidazole (m/z-170.05, m/z+ 172.07), Ronidazole (m/z- 199.04, m/z+201.06), Erythromycin
(m/z-732.45, m/z+ 734.47), Nitrofuran (m/z-112.00, m/z+114.01), Lincomicina (m/z- 405.21,
m/z+407.22), Tilozina (m/z-914.51, m/z+916.52), Rimfampicinium (m/z- 821.39, m/z+823.41).
M/Z characteristics of honey antibiotics and the number of honey samples (in %) in which the

quantitative content of antibiotics above 1.5 mg/kg was recorded.

Table 7

s [y | [ lndn [ T oy

Oxytetracycline 5.0£0.15 n.n.* 20 30 30 20 459.14 | 461,14
Tetracycline 5.0+0.15 n.n. 30 20 40 20 443.15 | 445.16
streptomycin 5.0+0.15 n.n. 30 30 50 20 580.25 | 582.27
sulfadimethoxine 5.0+0.15 n.n. 20 20 30 10 309.06 | 311.08
chloramphenicol 5.0+0.15 n.n. 10 10 30 10 321.00 | 323.01
Metronidazole 5.0+0.15 n.n. 30 30 40 20 170.05 | 172.07
Ronidazole 5.0+0.15 n.n. 30 30 40 20 199.04 | 201.06
Erythromycin 5.0+0.15 n.n. 20 20 30 10 734.47
Nitrofuran 5.0+0.15 n.n. 20 20 20 10 112.00 114.01
Lincomicina 5.0+0.15 n.n. 30 30 50 20 405.21 | 407.22
Tilozina 5.0+0.15 n.n. 20 20 30 10 914.51 | 916.52
Rimfampicinium 5.0+0.15 n.n. 10 40 50 10 821.39 | 823.41

n.n.” = not found= The limit of quantification was 2 ppb (ug/kg)

As aresult of the analysis detected oxytetracycline in 20% of chestnut honey samples, 30%
of Linden, 30% of acacia, and 20% of field honey. Tetracycline is more than allowed in 30% of
chestnut, 20% of Linden, 40% of acacia, and 20% of field. Streptomycin - in 30% of the chestnut
sample, 30% of the linden, 50% of the acacia, and 20% of the field. Sulfadimethoxine in 20% of
the chestnut sample, 20% of Linden, 30% of acacia, and 10% of the field. Chloramphenicol - in
10% of the chestnut sample, 10% of the Linden, 30% of the acacia, and 10% of the field.

Metronidazole in 30% of the chestnut sample, 30% of Linden, 40% of acacia, and 20% of field
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honey. Ronidazole was distributed similarly to metronidazole - in 20% of chestnut honey, 20% of
Linden honey, 30% of acacia honey, and 10% of field honey. Nitrofuran occurs in 20% of chestnut
honey, 20% of Linden honey, 20% of acacia honey, and 10% of field honey. Lycsomycin - in 30%
of chestnut honey, 30% of Linden honey, 50% of acacia honey, and 20% of field honey. Tylosin
in 20% chestnut honey, 20% Linden honey, 30% acacia honey, and 10% field honey.
Rifampicinum in 20% of chestnut honey, 40% of Linden honey, 50% of acacia honey, and 10% of
field honey (Table 7). Jara honey is noteworthy, which is obtained far from the inhabited area and
the bees collect it in a cone built from the wax produced by it. Human intervention is practically

excluded here (only Jara is prepared by man) in the process of honey production.

0.657
0.607
055
0.507
0.457
0.403
0.357

AU

0.30
0.253
0.20

0.157
0.10
0.057

0.00%

000 ' 200 400 600 800 1000 12000 1400 = 16000 ~ 1800  20.0C
Minutes

Picture 41. HPLC-UV detector-320 nm, Chromatograme of standart antibiotics (Metronidazole, Ronidazole,
Erytromycin, Nitrofuran, Lincomycinu)

Antibiotics are naturally present in honey samples in excess because of improper dosages.
The study's findings showed that the high quantity of acacia and Linden in spring honey was
caused by the regular use of antibiotics, as large amounts of antibiotics and other medications are
administered during this season to maintain bee health. Additionally, the pine that was previously
utilized in the hive but whose antibiotic content was not examined is used once more in the
spring. All honey samples were examined for heavy metals, irrespective of where they came from.
None of the samples had any detectable amounts of arsenic. All samples have cd contents between
0.26 and 0.29 mg/kg; only Jara honey has cd concentration between 0.15 and 0.29 mg/kg. While
the level of Co in Jara honey is significantly lower (0.17 mg/kg), it ranges from 0.28 to 0.31.

Content of heavy metals in honey samples mg/kg
Table 8

Sample Cd mg/kg | Comg/kg | Crmg/kg | Hgmg/kg | Asmg/kg Pb mg/kg Zn mg/kg

Max. limit 2.0 1.0 1.0 0.01 0.2 1.0 20,0
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Jara honey 0.03+0.01 | 0.17+0.01 | 0.24+0.05 n.n.* n.n. n.n. 0.7+0.01
Chestnut | 28.0.02 | 031:0.02 | 053:0.05 | nn. n.n. 0.14:0.001 | 4570.1
honey
Linden honey | 0.26+0.01 | 0.32+0.02 0'53?;0‘0 n.n. n.n. 0.16+0.002 10.3+0.2
Acacia | 0295500 1 497,001 | 054:005 | . n.n. 0.07:0.001 | 6.40+0.1
hooney 3
Field honey | 0.27+0.01 | 0.30+0.02 0'873i0'0 n.n. n.n. 0.16+0.002 4.23:0.1

n.n.* = not found= The limit of quantification was 1 ppb (ug/kg)

Although the utensils used during manufacturing are frequently linked to the level of Cr
and Zn in honey, the content of these elements in the samples we examined did not approach the
critical limit (0.53-0.87 mg/kg and 4.23-10.3 mg/kg, respectively). There is also very little copper
present—between 0.3 and 1.06 mg/kg. The examined honey had a comparatively high iron
content, ranging from 9.65 mg/kg to 12.7 mg/kg. The low lead concentration of 0.07 to 0.16 mg/kg
is significant. The levels of As and Hg in every sample we looked at were below the LOQ.

Jara honey stands out in particular since its lead concentration is below the detection limit.
When compared to other honeys, the concentration of other heavy metals is noticeably lower.
Jara honey is typically gathered in a hilly area that is quite clean environmentally, minimizing
plant pollution and, thus, the pollution of the nectar and honey extracted from it (Table 8). The
primary determinant of heavy metal concentration in honey is environmental conditions rather
than the plant's place of origin. Using HPLC and UPLC-MS techniques, 12 antibiotics were found
in 50 samples of honey produced in Western Georgia, originating from various plants and
localities. Field and chestnut honey samples were scarce, whereas samples from acacia and Linden
trees showed an average degree of contamination and a qualitative diversity of antibiotics.
Antibiotics are absent from jara honey that is semi-wild. Iron is the most prevalent heavy metal
in the honey samples, but Cd, Co, Cr, Cu, Zn, and Pb are comparatively less prevalent and fall
within the usual range. Because of its unusual origin, jara honey also has a minimal heavy metal
level.

Conclusion
1.Physico-chemical characteristics of acacia, chestnut and jara honey collected in 3 regions of
Western Georgia (Imereti, Guria, Adjara) were studied. At the Initially stage, a database of
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microscopic characteristics of the pollen of flowers of plants distributed in the region was created,
on the basis of which it was confirmed that based on the microscopic analysis of pollen, the
botanical origin of honey was confirmed and acacia honey was selected for analysis, where the
amount of pseudo acacia pollen was more than 45%. Chestnut honey had 75% to 94% chestnut
pollen. Jara honey was identified as polyfloral honey.

2. After verifying the botanical origin of the honey samples, the characteristics stipulated by the
European regulation were determined in the acacia, chestnut and jara honey samples and the
passportization process was.

3. Samples with less than 20% water content, provided by the standard, were taken for research.of
these, Jara honey samples have the lowest rate (17.13%), followed by acacia honey (18.77%) and
chestnut honey (19.40%) (diagram 11). These rates are within the established norm and the
International Honey Commission standard. Honey's stability and resistance to enzymatic
reactions are guaranteed by its low water content.

4. By comparing the average rates of the obtained results, free acidity is relatively low in Acacia
honey at 17.96 units, increases in jara honey to 25.2 units, and is relatively high in chestnut
samples at 30.65 units. In the honey sample, the pH corresponds to the standard (pH 3.40-6.10),
Average values of electrical conductivity in the samples of jara and chestnut honey are almost
similar, 1.2441 and 1.43 ps/sm, respectively, but it is much smaller in acacia honey - 0.2293, which
is one of the important distinguishing markers in relation to other honeys.

5. Proline level in the Jara and acacia honey samples is 1063.22 mg/kg and 1078.04 mg/kg,
respectively, whereas the proline amount in the chestnut honey is 1277.21 mg/kg

6. In the honey samples taken for analysis, the diastase activity is notably higher than 8 units(with
the shade scale). Specifically, for acacia honey, it ranges from 8 to 30 units (with an average rate
of 11.91 units with the shade scale), while for chestnut and jara honey, it ranges from 8 to 27 units
(with average rate of 16.42 and 16.44, respectively). the average rate of protein content in acacia
honey is 0.3%, in samples of chestnut honey it is 0.37%, and in samples of Jara honey it is 0.56%.
7. Carbohydrates were isolated and identified in honey samples by the method: fructose, glucose,

sucrose and maltose. Fructose is the dominant carbohydrate among them According to
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fructose/glucose (F/G) and glucose/water (G/W) ratios, unlike acacia honey, chestnut and jara
honey do not belong to easily crystallized honeys.
8. The cation analysis was done on jara honey, polyfloral honey, acacia, Linden, and Linden-
chestnut samples. The ions found in the samples collected for analysis were calcium, magnesium,
sodium, ammonium, and potassium. Compared to Linden (2530.72-3097.94 mg/kg), acacia
(2497.46-3787.84 mg/kg), spring polyfloral (3296.14-4089.98 mg/kg), and autumn polyfloral
(4287.46-5635.48 mg/kg) chestnut honey has a comparatively greater ion concentration. The
amount of the potassium ion, which is the predominant cation in all of the samples collected for
examination, varies according to the honey's place of origin. Samples of chestnut honey can be
identified by their high potassium content.
9. Among the biologically active compounds, 21 compounds were identified: 3 organic acids:
Malic acid, Gluconic acid, Oxalic acid,
7 Phenolic acids: Quinic acid, 4 Hydroxybenzoic acid, Abscisic acid, Caffeic acid, Protocatechuic
acid, P-coumaric acid (trans 4-Hydroxycinnamic acid), Shikimic acid, 2,5 - Dihydroxybenzoic
acid (Gentisic acid), Salicylic acid (O hydroxybenzoic acid), Hydroxybenzoic acid, 2,4 -
Dihydroxybenzoic acid (Resorcylic acid).

7 flavonoids: Pinobanksin, Apigenin, Acacetin, Methoxy kaemperol , Isoramnetin, Bis
methylated quercetin. Gentisaldehyde.
10.The results show that the total phenol content of acacia honey ranges from 109 to 433 mg/kg.In
Chestnut honey — from80-503mg/kg,in jaraa honey from 622.34 to 1105.56 mg/kg. The total
content of flavonoids in Jara honey samples was 151mg/kg. and accounted for around 45 - 65 %
of the total phenolic content. By comparing the obtained results, it can be concluded that the
content of phenolic compounds is higher in jara honey and, accordingly, the antioxidant activity.
11.Among the 12 samples of honey taken for analysis, the toxin was identified in 5 samples of
honey - AH-4, AH-7, AH-8, AH-11 and AH-12. In particular, in samples taken at 1566, 1400,
1600, 1750 and 2040 meters above sea level. The toxin content in honey increases with increasing

height (4.2 — 24.0 mg/kg).
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12. 12 antibiotics were detected by HPLC and UPLC-MS methods in 50 samples of honey
produced in Western Georgia of different plant and local origin.Acacia and Linden honey samples
were characterized by a qualitative diversity of antibiotics and an average level of contamination,
while field and chestnut honey samples were relatively less. Semi-wild jara honey does not
contain antibiotics.

13. Iron is the most prevalent heavy metal in the honey samples, but Cd, Co, Cr, Cu, Zn, and Pb
are comparatively less prevalent and fall within the usual range. Because of its unusual origin, jara
honey also has a minimal heavy metal level.
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