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Figure 1. Average contents of some elements in cover soil, and ash  with treshold values 
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Figure 2. Average content of researched elements under diferrent treatments at the Dreznik experimental plot 
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cv. ‘Shesh i Zi’ 
Distances 
Length: 88,4 ± 18,8 Width: 88,3 ± 18,5 L.+ petiole: 121,5 ± 24,6 OP: 65,6 ± 13,8 
ON1:   65,5 ± 13,8 N2N2’: 75,7 ± 15,2 N3N3’: 88,8 ± 19,5  N4N4’: 53,0 ± 13,7 
SPSP’:  10,4 ± 3,4 ON2: 59,8 ± 12,5 ON2’: 59,0 ± 12,4  ON3: 44,9 ± 9,1 
ON3’:  44,6 ± 10,7 ON4: 34,7 ± 8,6 ON4’: 35,1 ± 8,1  O3N4: 30,1 ± 7,3 
O3’N4’: 30,4 ± 7,0 O4N5: 17,4 ± 4,0 O4’N5’: 17,0 ± 4,0  OO3: 6,4 ± 1,5 
OO3’:  6,3 ± 1,6 OS’: 40,9 ± 9,7 OS’: 41,4 ± 10,0  OI: 35,9 ± 9,0 
OI’:  34,3 ± 9,0 HN2: 5,2 ± 1,5 HN2’: 5,0 ± 1,5  HN4: 4,4 ± 1,2 
HN4’:  4,5 ± 1,4 BN2: 7,0 ± 1,8 BN2’: 6,7 ± 1,7  BN4: 7,2 ± 1,8 
BN4’:  7,5 ± 2,0 FN2: 28,2 ± 6,0 FN2’: 25,9 ± 6,2 

Angles 
Al:  48,1 ± 5,5 Al’:  47,9 ± 4,0 Be:  42,9 ± 4,7 Be’:  6,3 ± 4,9 
Ga:  57,4 ± 7,9 Ga’: 60,4 ± 5,2 Om:  41,1 ± 4,1 Om’:  38,5 ± 4,4 
Et:  43,1 ± 6,1 Et’: 46,4 ± 5,1 Ta:  47,9 ± 8,3 Ta’:  45,2 ± 5,4 
Pi:  43,1 ± 18,4 De: 106,5 ± 7,8 Lam:  66,8 ± 12,9 Mu:  61,1 ± 4,5 
Ep:  73,9 ± 5,3 Ep’: 71,2 ± 6,8 Al+Be: 91,0 ± 7,8 Al’+Be’: 54,2 ± 7,1 
Al+Be+Ga:  148,4 ± 13,8 Al’+Be’+Ga’: 114,5 ± 8,3    

Ratios 
L x W: 8116,7 ± 2996,0 L x W: 1,056 ± 0,125  RP: 0,648± 0,088 RS: 0,716 ± 0,073 
RS’:  0,72 ± 0,075  RI: 0,778 ± 0,026  RI’: 0,778 ± 0,026 R2: 0,860 ± 0,049 
R2’:  0,899 ± 0,069  R3: 0,650 ± 0,068  R3’: 0,650 ± 0,068 R4: 0,388 ± 0,037 
R4’:  0,402 ± 0,032  R5: 0,213± 0,028   R5’: 0,213± 0,028 AlBe/OSOI: 0,019 
AlBe/OSOI’: 0,022 ± 0,007 HBN2: 0,848 ± 0,180 HBN2’: 0,749 ± 0,0136   
HBN4: 0,811 ± 0,094  HBN4’: 0,811 ± 0,094        Calc. Surf.: 8675± 3401,1 

OIV codes 
OIV601: 1    OIV607: 5  OIV614: 1  OIV067: 3 
OIV602: 1   OIV608: 1  OIV615: 3  OIV079-1: 3 
OIV603: 3   OIV609: 9  OIV616: 1  OIV081-1: 1 
OIV604: 7   OIV610: 9  OIV617: 3  OIV083-2: 1 
OIV605: 3   OIV612: 3  OIV066-4: 1  OIV092: 1 
OIV606: 3    OIV613: 3  OIV066-5: 3  OIV093: 1 
      

cv. ‘Sheshi i Bardhë’ 
Distances 



Length: 145,0 ± 44,3 Width: 132,6 ± 45,6 L.+ petiole: 186,1 ± 67,4 OP: 82,5 ± 34,3 

ON1:   103,6 ± 34,2 N2N2’: 124,7 ± 44,2 N3N3’: 127,5 ± 46,3  N4N4’: 62,5 ± 32,8 

SPSP’:  11,0 ± 8,0 ON2: 90,8 ± 32,1 ON2’: 90,1 ± 29,8  ON3: 64,6 ± 23,6 

ON3’:  64,0 ± 23,0 ON4: 51,9 ± 17,1 ON4’: 51,8 ± 16,5 O3N4: 45,4 ± 15,1 

O3’N4’: 45,1 ± 14,0 O4N5: 25,5 ± 8,9 O4’N5’: 27,9 ± 8,0 OO3: 8,9 ± 3,4 

OO3’:  8,8 ± 3,7 OS: 62,2 ± 29,3 OS’: 66,3 ± 27,1 OI: 53,2 ± 22,4 

OI’:  52,3 ± 21,1 HN2: 7,1 ± 3,0 HN2’: 6,7 ± 3,0 HN4: 5,6 ± 3,9 

HN4’:  6,1 ± 2,8 BN2: 9,7 ± 4,0 BN2’: 4,5 ± 1,4 BN4: 10,6 ± 4,8 

BN4’:  10,0 ± 3,6 FN2: 43,6 ± 19,2 FN2’: 45,4 ± 16,0 

Angles 

Al:  53,4 ± 6,3 Al’:  53,6 ± 6,8 Be:  52,4 ± 7,3 Be’:  13,0 ± 8,5 

Ga:  58,5 ± 6,9 Ga’: 63,0 ± 7,1 Om:  42,7 ± 6,7 Om’:  44,5 ± 5,2 

Et:  53,3 ± 7,4 Et’: 50,8 ± 4,7 Ta:  48,3 ± 5,2 Ta’:  49,2 ± 6,2 

Pi:  30,3 ± 25,2 De: 99,1 ± 9,1 Lam:  65,5 ± 17,0 Mu:  54,6 ± 7,5 

Ep:  72,4 ± 7,2 Ep’: 76,7 ± 7,7 Al+Be: 105,8 ± 11,3 Al’+Be’: 66,6 ± 12,2 

Al+Be+Ga:  164,3 ± 15,4 Al’+Be’+Ga’: 129,6 ± 17,2  

Ratios 

L x W: 21023,8 ± 64,9 L x W: 1,106 ± 0,093 RP: 0,786 ± 0,102 RS: 0,666 ± 0,102 

RS’:  0,726 ± 0,116  RI: 0,814 ± 0,076 RI’: 0,810 ± 0,064 R2: 0,873 ± 0,050 

R2’: 0,871 ± 0,061  R3: 0,622 ± 0,058 R3’: 0,615 ± 0,052 R4: 0,442 ± 0,065 

R4’: 0,439 ± 0,031  R5: 0,252 ± 0,062 R5’: 0,273 ± 0,024 A+B/OSOI:0,019 

A’+B’/OSOI’: 0,439 ± 0,031    Surf.: 14457 ± 109 

OIV codes 

OIV601: 3    OIV607: 5  OIV614: 1  OIV067: 3 

OIV602: 3   OIV608: 3  OIV615: 3  OIV079-1:  3 

OIV603: 3   OIV609: 7  OIV616: 1  OIV081-1: 1 

OIV604: 9   OIV610: 9  OIV617: 3  OIV083-2: 2 

OIV605: 5   OIV612: 1  OIV066-4: 1  OIV092: 1 

OIV606: 5    OIV613: 3  OIV066-5: 3   OIV093: 1 

 

cv. ‘Kallmet’ 

Distances 

Length: 175,1±19,2 Width: 178,8 ± 19,2 L.+ petiole: 248,46 ± 35,0 OP: 116,1 ± 20,1 

ON1:  132,3 ± 17,8 N2N2’: 164,2 ± 13,6 N3N3’: 172,8 ± 17,3  N4N4’: 87,1 ± 17,0 

SPSP’: -22,6 ± 6,6 ON2: 119,7 ± 15,3 ON2’: 123,8 ± 15,3  ON3: 83,5 ± 10,0 

ON3’:  89,6 ± 8,2 ON4: 58,7 ±9,3  ON4’: 65,9 ± 8,6  O3N4: 52,3 ± 8,0 

O3’N4’: 57,8 ± 9,0 O4N5: 22,7 ± 5,2 O4’N5’: 29,6 ± 6,4  OO3: 14,5± 6,5 

OO3’:  11,6 ± 3,3        OS: 82,0 ± 14,4           OS’: 81,6 ± 16.9  OI: 69,8±10,5 

OI’:  72,2 ±10,7 HN2: 10,4 ± 2,7   HN2’: 11,6 ± 1,2  HN4: 9,3 ± 1,8 

HN4’:  10,0 ± 3,2  BN2: 14,8 ± 12,9 BN2’: 13,8± 1,5  BN4: 13,3 ± 2,3 

BN4’:  13,1± 1,6 FN2: 53,3 ± 7,2 FN2’: 58, ±59,8 

Angles 

Al: 46,5 ± 2,4  Al’: 47,2 ± 3,7  Be: 40,0± 8,0  Be’: 12,5 ± 5,8 

Ga: 73,3 ± 41,3           Ga’ 49,5 ±5,3  Om:  42,2± 4,1  Om’: 43,0 ± 5,8 

Et: 46,1 ± 5,5  Et’:  47,0 ± 1,7 Ta: 49,4 ± 9,6  Ta’: 44,5 ± 2,5 

Pi: 52,7± 18,1  De: 105,0± 8,5  Lam: 68,6 ± 119,4 Mu: 60,1 ± 7,1 

Ep: 70,0 ± 7,6  Ep’: 65,1 ± 7,1 Al+Be: 86,5±10,3 Al’+Be’: 59,6 ± 6,3 



Al+Be+Ga: 159,8 ± 42,0 Al’+Be’+Ga’: 109,1± 6,9 

 

 

Ratios 

L x W: 31590,1 ± 6479,  L x W: 0,980 ± 0,042     OP/N1: 0,880 ± 0,101    RS: 0,683 ± 0,068    

RS’: 0,658± 0,96      RI: 0,834 ± 0,034  RI’: 0,804 ± 0,075     R2: 0,910± 0,092 

R2’: 0,939 ± 0,054      R3: 0,636 ± 0,073  R3’: 0,682 ± 0,040    R4: 0,397 ± 0,047 

R4’: 0,439 ± 0,052      R5: 0,210 ± 0,035  R5’: 0,225 ± 0,044 AlBe/OSOI:0,010±0,002 

AlBe/OSOI’: 0,010 ± 0,002    Surf.: 21644 ± 4684 

OIV codes 

OIV601: 5    OIV607: 5  OIV614: 3  OIV067: 3 

OIV602: 7   OIV608: 3  OIV615: 5  OIV079-1:  3 

OIV603: 7   OIV609: 7  OIV616: 5  OIV081-1: 1 

OIV604: 9   OIV610: 7  OIV617: 7  OIV083-2: 1 

OIV605: 7   OIV612: 3  OIV066-4: 3  OIV092: 1 

OIV606: 7    OIV613: 5  OIV066-5: 5   OIV093: 3 

  

cv. ‘Vlosh’ 

Distances 

Length: 108,8± 23,2 Width: 98,6 ± 26,5 L.+ petiole: 191,2 ± 26,8 OP: 56,4 ± 1,7 

ON1:  82.4 ± 18,2     N2N2’:  89,5 ± 22,4 N3N3’: 96,7±28,3  N4N4’: 54,0 ± 20,2 

SPSP’: -16,4 ± 8,6 ON2: 69,2 ± 16,3 ON2’: 96,2 ± 14,1  ON3: 49,2 ± 15,4 

ON3’:  47,9 ± 13,9 ON4: 13,9 ± 8,0 ON4’: 50,6 ± 8,6  O3N4: 42,0 ± 5,9 

O3’N4’: 17,6 ± 5,1 O4N5: 21,6 ± 4,7 O4’N5’: 15,9 ± 4,9  OO3: 10.2 ± 2,1 

OO3’:  37,8 ± 11,1     OS: 59,2± 16,1  OS’: 34,4 ± 12,1  OI: 52,7±7,1 

OI’:  30,5 ± 11,8 HN2: 8,7 ± 2,4   HN2’:8,3 ±2,5   HN4: 6,7 ± 1,4 

HN4’:  6,6 ± 2,4  BN2: 12,3 ± 2,8 BN2’: 10,9± 4,4  BN4: 8,0 ± 1,8 

BN4’:  7,8 ± 2,9 FN2: 52,1 ± 17,8 FN2’: 33,8 ±8,6 

Angles 

Al: 55,7 ± 10,2 Al’: 57,7 ± 8,6  Be: 53,9± 7,6  Be’: 103,3 ± 9,4 

Ga: 57,5 ± 9,1             Ga’ 72,8 ±28,0  Om: 46,6 ±10,6  Om’: 48,3 ±7,3 

Et: 50,2 ±7,3  Et’: 54,2 ± 7,4  Ta: 59,9 ± 13,1 Ta’: 59,7 ± 12,3 

Pi: 30,5 ± 39,7  De: 1163,4 ± 15,5 Lam: 57,7 ± 24,6 Mu: 52,4 ± 5,1 

Ep: 74,8 ± 13,1 Ep’: 78,8 ± 11,6 Al+Be: 109,7±14,6 Al’+Be’: 71,6 ± 13,6 

Al+Be+Ga: 104,8 ± 11,4 Al’+Be’+Ga’: 60,9 ± 10,5    

Ratios 

L x W: 23889,1 ± 6669,1   L x W: 0,955 ± 0,095  OP/N1: 0780± 0,092 RS: 0,6181 ± 0,166 

RS’: 0,575 ± 0,132        RI: 0735± 0,72             RI’: 0758 ± 0,1034  R2: 0,902± 0,068 

R2’: 0,896± 0,063        R3: 0,674 ± 0,064        R3’: 0,689 ± 0,070 R4: 0,384 ± 0,061 

R4’: 0,417 ± 0,084        R5: 0,205 ± 0,055        R5’: 0,227 ± 0,066 AlBe/OSOI:0,017±0,004 

AlBe/OSOI’: 0,030 ± 0,010       Surf.: 7221 ± 3257 

OIV codes 

OIV601: 3    OIV607: 7  OIV614: 1  OIV067: 3 

OIV602: 5   OIV608: 3  OIV615: 5  OIV079-1:  3 

OIV603: 5   OIV609: 7  OIV616: 5  OIV081-1: 1 

OIV604: 7   OIV610: 9  OIV617: 5  OIV083-2: 1 

OIV605: 5   OIV612: 3  OIV066-4: 3  OIV092: 3 



OIV606: 5    OIV613: 5  OIV066-5: 5   OIV093: 3 
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Image 1. Burkard type pollen sampler in Bihać     Image 2.) Layout of strip within pollen trap 
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Concentration pollen ambrose in 2008.
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However, the lower asymptotic weights permit to female to reach more rapidly the same physiologic 

state with respect to the male. In fact the female kids reach the inflexion point since 39 days of ages, so 6 
days before the male kids, the same physiologic state can be represented by the inflexion weight with was, respectively 
11.24 and 9.12 kg for male and female kids. According to these results, we can deduct that the female kids of Alpine 
breed farming in the Albanian system productions, can reach the maturity state rapidly and its can began 
reproductive process since the first year of age. This can be considered as an argument in favor of their good adaptation in 
the new Albanian environment. 

Row of kidding is a factor, whose effect is only statistically proved in the case of parameter "A" of 
Gompertz's model. The effect of other two parameters is only shown as a trend. Such result is met in literature. 
Nevertheless, it needs to be stressed that, most authors, in their studies, confirm effects of this factor. Perhaps, this 
situation, which is met in this case, it can also be as a consequence of fact that the data are only for kids obtained for two 
first kidding. As seen, the differences in these curves are only evidenced in the first growth phase, from birth to 3 
months old. After that period, this difference is not evidenced anymore. Such that can be explained by the effect 
"mother*' due to differences that can be in milk quality and intake produced during the period of mothering in the 
first and the second lactations. Mode of birth is a factor, whose effect on Gompertz's curve parameters is 
statistically proved. In literature, the effect of this factor is considered as a classic one (Lyatuu et al. 1992, Okello et 
al. 1993, Gromela et al. 1998, Gaddour et al. 2007). Effects of these factor are in particular visible during the first 
growth phase, from birth to 12 weeks. 

Kids which were born single can be more quickly grown (Alexandre et al. 1997), especially during the period of 
mothering. This situation is also seen in our case analyzed. Live weight gain obtained by kids born single is about 25-
30 % higher compared to twin born ones. 

After that period, differences of live weight gain between single born kids and twin born ones are reduced until 
at age of 6 months, afterwards, according to Gompertz's curves these differences are estimated by about 0.9 kg. 

 
CONCLUSIONS 

1.. Two systems of management: small farm family with not more 5 goats and semi-intensive production system-
farm with more 50 goats, influence indifferent ways on the dynamics of kids' growth for the period from birth to 6 
months. Production system of small family farms creates better conditions for anormal growth process and in accordance 
with standards of breed. 

2.  Independently on differences evidenced between two systems of management, growth dynamics of kids 
until at the age of 6 months, shows that the responses of Alpine goats breed evidenced a normal acclimatization process 
under Albanian farming conditions. 

3. The results of study of variations of the main growth indicators carried out by the Alpine kids breed, live weight 
at the different age, from birth to 6 months old on the one hand, and modeling of their growth curves through 
Gompertz's model, on the other hand, can served as an argument for their normal adaptation in Albanian 

Fig.nr.2.Kids growth curve adjusted by Gompertz model and by kids sex 
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 N %  N % 

Gender: 

      male 

      female 

 

91              

109 

 

45,5 

54,5 

 

 

  

Age group: 

     Up to 20 years 

     21 - 30 years 

     31 - 40 years 

     41 - 60 years 

     over 60 years 

     Missing 

 

10 

53 

55 

62 

19 

1 

 

5 

26,5 

27,5 

31 

9,5 

0,5 

Employment status: 

    scholar 

    student 

    employed 

    unemployed 

    retired 

    disabled veterans 

 

 

5 

26 

123 

27 

16 

3 

 

 

2,5 

13 

61,5 

13,5 

8 

1,5 

Education level: 

     No education 

     Elementary 

school 

     Secondary school 

     High education 

     University degree 

     MD 

     PhD 

 

1 

17 

71 

22 

75 

11 

3 

 

0,5 

8,5 

35,5 

11 

37,5 

5,5 

1,5 

Mounthly income (KM): 

    Up to 200 

    201 - 500 

    501 - 800 

    801 - 1.000 

    1.001 - 1.500 

    1.501 - 2.000 

    2.000 - 3.000 

    Over 3.000 

    Missing 

 

9 

13 

34 

39 

38 

28 

23 

10 

6 

 

4,5 

6,5 

17 

19,5 

19 

14 

11,5 

5 

3 

 

 

                                                 
2 Examinees who do not consume natural bottled water were asked to skip a few questions after this one as they were for those who consume this product 
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ABSTRACT 

In western Kosovo, the structure of agricultural land and agroenvironmental conditions, primarily abundant water resources, 
bodies of water and irrigation channels, have stimulated farmers in the region surveyed to engage in agriculture.  

In order to facilitate the development of agricultural production in western Kosovo, production potentials in the Municipalities 
of Istog, Deçani, Gjakova and Peja were analysed using statistical data on Kosovo, farmer poll results and information gathered 
through a personal insight into the situation on the ground. Random sampling was the method used to select villages and family 
farms for poll purposes. The data collected and analysed showed the average farm size, available land area, crop structure, number 
of animals, and number of tractors and attachment machines.  

The poll covered 215 private farms in 58 villages. Sown meadow and alfalfa stands, and arable land account for 44% and 32% of 
the total farm land available, respectively, the rest being forests. The average farm size in the area polled is 9.51 ha of the total land 
area, with 7.23 ha of land used for cultivation. The most common crops include maize and wheat, cultivated on over 50% and 39% 
of land, respectively, followed by oat, barley and other crops. As part of livestock production, an average farm rears 10 animals, 55 
% of which being dairy cows. Apart from cattle, 15 sheep per farm are reared on average.    

The farms surveyed have insufficient machinery; therefore, this problem hinders the improvement of agricultural production. 
Only 78% of the farms surveyed own two-axle tractors that have a cultivation rate of 9 ha and 2.6 attachment machines. 

Key Words: Agricultural production, livestock production, private farms, machines 

 

INTRODUCTION 

More than a third of the Kosovo population are engaged in agricultural production as the main source 
of subsistence for many families. According to the agricultural household survey conducted by the 
Statistical Office of Kosovo in 2004, the total agricultural population is estimated at 1 million people, 60% 
of whom are under 30 years of age. Namely, Kosovo is the youngest nation in Europe, with 40% of the 
population being 1-15 years of age, as confirmed by the data collected in western Kosovo in the 
municipalities surveyed. The private sector and agricultural farms own 86% of land.  

The Municipality of Peja is the centre of the western Kosovo region. It covers an area of 602 km2 and 
has a population of about 160,000, with about 52% and 48% of people living in urban and rural areas, 
respectively. The Municipality has 76 villages predominantly and traditionally oriented towards 
agricultural production (livestock production, fruit and vegetable production). The fertile lowlands along 
the Lumbardhi (Bistrica) River and the natural beauty of neighbouring mountains and intact forest 
landscapes stretching towards the border with Montenegro offer opportunities for local tourism 
development. The natural resources of this region and favourable agroenvironmental conditions give 
large prospects for the rural development of the municipality. The economic potentials of the region 
include a private sector initiative and modest industrial and craftsmanship capacities.  

The Municipality of Gjakova covers an area of 586 km², has a favourable geographical location, and is 
linked with major towns (Peja, Prizren and Prishtina) via main regional roads. It has a population of about 
150,800, with 51% and 49% of the people living in urban and rural areas, respectively. Gjakova used to 
be a developed trading and industrial centre providing employment for about 7,000 people, mostly in 
the textile and metal industries. Like other towns in Kosovo, Gjakova has a high unemployment rate. Its 
86 villages are mostly located in the lowlands. The fertile lowlands and irrigation capacities have 
favoured the development of crop and livestock production. The favourable agroenvironmental 
conditions of the region have paved the way for the long tradition of agriculture on family farms.  
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The Municipality of Istog, covering an area of 450 km2, has a population of about 64,000 and a 
population density of 140 people/km2 (lower than the average population density in Kosovo, but taking 
into account the fact that part of the upland region along the border with Montenegro is completely 
uninhabited). The Municipality comprises 50 villages where people mostly engage in cereal, vegetable, 
fruit and livestock production. The abundant water resources of the Istog River have ensured the 
construction of surface irrigation channels, thereby facilitating the development of different types of 
agricultural production, both crop and livestock production.  

The Municipality of Deçani has a residing community of about 61,000 people, with 65.5% of them 
being under 30 years of age. It covers an area of 372 km2 within 40 villages, and has a population density 
of 163 people/km2. Agriculture is the main economic sector providing employment for 65% of people.  

All of the above municipalities are experiencing unemployment as a serious economic problem that 
can be overcome through improvements in agriculture and environmental protection.  

The agroenvironmental conditions in western Kosovo, its agricultural land structure, abundant water 
resources, rivers and irrigation channels have stimulated farmers in the region surveyed to engage in 
agriculture. However, the potential for agricultural development in this part of Kosovo as well as in the 
wider area has been underexploited Veljković et al. (2011).  

 

MATERIALS AND METHODS 

The analysis of agricultural production in western Kosovo in this study covers four leading 
municipalities of the region, including Peja, Gjakova, Istog and Deçani. Random sampling was the 
method used to select villages and farms for poll purposes. The poll covered 58 villages and 215 private 
farms, mostly family ones. According to the methodology Lazic and Turan 1996 and Veljkovic et al 2011. 
the questionnaires were used in the poll to obtain required data from farm owners. The data included 
information on farms, economically active family members, land area owned, land quality, production 
structure, type of production, average yields, number of animals by type, breed and category, number of 
tractors, type of attachment machinery, market situation, and trade of agricultural products. The poll 
data were grouped, subjected to mathematical statistical methods, and presented in both tabular and 
graphic form. Additional data included also the official statistics of the Kosovo Agency of Statistics. Based 
on the collected data and their processing and analysis, the data analysed showed the predominant farm 
models in this region.  

 

RESULTS 

The polled region is situated between 42022`34" and 42039`36" North latitude and 20026`05" and 
20017`36" East longitude. The average altitude is 550 m. The economically active population in Kosovo is 
a highly important resource for the development and further enhancement of agricultural production. 
The age structure of the population in the municipalities surveyed is also favourable, with about 63% of 
the people belonging to the age group of 15-64 years. This agricultural population plays the most 
important role in agricultural production (primarily in terms of the use of novel technologies) in the 
Municipalities of Peja, Gjakova, Istog and Deçani, as presented in Table 1.  

Table 1. Age structure of agricultural population across municipalities 

Age groups Pejë Gjakovë Istog Deçan 

up to 14 years 28.6 33.8 30.0 28.7 

15-29 years 28.1 29.6 29.7 30.6 

30- 49 years 25.2 22.0 24.0 23.6 

50- 64 years 10.6 8.3 9.6 10.7 

over 65 years 7.6 6.3 6.8 6.4 

Source: Prepared with using statistical database 
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Farmers over 65 years of age make the smallest age group, and they have a reduced work ability in 
agriculture. The youngest population of up to 14 years of age accounts for about 30% of the age groups.  

Kosovo is predominantly characterised by small family farms and land fragmentation. Plot 
distance from the farmyard is often large and, hence, it is a constraint to a judicious use of machinery. The 
number of small farms is 4850 in Peja, 4210 in Deçani, 400 in Gjakova, and 214 in Istog. The number of 
large specialised farms is 13, 4, 85 and 40 in respective municipalities. (One of the polled specialised 
farms in Istok cultivates as many as 400 ha of land).  

Table 2. Average farm size in the region surveyed 

Municipality Number of polled villages Number of polled farmers Total area in ha Average farm size 

Pejë 11 27 256.9 9.51 

Gjakovë 16 79 647.51 8.2 

Istog 14 60 885.1 14.75 

Deçan 17 49 255.02 5.2 

Total 58 215 2044.53 9.51 

 

In the four municipalities, a total of 58 villages were polled, including 16 villages and 79 farms in 
Gjakova, 14 villages and 60 farms in Istog, 11 villages and 27 farms in Peja, and two regions in Deçani, i.e. 
7 villages and 34 farms in the lowland region along the rivers, and 10 villages and 15 farms in the region 
near Junik (Table 2).  

A total of 215 farms with 2,044.53 ha land were covered by the poll. Small-holder farmers (up to 3 ha 
land) are the most dominant, but their percent contribution to the total land area is the lowest. The 
number of farmers holding 3.1-6 ha land is almost identical to the number of those holding 6.1-10 ha 
land. Namely, farms up to 10 ha in size account for about 78.1% of the total land area, and have more 
than a third (37.07%) of the soils available. Only 9 farms hold land above 20 ha in size, but they make up 
about 37.99% of the total land area, as indicated in Table3.  

 

Table 3. Family farm size in the region surveyed 

Farm size Number of 
farmers 

Percentage % Total area in ha Percentage % 

up to 3.0 70 32.56 120.78 5.91 

3.1-6.0 50 23.26 235.85 11.54 

6.1-10.0 48 22.32 401.35 19.63 

10.01-15.0 28 13.02 355.95 17.41 

15.1-20.0 10 4.65 153.80 7.52 

above 20 9 4.19 776.80 37.99 

Total 215 100 2044.53 100 

 

The average land area including forest area owned by a farm is 9.51 ha, and the average agricultural 
land area is 7.23 ha, which accounts for 76% of the total land available. Noteworthy is the fact that the 
land owned by the farms is divided into a number of small-sized plots located away from the farmyard 

A total of 2,044.53 ha land, including 1,556.03 ha of agricultural land, and 23.89% of forest land, were 
covered by the poll. There are three groups of agricultural land -  arable fields and gardens, meadows and 
pastures, and permanent plantings. The target groups of this research were farmers engaged in livestock 
production, supported by field and forage crop production. Importantly, this region offers exceptional 
agroenvironmental conditions for fruit, grape and vegetable production.  

The agricultural land structure of the polled region is dominated by meadows (897.92 ha or 43.9%) 
and arable fields (657.96 ha or 32.1% ha), followed by sown meadows and alfalfa stands. There are no 
privately owned pastures, but rather state-owned meadows used by farmers to graze cattle during the 
May-September period on a subsidy basis.  
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As regards the crop structure, cereal crops stand out as the basic crops used for livestock production 
planning purposes. There are differences in the crop structure on polled private farms across 
municipalities, depending on region-specific conditions (Table 4).  

 

Table 4. Crop structure of arable fields in ha 

Municipality Pejë Gjakovë Istog Deçan Total 

Wheat 63.5 76.65 93.1 20.9 254.15 

Maize 69 147.9 72.5 42.66 332.06 

Oats 6.6 14 30.4 4.8 55.8 

Barley 0 1.65 4.5 1 7.15 

Other 1 1 0.6 6.2 8.8 

Total arable field 140.1 241.2 201.1 75.56 657.96 

Source: Prepared with using statistical database 
 
The analysis of the poll results showed that 17.67 % of the farmers (38) practise field crop production 

on their farms. Field crop production is focused on feed production. Small amounts of wheat are 
processed into flour used by farmers mostly to meet their own needs. Mixed stands of grass, clover and 
alfalfa are used for feed production purposes. The intensive exploitation of the available land area is 
manifested through yield increases resulting from the use of irrigation, irrigation systems and rivers. 
Under irrigated conditions, 3-5 cuttings are achieved per year, and higher yields of good-quality forage 
are produced. Haymaking is the predominant practise. Grass silage making has been underway over the 
last years, whereas silage has been traditionally produced from whole maize plants. 

The crop structure is dominated by maize, which is grown on more than 50% of land, i.e. on 332.06 ha, 
and wheat, which accounts for 39% of the cultivated land, followed by oats and barley. Other crops 
include vegetables, which are grown mostly for farmers’ own individual needs. 

The analysis of livestock production in the municipalities surveyed shows the predominance of cattle 
and milk production. Local Spotted Simmental cattle, either pure-bred or mixed with other breeds, 
mostly with the indigenous Busha breed, are predominantly raised, but the Brown cattle breed is also 
reared in the uplands. According to the number of animals, cattle and sheep are the most predominant in 
the Municipalities of Istog and Gjakova (Table 5). Sheep farming is mostly practised in the upland region 
of the Istog Municipality, at the foot of Pashtrik in the Gjakova Municipality, and across Mts. Junik, 
Bogicevica and Bjeshkëte Nemuna (Prokletije) in the Deçani Municipality, where farmers drive their 
flocks of sheep to shepherds’ summer settlements (conventional sheep farming).  

A number of farms have specialised in and have adequate equipment for milk and meat production. 
Cattle are reared in stables during winter, and grazed for a period of 5 months on average during 
summer. An average milk production per cow is 14 litres.  

Table 5. Number of animals in the municipalities surveyed 

Category  Pejë Gjakovë Istog Deçan Total 

Dairy cows 135 306 537 193 1171 

Heifers 60 115 137 61 373 

Bulls 28 36 46 45 155 

Calves 48 128 134 107 417 

Total cattle 271 585 854 406 2116 

Sheep 195 746 1896 475 3312 

Lamb 110 318 484 435 1347 

Goats  6  2 8 

Kids  3   3 

Horses 5 9 9 4 27 



683 

 

The farms surveyed have 168 two-axle and 15 single-axle tractors, the latter being mostly used for 
meadow mowing in the uplands and inter-row cultivation. 

 
 

Table 6. Number of tractors by farm size  

Number of tractors Farm size Total 
0-3 ha 3-6 ha 6-10 ha >10 ha 

Pejë 5 5 2 1 13 

Gjakovë 14 15 16 16 61 

Istog 3 13 12 21 49 

Deçan 15 4 10 2 31 

Junik 4 3 5 2 14 

Total 41 40 45 42 168 

The farms surveyed have insufficient machinery; therefore, this fact hinders the improvement of 
agricultural production. Only 78% of the farms surveyed have two-axle tractors. As regards the number 
of tractors by farm size, farms holding less than 3 ha and those holding over 10 ha of agricultural land 
have an almost similar number of tractors (Table 6). Farms having large areas of arable land own tractors 
with an engine power exceeding 60 kW. On average, a two-axle tractor has a cultivation rate of 9.26 ha of 
agricultural land. Tractors have insufficient attachment machinery, with 2.6 attachment machines per 
two-axle tractor. Intensive production requires adequate attachment machinery. A similar situation 
exists in southern Kosovo, as reported by Koprivica et al. (2010 a). 

 

CONCLUSION 

The research conducted in the municipalities surveyed and the analyses of the farm property 
structure, farm size, number of animals and available machinery suggest that the average farm in this 
region holds 7.23 ha arable land, cultivates maize as the most common crop, owns 10 head of cattle, 16 
sheep and at least one tractor and two attachment machines. Further development and improvement of 
livestock production necessitates the following:  

 Improvement of feed production through maximum utilisation of arable land and irrigation 
system in order to obtain two harvests per year. 
 Post-harvest use of small grain crop land for maize production for silage, with maize being 

combined with the last alfalfa cutting.   
 Farmer training in quality feed i.e. silage production for better utilisation of meadows and 

pastures in order to achieve better milk and meat production results.  
 Improvement of the cow breed structure through the use of high-productive dairy breeds of 

cattle.  

The analysis of machine availability on family farms suggests lack of tractors and insufficient use of 
tractors throughout the year, which is due to the lack of adequate attachment machinery and short-term 
dates for specific operations. Farmers cultivate only their own farms, and they rarely provide their 
services to other farmers. This indicates the need to purchase tractors and modern agricultural machinery 
and use them more effectively through machinery ring associations Koprivica et al. (2010 b). 
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ABSTRACT 

Winemaking generates different residues characterized by high content of biodegradable compounds and suspended solids. 
The main solid by-products are grape stalks, frappe marc (pomace), wine lees and winery wastewater. The waste generation of the 
winery industry in EU-27 during 2008 was estimated for a wine production of 159.3 Miohl (International Organization of Vine and 
Wine - OIV, 2010) in, approximately 1138 x 103 tons/year of grape stalk, 3186 x 103 tons/year of grape marc, 1365 x 103 tons/year of 
wine lees and 95 x 106 m3 of winery wastewater. Serbia constitutes one of the middle grape and wine producers, with a grape 
production during 2010 was 330 070 tonnes of which remains about 7 000 tons of grape by-products, which is only used for the 
production of alcohol, and most of ending up in landfills as organic waste (Statistical Serbian Office –RZS, 2012). Today’s technology 
for reusing these waste products is very limited, and industry mostly disposes of them through composting or incineration, costing 
millions of Euros and contributing to environmental problems. Recycled polyphenols from grape waste could be added to human 
food for their antioxidant qualities, for prevention of cancer and heart disease. 

Key Words: Winery industry, value-added by-products, management waste 

 

INTRODUCTION 

According to the Food and Agriculture Organization (FAO), 75 866 square kilometers of the world are 
dedicated to grapes. Grapes are the world`s largest fruit crop with more than 60 million metric tons (67.5 
x 106 tons during 2009) produced annually. Europe represents 44% of this worldwide production 
(International Organization of Vine and Wine - OIV, 2010). Approximately 71% of world grape production 
is used for wine, 27% as fresh fruit, and 2% as dried fruit (www.oiv.int). 

The European Union (EU-27) has an important presence in the world wide market of wine, with 
approximately 49% of the vine growing area of the world and 60% of the wine production.  

The world production of the wine during 2008 was about 267.4 Miohl in the EU-27, about 159.3 Miohl, 
the Mediterranean countries (Italy, France and Spain) being the main producers. Spain constitutes one of 
the main wine producers, with the highest vineyard area of the world (1165 mha, equivalent to 15.1 % of 
the world total vineyard area) and with a wine production during 2008 of 35.9 Miohl (13.4% of the world 
wine production) (OIV, 2010).   

However wine making leads to the generation of large quantities of waste (around 5-9 million tonnes 
per year, worldwide), which considerably increase the chemical oxygen demand (COD) and the 
biochemical oxygen demand (BOD) due to a high pollution load (high content of organic substance such 
as sugars, tannins, polyphenols, polyalcohols, pectins and lipids) with detrimental effects on the flora 
and fauna of dischanged zones (Oreopoulou et al. 2007) 

According to the European Council Regulation (EC) No. 479/2008 on the common organization of the 
market in wine (EC, 2008), grape marc and wile lees are considered by-products and must be sent to 
alcohol distilleries to extract alcohol and tartarates, producing a solid waste, exhausted grape marc  and 
a liquid waste, vinasse. Grape stalk is obtained after the esteeming process and contains the stems of the 
grape, while grape marc, obtained after the pressing process, consists of processed skins and seeds. Wine 
lees are produced throughout the fermentation and clarification steps in the wine producing processed. 
On the other hand, the aerobic depuration of the winery effluents, vinasse and winery wastewater, 
generates another solid waste, winery sludge.  

The composition of grape waste varies considerably, depending on grape variety, vintage and 
technology of winemaking. Thus, the waste generation of the winery industry during 2008 was estimated 
for a wine production of 159.3 Miohl in, approximately 1138 x 103 tons/year of grape stalk, 3186 x 103 
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tons/year of grape marc, 1365 x 103 tons/year of wine lees and 95 x 106 m3 of winery wastewater (OIV, 
2010). 

Serbia constitutes one of the middle grape and wine producers, with a grape production during 2010 
was 330 070 tonnes of which remains about 7 000 tons of grape by-products, which is only used for the 
production of alcohol, and most of ending up in landfills as organic waste (Statistical Serbian Office –RZS, 
2012, www.stat.gov.rs). 

Therefore, the treatment and disposal of winery waste must is a serious environmental problem and 
+winery waste must find another use other than as animal feed or as fertilizers. The problem of all these 
waste materials is their disposal and treatment due to their seasonal character (during September - 
November) and some characteristics which difficult their management. The cost of waste disposal and 
the penalties imposed on companies have therefore increased significantly, often reaching 30,000 – 
40,000 Euros in EU. 

In recent years, the growing concern about the environment has led authorities to look for 
economically viable solutions for recycling and /or valorising grape waste. The grape by-products contain 
a polyphenols that might protect against human diseases related to oxidative stress. Especially, the 
grape seed extract is characterized by high-phenol content because of poor extraction during 
winemaking, so that its use supports sustainable agricultural production. (Arvanitoyannis et al. 2006). 
The active ingredients contained in this value-added grape by-product are proanthocyanidins (Da Silva et 
al. 1991). Together with tannins and polyunsaturated fatty acids, these seed constituents display 
inhibitory activities against several experimental disease models, including cancer, heart failure and 
other disorders of oxidative stress.  

Recent studies in animals, as well as some human studies, have shown that grape seed 
proanthocyanidin extracts possess a broad spectrum of biological, pharmacological and 
chemoprotective properties against free radicals and oxidative stress (Adamez et al. 2012; Baydar et al. 
2004; Radovanović et al. 2009). Grape seed represents also a rich source of various high-value products as 
ethanol, tartarates, malates, citric acid, grape seed oil, hydrocolloids and dietary fibre and skincare 
products for many perceived health benefits. 

Grape seed extract has also proven to be valuable in the treatment of inadequate blood flow in the 
capillaries and veins. Small studies have shown increased capillary strength using as little as 50 
milligrams/day, and increased venous blood flow using 150 milligrams/day. Grape seed extract has 
become popular in recent years as a nutritional supplement, natural antioxidant and food additive 
(Gorduza et al. 2000; Kennedy 2008).  

The aim of this work is to evaluate grape seeds as a sources antioxidant polyphenols for their possible 
use as dietary supplement or food antioxidants. To this purpose antioxidant capacity and total 
polyphenolic content of different red grape varieties, grown in Serbia was investigated. 

 

MATERIALS AND METHODS 
Chemicals  
All chemicals used for analysis were of analytical degree of purity from Merck (Darmstadt, Germany). 

There was used the following chemicals: 2,2`-diphenyl-1-picrylhydrazyl free radical (DPPH), methanol, 
ethanol, acetone, hydrochloric acid, trifluoroacetic acid (TFA), gallic acid. The used reagents were of 
analytical quality. 

Grape samples 
The four red grape varieties: Cabernet Sauvignon, Pinot Noir, Vranac and Prokupac, which was used 

for analysis, were grown at the vineyards of Serbia (vintage September, 2010). Samples of grapes were 
collected at physiological ripeness phase. The sampling of these varieties was performed using the same 
procedure by randomly picking berries from the top, central and bottom part of the cluster. Berries were 
carefully removed from the stalk, washed and frozen at -18 °C and as that kept for analysis. 

Preparation of grape seed extracts  
For immediate analysis, from the frozen berries are particularly separated grape seeds. 0.5 g of seeds 

was extracted with 10 ml of solvent mixtures (methanol /acetone/water/TFA in relation 30/42/28/0.05). 
The samples were stirred for 30 min on a magnetic stirrer, and then centrifugated at room temperature 
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(Tehnica LC-320, Zelezniki, Slovenia) at 4000 rpm for 10 min the supernatants from three extraction 
procedures.  

Determination of total polyphenols  
Total phenol contents in the grape seed extracts were determined spectrophotometrically, as already 

reported (Mazza et al. 1999; Radovanović et al. 2010). After about 15 min, the absorbances (A) at 280 nm 
were recorded using an Agilent 8453 UV-visible spectrophotometer (Agilent Technologies, Santa Clara, 
CA, USA). Absorbance at 280 nm was used to estimate total phenols content, by using gallic as the 
standard compound.  

 
 
Determination of antioxidant activity  
Antioxidant activity of test grape samples was determined by using free radical scavenging (DPPH) 

assay (Radovanović et al. 2009). This antioxidant assay is based on the measurement of DPPH· colour loss 
due to the changes in absorbance at 517 nm, caused by the reaction of DPPH· with the test sample. After 
20 min at room temperature, A517 nm was measured against the blank. The DPPH-scavenging activity of 
each wine sample was calculated from the decrease in absorbance according to the following 
relationship:  

 Antioxidant activity (%) = [1 – (Asample - Ablank)/Acontrol] x 100 
 where:  Acontrol is the absorbance of control (8.0 x 10-5 M methanol solution of DPPH·), Ablank is the 

absorbance of diluted wine sample and Asample is the absorbance of the diluted wine sample with the same 
concentration of DPPH-radical as in control.  

Statistical analysis 
Three analytical replicates were carried out on each grape sample. Measurements were averaged and 

results are given as mean ± standard deviation (SD). The standard deviation was calculated by ANOVA 
using the Minitab statistical package (Minitab Inc., State College, PA, USA).  

 
RESULTS AND DISCUSSION  
The phenolic composition in grape varies widely and is usually determined by several factors, such as: 

the variety of grape and conditions under which they was grown: soil, geographical location, light 
exposure, temperature, sun exposure of the clusters and weather (Gil-Munoz et al. 2010; Mazza et al. 
1999; Xu et al. 2011).  

Also, the amount and types of phenol compounds present in a particular grape seed extract can vary 
and is greatly influenced by the extraction process, as well as the source, variety and storage of the used 
seeds. Polyphenols in grape seeds are mainly flavonoids, including the monomeric flavan-3-ols and 
procyanidin dimers, trimers and more highly polymerized procyanidins (Kennedy 2008; Lachman et al. 
2009). The content of total polyphenols of grape seed extracts obtained from two red international grape 
varieties: Cabernet Sauvignon and Pinot Noir, as well as two autochthonic grape varieties: Vranac and 
Prokupac, at physiological maturity, and their antioxidant activity have been determined by 
spectrophotometric assays (Table1. and    Figure 1): 

Table 1. Content of total polyphenols of Cabernet Sauvignon, Pinot Noir, Vranac and Prokupac grape seeds at physiological maturity, 
expressed as mg g-1 fresh weight and their antioxidant activity, expressed as %* 

 
Variety of grape seeds Total polyphenols (mg g-1) Antioxidant activity    (%) 
Cabernet Sauvignon 322.44 ± 0.12 97.78 ±  0.09 
Pinot Noir 325.79 ± 0.13 98.12 ± 0.11 
Vranac 315.45 ± 0.11 97.52 ± 0.10 
Prokupac 275.17 ± 0.05 85.45 ± 0.09 

                              *p > 0.05 

 The grape varieties: Cabernet Sauvignon, Pinot Noir, Vranac and Prokupac, which were grown at the 
vineyards of Serbia, were with a very expressive vegetative power of vines. In the appropriate 
environmental conditions, these grape varieties have great economic importance because that their 
quality red wines are very appreciated in the domestic and foreign markets. 
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Figure 1.Content of total polyphenols of grape seeds of Cabernet Sauvignon, Pinot Noir, Vranac and Prokupac grape berries, at 
physiological ripeness phase, expressed as mg g-1 fresh weight and their antioxidant activity, expressed as % (p > 0.05). 

The content of polyphenols of investigated grape seed extracts are ranged from 275.17 to 325.79 mg 
g-1, which is in accordance with the previous data for red grape seeds (Adamez et al. 2012; Gorduza et al. 
2000; Lachman et al. 2009; Lorrain et al. 2011; Mattivi et al. 2009). Also, all grape seed extracts had high 
antioxidant capacity ranged from 85.45% to 97.78%, which is in excellent correlation with their total 
polyphenolic content (Figure 2): 
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Figure 2. Correlation between content of total polyphenols and antioxidant activity of studied grape seed extracts (p ˂ 0.01) 

 

CONCLUSION 

Based on results of this research we can conclude that investigated grape seeds have high antioxidant 
activity, which is in excellent correlation with their total polyphenolic content. For this reason, extraction 
of polyphenols from grape seeds has emerged as an opportune and vital business for the wine, food and 
pharmaceutical industry. 
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INFLUENCE OF RIPENING STAGE ON PHENOLIC COMPOSITION AND 
ANTIOXIDANT ACTIVITY OF VITIS VINIFERA L. RED GRAPE VARIETIES 

 
 

Aleksandra RADOVANOVIĆ1       Blaga RADOVANOVIĆ1          Branimir JOVANČIČEVIĆ2 
 

ABSTRACT 

Grapes (Vitis vinifera L.) are one of the most important sources of antioxidants such phenolic compounds. Tannins, such as 
flavan-3-ols are the most abundant category of soluble polyphenols in grape berries, found predominantly in the hypodermal 
layers of the skin and the soft parenchyma of the seeds. Anthocyanins are the second important group of phenolic compounds, 
which is co-located with tannins in the thick-walled hypodermal cells of the skin of grape. During grape ripening the concentrations 
of these phenolic compounds were changed.  The aim of this work was to determine influence of ripening stage on autochthonous 
Vitis vinifera L.red grape varieties (grape seeds, skins and pulp) grown in Balkan region, which directly reflecting on wine quality. 
Antioxidant activity of grapes at different dates of harvest was determined by free radical scavenging (DPPH) assay. The harvest in 
optimal period ensures that significant portion of phenolics transfers into wine, the main product of grapes, where they affect much 
on wine quality and color.  

Key Words: Vitis vinifera L. red grapes, ripening, phenolic composition, antioxidant activity 

 

INTRODUCTION 

Grape (Vitis vinifera L.) polyphenols cause great interest because of their chemical impact on the 
quality and biology activity of grape and wine. Reports indicated that grapes contain large amounts of 
phenolic compounds, such as anthocyanins, flavonoids and stilbens (Lorrrain et al. 2011). In the grape 
skins located molecules as flavan-3-ols, hydroxycinnamic tartaric acids, hydroxybenzoic acids, 
hydroxystilbens and anthocyanins in the grape seeds as flavan-3-ols and gallic acid (Da Silva et al. 1991; 
Mattivi et al. 2009) and in the grape juice as hydroxycinnamoyl tartaric acids (Nagel et al. 1979). 
Anthocyanins are red phenolic compounds responsible for the color of the red grapes and the amount of 
total polyphenols in the white grape varieties is lower compared to that of red grapes, since the white 
ones do not synthesize anthocyanins.  

Polyphenols play an important role in human health, such as lowering of human low-density 
lipoprotein, as anti-inflammatory, antimicrobial and anti-aging effects and also play a preventing role 
from cardiovascular diseases (Baydar et al. 2004; Burns et al. 2000; Radovanović et al. 2010). Numerous 
studies focussed on antioxidant effects of grapes and wine (Gorduza et al. 2000; Lachman et al. 2009; 
Radovanović et al. 2009). Scientific studies have shown that the oxidative power of phenolic compounds 
presence in grapes is twenty times greater than vitamin E and fifty times greater than vitamin C.  

Phenolic compounds in grapes are responsible for the quality and color of wine, the main product of 
grapes, because during wine making in the extraction processing the most part of phenolic compounds 
go into wine. During grape ripening the concentrations of polyphenols were changed. The aim of this 
work was to determine influence of ripening stage on two autochthonous Vitis vinifera L. red grape 
varieties: Vranac and Prokupac grown in Balkan region, which directly reflecting on the total content of 
polyphenols, hydroxycinnamic tartaric acids, flavonols and anthocyanins and their free radical 
scavenging activity. Autochthonous sorts of grapes Vranac and Prokupac probably came spontaneous 
crossing or as a result of spontaneous mutation. Vranac and Prokupac were varieties with a very 
expressive vegetative power of vines. The grapes are used for production top and quality red wines. 
Vranac and Prokupac wines were intensively colored, fresh, and harmonious with special varietal 
characteristics. In the appropriate environmental conditions, these grape varieties and red wines have 
great economic importance. 

                                                 
1 Faculty of Natural Sciences and Mathematics, Višegradska 33, 18000 Niš, Serbia 
e-mail: blaga_radovanovic@yahoo.co.uk 
2 Faculty of Chemistry, Studentski trg 12-16, 11000 Belgrade, Serbia 
 



692 

 

MATERIALS AND METHODS 
Chemicals  

All chemicals used for analysis were of analytical degree of purity from Merck (Darmstadt, Germany). 
There was used the following chemicals: 2,2`-diphenyl-1-picrylhydrazyl free radical (DPPH), methanol, 
ethanol, acetone,  hydrochloric acid, trifluoroacetic acid (TFA), quercetin, caffeic acid acid, gallic acid. The 
used reagents were of analytical quality. 

Grape samples 

The two red grape Vranac and Prokupac, which was used for analysis, were grown at the Nis (Serbia) 
vineyard region (vintage 2008). Samples of grapes were collected at three berry ripening phase: veraison, 
physiological ripeness and late harvest. The sampling of these varieties in the three phases was 
performed using the same procedure by randomly picking berries from the top, central and bottom part 
of the cluster. Berries were carefully removed from the stalk, washed and frozen at -18 °C and as that kept 
for analysis. 

Preparation of grape extracts  

For immediate analysis, from the frozen berries are particularly separated skins, seeds and pulps. 
Grape skins and seeds were grounded and the pulps were blended. 0.5 g of grape skin, seed and pulp 
samples were extracted with 10 ml of solvent mixtures (methanol/acetone/water/TFA in relation 
30/42/28/0.05). The samples were stirred for 30 min on a magnetic stirrer, and then centrifugated at room 
temperature (Tehnica LC-320, Zelezniki, Slovenia) at 4000 rpm for 10 min the supernatants from three 
extraction procedures.  

Determination of total polyphenols, hydroxycinnamic tartaric acids and flavonols  

Total phenol, hydroxycinnamoyl tartaric acid and flavonol contents in the grape extracts were 
determined spectrophotometrically, as already reported (Mazza et al. 1999; Radovanovic et al. 2010). 
After about 15 min, the absorbances (A) at 280, 320 and 360 nm were recorded using an Agilent 8453 UV-
visible spectrophotometer (Agilent Technologies, Santa Clara, CA, USA). Absorbance at 280 nm, A280, was 
used to estimate total phenols content, A320 nm was used to estimate hydroxycinnamoyl tartaric acids 
content and A360 nm was used to estimate total flavonols content, by using gallic and caffeic acid, and 
quercetin as the standard compounds, respectively.  

Determination of total anthocyanins 

Total anthocyanins were determined by spectrophotometric method (Di Stefano et al. 1989). The 
grape extracts were diluted with a solution of acidified aqueous ethanol and the absorbance was 
measured immediately at 540 nm. Total anthocyanins are expressed as mg malvidin-3-glucoside 
equivalents in mg g-1 of fresh sample, calculated using the following equation:  

 

TA = A540nm  x 16.7d 

where, A540nm is the absorbance at 540 nm and d is the dilution. 

Determination of antioxidant activity  

Antioxidant activity of test grape samples was determined by using free radical scavenging (DPPH) 
assay (Anli and Vural 2009; Radovanovic et al. 2009). This antioxidant assay is based on the measurement 
of DPPH· colour loss due to the changes in absorbance at 517 nm, caused by the reaction of DPPH· with 
the test sample. After 20 min at room temperature, A517 nm was measured against the blank. The DPPH-
scavenging activity of each wine sample was calculated from the decrease in absorbance according to the 
following relationship:  

 Antioxidant activity (%) = [1 – (Asample - Ablank)/Acontrol] x 100 

 where:  Acontrol is the absorbance of control (8.0 x 10-5 M methanol solution of DPPH·), Ablank is the 
absorbance of diluted wine sample and Asample is the absorbance of the diluted wine sample with the same 
concentration of DPPH-radical as in control.  
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Statistical analysis 

Three analytical replicates were carried out on each grape sample. Measurements were averaged and 
results are given as mean ± standard deviation (SD). The standard deviation was calculated by ANOVA 
using the Minitab statistical package (Minitab Inc., State College, PA, USA).  

 
RESULTS AND DISCUSSION  

The accumulation and the distribution of polyphenols in grapes is influenced by many factors such as 
the time of vintage during the berry ripening, temperature, water availability, sun exposure of the 
clusters and variety (Mazza et al. 1999). The content of total polyphenols, hydroxycinnamic tartaric acids, 
flavonols and anthocyanins, as well as antioxidant activity of two red berries varieties: Vranac and 
Prokupac have been determined by spectrophotometric assays at three ripening phases: veraison, 
physiological ripeness and late harvest. In Table 1 was shown the relative amounts of these phenolic 
compounds in different locations of Vranac and Prokupac grape berry (pulp, skins and seeds) at 
physiological ripness, as well as their antioxidant capacity: 

Table 1. Content of total polyphenols of Cabernet Sauvignon, Pinot Noir, Vranac and Prokupac grape seeds at physiological maturity, 
expressed as mg g-1 fresh weight and their antioxidant activity, expressed as %* 

 
Grape variety TP  

(mg g-1) 
TH  
(mg g-1) 

TF  
(mg g-1) 

TA  
(mg g-1) 

Antioxidant 
activity (%) 

Vranac    (pulp) 
               (skin) 
               (seed) 

4.91 ± 0.08 
69.58 ± 0.12 
168.10 ± 0.11 

1.49 ± 0.01 
3.53 ± 0.06 
5.25 ± 0.02 

0.79 ± 0.02 
2.57 ± 0.05 
3.32 ± 0.13 

0.11 ± 0.02 
8.17 ± 0.09 
- 

24.28 ± 0.12 
52.69 ± 0.13 
81.93 ± 0.10 

Prokupac (pulp) 
                (skin) 
                (seed) 

3.53 ± 0.02 
54.58 ± 0.10 
122.11 ± 0.11 

1.18 ± 0.02 
2.15 ± 0.04 
4.35 ± 0.12 

0.65 ± 0.07 
2.09 ± 0.05 
3.02 ± 0.03 

0.07 ± 0.03 
6.36 ± 0.05 
- 

19.88 ± 0.02 
48.15 ± 0.10 
65.18 ± 0.06 

*p > 0.05 

 

As regards the total contents of analyzed phenolic compounds at physiological maturity, Vranac 
grape pulp, skins and seeds contained a higher amounts compared to Prokupac grape pulp, skins and 
seeds. Also, their antioxidant activities, expressed over percent as the grape extracts ability to neutralize 
DPPH radicals, have correlation of the amounts of polyphenols. In skins extracts were found significant 
concentrations of anthocyanins, plant pigments, which have great importance because they respond to 
the color of grape berries skin, and also the color of red wine. The results were substantially in 
accordance with the previous data for red grapes (Lachman et al. 2009; Xu et al. 2011). 

The total content of polyphenols (TP) of Vranac and Prokupac red grape in the pulp, skins and seeds at 
the three different phases of ripening, determined by spectrophotometric assays, are presented in Figure 
1 (A, B and C):  
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Figure 1.Total polyphenolic content of pulp (A), skins (B) and seeds (C) of Vranac and Prokupac grape berries at three ripening stages: 
veraison, physiological ripeness and late harvest, expressed as mg g-1 fresh weight (p > 0.05). 

 

As stated in the literature (Kennedy et al. 2002) the amount of polyphenols in grapes increases 
throughout berry ripening, which is especially evident for anthocyanins, but could decline later in the 
berry development. Thus, the total polyphenolic content of the studied Vranac and Prokupac grape skins 
and seeds were increasing continuously from veraison, across the physiological ripeness, till the moment 
of the late harvest, when the highest content were observed (Figure 1.).The obtained results in this study 
are in accordance with the findings previously published for the changes of polyphenolic content in other 
grape varieties during ripening (Gil-Munoz et al. 2010).  

During the ripening time, it was determined that the antioxidant activity in all grape extracts (pulp, 
skins and seeds) increased. Vranac and Prokupac grape seeds were the strongest antioxidant activity in 
range from 80.73% to 82.52% and from 64.28% to 65.25%, respectively. Vranac and Prokupac grape 
skins were antioxidant activity from 49.04% to 53.97% and from 45.75% to 48.59%. Then, Vranac and 
Prokupac grape pulp were the weakest antioxidant activity in range from 20.96% to 24.30% and 19.18% 
to 20.25%, respectively. 

 

CONCLUSION 

Based on results of this research we can conclude that the Vranac grape variety had a higher 
polyphenolic content compared Prokupac grape variety, which cause high antioxidant activity of Vranac 
grape extracts. The phenolic compounds are more presence in grape seeds and skins, and less in pulp, 
which is in accordance with the values of antioxidant activity of theirs extracts. The content of these 
compounds are also changed during grapes ripening, mostly increased. The harvest in optimal period 
ensures that significant portion of phenolics transfers into wine, the main product of grapes, where they 
affect much on wine quality and color.  
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