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In recent years there is growing interest of consumers for the
consumption of organic milk, because of its favorable content of fatty
acids that has a positive effect on human health. The aim of this study
was to examine the content of fatty acids, vitamins A, C and a –
tocopherol in milk which was obtained in different production systems,
organic and conventional. The samples of conventional and organic
milk were collected from farms located in Vojvodina, throughout all
seasons. The prepared samples were analyzed using gas
chromatography with mass spectrometry and high – performance
liquid chromatography. The results proved that the milk produced in
accordance with the principles of organic production had a higher
content of polyunsaturated and omega-3 fatty acids compared with
conventional milk (p<0.01) during the whole examination period, while
the greatest differences were perceived in the pasture season. Also,
organic milk had a higher content of vitamins A, C and a - tocopherol
compared with the conventionally produced milk, although there was
no statistically significant difference.
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INTRODUCTION

Milk production based on the principles of organic production shows a
tendency of increase in the world, especially evident in the EU countries
(Pentelescu, 2009; Dangour et al., 2010; Collomb et al., 2008; Soil Association,
2005). Organic milk, compared with conventional milk, has a more favourable
fatty-acid composition, as it contains more polyunsaturated fatty acids with the
group of omega-3 fatty acids (Ellis et al., 2006; Baltu{nikiene et al., 2008; Prandini
et al., 2009). These fatty acids are beneficial in many ways for human health as
they are important for protection of the organism against cardiovascular diseases,
as well as for prevention against certain types of malignant diseases and
autoimmune diseases, such are lupus, rheumatoid arthritis, etc. (Rose et al.,
1999; Hu et al., 2002; Pariza et al., 2003; Connor et al., 2009; Kummeling et al.,
2010). Studies show that cow nutrition in organic farming, which is based on
extensive use of pasture, has the highest effect on fatty-acid content of milk, as it
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increases the content of polyunsaturated fatty acids, especially omega-3 fatty
acids and conjugated linoleic acid (Jahreis et al., 1997; White et al., 2001;
Thorsdottir et al., 2004; Cattell et al., 2009).
Apart from the advantages regarding the content of fatty acids, it was
reported that organic milk also contains a higher content of certain vitamins,
primarily a – tocopherol and vitamin A (Butler et al., 2006; Pentelescu, 2009).
MATERIAL AND METHODS

A total of thirty milk samples were collected periodically, each month, from
dairy organic farms, as well as sixty samples from conventional farms in
Vojvodina. During the pasture season the nutrition of cows in organic production
system included grazing natural pastures, supplemented with concentrates, while
during the indoor season the diet was based on silage, hay and concentrate feed.
The diet of cows in the conventional system, throughout all seasons, was based
on silage, hay and concentrate feed.
The extraction of milk fatty acids from milk was done using heptane. The
esterification process was performed according to the method SRPS EN ISO
5509:2007. The methylation process was done using Boron Trifluoride (BF3). The
prepared samples were analyzed using gas chromatography with mass
spectrometry system GC/MS Thermo DSQ II /Focus GC/ TriPlus autosampler,
according to the method JUS ISO 5508:2002. A fused silica capillary column
Agilent Innowax (30 m x 0.32 mm x 0.25 mm film thickness) was used. Temperature
regime was as follows: the injector temperature was 220oC, the initial temperature
was held at 150oC for 2 min, the rate was 35oC/min, and the final temperature of
250oC for 5 min. Ion source temperature was 230oC. Detection: MS full scan 50450 m/z. Fatty acids were identified through comparison of retention times with
standard fatty acids. Concentrations of vitamin C, vitamins A and a-tocopherol
were determined by HPLC according the procedure described by Fedele et al,
2001.
The results on the content of fatty acids and vitamins were statistically
processed using the program Statistica 9, while the significance of difference was
determined by t-test, and presented as statistically significant (p<0.05) and
statistically highly significant (p<0.01).
RESULTS

The average content of saturated, monounsaturated, polyunsaturated,
omega-6 and omega-3 fatty acids in the raw milk (organically and conventionally
produced) is presented in Table 1.
According to the results presented in Table 1, it is evident that there was no
statistically significant difference between the milk produced in organic and
conventional production systems in respect to the content of saturated and
omega-6 fatty acids. The average content of monounsaturated fatty acids was
higher in the conventional milk (30.76±1.04%) compared with organic milk
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(29.25±1.02%), and this difference was statistically significant. By containing
3.57±0.32% polyunsaturated fatty acids and 0.91±0.11% omega-3 fatty acids,
organic milk was richer compared to conventional milk (3.13±0.26%
polyunsaturated; and 0.53±0.08% omega-3 fatty acids), which proved to be
statistically highly significant.
Table 1. Saturated, monounsaturated, polyunsaturated, omega-6 and omega-3 fatty
acids content (%) in conventional and organic milk
Organic milk
n=30

Fatty acid, %

Conventional milk
n=60

Average

min-max

SD*

Average

min-max

SD*

Saturated fatty
acids

66.91 a

64.99-68.83

1.18

66.24 a

64.41-68.07

1.71

Monounsaturated
fatty acids

29.25 b

27.54-30.96

1.02

30.76 a

29.03-32.49

1.04

Polyunsaturated
fatty acids

3.57 B

3.10-4.035

0.32

3.13 A

2.70-3.56

0.26

Omega-6 fatty
acids

2.65 a

2.32-2.98

0.22

2.48 a

2.13-2.83

0.20

Omega-3 fatty
acids

0.91B

0.77-1.06

0.11

0.53 A

0.40-0.66

0.08

*standard deviation; a, b statistically significant at the level p<0.05; A, B highly significant at the level
p<0.01; aa the differences between the values with the same letters are statistically insignificant

In organic milk, the content of polyunsaturated and omega-3 fatty acids
started increasing in May, when the cows were put out on pastures. The highest
values were achieved in August, when the content of polyunsaturated fatty acids
was 4.035%, and the content of omega-3 fatty acids was 1.056%. In conventional
milk, during the whole period of the research, the content of polyunsaturated fatty
acids with the group of omega-3 was lower compared with organic milk (Figure 1).
Simultaneously with the increase of the content of polyunsaturated fatty acids in
organic milk during the pasture period, the content of saturated fatty acids was
gradually decreasing from 68.83%, which was the amount in February, to 64.99%
in August, when the lowest value was recorded.
At the beginning of September, the content of polyunsaturated and omega3 fatty acids started decreasing. The ratio between omega-6 and omega-3 fatty
acids in organic milk was 2.80:1 on average, while in the milk of conventional
production this ratio was 4.71:1. Milk produced in accordance with the principles
of organic production contained a higher content of vitamin C, a-tocopherol and
vitamin A compared with conventional milk, although the statistical difference was
not at the level of significance, Figure 2.
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Figure 1. Content of polyunsaturated (PUFA) and omega-3 fatty acids in organic milk (OM)
and conventional milk (CM), %

Figure 2. Content of vitamin C, a-tocopherol and vitamin A in organic and conventional
milk, mg/100g
DISCUSSION

The results of our research are in accordance with a number of studies (Ellis
et al., 2006; Pentelescu, 2009; Man et al., 2009), which proved that milk produced
by principles of organic production contains more polyunsaturated and omega-3
fatty acids compared with conventionally produced milk. Baltu{nikiene et al.
(2008) also indicate that there are higher levels of the aforementioned fatty acids
in organic milk and milk of cows which are put out to pastures, in relation to
conventional milk and milk from cows which are not put out to graze. Pentelescu
(2009) pointed out that the fatty-acid content of milk is mostly influenced by
nutrition. This has been substantiated by the results of this research, since the
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nutrition of cows in the pasture season affected the fatty-acid content of organic
milk, regarding the increase of the content of polyunsaturated and omega-3 fatty
acids, and the decrease of the content of saturated fatty acids. On the other hand,
during the same season, the cows fed on mixed meals and without pasture in
conventional conditions, produced milk with a lower content of the stated fatty
acids.
Milk fat of cows whose nutrition was based on conserved food (silage) and
concentrate has the ratio between omega-6 and omega-3 fatty acids around 4:1
(Ledoux et al., 2005). However, in the summer season, when cows are fed in
pastures and have a higher amount of fresh grass intake, this ratio can decrease
to around 2:1 (Jensen et al., 1995). In organic milk, this ratio between omega-6
and omega-3 fatty acids is lower compared with conventional milk, which may
result from the nutrition of cows in organic farming, which is primarily based on
pasture. The nutrition including pastures and higher consumption of fresh grass in
the organically farmed cows resulted in a higher content of vitamins C, A and atocopherol in organic milk than in conventional milk. However, the differences in
the content of vitamins between the organic and conventional milk were not
sufficiently large to be statistically significant. In the researches conducted by
Woese et al. (1997) the difference in the content of vitamin E between organic and
conventional milk was not statistically significant, although organic milk was richer
in this vitamin. However, certain other researches (Butler et al., 2006; Bergamo et
al., 2003) showed that organic milk contains substantially a higher content of
vitamin A and a-tocopherol compared with conventional milk.
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EFEKAT ORGANSKE PROIZVODNJE MLEKA NA NEKE PARAMETRE KVALITETA
MLEKA
POPOVI]-VRANJE[ ANKA, SAVI] MILA, PEJANOVI] R, JOVANOVI] S i KRAJINOVI] G
SADR@AJ

Poslednjih godina raste interes potro{a~a za konzumiranje organskog mleka, zbog povoljnijeg sadr`aja masnih kiselina koje imaju pozitivan efekat na
zdravlje ljudi. Cilj ovog rada je bio da se ispita sadr`aj masnih kiselina, vitamina A,
C i a-tokoferola u mleku koje je dobijeno u razli~itim sistemima proizvodnje, organskom i konvencionalnom. Uzorci konvencionalnog i organskog mleka sakupljani su na farmama u Vojvodini tokom ~itave godine. Analiza uzoraka je vr{ena
primenom metoda gasne hromatografije i te~ne hromatografije.
Rezultati su pokazali da je mleko proizvedeno po principima organske
proizvodnje tokom celog perioda pra}enja imalo ve}i sadr`aj polinezasi}enih i
omega-3 masnih kiselina u odnosu na konvencionalno mleko (p<0,01), s tim {to
su najve}e razlike bile u sezoni pa{e. Sadr`aj vitamina A, C i a-tokoferola bio je
ve}i u organskom mleku od sadr`aja u mleku iz konvencionalne proizvodnje,
mada nije utvr|ena statisti~ka zna~ajnost ovih razlika.

