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Simple Summary: In the arid lands of Northern Mexico, there are several dairy cattle clusters
managed under intensive production systems and fed completely with mixed rations, yet 3-5% feed
rejection of the total ration offered has been reported. This surplus feed retains a high nutritional
value which could be used to improve the reproductive efficiency of goats managed under marginal-
extensive schemes. Therefore, we visualized an interesting research opportunity based on the circular
economy approach. We hypothesized that a short-term supplementation with feed leftovers from
dairy farms (i.e., intensive system) will increase the reproductive outcomes of rangeland managed
goats (i.e., extensive system), trying to promote the circularity/connectedness between two highly
discordant production systems. Our study intended to elucidate this working hypothesis.

Abstract: Based on a circular economy approach, we evaluated the possible effect of targeted supple-
mentation with leftover feed from dairy cows (i.e., intensive system) on the reproductive performance
of crossbred/rangeland goats (i.e., extensive system) in arid Northern Mexico. During the deep-
anestrous season (i.e., March—-April, 25° North), multiparous goats (1 = 38) with a similar body weight
(BW) and body condition score (BCS) were randomly assigned to two groups: (1) supplemented group
(SG; n=19; BCS: 1.76 & 0.07; BW: 43.7 £ 1.8 kg), receiving 400 g goat d—1of dairy-cow-feed leftovers
prior to grazing; and (2) non-supplemented group (NS; n = 19; BCS: 1.76 & 0.06; BW: 44.3 £ 2.5 kg).
Both groups were directed to the rangeland for a period of ~8 h. While the experimental period
lasted 36 d, the experimental breeding considered 11 d (d0-d10). The anovulatory status of goats
was ultrasonographically confirmed on days —20, —10, and —1 prior to male-female interaction.
Previously, bucks were separated for 3 weeks from the experimental females and received exogenous
testosterone every third day (i.e., 50 mg i.m.) prior to mating. With respect to the response variables,
namely BW, BCS, blood glucose levels (BGLs), estrus induction (GIE, %), latency to estrus (LTE, h), es-
trus duration (ED, h), and luteal tissue volume (LTV, mm), no differences (p > 0.05) occurred between
experimental groups. However, the response variables, namely goats ovulating (GO, %; 78.9 vs. 47.3),
total number of corpuses luteum (TNCL, n; 27 vs. 13), ovulation rate (OR, n; 1.42 vs. 0.73), multiple
ovulation (MO, %; 73.3 vs. 55.5), and pregnancy rate on d 36 (PRd36, %, 68.4 vs. 36.8), favored
(p < 0.05) the SG over the NS goats. Our results demonstrate that connecting the circularity of two
divergent ruminant production systems (i.e., cow-intensive and goat-extensive) by using dairy cows’
feed leftovers as a targeted supplementation strategy in anestrous goats under a marginal-rangeland
production system enhanced out-of-season reproductive outcomes (i.e., ovulation rate and pregnancy
rate), thus benefiting marginal goat producers and their families.
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1. Introduction

At latitudes >30° N, seasonal sexual activity in goats is determined by the photoperiod,
governed by a circannual rhythm involving daylight. Once the photoperiod decreases, the
pineal gland induces a more prolonged secretion of melatonin in neurons of the hypothala-
mic medio basal preoptic area, activating greater GnRH pulsatility [1]. Therefore, in most
goats located at latitudes greater than 30° N, while long day photoperiods inhibit sexual ac-
tivity, short days induce reproductive activity. However, reproductive seasonality may vary
according to breed, showing dissimilar reproductive responses at different latitudes; native
goats to tropical areas may show low or non-reproductive seasonality [2]. Moreover, sexual
behavior and reproductive outcomes can be modulated through hormonal treatments [3],
sociosexual interactions [4], hierarchical structures within the herd [5], and nutritional
status, which results in different body condition scores (BCS) for the animals [6,7]. In the
arid and semi-arid zones of Northern Mexico (25° N), most goats are kept in rangeland,
which presents drastic feed fluctuations, either in regard to quantity or quality; therefore,
the nutritional supplementation of goats is generally required to maintain an adequate
reproductive performance [8].

However, feeding them commercial grains and concentrates is expensive, thus hin-
dering their use by most goat farmers [9] The use of by-products from the food industry
has been recognized as a cheap form of supplementation for farm animals; likewise, the
non-conventional feeds [6,9] can serve as potential ingredients for feeding goats on range-
land [10]. In the arid lands of Northern Mexico, there are several dairy cattle clusters
that are managed under intensive production systems and fed completely with mixed
rations [11]. Under this type of nutritional management, 3-5% feed rejection of the total
ration offered has been observed [12]. This surplus feed retains a high nutritional value [6],
which could be used to improve the reproductive efficiency of goats managed under
marginal-extensive schemes. Therefore, we visualized an interesting research opportunity
based on the circular economy approach [13]. We aimed to link a small transect observed in
the classical highly industrialized large-scale dairy cow clusters settled in the arid lands of
Northern Mexico, majorly based on an unsustainable, wasteful linear model of production
(i.e., with an inventory (I) of 493,144 Holstein cows, the ecological cost (EC) represents
2340% regarding the Economic Value of Production (EVP)) [14] to the classical extensive
goat production system, resembling a more circular, less linear, more closed loop (i.e.,
with an I = 390,423 crossbred goats, the EC represents 32.6% regarding the EVP) [15]. We
hypothesized that a short-term supplementation with feed leftovers from dairy farms (i.e.,
intensive system) would increase the reproductive outcomes of rangeland-managed goats
(i.e., extensive system), trying to promote the circularity between two highly discordant
production systems. This study was designed to test this working hypothesis.

2. Materials and Methods
2.1. General

All experimental procedures, methods, and handling of experimental units used in
this study complied with international [16] and national [17] standards for the ethical use,
care, and welfare of animals in research, with institutional approval reference number
UAAAN-UL-13-10 8242 2641.

2.2. Study Area and Environmental Conditions

This study was carried out in Northern Mexico (25° N, 103° W; 1148 m). The climate
is BWhw” (e) according to the Kdppen classification system [18], corresponding to very
dry or desert climate that is semi-warm with rains in summer and cool in the winter, with
extreme oscillations [19]. The mean annual temperature is 21.3 °C, reaching an extreme
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maximum temperature of 44 °C in May—June and an extreme minimum temperature of
—2 °C during December—January [18]. The photoperiodic variations are 13:41 h of light
during the summer solstice and 10:19 h during the winter solstice [20]. The average annual
rainfall is 220 mm, with the highest rainfall occurring during summer and autumn [18].
The study area is in the central region of the Chihuahuan Desert, where the predominant
vegetation includes shrubs, as well as grasses [21]. Goats were kept on rangeland from 1030
to 1900 h, with occasional grazing of crop residues (i.e., corn and sorghum); then, goats
were housed overnight in pens, having access to mineral blocks, and drinking water ad
libitum (Figure 1).
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Figure 1. Schematic representation of the experimental protocol in of multiparous cross-
bred/rangeland goats (1 = 38) (i.e., extensive system) receiving (S) or not (NS) a nutritional supple-

Leftover feed supplementation

mentation of feed leftovers from a dairy cow enterprise (i.e., intensive system) in Northern Mexico.

2.3. Animals and Their Management

Male goats: Crossbred dairy-type adult bucks (n = 4) of proven libido and fertility
were used to induce estrus of goats managed under an extensive production system.
Males were similar in BW and BCS (2.5; where 0 = emaciated, and 5 = obese). BCS was
defined by palpation of the muscular and fat mass in the sternum and the transverse and
spinous processes of the lumbar vertebrae, as formerly defined [22]. Bucks were previously
separated from the female herd (i.e., 3 weeks) and induced to sexual activity by applying
50 mg of testosterone (Testosterone 50, Brovel®, Mexico City, Mexico) intramuscularly every
third day for three weeks, from 6 to 27 March [23].

Female goats. Crossbred multiparous goats (n = 38) managed under rangeland con-
ditions were diagnosed as anovulatory by ruling out the presence of corpora lutea (CL)
by transrectal ultrasonography (Aloka SSD 500, Tokyo, Japan; 7.5 MHz transducer), on
days —20, —10, and —1, considering day 0 (d0) the onset of the experimental breeding
(28 March). During the deep-anestrous season (i.e., March—April, 25° N), multiparous goats
with a similar body weight (BW) and body condition score (BCS), were randomized into
two groups: (1) supplemented group (SG; n = 19; BCS: 1.76 + 0.07; BW: 43.7 £ 1.8 kg),
receiving 400 g goat d ! of dairy cow feed leftovers (Table 1) prior to grazing; and (2) non-
supplemented groups (NS; n = 19; BCS: 1.76 &= 0.06; BW: 44.3 £ 2.5 kg). Preceding the
grazing activity, the short-term supplementation (i.e., 400 g) was individually offered to
each goat in a plastic container with a capacity 5.0 kg. Previously, the feed leftovers from
a dairy cow enterprise were collected daily at 07:00 and brought to the goat corrals to be
offered to the SG goats. From d —5 to d +15 (i.e., 23 March to 12 April), both groups of goats
grazed from 09:00 to 19:00 h. The sampling process of the feed leftovers was carried out by
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taking 10 samples (i.e., 50 g each) along the feeding line and subsequently analyzed the
samples’ chemical and physical composition in the Chemistry Laboratory of the university
(Table 1).

Table 1. Chemical and physical composition of the dairy cow feed leftovers used as targeted short-

term nutritional supplementation (20 days) to multiparous dairy crossbred goats managed under

rangeland production scheme in arid Northern Mexico !.

Ingredients % (g/kg DM~ 1)

Corn silage 241.6
Rolled corn grain 310.7
Alfalfa hay 135.2
Soybean meal 1235
Cottonseed meal 94.5
Vitamins and minerals premix 94.5

Nutrient content of diet (%/kg 1)

Dry matter 80.0
Ash 7.3
Ether extract 3.8
Crude protein 153
Neutral detergent fiber 26.9
Acid detergent fiber 17.8
Total detergent nutrients 88.9
Metabolizable energy (Mcal/kg MS—1) 3 3.5

! The short-term supplementation period included 20 days (i.e., d —5 to d +15 of the experimental breeding). 2 The
presence of Aspergillus flavus in corn by-products was discarded [24]. 3 The metabolizable energy was calculated
according to the equation proposed by the NRC (2001) [25].

Male effect. On 28 March (d0) at 19:00 h, two bucks were introduced to each group
of goats; bucks were exchanged between pens of goats every 12 h. Twenty-four hours
before buck’s introduction, each goat received 25 mg of progesterone i.m. (Progesterone,
Lab. Zoetis®, Mexico City, Mexico) to minimize the occurrence of short estrous cycles [26].
Additionally, the female’s BW was registered on days —5, —1, and +15, using a digital
pendulum scale with a 150 kg capacity (Weiheng, Model: WH-C100, China). Blood glucose
was also quantified on days —5, —1, and +15, considering a 12 h fasting period; a drop of
blood was collected by venipuncture of the jugular and immediately analyzed in a portable
glucometer (ABCSu-Chek ® Roche, Model 0086, Basel, Switzerland) with a reliability level
of 95%.

2.3.1. Response Variables

Estrus response. The estrus response of goats was individually registered by expos-
ing them to sexually active bucks from 19:00 to 09:00 h for 10 d. When they remained
immobile and allowed the mount, goats were considered in estrus [27]. The latency to
estrus was defined as the period (i.e., h) from the exposure to the bucks (d0) until the
moment that goats accepted to be mounted. Regarding the variable duration of estrus, time
was quantified from the first mount until the last one that each goat allowed during the
experimental breeding.

Reproductive response. The proportion of goats that ovulated was quantified in each
goat on d 10 of the experimental period (i.e., 8 April), throughout transrectal ultrasound
examination (Aloka SSD-500, Tokyo, Japan; 7.5 MHz); no goat showed signs of estrus after
day 10 of the experimental breeding. In both ovaries, the number of corpora lutea, as
evidence of ovulation, was categorized as single, double, or triple. Every CL was measured
to determine its luteal tissue volume (V) by using the following formula: V=4/3 x 7 x 1°.
The radius (r) was calculated using the formular = (L/2 + A/2)/2, where L = length, and
A = width [28]. While the total number of ovulations was calculated in each group, the
pregnancy rate was ultrasonographically diagnosed on day +36.
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2.3.2. Statistical Analysis

A completely randomized experimental design was used. Based on the results of the
Kolmogorov-Smirnov test, parametric or non-parametric analyzes were performed for the
different variables. The goats’ blood glucose values, BW, and BCS on days —5, —1, and +15
were compared with an ANOVA. Estrus latency was analyzed using a Kruskal-Wallis test;
subsequently, the OR was compared using the Mann-Whitney U test; and, finally, the x>
test was used for data relating to proportions such as goats in estrus, ovulated goats, types
of ovulation, and pregnant goats at day 36 after mating. All data were analyzed using SPSS
25 software (IBM SPSS Statistics for Windows, Version 25.0., Armonk, NY, USA: IBM Corp).
The threshold to define a statistical significance was established at 0.05.

3. Results

The body weight and body condition score of both groups did not differ (p > 0.05)
throughout the experimental period. Moreover, the blood glucose values followed the
same trend between treatments across the study, with no differences across time (i.e., d —5,
—1, and +15; p > 0.05) (Table 2). Regarding the estrus response (i.e., estrus induction, estrus
latency, and estrus duration), no differences between experimental groups were detected in
the study (p > 0.05) (Table 3); no short cycles were detected.

Table 2. Means =+ standard error for body weight (BW, kg), body condition score (BCS, units),
and blood glucose level (mg/dL), on days —5, —1, and +15 of multiparous crossbred /rangeland
goats (1 = 38) (i.e., extensive system) receiving (S) or not (NS) a nutritional supplementation of feed

leftovers from a dairy cow enterprise (i.e., intensive system) in Northern Mexico L

d-5 d-1 d+15
Variables 2
SG NSG SG NSG SG NSG
BW 437 £1.85 443 +250 43.8+ 182 4454257 448+1.80 453 +256
BCS 1.76 £ 0.07 176 £0.06 176 +0.07 176 £0.06 1.79£0.07 1.76 £0.06

Glucose 602+097 614+£158 600+112 5884107 640+144 609 +1.46

! The SG was supplemented from day —5 to +15 in relation to the mating period; d0 = onset of the experimental
out-of-season breeding (i.e., 28 March to 7 April). SG = supplemented; NSG = non-supplemented. ? For all the
response variables, no differences were detected (p > 0.05).

Table 3. Frequencies and means =+ standard error for estrus responses, ovulations (%), total number
of corpuses luteum (1), ovulation rate (units), luteal tissue volume (mm?), type of ovulation (%), and
pregnancy rate (d36, %) from multiparous crossbred /rangeland goats (1 = 38) (i.e., extensive system)
receiving (SG, n = 19) or not (NSG, n = 19) a nutritional supplementation of feed leftovers from a

dairy cow enterprise (i.e., intensive system) in Northern Mexico .

Groups
Variables
SG NSG

Estrus induction (%) 16/19 (84.21) 13/19 (68.42)
Latency to estrus (h) 99.75 + 8.7 101.54 +12.3
Estrus duration (h) 32.25+32 31.38 £ 4.0
Goats ovulating, 1 (%) 15/19 (78.94) 2 9/19 (47.36) b
Total number of corpora luteum, (1) 272 14b
Ovulation rate (1) 142 +0232 0.73+£021P
Luteal tissue volume (mm?) 657 + 100 424 + 89
Type of ovulation:

-Single, 11 (%) 4/15 (26.67) 4/9 (44.44)

-Double, 1 (%) 9/15 (60.00) 2 4/9 (44.44) P
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Table 3. Cont.

Groups
Variables
SG NSG
“Triple, n (%) 2/15 (13.33) 1/9 (11.11)
-Multiple, 1 (%) 11/15(73.33) @ 5/9 (55.55) P
Pregnancy rate, d36, 1 (%) 13/19 (68.42) @ 7/19 (36.84) b

! The SG was supplemented from day —5 to +15 in relation to the mating period; d0 = onset of the experimental
out-of-season breeding (i.e., 28 March to 7 April). SG = supplemented group; NS = non-supplemented group.
ab Response variables with different superscript between columns within row differ (p < 0.05).

The proportion of goats ovulating (%), volume of luteal tissue (mm?), proportions of
ovulation type (i.e., single, double, triple, or multiple), and pregnancy rate at d 45 after
are shown in Table 3. With respect to the response variables, estrus induction, latency
to estrus, estrus duration, and luteal tissue volume did not differ between experimental
groups (p > 0.05). On the contrary, the phenotypic values for goats ovulating (78.94 vs.
47.36%), total number of corpora luteum (1), and ovulation rate differed (p < 0.05) between
experimental groups, favoring to the SG goats. In addition, regarding the type of ovulation
(i.e., simple, double, triple, or multiple), while no differences (p > 0.05) occurred in the per-
centage of single and triple ovulations between experimental groups, both the proportions
of double (60.0 vs. 44.4%) and multiple (73.3 vs. 55.5%) ovulations favored (p < 0.05) to the
SG goats. Moreover, the pregnancy rate diagnosed at d 36 post-mating (68.4 vs. 36.8%) also
favored to the SG (Table 3).

4. Discussion

Based on a circular economy approach, our working hypothesis stated that a short-
term supplementation with feed leftovers from dairy farms (i.e., intensive system) will
increase the reproductive outcomes of rangeland managed goats (i.e., extensive system),
trying to promote the circularity between two highly discordant ruminant production
schemes. As proposed, the response variables number of goats ovulating, total number
of corpuses luteum, ovulation rate, number of multiple ovulations, and pregnancy rate
favored the supplemented goats. Thus, based on our main research outcomes, our working
hypothesis was not rejected. As expected, the suggested circularity or connectedness
between two extremely dissimilar ruminant production systems, throughout a kind of
“Robin Hood Effect”, allowed the use of feed wastes of a highly industrialized large-scale
dairy cow system to enhance the reproductive performance of a marginal-extensive goat
production scheme that is more circular and less linear, resembling a more closed loop. That
is, an attempt to re-signify animal production through new approaches of socioeconomic—
ecological relationships with a clean-green—ethical emphasis (i.e., extract-produce-dispose
vs. rethink-reduce-reuse). That was our main commitment.

The physiological processes of reproduction are energetically demanding and are
regulated by energy balance, defined as the difference between feed availability and energy
consumption, which influences the feedback mechanisms that regulate the hypothalamic-
pituitary—gonadal reproductive axis [6]. In our study, the observed augments in the re-
productive response of the SG were independent of either BW or BCS, along with the
experimental period. Their independence from the experimental period could be expected,
as the supplementation period lasted only 20 days. However, such a strategic supplementa-
tion certainly impacted, in a positive fashion, diverse reproductive outcomes, from goats
ovulating up to goats pregnant. The acute effect of short-term supplementation, which does
not promote changes in BW and BCS, may promote a positive effect on follicular growth
and ovulation rate, being more evident in animals with low BW and BCS [29], as it has
been documented that food supplementation stimulates follicular growth [30], and some
studies reported that a short-term nutritional supplementation in sheep augmented the
ovulatory activity [31]. The same trend was also observed in females receiving a short-term
legume supplementation and displaying augmented ovulatory activity [32].
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In the arid lands of Northern Mexico, a high percentage of kidding occurs in summer,
denoting a breeding period around early winter. However, this period is unfavorable
because it is the time of the year with the most significant food shortages. A strategy
to manipulate reproduction more efficiently is to perform hormonal treatments in males
(50 mg of testosterone every third day for 3 weeks) [23] so that mating begins in the
first week of May. With this strategy, goats become pregnant in better conditions of food
availability, and kidding occurs at the beginning of October, when the price of the kid is
more favorable, and the availability of milk for sale is continuous throughout the year. In
this arid region, environmental temperatures increase considerably; however, goats tend to
be less sensitive to heat stress, and, therefore, the magnitude of the biological mechanisms
of thermoregulation is reduced. As previously proposed, the reduction in the magnitude of
the biological mechanisms of thermoregulation can be related to an augmented efficiency
in the use of water and in the fiber digestion by goats [33], as is also seen in Kacang goats, a
local breed well adapted to the extreme environment of the hot-dry region of Indonesia
with a similar production scheme—grazing during the day and pen-sheltered at night [34].

Ovarian function can be influenced by high-in-energy and/or high-in-protein diets if
such diets are provided for a few days just before ovulation [6,31,32]. In addition, ovulation
induction by the stimulus of the male in anovulatory goats is modulated not only by the
depth of the anestrus [35] but also the BW of goats [36]. However, in the present study, no
difference was detected between groups when considering the estrus responses (i.e., estrus
induction, latency to estrus, and estrus duration). This can be explained by the fact that
goats, in times of scarce forage availability, show a particular reproductive strategy that is
different from other farm animals, since most goats “respond” to the male effect regardless
of the degree of body energy reserves [37]. Certainly, goats with low BCS “respond” to
the male effect; however, this response is delayed and minor as compared to good body-
conditioned goats [7]. Unlike with sheep, food restriction is not a significant limitation
for goats to reestablish their reproductive activity [38]. Certainly, even goats at middle
or low BCS can be induced to present estrus, to ovulate [39], to be able to conceive [40],
and to carry their gestation until term [41]. It has been proposed that the insulin-mediated
glucose uptake in ovarian cells is important for the reproduction of small ruminants
since the gonadotropin-dependent follicular development can be modulated by numerous
external influences, with insulin being one of them; in turn, insulin modulates the action of
gonadotropins upon follicular growth [42]. Thus, maximizing the production of glucose
precursors is fundamental to enhance reproductive success [43]. In the present study, no
differences in blood glucose values occurred between groups across the experimental period
(i.e., days —5, —1, and +15), and this result is coincident with increases in the ovulation
rate without the modifications in blood glucose concentrations previously described [30].

The nutritional status of goats is intrinsically related to reproductive success; diverse
metabolites and metabolic hormones have been indicated to act as enhancers of repro-
ductive processes such as follicular and oocyte development, fertilization of ovum, and
embryonic and fetal survivals, among others [44]. Interestingly, in our study, no differences
in BW and BCS occurred between experimental groups or with the experimental period,
yet a significant difference in the pregnancy rate at d36 after mating favored to the SG
goats. Therefore, the short-term nutritional supplementation offered to the SG goats may
activated some nutritionally dependent pathways, affecting, in a positive and direct fashion,
ovarian function and enhancing the oviduct and uterine environments, which, in turn,
allowed an increased pregnancy rate at d36 post-mating irrespective of BW or BCS. Among
the most suitable metabolic hormone players modulating such an interesting response in
the SG are growth hormone, insulin-like growth factor I, leptin, glucose, and insulin [44].
Furthermore, it has been reported that a nutritional supplementation before the fertilization
period, either of short or medium duration, has a positive effect upon the out-of-season
reproductive outcomes in goats exposed to the male effect [36,45].

Our study validates the feasibility of transferring a small fuel efflux from a dairy cow
production system (i.e., intensive) towards the counter-season reproductive outcomes of a
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goat production system (i.e., extensive). Nonetheless, this supplementation strategy must
be evaluated in regard to other productive outputs, such as health status, growth rates, milk
yield, and fiber production in small ruminants. Interestingly, the region where our study
was performed (i.e., Comarca Lagunera) has one of the largest industrialized /intensified
dairy cattle hubs in The Americas, with an inventory close to 500,000 Holstein cows [14],
which display a daily average intake of 26.5 kg per cow of a total mixed ration, representing
a total daily intake of 13,068,316 kg. If we consider an average diet rejection of 4%, the
potential feed leftovers of the intensive dairy cow production system signify more than
522,000 kg per day, which can be transferred to the less privileged extensive goat production
system. That is, if projecting to an annual basis the theoretically available 522 tons of
feed leftovers, the marginal-extensive goats production system would potentially receive
a fuel influx of 190,530 tons yearly. Moreover, we need to notice that our study was
performed under marginal conditions not only from a biotic and social but an economic
standpoint, a recurrent scenario observed in most of the world areas where goat production
occurs. Undoubtedly, there are exciting research opportunities ahead to enhance not
only the livelihoods of goat keepers and their families but to better understand the trade-
offs and ecological footprints between dissimilar ruminant production systems under
fragile environments.

5. Conclusions

Considering the circular economy approach, we intended to evaluate the feasibility
to offer a short-term supplementation with feed leftovers from dairy farms (i.e., intensive
system) to increase the reproductive outcomes of rangeland managed goats (i.e., extensive
system). The response variables number of goats ovulating, total number of corpuses
luteum, ovulation rate, number of multiple ovulations, and pregnancy rate at d36 favored
the supplemented goats compared to the control group. The proposed circularity or
connectedness between two extremely dissimilar ruminant production systems, throughout
a kind of “Robin Hood Effect”, allowed the use of feed wastes of a highly industrialized large-
scale dairy cow system to enhance the reproductive performance of a marginal-extensive
goat production scheme that is more circular and less linear, resembling a more closed
loop. This research attempts to re-signify animal production through new approaches of
socioeconomic-ecological relationships with a clean—-green—ethical emphasis (i.e., extract—
produce—dispose vs. rethink-reduce-reuse). At the end, this research effort intends to
promote the enhancement of the animal ecological services, the animal well-being, and the
livelihoods of the goat-producer and his family.

Author Contributions: Conceptualization, A.D.S.-M., C.A.M.-H. and M.M,; data curation, M.G.M.-R.
and M.M; formal analysis, C.A.M.-H. and A.D.S.-M.; funding acquisition, V.C.-V. and J.R. A ; investi-
gation, M.G.M.-R,, EG.V.-D,, EA-R., D.I.C.-M. and ].M.E.-S.; methodology, M.G.M.-R., CAM.-H.,,
A.D.S.-M. and M.M,; project administration, V.C.-V. and ].M.E-S; resources, FG.V.-D., EA.-R., V.C.-V,,
JR.A, DIC.-M. and ].M.E-S.; supervision, A.D.S.-M.; validation, M.M. and FA.-R,; visualization,
FG.V-D, FA-R. and ] R.A,; writing—original draft, A.D.S.-M. and C.A.M.-H. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: All the experimental procedures were completed in accor-
dance with the recommendations for ethical use, care, and welfare of animals in research at global
(USA) and national (Mexico) levels, and they were institutionally authorized by UAAAN. The animal
study protocol was authorized by the Institutional Review Board: Programming, Operation and Scien-
tific Evaluation Committee, approved on 15 April 2013, with the reference number UAAAN-UL-13-10
8242 2641.

Informed Consent Statement: Not applicable.

Data Availability Statement: None of the data were deposited in an official repository, yet informa-
tion can be made available upon request.



Animals 2023, 13, 2431 9of 11

Acknowledgments: The authors thank Horacio Hernandez and his family for providing their herd
to carry out this study and Abril Ramirez, Javier Valencia, and Julia Morales for their technical assis-
tance. We also acknowledge CONAHCYT Mexico for the scholarship awarded to Maria Guadalupe
Machado Ramos.

Conflicts of Interest: The authors declare that there are no conflict of interest that could be perceived
as prejudicing the impartiality of the research reported in this manuscript. The funders had no role
in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Chemineau, P; Bodin, L.; Migaud, M.; Thiéry, ].C.; Malpaux, B. Neuroendocrine and genetic control of seasonal reproduction in
sheep and goats. Reprod. Domest. Anim. 2010, 45, 42—49. [CrossRef] [PubMed]

Mellado, J.; Véliz, F.; De Santiago, M.A.; Meza-Herrera, C.; Mellado, M. Buck-induced estrus in grazing goats during increasing
photoperiod and under cold stress at 25° N. Vet. Zootech. 2014, 66, 40—45.

Véliz-Deras, F.G.; Meza-Herrera, C.A.; Mellado, M.; Contreras-Villarreal, V.; Gaytan-Aleman, L.R.; Guillén-Mufoz, ].M. The Effect
of P4+ eCG Estrus Induction Protocol during the Deep and the Transition Anestrous Period on the Reproductive Performance of
Crossbred Dairy Goats. Biology 2020, 9, 311. [CrossRef] [PubMed]

Véliz, F.G.; Poindron, P.; Malpaux, B.; Delgadillo, ].A. Positive correlation between the body weight of anestrous goats and their
response to the male effect with sexually active bucks. Reprod. Nutr. Dev. 2006, 46, 657-661. [CrossRef] [PubMed]
Zufiiga-Garcia, S.; Meza-Herrera, C.A.; Mendoza-Cortina, A.; Perez-Marin, C.; Lopez-Flores, N.M.; Guillén-Mufioz, ].M.; Arellano-
Rodriguez, G.; Gutierrez-Guzman, U.N.; Bustamante-Andrade, J.A.; Luna-Orozco, J.R; et al. Does Size Matters? Relationships
among Social Dominance and Some Morphometric Traits upon Out-of-Season Reproductive Outcomes in Anestrus Dairy Goats
Treated with P4+ eCG. Biology 2020, 9, 354. [CrossRef]

Blache, D.; Maloney, S.K.; Revell, D.K. Use and limitations of alternative feed resources to sustain and improve reproductive
performance in sheep and goats. Anim. Feed Sci. Technol. 2008, 147, 140-157. [CrossRef]

De Santiago-Miramontes, M.A.; Malpaux, B.; Delgadillo, ].A. Body condition is associated with a shorter breeding season and
reduced ovulation rate in subtropical goats. Anim. Reprod. Sci. 2009, 114, 175-182. [CrossRef]

Mellado, M.; Rodriguez, 1.]J.; Alvarado-Espino, A.; Véliz, F.G.; Mellado, J.; Garcia, J.E. Short communication: Reproductive
response to concentrate supplementation of mixed-breed goats on rangeland. Trop. Anim. Health Prod. 2020, 52, 2737-2741.
[CrossRef]

Pena-Avelino, L.; Ceballos-Olvera, I.; Alva-Perez, |.; Vicente, J.; Pinos-Rodriguez, J. Effects of mesquite (Prosopis laevigata) pods as
a potential feed material for kids. Vet. Med. 2020, 65, 289-296. [CrossRef]

Sikiru, A.B.; Makinde, O.]. Effect of low-cost supplemental feeding practices on preweaning weight gain of goat kids in Tafa LGA
Nigeria. Int. ]. Agric. Res. Sustain. Food Suffic. 2018, 5, 237-247.

Villanueva Diaz, J.; Cerano Paredes, J.; Estrada Avalos, J.; Moran Martinez, R.; Constante Garcia, V. Precipitacién y gasto
reconstruido en la cuenca baja del rio Nazas. Rev. Mex. Cienc. For. 2010, 1, 25-37.

Mendoza, A.; Cajarville, C.; Santana, A.; Repetto, J.L. ;Hacia una nueva forma de pensar la alimentacién de las vacas lecheras? La
insercién del confinamiento en los sistemas pastoriles de produccion de leche. In Proceedings of the XV Congreso Latinoamericano de
Buiatria/XXXIX Jornadas Uruguayas de Buiatria; Centro Médico Veterinario de Paysandu: Paysandd, Uruguay, 2011; Available
online: http:/ /dspace.fvet.edu.uy:8080/xmlui/handle/123456789/765 (accessed on 7 July 2023).

Allegrini, A.; Salvaneschi, P.; Schirone, B.; Cianfaglione, K.; Di Michele, A. Multipurpose plant species and circular economy:
Corylus avellana L. as a study case. Front. Biosci. 2022, 27, 11. [CrossRef]

Navarrete-Molina, C.; Meza-Herrera, C.A.; Herrera-Machuca, M.A.; Macias-Cruz, U.; Veliz-Deras, F.G. Not all ruminants were
created equal: Environmental and socio-economic sustainability of goats under a marginal-extensive production system. J. Clean.
Prod. 2020, 255, 120237. [CrossRef]

Navarrete-Molina, C.; Meza-Herrera, C.A.; Ramirez-Flores, ].J.; Herrera-Machuca, M.A.; Lopez-Villalobos, N.; Lopez-Santiago,
M.A.; Veliz-Deras, F.G. Economic evaluation of the environmental impact of a dairy cattle intensive production cluster under arid
lands conditions. Animal 2019, 13, 2379-2387. [CrossRef]

FASS. Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching, 3rd ed.; Federation Animal Science
Society: Champaing, IL, USA, 2010; p. 177.

NAM-National Academy of Medicine. Guide for the Care and Use of Laboratory Animals, 1st ed.; National Academy of Medicine-
Mexico and the Association for Assessment and Accreditation of Laboratory Animal Care International: Mexico City, Mexico, 2010.
Miranda Wong, R. Caracterizacion de la produccién del cultivo de algodonero (Gossypium hirsutum, L.) en la Comarca Lagunera.
Rev. Mex. Agronegocios 2008, 23, 696-705.

Yescas-Coronado, P.; De Paul Alvarez—Reyna, V., Angel Segura-Castruita, M.; Garcia-Carrillo, M.; Hernandez-Hernandez, V,; Y
Gonzalez-Cervantes, G. Variabilidad Espacial del Carbono Organico e Inorganico del Suelo en la Comarca Lagunera, México. Bol.
Soc. Geol. Mex. 2018, 70, 591-610. [CrossRef]


https://doi.org/10.1111/j.1439-0531.2010.01661.x
https://www.ncbi.nlm.nih.gov/pubmed/24417198
https://doi.org/10.3390/biology9100311
https://www.ncbi.nlm.nih.gov/pubmed/32987953
https://doi.org/10.1051/rnd:2006039
https://www.ncbi.nlm.nih.gov/pubmed/17169312
https://doi.org/10.3390/biology9110354
https://doi.org/10.1016/j.anifeedsci.2007.09.014
https://doi.org/10.1016/j.anireprosci.2008.09.001
https://doi.org/10.1007/s11250-020-02264-z
https://doi.org/10.17221/106/2019-VETMED
http://dspace.fvet.edu.uy:8080/xmlui/handle/123456789/765
https://doi.org/10.31083/j.fbl2701011
https://doi.org/10.1016/j.jclepro.2020.120237
https://doi.org/10.1017/S175173111900048X
https://doi.org/10.18268/BSGM2018v70n3a2

Animals 2023, 13, 2431 10 of 11

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Cruz-Castrejon, U.; Véliz-Deras, F.G.; Rivas-Mufioz, R.; Flores, J.A.; Duarte Moreno, G. Respuesta de la actividad sexual a la
suplementacion alimenticia de machos cabrios tratados con dias largos, con un manejo extensivo a libre pastoreo. Téc. Pecu. Méx.
2007, 45, 93-100.

Granados-Sanchez, D.; Sanchez-Gonzdlez, A.; Granados Victorino, R.L.; Borja De La Rosa, A. Ecologia de la vegetacion del
Desierto Chihuahuense. Rev. Chapingo Ser. Cienc. For. Ambiente 2011, 17, 111-130. [CrossRef]

Hervieu, J.; Morand-Fehr, P.; Schmidely, P.; Fedele, V.; Delfa, R. Mesures anatomiques permettant d’expliquer les variations des
notes sternales, lombaires et caudales utilisées pour estimer 1’état corporel des cheévres laitiéres. Options Méditerr. Sér. A Sémin.
Meéditerr. 1991, 13, 43-56.

Luna-Orozco, J.R.; Guillen-Muiioz, ].M.; De Santiago-Miramontes, M.; Garcia, J.E.; Rodriguez-Martinez, R.; Meza-Herrera, C.A;
Mellado, M.; Véliz, F.G. Influence of sexually inactive bucks subjected to long photoperiod or testosterone on the induction of
estrus in anovulatory goats. Trop. Anim. Health Prod. 2012, 44, 71-75. [CrossRef]

Girolami, F,; Barbarossa, A.; Badino, P.; Ghadiri, S.; Cavallini, D.; Zaghini, A.; Nebbia, C. Effects of Turmeric Powder on Aflatoxin
M1 and Aflatoxicol Excretion in Milk from Dairy Cows Exposed to Aflatoxin Bl at the EU Maximum Tolerable Levels. Toxins
2022, 14, 430. [CrossRef] [PubMed]

National Research Council. Nutrient Requirements of Ruminants: Sheep, Goats, Cervids, and New World Camelids; National Academy
Press: Washington, DC, USA, 2007.

Guillén-Mufioz, ].M.; Meza-Herrera, C.A.; Santos-Jimenez, Z.; Rivas-Mufioz, R.; Luna-Orozco, J.R.; Mellado, M.; Véliz-Deras,
F.G. Exposure of sexually inactive males to estrogenized females increased the investigative and consummatory sexual behavior.
Anim. Reprod. Sci. 2016, 173, 97-103. [CrossRef] [PubMed]

Chemineau, P; Daveau, A.; Maurice, F.; Delgadillo, J.A. Seasonality of estrus and ovulation is not modified by subjecting female
Alpine goats to a tropical photoperiod. Small Rumin. Res. 1992, 8, 299-312. [CrossRef]

Alvarado-Espino, A.S.; Menchaca, A.; Meza-Herrera, C.A.; Carrillo-Moreno, D.I.; Zufiga-Garcia, S.; Arellano-Rodriguez, F;
Mellado, M.; Véliz, F.G. Ovarian response is not affected by the stage of seasonal anestrus or breed of goats when using a
progesterone injection plus human chorionic gonadotropin-based protocol. Anim. Reprod. Sci. 2019, 204, 60-65. [CrossRef]
[PubMed]

Scaramuzzi, R.J.; Baird, D.T.; Campbell, B.K.; Driancourt, M.A.; Dupont, J.; Fortune, J.E.; Gilchrist, R.B.; Martin, G.B.; Mcnatty,
K.P; Mcneilly, A.S.; et al. Regulation of folliculogenesis and the determination of ovulation rate in ruminants. Reprod. Fertil. Dev.
2011, 23, 444-467. [CrossRef] [PubMed]

Mufioz-Gutiérrez, M.; Blache, D.; Martin, G.B.; Scaramuzzi, R.J. Folliculogenesis and ovarian expression of mRNA encoding
aromatase in anoestrous sheep after 5 days of glucose or glucosamine infusion or supplementary lupin feeding. Reproduction
2002, 124, 721-731. [CrossRef] [PubMed]

Banchero, G.E.; Stefanova, K.; Lindsay, D.R.; Quintans, G.; Baldi, F.; Milton, J.T.; Martin, G.B. Ovulation and ovulation rate in
ewes under grazing conditions: Factors affecting the response to short-term supplementation. Animal 2021, 15, 100100. [CrossRef]
Robertson, S.M.; Clayton, E.H.; Friend, M.A. Reproductive performance of ewes grazing lucerne during different periods around
mating. Anim. Reprod. Sci. 2015, 162, 62-72. [CrossRef]

Farias Machado, N.A.; Filho, ].A.D.B.; de Oliveira, K.P.L.; Parente, M.D.O.M.; de Siqueira, J.C.; Pereira, A.M.; Santos, A.R.D;
Sousa, ].M.S.; Rocha, K.S.; de Souza Viveiros, K.K.; et al. Biological rhythm of goats and sheep in response to heat stress. Biol.
Rhythm. Res. 2020, 51, 1044-1052. [CrossRef]

Beyleto, V.Y,; Solihati, N.; Heriyadi, D.; Rahmat, D. Physiological adaptability of pregnant doe Kacang goats in a dry-land-area of
Indonesia. J. Anim. Behav. Biometeorol. 2022, 10, 2223. [CrossRef]

Chemineau, P.; Pellicer-Rubio, M.T.; Lassoued, N.; Khaldi, G.; Monniaux, D. Male-induced short oestrous and ovarian cycles in
sheep and goats: A working hypothesis. Reprod. Nutr. Dev. 2006, 46, 417-429. [CrossRef]

De Santiago-Miramontes, M. A.; Rivas-Mufioz, R.; Munioz-Gutiérrez, M.; Malpaux, B.; Scaramuzzi, R.].; Delgadillo, J.A. The
ovulation rate in anoestrous female goat managed under grazing conditions and exposed to the male effect is increased by
nutritional supplementation. Anim. Reprod. Sci. 2008, 105, 409-416. [CrossRef]

Mellado, M.; Valdez, R.; Lara, L.M.; Lopez, R. Stocking rate effects on goats: A research observation. J. Range Manag. 2003, 56,
167-173. [CrossRef]

Mbayahaga, J.; Mandiki, S.N.M.; Bister, ].L.; Paquay, R. Body weight, Oestrus and ovarian activity in local Burundian ewes and
goats after parturition in the dry season. Anim. Reprod. Sci. 1998, 51, 289-300. [CrossRef]

Rosales, C.A.; Urrutia, J.; Gamez, H.; Diaz, M.O.; Ramirez, B.M. Influencia del nivel de la alimentacién en la actividad reproductiva
de cabras criollas durante la estacion reproductiva. Téc. Pecu. Méx. 2006, 44, 399-406.

Goonewardene, L.A.; Whitmore, W.; Jaeger, S.; Borchert, T.; Okine, E.; Ashmawy, O.; Emond, S. Effect of prebreeding maintenance
diet on subsequent reproduction by artificial insemination in Alpine and Saanen goats. Theriogenology 1997, 48, 151-159. [CrossRef]
Sibanda, L.M.; Ndlovu, L.R.; Bryant, M.]. Effects of low plane of nutrition during pregnancy and lactation on the performance of
Matebele does and their kids. Small Rumin. Res. 1999, 32, 243-250. [CrossRef]

Dupont, J.; Scaramuzzi, R.J. Insulin signaling and glucose transport in the ovary and ovarian function during the ovarian cycle.
Biochem. J. 2016, 473, 1483-1501. [CrossRef]

Robinson, J.J.; Ashworth, C.J.; Rooke, J.A.; Mitchell, L.M.; Mc Evoy, T.G. Nutrition and fertility in ruminant livestock. Anim. Feed.
Sci. Technol. 2006, 126, 259-276. [CrossRef]


https://doi.org/10.5154/r.rchscfa.2010.10.102
https://doi.org/10.1007/s11250-011-9889-y
https://doi.org/10.3390/toxins14070430
https://www.ncbi.nlm.nih.gov/pubmed/35878168
https://doi.org/10.1016/j.anireprosci.2016.09.002
https://www.ncbi.nlm.nih.gov/pubmed/27609358
https://doi.org/10.1016/0921-4488(92)90211-L
https://doi.org/10.1016/j.anireprosci.2019.03.005
https://www.ncbi.nlm.nih.gov/pubmed/30862404
https://doi.org/10.1071/RD09161
https://www.ncbi.nlm.nih.gov/pubmed/21426863
https://doi.org/10.1530/rep.0.1240721
https://www.ncbi.nlm.nih.gov/pubmed/12417011
https://doi.org/10.1016/j.animal.2020.100100
https://doi.org/10.1016/j.anireprosci.2015.09.009
https://doi.org/10.1080/09291016.2019.1573459
https://doi.org/10.31893/jabb.22023
https://doi.org/10.1051/rnd:2006022
https://doi.org/10.1016/j.anireprosci.2007.11.008
https://doi.org/10.2307/4003901
https://doi.org/10.1016/S0378-4320(98)00063-3
https://doi.org/10.1016/S0093-691X(97)00198-2
https://doi.org/10.1016/S0921-4488(98)00191-6
https://doi.org/10.1042/BCJ20160124
https://doi.org/10.1016/j.anifeedsci.2005.08.006

Animals 2023, 13, 2431 11 of 11

44. Scaramuzzi, R.J.; Campbell, B.K.; Downing, ].A.; Kendall, N.R.; Khalid, M.; Mufioz-Gutiérrez, M.; Somchit, A. A review of the
effects of supplementary nutrition in the ewe on the concentrations of reproductive and metabolic hormones and the mechanisms
that regulate folliculogenesis and ovulation rate. Reprod. Nutr. Dev. 2006, 46, 339-354. [CrossRef]

45. Meza-Herrera, C.A.; Hallford, D.M,; Ortiz, J.A.; Cuevas, R.A.; Sanchez, ].M.; Salinas, H.; Mellado, M.; Gonzalez-Bulnes, A. Body
condition and protein supplementation positively affect periovulatory ovarian activity by non-LH mediated pathways in goats.
Anim. Reprod. Sci. 2008, 106, 412—-420. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1051/rnd:2006016
https://doi.org/10.1016/j.anireprosci.2007.06.004
https://www.ncbi.nlm.nih.gov/pubmed/17630231

	Introduction 
	Materials and Methods 
	General 
	Study Area and Environmental Conditions 
	Animals and Their Management 
	Response Variables 
	Statistical Analysis 


	Results 
	Discussion 
	Conclusions 
	References

