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Abstract: This study investigated the effects of slaughter weight and breed on carcass characteristics, meat qual-
ity, and technological properties in purebred Balkan and F1 crossbred (Balkan x Saanen) male goats. A total
of 48 animals, divided into four slaughter weight groups (10, 15, 18, and 22 kg), were analysed for carcass com-
position, muscle traits, and fat distribution. ANOVA and multivariate analyses (PCA and HCA) revealed signifi-
cant effects of weight and breed on key carcass and meat quality parameters. Heavier animals exhibited higher
intramuscular fat and primal cut yields with superior water-holding capacity (WHC), while lighter goats had
leaner carcasses with less muscle pigment. Crossbred F1 goats demonstrated a more balanced muscle-to-fat ratio,
whereas pure Balkan goats tended to accumulate fat more rapidly at higher weights. These findings indicate that
optimal slaughter weight selection should align with market demands, such as producing leaner meat in lighter
Balkan goats, or achieving increased marbling and better economic returns in heavier crossbred animals. Future
research should explore genetic effects on muscle and fat deposition and assess consumer preferences to refine
breeding and production strategies.

Keywords: autochthonous goat; carcass metrics; hierarchical cluster analysis (HCA); muscle composition; prin-
cipal component analysis (PCA)

As of 2023, the global goat population exceeds the high nutritional value of its meat (FAO 2023).
one billion, playing a crucial role in agricultural sys-  Goat meat consumption has been increasing steadi-
tems worldwide due to the species’ adaptability and  ly, particularly in Asia and Africa, which together
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account for over 80% of the world’s goat population.
In Europe, while goat meat remains a traditional
product in the countries like Spain, Greece, and
France, the overall consumption is lower than that
of other meats. Spain, for instance, recorded the
household consumption of 39 million kilograms
in 2023 (Guzman et al. 2019; FAO 2023).

Goat meat consumption is influenced by cul-
tural and geographical factors (Sacca et al. 2019).
In Serbia, goat farming is primarily based on small-
holder systems (Zujovic et al. 2009). In spite of grow-
ing interest, goat meat remains a niche product
in both the EU and Serbia due to established con-
sumer preferences for other meats and limited
retail availability (Stanisic et al. 2012). However,
indigenous goat breeds play a vital role in sustain-
able livestock production, contributing to biodiver-
sity and supporting local economies. These breeds
are well-adapted to their environments and exhibit
desirable meat characteristics, making them valu-
able for regional meat production.

The Balkan goat, a native breed to the Western
Balkans, is primarily raised in extensive systems
and it is known for its resilience and ability to uti-
lise low-quality forage efficiently. It is a dairy-type
breed, typically characterised by a well-developed
forequarter, a robust constitution, and high dis-
ease resistance, requiring minimal nutritional and
management inputs (Zujovic et al. 2009; Stanisic
etal. 2012). The Balkan goat has been underutilised
in structured meat production despite its adapt-
ability. Crossbreeding with improved dairy breeds,
such as Saanen, has been explored as a strategy
to enhance growth performance and meat yield.
However, studies evaluating the impact of slaugh-
ter weight on these crossbred goats remain scarce.
While dairy breeds like the Saanen typically exhibit
lower muscle development compared to specialised
meat breeds such as the Boer goat (Marques et al.
2013), Saanen goats are commonly used in Serbia
for crossbreeding to improve the characteristics
of local autochthonous breeds (Stanisic et al. 2012).

Carcass characteristics and meat quality in goats
are influenced by multiple factors, including gen-
otype (Dhanda et al. 1999; Oman et al. 2000),
sex (Hogg et al. 1992; Todaro et al. 2004), diet
and production system (Johnson and McGowan
1998; Marinova et al. 2001), and slaughter weight
(Marichal et al. 2003). Carcass composition and
slaughter weight are critical factors affecting meat
quality, yield, and economic viability. Previous

studies suggest that higher slaughter weights im-
prove muscle deposition, conformation, and physi-
cochemical properties such as intramuscular fat
content and reduced cooking losses (Kadim and
Mahgoub 2011). Optimal slaughter weights, which
generally range between 15 and 25 kg for kids, bal-
ance muscle growth and fat deposition, ensuring
desirable meat quality while avoiding excessive
fat accumulation (Dhanda et al. 2003). However,
ideal slaughter weight thresholds vary depending
on breed and production system. While heavier
animals yield more meat, excessive fat deposition
may negatively impact consumer acceptance and
economic efficiency. Previous research on indige-
nous goat breeds and their crossbreds indicates that
selecting appropriate slaughter weights is crucial
for optimising both meat quality and production
efficiency (Marichal et al. 2003).

Although there is extensive research on com-
mercial goat breeds, studies examining carcass
composition and meat quality in Balkan goats and
their crossbreds under controlled slaughter weight
conditions are limited. Moreover, the relationships
between carcass traits, meat quality parameters,
and technological properties have not been fully
elucidated. Addressing these knowledge gaps is es-
sential for enhancing the marketability of indig-
enous goat meat and developing more efficient
production strategies.

This study aims to evaluate the carcass compo-
sition and meat quality of Balkan goats and their
F1 crossbreds with Saanen goats at different slaugh-
ter weights. By applying multivariate analysis tech-
niques, this research aims to identify key factors
influencing meat quality and categorise similar
traits to provide better-informed breeding and
management decisions in goat production systems.

MATERIAL AND METHODS

The experiment complied with the principles out-
lined in the Serbian Law 41/2009 on animal welfare
and Rulebook 39/10 for the handling and protection
of animals used for experimental purposes, as well
as the EU Council Directives 98/58/EC and 2010/63/
EU regarding the protection of farmed and experi-
mental animals. The study was designed to minimise
animal distress and suffering, and all procedures
were performed in accordance with internationally
recognised ethical standards for animal research.
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This study was conducted on male goat kids
raised on a commercial farm in Western Serbia
(44°12'16.2"N 21°30'40.3"E). The animals be-
longed to two genetic groups: purebred Balkan (B)
and F1 crossbred Balkan x Saanen (B x S). A to-
tal of 48 kids (n = 6 per weight group), all born
as twins, were reared under identical management
and feeding conditions to ensure uniformity. The
experiment included four target slaughter weights:
10 kg, 15 kg, 18 kg and 22 kg. After weaning, the
kids were placed in group housing systems with
a space of around 0.4 m? indoors and 2—4 m? out-
doors per animal. At the same time, the dairy goat
flock was managed by feeding adapted to milk
yield (e.g. 16—18% CP starter and hay ad libitum
for kids; forage plus ~0.4 kg concentrate per litre
of milk for dams), twice daily milking under hy-
gienic conditions and reproduction programmes
aiming at a 12-month birth interval to ensure wel-
fare and sustainable productivity. All animals were
weaned at approximately eight weeks of age and fed
a standardised diet consisting of high-quality forage
(lucerne hay) and a commercial concentrate mix
formulated to meet their nutritional requirements.
The concentrate contained 16.0% crude protein,
13.5% moisture, 8.0% fibre, 8.0% ash, 1.0% calcium,
0.5% phosphorus, 0.3% sodium, and added vita-
mins and minerals. Feeding was ad libitum and
conducted in groups until slaughter.

Following the standard commercial practices,
all animals were transported and slaughtered
at a commercial abattoir upon reaching their des-
ignated target weights. Feed was withdrawn 12 h
prior to slaughter, but water remained available.
Before slaughter, animals were weighed to deter-
mine slaughter live weight (SLW). They were then
electrically stunned and slaughtered following
the standard commercial procedures. After skin-
ning, evisceration, and removal of the head and
legs, hot carcass weight (HCW) and the weights
of offal (heart, lungs, liver, kidneys, spleen, rumen,
rennet, small and large intestines), skin, head, and
legs were recorded. Empty body weight (EBW) was
calculated by deducting the weight of digesta. After
24 h of chilling at 4 °C, the cold carcass weight
(CCW) and the weight of fat deposits (pelvic,
abomasum and kidney fat) were measured. Chill
loss was subsequently calculated.

After 24 h of chilling, the left half of each carcass
was dissected to assess the proportions of primal
cuts, including the leg, shoulder, chest with fore-
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arm, loin, neck, back, and thigh. A detailed analysis
of the 9™ to 11" rib section was performed to deter-
mine the distribution of muscle, fat, bone, and con-
nective tissue. The shares of first-category (leg and
loin), second-category (shoulder, neck, and back),
and third-category (chest with forearm and thigh)
cuts were calculated.

For all carcasses, the longissimus thoracis et lum-
borum (LTL) muscle was removed from the left
9% to 11" rib region for further analysis. Water-
holding capacity (WHC) was determined following
the method described by Grau et al. (1953). The
pH value of meat at 24 h postmortem (pH24) was
measured using a portable pH meter with a com-
bined electrode (HI 83141; Hanna Instruments,
Woonsocket, USA). Cooked meat samples (100 °C
for 10 min) were used to assess the firmness, ex-
pressed as shear force, using a texture analyser (TA.
XT Plus; Stable Micro System, Ltd., Godalming,
UK). The texture analyses were carried out accord-
ing to Hopkins et al. (2010), with slight modifi-
cations. After cooling to room temperature, meat
samples were cut into 1 x 1 cm pieces along the
muscle fibre direction. Each sample underwent
a double compression test to 50% of its original
height using a 25 mm compression platen (P/25)
and a 5 kg load cell. The pre-test, test, and post-
test speeds were 60 mm/min and 300 mm/min,
respectively. Higher values indicated greater shear
force and meat firmness.

The remaining lean LTL muscle samples were
vacuum-packed and stored at —18 °C for chemical
analysis, including moisture, protein, fat, and ash
content, according to AOAC (2005) methods.
The collagen content in muscle samples was
determined spectrophotometrically by measuring
hydroxyproline content and multiplying by a factor
of 7.25 (Hill 1966). The total pigment content was
assessed using the Hornsey method (Bunning and
Hamm 1970). Additionally, muscle fibre thickness
was measured using a specialised microscope
equipped with a calibrated eyepiece graticule. For
each muscle sample, at least 30 fibres were ran-
domly selected and measured to obtain an average
fibre diameter. This manual method aligns with
established histological techniques for assessing
the muscle fibre morphology, as described by Khan
et al. (1981).

All statistical analyses were performed using
SPSS v22 (IBM Corp., Armonk, NY, USA). Data
were tested for normality and homogeneity of vari-
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ance before analysis. A two-way analysis of variance
(ANOVA) was conducted to examine the effects
of slaughter weight and genotype, as well as their
interaction, on carcass traits, meat composition,
and technological properties. When significant
differences (P < 0.05) were detected, post-hoc
comparisons were performed using Tukey’s HSD
test. To explore multivariate relationships among
carcass and meat quality traits, principal com-
ponent analysis (PCA) was conducted. A PCA
biplot was generated in SPSS v22 and adjusted
in Microsoft Excel to visualise clustering patterns
based on key traits such as carcass fat, muscle
composition, intramuscular fat, protein content,
and technological properties. Additionally, hier-
archical cluster analysis (HCA) was used to group
traits based on similarity within each genotype.
Clustering was performed using Ward’s method
with squared Euclidean distance as the similarity
measure. Statistical significance was set at P < 0.05,
with highly significant effects noted at P < 0.01.

RESULTS

Slaughter weight significantly influenced key car-
cass traits (Table 1). As expected, increasing weight
was associated with older slaughter age and high-
er empty body weight (EBW), hot carcass weight
(HCW), and cold carcass weight (CCW) in both
pure Balkan (B) and Balkan x Saanen (B x S) groups
(P < 0.01). Despite these increases, HCW/EBW and
CCW/EBW ratios remained stable across weight
categories and breeds, suggesting a consistent car-
cass component distribution. Chill loss decreased
with slaughter weight (P < 0.01) and was lower
in B x S than in B kids at all weights (P < 0.01).
Body component proportions shifted with weight:
head and legs decreased (P < 0.01), while fat depot
shares increased (P < 0.05). The proportions of ren-
net, lungs, heart, and kidneys also declined with
increasing weight (P < 0.01), whereas the large and
small intestines, rumen, stomach, liver, and spleen
remained unaffected by weight or breed.

The proportions of the main half carcass parts
and tissue composition of the 9-11'" rib cut are
shown in Table 2. The leg proportion in the half car-
cass increased with slaughter weight in both groups
(P <0.01), with the lowest values in the 10 kg group.
Shoulder and chest proportions remained stable
across weights. The loin share differed only in pure

Balkan goats, where kids slaughtered at 18 kg had
a significantly higher loin share than those slaugh-
tered at 10 kg (P < 0.05). The neck proportion de-
clined with weight in the Balkan group (P < 0.05).
The back (P < 0.05) and thigh (P < 0.01) propor-
tions decreased with increasing weight, particu-
larly when comparing the 10 and 15 kg groups with
those of 18 and 22 kg. A weight x breed interaction
(P < 0.01) affected the thigh share, suggesting dif-
ferent trends between genotypes. First-category
parts (comprising leg and loin) increased with
weight in both groups (P < 0.01), with a significant
breed x weight interaction (P < 0.05). Second- and
third-category parts remained unchanged.

Dissection of the three-rib cut revealed that mus-
cle and connective tissue proportions declined with
weight while the fat proportion increased (P < 0.05).
A weight x breed interaction (P < 0.05) indicated
that the muscle proportion decreased at different
rates between breeds. The fat proportion increased
in both groups (P < 0.01), whereas the connective tis-
sue proportion declined (P < 0.01). The bone propor-
tion was not significantly affected by weight or breed.

The chemical and technological properties of the
longissimus thoracis et lumborum (LTL) muscle
(Table 3) showed that water content decreased and
protein content increased with slaughter weight
(P < 0.01), particularly between the 10 kg group
and heavier weights. Fat content also increased
with weight (P < 0.01), with B kids having a higher
protein content (P < 0.05) and B x S kids showing
a higher fat content (P < 0.01), alongside a signifi-
cant weight x breed interaction. Pigment content
increased with weight (P < 0.01), suggesting higher
myoglobin levels in older animals. Breed signifi-
cantly influenced pH24 values, with B kids having
lower values than B x S (P < 0.01). The WHC values
decreased with weight (P < 0.01), while B x S meat
was firmer than B meat (P < 0.05). Muscle fibre
thickness increased with weight (P < 0.01) but it was
not breed-dependent.

The PCA biplot (Figure 1) illustrates relation-
ships between carcass traits (EBW, carcass fat, first-
category parts, fat and muscle proportions in the
three-rib cut), chemical composition (intramuscu-
lar fat, protein and collagen content), and techno-
logical properties (fibre thickness, pH and WHC)
of the LTL muscle. PC1 (42.92% of variance) sepa-
rates heavier, fatter animals (high intramuscular fat,
carcass fat, EBW) from those with higher collagen
content and WHC. Traits such as intramuscular fat,
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Table 1. Age, carcass traits, and proportions of offal, skin, head, and legs in Balkan (B) and Balkan x Saanen (B x S)

kids at different slaughter weights (n = 6 animals per breed x weight group)

Breed/weight BxS SEM Significance level
group 10 15 18 22 10 15 18 22 weight breed W x B
Carcass traits

Age (days) 61.0° 822" 106° 1384 63.8 787" 103° 1294 4,08 ns ns
EBW (kg) 825% 12.0° 144  16.6¢ 843 125  145° 165 047 ns ns ns
HCW (kg) 5.13*  7.38" 898 10.2¢ 509 792> 896 102¢ 0.30 ns ns ns
HCW/EBW (%)  62.0 61.6 62.3 61.6 60.6 63.1 62.0 61.7 036 ns ns ns
CCW (kg) 484* 699"  854°  9.80¢ 482 761> 858 978 029 ns ns ns
CCW/EBW (%) 585 58.3 59.2 58.9 56.3 60.6 59.3 593 036 ns ns ns
Chill loss (%) 571¢ 535" 487 4342 524> 393  429°  392* 0.11

Head (% of EBW) 696 593> 526° 528 643> 584*° 563 530° 010 ns ns
Legs (% of EBW) 493> 444 398  391° 519" 4.19*° 375  3.68 0.10 @ *=** ns ns
Skin (% of EBW)  10.4 9.87 102 10.2 7.86 7.53 9.80 951 029 ns ns
Depot fat (% of EBW)

Pelvic fat 0.46 0.71 0.74 0.89 0.34°  0.89° 048" 096" 0.06 ns ns
Abomasum fat 1.04 1.03 1.27 1.26 1.06* 123 123 155 006 ** ns ns
Kidney fat 0.45 0.62 0.78 0.59 0.51 0.69 0.34 050 005 ns ns ns
Total carcass fat 1.94 2.35 2.79 2.74 1.64*° 281> 205" 300> 012 * ns ns
Offal (% of EBW)

Large intestine 2.46 212 2.31 249 2.22 2.01 2.09 242 006 ns ns ns
Rumen 3.20 2.79 3.07 3.14 2.84 2.85 3.12 3.02 0.08 ns ns ns
Small intestine 3.59 3.64 3.37 3.69 3.88 3.67 3.58 3.69 0.09 ns ns ns
Rennet 1.01> 086 0722 077 1.02>  081* 082  0.74* 0.02 ns ns
Stomach 10.3 9.11 9.47 10.1 9.65 8.79 9.50 997 0.17 ns ns ns
Liver 2.82 2.92 2.70 2.78 2.84 2.92 3.06 2.79  0.05 ns ns ns
Lungs 272> 258  1.88  2.08° 220° 261> 218 218 006 * ns ns
Heart 0.66> 055 049  0.50° 059° 061> 067" 052 001 @ **
Spleen 0.34 0.34 0.26 0.24 0.31 0.31 0.33 030 001 ns ns ns
Kidneys 0.68> 059 055 049 0.60° 064> 056® 0470 0.01 ns ns

a-d\Within a breed, the mean values in rows with different letters differ significantly at P < 0.05; *P < 0.05, **P < 0.01,

##*P < 0.001

CCW = cold carcass weight; EBW = empty body weight; HCW = hot carcass weight; ns = not significant; SEM = standard

error of the mean

fibre thickness, first-category parts, protein con-
tent, and EBW strongly correlate along PC1, while
collagen and WHC show an inverse relationship.
PC2 (11.99% of variance) differentiates animals
based on pH, collagen, muscle tissue proportion
(negatively correlated), and carcass traits like fat
and protein content (positively correlated). Heavier
B x S kids cluster toward the right, associated with
greater fat and protein content, while lighter B kids
are positioned toward the left, linked to higher col-
lagen and WHC values.
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Hierarchical cluster analysis (Figure 2) reveals
breed-specific relationships between carcass
composition and meat quality traits. In the pure
Balkan group (Figure 2A), two primary clusters
emerge: one linking fat-related traits (carcass fat,
fat content, collagen) with slaughter weight, and
the other grouping meat quality parameters (LTL
muscle tissue, WHC, fibre thickness), suggesting
the absence of relationship between fat deposi-
tion and meat quality. In B x S goats (Figure 2B),
fat-related traits cluster closely with first-category
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Table 2. Proportions of main half carcass parts and tissue composition of the three-rib cut in Balkan (B) and
Balkan x Saanen (B x S) kids at different slaughter weights (n = 6 animals per breed x weight group)

Breed/weight B BxS SEM Significance level
group 10 15 18 22 10 15 18 22 weight breed W x B
Leg 233 261> 273> 274> 248 201> 273> 273> 034 = ns ns
Loin 9.03*  9.55® 11.0> 101 9.08 9.80 10.1 9.76  0.17 * ns ns
Shoulder 182 203 200 209 204 194 222 212 029  ns ns ns
Back 10.0° 991> 826* 803 981" 941> 761* 7.73* 0.28 * ns ns
Neck 10.2° 7.80°  7.87° 9.02* 862 797 842 879 0.19 * ns ns
E)l::flil‘glfh 196 182 195 186 182 171 187 182 029  ns ns ns
Second thigh 849° 737 558  559° 826> 6.26° 611° 649° 017 = ns
By categories (%)

First 32.4* 357 383° 375" 34.0°0 391> 374> 369> 033 ns

Second 38.4 38.0 36.1 38.0 38.8 36.8 38.4 37.7 0.31 ns ns ns
Third 280 256 251 245 264 234 214 247 050 ns ns ns
9-11" three-rib cut

Muscle (%) 59.2> 59.8" 552° 552°  622° 576 581° 57.1° 087 * ns *
Fat (%) 7790 11.7° 16.0°  164° 553 11.1>  11.8* 16.6° 077 ns ns
Connective (%) 441° 318> 2120 197 363> 271 281® 2190 015 ns ns ns
Bones (%) 272 245 259 262 266 262 260 243 0.67  ns ns ns

3~“Within a breed, the mean values in rows with different letters differ significantly at P < 0.05; *P < 0.05, **P < 0.01,
***P < 0.001
Categories: First = leg + loin; Second = shoulder + back + neck; Third = chest with forearm + thigh

ns = not significant; SEM = standard error of the mean

Table 3. Chemical and technological properties of the longissimus thoracis et lumborum (LTL) muscle in Balkan (B)
and Balkan x Saanen (B x S) kids at different slaughter weights (# = 6 animals per breed x weight group)

Breed/weight B BxS SEM Significance level
group 10 15 18 22 10 15 18 22 weight breed W x B
Chemical composition

Water (%) 777°  76.6°  761* 757° 77.8° 766° 763® 753 016 ns ns
Fat (%) 1.52¢  1.94% 178 209> 1372 1974 252> 312> 0.09 @ == * *
Protein (%) 19.60  20.3>  21.0° 21.1° 19.6* 205> 201> 205> 010 @ *
Ash (%) 116 111 1.09  1.09 117 113 110 111 002 ns ns ns
Collagen (%) 040 039 036 035 040 040 034 037 001 ns ns ns
Pigment content 743 781° 859® 918>  689° 827° 888" 951° 169 ** ns  ns
(ppm)

Technological properties

pH 24 569 572 562  5.62 572 572 572 574 001 ns ns
WHC (cm?) 114¢ 110  102%>  984* 118 104> 100®  96.5°  1.25 ns ns
Firmness (kg) 14.1 16.9 15.2 17.8 17.9 17.7 20.4 19.5 0.63 ns * ns
Fibre thickness (um) 25.5* 29.6° 33.4° 38.0° 278 305> 33.0° 337° 077 @ = ns ns

3~“Within a breed, the mean values in rows with different letters differ significantly at P < 0.05; *P < 0.05, **P < 0.01,
***P < 0.001

ns = not significant; SEM = standard error of the mean; WHC = water-holding capacity
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Figure 1. Principal component analysis (PCA) biplot of carcass traits, chemical composition, and technological prop-
erties of the longissimus thoracis et lumborum (LTL) muscle in Balkan (B) and Balkan x Saanen (B x S) kids at differ-
ent slaughter weights
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Figure 2. Hierarchical cluster analysis dendrogram of carcass and meat quality traits
(A) In pure Balkan (B) kids and (B) Balkan x Saanen (B x S) kids

parts, indicating a stronger link between carcass

DISCUSSION

fat and economically valuable cuts. Protein and fi-

bre thickness cluster separately, suggesting weaker
associations with fat accumulation in crossbreds.
SLW and third-category parts form a distinct clus-
ter, highlighting differences in growth and carcass
composition trends between breeds.
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Finding the optimal slaughter weight is a clue
to balancing meat quality and economic efficiency.
Since goat kids are typically priced by hot carcass
weight, dressing percentage is crucial in determin-
ing saleable yield. Studies suggest that slaughter
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weights between 15 and 25 kg are common in goat
meat production, with heavier weights improving
tenderness and increasing fat deposition (Kadim
and Mahgoub 2011). More recently, Guerrero et al.
(2018) emphasised the need to balance fat accu-
mulation and lean tissue growth for optimal meat
quality.

Our findings confirm that increasing slaughter
weight significantly enhances meat yield in both
genetic groups (Table 1), consistent with previous
research showing a direct correlation between
weight and carcass yield (Dhanda et al. 2003; Kadim
and Mahgoub 2011; Stanisic et al. 2012). Notably,
the HCW/EBW and CCW/EBW ratios remained
stable across weight categories, indicating that the
muscle distribution remains consistent regardless
of the growth stage. Additionally, heavier animals
showed a higher muscle proportion, supporting
Marichal et al. (2003), while Balkan kids had less
skin than B x S crossbreds, contradicting Dhanda
et al. (2003). Increased slaughter weight was also
linked to higher subcutaneous fat deposition, as re-
ported by Kaic et al. (2012).

The interaction between breed and weight af-
fected the chill loss significantly, which decreased
as weight increased and remained lower in cross-
breds (Table 1). This aligns with Guerrero et al.
(2018), suggesting that crossbreeding reduces
post-slaughter losses and enhances carcass qual-
ity. Since the chill loss is linked to muscle water
content, its reduction can improve the cut yield
(da Silva et al. 2022). However, previous studies
have reported varied results, with some findings
that higher slaughter weights improve primal cut
yields and physicochemical properties (Mioc et al.
2001; Tshabalala et al. 2003).

Table 2 shows that increasing slaughter weight
significantly alters the carcass part distribution
in both Balkan and Balkan x Saanen kids. The
proportion of legs increased beyond 10 kg in both
groups, suggesting that heavier animals allocate
more growth to this high-value cut. Conversely,
back and neck percentages declined with weight,
possibly reflecting a shift toward more economi-
cally valuable sections. Notably, the shoulder pro-
portion remained stable, indicating a minimum
influence from overall weight gain. The thigh per-
centage decreased with weight, with a significant
weight x breed interaction highlighting genetic dif-
ferences in muscle and fat deposition. Additionally,
the increase in first-category cuts (leg and loin)

varied between genotypes, suggesting the potential
for genetic selection to enhance the primal cut yield
(Santos et al. 2015; Teixeira et al. 2024).

The 9-11*% rib section is widely used in cattle
to estimate the carcass composition due to its ease
of acquisition and predictive accuracy (Paulino
etal. 2005; Fernandes et al. 2008). Though primar-
ily applied in bovines, it has also been validated
for assessing the overall body composition in small
ruminants (Teixeira et al. 2024). Tissue analysis
of the three-rib cut revealed that muscle and con-
nective tissue proportions declined with increas-
ing slaughter weight while fat increased in both
groups (Table 2). A significant interaction for the
muscle proportion suggests a breed-specific dif-
ference in muscle decline rates. This trend aligns
with studies showing that heavier animals accumu-
late fat at the expense of lean tissue (Dhanda et al.
2003; Kadim and Mahgoub 2011). However, the
absence of breed effect contradicts findings by Sen
et al. (2004) and Kadim and Mahgoub (2011),
who reported enhanced muscle growth efficiency
in crossbreds.

The observed changes in the longissimus tho-
racis et lumborum (LTL) muscle highlight the ef-
fects of growth and crossbreeding on meat quality
(Table 3). As slaughter weight increased, water and
protein content decreased, while fat content rose,
which is consistent with previous findings in small
ruminants, where maturation leads to intramuscu-
lar fat deposition and muscle composition shifts
(Dhanda et al. 2003; Kadim and Mahgoub 2011;
Santos et al. 2015; Janos et al. 2023). The higher
protein content in pure Balkan kids suggests a ge-
netic predisposition to lean muscle growth, whereas
the elevated fat in crossbreds reflects dairy genetics
favouring the fat deposition (Ekiz et al. 2012). This
aligns with studies reporting improved sensory
attributes, including juiciness and flavour, in the
meat from crossbreds due to higher intramuscular
fat content (Atti et al. 2004). Greater fat marbling,
often linked to improved sensory attributes, was
more prominent in crossbreds (Brzostowski et al.
2008). Previous studies also reported that crossing
local goats with commercial or dairy breeds en-
hances growth and tenderness but leads to higher
fat deposition (Atti et al. 2004). The significant
weight x breed interactions indicate that the ge-
netic background modulates the impact of growth
on the LTL muscle composition, reinforcing the
role of selective breeding in optimising meat traits.
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Maturity-related increases in pigment content
and muscle fibre thickness (Table 3) indicate
greater myoglobin accumulation, leading to a dark-
er meat colour and potentially affecting the overall
meat quality. In contrast, lighter-weight goats have
the lower total pigment content, resulting in a pal-
er, more pinkish appearance of meat, which is often
preferred by consumers (Mancini and Hunt 2005).
Additionally, the decline in WHC values with
weight has practical implications, as the reduced
moisture retention can affect juiciness and process-
ing yield. WHC is a key determinant of meat qual-
ity in goat kids (Marichal et al. 2003), with muscle
fibre structure playing a significant role (Hoffman
et al. 2003).

Tenderness is a major factor in consumer prefer-
ence, and the perceived toughness of goat meat of-
ten limits its appeal (Webb et al. 2005). The meat
from crossbreds was firmer in this study, likely
due to differences in the LTL muscle fibre com-
position and connective tissue properties. Despite
the well-known influence of collagen on firmness
(Starkey 2017), its content remained unchanged
across weight and breed groups (Table 3), likely due
to the animals’ young age, as collagen crosslinking
increases with maturity (Therkildsen et al. 2002).

Principal component analysis (PCA) results high-
light carcass weight and fat deposition as primary
determinants of meat quality, aligning with prior
studies on goat meat variability (Dhanda et al. 2003;
Webb et al. 2005). The biplot (Figure 1) illustrates
distinct trait patterns, complementing ANOVA
findings and providing practical insights for breed-
ing and production strategies. PC1, explaining the
largest variance, separates leaner animals (lower
scores, left side) from those with higher fat and
LTL muscle fibre thickness (higher scores, right
side). Lighter goats, particularly those slaughtered
at 10 kg, exhibit a greater muscle proportion, col-
lagen content, and lower water-holding capacity
(higher WHC values), aligning with findings that
younger animals have leaner carcasses (Kadim and
Mahgoub 2011).

In contrast, heavier goats, particularly cross-
breds, display higher slaughter weight, carcass
fat, intramuscular fat, protein, and primal cuts
(leg and loin), consistent with studies reporting
the increased fat accumulation at higher slaugh-
ter weights (Marichal et al. 2003). This clustering
underscores the trade-off between fat deposition
and technological properties such as WHC, which
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affects meat processing and juiciness (Therkildsen
etal. 2002; Paulino et al. 2005). PC2, which explains
additional 11.99% of the variance, differentiates an-
imals by pH and the balance between muscle and
fat deposition. Notably, 18 kg and 22 kg goats shift
positions depending on breed: Balkan goats cluster
leftward at 18 kg, while at 22 kg, they shift right,
opposite to F1 crossbreds. This pattern reflects
a breed-dependent response to growth, consistent
with ANOVA results showing interaction effects
on protein and fat content (Table 3) and previous
research on indigenous and hybrid goats (Stanisic
et al. 2012).

The cluster analysis (Figure 2) further supports
these patterns, revealing breed-specific differences
in carcass composition and meat quality. In pure-
bred Balkan goats, total carcass fat, collagen, and
cold carcass weight (CCW) form a strong cluster,
suggesting a close correlation between fat accumu-
lation and carcass weight (Webb et al. 2005). The
clustering of protein, fibre thickness, muscle tissue,
and WHC in a separate group highlights the breed’s
tendency of leaner growth (Kadim and Mahgoub
2011; Stanisic et al. 2012). In F1 crossbreds, car-
cass fat and collagen remain linked but they are
more closely associated with CCW and primal cuts
(leg and loin), indicating a stronger relationship
between fat distribution and valuable meat por-
tions. The clustering of protein and fibre thickness
separately from fat-related traits suggests that the
crossbreds maintain a more balanced distribution
of muscle and fat, consistent with studies on hybrid
goats (Atti et al. 2004; Kadim and Mahgoub 2011).

Overall, the ANOVA, PCA and HCA results
in this study underscore the importance of optimis-
ing slaughter weight and breed selection to achieve
desirable carcass composition and meat quality.
Heavier animals, particularly F1 crossbreds, yield
more intramuscular fat and primal cuts, such as the
leg and loin, making them suitable for markets that
prioritise marbling and tenderness. However, this
comes at the cost of accumulating more carcass fat,
which may affect processing efficiency (Dhanda
etal. 2003; Kadim and Mahgoub 2011). In contrast,
purebred Balkan goats produce leaner carcasses
with higher WHC values, complying with consum-
er preferences for low-fat, high-protein meat. The
significant interaction between weight and breed
highlights the role of the genetic background in tis-
sue development. Balkan goats tend to increase fat
deposition at higher weights, whereas F1 cross-
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breds exhibit a more balanced muscle-fat distri-
bution. The reduction in non-carcass components,
such as the head and legs, with increasing slaughter
weight enhances economic returns by maximising
the edible meat yield (Marques et al. 2013).

These insights suggest that producers targeting
high-quality lean meat should prioritise lighter
Balkan goats. At the same time, those seeking
higher yields and improved fat distribution may
benefit from crossbreeding with Saanen goats.
Future research should explore the physiologi-
cal mechanisms driving these differences, assess
long-term crossbreeding benefits, and evaluate
consumer preferences for various carcass traits
in various production systems to refine breeding
and management strategies.

CONCLUSION

This study provides valuable insights into how
slaughter weight and breed influence carcass com-
position and meat quality in indigenous goats. The
results indicate that heavier animals, particularly
F1 crossbreds, yield higher intramuscular fat and
primal cuts like the leg and loin. In contrast, lighter
Balkan goats produce leaner carcasses, provid-
ing consumers with a high-protein, low-fat diet.
Additionally, their meat has the lower total pigment
content, resulting in a paler, more pinkish appear-
ance, which consumers often prefer. However, their
reduced water-holding capacity could underscore
the processing characteristics, potentially affecting
texture and yield during meat processing.

The observed differences between breeds suggest
that crossbreeding of Balkan goats can enhance
carcass yield and fat distribution, but careful weight
management is necessary to maintain desirable
meat quality traits. The observed weight x breed
interactions highlight the need for strategic breed-
ing and slaughter weight management to balance
yield, quality, and consumer preference — whether
for leaner meat or higher marbling and economic
returns.

Future research should focus on the underlying
physiological mechanisms driving these variations
and explore long-term crossbreeding effects under
different production systems and feeding strategies
to optimise meat quality. Additionally, consumer
preference studies could help refine production
strategies to align with market trends and demand.

Conflict of interest

The authors declare no conflict of interest.

REFERENCES

AOAC - Association of Official Agricultural Chemists. Of-
ficial methods of analysis of AOAC International. 15% ed.
Gaithersburg, MD: AOAC International; 2005.

Atti N, Rouissi H, Mahouachi M. The effect of dietary crude
protein level on growth, carcass and meat composition
of male goat kids in Tunisia. Small Rumin Res. 2004 Aug;
54(1-2):89-97.

Brzostowski H, Niznikowski R, Tanski Z. Quality of goat
meat from purebred French Alpine kids and Boer cross-
breeds. Arch Anim Breed. 2008;51(4):381-8.

Bunning K, Hamm R. [On the determination of haematin
in meat using the method of Hornsey] Uber die Ham-
inbestimmung in Fleisch mittels der Methode von Horn-
sey. Fleischwirtschaft. 1970;50:1541-5. German.

da Silva CI, Schneider CR, Hygino B, Duarte V, Teixeira
UHG, Alcalde CR, de Oliveira AJB. Performance, carcass
characteristics, and meat quality of goat kids supple-
mented with inulin. Livest Sci. 2022 Nov;265:105094.

DhandaJS, Taylor DG, Murray PJ, McCosker JE. The influ-
ence of goat genotype on the production of Capretto and
Chevon carcasses. 2. Meat quality. Meat Sci. 1999 Aug;
52(4):363-7.

Dhanda JS, Taylor DG, Murray PJ. Part 1. Growth, carcass
and meat quality parameters. Small Rumin Res. 2003 Oct;
50(1-2):57-66.

Ekiz B, Ergul Ekiz E, Yalcintan H, Kocak O, Yilmaz A. Effects
of suckling length (45, 75 and 120 d) and rearing type
on cortisol level, carcass and meat quality characteristics
in Kivircik lambs. Meat Sci. 2012 Sep;92(1):53-61.

FAO - Food and Agriculture Organization of the United
Nations. World Food and Agriculture — Statistical Year-
book 2023 [Internet]. Rome: Food and Agriculture Or-
ganization of the United Nations; 2023 [cited 2025 Oct 5].
Available from: https://openknowledge.fao.org/
bitstreams/6e04f2b4-82fc-4740-8cd5-9b66f5335239/
download.

Fernandes MHMR, Resende KT, Tedeschi LO, Fernandes
]S, Teixeira IAM, Carstens GE, Berchielli TT. Predicting
the chemical composition of the body and the carcass of
% Boer x % Saanen kids using body components. Small
Rumin Res. 2008 Feb;75(1):90-8.

Grau R, Hamm R, Baumann A. Uber das Wasserbindungs-
vermogen des toten Saugetiermuskels. I. Der Einfluss des

pH-Wertes auf die Wasserbindung von zerkleinertem

447



Original Paper

Czech Journal of Animal Science, 70, 2025 (10): 438—449

Rindermuskel [The water-binding capacity of dead mam-
malian muscle. I. The influence of pH value on the water-
binding of minced beef muscle]. Biochem Z. 1953;325(1):
1-11. German.

Grau R, Hamm R. Uber die Haminbestimmung in Fleisch
mittels der Methode von Hornsey [Determination of haem
in meat using the Horsney method]. Fleischwirtschaft.
1970;50(10):1541-5. German.

Guerrero A, Campo Mdel M, Olleta JL, Sanudo C. Carcass
and meat quality in goat. In: Kukovics S, editor. Goat
science. London: InTech; 2018. p. 147-70.

Guzman JL, dela Vega F, Zarazaga LA, Arguello A, Delgado-
Pertinez M. Carcass characteristics and meat quality
of conventionally and organically reared suckling dairy
goat kids of the Payoya breed. Ann Anim Sci. 2019 Aug;
19(4):1143-59.

Hill F. The solubility of intramuscular collagen in meat
animals of various ages. ] Food Sci. 1966 Aug;31:161-6.

Hoffman LC, Muller M, Cloete SWP, Schmidt D. Com-
parison of six crossbred lamb types: Sensory, physical
and nutritional meat quality characteristics. Meat Sci.
2003 Dec;65(4):1265-74.

Hogg BW, Mercer GJK, Mortimer BJ, Kirton AH, Duganzich
DM. Carcass and meat quality attributes of commercial
goats in New Zealand. Small Rumin Res. 1992 Oct;8(3):
243-56.

Hopkins DL, Toohey ES, Warner RD, Kerr M]J, van de Ven R.
Measuring the shear force of lamb meat cooked from
frozen samples: Comparison of two laboratories. Anim
Prod Sci. 2010;50(5-6):382-5.

Janos T, Kuchtik ], Drackova E, Hosek M, Kopec T, Filip-
cik R. Growth, carcass and meat quality in Zwartbles
lambs slaughtered at different live weights. Czech ] Anim
Sci. 2023 Oct;68(10):414-22.

Johnson DD, McGowan CH. Diet/management effects
on carcass attributes and meat quality of young goats.
Small Rumin Res. 1998 Apr;28(1):93-8.

Kadim IT, Mahgoub O. Nutritive value and quality charac-
teristics of goat meat. In: Mahgoub O, Kadim IT, Webb E,
editors. Goat meat production and quality. Wallingford,
UK: CABI Publishing; 2011. p. 292-323.

Kaic A, Cividini A, Potocnik K. Influence of sex and age at
slaughter on growth performance and carcass traits of
Boer kids. Acta Agric Slov. 2012;(Suppl_3):281-5.

Khan HA, Harrison DL, Dayton AD. Measuring skeletal
muscle fiber width or diameter: Variance within and
among methods. ] Food Sci. 1981 Jan;46(1):294-5.

Mancini RA, Hunt MC. Current research in meat color.
Meat Sci. 2005 Sep;71(1):100-21.

Marichal A, Castro N, Capote J, Zamorano MJ, Arguello A.
Effects of live weight at slaughter (6, 10 and 25 kg) on kid

448

https://doi.org/10.17221/53/2025-CJAS

carcass and meat quality. Livest Prod Sci. 2003 Sep;83
(2-3):247-56.

Marinova P, Banskalieva V, Alexandrov S, Tzvetkova V,
Stanchev H. Carcass composition and meat quality of kids
fed sunflower oil supplemented diet. Small Rumin Res.
2001 Dec;42(3):217-25.

Marques RO, Menezes JJ, Goncalves HC, Medeiros BB, Ro-
drigues L, Canizares GI, Gomes HFB, Roca RO. Cut yields,
carcass and tissue composition proportion in meat from
young goats depending on the breed and slaughter body
weight. Arq Bras Med Vet Zootec. 2013 Oct;65(5):1561-9.

Mioc B, Pavic V, Ivankovic A. Some carcass traits and
chemical composition of different muscle groups in Al-
pine and Saanen breed kids. Czech ] Anim Sci. 2001 Feb;
46(2):83-7.

Oman JS, Waldron DF, Griffin DB, Savell JW. Carcass traits
and retail display-life of chops from different goat breed
types. ] Anim Sci. 2000 May;78(5):1262-6.

Paulino PVR, Valadares Filho SC, Costa MAL, Paulino MF,
Magalhaes KA, Detmann E, Valadares RFD, Porto MO,
Andreatta K. Validation of the 9-11th rib cut to estimate
the chemical composition of the dressed carcass and
of the whole empty body of Zebu cattle. Livest Sci. 2005
May;93(3):245-53.

Sacca E, Corazzin M, Bovolenta S, Piasentier E. Meat qual-
ity traits and the expression of tenderness-related genes
in the loins of young goats at different ages. Animal. 2019
Oct;13(10):2419-28.

Santos SMA, Alcalde CR, Possamai APS, Molina BS, Hy-
gino B, Souza LC, Ferrari IR. Digestibility and perfor-
mance in crossbred % Boer x % Saanen goat kids fed
diets containing protected fat. Semina Cienc Agrar. 2015
Sep-Oct;36(5):3315-28.

Sen AR, Santra A, Karim SA. Carcass yield, composition
and meat quality attributes of sheep and goat under
semiarid conditions. Meat Sci. 2004 Mar;66(3):757-63.

Stanisic N, Zujovic M, Tomic Z, Maksimovic N, Bijelic Z,
Ivanovic S, Memisi N. The effects of crossing Balkan and
Saanen goat breeds on carcass traits and certain quality
parameters of kid meat. Ann Anim Sci. 2012 Jan;12(1):
53-62.

Starkey CP, Geesink GH, van de Ven R, Hopkins DL. The
relationship between shear force, compression, collagen
characteristics, desmin degradation and sarcomere length
in lamb biceps femoris. Meat Sci. 2017 Apr;126:18-21.

Teixeira IAM, Ferreira AFM, Pereira Filho JM, Tedeschi
LO, Resende KT. Predicting chemical body composition
using body part composition in Boer x Saanen goats. Ru-
minants. 2024 Dec;4(4):543-55.

Therkildsen M, Melchior Larsen L, Bang HG, Vester-
gaard M. Effect of growth rate on tenderness development



Czech Journal of Animal Science, 70, 2025 (10): 438—449

Original Paper

https://doi.org/10.17221/53/2025-CJAS

and final tenderness of meat from Friesian calves. Anim
Sci. 2002;74(2):253-64.

Todaro M, Corrao A, Alicata ML, Schinelli R, Giaccone P,
Priolo A. Effects of litter size and sex on meat quality
traits of kid meat. Small Rumin Res. 2004 Aug;54(1-2):
191-6.

Tshabalala PA, Strydom PE, Webb EC, de Kock HL. Meat
quality of designated South African indigenous goat and
sheep breeds. Meat Sci. 2003 Oct;65(2):563-70.

Webb EC, Casey NH, Simela L. Goat meat quality. Small
Rumin Res. 2005 Oct;60(1-2):153-66.

Zujovic M, Stanisic N, Memisi N. Autochthonous Balkan
goat breed — Composition and traits of kid carcass. Bio-
technol Anim Husb. 2009;25(3-4):411-20.

Received: April 15, 2025

Accepted: September 16, 2025
Published online: October 29, 2025

449



