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PAPER

Milk-related performances of Murciano-Granadina goats reared in Italy
compared to cosmopolitan breeds

Silvia Magro , Angela Costa , Massimo De Marchi and Carmen L. Manuelian

Dipartimento di Agronomia, Animali, Alimenti, Risorse naturali e Ambiente, Universit�a di Padova, Legnaro, Italy

ABSTRACT
The Murciano-Granadina (MG) goat breed was introduced in 2016 in northern Italy and it has
become the third most widespread breed after Saanen (SA) and Alpine (AL). The study aimed to
compare milk yield and composition of MG with SA and AL reared under the same farming sys-
tem. A total of 11,682 milk test-day records from 1947 goats reared in 7 single- and 7 multi-
breeds herds were evaluated. All breeds included out off-season kiddings: MG is a permanent
polyestric breed whereas specific strategies are commonly adopted to induce oestrus across the
year in SA and AL. The mixed model included breed, parity, stage of lactation, kidding season
and first-order interactions as fixed effects; goat, herd-test-date and residual were random
effects. All the effects were significant in explaining the variability of the traits (p< 0.01). The
MG yielded 0.93 and 0.50 kg/d less milk (p�0.05) than SA and AL, respectively, and showed the
greatest fat, protein, casein and lactose content and the lowest SCS (p�0.05). Oppositely to SA,
the fat-to-protein ratio (F/P) of MG was always �1.00 regardless of lactation stage, parity and
kidding season. In conclusion, MG can yield high-quality milk despite being less productive than
SA and AL. Moreover, this recently introduced breed, whose reproductive behaviour is less sensi-
tive to season compared to SA and AL, performs efficiently under the Veneto region farming
system and can be a genetic resource of interest for the current Italian context.

HIGHLIGHTS

� Milk composition differed among all three breeds: Murciano-Granadina (MG) milk had the
greatest lactose and fat content and the lowest SCS.

� MG goats milk was characterised by greater protein and casein content than Saanen (SA) and
was similar to Alpine (AL).

� The fat-to-protein ratio (F/P) was always >1.00 in MG, while in SA was usually <1.00.
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Introduction

In Italy, there are more than 1 million goats of which
77.5% are females (ISTAT 2020). However, less than 56
thousand spread in 633 herds were officially registered
in 2020 in the Italian Breeders Association (AIA 2021).
Despite being Saanen (SA) and Camosciata delle Alpi
or Alpine (AL) the main goat breeds reared for milk
production in Italy, Murciano-Granadina (MG) was
introduced in the Veneto region in 2016 due its milk
quality and less pronounced reproductive seasonality
which allows less fluctuations in milk production
across the year (Delgado et al. 2017). Moreover, MG
presents a high rusticity and adaptability letting to be
raised under harsh conditions – such as the ones in
the Mediterranean area – while maintaining milk qual-
ity and production (Le�on et al. 2012; Delgado et al.

2017). Nowadays, the Veneto region account for more
than 50% of MG goats and herds in Italy (AIA 2021).

MG breed is a Spanish native breed originated in
1975 from crossing goats of Murciana and Granadina
breeds (MAPA 2021), which had been introduced in
semi-intensive farming systems in Europe, Africa and
South America due to its high adaptability. According to
Guan et al. (2021), genetic selection in the MG popula-
tion has focussed on milk yield for a long time.
Currently, the national association ‘Asociaci�on Nacional
de Caprino de Raza Murciano-Granadina’ (CAPRIGRAN
2022) is in charge of its official routine evaluation, and a
comprehensive overview of traits under selection, includ-
ing the casein genotype, is publicly available (https://
caprigran.com/en/breeding-program/). Morphologically,
MG is characterised by black or brown coats with or
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without presence of horns and animals are smaller
(50 kg of live bodyweight) than cosmopolitan dairy
breeds such as SA and AL (MAPA 2021). Moreover, MG
is considered a permanent polyestric breed due to its
less pronounced seasonal reproductive behaviour and
its reproductive management is based on the ‘male
effect’ without applying artificial photoperiod or hor-
mones (Delgado et al. 2017). It should be noted that
these management practices need to be applied in SA
and AL goats when a farmer want to keep its milk pro-
duction all the year. Although MG is less productive ,
milk quality characteristics are more favourable than SA
and AL for cheese manufacturing (Vacca et al. 2018;
Guan et al. 2021).

Therefore, the aim of this study was to evaluate the
performance in terms of milk yield and composition of
MG compared to SA and AL breeds in the Veneto
region using large-scale milk data collected in com-
mercial farms during a complete year.

Materials and methods

Data editing

Information on individual goat milk samples was
retrieved from the official routine milk testing of the
Veneto Regional Breeders Association (Veneto, Italy).
In goats milk sampling is performed every 4weeks in
Italy and in the present study the period from January
to December 2020 was considered. In the Veneto
region, goats feeding is mainly based on forage or
hay plus concentrates. The MG herds included in the
study kidded all-round year. Moreover, some SA and
AL herds applied reproductive practices to also allow
out-of-season kidding. However, as dealing with large-
scale milk data collected from the official routine milk
testing, there was no access to more detailed informa-
tion on the specific practices that farmers applied.

Milk chemical composition (fat, protein, casein and
lactose content) was assessed through mid-
infrared spectroscopy using goat-specific models
implemented in MilkoScan FT6000 (FOSS Analytical A/
S, Hillerød, Denmark). Fat-corrected milk at 3.5% (FCM
3.5%) was estimated according to Pulina et al. (1991)
as: FCM 3.5% ¼ milk yield � (0.634þ 0.1046� fat%).
Moreover, fat-to-protein ratio (F/P) was calculated.
Somatic cell count (SCC, cells/mL) was determined
using a Fossomatic 7 DC (FOSS Analytical A/S) and
transformed into SCS through the formula of Wiggans
and Shook (1987): SCS ¼ 3þ log2 (SCC/100).

The original dataset (n¼ 14,561) was edited to
retain herds which included at least 75 lactating goats
from SA, AL and/or MG dairy breed. Records not

belonging to purebred SA, AL or MG goats between
5 and 300 d in milk (DIM) and from parity 1� 11, and
goats with less than 3 observations within lactation
were discarded. For milk yield (kg/d) and fat, protein,
casein and lactose content (%), values that deviated
more than 3 SD from the mean were treated as miss-
ing data.

The final dataset included 11,682 test-day records
from 1947 goats located in 7 single- and 7 multi-breed
herds. The frequency for each breed was: 10 herds,
705 goats and 4,145 observations (AL); 8 herds, 830
goats and 5,382 observations (SA); 4 herds, 412 goats
and 2,155 observations (MG). Single-breed herds were
4, 1 and 2 for AL, SA and MG, respectively. For multi-
breed herds, three breed combinations were available
in the dataset: SAþAL (5 herds), SAþMG (1 herd)
and SAþALþMG (1 herd). The average number of
lactations and DIM were 3.10 ± 2.00 and 150.12 ±
73.18 for AL, 2.64 ± 1.64 and 141.00 ± 70.60 for SA,
and 2.30 ± 1.41 and 150.70 ± 67.97 for MG.

Statistical analysis

Data editing and statistical analyses were carried out
in R software version 4.1.2 (R Core Team 2022).
Pearson’s correlations were calculated using the pack-
age ‘Hmisc’ version 4.7 (Frank and Harrell 2022) and
were considered weak if equal or below0.30, moderate
if between 0.31 and 0.70 and strong if equal or
above 0.71.

Before the analysis of variance, the normality distri-
bution of the data was verified based on the visual
inspection of datapoints, skewness and kurtosis
through the ‘moments’ package version 0.14.1
(Komsta and Novomestky 2022). The homoscedasticity
of the data was verified by the Barlett test of homo-
geneity of variance using the ‘Stats’ package ver-
sion 0.1.0.

Daily milk yield, composition traits, and SCS were
analysed through the following mixed model:

yijklmno ¼ lþ Bi þ Sj þ Pk þ Kl þ ðB � SÞij þ B � Pð Þik
þ ðB � KÞil þ S � Pð Þjk þ P � Kð Þkl þ Gm

þ Hn þ eijklmno

where yijklmno is the dependent variable; l is the over-
all intercept of the model; Bi is the fixed effect of the
ith breed (i ¼ SA, AL and MG); Sj is the fixed effect of
the jth stage of lactation (j¼ 1� 10; the first being a
class from 5 to 30 DIM, followed by 8 classes of 30
DIM each, and the last being a class from 271 to 300
DIM); Pk is the fixed effect of the kth parity (k¼ 1–5,

ITALIAN JOURNAL OF ANIMAL SCIENCE 1171



with the last including parity from 5 to 11); Kl is the
fixed effect of the lth kidding season (l¼ 4; Winter,
Spring, Summer, Autumn); (B� S)ij is the fixed inter-
action effect between breed and stage of lactation;
(B� P)ik is the fixed interaction effect between breed
and parity; (B� K)il is the fixed interaction effect
between breed and kidding season; (S� P)jk is the
fixed interaction effect between stage of lactation and
parity; (P� K)kl is the fixed interaction effect between
parity and the kidding season; Gm is the random effect
of the mth animal (1,947 goats) �N(0, r2G), where
r2Goat is the goat variance; Hn is the random effect of
the lth herd-test-date (104 levels) �N(0, r2H) where
r2H is the herd-test-date variance; eijklmno is the ran-
dom residual�N(0, r2e), where r2e is the residual vari-
ance. The random effects were assumed to be
independent.

The analysis was conducted using the ‘lme4’ pack-
age version 1.1–29 (Bates et al. 2015) and multiple
comparisons of least-squares mean were performed
for the main effect of breed, parity class, stage of lac-
tation, kidding season and their interaction using the
Bonferroni adjustment. Significance was set at p�0.05
unless otherwise stated.

Results

Breed-specific correlations

Phenotypic correlations were always significant (p �
0.05) with only few exceptions (Table 1). For instance,
F/P ratio was not correlated to protein content in SA

and MG breed and to casein content in MG. Milk yield
was inversely correlated with fat, protein, casein, F/P
ratio and SCS, and positive correlated with lactose
(p< 0.01). A stronger correlation was observed in MG
than in SA and AL between milk yield, and fat, F/P
ratio and SCS, whereas a weaker correlation was
observed with protein or casein. However, FCM 3.5%
was also weakly correlated with fat content in MG.
Protein and casein content was moderately correlated
with fat content, being that correlation stronger in MG
than in SA breed (Table 1). Fat was weakly positive
correlated to lactose and SCS (p< 0.01). Protein and
casein were weakly positively correlated with SCS
(p< 0.001), being stronger in SA and AL than in MG
breed. The F/P was weakly correlated with lactose and
SCS. Lactose was moderately negative correlated
(p< 0.001) with SCS, being the correlation slightly
weaker in AL.

Analysis of variance

Breed, stage of lactation, parity and kidding season
significantly explained the variability of milk produc-
tion, gross composition and SCS (p< 0.01). Breed was
the most important factor influencing all the investi-
gated traits (F value, 479.94 for casein to 1,774.29 for
lactose), except for SCS, which was mostly affected by
parity (F value, 289.91).

Effect of breed
Results related to the breed effect are displayed in
Table 2. The three breeds differed in milk yield (p �

Table 1. Pearson’s correlationsa (p � 0.05) of milk yield and quality traits calculated within Saanen (SA), Alpine (AL) and
Murciano-Granadina breed (MG).

Traitb Breed
Milk yield,

kg/d
FCM 3.5%,

kg/d
Fat,
% Protein, %

Casein,
% Fat-to-protein Lactose, %

FCM 3.5%, kg/d SA 0.97
AL 0.97
MG 0.96

Fat, % SA �0.26 �0.04
AL �0.17 0.05
MG �0.41 �0.19

Protein, % SA �0.37 �0.29 0.39
AL �0.25 �0.15 0.51
MG �0.14 �0.06 0.54

Casein, % SA �0.36 �0.27 0.42 0.99
AL �0.24 �0.13 0.54 1.00
MG �0.13 �0.04 0.54 1.00

Fat-to-protein SA �0.13 0.08 0.91 ns 0.02
AL �0.04 0.16 0.84 �0.02 0.02
MG �0.40 �0.20 0.83 ns ns

Lactose, % SA 0.10 0.13 0.13 0.06 0.12 0.10
AL 0.08 0.10 0.08 0.10 0.15 0.03
MG 0.09 0.10 0.09 ns 0.08 0.09

SCS SA �0.23 �0.22 0.06 0.23 0.20 �0.02 �0.41
AL �0.21 �0.17 0.17 0.22 0.21 0.07 �0.33
MG �0.32 �0.28 0.24 0.15 0.13 0.18 �0.39

ans: not significant
bFCM 3.5%: fat-corrected milk at 3.5%; SCS: somatic cell score
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0.05), with the lowest and greatest productivity in MG
(milk yield, 1.96 ± 0.04 kg/d; FCM 3.5%, 2.08 ± 0.04 kg/d)
and SA (milk yield, 2.89 ± 0.04 kg/d; FCM 3.5%,
2.74 ± 0.04 kg/d), respectively. On the other hand, fat
content and F/P showed the opposite pattern (p <

0.0001). However, protein and casein content of MG
was similar to AL breed (p < 0.001) and greater than
SA breed. The greatest lactose content (4.74 ± 0.01%)
and the lowest SCS (5.64 ± 0.07) were observed in MG
(p < 0.001); whereas SA presented the greatest SCS
(6.28 ± 0.07; p < 0.001).

Effect of stage of lactation within breed
Variations of milk production, gross composition and
SCS are depicted in Figure 1. Milk yield peaked at
31–60 DIM in MG (2.35 ± 0.12 kg/d) and AL
(2.80 ± 0.07 kg/d) goats, whereas SA goats peaked in
the following DIM class (4.43 ± 0.06 kg/d). However,
when considering FCM 3.5%, all breeds peaked at
5–30 DIM. After the peak, milk yield gradually
decreased until the end of lactation. Overall, SA breed
showed greater productivity across lactation compared
to MG (p�0.05), whereas AL showed intermediate
performance.

Fat content was stable until 151–180 DIM in MG,
then it steadily increased until reaching 4.91 ± 0.09%
at the end of lactation. On the other hand, fat content
reaches the lowest point at 121–150 DIM in SA
(2.60 ± 0.04%) and AL (3.28 ± 0.05%) breeds. Protein
and casein content showed a similar pattern through-
out the lactation. Despite the fact that SA and AL
breeds behaved similarly, MG goats slightly differ
showing a greater persistency in early- and mid-lacta-
tion compared to other breeds. The lactation curve of
F/P ratio was similar across breeds, with better and
less favourable ratio for MG (always >1.00) and SA
(always <1.00), respectively.

Lactose content lactation curve was also similar
among breeds but, as reported previously, milk of MG
goats presented a greater (p� 0.05) content compared

to the other breeds. The greatest values were
observed at the beginning of the lactation (5–30 DIM),
followed by a steadily decrease towards the end of
lactation (271–300 DIM). The SCS generally increased
across lactation in all breeds, with small differences in
early lactation (Figure 1).

Effect of parity within breed
Variations in milk production, gross composition and
SCS are depicted in Figure 2. In MG, primiparous
yielded (Milk production, 2.52 ± 0.07 kg/d; FCM 3.5%,
2.60 ± 0.07 kg/d; p< 0.001) more milk compared to the
older goats, i.e. those in the last parity class (Milk pro-
duction, 1.54 ± 0.10 kg/d; FCM 3.5%, 1.70 ± 0.09 kg/d;
p< 0.001). On the contrary, SA and AL goats milk pro-
duction and FCM 3.5% steadily increased until reach-
ing the greatest yield in goats at their fourth lactation.
In particular, milk production and FCM 3.5% were
3.13 ± 0.07 and 2.95 ± 0.07 kg/d, respectively, in SA and
2.76 ± 0.07 and 2.86 ± 0.07 kg/d, respectively, in AL.
Although SA yielded more milk than the other breeds
(p� 0.05), productivity of the first and second parity
was similar to MG. Milk fat content of MG and AL
increased with parity, reaching the greatest content in
the last parity class, i.e. from fifth lactation onwards
(4.72 ± 0.08 and 3.97 ± 0.05% for MG and AL). Also, the
SA breed presented the greatest content at the fifth
parity onwards (3.25 ± 0.06%), however, such estimate
did not significantly differ from that referred to first
parity goats (3.10 ± 0.07%). Protein and casein content
were greater on the first and the last parity for all
three breeds. However, the variability between parities
was larger in MG goats. Moreover, SA usually showed
the lowest fat, protein and casein content. While lac-
tose content decreased linearly with parity in SA
breed, moving from 4.50 ± 0.02% (first parity) to
4.33 ± 0.01% in the last parity class (p<0.001), these
milk components did not linearly reduce across par-
ities in MG and AL breeds (Figure 2). The estimated
lactose content was in fact the lowest in parity 4.

Table 2. Number of records (n) and least squares means (LSM) with their standard error (SE) of milk yield and quality traits.

Traitd

Saanen Alpine Murciano-Granadina

n LSM± SE n LSM± SE n LSM± SE

Milk yield, kg/d 5360 2.89 ± 0.04a 4127 2.46 ± 0.05b 2144 1.96 ± 0.04c

FCM 3.5%, kg/d 4902 2.74 ± 0.04 a 3536 2.53 ± 0.05b 1965 2.08 ± 0.04c

Fat, % 5331 3.03 ± 0.03c 4103 3.77 ± 0.04b 2135 4.32 ± 0.03a

Protein, % 5325 3.33 ± 0.02b 4102 3.56 ± 0.02a 2120 3.56 ± 0.02a

Casein, % 4592 2.50 ± 0.01b 3321 2.67 ± 0.02a 1754 2.70 ± 0.01a

Fat-to-protein 5281 0.91 ± 0.01c 4068 1.00 ± 0.01b 2108 1.20 ± 0.01a

Lactose, % 5340 4.40 ± 0.01b 4098 4.41 ± 0.01b 2136 4.74 ± 0.01a

SCS 5281 6.28 ± 0.07a 4145 6.02 ± 0.08b 2155 5.64 ± 0.07c

a,b,cValues with different superscripts within a row are significantly different (p� 0.05).
dFCM 3.5%: fat-corrected milk at 3.5%; SCS: somatic cell score.
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Overall, MG breed showed at the same time the great-
est lactose content and the lowest SCS (p� 0.05). The
SCS increased with parity regardless of the breed;
within each parity SCS of MG breed was usually lower
compared to SA.

Effect of kidding season within breed
Breed-specific least-squares means of milk yield and
quality traits for the fixed effect of season are depicted
in Figure 3. Although MG was the only breed with no
seasonal reproductive behaviour included in this

Figure 1. Least-squares means of milk yield, fat-corrected milk at 3.5% (FCM 3.5%), gross composition and somatic cell score
(SCS) across lactation. The standard error is indicated with a bar.
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study, herds with out-of-season kiddings for SA and
AL beeds were also included. However, results should
be considered carefully as the number of SA and AL
goats giving birth in summer was lower compared to
other seasons, increasing the standard error
of estimates.

The greatest milk yield and FCM 3.5% were
observed when kidding took place in winter, especially
in SA. Despite the fact that the differences with the
other seasons were less evident in AL and MG goats,
MG goats usually had the lowest milk yield and FCM
3.5% (p� 0.05).

Figure 2. Least-squares means of milk yield, fat-corrected milk at 3.5% (FCM 3.5%), gross composition and somatic cell score
(SCS) across parities. The standard error is indicated with a bar. Values with different superscripts within each breed are signifi-
cantly different (p� 0.05).

ITALIAN JOURNAL OF ANIMAL SCIENCE 1175



Fat content and F/P ratio behaved similarly, being dif-
ferences among parities more evident in the F/P ratio. A
similar pattern across kidding seasons was observed in
MG and AL goats, with the greatest (p< 0.01) fat content
in goats giving birth in summer (MG, 4.70±0.09%; AL,
4.24±0.15%). In addition, the greatest fat content among
breeds was obtained in MG breed.

Protein and casein content followed a similar pat-
tern in all three breeds, increasing from winter to sum-
mer (p� 0.05). Moreover, SA showed a lower protein
content in all kidding seasons compared to the other
breeds (p� 0.05).

Lactose content increased from winter
(4.72 ± 0.01%) to summer kidding season (4.79 ± 0.02%;
p< 0.05) in MG breed; was lower in goats kidding in
winter (4.41 ± 0.01%) and autumn (4.40 ± 0.01%) and
higher in those kidding in spring (4.44 ± 0.01%;
p� 0.05) in AL breed; and lower in goats kidding in
spring (4.36 ± 0.01%) than summer (4.44 ± 0.01%) and
winter (4.42 ± 0.01%; p� 0.05) in SA. In addition, MG
always presented the greatest lactose content among
all breeds (p� 0.05).

The SCS seasonal trend was similar among the
three breeds, with the greatest and the lowest SCS in

Figure 3. Least-squares means of milk yield, fat-corrected milk at 3.5% (FCM 3.5%), gross composition and somatic cell score
(SCS) across kidding seasons. The standard error is indicated with a bar. Values with different superscripts within each breed are
significantly different (p� 0.05).
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summer and in winter, respectively (p� 0.05). The SA
milk was characterised by the greatest levels of SCS
regardless of the kidding season, whereas AL pre-
sented intermediate values without significant differ-
ences compared to SA and MG goats.

Discussion

Effect of breed

Although goat milk is mainly used as a beverage
worldwide (Pulina et al. 2008), in Italy it is mostly
processed into cheese. Cheese yield in goats mainly
depends on fat and protein content of milk, which are
inversely related to daily milk production (Pulina et al.
2008), as observed in Table 1. However, Pulina et al.
(2008) reported a stronger correlation between milk
yield and fat and protein content in MG than in AL
and SA breeds. In this study, the weaker correlation in
MG than in AL and SA breeds suggested that the dilu-
tion effect is more evident in the latter than in the for-
mer. However, there are only few studies that
compared MG with cosmopolitan breeds in terms of
milk production and chemical composition.

Although Vacca et al. (2018) did not find difference
in milk production and composition between SA and
AL goats, they only analysed over a thousand records
and their experimental design did not consider
repeated measures. However, in agreement with this
study, they reported a significant difference between
Alpine breeds (SA and AL) and Mediterranean breeds
(MG, Maltese and Sarda) for milk yield and gross com-
position content, i.e. fat, protein and lactose.

The F/P ratio is an indicator of the titres reversion
syndrome, i.e. when fat content drops below the pro-
tein content (Sandrucci et al. 2019). In normal condi-
tions, this ratio should be >1.00 and values �1
indicate a reduction in the milk fat content rather
than an increase in milk protein content. Sandrucci
et al. (2019) reported that about half of the herds
–mainly SA and AL breeds – presented F/P reversion
syndrome in northern Italy, which impacts on the
cheese quality (e.g. granular paste and lack of nice
goat taste) and it is more frequent in intensive
selected breeds (Morand-Fehr et al. 2007). The results
of this study regarding SA and AL are therefore in
agreement with Sandrucci et al. (2019).

The results obtained for the association of SCS with
milk yield and lactose content are in line with other
studies conducted in species like cattle and buffaloes
(Costa, Visentin, et al. 2019, 2020). While milk lactose
content drops due to the impaired alveolar permeabil-
ity in animals with high SCC (Costa, Lopez-Villalobos,

et al. 2019), the total protein content in this study
apparently increases. It has been demonstrated that in
dairy species the casein fraction rather than the total
protein content tends to diminish in affected quarters.
This leaves space to whey proteins and impairs
technological traits of milk (Forsb€ack et al. 2010;
Summer et al. 2012). In goats, Leitner et al. (2004) did
not observe a significant reduction in casein content
in affected than in unaffected quarters. Instead, albu-
min and whey proteins significantly increased in pres-
ence of infection, with a negative impact on both
curd yield and coagulation time (Leitner et al. 2004).

Milk from healthy goats is characterised by a
greater physiological amount of SCC than cow’s milk.
This higher baseline level has to be attributed to the
apocrine secretion of goats which leads to greater
cytoplasmic particles and epithelial cells into milk
(Paape and Capuco 1997; Boutinaud and Jammes
2002). In other words, the contribution of epithelial
cells due to exfoliation to the total SCC (mostly leuko-
cytes and epithelial cells) is larger in goats than in cat-
tle (Boutinaud and Jammes 2002). Nevertheless,
Barr�on-Bravo et al. (2013) found a reduction in goat
milk synthesis with increasing levels of SCS. In add-
ition, Ying et al. (2002) reported a greater concentra-
tion of protein with higher SCC in AL and SA goats,
highlighting the superior milk quality of MG compared
to SA and AL. Because MG was originated from two
pure bred lines, it is expected that it will show better
fitness, higher genetic variability and heterosis than
pure bred lines of Murciana and Granadina breeds
(Mart�ınez et al. 2010; Deroide et al. 2016). In fact,
Deroide et al. (2016) found that just 1.18% of MG ani-
mals were inbred, suggesting that there is no risk of
homozygosity. On the other hand, cosmopolitan
breeds inbreeding, like SA, has increased rapidly from
the seventies to the nineties leading to the inbreeding
depression (Teissier et al. 2022) which is reported to
impair productive and reproductive performance
(Gipson 2002). These considerations partly explain the
superiority of MG in terms of rusticity and adaptability
compared to SA and AL.

Effect of stage of lactation within breed

The pattern for milk yield lactation curve in this study
agreed with Ibrahim and Tajuddin (2021), who eval-
uated over 2 billion test-day records in SA and AL
breeds, and Le�on et al. (2012), who evaluated approxi-
mately 500 thousand test-day records in MG breed.
These authors divided the lactation curve in 3 phases,
with the first one being characterised by an initial
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rapid increase until the 45th–50th DIM, followed by a
stabilisation and a subsequent slow decrease through
to the end of lactation (Ibrahim and Tajuddin 2021;
Le�on et al. 2012).

The increase in milk components (except lactose
content) and SCS from the peak towards the end of
the lactation (Figure 1) is known as the concentration
effect of milk components and well described in the
literature (Goetsch et al. 2011; Leitner et al. 2011;
Jim�enez-Granado et al. 2014). Other than the dilution
effect, the greater SCS levels observed at the end of
lactation may denote a pre-adaptive response to the
involution stage of the mammary gland where an
acute inflammatory response will help prevent the
transmission of infection from one lactation to another
(Leitner et al. 2011). The progressive reduction of lac-
tose content (Figure 1) towards the end of lactation is
in agreement with findings reported in the literature
for goats and other dairy species. Results regarding
the F/P ration partially agreed with Sandrucci et al.
(2019), who found F/P ratio <1.00 from the DIM 100
onwards in AL and SA breeds.

Effect of parity within breed

In contrast with the results in this study, Pizarro et al.
(2020) and Le�on et al. (2012) reported an increase in
milk yield with parity in MG raised in Spain. This dis-
agreement with the results of Pizarro et al. (2020) and
Le�on et al. (2012) could be related to the recently
introduced MG breed in northern Italy. In fact, MG has
been introduced in the Veneto region since 2016.
Currently, MG goats in late productive life farmed in
the Veneto region are those imported from Spain that
were forced to adapt to the Italian farming system.
Moreover, the greater milk yield of MG primiparous
than multiparous observed in this study supports the
adaptability of this Spanish goat to a new environ-
ment (Delgado et al. 2017). In contrast with the results
in Figure 2 for fat and protein content, Vacca et al.
(2018) did not observe a significant effect of the parity
class in SA, AL and MG and other Mediterranean
Italian breeds. In agreement with several authors
(Vacca et al. 2018; Costa, Visentin, et al. 2019, Costa,
Lopez-Villalobos, et al. 2019; Pizarro et al. 2020), for all
three breeds lactose content decreased across parity,
while value of SCS increased.

Effect of kidding season within breed

Reproductive behaviour of goat breeds from temper-
ate areas, such as the SA and AL, are deeply affected

by seasonality and need artificial photoperiod or hor-
mones to keep milk production constant across the
year. Meanwhile, MG has a less pronounced seasonal
reproductive behaviour and reproduction can be man-
aged using the ‘male effect’ to maintained milk pro-
duction constant through the year (Arrebola et al.
2010; Zarazaga et al. 2012). The kidding season affects
the sampling season and thus influences milk-related
traits, including productivity. In line with several previ-
ous studies (Crepaldi et al. 1999; Sandrucci et al. 2019;
Pizarro et al. 2020), all breed showed a greater milk
yield when goats kidded in winter. The reduction in
daily milk production observed in goats that kidded in
spring and summer can be linked to the rising tem-
peratures in early lactation, which decreases the feed
intake (Salama et al. 2014). The greater fat and protein
content observed in those goats that kidded in sum-
mer agreed with Bermejo et al. (2020) results in MG
goats. The greater fat and protein content along with
SCS in goats that kidded in summer could also be par-
tially explained by the concentration effect previously
discussed, as milk yield is lower in goats that kidded
in summer than in winter as observed in Figure 3.
Moreover, the lower F/P ratio observed in spring or in
summer (Figure 3) was in line with Sandrucci et al.
(2019) results who reported that AL and SA goats that
kidded in spring showed across lactation a F/P ratio
<1 earlier than goats that kidded in winter.

Conclusions

This study demonstrates that the newly introduced
MG was able to adapt very well to the dairy goat
management practices and conditions in northern
Italy, showing a superior milk quality compared to SA
and AL commonly present in this area. Findings sug-
gested that MG, whose reproductive behaviour is less
sensitive to season compared to SA and AL, performs
efficiently under farming system of Veneto region and
can be a genetic resource of interest for the current
Italian context. Therefore, the introduction of MG may
guarantee a more stable milk and cheese production
across the year due to their less pronounced seasonal-
ity, which may allow farmers to ensure constant milk
supplies throughout the year.
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