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ABSTRACT

Black currant contain significant amounts of mirdgrand vitamins that are associated with an im-
proved health status. The effect of three soil gan@ent system (bare fallow, sawdust mulch and
black foil mulch) on the content of vitamins andnemials in the fruits of seven black currant cultsra
(‘Ben Lomond’, ‘Ben Sarek’, ‘Titania’,Catanska Crna’, ‘Tisel’, ‘Tiben’ and ‘Tsema’) was apzéd.
HPLC-DAD (high performance liquid chromatographydé array detector) technique was used to de-
fine the vitamins A, B, B, and B. Vitamin C were evaluated using a spectrometegreds the mineral
content of the fruit was determined by flame atoatisorption spectrometry. Significant differences i
the minerals and vitamins content were detectednantibe cultivars. The berries of black currants are
rich in mineral composition, especially potassiupmosphours, sodium, calcium and magnesium as
well as iron. Also, black currant is an importapnugece of vitamin C and, to a lesser amount vitamins
Aand B. Soil management systems showed highly significdifferences in some the tested
parametersBlack currants grown on black foil mulch gave thighest levels of K, P and Na, and
those on sawdust mulch had a high content of vitan@, A and B On the other hand, soil manage-
ment system had no pronounced effect on the ofitemins and minerals analyzed. This study demon-
strates degree of differences in the amount vitansind mineral elements depending on the different
soil management systems and climatic factors.
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INTRODUCTION

Fruits and vegetables play an important role iMain minerals and essential trace elements are very
human nutrition and health, particularly as sourceimportant in biological processes, and play a vital
of vitamin C, thiamine, niacin, pyridoxine, folic role in normal growth and development and have
acid, minerals and dietary fibre [Wargovich 2000]also been involved in prevention of some chronic
The fruits of black currants provide an inexhaustidiseases [Gorinstein et al. 2001]. Black currants
ble source of vitamins which along with mineralscontain a rich mineral composition which may con-
make the fruit highly physiologically valuable.tribute to health benefits. Analysis of black cutra
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constituents reveals that the fruits possess hiwvegetative and generative potential and has a posi-
levels of minerals, especially potassium, calciuntive effect on the chemical properties of the fruit
magnesium as well as iron [Lefevre et al. 2011[Larsson 1997, Dale 2000, Milivojeviet al. 2007,
Tahvonen [1993] found significant amounts of CaOchmian et al. 2008].
Mg, Fe, Mn and Zn in black currant berries, The aim of the study was to determine the con-
whereas Nour et al. [2011] reported high amountents of vitamin and mineral elements in fruits of
of potassium, calcium and magnesium but smaseven black currants cultivars that are cultivated
guantities of sodium. According to Hedmdet al. the different soil management systems.
[2008], black currants which offer dietary benefits
and produce numerous physiological effects IMATERIALS AND METHODS
humans have high levels of macroelements (Ca, K,
Na, Mg and P), but relatively low concentrations of Plant material and growth conditions. The re-
microelements (FeCu and Zn). Moyer et al. [2002] search was conducted at the Fruit Research Insti-
emphasized that the significant antioxidant cayacitute, Casak, Western Serbia, during 2012-2014
of black currant fruits and their processed produc(43°54'N latitude, 20°21'E longitude, 242 m a.s.l.)
is accounted for by a very high content of vitamiThree soil management systems were used: treat-
C. The high levels of vitamin C and polyphenolsment | — bare fallow i.e. continuous tillage; treat
contribute to the antioxidant, anti-inflammatory,ment Il — sawdust mulch, and treatment Il — black
antimicrobial and anticarcinogenic activities ot th polyethylene foil mulch. Seven black currant culti-
fruit [Mazza 2007]. Selection of cultivars and prowvars were included — ‘Ben Lomond’, ‘Ben Sarek’,
duction sites is important for the cultivation ofTitania’, ‘Catanska Crna’, ‘Tisel','Tiben’ and
high-quality black currant raw material for health-Tsema’. The experiment was laid out in a random-
promoting products [Vagiri et al. 2013]. ised block design (7 cultivars x 3 soil management
The most common soil management systeisystems x 3 replications x 5 bushes), giving al tota
used in black currant plantings is bare fallow, blof 315 black currant bushes. To obtain comparable
soils are also mulched with organic mulches (savsamples, berries were selected visually and were at
dust, black plastic, bark, wood chips etc.). the same stage development and from similar loca-
More recently, mulching has been increasingltions in the bushes. Fruits were sampled at full
practised. Numerous studies have highlighted thripeness in June, as during that period of the year
mulching the soil with sawdust or foil promotes thethese plant parts are fully developed.

Table 1. Mean monthly air temperatures (°C), mean annuakaiperatures (A) and mean air temperatures fovegeta-
tive growth period (VG)

Year/

| Il 11 v \Y VI VI Vil IX X Xl Xl A VG
month

2012 1.8 25 6.8 122 173 241 26.6 254 209 1385 1.4 131 200

2013 35 38 6.6 132 182 206 23.3 241 172 1489 2.0 13.0 187

2014 40 6.6 102 128 16.1 211 22.7 221 175 513.8.9 3.1 132 180
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Table 2. Average monthly rainfall totals (mm ™ annual rainfall totals (A) and rainfall totalsr fthe vegetative growth
period (VG)

Year/

Il 11 v Vv VI VI Vil IX X Xl Xl A VG
month

2012 60 70 10 47 68 38 22 0 7.2 30 23.7 876 46331322

2013 51 68 65.7 37 78.5 61.5 10 62.5 87 17.2 405 6829 3537

2014 215 6 525 104.5 125 103.5 163 56 101 50 190 9892.0 703.0

Climatic factors. During the experimental period absorption spectrometry using a Varian Spectar AA
2012-2014, the average of mean annual air tempe200 instrument equipped with a GTA 110 graphite
tures was 13.1°C, and the average air temperatifurnace (Varian, USA). 0.3-0.5 g weighed on a Den-
during the growing season was 18.9°C (tab. 1lver Instruments analytical balance TB-2150 with an
The mean annual air temperature was 13.1°C accuracy of 0.0001 g in a Teflon cuvette unit for
2012, 13.0°C in 2013, and 13.2°C in 2014, whereimicrowave digestion Milestone Ethos TC. The sam-
the mean air temperature during the growing seasple was coated with 8 mL of concentrated HN@d
was 20.0°C, 18.7°C and 18.0°C in respective yeail.5 ml of 30% HO,. Digestion was carried out ac-
The average amount of rainfall was 646.1 mif mcording to the following temperature program:
for the experimental period, and 422.9 mrif ffior 5 min—250 W-180°C (temperature in the reference
the growing season (tab. 2). Rainfall totals wercell) or 65°C (the temperature at the surface ef th
463.5 mm ¥ in 2012, 582.9 mm Rin 2013, and cuvette measured sensor IC); 5 min—-400 W (same
892.0 mm ¥ in 2014, whereas the mean amount ctemperature criterion); 5 min-500 W (same tempera-
rainfall during the growing season was 212.2 mm) mture criterion). After the completion of digestion
353.7 mm ¥ and 703.0 mm M in 2012, 2013 and contents were quantitatively transferred to a vatsm
2014, respectively. ric flask of 50 mL and amended to the line deiodize

Sample preparation. Fruit samples (10.0 g) werewater ASTM class | (0,067 uS). Determination of the
extracted by 96% ethanol (100.0 mL) as a solverelements are done by atomic absorption spectrometry
The extraction process was carried out using aa-ult flame technique on a Varian SpectrAA 200. With
sonic bath (model B-220, Branson Instrumenteach batch of samples was performed by measuring
Smith-Kline Co., Danbury, CT, USA) at room tem-the absorbance of the calibration standard solution
perature for 1 hour. After filtration, 5 mL of thigd (stock standards are Merck). Calibration of law is
uid extract was used for extraction yield determineconstructed from 5 points (including zero) using
tion. The solvent was removed by a rotary evaporatlinear regression. Control samples were blank solu-
(Devarot, Elektromedicina, Ljubljana, Slovenialions and solvent blank solutions enriched with
under vacuum and was dried at 30°C to constaa standard solution of the test elements in congent
weight. The dried extracts were stored in glastidmt tions that correspond to the second point of thie ca
at 4°C to prevent oxidative damage until analysidbration straight line. Each measurement consisted o
The analyses of the extracts were carried out imm3 replicates, during any particular measurement was
diately after extraction. 3 sec. Determination of phosphorus concentration

Determination of mineral contents. The mineral was carried out by spectrophotometry — Spectropho-
content of the fruit was determined by flame atomitometer MA9523-SPEKOL 211 (ISKRA, Horjul,
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Slovenia) on the basis of specific absorbancegbit li Statistical analysis. The experimental data ob-
(725 nm) blue colored phosphor—molybdenum contained during the three-year period were subjetded
plex. Prepared a series of standard solutions statistical analysis using Fisher's three-factalygsis
known concentration in the phosphor was transferrof variance — ANOVA. Significant differences be-
to measuring vessels of 100 ml, and an amount tween the mean values of the tested factors and the
0,1, 2, 3, 4, 5, and 6 ml of the basic standaoh<c interaction means were determined by LSD test at
centration 0—6 mg-100°Y. Of stock solution of the P < 0.01 and® < 0.05 significance levels. The results
sample in which the concentration of phosphorus wiare presented in tabular and figure form.
transferred by pipette into 10 ml measuring cotirt o
100 ml. In all measuring vessels (standards and SaRESULTS AND DISCUSSION
ples) was added to about 50 ml of distilled water,
5 ml of ammonium molybdate solution, 1 ml of so- Black currants contain minerals and vitamin
dium sulfite and 1 ml of hydroquinone, and thewhich are essential to human health. Despite a-grow
supplemented with distilled water to 100 ml. Measuiing interest in mineral supply from food [Grusaldan
ing vessels were then sealed, shaken and lefiiamla DellaPenna 1999], only few studies underlined the
room to develop color during the course of one houvariability of nutrient accumulation in differenetry
Upon completion, the spectrophotometer measurispeciesThe present research is among the few stud-
the absorbance at 725 nm using a calibration chiies that have examined and compared the effect of
and calculated the concentration of phosphorusgn rdifferent soil management systems on the mineral
per 100 g fresh weight of the fruit. and vitamin content of fruits of black currant ¢ult
Determination of vitamins. Vitamin C was as- vars. During the three-year research period, sail-m
sessed using a Perkin Elmer UV/VIS spectrometagement systems had a significant effect on the con
(Lombda 25). A 5Qul aliquot of the sample solution tents of macroelements K, Na and P, and vitamins C,
was mixed with 125l of MB (c = 0.4 mmol El) A and B. The contents of vitamins;Bnd B macro-
solution and diluted to 10 mL with distilled water.elements Ca and Mg, and microelements were highly
The absorbance was measured at 665 nm. A linesignificantly different across cultivars and years,
relationship was obtained between the decreasiwhereas no differences were observed among treat-
absorbance intensity and the concentration of Aments. Average content of macro- and micro-mineral
in the concentration range of the analyte betweenutrients in fruits of black currant are presenied
0.001 mol C* and 0.05 mol T". A high-performance Tables 3 and 4. The fruits of black currant cuttva
liquid chromatograph (HPLC; Milford, MA, USA) contained the highest levels of macroelements KCa,
fitted with a fluorescence detector was used fer ttNa, Mg and P), which offer dietary benefits and-pro
analysis of vitamins A, B B, and B in the fruit sam- duce numerous physiological effects in humans
ples. The column was Agilent, Eclipse XDB-C18[Hegedis et al. 2008]. In our study, ‘Ben Sarek’ is the
dimensions (250 x 4.6 mm, 1,@n particle size). cultivar with the highest content of macroelemeris
The mobile phase for vitamins;BB, and B was Na, Ca, P), while ‘Ben Lomond’ registered higher
water : methanol (C¥DH) at a ratio of 60 : 40, contents of microelements (Cu, Zn, Se) than theroth
whereas the mobile phase for vitamin A was waterinvestigated cultivars. The highest amount was ob-
methanol (CHOH) at 5 : 95. Absorption spectra weretained in potassium (330.9-327.1 mg 10 gnd the
recorded at the following wavelengths: 247 nm folowest in manganese (0.0035-0.0021 mg 109 g
vitamin B, 444 nm for vitamin B 347 nm for vita- (tab. 3). Also, iron content was higher with varia-
min B,, and 295-330 nm for vitamin A. Results werdion within 5.29 mg 100G (‘Tsema’) and 6.36 mg
expressed as milligrams per 100 grams of fre<100 g* (‘Casanska Crna’) (tab. 4). The macro- and
weight (mg 100 gFW). microelements, contents could be ranked acogrdi

138 www.hortorumcultus.actapol.net



Paunovié, S.M., Nikoli¢, M., Mileti¢, R., Maskovi¢, P. (2017). Vitamin and mineral content in black currant (Ribes nigrum L.) fruits
as affected by soil management system. Acta Sci. Pol. Hortorum Cultus, 16(5), 135-144. DOI: 10.24326/asphc.2017.5.14

350
300 - Wmbare fallow - I
Wsawdust -E
A0
- Wooll-E
0 200 -
= mhare fallow - P
-
E’ 150 Wsawdust - F
100 - mol-F
Whure Callow - 14
50
Wsawdusl - 1u
- T . , “oil- N
Een Ben  Titania Cadfanska Tisel Tiben Tsema
Lomond  Sarek crna
Fig. 1. Relationship between soil management systems @tidac on minerals K, P and Na
250
200 Bhars fal ow - Vitamin
B sawdust - Vizamia C
2 1507 W foil - Vizamin C
(=]
= Bhars fal.ow - Vitamin B3
Z 100 - o
B zawdust - Vizamin 33
<0 - W foil - Vizamin B3
Whars fallow - Vitamin &
o - W sawdust - Vizamin A
> L s 2 o > . . .
o - . . ; _ri-
\p_.‘q‘,: gf' &.\.}nﬁ @’c}@ oF ,\;02‘ &%@’9 foil - Viamin &
Q
& F e

Fig. 2. Relationship between soil management systems dtidacwon vitamins C, Band A

www.hortorumcultus.actapol.net 139



Paunovié, S.M., Nikoli¢, M., Mileti¢, R., Maskovi¢, P. (2017). Vitamin and mineral content in black currant (Ribes nigrum L.) fruits
as affected by soil management system. Acta Sci. Pol. Hortorum Cultus, 16(5), 135—144. DOI: 10.24326/asphc.2017.5.14

Table 3. Content of macroelements in fruits of black cutmauitivars

Cultivar/ Treatment/ Year K Na Ca Mg P
(mg 100 g (mg 100 g') (mg100g) (mg100g)  (mg 100 g)
‘Ben Lomond’ 3285+4.03de 24.4+1.08ef 305#059f 27.2+0.65b 189.1+1.17b
‘Ben Sarek’ 331.1+3.11a 31.3+1.24a 385+052a 28.1+0.36a 190.7+l1l.17a
‘Titania’ 330.3+3.49ab 25.0+1.03d 31.0+0.63de 27.5+0.60b 189.2+0.92b
Cultivar (A) ‘Catanska Crna’ 329.8+4.03bc 26.6+1.28b 34.0+0.70b 27.1+0.42b 189.5+1.02b
‘Tisel’ 327.6+3.62e 243+0.79f 30.6+0.49ef 26.7+0.35c 188.3+0.74c
‘Tiben’ 329.1+354cd 255+#1.11c 31.7+0.56c 27.2+0.23b 189.6+1.12b
‘Tsema’ 328.0+3.98de 24.8+1.19de 31.4+050cd 28.2+045a 187.3+1.20d
bare fallow 327.7+2.35¢c 25.4+0.77b 32.5+0.50 27.4 +0.32 187.7 +0.68 ¢
Treatment (B) sawdust 328.8+2.38 b 25.7+0.77b 32.5+0.51 27.4+0.29 189.0+0.70b
foil 331.0+245a 26.8+0.78 a 32.6 +0.50 27.5+0.29 190.6 +0.73 a
2012 351.8+0.27 a 324+0.24a 35.1#0.19a 30.1+0.20a 182.4+0.17c
Year (C) 2013 32954056 b 23.0+0.20b 326+052b 27.0+0.09b 189.9+0.30b
2014 306.3+0.49¢c 22.6+0.85¢c 29.840.48c 25.1+0.14c 195.1+0.24a
ANOVA
Cultlvar (A) *% *% *% *% *%
Treatment (B) ki ** ns ns **
Year (C) *% *% *% *% *%
AxB ns ns ns ns ns
A X C *% *% *% *% *%
BxC *x ns ns ns ns
AxBxC ns ns ns ns ns

Means followed by different letters within the ¢wdtr, treatment and year columns are significadifferent atP < 0.01 and® < 0.05 according
to LSD test and ANOVA (F-test) results

to the following order: K> P > Ca > Mg > Na > Fe >tents. The highest vitamins levels were measured in
Cu > Zn > Se > Mn. Compared to the present expe‘Cacanska Crna’ (C, A, B B,, Bs;) and ‘Ben Lo-
ment, Perkins-Veazie and Collins [2001] and Hummemond® (A, B;, B,, Bs), and the lowest in ‘Tisel’
and Barney [2002] reported higher values for K an(C, A, B;) and ‘Titania’(B, B3). The main vitamins
Ca, but significantly lower values for P, Fe and, Nén black currant fruit are vitamin C (201.6-228.g m
whereas Nour et al. [2011] obtained comparabledeve100™g).
of Ca and Zn, a higher content of Mg, and lower Vitamin C is one of the most important nutritional
amounts of K, Na and Fe. Cosmulescu et al. [201quality factors in many horticultural crops and has
reported a high content of macroelements (K, Mg armany biological activities in the human body. The
Ca) in black currants compared to other soft fruits  content of vitamin C in fruits and vegetables can b
In comparison with other fruits, black currants arinfluenced by various factors such as genotypie dif
low in calories and sodium with significant levels ferences, preharvest climatic conditions and caltur
vitamin A, vitamin B, vitamin B, vitamin E, iron, practices, maturity and harvesting methods, antt pos
potassium and calcium [Hummer and Barney 200Zharvest handling procedures [Lee and Kader 2000].
The results on the vitamins content of the fruits a Also, the high concentration of vitamin C in thaifr
given in Table 5. is also an important marketing tool and an impdrtan
Analysing the results for black currant cultivarsbreeding target [Brennan and Gordon 2002]. Vita-
significant differences were found for vitamins eonmins contents could be ranked according to fite
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Table 4. Content of microelements in fruits of black cutranltivars

Cultivar/Treatment/Year Zn Fe cu Mn Se
(mg100g) (mg100g)  (mg100g) (mgl100g)  (mg100g)

‘Ben Lomond’ 0.36+0.06a 6.26+051a 058+0.01a 0.0032+0.01a 0.031+0.01a
‘Ben Sarek’ 0.30#0.03e 6.18+0.53a 0.46+0.03e 0.0020+0.01c 0.033 +0.01 bc
‘Titania’ 0.35+0.03b 559+0.49c 0.53+0.02c 0.0025+0.01 bc 0.028 +0.01 d

Cultivar (A) ‘Catanska Crna’ 0.29 +0.01 f 6.36 t0.53a 0.55+0.02b 0.0030+0.01 ab 0.032 +0.01 b
‘Tisel’ 0.33#0.04c 5.82+0.47bc  0.46 +0.03e 0.0034 +0.01 a 0.030 +0.01 cd
‘Tiben’ 0.32+0.05d 5.89+0.49b 0.51+0.02d 0.0035+0.01 a 0.034 +0.01 ab
‘Tsema’ 0.30+0.03e 5.29+0.39d 0.44+0.03f 0.0021+0.01c 0.032+0.01b
bare fallow 0.32 £0.05 5.96 +0.33 0.50 +0.02 0.0027 +0.01  0.032 +0.01

Treatment (B sawdust 0.32 +0.05 5.93 +0.33 0.51 +0.02 0.0027 +0.01  0.031 +0.01
foil 0.32 £0.05 5.84 +0.30 0.51 +0.02 0.0030+0.01  0.031 +0.01
2012 0.36+0.06a 3.67+0.04c 0.68+0.01a 0.0059+0.01a 0.033+0.01a

Year (C) 2013 0.33+0.05b 4.77+0.05b 0.40+0.01b 0.0020+0.01b 0.034+0.01 b
2014 0.27+0.03¢c 9.29+0.12a 0.44+0.01c 0.0006 +0.01 ¢ 0.027 +0.01 c

ANOVA

Cultlvar (A) *% *% *% *% *%

Treatment (B) ns ns ns ns ns

Year (C) *% *% *% *% *%

AxB ns ns ns ns ns

A X C *% *% *% *% ns

BxC ns * ns * ns

AxBxC ns ns ns ns ns

Means followed by different letters within the ¢wdtr, treatment and year columns are significadifferent atP < 0.01 and® < 0.05 according
to LSD test and ANOVA (F-test) results

lowing order: C > B> A > B; and B. In Denmark, The chemical composition of the fruit is governed
Pedersn [2008] recorded the highest vitamin Chy the genetic predisposition of cultivar [Bordoaab
content in Catanska Crna’, which is in agreemeniand Terry 2008] and maturity stage, but also to
with the highest values obtained for this cultitar a large extent by climatic factors [Zheng et al020
the present experiment. Nes et al. [2012] in NorweWalker et al. 2010, Vagiri et al. 2013]. Climatiorz

and Zurawicz et al. [2000] in Poland reported higheditions including light and average temperatureehav
levels of vitamin C in ‘Tisel’ and ‘Tiben’, whereasa strong influence on the chemical composition of
Siksnianas et al. [2006] in Lithuanian obtained lovcrops [Klein and Perry 1982]. Total available heat
levels of vitamin C in ‘Titania’. Khoo et al. [2012 and the extent of low and high temperatures are the
stressed significant cultivar-dependent variations most important factors in determining growth rate
vitamin C content. In addition to high levels of vi and chemical composition of fruits. Across yedus, t
tamin C, Nikol¢ and Milivojevic [2010] reported highest content of vitamin C was recorded in 2013,
significant amounts of vitamin B Lister et al. which had more moderate air temperatures and rain-
[2002] singled out black currants among temperafall amounts compared to the other two experimental
continental fruit crops as having the highest Isvelyears. The heavier rainfall and lower air tempeesu

of vitamin C. in 2014 had a positive effect on the syrithasd
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Table 5. Vitamin content in fruits of black currant cultigar

. Vitamin C Vitamin A Vitamin B, Vitamin B, Vitamin B;
Cultivar/ Treatment/ Year (mg 100 g (mg 100 g (mg 100 g (mg 100 g (mg 100 g
‘Ben Lomond’ 2155+4.09¢c 19.8+#050a 0.110#0.01a 0.108+0.01a 41.1+1.20a
‘Ben Sarek’ 207.0+291d 184+0.67d 0.107+0.01a 0.092+0.01c 39.5+0.71c
‘Titania’ 207.7+3.46d 195+#066b 0.087+0.01b 0.083+0.01d 37.6+0.42d
Cultivar (A) ‘Casanska Crna’ 228.0+491a 20.0+0.58a 0.110+0.01a 0.111+0.01a 409*1.09a
‘Tisel’ 201.6+3.45f 18.2#056d 0.090+0.01b 0.105+0.01b 40.3+1.21b
‘Tiben’ 203.9+3.20e 19.0#0.65c¢c 0.090+0.01b 0.094+0.01c 40.1+1.19b
‘Tsema’ 221.1+498b 17.8+0.58e 0.108+0.01ab 0.108 +0.01ab 40.3+1.20b
bare fallow 210.3+2.64c 18.1+0.39b 0.101+0.01 0.101 +0.01 39.9+0.69 b
Treatment (B) sawdust 214.0+42.89a 20.0+0.42a 0.100+0.01 0.100 £0.01 41.8+0.69 a
foil 212.0+2.83b 18.7+0.39b  0.099 +0.01 0.100 +0.01 38.2+0.68 c
2012 186.7 +1.09¢ 16.4+0.23c 0.049+0.01c 0.044+0.01c 34.8+0.13c
Year (C) 2013 2304 +274a 175+0.11b 0.087+0.02b 0.089+0.02b 38.4+0.17b
2014 219.3+0.63b 23.0+0.12a 0.164+0.02a 0.168+0.02a 46.7+0.41a
ANOVA
Cultlvar (A) *% *% *% *% *%
Treatment (B) *k b ns ns **
Year (C) *% *% *% *% *%
AxB ns ns ns ns ns
A X C *% *% *% *% *%
BxC el * ns * ns
AxBxC ns ns ns ns ns

Means followed by different letters within the dwdtr, treatment and year columns are significaditferent atP < 0.01 and® < 0.05 according
to LSD test and ANOVA (F-test) results

accumulation of vitamins A, BB, and B, and mac- in the south of Sweden compared to currants grown
roelements P and Fe, whereas the higher air tempein the north of Sweden. As explained by the authors

ture and lower rainfall in 2012 enhanced the synththe differences were the result of a higher mean ai

sis of the other minerals. Lister et al. [2002]edet temperature during harvest season, which was not
mined the dependence of vitamin C content in blacconfirmed in the present study.

currants on production site, with higher levelsridu

in northern countries than in southern countrieCONCLUSION

Kaldmae et al. [2013] observed that vitamin C con-

tent is negatively correlated with temperature, and The present research showed high levels of vita-
positively with rainfall, while Walker et al. [2010 mins and minerals in the analyzed cultivars. Soil

found that black currants grown on south facinmanagement systems and climatic factors have

slopes that received more warmth and solar radgiati@ significant positive effect on the synthesis aod
contained up to 20% more vitamin C than thoscumulation of certain vitamins and minerals, which

grown on north facing slopes. Vagiri et al. [2013should be considered when establishing commercial
reported higher levels of vitamin C in currantswgno black currant orchards.
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Analysing the results for black currant cultivarsHegedis, A., Balogh, E., Engel, R., Sipos, B.Z., Papp, J.,
significant differences were found for vitamins eon  Blazovics, A., Stefanovits-Banyai, E. (2008). Conapar
tents. The highest vitamins levels were measured in tive nutrient element and antioxidant characteiozat
‘Catanska Crna’ (C, A, B By, Bs) and ‘Ben Lo- of berry fruit species and cultivars grown in Hungary
mond’ (A, By, B, Bj), and the lowest in ‘Tisel’  HortScience, 43, 1711-1715.

(C, A, By) and ‘Titania’ (B, Bs). The main vitamins Hummer, E.K., Barney, L.D. (2002). Currants. Crop Re-
in black currant fruit are vitamin C (201.6-228.g m  Ports. HortTechnology, 12, 377-387.

100" g). The macro- and microelements, contenfsdldmae, H., Kikas, A., Arus, L., Libek, A. (2013). Geno

could be ranked according to the following order: tPe and microclimate conditions influence ripening
K>P >Ca>Mg>Na>Fe >Cu>Zn>Se > Mn. paFtern angl quality of blackcurrariibes nigrum L.)

Generally, the data obtained in this study confirmI fruit. Zemd'rbySte'Agg%’zz(loo)'bl.64_%d74' i
that black currant represent a valuable sourcéffefd Klein, B'_P" Perry’ A.K. (1982). Ascorbic aci anamin A
ent vitamins and minerals, and may be considered asaCt'V't.y in_selected Vege.t ables from different geo-
a valuable candidate for preparing functional foods graphical areas of the United States. J. Food &,

941-945.
Khoo, M.G., Clausen, R.M., Pedersen, L.H., Larsen, E.
ACKNOWLEDGEMENT (2012). Bioactivity and chemical composition of ¢tka

currant Ribes nigrum) cultivars with and without pes-
This study is part of Project Ref. No. 31093 fi- ticide treatment. Food Chem., 132, 1214-1220.
nancially supported by the Ministry of EducationKazimierczak, R., Hallmann, E., Rusaczonek, A., Bem
Science and Technological Development of the Re- alkowska, E. (2008). Antioxidant content in blackrant
public of Serbia. from organic and conventional cultivation. EJPAW(2),
article number: 28, http://www.ejpau.media.pl//\ak
11/issue2/art-28.html.
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Bordonaba, G.J., Terry, A.L. (2008). Biochemical pirag J. Res. Chem. Environ., 2, 8-20.
and chemometrlc. analysis OT seventeen UK'grOWEarsson, L. (1997). Evaluation of mulching in orgatly
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Dale, A (_200_0)' Black plastic mulc an CWEeN-row ¢ ctors influencing vitamin C content of horticutil
cultivation increase black currant yields. HortTeahn crops. Postharvest Biol. Technol., 20, 207-220

qu, :_LO’ 307_3085 o | Lefevre, |., Ziebel, J., Guignard, C., Sorokin, Aik-T
Gorinstein, S., Zachwieja, Z., Folta, M., Barton, H., honova, O., Dolganova, N., Hoffmann, L., Eyzaguirre,

P'O”O}’V'FZ- J.I,I zemser, M., Weisz, M., .Trakhte;lci)erg, P., Hausman, J.F. (2011). Evaluation and comparison
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