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BrnaHne Ha HOBa TEXHOJIOTUA Ha OTreXxaaHe BbpXy
aHTMOKCUAAHTHUA KanauynTeT v PeHOJSIHOTO CbAbpXKaHne
Ha KbNMHa "YavyaHcka becTpHa"
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PE3IOME

WN3cnepsaHeTo e NpoBeAeHO B Kbnu-
HOBO HacaxfeHue oT "HauaHcka BecTpHa",
Cb3JaZleHO MO0 WHTEH3MBHa TexXHOosorus
Ha oTrnexpaHe, T.e. C MpefBapuTeNnHo
0)OpPMEHN ABYCKATOBU CTpexn (Cbopb-
XEeHue 3a oTrnexgaHe nog nokpuTue).
Kato ce wma npegsug, 4ye [OOGUBBLT Ha
CPBOCKM KbNUHM NpeTbpnsBa roguiHa
3ary6a oT okos10 30% nopagun CMBO THME-
He MNpUYMHEHO OT dUTOonNaToreHHN rbLom
Botrytis cinerea Pers., BbBeXAaHETO Ha
Nno-MHTEH3MBHA CUCTEMA 3a OTrexjaHe e
HaNoOXUTEeNHO 3a fJa ce npegoTspatu
He61aronpuATHOTO Bb3AENCTBME HA ObX-
Ja n gpyru abuoTnyHU hakTtopu, KaTto no
TO3M HauMH Cce OCuUrypu HenpekbcHat
[o6MB 1 npegnaraHe Ha niaogoBe € no-
[0o6po kayecTBO. TasuM TexHONOrMsA Ha
oTrnexgaHe 6naronpuaTcTBa MO-rossiMo
KO/INYEeCTBO BMCOKOKAYeCTBEHU MNN0A0BE,
T.e. nNpefoTBparaBa CUBOTO THUEHE U B
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SUMMARY

The investigation was conducted in
a ‘Cacanska bestrna’ blackberry orchard
set up using the intensive -cultivation
technology, i.e. with pre-formed double-
sloping eaves (rain-shield).

Considering that the Serbian blackberry
yield suffers an annual loss of around
30% due to gray mould caused by the
phytopathogenic fungi Botrytis cinerea
Pers., introduction of more intensive
blackberry cultivation systems is imperative
in order to prevent adverse action of rain
and other abiotic components, thus
securing continuous harvest and supply of
improved-quality fruits.

This cultivation technology contributes to
a higher content of high-quality fruits, i.e.
prevention of gray mould, while at the
same time securing continual harvesting,
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CbLLOTO BpeEMEe OocurypsiBa HemnpekbcHaTa
pekonTa, He3aBMCMMO OT YC/0BMATa Ha
oKosHaTa cpefa.

Bcska npoba OT KbAMHUTE € WU3-
cnegpaHa 3a PeHOHM KucenmHm (NpoTo-
KaTexmHoBa, 4-XnapokcMbeH3oeHa, BaHu-
/0Ba, eflarMHoBa, rajioBa, p-KymaprHOBa,
KatheeHa u epynosa kucenuHu), dna-
BOHOMAN (KBEPUETWH), aHTOUMaHUOUHU
(umaHnanH), obwm deHonu, obLmn aHTo-
UMaHWHU 1 TPOJSIOKC €KBUBAIEHTEH aHTU-
OKCUAAHTEH KanauuTeT. AHa/IN3bT € Npo-
Be/leH upe3 BUCOoKoeheKT1BHA TeyHa Xpo-
matorpacms (HPLC) n cnektpodoTomeT-
PUYHN TEXHWKK. O OTHOLLEHME Ha ycTa-
HOBEHWTE (PEHOSIHW CbeAVHEHUS, KbMNu-
HWUTE, OTreXJaHu nog nokputue, oToe-
NA3Bar No-BUCOKM CTOMHOCTW Ha Te3u
KOMMOHEHTU, C M3K/IOYEHME Ha enarvHo-
BaTa KuCe/IMHa. 3HauynTesIHO MO-BMCOKA
CTOMHOCT Ha obwwute deHonm n obwm
aHTOLMaHMHM € OT4YeTeHa B KbMWHWU,
oTrnexgaHn nog nokputne - 396.44 wu
75.85 mg/100 g FW. He e ycTaHOBEHO
3HAYUMO Bb3AENCTBME OT MHTEH3UBHAaTa
TEXHOOMMA Ha OTreXaaHe BbpXy o6wms
aHTUOKCUAAHTEH KanauuTeT, KaTo ToW
Bapupa oT 2.68 po 2.70 Tponokc
mmol/100 g FW.

KnovoBn aymun: KbnvHW, MeToam
3a oTrexgaHe, (EHOMHN KUCESTMHW,
aHTMOKCUAAHTEH KanauuTeT

YBO/,

Bnaro,qapeHme Ha CBOWUTE KayecCcTBa,
AroAonNI04HNTE KyNTYpW (Hanp. 60pOBUH-
KA, KbMUHM W Arogu) ca U3BECTHU KaTo
"cynep nnogose" B NpoAOBOJICTBEHATA U
Tbproecka mpexa (Ding et al., 2006;
Tulipani et al., 2008). bnarogapeHue Ha
crneundmyHma  xapaktep Ha HaauyHuTe
PUTOXMMUKAIN, HUCKA KasTOPUYHOCT W
BMCOKO CbAbpXaHue Ha hmbpn 1 ocHOB-
HY MUKPOENIEMEHTU, N/1I040BETE NpUTEXa-
BaT aHTMOKCUAAHTHW KayecTBa, KOUTO
cnomarat 3a ob6niekyaBaHe Ha Hebnaro-
npuaTHUTE edeKTM OT  OKCUAATUBHUS
CTpec B KMETKMTE Ha OpraHu3ma, kato no
TO3WM HAYMH HamMansABaT pucka OT XPOHUY-
HW 3a60n5BaHns.

regardless of the environmental
conditions.
Each blackberry sample was

analysed for phenolic acids (protocatechuic,
4-hydroxybenzoic, vanillic, ellagic, gallic,
p-coumaric, caffeic, and ferulic acids),

flavonoids  (quercetin), anthocyanidins
(cyanidin), total phenolics, total
anthocyanins, and  Trolox-equivalent

antioxidant capacity. The analysis was
conducted using high-performance liquid

chromatography (HPLC) and
spectrophotometric techniques.
Regarding the identified phenolic

compounds, the blackberries grown under
the rain-shield recorded higher values of
these components, with the exception of
the ellagic acid. Significant higher value of
the total phenolic and total anthocyanin
content recorded in blackberries grown
using the rain-shield was 396.44 and
75.85 mg/100 g FW. There was not
significant effect of intensive growing
technology on total antioxidant capacity in
blackberries and ranged from 2.68 to 2.70
Trolox mmol/100 g FW.

blackberries,
phenolic acids,

Key words:
cultivation techniques,
antioxidant capacity

INTRODUCTION

Berries (e.g., blueberry, blackberry,
and strawberry) are well known as ‘super
fruits’ for their potential in the
nutraceutical and functional food markets
(Ding et al., 2006; Tulipani et al., 2008).

Owing to the specific nature of the present
phytochemicals, the low caloric value and
the high contents of fibre and essential
micro-nutrients, the fruits possess
antioxidant qualities that help alleviate
adverse effects of the oxidation stress in
the cell, thus reducing the risk of chronic
disease occurrence.
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KbnuHute ce otanyasaT CbC CBOU-
Te Nnossu 3a 3gpaBeTo, nopagn BUCOKOTO
XpaHUTENHO CbAbpXaHne Ha duobpn,
BUTamMuH C, BuTamuH K, dponmesa kmucenu-
Ha 1 OCHOBHMWA MUHepast MaHraH (Sariburun
et al., 2010). KbnuHata ce Hapexza Ha
BMCOKa NO3Mumusa cpeg naogoBeTe CbLyo U
3apajm aHTMoOKcuaaHTHaTa cuna, ocobe-
HO nopaju BUCOKOTO CY CbObpXaHve Ha
(PEHOMTHN CbeAMHEHUS, KaTo Hanpumep
enarvHoBa KuCesiMHa, TaHuHW, enaruta-
HWHKW, KBEPLETWH, ranoBa KUCE/UHa,
aHTounaHnHM 1 umaHmamHn (Hager et al.,
2008). MonuncpeHonuTe nmat noTeHumnan-
HO 61aronpuAaTHO Bb3AENCTBME BBHPXY
34paBeTo, BK/IOUYUTE/THO MPOTUBOBBL3NA-
JNINTENHO, aHTMBUPYCHO, aHTUMMUKPOGHO 1
aHTMokcugaHtHo  pgeictene  (Reyes-
Carmona et al., 2005). AHTUOKCUAHTHa-
Ta aKTMBHOCT € CNocobHOCTTa 3a Hamans-
BaHe Ha o06pasyBaHETO Ha CBOOOAHMU
pagvkanu n oTCTpaHsaBaHe Ha peakTUBHU
kncnopogHu sugose (ROS) (Narayana et
al., 2001; Liu, 2003).

B cnepcteue Ha CBPBLXNPOM3BOL-
CTBOTO OT efHa CTpaHa W HEecurypHuTe
nepcnekTMBM 3a npogaxbu oT Aapyra,
CpefHOTO MNPOM3BOACTBO Ha KbMWHM B
Cbpbus Hamasnia npes3 nocnegHuTe rogu-
HW Ao npubnusuTesiHo 12 000 t (pasnpe-
geneHo o okono 15 000 nHamBuayasHu
CTOnaHcTBa), KaTto obuwarta naou, 3aeta ¢
KbNUHKU He Hageuwara 5 000 ha (Nikoli¢
and Tanovi¢, 2011). B KbnuHoBUTE Ha-
caxaeHns B Cbpbus AOMUHMPAT COPTOBE
"YayaHcka becTtpHa" n "TopHdpuiA" ¢ asan
noseye ot 95%, cnegBaHn oT “"Bnek
catnH", "OupkceH TopHnec" n HAKOM Mo-
HOBW copToBe, kato ,Jlox Hec®, ,YecTtbp
TopHnec*, , Tpunbn kpayH* (Nikoli¢ et al.,
2012). "YauaHcka becTtpHa" ce nponsBex-
Ja oT 1997 r. 1 HacToALMAT 1 4A1 B COp -
TOBMA aCOpPTUMEHT Bb3M3a MNpubnusn-
TenHo Ha 50% (Nikoli¢ et al.,, 2009).
CpaBHUTENHO HUCKOTO Mas3apHO TbpceHe
Ha KbNWHW € 0T4acTu nopagu oTHOCUTeN-
HO MO-HUCKOTO KayecTBO Ha NnoJoBeTe,
CbC 3HaAuMTE/NIHO HanageHne OT CUBO
rHneHe (Botritys cinerea). VIHTeH3undka-
uusitTa B TEXHOJMIOrMATa Ha OTI/IeXxpaHe,

Blackberries are notable for their
health benefits based on high nutritional
contents of dietary fibre, vitamin C,
vitamin K, folic acid, and the essential
mineral manganese (Sariburun et al.,
2010). Blackberries also rank highly
among fruits for their antioxidant strength,
particularly due to their high contents of
phenolic compounds, such as ellagic acid,
tannins, ellagitannins, quercetin, gallic
acid, anthocyanins, and cyanidins (Hager
et al., 2008).

Polyphenols have potentially beneficial
effects on health including anti-
inflammatory, antiviral, antimicrobial, and
antioxidant activity (Reyes-Carmona et
al., 2005).

Antioxidant activity is defined as the ability
to reduce free radical formation and
scavenge reactive oxygen species (ROS)
(Narayana et al., 2001; Liu, 2003).

As a consequence of the hyper-
production on one side and the uncertain
sales prospects on the other side, the
average blackberry production in Serbia
has declined in recent years to
approximately 12,000 t (spread to app.
15,000 individual farms), with the total
area under blackberry not exceeding
5,000 ha (Nikoli¢ and Tanovi¢, 2011). The
blackberry orchards in Serbia are
dominated by the ‘Cacanska Bestrna’ and
‘Thornfree’ cultivars, with more than 95%
share, followed by the ‘Black Satin’,
‘Dirksen Thornless’ and some more
recent cultivars, such as ‘Loch Ness/,
‘Chester Thornless’, ‘Triple  Crown’
(Nikoli¢ et al., 2012). The ‘Cacanska
Bestrna’ has been produced since 1997,
and its current share in the cultivar
assortment amounts to approximately 50
% (Nikoli¢ et al., 2009). The comparatively
low market demand for the blackberry has
been partly caused by relatively lower fruit
quality, with significant presence of grey
mould (Botritys cinerea). The
intensification of the cultivation technology
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3ae[HO C BbBeXJaHe Ha NokpuTue cpeLly
ObXA, foBefe [0 yBennyaBaHe Ha gena
Ha KayecTBEeHW NiofoBe, T.e. NpefoTBpa-
TABaHe Ha rHMEeHeTOo, HO CbLUOo Taka Jaje
Bb3MOXHOCT a Cce M3BbpLUBA HenpekbC-
HaTa 6epuTba, HE3aBNCUMO OT BBHLUHUTE
ycnosus (TanoviC et al., 2012). OcseH
CWIHOTO BbB3fAENCcTBME Ha BuAa BbpXY
AHTMOKCUAAHTHUTE  XapaKTePUCTUKN  Ha
nnogosete, TpsabBa Aa 6bAAT B3ETU NOS4
BHMMaHWE YC/I0BUSITA Ha OTI/NieXAaHe Ha
pacTteHusiTa (OKosIHa cpefa 1 TEXHO0rUs
Ha oTrnexpaHe) (Scalzo et al., 2005).
M3cnegBaHeTo € HAaCOYEHO KbM
yCTaHOBSABAHE Ha KOCBEHOTO Bb3Aeli-
CTBME Ha HOB MeTofA 3a oTrexgaHe (c
NMoKpUTUE CpeLly AbXA) BbpXy 6UonornyHa-
Ta akKTUBHOCT Ha KbMNMHOBWUTE nsiogoBse, T.e.
XPaHUTENHN N aHTUOKCUAAHTHN CTOMHOCTMW.

MATEPVAJT N METOOU

1. MocagbyeH maTepuas u cxema
Ha onuTta

N3cnegsaHeto e npoBefeHo 3a
nepvof ot Ase roavHu (2013-2014 r.) B
KbNUHOBO HacaxfieHue oOT ,YauaHcka
6ectpHa” (Rubus subg. Rubus Watson).
EkcnepMMeHTa/lHOTO ~ HacaxfjeHue e
cb3ganeHo npes 2006 r. Pa3nosioxeHo e
B lopHa lopeBHuua (43°53'N wmpuHa,
20°20" E gbmkmHa, 290 m H.B.) 61130 Ao
Yauak, 3anagHa Cbpbus.

KbnuHaTa ce 3acaxpa Ha pefose,
pa3nosioxeHn Ha pasctosaHue 3.0 m eguH
OT [Apyr, C BbTpepeaoBO pas3CTofHWEe OT
1.5 m, dpopmupa ce BbPXY KOHCTPYKUMUS
ot 4 Tena. [llnacTmMacoBute apku ca
nocTaBeHM BbpXy CblUecTByBallaTa KOH-
CTpyKUMa n ca nokputn c dponuo (no-
KpuTue cpelly abxn), ¢ gebennHa 150 W,
obpasyBallo 4aabp. EkcnepumeHTBLT e
npoBefeH paH4oMU3MpaHo, no 610koB
METO/, U BK/I0YBA YeTUPU NOBTOPEHUSA OT
BCeku BapuaHT. lNpe3 gBara ce3oHa ca
OCUTYpeHUN CTaHJapTHWTE 3a paiioHa npak-
TUKKW, Kato TopeHe, 6opba c nneesenn wu
HanosiBaHe.

2. OnpepensiHe Ha (peHOsSTHK
KncenuHu, h1aBoHOIN 1 aHTOLMaHNHN
Mpobute ca aHanM3upaHy upes

accompanied by the introduction of the
rain shield resulted in increasing the share
of quality fruits, i.e. prevention of the rot,
but it has also made it possible to perform
the harvesting in continuity, regardless of
the external conditions (Tanovi¢ et al.,
2012). Apart from the strong impact that
the species of fruit has on the anti-oxidant
features of the fruit, the cultivation
conditions of the plant (environmental and

cultivation techniques) must not be
neglected (Scalzo et al., 2005).
The research was aimed at

establishing the indirect impact of the new
cultivation technique (Rain shield) of
blackberry on the biological activity of the
fruit, i.e. its nutritive and anti-oxidant
values.

MATERIAL AND METHODS

1. Plant material and
experimental design

The investigation was conducted
over a two-year period (2013-2014) in a
orchard of ‘Cadanska Bestrna’ cultivar of
blackberry (Rubus subg. Rubus Watson).
The experimental orchard was
established in 2006 and was located at
Gornja Gorevnica (43° 53'N latitude, 20°
20" E longitude, 290 m altitude) near
Cacak, Western Serbia.

The blackberry were planted in
rows spaced 3.0 m apart with plants set at
1.5 m apart in the row, and trained as a
four-wire trellis. Plastic arches were
placed on the existing trellis structure in
the blackberry. The arches were covered
using 150 p thick foil, forming the shape of
an umbrella (Rain shield). The trial was
conducted using a randomised block
design and it included four replications of
each treatment. Fertilization, weed
control, and irrigation practices standard
for the region were provided during both
seasons.

2. Determination of Phenolic
Acids, Flavonols and Anthocyanins
Samples were analyzed using an
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cuctema HPLC ot cepusa Agilent 1260
(Agilent Technologies, CaHTa Knapa, Ka-
nnpopHus, CALL), cBbp3aHa CcbC cucTe-
Ma 3a 06paboTka Ha gaHHM ChemStation,
Kato ce wu3nons3sa kKonoHa ZORBAX
Eclipse Plus C18 (4.6 x 150 mm, 3,5 um
yactuum). MNMpobuTe ce NPUroTBAT Cbrnac-
HO MeTofa Ha Hertog et al. (1992). Nk-
XEKLUMOHHUAT obem e 5 pL ¢ Temneparty-
pa 30°C. PasTteBoputen A e 1% mpasyeHa
KncenuHa, a pasteoputen B e aueToHu-
Tpun. 3non3saH e CNefHuAT rpajueHT:
0—10 min, 10% oT B B A; 10—25 min,
15—50% ot B B A; 25—30 min, 50-80% oT
B B A; 30—32 min, 10% 0oT B B A. Ype3
TO3n rpagueHt (aebut 0.5 ml/min) ce
noctura gobpa uyuctoTa WU OTAENsAHE B
npo6ute oT niaogose. M3nonssaHa e cuc-
Tema HPLC c pguogHo-maTtpuyeH feTek-
TOp. ®EeHoNHUTE CbeANHEHNS ca yCTaHo-
BeHn npu 260 nm, 280 nm, 329 nm, 360
nm 1 520 nm. Te ca onpegesnieHn crnopeq,
nepvofa Ha 3agbpxaHe Ha nuka n UV/Vis
CMeKTbpa, CpaBHEHM C Te3u Ha cTaHzap-
TuTe. Konmyecteata Ha pasnunyHute ge-
HOMHWN CbefUHEHNS Ce OCHOBaBaT Ha nu-
KOBM 30HM 1 ce n3pasasart B mg/100 g FW.

3. OnpegensiHe Ha 06w heHoNn
(TPH)

CbabpXaHMeTo Ha obuwn deHonm
ce onpegens ¢ nomMouita Ha Moanduum-
paH KonopumeTpuyeH MmeTtog  Folin-
Ciocalteu (Singleton et al., 1999; Liu et
al., 2002) n pesyntatute ce u3passiBaT
KaTto MunurpamMm ekBuBasieHTU Ha rasiosa
KncenuHa Ha 100 g cBexa Mmaca (mg
GAE/100 g FW). CmnaHaTa npob6a (4.0 g)
ce pa3bbpkBa eHeprnyHo ¢ 40 ml ekcTpa-
KUMOHEH pa3TBOp, CbCTOSL, Ce OT MeTa-
HON 1 gectunupaHa sBoga (80% v/iv) u ce
ObpXN B MPOAb/MKEHME Ha 2 4Yaca Ha
TbMHO NMpu cTaliHa Temnepatypa. Cmecta
ce ueHTpodhyrmpa ABa MbTW B NPOALJI-
XeHve Ha 15 min npn 3500 rpm. Cynep-
HaTaHTaTa ce dunTpupa npe3 QuUATLP
Minisart ¢ 0.45 pm npegu aHanu3. 40 pL
OT M/I0OBW EKCTPakTU WM CTaHAapTeH
pasTBOp Ha rasioBa KucesMHa ce cMecsart
¢ 3.16 ml gectunupaHa Boja, cnep KoeTo

Agilent 1260 series HPLC (Agilent
Technologies, Santa Clara, CA, USA)
linked to a ChemsStation data handling
system, using a ZORBAX Eclipse Plus
C18 column (4.6 x 150 mm, 3.5 pm
particles). Samples were prepared
according to the method of Hertog et al.
(1992). Injection volume was 5 uL and the
temperature was set at 30 °C. Solvent A
was 1% formic acid and solvent B was
acetonitrile. The gradient used was as
follows: 0—10 min, 10% of B in A; 10—25
min, 15—50% of B in A; 25—30 min, 50—
80% of B in A; 30—32 min, 10% of B in A.
By using this gradient (flow rate 0.5
ml/min), a good purity and separation was
achieved in fruit samples. The HPLC
equipment was used with a diode array
detector (DAD). Phenolic compounds
were detected at 260 nm, 280 nm, 329
nm, 360 nm, and 520 nm. Phenolic
compounds were identified according to
peak retention time and UV/Vis spectra by
comparing them with those of the
standards. The quantities of the different
phenolic compounds were based on peak
areas, and expressed as mg/100 g FW.

3. Determination of Total
Phenolics (TPH)

The TPH content was determined
using a  modified Folin-Ciocalteu
colorimetric method (Singleton et al.,,
1999; Liu et al.,, 2002) and the results
were expressed as milligrams of gallic
acid equivalents per 100 g of fresh weight
(mg GAE/100 g FW). Grinded sample (4.0
g) was stirred vigorously with 40 mL of
extraction solution consisting of methanol
and distilled water (80% v/v) and was kept
for 2 hours in the dark at room
temperature. The mixture was centrifuged
in two sequential times for 15 min at 3500
rpm, and supernatant was filtered through
a 0.45 uym Minisart filter before analysis.

A 40 pL of fruit extracts or gallic acid
standard solution was mixed with 3.16 mL
of distilled water whereupon 200 pL of
Folin-Ciocalteu reagent was added and
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ce pobaeaT peareHT Folin-Ciocalteu ot
200 pL 1 ce ocTtaBs Aa npectou 8 MUHY-
™, npeay ga ce go6asu 600 UL 20% pas-
TBOp Ha Na,COj;. Pa3tBopbT ce cmecBa
pobpe n cnep 2 yaca ce onpegens ab6-
copbums npu 765 nm cnopefd nogxoasia
npasHa npo6a. [JaHHUTe ce oTumTaTt Kato
CpeaHu CTOMHOCTW OT MOHE TPU NOBTOPEHUS.

4. OnpepensHe
aHTouunaHuHn (OA)

CbAbpXaHMETO Ha  MOHOMEpPHMU
aHTOLMaHVHOBY MUTMEHTU BbLB BOAHMUTE
eKCTpakTh e onpegenieHo no onucaHus
no-paHo meTofh 3a AudiepeHuupaHe Ha
pH (Torre and Barritt, 1977; Liu et al.,
2002). HakpaTtko, 20 g cMuieHu nnonose
ce cmecBat ¢ 40 ml ekcTpaxupal, pas-
TBOpUTEN (95% etaHon/1.5 N HCI, 85:15).
EKCTpakTbT ce cbbupa upes ountpupaHe
¢ ponbnHutenHn 30 ml pasTBopuTen.
OcTatbkbT ce Hakucea ¢ 70 ml ekcTpa-
Xvpaly, pasTBOpPUTE/Nl M EKCTPaKTbLT ce
cbbupa cnepq 2 yaca. O6WMTE EKCTpakTn
ce cbbupar u ce gosexgar go 200 mL.
3a cnektpasiHn m3mepsaHua npu 510 u
700 nm e 13non3BaH cnekTpoPoToMeTbpP
UV/IVIS (PU 8740 UV/VIS, Aurnusa) un 1-
CaHTVMETPOBA KiOBETa 3a eHOKpaTHa ynoT-
peb6a. CbAbpXaHNETO Ha NMUTMEHT Ce n3yunc-
NnsiBa B MWIUrpamMy UMaHUANH-3-TI0K031A,
Ha 100 g csexa maca (mg cyn-3-glu/100 g
FW), kaTo ce usnonssa KOeULUMEHT Ha eKc-
TUHKUMA oT 26 900 L/cm/mol n monekynsp-
HO Tern1o oT 449.2 g/mol.

Ha  ob6wwn

5. OnpepensHe
aHTNOKCUOAHTEH KanauuTteT

AHTMOKCMAAHTHUAT kanaunteT (AK)
e onpepgeneH ype3 ABTS aHanus cnopep,
Arnao et al. (1999). Pa3tBop Ha ABTS e
NPUroTBeH NPACHO 4pe3 pobassHe Ha 5
ml ot 49 mM pa3TBOp Ha Kanues
nepcyndgat kbm 5 ml oT 14 mM pa3TBop
Ha ABTS. MNMonyyeHnaT pasTBop ce AbpXu
B MpoAb/ikeHne Ha 16 yaca Ha TbMHO
npu crtaliHa Temnepartypa (25 = 1°C).
Pa3TBOpBLT ce pa3spexaa C MeTaHos, npu
KOeTo ce nony4vaBa abcop6umsa ot 0.700 +
0.02 npu 734 nm, Kato CbLNAT pasTBop
Ce 13Mosi3Ba 3a aHTUOKCUAAHTEH aHaus.

Ha o6

allowed to stand for 8 min before 600 uL
of 20% Na,CO; solution was added.

Solution was well mixed and absorbance
at 765 nm against an appropriate blank
was determined after 2 hours. Data are
reported as means for at least three
replications.

4, Deternination  of  Total
Anthocyanin (TAN)

The monomeric anthocyanin
pigment content of the aqueous extracts
was determined using the previously
described pH-differential method (Torre
and Barritt, 1977; Liu et al., 2002). Briefly,
20 g of grinded fruit was blended with 40
mL of extracting solvent (95% ethanol/1.5
N HCI, 85:15). The extract was collected
by filtration with an additional 30 ml of
solvent washing. The residue was soaked
with 70 mL of extracting solvent, and the
extract was collected after 2h. The total
extracts were pooled and brought up to
200 mL. A UV/VIS spectrophotometer (PU
8740 UV/VIS, England) and a 1-cm path
length disposable cell were used for
spectral measurements at 510 and 700
nm. Pigment content was calculated as
milligrams cyanidin-3-glucoside per 100 g
of fresh weight (mg cyn-3-glu/100 g FW)
using an extinction coefficient of 26,900
L/cm/mol and molecular weight of 449.2
g/mol.

5. Determination of the Total
Antioxidant Capacity

Antioxidant capacity (TAC) was
determined by the ABTS assays
according to Arnao et al. (1999). ABTS
solution was freshly prepared by adding 5
ml of a 4.9 mM potassium persulphate
solution to 5 ml of a 14 mM ABTS solution
and the resulting solution was kept for 16
h in dark at room temperature (251 °C).

This solution was diluted with methanol to
yield an absorbance of 0.700 + 0.02 at
734 nm and the same solution was used
for the antioxidant assay. One milliliter of
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EoUH MunnnuTbp peakumoHHa cmec OT
cTaHgapTa U ekcTpaktute cbabpxa 950
pl pastBop Ha ABTS u 50 Wl 0T npobuTe.
Pa3TBOp ce npasu B NpoAb/ikeHne Ha 10
CeKyHaM 1 e oT4yeTeHa abcopbuus npu
734 nm cnep 6 MUHYTK, KaTo ce 13Mnon3sa
UV/VIS cnektpogroTomeTbp (PU 8740 UV/VIS,
AHIIMs1), KOMTO ce CpaBHsIBA C KOHTPOJIHUSA
pastBop ABTS. Pesyntarnte ca u3paseHu
kato mmol Tponokc ekeBmBaneHTU/100 g
ceBexa maca (mmol/100 g FW).

6. CTaTnctnyeckm aHasin3

Bcuukn TectoBe ca U3BbLPLUEHU B
TpM NOBTOpPEHUA W pesynrartute ce
npeacTaBAaT KaTto cpefHa + cTaHfapTHa
rpewka Ha cpepgHata (SE). Pasnukute
MeXAay CpefHMTe CTOMHOCTM ca CpaBHEHU
ypes TecT Ha [JbHKaH 3a MHOronoco4Ho
CpaBHeHMe C OBYNOCOYEH AUCNEepPCUOHEH
aHanm3 (ANOVA), n3nonssanku ctatuctu-
yeckn KOMMOTbpPeH nakeT MSTAT-C
(Michigan State University, East Lansing,
MI, USA). Pasnmkun cbC p CTOMHOCTU <
0.05 ce cuutar 3a He3HaYMTEe THMN.

PE3SYNTATU N OBCbXOAHE
1. PeHOsIHN KNCEeSVHMN,
hnaBOHONU N aHTOLMAHNHN
Ta6bnmya 1 nokassa npocdhmna Ha
CcB06OAHMTE PEHOSTHW KUCEWHMU, YCTaHO-
BEHW B KbMWHOBU M/040BEe Ha copT
"YavyaHcka bBectpHa". B nsogosete ca
YCTaHOBEHU 1 KOSIMYECTBEHO OnpejesieHu
Onvep Ha ranoBa KucesiMHa, enarosa
KNCeNuHa, 4YeTupy XuUAPOKCUOEH30EHMU
KNCENUHW, BKNHOYUTESTHO NPOTOKATEXMHO-
Ba, 4-XxngpokcubeH3oeHa, BaHWIOBa U
ranoBa KUCesvHa, Kakto U Tpn XUApOoKCK-
LUMHAMWHOBY  KMCEJIMHW,  BK/IHOUYAUTESTHO
p-kymapunHoBa, kKadheeHa U depynosa
kncenuHa (Tabnuua 1).

reaction mixture of standard and extracts
comprised 950 pl of ABTS solution and 50
pl of the samples. This solution was
wortexed for 10 sec and the absorbance
was recorded at 734 nm after 6 min using
UV/VIS spectrophotometer (PU 8740
UV/VIS, England) which was compared
with the control ABTS solution. The
results were expressed as mmol Trolox
equivalents per 100 g of fresh matter
(mmol/100 g FW).

6. Statistical analysis

All tests were performed in triplicate
and the results are presented as mean *
standard error of mean (SE). Differences
between mean values were compared by
Duncan’s Multiple Range test in two-way
analysis of variance (ANOVA) using
MSTAT-C statistical computer package
(Michigan State University, East Lansing,
MI, USA). Differences with p values of <
0.05 were considered insignificant.

RESULTS AND DISCUSSION
1. Phenolic Acids, Flavonols and
Anthocyanins
Table 1 shows the profile of free
phenolic acids determined in fruit of
‘Cacanska Bestrna’ blackberry.

The dimer of gallic acid-ellagic acid, four
hydroxybenzoic acids, including
protocatechuic, 4-hydroxibenzoic, vanillic
and gallic acids, as well as three hydro-
xycinnamic acids, including p-coumaric,
caffeic and ferulic acids, were identified
and quantified in the fruit (Table 1).
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Ta6r||/|u,a 1. C'b,q‘bp)KaHVle Ha (*)EHOI'IHI/I KNCEJIMHN B KbIMNHOBU MJ/1040BE Ha COPT

»HadaHcka bectpHa“*

Table 1. Phenolic acids content in fruit of ‘Catanska Bestrna’ blackberry

- Cp. CT. N0 MeTof, Ha
Cp. cToitHOCTM O P A

Mog, nokputune CTaHaapTHO AN oTrnexpaHe
DEHOMHN KNCENUHN Rain shield Standard Mean of Fkowin o~ Mean of
Phenolic acids 9 9y cultivation techniques
(mg/100 g FW) MoA cranmaptHo
2013 2014 2013 2014 2013 2014 | nokputve Aap
; h Standard
Rain shield

npoToKaTexmHoBa
Protocatechuic
4-XnapoKcmbeH3oeHa
4-hydroxybenzoic
\Vanillic
EnarnHosa/Ellagic
ranosa/Gallic
P-KymapuHoBa
p-coumaric
KacheeHa/Caffeic
Pepynosa/Ferulic

1.52+0.17 a 1.82+0.15 a 1.29+0.71 a 0.97+0.21 a |1.67+0.12 a 1.13+0.34 b|1.41+0.33 a 1.39+0.22 a
0.36+0.01 a 0.46+0.09 a 0.46+0.09 a 0.41+0.06 a |0.41+0.05 a 0.43+0.05 a|0.44+0.04 a 0.41+0.05 a

1.04+0.54 a 1.02+0.33 a 0.78+0.14 a 0.39+0.02 a |1.03+0.28 a 0.58+0.11 b|0.91+0.26 a 0.70+0.20 a
6.94+0.92 a 6.88+1.12 a 3.39+1.03 a 6.00+0.29 a [6.91+0.65 a 4.70+0.76 b|5.16+1.01 b 6.44+0.55 a
2.79+0.13 a 2.56+0.59 a 3.38+0.46 a 2.89+0.11 a |2.68+0.28 b 3.14+0.24 a|3.09+0.25 a 2.73+0.28 a
0.67+0.18 a 0.59+0.05 a 0.33+0.19 a 0.40+0.02 a {0.63+0.08 a 0.37+0.09 b|0.51+0.14 a 0.50+0.05 a

0.37+0.02 a 0.33+0.04 a 0.43+0.05 a 0.41+0.01 a |0.35+0.02 a 0.42+0.02 a|0.40+0.03 a 0.37+0.03 a
0.39+0.02 a 0.33+0.01 a 0.41+0.06 a 0.38+0.01 a |0.37+0.02 a 0.40+0.03 a|0.41+0.04 a 0.36+0.01 a

CpefjHUTe CTOMHOCTM 3a BCSKO aHa/M3MpaHO CbefyHeHne BbB BCEKW pef (TpeTupaHe W B3auMOfeicTBUE) criefiBaHn OT
chbluata Masika 6yKBa, HAMAT 3HauMMa pas/nuka crnopeg TeCT Ha [bHKaH 3a MHOronoco4yHo cpaBHeHue (P < 0.05)

For each analysed compound mean values within each row (in the treatment and interaction) followed by the same small
letter are not significantly different according Duncan’s Multiple Range test (P < 0.05)

FW — cBexo Terno Ha nnogalfresh weight of fruit

®eHoNMHNTE KUCENTMHU NOAJTOXKEHN
Ha [AucCnepcuoHeH adHanus, nokassar
3HaYUTE/IHO B/IMSAHME Ha roauHata Ha
oTrnexgaHe BbPXY CbAbpXaHWeTo Ha
BaHW/0Ba UM enarMHoBa  KucesvHa.
CbabpXaHMeTo Ha npoToKatexuHosa, 4-
XnOpokcnbeH3oeHa, BaHWMIOBa U rasosa
KncennHa Bapupa ot 0.97+0.21 po
1.82+0.15, 0.36x0.01 pgo 0.46+0.09,
0.39+0.02 po 1.04+0.54 u cbLOTBETHO
2.56+0.59 po 3.38+0.46 mg/100 g FW.
CpaBHEHMEeTO Ha pasnnyHuUTEe MeToam Ha
oTrnexpaHe nokasa, 4e CbAbpXaHUETO
Ha XWAPOKCUOEH30EHU KUCENUHU € MNOo-
BMCOKO NpW oTrnexgaHe Ha KbMuHU Noj
nokputne cpey Awvxna. [M0-BUCOKO Cb-
ObpXaHne Ha XUOPOKCUOEH30eHM Kuce-
JINHK, C N3K/TIOYEHNE HA NPOTOKaATEXUMHO-
Ba W rasoBa KUCE/IMHW € YCTaHOBEHO
npes Bropara roguHa.

CbAbpXaHMeTo Ha p-KymapuHOBa,
KatheeHa 1 pepynuHoBa KUCENUHW Bapu-
pa cboTtBeTHO oT 0.33+0.19 po 0.67+0.18,
0.33£0.04 po 0.43+0.05 mn 0.33+0.01 pmo
0.41+0.06 mg/100 g FW. IM0-BNCOKO Cb-
ObpXaHue Ha XUAPOKCULUUHAMUYHU K1ce-
JINHN € YCTaHOBEHO MPW KbMWHU OTINexX-
JaHn nof MoKpuUTUE CpeLly AbXAa, npes
BTOpaTa roguHa. FlognHata Ha oTrnexaa-
He MnoB/NABa 3HAUYUTENIHO BBLPXY CbAbP-
XaHneTo Ha umaHnguH (Tabnuua 2).

Phenolic acids subjected to
analysis of variance showed significant
effect of growing year on content vanillic
and ellagic acids.

The content of protocatechuic, 4-
hydroxibenzoic, vanillic and gallic acids
ranged from 0.97+0.21 to 1.82+0.15,
0.36+0.01 to 0.46+0.09, 0.39+0.02 to
1.04+0.54 and 2.56+0.59 to 3.38+0.46
mg/100 g FW, respectively.

The comparison of the different
cultivation techniques treatments showed
that contents of hydroxybenzoic acids
were higher in Rain shield treatment.
Higher contents of hydroxybenzoic acids,
except protocatechuic and gallic acids
were recorded in the second growing year.

The content of p-coumaric, cafeic
and ferulic acids ranged from 0.33+£0.19
to 0.67+0.18, 0.33+0.04 to 0.43+0.05 and
0.33+0.01 to 0.41+0.06 mg/100 g FW,
respectively. Higher  contents of
hydroxycinnamic acids were recorded in
blackberries subjected to the Rain shield
cultivation techniques, in the second
growing year. The growing year
significantly affected content of cyanidin
(Table 2).
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Tabnuua 2. CbabpxaHue Ha IaBOHOANM W aHTOUMAHUAWHU B KbMWHOBU

naoAoBe Ha copT ,,YavaHcka BecTtpHa*

Table 2. Flavonols and anthocyanidins content in fruit of ‘Catanska Bestrna’

blackberry

TpeTtupaHe Treatment

dnaBoHOMMN
Flavonols

AHTOLMaHNANHN
Anthocyanidins
(mg/100 g FW)

KsepueTtuH/Quercetin LinaHnamu/Cyanidin

[oavHa Ha oTrnexgaHe Mbpsa/First 0.29+0.04 a 3.65+0.07 b
Growing year (A) BTopa/Second 0.32+0.03 a 5.06+0.62 a
MeToau Ha oTrnexgaHe Mop, nokputne cpeLly 0.34+0.04 a 4.87+0.68 a
Cultivation techniques (B) Oobxa/Rain cap

CraHgapTHo/Standard 0.27+0.03 a 3.83+0.13 a
ANOVA
A ns *
B ns ns
AxB * ns

CToliHOCTUTE BbB BCSIKA KOJIOHA CriefBaHu OT cbliaTa Masika GykBa HsMaT 3HauumMu pasnvku npu p<0.05
cnopef, TecT Ha [lbHKaH 3a MHOronoco4yHo cpasHeHue / Values within each column followed by the same
small letter are insignificantly different at the p<0.05 by Duncan’s Multiple Range test

ns — 6e3 3Haunmu pasnuky / non significant differences

FW — cexo Terno / fresh weight.

EdyekTbT Ha B3aumogeincTeue Ha
rogvHaTa Ha oTriexjgaHe n MeToauTe
Josefoxa [0 3HAUYNTEsSIHW pas/iMki B
CbAbpPXaHNETO Ha KeBepueTuH (dPurypa
1). CbabpXaHMeTo Ha KBepLueTuH 1 uua-
HUAMH Bapupa CcboTBeTHO OT 0.27+0.04
fo 0.34+0.03 n 3.65+0.07 go 4.87+0.68
mg/100 g FW, n e no-BMCOKO Mpu KbNnu-
HW, OTIeXAaHW Mnof MoKpuThe cpeLy
Abxpa. OcBeH ToBa Ce YCTaHOBU, Ye Cb-
ObpXaHWeTo Ha KBepueTUH U UunaHuguH

€ No-BMCOKO npe3 BTopara rognHa.

The interaction effect of the
growing year and cultivation techniques
produced significant differences in the
content of quercetin (Figure 1). The
quercetin and cyanidin contents ranged
from 0.27+0.04 to 0.34+0.03 and
3.65+0.07 to 4.87+0.68 mg/100 g FW,
respectively and were higher in
blackeberries undergoing the Rain shield
treatments. It was also observed that the
quercetin and cyanidin contents were
higher in the second growing year.

0.5
0.1 | afs
| ab
(b3 | I
2
1
0

Clontent of quercetin (ma 100 2 FWD

Ol'wstvea - Kan cap

Elirstyenr - srandard

B Zzcond vear - Rain cap 2 Second vear - standard

our. 1. CbabpxkaHue Ha kBepueTuH (A X B)

Fig. 1. Content of quercetin (A" B)
AHann3bT Ha edhekTa Ha B3auMo- |

The analysis of the interaction
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JelcTBue Mexay rognHata Ha oTriexaa-
He W meToAuTe MOCOoYBa, Ye ChbAbpXa-
HVeTO Ha KBepLeTWH € Hai-BMCOKO Npu
CTaHJapTHUTE MeToAM 3a Ky/lTuBUpaHe
(0.38 + 0.04 mg/100 g FW) npe3 BTOpara
rofMHa 1 Ha-H1UCKO Npu OTrexaaHe nog,
nokputue (0,20 =+ 0.02 mg/100 g FW)
npes cblliata roamHa.

2. 06l aHTUOKCUAAHTEH KanauuTeT,
o6LWu heHoNN U aHTOLMaHUHN

[AncnepcuoHHAT aHanu3 nokassa
3HAUUTESTHOTO Bb3AENCTBME Ha rogmHarta
Ha oTrnexaaHe BbpXy aHTUOKCUOAHTHUSA
KanayuteT u o6bwm deHonn, [okaTo
MeToAuTe 3a OTInexjaHe 3HavyuTesHO
nosnuaBatr  Bbpxy obwure eHonu
(Tabnmua 3). EdekTbT Ha B3amMogeii-
CTBME Ha roAMHWUTE Ha OoTrnexpaHe u
MeToAuTe MoKasa 3HauUMTesSHU pas/nKu
Mexay aHTUOKCUAAHTHMA KanauuteT U
obwuTte cheHonm (durypa 2).

effect of the growing year and cultivation
techniques inferred that the quercetin
content was highest in standard
cultivation techniques (0.38+0.04 mg/100
g FW) during the second year, and lowest
with the Rain shield (0.20+0.02 mg/100 g
FW) in the same year.

2. Total Antioxidant Capacity,
Total Phenolics and Anthocyanin

Analysis of variance showed
significant effect of growing year on TAC
and TPH whereas the cultivation
techniques significantly affected the TPH
(Table 3).

The interaction effect of growing year and
cultivation techniques showed significant
differences among the TAC and TPH
(Figure 2).

Tabnumuya 3 O6L, aHTUOKCUAAHTEH KanauuTeT, 0OLW aHTOUMaHUHN 1 DeHONN B
KbMNMHOBMW NJ1040Be Ha coprT ,,YavaHcka bectpHa*
Table 3. Total antioxidant capacity, total anthocyanins and phenolic content in

fruit of blackberry ‘Caanska Bestrna’

06wy theHonm Q6w OO6LL, aHTUOKCUAAHTEH

Treatment TPH aHTouMaHmHu KanauuTtet
TAN TAC
mg/100 g FW Trolox, mmol/100 g FW

FoanHa MbpBa/First 373.99+32.12 a 70.22+2.55 a 2.92+0.05 a
Growing year Btopa/Second 327.68+12.33 b 69.80+3.23 a 2.461£0.06 b
(A)
MeToau Ha Mo nokputne 396.44+23.69 a 75.85+1.56 a 2.68+0.16 a
oTrnexgaHe Rain cap
Cultivation CraHaapTHO 305.24+2.29 b 64.17+0.92 b 2.70£0.05 a
techniques (B) Standard
A ® ns *
B * * ns
AxB * ns *

CToiiHOCTUTE BbB BCSKa KO/IOHA CrefBaHu OT cblyata mMasika byksa HAMmAT 3Haunmum pasnvkm npu p<0.05
crnopef, TecT Ha [bHkaH 3a MHOronoco4Ho cpasBHeHue / Values within each column followed by the same
small letter are insignificantly different at the p<0.05 by Duncan’s Multiple Range test

ns — 6e3 3Haummn pasnuky / non significant differences

FW — cexo Terno / fresh weight.

AHTUOKCUMAAHTHUAT KanauuteT, 06- The TAC, TPH and TAN in

wmTe heHoNn 1 aHToLUMaHNHUTE B KbNn-
HUTe Bapupar CbOTBETHO OT 2.46%0.06
0o 2.92+0.05 Tponokc mmol/100 g FW,
305.24+2.29 po 396.44+23.69 n cbOTBET-
HO 64.17+0.92 po 75.85+1.56 mg/100 g

blackberries ranged from 2.46+0.06 to
2.92+0.05 Trolox mmol/100 g FW,
305.24+2.29 to 396.44+23.69 and
64.17+0.92 to 75.85+1.56 mg/100 g FW,
respectively. The higher chemical
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FW. TMo-BUMCOKM XUMMUYECKM MoKasaTtenu
Ha aHTUOKCMAAHTHUSA KanauyuTeT, o6
peHONN M aHTOUMaHWHW, ca OT4YEeTEeHU
npes nbpBaTa roguHa. CpaBHsBaKu
pas/inyHMTEe TEXHOMOMNN 3a OTrnexaaHe,
MOXe [a ce Hanpasu 3ak/toyeHne, ye no-

BMCOK aHTUOKCUMOAHTEH Kanayutetr e
OTHETEH MNMpW MOKPUTUETO NPOTUB AObXA,
AoKaTto CTaHgapTHUTE meTtoan 3a

oTrnexjaHe ca [Aann MNo-BUCOKA 0O6LLK
heHONN N aHTOLMaHUHU.

AHann3bT Ha ed)ekta Ha B3auMo-
JelicTB/e Ha rogmHata Ha oTrnexgaHe un
MeToaMTe Ha KyntuBmpaHe (durypa 2)
nocoysa, Ye aHTUOKCUAAHTHUAT Kanauu-
TET 1 06WN heHONN ca Hal-BUCOKN Npwu
MOKPUTUETO NPOTUB AbXA Nnpe3 nbpsBaTta
roguHa (3.02 = 0.13 Tponokc, mmol/100 g
FW; n cbotBeTHO 439.41 + 29.62 mg/100 g
FW). AHTUMOKCUAAHTHUAT Kanauutet e
Hali-HUCBK NpW OTIIeXAaHe Mnog MoKpu-
Tve npes3 BTopara roguHa (2.33 + 0.04
Tponokc, mmol/100 g FW), gokaTto o6wute
cheHoM ca Hail-manko npu cTaHfapTHUTE
MeToAM Ha oTriexjaHe npe3 cblyata
roguHa (301.89 + 3.54 mg/100 g FW).

]

parameters, TAC, TPH and TAN were
recorded in the first growing year.

Comparing the different cultivation
techniques treatments, it can be
concluded that higher TAC was recorded
in Rain cap, whereas the standard
cultivation techniques produced higher
TPH and TAN.

The analysis of interaction effect of
growing year and cultivation techniques
(Figure 2) inferred that TAC and TPH
were highest in Rain shield during first
year (3.02+0.13 Trolox, mmol/100 g FW;
439.41+29.62 mg/100 g FW,
respectively).

TAC was lowest in Rain shield during
second year (2.33+0.04 Trolox, mmol/100
g FW), whereas TPH was lowest in
standard cultivation techniques in the
same year (301.89+3.54 mg/100 g FW).
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dur. 2. 06y, aHTUMOKCUAAHTEH KanaunuTeT U CbAbpXaHne Ha 06wy dpeHonn (A" B)
Fig. 2. Total antioxidant capacity and content of total phenolic (A" B)

* Mankute 6ykBW NpeACTaBAT HesHauumu pasnvku npu p<0.05 crnopep TecT Ha [bHKaH 3a MHOTOMOCOYHO
cpasHeHve / The same small letters represents not significant differences at P<0.05 by Duncan’s Multiple

Range test

®deHo/HNTE CbeNHEHUA ca OCHO-
BEH [AHEeBEH XpaHuUTesIeH KOMMOHEHT B
npecHuTe nnaoaose M 3esieH4yyun, KouTo
nognomarar 3aulutara un beHKU'I/IFITa Ha
OCHOBHM KNeTb4YHMN €eJIeEMEHTN CpeLly

Phenolic compounds are an
essential daily dietary component of fresh
fruit and vegetables which aids in the
protection and function of essential
cellular constituents against oxidative
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OKUCNUTENHUTE YBpeXAaHusl, CBbp3aHu C
pas/IMyHM eTMONOMMMN Ha HEBPOJIOTUYHN 1
XpOHMYHN 3abonsaBaHusa (Scalbert et al.,
2005). AropgonnogHute nnopose (BKO-
ynTenHo Bugoee Rubus) cbabpxaTt BUCO-
KO CbAbpXaHue Ha HAKOMKO Knaca de-
HO/IHN CbEeJUHEHUS, BKIOUUTENHO (oe-
HOJTHW KNCENWNHW, aHTOLMaHWHN 1 haBo-
Honn (Kahkonen et al., 2001; Proteggente
et al., 2002). B nutepaTtypaTta € OTKpUTO
roNsIMO pas/simuve BbB (PEHOMHOTO CbAbpP-
XaHue 3a pasIMYHUTE COPTOBE KbMMHW.
KncenuHute, oTKpUTU B KbNUHUTE B
HacTOSILLOTO M3CcnefBaHe — MpoToKaTexu-
HoBa, 4-XUOPOKCMOGEH30€eHa, BaHW/I0BAa,
enarvHoBa, rasioBa, P-KyMapuHOBA,
kKatheeHa 1 dhepynoBa, npeacraBnsBar
3HauMTe/IHO NOo-ManbkK 6poli  PeHOsHK
KACE/IMHU OT pes3yntatute, NosiyyeHn oT
Zadernowski et al. (2005), kouTo ycTaHo-
BSBaT ABafeceT (PEeHOSIHW KWUCESIMHU B
KbNHMTE. HawwnTte pesynTtarty nokassar,
ye HMBaTa Ha efnarMHoBa, KagieeHa U
doepy/qioBa KucenuHa npu KbnvHUTE ca
Nno-HUCKN OT nocoyeHuTe ot Sellappan et
al. (2002). 3a pa3nuka oT HawuTe pesyn-
Tatu, Clark e al. (2002) Ha6niogasat no-
rofleMy KoniMyecTsa efiarMHoBa kucennHa
npu kbnuHUTe. Kato usno HuBata Ha
cBOo6OAHA enarvHoBa KuUCesvHa, Habso-
JaBaHu Npu KbnynHaTa, ca A0CTa HUCKN B
TOBa MNpOy4YBaHE W TAXHOTO OTKpPUBaHe
BEPOSATHO € pe3yntaT OT KUCENUHHM
NPOAYKTN Ha Xuaposuvsa npu pasnaga-
HeTo Ha enaruTaHuH (Mullen et al., 2002).
TepMUHBT 'hnaBoHoMA’ ce oTHacs
[0 oniaBOHONM M hNaBOHU, KaTto KBep-
LeTUHBT e Hali-pasnpocTtpaHeH (Erlund,
2004) B pacTUTENHUSA CBAT, Kato Hanpwu-
Mep npu nNA040Be, 3efleHYyun, AOKN,
cemeHa, uBeTa 1 kopata (Kris-Etherton et
al., 2002). KBepLeTVHBLT e n3csesBaH no-
3aA4bn604YeHO OT ApyruTte (onaBoOHOMAW,
He caMO0 3apagu M306UANETO MY, HO U
3all0TO Ce ycTaHOBSIBa, Ye NposiBsBa aH-
TMOKCUAAHTHO, aHTUKapUWHOTEHHO, Mpo-
TMBOBbB3NA/INTESTHO, aHTUArperaunoHHo u
cbaopaswmpssawo Bb3geicTene (Erlund,
2004; Kahkonen et al., 2001). Milivojevi¢
et al. (2011) nocouyBaT, Ye He € yCTaHo-

damage associated with  various
etiologies of neurological and chronic
diseases (Scalbert et al., 2005). Berry
fruit (including Rubus species) contain
high concetrations of several classes of
phenolic compounds, including phenolic
acids, anthocyanins, and flavonols
(Kahkonen et al.,, 2001; Proteggente et
al., 2002). A high variation of phenolic
contents of blackberry cultivars was
found in the literature.

discovered in the
blackberries in  our study - the
protocatechuic, 4-hydroxybenzoic,
vanillic, ellagic, gallic, p-coumaric, caffeic
and ferulic acids, represent a significantly
lower number of phenolic acids than the
one presented in the results obtained by
Zadernowski et al. (2005), who identified
twenty phenolic acids in blackberries. Our
results show that ellagic acid, caffeic
acid, and ferulic acid levels were lower
than those reported in blackberry
Sellappan et al. (2002). As opposed to
our results, Clark e al. (2002) observed
higher quantities of ellagic acid in
blackberris. In general, free ellagic acid
levels observed in blackberry are quite
low in this study, and their detection is
probably the result of acid hydrolysis

The acids

products of ellagitannin  breakdown
(Mullen et al., 2002).
The term flavonoid refers to

flavonols and flavones, with quercetin
being the most abundant (Erlund, 2004)
and widespread throughout the plant
being found in fruit, vegetables, nuts,
seeds, flowers, and bark (Kris-Etherton et
al., 2002).

Quercetin  has been studied more
thoroughly than other flavonoids, not only
because of its abundance, but because it
has been reported to exhibit antioxidative,
anticarcinogenic, anti-inflammatory, anti-
aggregatory, and vasodilating effects
(Erlund, 2004; Kahkonen et al., 2001).
Milivojevi¢ et al. (2011) reported that
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BEH KBEPLUETWUH B HUTO efHa OT npobute
Ha KbMNUHA B TAXHOTO MpOy4YBaHe, HO
HSIKOJIKO NPOYyYBaHUs Beve cbobLyasaT 3a
Ha/IMYNETO Ha KBEPLETUHOBW [IMKO3MAM
B kbnuHute (Bilyk wn Sapers, 1986;
Siriwoharn et al., 2004), KoeTo CbllO €
NMOTBBLPAEHO OT pe3ynTaTuTe, Nosly4yeHn B
HacToAWOTO u3cnegBaHe. Hawwute pe-
3y/TaTy NoKas3ear, Ye CbAbpPXaHMETO Ha
KBEPLETMH B KbMWHMTE € MO-BWCOKO OT
pesyntatute Ha Clark et al. (2002). Cb-
ObpPXaHMeTO Ha KBEPLETUMH U UMaHUguH
€ No-B1COKO Npe3 BTopara roguHa, KoeTo
MOXe [a € CBbP3aHO C reHeTU4Hu pas-
nnuns, 3pAnocT npu npubupaHe Ha pe-
KonTaTta, MeToau Ha KyntusumpaHe, pas-
JINYHU  EeKCTPakUMOHHU ¥  nabopaTtopHu
metoam (Clark et al., 2002). Wang u Lin
(2000) cvobuwasatr, ue AeNOUHUAVH,
UWaHWANH, NefaproHMgnH, ManBuguH 1
NMEOHUANH Cca OCHOBHWUTE aHTOLUMaHWHW,
OTKpUTU B ArogonnogHute Bugose. W3-
BECTHO €, 4Ye pas3IM4HN UTOXMMUNYHM
KOMMOHEHTU, BKNIOYMTENHO (hNaBoHOMAN,
heHnnnNponaHonan n OeHosHM Kucenu-
HW, ca OTFOBOPHU 3a aHTUOKCUAAHTHUA
KanauuteT B M/0AOBETE U 3e/eHYyunTe
(Rice-Evans and Miller, 1986). Garcia-
Alonso et al. (2004) nocouBaT, 4Ye Hali-
BMCOK aHTUOKCUAAHTEH KanauuTeT (crnopeg
TEAC) e ycTaHOBEH Npu paiicka s6brika
(406 umol/g), kbnuHa (192 umol/g), 6opo-
BuHKa (187 pmol/g) n arogosBo AbpBO
(163 umol/g). Pantelidis et al. (2007)
rnocoysat, 4Ye KbMMHUTE OT COPT XYy
TopHNec" nputexasa Hai-BUCOK aHTWUOK-
CUJAHTEH KanmauuTeT OT u3criegBaHute
COpPTOBE MasIMHU, KbMUHN, YEPBEH Kacuc,
Lapurpagcko rposae n gpsH.

B HacToAWOTO Mpoy4yBaHe, aHTu-
OKCUAAHTHUAT KanauuTeT Ha KbhvHUTE
KaTo LUs/10 € NO-HUCHK CNPSMO OTYETEHNS
oT Moyer et al. (2002), Siriwoharn et al.
(2004) n Clark et al. (2002). BcbuHoCT,
pacTteHusi, oTriexgaHn npyv npoxnagHu
OHEBHM W HOWHM Temnepartypu, KaTo
UAN0 UMaT Hal-HUCHK aHTUOKCUAAHTEH
kanauuteT (Wang, 2007).

CpaBHEHMETO Ha pasnuuuaTa B
o6wmnTe eHoNnm ©  aHTMOKCUAAHTHUS

quercetin was not detected in any of the
blackberry samples in their study, but
several studies have already reported the
presence of quercetin glycosides in
blackberries (Bilyk and Sapers, 1986;
Siriwoharn et al., 2004), which has also
been confirmed by the results obtained in
our study. Our results show that content
of quercetin was higher than those
reported in blackberry Clark et al. (2002).

The contents of quercetin and cyanidin
were higher in second growing year,
which may be related to genetic
differences, maturity at harvest, cultural
practices, different extraction and
laboratory methods employed (Clark et
al., 2002). Wang and Lin (2000) reported
that delphidin, cyanidin, pelargonidin,
malvidin, and peonidin are the major
anthocyanins found in berries.

Various  phytochemical components,
including flavonoids, phenylpropanoids,
and phenolic acids are know to be

responsible for TAC in fruits and
vegetables (Rice-Evans and Miller,
1986). Garcia-Alonso et al. (2004)

reported that the greatest TAC obtained
by TEAC method were persimmon (406
pmol/g), blackberry (192  pmol/g),
blueberry (187 pmol/g) and strawberry-
tree fruit (163 pmol/g). Pantelidis et al.
(2007) reported that blackberry ‘Hull
Thornless’ gave the highest TAC of the
examined cultivars of raspberries,
blackberries, red currants, gooseberries
and Cornelian cherries.

In  this study the TAC of
blackberries was generally lower than the
reported by Moyer et al. (2002),
Siriwoharn et al. (2004) and Clark et al.
(2002). Namely, plants grown in cool day
and night temperatures generally had the
lowest antioxidant capacity (Wang, 2007).

The comparison of the differences
in TPH and TAN related to the growing
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KanauuteT nokassar, Ye Te ca No-BUCOKM
npe3 nbpBarta, OTKOMIKOTO Mpe3 BTopara
rofvHa Ha oTrnexpgadHe, KoOeto npegno-
nara, ye BeretauMoHHUAT CE30H, KIMMma-
TbT W PErMOHBLT OKa3BaT B/IMSAHME BbPXY
aHTVOKCHAAHTHaTa cuna Ha KbNuHUTe
(Sellapan et al., 2002). B npoyuBaHe,
nposefeHo ot Wang u Lin (2000), o6uwo-
TO CbAbpXaHue Ha geHonu B Arofo-
naogHuTe KynTypy n nucta sapupa ot 91
0o 338 mg/100 g FW. HawwuTe pesyntatu
paskpvixa no-ByCOKO CbAbpXaHue Ha 06-
wy deHonn B copT "YauaHcka bectpHa"
OTKO/IKOTO B pe3yntatute oT Milivojevic
et al. (2011) 3a cbWKA COPT NPU CXOAHMN
arpoekosiornyHu ycnosus. OT gpyra cTpa-
Ha, Benvenuti et al. (2004) cbobuaBsar,
ye CbAbpXaHUEeTo Ha 06wy deHonn B
HSAKOW COpPTOBE KbNUHa 6e3 60411, OTrIex-
faHn B WTtanua, Bapupa ot 192.8 po
351.7 mg/100 g FW, koeTo e nofo6HOo Ha
pesynTtaTuTe OT HacTOALLO0TO NPoyYBaHe.

CbAbpXaHMeTO Ha aHTOUMaHUH B
KbMVHUTE € CPaBHUMO C APYrn Niopose
(Skrede and Wrolstad, 2002), a Wang u Lin
(2000) nokasBart, 4e aHTUOKCUAAHTHUAT
KanauuteT Ha KbMUHWUTE € CWU/IHO CBBbP-
3aH CbC CbAbPXAHWETO Ha aHTouMaHu-
HOB NUIMeHT. Bbnpekn ToBa, MHOIO dhak-
TOPW KaTO FeHW, MOoYBEH TWM, CBET/IMHA,
Temnepatypa U arpoHOMWYHW YCNOBUSA
B/IUAAT BBbPXY aHTOLMaHNHOBKA CbCTaB B
pacteHusaATa (Hosseinian et al., 2007).
HawwuTe pesynrtaty nokassar, 4ye Cbabp-
XaHMETO Ha aHToumMaHuHW e nogobHO Ha
MOCOYEHOTO B pe3ynTartute Ha Benvenuti
et al. (2004).

Bbnpekn TOBa, AOPK KOraTo CbLiec-
TBYBaT 06PN ekCnepuMeHTasIHU Jokas3a-
TefCTBa, pesynrarnte Tpabsa Aa ce Tb/l-
KyBaT C MOBULLEHO BHUMaHWE Mo OTHOLUe-
HWe Ha Mon3uTe 3a YOBELUKOTO 34pase,
Tbii KaTo nonudeHonutTe moraT ga umat
orpaHuMyeHa OGMOHaNIMYHOCT M Morat Ja
ce MeTabonu3upar B ronsma creneH
(Duthie et al., 2003).

N3BOAU
HacToALloTo npoyyBaHe MOKa3Bea,
ye KbNMHUTE ca 6o0raT M3TOYHUK Ha

year revealed that these were higher in
the first than in the second vyear,
suggesting that the growing season,
climate and region have an influence on
the antioxidant power of blackberries
(Sellapan et al.,, 2002). In the study
conducted by Wang and Lin (2000) the
total TPH content of berries and leaves
varied from 91 to 338 mg/100 g of FW.

Our results revealed a higher TPH
content in ‘Cacanska Bestrna’ blackberry
than that reported by Milivojevi¢ et al.
(2011) for the same cultivar under similar
agro-ecological conditions.

On the other hand, Benvenuti et al.
(2004) reported that content of TPH in
some thornless blackberry cultivars
grown in Italy ranged from 192.8 to 351.7
mg/100 g FW, which is similar to the
results of our study.

The anthocyanin content  of
blackberries compares favourably with
other fruits (Skrede and Wrolstad, 2002),
and Wang and Lin (2000) have shown
that TAC of blackberries is highly
correlated with the anthocyanin pigment
content. However, many factors such as
genes, soil type, light, temperature, and
agronomic conditions affect anthocyanin
composition in plants (Hosseinian et al.,
2007). Our results show that the TAN
contents were similar to those reported in
the thornless blackberry Benvenuti et al.
(2004).

However, even when good
experimental evidence exists, results
need to be interpreted with caution in
relation to human health benefits, as
polyphenols may have limited
bioavailability and may also be
extensively metabolised (Duthie et al.,
2003).

CONCLUSIONS
The present study indicates that
blackberries are a rich source of natural
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€CTECTBEHWN aHTUOKCUMAAHTU U Ye WHTEH-
3ndnkaumaTa Ha TexHoMorusiTa Ha oOT-
rnexgaHe fonpuHacs 3a yBefinyaBaHe Ha
CbAbpXaHneTo Ha nonudeHonu. OT apy-
ra cTpaHa, o6LWOTO CbAbpXaHue Ha doe-
HO/IM N aHTMOKCUAAHTHaTa aKTUBHOCT Ba-
pvpa npu pasnnyHuTe eKOMNOTUYHWU YCNo-
BUA, N3N03BaHN B HACTOALL,OTO Npoy4BaHe.

KoHcymaumsaTa Ha KbnvHU MOXe Aa
ocUrypn [06bp M3TOYHUK Ha aHTMOKCK-
JaHTW, KOMTO MMaT noTeHuuan 3a ynot-
peba B pa3pabOTBaHETO Ha XpaHUTENHU
CbCTaBKM, MOME3HM 3@  YOBELUKOTO
3gpase.
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antioxidants and that intensification of the
cultivation technology of blackberry
contributes to an increase in the poly-
phenol contents. On the other hand, total
phenolic content and antioxidant activity
varied among the different ecological
conditions used in this study.

Consumption of blackberries can
provide a good source of antioxidants,
and therefore they may have potential for
use in the development of food
ingredients that are beneficial to human
health.
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