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The research was conducted on days 60, 90, 120 and 150 during the lactation with the aim to
determine the effect of lactation stage on the concentration of crucial elements and chemical com-
position in Croatian spotted goats’ milk. Milk yield significantly decreased (from 1.15 to 0.76 kg/
day), while the concentration of Ca, Mg, P, Zn and Mo in the milk of the goats significantly
increased during lactation. The concentrations of Cr, Cd and Pb in milk were very low, with no
significant deviations during lactation. The quality of milk from Croatian spotted goats is adequate
compared with other breeds in the surrounding area of Croatia.
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INTRODUCTION

The production of goats’ milk worldwide has
been increasing over the last few years. The
consumption of goats’ milk is particularly
important in the nutrition of children who
develop allergy to cows’ milk, in nursing moth-
ers and in the general population as a treatment
of peptic disorders (Hejtmankova et al. 2002;
Haenlein 2004; Kapila et al. 2013). Goats’ milk
contains numerous nutritients necessary for the
growth and development of kids (Gaucheron
2011). Concentrations of selected toxic ele-
ments, especially of heavy metals in the envi-
ronment, is generally used as an early indicator
of contamination phenomena, both in the pro-
grammes of soil quality control and in air qual-
ity monitoring (Caggiano et al. 2005). Although
the concentration of heavy metals in goats’ milk
is very low, it can be used as an indicator of a
contaminated environment (Antunovi�c et al.
2012a). The vertical investigation of geochemi-
cal information is an essential approach for
authenticating the geographical origin of milk/
cheese production that has already been
attempted for some other products (Osorio et al.
2015). Croatian spotted goat, also known as the

Balkan goat, is the most abundant goat breed in
Croatia (estimated population is approximately
25 000 heads). The goat breed developed in the
karst, a scant and inaccessible area of the Vele-
bit, Dinara, Kame�snice and Biokovo mountains,
where they are even today mostly reared.
Because of their skills and mobility, these goats
are reared on the most inaccessible terrain,
where there is small or no possibility of rearing
other types of livestock, especially cows (Mio�c
et al. 2008a). Croatian spotted goats are very
resistant, flexible and durable, having modest
requirements for housing, keeping and feeding.
The average body weight of an adult goat is
44 kg, height at withers 61.32 cm and body
length 69 cm. In the flocks reared for milk pro-
duction, the lactation length is 150–250 days,
during which one goat produces 100–250 L of
milk (Mio�c et al. 2008b). According to the
available literature, research on the production
properties of Croatian spotted goat is rare and
there is no information about the milk quality
of this breed. Croatian spotted goat is mostly
used for the production of kids’ meat; however,
in recent years, farmers have opted for the pro-
duction of valued goat cheese prepared accord-
ing to traditional recipes, all with the purpose
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of enriching what is on offer for tourists (Antunovi�c et al.
2012b).
The aim of this study was to determine the milk yield,

chemical composition, changes in macroelements, trace ele-
ments and heavy metal concentrations in the milk of Croatian
spotted goats at different lactation stages.

MATERIALS AND METHODS

Experimental design
The research was conducted on a family farm with a long
tradition of goat farming in the Dubrovnik–Neretva County.
From the flock of 80 adult Croatian spotted goats, 20 goats
were selected and monitored during lactation. Apart from
uniform body development, good health condition and ade-
quate body condition, the goats were selected according to a
uniform age (4 years), parity (3rd lactation), lactation stage
(�7 days) and also the same litter size (single). The goats
were grazing extensively on the Mediterranean pastures from
early morning until 10 a.m., when they returned to a stall
because of high temperatures, to be fed with hay and approx-
imately 0.2 kg/day of maize, as well as water and salt. Hand
milking was performed. The study was carried out on days
60, 90, 120 and 150 during the lactation. Kids were kept
with their mothers and allowed to graze until the age of
90 days. The milk production control was performed using
the alternating monthly test (AT method; ICAR, 2003) with
a single milking by hand once a month (every 30 days), by
measuring the quantity of milk and by taking individual sam-
ples of milk for chemical analysis. The milk yield (kg) was
calculated by multiplying the quantity of milk shown in litres
(L) with the average density of goats’ milk 1.030 kg/m3.
Milk samples were collected in 200-mL plastic bottles,

cooled in a mobile refrigerator at +4 °C and transferred to the
laboratory within 24 h for analysis. Nonfat dry matter, fat,
lactose and urea content, the somatic cells count (SCC) and
total bacterial count were determined in the milk samples
analysed. The analyses were performed in the Central Labora-
tory for Milk Control in Kri�zevci. The analyses of milk for
fat, protein, lactose and urea content were conducted with
infrared spectrometry (HRN EN ISO 9622:2001) on the
MilkoScan FT 6000 (Foss Electric, Hillerød, Denmark) ana-
lyzer within the Comby system. The number of somatic cells
was determined by a fluoro-opto-electronic method (HRN EN
ISO 13366-2/Ispr. 1. 2007) with a Fossomatic 5000 (Foss
Electric, Hillerød, Denmark) analyzer, while the total bacterial
count was determined with an epifluorescent flow cytometry
method (IDF 161A:1995). To obtain normal distribution of
SCC and total bacterial count, the values were transformed to
the logarithmic scale (log10).

Soil and plant analyses
The soil layer at a depth of 0–30 cm and composite samples
(20–25 subsamples) were sampled at each location. Soil

samples were prepared for chemical analyses according to
the procedure for the pretreatment of samples for physico-
chemical analyses (ISO, 1994). Soil samples were ground
using a heavy metal-free grinder (Retsch RM 200, Retsch
GmbH, Haan, Germany) and sieved through 2-mm sieves.
The concentrations of mineral elements in soil samples were
extracted by aqua regia (ISO 1995), and this fraction was
considered as soil total content. The soil samples were
digested at 210 °C for 60 min in microwave oven (Mars 6;
CEM, Matthews, NC, USA).
The concentrations of mineral elements in the extracts

were determined by ICP-OES (Optima 2100 DV; PerkinEl-
mer, Massachusetts USA). Each batch of soil samples run
on the inductively coupled plasma was analysed with an
internal pooled plasma control and with the reference mate-
rial prepared in the same way as the soil samples extracted
by aqua regia. All samples were analysed in duplicate, and
all soil samples from the same year were analysed within
the same analytic run. The instrumental detection and quan-
tification limits for the determination of essential minerals
and selected toxic elements in soil, goats’ milk and feed
(mg/kg) are presented in Table 1.
All plant samples (corn, hay and green forage from pas-

tures) were dried and ground into a fine powder using a
heavy metal-free ultracentrifugal mill (Retsch ZM 200) or
knife mill (GM 200). All plant samples were digested with
10 mL of a 5:1 mixture of HNO3 and H2O2 at 180 °C for
60 min in a microwave oven (Mars 6; CEM). The concen-
trations of mineral elements in solutions of digested plant
samples were determined by inductively coupled plasma

Table 1 Instrumental detection and quantification limits for the deter-
mination of essential minerals and selected toxic elements in soil, goat
milk and feed (mg/kg).

Mineral/
Heavy metal

IDL IQL

Milk Soil and feed Milk Soil and feed

Ca 0.06606 0.6606 0.202 2.02
Mg 0.01098 0.1098 0.0366 0.366
K 0.54 5.40 1.81 18.1
Cu 0.005422 0.054219 0.018073 0.18073
Fe 0.005433 0.05433 0.01811 0.1811
Zn 0.000934 0.009339 0.003113 0.03113
Mn 0.000024 0.00024 0.00008 0.0008
Ni 0.0027 0.027 0.009045 0.09045
Mo 0.00318 0.0318 0.01069 0.1069
Co 0.00115 0.0115 0.003836 0.03836
Cr 0.000941 0.009405 0.003135 0.031350
Cd 0.00063 0.0063 0.00212 0.0212
Pb 0.01001 0.1001 0.0333 0.0212
As 0.00007735 0.002466 0.0002578 0.00822

IDL, instrumental detection limit; IQL, instrumental quantification

limit.
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(ICP; Optima 2100 DV; PerkinElmer). Each batch of plant
samples run on the ICP was analysed with an internal
pooled plasma control and with the reference material pre-
pared in the same way as other plant samples. All samples
were analysed in duplicate. Concentrations of mineral ele-
ments and selected toxic elements in the soil and feed of
the goats (mg/kg) are presented in Figure 1.

Milk digestion and preparation for analyses
Before collecting the raw milk, sampling bottles were
soaked in 20% HNO3 for 24 h and washed with deionised
water to avoid possible contamination. A milk sample of
100 mL was collected during morning milking from each
goat, homogenised by vortex (VIBROMIX 10; Tehtnica,
�Zelezniki, Slovenia), stored in fridge box at 4 °C and trans-
ferred to a deep freeze (�80 °C) until microwave digestion
was carried out.
The method was validated using milk powder

(NCSZC73015; National Analysis Center for Iron and Steel,
Beijing, China) as a reference material. The digestion of
milk samples was carried out according to the method
described by Belete et al. (2014). A 3.0 mL aliquot of each
liquid milk sample was transferred to a 60-mL Teflon diges-
tion vessel. Optimised volumes of 6 mL of 70% nitric acid
and 1 mL of 30% hydrogen peroxide were added, and the
mixture was shaken carefully and left for 10 min before
closing the vessel. The samples were subjected to closed
microwave digestion at the optimised microwave digestion
programme with the following sequence: 50 W, 165 °C

(10 min); 80 W, 190 °C (20 min); and 0 W, 50 °C
(10 min), carried out on Mars 6 (CEM) microwave system.
After heating, the sample was cooled to room temperature
and the digestion vessels were opened carefully in a diges-
ter. The digest was diluted to 25 mL with deionised water
and used for further analysis.
The digested samples were analysed with continuous flow

hydride generation technique, using ICP (Optima 21000 DV;
PerkinElmer) for Ca, Mg, K, P, Na, Cu, Fe, Zn, Mn, Ni, Mo,
Co, Cr, Cd and Pb concentrations. The digested milk samples
provided for As determination were subjected to the prereduc-
tion step before the analysis according to Bosnak and David-
owski (2004). For the prereduction of As, 20 mL of sample
was placed in a 50-mL polypropylene autosampler tube and
mixed with 2 mL of 5% solution of KI and ascorbic acid. Six
millilitres of concentrated HCl were also added, and the mix-
ture was allowed to stand for at least 20 min. The tube was
brought to the 50-mL mark with deionised water, and the
sample was then ready to run. For the prereduction of Se and
Hg, a 20 mL of sample was placed in a cleaned 125-mL bea-
ker and 20 mL of concentrated HCl were slowly added. The
solution was then transferred to a 50-mL polypropylene
autosampler tube, and diluted to the 50-mL mark with deio-
nised water. The samples were ready to run with inductively
coupled plasma (Optima 21000 DV; PerkinElmer).

Statistical analysis
A total of 80 observations was collected for mineral compo-
sition of milk during lactation stage. Data were analysed

0

10 000

20 000

30 000

40 000

Ca Mg K Fe
Soil Corn Hay Green forage

0

1000

2000

3000

4000

5000

P Na Mn
Soil Corn Hay Green forage

0

5

10

15

20

25

Mo Co Cd As

Soil Corn Hay Green forage

0

20

40

60

80

100

Cu Zn Ni Cr Pb

Soil Corn Hay Green forage

Figure 1 Concentrations of mineral elements and selected toxic elements in soil and feed of goats (mg/kg). Concentrations of Fe, Mn, Co, Cd, As,
Ni, Cr and Pb were very low or below the instrumental quantification limits in corn, hay and green forage.
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with the statistical software SAS 9.3� (SAS Institute Inc.,
Cary, NC, USA). The results are presented as arithmetic
means with standard deviation and standard error of mean
estimated with MEANS procedure, while Pearson’s correla-
tion between essential or toxic elements was estimated with
CORR procedure. Data were analysed with GLM procedure
using lactation stage as a fixed effect. Means were com-
pared by the LSD test, and differences between lactation
stage effect were declared significant at P < 0.05 level.

RESULTS AND DISCUSSION

Table 2 presents the milk yield and indicators of milk qual-
ity from the Croatian spotted goats, at different lactation
stages.
When analysing the results from Table 2, it is evident that

most of the estimated indicators increased in the goats’ milk
during the lactation, except for milk yield and lactose content.
Milk yield significantly decreased during lactation and ranged
between 1.15 and 0.76 kg/day. A significantly higher content
of dry matter without fat, fat content, protein and urea
(P < 0.01) was determined at the end of lactation (day 150),
while the opposite trend was observed for lactose content.
The lactose content decreased during lactation, and a higher
content was determined on day 90 compared with day 120.
Milk yield significantly depended on various factors: age,
body weight, litter size, breed, lactation stage, parity, produc-
tion season, etc. (Antunac 1990; Antunac and Samar�zija
2000; Brodziak et al. 2014). Milk yield is inversely propor-
tional to the fat and protein content of milk. Likewise, tradi-
tional extensive farming of Croatian spotted goat reflects its
production traits, while its production results are modest when
compared to other breeds of higher genetic potential reared in
intensive farming systems. Markovi�c (2003) determined an
average daily milk yield of 0.638 L with 3.38% fat, 3.30%
proteins and 8.38% dry matter without fat in the Balkan goat
in Montenegro. Bogdanovi�c et al. (2010) studied milking
traits of the Balkan goat in the ‘low-input’ production systems

in Serbia and determined a similar content of milk fat
(3.71%). The reason for the lower fat content of Croatian
spotted goats’ milk on day 60 is probably related to the dura-
tion of the suckling period, when goats withhold and store
milk for their kids, and it is known that the last jets of milk
are the richest in fat. In addition, this period is the peak of lac-
tation, which is related to the lower content of dry matter in
milk (Kezdzierska-Matysek et al. 2015). Similar results for the
content of proteins, lactose and dry matter without fat in milk
of Alpine goats were determined by Antunac (1990) and Pav-
li�cek et al. (2006) and by Prpi�c et al. (2015) in the milk of
Saanen goats. Mayer and Fiechter (2012) found similar values
for the most investigated traits in goats of six breeds in Aus-
tria. The SCC determined for the milk of Croatian spotted
goats is lower when compared to the higher limit of reference
values for goat milk (Regulations on quality of fresh raw
milk, 2000). Considering the SCC variability during the lacta-
tion, there were no significant differences in the different lac-
tation stages. Similar changes were determined for total
bacterial counts, where the trend of increase was evident dur-
ing the lactation progression. The above-mentioned issue
indicated the seasonal changes in the hygienic quality of the
milk from Croatian spotted breed. However, it is well known
that the SCC in goat milk is variable, as it depends on various
factors such as breed, stage of lactation and parity, as well as
litter size, reproductive status and season (Raynal-Ljutovac
et al. 2007). Similar results in the milk of Alpine goats were
reported by Pavli�cek et al. (2006).
When analysing Table 3 and Figure 2, there were signifi-

cant increases in Ca, Mg, P, Zn and Mo concentrations in
the milk of Croatian spotted goats as lactation progressed.
Furthermore, a trend for Na, Cu, Fe and Pb concentration
increase was observed, as well as the decrease in K in the
milk of goats during lactation, despite no significant differ-
ences. The concentrations of Mn and Ni did not deviate
with lactation stage. In addition, there were no significant
deviations in heavy metal concentrations in the goats’ milk
and values for the potential toxic elements such as Cd, Pb

Table 2 Influence of lactation stage on yield and quality of milk from Croatian spotted goats.

Indicator

Day in lactation (mean � SD)

SEM P-value60th 90th 120th 150th

Milk yield (kg/day) 1.15a � 0.47 0.96 � 0.41 0.93 � 0.25 0.76b � 0.28 0.04 0.01
Nonfat dry matter (%) 8.94b � 0.38 9.22b � 0.33 9.01b � 0.51 10.33a � 0.81 0.89 <0.001
Fat (%) 3.28b � 1.43 3.32b � 1.55 3.39b � 0.96 5.61a � 1.91 0.20 <0.001
Protein (%) 3.65b � 0.36 3.89b � 0.25 4.06a,b � 0.48 5.24a � 1.04 0.10 <0.001
Lactose (%) 4.29a � 0.26 4.32a � 0.17 3.97b � 0.45 4.09b � 0.36 0.04 0.003
Urea (mg/dL) 24.98c � 4.82 37.91b � 10.13 34.39b � 9.20 45.16a � 9.06 1.25 <0.001
SSC (log10/mL) 6.01 � 0.74 5.53 � 0.64 5.67 � 0.60 5.91 � 0.68 0.08 0.105
CFU (log10/mL) 4.66 � 1.21 4.86 � 0.64 4.65 � 0.55 5.24 � 0.88 0.10 0.102

SD, standard deviation, SEM, standard error of mean, CFU, total bacterial count.

Means within a row with different superscripts differ (P < 0.05).
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and Cr were below the values prescribed by the Commis-
sion Regulation directive 333 (2007). Hejtmankova et al.
(2002) determined an increase in Mg and Fe concentrations
during lactation for goats’ milk in Czech Republic. Kezdzier-
ska-Matysek et al. (2015) determined a similar distribution
for goats’ milk in Poland, but with significant differences
depending on lactation stage in concentrations of K and Na,
there was a significant increase in Ca and Mg concentra-
tions, as well as an opposite trend for concentrations of Zn,
Fe and Cu. The research in Austria with goats’ milk showed
similar concentrations for Ca, Mg, Na and K (Mayer and
Fiechter 2012). G€uler (2007) determined higher concentra-
tions of Cd and Pb (0.63 and 0.06 mg/kg) in goats’ milk
from Turkey. Krelowska-Kulas et al. (1999) determined
similar concentrations of Pb in goats’ milk from Poland (9–

20 lg/L) and from Spain; Rodriguez et al. (1999) deter-
mined lower concentrations of Pb (11.86 lg/L) in goats’
milk. Similar results for mineral content of goats’ milk in
Portugal were obtained by Transoco et al. (2010).
Correlations between macroelements, trace elements and

heavy metals in goat milk are presented in Table 4. Numer-
ous significant correlations were determined between vari-
ous parameters in milk of goats during lactation, which
were expected due to their metabolic relationships. Positive
correlations between Ca:Mg, Zn:Fe, Zn:Cu, Na:Mg and Fe:
Cu, as well as negative correlations between K:Na and K:
Ca, were determined. A negative trend was recorded for
concentrations of Mn:Cu in goat milk in the study carried
out in Poland (Kezdzierska-Matysek et al. 2015). In cows’
milk of Holstein Friesian breed and Simmental breed, a high

Table 3 Concentrations of minerals in goats’ milk at different stages of lactation.

Mineral (mg/kg)

Day in lactation (Mean � SD)

SEM P-value60th 90th 120th 150th

Ca 1108.43b,d � 182.06 1226.07b,c,d � 109.73 1276.15b,c � 223.71 1589.36a � 416.88 2.58 <0.001
Mg 131.12b � 18.73 126.55b � 14.12 134.64b � 20.15 179.74a � 52.29 134.57 <0.001
K 1728.28 � 174.58 1816.19 � 184.27 1660.38 � 339.60 1605.60 � 250.99 28.83 0.399
P 687.89c � 98.60 895.43b � 99.53 785.46c � 150.01 1031.70a � 241.31 22.49 <0.001
Na 294.10 � 68.72 301.09 � 33.44 494.00 � 346.86 523.60 � 390.54 31.77 0.279
Cu 0.07 � 0.06 0.07 � 0.03 0.07 � 0.036 0.11 � 0.06 0.01 0.132
Fe 0.37 � 0.18 1.29 � 1.03 0.53 � 0.97 0.77 � 0.85 0.10 0.157
Zn 2.40b � 0.67 3.73a � 0.71 3.37a � 1.19 3.60a � 1.28 0.13 <0.001
Mn 0.02 � 0.01 0.03 � 0.01 0.02 � 0.01 0.03 � 0.01 0.001 0.149
Ni 0.03 � 0.02 0.03 � 0.01 0.03 � 0.02 0.04 � 0.01 0.002 0.065
Mo 0.03b � 0.01 0.03b � 0.001 0.03b � 0.01 0.04a � 0.02 0.002 0.004

SD, standard deviation, SEM, standard error of mean.

Means within a row with different superscripts differ (P < 0.05).
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correlation between Mg:Ca and Zn:Cu (Pilarczyk et al.
2013) was determined. In the study conducted in Italy, Mie-
dico et al. (2015) determined a positive correlation in goats’
milk for concentrations of Fe:Mn, while Singh et al. (2015)
determined significantly positive correlations between Fe:
Zn, Zn:K and Ca:Na in goats’ milk.

CONCLUSION

Based on the results of the present study, it is evident that
the values of the chemical composition of milk as well as
milk yield in Croatian spotted goat followed a normal lacta-
tion curve. The content of crucial elements’ concentrations
in goats’ milk during the study significantly differed when
considering the significant concentrations of Ca, Mg, P, Zn
and Mo, as well as the nonsignificant decrease in the con-
centration of K. The concentrations of heavy metals in milk
were very low, while the milk quality of Croatian spotted
goats did not differ significantly from other Croatian goats
and breeds in the surrounding area.
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