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Abstract: The possible relationship between udder morphometric variables (UMVs), chemical quality
(CHQ) of both colostrum (CA), and milk (MK), as affected by goat’s social rank (SR) (i.e., low-LSR,
or high-HSR), was assessed. In late June, goats (Alpine–Saanen–Nubian x Criollo; n = 38; 25◦ N)
were estrus-synchronized and subjected to a fixed-time artificial insemination protocol. Thereafter,
in October, while a behavioral study was performed in confirmed-pregnant goats to define the SR
classes (n = 15), live weight (LW), body condition (BCS), and serum glucose (GLUC) were registered
on the last day of the behavioral study. The expected kidding date was 25 November. Both the UMVs
(i.e., seven dates) and the CHQ (i.e., either one for CA and three times for MK) were collected across
time (T). The UMVs involved udder perimeter (UDPER, cm), udder diameter (UDDIA, cm), left-teat
(LTPER, cm) and right-teat perimeter (RTPER, cm), left-teat (LTLT, cm) and right-teat length (RTLT,
cm), left-teat diameter (LTDIA, cm) and right-teat diameter (RTDIA, cm), and medium suspensory
ligament (MSL, cm). The registered CHQ variables for both CA and MK were fat (FAT), protein
(PRO), lactose (LAC), nonfat solids (NFS), freezing point (FP), and total solids (TS). The possible
effect of SR, T, and the SR × T interaction upon the described response variables was tested. While
LW favored the HSR goats (54.6 vs. 48.2 ± 1.7 kg; p < 0.05), neither BCS nor GLUC differed (p > 0.05)
between SR. An SR × T interaction affected (p < 0.05) most UMVs (i.e., UDPER, MSL, LTLT, RTLT,
LTDIA, and RTDI). UMV differences were associated with both changes across time and between
SR. Whereas RTLT, LTDIA, RTDIA, and MSL showed their highest values one week prior to kidding,
the largest UDPER values (p < 0.05) occurred within the week of kidding. Additionally, HSR goats
showed increased values regarding UDPER, MSL, and LTLT. No differences (p < 0.05) between SR
occurred regarding the CA-CHQ (i.e., FAT, PRO, LAC, NFS, FP, and TS). Still, an SR x T interaction
affected (p < 0.05) the MK content of FAT, PRO, and NFS; while the largest values (p < 0.05) occurred
on Day 7 postpartum, the other MK constituents decreased as the lactation advanced. Further, the
HSR goats showed an enlarged MK-CHQ (i.e., FAT, PRO, and NFS). HSR goats merged some central
behaviors such as aggressiveness, assertiveness, and supremacy to have primacy to feed access,
augmenting their LW. Whereas said bodyweight advantage was not reflected upon in CA-CHQ, HSR
goats augmented some morphological udder values (i.e., UDPER, MSL, and LTLT) and produced the
best MK-CHQ (i.e., > FAT, > PRO, and > NFS) during early lactation. Therefore, both social rank (i.e.,
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HSR goats), as well as the temporal transition stage from the last third of pregnancy to the first phase
of lactation (i.e., time), operated as important modulators upon both udder architecture and milk
quality in crossbred dairy goats under a dry-semiarid production system.

Keywords: goats; udder development; colostrum and milk quality; social dominance; live weight

1. Introduction

Goats have a multifaceted social arrangement, with a social hierarchy preserved by
agonistic and affiliative behaviors; they are social and gregarious animals. A steady social
milieu provides them with conditions to adapt to the environment by means of social learn-
ing and well-being, as suggested by the low threshold to respond to stressful events [1–3].
Although there is some information regarding the effect of social behavior with respect
to productive efficiency, the significance of this relationship has not been appropriately
explained, especially in goats [4]. Indeed, studies addressing the importance of social
hierarchy in goat production and reproduction are neither recent nor abundant, highlight-
ing what was formerly reported [5–7]. Domestic herbivores under grazing schemes exert
social dominance, especially when grass is available ad libitum [8,9]. If there is greater feed
availability and diversity, the dominant animal will have priority access to the best quality
resources with respect to subordinate animals [10–12]. Said dominance in the herd’s social
hierarchy ensures access to the best available feed, either in grasslands or pastures, which
in turn has a positive and significant effect on the live weight of the dominant animal.
Moreover, a higher live weight is positively aligned with better metabolic status and greater
productive and reproductive capacity [13].

In confined animals living in restrained environments, large animal densities can
generate an even higher level of hostility and greater disturbance, promoting aggressive
behavior and injuries, parallel to a reduction in the live weight, especially in animals of
low hierarchical rank [14,15]. Even in group feeding under intensive and semi-intensive
production schemes, it is considered that continuous competition among the members of
the herd causes adverse results, not only regarding the provision of adequate space for
feeders, but also regarding access to the ration feeding, because the ingestion behavior
of the subordinates is habitually disturbed by the dominants; on top of that, goats exert
a highly selective diet intake [16,17]. In addition, feed consumption is affected by other
factors such as time of day, environmental temperature, season of the year, and other issues
involved in the social hierarchy, affecting access to feed while generating animal rivalry
and social disturbance [3,18].

Goat milk has been rooted in various civilizations and cultures worldwide [19]. During
the last decade, world production of goat milk (Capra hircus) has increased by 12%, from
17.6 Mt in 2010 to almost 20.0 Mt in 2019, and the manufacture of goat cheese has increased
by 18%, from 460.5 Kt in 2010 to 567.1 Kt in 2019 [20]. Mexico has close to 9 million goats,
mainly crossbred animals and primarily under arid and semiarid ecotypes; in 2020, goat
production generated almost 40,000 tons of meat and 167,000 tons of milk [21,22]. The
Comarca Lagunera, an agroecological area situated in the arid lands of northern Mexico, has
one of the main goat concentrations in the Americas, reaching first place in the production
of goat milk at the national level, generating significant economic income mainly based
on organic milk and meat production, the latter backing the social, economic, and biotic
sustainability of producers [21–23]. Goat milk production involves different variables, not
only physiological, but also ethological, and even morphological, with respect to the goat
udder, which impact the quantity and quality of colostrum and milk [24]. In this regard,
the most influential period in the development of the mammary gland, which determines
not only the milk yield but the quality of the colostrum milk, is aligned to the live weight,
body condition, and metabolic status of the goat in the last third of gestation and first stage
of lactation [25,26]. Additionally, the feed consumption of subordinate animals is generally
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disturbed by dominant animals, which can affect the main physicochemical characteristics
not only in the production and richness of colostrum, but also of milk [27]. Building on
said findings, we hypothesized that in goats, a high social rank status leads to priority feed
access, increasing both live weight and, in turn, udder morphometric values, affecting the
quality of both colostrum and milk. Hence, this study aims to test such a hypothesis in
crossbred dairy goats under a subtropical dry-hot environment.

2. Material and Methods
2.1. General

All the exerted experimental procedures, methods, and handling of the animals used
in this study fulfilled the guidelines for ethical use, care, and animal welfare in research
at both international [28] and national [29] levels, with reference Institutional Approval
Number UAAAN-UL-20-3059.

2.2. Location, Environment, and General Management during the Reproductive Transition
Pretrial Period

The study was performed in northern Mexico (Durango; 25◦46′ N and 103◦21′ W), un-
der dry-hot semiarid subtropical conditions, at 1100 m above sea level, with a mean annual
rainfall of 266 mm (range: 163 to 504 mm; June–September). The variations of the photope-
riod in the region are 13:41 h during the summer solstice and 10:19 h during the winter
solstice [30]. Adult goats of the crossbred dairy type (Alpine–Saanen–Nubian × Criollo,
n = 38; 2–3 lactations) were considered during the pretrial phase (i.e., transition from
anestrous to reproductive season; June–July). Both environmental conditions and general
female management prior to the experimental period were homogeneous with those previ-
ously described, although our study was performed during the transition from anestrous
to reproductive season (i.e., mid-June) [12,31].

Briefly, once the goats’ anestrus status was confirmed in mid-June by means of two
transrectal ultrasound scans, using a 7.5 MHz human prostate transducer (Aloka 500,
MHz linear array; Corometrics Medical Systems, Inc., Wallingford, CT, USA), goats were
subjected to an estrus induction protocol; upon estrus confirmation, all goats (n = 38) were
subjected to a fixed-time artificial insemination (FTAI) procedure by the end of June, as
previously outlined [31]. Thereafter, all the FTAI goats, and goats up to the first 4 months
of pregnancy, were managed under the rangeland-based grazing system, predominant in
the Comarca Lagunera [31]. Concisely, the rangeland has native vegetation typical of arid-
land ecotypes such as Cenchrus ciliare, Cynodon dactylon, Bouteloua spp., Sorghum halepense,
Atriplex canescens, sprouts and fruits from Prosopis glandulosa, and Acacia farnesiana; grazing
was exerted from 10:00 to 18:00 h.

In general, the amount of range vegetation available is around 2000 kg dry matter
ha−1, with browse (60%) and forage herbs (40%) providing the main rangeland available
feed biomass. Goats were daily directed to different grazing–browsing sites through
feeding paths of approximately 6 to 8 km; thus, location-linked grazing restrictions can be
considered minor. Additionally, goats were subcutaneously dewormed (Ivermectin 1%,
Baymec, Bayer, Mexico City, Mexico) and also received doses of vitamin A (500,000 IU), D3
(75,000 IU), and E (50 mg) (Vigantol: ADE + Selenium, 250 mL, Zapopan, Jalisco, Mexico)
one month prior to the FTAI protocol. Additionally, water, shades, and mineral salts (17% P,
3% Mg, 5% Ca, and 75% NaCl) were freely accessible during the experimental period [32].

2.3. Experimental Period: Defining the Social Rank among Female Goats

From the original 38 pregnant FATI goats, a total of 15 goats (51.4 ± 1.7 kg, body
weight and 2.27 ± 0.13 units, body condition score) were considered to perform a 7-day
behavioral study to define the social rank, either low (LSR) or high (HSR). This study was
conducted during late October (i.e., 20–26 October), around 30 d prior to the expected
average kidding date (i.e., 25 November). The behavioral test (n = 15) was carried out at
feeding time (08:00, 13:00, and 17:00 h; 60 min each; 180 min day−1, during 7 days) for a
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total of 1260 min (i.e., 21 h), as previously described [12]. The main behavioral goat-to-
goat exerted interactions were recorded: hitting, threats, pushing, chasing, escaping, and
evasion. Of note, the outlined agonistic contacts between two goats, either an instigator or
a victim, exerting either physical contact or not, which eventually resulted in the physical
displacement of an animal by the other, were considered ad hoc signs of the aggressive
nature and social status of the assessed goats. Subsequently, with the information obtained
from such behavioral interactions, that is, the result of winning or losing, a success index
(SI) was individually obtained by using the formula:

SI = number of won events/(number of won events + number of lost events) (1)

Based on the attained SI, the tested goats (n = 15) were classified into two social ranks:
low-ranking goats (LSR; SI from 0 to 0.49; n = 7) and high-ranking goats (HSR; SI from 0.5
to 1; n = 8). Once the social rank based on the success index was defined, the variables live
weight (LW, kg), body condition (BCS, units), and serum glucose (mg mL−1) of the social-
ranked goats were quantified on the last day of the behavioral test (i.e., 26 October). A blood
sample was collected by jugular venipuncture to quantify serum glucose concentrations
(AccuCheck Sensor Comfort, Roche, Mexico) with a reliability of 95%. A timeline of actions
of the main activities carried out during the experimental period is shown in Figure 1.
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Figure 1. Timeline of actions along with the experimental period. A behavioral study was conducted
in all the experimental units (n = 15) to determine the goat social rank, either high (HSR) or low (LSR).
The behavior test was carried out at feeding time (08:00, 13:00, and 17:00) for a period of 60 min (i.e.,
180 min total d−1 during 7 days). At the time of parturition and before kid suckling, a sample of 20 mL
of colostrum was individually collected per goat from both udders; samples were pooled to generate
a homogeneous mixture; the same process was performed during the milk postpartum sampling.

2.4. Measurement of Udder Morphometric Variables According to the Social Rank Status
2.4.1. Udder Morphometric Quantification

The morphological measurements of the udder were also quantified by a single trained
technician using a Vernier (i.e., 30 cm) and tape measure (i.e., 100 cm). The udder of the
experimental pregnant goats (n = 15), derived from the FTAI procedure, was measured
weekly from Day 36 prepartum to Day 7 postpartum: 20 and 23 October; 6, 13, 20, and
27 November; and 4 December. The morphometric variables of the udder considered were:
udder perimeter (UDPER, cm), udder diameter (UDDIA, cm), left-teat perimeter (LTPER,
cm), right-teat perimeter (RTPER, cm), left-teat length (LTLT, cm), right-teat length (RTLT,
cm), left-teat length diameter (LTDIA, cm), right-teat diameter (RTDIA, cm), and medium
suspensory ligament (MSL, cm) according to the social rank (i.e., LSR and HSR) and time
(i.e., 7 times); (Figure 2).

2.4.2. Colostrum and Milk Physicochemical Quantifications

At the time of parturition and before kid suckling, each goat was hand-milked, and
a sample of 20 mL of colostrum was individually collected from both udders; samples
from each goat were pooled to form a homogeneous mixture. Subsequently, colostrum
samples were kept at 4 ◦C to later perform the chemical composition analyses. The response
variables of the goat colostrum constituents were: fat (FATCA, %), protein (PROCA, %),
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lactose (LACCA), %), nonfat solids (NFSCA, %), freezing point (FPCA, units), and total
solids (TSCA, %). Subsequently, the same procedure was carried out to evaluate the milk
by chemical quality; the response variables registered to evaluate the goat milk constituents
were: fat (FATMK, %), protein (PROMK, %), lactose (LACMK), %), nonfat solids (NFSMK,
%), freezing point (FPMK, units), and total solids (TSMK, %) according to the social rank
(i.e., LSR and HSR) and time (i.e., 3 times). Colostrum and milk component content
was determined using a LactiCheck (LC-01 RR, Page and Pedersen International, Ltd.,
Hopkinton, MA, USA), after calibration for goat milk, as outlined by the manufacturer.
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Figure 2. Morphological udder response variables considered: udder perimeter (UDPER, cm), udder
diameter (UDDIA, cm), left-teat perimeter (LTPER, cm), right-teat perimeter (RTPER, cm), left-teat
length (LTLT, cm), right-teat length (RTLT, cm), left-teat length diameter (LTDIA, cm), right-teat
diameter (RTDIA, cm), and medium suspensory ligament (MSL, cm) registered from crossbred dairy
goats (Alpine–Saanen–Nubian x Criollo; n = 15) in Northern Mexico (25◦ N).

2.5. Statistical Analyses

A split-plot ANOVA for repeated measures across time was used to evaluate the
udder morphological variables: udder perimeter (UDPER, cm), udder diameter (UDDIA,
cm), left-teat perimeter (LTPER, cm), right-teat perimeter (RTPER, cm), left-teat length
(LTLT, cm), right-teat length (RTLT, cm), left-teat length diameter (LTDIA, cm), right-teat
diameter (RTDIA, cm), and medium suspensory ligament (MSL, cm). Likewise, a split-
plot ANOVA was also developed to evaluate the milk components, fat (FAT,%), protein
(PROT,%), lactose (LAC,%), nonfat solids (NFS,%), freezing point (FP, ◦C), and total solids
(TS,%), as affected by social rank (i.e., LSR and HSR). In both split-plot analyses, the goat
was the experimental unit; the fixed effects of social rank (i.e., LSR, HSR) and sampling day
(Time) were assessed using a MIXED model for repeated measures across time, with time
as the repeated measure and the social-ranked goat as the repeated subject, regarded as a
random error term. Additionally, a simple one-way ANOVA was developed in order to
evaluate the components of colostrum, fat (FAT, %), protein (PRO, %), lactose (LAC, %),
nonfat solids (NFS%), freezing point (FP, ◦C), and total solids (TS,%), according to social
rank (i.e., LSR or HSR) in crossbred dairy goats (Alpine–Saanen–Nubian x Criollo; n = 15).
Since no differences occurred between social rank regarding litter size (i.e., prolificacy),
this variable was not considered in the final statistical models. Least-square means and
standard errors for each class of social rank status, sampling time, and their interaction were
computed; multiple mean comparisons were solved by means of Fisher’s least significant
differences. All statistical analyses were done using the procedures of SAS statistical
package version 9.2; a significant difference between means was set at p < 0.05.

3. Results

The relationships between live weight (LW), body condition (BCS), and serum glucose
(GLUC) according to social rank in crossbred dairy goats are shown in Table 1. The response
variable LW was the only one that differed (p < 0.05) between social ranks, with an absolute
difference of 6.4 kg favoring the HSR group. This difference between groups with respect
to the LW was not reflected (p > 0.05) with respect to the variables BCS (2.27 ± 0.13 units)
and GLUC (40.03 ± 2.26 mg mL−1).
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Table 1. Least-square means ± standard error for live weight (LW, kg), body condition score (BCS,
units), and serum glucose concentration (GLUC, mg mL−1) according to either low or high social rank
(i.e., LSR and HSR) in crossbred (Alpine–Saanen–Nubian × Criollo; n = 15) dairy goats in northern
Mexico (25◦ N) 1,2.

Social Rank

LSR 1 HSR 1 p-Value

LW (kg) 48.20 ± 1.80 b 54.60 ± 1.63 a 0.017
BCS (units) 2.27 ± 0.14 a 2.27 ± 0.12 a 0.979

GLUC (mg mL−1) 40.88 ± 2.37 a 39.18 ± 2.15 a 0.601
a,b Least-square means without a common superscript within response variable (i.e., lines), differ (p < 0.05).
1 In October, a behavioral study was carried out to define the social ranks, either low (LSR), or high (HSR) social
rank. 2 Most conservative standard error is presented.

3.1. Effect of Social Rank and Time upon Udder Morphometric Components in Crossbred
Dairy Goats

The dependent variables of the goat udder morphometric, components considering
udder perimeter (UDPER, cm), udder diameter (UDDIA, cm), left-teat perimeter (LTPER,
cm), right-teat perimeter (RTPER, cm), left-teat length (LTLT, cm), right-teat length (RTLT,
cm), left-teat length diameter (LTDIA, cm), right-teat diameter (RTDIA, cm), medium
suspensory ligament (MSL, cm) according to the social rank (i.e., LSR and HSR), and time
(i.e., seven times), are shown in Table 2. No differences (p > 0.05) between social ranks
occurred for any of the udder morphometric components response variables. However, the
response variables UDPER, LTLT, RTLT, LTDIA, RTDIA, and MSL differed (p < 0.05) across
time. Interestingly, when comparing the initial (October 20) and the final (December 04)
values for UDDIA and MSL, an increased value (p < 0.05) for both variables occurred on
the last date of the experimental period. The opposite scenario occurred with respect to the
response variables LTLT, RTLT, LTDIA, and RTDIA, whose values decreased (p < 0.05) by
the end of the measurement period.

Table 2. Least-square means ± s.e. for goat udder morphometric components considering udder
perimeter (UDPER, cm), udder diameter (UDDIA, cm), left-teat perimeter (LTPER, cm), right-teat
perimeter (RTPER, cm), left-teat length (LTLT, cm), right-teat length (RTLT, cm), left-teat length
diameter (LTDIA, cm), right-teat diameter (RTDIA, cm), and medium suspensory ligament (MSL,
cm) as affected by either social rank (i.e., LSR and HSR) and time (i.e., 7 times) in crossbred (Alpine–
Saanen–Nubian × Criollo; n = 15) dairy goats in northern Mexico (25◦ N) 1,2.

Variables
(cm)

Social Rank (SR) Time (T) p-Value

LSR HSR 20 Oct 30 Oct 6 Nov 13 Nov 20 Nov 27 Nov 4 Dec s.e. 2 SR T

UDPER 37.7 ab 38.5 ab 27.9 c 35.3 b 39.5 ab 41.8 ab 39.9 ab 43.6 a 38.8 ab 2.4 0.68 0.04
UDDIA 9.5 a 10.8 a 9.7 a 14.1 a 9.8 a 9.6 a 9.2 a 10.0 a 8.6 a 1.8 0.34 0.42
LTPER 7.5 a 7.6 a 8.0 a 7.5 a 7.8 a 7.3 a 8.7 a 6.8 a 6.7 a 1.2 0.89 0.86
RTPER 7.6 a 7.6 a 8.2 a 7.2 a 8.3 a 7.4 a 8.7 a 6.9 a 6.3 a 1.2 0.97 0.89
LTLT 5.6 ab 5.7 ab 5.7 ab 7.4 a 5.8 ab 5.9 ab 6.3 ab 4.4 b 4.1 b 0.8 0.83 0.04
RTLT 5.8 abc 5.7 abc 5.7 ab 6.9 a 6.5 ab 6.6 ab 6.4 abc 4.3 bc 3.9 c 0.8 0.98 0.04
LTDIA 2.0 ab 2.0 ab 2.2 ab 3.0 a 1.9 bc 1.8 bc 2.5 ab 1.6 bc 1.1 c 0.3 0.85 0.04
RTDIA 2.0 ab 2.0 ab 2.4 ab 2.9 a 2.1 ab 1.8 bc 2.5 ab 1.6 bc 1.1 c 0.3 0.99 0.04
MSL 19.5 abc 20.1 abc 17.2 bc 16.6 c 21.8 ab 23.0 a 20.8 abc 20.1 abc 19.3 abc 1.7 0.64 0.03

a,b,c Least-square means without a common superscript within response variable differ (p < 0.05). 1 In October, a
behavioral study was carried out to define the social ranks, either low (LSR) or high (HSR) social rank. 2 Most
conservative standard error is presented.

3.2. Effect of the Interaction Social Rank × Time upon Udder Morphometric Components in
Crossbred Dairy Goats

A social rank× time interaction affected (p < 0.05) the morphometric variables UDPER,
LTLT, RTLT, LTDIA, RTDIA, and MSL; yet, the other udder values were not affected (i.e.,
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UDDIA, LTPER, and RTPER). Most of the observed social rank × time were interaction
effects were related to the large response variable differences were observed across time
(p < 0.05). Indeed, while the variables RTLT, LTDIA, RTDIA, and MSL showed their highest
values the week before kidding, the variables UDPER and MSL showed a continuous and
ascending increase from the first measurement (i.e., 20 October), achieving the highest
values one week prior to kidding (i.e., MSL), as well as within the week of kidding (i.e.,
UDPER). However, for the variables UDPER (T6), MSL (T6 and T7), and LTLT (T2 and T5),
increased values occurred in the HSR group (Table 3).

Table 3. Least-square means ± s.e. for the interaction social rank (i.e., LSR and HSR) and time (i.e.,
7 times) for goat udder morphometric components considering udder perimeter (UDPER, cm), udder
diameter (UDDIA, cm), left-teat perimeter (LTPER, cm), right-teat perimeter (RTPER, cm), left-teat
length (LTLT, cm), right-teat length (RTLT, cm), left-teat length diameter (LTDIA, cm), right-teat
diameter (RTDIA, cm), and medium suspensory ligament (MSL, cm) in crossbred (Alpine–Saanen–
Nubian × Criollo; n = 15) dairy goats in northern Mexico (25◦ N) 1,2.

Variables
(cm)

20 Oct 30 Oct 6 Nov 13 Nov 20 Nov 27 Nov 4 Dec p-Value

LSR HSR LSR HSR LSR HSR LSR HSR LSR HSR LSR HSR LRS HSR s.e. 2 SR× T

UDPER 27.7 d 28.1 d 34.3 c 36.1 bc 39.2 a–c 39.8 a–c 41.7 ab 41.9 ab 39.7 a–c 41.5 a–c 41.3 b 45.5 a 39.5 a–c 43.2 a–c 2.2 0.001
UDDIA 9.4 a 10.2 a 9.4 a 9.4 a 9.8 a 9.8 a 10.0 a 9.5 a 9.3 a 9.1 a 9.7 a 10.4 a 8.6 a 8.8 a 0.6 0.614
LTPER 8.1 ab 8.0 ab 7.0 b 7.9 ab 7.9 ab 7.8 ab 7.0 b 7.6 ab 7.9 ab 9.4 a 7.2 ab 6.4 b 7.3 ab 6.2 b 0.8 0.411
RTPER 8.4 ab 8.1 ab 6.9 a–c 7.4 a–c 8.0 a–c 8.6 ab 6.8 a–c 7.9 a–c 8.3 ab 9.1 a 7.5 a–c 6.5 bc 7.2 a–c 5.6 c 0.9 0.248
LTLT 5.7 b–e 5.8 b–d 6.8 b 8.0 a 5.8 b–d 5.7 b–d 5.9 bc 5.9 bc 5.7 b–e 6.9 a 5.1 b–e 3.9 e 4.2 c–e 4.0 de 0.6 0.001
RTLT 5.8 a–c 5.6 a–d 6.7 a 7.0 a 6.5 ab 6.4 ab 6.8 a 6.5 ab 5.6 b–d 7.0 a 4.7 a–d 3.9 d 4.1 cd 3.8 d 0.7 0.001
LTDIA 2.2 bc 2.2 bc 3.1 a 2.9 a 1.8 b–d 1.9 bcd 1.5 c–e 1.9 b–d 2.5 ab 2.5 ab 1.7 cd 1.6 c–e 1.0 e 1.2 de 0.2 0.001
RTDIA 2.4 b–d 2.4 b–d 3.1 a 2.8 ab 1.9 c–f 2.2 b–e 1.6 e–g 2.0 c–f 2.5 abc 2.4 a–c 1.7 d–g 1.5 fg 1.1 g 1.1 g 0.2 0.001
MSL 17.1 e–g 17.3 d–g 16.7 fg 16.5 g 21.0 a–d 22.5 ab 23.5 a 22.7 ab 20.3 a–f 21.2 a–c 18.4 c–e 20.8 ab 18.3 c–g 20.7 ab 1.3 0.005

a,b,c,d,e,f,g Least-square means without a common superscript within response variable differ (p < 0.05). 1 In October,
a behavioral study was carried out to define the social ranks, either low (LSR) or high (HSR) social rank. 2 Most
conservative standard error is presented.

3.3. Effect of Social Rank upon Colostrum Quality Composition in Crossbred Dairy Goats

The dependent variables of the goat colostrum constituents, fat, protein, lactose, nonfat
solids, freezing point, and total solids, as affected by the social rank (i.e., LSR and HSR), are
shown in Table 4. No differences (p > 0.05) between social ranks (i.e., LSR and HSR) were
observed with respect to the quality of the colostrum. Therefore, these results suggest that
variables LW, BCS, or even GLUC are not directly related to the components that define the
quality of colostrum (Table 4).

Table 4. Least-square means ± standard error for goat colostrum constituents, fat (FATCA, %),
protein (PROCA, %), lactose (LATCA), %), nonfat solids (NFSCA, %), freezing point (FPCA, units),
and total solids (TSCA, %) according to the social rank (i.e., LSR and HSR) in crossbred (Alpine–
Saanen–Nubian × Criollo; n = 15) dairy goats managed under semi-intensive conditions in northern
Mexico (25◦ N) 1,2,3.

Variables, (%)
Social Rank

LSR HSR p-Value

FATCA 7.2 ± 2.2 7.6 ± 2.0 0.892
PROCA 10.6 ± 1.7 10.0 ± 1.6 0.804
LACCA 3.3 ± 0.3 2.6 ± 0.3 0.184
NFSCA 12.0 ± 2.4 15.6 ± 2.2 0.300
FPCA 0.3 ± 0.0 0.3 ± 0.0 0.284
TSCA 23.1 ± 3.0 22.3 ± 2.7 0.838

1 No differences for any of the response variables occurred between LSR and HSR; most conservative standard
error is presented. 2 In October, a behavioral study was carried out to define the social ranks, either low (LSR) or
high (HSR) social rank. 3 Most conservative standard error is presented.
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3.4. Effect of Social Rank and Time upon Milk Quality Composition in Crossbred Dairy Goats

The milk constituents quantified in this study, that is fat, protein, lactose, nonfat
solids, freezing point, and total solids according to the social rank (i.e., LSR and HSR)
and time (i.e., three times), in crossbred dairy goats are shown in Table 5. No effect of the
social rank (p > 0.05) was observed with respect to MK-CHQ shown in all the analyzed
components. Regarding the time factor, however, only the PROMK and NFSMK variables
showed the highest values (p < 0.05) at Time 1 and later showed a reduction as the lactation
stage advanced.

Table 5. Least-square means ± standard error for goat milk constituents, fat (FATMK, %), protein
(PROMK, %), lactose (LACMK), %), nonfat solids (NFSMK, %), freezing point (FPMK, units), and
total solids (TSMK, %) according to the social rank (i.e., LSR and HSR) and time (i.e., 3 times) in
crossbred (Alpine–Saanen–Nubian × Criollo; n = 15) dairy goats in northern Mexico (25◦ N) 1,2.

Variables
Social Rank Time p-Value

LSR HSR 1 2 3

FATMK, % 3.5 ± 0.5 a 4.2 ± 0.5 a 4.6 ± 0.6 a 3.2 ± 0.6 a 3.8 ± 0.7 a 0.380
PROMK, % 3.2 ± 0.1 ab 3.4 ± 0.1 a 3.8 ± 0.2 a 3.3 ± 0.2 ab 2.7 ± 0.2 b 0.470
LACMK, % 4.1 ± 0.1 a 4.2 ± 0.1 a 4.3 ± 0.1 a 4.0 ± 0.1 a 4.2 ± 0.1 a 0.491
NFSMK, % 7.8 ± 0.3 ab 8.3 ± 0.3 a 8.8 ± 0.3 a 8.1 ± 0.3 ab 7.3 ± 0.4 b 0.324
FPMK, ◦C 0.4 ± 0.0 a 0.4 ± 0.0 a 0.4 ± 0.01 a 0.4 ± 0.01 a 0.4 ± 0.02 a 0.742
TSMK, % 11.9 ± 0.7 a 12.8 ± 0.8 a 13.6 ± 0.9 a 11.7 ± 0.9 a 11.7 ± 1.0 a 0.461

a,b Least-square means without a common superscript within response variable differ (p < 0.05). 1 In October, a
behavioral study was carried out to define the social ranks, either low (LSR) or high (HSR) social rank. 2 Most
conservative standard error is presented.

3.5. Effect of the Interaction Social Rank × Time upon Udder the Milk Components in Crossbred
Dairy Goats

An SR × T occurred regarding FATMK, PROMK, and NFSMK (Table 6). Although
LACMK, FPMK, and TSMK were not influenced (p > 0.05) by the SR × T interaction, larger
FATMK, PROMK, and NFSMK values occurred at T2 in the HSR group. Regarding the
variables LACMK, NFSMK, and TSMK, the highest values also occurred in T1. The FPMK
variable was affected (p > 0.05) neither by social rank, nor by sampling time (Table 6).

Table 6. Least-square means ± standard error for the interaction social rank (i.e., LSR and HSR)
and time (i.e., 3 times) regarding the goat milk constituents for fat (FATMK, %), protein (PROMK,
%), lactose (LACMK), %), nonfat solids (NFSMK, %), freezing point (FPMK, units), and total solids
(TSMK, %) according to the social rank (i.e., LSR and HSR) and time (i.e., 3 times) in crossbred
(Alpine–Saanen–Nubian × Criollo; n = 15) dairy goats in northern Mexico (25◦ N) 1,2.

Variables
Time 1 Time 2 Time 3 p-Value

LSR HSR LSR HSR LSR HSR

FATMK (%) 4.6 ± 0.6 ab 4.7 ± 0.6 a 2.7 ± 0.4 b 3.7 ± 0.4 a 3.3 ± 0.6 ab 4.4 ± 0.7 ab 0.049
PROMK (%) 3.8 ± 0.2 a 3.8 ± 0.2 a 3.1 ± 0.2 bc 3.5 ± 0.1 a 2.6 ± 0.1 c 2.9 ± 0.1 b 0.002
LACMK (%) 4.5 ± 0.2 a 4.2 ± 0.2 ab 3.7 ± 0.2 b 4.3 ± 0.2 a 4.2 ± 0.2 ab 4.2 ± 0.2 ab 0.165
NFSMK (%) 9.0 ± 0.4 a 8.7 ± 0.4 ab 7.5 ± 0.4 cd 8.6 ± 0.4 ab 7.1 ± 0.3 d 7.7 ± 03 bc 0.013
FPMK (◦C) 0.4 ± 0.0 a 0.4 ± 0.0 a 0.4 ± 0.0 a 0.4 ± 0.01 a 0.4 ± 0.0 a 0.4 ± 0.0 a 0.941
TSMK (%) 13.7 ± 0.9 a 13.6 ± 0.8 ab 11.0 ± 0.9 b 12.4 ± 0.8 ab 11.0 ± 0.9 b 12.3 ± 1.0 ab 0.106

a,b,c Least-square means without a common superscript within response variable differ (p < 0.05). 1 In October, a
behavioral study was carried out to define the social ranks, either low (LSR) or high (HSR) social rank. 2 Most
conservative standard error is presented.

4. Discussion

Our working hypothesis stated that a high social rank status leads to priority feed
access, increasing live weight aligned with augmented udder morphometric values; there-
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after, increased quality of both colostrum and milk would be expected in high-social-ranked
crossbred dairy goats. According to our general results, such a working hypothesis cannot
be rejected. In fact, both the social rank, mainly the high-social-ranked goats, as well as
time of sampling, considered the temporal stage of the last third of pregnancy and its
transition to the first phase of lactation, operated as key modulators upon both udder
architecture, as well as milk quality, with no effect of social rank upon colostrum quality in
crossbred dairy goats managed under semi-extensive, dry-semiarid conditions (≈260 mm
rainfall yearly). Our research outcomes endorse that high-social-ranked goats merged
some essential behaviors such as aggressiveness, assertiveness, and supremacy to have
primacy to feed access, augmenting live weight. Even though such an increased body
weight advantage was not reflected upon in an enlarged colostrum quality, there were
witnessed increases in both udder morphometric size (i.e., UDPER, MSL, and LTLT) and
milk quality (i.e., fat, protein, and nonfat solids) in the HSR goats.

Goats are a gregarious species with complex social interactions between dominant
and subordinate animals. High-ranking animals generally exert priority access to more
and better available resources, which favor productive performance [8,12,33–37]. This high
hierarchy is positively correlated to privileged access to food, which generally translates
into greater increases in live weight in the dominant groups (i.e., HSR) [12]. In addition
to a higher LW and BCS and even metabolic state, a high social rank generates greater
reproductive and productive success [12,13,37–41]. Our main research outcomes are aligned
with such aforementioned findings.

In goats, a positive relationship has been described between udder morphological
measurements and milk production [42]. When evaluating the relationship between udder
characteristics and milk production in goats, a positive association was observed; then,
such findings were also positively aligned with increases in LW and BCS across time [43,44].
These results are consistent with our study since the udder variables UDPER, MSL, LTLT,
RTLT, LTDIA, and RTDIA showed increased values when comparing the initial values with
respect to those obtained at the end of the experimental period. Therefore, the transition
from the third trimester of gestation to the early stage of lactation positively affected some
of the main components of the architecture of both the udder and the nipple. Other studies
have reported positive associations between udder morphometry with respect to milk
quality and yield, not only in goats, but also in cattle and sheep [45–49]. Although increases
in udder morphometry components (i.e., UDPER, MSL, and LTLT) and some quality milk
constituents (i.e., FAT, PRO, and NFS) occurred in the HSR in our study, such a scenario was
not observed when the colostrum quality was evaluated; in fact, no differences occurred
between social ranks.

Studies aimed at understanding the modulation of the colostrum quality components
are of fundamental relevance due to the central role that colostrum exerts upon both peri-
and postnatal kid survival and also upon the sustainability of the production system
itself [50]. As in other mammals, kids are born with low levels of immunoglobulins [51,52]
and, therefore, depend on an adequate intake of colostrum to obtain passive immunity
that guarantees a competent future health status [53,54]. Additionally, a higher protein
concentration of colostrum, mainly immunoglobulins, promotes faster colonization of the
intestine by anaerobic bacteria. Moreover, a density >1.070 g/cm3 enhanced the growth of
Lactobacilli and Bifidobacterium spp., which reduced hostile microflora, such as Coliforms or
Enterococci, improving in parallel the daily weight gains of the newborn [55]. In this context,
although a higher social rank generates a greater live weight in goats, which should be
positively aligned with the viability of the kids as they have better access to better-quality
colostrum [56–59], such a physiologic scenario was not observed in our study.

For millennia, goat milk has been a central issue of human nutrition in different
cultures and civilizations, due to its great similarity to human milk [24]. Goat milk is
composed of 85.5% water and 14.5% of total solids, which are made up of fat, protein,
carbohydrates, and minerals; said composition largely evidences the high quality of goat
milk [27,60]. The production and quality of milk are influenced not only by intrinsic factors
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(i.e., genetic background, production level, lactation stage, physiological state), but also
by extrinsic factors as well (i.e., year, season of the year, feed quality). Certainly, both in
extensive and semi-extensive systems, the season of the year defines the availability of
pasture and directly affects milk composition [61].

Other extrinsic factors include temperature, herd management, milking system, feed-
ing, health status, and duration of the dry period, among others [62,63]. However, limited
information has been generated regarding the interplay between social behavior and milk
production; most studies have been focused on disentangling the social interaction with re-
spect to animal growth and reproductive performance [8,12,33–35,37,40]. Nonetheless, milk
quality can also be modulated by the social array or production system; when compared
to housed cows, grazing cows interacted more socially, increased affiliative interactions,
and produced higher-quality milk (i.e., > fat%, > urea, mg mL−1, and < somatic cells
and bacterial count, log10 mL−1) [64]. In line with such findings, in our study, the HSR
goats demonstrated increased milk quality, with augmented fat, protein, and nonfat solids
percentages during early lactation regarding the LSR goats (p < 0.05). A possible phys-
iometabolic scenario explaining such outcomes is that the higher LW observed in the
HSR goats could have granted better performance when competing against the LSR goats
regarding the feed intake while partitioning nutrients are partitioned, privileging milk
quality, especially its fat, protein, and nonfat solids content. According to our literature
search, this study seems to be the first report assessing the main interactions between social
hierarchy, live weight, metabolic status, udder architecture, and milk quality in goats.

5. Conclusions

Although we still have a disconnected understanding about the interplay that goat
social rank, live weight, and some udder morphometric traits exert upon colostrum and
milk quality, our results endorse that high-social-ranked goats merged some central behav-
iors such as aggressiveness, assertiveness, and supremacy to have primacy to feed access,
augmenting their live weight. Whereas said body weight advantage was not reflected
upon in colostrum quality, the high-social-ranked goats improved some morphological
udder values (i.e., UDPER, MSL, and LTLT), and produced milk with increased quality,
specifically with augmented fat, protein, and nonfat solids content at specific points during
the early stages of lactation. Therefore, our results confirmed our working hypothesis
in that both the social rank, mainly the high-social-ranked goats, as well as the temporal
stage of the last third of pregnancy and the first phase of lactation (i.e., time), operated as
important modulators upon both udder architecture, as well as milk quality, in crossbred
dairy goats managed under a semi-extensive, dry-semiarid production system, the latter
scenario being fundamental for the sustainability of marginal goat production systems, the
producer and his family.
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