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Summary

Milk is one of the most important foodstuffs and raw materials in the food industry. As the first com-
plete food available to infant mammals, it is bioactive and it contains all the indispensable nutrients. Or-
ganic farming is deemed to produce high quality food under sustainable conditions and, at the same time,
to protect the natural environment within the farm. However, the most recent food and nutrition research
does not confirm the extensive health benefits related to the consumption of organic products. The objec-
tive of the research study was to evaluate and compare the quality of commercial organic and conventional
cow’s milk as regards the contents of some selected mineral compounds. The research was conducted on
the organic and conventional cow’s milk available on the market in Southern Poland. The milk samples
were analysed for the concentration of selected minerals contained therein, including some selected toxic
metals; the analyses were performed with the use of flame atomic absorption spectrometry, atomic emis-
sion spectrometry, and graphite furnace atomic absorption spectrometry. The results of the research show
that, in terms of the contents of micro- and macroelements, the organic and conventional milk do not differ
significantly. The differences were found only between the amounts of sodium and manganese. The organ-
ic milk contained, on average, a statistically significantly smaller amount of those elements. Moreover, the
presence of lead was detected in one type of the organic milk, although its amount determined (5.24 mg/1)
was within the acceptable limits. Cadmium (amounting to 0.12 and 0.15 pg/l) was found in the two types
of milk derived from the same company and in one type of organic milk; however, its concentration in the
latter milk type was at a relatively low level (0.04 pg/l).
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Introduction

Milk is one of the most important foodstuffs and raw materials in the food indus-
try. As the first complete food available to infant mammals, it is bioactive and it con-
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tains all the necessary nutrients. It is a source of proteins, fats, sugars, vitamins, and
major minerals [16, 36]. The production of cow’s milk still dominates the world mar-
ket [32]. Industrial methods are targeted at receiving the highest yield at the lowest
cost. Therefore, the trend towards organic production is still gaining in popularity.

The aim of organic farming is to produce the good quality food under the sustain-
able conditions. An organic farm should be similar to an organism, where the plant
production satisfies the needs of livestock production and vice versa. The organic farm
should also have one important feature: it should limit the use of external production
means (from the outside of the farm) to the lowest possible extent. Therefore, heavy
metals, which are persistent contaminants in the environment, should not enter milk at
any of the production stages. However, milk can be contaminated either through food
and water given to animals or during the manufacturing and packaging processes [1].

The content of macroelements in milk is mainly determined by the period of lac-
tation, udder diseases and, to a lesser degree, by environmental factors. In contrast, the
content of trace elements and toxic metals depends largely on nutrition [42]. Therefore,
the concentrations of some heavy metals in milk differ depending on the level of pollu-
tions in the breeding area. Additionally, packaging and technological processes used to
produce dairy products can significantly increase the concentration of lead and cadmi-
um [11].

The quality control in organic farming does not focus on the final product but on
the production process, as it is assumed that the quality of food depends on the method
and the conditions of production. Final products are controlled only if reasonable
doubts and suspicions exist [26]. Many people, though, wonder if organic foods are
actually healthier and have better quality than the conventional ones.

The most current food research does not confirm the extensive health benefits re-
lated to consuming organic products [9, 10, 15, 25, 38]. Thus, the objective of this
study was to evaluate the possible differences and to compare the quality of commer-
cial organic and conventional cow’s milk in reference to its mineral elements. As-
sessing them is essential for the evaluation of the nutritional integrity of food [8]. The
research also aims to add new data to the knowledge on the properties of organic food
products and, thus, to provide valuable information for consumers. To achieve the ob-
jective, a following hypothesis was formulated: the commercial organic milks differ
significantly from the commercial conventional milks as regards to the content of min-
eral elements.

Material and methods

The research was conducted on the organic and conventional cow’s milk available
on the market in Southern Poland. Four organic and four conventional varieties of
milks produced in Poland were analysed. All the milk samples came from 3 production
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batches (purchased in May, July, September) and they were analysed in triplicate. The
conventional types of milk are commonly available on the Polish market and were
purchased in supermarkets (samples A, B, C, D). Organic milk samples were pur-
chased in small organic shops and in hypermarkets that accommodate stands with the
organic food. One type of the organically labelled milks was raw (H) milk coming
from a certified organic farm; it was sold in southern and central Poland. The rest of
them were pasteurized milks (E, F, G) produced by the dairy factories located in Po-
land. Milks E and H were not standardised. The milk samples were packed in 1 [ multi-
layer laminate boxes (samples A and C), 1 1 (samples B, D, E, F) and 0.9 1 (sample G)
PET bottles, and in 0.75 1 glass bottles (sample H). The average compositions of milk
varieties are presented in Tab. 1.

Table 1.  Chemical composition of milk analysed
Tabela 1.  Sktad chemiczny badanego mleka

Parameter Milk / Mleko

Parametr A | B | C | D E | F | G | H
Source Conventional Organic
Zrédlo Konwencjonale Ekologiczne

Total solids

Sucha masa [¢/100 g] 10.45 10.96 11.16 11.12 11.74 | 11.44 10.27 11.63

+040 | £0.12 | £0.06 | £0.11 [ £0.30 [ £0.02 | £0.04 | £0.07

X =SD
Non-fat total solids
Sucha masa 7.87 7.80 7.97 7.90 8.22 7.90 8.27 7.78
beztluszczowa [g/100 g] | £0.23 | £0.13 | £0.04 | £0.14 | £0.44 | £0.04 | £0.04 | £0.12
X £SD

Mineral components in
the form of total ash

N . 0.73 0.71 0.72 0.72 0.72 0.70 0.74 0.71
Zwiazki mineralne jako

+0.01 | £0.01 | £0.01 | £0.01 [ £0.01 [ £0.01 | £0.01 | £0.01

popiodt ogotem [g/100 g]

X £SD

Lakt;cgojfoo | 402 | 371 | 392 | 391 | 377 | 395 | 399 | 401
zalg U +0.03 | 2031 | £008 | 048 | 048 | £0.13 | £0.17 | £0.13
X +SD

Biaﬂfor(Ete/IIHOO | 348 | 331 | 343 | 349 | 353 | 346 | 381 | 330
L dnads 4013 | 2030 | 2023 | 2014 | £0.02 | £0.11 | £0.15 | £0.07
X +SD

Kazei(rfzs[el/nloo | 236 | 233 | 243 | 241 | 251 | 238 | 251 | 251
iif’;D & +016 | £0.17 | £0.08 | £020 | £020 | +0.19 | £0.14 | £0.12

Explanatory notes / Objasnienia:
A - H — codes of milk samples analysed / kody probek analizowanego mleka; X — mean value / warto$¢
$rednia; SD — standard deviation / odchylenie standardowe; n = 3.
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The milk samples were analysed for the concentration of selected minerals, in-
cluding the content of specifically selected toxic metals. The analysis methods differed
depending on the examined components and in particular they involved:

— flame atomic absorption spectrometry to determine the contents of Zn and Mg,

— atomic emission spectrometry with atomization in flame to determine the contents
of K, Na, Ca,

— graphite furnace atomic absorption spectrometry to determine the contents of Cd,
Pb, Mn, Cu, Fe.

The atomic absorption spectrometry was performed with the use of Perkin-Elmer
AAnalyst 800 spectrometer (Waltham, USA) — Zn, Mg, Cd, Pb, Mn, Cu, Fe and the
atomic emission spectrometry using a Jenway PFP7 spectrometer (Staffordshire, Unit-
ed Kingdom) — K, Na, Ca. The 0.5 g milk samples were mineralized in a mixture of
nitric and perchloric acids at the ratio of 4 : 1, at 150 °C in a Milestone Start D micro-
wave (Sorisole, Italy). In the case of Na, K, Mg, Ca, the solutions were first diluted 100
times and in the case of Fe, Cu, Zn, Mn, Cd, Pb — 5 times. In addition to the milk sam-
ples, the blank and reference samples were also analysed. Deionised water samples
were analysed to determine the level of method sensitivity. The detection levels for
cadmium and lead were 0.074 and 0.524 pg/l, respectively.

A one-way ANOVA followed by pairwise t-test was used to compare means of
the research results. A value of 0.05 was required for the statistical significance. A
statistical data analysis was performed with the use of Statistica 12.0 (Statsoft, Tulusa,
USA) software.

Results and discussion

The results of the analysis of the selected micro- and macroelements in the milk
samples are presented in Tab. 2.

Calcium

The content of calcium in milk is particularly important. It is crucial not only be-
cause of its good bioavailability by the human body but also owing to the technological
reasons. It is also an indicator of hygiene (in the udders disease, among other symp-
toms, the content of calcium decreases). The calcium content ranged from 822 mg/l in
milk G to 938 mg/l in milk E. The statistical analysis showed some significant differ-
ences in the content of calcium between the analysed milk samples. They consisted in
the discrepancies between the samples containing the lowest amount of calcium and
the samples with the highest calcium content. According to Bergamo et al. [3] and
Butler et al. [7], milk from the certified organic farms contains more calcium. Never-
theless in the present research as regards the concentrations of calcium, no statistically
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Table 2.

Content of toxic metals, micro- and macroelements in milk analysed

Tabela 2. Zawarto$¢ metali toksycznych oraz mikro- i makroelementéw w analizowanym mleku

Element Milk / Mleko
Pierwiastek A B C D E F G H
n=3) | m=3) | @=3) | m=3) [ @=3) | m=3) | @=3) | n=3)
Source Conventional / Konwencjonalne Organic / Ekologiczne
Zrodlo (n=12) (n=12)
Ca [mg]] 882 8632 909%™ 904% 938%% | g27%Mm [ gppcee 911M
- £427 | 128 | +£315 | +225 | +£354 | +235 | £256 | +288
x £8D 890316 874+ 534
p 0.439
K [mgl] 1517 1487 1552 1482 1534* | 1382 | 1622° 1536°
=D £828 | +£723 | £622 | +£53.0 | +£454 | +614 | £451 | +473
1510 + 65.3 1518 + 100
p 0.808
Na [mg/] 504 501 438 520 446 427 485 453
b, +£397 | +265 | +437 | £398 | +46.6 | +37.1 | +£304 | +503
x £SD 491 £ 46.0 4531418
p 0.046
Mg [mg/] 117 110 120 115 124 104 125 117
e 1mg +171 | =121 | £156 | +985 | £127 | £129 | +148 | £931
x £SD 115+ 124 117+ 139
P 0.711
Zn [mg/l] 3.25% | 3.07°% | 2.80%" | 3.95%H | 3,894 [ 3 pglmn | 3 gpchmo | 5 g4gbino
~ep £027 | £022 | £0.19 | +£0.16 | £034 | 021 | £034 | +035
3.27+0.48 334 +0.68
P 0.757
Fe [ug] 6680tz | g43ahikim |1 ggbh 2149 1889 223°% 208" 22080
e £90.1 | +938 | £249 | +451 | +£226 | +247 | £277 | 177
378 £212 210+ 24.5
P 0.019
Cu [ng/l] 50.6 46.3 51.8 53.0 62.7° 41.6 50.2 39.9°
S Vep £120 | +£932 | £856 | +927 | £7.78 | +£822 | +£140 | +929
504 +8.84 48.6+128
P 0.691
Mn [ug/] 283 28.7 23.7 26.0 225 23.0 25.8 22.3
- £645 | 371 | £434 | 216 | £3.01 | +1.80 | £506 | +2.92
x £8D 267433 23.4+3.6
p 0.047
5.24
Pb [ug/l] bdl bdl bdl bdl bdl iag bdl bdl
X +SD 0.00 £ 0.00 131277
p 0.071
Cd [ug/l] io(.;& io(')l'g3 bl bl bl bl bl bl
x £SD 0.07 £0.08 0.01+0.02
p 0.073

Explanatory notes / Objasnienia:
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A - H — codes of milk samples analysed / kody probek analizowanego mleka; X — mean value / warto$¢
$rednia; SD — standard deviation / odchylenie standardowe; a - m — mean values in rows denoted by dif-
ferent letters differ statistically significantly (p < 0.05) / warto$ci $rednie w wierszach oznaczone réznymi
literami réznig si¢ statystycznie istotnie przy p < 0,05; bdl — below the detection threshold / ponizej progu
wykrywalnosci.

significant differences were reported between the organic and conventional milks
(Tab. 2). The heating of milk and pH changes in the environment cause distortions in
the balance of the calcium salts system. The amount of calcium in cow’s milk should
be between 1000 and 1400 mg/l. The content of this element is primarily affected by:
genotype, individual features, state of health of the cow and its diet. In the case of
a high deficiency of calcium in the feed, the animal body uses calcium stored in the
bones [20, 29]. Grega et al. [19] showed that differences in the calcium content could
be attributed to the breed of cows. Due to the fact that the milk analysed was commer-
cial, it is impossible to evaluate the potential effect of the above mentioned factors on
the calcium concentration in the samples analysed. However the differences in the
content of this element can be attributed to the fact that, except for the product G, the
samples analysed were heat-treated. The amounts of calcium similar to those as deter-
mined in the study were received by Slacanac et al. for the UHT milk in Croatia
789.5 mg/1 [40]. Other researchers reported higher calcium concentrations in the raw
milks analysed: Zuerera-Cosano et al. — 1251 mg/kg [47] and Sola-Larranaga and Na-
varro-Blasco [42] — 970 mg/I in the Spanish milk; Sikiri¢ et al. [39] — 1403 mg/kg in
the Croatian milk; and Khan et al. [22] — 1085 mg/kg in the Korean milk.

Potassium

Unlike calcium, the potassium content in milk is not dependent on the diet. The
health condition of an animal, particularly mastitis, has a negative effect on the amount
of potassium in milk. Another factor that influences the concentration of this mineral is
the period of lactation. Potassium occurs in milk in a fully ionized form and its amount
ranges from 1350 to 1550 mg/l. The increase in the sodium content automatically re-
duces the amount of potassium in milk [20, 29]. The results obtained in this research
show that the potassium content in the material analysed was relatively high. The low-
est quantity of this element was determined in the milk F (1382 mg/1), and the highest
in the milk sample G (1622 mg/l). Among the organic milks, the sample F was charac-
terized by the statistically significantly lowest concentration of potassium. Similarly as
in the case of calcium, no statistically significant differences were found in the potassi-
um contents between the organic and conventional milks. Sola-Larranaga and Navarro-
Blasco [42] reported, as regards the Spanish raw milk, a lower potassium concentration
than that received in this study (1344 mg/l), whereas Khan et al. [22], and Slacanac et
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al. [40] reported even lower amounts (respectively 1195 mg/kg in the Korean plain
milk and 962.3 mg/1 in the Croatian UHT milk).

Sodium

Sodium chloride and lactose are responsible for maintaining the osmotic pressure
of milk at a constant level. Therefore, where the amount of lactose in milk decreases
(e.g. inflammation of the udder, final stage of lactation) the level of sodium and chlo-
rine automatically increases. In the milk from healthy cows, the sodium content is in
the range from 300 to 600 mg/l [20, 29, 34]. The sodium content in the samples ana-
lysed varied between 427 mg/l (sample F) and 520 mg/l (sample D) and this is con-
sistent with the average as indicated in the Polish reference literature. Statistically sig-
nificant differences concerning sodium concentration were found only between the
samples D and F. Nevertheless, the organic milks contained, on average, statistically
significantly less sodium than the conventional products (p 0.046 < 0.05) (Tab. 2).
Lower sodium concentrations were reported by Sola-Larranaga and Navarro-Blasco
[42] — 372 mg/l in the Spanish raw milk and by Khan et al. [22] — 256.7 mg/kg in the
South Korean plain milk.

Magnesium

The amount of magnesium in milk is in strict and directly proportional relation
with the amount of calcium. Cow's milk contains, on average, 100 + 150 mg/I of this
element [20, 29]. The amounts of magnesium measured in the samples tested varied
from 104 mg/l in the milk F to 125 mg/l in the milk G. Statistically significant differ-
ences were not detected, neither between the single samples of milk nor between the
groups of the organic and conventional milks. Similar results to those received in this
study were noted by Zuerera-Cosano et al. [47] — 116 mg/kg in the Spanish raw milk;
by Khan et al. [22] — 104.8 mg/kg in the South Korean plain milk; and by Sola-
Larranaga and Navarro-Blasco [42] — 91.8 mg/l in the Spanish raw milk. Significantly
lower and higher concentrations of magnesium were determined in the Croatian milk —
62.5 mg/l (UHT) [40] and 165 mg/kg (raw) [39].

Zinc

Zinc is an essential trace element, particularly vital for the metabolic activity of
over 400 proteins in the human body. It is considered crucial for the cell division as
well as for the synthesis of DNA and proteins [18]. Zinc also plays an important role in
the cell-mediated immune functions and as an antioxidant and anti-inflammatory agent
[44]. According to the reference literature, the concentration of zinc in the cow's milk
fluctuates between 3 and 5 mg/l [20]. A higher content of that element results mainly
from the metal pesticides [24]. The lowest concentration of zinc was noted in the milk
H (2.49 mg/l), while the highest in the milk D (3.95 mg/l). Some statistically signifi-
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cant differences were found between the analysed samples of milk (Tab. 2); however,
no statistically significant differences between the organic and conventional milks were
determined. It is worth noting that the raw, organic milk (sample H) had the signifi-
cantly lowest content of zinc as compared to almost all other milks tested. Sikiri¢ et al.
[39] determined the content of 0.51 mg/kg in the Croatian raw milk; Sola-Larranaga
and Navarro-Blasco [42] — 4.63 mg/l in the Spanish raw milk; Slac¢anac et al. [40] —
3.28 mg/l in the Croatian UHT milk; and Khan et al. [23] — 3.87 mg/kg in the skimmed
milk and 4.75 mg/kg in the plain milk in South Korea.

Iron

An excessive amount of iron as well as copper adversely affects the quality of
milk. Tons of those elements catalyse the oxidation of some vitamins and fatty acids,
and this negatively affects, primarily, the organoleptic characteristics of milk [34]. In
this research, the statistically significantly highest iron concentrations were determined
in the milks A and B derived from the same producer (respectively 668 and 443 ug/l).
A high concentration of iron in the milk purchased in shops may result from metallic
containers used to transport and store milk [33]. The content of this element in all other
samples ranged from 188 pg/l (milk E) to 223 pg/l (milk F) and the differences be-
tween them were not statistically significant. High concentrations of iron in the milks
A and B resulted in a statistically significantly higher average concentration of this
element in the conventional milks in comparison to the organic milk (p 0.019 < 0.05).
As in the case of the samples analysed, the concentration values of iron in milk differ
significantly in the reference literature. Sikiri¢ et al. [39] noted the content of
130 nug/kg in the Croatian raw milk; Enb et al. [16] — 682 ng/kg in the Egyptian raw
milk; Qin et al. [36] — 1510 pg/kg in the Japanese commercial milk and 2210 pg/kg in
the Chinese commercial milk; Sola-Larranaga and Navarro-Blasco [42] — 290 pg/l in
the Spanish raw milk; Slac¢anac et al. [40] — 210 pg/l in the Croatian UHT milk.

Copper

Copper is an element the small amounts of which are required by the human body
to function properly. It plays an important role in the vital oxidation-reduction reac-
tions. However, too high concentrations of this metal are toxic. The ranges concerning
the amount of this element in cow's, goat's or sheep’s milk are very broad [4]. The
copper content depends on many factors; especially on the environmental factor and on
those connected with the feeding system. Dobrzanski et al. [13] showed that cow’s
milk derived from an unpolluted area contained 228 pg/kg of copper on average,
whereas that from a polluted region 659 pg/kg. In addition, as demonstrated by Mass et
al. [31], the copper concentration can be significantly higher in the processed than in
the raw milk owing to the migration of this element from the equipment. In this study,
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the highest and the lowest copper contents were determined in the organic milk sam-
ples (E and H) and for those two milks the differences were statistically significant.
The lowest copper concentration was noted in the milk H — 39.9 pg/l, which was raw,
and the highest in the milk E (pasteurised) — 62.7 pg/l. There were no statistically sig-
nificant differences in the content of this element between the organic and conventional
milks. Dobrzanski et al. [12] determined a higher concentration of copper (89.9 ug/l) in
the milk derived from a polluted region in Lower Silesia, Poland, and a similar concen-
tration in the milk from an unpolluted region in Upper Silesia (65.4 pg/l). Moreover,
the concentration of copper in the milks analysed is in accordance with some results of
the research conducted in various regions of the world. Sola-Larranaga and Navarro-
Blasco [42] noted the content of 51.8 pg/l in the Spanish raw milk. Other researchers,
however, reported significantly higher contents of this element in milk: Sikiri¢ et al.
[39] — 380 pg/kg in the Croatian raw milk; Enb et al. [16] — 124 ng/kg in the Egyptian
raw milk; Qin et al. [36] — 230 pg/kg in the Japanese commercial milk and 170 pg/kg
in the Chinese commercial milk; Bilandzi¢ et al. [4] — 931.9 ug/l in the North — and
848.4 ug/l in the South-Croatian milk; Khan et al. [23] — 383.4 pg/kg in the South Ko-
rean skimmed milk and 84.6 pg/kg in the South Korean plain milk.

Manganese

On average, the level of manganese in the cow’s milk is around 0.02 + 0.05 mg/l
[20]. The concentration of manganese was at a very similar level in all the analysed
milk samples, both organic and conventional. The determined amount of manganese
ranged from 22.3 pg/l in the milk H to 28.7 pg/l in the milk B. The statistical analysis
showed no significant differences in the content of manganese between the samples
analysed. Nevertheless, the organic milk contained, on average, statistically signifi-
cantly less manganese than the conventional milk (p 0.047 < 0.05) (Tab. 2). The re-
search results are similar to those received by Sola-Larranaga and Navarro-Blasco [42].
They determined the content of manganese to be 29.1 ug/l in the Spanish raw milk.
Higher concentrations of this element were reported by Dobrzanski et al. [12] in the
Polish raw milk derived from Lower Silesia (101.8 pg/l) and Upper Silesia (51.2 ng/l)
as well as by Khan et al. [23] — 64.1 ug/kg in the skimmed and 133.9 pg/kg in the plain
milk in South Korea.

Lead and cadmium

Testing food for contamination with toxic metals has a crucial importance as
those elements have a direct impact on human health and life. Their occurrence in the
food, no matter what role they play in the animal body, is always undesirable and nox-
ious. Heavy metals can accumulate in tissues and organs causing toxic effects as well
as the shortage of minerals because of their reduced absorption [30]. Cadmium and
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lead are especially hazardous for children. Lead may result in serious negative effects
on mental development, concentration ability, hearing, kidney function, blood chemis-
try, and cardiovascular system [37]. Also, cadmium has been found to cause an in-
creased occurrence of cancer in mice [21].

The maximum residue level of lead in milk is 20 ug/kg [17]. According to Ziajka
[20] the average lead content in the cow's milk ranges from 2 to 10 pg/kg and the con-
tent of cadmium from 1 to 10 pg/l. In the study discussed, lead was actually found only
in one of the analysed milk samples F (5.24 pg/1). This milk came from an organic
source and therefore should be free of this element. Lead is however a common pollu-
tion in the ecosystem and it easily penetrates into food, air, soil, and water; that is why
it is almost impossible to totally eliminate it even in the organic production [6, 28]. The
content determined in this study is, however, permissible by law. In other cases, the
quantity of lead was below the detection threshold of the method. Dobrzanski et al.
[13] showed that the average lead concentration was higher in the milk derived from
the Upper Silesia industrial area (42 pg/kg) and from Lower Silesia, an area recognized
as clean (20 pg/kg). The average content of lead in the Polish cow’s milk identified by
Bakuta et al. [2] was 12.8 pug/kg. Higher concentrations of lead in the Polish milk were
reported by Pietrzak-Fie¢ko and Smoczynski [35] — 89 pg/l and by Zmudzki et al. [46]
— 21 pg/kg, whereas lower concentrations were found by Szkoda et al. [43] — 3 ug/kg,
Dumna et al. [14] — 6 ug/kg, and Krol et al. [27] — 5 + 10 pug/kg. The concentration of
lead in the milks analysed by researchers in other countries proved that there were
some issues in matching the EU legal requirements. The Lithuanian raw milk exam-
ined by Valiukenaite et al. contained 5 pg/kg of lead [45]; the Spanish raw milk —
5.23 ng/l [42]; the Japanese commercial milk — 12 pg/kg [36]; the South Korean
skimmed and plain milk — respectively 13.86 and 3.35 ng/kg [23]; this was in compli-
ance with the EU law. In comparison, the Chinese milk contained 35 ug/kg of lead
[36], whereas the Egyptian raw milk — 66 ug/kg [16]; the Turkish raw milk —
103 pg/kg [1]; and the Southern and Northern Croatian milk 58.7 and 36.2 pg/l, ac-
cordingly [4].

The content of cadmium in the milks analysed was, in most cases, below the de-
tection level. Only in the conventional milk samples A and B as well as in the organic
milk G, some small amounts of this element were found. The milk A and B, produced
by the same manufacturer, contained, on average, 0.12 and 0.15 pg/l, accordingly. The
milk G contained only 0.04 pg/l of cadmium. Similarly, as in the case of lead, cadmi-
um is a common pollution that is hard to be eliminated and, thus, small amounts of it
may be found in every food product [6]. It can also be found in fertilizers [41]. It was
evidenced that the contamination of food, including milk, is closely related to the de-
gree of environmental pollution in which they are sourced [5, 13]. Dobrzanski et al.
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[13] showed that the average cadmium content was higher in the milk source from
animals in the industrial area in Upper Silesia (7.39 pg/kg) and Lower Silesia, an area
considered as clean (3.88 ug/kg). The concentrations of cadmium as determined in this
study are among the low values presented in the reference literature. The average con-
tent of cadmium as reported by Bakuta et al. [2] in the Polish raw cow’s milk was
7.9 ng/kg. Lower concentrations of cadmium in the Polish milk were identified by Krol
etal. [27] — 2 + 6 ug/kg, Zmudzki et al. [46] and Pietrzak-Fie¢ko and Smoczynski [35]
— 3 ug/kg. Enb et al. [16] determined 86 ng/kg of cadmium in the Egyptian raw milk;
Valiukenaite et al. [45] — 4 pug/kg in the Lithuanian raw milk; Ayar et al. [1] — 17 pg/kg
in the Turkish raw milk; Sola-Larranaga and Navarro-Blasco [22] — 0.4 pg/l in the
Spanish raw milk; Qin et al. [36] — 0.001 pg/g in the Japanese commercial milk and 4
pg/kg in the Chinese commercial milk, whereas Khan et al. [23] 2.22 ug/kg in the
South-Korean skimmed milk and 2.38 ung/kg in the plain milk. Cadmium concentra-
tions measured in Croatia by Bilandzi¢ et al. [4] ranged from 1 to 20 ug/l; however,
more than 80 % of samples were below 5 pg/l.

Conclusions

The results obtained have made it possible to formulate the following conclusions
and observations:

1. Interms of the content of mineral substances, the organic and conventional milk do
not differ significantly. The differences concerned only sodium and manganese.
The organic milks contained, on average, statistically significantly less sodium and
manganese than the conventional products.

2. High concentrations of iron in the milks A and B produced by the same producer
resulted in a statistically significantly higher average concentration of this element
in the conventional milks in comparison to the organic ones.

3. The sample F was the only variety of milk, in which lead was detected. Although
the value determined was within the acceptable limits, the fact that this element
was found in the organic milk raises concern.

4. Cadmium was determined in the two types of milk coming from the same company
(samples A and B) and in the organic milk G, in which, however, the indicated
concentration was at a relatively low level.

In this way, the formulated hypothesis reading: “the commercial organic milks
differ significantly from the commercial conventional milks in relation to the content
of mineral elements” was partially positively verified.
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POROWNANIE ZAWARTOSCI ZWIAZKOW MINERALNYCH W MLEKU
KONWENCJONALNYM I EKOLOGICZNYM Z POLUDNIOWEJ POLSKI

Streszczenie

Mleko jest jednym z najwazniejszych srodkow spozywczych i surowcow w przemysle spozyw-
czym. Jako pierwszy kompletny pokarm dla mtodych ssakow jest bioaktywny i zawiera wszystkie nie-
zbedne sktadniki odzywcze. Uznaje si¢, ze dzigki rolnictwu ekologicznemu uzyskuje si¢ Zzywnos$¢ o wyso-
kiej jakosci, wyprodukowang w zréwnowazonych warunkach, przy jednoczesnej ochronie srodowiska
naturalnego. Najnowsze badania dotyczace zywnosci i odzywiania nie potwierdzaja jednak znacznych
korzysci zdrowotnych zwigzanych z konsumpcja produktow ekologicznych. Celem pracy byta ocena
1 porownanie jakosci komercyjnego krowiego mleka konwencjonalnego i ekologicznego w odniesieniu do
zwarto$ci wybranych sktadnikow mineralnych. Badania przeprowadzono na mleku krowim ekologicznym
i tradycyjnym dostgpnym na rynku w potudniowej Polsce. Probki mleka analizowano pod wzgledem
zawartych w nich sktadnikéw mineralnych, w tym wybranych metali toksycznych, przy uzyciu absorpcyj-
nej spektrofotometrii atomowej ptomieniowej, emisyjnej spektrometrii atomowej oraz absorpcyjnej spek-
trofotometrii atomowej w kuwecie grafitowej. Wyniki badan wskazuja, ze mleko ekologiczne i konwen-
cjonalne nie rdznig si¢ istotnie w kontekscie zawartosci mikro- i makroelementow. Roznice dotyczyty
jedynie zawarto$ci sodu i manganu. Mleko ekologiczne zawierato ich $rednio statystycznie istotnie mniej.
Ponadto w jednym z rodzajow mleka ekologicznego wykryto obecnos¢ otowiu, przy czym uzyskana war-
to$¢ (5,24 mg/l) miescita si¢ w dopuszczalnych granicach. Kadm (w ilosci 0,12 1 0,15 ng/l) zostat ozna-
czony w dwoch rodzajach mleka, pochodzacych z tej samej firmy oraz w jednym mleku ekologicznym,
w ktorym wykazane stezenie byto na stosunkowo niskim poziomie (0,04 pg/l).

Stowa kluczowe: mleko krowie, warto$é¢ odzywcza, metale, sktadniki odzywcze, zywnosé ekologiczna B
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