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ABSTRACT

Goat breeding has been one of the most important activities of the rural population in Dalmatian Zagora for
decades. The predominant breed was, and still is, the Croatian coloured goat, bred almost exclusively for meat.
Extensive farming is currently a dominant farming system with some flocks being bred under organic conditions.
In this research we monitored an organic flock in the area of Dinara Mountain during one season. Blood samples
were randomly collected from 80 does on two occasions: in March in their early lactation and in October in their
early gravidity, and were analysed for the most common biochemical parameters (glucose, urea, bilirubin, total
proteins, albumin, triglycerides, cholesterol, aspartate aminotransferase (AST), gamma-glutamyl transferase
(GGT) and two parameters of metabolic profile (non-esterified fatty acids (NEFA), B-hydroxybutyrate (BHB)).
Significant differences were found between all of the parameters, except BHB and AST. The obtained results
from multi-coloured goats may represent a contribution to a better understanding of metabolic processes during
early lactation and early gravidity in indigenous Croatian goats.
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Introduction

Goat breeding in Dalmatian Zagora was and still is one of the most important animal
farming activities for the inhabitants of these rural areas of Croatia (PRPIC and MIOC,
2015). The predominant breed in the Mediterranean part of Croatia (Dalmatian area) is the
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Croatian multi-coloured goat, bred almost exclusively for meat. Extensive farming is the
dominant farming system, while some farmers have recently started organic production.
Although indigenous breeds are usually regarded as primitive, they have had a profound
economic and social impact over the centuries in this rural region, where the harsh
topography is unsuitable for most other agricultural uses (MIOC et al., 2012).

Blood biochemical parameters are a source of objective and useful information
indispensable in assessing the physiological, metabolic, health, nutritional status, welfare
and productivity of animals. They are useful in diagnosing diseases and determining
their prognosis, as well as in preventive programs. Comparison of biochemical results
and physiological ranges is complex, because values depend on many factors, such as:
breed, sex, age, nutrition, physiological conditions (pregnancy and lactation), illness
and seasonal variations (YOKUS et al., 2006). Using reference intervals available from
textbooks (KANEKO et al., 2008) has been shown to be inappropriate considering the
large number (much more than the expected 5%) of clinically healthy animals falling
outside the published intervals (VOJTA et al., 2011). Physiological properties of Croatian
indigenous sheep and goat breeds were investigated in our previous studies, and the need
for specific reference intervals was determined (VOJTA et al., 2011; SHEK-VUGROVECKI
etal., 2012; SIMPRAGA et al., 2013).

Meeting the nutrient requirements for grazing and browsing animals is challenging,
and can lead to metabolic disorders (ESKI et al., 2015), especially in early spring when
the dry matter content of pasture grasses, plant species and herbage is very low. The
most valuable parameters for assessment of the ruminants’ energy status are plasma
concentrations of non-esterified fatty acids (NEFA), triglycerides and B-hydroxybutirate
(BHB) (FERNANDEZ et al., 2007) for which there are no reference values for goats in
the textbooks (KANEKO et al., 2008). Differences between goats of different genotypes
may indicate different physiological adaptation mechanisms under the same nutritional
conditions, especially during pregnancy (CASTAGNINO et al., 2015).

Since the data describing biochemical parameters in Croatian indigenous goat
breeds are scarce, the aim of the present study was to investigate the variations in blood
biochemical parameters in two periods of a doe’s life: postpartum and early gravidity. The
obtained results may represent a contribution to a better understanding of the metabolism
of energy and proteins in extensively bred combined breed goats for diagnostic purposes.

Materials and methods

Animals, husbandry, nutrition. The study was carried out on a small organic
commercial farm of Croatian coloured goats in the Dinara Mountain area. The group
comprised randomly selected 80 females (does). The animals were kept indoors only
during extreme winter weather conditions. They browsed the mountain pastures all day
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long, except during the winter. The goats were 1.5 to 7 years old and had an average
body weight of 35 + 5.6 kg (mean + SD). The experiment was carried out in two phases
coinciding with two seasons of the year - spring (March) and late autumn (October).
During the spring phases all the goats were in early lactation and during the winter phase
of the experiment the does were in the first third of gravidity, as confirmed by the owner.
The animals were monitored throughout the year by the local veterinarian and were
provided similar management during the experimental period. Water was available ad
libitum for the animals at all times. Hay was only consumed by the goats at times when
they could not be in the pasture because of snow or bad weather conditions. There was
no supplementary feeding of goats with concentrated animal feed. The mean temperature
and humidity values for the area in March and October are shown in Table 1. There were
no extreme variations in temperature or humidity during the time of the experiment.

Sample collection and analytical procedures. Blood samples were collected from
randomly selected goats by jugular venipuncture between 9.00 and 11.00 a.m. once in
March and for the second time in October.

Samples were collected into evacuated tubes (Vacutainer®) without anticoagulant,
kept in a cool place and centrifuged within 3 hours of blood collection at 1500 g and for 15
min. The harvested serum was frozen and stored at -70 °C until the time of analysis. The
concentrations of B-hydroxybutyrate (BHB), non-esterified fatty acids (NEFA) in serum
samples were determined using kits from Randox Laboratories LTD, Ardmore, UK, on
SABA 18 (AMS, Italy), while reagents from Herbos, Croatia were used for albumin,
glucose, triglycerides, aspartate amino transferase (AST), gamma-glutamyl transferase
(GGT) and urea concentrations on the same instrument, SABA 18 (AMS, Italy).

Statistical analysis. Statistical analyses were performed using SAS 9.3 software
(2002-2010 SAS Institute Inc., Cary, NC, USA). The mixed model (PROC MIXED) with
a repeated measure statement was used to analyse the blood metabolic parameters. The
goat ID number was the subject variable for which repeated measurements were taken.
Results are expressed as least square means + standard error (LSM + SE). The level of
statistical significance was set at P<0.05.

Results

Blood biochemical parameters. Results of blood biochemical parameters are
presented in Table 2. All the metabolic parameters remained within the reference limits
for the available parameters (KANEKO et al., 2008) at both points in time, except for the
levels of total protein and total bilirubin, which were found to be higher than the reference
values, and AST activity that was lower than the reference values at both measuring
points.
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Statistically significant differences (P<0.01) were found for all parameters between
the March and October samplings, except for concentrations of BHB and AST. The values
for NEFA and urea were significantly higher (P<0.0001) in March than in October, while
albumin, total protein, triglycerides, GGT and total bilirubin values were significantly
lower (P<0.0001) in March than in October.

Table 1. Mean daily temperature (°C + SD) and humidity (%) + SD for the months of March and
October from the Meteorological Station, Knin, Croatia

Mean temperature (°C) = SD Air humidity (%) + SD
March 83+26 61+15
October 129+4.1 64+ 14

Table 2. Least square means (LSM + SE) of blood parameters of Croatian coloured goat in March
and October with comparison to reference values (KANEKO et al., 2008).

Reference interval for goats
March October  |Significance| (Kaneko et al., 2008)

NEFA (mmol/L) 0.68+0.04 | 0.33+0.04 | <0.0001 -

BHB (mmol/L) 0.4+0.03 0.4+0.03 n.s. -

Glucose (mmol/L) 343+0.06 | 3.42+0.06 n.s. 2.78 - 4.16
Triglycerides (mmol/L) | 0.27+0.01 | 0.43 +0.01 <0.0001 -

Albumin (g/L) 37.6+0.27 [40.42+0.27 | <0.0001 27-39

Total protein (g/L) 8523 +0.86 102.73+0.86 | <0.0001 64-70

GGT (U/L) 3543+0.97 | 42.28+0.97 | <0.0001 20 - 56

AST (U/L) 84.02 +2.25 | 83.95+2.25 n.s. 167 - 513

Urea (mmol/L) 6.73+0.16 | 5.65+0.16 | <0.0001 3.57-17.14

Total bilirubin (umol/L) | 5.77+0.24 | 7.27+0.25 0.0001 0-1.71
Cholesterol (mmol/L) 2.11+0.04 | 2.25+0.04 0.0025 2.07-3.37

n.s.- statistically non-significant

Discussion

Together with NEFA concentrations, levels of blood ketones are also considered
useful for determination of energy status in ruminants, while hypoglycaemia is recognized
as an indication of low energy intake (FERNANDEZ et al., 2007; DORE et al., 2015). To
our knowledge, there are no reference values for NEFA in goats; KANEKO et al. (2008)
mention a very wide range for cows (0.378 - 3.78 mmol/L), but none for sheep and goats.
NEFA values in this research were significantly higher (P<0.0001) in early lactation
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(March) than at the beginning of gravidity (October), which is consistent with results
for sheep, goats and cows published by various authors (ESKI et al., 2015; RADIN et al.,
2015). This rise corresponds to physiological adaptation to gravidity and the beginning
of lactation. No values were higher than 1 mmol/L, which might signify that the animals
were not experiencing any negative energy balance.

A BHB blood threshold of >0.86 mmol/L was proposed for dairy goats by BANI
ISMAIL et al. (2008) as an acceptable value to define hyperketonaemia to predict pregnancy
toxaemia, and in a study by DORE et al. (2015) the hyperketonaemia definition based on
pregnancy toxaemia varied between >0.4 and >0.9 mmol/L during the last 5 weeks pre-
partum. For goats in this research BHB values were consistent at around 0.4 mmol/L
(+0.01 mmol/L) in both sampling periods. The goats showed no signs of periparturient
metabolic disorders.

Urea in the blood is an important indicator of the supply of nitrogen and energy
through meals. A decrease comes with a deficit of protein in the diet, especially in a
combined deficit of energy and protein. An increase in urea in the blood is seen with
a surplus of protein in the diet, with an absolute or relative lack of energy (RADOVIC
et al., 2011). Urea blood levels may indicate short term metabolic changes and are used
together with serum total protein and albumin levels (ZOBEL et al., 2015). As seen in our
research, TP and ALB levels were lower in the early lactation period while urea was
higher in the early pregnancy period, as found by IRIADAM et al. (2007). Since there was
no feed supplementation for the kidding goats, there might have been an enhanced need
for protein consumption, both due to lactation onset and the growing foetus’ needs in the
last trimester of pregnancy (ANTUNOVIC et al., 2011; CASTAGNINO et al., 2015). Protein
levels were altogether higher than the reference values for goats (KANEKO et al., 2008),
which might be a breed trait, as seen among other indigenous small ruminant breeds
(SIMPRAGA et al., 2013; ANTUNOVIC et al., 2015). The average birth weight of Croatian
multi-coloured breed kids (2.28kg + 0.72; mean + SD) is significantly lower than that
determined for other breeds used in intensive meat and milk production systems. Apart
from the genotype, the lower birth weight of Croatian multi-coloured goat kids may be
ascribed to the breeding system used, but mostly to poor feeding conditions (MIOC et al.,
2011). That fact is consistent with lower values of TP and ALB found at the beginning of
lactation, and elevated levels of urea signifying enhanced protein catabolism in the final
third of gestation in sheep and goats (CASTAGNINO et al., 2015; PICCIONE et al., 2009).

Triglyceride levels were lower at the beginning of lactation than at the beginning of
gestation, as found by many authors for ruminants, probably as an effect of hormonally
regulated lipolysis (KARAPEHLIVAN et al., 2007, PICCIONE et al., 2009). Elevation of
cholesterol during lactation and pregnancy, as found in this research, is thought to be
a sign of its increased production through stimulation by oestrogen (IRIADAM et al.,
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2007). The AST activity found in this research in both periods was significantly lower
than the literature reference values (KANEKO et al., 2008), and according to PICCIONE
et al. (2010) for Girgentana goats. The AST activity did not alter significantly in the two
research periods, as found for Saanen and Boer goats by DJURICIC et al. (2011). Unlike
ANTUNOVIC et al. (2011) the total bilirubin levels were higher during early lactation than
in early pregnancy, and altogether higher than the reference values found in the literature
(KANEKO et al., 2008), as mentioned by LEPHERD et al. (2009) for Merino ewes. The
elevated levels of bilirubin in both periods of this research could signify a greater burden
on liver hepatocytes due to inadequate feed (RADOVIC et al., 2011).

The obtained results for multi-coloured goats may represent a contribution to a
better understanding of metabolic processes during early lactation and early gravidity in
combined breed goats, and for diagnostic purposes.
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SAZETAK

Uzgoj koza desetlje¢ima je bio jedna od najvaznijih aktivnosti ruralnog stanovnistva Dalmatinske zagore.
Dominantna pasmina je bila, i jo$ uvijek jest, hrvatska Sarena koza, koja se uzgaja gotovo iskljucivo za meso.
Ekstenzivno stoCarenje trenutno je prevladavajuci nacin uzgoja u tom podrucju, s nekolicinom stada koja se
uzgajaju pod ekoloskim uvjetima. U ovom istrazivanju pratili smo ekolosko stado hrvatske Sarene koze na
podrucju planine Dinare tijekom jedne sezone. Uzorci krvi prikupljeni su od 80 koza u dva navrata, u ozujku
u ranoj laktaciji te u listopadu u ranoj gravidnosti. Analizirani su najvazniji biokemijski pokazatelji (glukoza,
ureja, bilirubin, ukupni proteini, albumin, trigliceridi, kolesterol, AST, GGT) i dva pokazatelja metabolickog
profila (BHB, NEFA). Ustanovljene su znacajne razlike medu svim pokazateljima osim BHB i AST. Dobiveni
rezultati za hrvatsku Sarenu kozu predstavljaju doprinos boljem razumijevanju metabolic¢kih procesa tijekom
rane laktacije i poc¢etkom gravidnosti u autohtonih hrvatskih koza.

Kljuéne rijeci: koze, hrvatska Sarena koza, biokemijski pokazatelji
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