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Introduction

Innovative technology for processing antioxidant concentrates from
secondary resources of colored grapes

Georgia is the homeland of vines and wine. Our country is considered one
of the first centers of the origin of cultivated vines in the world. Historical,
archeological and ethnographic materials obtained by Georgian and foreign
researchers have confirmed that vine growing and wine making here has a
history of 8,000 years. The special love of the Georgian nation for vines and wine
is expressed in Georgian culture, traditions, customs, architecture, ornaments,

engraving, painting, poetry, songs and other fields of art.

Over the centuries, Georgians have systematically improved the varietal
assortment of grapes and brought out such valuable grape varieties as: Green,
Kisi, Kakhuri Mtsvivani, Tsitska, Tsolikouri, Krakhuna, Alexandrouli, Ojaleshi,

Saferavi, Otskhanuri Safere and up to 550 other aboriginal varieties.

There is also an ancient history of using wine for medicinal and preventive
purposes, which is due to its high content of biologically active substances,
especially phenolic compounds. This sign distinguishes the raw materials of
grapes of colorful grape varieties and the wines obtained from them. The special
curative-preventive potential of phenolic yarns is determined by their

antioxidant activity - the ability to inhibit oxidative processes.

Deteriorating environmental conditions, increased radionuclide

background, critically high level of chemicalization of agriculture and food
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industry and many other permanent negative factors cause free radicals,
especially active forms of oxygen and nitrogen (superoxide-anion-radical,
hydroxyl and peroxyl radicals, nitric oxide and others) accumulation and
initiation of chain oxidative reactions in the body. In case of reduced activity of
the own antioxidant system, the antioxidant balance in the body is disturbed and
a whole cascade of pathologies begins - from the peroxidic damage of the lipid
membrane of the cell - to the formation of tumor cells, violation of protein
synthesis, changes in the DNA structure, including pathological changes in the
immune, cardiovascular and other organ systems - That is, oxidative stress

develops - early aging occurs.

It is established that the inhibitory substances of oxidative reactions -
antioxidants have the ability to prevent the mentioned processes. It is also widely
known the advantage of using natural, biologically active, herbal preparations
compared to chemical preparations, especially during their long-term preventive
use. In modern conditions, when increased oxidation is an almost constant
accompanying process of life, special importance is attached to the use of natural
antioxidants, due to their "soft and velvety" effect on the body without side

effects.

Today, the unique ability of plant phenolic compounds (phenolic acids,
flavonoids, stelbenes) to inhibit oxidation reactions is widely recognized. They
can neutralize free radicals, chelate metals that catalyze oxidation processes,
express and activate endogenous antioxidant enzymes, inhibit peroxidase

enzymes. They have anti-inflammatory, cardioprotective and neuroprotective



properties.

The uniqueness of plant phenolic compounds as antioxidants compared to
other natural and unnatural antioxidants lies in the fact that after it donates a
hydrogen atom or electron, it has the ability to recover the lost hydrogen or
electron from another molecule or group of atoms (water molecule or OH group
of another substance), e.g. .i to regenerate itself and re-participate in restorative
reactions. That is, to respond to chain oxidation reactions with chain reduction

reactions.

by Georgian scientists (S. Durmishidze, O. Khachidze, M. Bezhuashvili, D.
Beridze, T. Glonti, G. Papunidze, D. Chichua, M. Khositashvili, L. Ujmajuridze,
N. Baghaturia, G. Kvartskhava and others) Over the years, intensive work was
carried out to study the richest composition and possibilities of Georgian grapes
and its products. The presented thesis is a logical continuation of the mentioned
researches that have been going on for years in our country and is dedicated to
one of the main problems of modern times, the main cause of early aging in the
human body, the development of preventive means for the development of
oxidative stress - plant complex phenolic concentrate with strong antioxidant
activity - food additive technologies with antioxidant activity. which will be used
to develop industrial and not only industrial technologies for food products with
antioxidant activity.

Taking into account that almost any product can be enriched with a
natural antioxidant phenolic supplement, we believe that the fight against

oxidative stress with Georgian wine and food products enriched with antioxidant



phenolic complex, that is, ant-aging with the antioxidant Georgian feast, along
with other important values, is truly a noble mission.

Such products are not currently produced in Georgia, while the rich, still
unexplored and unused food base of our country and the studies in this direction
for tens of years provide a solid basis for the production of natural plant-origin
food supplements with strong antioxidant activity, and through their use, for
introduction and development of production of foods with antioxidant activity
in the country. To that end, it is particularly relevant to study and use the
phenolic complex of secondary resources (skin and pomace) of colored grapes
growing in Georgia to obtain a food concentrate with strong antioxidant activity.

In recent years, from 200,000 to 300,000 tons of grapes are harvested
annually in Georgia, among which about 100,000 tons are colored varieties of
grapes. About 20 % remains unused during the processing of grape raw materials,
mainly in the form of secondary resources. The said "residue", especially the
"residue" of colored grapes, is no less valuable than the (initial) grape raw material
due to high content of phenolic substances known for their strong antioxidant
activity - almost 80-90% of the phenolic compounds in the raw grape are
localized in the skin, seed and stalk.

Based on the above, the search for effective methods of extraction of
phenolic compounds from the secondary resources of colored grapes - skin and
pomace - and the development of technologies for obtaining liquid and solid
phenolic concentrates with strong antioxidant activity, using the Ilatest
technologies for thickening and concentrating the obtained extracts, is relevant
and has both scientific-practical and socioeconomic significance.

The aim of the thesis is to select vines with a high content of phenolic



compounds and develop innovative technologies for obtaining liquid and

solid phenolic concentrates with strong antioxidant activity from

secondary resources (seed and skin) of colored grape varieties growing in
the Imereti viticulture-winemaking zone.

In order to achieve the set goals, it was necessary to attain the
following objectives:

1. To select the colored varieties of grapes growing in the Imereti
viticulture - wine-making with high contents of strong antioxidant
polyphenolic concentrates, and study of the uvological characteristics
(chemical and mechanical composition) of the selected raw grapes in
order to justify the choice;

2. To develop hardware and technological schemes for obtaining liquid
and solid phenolic concentrates with strong antioxidant activity;

3. To determine the optimal parameters of extraction and drying-
thickening of phenolic compounds to obtain liquid and solid phenolic
concentrates.

4. To develop rational technologies of liquid lyophilic concentrates
containing phenolic compounds from the secondary raw materials of
colored grapes.

5. To develop rational technologies of dry granulated and tablet
concentrates containing phenolic compounds from the secondary raw
materials of colored grapes.

6. To determine biochemical characteristics of obtained liquid and dry
granulated and tablet concentrates, and analyze phenolic substances in
them.

7. To provide analysis of antioxidant activity of obtained liquid and dry

granulated and tablet concentrates;
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. To study the pharmacological activity of obtained concentrates.

The scientific novelty of the research:
The theoretical foundations of obtaining phenolic concentrates with strong
antioxidant activity from the solid parts of colored grapes growing in
Georgia (skin and seed) has been developed;
The optimal modes of extraction of phenolic compounds from the seeds and
skins of colored grapes have been established;
The optimal modes of concentration of colored grape skin and seed extracts
by vacuum-rotational and vacuum-sublimation methods have been
determined;
The prescription formula and rational production technology of dry
granulated and tablet phenolic concentrates of colored grape skins and seeds
have been determined.
The high antioxidant and pharmacological activity of the obtained liquid

and dry phenolic concentrates has been confirmed.

The practical importance of the research:

Rational technologies for obtaining the following phenolic concentrates

with strong antioxidant activity from the raw materials of colored grapes

growing in the Imereti region (industrial variety “Otskhanuri Sapere” and non-

industrial hybrid variety “Zeibel 5455”°) have been developed:

Liquid lyophilic concentrate of Zeibel 5455 grape skin with a complex of
phenolic compounds
Liquid lyophilic concentrate of Zeibel 5455 grape seed with a complex of

phenolic compounds



e Liquid lyophilic concentrate of “Otskhanuri Sapere” grape skin with a
complex of phenolic compounds

e Liquid lyophilic concentrate of “Otskhanuri Sapere grape seed with a
complex of phenolic compounds

o “Zeibel 5455 grape dry tablet concentrate with a complex of phenolic
compounds

e “Zeibel 5455 grape dry granulated concentrate with a complex of phenolic
compounds

e “Otskhanuri Sapere” dry tablet concentrate with a complex of phenolic
compounds

e “Otskhanuri Sapere” dry granulated concentrate with a complex of phenolic

compounds.

Approbation of work:

The presented studies were conducted in the Laboratory of Beverage
Technologies of the Department of Food Technology of Akaki Tsereteli State
University, in the educational and experimental laboratories of the Biology
Department at the same university, in the Western Georgia Regional
Chromatographic Center of the Faculty of Natural Sciences and Health of the
Batumi Shota Rustaveli State University, in the training and research
laboratory of the Agricultural University of Georgia, as well as in the
laboratory of ordered research - NeoCROM®), in Zaporozhe (Ukraine).



Conclusions

1. The expediency of using secondary resources (skin and
pomace) of grapes of the non-industrial hybrid variety ' Zebel
5455" and the industrial variety '"Otkhanuri Safere"
cultivated in the Imereti viticulture-winemaking zone due to
their high content of phenolic compounds has been confirmed.
For this purpose, the advantage of using the non-industrial
hybrid grape variety '"Zeibel 5455'" has been established due
to its high antioxidant activity, which is due to the high content

of diglycosidic forms of phenolic compounds.

2. An equipment-technological scheme for obtaining liquid and
dry phenolic concentrates with strong antioxidant activity
from selected raw materials has been developed extraction of
phenolic compounds from , drying-thickening, granulation

and tableting of the obtained extracts.

3. The optimal technological parameters for obtaining phenolic
concentrate have been established: the type of extractant - for
I extraction - 54% ethanol, - for II extraction 18% ethanol.
extraction temperature - for both skin and pods 54-57 0C;
hydromodule - for the first extraction - 1:3; for the second
extraction - 1:2; duration of extraction - 180 minutes for both
skin and pod; The content of citric acid in the extract, only for

pods - 2%;

4. Technologies of liquid lyophilic concentrates containing
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plant phenolic compounds have been developed:
e Zeibel 5455 complex phenolic lyophilic skin
concentrate
o "Zeibel 5455" complex phenolic lyophilic
concentrate of pods
e Complex phenolic lyophilic concentrate of

"Otkhanuri Safere' skin

e Complex phenolic lyophilic concentrate of
"Otkhanuri Safere" pods

5. Technologies for dry granulated and tableted concentrates

containing plant phenolic compounds have been developed:

Zeibel 5455 complex phenolic tablet concentrate

Zeibel 5455 complex phenolic granulated
concentrate
e Otkhanuri Safere'" complex phenolic tablet
concentrat
e Complex phenolic granulated concentrate of
"Otkhanuri Safere".

6. A high content of phenolic compounds was established in
the received concentrates: liquid lyophilic skin concentrate
of "Zeibel 5455" - 4212.5 mg/100 g; "Zeibel 5455" liquid
lyophilic concentrate of pods - 4577.5 mg/100 g; Liquid
lyophilic concentrate of '"Otkhanuri Safer'" skin
concentrate - 4156.9 mg/100 g; Liquid lyophilic concentrate
of "Otkhanuri Safere" pod: - 4511.0 mg/100 g; '"Zeibel
5455" dry tableted and granulated concentrate - 5059.0

11



mg/100 g; Dry tableted and granulated concentrate of
"Otkhanuri Safer" - 4956.0 mg/100 g.

7. The high antioxidant activity of the received concentrates
has been confirmed: liquid lyophilic skin concentrate of
""Zeibel 5455" 50.6%; ""Zeibel 5455" pod liquid lyophilic
concentrate 51.5%; "Otkhanuri Safer" skin liquid
lyophilic concentrate 49.8%; Liquid lyophilic concentrate
of "Otkhanuri Safere'" pods 51.1 in.%; ""Zeibel 5455" dry
tableted and granulated concentrate 55.4%; ""Otkhanuri
Safere" dry tableted and granulated concentrate 54.7%.

8. Based on the evaluation of the adaptogenic stress correcting
activity of the received concentrates, the high pharmacological

activity of the concentrate has been determined.

Thus, the goal set in the thesis has been achieved - liquid and dry
concentrates of the complex of phenolic compounds with strong
antioxidant activity of the colored grapes “Otskhanuri Sapere” and
“Zeibel 5455” varieties growing in the Imereti wine-growing zone have
been created.

In order for the antioxidant potential of the obtained phenolic
concentrates to be completely and fully analyzed and used, it is

necessary to develop research in the following directions:

1. Complete biochemical analysis of complex phenolic concentrates:

12



identification of each component of the complex, their

structural, qualitative and quantitative analysis; To

determine the contribution of each to the overall

antioxidant activity.

Studying the ability of self-regeneration and long-term

antioxidant activity of the identified phenolic compounds.

Analysis _of mutual influence (synergy) of each

representative of phenolic compounds.

Studying the effect of phenolic compounds on nutrients

(proteins, fats, carbohydrates, etc.).

2. Biological and chemical research of phenolic concentrates:

3. Use

Research on the issue of bioavailability of phenolic

compounds. Determination of the effect of each phenolic

compound and their various combinations on the living

organism.

Determining the dosage of phenolic _compounds for

preventive use.

of phenolic __concentrates in__food _technologies.

Commercialization of research results:

Development of industrial technologies of liquid and dry

concentrates of phenolic compound complexes.

Development of recommendations for the use of antioxidant

phenol in food technologies.
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* Development and implementation of industrial technologies

for food products of wide consumption using phenolic

concentrates.

4. Finding additional sources to obtain phenolic concentrates:

* Research of phenolic compounds of secondary resources of

different varieties of grapes common in Georgia.

* Study of skin and seed exudates remaining after extraction

of phenolic compounds.

* Study of copton remaining after pressing the oil from the

seed.
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363 0mJloIBEBHIO0 BHMIMBIOMEO 1d0Jobmbo, d3Mmmoxggbmeo s Bwszsbmowgdo. qbs
6030009690900 360336935698 OMEL M5859Mdg6  MGYBOBAOL  bEHOMJLoWIEY
533500 000@MI, ™I obobo 53mbBHOMWYdI6 MIb0IzbgEMzsbglo  MxMgEMEo
LEAHOMIGHOOL  FgaBOIBOL  FNEOBMOIL S BMB6J30MbogdSL. T9AdMIBOL (33580
36¢0mJLoIBEGHMMO 59EH03Mmd0L BIMTG6EHGd0 56 dMbIHogMdIb, MroEsb Fo0d 56 Sg30
"B65M0 30OMBMING BMLRMW30ENEO IMgdo Tgnfgz0ls. oM@ 5oLy BGBMEIE
36E0mJLoIBEHIOL 59300 MBI 505EA06ME Dby G0 556930l Y39 sy sdGHowmEo s
69543090 36030 - 30OMJLOE-MIPOIIO.

506000  BgbmEmdmo  bsghmgdo  SbOMWgdgb  dbodzbgmgzsbgl Gl
mO560Hdol 533580 630N - MOPOIIWIOO KoFFIM0 095309006 - ollobo
039396 MmM560bBdol 3603369369l LEHGYIBHWOL - MxGIEOL  FGIIMBIL
0953962600 ©H0569d0LOA6.

1.2. ggbmenm@o BogMomgdo - dgmog®o 33gbsmgymo s6@omglosb@gdo

39651369 Pargddo  doosh  gooBods  dgboghoms s L3gEoswolGms
Q0b63H9MgLgds  y®Abol by gmEol B9bmemHo Bogmmgdol, MmameE dwog®o
36¢0mglobEHOOL 06107 .

196MmMO0  Bogmmgdol LodMogwg s FMOZ9ETBIOM369ds SOl  Too
3ob0x035300L @O 9gdodY  SMBYOMO  ZOLOBOZSF0JOOE  SOMMDOMOS S M
LodMEMM.

50396005 O™MI, gm@Abol bgrgmedo 30gdsz30 60309MHJd900 JOMOMSWOW
396005 @wm35¢m0Hgoo, bmerm  d;®0dwsgo  603009Mm9d900 3o 3wgMHGHdo @
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39bLO3MPOHgdom Fodfodo.
939656099030 6533605 BgbmmMHo  Bogmgdol [oMmBmgdmegdo:- FoQdE0mO© n-
39990560060l 95535; V8039 ORG6MEgdOL HoMTMgdmEgdo: - 306MHM3539Jdobo, 39bmdEobo,
dommdobmbo @  BHM0oxgbmwmgdol  Fomdmgdmargdo: - 306MYSIWMEO,
REMOHMYE0993000 s Mmdlodommdobmbo. (
909sd30eo0 b., 2006 , 11 ; gawsbodg e, 2013, 54 ; Bogo®o 3., 2004, 48 ; LsFsbodzoo 3.,
2006 , 45 ; bmbo@osdgoro d... 2013, 22 ; Nel A., 2018, 871 ; Niina J., 2016 , 417)

939botgmE  mGmsboBIgddo  0IbEBHOBROEOMYIMWO  FsmEH030  BgbMEIMEmO
6590930l Mm@ gbmds 400-U 5Fo6Hd90L.
g6Abolb 139bmEmo BogMmgd0Ib T9gsMgdom 39005 Fglfogwrowo ggbmeMHo
Bogmm9gd0, HMIgems Jodor)Ho Bm®mBMwss Cs-Cz-Cs 5649 Cis GMmIgdlsi dmobligbogdgb
G9H30bom - BE356Mm0Ydo. (R900dsdz30¢o0 3., 2017, 5 ; osbsdodyg d., 2014 , 17 ; Alarcon
de la Lastra C., 2007, 45 ; ARTEM V... 2014, 47 ; Balasundram N... 2006, 191 ; Balga I ... 2014,
191)

byyGsmo 1.1
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8. oqrzerbgdo

39497406990, g03MbEHM(3056900, Bs3mbmbgdo s Fs3mMbMbmgdo MFgOMm
65960 9d05; Bws3mbId0 I Fog3MbMEgdo Y3090 IBIOOMI0® HILOSMYO0b,
bom  56GH™ME0sbgdo 30 Lbgoolbgs 53960 mdol 9006 fomnwosb  3oLEge-
00bxgM0g  9gBH0ME  8553056Mmd0LsRD MO MEgdom.  35B9Jobgdo o
39bL53MHGO0m 0 3MBEHM3056900 bolinsmYO06 3 0TgMO0BIEFO0L MbsGom.

1396MmEMGOO Bogmomgdo 05050md9b QOO Mol dzgbst0ol
LoEMELWOBIM0BMIOL 3OMEgLT0. WOoGHIOIGMOMEOo [4sHrmgdosb Bsbl, HmA oo
39986050 56EH0MJLOIBGHMGO  5BH03MOOL  MoEgbo  MbsMo;  dSlY3)  BEMdY6
MROIOMEo 3993656900l LESd0WODSE00L FMbIE0gdl; Bgdmddggdgb FowgdbY;
039396 MEGHM500LBIMO A5TMUBB0ZYIOOBYD T(39656M99dLs S 3bMz9wqdL; (Duet C.. 2013,
355 ; Kumar M... 2013, 1; Lamparidze Sh... 2018, 5 ; Nel A., 2018, 503)
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1.3 gm6dbols dEg3bols vzmemaov@o dsbslosmgdegdo, Jodow®o ©s
393o6039Mmo 99a9boemds

M3mEMy0s (uva-gmmdgbo logia-093609690s). gl 560L dgEbogMgds, HMIgEros
d90Lfogerols ym@mAbol d@g3b0l 39dsb0396 s Jodowme 8990w MdSL 9OHMOOMMES®
569 96856900396 M0 Ydgdsdo

oldoL 3ombgs, Mo@MmI »bs dmzsbobmm gmMmdbol d@93bol »zmeEmaommo
9sboliosmgdEgd0sb  399s60329M0 Fobobosmgdgdols Tglfogers, 85306 MmEs gm@dbols
boowgmwols  JodomGo  Fobsboomgdgdo 1530  LGsdLs o 9bdEr0BOl
99L5dEdEMIGOL 23593l 9Jb3gMH0TgEEHOLIMZ0L sMdMo ymMIbol bywwgmewols
d9qLobgd.

5096533 B39630L LoobEHIMGLMS gmE@dbol dEg3b0l domEw My sdEHowMcO
Boghmgdo s o0 dmMHob RIBmOo Boghmgdo, 39MdmE bGHME0bMGO dmbgdol
9090530 bsghmgdo LHmGg 9996 259m30bsdg 9930 gdgwos ymemdbols d@g3bols
39956037960 89029600™md0lL s MOHP0IOHNITMI0IOMEgdool dglfogws  ym®IboL
9393bob 3o3gme bsforgdls dmMol. Mosb, Mo mdds by sOLYIMBL 3530060
gm6dbol 35680 s6FME0s69d0l 999339 ™MdsLS @S y®Abol 3945603796 J9agbomdsls
396dm domdo 3960l %-mew ol FmMob, Moysd mGmogzg dsbg969d9eo 9o
39BLsB3M3L ymHIBol By gmeEdo 6™ E0569d0L LodMsEm 899339 MdSL. (Artom V
... 2014, 5; Helpern... 2005, 4; Becket N., Jonson H, 2018, 114; mendelz E ... 2013, 5; OIV 2010
,16)

936030L 43996900l d93965b9-0903069930, G390l ©IHYgool  3Mm3gLdo
geAbolb 839360l edMeg  3MEMyo®  JobobosmMGIWGOMIb  gPMI© OO

49650905 Mmdmdgb  ym®Ibol 93H93bol e 3Mms30™IgEHw  dsB3969d9wL,

3903 230639690l ©53gbs 9B9JGIM0S 4MHIbol dmbogwrol fgwofjoo 585 0wy 0d
A030L 03060T5L5EolsmM30L s Fols JOMHOMOE 3MWMYoE FsB396909wl MHm9gd9b.

50 856396900l LoOOm sbEYbgb y1®AbOL dmbosgzerol Fegdol 9i39dEwIOMdOL
960356900056 39o69dsL . (Busch J... 2006, 451 ; Cutler L, 2014, 15 ; Bird D 2010, 15 ; De
Witt D., 2017, 16; Derry M ., 2013, 334 ; Fang F., 2007, 428 )
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1.3.1 gm®dbol 8¢3g3bols 3gdsbozmMo dgpgbogrmds

gm6dbols 939360l 394960360 dga9boemds dgolfogerol d@9g3bol, 3erg®d@Eobs
5 356330l M9b65BIMOMBIL, beagrm Fo®Ezsdo 30 39bol, MOo™doLs s Hodfol

05658350MBSL (0306056009 m., 2022, 12).

g9mdbol o330l 3960, GMIgoE IOEIM0s  BEGHME0sBgdoms ©s Lbgs
00MEMYOVIMS® 5JBH0M0 bsgHgd0m F9R0s X MJ©IO0L God9bodg dM0Lodsb o
39609056 (33000L35235M0 FOHOMSS IBIMIEPO.

OMamO3  g@dbolb  9@93bol,  sbgzg T3l 3oe3gmee  bsfoegddo
B0MEMPO0MS© 5JGH0EMmO 3m33mbgb3 ool 899339 mds bbgsalibgss s dglisdsdols
539G moM0s yMdbols 3@93b0l 3o 3gmeo bsfiowrgdol msbsgsmmdols s JodowmGmo
39099500 ™dolL Y.

d9L50530bo 33360l O FoME3EOL Fo3JME 9wgdgbEBHIOL 983sLgdgb, dsmo
fmbomo s Jodom@mo 89gbocmdols 0bg3000 3GMFBILME b.36MLEMLYOM30L doge

099999539000 99000l Jobg300 (WxdoxMm0dg ¢, ... 2019, 16 ; Lacopini P, 2008, 45
; Makayan K... 2011, 541 ; Melendez E, 2013, 51)

39390 x0dgd0l dobggom ymMdbol  d9dsbozmeo s JodowGo

39099500 ®doL 459Mm33935L  A9BLY3IMIGMGOMEo 3B0T369wMds 9boFqds YyHIbosb
bbgoolbgs Godolb  360Mm©wdBHgdol domgdol ML, ©oasbs3  GH9dbmwmyom®o

36Mm39L9d0L M530L90MMYGOSMS QoM yMMIbol 8E93bol LEGHMMIGMOWWwo gergdgb@gdo
bbgo@slbgs baMolbbom 009396 dmbsfoegmdsls Lsdmermm 3MMm©YIdEHoL BsdMYse0dgd5do
(BPoPws @, 3036939c0dg b., 2014 , 5 ; bembo@oedzowo ... 2015, 54)

J390m»  Im3gdme  gb®owdo  bsbggbgoos  (ob. EbG®owo 1.1) 0dgMHgmols
993965b9mds-89003069MmdoL  Bmbsdo 3w EH030090wo  35HBol  Bmyoghmo  xodol
939360l 8995603960 99009600Mds (0306056009 . b. 2022).

gb®owo 1,1
09969 do 3930306090990 35HoL BmyoghHmo xodol d393b6ol dgdsbozmemo
39099600mds (2016-17 {egdol 12-16 md@EHmddmol Lodwmoenm)

30



093000 100 0893000 89996050 dgggbommds %
30B0b x0d900b
©3bybigmgds bdgogn | 8sfgagmob Jmafdol  3obo | fo3fs 13300 3
fmbs, 3 | fmbsg fmdnmmon
3mo3myMo 162 223 2.6 15.2 39 78.3
0sBamgoio 174 225 35 14.9 31 78.5
3069s 172 169 2.5 15.1 38 78.6
dymdagn 183 187 2.1 13.3 2.5 82.1
SmaEabEMmo 196 219 2.7 15 4.1 78.2

994960300  BsLosMOL  M3MEMYOMMHO doboliosmgdegdols  Fgx3aligds
39bLO3MPMGd0m Bs0bGHYMglms  ymMdbols fomgmo x0dgdol 33¢930LsL, MoEAbs3E gl
doboboomgdegdo 8930698 vddbol Bmas  HoMmBmygbsll BoBbMdGMOZ0 3MM©YdEHol
L9YBLMOIE M50 LS S J0TOO TobOLOIMYdIWGODY.

51939 3603369035605 35Bol F9dga0 FobsliosmgdEgdo:

* LAHOMIGHMOMEO BoboLOsMYOIEO = MHBOEMBdOLS S i39BoL Fobs/PmbAbOL ololidsb.
Logo3 PMbBbOL sl 30gMEH0LS o 3960l Folgdol X sdol Gmeros.
% 0560330m3bmdOL 8563969090 = BoM(33¢0900L Mom©gbmdols 100 g. dEggzs6do.
% 8393b0L 5290900l 5B396909w0 = oM 33w gdOL Tobs/JergMEHOL Fololimsb.
% oM330b g9b3MiEMd0L 3583969090 = MBOEMBdOL Tolis/Jobol Jololimsb.
099Mgmoll  Mgaombdo  3MEGH030M090o  35Bol  Bmyoghmo  x0dgool
30 MQ0)H0 Jobolosmgdegdo bsB3969d0s bMoedo. 1.2

gb®owo 1.2
0996M9gmol 3939bsbgmds-903069mdol Bmbsdo 3w Eoz30609dwgeo gm@dbols
DMa09M0 X0dgO0L M3MEMAO0OHO FobILOSMYIWIdO
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33)079mMg00b 893M3)mMYont
doh3gb709m0 doh396909am0

3060b¥0dg00b | bEMYIENMmA [dsfEzmmabmonl
sbabgmgds | dsh39690gmn | dsh39b90gmn

gmmojmyMo 43 43.67 0.97 513
0sbamgomo 4.2 39.95 0.96 523
30379 4.4 57.69 0.97 5.2
dygmdaszn 53 52.35 0.97 6.17
Smoslidymo 4.9 44.61 0.97 5.79

ym6mdbol  bgowgmewols bsGolbol  dgx3sl9dol  ghm-ghm  2db0d3bgerm3zs69L
00600035@™MMm5©  0m3wqds  JoLo AW 3MI300TIAHOo 853969090,  BMIOl
™330ddo Bbgs s bbgs Bodob 30bmgdolomzol bgs s bbgss.

3353000039 BHMMEMds 50bsgl  YmMAbol FodMm0sbmdol  BomEmdsL ol
AoGHOM@  3553006MO5Lbsb.  y/m®dbol  bgowmgmmol e 30e3E0odgGOHYIo
95639690900 650 SLEHIZL M5TIBS 39MQ0 S BaOLLOBO 0ym yMmdbol basGolbo
(0390l 3Gm39Ld0.
¥ 2W3M(3000M3gEHOWo 3563969090 = TodMgdol 9993390 md/ GHOGMmWIo
0553900 9993390 MdSLISD

dgabogMo-Moritzi 58 95396900  5xBOLYIS  BIMZ9EL s FdL L, Herob
958396909l 2P 9gds. LodHoxol 363900 d5J6m900lL 35390d
3)3M5(3000039BHMME0 358396900l FoBgdsl 0fj3g3L, Gog gMdbol bgwrgmerol
509000 858396905 039O .

1.3.2. gm6@dboL 39360l Jodom®mo dgagbogrmds

gym6mdbolb  bywgmwol  JodowmGo  dgpagbowmds 393939300l 39MHomdo
(33902905005. Y9mdbol Lbgolbgs x0dgdol 100 aemsdo i39bo dgoaogl: figoerls - 55-87 g,
3osl - 0,15 - 0,9 g., 65HJoOFyergdl - 10 - 30 @., 399¢0L, ©3060Ls s bbgs MEMYSEME
05953900 - 0,5 - 1,7 g, 153390 0m3F3ML - 0,3 - 0,6 2., 35¢womdL - 250 3y., 3oEEowaAL - 45 3.,
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aebxmeOl - 22 dy., dogbomds - 17 Jy., 30650, 3M05¢@GHLs s Bbgs dobgMocgdl.
3035006980056 30 90569d001 36033690 M3560 Gomgbmdom dgois3L C, Bl, B2, PP o
A-36130¢3580bl. beem bbgs 303980690Ls ©@s d0bgcogdl 30 Fgscmgdom d3o6g
50 9bMdom

MbLbsO  96M685dM9d0@b YmMdgbdo a3bzwgds - YxMgwobo, 39dEobmgsbo
6030009690900, BoLYdO, 359900900, 398900, 390039 MDs, ©s bbgs .

d0bgMomemo 603000990900  [oMmdm@yqboos: - 35e0owdol, bs@GHMomadol,
39 3099dol, doabomdol, BmbgmMol, 30605 s Lo oMol dsMowgdom.(309bm 9.,
2014, 16; N301/6 2021 , 14; «yx0ox96dg ... 2019, 41 ; Belga I ... 2014, 145)

gy9mdbol bgowgmo 939 8903936 0M36 S IMVEFOWMZB  sBMEMZs6
60300096M9090L, MMPbMo 855390L, BIPMWME, s b3S MOYEME 60309gM9d9dL.
gm6eAbol 3owsdo smdmbBgboo 14 530b6m3so350096 45% Bgm33egero  580bmz30s.
3993H0bm3560 603009M9d900 FoMdMdL 356Ls s 3xgMEGdo. gm@mAbol Hodfhs dostos
939bsMgmo 3bodgdom.

ym6eAbolb 93935600 ©3060L  8go35L 999339 ™ds  1-5 @/a-05, 3500350
39933900mds 1-14 2/e0-b GHMe00s, wodmbdysgsl 999339wmds 30 0,03 — 1,0 g/ar-0s. Lbgos
0553900l 999339 ™ds docn0sb I306095 @S 335¢0l Loboo a43b3wgds

196MMOHO  bsgMmMgdoL MoMm©IbmdMoz30 s bsMoLlbmdMoz0 899339 MmdOM
39M50  gmedbols dgo® bofowgdl d39bsMgmeE  MmEMR60BIgddo sdgzs60 3mBogos
©1393050. 5396ME0 Bsgm9dol 99339 ™ds y@mdgbdo ddMswo bogmogmgdgdol 8%-
05. yme®dbol Hodfs 8903936  YmMdgbdo sGBYdMo ggbmemo bsghmgdol 57-70 %,
903036@M3096900L 28-56%-U5, bmerm ymdgbdo sGLYdMEo 35¢)gdobgdol, gowrols s
4530l 055390L 67-86%-U.

byyGsmo 1.2
gm6edbol 9¢39360L Jodowemo dgygbomds
(CBupugos [ A. 2017 )
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33965 y9m©3d9bdo MHgLggMsGOMEol LoMmM0gbEoE0Mm 8993390 Mds: ,,mEbIbME LoggMgdo:
0,5 — 1 3p/%; Bgodgen 5455 — 0,01-0,05 3p/q; Logg®ogo — 0,8-1,5 dgy/a; 39090bg Lzmgobombo —

0,2 - 1 3p/%; segdLuobdmeemo — 0,6 -1,2 dp/; Ix Moo —0,7 -1,3 dp/a;

1.4 g9®d6ol 5005849353900l Fgm@s0 MYlMIGdoL 15sd39Mmbserm
369396300 ©s608bwymgdom gsdmygbgdols 3gMlidgdEoz9d0

496dbols bgowgeol 3003950 2500531853900l 89990 ©sMBgbowo dgmMowo
M9LOLYOO (39BL539PMGO0” BJHSO YMHIboL dgs®o bsfowgdo - 3gdE0, 39560 o
fo3dfo) domwmyomGe s53@0Mo bsgMmgdol MIo®mgl Fysmrmb Fomdmaowagbgb. sdol
QLGOS F90dgds o35L5bgEMm 0L God@o, MMI ymMdbol {j39b0 (BH3dowo) s
dolob gmco fgbom Fomdmgdmo 030bm yrmdbol bgowgmwdo sGOLgdmwo

5396M 0o 659HM9gd0L Fbmerme 10%-U go3egL. gm@dbols dys®o bsflowgdo 30
MMIqd03 y96©dbol bgergmeol dbmerme 1/5 bsforls 8950096L ymdgbdo
5M1gdY0 B9bMEME®O bsgMcgdol 90%- dgo3o3L. (Mcmons3oanne 0TX0L0B BUHOAEIHS ,
2022 ; Kycrosa M.A ... 2015, 45 ;Cagmosoii, B.B. 2011, 87 )

4390039 H9dmnm »gdmwosb bsmwo Bsbl, ™I gm®Ibol 30639ws©o
3900509353990l 990920 ©IMhgbowo Fgmeso MglMlgdo ymMdbol bywgmaols
994560 bsfoergdols Lobom dz300R5L bgwgmwls Jabosb deogho sbEGHomdlbosbEm®o,
30x96mm©Ho 1533900 3MbEI6EHMEOOL HoMmBmgdolsmzob.

QsLObYEgdMo 30633963 MoGgd0L 159329Mb5EM-3OHMBOW G036
300999d0bsdo  AbmBoml  IMs3semo  J3gybol dgboghms s 1330w OLEBHMS
965350 b5dM™T0s J0dmzbowo. FsMrm9E0s BGBMEMOHO BogMmgdom dE0IMH0s Bsols
ROOMo s bbgs 33gbsMgmwo  m®ysboBdgdol (39w 3gMwo  bsfowgdo  oaod
331939085 963965, O™ BgMs©O g®dIbol 9bmeMHo BogMmgdOL gogwgbs 5esdosbols
MmOQ560H3bg ©o Fsm0  1583MMBIXM-3OHMBOWSIGHOINOO 30190900 X IMSPOMIOM
509953905 B0l ZmmEols s bgs 93965609010 MmEMA60BIGd0L B9bmEmEmo Bog®ogdols
99393GOMIL .(aegbodg en... 2020, 75 ; Baur J A ., 2018, 337 ; Bautista-ortin ., 2017, 20 ;
Yinping Li, 2011, 145 ; Lee J, 2013, 47 ; Ndiaye M, 2011, 45)
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303900l 306339635300 BoggMogol gm@mdbol (j396do dgopqbs 12,4 33/, bmerm
3937999-3300wdo 35,5 /. Loggmsgol ym@dbol {)39bdo  osxodloGmgdmwos  &-
306003960060l 3)3mHBOEOL sOBYIMDS.

Log39M530L gm@Abol 3egMHEHdo 306039Ws© 0IBEGH0ROEOMES BOMEMYOMEMS®
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330350 356599EHMIO0 B39MH3MH0EH03ME Lombgqddo.
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596530 Lodg3bogMH™M 33193900 (Dangles O. 2012; Foti M. C. 2007; Gabidzashvili M. 2014;
Gvinianidze T.N.,... 2017; Iverson F. 1995; Amun A.f. 2008; Liobera, Antonia. 2007; Moreno
D.A.,... 2003;)
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bbgo@olbgs mMsbmb Lodlogbm®Mmo s9350YdIBdOL 9BIJBHVIO 83IOBIWMBIBY ymE@Abol
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M. 2004; Lee J.H.,... 2013; Su Z.Y., et al. 2013; Tae Ho Kim et al. 2015; Tyagi A., et al. 2013;
Jang M, Ning Halo,... 2009; ...).
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2004; Rasmussen et al. 2005; Schwitters B. 2001; ...).
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9903690 (Caillet, S. 2006; Gvinianidze T.N.,... 2017; Yamakoshi, J. 2002; Kitana Makynen,...
2011; Liegh, Jacena M. 2004; Lu M. et al. 2012).
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(Tarupoga, I1.P. 2010; Tae Ho Kim et al. 2015; Terra X., et al. 2009; VertuaniS., ... 2004; Ward
N.C. 2005; Wojdytlo, A.,... 2007; Xu Changmou. 2010; Ning Halo,... 2009; Nasirsi-Asl M. 2009;
SAnamenxuit A4, ... 2013; ...).
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X539960 3bmIgHeo s6EHME0569d0L 4oblsbrgmol pH moxghgbzo®gdmero dgommo.

_ Substitutes

Anthocyanidins
Rl R

Pelargonidin H H
Cyanidin OH H
Delphinidin OH OH
Peonidin OCH; H
Petunidin OCH; OH
Malvidin OCH; OCH;

dmbmdgH o sbFHME0sbgdo 89439390 033w0sh BagML pH-ol (330900l
d9L53530L5. MMM Fgbo FgxgHowo MmJuobm®o Bm®As (oxonium form) sGOLYdMIL pH
1.0-0b 899;mbg935d0, beaerm Mx396Ho 399039@0)OH0 gmeds (hemiketal form) pH 4.5-

ol @OMU.
Ry Ry
OH OH
' OH
R7 R7
0\ R, e R,
C C
A ) /
R6 R6 -
+H,0
RS RS
Colored flavylium Colorless hydrated
cation form bemiketal form

(Bouillard et al., . Am. Chem. Soc. 99:8461-8468, 1977)

520 63-%9 90560 4dols dsb39690gdL FMEMOL 5GLGdOo Lb3sMds 3OM3MEM(30E0s
303096900l 3m6396EGHMs300Ls.  B00gdMwo  Jggagdol  49sbIM0Tgds  begds
309560006 -3 — 3mbMma w0 3mBoEBY.

dmbmIgH 0 56EHM3056900LYD 2oblibgs3980m IAMIOMYOMWO sbEMF0bYdO
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4,5-0U, 5939 pH 1,0~0b 990mbgq35d0.

bmGomo 2,4

2.0
1.84
1.6
1.44
1.24
1.0
0.8
0.6
0.4

pH1.0

Absorbance

0.2 pH4.5

00 ¥ L] | ]
260 360 460 560 660

Wavelength (nm)

9bmIgH 0 563 ME0569d0L 45BLIBOZMOLIMZ0L s FoMmM dRgMHeo blbsMgdo:
pH 1,0 dmggho (3sewomdol JemMoo 0,025 M) - d9396Heo blbsmol
Q3LYTHOOIIWO GOHNO WOEHOMO FM(3)MdOL FDMA 33580 300IOOM 350 mdol
Jm®ool 1,86 aMsdl 350539000 980 der 25dmbo ysel s FoM0Edog535L
Lodmogdom blbs®ol pH d02394s3w0s 9O999. 89992 3mdol dmEemds fywom
909395305 603sbbsbsdY.
pH 45 39ggho (Bs@®ondol s3gdodo 0,4 M) - dggdmewo  bLlbseol
Q3LYTHOPIIWOHE GO0 WOGHOO I3 MOOL FBMI 3MEdsdo 3009d0Oom boEMomdol
539GH°GOL  54.43 aM5aL 350539000 960 g A5TIMbOE Fysel s FoMr0ETox535L
L5 gd0m bLbsGOl pH 809399309 4,5 — 89. 999092 30dol IMEwEmds fiywwoom
909395305 60dsbbsbsdY.
dmbmdgmHyemo 3bE™E0sbgdols 50 bMdM030 25bLsBE3MOL pH-
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g
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0,02 -
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O i
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306396300l Bogmmol  9b6EH0MJLoIBEHMOO  5dGH03MdOL  obLyBM3Ms DPPH-ob
d9L53530bo 306396 S300L blbsGom.
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d9L50530LOQ : SBIMOOOLOL Tg535 - M) 6.31643-2012 ; 30c0dovgdo - OIV-MA-AS322-10;
b3ogbdo - OIV-MA-AS322-06; 63065 - OIV-MA-AS322-O5A ; ¢ygg0s - OIV-MA-AS322-
12.
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