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The aim of the present study was to determine the mineral content of milk from three dairy populations of
sheep: the synthetic population Bulgarian milk, the East-Friesian and the Awassi breeds. 97 sheep of the Synthetic
population Bulgarian milk in the IAS (Institute of Animal Science) — Kostinbrod, Bulgaria, 92 sheep from the East-
Friesian breed and 67 sheep from the Awassi breed in the IAS (Institute of Animal Science) — Skopje, Macedonia,
were investigated. The milk samples were taken and analyzed on every 20-th day, during a period of 100 days (the
Spring inc. both raised indoors and in pasture for the Synthetic population Bulgarian milk and the Awassi, but the
East-Friesian breed was raised only indoors). The contents of major elements calcium (Ca) and phosphorus (P) were
determined in IAS — Kostinbrod by the colorimetric method with the mixed fuel gauge for calcium and on the base of
the reaction to PO, by (NH4),Mo00, for phosphorus. The trace elements content — lead (Pb), cadmium (Cd), arsenic
(As), copper (Cu), iron (Fe) and manganese (Mn) was determined by the Atom Absorbing System in the Central
laboratory of veterinary — Sanitary investigation and ecology, Sofia, Bulgaria. The ratio of calcium and phosphorus
was accounted. The data were calculated by variation statistic methods by the computer programme Excel 2003. The
contents of calcium and phosphorus in the milk of the sheep of the Synthetic population Bulgarian milk (150 mg/100
g, and 125.78 mg/100 g), the East-Friesian (155.8 mg/100 g and 150.29 mg/100 g) and the Awassi (139.4 mg/100 g
and 163.95 mg/100 g) were established. The ratio Ca : P was in the optimum borders for the milk sheep of the Syn-
thetic population Bulgarian milk and the East-Friesian breed (1.19 and 1.05) and it was lower for the Awassi breed
(0.85). The established content of trace elements in the milk from the studied breeds is lower than the permissible one
for the raw sheep milk. The obtained results for the mineral content of the sheep milk from the three breeds, breeding
in the different areas of the Balkan, characterized it as an appropriate raw material for the production of dairy prod-
ucts that are healthful for the human milk products.
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COJP2KMHA HA MUHEPAJIM BO MJIEKO O] MJIEYHHA PACH OBIIN

LlenTa Ha oBa ncTpaxkyBame Oelle Jia ce ONpeiet COAPKUHA Ha MUHEpaAIM BO MIEKOTO OJ TPU MIIEUHH pacu
OBIM: Oyrapcka CHHTETHYHa MJICYHA IONYJaluja, UCTOYHO(pHU3UCKa U aBacu. Mcmuranu ce BKymHO 97 oBuM 01
OyrapckaTa CHHTeTHYHA MJICYHA ToMmyJanuja Bo MHCTUTYTOT 32 ctouapcTBo Bo Koctunbpon, P. Byrapuja, kako u 92
OBIM 0] UCTOYHO(ppHU3MCKaTa paca M 67 OBLM oJ pacara aBacu Bo MHcruryror 3a crouapctBo Bo Ckomje, P.
Makenonuja. [Ipumepouure Ha MiIekoTo Oea coOupaHu M aHaIM3upaHu Ha cekoj 20-tu aeH Bo nepuoj ox 100 nena
(oarnmenyBameTo Ha OBLMTE OJ OyrapckaTa MiledHa CHHTETHYHA MOIYJalija U pacarta aBac Oelle KOMOMHHPAHO:
IITAJICKH M Ha MAcHIITe, N0JeKa OBLUTE OJ MCTOYHO(pHU3KCKAaTa paca ce OAIIeNyBaa UCKIYYUTEIHO BO 3aTBOPEH
npoctop). ConpxuHara Ha riuaBHuTe enemeHtu kaiauuym (Ca) u pocdop (P) Gere onpenenena Bo Mucturyror 3a
croyapcTBo 0/ KocTnHOpOA Co oMol Ha METOI0T Ha KaJIOPUMETPH]ja, CO IPONHUIIAHA KOJIUYHHA U3MELIaHO TOPUBO
3a KaJTUMyM ¥ Bp3 OCHOBA Ha peakumjata Ha PO, ox (NH4),Mo0O, 3a docdop. CompuHaTa Ha APyruTe eNeMEHTH:
onoBo (Pb), kagmuym (Cd), apcen (As), 6akap (Cu), xeine3o (Fe) nu manran (Mn) Gemre omnpezeneHa co CHCTEMOT 3a
aromcka ancopruuja Bo LleHTpannata nmaboparopHja 3a BeTEpUHAPHO-CAHMTAPHO MCIUTYBAambE€ M EKOJOTHja BO
Coduja, P. Byrapuja. beme mpecmeran coomHocoT Ha KamuyM u ¢ocdop. Ilogaronure Gea mpecMeraHu co
BapHjal[MOHO-CTaTUCTUYKU METOJH NpeKy Kommjyrepckara nporpama Excel 2003. Beuie yrBpaeHa copp)kuHaTa Ha
KaJIyM U Gocdop Bo MICKOTO 0] OBLHM 0Of Oyrapckara miedHa cuHTeTHdHa nomynanuja (150 mg/100 g, u 125,78
mg/100 g), o ucrounodppusuckara (155,8 mg/100 g u 150,29 mg/100 g) u on pacara aBacu (139,4 mg/100 g u
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163,95 mg/100 g). CooxmHocot Ca : P Geme Bo onTUMaNHK TPaHUIM 3a OBIHTE O Oyrapckara MJICYHA CHHTETHYHA
Tomynanyja 1 ucrouHodpmsuckara paca (1,19 u 1,05) u nonn3ok kaj osuure ox pacara aBacu (0,85). YrBpnenara
COZp’KMHA Ha APYTUTE €IEeMEHTH BO MJICKOTO OJ NPOYYyBAaHHUTE pacu € IOHWCKA O]l J03BOJeHaTa 3a HeoOpaboTeHO
0BYO Mieko. JloOreHnTe pe3yaTaTy 3a COIpXKUHATA Ha MUHEPAIIH BO MIIEKOTO Kaj TPUTE PAacH OBIY, OJTIIEAyBaHU BO
pa3nuyHu obnacté Ha bankaHOT, ro KapakTepH3HpaaT MIICKOTO KaKO COOABETEH MaTepHjal 3a MPOHU3BOJCTBO HA

3ApaBu MJICYHH IIPOU3BOAN HAMCHETHU 3a XyMaHa UCXpaHa.

KJ]y‘Il-ll/l 360])03]/]: MJI€YHU pacu OBIU; COAP>KWHA Ha MUHEPpAJIN; I'TIaBHU €JIEMEHTH; €JIEMEHTU BO Tparu

1. INTRODUCTION

The mineral content of the sheep milk is
closely related to the production of healthful dairy
products for the consumers and it was an object of
studies in different aspects (Epstein, 1985; Poly-
chroniadov and Vafopoulou,1985; Sawaya et al.,
1985; Voutsinas et al., 1988; Mehaia, 1994; Sahan
et al., 2005; Yanchev, 2006; Slavov, 2007).

The variation of major elements in the sheep
milk was more limited in comparison with the cow
milk (Polychroniadov and Vafopoulou, 1985). On
the one hand the quantity of the calcium and the
phosphorus and their ratio has an importance to
milk quality as a raw and on the other hand — as
food for lambs.

The study of the level of the trace elements in
sheep milk from different breeds adds the milk
characteristic of its mineral content. The producti-
on of the qualitative and safe dairy products for
human health is related to the lack of the heavy
metals in the raw materials. Their presence in the
sheep milk in an amount over the permissible
norms is an indicator for the contamination of the
environment.

The aim of the present study was to determi-
ne the mineral content of milk from three dairy
populations of sheep: the Synthetic population
Bulgarian milk, the East-Friesian and the Awassi
breeds.

2. MATERIAL AND METHODS

The mineral content of milk from three dairy
populations of sheep — the Synthetic population
Bulgarian milk, the East-Friesian and the Awassi
breeds, reared in different agroecological areas of
the Balkan was studied. The mixed milk samples
from 97 ewes of the Synthetic population Bulgar-
ian milk in IAS (Institute of Animal Science) —
Kostinbrod, Bulgaria, 92 ewes from the East-
Friesian breed and 67 ewes from the Awassi breed
in TAS (Institute of Animal Science) — Skopje,
Macedonia, were investigated. The mixed milk

samples at five numbers from each breed were
analyzed. The samples were taken on every 20-th
day, during a period of 100 days (the Spring inc.
both raised indoors and in pasture for the Synthetic
population Bulgarian milk and the Awassi, but the
East-Friesian breed was raised only indoors).

The contents of the major elements calcium
(Ca) and phosphorus (P) were determined accord-
ing to the method of Peichevski et al., 1982, and
Alekseeva et al., 1986, in the biochemistry labora-
tory in IAS — Kostinbrod. The colorimetric method
was used with the mixed fuel gauge for calcium
and on the base of the reaction to PO, by
(NH4)>,MoO, for phosphorus.

The trace elements content — lead (Pb), cad-
mium (Cd), arsenic (As), copper (Cu), iron (Fe)
and manganese (Mn) was determined by the Atom
Absorbing System in the Central Laboratory of the
Veterinary-Sanitary Investigation and Ecology,
Sofia, Bulgaria. The ratio of calcium and phospho-
rus was accounted. The data were calculated by
variation statistic methods by the computer prog-
ramme Excel 2003.

3. RESULTS AND DISCUSSION
Major elements

The mean, minimal and maximal values of
the major elements, calcium and phosphorus, in
the raw sheep milk from the Synthetic population
Bulgarian milk are shown in Table 1. The mean
content of Ca (150 mg/100 g) was higher from that
of P (125.78 mg/100 g). The ratio between them
was optimal (1.19). The dynamics of a variation of
the two major elements during the researched pe-
riod showed a tendency to a higher calcium value
(Fig. 1).

In the milk of the ewes from the East-Friesian
breed there was a small difference in the amount
of Ca (155.8 mg/100 g) and P (150.29 mg/100 g).
It was read ratio 1:1 between the two elements
(Tab. 2). In the beginning of the study, the content
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of calcium was with a tendency for a lower value
in comparison with the phosphorus, but for the
subsequent periods a reverse tendency was ob-
served (Fig. 2, Tab. 2).

Table 1

Content of major- and trace elements in the milk of
Synthetic population Bulgarian milk

min X £ Sx max
Major elements, N =5
Calcium, mg/100 g 140 150 +3.332 156
Phosphorus, mg/100 g  122.48 12578 + 1.347  130.65

Ratio Ca : P 1.07 1.19+0.033 1.25
Trace elements, n=5
Lead, mg/kg 0.01 0.013 +0.001 0.016

Cadmium, mg/kg 0.00026  0.00042 +0.001 0.00049

Arsenic, mg/kg 0.019 0.026 +0.002 0.034
Copper, mg/kg 0.035 0.056 = 0.007 0.073
Iron, mg/kg 0.0023  0.0071 £0.001  0.0094

Manganese, mg/kg 0.00089  0.00098 +£0.001 0.0011

1 2 3 4 5

Fig. 1. The dynamics of the content of calcium and
phosphorus during the experimental period at SPBM

Table 2

Content of major- and trace elements in the milk of
East-Friesian breed

min X+ Sx max
Major elements, N =5
Calcium, mg/100 g 143 155.8 £3.3527 164
Phosphorus, mg/100 g 120.11  150.29 +7.834  163.05
Ratio Ca: P 0.88 1.05 +0.081 1.36
Trace elements, n=5
Lead, mg/kg 0.0093 0.0131+£0.001 0.0170
Cadmium, mg/kg 0.00031  0.0005=+0.001  0.001
Arsenic, mg/kg 0.023 0.025+0.002 0.031
Copper, mg/kg 0.054 0.075 £ 0.008 0.099
Iron, mg/kg 0.00086  0.0021 £0.001  0.0045

Manganese, mg/kg 0.00079  0.00085 0.001  0.0009
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Fig. 2. The dynamics of the content of calcium
and phosphorus during the experimental period at IF breed

The average values of the content of calcium
(139.4 mg/100 g) and phosphorus (163.95 mg/100
g) of the Awassi ewes showed a tendency for a
higher level of the phosphorus. The ratio Ca : P
was lower up 1.0 (Tab. 3). For the whole studied
period, the milk content of calcium was with a ten-
dency for lower values than these of phosphorus

(Fig. 3).

Table 3
Content of major- and trace elements in the milk
onf Awassi breed
min X £ Sx max

Major elements, N =5

Calcium, mg/100 g 130 139.4 + 3.600 152
Phosphorus, mg/100 g 160.02  163.95+1.079 166.44
RatioCa: P 0.78 0.85+0.028 0.95

Trace elements, n=5

Lead, mg/kg 0.01 0.014 +£0.001 0.017
0.00026 0.00079 +0.001  0.0024
0.024 +0.001 0.026
Copper, mg/kg 0.025 0.054+0.014 0.108
0.0012  0.00084 +0.001 0.00061

Cadmium, mg/kg
Arsenic, mg/kg 0.02

Manganese, mg/kg

BECa
mpP

Fig. 3. The dynamics of the content of calcium and
phosphorus during the experimental period at Awassi breed
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The obtain results at the study were in agre-
ement with the received requirements for calcium
(140-200 mg/100 g) and phosphorus (82—183
mg/100 g) content in the sheep milk (Peichevski et
al., 1982; Alekseeva et al., 1986; Moniello et al.,
2005; Sahan et al., 2005).

The mean value of the calcium in our investi-
gation is similar to the results from Epstein, 1985;
Voutsinas et al., 1988; Mehaia, 1994; ‘Hues,
2006, but considerably lower than these reported
by Sahan et al., 2005; Slavov, 2007. The amount
of Ca in the milk samples from the East-Friesian
breed was lower than the results of Kuchtik et al,
2008 (200 mg/100 g) at the same breed. Celki and
Ozdemir, 2003, established higher values of Ca
(171.69 mg/100 g) in comparison to ours at the
Awassi breed.

The quantity of the phosphorus registered in
the samples of the present study corresponded with
the results of Polychroniadov and Vafopoulou,
1985, Voutsinas et al., 1988; Sahan et al., 2005,
and Slavov, 2007, and was higher than this was
announced by Sawaya et al., 1985, and Mehaia,
1994; Celki and Ozdemir, 2003, obtained lower
values of P (120.04 mg/100 g) in comparison to
ours at the Awassi breed. The determined amount
of P at the Awassi breed agreed with those re-
ported by Mutassim et al., 2002 (165 mg/100 g).

The optimal ratio Ca : P of the sheep milk is
1:1 or 2:1 according to Moniello et al., 2005. The
results obtained from us about this ratio in the
sheep milk from the Synthetic population Bulgar-
ian milk and the East-Friesian breed were included
in optimal levels, but they were lower than those
of Polychroniadov and Vafopoulou, 1985, and
Gerchevetal, 2006; Sahan et al., 2005, reported a
value of ratio Ca : P lower in comparison to the
optimal level and to our results, too (0.73).

Trace elements

The values for the content of the trace ele-
ments (lead, cadmium, arsenic, copper, iron and
manganese) in studied milk samples shown in Ta-
bles 1, 2 and 3.

The amount of the above — mentioned trace
elements in the milk from the Synthetic population
Bulgarian milk were in allowable limits (Pb — 0.02
mg/kg, As — 0.05 mg/kg, Cu — 0.056 mg/kg). This
content characterized the milk as an appropriate
raw for the production of dairy products (Tab. 1).

In the period to investigation, the lead, arsenic and
copper changed their own values in normal frame-
works. The content variation of cadmium, manga-
nese and iron was in lower degree (Fig. 4).
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Fig. 4. The dynamics of the content of trace elements during
the experimental period at SPBM

The content of trace elements in the sheep
milk from the East-Friesian breed was lower from
permissible limits (Tab. 2). The change of lead,
arsenic and copper content for the period of the
investigation was in permissible borders, too (Fig.
5).
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Fig. 5. The dynamics of the content of trace elements during
the experimental period at IF breed

The average values for the content of trace
elements in the milk of the sheep from the Awassi
breed are shown in Table 3. The heavy metals
were in admissible amount in these samples. With
the exception of the copper, the rest of trace ele-
ments were characterized with small changes in
the studied period (Fig. 6).

In studies of the mineral content of the sheep
milk Al-Wabel, 2008, Yanchev, 2006, and Slavov,
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2007, reported the higher values for the content of
Mn, Cu u Fe of those who were received in the
present investigation. The mentioned norms from
Moniello et al., 2005, for the concentration of Mn,
Cu u Fe are higher.
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Fig. 6. The dynamics of the content of trace elements during
the experimental period at Aw breed

Anastasio et al., 2006, detected higher values
for the content of Cd and Pb in comparison to our
research and those reported in the literature.

4. CONCLUSIONS

It was established the content of calcium and
phosphorus in the milk of sheep of the Synthetic
population Bulgarian milk (150 mg/100 g and
125.78 mg/100 g), the East-Friesian (155.8 mg/100
g and 150.29 mg/100 g) and the Awassi (139.4
mg/100 g and 163.95 mg/100 g ).

The ratio Ca : P was in the optimal levels for
the sheep milk from the Synthetic population Bul-
garian milk and the East-Friesian breed (1.19 and
1.05) and it was lower for Awassi ewes (0.85).

The established content of trace elements in
the milk from studied breeds was lower to the ut-
most permissible levels for the raw sheep milk.

The obtained results for the mineral content
of the sheep milk from the three breeds, raised in
different agroecological areas of the Balkan Penin-
sula, characterized it as an appropriate raw mate-
rial for the production of healthful and safety
foods for human consumption.
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