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Abstract

The doctoral thesis refers to the discovery of a proteolytic enzyme in the leaves of the
natural hybrid variety of grape - Isabella (Vitis Labrusca L.), the study of some of its physico-
chemical properties, and the prospect of its practical use for breaking down wheat gluten.

What is celiac disease? Celiac disease (hereditary gluten enteropathy) is a chronic
multifactorial inflammatory disease characterized by intestinal and non-intestinal
manifestations - production of specific blood serum antibodies and autoimmune response,
lesions of the small intestine mucosa, and others. Celiac disease is considered a systemic
disorder and is associated with the intake of gluten, which is contained in bread and bakery
products, pasta and confectionery, beer, cereals (mannan, oats, couscous, etc.). Traces of
gluten are contained in some food products: ice cream, yogurt, milk powder, cream,
condensed milk, cheese, mayonnaise, margarine. Among the various symptoms of celiac
disease, the most visible are food digestion disorders and immune reactions. This disease
mostly often affects people who have a genetic predisposition to gluten-related diseases.
About 0.6-1% of the world's population suffers from celiac disease The statistics of its
occurrence in the adult population are as follows: USA-0.7%, South America-0.5%, African
countries-1.1%, Asian countries-1-1.23% (a high rate of prevalence in India and Saudi
Arabia should be noted). The number of people with celiac disease is quite high in European
countries - 2.4% in Finland, 0.5% in Germany, 0.18% in Greece, and 1.3% in Italy. It is
worth noting that the data only reflect data from serological screening studies, which
account for approximately twenty-one percent of the detected cases. Diagnosing the disease
is not so easy, because the classic clinical picture is not always revealed.

The main factor causing celiac disease is gluten-native or modified and so-called gluten
peptides. Modern wheat varieties are genetically significantly different from those used in
the past. Among them, there is a large share of those varieties obtained through genetic
engineering. Instead, the yield, productivity, durability, shelf life, and immunogenic
properties are significantly increased. At the same time, wheat grains (rye, barley, wheat)
contain proteins rich in proline and glutamine - prolamins, the consumption of which in
some people can initiate gluten-dependent diseases, such as celiac disease, wheat allergy,
asthma, anaphylaxis. The content of these proteins is influenced by both the genome and
the region in which wheat is grown, climatic conditions, agronomic methods - the use of
nitrogen-containing fertilizers, which increase the share of storage proteins, especially
gliadins, in the grain. Proline and glutamine determine the structure of wheat protein. The
enzymes of the human digestive tract cannot completely break down them. As a result of
improper fermentation, there are the so-called Gluten peptides, which comprise 10% of
dietary gluten. Insoluble gluten peptides are often absorbed by the lining of the small
intestine and activate immune cells in the gut in people with celiac diseaseio The ability of
the intestinal epithelial cells to absorb nutrients is dramatically reduced, leading to
degeneration of the small intestinal mucosa.This type of activation is not observed in
healthy people - insoluble peptide fragments are excreted with urine, for example. Thus,
pathogenic action can be avoided if we break down gluten into amino acid components.
One of the urgent issues of the modern food industry is the search for new and more
complete ways of obtaining specialized functional food products, the development of
appropriate technologies in order to prevent and better manage specific diseases. Gluten-
free products represent one of the important segments from the point of view of production
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and sale of specialized food products. The fact that the production of gluten-free products
worldwide has increased by 125% in the last 20 years is enough to confirm this. According
to forecasts, the global market for gluten-free products will reach an impressive 15.1 billion
USD by 2030.

As it is well known that with the help of proteolytic enzymes we are possible to break
down various protein substrates into small peptides and amino acids, which is of great
importance in various biotechnological processes. It is especially important to find proteases
that break down the gluten fraction of wheat to small peptide fragments and amino acids,
while maintaining or improving the taste properties of the food product. The fact that the
source of proteases is cheap, widely available and safe raw materials, such as edible and
medicinal plants, is gaining relevance. .

Within the framework of the doctoral work, a number of medicinal and edible plants
distributed in Georgia were screened in order to detect proteins with protease activity in
them. Raw materials with high proteolytic activity were selected, some of their physical
and chemical characteristics were determined (mineral composition, heavy metal content,
degree of proteolytic activity, temperature and Ph-optimum, etc.). Finally, the appropriate
raw material was selected - Isabella ( Vitis Labrusca L.), which is a hybrid cultural plant and
stands out for its resistance to causing various diseases or As an agricultural pest, the fruit is
characterized by good taste, although the leaf has not yet been widely used.

During the study of the biological properties of Isabella leaves, the presence of
proteolytic enzyme was determined. It should be noted that the vine leaves are a waste
product of the agricultural industry, which is collected in large quantities and so far it is not
possible to fully utilize them. Considering the cheapness of the raw materials, the task was
set to use the biological properties of these leaves in various fields. One such direction has
been the breakdown of gluten in the production of bakery products to avoid the effects of
diseases such as celiac disease.

The next stage of the doctoral work was to obtain the gluten protein fraction from wheat
flour and treat it with the proteolytic enzyme of Isabella leaf. The proteolytic effect would
be assessed based on the change in protein concentration in the reaction zone, since as a
result of gluten hydrolysis, amino acids and low-molecular soluble peptides would
inevitably accumulate in the reaction zone.

The degree of hydrolytic degradation of gluten by the action of Isabella leaf protease was
assessed using data obtained by disk electrophoresis.

Recommendations were developed on the prospect of using Isabella's proteolytic enzyme
for the production of gluten-free products such as beer, biscuits, cakes and others.
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990d@gds 9m3ygzql 9O RLMZs60 339006 LOOMIY930,050Y0 BogombTo
3600836903650 03090l 30398060 B, gmeomdol 95535, mwomos, dsybowdo,
3dEoYdo @ bgwgbo, 5MINZ) ~IXOIEOLO. (FbdEOS,YMZILOZ) Jb FIZLIHL
09mb0gdL bofiersgol 03MMd0MIBY s 3095 odMmMHOEbE0,0HMmT godmofgomls dmMl
9009535¢00 B99@H0m0 89093900.

b3doMo© M ME9bm 3OMEMJBJO0 FoMo3oMMHOYIEN0s 08 HMYIO JodoEmo
565853900l godm, MMIgWmS ©TGJOSE SMEOWYdIE0s 08 BHYJuGHMMOLS @

30bLoLEBHYBE00L Jobomfgz50, HMIGELSE WBOHMB3gEYyMnL daEabo.
oM™ 39MH0MEOL 331939005 9B3965,60m3  MawEHgbm  Bo35MmMBBsHoMTgdOL

UE900EMMO dbdomqds 0393 Lobberdo ey 3MBOL P™bOL MGBOM 8339006 T5E IO,
3000609 B397wgdm030 BMOIWOL 13930006  FMIDsIdMo  Bs3oM@bydoL
dmbdo6gds. Bo35M9ME,qL 50blbgds 0dom, HMI bm®mdwol @qdu@weol 0do@oMmgds
bgds dwogh H553060090Mw0 bsbIoMfywrgdom. sdoE™a SO MBS 353303300,
MOmd om0 dmbdsMgds 93300005 HBOEOL MmMYboBATo FodMols (oeBmdabsl 964

339350056 39ML39dEBH035d0 0Lsbgds Fmbol dodgds s WOdYEHOL Fob30m5MgdOL
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domoeo G-ol3o.
AMOPOOBOVIEO®, (JLP0S30000 99350 JOIW0 5Q5F055g00LIMZ0L  WyEHgbm

39O3OMEOMJBHJO0 IboEads 69w gMwosb,mmdgwog 5O 8903538 96 doe0sb
93069 M5Mmabmdom 8903o3L @ gbl. sbgmos Fofodm®s,3(:06x%0, 39O EHMBOOL 56
LodobOoL LobsTGdgO, 23b30I0s (36Mdgd0 356580l BMMEIGdOLS s Fmmbgzol
B5yma3980056 ogdIero 139300l godmygbgdols dglabgd [22].

056599060Mm39 35BsODY 893005 MYWMBHIEM  3MOH3OHMOYIBHId0, OHMIWGdO3
©53D5@9005 B3B3 Lobolb MywmEHIbm FoBoWOMs O WOBsTSEHGOOm.

_
Gteeiers

Lv9M5000 2. MREE96m 3HemEY0s Lags®oggamls bsdmabasmgdem dsbsGbY

Mbs 00d35L, GMI momgmer  sbge  99dmbggzedo  LosFomm  bgdmMs
535390000 docrolbdg3s 30916906030 39gduGHeobl, Loggdmabm M30LgdgdOLS s b3S
3565393900l d9bs®BMbadoLomM30L. MBS IMABAIMIOEOBIMZ0L LsobEHgMglms s
dmmbmgbso 3G, HMIgbsz 9gbs@Bmbadmwo gdbgds GHGMoogowo 3wEmol
15399M36M M30L98900, BHIJLEGHWMS, sOMTsE0 s bbgs.
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LMo 3. MaEMEBgbm 3mGo

50009650, 5319 MH05 M0bIBML gdbMEMma0M©m0o 2Bs,MHMIol 39d39Mmd0mS3
9cmdbdoMgdgms BbJ30M0 X3MB0 J00WIOL M EIbm 3GMEMIAL bb3owolibgs
365L5LM39e0 65T EJOOL A50M9dg, GMTGeLSE F965MFbYdME0 99695 LabvyMz9w0
L5299M3bMm M) Lbgs Mz0lndgdO.

M)A Y6bm 3OHMmJ300L HoMmdmgdol mM35eLsBEOOLom 339000 IM9H3gEmdsdo
3°90M0ymRs Mo JodoMmrmmgds: 1) 1533900 3OHMOMIGOL FoMdmgdsdo  dmbgdMH030

300539Ls©, 93gbsMgmwo  [oMmBmMIMdOL A Bgbm  bgowgol  Asdmygbgds
(2932 HY6M BoO33w 0, BIZEMISOEZLINWO (LeOyM, offod®s), 3o 3mbbYdO,
393356 9396560935 Boymazgdo (bogmbo, mbogro, bmdo), dmerd3zgdo, dombggbgdo o
5.9.). 05058500 990dgds 0md35L, MM YA Egbm 1533900 3OHMYYIEJOOL MomJdol
9090 sbMOEH0dg6G0 595595 0ffo®BMYds 59 F0T9MICIEGOILMSE 35300 gdYO
A995mma09d0m. 2) doMm3oEsoHOH0 J0ToM0Egds,MHMEILS3E bgds  dewwyE9gbols
I 30935 96 2 E 969993339 bggmedo dobo dmEOTBOE0MYds.

36HMd9gIoL 450 FMHOL IM535¢ Bl mMOL godm3Ymao MOL-

1. 209@gbol  bsfarsgdos dmbgergds B 9bsBgdom.omfigMowos
3BHbsBgd0,  OHMIoo3  JoEgdMos  Lbgoolbgs  ysemsb-
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0599609006 s  Lm3mgdosb (Aspergillus niger, Flavobacterium
meningosepticum, Sphingomonas capsulate, Actinoallomurus, Streptomyces
lividans), 939bs69900s6 (Joo), 0bg0bgMobaol gbom domgdmero
930300656 Mo 30gdo Lb3slb3s domEmaom®o sd@o3mdom in
vitro (o@odBobsbs -IMGXO003) [23].

2. 3B 960L Fobosbfo®o ©sd3s390s dod@gMomeo/ Lemgml/ dzgbstgmero/
LobPYHMOO  9POM393EH0IBJO0m. bMMdOL gdz0mo b gdz0ob
Boffo®do  Gglodewms 093999399 gPOM™m  FgMIGBGHs3ool  abom
0593909000 56 LM 3MGd0mM FMPORO3ZHEOL. gu MMYBODBIGdO godmymanqb
3OMEGIMOBNO  39gMIG6GHJOL, OH™IwGdom  ©FTFs3900L  TJIYO©
3 3H9bo bgds bszargd@mdbom®o.

LHmOgo 98 3085000 gd0m 964 3O MEJME0DMOHO 13960 T96E 900l
99039000 3B gbol  sdrols  Fglodegdmdsd  doodydm  Bzgbo

4050 9ds.

1.4 3695900

9300 2099M5© BBRM 36:MmEE 900l Ho0dmgdols s LyHoMmBdmm bseBgbgdols

3905436580  Jodomm  3MMEqLYdL  9BIIGHMOS©  9BoE3wgdgb  739MAgbEH Mo
36MM39b9d0m, OMIGEMS  IMOOL  3OMGHINEOBMOH  M9od3090L 360369 mz560

5Q0Q00 35300.

360M@95H900 3093036905 B9OHIGDEH M X2IRL, GMIWgdoE MHMMB3gwyma39b
30900l 30OMEODBNOO AL 35GSOBL. sdBHoWEmO (396Gl dmgdggdol
139303030L dobgE3000 0Lobo 3eLOGOFOMEIdS T30 KX YIRS:
1. 5b35MF 53393 0HYds©, 2. F9EHOWM3g3EH0IHYO©(0Y9bgdgb wommbol 0mbgdl,
30053 9LO-00M0L), 3. 30LEJ0B393BH0IBYd, 4.L9M06393E0sDYd,
5. B$®9mbob3g3E0oHgds@, 6. ESTobMOH 3OMGHJODHJOI® ©O XIOXIOMIOD
3L0g035300L 256M9dg oMbgbow 393¢0sbYds© ( 98 x3Mxdo dgol 2011 Hgwl
S0f9M0wo 5135653063930 M0sBs, BMIgwol  gwodobszool  Mgodoolsm3zol
0Y9g690L 535652006l 5 96 LsFoMHMYOL Hgols). 3OrMEHsDgd0L J0ogH 39330IMO dIOL

@530l 39ds60Bdo dmo3o3L 530bMTss39Mm0 BoAMol  Q90ogdbsls b93egmzo©
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XINBOQ, M50 356 G9dmb 393300l 35GBdMboEMEMmO xR0l dEmE™do.
bm3wgmzomm®o  xamaol  doegdol  gohm-ghmo  bgebos  35@GHswobmEo

055,553 30LEGH0ObOL B5dMO 25dM0yYgbads LYMHObob,30LEHJobolL 96 EHGMgmbobols
5930353300L dobboom.

360ME95Hgd0L 39033970 bsfomo Lobmgbgds sMvsdBHoMEmO  RgMT9bEMwo
$0bodm®mdgol-D0odmqbols  Lsbom, GMIgwms  259JGH0MMJOS  ©ITMIOWIIY0S
390900y s ol (33¢0gd9dDY (393L0bmygbo, GHMo3Lobmygbo, BodGMObMgbo s
5.0.).

06@96m9lo 3OMEHIMOBMOHO 39gMHIGHEZHGOOL F0dsM» OO, oo dmddggdom
BJotrgds 393(H0M0 83900L 30OMEOBMMO TS 30eIdLY S 39330YdT0.
393G 0M30OMEsHI00 bolosmMYd0sh JgMBggzomo dmddgwgdom: obobo benghgb
dbmemnE  dommzol  1B3930x809M0  BdTgOL.  Fy.393bobo  FmJdggdl  AbmermE
505G Mo 530633539000 d9Jdboen 3990DY, GHG03Lobo dgrols BISL sGrObobLS
0Dobl InGOOL s 5.9. Jo0ob pH=1.5-3.7 54&H0w60-05535 30ME95Dgd0, pH=6.5-7,5-
360M3H95H900,bmenm pH>8,0-3vdg 360mEHgoBgdo.

36OMGoBOol  499mygbgdol 13gdBHMO TJBHOE BIOMS: MIOL  3OHMEWYJEHJOOL
Do0m9gd5d0-boFmb, yz9wol d0wgds,bmeols s bm®mE36H™mwyd@godol Homdmgdsdo-
bmMEol  IMd0ogds,  GYogLogowsb@ghgm  (o®dmgdsdo-  $Yog30b  dobosbo
LORMZ9Eol  FMIMOYOS O EIMDOEYDS,  BMEHMI0bMObMLEM05d0-530693DY
SOBYOMEO 9B 0bMOHo  Bgbol  oblbs oo  sMIBOLLL,  3sOZoMAgMH0sT0-
0005dBH0MMH0 bsBsBHO Loabgddo, 3000l 35LE9dd0, wmbombgddo; Lobmgbmemo
LoMgEbo LM gdGOOL  Fo®mdMgdsTo-30m3zs60  0bgdol  EoTsd0bIMMIOGdOL
300mdMgEbo  ©s6ssB0, F90(E0bs30-od(3MMBdgOOL, MOHMIDdMDBYdOL, bdgdOoMO
36MH™m3gLgdoL 33MbsEMds s Bbgs. 39O E0MWo 3OMEJHIOOL HoMrdmgds-go9403o
LgOHombme FoBTEHoddL 50Hagl. 2016 Fawl 3MMEHGsDIOOL M1go0BE305d Fosmfios
150 80omb MEs®dL, Gog FoMdmoaqbl 539MHdgbEHId0L dmnErosbo dsBGOOL 15%-.
9306Mm303M0  0565ddOMI@dOLS s 4963000009008 MmGYsbobsgos  (OECD)
36MHMbMBoMmGOL 53 BHo3ol 3gMIGHEHGOOL BSBOOL DBMHEIL IMTs35¢0 Hergdolmaol,
MBSO 9bmgdom 1280 dogrombo 533 mes®o 2019 ol s 2000
dogrombo 538 mws®o 2024 fierobomgol.
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WORLD SALES EVOLUTION 2016-2024

300

250
2016 150 M USD

200
2019 192 M USD

100

50

2016 2019 2024

B2016 m2019 m2024

0530505 2: 3eMISEMO0 3MMGHYSBIL 3594030l 15535MIOM JG3MEINY305
8mdgg36m femgddo (fgsem: OECD).

360H™ME95Hgd0L Lo3dom® oo {igeowo dovdmzom  3mEbso  mMsbobdol
39G90moHddo. dsmo dmgddgqdol 99doboBdo sG0l 30wmzsbo 393 0MMo d3gdol

©5ds iyerol dmeng32eols 499mygbgdom s 3OHMd@oL Lobom wWRG® JoMEH030
393G0900UL 96 530bmIz53900L F0gds. (LMoo 4 ).

--N H-?H—CO-N H-{i'I H-COO--

R1 R2
Protease HLO
Protease

~NH-CH-COOH + NH;CH-COO--
R1 R2

L. 4. 3GmEgoBsls Boge Bgleegdmo 30GMmeobo
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30OmGJoHgd0  3sLoxoEM©Yds  Lb3oslbzs  3M0EYMH0Tdgdol  dobggzom,

OHMYMOO(359:

b

DoIMIMds: 3bM39e M0, I3965MgM0o, d5dEHgMomeEo 56 Lmzmgsbo.

39¢90BNHo  dmgdggdol Mg10d0: 9b™ABMMo  (sbgbgb sGs3oMMs-
dmg3meol Loe®dgdo 9Ydscg  393GH0MOO d3JdoL  30MHMEODBL,MOl
9900930053  §oM8m0ddbgds MBGM  dm3wg 3933H0©Jd0) 96 9gabmagbm®o
(LMBLEBHGSGHOL 3oEMES 03gd0L  30OMEODO) ImJdggdgbd 08 3933H0NO
03909, HMIgd0i3 IJOSMGMBL LBLEMSEHOL dMEMIdDY) 5JEH03MdS, 0doLES
dobg3zom, 90039396 vy 96>  olbobo 3gdBHoO 0dgOL, GMIWGdO3
909056 gMBdL  dMMmgddo b 393GH0MMO XoF30L dopabom. ™mszol dbMog,
93HM393¢0sDg00 0ymRs  5d0bM3g3E0sbYds® ( Imgdggdgb 393GH0MMO
X5330L N-dcmem8o) s 390dmdl0393¢0sHgde©( Imddggdgb 3933H0wMo
x9330L C-dmermdo) [24-28].

935M393¢0sDgd0L  Imddggdol dggyo FoMdmoddbgds sdobmdgegzgdo
039330900 56 3H0393¢0©9d0.

5JBHome  396GH®do  sOLYdMEo  5d0bmdgog0L dobgzom,  MMIgwos
35Lbolidygdgaros 954300l 35390 HgdsbY; 590l dobgzom dom ymxgb 943L
doMOMOIE  X3MNBo©: LYMObMw, 3FoLEBHYEMO, EHOIMbobM, SL3sMOYObM,
@590 m6 5 39 M3MHMEHGobIdI©.

393G 000 330l sdEobdl 3OMEHIHJOOL  M3EH0ToMHO 5dEH03md0L pH-b
39900006569,  doon  dmoblgbogdab 9939, bgodHGomEmo b B9
3OGH5H9d0s3. (Rao et al, 1998) 89535 3MMGJoBIOOL  Mm3EH0ToHo
59&03mdol pH=2-4. oliobo g58m0ygqbgds 890306530, LMok Lermliols foedmgdsdo
bLEOSl 30Ol gosdYds39d0Lom30L S 3MM3OMEYJBHJOOL  HoMdmgdsdo
bmMdol §gdma3:m58 ©sderols JoBbom. 53 35@gam©0sdo dgol Mgbobol
Go30L 3OMEHJ9Hgo0 bM3IMYPO0D ,OHMIGMSE JoMOMIs© 094969896 yzgeols
0o08mg05d0. Bgo@®momEmo 3OMEHGHIO0 56 2sdm0omBI3056 LEdOMGMdOm,
95gJu0BscM0  BEBOd0OD(300LsMZ0L Foon do@gd9b  3oeE0waAl,bo@Emonmdl,
Jm®oEUL. 9JGH03mdol pH-0535BMb0 5655 BsGIOM. 53 3H030L 3OHMEHJDIOL
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3°90008999539096  d5JE9gM0ogdo B.subtilis, B.cereus, B.megaterium s Lm3mgdo
A.oryzae, A.sojae. 653030500 36MHMAHJOHJo0 LHOsxs  0b59E 03060090056
AMA9 3OMmGHGDIO0m. 530l godm omo LsdMgH3germ 4sdmygbgds dgsmgdom
39D0MMWos, Mm330 3HYo3LoIBEGHIMIM s 33900l AM9H3gemdOL BmyogMHom
630 obobo UBs305m©  9x39gIGHMObo  56M06. BB 3OMEHJBId0  SgEGH0MO
396@®do 99039395 LYMOBL.As 0ygbgdgb Lotgisb LT IsEgdgdOL Ho®dmgdsdo,
650090 0650F65096 LiZSdOWMEOMBL Foroe Ggd3gMsdwMmsls s G&dg (pH 8-
9). ©0535BMbdo bgwsBMMo 5396GJOOL sbsMmdOLSL. 53 G030l 3MMEHGHIOL
2990099353909 d5gEgeM0gdo B.licheniformis, B.amyloliquifaciens, B.megaterium,
S.griseus. s bLm3zmgdo A.oryzae, A.niger.

36535000  3OMEJODS 30930039  BobMYHBOMYdS 9B BHOMMO
Doboxgg®db@ o  gm®dom, O®Igebsg  Bodmagbo  ghimmgds  (393Lobmagbo,
53006MH0bMmgbo @y  Lbgs).  BmyoghHmo  Bodmygbol  5dBH035300 3063068

©59M 30009090 A5M9dMb (3300 gdgdsbg [29-37] .

1.4.1 83gbsGrgmemo 3OmEgsbgdo

93965 gMo 3MMEHgobgdo Homdmowybab 30w gdol Bshmm 13gdEBHOL, MMAgEms
domads  bgds  93gb6s6ggool  Lbgo@olibgs  mMyebmadosb.  dsmo  MdgEHgumds
39bUbg030905 ($9d396M9GH MO0 s pH-m33H03MFom. 259m0Mhg306 MlsgMmbm-
90000 s oMo gdom 89godgds  godmyqgbgder 0dbsb 3399000 M3 mdsTo.
963356 910358 HoMdMogbl oo LgBMbMMO bgwdols(izEmdmds, saMgm39
ol 8593H0,00m3 HBMmA0gHmo Lobgmdol d3gbsol 4s9mygbgds 56 0BsbIgfmbogro od
6930mb9030,b5s3 0LObO BbYIMOZ5 56 ODBMIdS [38-39].

dombgogo 939696090 BgMTg6EHJOOL  MsdM30 MB30MOEJLMIOLS o
965350 R9MM36000Ls, om0  godmygbhgds 9Mss  LEMIBIVME  BIOHMIsLAE)9d05b0,

5096 000mMGM 0 o060 O FoMMIOL Lo IYYM TGuFogesls, 99399dEwIO™dOL
39935L9d5bS Qs 5.9.
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L9Msmo0 . 5. 93966190 360G gsbgdo s 3300 gs9mygbgdols LggHm

93965690 3MMEHJOBIO0oL MIgEqlmds 809336905 30LEJ0bMO,LgMObMw
S135OESE3MMEHODIOU.

1.4.1.1 30b3g06mE0 3OMESBIdO

3oLEGYObME  3OMEHBYddo b3 gmBoMe B9gadgb@L Jabol  (30LEHJobols
6530l B R30MHOMIMHO X AYR0,bMwm 3OHMEHMbOL MbM®ML-3olE0obol bsdmo.
594BH0Mbo 560056 15305Mm© BIOOM  FHgd3gMoEIO s PH-©0535DMbdo (5-8).ds0m0
993790 Aol dgeygmdl 25-30 3s. (30LGHJ0bMMH0 3OMEBYd0 360T3bgEMm356
Ol SBOMEIdIb (300900l IMBOWOHYdsLS s F3gbsMol oEgsdo Lbgoolibgs
B0MGHIM0 Q5 SO0MEGHMMO BodBHMOOLORSD.

1.4.1.2. g®Hobmmo 3Gm@Egsbgdo

LgOH0bME  3OMGHPDBIddo  bm3mgmzomE  sa9b@L  Jabol  LgMobol
65000.30m@M™bol MbMmMs© sdoi 3393wobgds 3oLGHoobol Bsdmo.  dzgbscgmeo
L9gHOB3OMEHJoBYd0 IMbs[ogMmdgb IM35¢ BoHBOMEMYOME 3MIM(3gLT0,OMYMMO355
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90360mb3MmMOHMYgb9D0,350Mm9690bg 993935 @ Jumzowms L3305 BsE0s.. FsmO
dm93m@m®o dsbs dg0ygmdl 20-1203¢s.( 3gEgbmdsdo dobv)Ho ©0s35HMb0s60-80
3009.). 9JBH03MdL 539696 BBg 9gLs (pH: 7-11) s 3$93396M9GHMMME ©0s35DmbIo
25- 50 °C.(50mbs3eobos Aral2 A. Thaliana-qob, RSIP Llodoboo@sb s C1 bimossb,

OH0IgE®s m3GH0dserMo pH dg0ygmdls 3,5-0sb 6,5-0¢09).

1.4.1.3. 535653060 3BMEJsBYdO

93965699000 sL35MOObMo 3OHMEHBYd0 s©IMBgbowos Mglergddo,g3530gdls
Q> Boowgddo. 613wingo® 530G [oOdmoagbl  figwol  gosddozgdywo
30939 O M 5806MB5535L 239MOMO X5F30.473gBHJUMBBL 5J3L SL3sMog0bols
959350 2 6590, HMIgd03 599EH0M9Gd96 Figoel s Fo®mIMoygbgb s9@0m® 396GOL.
139O GHOGH3OMGHJBJOol  30039wo©  LEGHMMIGHMOsFo  3bggdom  Lologbosem
056000009360M35L N-dmmBg, GmIgeoi 990905 100 $9.95. 65doLogsb s 3sLwmbl
5390 39M396GH0L  353MMEE  BHOBLIMOEGHDY.03965M0L 53 13g30BR0ME  Bsbstron
03b™d96 PSI-ol Lobgwom.  s135MFSG3MMEHJOBJO0 boliosmYO056 30MMRMIMEOO
50.05. 650mgdl Mol 393GH0OHO dToL  Asbrghol Fo®owo  139305300)MHMOOM.
0393 JuMdS  9dBHOMM0s 09935 30MMdJOLS( pH 4-6,5) @5  3H9939Mo@ Moty
dm93mm®o dobs Igygmol 35-65 3s. B9MTgbEOL dobd ITMI0IOVIE0s 005Dy,
PSI-3652396@0b  dmdmMgds  dmbs  (39¢H90mIgHyemo)mvy  sMs(dmbmdgmwyero)
54303530599 5L33OFHOE3OMFHJoBJOOL MgBHGumds FoMdMoAgbL 393)gMHM©0gML
dmrg3mem®o dsloo 35-51 300 [40-48].

1.4.2. 36:m395900L 959my9gbgds Bgaombsfs®dgddo
339000 36M9H39emdol  ghm-9m0o 960dzbgerm3zsb  s139dBL  HomBmoy9bl

36MM3HJoBgool  godmygbgds 3MHRMbmMIgmEol fomdmgdsdo xdzowdo  sMLYOYIEO
3E 960l 300MMEWOBols s MAWMBHIBM 3O MPYJ300L BoMgdoLsMZ0L, SaMgm39
330l obolosMYOEGOOL 25X MIGugOOLIMZ0L ( GEELEBHOYOMBOL FoBMP,BgeEz0l
©@OHMOL 93000, IMEMEMOOL oBOS s bZs). 0ligmo F(3965MJME0 3OMEHGDYdO,
Q0355 3535060, 3560035060 O 3OMIGEs060 Fo0853Jd0m 259Mm0Ygbgds 3mEmoLs
b53MBOGHMM bHo®Tol bMdOLOL. dMIMIges0bo Ferols yerm@gbol IgE g30@HMm3L s
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39960 5603F90L 303MmogMgabmen 1309090l [49], bmem 3535060 sbgbl Mo aeEHgbols
3000MHMEoDBL, (330L 3mIol odm3b9dsL [50]. 3mddo d60d36bgerm3zbs I30M©IOS
30506 MMO  3m33mbgbGHId0 s 0BOMmPYOS BIETMEYIMNEIMHO  BMRAY6EHJOOL
bggoOomo oo, 6oz bsbobos  gwgdBHOmammgbols 899939mdom. Moz dggbgds
39603506L, 3oL Fgmdenos 3609369wm3bo dgod oMMl 20506900l 999339 mds
%3930 3d0,0019 Imbgds Hobsbfo®o sdmTs39ds 5©0bodbo BgMIgbEGHom [51] .

1.5. 35%0 s dobo 3GmEmMd@goo

05659900039 ABMBRE0M bFoOMZIWML 036MdL MMM E 35BoLy s V3060l
15AIMOML s gb 9O MOl Fgdmbzgzomo: Lods@mzgwmdo 3gwmo 35Bo 15
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396LsB3Ms bgds 5@MING-50LMEMDd30wo B39JBHO™MIYGMOL Asdmygbgdoom [73- 75].

RmmEgddo 9dodg d9Eowgdol  2sblsbL3mOLsM30L 153300390 bEgds
9500  Bo®Ad3zo0sbo As8MMdS M0 FobgMoe0BsE300LIMZ0L.  20%-Bg Bogwrgdo
A96056mdol FJmbg dsLoews 0ffmbgds, moglgds JMMsHg s bgds @BsbToMmgds
dmeol  A5dmymaxzol 997Y39@90®g. Ibsbdomgdol 990y FoMdmgdl ©bo®mgds
@mdgedo 450 °C-99.360m3E9000L  ©olOIMgdol 8999gy  dobgMmoobsgools
©oLOMWgdOL 909, MMm3s  bs3IMo  Foorgdl mgmE 96 B3  BogMoligg®d
399839600Mmd5L, 00 oblbgds HNOs- o 89955390 {igoerdo, bqgds Laliw®ggen
dm3M™ds3Y 80y3565 s 8d0dg 3gEogdol goblsDwgms  5EHMIME S3LMMdF0MWo
139JAO™AGBHMOL 253mygbgdom.

2.1.2 .5¢m399M-530Md3009w0 B39dGHMMBMGHMIYE0s

L3N BosBoms LYY saMmsmmwo  3936096M90900Ls s domboliEgdgdol
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06506960630L 353 GH9GHBY LYOLSPMOL 3690 MOOL WSBdMESEHMM0530, LObxgdOL
09900905 3939 qd0L 89933900MdsbYg Hodmgds Buck Model 210VGP s5@mdwm6 -
58LMMBdE30ME b3gdBHOMBMEMIYEHODBY.

bm@somo 20. Buck Model 210VGP 5@md«y6m-sdm®dgommo b3gd@®mam@mdgdeo

954303900 3900030l Jglsdsdols: JodoEMo bLIRMS SBME:93d ;
©90mb0BoMdME0 igoo; JodoMo LBms 539¢0wgb0; F9EHIXMS

999500996 md0L Lobgedfogm LEebwsdEvwo 60dxdgdo (3o®mds Perkin Elmer-ol
LEobsMEM blbsMgdo).

99O 2obLOBOZMOL  SEGHMINO—BLMMdG0Mo  b3gdBHBMBMEGMIYEGHMWwOo
3d900MEO  (53L) 9349 GOM0S TIBICMS  SBHMIGOOL M30L9dGODY MR BOYdM
90aMd5M9gMd590 JmsbmJols 496339490 LogMdol LSOl Bows s Fodmalbogmls
090 50aBb70ME dEYMIsMgMd5d0. blbsdo sOLYdMwo FgBowgdol ombgdo sewdo
dmbgz9MobOL 490096 SEHMIME  BEYMIsMgMdsTdo. 53 ©OML  HoMmImJdbogn
596HMBMTo obLslEBOZMO F9Eowd0 9HMsbgml byl 56 MIwosh. 139G OMwo
BomMob gnbgds bgds Lodogdgwo dg@ ool dglsdsdobs. bsmE@mosb Lobsmeng
39503000l 5¢l, 5EGHMINMO MBI 35650 JOS S FgBOolL  5E™MIGd0 Tsbodszqb
399mbboggdol Bofioenls. 5oL d9dgy Lbogo b3 gds dmbmd®mds@m®mdo-g@add™m®mdo,
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Los3 dmbgds  Lobsmerol 0d gbgeyools goBMAZs ,HMIgEoE dmsbmds dg@swobl
5GH™Ig00s  sewdo. Lobsomol Fmsbmddol 0bEgblogmMds ©HIMI0YdIMWOos  sewdo
SOLYOMEO  MOZOLNRBOEO  IMVIPVRABOYJOMEO  5EHMIGOOL  Gogbgbg  doMomo
9aMdsMgMd580. d056mddmwo sGH™Igdol 3mbEgbGMmE0sLs s Lobsmerols bogols
30560430l bs®056MdSL FmMob ©HFM3Z0IOICNGds 25dMmolLobgds WsddYME—0Qq6—
09960l 356mboor: A=Lg(1/T)=Lg(l0 /1) Losg T 560L 5eol 259EHsGMds, 10 /1-s60l

©5390wo s oo  sdmbboggdol  0b6@Egblogmds. A-dmsbmddmwo  Lbogols
LooY.

2.2.. 36mGHoB©0o 5gGHo30mdols IJmbg 360935050l Jomgds

2.2.1 .bgoemgmeosb ggmdgb@mero 60dmdgdols gsdmymes

B9 2o8moygqbgds 0BsdgErsl Bmmmeo( sbowdmzmgnowo, bOHowdo
3908Moo 96 3ogobyyewo). byowgnwo  ofjmbgds, 890wgy  LayYWENFIW™E
3739530905 9JuAHMoJBH™MTo b BsoxzMEOOL Mmobdo, 9ds@gds 0,1M  3seodols
BebgsGolb dmxgmo (PBS)  pH=72.  »obsgs®mdoom 1/10 (obs/ImEmemds),
3M39gds 3mIMygboHs30s MomMJdol gHMAZ5MmM3560 FsLol Fowgdsdy. botgzo
080MEGHMIOS s (396GHOORWI0MYds 3000d6/Fo 10 fo. Lm3g@bo@sb@o yMmgzwgds
360ME95DMw0 5JEH03Md0L J5BLIBLIMOLIMIZ0U.

U500 21. 0BsdYsl BEYd0
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2.2.2 . 363H95BME0 53EH03Mmd0L goblisbmzMs

54BH03mdol  gobLobL3zMOL FgmmEo ©sdvdsgzgdeos bsdgEbogmm-33wgz30m
396@®3d0 ,00M3900“ s FoMIMIYIBL MOHOYObIEME 3BIMEMIBHL. 3OrMEHIMEODMOO
5JBH03mdol  oblobzMolomzol  LRLEGHMIGI©  4odmygbgdmwos  EWMP-
dmOox0(30090wo 339603boL 30ws, ®MmIgeoi FoMmdmoygbl dmzgewe blbsGdo
3659G03o@ MbLbo@ 3083egdLl. 58539 MM, 36MEJSBYO00d 5FY8539d0L5L 0YO
2960300l 30OHMEWOBWYG 2o6MoJdbsl [76].

30 d3 EWMP Lmpdb@®modl 9do@gds 1 daw. Logdu@®odsom dmagho (PBS) o
0,010¢w. 9®3gbyero blbsMo, §gMdgbEHoLs s LdLEHMIEOL 063mdszool Jobbom
656930 ym36@9ds Lobx 9396056 Hyarol 5dsBBsBY 27° C 3gd396edMoByg 20 foo.
59 MHMOL goligeols 9999y 60dmIgdo M59m9bodg fimmom gowo@sbow mbos 0dbsls
g4obedo 0954300 45BgMgdol Jobbom. 6odmdgdo 396EMoxMA0MmEIds 1500 d6/fo-
b9 .00090 By3gmbo@sb@gol gdsgds 20% bo@Emowmdol 35MdMbs@ols s BmEob-
B0o3m@gl 09529630 msbsgsmomdom 2:5:1 ©@s bobgzsmo  Lssmom  mogligds
bo0ob3mdsgome 37°C-%y [77].

M330360 358396900l goblsbwzMs bgds UV-VIS L3gdEOmum@mdgdmol
3°9my9bgdoom (396306 gerdg®mo, 5dd) A=660 63-bg 9.(). reagent-blank-ol Fobssmdwy.
B39bL F9dmbggzsdo, qgbvs 30 fo-ol asbdsgzermdsdo 063Mmd0MGdIMwo LmdLEHMOEOL
Bodmdo  g9M3gbGHOL  a9Mgdg, MomS  23FMOMOEbmL  7gMIgbEolL  Fmobogdol

dsB396909emo.

bm®smo 22, Perkin Elmer lambda EZ150 UV/vis. L3g3d@Omum@mdgd®o

LIIIMMIINMUL AIIBNIIMN
J6N30MLNOION



13960396@0L 3MMEHIMWODBMOHO 5gEH03Mm00L godmmzEs 9H™Y)wgddo

39000930 BMOIMEgdOL 459mygbgdoo :

[PR]/lmo[ * [’ " ]m[
[R’ ]mm * [’ ;" ]ml

A(U)=

[PR];mm] ¢ [V; ]mI - "1( L" )
[R’ ]min . [I/;" ]m[ ki [I/E ]mi [I/E ml

AU /'ml)=

A(U /'ml)

AU /mg)=
( mg ) [;'(mg III/)

[PR],,., - 36m@Md@0 8036:m8megddo

v, ]m[ - 95d300b LogB e IMEMEMds 303G GO0
[R]. —©95J300b @ ffrmgddo

[V.]., = 30993900 LsBMBo BrmzME@ds FoE0E0EHHIOTO
[V:],, - 896896¢0b dmEagemds dogoo@®gddo

bgds

36OMEJME0HBNOH0 5dBH03Mmd0L odmmzeolomzol (9hmgmero /dy) 3bgerddmzsbg-

wMmd®  bgdmm  dm399Mwo  BMOINWIO0MS QO 00OMBobol  Lbgoslbgs

3063963530980l J0ToMm™ 5390990 1535¢0dMOM IGMMOom (Bobsbo 1).

m3&03yMn dsh3gbgdgamo

it

1.8

1.6

14

1.2

0.8

0.6

0.4

0.2

0.05

0.1 0.15 0.2 0.25 0.3

3mbEgb& M0y (BngMmmamann)

BabsBo 1. MmomMmbobols bszswrodmm d¢rmo (Cupp-Enyard, C., 2008)
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2.3. 3ol 356LsbM3MOL dgom©o

d0mgdodoMo 331939006 MM 300l Momgbmdmogo 358396900l
330900l dobg3z0m 933193500 009l 3603369cm356 0bxMmMTsE0sl J0dEobotg
36MH™m3LoL 065d035Ls s MMBsE, 9Ju3gMgbEHOL LmMo b3 g MdoL  (30Eol
2obLsbE3zmol  Lbgoobbgs  dgomEl  dmGolb  LodsGEo0g0L,  Lob{Msxols s

bgwdolsfizemdmdol aodm  yz9wsbg bdodo 094qbgdgb L3gddOMmxMEMagGHOYI
9900 70L-WMwOHOL, dGMJORMOEOLS S d0YOYEOL dgomgdl [78-81] .

i

B0 23. 30¢00l 356LsB3Mol B3gdGHMHMBMGMIgEGOMEo Igmm©o

2.3.1. gogols 306396EMsE00l 39blisBrgMs dMyBMMEOL dgmmuols dobggzom
153303 Fobognsdo 98 FgomEolL F5dmygbgdom ool 3MbEIBEHMEO0L
3obLOBOZMS  9FYsegds 9855390 @oGgdmdo 3mAslo G-250 Lomgdsg3mMsb Fowl
993 gool  993930060905L, GOl 8909gaos3 bgds bLlbs®ol  Fgnq@owmdols
33E0g0s  Yo30LEBIM0EID  MOXSI©Y.  dMHIORMO©OL  dgmmom  HBodmddo
do6005©s© 0BMIYds oBHB0bo,5M0b060 ©s 3oLEGHoobo. 30l doge Lobsmerols
G950l d0sbmddol 3sB396909w0 0BMTgds L3gdGO™IgBHOMws© 578-595 63-by.
300l 3m6396EGHM3E00L 23bLsBP3MOL JoBbom 1 A dMYORMOOL MgodEogL
995¢9%s 100-100 93¢ Lszzargzo blbsmgodo, Lobxgdo 10 frmoo ymgbgds 25° C-By
@5 93 ©OMOL 2obgwol 99dgy  Lobxgdol Fmsbomddol 8sB3969d9o 0BMAGds
139dGH™AgBHODBY (578 63) LogMbEMME™ blbseol dodstron [82].
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1,8 o
1,6
1,4

1,2

0,8
0,6

0,4

™3G0360 85B396909@o

0,2

0 05 1 1,5 2 25 3 35
3063963 Gagos (B/9wm)

BobsBo 2. 300l LEHBEIOEHNMEO L535E0dGM FG¥YOo (bsGol AMsGHOL
50193060l dsbBY)

2.3.2. 3000l 356l5B@3cMs coemmGol dgom©oo

300l ®5mgbMmdMH030 2obloBzmOl Gg0MEIdL IMEMOL ™Mol IgmMEO
Do6m08mo96L y39wsBg 03dbMd0sMg s BMLE dgNMEL. 040 59MM05690L doGgE 0oL
69543050 (9.0. ©95d305L 393GH0O 3390DY) s BMErobol Mgod30sl (MoMMBObLS s
AOoBGHMBBDY). LoFoOMm MgodBH039d0: Mgoddozo A- NaHCOs-ob (1fywrm) 2%-0s60
blbosmo sdbogdmeo 0.1 M NaOH-%g), ®goddozo B- 0.5%-0s60 CuSOs x 5H20
©53Y50g0wwo 1 %-056 Bo@®omdol 30GHMSGHDY. Ju MO0 GYodE030 25PmIzol fob
96935 9OMBsbgml msbogstmdom 50/1 (Hgoddogo C). 0,5 . Lszzwgy bLbsML
9953905 2,5 dgn.6godBogo C, gmgbgds 10 for. mmsbol ¢gd3g6me@Mo®g s 99009y
9953905 0,25 9. gmEobol ®goa9b@Ho, 90935 9hHmMIsbgnL s ymzbgds 30
00.8005b6ngdols 353969090 0BMIgds 750 63. LOYMAOL FoePIBY. FOBMIZS HotrBmgdL
L53MbGHOMEM blbsMOL FoTomrm, OHMIGLoE FOEOL MO Y39ws 3mI3mbgbE0s.
5396M0L 063 96L0gMdOLs s LYW OdGM IMOEOL dobgz00m 30K IEMI 3OOl
3Mb639bGHMo30s%byg [83] . (bsbsbo 1).

2.4. 36HmBHgsBgdoL (gdbozmMo 361935653 gdol domyds
2.4.1. 3603 g5BMeEo 30Hg35M5E0l Gomgds B3otME00 3sdmergdgzom

19M39”EGMwo 3693560530l Jobowgds gJuEG®msd3ool Tg9gas doMgdYIE
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19396Mb53OBEL gdo@GHgds -15°C- Bg 39309000 §0Eol L30OEO MIBIBsOMMBO 1:4.
blbomo gm0 Losmom ™ogligds  dozogzs®do  2°C-Bg. 99damd bgds blbsmol
396&®0gM06M905 6000 3¢ /fod 20 . boergdol Fomgdol IoBbom. dowgdwo bowrgdo
Dom08mo96L BMg6E MM 3601935603, MMIgEoE 890ma TGOS OMBOWIIOO
LSIOMOOmM 56 0bsbgds Logobryemgdo.

2.4.2. 36m355Byem0o 30935M5E0L domgds gs8mBsmogrgdol 3gom@om

R9MIYPBGHMWo  30935M5GH0L Jowgds s1g3g bmME0gEYds  2odMTsMH0EGdOL
99000 L5FOEGOOMS3: gJuEGHG O30l 9IRS F0MYdME 1LY3gMboBIBEL 9ds@GHgds
(NH4 )2SO4 20%, 40%, 60%, 80% -0560 g% 969000 ( ym39en 3md93bm 5365d300L Hobs
030594305 OGS 396GM0RMR0MJOOL b5TLI9GO0M). MOMMJ )0 blbsMo ymzbgds
353035030 4 Losmom 2°C-By, (396¢O0BMY0MYdOL Tggas (6000 d6 /Hoo 20 fo)
900900 boewgdgdo mo3LYds LOWOIEODBM 356M3I0 O VBHIMPIDS OIODO
95600900l dm0egdol dobbom. dowgdMwo RgMIBvEGMwo 3M9g3sMoGo  0g4obgds
399myggbgdolomzol 56 IMgds ompowrmemo [84].

2.5. 39Lv83005390o BgM396EHO0L BoBoZMMO s JodoMO FsbollosMYPOMGIOL
dgbPogams
2.5.1. 36:m3HgsBMEo 5gdE03mdOL 356LsBM3Ms y9M-EoBMBOMGO dgomEOm
39-©0xBY)H0MHO FJ0MPOM 3OMEJOIHBWO 59E03MdOL 2obLEBM3MOL Job-
Boom 259m0Yy9gbgds 53500l g9wdo 3meodgMoBgdmo 35Hgobo-MAol ;3560 (F0ws.
53 99mMmEOoL  godmygbgdom  JglodErgdgeos dmbEgl  dOMWMAOIMS©  5EHO0GOO
65900900l 3OMEGHIMWOBMOO 5gEH03Mm00L QoBLIBOIMS. Folo  SOLO FEAMIIMGMBL
99909d0: dmobgbgb 35Hgobol, Gmame s LBLEHMOGOL  3Mm0dgMOBYISL gL
39do.  5goMmdo 5396090 LdLEBHMGHHY-CO—NH 3g33H0Go d3gdol djmbg
95360039329 Bg 3OMEJOBIO0L  B9dmJdngdom ©s0fygds 393G0©MMO dIJdoL
30OM@obHo M0l J9gIRos3 90300900  Lbgoolbgs Mol  g3Muydgb@EgdUL:
300393G 00, ©03933H0IOL 96 5806MT55390L. 3BIMEGHIMEOBMMO 73gMTG6EHIOOL
9mgddgqdol d99gao® 935M0L 299 (oMdmoddbgds go0F30M35¢g 9dbgd0.dsmo
Bmdol Jobgz00 BoLEYdS 39MT96EOL ImJdggdol badrolbo.

LSPYol B9MY6EHTGIE39e bLbsMTo @S 2OTMB30MEHME S ZOFMTIOOGINE
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00594309090 bgds 300l 3mb396¢H 5300l gobloBrg®s ,d90aMa 30Wgd0 S A9-
©0xHBoMMHO dg0nm©om dmfidqds 60dMdgool 3O MEJIBMWOo 5dE03Mds.5 JoBbom
bgds 1 % 35Bg0obols s@Bgzs LdLEBGms@Gs© dobo ,Bo390gds “-3meodgmobgds 1 %
5356MHMBoL 29w do (39GHO0L B0bxbgdd0). dgEol godys@gdol dgdymad sdmoFMmgds 3 90.
©05393HM0L OMgdo, HMmIwgddos bgds 10 93w Bs3zwgzo blbsegdols 9g@)sbs.
650818990 LH0b3MBIFOMP MO3LEYdS PYHIMLE OG0 37°C-Bg 18 Losmoo [85].

2.5.2. gemgdBoOmamdmgbo

99JHOMBMOG HO sOOol 60dMddo sOLYdIMWO (30 gdol 2obEow 393900l gPm-
9JOH»0 093500 F900MO0. d0dE0bsMYg 9egdBHOHMBMOHIBOL Mdg@qbo bsflogro s6ol
600m8ob  2o0mymaxs  IMdOWE  3sHBsdo  00MBOWODYIM  go6gdmdo, Mol
LodMogdsls FotBsgdom 0dwg3s 3ME053MO0WSB0EOL 49e00 . gl 5GOL BmOM3z560
LEOEEGMIEHMOS, OGMIWOL FmOGOOL bBmds  SbErmb  sGOL (300l FMEH3MEgdOL
DmIsbmob, Moz oMIxmdILgdL  30egd0L  goMBI3oMBLL. oGS 3oy,
3M0536005doEol 29wl 543l 3900  JodoMEmo  LESBOIOHMOS, oMo
39689069050 Mds, YMoMds pH-0bs s 399396MEwIMH0oL 3300w gdgdol dodsMo s
39M0L 5330039006 Tglobodbsgo Lodwmsgds. SDS  3m05300¢sdo@ol  agwob
9w9dBHOngmegdl  (SDS-PAGE) oJ3l  9s@@og30  8mddggdol s 3960
39689069050 MdOL M306M5EHIMOYGO0 30Ol IMWg3EIOO fFrbols AobloBOZMmILS
1393083039600  30gdOL  AsIMZgbsTo.  3MW053MOWSTOEOL g0 FggdS
536M0sdools s X¥35090b-0535300909e0  5296@ N, N'-8900@wgbdolszmo-
53000LSRD  35@IODOEHMMGOOL 5dmboMTol 3gMlmEns@ol (AP) s N, N, N', N'-
A9GH®599009000gb0sdobols (TEMED) dmddgogoom. qiss  bsdasbbmdogdosbo
Jugeol dJmbg agwo. PAGE-L 9999dos 30¢0gd0l ©59©gb0dg Bmens@ 45dmyma3s
d3cmsmdol  dobgzom, MMmIgwoi  godmfzgmwos 0ol dmerg3Egdol
3obLbge390 Mo  IMbGHoms s dmeg3MEm@o  ffmbom. SDS  s6Hol  sbomby®o
bYYOHRsIBHBG0, OHMIGlsg FgmdEos EMPZOML 30¢gddo  YsEdIEMOHO @
300OHMBMdMOHO 33900  P-096353GHMgmbmol b omom@G®mgodmeols  (DTT)
05650m0B0LSL,  9MHM05BEIL 30Ol FMEY3MWGOIMID 963390 M9bIBIMIOMOOD
Q5 d9dabsls Im3zeg 3m33mbBoGgdo. bLbgoobbgs dmeg3mwo dsbob 30wgdols oge
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Po00mgdbowwo 3m33wgdbol LogMdg 2s6Lbgs39d9os. SDS byl Mfymdl ,6md
MOMYMBOMNIQO  IFMbGHMEo  30¢g0do dmbgl  mog3s306M39wo  dbEol
oMmEIbMIM030  250FoMdGds, O3 BM3L  dMBgdmog  FMbEHOL  AsBLlbgoz905L
bbgoobbgs 300l dmeng39gdl dm®ol. 53M0gs©, Jurgd@EOmum®mgBol Mml
bbgoobbgs  30mGHgob-SDS  3083wgdugdoll  dmdow)OHMdsDg S0 dmddggdl
053053003900 db@Go s IMWY3MOHO BMMTs, MY  ITMIOEIOIL0S
dbMmEME FoOEOMO00 IM9399)H JoboDY.

3053600 5doEoL 3geo B399 gdMmog 89ygds Bo@300m30L 29woligeb bgs
1396580 5 259Ymxz0 39wobsh J39ws 33965d0. 296353905 Bgs WS J39s 29X 9dL
dmOob 5OHOL 530M0wsdoOoL 3mb396E®300 s Tris-HCl-ob pH. genrgd@®mam®gbol
OO, gEgdHOYWO 390 3OEILEIES JJWDY ©d YOOYNBOMIE ITNLHYO
BOW9d0 393056  Agwol  goliizmog MOMYMmTBomo  JEgdGHOHMPOIL OIOOM
93JHOMEBY.  JIJOOMBMOIHOL  g3geaby 33MEILIONWo dBIOO Fggds
AG®oLOLS S e03E0bolysb. Po@z0Mm30L dgedo pH = 6.8 s yaroiobol dbmerm
0599gbodg  dmrg3Ms  0dergds.  sdo@md, SDS-om  @©sdwdsggdymo  (30erols
99300900 dmdMoMmd96 Bgs eroEobols dmerg3nemslis s 439 Cl- 0mbl Jmeob.
b 3OHmEgLo ,3999853L° ool 60dMAL 4gedo BmErgds®, MHMIIGOOEG JIGOWIOOMD
930695, 300069 153053003915 BIGZ0MMMEO FM(EMEIMDS. JK9dGHOMBMOGHOL
3OMAMABOOGOLD 9O  (30Ws 9oL 25dYmg agewdo (Ph= 8,8), Losg
303060L IMen93wgd0 00egds. ImdMoMmdOL LoBJsMg OBEOEIDS QS 5F5MBJOL (30 .
3999mgx 290do ®omMJMo 300l dMdOsmdol LoBds®g IdM30IdIEos dob
I3 JoLoby. 3069 dmeg3mEwmo dsbol (30¢0gdl J9wdEP0sm SOIOESW
390560 Mb 390l MM 5ddo, bmwm oo dInwg3MEmMo oLl IJmbg 30wgdL MBM@
MFOOO 2030, 9M339Mw0  39Mm0om©ol 8999y, (301900 909396 Lbgsolibgs
0oLE96305L BmIol dobgz0m s 909396 0 gdoL godmygmazols JoBsbU.

SDS-PAGE 560l do6omo@o d900m©o 993bmdo 30wqdol dmergimemmo dsbol

©oLOYYbs.  (3bMmdowo  FmEg3MEmEmo Aol ows @ MEbmdo  bodmdo
IONPOOMOP JLIIHOMBMOIBOMEYSS. I9gd30L 93073, LAHIBLIOGHO ool
BOOOMIOMO FMOOOHMOOLS S IMEH39O0 fmbol wmysHomdol dobgwgom,
390dgds 30300000 DM s ob3LYBOZOM 3bmdo bodmBol dmerg3re Mo obs
dolo BIOPMOOMO FMBOIMHMOOL 45dmygbgdoom [86-89].
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2.5.3. m3¢085¢000 39ga39M5@MmoLs s pH-ob sygbs
89M3gbGHMEo 36g35M5EH0lsmZ0l

3oLYBS390WO R9MIPGHWWo 3609356530l dmgddggdol  m3GH0dsrmeo
A99396M5@ M0l oLLP9bs® 3gMAGBE 0 0blbgds pH=7,2 -0l 8jmbg 0,1M g3mlgs@me
0839gOHJ0. 3OMEHINWODMOO 5JEH03M0S 0BMIGos 25-40° C-Bg, 5° C-0l 06EgM35w0m.
o3 d99bgds  39M396@Egd0L  dmddggdol  m3GHodscrm@mo  pH-ob  ©o@gbsl, o3
990mbggzsdo Lodgodsom s6gdo  pH ogzwgds pH  5.0-0sb — pH 8.0-8¢0g, 0,5-0ob
06@9M350om. 1396M396E0L 95JBH03M0s 5dGH03MdO0 0LsDBPZMGOS BgIMMELNbodbmwo
36M0obiodom [76].

2.6. 3B 9bols Boegds
bmOdol 2@ 96mmo BGmsd300l dolbowgds IHBsEIds 3mdo ,OMIgEos
L5 IYMEMPO 0MY3HYds A9TOBIMY 14oed0,3000609 o6 A5dMgds LodW3M03g. 5T
3000 oLl IMOEYdS BJ30do 89053500 Lobsdgdqw0o,bbbso (30egdo s Lbgs.
900900 MblbIO F9OM3560 olis HoMoYgbL 2@ gbmE 3mB3egdLL. 59335650
399MmgmR0w 4@ 9bl 9953 gds $gMAg6Ewo blbsGo.

L6500 24. yedgboy@o Aslss

2.7. 3G 9bols sdems 360G goBsl Bgdmgdggdoo

3BHIBoL  3OMBHINWODMMHO Tl JoBbom BB MG  3m33egJul
9053905 B9MIG6EHME0 bLbsM0 MbsRsMEMd0m 1/10 (Fobs/IMEMEMBS) s o3l YdS

Losob3mdsgom@ 27 © C 3H9339MoG«emsby. aem@9boll ol bosmobbo Bsligds
OMamO3  0300Mm000350 (39699933900  LYYPRLEGHMSEGOL  BmBsdo  FJgd30609ds,
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99dHOMBMOGH0), 1939~ MoMmEIBMOM0350 ( ool 9993390 MmdoL 2obLsbBLIOS
MmOHoL IgNMEOm).

2.8. 603930l 6E0MJ0BEHNMMO 59E03MdOL g3blsbrg®s FRAP 9gom@om

39000l SO 9 Mdsgmdls 60dwdols dog® 63060
G®03060O0WEH®M05H0bol  3m33gduol  0b@gblowmGmo  mexo  FgRIMOMdOL
09930690580 ol BgMs© BMMTsT©Y, OOoMsE 033wgds dolo FJmsbmdds. Lofgolo
blbsmgdo dmoo3L 300 mM 53939@0L 391396 (3.1 g C2H3 NaO2*3 H20 o
16 9w C2H402)- pH 3.6; 10 Mm TPTZ (2,4,6-¢©0306000-b-GHM0sb0b60) blibstro
40 Mm HCI -80 s 20 mM FeCls -6 H20 blbo®o. sbogwo Lodwgdsm blbs®o dBsgds
25 9 539GH9G0L dz3gMobl, 2,5 dew TPTZ blbs®ol s 2,5 ¢ FeCls-6 H20 blbstol
396093000 5 0¥90s 37 °C-Bg 999mygbgdsdg. L3393 60dMAL gdoEgds LodmTom
blbomo 1/10  msbogstrmdom, 5 fom-o0sbo  ©@oymzbgool dgdgy dmobmddols
9563969090 0LsBOZMGdS A=595 6. LoMAOL o MsDY. Bo3MBEHMMEIME 25dM0Yygbgds
153Mom blbsM0, GgLoEMIOMO 30 M3060L LyRs@o, Imbs3gdgdo CLOBOZMYdS Agm-

do (63060l Lmegs@ob 933035wgbGo 1 dew-do) [90].
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Fe*" ~TPTZ | reducing antioxidant ===,> Fe*" - TPTZ (intense blue at 595 nm)
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—e—Series1! —W—Series2 ——Linear (Series1) ——Linear (Series2)

o
oW —

y=0,0008x + 0,0398
R®=10,9859

0,8
07
06
05
0,4
03
02
0,1

m3BHogm@o dsh39bgdgemo

0 200 400 600 800 1000 1200
30639635305 (B0 36mBmeno/q)

BsbsBo 3. FRAP-8900m@0o0m 56¢0mgdlowsb@emo 5d@ogmdols goblsbogmol bsgsemodmm
a0

2.9. g9bmEmMo 6sgMHmgdols xsMMo d90(339w2dol gsblsbmzms
1me0ob-BozmmE gl 965¢noBol godmygbgdoom

93965690 B9bMEgd0, 3500 IMEMOL FosGEH030 BgbMmEgd0, B9bMolL 3553900,
R93mbM0 00, 39985006900, LEHOEWDdI69d0, Fo60bgdo, W oabsbgdo s wWwoabobgdo
43905D9 06535¢0MH03bM3560 F9mMH50 9@ 93ME0@ 9005, HMIgdos Ho@dmoddbgds L
-23960ssbobosb s L-0006mB0bosh.  ggbmemmo  bsghHmgdo 3003060
MBONBIYmRb  9bEHOMJLOoIBGHMEO  5dBH03MdL,  BOEAb  olobo  39Mo
999 BHM™bgd0L EMbMmMGO0 5M056 Fomo 30EOHMJLOOL XMRIOOL ASTM. FIMS
500Ly,  Bmyoghmo  doogobo  SLEHTINYWoMgOL  MxMgdo  gbmygbMo
36¢0mJloIBEGHMEOO Tmeg3mwgdol Lobmgbl.

50b0dbo  dgomo  gumdbgds GG 3oM9dmdo  Bmeob-hozmer@gl
09539630l MOHD0gMHMNJAgIdoLOl  BgbMmEgdmsb  mexo  F989M0E™doL
3993 965L. 53960l 063HGBLOZMBOL (33¢0Egds 0DBMIGDS B39JBHOMBMEMIYGHOYIS©
A=660 63. LogMdol Gow®sby. RIBMOL T9dE39wmds 0LsHBEOZMGOS MOOMBObOL
LEHIBIOGHMWo IOMEOL  LERMIz9wDY.(0b. aMsx030 1).  doosbo ggbmeols
099339 mds 45dMobsEgds I 0OMDObOL 9330359bBH0) /36 FdMowwo bogmoghmgds
[91].
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2.10. byg®odm 95gMgdol gsblisbrz®s LdgdddmEBmEGHMIgEHOEo dgommpom

dgoomEo  guwdbgds  FodMgdol dogh  3,5- ©oboG®mMmbogrogowols 85350
50960l MbsOL, GMIgeroi GG bLbsMTo 50YJds 3-5806m-5-bo@®mMmbowogowols
05935909. LogMmM JogMm9d0l gobloBrg®s Hoedmgdl DNS-ob dgommeom. [92] .

COOH COOH
OH >0E306> OH
__________

NG,  NO: NO,  NF:
35- 3-5306m-5
©obogHmbsmogowmols Bo@GHabimogomob
3:153> (430000em0) 9535(65Gobxobgg6-

Foonemo)

608m8ob 0,5 Ie-U, begoem LszmbEMmmm Lobxs®msdo asdmboowo fywol 0,5 den-l
9953905 1 dgw. DNS- 695896¢30. Lobx9d0 4360905 3069 fgwol 505BsbsBg 5 for-
0,200 MMabob 39339Mo@IMs8g s 0BMIYds B39JBMBMEHMIYGEGHODY A=540
63 Log™MdoL FHowrEsHg Lo3MbEMMEMm blbseol dodsdm. Loghomm bsbdoMfywgdols
3M6396GH®5300L 45BLOBOZMS B gds e 30mBOL BB bIM G0 blbsmgdom sggdvem
1535¢0dGM IMYEOL 39dz9Mmd0m. (Bsbsbo 4)
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Bobsbo 4. 3e3mBol LEGsbEsMEHNEOo B535eodEMM IMM©O

LIJIMMBINMUL OIIBENIVMN
J6N30MLNOION 68



3. 390092900 5 35000 goblxs

3.1. 3dodg 39GoegdoLs s obgMswMo bogm0gMgdgdol 390339 mdOL
15330930 bLUbsMGIOL Fogds

9dodg d9@ogdoby @S Bmyogemo dobgmswMo bogmoghgdols 990339 mdoL
33930l doBbom Fglsdsdolo dgomEozol dobggzom Asbbm®mEogws Lozzarggzo
blbstmgdol Jowgds.

bm®omo 25. bodwdgdo dobgcmawrobssools 8909y

3.1.1. 8d08g 99gEHoegdols s BobgMasemMo 6o3009M9d9d0lL 9993339 mdols
356L5BM3MS 15533¢g30 blbsmgddo

©90mb0BgdME (9o0Bg TBsIdMo bbgzoslbgs wommbols Lbgsolibgs
3M6396GH®o300l  Bs3owmd®mMm blbsmgdom 3HBMIsg00 Fmsbmddol dsh3z96909wl o
3J360 5093503996 FmEgel, Lbgsslbgs dg@EHowobsmzols 9goMbggzs dgbsdsdolo
Bo69, 800560l Go@obs s bglisfigmb bsddsm Mg030L 4obLEBO3MS bgds
L59JL3EMSGHOE0M  LobgEEdd3sbgml dobgz0m. 5GHM0BIEGHMOMOL ©oYgbgds o
LOBMLAHOL  @oE3> By bgwbsfgmb 330G IOMo  3OHMYOTMWO
MBEOHMB3ggmBol dglsdsdolo [93].

J390m»  fomdmagbowo bMHowgdo 230P39690L Lo3owrodMH™m  blbsMgdol
bbgoabbgs 3mb639bEGHMs305%Bg msbmddols dsbgz9bqdgel.

305530390D9 3OH0DBMbE IO 0gHdBg ImEgdmeos BLBsOOL 306339635309,
b mO0bsGHms 0gHdHBg-8msbmddols dsBz9bgdgeo.

LAJIMMIINMUL BIIBNIVMN
J6N30MLNOION 69



.0.3. —H9s ©LIZ900 3Mmb396GGMSE0S-0L BOZOIO 306396@®s309,
™Aool EOMLYE 6030gMYOS 56 SbIbL 306306 b 509300306 TmJdngdsls
dmbobEgmdol X 96IOMGEMdOL IEYMISMGMDIDBY MMA60DIDY dmgwo 3bmzmgdol
d56doebg dmddggdolsl.

*Cd-ob 609993980l  3bOOWo  9Mss  [oMmIM©Ygb0w0,H5Ys0  mobmgdols
9563969090 BEGobIMEHJODY B0 0ym.
3bMoo 2. 350080v930l Fmsbmngddols (33¢r0ergds A=228,8 63

0.1 ppm | 0.5 ppm 1 ppm 2 ppm 5 ppm

0.1 0.008
0.006 0.023 0.030 0.046 0.133 0.500 0.025
0.007 0.022 0.031 0.049 0.087 1.000 0.033
0.008 0.021 0.030 0.043 0.097 2.000 0.040
0.007 0.021 0.029 0.042 0.107 5.000 0.101

0.010 0.022 0.032 0.039 0.098

0.003 0.025 0.033 0.031 0.105

0.006 0.021 0.031 0.040 0.098

0.004 0.023 0.034 0.043 0.092

0.006 0.027 0.033 0.035 0.100

0.007 0.024 0.030 0.036 0.107

0.012 0.029 0.032 0.044 0.109

0.006 0.028 0.033 0.045 0.104

0.007 0.026 0.032 0.039 0.100

0.014 0.027 0.031 0.037 0.093

0.008 0.024 0.030 0.044 0.092

0.006 0.029 0.034 0.045 0.103

0.010 0.028 0.035 0.037 0.086

0.011 0.026 0.037 0.032 0.090

0.013 0.027 0.032 0.030 0.103

0.014 0.029 0.032 0.045 0.101

0.013 0.028 0.043 0.040 0.098

0.011 0.026 0.034 0.048 0.107

0.005 0.027 0.030 0.040 0.111

0.008 0.025 0.033 0.040 0.101
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Chart Title

0.120
y =0.0177x + 0.011

0.100 R?=0.9796

0.080

0.060

0.040

0.020

0.000

0 1 2 3 4 5
Bobsbo 5. 350mdols Fmsbmddols BsBzgbgdgwro
3HM0o. 3.0070000L J:sbmngdols (33¢0wgds A=213,9 63
0.1 ppm 0.5 ppm 1 ppm 10 ppm 50 ppm 100 ppm

0.003 0.015 0.031 0.268 0.946 1.050
0.004 0.014 0.032 0.286 0.956 1.051
0.002 0.015 0.033 0.270 0.961 1.047
0.003 0.016 0.032 0.284 0.937 1.062
0.004 0.017 0.033 0.294 0.944 1.072
0.003 0.016 0.032 0.292 0.939 1.062
0.004 0.015 0.034 0.289 0.935 1.064
0.005 0.016 0.032 0.301 0.926 1.058
0.006 0.015 0.030 0.298 0.934 1.065
0.007 0.018 0.030 0.283 0.943 1.070
0.004 0.017 0.031 0.285 0.953 1.061
0.003 0.015 0.033 0.293 0.960 1.050
0.006 0.016 0.031 0.306 0.951 1.051
0.008 0.015 0.030 0.293 0.956 1.056

0.015714 0.031714 0.288714  0.9457857 1.0585
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0.004429

Lodwgoerm

L.

2300bMS 0.001742  0.001069 0.001267 0.010622  0.0107502  0.007911

% 39.32513 6.803013  3.993933  3.679205 1.136638  0.747337

la 1b 2a 2b 3a 3b Blank
0.008 0.012 0.006 0.011 0.02 0.015 0.008
0.009 0.01 0.007 0.01 0.018 0.013 0.009
0.007 0.007 0.004 0.008 0.02 0.014 0.01
0.005 0.008 0.005 0.009 0.019 0.016 0.008
0.009 0.01 0.01 0.01 0.02 0.017 0.009
0.012 0.012 0.011 0.012 0.018 0.02 0.01
0.008 0.012 0.01 0.013 0.019 0.02 0.008
0.01 0.011 0.011 0.014 0.02 0.018 0.009

0.011 0.013 0.008 0.012 0.021 0.017 0.011
0.009 0.013 0.008 0.013 0.018 0.016 0.01
0.008 0.014 0.011 0.014 0.02 0.016 0.012
0.007 0.01 0.009 0.013 0.019 0.019 0.018
0.008 0.009 0.007 0.014 0.022 0.019 0.009
0.009 0.01 0.008 0.015 0.02 0.016 0.013
0.011 0.008 0.007 0.012 0.0222 0.015 0.012
0.012 0.01 0.007 0.011 0.02 0.016 0.012
0.012 0.009 0.006 0.013 0.02 0.016 0.013
0.008 0.012 0.008 0.011 0.018 0.015 0.013
0.009 0.011 0.007 0.011 0.019 0.016 0.01

A -0.00165  -0.0002  -0.0028 0.0013  0.00906  0.00595 0.0106

ppm -0.09046 -0.04276 -0.12829 0.0065789 0.261842 0.159539 0.3125

2/100% 0.0000329 0.0013 0.000798
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Chart Title

0,035

y =0,0304x+0,0011
0.03 R?=0,9988

0,025
0,02

0,015

0,01

0,005

B5bsBbo 6. 37000l B0sbmgdols BsBz9b69dgemo

3b®oo 4.30¢96dol 056mg4aol 33er0Ergds A=324,7 63

0.1 ppm 0.5 ppm 1 ppm 10 ppm 20 ppm 50 ppm
0.002 0.004 0.009 0.1 0.181 0.454
0.003 0.006 0.011 0.101 0.203 0.49
0.002 0.007 0.01 0.091 0.22 0.428
0.003 0.005 0.009 0.098 0.2 0.431
0.001 0.007 0.007 0.099 0.206 0.468
0.002 0.004 0.009 0.094 0.202 0.474
0.002 0.005 0.007 0.106 0.196 0.486
0.003 0.006 0.009 0.097 0.202 0.48
0.004 0.007 0.011 0.101 0.185 0.483
0.003 0.005 0.01 0.091 0.198 0.461
0.002 0.006 0.009 0.1 0.173 0.446
0.002 0.004 0.006 0.1 0.182 0.452
0.003 0.005 0.008 0.103 0.186 0.436
0.001 0.002 0.009 0.092 0.197 0.455
0.002 0.005 0.01 0.11 0.21 0.468
0.003 0.004 0.01 0.106 0.2 0.484
0.002 0.006 0.009 0.092 0.205 0.479

LIJIMMBINMUL OIIBENIVMN
J6N30MLNOION
1982 8e0G08 73



Bodmogrm 0.002353 0.005176 0.009  0.098882 0.196824  0.463235
LGH.
39O 0.000786 0.001334  0.001369 0.0056  0.011912  0.019923
% 33.40097 25.76941  15.21452  5.663322 6.052307  4.300921
la 1b 2a 2b 3a 3b blank
0.003 0.001 0.001 0.003 0.002 0.002 0.002
0.004 0.001 0.000 0.002 0.004 0.005 0.000
0.003 0.003 0.000 0.001 0.005 0.004 0.003
0.004 0.001 0.000 0.003 0.006 0.005 0.001
0.003 0.002 0.000 0.002 0.003 0.007 0.002
0.002 0.001 0.002 0.003 0.002 0.006 0.002
0.003 0.002 0.004 0.004 0.004 0.002 0.001
0.001 0.003 0.003 0.003 0.002 0.004 0.003
0.002 0.001 0.001 0.004 0.004 0.007 0.002
0.004 0.001 0.001 0.003 0.005 0.005 0.003
0.002 0.001 0.000 0.001 0.002 0.006 0.000
0.006 0.002 0.001 0.002 0.002 0.005 0.003
0.003 0.000 0.000 0.002 0.001 0.006 0.003
0.003 0.001 0.001 0.001 0.002 0.003 0.001
0.004 0.000 0.000 0.001 0.005 0.004 0.000
0.004 0.001 0.001 0.003 0.004 0.004 0.001
0.006 0.001 0.002 0.004 0.002 0.005 0.000
0.003 0.002 0.001 0.002 0.003 0.005 0.000
0.005 0.001 0.003 0.002 0.003 0.006
A 0.0019 -0.00015 -0.00035 0.001  0.00165 0.00335 0.0015
ppm -0.11828 -0.33871 -0.36022 -0.21505 -0.14516  0.037634 -0.16129
g/100g 0.000188
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0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

Chart Title

y =0.0093x + 0.003
R? =0.9993

50

BsbsBo 7. b3ogrgbdols Bmsborgdol shz969dgeo

3b®oo 5. Bygzo0l 8msbogdols 33¢r0emgds A=283,260

1 ppm 5 ppm 10 ppm 20 ppm 50 ppm
0.003 0.003 0.007 0.013 0.037
0.002 0.002 0.006 0.016 0.037
0.002 0.003 0.006 0.01 0.039
0.001 0.004 0.007 0.011 0.038
0.002 0.003 0.006 0.015 0.035
0.002 0.003 0.007 0.017 0.034
0.001 0.004 0.07 0.014 0.036
0.003 0.004 0.008 0.017 0.034
0.001 0.003 0.006 0.016 0.034
0.001 0.002 0.007 0.01 0.035
0.005 0.004 0.006 0.008 0.033
0.003 0.005 0.007 0.009 0.036
0.000 0.006 0.008 0.009 0.037
0.004 0.007 0.006 0.01 0.035
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0.002 0.006 0.007 0.009 0.034
0.001 0.005 0.006 0.007 0.036
0.002 0.004 0.008 0.008 0.038
0.005 0.003 0.008 0.008 0.036
0.004 0.002 0.008 0.01 0.034
Lodvgoeom 0.002316  0.003842 0.010211 0.011421  0.035684
L.
PR SION 0.001416  0.001425 0.014501 0.003388 0.001668
% 61.15753  37.07639  142.0227 29.66579  4.675514
la 1b 2a 2b 3a 3b Blank
0.005 0.003 0.001 0.005 0.002 0.007 0.002
0.004 0.004 0.004 0.004 0.002 0.006 0.004
0.001 0.005 0.008 0.004 0.003 0.005 0.005
0.006 0.007 0.002 0.002 0.003 0.003 0.000
0.008 0.006 0.002 0.003 0.001 0.005 0.000
0.005 0.008 0.001 0.005 0.006 0.007 0.000
0.003 0.005 0.006 0.008 0.007 0.011 0.000
0.004 0.006 0.006 0.007 0.009 0.008 0.000
0.002 0.006 0.008 0.004 0.003 0.010 0.000
0.004 0.003 0.002 0.004 0.003 0.007 0.000
0.005 0.001 0.003 0.003 0.004 0.006 0.000
0.007 0.002 0.006 0.003 0.006 0.012 0.000
0.002 0.003 0.008 0.002 0.007 0.012 0.001
0.003 0.010 0.005 0.003 0.010 0.013 0.001
0.006 0.011 0.009 0.003 0.012 0.014 0.000
A 0.003412 0.004941 0.004294 0.002941 0.004353 0.007235 0.000765
ppm 2.016807 4.201681 3.277311 1.344538 3.361345 7.478992 -1.76471

g/100g 0.01008 0.021008 0.016387 0.006723 0.016807 0.037395
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Chart Title

0.04

y =0.0007x + 0.0002
R?=0.9864

0.035

0.03

0.025

0.02

0.015

0.01

0.005

Bobsbo 8. Bygzools Fmsbomgdols IsBz9bgdgmo

395990990 Loboon 3dodg 9¢)swgdol 9993390 Md0L 58LOb39w bMHoL dogss

39900990 Labg:
3b®oo 6. 3d0dg IgBHo¢Egdol 3MmbEgBEHMsE0d 0BGl BroXgdols bodwdgddo

9o ©.c0.3-9%/33 doegdrmo 89ga0 3/33
L3ogwgbdo 3,0 < 0,00188

IO 23 < 0,00798

AYa0s 6,0 < 0,00373

390dongdo 0,15 -

OMaMO3 @o@IM9GIMH0IL 36MdOE0), 35D BmmMEgdo s bogmagzgdo
90005 35360 s J030MY9d9b3Jd0m, M55 QbmE9b 36033690 M3z5605 5EsT0sbOL
X 9630079 Md0LsMZ30U.[94]

30639500 Imbs399980m, Lobxdo 89350mfidgo d90ga0 FgBEowgdol d9d(339wMdS
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300 7. Bmyoghomo 3obgmsgrols 399(339¢mds 0BdYsL Bemoerols gJlid®sd@do

99¢omo Aoeeols bog™ady 63. 3g0@33L/56 8goegL
®3060 248,3

+
3o 30do 4227 +
dsabomdo 285,2 +
39e09do 766,5 +
Bo@®owmdo 589,0 +
0obpobmdo 285,3 -
39MEbEolfgseno 253,7 -
3960 3baro 328,1 -
boggo 232,0 -
3o 286,3 -
J6Omdo 425,5 -

3.2. 36m@GHgMmeoBM0o 5JGH03mI0L 2sblisBMzMms 0BsdYMIL BMMNEGdOEL Jomgdyem
9JbEH®sgGHdo
0D50goll  BMMEGdoLESL  Foegdmo  BgMTBEHOL  3OMEHIMWoDMOO
593H030d0L 899mfdgd0l dobbom godmygbgdmw odbs EWMP- Lmdli@®odo, Hm3gwlsg
5bsllosmMgOL  Booo  BEYMOOMBIS-3MogdBH03NWws  Mblbso  MBgds 30  or-ol
39685303590, o3 1S3OS 3OMEHJIDBMEO 5dBH03MIOL FoBMIZoLIMZ0L. dolido
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35600563)L,050990 0l BoODME 2odmoygbhgds sBMO30L 939969330 FGHEMOIO(30ME0
3999033063509 ol IMboIBoIOEs©, Fo3Mod sl 56 5©0IMBbs 1y3dsGOlO
MmEIbMd0m a-s P-580sHgdol LObMgHBOL MbsGo, Moz LFoMIds LobsTGdOol
90930b0BI305L. 03039 G90dqds 039l dM0bX DY,{of0odmMILs s Lodobby.
MyBH9bm  BomE3em3bgdo 96 Lbgs bgowgmmo b 96 ZsGys wm@Ob
bs6330L0m30L, 96 3OMmJAHL LdgbL MP3gMm ggdml. 59 by gmol godmygbgds
oL Fo®mdMgdsdo MoMYmBOMOE 50LsHGdS Ol SOMISEHDY, 39dmbs s bbgs
LgblmOM  FobolosmgdEGODY,  OMI  SVIMIRIMO  ZMJ3om  BH9JbmemyomE
36 Md9390bg. B396L J0ge Fgm635H90E0 39MHIGHEME0 ©s8ds390s Ho0Tmoa9bl
396 299mbogoml  OHMamOE  awGgbol  9993390mdol  9339mM0  d9930cmgdoL
0350bsBGOlom,  s19g3g  3OHMobom  IOELMO  (30¢gdOL  IMEMMIOMNO
30OM@OHOL MZ35eLIBOOLOMSE, Mo 1530090 5335600 JOL WEOL F9dM3g35.
0D509ol BMMEIOL 3OIMEHJOBIL ©5d5EGOS 5¢Esml BMTBoYdOL 3MIME9Ld0 dmobgbls
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3 3H96MMH0 30€0g30L 30EOMEODL. MMI3S ITSEJdS Ybs IMbEgL 9.§.99cglgol
360 ™m39L30 ( H9eol sds3gds O WIMGOOLIMZOL IMTBHIOS), M5YID OBIdYWSL
36 3gobs 35C-Bg MRO™ oo $H9d39Mo@ MDY 0fiygdls 0bogd@ogzsEosl.

3w )B9bm 6533bgMgdo

bo3mbo@Mm™ 3M9(H39emdsdo 36Mmdoos MmEo Lsbols 65d3bgzsM0: dolizgoG™m3zs60 s

0396m3960.  MamEBHabm  BsdbzMgdol  BHoJuBes  Ms99bodg  AobLlbgzs39ds
G300 ©9393GIM00 B IIMNWOo  bsfoMmBobosb-MaM™m 93300305 ©d
3o9m0oMbg3zs  FoM3crm3zsbo0  gbgbso  LEMMIGHMOOo®. Tom  ILEABIVIOWS©

mdgBgbfows 399M0yg49bgds bmOdEol %3300l 3 GH9bsM9d339w0
Bo3b5(33090¢900-3(106x 0L, 39OGMBOEOL, LmGOYML, Jobmsl s bbgs gdzowqgdo.

M3 96m 5y Eologsb 80gdmwo 1dz30eol Asdmygbgdom [o6dmodzgds Goyo
36MHMd9g3gd0: HofiodmMsl BJgzowo 3mdl Mbs®RMBIdL gMmY350MM3bgdL, Bogsd
396536 BoBsxkM3gL; dMOB)OL 33000 3OHMPNMIBHL W3oMR3L LoMBdOEIGLS o
©93350MdsL. 99509000 93909l 9L 0deg35 BB F 3l Lrosbd @S 535G OL

0393000l 353 Jds BMOIWOL 3J30msb gHms@ 96 9..004bo, MPEs dOMm©MIEoL
LOMRIO056MBdOL LH3oMFMBYL WYGOS LHAgIM3bM S BYMEMYOMGO M30L98900.[123-

125]. @g0oLsm30L 353590Md9o bsdsEgdol Lobom My gbm g3dzoemgsbo
153MmbEOBHOM  3MMN300L  HoMTmgdsdo FBsOMME  2odM0Yygbhgds bowols s
0mbEbgmol  gd3zowgdo:  359e0obl,Jo330L,  FHogol,  gmacol,  39OEGMBoEIO,
BGHogowml, FoObEoLs s 9.9. 500 259MmYgbgd0m bgds 3M:mEvYdEHYOOL A9FEOOM YD
LOLOGYJIM BMEBHO0IBEHGOOD .

o0lg3g OHMYMOE MRWNGHIM 3OOl FoMdmgdol Fgdmbgzgzsdo, odos 33996900
09000350905, M3 dmbgl 3mdol HobslfoMo @s3m8s3905 0BBIESL 3GIME OB
399mygbgdom, 3000609 3MIL  ©sgdsBHos  (3b030,33903Eb0,85doM0 s Lbbgs
0b3Mm9096¢3)900.

O300©39bIgdo  oddmoagbad  awNGIBm  BIBOWIHWOL  Lsy3gmgle
350056¢L. om0 MIM3cgbmds  BsbsMOL  Lobom  dgoEegl bowl, bowgsxsl,

0bowgml, Bo®gmab, 36093b, M3 053005350 “933K0L BIOL 3OMEMIEHOL 3MAL.
5009650, 0BdGEOl 3™ E oDl godmYggbgds Y39y bs3egddglsdRbgzo 0469ds sSLgom
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939l mIbToMgdgmls Sy KX bLso 3O MG 0.

IRLHIB MOEbMBOS

MObMdoEs/ Bobdo FoMdmoygbl bozsw® s gmE3erger 153390 3OMOYYIBHL
d965b30L  A0BMEOEO  350L  25dM. dobo  IFBOPYdOL  OLGHMEM0S Ly 39699dL

0m30L. (3600005 MOEbMBOWO MO 3H030: FoMEGH030 O FOTPOEMGOME0. MDJDNOO
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MMIgwmog 99300 LoFdwol dmbgwgdslimsb 353006093 3MIMBEGTYI0.356S
530bs,mMOHEbMdoEs dosmos Bl, B2, PP s E 30@399069000m,60m3mgdoi byl
MPgmd9b 0930l 3060l s ol 3Fomdsls, 3960L K sbLo FMIsGYMDL s 5.9.

mOEbMmdoEs 90dwrgds ©sdHOEEIL MMAMOE DS 3OO, s1939 98w9gdMwo
3@I0LORSD O AYFPOEMEIL  Lbbgoolibgs  0bamg0gb@gdom.  dmfirmgdos
My BHI6M MmOEbMd0EOl FoMdmgdol ©sdMo30 35005630 MMM 3 bywrgmeol,
31939 3996 MY0rMHO IMPOF0ZH30900L FoM35oL0bgd00.[126,127]

09509l ZMoOOoL 3OHMEHJMEoBMOm0 13gMdgbEol godmyggbgdom wMymBHgbm
MO EbmdOL [o®mdmgdsi 980l dobgz00 F90dwgds Ho®r0dsMmmMl MmMa350m0 bdgdom: b
X960 ©odBsEIL 360, OMIgEoE 990aMmd H0FMHOS S PFMIMYds, 56 MmamO3
Bsd3bgol  dgdmbggzodo-dmbgl  3mdol  FobslfoMo 335395 0DdYEls
36MM@ 95Dl 259Mmygbgdom, 30069 3L ©s9dsBHgds 3bodo, 339MEbo, Fods®o s Lbgs

063690096¢39d0.

5653bMdO BJ30emM3560 3MEobsHmmo bsfo@do

08 920 E 96 Bofo®BL FmEOL, HMIGELoE 96 gusFoMmMGds 3bMdS 360369 ™3z56
520l 035390l 5GHEM0, 3539, 390MT0dgo s Lbgs Agoglio Fs535MMBbHsMT0. dsmo
MdgBHLMdS VYO ME0s dMObXOL B30l 2odmygbgdom s bbgs dbyogh
By gmEmsb 89s6m9d0m, bolosmYds Loggdmgbm M30GMsGEHIuMdOMsE. BI0GOS
06H0bxoby o ™ML3OL BJ30gdOlL  3MIB0bS(305,0HMIgoE BIMOm  F5BLL33OS
G®5©0330w0 36MEIE0L BIOOLOYL, 5d0FHMI FHJd0WM39HBIWgdoL ALASLO, 5d53
89230005 3930 530LvREGds 259M30B0bMmm. 0DsdIWIL BMMEIOL IOMEHJIDb
309myqbgdom Jglsderms dmdbTsegdobsmzol F9mo35Hgdew 0dbsls  mEbsg dvmdo
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339900 Gr5300mbdo 04gbgdL bLbgoslbgs obsdadgdols 9d(339 5GBS s F535MMBU.
@OIoLOsM30L XJO 300093 960 LIMIBIOME HTMT390)0 LYo AW YEHIbM
8J30M3560 39W0bstrmeo bsfo®mdol M9393GMMS, OHMYMMOEs5 boblowo, 3gwdgbo,
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5JBH oMo 809358b0s, M0@Esb ©s353HJd0m M30MEHGLMBSL FolEgdL 3983990,
MILGHMOBIOLS o LYBMYPSEOMPIMOZ30 339008 ™B09dBHJOL  FoBbMdIGOZ0
dmIbdsMgdegdol  IMALobMHgdOL  M35eLIBOOLOM. 0535005  ©FBIOEIL
M33HI6bM 3030 0DsdYESl BMMNEIOL 3OMEJMEO0BMHO BgMHIAGBEHOL godmygbgdoo.

LITIMOBONMU GIIBNSIMN
26N30MLNGION
1988 8NG00 106



33369

e LoMIGHMOM 33930L SNObYGtelele: 30639o 0965
0©96& 0530300900 0bodgemols  (Vitis Labrusca L.) gmoegddo

36OMEJME0HBNO0 5JEH03mdoL IJmbg ows ;

*  ©5y0bs 0BdYsL (Vitis Labrusca L.) gmoegddo 3dodg 39@owgdols
8993390do;

o b0 0465 0Bodgsls (Vitis Labrusca L.) gmoegddo  s6Lgdmeo
36OMEJME0HBMOH0 BgMHIGHEGHOL 99EH03Mm00L bomolbo 35Bgobols oo EWMP-
ol 303s6Oo ;

e  Jdgbogeo 0dbs 0BsdIWIL  BMMEOL 3OMEGHINWODBMMHO 1390T96E0L
Dma09mHm0  Fobob0s™MYIJW0,MHMAMM0ES B3O FGHOOLs  ©s  pH-
®33H0dmado ;

*  29W-OBMYHNOHO FJOMPO® EPJBOE 0dbs 0DdYEIL  BmMEEOL
3OMEIME0BNOH0 39gMHIGHGHOL  0630d0GMOIo  go3wgbs I3gbsGgmen
360G 95H90%bY ;

*  29W-0BYHNOHO FJOMPOM 51939 IYJBO 0dbs ODdYEISL BMmEOl
3OMEGIME0BNO0 BgMIIBGHOL 9855940390910  go3wgbs IzgbsGgmem
360HM3H9oH90%bY ;

e 30090 0db5 050Gl BMMEIOL 3OMEJOBIL 39d603M0 36935M5F0 ;

e LoMJBHMOH™ 33930l SNObYGtelele: 306395 0965
096GH0B0E0MJIMo 0DsdYwsl (Vitis Labrusca L.) gmomeool 36:m@gsbsb
99390935 bmMdol @ 9bmemo i3Msgdzool Mblbs 30wgdby ;

e 0DodIWIL  FMOWOL  3OMEGYDIL  ogh  Ebmemo  3owgdol
LOE®IOLYMEIO IS OIILEHMGOME  0dbs  BPOMEYbMdMOZ30  ©d
30LMOMm030 356599EHMIO0L Jobg300 ;

o 3NBHIBDY 0DodYEl BMMOL 3OMEHJIBIL Bgdmgdggdol botolbols
d9LsgBILYPIWOE  BIBHIOS 99 BHOMBMOIHO  ©d  ©P0bS,HMI
50b0dbMmo  3MMGHJoBs Blbs  odsIMeEg3ME  13Md963 90599

dol B gbl,  Mslsg oo 3gML3gdBozs  0d3b MG bm
36019300 HoMdmgdolsm3zol ;
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095090l BMMEOL 3OMEGHJMOoDMOHO 3gMHdgbEH0m HarBH9gbol sdwrols
oo dogdew  ogbs bmd@wol  gjzowolb  gewBHbo
3000,60m39doi  2960LsHP3Ms FmbEs bmMdEOL  MywGHgbm  3mdol
9d0gds s 35Ldo gobolisbw3z®ms 30egdol ,i396memgdols s Jodemgdols

X599960 99933900Mds ;

o960 o0dbs 1p. 2@ 6Bg 0DsdYl  BMMEOL  IOMEHJIBIL
259mggbgd0l M3 0o Mo mB( 1,43 U/dew ) oo 0639905300L otm- 2 Lo;
Bodmygood@s bm&mdmol »Mawmm@abm 3mMmol  Bmaso GH9dbmmwmyomeo
bdqds ;

0503960 065 0DsdYWL BMMEIOL FoBMLOZE05BMBS 3OMEJMMOBMHO
R9MIPGHOL  MZobIBOOLOM s Jedmmzo  0odbs  IBMGHYIbb
LOMO0gBES30M M5MIbMdS 1 3. bMBdOL BJ30BY 495660 d9d00;
@50LObS  0BIBYIWIL  BMMEOL  3OMEHJIDIL  250MYygbgdol  39OL39IE03o

M30BHIbm  3OMmEMJ300L  FoMdmgdsdo,Hmdgbsz  dgbseBmbadmeo
996905  GEvogoImo  3OMmEd@ol  Lsggdmzbm  ™M30L9d9d0  ©d
bgwdobsfizgomdo 0gbgds 39053000 ©9350JO90 30609d0LSMZ0UL .
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