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THE MINERAL ELEMENTS CONTENT IN HAIR OF COWS FROM C ONVENTIONAL
AND ORGANIC FARMS

Summary

The objective of this study was to determine tfeetadf different production systems on conten9ahajor and trace elements
in cow’s hair. The experimental material consistéd0 cows of Polish Holstein-Friesian (HF) breé@m one dairy organic
farm (15 cows) and one dairy conventional farmd¢a®s). All the farms were located in one climatioezand under similar soil
conditions. In conventional farm cows were ke tubicle barn and cows were fed with total mixatibn (TMR) from a feed-
ing around the year. In organic farms cows weret kepraditional tied-up barns. Feeding was tradital, with ration compo-
nents offered separately. Cows were grazed from tel@)ctober. Depending on pasture yield and avditgtof other feeds,
feeding ration was supplemented by hay, strangesitand cereals. Samples of hair for analyses oérmais were collected in Oc-
tober, i.e. after pasture feeding. The hair wagtakom poll. The concentration of Ca, K, Mg, NaSPB, Ba, Co, Cr, Cu, Fe,
Ge, |, Li, Mn, Mo, Ni, Se, Si, Sn, Sr, V, Zn, Al, &d, Hg, Pb was determined. The content of CllakKP and S in hair of cows
from conventional farm were the similar like in thriganic cows. The content of Mg was significahityher in cows from inten-
sive production system compared to cows from eicalofgrm with pasture feeding. The significandyver contents of B, Ba, Cr,
Cu, Ge, |, Li, Mn, Mo, Ni, Se, Si, Sn, Sr, V, Zrevglown in organic farm. The content of Al, Asaw’s hair were significantly
lower, but content of Cd significantly higher ifmeofrom conventional dairy farm compared to ecaabfarm. There was no
difference in Hg and Pb content. It seems thatwider investigations of mineral composition of cewair could be useful for
settlement of reference value for some elements/anlll make a contribution to better animals’ wedfa
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ZAWARTO SC SKEADNIKOW MINERALNYCH WE WEOSACH KROW
Z GOSPODARSTWA EKOLOGICZNEGO | KONWENCJONALNEGO

Streszczenie

Celem bada bylo oszacowanie wplywu systemu utrzymania kréeeanych (konwencjonalnego i ekologicznego) na za-
wartasé 29 makro- i mikroelementéw we wiosach kréw. Doadagybrano 30 krow rasy polskiej holsizsko-fryzyjskiej
(hf). Z gospodarstwa konwencjonalnego i ekologigengybrano po 15 kréw mlecznych. Gospodarstwa fiighggone w tej
samej strefie klimatycznej i miaty podobne wargi&bowe. W systemie konwencjonalnym krowy bylymywane w obo-
rze legowiskowejdywione petnoporcjow mieszank tresciwg (TMR) przez caty rok. W gospodarstwie ekologiczksowy
byly utrzymywane w tradycyjnej oborze emiowej. Krowy korzystaty z pastwiska od maja dédpeernika. W zalaasci od
wydajnagci pastwiska i potrzeb kréw dawka pokarmowa bylapgmiana o siano, stognkiszonk i zbaa. Probki wioséw

do oznaczenia sktadnikbw mineralnych pobrano vdpirniku, po zakiczeniuzywienia pastwiskowego. Wiosy pobrano
z walu mé¢dzyranego. We wiosach oznaczono zawattda, K, Mg, Na, P, S, B, Ba, Co, Cr, Cu, Fe, G&j,IMn, Mo, Ni,

Se, Si, Sn, Sr, V, Zn, Al, As, Cd, Hg i Pb. Zawar@a, K, Na, P i S we wlosach kréw z gospodarstwanencjonalnego
byta podobna jak u kréw z gospodarstwa ekologicanggwart@¢ Mg byta istotnie wiksza u kréw z gospodarstwa o in-
tensywnym sposobie produkcji w porownaniu do kr@espodarstw ekologicznych z dgsm do pastwisk. Istotniezaza
zawartg’¢ B, Ba, Cr, Cu, Ge, I, Li, Mn, Mo, Ni, Se, Si, Sn,V, Zn byta u kréw z gospodarstwa ekologicznggaarta¢

Al i As we wtosach kréw byta istotniezsza, a zawarté Cd istotnie wysza u krow z gospodarstwa konwencjonalnego
w poréwnaniu do kréw z gospodarstwa ekologiczndii@ byto istotnych rénic w zawartéé Hg i Pb. Wydaje 8i ze dalsze
badania sktadu mineralnego wtoséw u kréw mbgé przydatne do oszacowania w przysetavartasci referencyjnych dla
niektérych pierwiastkdéw i magsie przyczynt do lepszego dobrostanu zwigtz

Stowa kluczowekrowy, wtosy, sktadniki mineralne, gospodarstwolegiczne

1. Introduction The value of the so far applied routine analydestwle
blood, serum and urine for biocelements are limit@khod
mineral level often does not correspond to theiteats in the
whole body, because the composition of plasmateefoim
supplementation of deficiencies by different hontegis
mechanisms. Moreover, the blood bioelements coratemt
is relatively low and depends on the current dhets the diag-
nostic value of the analytical results may be yasrhall. Stud-

ies have shown that the analysis of hair and aeélsan appro-

The progress in analytical methods has led toigsdtion
the biological role of many elements occurring lanp, ani-
mal and human organisms. Mineral distribution witkine
body’s tissues is not uniform, since some tissed=csvely
concentrate specific elements. There is no disaggaecon-
cerning the essential nature of major and traceneis for
livestock [7]. Monitoring of trace element statuscattle is

strongly required for prevention of diseases argh hper-
formance. Chemical analysis of soil and feed dotsvays
indicate the real intake of trace elements in alirdae to
the presence of insoluble complexes or antagotfistsde-
press mineral bioavailability [5].

Mirostaw GABRYSZUK, Jerzy BARSZCZEWSKI, Jakub DOBRZYNSKI 54

priate alternative for the analysis of blood anmheyrand for
biopsy. The diagnostic value of hair analysis isficmed by
many authors who have demonstrated the preserumerefa-
tion between the levels of principal elements im had their
contents in the body, both in the case of physicibegquilib-
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rium and during pathological disturbances [8]. Rede con-
firms that the hair can be useful for the evaluatbthe min-
eral profile of the cow body, the level of enviroemtal pollu-
tion as well as for determining the reference \alaksome
elements [1]. Other authors suggested that body (haile
deer) may serve as a supplementary sample to reesaler
nium, but for other trace minerals, the concemtratibetween
concentrations in hair and other samples types a@rstrong
enough to conclude that hair can be used as alesBapple-
mentary sample to evaluate the true trace elenstaiiss of
free-ranging deer, but limited sample size may liafigenced
the results [14]. Chemization in agriculture, ardipraduction
and food processing introduces a lot of food coirtants into
the food chain. Organic methods in agriculture safer and
therefore very important. Nutrition based on thgaoically
produced foods and anthroposophic lifestyle cagy afaim-
portant role in health prophylactic [12]. Gabryszitkal. [4]
suggested that the mineral composition of milk haa de-
pended on production system (conventiorglorganic sys-
tem). It seems that the wider investigations oferdahcompo-
sition of cow’s hair could be useful for settlemehteference
value for some elements.

The objective of this study was to determine tfiece
of different production systems on contents of 2§anand
trace elements in cow’s hair.

2. Material and methods

The experimental material consisted of 30 cowPalf
ish Holstein-Friesian (HF) breed, from one dairgaoic
farm (15 cows) and one dairy conventional farm ¢a&ss).
All the farms were located in one climatic zone amdler
similar soil conditions. In conventional farm cowsere
kept in a cubicle barn and cows were fed with totated
ration (TMR) from a feeding around the year. In arig
farms cows were kept in traditional tied-up barfRseding
was traditional, with ration components offered aegely.
Cows were grazed from May to October. Depending o
pasture yield and availability of other feeds, fegdration
was supplemented by hay, straw, silage and ceraklef
the herds were under official milk recording systemo-
vided by the Polish Society of Cattle Breeders Bxairy
Farmers.

Samples of hair for analyses of minerals were=ctgl in
October,i.e. after pasture feeding. The hair was taken fro
poll. Hair was washed with acetone pure for analgsid 3
times rinsed with deionized water. The concentnatibCa, K,
Mg, Na, P, S, B, Ba, Co, Cr, Cu, Fe, Ge, |, Li, Mg, Ni, Se,
Si, Sn, Sr, V, Zn, Al, As, Cd, Hg, Pb was determir@amples
of hair (0.3 g) and milk (1 ml) were mineralisecaimixture of

cows from conventional and organic farm was simildre
content of Mg was significantly higher in cows franten-
sive production system compared to cows from ed¢oddg
farm with pasture feeding. Polish soils are considdo be
low or very low in Mg. Soils with low and mediummeen-

tration of Mg represent 64% of total soils in Pal46].

Table 1. Means and their standard deviations forrosle-

ments content of cows’ hair (mg Ky

Tab. 1.Srednie i odchylenia standardowe dla zawacdio
makroelementéw we wiosach kréw (mgkg

Element Conventional Organic
mean SD mean SD
Ca 555.9 129.1 572.4 221.0
K 1361 189.3 1298 594.3
Mg 68.08 13.68 54.38B 16.41
Na 376.0 109.5 369.5 158.8
P 41.11 29.41 39.22 30.14
S 39.90 20.91 38.54 21.25

a, b - significant aP<0.05

Source: own work Zrodio: opracowanie wasne

Table 2. Means and their standard deviations fmetele-

ments content of cows’ haing kg®)

Tab. 2.Srednie i odchylenia standartowe dla zawartio
mikroelementéw we wiosach kréw (mg'kg

Element Conventional Organic
mean SD mean SD
Al 7361° 1137 14228 3492
As 17.82 4.15 31.58 6.83
B 134F 327.1 720.8 202.3
Ba 767.7 189.2 286.2 161.3
Cd 5.8F 1.02 2.63 0.95
Co 38.62 36.41 46.28 41.28
Cr 157.4 98.72 74.16 41.37
Cu 1248 394.3 2292 642.1
Fe 17036 1056 15989 11698
h Ge 64.43 17.32 40.18 11.37
Hg 81.62 41.89 83.64 59.24
[ 4561 2293 9872 4124
Li 21.69 9.43 11.63 7.38
Mn 4528 1790 342% 933
Mo 476.6 121.8 202.3 106.1
Ni 138.9 24.9 69.12 10.8
Pb 43.92 21.8 38.54 18.1
' Se 1426 137.1 824.5 159.4
Si 7508 1120 5023 1096
Sn 318.0 29.82 130.% 27.61
Sr 391.8 140.1 596.3 202.8
Vv 21.4F 15.58 39.95 19.63
Zn 477138 14410 29542 11491

4 ml HNG; and 1 ml HO; in hermetic high-pressure vesselsa, b - significant aP<0.05

by heating in a microwave oven. Mineral elementstemts
were estimated by inductively coupled plasma optinassion
spectroscopy (ICP-OES).

The statistical analyses were performed usingsHts
6.0 for Windows (StatSoft, USA). The average valwese
tested by Tukey’'s method, were the significancellevas
p <0.05.

3. Results and discussion
The mean contents and their standard deviatioB§ (S

for macro- and microelements in hair of cows am@wshin
Tables 1 and 2. The content of Ca, K, Na, P and(&ir of
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Source: own work Zrédlo: opracowanie wlasne

It can explain the fact that grazed cows showgdifsi
cantly lower concentration of Mg in hair and millro-
pared with TMR-fed cows [4]. Disorders of calciuphos-
phorus and magnesium homeostasis in ruminants geovi
natural models for the study of the physiology gadho-
physiology of these minerals. The knowledge that ba
acquired with a better understanding of the pathegis of
these diseases could give useful clues in puzzleuofan
osteoporosis [13].

The contents of trace elements in hair are showrar
ble 2. The levels of trace elements were withinlighled
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ranges. The significant differences for B, Ba, Cu, Ge, I,
Li, Mn, Mo, Ni, Se, Si, Sn, Sr, V, Zn were idengifi be-
tween farms. The lower contents of trace elemergsew
shown in organic farm. Differences in the concerdre of
major and trace elements in hair of cows dependeaulitri-
tion, breed, colour of hair, age, dairy period giform-
ance, geographical location, place of experimeatupa-
tion, production system, mineral status of cows aniinal
welfare. Szigeti et al. [15] reported that breeffedénces
exist in Ca, Mg, and Cu of hair mineral contentreirecase
of similar nutrition (P<0.05). This may reflects taleolic
differences. Sampling site of short haired bodythas no
influence on hair mineral content [15].

The reference minerals concentrations in cow's teyj
matter are for example 0.1-2.5% for Ca, 130-455 fpprvig,
0.2 ppm for Cr, 6.7-32 ppm for Cu, 59-200 ppm fer B6.5-
1.32 ppm for Mn, 0.5-1.32 ppm for Se and 100-156 fipr
Zn [11]. According to this author determinationceftain ele-
ments in hair may be useful for long term monitgrad min-
eral status of animals [11]. Also the mineral eletrgatus in
the sheep's flock determined by wool analysis @ lgood
method. The content of mineral elements in the vgbolwed
statistically significant differences between Baseoand Pol-
ish Merino ewes. The results of concentration & game
minerals in the blood plasma of the same ewes wighan the
reference value, and no significant differencesevarserved
between breeds [2]. The mineral contents of wopledded
also on physiological status (parturition, gestatimating) of
sheep [3]. Main problem in pasture feeding is tloabposition
and digestibility of nutrients, also contents ofneral ele-
ments, are highly affected by the stage of plamivtr and can
vary significantly in relatively short periods. Exaally, it is
difficult to maintain constantly high milk produsti based on
pasture feeding, even when quality of grass is higt soil
and water conditions are suitable for grass prasiuct

The contents of toxic elements in hair were loeT
content of Al and As in cows’ hair was significantbwer,
but content of Cd significantly higher in cows framnven-
tional dairy farm compared to ecological farm. Tehevas
no difference in Hg and Pb content. The lead amingam
accumulation in hair were associated with higheobllead
concentration and hair lead influenced the hairndach
accumulation [9]. The higher blood lead concentratiin
cattle irrespective of locality/industrial operat®areas af-
fected trace elements profile in blood and hair].[Tthe
content of heavy metals in hair depends on feeateod of
these metals in soil, environment contaminationvalf as
the antagonistic bioelements x heavy metals intienac
which influence their absorption and metabolisn. fhese
reasons the contents of toxic elements of hair feaologi-
cal farms were not found lower than of hair froomeen-
tional herds.

4. Conclusion

This study demonstrated that the lower contentsiaf
eral elements of cow hair under extensive farmiygfesn
(ecological) could reflect their deficiency in sa@hd in
green forage. The content of heavy metals in hiagows
from ecological farm were not found lower than tadom
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