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Abstract

In this Research Communication we report milk yield, milk composition and udder morph-
ometry of Hair, Alpine × Hair F1 (AHF1), and Saanen × Hair F1 (SHF1) cross-bred goat gen-
otypes managed in a semi-intensive system. The SHF1 genotype had significantly higher
lactation milk yield, fat yield, protein yield, and electrical conductivity than other genotypes,
whilst AHF1 was intermediate. The milk fat, protein, lactose, solids-non-fat and total solids
contents as well as pH and density of the Hair goat milk were significantly higher than the
corresponding values of the cross-bred genotypes. The highest correlation amongst udder
characteristics and production was between lactation milk yield and udder volume (P <
0.01; r = from 0.63 to 0.77). The results of this study suggest that crossbreeding can have a
positive effect on the milk production characteristics of local goats, thereby reducing the pres-
sure on the ecosystem, and suggest that udder measurements, especially volume, can be a
helpful tool for estimating milk yield.

Great changes in ecosystem sustainability and agricultural mechanization during recent years
have led to the reorganization of production systems in dairy livestock. The intensive livestock
model, based on the use of external inputs, can potentially have negative effects not only on
biodiversity, ecosystems and climate change but also on product quality, human health and
natural resources (Duru and Therond, 2015). Turkey ranks second among the
Mediterranean countries after France in terms of goat milk production with 577.209 tonnes
(FAOSTAT, 2019). Of the total milking goat population estimated at 6.4 million, approxi-
mately 6.3 million are indigenous Hair goats and their crosses (TURKSTAT, 2020) that are
hand-milked in small goat farms. As the main reason of the low production performance
of Hair goats is the low nutritive quality of woody vegetation, and short plant vegetation per-
iods, they need to be fed additional forage. Furthermore, in order to successfully transition
goats from manual milking to machine milking technology, it is necessary to investigate the
relationships between morphological udder characteristics and milk production and the para-
meters of adaptation to this technology. Therefore, the present study was conducted to com-
pare the effect of management (additional feeding over and above grazing) and environmental
factors on milk yield, milk composition and udder characteristics in Hair goat, Alpine × Hair
F1 goat (AHF1) and Saanen × Hair F1 goat (SHF1) under a semi- intensive management sys-
tem. It was hypothesized that both of these factors can have an influence.

Material and methods

All procedures were approved by the Bahri Dağdaş International Agricultural Research
Institute Animal Ethics Committee, Konya, Turkey prior to the commencement of the
experiment.

Animal management and feeding regime

During 2014 and 2015, we collected a total of 4126 lactation records. Of these, 1401 were from
local Hair goats, 1573 from first-generation crossbred Alpine × Hair goats (AHF1) and 1152
from first-generation crossbred Saanen × Hair goats (SHF1), generated from 26 sires and
377 dams of parity one to four in 3 farms in Konya, Central Anatolian region of Turkey.
During the lactation period, the 8-months average (March–October) precipitation was 249
mm and 237 mm in the years 2014 and 2015, respectively. The goats were fed approximately
400 g d−1 concentrate (16.1% CP 2500 kcal ME kg−1 dry matter) during the lactation periods
and winter periods (Supplementary Table S1). They were kept in semi-intensive systems in
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Table 1. Fixed effects of least squares means and standard error (SE) for milk yield and composition traits of Hair, Alpine × Hair F1 (AHF1) and Saanen × Hair F1 (SHF1) goats
1

Genotype Parity Flock Year

Traits2 Hair AHF1 SHF1 1 2 3 4 1 2 3 2014 2015 Mean ± SE

N 216 232 167 148 163 198 106 199 193 223 290 325 615

LMY (kg) 220.9c 297.1b 323.2a 233.6d 270.4c 298.3b 319.3a 296.8a 255.5b 288.9a 261.9b 298.9a 280.4 ± 2.58

LL (days) 212.1b 222.3a 223.8a 215.9 b 218.9ab 220.4a 222.4a 219.9b 215.1c 223.3a 223.4a 215.5b 219.4 ± 0.59

DMY (kg day−1) 1.04c 1.33b 1.44a 1.08 d 1.23c 1.35b 1.43a 1.34a 1.18b 1.29a 1.16b 1.38a 1.27 ± 0.011

Fat yield (kg) 11.13c 13.83b 15.13a 11.85c 13.14b 13.87bc 14.60a 14.33a 13.98b 11.79c 13.34 13.40 13.37 ± 0.125

Protein yield (kg) 8.87c 11.48b 12.38a 9.45c 10.51b 11.53a 12.15a 11.32a 9.97b 11.44a 9.71b 12.11a 10.91 ± 0.096

Total solids (%) 15.28a 14.7b 14.61b 15.41a 14.90b 14.61c 14.55d 14.84b 15.53a 14.22c 15.08a 14.65b 14.87 ± 0.033

SNF (%) 10.13a 9.88b 9.81c 10.20a 9.93b 9.83bc 9.80c 9.84c 9.92b 10.06a 9.81b 10.07a 9.94 ± 0.015

Fat (%) 5.15a 4.82b 4.80b 5.21a 4.97b 4.76c 4.75d 4.99b 5.61a 4.16c 5.26a 4.58b 4.92 ± 0.029

Protein (%) 4.01a 3.87b 3.84b 4.04a 3.90b 3.88b 3.80c 3.83c 3.91b 3.98a 3.72b 4.09a 3.90 ± 0.007

Lactose (%) 5.51a 5.31b 5.31b 5.50a 5.38b 5.30c 5.33bc 5.44a 5.28b 5.41a 5.59a 5.17b 5.38 ± 0.010

Density (kg/m3) 1033.3a 1032.1c 1032.4b 1033.1a 1032.4b 1032.5b 1032.4b 1032.5b 1031.4c 1033.9a 1032.1b 1033.1a 1032.6 ± 0.07

pH 6.51A 6.50B 6.49B 6.50 6.49 6.50 6.50 6.52a 6.51a 6.47b 6.46b 6.54a 6.50 ± 0.003

EC (μS/cm) 4.80b 4.99a 5.03a 4.86b 4.95a 4.99a 4.97a 5.09a 4.74b 5.00a 4.81b 5.08a 4.94 ± 0.011

Freezing point (−°C) 0.621a 0.609b 0.611b 0.619a 0.611a 0.616a 0.609a 0.610b 0.604c 0.627a 0.619a 0.609b 0.614 ± 0.001

1Value of factors within a row with different superscripts differ significantly at small letters (a,b,c; P < 0.01) capital letters (A,B,C; P < 0.05).
2Abbreviations are: SE, standard error; LMY, lactation milk yield; LL, lactation length; DMY, daily milk yield; SNF, solids-non-fat; EC, electrical conductivity.
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semi-open barns and had year-round access to rangelands
(Supplementary Material S1). They grazed approximately one
hectare per goat characterized by rocky, steep grassland, shrub-
land, woodlands and herbaceous plants including annual and per-
ennial pasture species (Supplementary Table S2).

Milking, milk samples and udder measurements

Goats were recorded using in-line milk meters (Tru-Test,
Auckland, New Zealand). Milk yield controls recorded by the
ICAR (2009) A4 method as well as samples for milk components
analysis were collected from each goat once per 28-day (morning
and evening). The milk samples were immediately analyzed for
protein, fat, lactose, solids-non-fat, total solids, density, electrical
conductivity, and freezing point by an ultrasonic milk analyzer
(MILKANA EP 45 s Milk Analyser, Mayasan Ltd, Turkey). The
milk pH was measured by a pH meter (WTW, InoLab, pH 720,
Weilheim, Germany). First lactation records were obtained com-
mencing within the first month after kidding and continuing for
seven months. Udder measurements and udder conformation
were taken from each animal only once after the morning milking
during the period when milk controls started using the methods
reported by Mavrogenis et al. (1988). Determination of udder vol-
ume (UV) was made at the same time as reported by Emediato
et al. (2008).

Statistical analysis

The obtained data were analyzed using a General Linear Model
(GLM) procedure. The significant differences among the factor
levels were ascertained by using the Tukey multiple comparison
tests (Kesici and Kocabas, 2007).

Results

The ANOVA results indicated that the effects of genotype, parity,
flock, and year on milk yield and composition traits exhibited
were mostly significant (P < 0.05; Table 1). Milk yield varied
between genotypes in the expected way (crossbred goats higher
than local Hair goats) throughout lactation (Fig. 1) whilst differ-
ences in fat and protein contents were small. Udder traits were
found to vary between genotypes (P < 0.01), whilst no relationship
was noted between udder traits and udder shape (P > 0.05;
Supplementary Table S3). The udder measurement of the SHF1
goats was significantly higher than the Hair goats. The defined
halving (clearly two-piece) udder shape was the most predomin-
ant (36.6%) while the other udder shapes had similar frequencies,
between 19.2% and 23.4%. The phenotypic correlation coeffi-
cients and regression equations between udder traits and lactation
milk yield for genotypes are presented in Table 2. Excluding cor-
relation between lactation milk yield and front udder depth and
udder teat length in the Hair goats, a positive correlation was
observed between lactation milk yield and all udder traits in the
goat genotypes (P < 0.05). For the prediction of milk yield, the
obtained regression equations were significant (P < 0.01) for all
three genotypes.

Discussion

The lactation milk yield of the AHF1 and SHF1 genotypes are
shown to be approximately 46% and 35% higher than that of
the Hair goats. The SHF1 genotype had the highest milk yield

traits that can be attributable to its genetic superiority. This
study shows that crossing Hair goats with Alpine and Saanen
bucks is an appropriate strategy for improving milk production.
The milk yield and lactation length for Hair, AHF1 and SHF1 gen-
otypes ranged between the values reported by Serradilla (2001)
and Scholtens et al. (2020) for pure, improved or cross-bred
dairy goats, from 142 to 964 kg for lactation yield and from
1.01 to 3.34 kg d−1 for daily milk yield. Fat yield varied between
10.9 to 33.5 kg and protein yield from 7.2 to 22.5 kg (both total
for lactation). Lactation length ranged from 129 d to 288 d for
LL. Regarding their high genetic capacity of milk production, it
is likely that the Hair, AHF1, and SHF1 cross-breed goats may

Fig. 1. Changes in daily milk yield (a), fat content (b), and protein content (c) milk
samples obtained from Hair, Alpine × Hair F1 (AHF1), and Saanen × Hair F1 (SHF1)
cross-bred goats during lactation.
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provide higher yields at higher rates of concentrate supplementa-
tion than offered in the current study. It was also the case that
these differences in mean milk performance from our study com-
pared well with those obtained in other studies attributable to
changing ecosystem conditions (Duru and Therond, 2015), geno-
type, production systems, breeding programs (Serradilla, 2001)
and vegetation periods of the rangelands.

In the present study, milk production increased with increas-
ing parity while the content of total solids, solids-non-fat, fat, pro-
tein and lactose decreased. The highest compositional values and
lowest yield values were obtained during the first lactation. These
results are in agreement with those reported by Scholtens et al.
(2020), who showed that the lowest yield was observed in the
first parity, probably due to continuing development of body
weight and udder. The higher fat and protein content of first lac-
tation goats could potentially lead to higher cheese yield.

Although the Hair goats produced the lowest milk, fat and pro-
tein yields, their milk composition had the highest fat, protein and
lactose contents (Table 1). However, many previous studies have

reported a range between 11.6 and 16.2% for total solids, 3.0 to
6.1% for fat, 2.7 to 4.8% for protein, and 3.6 to 5.5% for lactose
in pure, improved, crossbreds and local goat breeds reared in dif-
ferent production systems both in Turkey (Erduran, 2014), and
other countries (Serradilla, 2001; Scholtens et al., 2020). Our
values of total solids, fat, protein and lactose contents of the
Hair, AHF1, and SHF1 genotypes were, in the main, higher
than those reported in the studies mentioned above. Regarding
that the goats of necessity selected a greater quantity and dietary
proportion of browse (trees, shrubs) than grassland, these results
suggest that extra concentrate feed in addition to natural moun-
tain flora that is rich in essential oils and aromatic compounds
increased milk component contents (Morand-Fehr et al., 2007).
This may be explained by genetic variation as well as by a higher
variation and nutritional composition in the grasslands
(Flores-Najera et al., 2020), and in this way potentially provides
a higher quality milk product for consumers (Inglingstad et al.,
2016). However, the milk yield and milk content of the genotypes
obtained in this semi intensive-system was higher than that

Table 2. Phenotypic correlation coefficients and regression equations for predicting lactation milk yield (LMY, kg/d) according to udder measurements in Hair,
Alpine × Hair F1 (AHF1) and Saanen × Hair F1 (SHF1) goats

a

Udder measurements

Genotype Traits UTL UTC UC DBUT RUD FUD UV

Hair n = 236 UTC 0.612**

UC 0.051 0.381**

DBUT 0.266** 0.477** 0.573**

RUD 0.515** 0.450** 0.506** 0.542**

FUD 0.445** 0.223** 0.130 0.091 0.628**

UV 0.202** 0.428** 0.757** 0.554** 0.603** 0.258**

LMY 0.332** 0.462** 0.455** 0.526** 0.471** 0.192** 0.633**

Regression equation (**) LMY = 37.1 + 7.7 × UTL + 7.51 × UTC – 2.68 × UC + 7.32 × DBUT – 0.42 × RUD −1.21 × FUD + 0.440 × UV; r2: 48.6

AHF1 n = 232 UTC 0.735**

UC 0.210** 0.440**

DBUT 0.229** 0.390** 0.535**

RUD 0.379** 0.386** 0.512** 0.400**

FUD 0.340** 0.229** 0.127 0.079 0.522**

UV 0.333** 0.459** 0.701** 0.436** 0.583** 0.287**

LMY 0.396** 0.421** 0.505** 0.342** 0.424** 0.185* 0.719**

Regression equation (**) LMY = 40.8 + 17.3 × UTL – 4.20 × UTC – 0.22 UC – 1.09 × DBUT – 0.84 × BUD – 4.61 × FUD + 0.634 × UV; r2: 55.0

SHF1 n = 167 UTC 0.742**

UC 0.079 0.303

DBUT 0.289** 0.528** 0.535**

RUD 0.291** 0.342** 0.585** 0.406**

FUD 0.130 0.015 0.265** −0.103 0.473**

UV 0.184* 0.332** 0.746** 0.455** 0.584** 0.365**

LMY 0.341** 0.407** 0.564** 0.435** 0.419** 0.242** 0.766**

Regression equation (**) LMY = 18.0 + 20.1 × UTL – 1.16 × UTC + 0.77 × UC + 3.89 × DBUT – 8.57 × BUD – 0.19 × FUD + 0.719 × UV; r2: 63.9

Abbreviations are: UTL, udder teat length; UTC, udder teat circumference; UC, udder circumference; DBUT, distance between udder teats; RUD, rear udder depth; FUD, front udder depth; UV,
udder volume, LMY, lactation milk yield; r2: coefficient of determination.
aLevels of significance relation between LMY and udder measurements indicated by: P < 0.05; *, P < 0.01; **.
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reported by Erduran (2014) under an extensive system of the
same genotypes. In the genotypes in the semi-intensive system,
there was a 68% and 5% higher lactation milk yield and total
solids, respectively, compared with that obtained in the extensive
system. This suggests that the semi-intensive system for goats is
much better than extensive system for milk production, the super-
ior milk production of local breeds can affect good management
practices and grazing goats in the natural pasture supplementary
feeding conditions (Morand-Fehr et al., 2007). It may also be the
case that feed supplementation can reduce methane emissions in
the goats, which can help to reduce degradation of ecosystem
resources (Miller and Lu, 2019).

The average daily milk yield of the Hair, AHF1 and SHF1 gen-
otypes increased until its peak in the third month of lactation; it
then displayed a steady decrease until the end of the lactation per-
iod (Fig. 1a). However, the fat (Fig. 1b) and protein contents
showed a decreasing trend until months three and four, respect-
ively, followed by an increase thereafter. This observation of low-
est values at around peak lactation stage is similar to the findings
of Inglingstad et al. (2016) in Norwegian goats.

For all genotypes the highest positive correlations were esti-
mated between udder volume and circumference (r = 0.757,
0.701 and 0.746, respectively) and between teat circumference
and length (r = 0.612, 0.735 and 0.742, respectively). The highest
positive correlations with lactation yield was found with udder
volume (r = 0.633, 0.719 and 0.766, respectively). In other
words, as the udder grows larger the circumference, distance
between teats and rear udder depth increase, as of course does
milk yield. In general, it was seen that the positive relationship
between udder characteristics and lactation yield were significant.
These results agree with several other studies in both goat and
sheep breeds (Mavrogenis et al., 1988; Emediato et al., 2008;
Margatho et al., 2020). Margatho et al. (2020) also reported that
udder characteristics significantly affect the number of SCC and
microorganisms, and bifurcated pendular udders, where teats
are vertically loose and very close to each other, are more prone
to intramammary infections. Therefore, it can be predicted that
a flat udder shape and then the defined halving shape will be
more suitable for pasture, milking and milk quality. Moreover,
according to the results about udder traits in this study, it can
be also said that udder shape, volume and circumference as well
as teat length and circumference should be taken into account
in the selection based on udder traits. The highest coefficient of
determination (r2) value for lactation milk yield was estimated
64% for SHF1 goats, followed by AHF1 goats with 55%. It can
be seen that crossbreeding between exotic breeds and native
breeds not only increases milk production but also improves
udder traits. Therefore, when evaluating phenotypic parameters
in sustainable goat breeding, it is necessary to consider not only
the breed standards and specified factors (Margatho et al.,
2020), but also the production systems.

In conclusion, if strict genetic selection and management are
practiced for the Hair goat and its cross-breeds, production traits
such as milk yield could be improved to build up elite flocks with
superior genetic potential, which could improve the dairy goat
industry. Moreover, the milk yield traits of Hair goats could be
increased by pure breeding method using the tools developed
for better selection criteria. Where milk measurements cannot
be made directly, the measurement of udder volume may be a
suitable technique for estimating milk yield production as an

indirect process. In many European countries, including semi-
arid areas, this semi-intensive system of dairy goat production
may be adopted as an alternative directed towards the sustainabil-
ity of the ecosystem.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0022029921000637
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