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The purpose of this research was to determine the average values of certain exterior measures and production
traits in goats of the indigenous Balkan breed in the Republic of Macedonia as well as to study their mutual correlation
dependence. It was determined that the average body weight of the goats of Balkan breed is about 44 kg, whereas the
values of the other exterior measures were: height of withers 65.40 cm, height of back 63.67 cm, height of sacrum 65
cm, body length 65 cm, chest width 21.73 cm, chest depth 25.23 cm, size of chest 82.40 cm, rump width 19.92 cm,
rump length 23.05 cm. The average lactation was 166 litres. Regarding the strength of the correlation, the general
conclusion is that there is a relatively weak correlation (0.2 < R < 0.5) between most of the exterior measures. An
average strong correlation (0.5 <R < 0.8) was determined between the height of the sacrum and the height of withers
and the height of the back, between the length of the body and body weight, as well as between the chest size and the
width and length of rump. A strong correlation (0.8 <R < 1) was determined between the height of withers and height
of the back, as well as between the chest size and body weight. With the analysis of the correlative dependence of the
lactation with the other exterior measures, it was determined that the lactation is not in correlation with most of the
exterior measures, but there is an insignificant correlation (0 < R < 0.2) with part of them (height of sacrum, chest size
and length of rump).
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KOPEJIAIIAJA IIOMEI'Y OJIPEJEHU HAJIBOPEIIIHA OCOBUHHA U IIPOU3BOJHU CBOJCTBA
KAJ ABTOXTOHATA BAJIKAHCKA KO3A BO MAKEJOHHJA

Ilen Ha oBue ucnuryBama Oele aa ce yTBpAAT NPOCCYHNUTE BPEJHOCTH HA OJPECHH HAJBOPELIHU OCOOMHH U
MPOU3BO/IHU CBOJCTBA Kaj KO3UTE O] aBTOXTOHATa OaykaHcKa paca Bo PenyOuika MakeioHHja, Kako U MPOy4IyBambe Ha
HHUBHAaTa Mef'yceOHa KopellalioHa 3aBUCHOCT. belie yTBpAeHo ieka IpoceyHaTa )X1UBa Maca Ha KO3UTe 01 OajkaHCKaTa
paca u3HecyBa okony 44 kg, moexka HaIBOPEIIHUTE TUMEH3MH H3HECYBaa: BUCHHA Ha rpedeHoT 65,40 cm, BUCHHA HA
rpoot 63,67 cm, BUCHHA Ha KPCTOT 65 cm, A0/bKUHA Ha TpynoT 64,95 cm, mupuHa Ha rpagure 21,73 cm, mnabounna
Ha rpagure 25,23 cm, obem Ha rpaxure 82,40 cm, mupuHa Ha canure 19,92 cm, nomxuHa Ha canmre 23,05 cm.
Ipoceunara nakTanucka MICYHOCT H3HECYBalIe okoy 166 nmutpu. Bo onHOC Ha jaunHaTa Ha KOpenalujaTa, FeHepaicH
3aKIIy4OK € JIeKa [IOBEKETO Ha/[BOPEIIHN TUMCH3HU MMaaT IIIaBHO PENaTHBHO ci1aba MerycebHa kopenanyja (0,2 <R <
0,5). Cpenno jaxa xopenanuja (0,5 <R < 0,8) Oewure yrBpeHa nomery BUCHHaTa Ha KPCTOT M BUCHHATA HA IPeOCHOT U
BUCHHATa Ha rpOoT, MoTOa TMOMery JODKMHATA HA TEJIOTO W JKMBaTa Maca, Kako U moMely o0eMOT Ha rpajuTe u
LIMpHHATA U AOJDKMHATA Ha canure. Jaka kopenauuja (0,8 <R < 1) Oemre yrBpzieHa nomery BUCHHATa Ha rpeOEHOT U
BUCHHATa Ha IpOOT, KaKo U moMery 00eMOT Ha IpaJuTe U JKMBaTa Maca. AHAIU3UPajKH ja KOpeaaloHaTa 3aBHCHOCT
Ha JIaKTalMCKaTa MJICYHOCT OJ HAJBOPCLIHUTE JMMEH3UH, YTBPJACHO € JeKa CO MOBEKeTO O] HHMB Taa HE € BO
Kopenanuja, 10/ieka co MaJ e (BUCHHATa Ha KPCTOT, 00EMOT Ha IpaiuTe U J0JDKHHATA Ha CAIIMTE) € BO HE3HAUUTEIIHA
kopenanyja (0 < R <0,2).

Kiyunu 360poBu: aBTOXTOHA GankaHCKa K03a; HaJBOPEIIHN JUMCH3HH; TEIECHa Maca; MPOAYKIIHja Ha MIICKO;
Kopenanuja
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INTRODUCTION

The population of Balkan goat in the Republic
of Macedonia is about 38,378 goats, which repre-
sents almost half (48%) of the total population
(79,664) in the Republic of Macedonia (Pacinovski
et al., 2012). As an indigenous goat breed, Balkan
goat is well adopted to the existing pasture re-
sources, both in the lowlands and in the hilly-moun-
tainous regions of the country (Kozarovski, 1998).

Bearing in mind that the milk from this rumi-
nant has specific nutritional-dietary characteristics,
the same has greater importance from year to year
in the daily diet of people. The main reason for such
is the extremely positive and health benefits of this
nutrient on human health. Ten years ago there were
almost no dairies involved in the purchase of goat
milk, but today a significant number of dairy far-
mers purchase this type of milk as much as possible.

In this context, there is a tendency among the
farmers to find variety of ways to increase the pro-
duction of milk in their flocks. In this direction, alt-
hough the selection is the slowest but is one of the
most secure ways of improving the production traits
in goats and therefore of milk. In domestic animals,
even in goats, it has been scientifically proven that
there are certain correlations between certain pro-
duction and other traits. The main essence of this
correlation is that the manifestation of an occurren-
ce or trait, more or less, determines the appearance
of another trait. By studying this correlations, it has
been scientifically proven that the genetic and para-
genetic factors influence on them.

The aim of these research was to determine the
average values of certain exterior measures and pro-
duction traits in goats of indigenous Balkan breed in
the Republic of Macedonia, as well as to study their
mutual correlation dependence.

MATERIAL AND METHODS

We used a flock of Balkan goats breed, located
in the south-east part of Macedonia, during 2014 as
basic experimental material. The measurements
were realized on 242 goats in the age from the first
to the seventh lactation (2-8 years) (Table 1).

A total of 9 exterior measures have been mon-
itored: height of the withers, height of the back,
height of the sacrum, body length, width of chest,
depth of chest, chest circumference, width of the
rump and length of the rump.

Table 1
The age range of goats
Lactation
Year Total
I I m Iv. v VI VI

2014 84 53 70 26 4 3 2 242

Parallel to the exterior measures, the body
weight of goats was measured in all tested goats.
This measurement was carried out in May 2014.
The following 8 exterior measures were measured
using the Lydetin stick for small ruminants: height of
the withers, height of the back, height of the sacrum,
body length, width of chest, depth of chest, width of
the rump and length of the rump, whereas the chest
circumference was measured with measuring tape.
Body weight was measured with an electronic scale
(Taiwan Scale MFG CO., LTD, Indicator LD).

Based on the obtained results of the measure-
ments, the average value for each exterior measure
as well as the average body weight of goats has been
calculated.

The standard A4 method was used for meas-
urement of daily milk production per goat (morning
and evening milk), in the interval from 28 to 34
days. The testing of milk started after the weaned of
the kids (average 60 days age) and lasted until the
moment of drying (end of October, i.e. middle of
November). There were realized a total of 7 milk
tests in 2014.

Mainly combined (barn-pasture) system of
breeding was used on the farm, which means usage
of the available vegetation during almost the entire
year, whereas in a certain period of the year, espe-
cially in winter, goats were fed additionally with
meadow hay (November — February) and concen-
trate (January — April). Kids stayed with their moth-
ers depending on the purpose. Kids intended for
slaughter, stayed with their mothers until they were
sold for meat (2 — 2.5 months age), whereas those
intended for reproduction, stayed little longer, up to
3 months. The milking period started after the wean-
ing of the kids.

The correlation between mentioned traits was
calculated using package programs SPSS (SPSS,
1994), while strength of correlations was determi-
ned according to the Roemer-Orphal classification
(Latinovi¢, 1996).

The statistical significance of the effect consi-
dered was evaluated by means of the variance anal-
ysis at the level P < 0.05 and P < 0.01. The varia-
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tions between each mean value were also tested ap-
plying the T-test.
RESULTS AND DISCUSSION
The average values for all exterior measures

and body weight are presented in Table 2.

Table 2

Average values of certain exterior measures
in Balkan goat breed in the Republic of Macedonia

Standard Coeffic.. of
Exterior measure Value min max deviat. variation
(Sd) (Cv)

Height of withers,cm 6540 52 77 4.03 6.16
Height of back, cm 63.67 50 75 4.18 6.57
Height of sacrum,cm  65.04 60 76 5.48 8.43

Body length, cm 6495 45 82 517 7.96
Width of chest, cm 21.73 14 33 3.88 17.86
Depth of chest, cm 25.13 16 34 276 10.98
Chest circumference,cm 8240 64 94  5.05 6.13
Width of rump, cm 1992 14 24 155 7.78
Length of rump, cm 2305 18 26 1.55 6.72
Body weight, kg 4429 25 62 6.68 15.08
Milk yield, liters 165.82 39 537 11.34 6.84

According to the obtained results, the average
body weight of Balkan goats is about 44 kg, with a
variation of 25 kg to 62 kg, with coefficient of vari-
ation of 15.08. The values of the other exteriors
measures are: height of the withers 65.40 cm, height
of the back 63.67 cm, height of the sacrum 65 cm,
body length 65 cm, width of the chest 21.73 cm,
depth of the chest 25.23 cm, chest circumference is
82.40 cm, the width of the rump is 19.92 cm and
length of the rump is 23.05 cm. The minimum and
maximum values, and all of these exterior measures
are within normal limits, without any extreme devi-
ations, indicating standard and normal body devel-
opment of the goats.

Milk yield in this population of goats is about
166 liters, with a variation of 39 to 537 liters. In this
case it can be concluded that there is a great varia-
tion between the minimum and the maximum estab-
lished lactation, which on the other hand creates the
possibility for further selection in the direction of
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improving the annual milk production of this indig-
enous goat breed.

Compared with other studies of exterior mea-
sures in Balkan goats, it can be concluded that the
results are quite similar.

Similar values for the height of the withers
(66.29 cm) in Balkan goat in Serbia were determi-
ned by Memishi et al. (2002). The same authors de-
termined higher values for some of the mentioned
exteriors measures (body length 70.06 cm, depth of
the chest 29.88 cm), whereas for others exterior me-
asures they determined smaller values (width of the
chest of 16.94 cm, width of the rump of 17.47 cm).

The abovementioned authors determined
smaller value for the body weight (38.55 kg) com-
pared to the body weight measured in our tests
(44.29 kg), which is probably due to the fact that the
flock used in our tests is located in lowlands (better
in food), whereas the flock in Serbia is located in the
mountain part (poorer with pasture). This probably
corresponds also with the statement of Kozarovski
(1998), that there are two varieties of the Balkan
goat in the Republic of Macedonia: Balkan goat lo-
cated in the mountains, which is smaller, as well as
Balkan goat located in lowlands, which is heavier
and larger in size.

Considering that Memishi et al. (2002) deter-
mined these values in four adult goat categories
(first to fourth lactation), they determined the low-
est body weight in goats in the first lactation (30.93
kg), whereas the highest body weight in the oldest,
i.e. goats in the fourth lactation (44.31 kg). The
same tendency of lower values among the younger
goats, i.e. higher in the older goats was determined
in the other exteriors measures. The general conclu-
sion of these authors is that the Balkan goat is a late-
maturing breed, and that its growth ends in the
fourth lactation or in the age of around 5 years.

The intensity of the correlation between the
measured exterior measures, the annual lactation
and body weight of Balkan goat and the established
statistical significance is presented in Table 3.

When it comes to the correlative dependence
between the exterior measures during these tests, a
statistically significant correlation was determined,
almost among all tested measures.

For example, the height of the withers has
highly significant correlation with almost all other
measures, with the exception of the width of the
chest with which it is not correlated. It is the same
with the height of the back and the height of the sa-
crum.
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Table 3
Phenotypic correlations between exterior measures, milk yield and body weight
of Balkan goats in Macedonia

Parameters Milk  Body Heightof Height Height Body Width Depth Chestcirc- Width Length

yield weight withers of back of sacrum length of chest of chest umference of rump of rump

(liters)  (kg) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)
Milk yield (liters) 1 0.155*% -0.030" -0.071" -0.140* 0.059™ 0.048™ 0.123"  0.164*  0.082™ 0.127*
Body weight (kg) 0.155* 1 0.486%*  0.433%*% (0.366%* 0.501%* 0.277** 0.413** (0.811%* 0.541%* 0.382%*
Height of withers (cm) —0.030™ 0.486%* 1 0.875%*  0.639%* 0.395%* 0.108™ 0.326%* 0.479** (0.374** (.189**
Height of back (cm) -0.071" 0.433** (.875%* 1 0.651%* 0.320%* 0.097™ 0.326%* 0.441%*% 0.417** 0.202%*
Height of sacrum (cm)  -0.140* 0.366** 0.639** 0.651%** 1 0.310%* 0.109™ 0.235%* 0.343%* (0.292%* (.154*
Body length (cm) 0.059™ 0.501** 0.395%* 0.320%* (0.310%* 1 0.145* 0.097"  0.402%* 0.239%* (.264%*
Width of chest (cm) 0.048™ 0.277** 0.108™  0.097™  0.109™ 0.145* 1 0331%* 0.335%% 0.294%* 0.364**
Depth of chest (cm) 0.123" 0.413** 0.326%* 0.326%* 0.235%* (0.097™ 0.331%* 1 0.484%*  (0.364%** (0.287**
Chest circumference (cm) 0.164* 0.811%* 0.479%* 0.441%* 0.343%* (0.402%* 0.335%* (.484** 1 0.635%* 0.532%*
Width of rump (cm) 0.082" 0.541%* (0.374%* 0.417%*% 0.292%* 0.239%* 0.294** 0.364** 0.635%* 1 0.619%*
Length of rump (cm) 0.127* 0.382%* 0.189** 0.202**  0.154* 0.264** 0.364** 0.287** 0.532%*% (0.619%** 1

"P > 0.05 — non significant, *P < 0.05, **P < 0.01

The body length has high correlation with all
exterior measures, except with the depth of the
chest.

Regarding the strength of the correlation, the
general conclusion is that most exterior measures
have a relatively weak correlation (0.2 <R < 0.5).
An average strong correlation (0.5 <R < 0.8) was
determined between the height of the sacrum and
the height of the withers (0.639) and the height of
the back (0.651), then between the body length and
the body weight (0.501) and other. A very strong
correlation (0.8 < R < 1) was determined between
the height of the withers and the height of the back
(0.875) and between the chest circumference and
the body weight (0.811).

Analyzing the correlative dependence of the
milk yield with the other exterior measures, it has
been determined that with most of them it is not cor-
related, while with a part (the height of the sacrum,
the chest circumference and the length of the rump)
is in insignificant correlation (0 < R < 0.2). Milk
yield is in an insignificant correlation with the body
weight of the goats. Greater correlation between the
lactation and body weight was determined by Iloeje
and Van Vleck (1978), which in the Danish goat
breed is 0.39, whereas in the German Improved
Fawn goat breed is 0.132.

During the testing of the two varieties (red and
multicolored), Markovi¢ (1997) determined the
existence of a very strong positive correlation
between the length of lactation and the total amount
of milk (0.755 and 0.796) in both varieties in the
domestic Balkan goat. The same author determined
a positive and mainly weak correlation between the
traits of milk and body weight, while between the
individual body measures there was a positive and
statistically significant and strong correlation de-
pendence.

A higher correlation coefficient between body
weight and lactation (0.36) was also found by Gall
(1980) in his studies of the German Improved Fawn
goat breed, as well as Semakula et al. (2010) in local
breeds of goats grown in Uganda. Regarding the
body weight, it is correlated with almost all exterior
measures, but with different strength. For example,
with the height of the withers, the height of the back,
the height of the sacrum, the width of the chest, the
depth of the chest and the length of the rump is in a
relatively weak correlation. With the body length
and the width of the rump, it is in a medium strong
correlation, whereas with the chest circumference is
in a strong correlation.

Positive and statistically significant correlation
between body weight and certain body measures
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(height of the withers and size of the tibia), in three
different genotypes of goats (domestic white goat,
F1 crossbreeds between domestic white goat with
Saanen goat from Bulgaria and crossbreeds between
domestic white goats and Saanen goat from Swit-
zerland), was determined by Zujovié et al. (1991,
1993). As in our tests, these authors have deter-
mined a strong correlation between body weight and
chest circumference in all three genotypes of goats.

Higher correlation dependence (0.50 to 0.94)
was determined between body weight and individ-
ual exterior measures in goats of Saanen breed by
both Pesmen and Yardimci (2008) and Nemeth et
al. (2009) which determined mean and fairly strong
(P < 0.01) correlation between body weight and
most measures of body development in different
breeds of goats grown in Hungary.

CONCLUSION

Based on the abovementioned tests, the fol-
lowing conclusions can be made:

Considering that it is about a goat population,
which is mainly used for milk production, the re-
sults obtained for phenotypic correlations between
milk yield and individual exterior measures, altho-
ugh weak, the same should be used both by farmers
and by breeders to improve milk production.

The possibility of successful selection in rela-
tion to the improvement of the milk yield in this
breed is also given by the fact that there is a great
variation between the minimum and maximum de-
termined individual milk yield in the flock.

Regarding the body weight, in the future selec-
tion activities of this breed, attention should be paid
to the correlation of this trait with the chest circum-
ference, whose correlation is quite strong not only
in our tests, but also in a considerable number of
other tests.
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