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PE3IOME SUMMARY

Llenta Ha HacTosWETo npoy4yBaHe The aim of this study was to assess
€ [Ja ce HanpaBu oOueHKa Ha aHTMMuK- | antimicrobial effect of selected white and
pobHus ediekT Ha 6enn 1 yepseHn BuHa | red wines from Bulgaria made from Vitis
oT bbarapus, nponsBegeHn oT rposge ot | vinifera L. grapes. Altogether, eight
coprose Vitis vinifera L. 3a nscnegsaneto | different white and red wines produced in
ca nog6paHn o6uwo ocem pa3nnyHK | Bulgaria were selected for the study. The
6barapcky BuHa. Upe3 npuniaraHe Ha | antibacterial activity of wine against
AnckoBo-andy3noHHMA MeTog, e onpege- | Gram-positive bacteria: Bacillus cereus
/leHa TAXHaTa aHTMbakTepuanHaTa aktue- | CCM 2010, Clostridium perfringens CCM
HocT cpely [pam-nonoxutenHute 6akte- | 4435, Enterococcus faecalis CCM 4224,
puvu: Bacillus cereus CCM 2010, Clostridium | Staphylococcus aureus subs. aureus
perfringens CCM 4435, Enterococcus | CCM 4223, Streptococcus pneumoniae
faecalis CCM 4224, Staphylococcus aureus | CCM 4501 and Gram-negative bacteria:
subs. aureus CCM 4223, Streptococcus | Escherichia coli CCM 3088,
pneumoniae CCM 4501 un lpam-oTpuua- | pseudomonas aeruginosa CCM 1959,

TenHuTe Gaktepun: Escherichia coli CCM | gaimonella enterica subs. enterica CCM
3988, Pseudomonas aeruginosa CCM 1959, 3807. Serratia rubidaea CCM 4684
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Salmonella enterica subs. enterica CCM
3807, Serratia rubidaea CCM 4684, Yersinia
enterocolitica CCM 5671. [MonyyeHn ca
[obpu pesyntatM 3a aHTubakTepuanHata
aKTMBHOCT Ha BUHaTa cpeLly 'pam-nonoxm-
TenHuTe 6GakTepun. Hain-gobpa aHTUMUK-
pobHa akTMBHOCT e YyCTaHOBEHa CrnpsAMO
Yersinia enterocolitica oT pam-
oTpuuartesiHuTe Gaktepumn. AHTMGakTepuan-
HaTa aKTMBHOCT Ha Mpoy4BaHUTe BMHA pas-
KpvBa TexHuA noTeHumasn fa uHXubupar
pacTtexa Ha HAKOM GakTepuasHu LiamoBe,
BK/IHOYUTE/THO NATOTEHN MU ONMOPTHOHUCTUYHU
nartoreHu.

Knwouyosu aymn: [pam-nonoxuTesHu
b6akTepuun, [pam-oTpuuatesiHn 6GakTepuu,
6bNrapcko  BMHO,  AWCKOBO-AUY3UOHEH
meTog, Yersinia enterocolitica

YBO/,

YMmepeHaTa KOHCymMauusi Ha BWHO
uma 6naronpusaTeH eqekT BbpXy YoBeLl-
KOTO 34paBe, Karo aHTUOKCUAAHTHWAT
edhekT e cpepg Hail-BaxkHuTe (Daglia et al.,
2007). AHTUOKCMAAHTHOTO AelicTBME 3a-
BMCU OT CbAbPXAHMETO Ha DEHO/U, Koe-
TO ce MoBAMsiBa OT Ppas/MyHUTE arpo-
TEXHUKWTE Ha OTrNexaaHe, NpuUIoKeHNTe
€HOJIOTMYHMTE NPaKTUKM U MPOLECHT Ha
cTtapeeHe Ha BuHOTO (Yilmaz and Toledo,
2004). OcBeH (heHonuTe, obwaTa nonu-
(heHOsTHa KOHLLEHTPaLWs, OT 3HaYeHe e n
CbAbPXaHNETO Ha oTaenHuTe heHonm
(Satué-Garcia et al.,, 1999; Sun et al.,
2009).

M3BecTHO €, 4Ye BMHaTa umaT He
caM0 aHTMOKCUAAHTHO, HO U aHTUMMUK-
po6Ho aeiicTBre. TOYHUSAT MEXAHU3BM Ha
aHTUMUKPOOHUS edhekT Bce oule He e
HaMmb/IHO M3SICHEH, HO BMHOTO CbAbpxa
HSAKOJIKO Cbe[MHEHMWS, 3a KOUTO ce 3Hae,
ye umart Takasa cnocobHOCT. OpraHuyHK-
Te KucenuHu, ocobeHo sAbbnyeHaTa U
BMHEHata KucenuHa, uMmat aHTUMUKPOGHO
Bb3elicTBMe, 0COOEHO npu HuUcKoTo pH
Ha BMHOTO (Hsiao and Siebert, 1999;
Ricke, 2003).

AHTUGaKTEpMaNHNTE CBOICTBA Ha
BMHOTO CpEeLly XPaHWUTE/IHU NaToreHu ca
npoydyeHn B  peguua  um3cnegBaHusi
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Yersinia enterocolitica CCM 5671 bacteria
stains were studied using the disc
diffusion method. Good results on
antibacterial activity of wine were found
against Gram-positive bacteria. The best
antimicrobial  activity was identified
against Yersinia enterocolitica from Gram-
negative bacteria. The antibacterial
activity of selected wines indicates that
the wines possess the potential to inhibit
the growth of certain bacterial strains,
including pathogens and opportunistic
pathogens.

Key words: Gram-positive, Gram-
negative bacteria, Bulgarian wine, disc
diffusion method, Yersinia enterocolitica

INTRODUCTION

Moderate wine consumption has
beneficial effects on human health with
the antioxidant activity to be among the
most important (Daglia et al., 2007). The
antioxidant activity depends on the
content of phenols, which are affected by
growth cultivation techniques, oenological
techniques and ageing process of wine
(Yilmaz and Toledo, 2004).

Besides the phenols, the total polyphenol
concentration and the content of individual
phenols are important (Satué-Garcia et
al., 1999; Sun et al., 2009).

Wines are known to exhibit not only
antioxidant but the antioxidant activity as
well. The exact mechanism of the
antimicrobial effect of wine is still not fully
understood, but wine contains several
compounds known to have antimicrobial
activity. Organic acids of wine, especially
malic and tartaric acid, possess the
antimicrobial effect, especially at the low
pH found in wine (Hsiao and Siebert,
1999; Ricke, 2003).

The antibacterial properties of wine
against the food-borne pathogens were
demonstrated in several studies (Weisse



(Weisse et al., 1995; Sugita-Konishi et al.,
2001; Correia et al., 2003; Moretro and
Daeschel, 2004; Fernandes et al., 2007;
Waite and Daeschel, 2007; Carneiro et
al., 2008). Weisse et al. (1995) TBbpAAT,
ye 6ennTe M YepBeHW BMHA Hamasssar
KOHUEHTpauuaTa Ha areHtuTe, npeaus-
BMKBaLLY CTOMALLHO HepasnosioxeHue, ¢
5-6 norapnTMunyHn UMk 3a 20 MUHYTW.
Mo nopobue, Sugita-Konishi et al. (2001)
noco4yBar aHTUMWKPOGHOTO AelicTBME Ha
BMHa cpeuwy Salmonella enteritidis,
Escherichia coli 0157:H7 wu Vibrio
parahaemolyticus. Moretro and Daeschel
(2004) cbobujaBaT 3a TakoBa geincTeue
Ha BuHOTO cpewy E.coli, Listeria
monocytogenes, Salmonella typhimurium
n Staphylococcus aureus, a Carneiro et
al. (2008) n Fernandes et al. (2007) npo-
yyBaT aHTUMWKPOGHOTO AeicTBMe Ha BW-
HOTO CpeLly XpaHWTEeNIHW NaToreHn kaTo
Listeria n Campylobacter jejuni. AHTUMMK-
po6HMTE CBOWCTBA Ha BUHOTO Ce AbshKar
Ha pas/IMYHN KOMMOHEHTW OT HEroBus
CbCTaB W Te3n CBOICTBa ce CBbP3BAarT Mno-
CKOpPO C YepBEHOTO, OTKOJ/IKOTO C 65/10TO
BWMHO, Nnopagy Mo-BUCOKOTO CbAbpXaHue
Ha deHonHn cbeguHeHns (Chanyalew
and Wiriya, 2013).

LlenTta Ha HacToALWOTO n3cnensaHe
€ Oa Cce yCTaHOBM aHTnbakTepuanHoTo
JeiicTBue Ha 6enu 1 yepBeHn 6bArapcku
BMHA CpeLy rpaM-nosfioKUTEeSTHU U rpam-
oTpuuarenHu 6akrepum.

MATEPWNAN N METO4WA

Mpobu

W3cnepsaHeTo e nNpoBedeHO B
WHCTUTYT no no3apctBo U BUMHAPCTBO —
MneseH (WUIB) n Cnosawkyu arpapeH
yHuBepcuteT (CAY) — Hutpa, Cnosakus.
O6ekT Ha MnpoyyBaHETO ca Obarapcku
BWHa, pekonta 2015, o1 copToBeTe
MuckeT BpayaHckn, MUCKET KaliblLUKK,
Mamng, Momsa, PyouH, Kannblkn pyouH
n Tpanesuua, KOMTO ca HOBOCESEKLNOHK-
paHn UM MecTHW, xapakTepHun 3a buara-
pusa U BasikaHCKMA MOSYyOCTPOB, KaKTo U
KabepHe COBWMHbLOH — COPT, OTI/eXaaH
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et al., 1995; Sugita-Konishi et al., 2001;
Correia et al, 2003; Moretro and
Daeschel, 2004; Fernandes et al., 2007;
Waite and Daeschel, 2007; Carneiro et
al., 2008). Weisse et al. (1995) reported
that red and white wines reduced the
concentration of agents of traveller's
diarrhoea by 5-6 log cycles in 20 min.
Similarly, Sugita-Konishi et al. (2001) was
found the antimicrobial activity of wines
against Salmonella enteritidis, Escherichia
coli O157:H7 and Vibrio
parahaemolyticus. Moretro and Daeschel
(2004) have shown that the antimicrobial
activity of wine against E. coli, Listeria
monocytogenes, Salmonella typhimurium
and Staphylococcus aureus, but Carneiro
et al. (2008) and Fernandes et al. (2007)
studied the antimicrobial activity of wine
against the food-borne pathogens as
Listeria and Campylobacter jejuni. The
antimicrobial properties of wine are
attributed to different components of
wines and evident antimicrobial properties
were associated with red wine than with
white wine, in fact because of high level of
phenolic compounds in red than those in
white wine (Chanyalew and Wiriya, 2013).

The present study was undertaken
to explore the antibacterial activity of
white and red Bulgarian wines against
Gram-positive and Gram-negative
bacteria.

MATERIAL AND METHODS

Samples

The study was carried out at the
Institute of Viticulture and Enology (IVE) -
Pleven, Bulgaria and the Slovak
University of Agriculture (SUA) — Nitra,
Slovakia. The study was focused on
wines of vintage 2015, made from the
wine varieties Misket Vrachanski, Pamid,
Gamza, Misket Kaylashki, Rubin,
Kaylashki Rubin and Trapezitsa which are
newly-selected or local typical in Bulgaria
and on the Balkan Peninsula and
Cabernet Sauvignon — a variety grown in



BbB BCUYKW /103aPCKM panoHu no ceeTa.

MuckeT BpayaHCKu e 6571, BUHEH,
cpefHo 3peely copT. po3neTo ce xapak-
Tepusmpa ¢ Jo6po 3axapHO ChbAbpXKaHue.
BvHaTa uvMaT 31aTUCTO-XbAT  LBAT,
NnpuATEeH UM TpaeH MUCKETOB apomar u
xapmoHuyeH Bkyc (Radulov et al., 1992).

MuckeT KaWnblikn € 65N, BUHEH,
KbCHO 3peely CcOopT, KOWTO Ce XxapakTe-
puysMpa c A06p0 3axapHO CbAbpPXaHue.
CopTbT € MOoJy4eH OT KPbCTOCKa Mexay
MuckeT xambyprcku v Bunap 6naH. ['pos-
[eTo e ¢ Jo6po ChAbpXKaHME Ha 3axapu K1
TMTpyemMn  kucenuHu. BuHaTa  umart
3N1aTUCTO-XbAT UBAT, NPUATEH U TpaeH
MUCKETOB apomMaT, CBEX W XapMOHMYEH
Bkyc (lvanov et al., 2010).

Mamng e 4epBeH, BUHEH, CPeAHO
3peewy, copT. po3geTo ce oOT/M4yaBa C
[0o6po  3axapoHaTpynBaHe UM HWCKa
TUTpyeMa KMCesIMHHOCT. BuHata ca ¢ no-
CBETL/T UBAT, TN po3e, CbC craba
KMCE/IMHHOCT, HUCBK EKCTpakT M He ca
nogxoasawm 3a otnexasaHe (Radulov et
al., 1992; Simeonov et al., 2009; Nakov et
al., 2013).

MM3a € 4YepBeH, BUHEH, KbCHO
3peeLy, copT. 'po3geTo uma fobpa 3axap-
HOCT. BuHata ca c pybuHEHO uyepBeH
UBAT, N/I040B apoMar, XapMOHWYEH, MeK
BKYC C NPUSTHA CBEXECT M Ca MNOAXOAALLM
3a ctapeeHe (Radulov et al., 1992; Nakov
et al., 2013).

Tpane3vua e 4YepBeH, BWHEH,
paHeH [0 cpefHO 3peel, COpT, MosyyYeH
OT KpbCTOCBaHe Ha [lyHaBcka bm3sa wn
Mapcuncko paHo. 'po3geTo e ¢ gobpa

3axapHocT. BuHata umat pyGUHEHO
yepBeH UBAT, NA04OB apomMat
XapMOHWYEH, MeEK BKYyC C NpusiTHa

ceexecT (lvanov et al., 2012).

Py6uH e uepBeH, BMHEH, CpefHo
3peeLy, CopT, MOMYyYEH OT KPbCTOCBAHE Ha
Hebuono u Cupa. 'po3geTo ce xapakre-
puv3Mpa C BMCOKa 3axapHOCT U HUCKA TUT-
pyema KUCesMHHOCT. BrvHaTa ca ¢ TbMeH
UBAT, C BUCOK EKCTPaKT M ca NoAXoAsALLm
3a oTnexasaHe (Radulov et al.,, 1992;
Simeonov et al., 2009).

72

all viticultural regions in the world.

Misket Vrachanski is white grape
wine middle-ripening variety. Grapes are
characterized by good sugar
accumulation. The wines have a gold-
yellowish colour, fine and lasting muscat
aroma and harmonious taste (Radulov et
al., 1992).

Misket Kaylashki is white late-
ripening variety, obtained by crossing of
Misket Hamburgski x Vilar blanc. Grapes
are characterized by high sugar
accumulation and titratable acidity. The
wines have a gold-yellowish colour, fine
and lasting muscat aroma and fresh,
harmonious taste (lvanov et al., 2010).

Pamid is red middle-ripening
variety. Grapes are distinguished by high
sugar accumulation and low titratable
acidity. The wines are light red and rose
with poor acidity and low extract and
therefore are not suitable for aging
(Radulov et al.,, 1992; Simeonov et al.,
2009; Nakov et al., 2013).

Gamza is red late-ripening variety.
The grapes have good  sugar
accumulation. The wines have bright ruby
red color, fruity aroma and harmonious
soft, resinous flavor with pleasant
freshness. They are suitable for aging
(Radulov et al., 1992; Nakov et al., 2013).

Trapezitsa — red, early to middle-
ripening variety, obtained by crossing of
Dunavska Gamza x Marsilsko ranno. The
grapes have good sugar accumulation.
The wines have ruby red colour, fruity
aroma, and harmonious soft flavor with
pleasant freshness (Ilvanov et al., 2012).

Rubin is red middle-ripening
variety, obtained by crossing of Nebiolo x
Shiraz. Grapes are distinguished by high
sugar accumulation and low titratable
acidity. The wines are dark coloured, with
high extract, suitable for aging (Radulov et
al., 1992; Simeonov et al., 2009).



Kanblikn pybuH e YepBeH, BUHEH,
CpefHO 3peell COpT, NONyYeH OT KpbC-
TocBaHe Ha (Mamug n Xnbpug VI 2/15) un
(Fame Hoap n Vitis amurensis). Vima no6-
po 3axapoHaTpynsaHe. BMHOTO e ¢ py6u-
HEHO YepBeH LBAT, C BUCOKO CbAbpXaHue
Ha aHToLuMaHu, NpuATeH Na040B apomar,
NABbTEH, XapMOHUYEH BKYC M € NOAXOAALLO
3a ctapeeHe (lvanov et al., 2012).

KabepHe COBVMHbOH € 4YepBEH,
BMHEH, cpefHO 3peew, copT c Aobpo
CbOTHOLLEHNE MEeXAY 3axapu u TUTpyemu
KNCENUHK, C BUCOKO ChAbpXaHue Ha bar-
punHa mMarepus. BuHata umart
TbMHOYEpPBEH pPyOVHEH UBAT, apomar Ha
rOpPCKM NMoA0BE, EKCTPaKTUBEH, MIbTEH
BKYC C nNpuUATHaA KUCEeNIMHHOCT. Te ca
noaxoAsLm 3a ctapeeHe B 6YTUKM U B
Ab6oBu 6bYBKM (Radulov et al., 1992).

MpoyyBaHUTE COPTOBE Ca OTIIEeX-
JaHu B ekcnepvmMmeHTasiHaTa 6a3a Ha WJIB -
MneeeH (UeHTpasiHa CeBepHa Bbarapus).
Mpy gocturaHe Ha TEXHOOTMYHAa 3PANOCT,
rpo3geto e o6paHO M npepaboTeHO B
onuTHaTa BMHapcka u3ba, B yCnoBusita Ha
MUKPOBUHUGDMLMPaHe. MpunoxeHn ca kna-
cuyeckuTe MeToaM 3a NpPOM3BOACTBO Ha
6enun n yepseHn cyxu BuHa (Yankov, 1992).
AnkoxonHaTa hepmeHTaums e nposejeHa ¢
yucta KypTypa nunohunnsmpaHi [poxan
Saccharomyces cerevisiae B konu4yectso 20
g/hl, npn Temnepatypa 18°C 3a 6enuTe
BuHa n 25°C 3a uepBeHute BuHa. Cnep
NpUKIOYBaHe Ha Mpoueca, BuHaTa ca
oTAaekaHTupaHu u gocyndutmpaHn o 30
mg/dm?3 cBoboeH SO,.

AHTUGaKTEpUasieH aHanm3

MuKpoopraHnsmu

B n3cnepaHeTo ca BKIOYEHU feceT
Lama MMUKPOOpraHn3mMu, OT KOUTO NeT rpam-
nonoxutesnHn 6akrtepuun: Bacillus cereus
CCM 2010, Clostridium perfringens CCM
4435, Enterococcus faecalis CCM 4224,
Staphylococcus aureus subs. aureus CCM
4223, Streptococcus pneumoniae CCM
4501 v neT rpam-oTpuuaTenHn 6GakTepuu:
Escherichia coli CCM 3988, Pseudomonas
aeruginosa CCM 1959, Salmonella enterica
subs. enterica CCM 3807, Serratia rubidaea
CCM 4684, Yersinia enterocolitica CCM
5671. MNpoy4yBaHWTe WamoBe GakTepun ca
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Kaylashki Rubin red, middle-
ripening variety, obtained by crossing of
(Pamid x Hybrid VI 2/15) x (Gamay Noir x
Vitis amurensis). It has good sugar
accumulation. Wine is ruby-red in colour
with a high content of anthocyanins,
pleasant fruity flavour, full, harmonious
taste, suitable for aging (lvanov et al.,
2011).

Cabernet Sauvignon is red middle-
ripening  variety with  high  sugar
accumulation, relatively high titratable
acidity and high content of coloring
substance. The wines have a dark ruby
color, aroma of berries, extractive, full-
bodied taste with medium level of acidity.
They are suitable for aging in bottles or in
oak barrels (Radulov et al., 1992).

The varieties were grown at the

Experimental base of IVE - Pleven
(Central  Northern  Bulgaria). Upon
reaching technological maturity, the

grapes were picked up and processed at
the Experimental winery under the
conditions of micro-vinification. The classical
methods for producing of red and white dry
wines were applied (Yankov, 1992). The
alcoholic fermentation was induced by pure
culture lyophilized  wine  yeast
Saccharomyces cerevisiae in the amount
of 20 g/hl at 18°C for white and 25°C for
red wines. After the completion of the
process, the wines were decanted and
further sulfated to 30 mg/dm3 of free SO,.

Antibacterial assay

Microorganisms

Ten strains of microorganisms were
tested in this study, including five Gram-
positive bacteria: Bacillus cereus CCM
2010, Clostridium perfringens CCM 4435,
Enterococcus faecalis CCM 4224,
Staphylococcus aureus subs. aureus CCM
4223, Streptococcus pneumoniae CCM
4501 and Gram-negative bacteria:
Escherichia coli CCM 3988, Pseudomonas
aeruginosa CCM 1959, Salmonella enterica
subs. enterica CCM 3807, Serratia rubidaea
CCM 4684, Yersinia enterocolitica CCM
5671. All tested strains were collected



4yacT OT yellkaTa Kofekums oT MuKpoopra-
Hu3mn (bbpHO, Penybnuka Yexwms). bakre-
puvasiHuTe CyCrneH3uu ca Ky/l1TUBMPaHW B
Mionep-XvHtoHoB  6ynboH  (MHB, Oxoid,
Basingstoke, BenukobputaHus) npu
Temneparypa 37°C.

JnckoBo Audpy3rMoHeH MeTog,

3a ycTtaHoBsIBaHe Ha aHTUMWKPOOGHO-
TO feicTBue Ha 6enuTe U YepBeHU BUHA €
n3non3saH arapeH [AMCKOBO AU(PY3VOHEH
mMeTod. CycneH3nss Ha TecTBaHUSA MUKPO-
opraHuzbM (0.1 ml ot 10° cfu/ml) e 3acsTa
BbpXy Mtonep-XuHtoHos arap (MHA, Oxoid,
Basingstoke, BenvkobputaHus). Auckose OT
unTbpHa xaptns (6 mm B AnameTbp) ca
umnperHmpadyn ¢ 15 pl ot BMHOTO M nocTta-
BEHWN BbPXY UHOKY/IMpaHUTe arapu. Arapute
ca cbXxpaHsasaHu npu Temnepatypa 4°C 3a 2
Y, a MO-KbCHO ca MHKybupaHu npn 37°C B
npoab/ikeHne Ha 24 4, a 3a Clostridium -
aHaepobHo npu 37°C 3a 24 4. nameTtpute
Ha 30HUTE Ha MHXMBUpaHe ca MU3MepPEeHU B
MUANMETPU. BCuukn TecToBe ca NpoBeaeHu
TPUKpaTHO.

CraTnctnyeckum aHanmsn

3a BCAKO BWHO M MaToreHHu opra-
HU3MWU Ca W3YWUC/IEHW CpefjHuTe CTOii-
HOCTU U CTaHAapTHUTE OTK/IOHEHUA.

PE3YJITATU N OBCBXXOAHE

Mpn BMHOTO MucCKeT BpayvaHcKu e
YCTAHOBEHO Hai-A0bpo aHTMbakTepuan-
HO pgeicTeme cpelly B. cereus (3.33+0.58
mm), E. faecalis (3.33£0.58 mm), S.
aureus (3.33t1.53 mm) wu no-cna6o
cpewy C. perfringens (2.67+0.58 mm) wu
S. pneumoniae (2.33+1.53 mm). Haii-
[06po  aHTMbGakTepuasHO [JeicTBue Ha
MuckeT kalinbwkun e HabnwogasaHo
cpewy B. cereus and S. aureus, HO He ca
OTKPUTU pasnukn B edekta BbpPXY C.
perfringens, E. faecalis u S. pneumoniae.
Hali-gobpoTto aHTubakTepuasHo [AencT-
BMe Ha BMHO Mamwug e cpely B. cereus, a
Hali-cnaboTto cpewy S. pneumoniae.
BuHOTO bM3a nokassa Hali-CU/ieH aHTu-
b6akTtepuanieH edekt Bbpxy B. cereus, C.
perfringens, E. faecalis n S. pneumoniae
(5.33£0.58 mm). Mpob6aTa ot Tpane3uua
€ C Hail-gobbp aHTMbaKkTepuaneH edekt
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from the Czech Collection of micro-
organisms (Brno, Czech Republic). The
bacterial suspensions were cultured in the
Muller Hinton broth (MHB, Oxoid,
Basingstoke, United Kingdom) at 37°C.

Disc diffusion method

The agar disc diffusion method was
used for the determination of antimicrobial
activities of the white and red wines. A
suspension of the tested microorganism
(0.1 ml of 10° cfu/ml) was spread on
Mueller Hinton Agar (MHA, Oxoid,
Basingstoke, United Kingdom). Filter
paper discs (6 mm in diameter) were
impregnated with 15 ul of the wine and
placed on the inoculated agars. Agars
were kept at 4°C for 2 h, and later were
incubated at 37°C for 24 h and for
Clostridium anaerobically at 37°C for 24 h.
The diameters of the inhibition zones
were measured in millimeters. All the tests
were performed in triplicate.

Statistical analyses

For each wine and pathogenic
microorganisms the mean values and the
standard deviation were calculated.

RESULTS AND DISCUSSION

The best antibacterial activity of
Misket Vrachanski wine was found
against B. cereus (3.33x0.58 mm), E.
faecalis (3.33+0.58 mm) and S. aureus
(3.33£1.53 mm) but lower against C.
perfringens (2.67£0.58 mm) and S.
pneumoniae  (2.33+1.53). The best
antibacterial acitivity of Misket Kaylashiki
was found agains B. cereus and S.
aureus but were no differences in activity
against the C. perfringens, E. faecalis and
S. pneumoniae. The best antibacterial
activity of Pamid wine was against B.
cereus and the Ilowest against S.
pneumoniae. Gamza wine showed the
best antimicrobial activity against B.
cereus, C. perfringens, E. faecalis and S.
pneumoniae (5.33£0.58 mm). Trapezitsa
wine showed the best antimicrobial
activity against C. perfringens (7.67+1.15



cpewy C. perfringens (7.67+1.15 mm), a
Hai-cnab cpewy E. faecalis (2.00+1.00
mm). BuHOTO Kaiinblukn pyouH vmMa Haii-
[ob6bp aHTnbakTepunaneH ecdpekt cpewy C.
perfringens n S. pneumoniae (7.331£0.58
mm). BMHOTO Py6buH € Cc Hail-gobpo aHTu-
6akTepuanHo gelictene cpelly E. faecalis
S. pneumoniae (7.00+1.00 mm). BuHOTO

KabepHe COBMHBOH MoOKasa Hai-g4obpo
aHTubakTepuanHo fJeicteue cpewy E.
faecalis (7.67£0.58 mm). AHTMbaKTe-

pYasTHOTO Bb3AENCTBME Ha BMHATa CpeLly
rpamM-rnosIoXNTENTHNTE NATOreHN e NokasaHo
B Tabnuua 1.

mm) and the lowest agains E. faecalis
(2.00£1.00 mm). Kaylashki Rubin wine
showed the best antimicrobial activity
against C. perfringens and S. pneumoniae
(7.33£0.58 mm). Rubin wine showed the
best antimicrobial activity against E.
faecalis and S. pneumoniae (7.00+1.00
mm). Cabernet Sauvignon showed the
best antibacterial activity against E.
faecalis (7.67+0.58). The antibacterial
activity of the wines against the Gram-
positive pathogens is shown in Table 1.

Ta6nua 1. AHTUMUKPOGHO AENCTBUE HA BUHOTO CpeLly FpamM-nosioKUTEsTHU

6akTepuu (B mm)

Table 1. Antimicrobial activity of wine against Gram-positive bacteria (in mm)

Mpobu

Samples BC CP EF SA SP
Misket vrachanski 3.33+0.58 2.67+0.58 3.33+0.58 3.33#1.53 2.33£1.53
Misket kaylashki 5.00+1.00 2.33+0.58 2.33+0.58 2.67+0.58 2.33+0.58
Pamid 6.67+0.58 2.67+1.15 2.67+0.58 3.00+1.00 2.33+0.58
Gamza 5.33+0.58 5.33#0.58 2.00+1.00 5.33+0.58 5.33+0.58
Trapezitsa 7.33+0.58 7.67+1.15 2.00+1.00 3.00+0.71 5.67+0.58
Kaylashki rubin 4.67+0.58 7.33x0.58 5.00+1.00 5.67+0.58 7.33+0.58
Rubin 4.33+1.15 5.00+1.00 7.00£1.00 5.33+0.58 7.00+1.00
Cabernet Sauvignon 5.00+0.00 7.00+1.00 7.67+0.58 5.33+0.58 6.67+0.58

BC-Bacillus cereus CCM 2010, CP-Clostridium perfringens CCM 4435, EF-Enterococcus
faecalis CCM 4224,SA-Staphylococcus aureus subs. aureus CCM 4223, SP-Streptococcus

pneumoniae CCM 4501

Hail-gobpa aHTnbakTepuanHa paei-
HOCT cpewly rpam-oTpuuatentHmute E. coli
(5.00£1.00 mm) e otkputa npu KabepHe
COBVHbOH. Hali-cuneH aHTubakTepuaneH
edpekt cpewly P. aeruginosa (6.67+1.52
mm) un S. enteriditis (5.33+0.58 mm) ce
Habnpasa npy Mem3sa. Hail-cunHa aHTm-
6akTepuasiHa akTMBHOCT cpewyy S. rubidaea
(5.33£1.53 mm) e ycTtaHOBeHa NMpu BUHOTO
Kannbwkn pybuH. Hail-gobpoto aHTubak-
TepuasiHo feicTeme cpelly Y. enterocolitica
e oTkpuTO Npu KabepHe COBUHLOH C Haii-
ronsma 3oHa Ha notuckaHe ot 10+1.00 mm
cpefl BCUYKM MW3NUTBAHWU LLaMOBE. AHTU-
b6akTepvanHoTo [feilicTBMEe Ha BuHaTa
cpelly rpam-oTpuuaTtesiHuTe naTtoreHn ca
nokasaHu B Tabnuua 2.

The best antibacterial activity
against Gram-negative E. coli (5.00+£1.00
mm) was found in Cabernet Sauvignon
wine. The strongest antibacterial activity
against P. aeruginosa (6.67+1.52 mm)
and S. enteriditis (5.33+0.58 mm) was
found in Gamza wine. The strongest
antibacterial activity against Se. rubidea
(5.33£1.53 mm) was found in Kaylashki
Rubin wine. The best antibacterial activity
against Y. enterocolitica was found in
Cabernet Sauvignon wine with the widest
inhibition zone of 10+1.00 mm among all
strains tested. The antibacterial activity of
the wines against the Gram-negative
pathogens is shown in Table 2.
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Ta6bnvua 2. AHTMMUKPOGHO AOelicTMe Ha BMHOTO CPeELly rpamM-oTpuuaTesHu

6akTepuu (B mm)

Table 2. Antimicrobial activity of wine against Gram-negative bacteria (in mm)

Mpobu

Samples EC PA SE SeR YE

Misket vrachanski 2.67+0.58 2.33+0.58 2.00+1.00 3.33+0.58 1.66+0.58
Misket kaylashki 2.67+0.58 3.00+1.00 1.67+0.58 2.33+0.58 3.00+1.00
Pamid 2.00+1.00 1.67+0.58 4.00+1.00 2.67+0.58 4.00+1.00
Gamza 2.00+1.00 6.67+1.52 5.33+x0.58 5.00+1.00 5.00+1.00
Trapezitsa 1.67+0.58 5.33+x1.53 1.67+0.58 1.33+0.58 2.00+0.00
Kaylashki rubin 1.33+0.58 5.33+0.58 2.00+1.00 5.33+1.53 6.67+1.53
Rubin 1.66+1.15 3.00+£1.00 2.00£1.00 3.00+1.00 9.67+0.58
Cabernet Sauvignon  5.00+1.00 2.33+0.58 2.33+0.58 5.00+2.00 10.00+1.00

EC-Escherichia coli CCM 3988, PA-Pseudomonas

aeruginosa CCM 1959, SE-Salmonella

enterica subs. enterica CCM 3807, SeR-Serratiarubidaea CCM 4684, YE-Yersinia enterocolitica

CCM 5671

MoBeyeTo  BUHEHW  EKCTpakTu
nokaseatr aHTubakTepmanHo [JeicTeme
KakKTO CpeLly rpam-nosioK1TEsTHU, Taka |
cpelly rpam-oTpuuatesiHm natorexu. MNpu
MOYTW BCUYKU EKCTPAKTU AUaMeTbpbT Ha
30HaTa Ha MOTMUCKaHe Ha rpam-nosio-
XWUTENHWTE natoreHn ce okassa Mno-
LWUMPOK OT Ta3n Ha rpam-oTpularesiHuTe,
KOeTO Nokasea, 4Ye rpam-nosioKuTeNnHnTe
H6akTepun ca No-4yBCTBUTENHWU OT rpam-
oTpuyarenHite. ToBa MoOXe pa ce
Ob/MDKN Ha pasfiMknTe B CTpyKTyparta Ha
KneTbyHaTa cTeHa Ha bGaktepuute. [lo-
npoctata CTpyKTypa Ha K/leTb4yHaTta
CTeHa Ha rpam-nosIoKUTENHNTE GaKkTepun
S MpaBu MO-fleCHa 3a MNPOHMKBaHe OT
CTpaHa Ha aHTUMUKPOBHMTE CbeanHEeHUs
(Papadopoulou et al., 2005).

B ucTopuyecku nnaH, BUHOTO ce
cuMTa 3a cnomarawo XpaHOCMWIaHEeTO.
YcTaHOBEHO e, Ye ynoTpebaTta Ha asko-
X0/ Ce oKasBa 3awuTtHa PYHKLMA B Chy-
Yyan Ha orHmuwa Ha Salmonella Enteritidis
(Bellido-Blasco et al., 2002). Pa3nuuHu
WH BWUTPO W3C/eABaHMsA Mokas3Bar, 4e
6posAT Ha Enterobacteriaceae no-ps3ko
HamasnisiBa npu TpeTupaHe C  BUHO,
OTKOJIKOTO C APYrM asIKOXOJIHW HamnuTKK
(Weisseet al,, 1995; Harding and
Maidment 1996). Jayaprakasha et al.
(2003) pgoknagBaT, Ye BCUYKM E€KCTpaKTu

Most wine extracts exhibited some
kind of antibacterial activity against both
Gram-positive and Gram-negative
pathogens. In almost all extracts, the
diameter of the inhibition zone for Gram-
positive pathogens were wider than for
Gram-negative pathogens, indicating that
the Gram-positive bacteria were more
sensitive than the Gram-negative.

This observation can be attributed to
differences in the structure of bacteria cell
wall. The less complex structure of the
cell wall in the Gram-positive bacteria
makes it more permeable to the
antimicrobial compounds (Papadopoulou
et al., 2005).

Historically, wine has been
believed to aid digestion. Recently, the
consumption of alcohol has been
reported to have a protective effect during
the food-borne outbreaks of Salmonella
Enteritidis (Bellido-Blasco et al., 2002).
Various in vitro studies indicate that
Enterobacteriaceae counts were rapidly
reduced after treatment with wine than
other alcoholic beverages (Weisseet al.,
1995; Harding and Maidment 1996).
Jayaprakasha et al. (2003) reported that
all the grape seed extracts showed
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OT Trpo3fgoBW CeMeHa ca
aHTubakTepmasiHo  JeiicTBue  cpely
Bacillus spp., S. aureus, E. coli u
Pseudomonas aeruginosa. Rhodes et al.
(2006), KouTO ca m3cneaBanv aHTMbakTe-
puvasHoTO geicTeue Ha V. vinifera copT
Punbnep yctaHoBABaT, Ye rpo3L0BUAT COK
He e akTumBeH cpewy Bacillus cereus,
Salmonella Menston, E. coli n S. Aureus,
HOo Vaz et al. (2012) pokassaT CWU/IHOTO
WHaKTVBUpAaLWo AeicTBMe cpelly BereTa-
TUBHWN KNeTKn Ha B. cereus. Cbllo Taka
Friedman et al. (2007) n3cnegBaikm aHTu-
6aKTepuuMaHOTO AelicTBME Ha  BUHEHM
MapuHaTtu Bbpxy Bacillus cereus, S. enterica,
E. coli O157:H7 n L. monocytogenes, Ha-
6no4asar, Ye MapuHaTuTe ca BUcokoedek-
TUBHW CpeLLy rpam-nosiIoKUTENTHUTE U rpaMm-
oTpuuaTenHuTe naTtoreHn. AHTUMWUKPOOG-
HUAT ed)eKT Ha BUHOTO Ce oTuYhTa U B
uscneaBaHusi, U3BbPLIEHN C YpPEBHUTE
nartoreHn S. typhimurium, S. sonnei 1 eHTe-
potokcureHHn E. coli (Sheth et al., 1988;
Weisse et al., 1995; Bellido et al., 1996) n
C. jejuni (Carneiro et al.,, 2007). Komep-
CuaslHUTe YepBeHU 1 6env BMHA CbLLO MNOo-
Ka3Bart AelicTBMe Ccpelly opasiHu CTpenTo-
KOK/, NPUYMHSIBALLM Kapuec U hapuHInT —
S. pyogenes n S. mutans (Daglia et al.,
2007).

UepBeHuTe BMHA umaT No-cuneH
aHTUMKKpObeH edpekT cpewy C. jejuni
LP1 B cpaBHeHue c 6enute BMHA. ToBa
MOXe [a Ce [Ob/DKM Ha HAKOM KOMMO-
HEHTU, KOUTO Ce CbAbpXaT B MO-rosiiMo
KO/INYECTBO B YepBEHUTE BMHA, OTKOJSIKO-
TO B 6ennTe, Hanp. PeHoNHNUTE CbeanHe-
Hus (Gafan et al., 2009).

nokasasin

N3BOAN
MpoBeaeHoTo u3cneABaHe MOTBbP-
XOaBa aHTUMUKPOGHWTE CBOICTBA  Ha

BMHOTO CpeLly rpam-fnofioXUTeNHN 1 rpam-
oTpuLaTe/IHX XpaHUTEsNIHW nartoreHu. po-
yyBaHeTO MokasBa, 4Ye ObArapckMTe BUHA
npuTexasart no-4o6po aHTUMUKPOGHO Aeir-
CTBME CpeLly rpam-nonoxurenHute GakTe-
pun. OT rpam-oTpuuarenHute 6aktepun
Yersinia enterocolitica nokassa Hai-ronsima
YyBCTBWUTE/IHOCT MO OTHOLUEHWE Ha aHTu-
MMKPOOHOTO Bb3gelicTBue Ha KabepHe

antibacterial effect against Bacillus spp.,
S. aureus, E. coli and Pseudomonas
aeruginosa. Rhodes et al. (2006), who
investigated the antibacterial effect of V.
vinifera variety Ribier, documented that
grape juice was inactive against Bacillus
cereus, Salmonella Menston, E. coli and
S. aureus but Vaz et al. (2012) proved
the strong inactivation effect against
vegetative cells of B. cereus. Also
Friedman et al. (2007) have evaluated
the bactericidal activity of wine marinades
against Bacillus cereus, S. enterica, E.
coli 0157:H7 and L. monocytogenes and
the wine marinades were highly effective
against the Gram-positive and Gram-

negative pathogens. Also the
antimicrobial effect wine has been
reported in studies carried out with

intestinal pathogens: S. typhimurium, S.
sonnei and enterotoxigenic E. coli (Sheth
et al., 1988; Weisse et al., 1995; Bellido et
al.,, 1996) and C. jejuni (Carneiro et al.,
2007). The commercial red and white
wines against displayed activity against
oral streptococci responsible for caries
development, pharyngitis causing S.
pyogenes and S. mutans (Daglia et al.,
2007).

The red wines possess the higher
microbicidal effect against C. jejuni LP1
than white wine. This could be related to
the presence of some components which
are more present in red wines than in
white wines, for example, phenolic
compounds (Gafan et al., 2009).

CONCLUSIONS

The antimicrobial properties of wine
were confirmed against the Gram-positive
and Gram-negative food-borne pathogens
in previous studies. Also this study shows
that the Bulgarian wines exhibited the
antimicrobial activity with better results
against Gram-positive bacteria. Yersinia
enterocolitica was the most sensitive
against the antimicrobial effect of
Cabernet Sauvignon wine among Gram-
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COBVHbOH, KOETO € WHAMKauusl 3a Bb3-
MOXHO TMPWIOXEHNE Cpelly NaToreHHu
MWKPOOPraHu3mu. Haii-cuneH aHTUMUKPO-
6eH edekT cpelly rpaM-NosIOXUTENHU U
rpam-oTpuuaTesHM GakTepum € ycTaHOBEH
npv BHaTa MM3a 1 KabepHe COBUHBOH.
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Tosn Tpyn 6e nogkpeneH oOT
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negative bacteria indicating the possible
application against pathogenic micro
organisms. The best antimicrobial effect
against Gram-positive and Gram-negative
bacteria was showed by Gamza and
Cabernet Sauvignon wines.
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PE3IOME

Llenta Ha ToBa u3cnegBaHe e ga ce
OuUeHW BronorMyHaTa akTMBHOCT (aHTUOKCHU-
[JaHTHa aKkTMBHOCT, 06Wu nonamdgeHonu,
hnaBoHOMAM, CbAbpPXaHue Ha (eHoNHK
KACE/IMHWN U B YepBEHUTE BUHA CbLLO 06L0
CbAbpXaHve Ha aHToumaHu), CeH30peH
aHa/IM3 U XMMWYECKM NapameTpu Ha HUCKO-
6rompxeTHN BUHA oT ®paHums (Gamay 2015,
Beaujolais) (Chardonnay-Colombard 2015,
FOronstoyHa ABCTpasns), VcnaHunsa
(Tempranillo 2015, Jla MaHua), WUtanus
(Pinot Gris 2015, BeHeuus), (Chianti 2015,
TockaHa) n HOxHa Adpuka (KabepHe
CoBUWHbLOH 2015, Western Cape).

3a wu3MepBaHe Ha uYeTupuHagecet
XMMWUYHU  napamMeTpu BbB BUHOTO Ce
M3non3Bat MHgpavepBeHa CnekTpocKonus ¢
®ypue TpaHcopmaums (FT-IR), BknwouBa-
wa (cbabpXaHue Ha ankoxosn, pH, opraHny-
HW KUCE/IMHW, CbAbpXaHne Ha 3axap, NibT-
HOCT u rnnueposn). CeHsopHaTta OueHka e
n3BbplieHa no 100 6anHa cuctema. Tasu
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SUMMARY

Aim of this study was to evaluate
biological activity (antioxidant activity, total
polyphenol, flavonoid, phenolic acid
content and in red wines also total
anthocyanin content), sensory analysis
and chemical parameters of low budget

wines from France (Gamay 2015,
Beaujolais),  Australia  (Chardonnay-
Colombard 2015, south eastern

Australia), Spain (Tempranillo 2015, La
Mancha), Italy (Pinot Gris 2015, Venice),
(Chianti 2015, Tuscany) and South Africa

(Cabernet Sauvignon 2015, Western
Cape).

Fourier transform infrared
spectroscopy (FT-IR) was used for
measuring of fourteen chemical
parameters in wine, include (alcohol

content, pH, organic acids, sugar content,
density and glycerol). Sensory analysis
was evaluated by 100 points scale



cucTemMa e u3non3BaHa Bb3 OCHOBA Ha
npotokona OIV (MexayHapogHa opraHu3a-
Lms 3a N103apCcTBO M BUHAPCTBO). AHTUOKCH-
[JaHTHaTa akTMBHOCT e onpefefieHa upes
ABTS meToga n meTofga Ha MONMGAEH,
HamasifBall, aHTMOKCUAaHTHaTa MOLLHOCT.
CbabpXaHMeTo Ha UTOXUMUKaM (nosiun-
oeHonn, hnaBoHoOMAN, (PEHOMHN KNCENUHN,
a B YepBeHWTe BUHA CbLLO Y aHTOLMAHUHW)
ce u3MepBsa 4pes KoSIoOpUMETPUYHN METOAM.

Hai-go6po e BMHOTO "TemnpaHuno” -
87 Touku, lameli (85 p.), LWapaoHe-Konom-
6apg (82 p.), KnaHtn n KabepHe COBWHbLOH
(80 p.) n MuHo pu (77 p.). CneyudpnyHata
CEeH30pHa oOLleHKa O6elle u3BbpLIEHa CbC
COOCTBEH ferycrtauyoHeH INCT 3a OueHka
Ha BMHOTO. Pa3ninyHn napameTpu kaTo nso-
[OB BKyC, TS/10, CNafjocT, KUCESIMHHOCT,
a/IKOX0N1 U TaHWHM (Y4epBeHn BUHA) bsxa
oueHeHn ¢ 1 A0 5 TOYKM WU NpeacTaBeHu
ypes pagapHu rpadmkn. Haii-cneynduny-
HUTe apomMaTu B 6enute BUHaA, 0TOens3aHun
OT ferycratopuTe, ca Lapurpagcko rposge,
A6bKa U IMMOH. KbMnvHa, BULLHA M Kacuc
6sixa Hali-LeHHUTe apomaTtu B YepBeHuUTe
BMHa. Pe3yntatute OT aHTMOKcugaHTHaTta
aKTMBHOCT nokassart, 4ye Tempranillo nma
Hali-gobpata akTMBHOCT, Wu3NuTaHa u4pes
MeToga Ha  MO/MbBAEH,  HamasaBall
aHTUOKCMAaHTHaTa akTMBHOCT (2608.36 +
0.83 mg TEAC/L, TEAC - Trolox ekBuBa-
JNIeHTHa aHTUOKCUAAHTHAa aKTUBHOCT) 1 upes3
ABTS meTop (1008.28 + 30.25 mg TEACI/L).
B Tasn npoba CbLO € ycTaHOBEHO Haii-
BMCOKOTO CbAbpXaHue Ha obuwwy dnaso-
Homam (362.88 + 14.85 mg QE/L, QE -
€KBMBaJIEHT Ha KBepueTuH). BnHoTto Chianti
rnokassa Hali - 4O6p0o 060 CbabpPXaHME Ha
nonudeHonn (718,67 + 9,43 mg GAE/L,
GAE - ekBMB&/IEHT Ha rasioBa KucesnvHa),
KakTo 1 06L0 CbAbpXaHUe Ha aHTouuaHu
(751,45 + 5,83 mg/L). B npobara Gamay e
YCTaHOBEHO Hali-BUCOKO O6LLO CbhAbpXaHne
Ha (peHonHu kncennun (532.96 + 3.19 mg
CAE/L, CAE - ekBMBa/IeHT Ha kod)enHoBa
KMCesiMHa) B CpaBHEHWE C ApYyruTe TeCTBaHU
BMHA.

Kno4yoBu AyMWN: CEH30peH aHasus,
BMHO, TecT OIV, nonvdeHonu, dnasoHonam,
(OeHOJTHY KUCESTUHN

81

system. This scale system was used
based on the OIV protocol (International
Organization of Vine and Wine).
Antioxidant activity was determined by
ABTS method and molybdenum reducing
antioxidant power method. The content of
phytochemicals (polyphenols, flavonoids,
phenolic acids, and in red wines also
anthocyanins) was  measured by
colorimetric methods.

Tempranillo wine was the best with
87 points (p.), Gamay (85 p.),
Chardonnay-Colombard (82 p.), Chianti
and Cabernet Sauvignon (80 p.) and Pinot
Gris (77 p.). Specific sensory evaluation
was performed by own wine evaluation
sheet. Different parameters such as
fruitiness, body, sweetness, acidity,
alcohol and tannins (red wines) were
rated by 1 to 5 points and evaluated by
radar charts. The most specific aromas
overall in white wines marked by
evaluators were gooseberry, apple and
lemon. Blackberry, sour cherry and black
currant were the most evaluated aromas
in red wines. Results of antioxidant
activity showed that Tempranillo had the
best activity tested by molybdenum
reducing antioxidant power method
(2608.36 +0.83 mg TEAC/L; TEAC -
Trolox equivalent antioxidant activity), and
also by ABTS method (1008.28+30.25 mg
TEAC/L). In this sample was also
detected the highest content of total
flavonoid (362.88 +14.85 mg QE/L; QE —
quercetin  equivalent). Chianti  wine
showed the best total polyphenol (718.67
+9.43 mg GAE/L; GAE - gallic acid
equivalent) as well as total anthocyanin
content (751.45 +5.83 mg /L). In sample
Gamay was determined the highest level
of total phenolic aid content (532.96 £3.19
mg CAE/L; CAE - caffeic acid equivalent)
with compare to other tested wines.

Key words: sensory analysis,
wine, OIV test, polyphenols, flavonoids,
phenolic acids
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Vitis e LWMPOKO KyNTMBMPaH No uenns
cBAT. Cbr1acHoO cTaTUCTUYECKUS A0KNaj Ha
MexpayHapoaHarta opraHusaums 3a o3ap-
cTBO U1 BMHapcTBo (OIV, 2016), cBeTOBHUTE
naowy 3a 3acaxiaHe Ha rposge ce yBe-
Nnyasat 6bP30 Npe3 nocnefHuTe roauHN 1
ce npegswxpa fa gocturHat 7,53 muivoHa
xekTapa npe3 2015 r. Kato BaxeH rpo3zios
NPOAYKT, BWHOTO € a/IkOXO/IHa HarnuTka,
KOATO ce nos3sa B CBETOBEH malab. BuHo-
TO € HepasfenHa 4yacT OT Cpean3eMHOMOp-
CKOTO XpaHeHe. YMepeHOTo notpebneHne
Ha BMHO e CBBbp3aHO C pasHoo6pasHN nossu
3a 3pgpaseto. [lo-cneuymanHo, MWHOPHM
KOMMOHEHTU KaTo (PEHOSIHUTE CbeAUHEHUSN
n3rnexaa, ye ca OTrOBOPHM 3a 3aluTHUTE
eekTM Ha BUHOTO CcpeLly OKCUAATUBHUSA
cTtpec (Biasi et al., 2014; Schrieks et al.,
2013) 1 3a nogabpXKaHeTo Ha 34paBeTo Ha
cbpaeyvHo-cbaosata (Walzem, 2008 ) wn
HepBHaTa cuctemu (Basli et al., 2012). Toii
Karo CbCTaBbT Ha BUHOTO € CUJ/THO MOB/NSAH
OT M3MON3BaHNTe rPo30BY KyNTYpU 3aeHO
C TexXHWKUTE Ha BWHOMNPOU3BOACTBOTO, €
B&XHO fa ce nosHasaT (QU3UKO-XUMWYHUTE
XapakTepucTuKn Ha BCAKO BMHO (Tuberoso
etal., 2017).

Llenta Ha ToBa u3cnefBaHe e u3Bbp-
LBaHe Ha CEeH30peH aHaus3, onpepensHe
Ha XUMWYHWTE napameTpu U GronornyHaTa
aKTMBHOCT Ha LUeCT pas/iM4yHu npobu BUHO
BK/IHOUUTE/THO aHTMOKCUAAHTHA aKTUBHOCT,
06wy nonudeHonn, OEHONHN KNCENNHU 1
donasoHoOMAMN.

MATEPWNAN N METO4WA

Mpo6u oT BUHO

B HaweTo m3cnegBaHe ca M3nos-
3BaHW LWeCT BUHeHW npobu. MNpobute ca
3aKyrneHu OT MecTeH MarasuH B Hutpa (4
yepBeHN N 2 6enn BUHA). NMopbyaxme no
efqHa OyTuika OT BCAka wu3Bagka W
n3bpaxme BMHA OT MeT Pas/IMYHK CTPaHW.
Benn BuHa: Pinot Gris 2015 (BeHeuus,
Wtanuna); WapgoHe - Colombard 2015
(torom3Tto4Ha ABCTpasusi), Te3n ABe BMHA
6sixa 3aTBOpPEHM C BMHTOBA kKanauka.
UepseHu BuHa: Gamay 2015 (Beaujolais,
®paHuus), Tempranillo 2015 (Jla MaHua,
WcnaHuna), Chianti 2015 (TockaHa,
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INTRODUCTION

Vitis is widely cultivated around the
world. According to the OIV statistical
report on world vitiviniculture (OIV, 2016),
global grape planting areas have
increased rapidly in recent years, and are
forecast to reach 7.53 Mha in 2015. As an
important grape product, wine is an
alcoholic beverage that is enjoyed
globally. Wine is an integral part of the
Mediterranean diet. Moderate
consumption of wine has been linked to a
variety of health benefits. Specifically,
minor components, such as phenolic
compounds, seem to be responsible for
the protective effects of wine against
oxidative stress (Biasi et al.,, 2014
Schrieks et al.,, 2013), and for the
maintenance of healthy cardiovascular
(Walzem, 2008) and nervous systems
(Basli et al, 2012). Because the
composition of wine is greatly influenced
by the grape cultivars used along with the
winemaking techniques used, it therefore
essential to know the chemical-physical
characteristics of each wine (Tuberoso et
al., 2017).

The aim of this study was to
sensory analysis, determine chemical
parameters, and biological activity of six
different wine samples includes
antioxidant activity, total polyphenol,
phenolic acids and flavonoids.

MATERIAL AND METHODS

Wine samples

In our research six wine samples
were used. We obtain the wine samples
from the Slovak local shop in Nitra (4 red
a 2 white wine). We purchase one bottle
of each sample and choose the wines
from five different countries. White wines:
Pinot Gris 2015 (Venice, Italy);
Chardonnay — Colombard 2015 (south
eastern Australia), these two wines were
closed with screw cap. Red wines: Gamay
2015 (Beaujolais, France), Tempranillo
2015 (La Mancha, Spain), Chianti 2015
(Tuscany, Italy) closed with synthetic cork,



WTanus) 3aTBopeHn CbC BUHTOBA kanadka
OT CUHTEeTMYeH Kopk, Nomacorc® n
KabepHe CoBuHboOH 2015 (Western Cape,
HOxHa Adpuka).

Bcuykn xumukann, M3nosnssaHu B
Tasn paboTa, ca ¢ aHa/IMTUYHA YnucToTa 1
ca 3akyneHum ot Sigma-Aldrich (CALL) n
Central Chem (SK).

FT-IR cnektpomeTpus

Xumunuecknte napameTpu Ha BUHO-TO
ca onpegenenn ypes Alpha FT-IR (Bruker
Optics, NepmaHns). Andga FT-IR o3HavaBa
WH(payepBeHa crnekTpomeTpus ¢ dypue
TpaHccopmauma. MonyyeHn ca pesyntatu
OoT 14 Xxumuuyecks napameTpu Ha BUHOTO:
aNIKOX0/1, OUEeTHa KWCe/NMHa, JIMMOHeHa
KMCesMHa, NABbTHOCT, [/10K03a, (pyKTo3a,
3axapo3a, MfleyHa KucenuHa, A6bAYeHa
KucesnmHa, BUHeHa KnucenvHa, pH, rnuuepon,
06N KucennHu n obwm 3axapu. Okono 10
mL npob6a OT BMHOTO Ce WHXEeKTUpa CbC
CNpMHLOBKA B MNOTOKA OT KNEeTkn u ce
HaTucka 6yTOHBT 3a nsmepsaHe. Crief, ToBa
N3MepBaHETO W aHaNn3bT Ce W3BbpLUBAT
Hanb/HO aBTOMAaTU4yHO B pamkuTe Ha Mno-
MasIko OT NneT MWHYTM Ha npoba. EgHa
npoba ce namepsa 130 NbTM NPU NOCTOAHHA
Temnepatypa 40 °C. Codtyep Opus e
u3nonssaH 3a cbOMpaHe Ha pesynrTartuTe.
TobproBckn HannuHute FT-IR ypeau c pas-
Hoobpa3eH M MHOBaTMBEH coTyep, npes-
Ha3HauyeHu cnewuuasiHo 3a aHa/In3 Ha rpo3ae
N BMHO, HACKOPO MoJslyynxa rofisMo BHUMA-
Hue. FT-IR cnekTpockonuaTa ce OCHOBaBa
Ha npuHUmMna, ye IyHKLNOHaUTHUTE TPynun B
npobarta LWe BuGpUMpaT Npu u3naraHe Ha
NH(payvepBeHo byeHve. NoBeyeTo cheam-
HEHUS C KOB&/IEHTHU Bpb3kM abcopbupar
cneuMdnMyHN  YecToTM Ha W3TbYBaHe B
WH(paYepBeHUss y4yacTbK Ha  enekTpo-
MarHWTHUA CNeKTbP.

CeH30opeH aHanu3

MpobuTe OT BUHOTO Ca aHaM3npaHun
ype3 100-ToukoBa ckasna Ha OlV (MexayHa-
poJHa opraHusauma Ha BMHOTO K fio3aTa),a
apomaTHMAT npodina Ha BuHaTa e onpe-
[JeneH 4ype3 Hawua CeH30peH TecT. Tosu
TecT BK/IOYBA NapameTpu Kato na040B
BKYC, TANO, CNajocCT, KUCESIMHHOCT, aslko-
X0/, TaHWH (CamMO YepBEHUTE BUHA), UHTEH-
3MBHOCT M YCTOWYMBOCT Ha LgeTa. Apomar-
HUAT npodua Ha BUHATa e npeacTaBeH
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Nomacorc®, and Cabernet Sauvignon
2015 (Western Cape, South Africa) screw
cap.

All chemicals used in this work
were analytical grade and were
purchased from Sigma-Aldrich (USA) and
CentralChem (SK).

FT-IR Spectrometry

The chemical parameters of wine
were evaluated by Alpha FT-IR (Bruker
Optics, Germany). Alpha FT-IR means
Fourier transform infrared spectrometry.
Obtained results from 14 chemical
parameters of wine: alcohol, acetic acid,
citric acid, density, glucose, fructose,
sucrose, lactic acid, malic acid, tartaric
acid, pH, glycerol, total acids and total
sugars. About 10 mL of wine sample was
injected by syringe into the flow-through
cell and the measurement button was
pressed. Measurement and analysis was
then performed fully automatically within
less than five minutes per sample. One
sample was measured 130 times at
constant 40 °C temperature. Opus
software was used for results collection.
Commercially available FT-IR
instrumentation  with  versatile  and
innovative software, designed specifically
for grape and wine analysis, has recently
received much attention. FT-IR
spectroscopy is based on the principle
that functional groups within a sample will
vibrate upon exposure to IR radiation.
Most compounds with covalent bonds
absorb specific frequencies of radiation in
the IR region of the electromagnetic
spectrum.

Sensory analysis

The wine samples were analyzed
by 100-point scale OIV (International
organization of Wine and Vine) and
aromatic profile of wines were determined
by our sensory test. This test include
parameters as fruitiness, body,
sweetness, acidity, alcohol, tannin (only
red wines) colour intensity and
persistence. The aromatic profile of wines



ypes pagapHu rpaduvkn cbc ckana ot 1
(Hali-Hncko) oo 5 (Hali-BMCOKO) Bb3NpusaTHe
3a BCeku napameTbp. lpobute ca nony-
Yun TOYKM OT TecToBeTe no 100 ToukoBa
ckana oT oueHuTenuTe K ca Knacudm-
uMpaHun cnopepg cnefHuTe kateropuu: 'paH-
AnosHo 3nato (> 92 p.), 3nato (> 85 p.),
Cpebpo (> 82 p.) n bpoH3 Hai-manko (80
p.). TecTbT e knacuuuMpaH B YeTupu
OCHOBHW KaTeropuu, nbpBa — BbHLUEH BUA,
(2 nogkateropun), BTOpa - apomar WM Hoc
(3 nogkarteropun), TpeTa - BKyc (4 nogkare-
ropvu) n YeTBbPTA - 06LLO BNeyaTneHve.

AHTUOKCUOAHTHA aKTUBHOCT

AHann3 Ha  o06e3uBeTsBaHe
pagukaneH kaTuoH ABTS

AHanM3bT Ha 06e3LBeTABaHeTO Ha
ABTS pagukaneH kaTuoH Ha npobarta ce
n3mepBsa cbrnacHo Re et al., (1999) ¢ neku
Moamndmkaummn. Abcopbuusaita Ha peakLMoH-
Hata cMec ce onpefens kato ce u3nonssa
cnekTpogooTomeTbp Jenway (6405 UV/Vis,
AHrnnsa) npu 734 nm. Tponokc (6-Xngpokeu-
2,5,7,8-TeTpaMeTnIXpOMaH-2-kapbokcuaHa
KMCeNMHa) ce 13non3Ba Karto cTaHaapT u
pesynrtatuTe ce u3pasaBaT B mg/L TPOsoKC
€KBUBAJIEHT.

MonubaeHoB MeTo[ 3a HamansBaHe
Ha aHTMOKCUdaHTUTE

MonubaeHoOBMAT MeTo4 3a Hamass-
BaHe Ha aHTMoKcuaaHTHaTa MOLUHOCT Ha
npobute ce n3mepsa CblNIaCHO MeToda Ha
Prieto et al. (1999) ¢ neka moandukaums.
Abcopbumsita Ha peakuMOHHaTa cMec ce
onpefens kato ce M3Mnona3Ba CnekTpogoTo-
MeTbp Jenway (6405 UV/Vis, AHrnus) npu
700 nm. Tponokc (6-xngpokcn-2,5,7,8-
TeTpaMeTUIXpoMaH-2-kapboKkcuiHa Kncesnm-
Ha) ce M3M0/3Ba KaTo cTaH4apT u pesynta-
TMTe ce u3passasBar B mg/L TPOSIOKC eKBu-
BaJIEHT.

c

060 cbabpXKaHMe Ha nonMdeHon

O6Wwo noMGEHONIHO CbAbpXaHue
Ha EeKCTpakTM ce M3MepBa MO MeToAa Ha
Singleton n Rossi (1965) ¢ usnonssaHe Ha
peareHT Folin-Ciocalteu. A6copbumaTta Ha
peakuuoHHaTa CMec ce onpefens karo ce
u3nos3ea  cnektpodpotomMeThp  Jenway
(6405 UV/NVis, AHrnua) npn 700 nm. Karto
CTaHAapT e U3nosi3BaHa rasioBa KncesnHa u
pesyntatute ca um3paseHn B mg/L
€KBVBAJ/IEHT Ha rasioBa K1cesimHa.
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was presented by radar charts with scale
from 1 (lowest) to 5 (highest) perception
of each parameter. Samples have gained
points by 100-point scale test from
assessors and shall be classified
according to the following level categories:
Grand Gold (>92 p.), Gold (>85 p.), Silver
(>82 p.) and Brozne (at least 80 p.). The test
was classified in four main categories, first
sight (2 subcategories), second aroma or
nose (3 subcategories), third taste or palate
(4 subcategories) and fourth general
impression.

Antioxidant activity

ABTS radical cation decolorization
assay

ABTS radical cation decolorization
assay of sample was measured according
Re et al.,, (1999) with slight modifications.
Absorbance of the reaction mixture was
determined using the spectrophotometer
Jenway (6405 UV/Vis, England) at 734
nm. Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid)
was used as the standard and the results
were expressed in  mg/lL  Trolox
equivalent.

Molybdenum reducing antioxidant
power method

Molybdenum reducing antioxidant
power method of samples was measured
according Prieto et al.,, (1999) method
with a slight modification. Absorbance of
the reaction mixture was determined
using the spectrophotometer Jenway
(6405 UV/Vis, England) at 700 nm. Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid) was used as the standard
and the results were expressed in mg/L
Trolox equivalent.

Total polyphenol content

Total polyphenol content extracts
was measured by the method of Singleton
and Rossi, (1965) using Folin-Ciocalteu
reagent. Absorbance of the reaction
mixture was determined using the
spectrophotometer Jenway (6405 UV/Vis,
England) at 700 nm. Gallic acid was used
as the standard and the results were
expressed in mg/L gallic acid equivalent.



0610 hN1aBOHOUAHO CbAbpPXaHNE

O6wuTe chnasoHoMan ce onpeaensT
C nomowyta Ha MoauduumpaHusa MeTof Ha
Willett, (2002). A6copbunsiTa Ha peakumoH-
Hata cMec ce onpejens kato ce u3nonssa
cnekTpogpotomeTbp Jenway (6405 UV/Vis,
AHrnvna) npu 415 nm. KBepueTUHBT ce
M3non3Ba kaTo cTaH4apT U pesynrtaTtuTe ce
n3passasar B mg/L eKBMBasIEHT Ha KBEPLLETYH.

O6wo cbabpXaHne Ha QEHOHN
KUCennH®

O6WoTO CbAbpXaHMe Ha (IEHOHU
KACE/IMHW ce omnpefens Kato ce WU3nosssa
MoanduumpaHna meton Ha Pharmacopea
Polska (1999). A6copbunsita Ha peakumoH-
HaTa cMec ce onpeens kato ce U3nonssa
cnekTpodhoTtomeTbp Jenway (6405 UV/Vis,
AHrnna) npy 490 nm. KadpeeHaTa kucenmHa
Ce 13Mon3Ba KaTo CTaHgapT u pesynratnte
ce wu3passBar B mMQg/L eKBMBaJIEHT Ha
KadheeHa KucesmHa.

O6LL0 ChAbpXaHWe Ha aHTouMaHu

O6LWOTO CbAbpXaHUe Ha aHTouMaHu
ce onpegens cnekTpodOTOMETPUYHO Cb-
rnacHo wmetog Ha Lee et al, (2005).
AbcopbumaTa Ha peakumoHHaTa cmec ce
onpeens kato ce K3rnos3sa CrnekTpodoTo-
MeTbp Jenway (6405 UV/Vis, AHrnus) npu
520 n 700 nm. Pe3yntatute ca uspaseHu B
Mg €eKBMBAJIEHT Ha LMaHWAMH-3-[7110K03Ug,
Ha N1THLP Npoba.

Cratuctnyecky aHanus

OCHOBHUTE CTaTUCTUYECKM aHanusu
65xa peanu3nmpaHn B NPOrpamHuTe MakeTu
Ha SAS (THE SAS SYSTEM V 9.2).
KoechmumeHtnte Ha  kopenaums  6sxa
n3umcnedn ypes CORR aHanm3 (SAS,
2009).

PE3YJITATN N OBCBbXAJAHE

B HaweTo m3cneaBaHe 6sxa aHanu-
3upaHn 6 pasnNYHN BUHEHN Npo6u ypes3 FT-
IR cnektpockonua. lMonyynxme pesyntatu
3a 14 xumuuyecks napameTpu Ha BUHOTO.
Kakto moxe ga ce Buan B Tabnuua 1, ca
aHanM3npaHn NeT opraHnyHu KUCENHU, Tpu
3axapu, pH, NABLTHOCT, MMLEpos, asikoxon
1 06LLO 3axapHO N KUCE/IMHHO CbAbpXaHue.
OueHkaTa Ha KayeCTBOTO Ha rpo3feTo u
rpo3g0BUSA COK OBUKHOBEHO BK/1HOUBA OLLEH-
Ka Ha kucenuHHocTTa (Ribéreau-Gayon et
al., 2006). OCHOBHWTE OpraHNYHU KNCENUHN
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Total flavonoid content

Total flavonoids were determined
using the modified method of Willett,
(2002). Absorbance of the reaction
mixture was determined using the
spectrophotometer Jenway (6405 UV/Vis,
England) at 415 nm. Quercetin was used
as the standard and the results were
expressed in mg’L quercetin equivalent.

Total phenolic acid content

Total phenolic acid content was
determined using the modified method of
Pharmacopea Polska, (1999).
Absorbance of the reaction mixture was
determined using the spectrophotometer
Jenway (6405 UV/Vis, England) at 490
nm. Caffeic acid was used as the
standard and the results were expressed
in mg’L caffeic acid equivalent.

Total anthocyanin content

Total anthocyanin content was
determined spectrophotometrically
according Lee et al, (2005) method.
Absorbance of the reaction mixture was
determined using the spectrophotometer
Jenway (6405 UV/Vis, England) at 520
and 700 nm. Results were expressed in
mg cyanidine-3- glucoside equivalent per
liter of sample.

Statistical analysis

The basic statistical analyzes were
realized in SAS programming packages
(THE SAS SYSTEM V 9.2)). Correlation
coefficients were calculated by CORR
analysis (SAS, 2009).

RESULTS AND DISCUSSION

In our research 6 different wine
samples were analyzed by FT-IR
spectroscopy. We obtain results from 14
chemical parameters of wine. As you can
see on the (Table 1), five organic acid,
three sugars, pH, density, glycerol,
alcohol and total sugar and acid content
were analyzed. The assessment of grape
and grape juice quality usually includes an
assessment of acidity (Ribéreau-Gayon et
al., 2006). The main organic acids in wine
are tartaric acid (~1.5-4.0 g/L), malic acid



BbB BMHOTO Ca BMHEHa kucenuHa (~ 1.5-4.0
g/L), a6bbnuyeHa kucenvHa (~ 0-4.0 g/L),
mneyHa kucenuHa (~ 0.1-3.0 g/L), oueTHa
kucenuHa (> 0.2 g/L n3mepeHa kato netau-
Ba KUCENIMHHOCT), NIMMOHeHa kucesnmHa (~ 0-
0,5 g/L) n B HSIKOM cryvyanm siHTapHa Kuce-
nnHa (0-2 g/L). Mo TO3KM HayuH KUCENWH-
HOCTTa OGUKHOBEHO Ce M3MepBa KakTo no
OTHOLLEHNe Ha obuwiara TUTpyema KUCesnH-
HOCT, Taka W Nno OTHOWeHWe Ha pH Ha
BuHOTO (Bauer et al., 2008). KonnyectsoTo
oueTHa Kuce/iMHa BbB BUHOTO € MHOro
B&)KHO OT OpraHonenTuyHa rrnefHa Touka.
MankM konuyecTBa oOLUeTHa KucenuHa ce
nosyyasatr OT [pPOXAUTE MO BPemMe Ha
hepmeHTauusita. [py  HoOpMasiHM  HuBa
(> 0.3 g/l), oueTHaTa KucenuHa Moxe fAa
6b4e KenaH apomaTteH  KOMMOHEHT,
[06aBSANKN CNOXHOCT KbM BKyCa U apomarta.
C eTaHoNna oueTHaTa KucesnuMHa npogyuupa
aueTtaTHU ecTepu U Te3n CbeAnHeHuUa nvar
CK/TIOHHOCT fa reHepupaT na040BM apoma-
TW, HO B KOHUEHTpauua He nose4ye ot 100
mg/l, Hag Tasu KOHLEeHTpauus BUHOTO Npu-
[obusa apomMaT Ha OUeT WY flak 3a HOKTU.
AKO KONMYEeCTBOTO OLEeTHa KucenuHa ce
nosmwmn Hag 1 g/l, obaye, TA NOCTENEHHO
reHepvipa kucen BKyC M B/fOLlaBa apomMaTa
(Jackson, 2014).

(~0-4.0 g/L), lactic acid (~0.1-3.0 g/L),
acetic acid (>0.2 g/L measured as volatile
acidity), citric acid (~0-0.5 g/L), and in
some cases, succinic acid (0-2 g/L).

Thus, acidity is generally measured in
terms of both total titratable acid and the
pH of the wine (Bauer et al., 2008).

Amount of acetic acid in wine is very
important from sensory standpoint. Small
amounts of acetic acid are produced by
yeasts during fermentation.

At normal levels (>0.3 g/l), acetic acid can
be a desirable flavorant, adding
complexity to taste and odor.

Acetic acid with ethanol produce acetate
esters and these compounds tend to
generate  fruity aromas, but in
concentration no more than 100 mgl/l,
above this concentration the wine smells
like vinegar or nail polish. If the amount of
acetic acid rises above 1 g/l, however, it
progressively generates a sour (vinegary)
taste and taints the fragrance (Jackson,
2014).

Tabnuuya 1. XMM1YHM napameTpu Ha NpobuTe BMHO
Table 1. Chemical parameters of wine samples

Parameter Pinot Gris Char.-C.* Gamay Tempranillo Chianti CS*  unit
Acetic acid 0.40 0.44 0.78 0.64 0.64 0.79 g/L
Alcohol 11.2 12.3 13.3 12.5 12.4 13.5 %
Citric acid 0.69 0.47 0.11 0.27 0.49 0.45 g/L
Density 0.9932 0.9935  0.9915 0.9952 0.9942 0.9945 g/cm®
Fructose 2.7 3.7 2.0 3.3 25 2.2 g/L
Glucose 3.3 3.9 2.6 4.4 3.0 2.4 g/L
Sucrose 0.7 0.5 0.6 0.4 0.4 0.4 g/L
Glycerol 7.9 8.0 10.2 11.0 10.5 11.7 g/L
Lactic Acid 0.07 0.00 0.80 1.11 0.63 0.84 g/L
Malic acid 1.3 2.1 0.5 0.3 0.4 0.3 g/L
pH 251 2.60 2.71 2.86 2.78 2.84 g/L
Tartaric acid 4.26 3.92 4.41 4.32 4.32 4.32 g/L
Total acid 7.1 7.3 6.6 6.7 6.7 7.4 g/L
Total sugar 6.0 7.6 4.6 7.7 5.5 4.6 g/L

*Cabernet Sauvignon (CS), *Chardonnay - Colombard (Char. - C.)

B HaweTo u3cnegBaHe npobute
BMHO He cbabpxaTt noseve oT 1 g/l ouet-
Ha KMCeNvHa, HO Hai-BUCOKO ChbAbpXa-

In our study wine samples not

contain more than 1 g/l acetic acid, but
the highest content present in red wines



HMEe e YCTaHOBEHO B YepBeHUTe BMHA
(Gamay 0,78 g/l n Cabernet Sauvignon
0,79 g/l). Kakto ce Bmxga ot Tabnuua 1,
6ennte BUHA CbAbpPXaT NO-HUCKO KOMU-
YecTBO OLleTHa KMCenuHa OT YepBeHUTE.
JlumoHeHaTa KucesvHa CbL0 NPUCHCTBA
B CTaHAapTHaTa koHueHTpauusa (0,5 g/l),
camo BMHOTO Pinot Gris nma no-BUCOKO
cbabpxaHne 0,69 g/l. MHoro BaxeH
napameTbp € CbAbpXaHMETO Ha 3axap,
CbOTBETHOTO Ha/iMuMe Ha T[/oKo3a U
opyKTo3a (MM 3axapo3a) BbB BUHOTO.
O6LWOTO cbabpXaHMe Ha 3axap (peayuu-
palum 3axapu) e BaXHO Mpu Kkateropmaupa-
HeTo no cnagocT. Bee oule BuHata B Cno-
BakMsl ce KaTeropusvpaHu no o060 CbAbp-
XaHue Ha 3axap: 0-4 g/l ca cyxu, 4.1-12 —
nonycyxu, 12.1-45 nonycnagkm n > 45 g/l
cnagkn. Mo TasW NpuuMHa BCUYKM HaLn
u3criefBaHn BUHA ca KaTeropusvpaHu kato
NoJIyCYXu BMHA (CyXU MO €TUKET).

BuHeHaTa kucenuHa e OCHoOBHaTa
KMcenuHa Ha rpo3feTo U KOHLeHTpauns-
Ta U He TpsAbBa ga HamansiBa 3HaunUTesl-
HO NO BpPeMe Ha 3peeHeTo Ha rpo3feTo.
AbbnyeHaTa KucesMHa MOXe fa CbCTas-
nsBa nojioBMHaTa OT obuiara KuUcesivH-
HOCT Ha rposgeto u BuHOTO. [Mopaau
TOBa CbAbpXaHMETO Ha Ab6bnveHa kuce-
NINHa YecTo ce cMsATa 3a eUH OT OCHOB-
HUTE nokasaTtesiv, KOUTO Ce un3non3sar
npu onpefensHe Ha gararta 3a rposfo-
6ep. Masiko KONMYecTBO M/IeYHa Kucenu-
Ha ce nonyyasa OT APOXAEBUTE KNETKU
no BpemMe Ha hepMmeHTauuaTa. Bbnpeku
TOBa, KOraTto MJ/eyHaTa KucennHa ce
HabnogaBa Kato OCHOBHO MNPUCHLCTBME
BbB BUMHOTO, TA UABa OT MasioflakTuyHaTa
hepmeHTauus (Jackson, 2014).

[pyrute KucesnvHu B HawimTe npo-
61 Nokasaxa MHOro CXo4Hu pesynratu 3a
yepBeHute 1 6enute BuHa. lMpu yepse-
HUTE BUHA MJfieyHaTa KUCcesvHa npuchbeT-
Ba B MNO-BMCOKA KOHLLEHTPAaLWs, OTKOJIKO-
TO B 6enute BMHA. He oTkpuxme mneyHa
kncenuHa B LappoHe-Konombapa. OT
Apyra cTpaHa, s6bfiyeHara KucennHa
MMa Mo-BUCOKN KOHLUEHTpauun B 6envte
BMHA, OTKOJSIKOTO B 4YepBeHuUTe. ToBa e
Taka, 3aWoTo ManonakTuyHarTa epmeHTa-
UMs UMa BaXHO 3HaYeHuWe Hali-Beye npu

(Gamay 0,78 g/l and Cabernet Sauvignon
0.79 g/l). As you can see on the Table 1,
white wines contain lower content of
acetic acid than reds.

Citric acid was also present in standard
concentration (0.5 g/l), only wine Pinot
Gris has higher content 0.69 g/l. Very
important parameter is sugar content,
respective presence of glucose and
fructose (or sucrose) in wine.

Total sugar content (reducing sugars) are
important in categorization by sweetness.
Still wines in Slovakia categorized by total
sugar content: 0-4 g/l are dry, 4.1-12
semidry, 12.1-45 semisweet and >45 g/l
sweet. At this reason all of our studied
wines were categorized as semidry wines
(dry in label).

Tartaric acid is the major grape
acid and its concentration not to decline
markedly during grape ripening.

Malic acid may constitute about half the
total acidity of grapes and wine.

Therefore, malic acid content has often
been one of the prime indicators used
indetermining harvest date.

A small amount of lactic acid is produced
by yeast cells during fermentation.

However, when lactic acid occurs as a
major constituent in wine, it comes from
malolactic fermentation (Jackson, 2014).

Other acids in our samples have
very similar results for red and white
wines. In red wines the lactic acid present
in higher concentration than in white
wines. We not detected lactic acid in
Chardonnay-Colombard.

On the other hand, malic acid has higher
concentrations in white wines than in red.
It's because the malolactic fermentation
is important mostly in red winemaking
process, and in this reason the malic acid
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npoueca Ha NPOU3BOACTBO Ha YepBEHU
BMHa, Nopajmn KOeTo sbbayeHaTa KucesamHa
ce npeBpbLUa B M/IEYHA KNCeNuHa.

NLeponbT € OCHOBEH KOMMOHEHT
Ha BMHOTO (2-15 g/L) n HeroBoTO onpe-
JensHe B pa3NuyHUTe eTanu Ha npoleca
Ha BMHONPOW3BOACTBOTO OCUrypsiBa WH-
hopmaumsa 3a KOHTPO/Sia Ha KayecTBOTO
(Bauer et al., 2008).

B cyx0TO BMHO MMLEPONBT € Haii-
pa3npoCTPaHEHOTO CbefVHEeHue cnep
Bojara 1 etaHona. Yecto e ¢ no-BMCOKO
cbabpxaHne B uyepBeHn (~ 10 g/l),
O0TKOSIKOTO B 6enu (~ 7 g/l) BuHa. CmsaTa
ce, Ye UMa CEeH30pPHO 3Ha4yeHne, 0Co6eHo
npy Bb3NpPUEeMaHeTO Ha BUCKO3UTETA.
FNMUeponsbT ChLO MMa YMEPEHO Crafbk
BKyC. Haii-,rimueponoBoto” BUHO €
Cabernet Sauvignon c¢ 11,7 g/l un
Tempranillo (11 g/l).

CeH3opeH aHasn3

CeH30pHUAT aHa/n3 Ha BuHarta
Bknousa 100-TOYKOBO OueHsBaHE C
pesyntatn: 87 Toukm (T.) Tempranillo >
85 1. Gamay > 82 T1. LWappgoHe-
Konomb6apg > 80 T. KabepHe COBUHBLOH /
KnaHTtnaH > 77 1. INMuHo Mpn.

ApomMaTtbT Ha BWHOTO € CJIOXHO
paBHOBecMe Ha JIeT/IMBU CbefUHEHNS,
npousxoxaawy ot rposgeTto (copToBu U
npeagepmeHTaLMoOHHN apomaTu), BTO-
pu4-HU NpoayKTn, obpasyBaHu Mo Bpeme
Ha pepmeHTauns Ha BUHOTO (pepmeHTa-
TMBHW apomartu) 1 No BpeMe Ha HeroBoTo
cTapeeHe (MOCT-hepMeHTATUBHN apomMath)
(Swiegers et al. 2005 r.). BUHOTO cbabpxa
noseye ot 1000 apomMaTHM CbeOUHEHUS C
pasnuyHa MoAsApHOCT, NEeT/IMBOCT U apo-
MaTHO Bb3[ENCTBME, KOUTO ca 6UIn naeH-
TMUUMPaHN BbB BWHEHUA apomMar B
LUIMPOKM KOHLIEHTpaLMOHHN AnMana3oHu - ng,
pg nnmn mg/l (Ferreira, 2010).

ApoMaTbT e BaXKHa XapaxkTepucTu-
Ka Ha BMHOTO (Jiang et al., 2013; Zhang
et al., 2013). MHoro dhakTopn oOkassar
BNNSAHME BbBbPXY HeEro, kato coprta Ha
rpo3feTo, KNnMmaTU4yH1UTE YCrioBUs, arpo-
TEXHUYECKUTE  MEponpuAaTMA U T.H.
(Berdeja et al., 2014; Dennis et al., 2012).

MbpBuTe aBe npobwu BuHa (6enu
BMHA) 651Xa Hanb/IHO pa3/INYHU B CEH30PEH

is convert to lactic acid.

Glycerol is a major component of
wine (2-15 g/L), and its determination at
various stages of wine-making process
provides quality control information
(Bauer et al., 2008).

In dry wine, glycerol is commonly
the most abundant compound, after water
and ethanol. It is often higher in content
in red (~10 (g/liter) than white
(~7glliter)wines. It was often assumed to
be of sensory significance, notably in
viscosity  perception.  Glycerol also
possesses a moderately sweet taste. The
most “glycerol” wine was Cabernet
Sauvignon with 11.7 g/l and Tempranillo
(21 ghy.

Sensory analysis

Sensory analysis of wines includes
100-point scale test with results: 87
points (p.) Tempranillo >85 p. Gamay >
82 p. Chardonnay-Colombard > 80 p.
Cabernet Sauvignon / Chiantiand > 77 p.
Pinot Gris.

The aroma of wine is a complex
equilibrium of volatile compounds that
originate from grapes (varietal and pre-
fermentative aromas), secondary
products formed during the wine
fermentation (fermentative aromas) and
ageing (post-fermentative aromas)
(Swiegers, et al.,, 2005). Wine contains
more than 1000 aroma compounds with
different polarities, volatilities and odour
impacts have been identified in wine
aromas with a wide concentration range
ng, ug or mg/l (Ferreira, 2010).

Aroma is an important attribute of
the wine (Jiang et al., 2013; Zhang et al.,
2013). Many factors influence the aroma
attribute such as the grape variety,
climate conditions, vineyard management
practices and etc. (Berdeja et al., 2014;
Dennis et al., 2012).

The first two wine samples (white
wines) were totally differ.ent in sensory
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acnekT. ToBa 3aBWCM HE cCaMO OT COPTO-
BUTE XapaKTEpPUCTMKM, HO U OT CbAbpPXa-
HVeTO Ha 3axap, MeCTOMOSIOKEHMETO Ha
N03eTO WM cTpaHaTta Ha npowusxofd. bsno
BuHO oT Wtanua (MuHo Tpu wnm MuHo
Mpnaxo) (Purypa 1) uma 6n1e8o XbAT UBAT,
KpaTKkoTpaiiHa ycToiiumBocT (1-2 cekyHan) u
Hall-Beue KMCeNMHeH xapakTep. ToBa BUHO
€ C MasiKo ocTpa MupM3Ma, CbC cpefHa
NM0A0BUTOCT U C BKYC HanoAo6sBall, Lapu-
rpagcko rposzae, kucena a6baka unm LuTpy-
COBM M/100BE.

fruitiness

persistence 3

colour
intensity

alcohol

aspect. It is depends not only from
varietal characteristics, but also from
sugar content, vineyard position or

country of origin. White wine from Italy
(Pinot Gris or Pinot Grigio) (Figure 1) has
pale straw colour, short persistence (1-2
second), and mostly acidic character.
This wine was a little bit tangy with
medium fruitiness and smells and taste
like gooseberries, sour apples or citrus
fruits.

Pinot Gris 2015

Colour: pale straw
Aromatic profile:

bOdy gr)o‘:-.ﬁ‘!?}@l'i'}f.
grapefruit,
apple,
citrus fruits.
sweethess

acidity

dur. 1. CeH3zopeH npoduns Ha Pinot Gris 2015
Fig. 1. Sensory profile of Pinot Gris 2015

BTopoTto 6510 BVHO oT
KOronstouHa ABCTpa/ius e KOMOGUHaUums
ot WappoHe n Konombapg (durypa 2).
Vma apomar Ha Tponuyecku nnaonose,
Hanp. aHaHac, SMMOH W BKycOBe Ha
MaHro, nbnew u amyu. ToBa BUHO € Mo-
MaJIKO NJI040BO W KUCESIO B CPaBHEHWE C
Pinot Gris. BMHOTO nMMa cpegHO XbNT
UBSAT CbC CpeaHo HuUCKa ycToinumeocT (3-4
CEK.), HO € JIECHO 3a MMEeHe.

BKyCcbT U apoMaTHUTE CbeANHEHUS
B  y3pAnOoTO  rpo3ge  3aBucAT  OT
MHOXECTBO MNPOMEH/IMBY, BKIKYUTESHO
COpPTBT, YC/OBMATA Ha OKOJiHaTa cpefa
no BpemMe Ha BereTauvoHHUS nepuog u
KyNTypHUTE MpakTuki. B rposgosute
naogoBe uMa CTOTULM  CbeAUMHEHNS,

The second white wine from south
eastern Australia was a blend of
Chardonnay and Colombard (Figure 2). It
was smells after tropical fruits, e.g.
pineapple, or lemon and tastes after
mango, cantaloupe and lychee. This wine
was less fruity and acidy than Pinot Gris.
Wine has medium vyellow colour with
medium-low persistence (3-4 sec.) but
easy to drink.

The flavour and aroma compounds
in ripe grapes depend on multiple
variables, including variety,
environmental conditions during the
growing season and cultural practices. In
grape berries there are hundreds of
compounds that could potentially
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KoUTO noTeHUMaHo morart fa
JonpuHecaT 3a BKyca M apomata Ha
BMHOTO. BUHOTO € C/ioXHa CMec, B KOATO
BKYCOBUTE W apoMaTHUTE CbefUHEeHUs
umaT MHOXecTBeH npowusxog (Dunlevy et
al., 2009). Cpeg cbeanHeHuaTa, OTroBop-
H/ 3a BUHEHWA apomaT, ca TepneHonw,
C13 HopusonpeHouan, asikoxonu, ecre-
py, NET/IMBU KUCENUHW U NEeTANBUN heHOo-
nn (Aznar et al. 2001, Ferreira et al.,
2002, Rap and Mandery, 1986). NleTnu-
BUTE CbCTaBKM Ha rpo3geTo ce 3acarar
npu  OTCTpaHsABaHETO Ha  JwmcTata
(Roberts et al., 2007)

fruitiness
5

persistence 3

colour
intensity

alcohol

contribute to the flavour and aroma of
wine. Wine is a complex mixture in which
flavour and aroma compounds have
multiple  origins (Dunlevy et al,
2009).Among the compounds responsible
for wine aroma are terpenols,
C13norisoprenoids, alcohols, esters,
volatile acids and volatile phenols (Aznar
et al.,, 2001; Ferreira et al.,, 2002; Rap
and Mandery, 1986).The volatile
composition of grapes has been shown to
be affected by leaf removal (Roberts et
al., 2007).

Chardonnay - Colombard 2015

Colour: medium yellow
Aromatic profile:

bod ;

J pineapple,
cantaloupe,
mango,
lychee.

sweetness

acidity

dur. 2. CeH3zopeH npogunn Ha LWappaoHe- Colombard 2015
Fig. 2. Sensory profile of Chardonnay — Colombard 2015

durypa 3 nokasBa CEH30pHUA
npochna  Ha BUHOTO OT  ®dpaHuus,
Beaujolais - Gamay. ToBa BMHO € CBeT-
10, CBEXO M NNOAO0BO, C HUCHK TaHWH.
BvHO cbC cpefieH pybuHEH UBAT U Chblua-
Ta UHTEH3MBHOCT € TUMWYHO 3a BUMHaTa oT
Beaujolais. YcTtoiiunBocTTa € cpegHa.
MnogoBuTOCTTa € Hal-BaXkHMAT napa-
MEeTbp B TOBa BMHO. BMHOTO nma apomar
Ha yepewn, MaJIMHK, a CbLIO Taka Mma
BKYC Ha TEMEHYXKM 1 kapamgun. Tesu
BMHa ca p[obpu camo B roguHata Ha
pobvBaHe Ha pekonTata M He ce
npenopbyBar 3a AbJ/Ir0 CbXPaHeHue.

Figure 3 shows the sensory profile
of wine from France, Beaujolais -
Gamay. This wine was light, fresh and
fruity, with low tannin. Wine with medium
ruby colour and same intensity, it is
typical for wines from Beaujolais.
Persistence was only medium. The
fruitiness was the most important
parameter in this wine. Wine smells after
cherries, raspberries with the same taste
and tones of violet and cloves. These
wines are good only in young vintages,
and not recommended for long storage.
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fruitiness
’ 4
persistence
colour
intensity
tannin
alcohol

Gamay 2015

Colour:medium ruby
Aromatic profile:

body cherry,
raspbelry,
violet,
cloves.
sweetness
acidity

dur. 3. CeH3opeH npoduna 3a Gamay 2015
Fig. 3. Sensory profile of Gamay 2015

Ot pgpyra cTpaHa, Tempranillo
(durypa 4) oT N103apo-BUHAPCKNSA PETNOH
la MaHuva (MicnaHus) e Hanb/HO pasnny-
HO OT (ppeHckoTo Gamay. ToBa BUHO e C
TbMHO YEepBEH LBAT, CPEAHO YCTONYMBO
(4-5 cek.) n nma BKYC U MUPUC, HaroMm-
HALL Ha yepHuUa, yepella, Kade, b6 U
Ma/lkO Ha AuMMa Ha THTIOHEeBU JfucTa.
ToBa BMHO MpUHaANEXM KbM KaTeropusita
3a cTapeeHe "crianza". VIHTEH3UTETBLT Ha
uBeTa, TA/I0TO U CbAbPXKAHNETO Ha TaHUHM
ca cpefHo-Bucoku. ToBa e Haii-0o6poTo
BMHO OT CEH30pHa rneaHa Touka.

Tempranillo e Hali-pa3npocTpaHeHoTo
OT pasHoOo6pasHWTe COopToBe OT YepBEHO
rposge B McnaHus, koeTo ob6xBalya 06LL0
205,975 xa (20% ot obwata niow, Ha
nossta B McnaHus), Makap 4Ye NoBeyeTo OT
TAX Ce OTreXAaT B YC/NI0BUSA Ha AbXA0BE C
TANWYHU  HUCKM  pobuBk  (£6500kg/ha)
(Gamero et al ., 2014).

B VicnaHua ctapute YyepBeHn BUHA
Ce onpeaensat B 3aBUCMMOCT OT BPEMETO
Ha CbxpaHeHWe B ObpBO U B OyTUNKa.
Taka, TepMVHBT “crianza" ce u3nonssa B
D.O. /la MaHua, 3a ga onuwe BuUHaTAa,
KOMTO ca 6unn gbpXaHu Hai-masnko 6
Mecela B AbpBeHM O6buBM U owe 12

On the other hand Tempranillo
(Figure 4) from La Mancha wine region
(Spain) was totally different from French
Gamay. This wine was medium garnet
colour, medium persistence (4-5 sec.)
and smells and tastes like blackberry,
cherry, coffee, oak and little bit after
tobacco leaf and smoke. This wine was
belongs to the “crianza” aging category.
The colour intensity, body and tannin
content were in medium-high level. It was
the best wine from a sensory point of view.

Tempranillo is the most common
variety of red grape in Spain comprising a
total of 205,975 ha (20% of Spain’s total
vineyard area), though most of these are
cultivated under rainfed conditions with

typically low vyields (<6500kg/ha)
(Gamero et al., 2014).
In Spain, aged red wines are

defined according to the time of storage
in wood and in bottle. Thus, the term
“crianza” is used in D.O. La Mancha to
describe wines that have been kept for at
least 6 months in wood barrels and a
further 12 months in bottles. The term
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Meceua B 6yTunku. TepmuHbT "Pe3epBa”
ce oTHaca 3a BWHa, KouTO ca 6wnu
ObpXaHn Hail-manko 12 wmeceuya B
ObpBeHN 6buBM M 24 mecela B OYTUNKN.
M Hakpasn, "gran reserva" ce oTHacs 3a
BMHA, KOUTO ca 6unn ObpXaHu MnoHe 24
Meceua B AbpsBecnHa n 36 meceua B
o6yTunkm (Castro-Vazquez et al., 2011).

fruitiness
5
persistence 2
colour
intensity
tannin
alcohol

“reserva” applies to wines that have been
kept for at least 12 months in wooden
barrels and 24 months in bottles. Finally,
“gran reserva’ refers to wines that have
been kept for at least 24 months in wood
and 36 months in bottles (Castro-
Vazquez et al., 2011).

Tempranillo 2015

Colour; medium garnet

body Aromatic profile:

blackberry,
cherry,
coffee,
oak.
sweethess
acidity

dur. 4. CeH3opeH npodun Ha Tempranillo 2015
Fig. 4. Sensory profile of Tempranillo 2015

CeH30pHUAT npodun Ha BUHOTO
Chianti (durypa 5) ot TockaHa (UTanus)
umMa 6 cpegHM ©N 2 CPefHO HUCKK
napameTpu. He 3Haem TOYHUA CbCTaB Ha
ToBa BMHO. ToW He Gelwe ynomeHaT Ha
eTnkeTa. LIBeTbT e cpefHO pybuUHEH CbC
cpefHa ycToiumBocT. ToBa BMHO KMMa
apoMaT Ha KbMMHM N € C BKYC Ha
Nn1o40Be OT KbMMHU U BULLHK, CbYETaHN C
Hap (KMCENUHHOCT). BKycbT He Oelle
CWUMEeH, HAaNPOTUB, BOOHUCT.

Chianti e HanpaBeHo o1 70%
Sangiovese, 15% Canaiolo n 15% Malvasia
Bianca n e cb3gageHo B cpepata Ha XIX
Bek. lMbpBaTa AedmHUUMA 3a BUHEHaTa
obnact, HapeuyeHa Chianti, e HanpaseHa
npes 1716 roguHa. TA onucea palioHa
6nm30 go cenata Gaiole, Castellina n
Radda; T.Hap. "/lera gen KuaHTn" un no-
KbCHO "MpoBuHUMA aen KnaHntu" (MpoBWH-

Sensory profile of Chianti (Figure
5) wine from Tuscany (ltaly) has 6
medium and 2 medium-low parameters.
We don’t know the exact composition of
this wine. It wasn’'t on the label. Colour
was medium ruby with  medium
persistence. This wine smells against
blackberries and taste like marion berries
and sour cherry combined with
pomegranate (acidity). The taste was not
strong on the contrary, watery.

Chianti made of 70% Sangiovese,
15% Canaiolo and 15% Malvasia Bianca,
and was created in the middle of the 19th
century. The first definition of a wine-area
called Chianti was made in 1716. It
described the area near the villages of
Gaiole, Castellina and Radda; the so-
called Lega del Chianti and later
Provincia del Chianti (Chianti province).
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uusa YaHtm). Mpes 1932 r. paioHbT Chianti
€ M3usaio npepasrnefaH M pasfeneH Ha
cegem noasoHu: Classico, Colli Aretini, Colli
Fiorentini, Colline Pisane, Colli Senesi,
Montalbano n Rufina (Robinson, 2006).

In 1932 the Chianti area was completely
re-drawn and divided in seven sub-areas:
Classico, Colli Aretini, Colli Fiorentini,
Colline Pisane, Colli Senesi, Montalbano
and Rufina (Robinson, 2006).

Chianti 2015
fruitiness :
5 Colour: mediumruby
_ 4 Aromatic profile:
persistence body blackberry,
4;,,&-‘*% < marionberry,
F il I sour cherry,
/ 1 | pomegranate.
colour { 0 'E sweetness
intensity \% |
b Ilu
N |
N\~
tannin acidity
alcohol

dur. 5. CeH3zopeH npogwun Ha Chianti 2015
Fig. 5. Sensory profile of Chianti 2015

MocnegHoTo BMHO e KabGepHe
CoBUWHbLOH (Purypa 6) ot HKOxHa Adpuka
(Western Cape). KabepHe COBVHLOH €
Hali-noAxoAsAWmMsa CUH COpPT rpo3ge 3a
umeTto. ToBa BMHO MMa CWeH pybuHeH
UBAT M € CbC CcpefHa YCTOWYMBOCT.
ApOMaTUYHMAT NpPodna € CbCTaBeH OT
Kacuc, BULIHA, cCnMBa W KoXa. BuHOTO
uMa CpefHO-BNCOKA WHTEH3UBHOCT Ha
uBeta, askoxosn WU KucenmHHocT. Ot
BCUYKM 4 yepBeHM BMHA Ta3u npoba nva
Hall-BMCOKO CbAbpXaHWe Ha ankoxos no
CEH30pHa OLleHKa, KOeTo € NOTBbPAEHO
ype3 FT-IR cnekTpockonus (13.5%).

Crnopes, Rigou et al. (2013)
apoMaTbT Ha Kacuc € TUMMYeH M 3a
COBUHbOH  (6510) BWHO.  TUMUYHUAT
apomatr wugBa OT copToBusa Tuon 4-
MepKanTo-4-MeTui-2-neHTaHoH (4MMP),
KOWTO MOXe pa Obae OTroBOpeH 3a
pasBMTVETO Ha TO3M apomMalr W B
yepseHuTe BMHa. COPTOBW TNOMN KaTo 4-
MepKanTo-4-MeTun-2-neHTaHoH (4MMP),

The last wine was Cabernet
Sauvignon (Figure 6) from South Africa
(Western Cape). Cabernet Sauvignon is
the most planned blue grape variety on
the word. This wine has strong ruby
colour with medium persistence. Aromatic
profile was composed from blackcurrant,
sour cherry, plum and leather. Wine has
medium-high colour intensity, alcohol and
acidity. From all 4 red wines this sample
has the highest alcohol content in
sensory analysis and also confirmed by
FT-IR spectroscopy (13.5%).

According Rigou et al. (2013) the
blackcurrant aroma is typical also for
Sauvignon (white) wine. The typical
aroma comes from varietal thiol 4-
mercapto-4 methyl-2-pentanone (4MMP)
and could be responsible for such aroma
development also in red wines. Varietal
thiols such as 4-mercapto-4-methyl-2-
pentanone (4MMP), 3-(mercapto) hexyl

93



3- (mepkanTo) xekcun auetat (SMXA) u
3-mepkanTo-1-xekcaHon (3MH) L, 4 ng/L
n 60 ng/L, ca MOWHM apoMaTUyHu
NeTNVBN CbeLUHEHUS, KOUTO CbCTaBNs-
BaT COpPTOBMSA apomar Ha BWHOTO. Te
moraT fa ce Hamepar B Cabernet
Sauvignon, cmecnm oT bopgo v ap.
(Peyrot des Gachons et al., 2002; Pineau
et al., 2009).

fruitiness

5

persistence 4
3

colour
intensity
tannin

alcohol

acetate (3MHA) and 3-mercapto-1-hexanol
(3MH), with perception thresholds in wine of
3 ng/L, 4 ng/L and 60 ng/L, respectively, are
powerful odoriferous volatile compounds
that constitute the varietal aroma of a wine.
They can find them in Cabernet Sauvignon,
Bordeaux blends etc. (Peyrot des Gachons
et al., 2002; Pineau et al., 2009).

Cabernet Sauvignon 2015

Colour: strong ruby
Aromatic profile:

body blackcurrant,
sour cherry,
plum,
leather.
sweethess
acidity

dur. 6. CeHzopeH npogunn Ha Cabernet Sauvignon 2015
Fig. 6. Sensory profile of Cabernet Sauvignon 2015

AHTNOKCUAAHTHA aKTVBHOCT

Hali-Bucoka aHTMOKCUAAHTHA aKTWB-
HOCT ype3 ABTS (Tabnuua 2) e oTkpuTa B
npob6a Tempranillo n HamansBa B cnegHus
pen: KabepHe CoBMHbLOH > Mamaii > KnaHTu
> WapgoHe > MNuHo Npu. B yepBeHuTe BUHa
€ OTKpuTa No-BMCOKa aKTUBHOCT B CPaBHe-
HWe c 6envTe BMHA, KOETO He e W3HeHan-
BalLo nopaau CbAbpPXaHWeTO Ha aHTouma-
HW B Te3n Buaose BuHa. Garaguso u
Nardini (2015) npoBepsiBaT aHTMOKCUOAHT-
Hata akTMBHOCT Ha YepBEeHO OpraHnyHo
(6e3 pobaBsiHe Ha CynguTM) U KOHBEHLMO-
HautHO BMHa no ABTS meToga 1 ycTtaHOBS-
BaT MNO-BMCOKA aKTUBHOCT B OpraHuyHuTE
BMHA B CPaBHEHWE C KOHBEHUWOHasIHUTE,
BbMNPEKM Ye pas3nNkuTe He ca cTatucTnyec-
KM 3HauMMu. B TAXHOTO npoy4yBaHe npoba
Ha Cabernet Sauvignon oT 6MONOIMYHO

Antioxidant activity

The highest antioxidant activity by
ABTS (Table 2) was detected in sample
Tempranillo and decreased in following
order: Cabernet Sauvignon > Gamay >
Chianti > Chardonnay > Pinot Gris.
Higher activity was signed in red wines
with compare to white wine, which is not
surprising due to the anthocyanins
content in these kinds of wines.
Garaguso and Nardini, (2015) tested
antioxidant activity of red organic (without
sulfites addition) and conventional wines
by ABTS method and found higher
activity in organic wines compared to
conventional wines, although differences
were not statistically significant. In their
study sample of Cabernet Sauvignon
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Npou3BOACTBO MOKa3Ba aHTUOKCUAAHTHA
aktmBHocTt 15,2 mM TEAC/L, pgokarto
npobara OT KOHBEHLMOHA/IHOTO MPOU3BOJ-
cTBO nokassa 15,5 mM TEAC/L. Tauhen et
al., (2015) wscnegBaT aHTMOKCMAAHTHaTa
aKTMBHOCT Ha BMHa oT [py3us, LleHTpasHa
n 3anagHa EBpona v ycTaHOBSBAaT, ye rpy-
3UHCKMTE YepBeHU BUHA MokKas3BaT No-B1COK
aHTMOKCVOAHTEH NOTEHUMas OT YepBeHUTe
BUHa oT LeHTpanHa v 3anagHa Eepona. B
CBOETO MpoyyBaHe T[PY3NHCKUAT MecCTeH
copT Saperavi nokassa Hail-BUCOK aHTW-
oKcupaHTeH edpekT, cnegsaH oT Pinot Noir
n Cabernet Sauvignon. OcBeH TOBa rpy3uH-
CKUTE YepBeHW BMHA Ce OoT/Inyasart oT yep-
BeHUTe BuMHa OT LleHTpanHa n 3anagHa
EBpona ¢ no-BvCOKO CbAbpXaHWe Ha KBep-
LeTWH, KaMhepon U CUPUHTOBA K1cenuHa u
C TMO-HUCKO CbAbpXaHWe Ha TpaHc-
pecsepatpos. B HaweTo uscnensaHe TecT-
Baxme BWHa OT ABcTpasivsa, Adpuka, LieH-
TpanHa n 3anagHa Espona. Hakonko npo-
yuBaHWA NOTBbPXAABaT, Ye aHTUOKCUOaHT-
HUAT edPeKkT U CbAbpXaHMeTo Ha deHonu
BbB BMHATa Cca MOBAUAHWU OT reorpadyckms
Npou3xo 1 OT CopTa, KakTo U OT BUHOMPO-
n3BogcTBoTo (Garaguso and Nardini, 2015,
Ivanova-Petropulos et al., 2015, Tauchen et
al., 2015).

from organic production had antioxidant
activity 15.2 mM TEAC/L whereas
sample from conventional production
15.5 mM TEAC/L. Tauhen et al., (2015)
tested antioxidant activity of wines from
Georgian, Central and West Europe and
found that Georgian red wines showed
higher antioxidant potential than red
wines from Central and Western Europe.
In their study Georgian native cultivar
Saperavi showed highest antioxidant
effect followed by Pinot Noir and
Cabernet Sauvignon. Further, Georgian
red wines differed from Central and West
European red wines by higher content of
quercetin, kaempferol, and syringic acid
and by lower content of trans-resveratrol.
In our study we tested wines from
Australia, Africa, Central and West
Europe. Several studies confirmed that
antioxidant effect and content of
phenolics in wines are influenced by
geographical origin and by cultivar as well
as wine-making technology (Garaguso
and Nardini, 2015; Ivanova-Petropulos et
al., 2015; Tauchen et al., 2015).

Tabnuuya 2. N3cnegBaHe Ha o6e3uBeTsiBaHeTOo Ha ABTS pagukasieH KaTuoH U
MON64eH, HaMasisiBallo aHTUOKcnaaHTHaTa MmowHocT (MRAP) Ha oLeHeHUTe BUHa
Table 2. ABTS radical cation decolorization assay and molybdenum reducing
antioxidant power (MRAP) of evaluated wines

Mpo6a / Sample

ABTS [mg TEACI/L]

MRAP [mg TEAC/L]

Tempranillo 1008.28 £30.25 2608.36 +0.83
Cabernet Sauvignon 996.19 +14.34 1154.73 +6.91
Gamay 886.56 £9.56 958.91 £5.09
Chianti 796.96 +4.79 1159.54 +6.06
Chardonnay 535.76 £8.97 1197.07 +6.79
Pinot Gris 393.74 £17.93 883.23 £8.09

TEAC - Trolox equivalent antioxidant capacity; ABTS (2,2 -azinobis[3-ethylbenzthiazoline]-6-sulfonic acid);

+standard deviation

TEAC - ekBuBanieHTeH Ha Trolox aHTMokcugaHTeH kanaumTeT; ABTS (2,2'-a3uHo6buc [3-eTunbeH3TnasonvH] -

6-cynghoHoBa KUCENMHA); + CTAHAAPTHO OTK/IOHEHUe

Upe3 meToga Ha MonnbAeH, Hama-
NnsBall, aHTMOKCUAAHTHOTO AeilcTBMe, Hai-
[obpu pesyntatn 6sixa OTKpUTM B npoba
Tempranillo (Tabnvua 2) n Hamanssaxa B
cnegHusa pep: Chardonnay > Chianti >
Cabernet Sauvignon > Gamay > Pinot Gris.
TeHaeHuuATa Ha aHTUOKCUJaHTHaTa

By molybdenum reducing
antioxidant power method the best values
were detected in sample Tempranillo
(Table 2) and decreased in following
order: Chardonnay > Chianti > Cabernet
Sauvignon > Gamay > Pinot Gris. The
tendency of antioxidant activity by this
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aKTMBHOCT MO TO3W MeTo4 € MasKo Mo-
pa3nimyHa B cpaBHeHue c meToga ABTS.
OcHoBHarta npuyunHa e, ye metoabT ABTS
N MeTo4bT - MONMGAEH, HamansaBal, aHTu-
oKCuAaHTHaTa MOLUHOCT, Ce U3BbpLUBAT Ha
pasnuyeH npuHumn. Mpu ABTS wmeToAa,
aHTMOKCKAaHTWUTe OT npobaTta enmMuHupar
CUHTETUYHUS pajukasl; Tblh kaTo, kaTo
enumuHaTopu paboTAT NPeavMHO MUHe-
pasiHN CbeAVHEHUS, BUTAMWHWU, KaKTo W
nonundpeHonu. Mpu monubaeH, Hamanasal,
aHTMOKCUAAHTHUTE MeToAM, aHTUOKCUOAH-
TUTe (rnaBHO NOANMPEHONN M eCcTecTBeHu
ouBeTuTenun) ot npobarta gelncTBar Karto
peayktoHuM 1 Hamanasatr Mo VI go Mo V.
Mopaan Tasn npuuMHa € Heobxoaumo 3a
TecTBaHe Ha aHTMOKCUAAaHTHaTa aKTMBHOCT
Ha npo6ata ga ce M3Mon3sBa MnoBeye OT
e[VH MeTof.

BuHoTo Tempranillo nma Hai-B1coka
aKTMBHOCT M Mpu ABarta M3Mnos3BaHn aHTu-
oKcuaaHTHU MeTtoaw. [o-BuCOKaTa aKTuB-
HOCT uype3 meTofa Ha mMonubaeH, Hamasa-
Ball, aHTUOKCMAaHTHaTa MOLLHOCT, ce
OoTKpuBa 1 BbB BMHOTO LLlapaoHe. B npoyuy-
BaHeTO Ha Ma et al.,, (2014) ca oueHeHu
6enn BuHa n oT TAX WapgoHe n YeHuH
BnaH nokasaBaT Hail-BMCOKA aHTUOKCU-
[JaHTHa aKTMBHOCT, KakTo W (PEHOSIHO Cb-
ObpXaHue. B HaweTo u3cnefsaHe B Npo-
6ata Ha Pinot Gris e ycTaHOBEHa Haii-HuC-
Kata akTMBHOCT W NpW AsaTta M3non3saHu
mMeToza.

O6wo nonmdeHoNHo, h1aBoOHOULHO
U CbAbpxaHve heHosHa KucemHa

O6WoTO CcbAbpXaHWe Ha nonude-
Hon (Tabnuua 3) B M3cnegsaHWTe BMHA €
Hali-go6po npu npobarta Ha Chianti n Hama-
nsBa B cnefHus pep: KabepHe COBMHBOH >
Temnpanuno > Mamaii > WapgoHe > MyHO
puc. Haii-Bucoka CTOMHOCT € OTKpuTa B
npobata Ha Chianti n Cabernet Sauvignon.
Lucena et al. (2010) ycrtaHoBsiBaT B
Cabernet Sauvignon konMyectso 06LLM
nonunceHonn — 5400 mg GAE/L, koeTo e
HAKOJIKO NBTU MNO-BUCOKO B CpaBHEHMEe C
HaweTto wu3cnegsaHe. Crtpatmn u  gp.,
(2008) nybnvkyBaT B TAXHO MpoyyYBaHe
YCTAaHOBEHO KO/IMYEeCTBO 06LLM nonudeHo-
nn B KabepHe COBUHBLOH OT Yexma — 1550
mg/L n B KabepHe COBMHbOH OT
ApxeHTuHa — 1973 mg/L. Miti¢ et al. (2010)
uscneasar obLmTe NoAUPEHON BbB BUHO

method is little different with compare to
ABTS method. The main cause is that
ABTS and molybdenum reducing
antioxidant power method run in different
principle. In ABTS antioxidants from
sample eliminate synthetic radical; as

eliminators  works  mainly  mineral
compounds, vitamins as well as
poylphenols.

In molybdenum reducing
antioxidant power method antioxidants
(mainly  polyphenols  and natural

colorants) from sample act as reductones
and reduce Mo" to Mo". From this
reason is necessary for testing
antioxidant activity of sample use more
than one method.

Tempranillo wine had the highest
activity in both used antioxidant method.
The higher activity by molybdenum
reducing antioxidant power method was
detected also in Chardonnay wine. In
study Ma et al., (2014) were evaluated
white wines and from these Chardonnay
and Chenin Blanc showed the highest
antioxidant activity as well as phenolic
contents. In sample of Pinot Gris was
detected in our study the lowest activity
by both used method.

Total polyphenol, flavonoid and
phenolic acid content

Total polyphenol content (Table 3)
in evaluated wines was the best in
sample of Chianti and decreased in
following order: Cabernet Sauvignon >
Tempranillo > Gamay > Chardonnay >
Pinot Gris. The highest value was found
in sample of Chianti and Cabernet
Sauvignon. Lucena et al, (2010)
determined in Cabernet Sauvignon
amount of total polyphenols 5400 mg
GAE/L which is several times higher with
compare to our study. Stratil et al., (2008)
published in their study amount of total
polyphenols in Cabernet Sauvignon from
Czech Republic 1550 mg/L and in
Cabernet Sauvignon from Argentina 1973
mg/L. Miti¢ et al.,, (2010) tested total
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LWappgoHe (253.8 mg GAE/L) n yctaHoBsiBat
CXOHW Ha yCTaHOBEHUTEe B HaleTo npo-
yuBaHe pe3yntaTtu, Kbaeto B LapgoHe ce
ycTaHoBu 279.22 mg GAE/L KonnyecTBo
nonvdeHonn. CtaTtucTMYeckn CUHa Kope-
naupsa (p < 0,05) e HabnwgasaHa B HaWeETO
uscneasaHe Mexpgy OO6LOTO CbAbpXaHue
Ha nommdpeHom u ABTS  meTopa
p =0,921).

polyphenols in Chardonnay wine (253.8
mg GAE/L) and found similar results like
in our study, when in Chardonnay wine
was determined 279.22 mg GAE/L

amount of polyphenols. Statistically
strong correlation (p < 0.05) was
observed in our study between total

polyphenol content and ABTS method
(p =0.921).

Tabnuuya 3. 0610 cbabpXaHue Ha nonndeHonn, eHosIHa KuceanHa n oiaBoHomnam

Ha OUueHeHnTe BUHa

Table 3. Total polyphenol, phenolic acid and flavonoid content of evaluated wines

Total Total phenolic Total flavonoids
Mpoba / Sample polyphenols acids [mg QE/L]
[mg GAE/L] [mg CAE/L]

Tempranillo 702.56 +2.36 526.29 +3.46 362.89 +14.85
Cabernet Sauvignon 710.33 £8.64 528.55 +0.83 328.83 +2.39
Gamay 684.22 +9.86 532.96 + 3.19 294.07 £5.22
Chianti 718.67 +9.43 531.69 + 3.61 221.45+5.42
Chardonnay 279.22 +0.79 119.92 +4.99 2431 +3.41
Pinot Gris 222.01 +7.28 83.55 +9.29 5.26 + 0.07

GAE - Gallic acid equivalent; QE — quercetin equivalent; CAE — caffeic acid equivalent; +standard deviation
GAE - eKB/Ba&/IEHT Ha [/IIOKOHOBa KucesvHa, QE - ekBuBaneHT Ha kBepueTuH; CAE - ekBMBaIeHT Ha

KOCbeVIHOBa KNCennHa; £ cTaHaapTHO OTK/IOHEHWE

O6u0TO CbabpXaHne Ha dhiaBo-
Homgn (Tabnuuya 3) B um3cnegBaHuTe
BMHA € Hali-BUCOKO B npobarta Ha
Tempranillo n HamansBa B crnegHus pea;:
KabepHe CoBWMHbLOH > amaii > KnaHtu >
WapaoHe > MwuHo Tpuc. MogobHO Ha
06WKMA CbAbpPXaHWe Ha NoMd)eHonu, B
npobara Cabernet Sauvignon e oTkpuTta
no-BMCOKa CTOMHOCT Ha 06wy h/iaBOHOU-
an. Jiang n Zhang (2012) npoBepsiBaT
obwute QnasoHoMAM BBLB BUHA OT
Cabernet Sauvignon OT YeTupun pasiMyHn
palioHa Ha oTIexgaHe Ha rposge B
Kutaii n pesyntatute um 3a TO3M BUg
BWHO BapupaT ot 1129.8 go 2710.4 mg
GAE/L. Ma et al. (2014) yctaHoBSIBaT, 4e
BbB BWHOTO OT Cabernet Sauvignon
JOMUHUpAT p/1laBOHOUAUTE — KaTEXMH,
cnegBaH OT KBepueTuH, B Gamay e
CXO4HO, T.e. AOMWHMpA KaTexwuH, crepg-
BaH OT pyTWH. Te3n aBTOpM MOTBBLPXAA-
BaT CblLO, Ye YEpPBEHUTE BUHA MMaT Mo-
rofIIMoO  KONMM4ecTso (pnasoHOMAW, MNo-
[O6HO Ha Te3u B HaweTo n3cnessaHe. B
LWapaoHe n MuHo 'pu ce ycTaHOBU Hali-

Total flavonoid content (Table 3) in
tested wines was the highest in sample of
Tempranillo and decreased in following
order: Cabernet Sauvignon > Gamay >
Chianti > Chardonnay > Pinot Gris.
Similarly like in total polyphenols, higher
value of total flavonoids was found in
Cabernet Sauvignon sample.

Jiang and Zhang (2012) tested total
flavonoids in Cabernet Sauvignon wines
from four different grape-growing region
in China and their results in this kind of
wine ranged from 1129.8 to 2710.4 mg
GAE/L. Ma et al. (2014) found that in
Cabernet Sauvignon wine is dominant
from flavonoids catechin following by
quercetin, in Gamay is similarly dominant
catechin following by rutin.

These authors also confirmed that red
wines had higher amount of flavonoids
similar like in our study.

In Chardonnay and Pinot Gris was
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HUCKOTO CbAbpXaHue Ha dnaBoHOUAN.
Miti¢ et al. (2014) oTtkpmBaT B LlapaoHe
KONM4ecTBo Ha thnaBoHouam oT 46.29 mg
CE/L (kaTexumHOB ekBMBasneHT). Crtartuc-
Tnyeckn cunHa Kopenauusa (p < 0,05) e
HabnwogaBaHa B HaweTo u3ciefBaHe
Mexay o6LoTo CbhbAbpxaHue Ha dpnasBo-
Homan n metoga ABTS (p = 0,912).

O6LWoTO CbhbAbpXaHue Ha heHonHa
kncenuHa (Tabnuuya 3) B wu3cnegBaHuTe
BMHA e Hai-BMCOKO B nNpobaTta Ha Gamay 1
Hamansiea B cnegHus peg: Chianti >
KabepHe CoBuMHbOH > Tempranillo >
LWapgoHe > Pinot Gris. Ma et al., (2014)
onpefenst MpUCLCTBMETO Ha OEHOsHU
kncenvHn B Gamay BUHO M YCTaHOBSBAT,
ye XVApPOKCUKAMMHOBA KUCeNVHa JOMUHMPA
B TOBa BMHO, KODEVMHOBA KUCENMHA, Crel-
BaHa OT X/I0pOreHHa 1 p-KymapoBa Kucesnu-
Ha, OOKaTo OT XUAPOKCUMBEH30eHUTE Kuce-
NIMHM JOMVHMpa canvuuioBaTa KUcenunHa,
cnefpaHa OT rasioBa W reHTM3rHOBa Kuce-
nvHa. Burin et al., (2011) onpegensit BbLB
BuHO oT Cabernet Sauvignon, kodenHosa
KncenuHa, p-kymaposa ¥ depysioBa Kuce-
NvHa. Benute BMHa UMaT MO-Manko KO-
yecTBO OT Te3u cbeAuHeHusi. B LlapaoHe
JoMuHMpaT KothemHoBa W TEHTU3MHOBA
kncenuHa (Ma et al., 2014). Ctatnctnyecku
cunHa kopenauua (p < 0,05) e Habno-
[JaBaHa B HalleTO Wu3cneABaHe Mexay
06LO0TO CbAbpXaHne Ha PeHOTHU Kncenm-
HU n ABTS meToga (p = 0,917).

O6LL0 CbAbpXaHMe Ha aHTouuaHu

Mpu uepBeHWUTE BMHA € YyCTaHO-
BEHO O06LOTO CbAbpXaHWe Ha aHTouma-
HW, KOETO € Haii-BMCOKO B npobarta Ha
Chianti — 751.45 + 5.83 mg/L n Hamansiea
B cnegHus pepn: KabepHe COBVHbOH
(534.36 + 2.58 mg/L) > Tempranillo
(450.87 £ 5.44 mg / > Gamay (166.99 +
3.98 mg/L). AHTOUMAHMTE B 4YepBEHUTE
BMHA Ca MHOr0O BaXKHW, Tbii KaTo LUBETbT
Ha YepBEHOTO BMHO Ce AbJ/DKW [NTaBHO Ha
aHTounaHu, noslydeHn OT nnofoBeTe
(MOHOMeEpHY nnn cBo60AHN "aHTOLMaHKN")
W NONMMEPHU MUrMeHTU, obpasyBaHu OT
aHTouMaHNTe ypes3 KOHAEeH3auusa ¢ apyru
(hNaBOHOUAHN CbEeAVHEHUS U BEPOATHO
anjgexmgn npu  crtapeeHe Ha BUWHOTO
(Bakker et al., 1986). Aquirre et al., (2011)

determined the lowest content of total
flavonoids. Miti¢ et al. (2014) found in
Chardonnay amount of flavonoids 46.29
mg CE/L (catechin equivalent).
Statistically strong correlation (p < 0.05)
was observed in our study between total
flavonoid content and ABTS method
(p =0.912).

Total phenolic acid content (Table
3) in tested wines was the highest in
sample of Gamay and decreased in
following order: Chianti > Cabernet
Sauvignon > Tempranillo > Chardonnay >
Pinot Gris. Ma et al., (2014) determined
in Gamay wine presence of phenolic
acids and found that from
hydroxycinnamic acids is dominant in this
wine caffeic acid following by chlorogenic
and p-coumaric acid, whereas from
hydroxybenzoic acids is dominant
salicylic acid following by gallic and
gentisic acid. Burin et al., (2011)
determined in Cabernet Sauvignon wine
caffeic acid, p-coumaric and ferulic acid.
White wines had lower amount of these
compounds. In Chardonnay is dominant
caffeic and gentisic acid (Ma et al., 2014).
Statistically strong correlation (p < 0.05)
was observed in our study between total
phenolic acid content and ABTS method
(p =0.917).

Total anthocyanin content

In red wines was also detected
total anthocyanin content which was the
highest in sample of Chianti — 751.45
+5.83 mg/L and decreased in following
order: Cabernet Sauvignon (534.36 +2.58
mg/L) > Tempranillo (450.87 +5.44 mg/L)
> Gamay (166.99 +3.98 mg/L).
Anthocyanins in red wines are very
important because the color of red wine is
due principally to anthocyanins derived
from the fruit (monomeric or free’
anthocyanins) and polymeric pigments
formed from the anthocyanins by
condensation  with  other flavonoid
compounds and probably aldehydes
during wine aging (Bakker et al., 1986).
Aquirre et al., (2011) tested anthocyanin
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uscneasart CbAbpPXaHUMETO Ha aHTouMaHu B
yepBeHn BMHA OT uumnmiicko KabepHe
COBMHBLOH U KaTO AOMUHMpALLM aHToLMaHN
B Te3n BMHA Ca YCTAHOBEHW BUTU3MH A OT
malvidin-3-O-rnoko3na. Tes3un aBTopu
cbobLaBaT CblLL0, Ye CbAbPKAHWETO Ha
aHtoymaHm B 6, 7 M 8 roAMWIHO BUWHO
KabepHe COBUHLOH, CbXpaHsaBaHo B ByTu-
KW, € MHOTo pas/iInyHoO OT CbAbPXaHNETO B
M1ago BUHO. CBOGOAHWTE aHTOLUMaHWH
HamasiaBaT 3HauyuMTeNHO C Bb3pacTTa, kaTo
eQHOBPEMEHHO C TOBa ce YyBenuyasaT
KOHAEeH3npaHuTe npoaykTtu. MNpogykrute ot
KOHAEeH3aumMsaTa Ha aHTouuaHu B cTapuTe
yepBeHn BuHa OT Cabernet Sauvignon ca
OTFOBOPHMN 3@ TEeXHWUSI MO-HUCHK aHTUOKCU-
[JaHTeH KanauuteT B CpaBHEHWe C TO3M Ha
MMaguTe BUHA.

n3BOAU

B 3aknwo4yeHve, NOTBLPAEHO €, 4e
yepBeHWTe BMHA MMAaT MO-BMCOKM HMBA Ha
06wy nonudpeHonn, nasoHoOUAN, KakTo n
aHTOLMaHWH, OTKOMIKOTO 6envte BUHA, a
CbLUMAT e pe3ynTaTbT U 3a aHTUOKCUAOAHT-
HMA kanauuteT. O6wnte (heHonM U aHTu-
oKCvaaHTHara aktuBHocT 4pe3 ABTS
MeTo[a ca B Cu/Ha kopenauus. Pesynrtatu-
Te oT 6uonornyHaTa akTMBHOCT Moka3BsarT,
ye Tempranillo uma Hali-gobpata akTuB-
HOCT, U3nnTaHa ype3 Mmetofa Ha MonNnbaeH,
HamasisBall, aHTMOKCUAaHTHaTa MOLLHOCT,
KakTo 1 ype3 ABTS meToga. B Tasm npoba
6eLle OTKPUTO Y HaR-BUCOKOTO ChAbpXaHue
Ha obwuma pnasoHonan. OnpesensHeTo Ha
6uonormyHaTa akTMBHOCT MOXe fAa 6bae
HanpaBeHO Ype3 MpPakTMYHO W MNPOCTO
n3MepBaHe 3a OLeHKa Ha XapaKkTepucTukuTe
Ha pas/IMyHM HUCKOOBIOMXETHW BuHA. Hue
CblLO Taka ycTaHoBUXME 14 XUMWYECKM Cb-
eAVHEHNS 1 HanpaBMXMe CEH30pHa OLeHKa
ype3 100-6aneH TecT. Hue m3pasnxme cex-
30pHUA NPOhMN Ha BUHOTO Ype3 pajapHuTe
rpachukn. Pesyntatute nokasaxa, ye Haii-
[06pOoTO BMHO € mcnaHckoTo Tempranillo.
He cme 3abenasann B ceH3opHaTa OLEHKa
KakBuTO M Ja € pasBa/ii Ha BWHOTO WM
HeJocTarbUy.

composition in aged Chilean Cabernet
Sauvignon red wines and as dominant
anthocyanins in this wines found vitisin A
of malvidin-3-O-glucoside. These authors
also reported that the anthocyanins
content in 6, 7 and 8 year old Cabernet
Sauvignon wine stored in bottles are very
different from the content in young wine.

Free anthocyanins decreases
significantly ~ with age, with  the
concomitant increase in condensed

products. The condensation products of
anthocyanins in aged Cabernet
Sauvignon red wines are responsible of
their lower antioxidant capacity in relation
to young wines.

CONCLUSIONS

In summary, it was verified that the
red wines had higher levels of total
polyphenols, flavonoids as well as
anthocyanins than white wines and the
same is obtained for antioxidant capacity.
Total phenolics and antioxidant activity by
ABTS method were highly correlated.
Results of biological activity showed that
Tempranillo had the best activity tested by
molybdenum reducing antioxidant power
method, and also by ABTS method. In this
sample was also detected the highest
content of total flavonoid. The
determination of biological activity could
be a practical and simple measurement to
evaluate the characteristics of different
low budget wines. We also measured 14
chemical parameters and sensorically
evaluated with a 100-point test. We have
expressed the sensory profile of wine by
radar charts. The results showed that the
best wine was Spanish Tempranillo. We
did not notice in sensory evaluation any
wine spoilage or faults.
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PE3IOME

LiBeTHUTE 1 6e3uBeTHN hopmn Ha
(PEHOSTHUTE CHLEAUHEHUS daBaT He camo
nbpBaTa M HenocpeAcTBeHa npejcTasa
3a BMHOTO, HO CbLLO Taka ca 1 nokasaTen
3a HeroBoTo kKavecTBoTO. Llenmte Ha
HacTosLLEeTO wu3cregBaHe ca fga ce
onpefenn BAUSHMETO OT MpunaraHe Ha
YyNTPasBYyK BbPXy XeMOMETPUYHUTE CBOM-
CTBa Ha pas3nuuHuTe BuUHA. po3geTto oT
Vitis vinifera L. coptoBe Mepno, AnukaHT
6ywe n Konombapg e o6paHo npu onTtu-
MaUsiHa 3psnocT (25 °Brix) n TpaHcnopTu-
paHo Jo EkcnepvmeHTasiHaTa BMHapcka
usba. BuHuukauusaTa e nposefeHa B
CbOTBETCTBME C 06LlONpPUEeTUTE Mpouecu
3a npepaboTka Ha CypOBMHaTa 3a BUHO-
NPOM3BOACTBO C W3K/OYEHNE Ha [obas-
kKata Ha SO, (He e npwuniaraHo cynuTu-
paHe). MNonyyeHutTe BUHA ca MOLJ0XKEHU
Ha ynTpa3BykoBa o06pab6oTka npu 40
kHz/10, 15, 20 n 40 MuHyTK, NocneasaHo
OT MHKy6upaHe B Npogb/hkeHne Ha 3 n 6
4y npu Temneparypa 25°C Ha TbMHO. BbB
BCUYKM NPOGU ca onpefesieHn OCHOBHUTE
N HSAKOW chneuudmyHn napameTpu Ha
BMHOTO:  %D280, %D420, %D520,

SUMMARY

Colored and non-colored phenolic
compounds of wines gives not only the
first and immediate image of the wine, but
also acts as a quality indicator of wine.
So, the objectives of this study were to
determine the influences of ultrasound
applications on chemometrical properties
of different wines.

Grapes of Vitis vinifera L. cvs. Merlot,
Alicante bouschet and Colombard were
harvested at optimum maturity (25 °Brix)
and transported to the Experimental
Winery. Wine production were done
according to the accepted wine production
procedures with exception of SO, (it was
not added) addition.

Obtained wines were subjected to
ultasonication at 40 kHz / 10, 15, 20 and
40 minutes followed by incubation for 3h
and 6h at 25 °C in the dark. In all samples
basic wine parameters and some specific
parameters were determined: %D280,
%D420, %D520, %D620, CD: Colour
density, Cl: Colour intensity, T: Tint value,
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%D620, CD nnbTHOCT Ha ugeta, CI
WHTEH3UTeT Ha uBeTa, T CTOWHOCT Ha
HoaHca, dA%, %Y OoTHOCUTENEH AAN Ha
XbATNA UBAT, %R oTHOCUTEseH gan Ha
yepBeHus UBAT U %B oTHocuTeneH Asan
Ha CUHUA UBAT. JonMb/HUTENHO ca onpe-
JeneHn CbLLO Kopenaunsata Mexay Xemo-
METPUYHUTE CBOIWCTBA Ha BWHOTO W
obwuTe heHonn, KakTo U aHTUOKCUAAHT-
HaTa aKTMBHOCT Ha npobute. CTOWHOCTU-
Te Ha BCUYKU onpeneneHn nokasaresv ca
B XapakTepHuTe AmanasoHu. 3HauuTenHu
pas3nnkM ca yCTaHOBEHW Mpu 4YepBeHuTe
BuHa (Mepno n AnunkaHT bylue), TpeTupa-
HMW B npoab/mkeHne Ha 40 MUHYTM 3a
napametpute Ha CIELAB. Pesyntatute
OT TOBa MpoyyBaHe rnokassar 3Ha4YeHneTo
Ha npousxoja M copTa Ha rpo3feTo 3a xe-
MOMETpPUYHUTE CBOIiCTBA Ha BMHATa U Bb3-
MOXHOCTTa 3a 1M3nosisBaHe Ha To3n MeTo/ B
NPOMULLTIEHOCTTA C Pas3/iInyHn Lenn.

Kntouosu AyMu: YNTpa3BYyK,
XeMoMeTpus, BUHa

YBO/,

LiBeTbT Ha BMHOTO He e camo
NMbpPBOTO HeLo, KoeTo 3abensssame, HO
CbLU0 € M BaxHa XapakTepucTukKa, KOATO
onpenens KOHCYMarOpCKUA WHTepec Wu
JaBa uHopmauns 3a Herosarta Bb3pacT
1 ycnoBusTa Ha cbxpaHeHue (Boido et al.,
2006; Martin and Sun, 2013). L|BeTbT Ha
yepBeHuTe 1 6enute BrMHA ce onpeaens
OT CbAbpXalluTe ce UBeTHM 1 6e3uBeTHU
oeHOoNHN cbeanHeHns (Somers, 1998).

YNTpa3BykbT MOXe Aa 6bhe usnos-
3BaH BbB BMHOMNPOW3BOACTBOTO 3@ YCKOpS-
BaHe npoueca Ha CTapeeHe 1 3a no-6bp3a
ekcTpakuymsa (Martin and Sun, 2013). Mpw
obpaboTkata C YynTpa3Byk MoraT fa ce
HabnogaBaT HAKOM XUMWYHW peakuuu, no-
paau npoMeHWTe B TemnepaTtypaTta, Hansra-
HEeTO M pasnaga Ha MuKpomexypyeTara.
Te3n XUMUYHU peakuun, KOUTO YNTPasBYKbT
ycKopsiBa Morart CbLU0 Taka fa npeaussukar
HSKOW M3MEHEHNS BbB BUHOTO (Zhang et al.,
2016). Bbnpekn ye Tasy TexHWka Beuye ce
u3nos3ea, B JfiTepatypata uma Masiko
MHGOPMaLMS OTHOCHO HeHUS eddeKT BbPXY
uBeTa Ha BMHOTO. Zhang et al. cbobuwasar,
ye obpaboTkata ¢ ynTpassyk (100 kHz 60

dA %: Proportion of red color produced by
flavylium cations, % Y: Proportion of
yellow color, % R: Proportion of red color
and % B:

Proportion of blue colour. Additionally,
correlation of chemometric wine
properties and total phenols, antioxidant
activates were determined. All standard
parameters were determined to be within
required ranges. Significant differences
were determined for red wines (Merlot
and Alicante bouschet) concerning
treatment done with duration of 40
minutes for CIELAB parameters. The
results of this application demonstrated
the importance of grape origin and
varieties on chemometrical properties of
wines and possibility of industrial
evaluation of this technique with different
purposes.

Key words: ultrasound, chemometry,
wines

INTRODUCTION

The color of wine is not only the
first property to be noticed, but it is also
an important property that determines the
level of consumer acceptance and informs
about wine age and storage conditions
(Boido et al.,2006; Martinand Sun, 2013).
The colors of red and white wines are
derived from the colored and non-colored
phenolic compounds found in wine
(Somers, 1998).

Ultasound application could be
used in as accelerating wine aging and
rapid extraction technique of wine
production (Martin and Sun, 2013).During
the ultrasonication  process, some
chemical reactions may occur due to the
temperature and pressure that occur and
the collapse of microbubbles. These
chemical reactions that accelerate with
ultrasound process can also cause some
changes in wine (Zhang et al., 2016).
Even the fact that this technique was
begin to be used littleinformation in the
literature is existed about its effects on
wine color. Zhang et al. had reported that
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min) Moxe ga Hamasm cnabo L* cToiHocTTa
BbB BUHO KabepHe CoBMHbLOH (Zhang et al.,
2016). Masuzawa et al. pokassar, ue
obpaboTkaTa ¢ yntpassyk (30 kHz 10 gHw)
MOXe Ja yBesmum L* cToliHocTTa M fga
HaManu a* n b* cToliHocTUTEe B YepBeHUTE
BuHa (Masuzawa et al.,, 2000). Singleton
and Draper ycTaHoBsiBaT, 4e obpaboTkarta C
yntpa3syk (90 kHz 1 4) kato usno cnabo
nosuvlaBa BMauMaTa abcopbuusi Ha BUHOTO
(Singleton and Draper, 1963). Bbnpeku
NOMOXUTENHUAT eqDeKT, KOMNTO yNTpasByKbT
okasBa BbpXy npoueca Ha cTapeeHe Ha
BMHaTa, Morat fAa ce MosIBAT U HSKOU
HexenaHu peakuun n nocneguum (Zhang et
al., 2016). CnepgoBaTtesiHO, B/VUSHUETO Ha
ynTpassyka TpsibBa fa Obhe NpoyyeHo W
HeroBuAT eeKT BbPXY XEeMOMETPUYHUTE
CBOIiCTBa, AVPEKTHO CBbP3aHW C KayecTBO-
TO Ha BUHOTO, TPSIGBA Aa 6bAAT U3SACHEHN.
B ToBa M3cnensaHe e onpefesieHo
Bb3AECTBUETHO Ha yNTpa3Byka BbLPXY
XEMOMETPUYHUTE CBOWCTBA Ha Pas/iMyHm
BuHa (Mepno, AnukaHT 6ywe, Konombapn),
NoAJ/I0XKEHN Ha 06paboTKa CbOTBETHO Npw
40 kHz / 10, 15, 20 n 40 MMHYTWU. BbB
BCUYKM ONUTHU NpobU ca onpepeneHu
KaKTO OCHOBHWTE, Taka W cneunuyHute
nokasaTenin OT CbCTaBa Ha BUHOTO.

MATEPWNANT N METOA4WA

BrnHONpon3BoACTBO

po3geto ot Vitis vinifera L. copTto-
Be Mepno, AnvkaHT 6ywe n Konombapg e
06paHo Mpu JocTuraHe Ha onTUMasiHa
3psnocT (25 °Brix) U TpaHCnopTUpaHo Ao
EkcnepvmeHTanHata BUHapcka nsba Ha
Karegpa VHXeHepcTBO Ha XxpaHute”,
Ereiicku yHuBepcuteT, M3mup, Typuwus.
OnuTHUTE BMHA ca NPoM3BefleHn B CbOT-
BETCTBME C oOO6LlonpueTnTe TexXHONOormm
3a BMHOMPOM3BOACTBO C U3K/IKOYEHUE Ha
SO,, KOWTO He e Ao6aBEH.

MpobuTe ca NoanoxeHn Ha obpaboT-
Ka c yntpassyk npu 40 kHz / 10, 15, 20 n 40
MUHYTW, nocfnefBaHa OT WHKy6auua Ha
TbMHO 3a 3 4 1 6 4 Npu Temnepatypa 25°C.

AHanuns Ha Nnpo6uTe BUHO

Bcuykn onuTHU BUHa ca aHanunsn-
paHn no nokasatenute: pH (OIV, 1990),
a/IKOX0/HO CcbabpxaHue (OIV, 1990) wu

the ultrasonic treatment (100 kHz 60 min.)
could decrease slightly the L* value in
Cabernet Sauvignon wine (Zhang et al.,
2016). Masuzawa et al. had demonstrated
that ultrasonic treatment (30 kHz 10 day)
could increase the L* value and decrease
of a* and b* in red wines (Masuzawa et
al., 2000). Singleton and Draper had
found that ultrasonic treatments (90 kHz 1
hour) generally slightly increased visible
absorption of the wine (Singleton and
Draper, 1963).Despite the positive effect
of ultrasound treatmnet on aging in some
wines, some unwanted reactions or
effects may occur (Zhang et al., 2016).
Therefore, the effects of ultrasound
should be investigated and effects on the
chemometrical properties directly related
to the quality of the wine must be cleared.
In this study was determined the
influences of ultrasound applications on
chemometrical properties of different
wines  (Merlot, Alicante  bouschet,
Colombard). Obtained wines were
subjected to ultasonication at 40 kHz / 10,
15, 20 and 40 minutes. In all
samplesbasicwine parameters and some
spesific parameters were determined.

MATERIAL AND METHODS

Wine making

Grapes of Vitis vinifera L. cvs.
Merlot, Alicante bouschet and Colombard
wereharvested at optimum maturity (25
°Brix) and transported to the the
Experimental Winery of Food Engineering
Department in Ege University, lzmir,
Turkey. Wine production were done
according to the accepted wine production
procedures with exception of SO, (it was
not added) addition.

The wine samples were subjected
to ultasonication at 40 kHz / 10, 15, 20
and 40 minutes followed by incubation for
3h and 6h at 25 °C in the dark.

Simple wine analysis
All  samplesweredetermined pH
value (OlV, 1990), alcohol(OlV, 1990) and
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obuwata kucenunHHocT (OIV, 2005).
CrneundnyHN aHaIN3n Ha BUHOTO
0610 (heHOSTHO ChabpXaHue
O6LLOTO (PEHONTHO CbAbpXaHue e

onpeneneHo no metoga Folin-Ciocalteu

(Singleton and Rossi, 1965) ¢ HAKOW MO-

andmnkauun. CToMHOCTMTE Ha abcopbuums

(A) ca nsmepeHn cbC CNeKTPOPOTOMETHP

(Thermo Scientific USA Genesys 10s UV-

VS) npu AbMXKnHa Ha BbsHaTa 565 nm.

Pesyntatute ca npefcTtaBeHW Kato ekBu-

BaJIEHT rasioBa kucenuHa (GAE), ¢ nanon-

3BaHEeTO Ha Ka/mbpaunoHHa KpuBea.
AHTMNOKNgAHTHa aKTUBHOCT

AHTMOKCHAAHTHATa  akTMBHOCT €
onpegesneHa no MeToga DPPH
(2,2-pncpbeHun-2-nukpun-xugpasunn)  (Blois,

1958) c¢ Hakon wmogudmkauun. CTORHOC-
TMTe Ha abcopbums (A) ca uU3MepeHu CbC
cnekTpogpotomeTsbp (Thermo Scientific USA
Genesys 10s UV-VS) npu ab/mkuHa Ha
Bb/jiHaTa 517 nm 1 nNpeBbpHATU B NPOLEHT
aHTMOKCUAaHTHA akTMBHOCT, W3M0/3Baikm
cnepgHara dopmyna:

total acidity (OIV, 2005).

Specific wine analysis

The total phenolic content

The total phenolic content was
determined by the Folin-Ciocalteu method
of (Singleton and Rossi, 1965) with some
modifications. The absorbance (A) values
were measured by spectrophotometer
(Thermo Scientific USA Genesys 10s UV-
VS) at 565 nm. The results were
expressed as gallic acid equivalents
(GAE) using a calibration curve against
gallic acid.

The antioxidant activity

The antioxidant activity was
determined by the 2,2,-diphenyl-2-picryl-
hydrazyl (DPPH) method of (Blois, 1958)
with some modifications. The absorbance
(A) values were measured by
spectrophotometer (Thermo Scientific USA
Genesys 10s UV-VS) at 517 nm and
converted into the percentage antioxidant
activity using the following formula:

AHTVOKCMAaHTHa akTMBHOCT (%) = A (koHTpona) - A (npoba) . 100

Antioxidant activity(%h) =

XeMoMeTpuyeH aHaIn3

M3mepBaHeTo Ha abcopbuusata e
HanpaBeHO CbC CNeKTPOhOHOMETHP
(Pharmacia LKB, Novaspec © II).
CTolMiHOCTMTE Ha abcopbumss ca u3mepeHu
npu Ab/XMHa Ha BbsiHaTa 280, 420, 520 u
620 nm, a napameTpuTe Ha [Fnopwu ca onpe-
AeneHn oT CTOMHOCTUTE Ha abcopbums:

A (koHTpona)

Alcontrol) — Alzample)

100
Alcontrol) *
Chemometric analysis
Absorbance measurements were
done by using spectrophotometer
(Pharmacia LKB, Novaspec ).

Absorbance values at 280, 420, 520 and
620 nm were measuredand Glories

MIbTHOCT Ha LBeTa Colowr density(CD) = A420 + A520

MHTeH3|/|TeT Ha uBeTa Colowur f?’thTLSft}’(C!) = A420 + "1520 + A620

A420

Tint value(T) = 530

HtoaHc

CbOTHOLLEHWE HA YePBEHMS LBAT, NPOM3XoXKaall, 0T (DaBUIMEBUS KATUOH

Proportion of red colour produced by flavylium cations(dA%) =

parameters  were  determined  from
absorbance values:
A520— A420 2,—]6_0
A520
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OTHOCUTENEH ASN HA YKbATWA UBAT
OTHOCUTENEH [N HA YEePBEHNS LBAT

OTHoOCMTenNeH AAn Ha CUHUA UBAT

3a n3mepBaHe Ha Be/inunHuTe L*, a*
n b* no craHpgapta CIE Lab e n3nonssaH
konopumeTbp HunterLab (colorflex, USA).
HacuteHocTTa Ha LBeTa 1 HioaHca ca onpe-
aenedn ot a* n b* crtonHoctute (Bakker
and Timberlake, 1986) no dopmynata:

HacuTenocT Ha ugeTa (€)= vJa? + b2

b
= Ta —
HtoaHc Ha u,BeTa(H) aresn (u

PE3YJITATU N OBCBXXOJAHE

OueHka Ha nMnokasatenute oOT
OCHOBHUS aHaNIU3 Ha BUHOTO

Pesyntatnte oT OCHOBHUA aHa/M3
Ha BMHOTO ca npeacrtaseHy B Tabnuvuya 1.
OT T5X ce BUWXAa, Ye CToiHoCTUTE Ha pH
B npobute oOT Mepno, TpeTupaHo C
ynTtpasByk 40 kHz, cnapat cna6o cnepg
10-muHyTHa o06paboTka. lMofobHu ca u
pesyntatute npu Apyrute [Ase BUHA
AnukaHT 6ywe n Konombéapga.

Chang and Chen yctaHoBsiBaT, 4e
npu Opu3oBUTE U LiapeBnyHUTE BMHA obpa-
60TkaTa C ynTpasByk, ¢ 4yectota 20 kHz,
BOAM [0 NIeKO MOBULLABAHE Ha CTOMHOCTUTE
Ha pH (Chang and Chen, 2002). Cui et al.
cbobLiaBaT, ye ynrpasBykoBaTa ob6paboTka
(40 kHz 40 MMWH.) Ha PU3MMHI UTa/IMaHCKW,
Npon3BeAeHO KaTo HWCKOASIKOXOMHO cnaj-
KO 651710 BMHO, CbLO cna6o nosuwasa pH
(Ciu et al., 2012).

O6LaraTa KUCE/IMHHOCT e npeAacTa-
BeHa kaTo mg/L BMHeHa kucenuHa. CToli-
HocTuTe U B npobuTte Mepno, TpetnpaHu ¢
ynTpa3syk 40 kHz ce noeuwasaT, AoKaTo B
npobute oT AsMKaHT Oylle TA HamasisBa
cnen 10 MuHyTHO ¥ cnabo HapacTBa cref
15, 20, 40 muHyTHO TpeTupaHe. /I B aBeTe
npobu, Mepno n AnvkaHT 6ylie, Konmyec-
TBOTO BMHEHA KMUCENMHA € Hali-roNsamo cneg,
40 MnHYTM obpaboTka ¢ ynTpassyk. ObLia-

Proportion of yellow colour (Y%) =

Proportion of red colour (R%) =

Proportion of blue colour (B%) =

A420 100
*
cI

A520
cr

=100

A620
=100

CIE Lab parameters L *, a*and b *
values were measured by used a
colorimeter HunterLab (colorflex, USA).
Croma and hue values were determined
from a* and b* values by (Bakker and
Timberlake, 1986) formula:

Croma(C) = 4/ a3 + b3

Hue(H) = arctan (g

RESULTS AND DISCUSSION

Evaluation of basic wine analysis

The results of basic wine analyses
could be seen in Table 1. The pH valuesof
Merlot samples treated at 40 kHz
ultrasonic application decreased slightly
after 10 minutes of treatment. Similar
results were found for both other wines:
Alicante bouschet and Colombard.

Chang and Chen had
demonstratedthat the 20 kHz ultrasonic
treatment increased slightly the pH values
in maize and rice wines (Chang and
Chen, 2002). Cui et al., had reported that
the ultrasonic treatment (40kHz 40 min.)
increased slightly the pH values in Italian
Riesling produced as low alcohol sweet
white wine (Ciu et al., 2012).

The total acidity values were given
as mg/L tartaric acid. The total acidity
value of Merlot samples treated at 40 kHz
ultrasonic application increased whereas in
case of Alicante bouschet wine decreased
at the 10 min. and slightly increased at 15-
20-40 minutes. Both samples (Merlot and
Alicante) have the highest amount of
tartaric acid was after 40 minutes of
ultrasonic treatment. The total acidity
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Ta KUCENUHHOCT Ha BUHOTO Konomb6aps,
TpeTmpaHo c¢ yntpa3syk 40 kHz, Hama-

value of Colombard winetreated at 40 kHz
ultrasonic application decreased at the 10

nsea npu 10 MMHYTHO Bb3AeNcTBMe 1 ce | min. and increased at 15-20-40 minutes.
nosuwana cneg 15, 20, 40 MUHYTHO.

Ta6r||/|u,a 1. AHanM3 Ha OCHOBHWUTE NoKasaTesin OT CbCTaBa Ha BUHOTO

Table 1. Basic wine analysis

Mpo6u Ankoxon (%) O6La KUCesIMHHOCT pH
Samples Alcohol (%) Total acidity

(g/b)
Mepno KoHTpona 11.3 8.85 3.91
Merlot control
Mepno 40kHz/10 MuH. 11.7 10.50 3.92
Merlot 40kHz/10 min.
Mepno 40kHz/15 MuH. 11.3 9.23 3.91
Merlot 40kHz/15 min.
Mepno 40kHz/20 MuH. 10.9 10.13 3.88
Merlot 40kHz/20 min.
Mepno 40kHz/40 MyH. 10.6 11.70 3.85
Merlot 40kHz/40 min.
AnukaHT ByLle KOHTpona 11.5 7.20 4.09
Alicante bouschet control
AnukaHT 6ywwe 40kHz/10 MuH. 115 5.10 4.09
Alicante bouschet 40kHz/10 min.
AnukaHT 6ywe 40kHz/15 MuH. 115 7.88 4.09
Alicante bouschet 40kHz/15 min.
AnukaHT 6ywe 40kHz/20 MuH. 115 6.38 4.08
Alicante bouschet 40kHz/20 min.
AnukaHT 6ywwe 40kHz/40 MyH. 115 7.13 4.08
Alicante bouschet 40kHz/40 min.
Konomb6opa koHTpona 11 8.18 3.72
Colombard control
Konom6appg 40kHz/10 MuH. 10.8 7.13 3.70
Colombard 40kHz/10 min.
Konom6appg 40kHz/15 MuH. 10.4 8.70 3.71
Colombard 40kHz/15 min.
Konom6appg 40kHz/20 MuH. 10.8 9.00 3.70
Colombard 40kHz/20 min.
Konom6appa 40kHz/40 MUH. 10.6 10.13 3.70

Colombard 40kHz/40 min.

CroliHocTute

Ha aJlKoxosia Cca

npeicTtaBeHW Kato 06EeMHU MNPOLEHTU.
ANIKOXO/IHOTO CbAbpXaHWe Ha YepBeHO-
TO BUHO Mepno, 06paboTeHo ¢ yNTpasBykK
40 kHz B npogb/mkeHve Ha 10 MUHYTH
Hamansasa. pes cneggawmre 15 MUHYTH
TO OCTaBa CbLLOTO KaKTO MpU KOHTPOSI-
HaTa npoba n cnabo ce noHWxasa Ha 20-
Ta n 40-ta MuHyTa. ANKOXONBT Ha
AnvikaHT 6ylie, cnep TpeTupaHe ¢ yntpa-
3BYK, OCTaBa CbLUMA KAKTO Ha KOHTPO-
NHara npoba npes uanorto speme. Chang

and Chen ycTaHoBsBaT, Ye Bb3aelicTBYE-

The alcohol values were given as
volumetric alcohol content. The alcohol
content in 40 kHz /10 minute ultrasonic
treated Merlot red wine decreased. In the
following 15 minute alcohol content was
the same as the control wine and
decreased slightly at 20 and 40 minutes.
The alcohol content in 40 kHz ultrasonic
treated Alicante bouschet wine remained
the same as the control group at all
times. The alcohol content in 40 kHz
ultrasonic treated Colombard wine
decreased at all times. Chang and Chen
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To ¢ yntpassyk npu 20 kHz nosuwasa
/IKOXO/THOTO ChbAbPXaHWe Ha uapeBud-
HWUTE BMHA U TO HamansBa npu opnsoBuTe
BnHa (Chang and Chen, 2002). Zheng et
al. nocousar, 4ye cnen ynTpasBykosa
obpaboTka (45 kHz 10, 20, 30, 40, 50
MUWHYTW) afiKOXO/TbT Ha BUHOTO OT C/INBK
PeHknoga Hamansesa (Zheng et al,
2014). B HaweTo u3cneasaHe pesynrtaru-
Te 3a aJIkOXO/IHOTO CbAbPXaHUE Ha
6510T0 BMHO Kosomb6app cboTBeTcTBar
Ha Nonly4YeHnTe B TOBa Mpoy4YBaHe.
OueHka Ha nokasaTtenute OoT
crneynuyHnUTE aHasIM3un Ha BuHaTta
O6L0TO PEHOSIHO CbAbPXaHME U
aHTMOKCUAAHTHaTa akTMBHOCT Ha BMHATa,
TpeTvpaHn ¢ ynTpasByK Npu pasinyHu
yCNoBusA, ca nokasaHu Ha durypa 1.

[Ts]
Q

had found that the 20 kHz ultrasonic
treatment increased the alcohol content
in maize wines and decreased in rice
wines (Chang and Chen, 2002). Zheng et
al., had reported that the ultrasonic
treatment (45 kHz 10-20-30-40-50
minute) decreased the alcohol content in
greengage wine (Zheng et al.,2014).In
our study, the results of white wine

(Colombard) alcohol content was
consistent with this study.
Evaluation of specific wine

analysis

Figure 1 demonstrated the values
of total phenol content and antioxidant
activities of wines treated at different
ultrasound conditions.

o]
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1. C'b,ﬂ,'bp)i(aHl/le Ha 06LLI.I/I CbeHO}'IVI 1N aHTUOKCMAgaHTHa aKTMBHOCT Ha

ONNTHUTE BUHATA, Cfej pasnnyHa ynTpasBykoBa o6paboTka
Fig. 1. The total phenol content and antioxidant activity values of wines at

different ultrasound treatment

CroliHocTTa Ha obwuTte deHonu
BbB BMHOTO Mepno (KoHTpona) e 11870
mg/L GAE (ekBMBasieHT rajioBa Kucenu-
Ha) 1 HamansiBa Npuv BCsKa yNTpa3BykoBa
obpaboTka. T[lOHWXEHWETO €  KakTo
cnepgsa 12%, 12 %, 19%, 13 %, cbOoTBeT-
Ho 3a 10, 15, 20 n 40 MunHyTK. Hali-ronam
crnag B CpaBHEHME C KOHTponarta ce
Habnogasa npyn 20 MUHYTHa 06paboTKa.
O6wWoTO (WEHONHO CbAbpXKaHMe BbLB
BMHOTO ANuKaHT Oyuwe (KoHTpona) e
15655.71 mg/L GAE u Hamansea B
pesynTaT Ha ynTpasBykoBaTa 0bpaboTka.

The total phenol content of Merlot
wine (control) had 11870 mg/L GAE
value and decreased at all ultrasonic
applications. Reduction amounts were
determined as 12%, 12%, 19%, 13% at
10, 15, 20 and 40 minutes, respectively.
The most decrease was occurred at 20
minutes when compared with the control
group. The total phenol content of
Alicante bouschet wine (control) had
15655.71 mg/L GAE value and
decreased at all ultrasonic applications.
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MoHmKeHneTo e kakTo cneasa 12%, 4%,
16%, 14%, cvoTBeTHO 3a 10, 15, 20 n 40
MWHYTHO TpeTupaHe. 3a pasnuka oT
npeaxofHUTe BWHA, KOMMYECTBOTO Ha
o6bwuTe dheHonm BbB BUHOTO Konomb6opa
(koHTpona) e 1655 mg/ L GAE u HapacT-
Ba B pesynrar Ha 10, 15 n 20 MuHyTHa
y3nTpassykoBa 06paboTka. [loBuiaBsa-
HeTo e CboTBEeTHO 12%, 23%, 98% 3a 10,
15 n 20 MUHYTHO TpeTupaHe. O6LLOTO
(heHOIHO CbabpXKaHue, obade HamansaBa
Cc 15% B cpaBHeHWe C KOHTponarta cnep
40 MuHyTHa o06pab6oTka. CpaBHsIBaliku
KOHLeHTpauusTa Ha o6LwuTe beHom BbB
BMHaTa Mepno n AnukaHT Gywe, ¢ Tasu
Ha KOHTpoONHaTta rpyna, Hai-ronsMm cnag,
ce 3abensasBa Ha 20-Ta MmHyTa. OTHOCHO
651070 BMHO Konombapp, 06woTo dhe-
HO/IHO CbAbpXaHue Nno4yTn ce e yaBousio
Ha 20-Ta MyHyTa.

AHTMOKCUJAHTHaTa akKTMBHOCT Ha
BMHaTa Konombapn Hamanssa crabo, a
npy BuHaTa Mepno m AnukaHT 6ylle
ocTaBa NnoyTu cblara. Hai-Bucoka aHTu-
oKCuAaHTHa akTMBHOCT cpepf npobute,
TpeTvpaHn ¢ ynTpassByk, ce Habnwgasa
npy Mepno (79%/15 MwuH.), ANuKaHT
oywe (76.93%/10 muH.) M Konombappg,
(52%/15 MuH.).

OueHka
CBOWCTTBA

OueHka Ha Wu3MepeHUTE
CIELAB nokasaTenu

L* cToliHOCTTa (CTeneHTa Ha Hacu-
TEHOCT uBeTa Ha BUWHOTO) npu Mepno,
TpeTupaHo ¢ yntpasByk 40kHz HamansBa
cnegq 10 MuHyTHa o06paboTka KU ce
yBenuumnsa cneg 15, 20 n 40 MuHyTH, a
npu AnvkaHT 6ylle ce yBenuMyasa crep,
10, 15 n 20 muHyTU. Mo Bpeme Ha 40
MUHYTHaTa ynTpa3BykoBa 06paboTka, L*
HamasnisiBa U BUHOTO ANuMKaHT Oylle fo-
cTura Ha-TbMHUS cu uBAT. Mpu 6enute
BuHa Kosnombappa, L* ce noHwxasa npu
BCUYKM 06pabOTKM C yITPa3ByK U LBETHT
usceetnasa. Zhang et al. cbobuiasar, ve
obpaboTkata ¢ ynTtpasByk (100 kHz 60
MWH.) HamansiBa cnabo L* cToiHOCTTa
npn KabepHe CoBuHbOH (Zhang et al.,
2016). Masuzawa et al. cbLO yCcTaHOBS-

Ha XeMOMEeTpPUYHunTE

no

Reduction amounts were as: 12%, 4%,
16%, 14% at 10, 15, 20 and 40 minutes,
respectively. Just opposite to previous
wines, the total phenol content of
Colombard wine (control) had 1655 mg/L
GAE value and increased in 10-15-20
minutes  of  ultrasonic  application.
Increases amounts were found as: 12%,
23%, 98%, respectively for 10-15-20
minutes. However the total amount of
phenol decreased 15% compared to the
control group at 40 minutes. Comparing
the total phenol content of Merlot and
Alicante wines with the control group, the
most reduction was detected the 20th
minute.Concerning, Colombard white
wine, the total amount of phenol in the
20th minute has almost doubled.

The antioxidant activities of
Colombord wines decrease slightly but
remained the almost the same for Merlot
and Alicante bouschet wines. The highest
antioxidant activities in the samples
treated with ultrasound method were
observed as 79.15% at 15 min. in Merlot
wine, as 76.93% at 10 minutes in Alicante
bouschet wine and as 52.13% at 15
minutes in Colombard wine.

Evaluation of chemometric
properties

Evaluation of CIELAB parameters

The L* value in 40 kHz ultrasonic
treated Merlot wine decreased at 10 min.
and increased at 15-20-40 minutes. The
L* value in 40 kHz ultrasonic treated
Alicante bouschet wine increased at 10-
15-20 minutes. During ultrasound
application for 40 minutes, L* value
decreased and the color of Alicante
bouschet wine reached the darkest
color.In Colombard white wines, L* value
decreased in all ultrasound treatments
and dark color of wine is decreased.
Zhang et al. had reported the ultrasonic
treatment (100 kHz 60 min.) decreased
slightly the L* wvalue in Cabernet
Sauvignon wine (Zhang et al., 2016).
Masuzawa et al. had also found that
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BaT, ye yntpasBykoBata obpaboTka (30
kHz 10 gHu) noBuwaBa L* cToHOCTUTE
npu yepBeHuTe BUHa. B HalleTo uscnepn-
BaHe CTOMHOCTUTEe L* npn AnunkaHT Oywwe
CbOTBETCTBAT Ha pes3ynraTtnte OT TOBa
npoy4ysaHe (Masuzawa et al., 2000).
CToilHOCTMTE a* Ha 4YepBEHOTO
BWUHO Mepso, TpetupaHo ¢ yntpassyk 40
kHz Hamansasar cnepg 10-20 MyHYTU 1 ce
yBenuyasar cnep 15-40 MuHyTW, AoKaTo
npu BUHOTO ANIMKaHT ByLLe ce NoHwkasar
cnepg 10, 15 n 20 muHyTHa 06paboTka.
Hali-BCOKUTE CTOMHOCTM Ha YepBEHUSA
KOMMOHEHT (a*) Ha BuHata Mepno u
ANunKaHT Gylle ce HabnwgasaTr Npu Bb3-
JeicTene B Npoab/mkeHne Ha 40 MUHYTU.
Masuzawa et al. nocouysar, ye TpeHupa-
HeTo ¢ ynTpassyk (30 kHz 10 gHu) nosu-
WwaBa CTOMHOCTUTE Ha a* Npu YepBeHuTe
BMHa. Pe3ynraruTte oT HaweTo npoy4ysa-
He npu ANUKaHT Oyle CbOTBETCTBAT Ha
pesyntatuTe oT ToBa uscnegsaHe (Masuzawa
et al., 2000). CToliHOCTUTE a* Ha BMHaTa
Konomb6apg ce nosuwasat npu 10-15-20
MUHYTM W HamanasaT cnabo npu 40
MUHYTHa yNTpasBykoBa 06paboTka, Karto
Hall-MHOro 3e/IeHNKaBmN HIDaHCK Ha uBeTa

ca HabnogaBaHn npu 10 MUHYTHO
TpeTupaHe Ha npobara.
CrtoliHocTuTe b* npu  BMHOTO

Mepno, TpetupaHo ¢ ynTtpasByk 40 kHz
Hamanasart npu 10, 15 n 20 MuHyTHa
obpaboTka u cnabo Hapacteat npu 40-
MUHYTHa. CTOMHOCTUTE Ha CWUHUA UBAT
npn Mepro ce noHwkasat camo npu 40
MUHYTW, & HapacTBaT BbB BCUYKM OCTa-
Hasm cnydamn. CtoiHocTMTe b* Ha BUHOTO
AnunkKaHT Oywe ce yBenmyaBaT cnabo
cnep 10-muHyTHa 06ap6oTka. CTOMHOCT-
Ta Ha XbNTUSA KOMMOHEHT Npu ANNKaHT
6ywe Hamansea camo cnef, 10 MUHYTHO
TpeTtvpaHe, a BbB BCUYKM ApYru Crydau
ce nosuwasa. CToliHOCTUTE b* npu BMHOTO
Konombapg cna6o cnagat cneg 10, 20 u
40 MuHyTHa 06paboTka W Neko ce yBenu-
yaBat cnefg 15 MUHyTHa, ToraBa W CTOWA-
HOCTWTE Ha XDbATUS LBAT Ca HaWi-BUCOKW.
CToliHOCTMTE Ha HacuUTeHOCTTa Ha
ugeta (K) u uetHua HwaHc (H) ca
M34NCeHN  M3MoN3Baviknm  crtaHgapTa

ultrasonic treatment (30 kHz 10 day)
increased the L* value in red wines.In our
study, the results of L* value concerning
Alicante bouschet wine was consistent
with this study (Masuzawa et al., 2000).

The a* value in 40 kHz ultrasonic
treated Merlot red wine decreased at 10-
20 minutes and increased in 15-40
minutes. In Alicante bouschet wines, the
a* value decreased in 10-15-20 minutes.

The highest (a*) redness values for
Merlot and Alicante wines were observed
at 40 minutes.

Masuzawa et al. had demonstrated that
ultrasonic treatment (30 kHz 10 day)
increased the a* value of red wines. In
our study, Alicante bouschet wine a*
value was consistent with this study
(Masuzawa et al., 2000). The a* value of
Colombard wines increasedb at 10-15-20
minutes and decreased slightly at 40
minute of ultrasound procedure. The
highest a green value was observed at 10
minutes of the Colombard wine.

The b* value at 40 kHz ultrasonic
treated Merlot red wine decreased at 10-
15-20- minutes and increased slightly at
40 minutes.The blue colour value of the
Merlot wine decreased only at 40 minutes
and increased at other times. The b*
value of Alicante bouschet wine
increased slightly after 10 minutes of
treatment. The yellow colour value of the
Alicante bouschet wine decreased only at
10 minutes and increased in other times.
The b* value in Colombard wine
decreased slightly at 10-20-40 minutes
and increased slightly at 15 minute. The
highest yellow colour value was observed
in 15 minutes of the Colombard white
wine.

Chroma (K) and Hue (H) values
were calculated using CIELAB values.
The K values expressing color saturation
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CIELAB. YcTtaHoBeHO e, ye K cToliHOCTU-
Te, NpU HeTpeTMpaHo BWHO Mepro ca
0.11 »n pgocturat Ha-BMCOKa CTOMHOCT
1.29, cneg 10 MuHyTHa 06paboTka C
ynTpassByk. OcTaHanute pesynaratm ca
CbOTBETHO crieq 15 muHyTtn - 0.17, cnep,
20 muHyTM - 0.51 u cnep 40 MUHYTU -
0.21. CroiHocTMTe Ha K ce nosuwasat
cnep yntpassykoBa 06paboTka HesaBu-
CUMO OT BpeMeTpaeHeTo. FpkocTTa Ha
uBeTa npu BUHOTO Mepso ce nosuLiasa,
KaTo Hail-gobpute pesyntaTu ca nosyye-
HU npu 10 MmHyTK. CToliHOCTTa Ha K npu
AnvkaHT 6ylle, HeTpeTupaHo C ynTpa-
3ByK, ca 0.72. Cneg 10 MuHyTHa o6pa-
60TKa ca 0.08, cnep 15 MuHyTM - 0.24 1
cnep 20 muHyTh - 0.35. YCTaHOBEHO €, Ye
BbB BCUYKM Cnyyam yNTpasBYKLT Hama-
NiBa HacuTeHoCTTa Ha UuBeTa. Haii-
rosigima ApkocT Ha uBeTa 0.64 e otyeTeHa
cnep 40 myHyTHa obpaboTka. Habnwopa-
Ba ce, ye CToiHOCTTa K Ha HeTpeTupa-
HOTO BUHO Konombappg ca 1.53. Cnepn 15
MWHYTHO TpeTupaHe Te ca 1.80, cnepg 20
MUHYTHO - 1.58 un cneg 40 MWHYTHO -
1.44. YnTpa3BykbT yBe/MyaBa Hacute-
HOCTTa Ha uBeTa Ha BuMHO Konombappg
cneqg 10, 15 n 20 mMuHyTK. Haii-ronsama
apkocT 1.84 e otueteHa cnep 10 MUHYT-
Ha obpaboTka.

CTOMHOCTMTE Ha LIBETOBUSA HIOAHC
(H) ca npeactaBeHn B rpagycu u ce
Hamupar Bbpxy octa +a* Ha 0°, Bbpxy
ocTta +b* Ha 90°, Bbpxy ocTa -a* Ha 180°
n BbpXY octa -b* Ha 270° (McGuire,
1992). CroliHocTTa Ha H* npu BMHOTO
Mepno, koraTo He e TpeTupaHo C
yntpassyk e 397.65. YBesinyaBaHeTO Ha
H* po 353.05° cneg 40 MuHyTHa yntpa-
3ByKOBa 06apb60Tka Cbl0 yBe/nyasa
CTOMHOCTUTE Ha YepBEHUS KOMMOHEHT.
OcTaHannte pe3yntatm ca CbOTBETHO
cneg 10 mMuHyTHa obpaboTtka- 282.61,
cnep 15 muHyTHa - 276.61 n cneg 20
MUHYTHa - 278.14.

CTOHOCTTa Ha LBETOBUS HHOAHC
Ha HETPEeTMPaHOTO BUHO ANNKaHT bylie e
368.64. Cnep 10, 15, 20 n 40 MynHyTHa
06ap60oTKa C yNTpasByK Te ca CbOTBETHO:
344.29, 309.75, 320.50 n 372.72. To

were found to be 0.11 in the untreated
wine produced from Merlot wine and
reached the brightest value at 1.29at 10
minutes of ultrasound treatment. For
other ultrasonic application times, the
results were as 0.17 for 15 minute, as
0.51 for 20 minute and as 0.21 for 40
minute. The K value was increased in all
ultrasound treatments. The brightness of
Merlot wine increased, the best result
were determined at 10 minute. The value
of K in the untreated wine produced from
Alicante bouschet wine was found to be
0.72. In other ultrasonic application times,
it was determined as 0.08 for 10 minute,
as 0.24 for 15 minute and as 0.35 for 20
minute. It has been determined that
ultrasound reduce the color saturation at
all application conditions. The brightest
wine found as 0.64 for 40 minute.The
value of K in the untreated wine produced
from Colombard wine was found to be
1.53. In other ultrasonic application times
the results were as 1.80 for 15 minute, as
1.58 for 20 minute and as 1.44 for 40
minute. It has been determined that
ultrasound increase color saturation at
10-15-20 minute for Colomard wines. The
brightest wine wine found as 1.84 value
for 10 minute.

Hue values expressing color tone
were expressed in degrees. The hue
value liesonthe + a*axisat 0 °, the + b
* axis at 90 °, the -a * axis at 180 ° and
the -b * axis at 270 ° (McGuire, 1992).
The H * value was found to be 397.65
when no ultrasound was applied on
Merlot wines.Increasing the H * value to
353.05 ° at 40 minute of ultrasound
treatment also increased the value of
redness. In other ultrasonic application
times, the results were as 282.61 for 10
minute, as 276.61 for 15 minute and as
278.14 for 20 minute.

The H * value was found to be
368.64 when no ultrasound was applied to
Alicante bouschet wines. The H * values for
10 minutes, 15 minutes, 20 minutes and 40
minutes ultrasonic application were found to
be 344.29, 309.75, 320.50, 372.72,
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Bpeme Ha 10, 15 n 20 MMHYTHO TpeTupa-
He BWHOTO MPOMEHS CTOMHOCTUTE Ha
YepBEHUS CM KOMMOHEHT, NPeMUHaBanku
B 30HaTa Mexay YepBeHO 1 CUHLO.

LIBeTOBUAT bIbA € onpedeneH B 30HaTa
MeXay YepBeHVs M XbATWA BIbA Chnej
TpeTupaHe C ynTpasBykK B NPOAb/DKEHME
Ha 40 MuHyTU. CTOMHOCTTa Ha HoaHca Ha
HeTpeTMpaHo BUHO Konombapg e 406.52.
Cnep 10, 15, 20 n 40-mMvHyTHa 06paboT-
Ka Te ca CboTBeTHO: 395.44, 399.64,
402.76 1 405.28.

Ol_lEHKa Ha nokasaTennTe OT Che-
UNUNYHMA UBETOBN aHa/IN3 HAa BMHATa

CToiiHOCTUTE Ha NABTHOCTTA Ha
yseta (CD), nHteHsuteta Ha ugeta (Cl),
HioaHca (T), MPOUEHTHOTO yyacTue Ha
yepeeHus UBAT (R%), Ha XbATUA UBAT
(Y%), Ha cuHmsa uBat (B%) m cboTHO-
weHveTo dA% Ha BuMHaTa, TpeTupaHu c
YNTPa3ByK U Ha KOHTPO/HUTE npobu, ca
npeacraseHn Ha durypn 2 n 3.

Merlot

us 10

min.

us 15 us 20

min. min

us 40

min.

Control

respectively. During 10 minutes, 15 minutes
and 20 minutes of ultrasound application,
the wines moved away from their value in
terms of red color and took place in the
area between red and blue color angle. The
color angle was located in the region
between the red and yellow color angles at
40 minute. The H * value was found to be
406.52 when no ultrasound was applied to
the wines of Colombard wines. H * values
for 10 minutes, 15 minutes, 20 minutes and
40 minutes ultrasonic application were
found to be 395.44, 399.64, 402.76, 405.28
respectively.

Evaluation of
analysis

In Figure 2 and Figure 3 were
demonstrated the values of colour density
(CD), colour intensity (CI), tint (T),
proportion of red colour (R%), proportion
of yellow colour (Y%), proportion of blue
colour (B%), proportion of red colour
produced by flavylium cations (dA%) of
ultrasound treated and control wines.

Alicante bouschet

specific color

us 40

min.

Control US 10 us 15 us 2o

min. min. min

Colombard

i (1

——Cl

¥ O R v

us 1o us 1is us 20 us 40

min min min min

Control

dur. 2. NMnbTHOCT Ha uBeTa (CD), nHteH3uTeT Ha uBeta (Cl) u HoaHc (T) Ha
ONNTHUTE BUHA, CNeg, pas/inyHa ynTpasBykoBa 06paboTka

Fig. 2. The colour density (CD), colour intensity (Cl) and tint (T) values of wines
at different ultrasound treatment
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dur. 3. CTOMHOCTM Ha NPOLEHTHOTO yyacTue Ha yepBeHus UBAT (R%), XbaTus
uBAaT (Y%), cuHma uBat (B%) n Ha dA% Ha onNUTHUTE BUHA, crief pas/inyHa
ynTpasBykoBa o6paboTka

Fig. 3. The proportion of red (R%), yellow (Y%), blue (B%) and proportion of red
colour produced by flavylium cations (dA%) values of wines at different

ultrasound treatment

CTOMHOCTUTE Ha NAbTHOCTTA Ha
yseta (CD), uBeTHusA nHteHauTeT (Cl) n
HioaHca (T) Ha BMHaTa Mepno gocTurHat
Hal-BUCOKM HuBa cneg 15 MuHyTHa
ynTpa3sBykoBa 06paboTka M Hamanseart
cnen 40-muHyTHa. Habnwopasa ce, ue
[0KaTo NPOLEHTHUAT A/ Ha YepBeHMs
uBat (R%) m crtoitHocTTa Ha dA% ce
noHmkasaT npu 40-MUHYTHO TpeTupaHe,
Te3n Ha XbaTusa usaT (Y%) 1 CMHUS UBAT
(B%) HapactBaT. O6WOTO (PEHOSHO Cb-
ObpXaHve U aHTUOKCUAAHTHa aKkTMBHOCT
Ha npobute Mepno cnepg 40-MWHYTHO
TpeTvpaHe Cc yNTpasByK Nnokassa nosoxu-
TE/IHO CHLOTBETCTBUE C XEMOMETPUYHUTE
CBOIICTBa Ha BMHaTa.

MnbTHOCTTA Ha wuBeta (CD) u
nHte3uteTbT (Cl) NMpu YepBeHWUTE BUHA
Mepsio gocTurHaT Hali-rosieMm CTOMHOCTK

The color density (CD), color
intensity (CI) and tint (T) values of Merlot
wines reached their highest value at 15
minutes of ultrasonic treatment.The CD,
CD,T values were decreased in the
application of ultrasonic for 40 minutes.
While the proportion of red colour (R%)
and dA% value of the Merlot red wines
decreased in 40 minutes, the values of
proportion of yellow (Y%) and blue (B%)
colorincreased. The total phenol content
and antioxidant activity of the Merlot red
wines at 40 minutes show a positive
correlation  with  the  chemometric
properties of the wines.

The colour density (CD) and colour
intensity (Cl) values of Merlot red wines
reached their highest value at 15 minutes
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cnen 15-MuHyTHa YynTpa3BykoBa 06pa-
60TKa. CToitHOCTUTE Ha HioaHca (T) Ha-
Manasar cnej TpeTupaHeTo, He3aBuCU-
MO OT BpeMeTpaeHeTo. CTOMHOCTUTE Ha
NPOLLEHTHMA AAn Ha YyepBeHus uBAT (R%)
1 Ha dA% npu BMHaTa ANUKaHT Gylle ce
yBenuyasar cf1abo crnepj yntpassykoBata
06ap60oTKa, He3aBMCUMO OT BpemMeTpae-
HeTo, AoKaTo Te3n Ha XbATusa uBAT (Y%)
1 cuHua uBaT (B%) Hamanasar. O6LL0TO
(beHONHO cbAbpxaHue Ha npobute
AnvikaHT 6ylie, NogoXeHN Ha Bb3gel-
CTBWE C YNTpa3ByK Mokassa MNonoxuten-
HO CBLOTBETCTBME C TEXHUTE XEMOMET-
pPU4YHM CBOIICTBA.

CTOMHOCTUTE Ha NAbTHOCTTA Ha
yseta (CD), uBeTHuss wuHTeHauTeT (CI),
HioaHca (T) Ha BMHaTa Mepno gocTurHat
Hali-BMCOKO HWMBO cnef 15 MWHYTHO yn-
Tpa3ByKOBO TpPeTMpaHe U Ce MNoHuxasaT
cnen 40 muHyTHO Takasa. OTHocuten-
HUAT 0AN Ha yepBeHus UBaT (R%) v To3u
Ha dA% Hamanasat npu 40 MUHYTHa
06paboTka, a Tes3n Ha xuntms (Y%) un
cnHuA uBsaT (B%) HapacTear.

CroliHoctute Ha CD un Cl npwu
BMHaTa Konombappg, ce 3anassat npubau-
3UTENHO CbLUNTE HE3aBNCUMO OT Bpeme-
TpaeHeTo Ha yNTPa3BYKOBOTO TPETUpPAHE.
HioaHcwT (T) cnabo ce nosuwasa cnepg
Bb34eliCTBUE B NPOAb/IKEHUE Ha 10 1 15
MWHYTW, HO Hamansasat cneg 20 u 40
MUHYTHa 06paboTka. MpoLEeHTHOTO y4yac-
TVe Ha Xbntua usaT (Y%) octasa Hernpo-
MEeHeHa npu BCUYKN BUOOBE TpeTupaHe C
YNTPas3BYK.

N3BOAN

MpWIoXeHNETO Ha YNTPasBYyKbT BbB
BMHapckaTa MPOMULUMIEHOCT Mokasa BAus-
HVETO M 3HAYEeHNeTO Ha Npousxoda v copTa
Ha rpo3feTo 3a XeMOMEeTPUYHUTE CBOMNCTBA
Ha BYHaTa U Bb3MOXHOCTTA 3a NpakT14Yecko
NnpuaoXeHne 1 oueHKa Ha Tasn obpaboTka
3a pasnuMyHu uenu. HanpaBeHOTO u3cneg-
BaHe Mokassa, Ye XeMOMEeTPUYHUTE MoKasa-
Tenu, KOUTO ca MPSIKO CBbp3aHW C Kauec-
TBOTO W XapaKTepUCTUKUTE Ha BUHOTO,
MoraTt ga 6bAaT KOHTPONMpaHu, B CbOTBET-
CTBME C U3NCKBAHUSATA Ha NOTpebuTenue.

of ultrasonic treatment. The tint (T) value
decrease at all ultrasound treatment
conditions.While the proportion of red
colour (R%) and dA% value of the
Alicante  bouschet wines increased
slightly at all ultrasound treatment times,
the values of proportion of yellow (Y%)
and blue (B%) colour decreased at all
treatment.

The total phenol content of the Alicante
bouschet wines at all ultrasound
treatment times demonstrated the
positive correlation with the chemometric
properties of the wines.

The colour density (CD), colour
intensity (CI) and tint (T) values of Merlot
wines reached their highest value at 15
minutes of ultrasonic treatment. The CD,
CD,T values decreased at ultrasonic
application for 40 minutes. While the
proportion of red colour (R%) and dA%
value of the Merlot wines decreased at 40
minutes, the values of proportion of
yellow (Y%) and blue (B%) colour
increased.

The color density (CD) and color
intensity (CI) values of Colombard wines
stayed nearly with the same values at all
ultrasound application conditions. The tint
value increased slightly at 10 and 15
minutes. However, it decreased at 20 and
40 minutes. The proportionof yellow (Y%)
value of the Colombard wines remained
the same at all ultrasound conditions.

CONCLUSIONS

Ultrasound application demonstrated
the importance of grape origin and
varieties on chemometrical properties of
wines and possibility of industrial
evaluation of this technique with different
purposes.

The chemometrical properties directly
related to the quality of the wines can be
controlled according to the consumers
expectations.
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PE3IOME

B1HOTO e KoMniekcHa xpaHa, Cbabp-
Xalla MHOTO LieHHM cbheanHeHus. Cpepg Tax
ca heHoNHUTe CbefUHEeHUs, KOUTO ca Hai-
BaXHUTE MoOpagn TexHusi eqiekT BbpXy
KauyecTBOTO Ha BMHOTO 1 YOBELLKOTO 34pase,
KaTo aHTUOKCUAAHTHWUTE, aHTUMUKPOOHMU,
aHTUnponudepaTMBHN U NPOTMBOBbL3NAIN-
TeSIHK CBOIiCTBaA. Taka 4Ye, OCHOBEH BbMPOC
€, KaK Tesn cbefuHeHus morar ja 6baar
M3B/IEYEHN OT UUNUTE Ha rpo3geTo 3a
NpPon3BOACTBO Ha BMCOKOKAYECTBEHO BWHO,
UM OT BTOPUYHWM NPOAYKTW Ha BMHONPOU3-
BOJCTBOTO C Lie/1 NPOU3BOACTBO Ha Heoo6-
XOAMMUTE LEHHN (OEHONHW CbeANHEHUS.
EgvH oT Hali-obewaBaljute HaumHu e 6mno-
TpaHcopmaLys, U3BbpLUEHa Ype3 MIeYHO-
kncenu Gaktepun. bnarogapeHue Ha TeXHM-
Te npobuvoTMYHKM CBOICTBa, B NOCNedHO
BpeEMe Te LUMPOKO Ce WM3MNo/n3BaT B MpUroT-
BAHETO Ha pas3NnyHn XpaHu. Te3n bakTepun
umaT crnocobHocTTa fa TpaHccopmMupart
CNOXHW (PEeHONWN B TEXHUTE arvKoHW, Waun
06paTHOTO, BOAELM MO TO3M HaYMH A0
obpasyBaHe Ha HOBW (DEHOSTHU dOpPMU.
Cpefi Hali-MHTEpecHWTe CbeauHEeHus ca
apomarHuTe, KaTo p- BUHWA/etun deHon, p-
BUHW/ETU KaTexon, unv OeHoHU KUCenu-
H/ KaTo rasoBa KUCENUHa W XUAPOKCU

SUMMARY

Wine is a complex food containing
many valuable compounds. Among them
are phenolic compounds which are most
important ones due to their effects on
wine quality and human health such as
antioxidant, antimicrobial, anti-proliferative
and anti-inflammatory properties. So, the
main question is how these compounds
could be extracted from grape skin for
production of high quality wine or from
wine by-products for production of
required valuable phenolic compounds.
One of the most promising ways is
biotransformation done by lactic acid
bacteria. Due to their probiotic properties
recent years they are widely used in
different food preparation. These bacteria
have an ability to transform complex
phenols into their aglycons or just the
reverse, causing formation of new
phenolic forms. Among the most
interested compounds are aromatics ones
such as p- vinyl/ ethyl phenol, p- vinyl/
ethyl catechol or phenolic acids as gallic
acid and hydroxyferulic acid. In our
studies, the most strong antioxidant
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epynuHoBa kucenuHa. pu Hawute wu3-
cnefaHns, Hal-CUHUTE aHTUOKCUAAHTHM
CbegnHeHus, a UMEeHHO, NUPOorasion, esieHo-
Ba KMCe/IMHa, XMAPOKCUTUPO30/a U TUPO30/T,
6axa ycneLHo npousBeaeHn ypes
L.plantarum. CnepoBaTesiHo, MJI€YHOKKCE-
nute 6akTepuu morar ga 6baar noteHumas-
HO M3MN0N3BaHu 3a NogobpsiBaHe KayecTBOTO
Ha BWHaTa, OTuUATaliKM TexHuss eHoneH
npodun, n morat ga ce nons3eart 3a nony-
YyaBaHe Ha aHTMOKCWMAaHTU C BUCOKa Aoba-
BEHa CTOMHOCT OT BTOPWUYHW MNPOAYKTU Ha
BUHOMNPOW3BOACTBOTO.

KntouoBu aymn: heHonw,
MJIeYHOKMCeNn 6akTepuu, buoTpaHcgopmaLms

BvHOTO e anikoxosiHa HanuTka, npo-
nsBefeHa oT epmeHTUpasno rposge. Mo
BpeMe Ha (pepmeHTauusATa HacTbnear
pa3NNyHN XMMWYHW NMPOMEHW, BoAELLM [0
06pasyBaHeTo, CIMBAHETO U U3BIMYAHETO
Ha PeHoNHN CcbeanHeHus. BuHOTO ce
npeBpblla B YHUKANIEH XpaHuUTeneH npo-
OYKT, CbAbpXall, pas/iMyHy LLeHHN Cbean-
HeHwus. (German and Walzem, 2000).

Cpep Te3u cbenHeHus, ca peHos-
HUTE, KOUTO MpuTexaBaT aHTUOKCUAAHT-
HW, aHTUMUKPOOHMK, aHTMnponudepaTms-
HA 1 NPOTMBOBBL3NAIMTESIHN CBOMCTBA
(Carbonneau et al., 1997; Damianaki et
al., 2000; Papadopoulou et al., 2005;
Garcia-Lafuente et al., 2009).

deHoNHUTE CbeAnHEeHUs, Hamupa-
M ce BBB BWHOTO, Morat fda 6baar
pasneneHun Ha AiBe rpynu — piaHoBONAHM
1 He-conaBoHouaHu (Purypa 1).

pynata Ha hanaBOHOWAHUTE BKJO-
yga aHTouMaHu, dnaeaH-3, pnaBoHONN,
onaBoHW, dnaBaHOHW. He-ghnaBoHoUA-
HMTE BK/IOYBAT XMAPOKCMOEH30€Ha Kucenu-
Ha, XMApOoKCULMHAMEHA KUCENMHA U TEeXHU-
Te npousBogHn, ctnunbedn (Jackson, 2008;
Moreno-Arribas and Polo, 2009). OcBeH, ye
[JONpuHacsT 3a YOBELLUKOTO 34paBe, (DeHO-
HUTE CbeauHEHUS BAUASAT U Ha CEH30pHUTE
CBOICTBA, KaTo BKYC, TPBMUYMBOCT U LBAT Ha
BMHOTO, KOUTO Ca onpeensLm 3a HeroBoTo
kayecTtBo (Rodriguez et al., 2009).

compounds namely pyrogallol, elenoic
acid, hyrdoxytyrasol and tyrasol were
successfully produced by L.plantarum.
So, lactic acid bacteria could be a
potential for improving quality of wines
concerning their phenolic profile and way
to obtainthe high added-value antioxidants
from wine by-products.

Key words: phenols, lactic acid
bacteria, biotransformation

Wine is an alcoholic beverage
made of fermented grapes. During
fermentation, various chemical changes
occur, leading to formation, conjugation,
and extractions of phenolic compounds.
Wine becomes is a unique food product,
containing many valuable compounds
(German and Walzem, 2000).

Among these compounds are
phenolic compounds having antioxidant,
antimicrobial, antiproliferative and anti-
inflammatory properties (Carbonneau et
al., 1997; Damianaki et al., 2000;
Papadopoulou et al, 2005; Garcia-
Lafuente et al., 2009).

The phenolic compounds found in
wine could be divided into two groups,
flavonoids and non-flavonoids (Figure 1).

The group of flavonoids includes
anthocyanins, flavan-3, contains
flavonols, flavones, flavanones.The non-
flavonoids include hydroxybenzoic acid,

hydroxycinnamic acid and their
derivatives, stilbenes, (Jackson 2008;
Moreno-Arribas  2009). The phenolic

compounds apart from contributing to
human health affect the sensory
properties such as taste, astringency and
colorof wine that determine its quality
(Rodriguez et al., 2009).
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Phenolic compounds

found in wine
s

[
Flavonoids C6-C3-C6

Anthocyanins

Flavanols

Flavonols

Flavonoids

Dihydroflavonols -

]

Non-Flavonoids

| Hydroxy-benzoic acid and derivatives

| Hydroxy-cinnamic acid and derivatives|

C6-C3

Stilbens Cg-C,-Cs

dur. 1. PeHONU HA BUHOTO

Fig. 1. Wine Phenols

Karto us10, beHONHOTO ChabpXaHe
BbB BYHATa Bapupa B 3aBMCMMOCT OT copTa
rpo3ge v ,Tepoapa”’ UM, Kato KosiMyecTBoTo
(QEHONHN CbeAVHEHWsA OT He-thnaBoHOWA-
Hata rpyna e okoso 200 mg/L GAE, a
KO/IM4eCTBOTO Ha Te3n OT hsiaBoHOMAHaTa
rpyna e okosio 1200 mg/L GAE. Ot rpynata
Ha (pnaBoHOUAHUTE (DEHO/THU CheANHEHMS,
aHTOLMaHNHNTE, KOHAEH3UPAHUTE TaHWHWU,
apyrn cdnaBoHoman u dnaBoHoNM 6sixa
onpegeneHu cbLoTBeTHO karo 150 mg/L
GAE, 750 mg/L GAE, 250 mg/L GAE n 50
mg/L GAE (Aktan and Yildirim, 2000).

KoHueHTpauumTe Ha  peHonHute
CbefVHeHVs BbB BMHOTO Bapupar oT copTa
rposge OO OTIIeXAAHEeTO Ha rpo3fgeTto, U
3aBUCAT OT MHOrO hakTopy, NPUIOXKEHU NO
BpemMe Ha MpoM3BOACTBOTO Ha BWHOTO
(Purypa 2). AHTUOKCUOAHTHUAT KanauuTeT
Ha BMHara Bapupa B 3aBMCMMOCT OT
pasHoobpasveTo UK KOHUeHTpauusaTta Ha
heHoNHUTE MM cbeanHeHusa (Aktan and
Yildirim, 2000).

Generally, the amount of phenol in
wines varies according to grape varieties
and "terrior", but the amount of phenolic
compounds entering non-flavonoid group
is about 200 mg/L GAE and the amount
of flavonoid group is about 1200 mg/L
GAE. In the group of flavonoids,
anthocyanins, condense tannins, other
flavonoids and flavonols were determined
as 150 mg/L GAE, 750 mg/L GAE, 250
mg/L GAE and 50 mg/lL GAE,
respectively (Aktan and Yildirim, 2000).

Concentrations of phenolic
compounds in wines vary from grape
variety to grape cultivation, depending on
many factors applied during wine
production (Figure 2).The antioxidant
capacities of wines vary depending on
the variety and the concentration of the
phenolic compounds in the wines (Aktan
and Yildirnm, 2000).
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The factors affecting
the phenolic
r.:o_mpouml:ls in wine
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dur. 2. OCHOBHM (haKTOpW, OKa3BalLM Bb3aeicTBNe Ha DeHONNTE Ha BUHOTO
Fig. 2. Main factors affecting wine phenols

Konnyectsoto cheHONHN CcbeanHe-
HWS B rpo3geTo Bapupa B 3aBUCMMOCT OT
copTa, Karto CbWO Taka € pas/iMyHo "
pasnpezeneHveTo UM B camus nnog: 1% B
MececTaTa 4acT, 5% B nnogosua cok, 50%
B uumnata, 55% B cemkute. PasnuyHute
(WEHONHN CbeduHeHua ce Hamupar B
pas/iMyHn yactTm Ha nnoga. AHTOLMaHuTe
ce HamupaT B Uuunata, o0cobeHO B
xunogepmMasniHuTe KneTku. MoHoMepHuTe
hbnaBaHoMN, KaTo MONUMEPHUTE TaHWHU U
KaTtexuHu, ce OTKpMBaT B CEMKMTe, umnaTa,
a B MHOrO MajkuM KonimyectBa — U B
MececTara 4acT Ha nnoga. LimHameHnarta
KMcesiMHa 1 HeliHuTe ecTepu ce OTKpUBAaT B
MececTara 4yact v uyunata. B rposgeto ot
copT ANuKaHT-bylle Te3n cbeauHeHus ca
YCTaHOBEHV BbB BMCOKA KOHLEHTpauus B
MececTtaTa vacT (Aktan and Yildirim, 2000).

BuoTtpaHchopmaums Ha  peHonm
nocpeacTBOM MeYHOKUCENN 6akTepum

BuoTtpaHcdopmaumsaTa Ha eHOHU
CbeVHEeHUA ce OCbLLecTBABa No Bpeme Ha
BTOPUYHMA MeTabonn3bM Ha MUKpoopra-
HU3MUTE WU uYpe3 eK30TeHHUTE EH3UMW,
KOUTO Te npuTexasar. [0 TO3M HauuH,
MUKpobHaTa OWOKOHBEPCUSI Ha (PEHOSHM
KOMMNOHEHTW uWrpae BaxHa pona B

The amount of phenolic
compounds in grape varies depending on
the grape variety as well as the
distribution within the fruit itself is also
different: 1% in fruit flesh, 5% in fruit
juice, 50% in skin, 55% in seed. Different
phenolic compounds are located in
different parts of the fruit. Anthocyanins
are found in the skin, especially in
hypodermal cells. The monomeric
flavanols, such as polymeric tannins and
catechins, are found in the seed, skin and
very small amounts of fruit flesh.
Cinnamic acid and its esters are found in
fruit flesh and skin. In Alicante-Bouschet
grapes, these compounds are present at
a high concentration in fruit flesh (Aktan
and Yildirim,2000).

Phenols biotransformation by lactic
acid bacteria

Biotransformation  of  phenolic
compounds occurs through the
secondary metabolism of microorganisms
or by the exogenous enzymes they
possess. Thus, microbial bioconversion
of phenolic components plays an
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yBeNMYaBaHe Ha KOHLieHTpauusita Ha CBO-
60HU N NeTNnBKN heHO/M, B NONy4YaBaHETO
Ha pas/iMyHu 6UOAKTUBHU (PEHOSTHM Cbean-
HEHNSI U B OLEHSIBAHETO Ha OTNaAbYHU W
BTOPUYHM NPOAYKTU C BUCOKO PeHONHO
cbabpxarue (Madeira Junior, 2015).
MneuHokucenuTe 6aktepun ca Ao-
npuHecnn 3a yBenunyaBaHe obema Ha dhep-
MEHTUpa/IM XpaHu, NPoU3BEXAaHn No cee-
Ta, 6narofapeHne Ha NpPoOOMOTUYHUTE CU
CBOIiCTBa M MNpMHOCA VMM KbM YOBELLKOTO
3gpase (Soomro et al., 2002).
BuoTtpaHcdopmaumsaTa Ha PeHOHU
CbeJVHEHNs1 upe3 M/IeYHOKMCeNnTe Hakte-
pvn BKKOYBA XUAPOAM3A HAa [/IMKO3MAHA
Bpb3ka Nof Bb3AEWCTBMETO Ha EH3UMUTE,
OTAEeNAHN OT Te3n BGakTepun, ocBOGOXAaA-
BaHETO Ha CBbp3aHMTe (DEHO/M M NO TO3U
HauMH MPOM3BOACTBO HA CbeAVMHEHUs MOof,
opmata Ha arnmkoHn (Huynh, 2014).
MexaHn3MbT Ha 6uoTpaHcdopmaumusaTa Ha
(heHONTHN CbeAMHEHNA 4Ype3 MJ/IeYHOKMCe-
nuite 6aktepumn e 0606LeH BB Purypa 3.

important role in increasing the
concentration of free and volatile
phenolics, in obtaining different bioactive
phenolic components, and in evaluating
high phenolic wastes and by-products
(Madeira Junior, 2015).

Lactic acid bacteria have
contributed to the volume of fermented
foods grown worldwide due to their
probiotic properties and their contribution
to human health (Soomro et al., 2002).

Biotransformation  of  phenolic
compounds by lactic acid bacteria
involves the hydrolysis of the glycosidic
bond by the effect of enzymes possessed
by these bacteria, the release of bound
phenols and thus the production of
compounds in the form of aglycons
(Huynh, 2014).The mechanism of
biotransformation of phenolic compounds
by lactic acid bacteria could be
summarized as in Figure 3.

Lactic acid Phenolic
bacteria compounds
Fermentation
l—) (—
v
Cell wall -
degrading enzyme
v
Hydrolysis of
glycosidic bond
e =
Release of bound Production of
phenolics aglycone form

dur. 3. MexaHM3bM Ha 6GuoTpaHcdopMaums Ha PEHONTHUTE CbeAVHEHUs 4pe3

MJIEHHOKUNCEIN 6aKTep|/||/|

Fig. 3. The mechanism of biotransformation of phenolic compounds by lactic

acid bacteria

MHoro uscneBaHusi 4OKNagBarT npe-
OLeHKaTa Ha BMCOKO CbAbpXaHue Ha de-
HOSIHW CbEAMHEHUS OT Pas/INYHU U3TOYUHM-
Ly upes GroTpaHcopMaLms Ha MIEYHOKM-
cenu Gaktepun. Hsikou OT TsIX ca npeg-
CTaBeHW Mo-A0/1y.

Many studies have been reported
the reassessment of high content
phenolic compounds of different sources
by biotransformation of lactic acid
bacteria. Some of them are given bellow.
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Ciafardini et al. (1994) poknaggar,
ye oneyponemH, KontTo e (cpopma Ha
rAIVKO3nS KaTo OCHOBHO (DEHOSTHO Cbeau-
HeHne, e TpaHcdopMUpaH B arMKoHOBa
dhopma OT eH3uma B-rnokosnaasa, Cbabp-
Xaw, ce B Lactobacillus plantarum n cneg
TOoBa € MpeBbpHaT B XWUAPOKCUTMPO30/ Y
efleHoBa KMCenMHa OT €eH3UM ecTepasa,
KOliTo ce cbabpxa B Lactobacillus
plantarum. Kachori and Hamdi (2004) ca
npoyunsim  oborateHa ¢ Lactobacillus
plantarum chepmeHTMpana oTnagbyHa Boja
OT Mac/MH/ 1 ca ycTaHOBW/AW, Ye NpoCcTOTO
(heHONHO CcbAabpPXaHuMe ce e MNOoBWULIWIIO,
KaTo p-XuapokcupeHnnoueTHa, BaHWnoBa
u depynosa KucenMHa M TMPO3OJI.
Rodriguez et al. ca goknaggann Tasm crno-
cobHocT Ha Lactobacillus plantarum CECT
748" fa MeTabonmM3npa XpaHUTENHN (heHo-
NOBU  KNCENWHWU.  XWAPOKCU-KaHeNeHUTe
KNCENVHKN, KaTo p-KymapoBa, kadeeHa,
chepynrHoBa 1 m-KymapriHOBa K1cesimHa ca
6unun metabonusmpaHu ypes L. plantarum.
YcTaHOBeHO e, ye L. plantarum, npousBex-
ha 4-suHun-theHon/4-etun dgoeHon ot p-
KyMapviHOBa KUCesMHa, 4-BUHU KaTexXuH/4-
eTUN KaTexmH OT KadeeHa kucenuHa, 4-
BUHW/ rBasikoN/4-eTun reasikon ot doepyso-
HOBa kucenvHa, 3-(3-xugpokcudgeHuns) npo-
NMOHOBa KWCEMWHA) OT M-KyMaprHOBa
kncenvHa. ChblLLO Taka XuApPOKCMOEH30eHU-
Te KMACeNVHW KaTo rasoBarta KucenvHa Wu
npoTokaTexoBaTta KucenvMHa ca metabonu-
3npaHn nocpepcteom L. plantarum  go
nuporasion n karexon (Rodriguez et al.,
2008).

MHoro n3cnefBaHus BbpXy MJ/IEYHO-
Kncenn 6aktepum cbobwiasBart, ve Xugpo-
KCMKaMUHOBaTa KucesMHa kato chepynosa
N p-KyMapoBa KucenuHa, Moxe ga ce npe-
BbpHE B NeT/MBU (PEHONN OT MJIEYHOKU-
cenn 6Gaktepun (Cavin et al., 1993;
Barthelmebs et al., 2001; Gury et al., 2004).
ChbluecTByBa TACHa Bpb3ka Mexay Kayec-
TBOTO Ha BMHOTO W neTivBUTE heHonu,
OTKpUTW B Hero. pekypcopuTe Ha netiu-
BUTE (heHONM ca XMApOKCUKaMMHOBATa, p-
KymapviHoBata 1 dpepyimHoBaTa KucenvHa.
MpeBpbLLAHETO Ha Te3U MPEKYPCOPHU Cb-
e[VHEeHNs1 ce OCbLUecTBABa Ypes nocneno-
BaTe/IH/ EH3VMHM peakuum. AKO Mpekyp-
COPHOTO CbeAVHEHUE XUAPOKCUKAMUHOBA
KncenvHa ce aekapbokcunvpa Ao BUHMUMO-

Ciafardini et al. had reported that
oleuropein which is in the form of
glycoside as the main phenolic
compound was transformed into the
aglycone form by the [-glucosidase
enzyme contained in Lactobacillus
plantarum and then converted into
hydroxytyrasol and elenoic acid by the
esterase enzyme contained in
Lactobacillus plantarum (Ciafardini,1994).
Kachori and Hamdi had investigated that
enrichment of fermented olive mill
wastewater by Lactobacillus plantarum. It
has been found that simple phenolic
content increased such as p-
hydroxyphenylacetic, vanillic and ferulic
acids and tyrosol (Kachouri and Hamdi,
2004).Rodriguez et al. had reported that
ability of Lactobacillus plantarum CECT
748" to metabolize food phenolic acids.
Hydroxycinnamic acids such as p-
coumaric, caffeic, ferulic, and m-cumaric
acid were metabolized by L. plantarum. It
has been found that L.plantarum
produced 4-Vinyl phenol/4-ethyl phenol
from p-coumaric acid, 4-Vinyl catechol/4-
ethyl catechol from caffeic acid, 4-Vinyl
guaiacol/4-ethyl guaiacol from ferulic
acid, 3-(3-Hydroxyphenyl) propionic acid)
from m-coumaric acid. Also
hydroxybenzoic acids such as gallic acid
and protocatechuic acid were
metabolized pyrogallol and catechol by
L.plantarum (Rodriguez et al., 2008).

Many studies on lactic acid
bacteria have reported that
hydroxycinnamic such as ferulic acid and
p-coumaric acids could be converted to
volatile phenols by lactic acid bacteria
(Cavin et al.,, 1993; Barthelmebs et al.,
2001; Gury et al., 2004).There is a close
relationship between the quality of the
wine and the volatile phenols found in the
wine. The precursors of volatile phenols
are hydroxycinnamic acid, p-coumaric
acid and ferulic acid. The conversion of
these precursor compounds takes place
by successive enzymatic reactions. If the
precursor compound hydroxycinnamic
acid is decarboxylated to the vinyl
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BOTO MPOM3BOAHO (4-BUHUAMEHON OT p-
KymMapoBa KucesmHa unu 4-BUHWUN-TBASIKON
OT (pepynioBa KucesiMHa) B nbpBata peak-
uusa, cnef ToBa BbB BTOpaTa peakuusi ce
npespblla B €TUIOBOTO MPOM3BOAHO (4-
eTundpeHon wunu  4-eTUNrBasikos)  ypes
eH3uma pepyktasa (Heresztyn, 1986,
(Landate et al., 2007). Te3n cbeguHeEHWUS,
JonpuHacslwy 3a BUHEHWs apomar, morat
Ja 6bJaT nony4yeHu ypes NpeBpblLaHe Ha
heHoNMTE B NleTIMBY PEHON € nomoLyTa
Ha [OpoXAM W MIEYHOKUCENN GakTepuu
(Rodriguez et al., 2009). B Tabnuuya 1 ca
npeAcTaBeHW HSIKOW BaXXHWU (heHou, nony-
yeHM upe3 dpeHosHa OnoKoHBEpcuA OT
M/IeYHOKMCEeNn GakTepun. Hakou cbheanHe-
HUS, TaknBa KaTo XUAPOKCUKAMUHOBUTE KU-
CenunHu, He hopMMpaT Oce3aemMo HMBO Ha
rOpYMBMHA WM TPBNYMBOCT NO OTHOLUEHWE
Ha CEeH30pHUTE CBOICTBA Ha BWHOTO.
MpeBpblaHETO Ha Te3W KUCENWHW B
npovn3BoOAHW MM NEeT/IMBM (DEHONM OKa3Ba
3HauUMTENHO BAWSHVWE BbPXY apomara Ha
BMHOTO (de Las Rivas et al., 2008).

derivative (4-vinylphenol from p-coumaric
acid or 4-vinylguaiacol from ferulic acid)
in the first reaction then in the second
reaction it is converted to the ethyl
derivative (4-ethylphenol or 4-
ethylguaiacol) via the reductase enzyme
(Heresztyn, 1986, (Landate et al., 2007).
These compounds which are contributed
to the wine aroma could be obtained by
converting phenols into volatile phenols
by yeast and lactic acid bacteria
(Rodriguez et al., 2009). In Table lare
given some important phenols obtained
by bioconversion of phenols by lactic acid
bacteria. Some compounds such as
hydroxycinnamic acids do not form a
perceivable level of bitterness or
astringency in terms of their sensory
properties in wine. The conversion of
these acids into derivatives such as
volatile phenols significantly affects the
wine aroma (de LasRivas et al., 2008).

Tabnuua 1. BaxHu doeHoNu, nosiydeHu upe3 OUMOKOHBepcUMA Ha eHoNn c

MJTIEHHOKUNCEIN 6aKTep|/||/|

Table 1. Some important phenols obtained by bioconversion of phenols by lactic

acid bacteria

PeHONMHN CbeANHEHNA
Phenolic compound

[Mony4yeHo cbeanHeHue
Compound produced

References

KadgeeHa kncenmHa
Caffeic acid

BuHun katexuH / Vinyl catechol
ETun katexuH / Ethyl catechol

Cavin et al., 1997

M-KyMapoBa K1cesimHa
m-Coumaric acid

3-(3-xnapokcudpeHunn)
nponunoHosa / 3-(3-hydroxyphenyl)
propionic acid

Rodriguez et al.,2008b

p-KymMapoBa K1cenmHa
p-Coumaric acid

BuHun ceHon / Vinylphenol
ETtnn ceHon / Ethylphenol

Cavin et al., 1997

depynoBa kucennHa

BuHun reasikon / Vinylguaiacol

Cavin et al., 1997

Ferulic acid Etun reasikon / Ethylguaiacol
["anveBa kncenuHa .
Gallic acid Muporanon / Pyrogallol Rodriguez et al., 2008b

MeTtun ranart
Methyl gallate

anneBa kucenuHa / Gallic acid

Rodriguez et al., 2008b

OneyponeuH
Oleuropein

Xugpokcutupason / Hydroxytyrosol

Ciafardini et al.,1994

NnpokaTexnHosa KncennHa
Protocatechuic acid

KatexuH / Catechol

Rodriguez et al., 2008b

TaHMHOBA KncennHa
Tannic acid

lranvesa kucenuHa / Gallic acid
Muporanon / Pyrogallol

Rodriguez et al., 2008a
Rodriguez et al., 2008b

Lactic acid

bacteria can make

MneyHokucenuTe GakTepun morat
Ja  JonpuHecat  MOMOXUTENIHO  3a
KauecTBOTO Ha KpalHWsi NpoAaykT u4pes

positive contributions to the quality of the
final product by changing the composition
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npoMsHa Ha CbCTaBa Ha BWHOTO Mpu
noaxoasawm ycnosus (Campos, 2003).

Hernandez-Orte et al. (2009) npo-
BeXAaT MpoyyBaHe upe3 Cb3jaBaHe Ha
CMHTETMYHA BWHEHa cpefja C apoMaTHU
KOMMOHEHTW, W3BMEYEHU OT He-hiopasnHu
coptoBe no3n  (Verdejo, Chardonnay,
Garnacha n Tempranillo). Mo Bpeme Ha
MasionakTMyHata hepmMeHTaums npu BUHO-
Npon3BOACTBOTO Ca W3MNOM3BaHW onpeje-
NeHV BUAOBE MJ/IEYHOKMCeNn 6GakTepun
(Oenococcus oeni, Lactobacillus brevis,
Lactobacillus casei) n ca oueHeHWN HsiKou
apomMaTH/ CbeAUHEeHWs1 KkaTto neTnveu ce-
Honu. PesynTatute nokasear, ye BMHATa,
npousseneHn ot O.oeni, cbabpXaT noeeyve
4-BMHUNCDEHON, OTKOMKOTO KOHTpO/SHaTa
rpyna. [okazaHo e, ye O.oeni Moxe Aa
Jekapbokcunupa p-KymaprHoBa KncenuHa,
HO He 1 oepynnHOBa K1CEUHA.

Mpon3BOACTBOTO Ha HeobxoaumuTe
LEHHN (DEHOMHM CbEAVHEHUS MOXe Ja ce
nocturHe 4pes 6GuoTpaHcopmauusa c
nomMoLyTa Ha MJ/IeYHOoKUcenn GakTepun Ha
(heHONHNTE KOMMOHEHTU, CbAbpPXalM ce
BbB BTOPUYHM MPOAYKTU OT BUHOMPOMU3-
BOACTBOTO. LleHHWTe dheHoNHM cbeauHe-
HMS MoraT fJa ce u3non3ear npy Mpous-
BOACTBOTO Ha XpaHUTenHu, dpapmavleBTuny-
HM M KO3MEeTMYHM npoayktn (Soto et al.,
2012). CTpaHuyHUTE NPOAYKTU OT BUHOMNPO-
W3BOACTBOTO KaTO rpo3f0BY MKN6pU, rpos-
[OBW CeMeHa 1 rpo3foBU Yenku ca CUIHK
M3TOYHMLM Ha aHTuokcugaHtu (Nerantzis
and Tataridis, 2006). Cpep, peHONHUTE Cb-
eaVHEHUs, NAEHTUULMPAHN B CTPAHUYHU-
Te MpoAyKTM OT BMHOMPOM3BOACTBOTO, Ca
(onaBoHOMMTE (KBEPLETWH, Kamdepos, Mu-
puueTuH) dnaBaHoN (KaTexuH, enukaTe-
XWH), (PEHOMHN  KUCenuHu  (XMAPOKCK-
6eH30eHa, XMOPOKCMKaMUHOBA K1CenuHa 1
npou3sogHn) n ctunbeHn (pecsepartpon)
(Nerantzis and Tataridis, 2006; Soto et al.,
2012). WM3BecTHO e, 4Ye Lactobacillus
plantarum uMa eH3MMM KaTo TaHa3a,
Jekapbokcunasa Ha peHosIHa KucesimHa m
GeH3WT  asflkoxos AexuaporeHasa, Kouto
KOHBEPTUPAT HAKOU DEHONHW CheAMHEHUS.
Lactobacillus plantarum ca u13nonseaHu
yCMeLHo 3a Mpou3BOACTBO Ha MMPOrasaon
OT rasioBa KMCenuHa, OTKpUTa BbB BUHEHMU
oTnagbum. (AucepTauus ¢ pbkoBOACTBOTO
Ha Yildirim).

of the wine under appropriate conditions
(Campos, 2003).

Hernandez-Orte et al. conducted a
study by creating a synthetic wine
medium  with aroma  components
extracted from non-floral grape varieties
(Verdejo, Chardonnay, Garnacha and
Tempranillo). During malolactic
fermentation of wine production were
used lactic acid bacteria species
(Oenococcus oeni, Lactobacillus brevis,
Lactobacillus casei) and some aroma
compounds such as the volatile phenols
were evaluated. The results
demonstrated that wines produced
byO.oeni contained more 4-vinylphenol
than the control group.It has been
demonstrated that O.oeni can
decarboxylate p-coumaric acid but not
ferulic acid (Hernandez-Orte, 2009).

The production of required
valuable phenolic compounds can be
achieved by biotransformation the
phenolic components containing in the
wine by-products by lactic acid bacteria,
also. The valuable phenolic compounds
could be used with different applications
in the products formation of food,
pharmaceutical and cosmetic industries
(Soto et al., 2012). Winery by-products
like grape pomace, grape seeds and

grape stalks are included strong
antioxidant sources (Nerantzis, 2006).
Among the phenolic  compounds
identified in winery by-products are
flavonols (quercetin, kaempferol,
myricetin) flavan-3ols (catechin,
epicatechin), phenolic acids

(hydroxybenzoic and hydroxycinnamic
acid and derivatives) and stilbenes
(resveratrol) (Nerantzis, 2006; Soto et al.,
2012). Lactobacillus plantarum is known
to have enzymes such as tannase,
phenolic acid decarboxylase, and benzyl
alcoholdehydrogenase which  convert
some phenolic compounds. Lactobacillus
plantarumhave been used successfully
used for pyrogallol production from gallic
acid found in wine waste. (Thesis
conducted by Yildirim as supervisor).
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MneuyHokucenute 6GakTepun Morat
Ja npousBexzaT HOBU CbeAVHEeHWs 4pe3
JekapbokcuivpaHe Ha  Xuaponusvpyemmu
TaHWHKW, C U3N0N3BaHETO Ha TaHa3eH eH-
3um. 1o TO3K HauuH, DeHONHUTE CbeauHe-
HMSA € BMCOKa JobaBeHa CTOMHOCT Morat Aa
6bAaT nonyyeHu ypes GuoTpaHcopmaLms
Ha pasMuHM (PEHONHM KOMMOHEHTW, Cb-
ObpXalwy ce B rpo3feTo, BMHATa U CTpa-
HUYHWTE NPOAYKTU OT BUHOMPOU3BOACTBOTO
(Landate et al., 2007, Rodriguez et al., 2009).

N3BOAN

Cunta ce, ue MJ/IEYHOKUCENUTE
GakTepun okasBaT MOMOXUTENHO B/IMSIHUE
BbpPXYy KayecTBOTO Ha BMHOTO, nopagu
NoTEHUUaTLT MM da nosuwasaTt (PeHo-
JIHUTE CbeAVHEHUS!, OTKPUTM BbB BMHATA
nog cpopmara Ha ariMkoH, U Bb3OEN-
CTBMETO BbPXYy NeTnmBute heHonu,
JonpuHacAwWmM 3a apomata Ha BWHOTO.
OcBeH TOBa, aHTUOKCUAAHTMTE C Mo-
BMCOKa fl06aBeHa CTOWHOCT, NOyYeHn oT
BTOPMYHN MPOAYKTU Ha BUHOMPOU3BOA-
CTBOTO 4pe3 MJ/IEYHOKUCENN GaKTepuu,
MoraT fda ce Wu3non3eal B pPasUYHK
WHAYCTPUasTHN OTpacsu.

Lactic acid bacteria can produce
new compounds by decarboxylation of
hydrolyzable tannins using the tannase
enyzme. Thus, high-value-added
phenolic compounds can be obtained by
biotransformation of different phenolic
components contained in grapes, wines
and wine- by-products (Landate et al.,
2007; Rodriguez et al., 2009).

CONCLUSIONS

Lactic acid bacteria are thought to
have positive effects on wine quality due
to their potential to increase phenolic
compounds found in wines in the form of
aglyconeand the effects on the volatile
phenols contributing to the wine aroma.

Additionally, higher  value added
antioxidants obtained from wine by-
products by lactic acid bacteria can be
used in different industries.
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