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El papel central de la suplementación dirigida con betacaroteno en el 
comportamiento endocrino y reproductivo en caprinos de las regiones 

áridas de México 

López-Flores, Noé, M.1, Meza-Herrera, Cesar, A.2, Pérez-Marín, Carlos, C.2. 

En América, México es líder en inventario y nivel de producción de leche 

caprina; la Comarca Lagunera, situada en el norte árido (26° N), es la principal 

región productora de leche caprina en México. Se desarrollaron dos 

experimentos (Exp1 y Exp2) para evaluar el posible efecto de la 

suplementación de betacaroteno (BC) a nivel endocrino y reproductivo. El 

Exp1, consideró cabras adultas (n=22, 45.35 ± 1.35 kg., 3.5 años, Saanen-

Alpino x Criollo) en la época natural de empadre (oct-nov) evaluando los 

niveles séricos de la hormona del crecimiento (GH), el factor de crecimiento 

análogo a insulina tipo 1 (IGF-1), y en la actividad ovárica total (AOT; folículos 

antrales + cuerpos lúteos). El Exp2 consideró cabras jóvenes (n=22, 

anéstricas, 29.17 ± 1.02 kg, 1 año de edad, Alpino-Saanen-Nubian x Criollo), 

en la época no-reproductiva (abr-mayo), evaluando la pulsatilidad de la 

hormona luteinizante (LH) y la AOT. En el Exp1, el grupo-BC mostró un 

aumento en la AOT respecto al grupo control (CONT) (8.4 vs 6.2 unidades), 

paralelo a una reducción en los niveles medios de GH en el grupo-BC (10.0 

vs 14.3 ng/mL), sin diferencias en los niveles de IGF-1 (254.6 ng/mL). En el 

Exp2, además de un incremento en la AOT en el grupo-BC (3.44 vs 1.87 

unidades), se observó una mayor amplitud en el pulso de LH (0.55 vs 0.24 

ng/mL). Los resultados demuestran por primera vez al BC como una molécula 

reguladora no solo de la actividad ovárica tanto en época reproductiva como 

en el anestro, sino como un modulador del patrón de secreción de GH en 

hembras adultas y LH en primalas, en genotipos con un alto encaste hacia 

razas lecheras con una marcada reproducción estacional. Futuras 

investigaciones deberán definir el probable sitio de acción del BC en la función 

del eje hipotalámico-hipofisiario-gonadal caprino. 

Palabras clave: Cabras, Betacaroteno, Endocrino y Reproductivo.  
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ABSTRACT 

The key role of targeted betacarotene supplementation on endocrine 
and reproductive performance in goats of the Mexican arid regions 

López-Flores, Noé, M.1, Meza-Herrera, Cesar, A.2, Pérez-Marín, Carlos, C.2. 

In the Americas, Mexico leads the census and the production of goat milk; the 

Comarca Lagunera, located in the arid northern (26° N), is the main goat milk 

production region in Mexico. Two experiments (Exp1 and Exp2) were carried 

out to evaluate the possible effect of betacarotene (BC) supplementation at 

endocrine and reproductive level. In the Exp1, adult goats (n=22, 45.35 ± 1.35 

kg, 3.5 years-old, 7/8 Saanen-Alpine x Criollo), during the natural breeding 

season (Oct-Nov) it was evaluated the serum levels of growth hormone (GH), 

the insulin-like growth factor type-1 and upon the total ovarian activity (AOT; 

antral follicles + corpus luteum). In from October to November (during the 

natural breeding season). The Exp2 considered young goats (n=22, 

anestrous, 29.17 ± 1.02 kg, 1 year-old, Alpine-Saanen-Nubian x Criollo) during 

the non-reproductive season (Apr-May), evaluating the pulsatility of the 

luteinizing hormone (LH) and the AOT. In the Exp1, the BC-group depicted an 

augmented AOT regarding the control groups (CONT) (8.4 vs 6.2 units), 

parallel to a reduction in the serum average levels of GH in the BC-group (10.0 

vs 14.3 ng/mL), with no differences in the IGF-1 levels (254.6 ng/mL). In the 

Exp2, besides to an increased AOT in the BC-group (3.44 vs 1.87 units), it was 

observed a grater LH pulse amplitude (0.55 vs 0.24 ng/mL). These results 

demonstrate for the first time to betacarotene not only as AOT-regulating 

molecule but also as a modulator of the release pattern of GH in adult goats 

as well as LH in yearling goats with genotypes with a high degree towards 

highly marked seasonal reproduction.  Future research should define the 

probable site of BC-action regarding the function of the hypothalamic-

hypophyseal-gonadal axis in goats. 

Keywords: Goats, Betacarotene, Endocrine and Reproductive. 
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Doctorado en ciencias en recursos naturales y medio ambiente en zonas áridas 

Doctorado en recursos naturales y gestión sostenible 

In Mexico, there are 494,000 goat production units and they are supposed to 

be the primary or complementary production activity for approximately 1.5 

million Mexicans (Arechiga et al., 2008).  About 8.7 million goats are registered 

in Mexico, producing 167 tons of milk (1.1% world production) and 48 tons of 

meat (0.89% world production) (Andrade-Montemayor, 2017). The typical 

production systems of the arid and semi-arid zones of Mexico maintain about 

64% of the goats, while the remaining 36% are found in the country's 

temperate zone. The afore mentioned arid and semi-arid zones, almost 60% 

of the national goat inventory, are located in the Comarca Lagunera, between 

Coahuila and Durango, considered the largest milk producing zone in the 

country. Goat farming is considered as a natural resource with high social 

importance among the inhabitants of rural areas (Arechiga et al., 2008). 

Reproduction in this species is restricted as a consequence of the low 

reproductive effectiveness, delayed onset of puberty, long anestrous periods, 

low fertility and prolificacy (mainly in marginalized areas), and high aridity and 

food shortages. These condition can also be found in the Comarca Lagunera 

(Vergara, 2014). Reproductive performance is one of the most important 

economic variables in modern goat production (Haliloglu et al., 2002). 

Goat farming is one of the most important activities for the subsistence of the 

peasants both at national and regional level. This practice faces a marked 

limitation due, as before mentioned, to the scarcity of forage during the dry 

season, which forces the herd to consume plants or forages with low nutritional 

content, causing weight loss, and high content of secondary metabolites 

(López-Flores et al., 2018a). Nutritional signals act as direct regulators of 

seasonal reproduction and they also govern fertility in cycling animals (Meza-

Herrera, 2012). Under semi-arid conditions in northern Mexico, goats satisfy 

their nutritional needs mainly through the consumption of available vegetation; 

however, the forages do not maintain a sufficient nutritional level for all the 

year and, only during summer months, the animals consume food enough to 

cover their nutritional requirements. If nutritional requirements are not covered, 

animals use their body reserves, with the consequent loss of weight and body 

condition, affecting on their productive and reproductive performance 
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(Rosales-Nieto et al., 2006). Nutritional deleterious effects are linked to 

reproductive failures in males and females, and this impact is really important 

since all the flock are usually affected (Campos and Hernandez, 2008). 

 

The nutritional level affects the processes involved in the follicular 

development and ovulatory rate of ruminants, particularly through changes in 

live weight (LW) and body condition (BC), (Meza-Herrera et al., 2004; 

Scaramuzzi et al., 2006). These nutritional effects are mediated by changes in 

metabolic hormone levels and the growth factor superfamily (Meza-Herrera et 

al., 2006). Growth hormones (GH) serum concentrations fluctuate in response 

to the nutritional status and they can depress the synthesis and secretion of 

gonadotropins (FSH and LH) and also the reproductive efficiency (Scaramuzzi 

et al., 2006; Guerra-Garcia et al., 2009). 

The improvement of the ovulatory and reproductive rates after nutritional 

supplementation can be achieved by increasing live weight and body condition 

(Meza-Herrera et al., 2017). In this regard, nutrition influences on the 

reproductive function throughout three different effects: a) static effect, which 

is achieved in the long term by heavier females; b) dynamic effect, generated 

by increased feeding for 3-4 weeks (Scaramuzzi et al., 2006); and c) acute 

effect, generated without promoting changes in the female's live weight, also 

called immediate effect by providing nutritional supplements for <10 days 

(Martín et al., 2004). 

Small herbivorous ungulates are seasonal polyestrous breeders, i.e. they 

show estrous cycles only during an established season over the year, and their 

reproductive activity is intimately related to the rhythm of meat and milk 

production (Vergara, 2014). Reproductive events are closely aligned with 

metabolic state and food availability, nutritional level, food supplementation 

and body reserves (Meza-Herrera and Tena-Sempere, 2012). Nutritional 

supplementation is mainly carried out when animals are exposed to corporal 

condition loss during periods with deficient forage resources, in order to reforce 

the endocrine or metabolic signals involved in some reproductive purposes 

(Lopez-Flores, 2016). The management of supplementary nutritional 

components, as vitamin A or its precursor betacarotene, promotes a wide 
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range of biological processes, such as cell development, differentiation and 

morphogenesis through retinoic acid (RA) (Amann et al., 2011). 

Betacarotene (BC) belongs to the family of carotenoids. These phytochemical 

pigments are naturally synthesized in many fruits and vegetables, plants, algae 

and photosynthetic bacteria (Eggersdorfer & Wyss, 2018). In mammals, 

carotenoids are mainly metabolized in the liver; cattle and horses have the 

highest BC content in the liver, followed by goats (3.4 µg/g of tissue) (Darwish 

et al., 2016). From a reproductive standpoint, BC supplementation has been 

associated with increased steroidogenesis in both corpus luteum and follicular 

tissue (Lopez-Flores et al., 2018a). The fundamental endocrine actions of 

pituitary gonadotropins (LH, FSH) and other intra-ovarian molecules that act 

in an autocrine or paracrine manner (i.e., IGF-1 and 2) on both follicular growth 

and oocyte maturation have also been established (Meza-Herrera et al., 2010). 

In addition, the communication between the hypothalamic-pituitary-gonadal 

axis (HPG), is closely modulated by an extremely complex arrangement of 

neural inputs governed not only by photo- and thermo-periodic keys, but also 

by the metabolic state in animals (Meza-Herrera et al., 2011). In addition, BC 

has been shown to downregulate estrogen-induced transactivation of the 

estrogen receptor (Hirch et al., 2007), demonstrating its potential role as a 

HPG axis-modulating molecule. In addition, nutritional supplementation with a 

mixture of BC, polyphenolic compounds, probiotics and n-3 and n-6 

polyunsaturated fatty acids was shown to regulate genes involved in the 

activation of gonadotropic cells and in the GnRH regulation (Haliloglu et al., 

2002). While the participation of BC has been proposed as a possible 

modulator on the HPG axis (Salem et al., 2015), previous studies of our group 

demonstrated an interesting BC role as a modulator not only for serum insulin 

(Meza-Herrera et al, 2011), triiodothyronine (Meza-Herrera et al., 2014) and 

GH-IGF-1 system (López-Flores et al., 2018b), but also for some selected 

blood metabolites (Meza-Herrera et al., 2017). Based on previous findings, we 

hypothesized that BC supplementation might exert a positive effect on adult 

female goats during natural breeding season and on young female goats out 

of season, affecting on the ovarian function and also on the serum levels of 

GH, IGF-1 and LH release pattern. 
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2.1. General objective 

 

 To evaluate the effect of supplementation on the reproductive efficiency 

of female goats reared in the arid regions of Comarca Lagunera, 

Mexico. 

 

 

 

 

 

2.2. Specific objectives 

 

 To evaluate the effect of BC supplementation on ovarian function in 

adult female goats, as well as to obtain possible evidence of BC 

influences on serum GH and IGF-1 levels. 

 

 

 To evaluate the possible effect of BC supplementation on ovarian 

function and relation to the pattern of LH release in yearling anestrous 

goats. 
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H1. Betacarotene supplementation will generate an increment in ovarian 

function and GH/IGF-1 release pattern in adult female goats. 

 

 
 
 
H2. Betacarotene supplementation will reactivate and enhance ovarian 

function, and the LH release pattern in yearling anestrous goats. 
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4.1. Situation of goat farming in the world 

The earliest evidence of goats dates back to the Neolithic period; moreover, 

cave paintings found in the Sacred Mountains of Southwest Asia suggest a 

relationship between humans and goats for a long time, as far as 8,000 years 

B.C. Despite the evidence, the domestication of the goat species is still not 

entirely clear and, although it is considered that goats were domesticated 

thousands of years ago, nowadays it has not evolved as much as other 

ruminants who were also domesticated. For this reason, the goat retains 

certain anatomical, physiological and behavioral characteristics of its primitive 

ancestors (Mellado, 1985). 

In the last decades, the world goat population has perceived a remarkable 

increment, reaching a number over one billion heads, most of them located in 

developing countries (FAOSTAT, 2014). The indigenous breeds are 

undoubtedly the most widespread breeds in these areas, being the American 

continent a good example; only in Mexico and Brazil there are about 20 million 

goats (Pares-Casanova, 2016).  

Table 1. Shows de continental distribution of goats (FAO, 2019). 

Country Goat Population (%) 

 Asian 60 

 Africa 33.1 

 America  4.3 

 Europe 2.2 

 Oceania 0.4 

 

China is the most representative country, with around 167 million goats, 

followed by India with around 130 million; these two Asian countries represent 

29.22% of the world total (FAO, 2014). It is worth mentioning that 94% of the 

world's goat population is located in developed countries and 55% of this is in 

arid regions (Arechiga et al., 2008). In addition, goat production is the main 

source for milk and meat production for many subsistence farmers and 5.6 

million tons of meat were worldwide produced during 2016, representing 1.7% 

of total production (FAO, 2016). However, in the last decades, high genetic 

merit breeds have been exported to many developing countries in order to 
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carry out crossbreeding with local breeds, increasing the milk production and 

becoming cost-efficient. Saanen, Anglo Nubian, Toggenburg, Alpine and West 

African Dwarf breeds have been used for improving the genetics of dairy goats 

(FAO, 2018). 

4.2. Goat farming in Mexico 

Goats were introduced in Mexico by the Spaniards, and genotypic and 

phenotypic studies indicate a high influence of Navarra and Andalusia breeds 

on the original goats that arrived to Mexico. These animals are now adapted 

to the Mexican environment and they are particularly resistant to drought and 

fodder shortages. Nowadays, goat farming is a profitable livestock production, 

which offers incomes to many marginal families. Since the beginning of the 

20th century, this type of farming has been tacked as a family activity in Mexico, 

demonstrating high business impact in different regions of the country due to 

their ability for milk production and transformation (Guerrero, 2016). 

Different ecosystems existing in Mexico reveal a huge biodiversity in this 

country. Herbivorous ungulates with a great capacity of adaptation are 

distributed over this territory, which it is mainly occupied by xerophilous scrubs 

in arid and semi-arid climates, as well as tropical deciduous forests and, on a 

smaller scale, the grasslands. These ecosystems occupy 47.34% of Mexico 

and the majority of goat’s population is distributed in this area; Puebla, Oaxaca 

and Guerrero on the south stand out, and San Luis Potosi, Coahuila, Durango 

and Zacatecas on the center-north area. In these states, as in other developing 

countries, small ruminants and especially goats are managed by small 

producers. Of the national goat population, 80% is governed by an extensive 

production system, coupled with the existence of as many variants as 

geographical areas or cultures in the country. In addition, an incalculable 

wealth of germplasm has been developed thanks to the selection of the breed 

groups themselves, which leads to two interesting situations (Alejandre-Ortiz 

et al., 2016). On the one hand, this type of livestock is considered by some to 

be an unproductive activity because it does not contribute more than 1% of the 

value of the country's livestock production (SAGARPA-SIAP, 2014).  However, 

another goat sector has committed to the objective of "making it profitable" by 

implementing a series of monitoring measures that only a small portion of 
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producers can comply with, specifically the large dairy producers in the central 

zone of the country (El Bajio), and the northern zone (Comarca Lagunera). 

Another issue, the gradual destruction of ecosystems is a serious problem, 

which become extremely fragile, requiring land management for their 

conservation; in this context, goats are usually considered a threat, rather than 

an integral part of the system, however, they are an essential part of this 

puzzle. Producers who practice subsistence livestock farming will hardly 

become entrepreneurs, since it will be difficult for most to radically change their 

ancestral practices (Alejandre-Ortiz et al., 2016). 

The Northern arid and semiarid region produces 42% of meat and 72% of milk 

of the total annual production per year, and Durango and Coahuila (the 

Comarca Lagunera), Zacatecas and Nuevo Leon are the most relevant states 

involved. Goat meat is the largest production, which is consumed almost 

entirely in the same region. In the same way, the Comarca Lagunera, located 

in the Mexican arid area, is an important goat production region, but there are 

also more than 400,000 cows (SAGARPA-SIAP, 2014). The goats currently 

raised in the Comarca Lagunera are descendants of Murciano-Granadina and 

Malagueña Spanish breeds which, in turn, were crossbred with other as 

Alpine, Saanen, Toggenbourg and Anglo-Nubian during the last 60 years, 

improving the milk and meat production. These mixed goat breeds are 

currently the predominant population in the Comarca Lagunera and they are 

called "criollos" or "locals" (Merlos et al., 2008). In the Comarca Lagunera, 90% 

of the goats are a mix of breeds with high dairy background, called "mosaico 

lagunero", and they are managed under extensive production systems (Meza-

Herrera et al., 2014). These animals are fed only on the natural pastures and 

do not receive nutritional supplementation. The availability of forage species 

that are consumed by goats suffers a drastic decrease during the period from 

November to March (Saenz-Escarcega et al., 1991).  

Goats reared under extensive systems in the Comarca Lagunera are grazed 

during the morning and return in the afternoon. At night, they are housed in 

open facilities and, in general, females and males remain together throughout 

the year. Kids are suckled and later, they are weaned and sold at around 4-6 

weeks-old. However, the milk sale is considered as the activity that generates 
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the greatest incomes for producers (Sáenz-Escárcega et al., 1991). In this 

region, goats generate profits higher than 781 million MXN or around 39 million 

USD due to the milk production and commercialization (SAGARPA-SIAP, 

2014). In the same course, the Comarca Lagunera is the region producing the 

highest goat milk yield, with nearly 60 million liters of milk per year (SAGARPA-

SIAP, 2013), which represents approximately 36% of the total production in 

the country. 

4.3. Environmental impact of goat farming 

Extensive goat production systems impact on the ecology due to the 

uncontrolled grazing, which conduct to the desertification, contributing to a 

worrying climate change. Awareness campaigns are nowadays aimed at 

producers, in order to highlight the importance of conserving these ecosystems 

without undermining the productive activities (Alejandre-Ortiz et al., 2016). 

In recent years, the negative impact of livestock farming on the environment 

has been emphasized. The report "Livestock's Long Shadow", published by 

FAO in 2006, brought together a large body of evidence showing the 

detrimental environmental effect of livestock and livestock-related 

anthropogenic activities (Steinfeld et al., 2006). Most of the summer pastures 

in Mexico are managed by "ejidos" or shared lands. An "ejido" is a legal entity, 

in which a community of people (not businesses) owns a large land area whose 

objective is the exploitation and integral use ("supposed") of its natural and 

human resources through personal work. In the "ejido", grazing lands are 

managed under two forms of land tenure: common and parcel (private 

property) uses. In the first one, "ejidatarios" with livestock can graze their 

animals without restrictions, and in the second one, the use of the land is 

exclusive to a rancher with exclusive use rights for that area. Grazing lands 

have different degrees of deterioration attributed to the relationship between 

the density of animals and the capacity of the pastures to serve as food and to 

resist trampling (Barrera et al., 2018).  

At present, thanks to the deepening in the study of the characteristics of the 

genus Capra, it has been proposed that the goat operates from chaos to order 

and not that due to its rusticity it generates disturbances in different habitats. 
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Its role as the cause of soil erosion has been questioned and it has been 

suggested by many people that the real predator is the human being, who, due 

to irrational attitudes and a lack of knowledge, places this species in ecozones 

where no other species can develop, thus generating disturbances or 

overgrazing. The goat, thanks to its great rusticity, survives in such places 

consuming the scarce vegetal component that this habitat offers. This can be 

seen in two ways, that domestic animals live in human society as useful 

animals, or that society believes that natural resources were created for them. 

Bedotti (2008) mentions that the goat, more than any other species in animal 

production, should be considered as part of a complex in which it is in 

permanent interaction with man and the environment in which it is raised, 

especially if one thinks of intervention policies in the systems in which this 

species plays such an important role. 

Goat is a multifunctional animal, having unique characteristics, which allow 

them to carry out a socio-economic role in extreme marginal areas. They can 

also be integrated into controlled livestock systems, exercising a preventive 

role in the control of forest fires, opening up grazing areas closed by bushes 

and even allowing a more harmonious and sustainable management with the 

environment. Landau et al. (2000) mention that the demands faced by goats 

to find sustenance and to interrelate with soils, climates and people even more 

adapt to each of these changing systems, life for herbivorous ungulates 

extends between the limits of order and chaos. 

Bedotti (2008) affirms that the goat, more than any other species in animal 

production, should be considered as a part of a complex where man and 

environment are continuously interacting, mainly in case of intervention 

policies. 

Having reviewed some unique characteristics of this species that have 

developed through its survival, we can therefore consider that the goat is a 

multifunctional animal, but above all, it is instrumental in implementing lines of 

research on animal production and above all, producing a cultural change in 

those who have seen the goat as a problem and not as an answer. 

Documentation reported by Rodríguez-Florentino (undated) informs about the 

main countries in the world generating methane emissions from enteric 
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fermentation (produced by cattle, buffaloes, sheep and goats and pigs). The 

first contributing country is sub-Saharan Africa with 2.30 million tons (Tg) of 

CH4 year-1 by dairy cattle, and 1.82 Tg CH4 year-1 by sheep and goats with, 

followed by Asia with 0.84 and 0.88 Tg CH4 year-1, respectively. Central and 

South America together generate 3.36 Tg CH4 year-1 by dairy cattle and 0.58 

Tg CH4 year-1, among others. According to the livestock production systems, 

the extensive system is positioned as the second issuer of methane gas per 

year with a total of 29.58 Tg and being in first place the mixed system with a 

total of 55.02 Tg CH4 year-1. 

4.3.1. Social impact of goat farming 

The goat sector is underdeveloped in the country due to a series of 

weaknesses of different nature, specifically focused on the socio-cultural 

aspect, which limits its development. Most Mexicans reject this species 

because they consider that they cause too much work with minimum earnings 

and it is an activity carried out by low social status population (chiveros), (Rubio 

& Perez-Eguia, 2014). It is very important to identify the problems that are 

determining this decline and to propose the most favorable policy for the 

development of the goat farming. In general, goat products have a high value 

when they reach the final consumer, which is not reflected in the income or 

standard of living of primary producers, indicating a latent potential 

development (Guerrero-Cruz, 2010). Although there is a very close 

relationship between goats and poverty, they cannot be considered as 

synonymous terms, although these are beliefs or thoughts that are very 

culturally rooted in many societies and therefore, they should be reconsidered 

(López-Flores, 2018b). 

In the last 16 years, the production units (UP) dedicated to goat farming have 

decreased by more than half. It is estimated that goat farming generates more 

than 19 million workdays per year and it provides salary for low-income 

producers in marginalized areas (Alejandre-Ortiz et al., 2016). 

Farming based on traditional breeding management pursues to save money 

and to practice the self-consumption. It is currently known as the "social 

sector", which has great importance   not only from the economic point of view, 

but also socially by providing work for families and fostering rural roots 
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(Dorantes-Coronado et al., 2014). However, in Mexico, as Cavallotti reported, 

"livestock farming has historically been subject to a kind of stigmatization, 

mainly in the social sciences due to its association with extensive livestock 

farming linked mostly to land dispossession and environmental degradation" 

(Cavallotti, 2017). In particular, goat farming is one of the sectors that has 

received attention from governments and international organizations; the 

academic sector has however shown little interest on goat farming and on the 

social groups that practice it (Anzaldo-Montoya, 2020). Consequently, the 

importance of goat production in the social sector or in traditional systems is 

not only limited to technical innovations, since the interaction with social and 

economic factors are really diverse and important, as already mentioned 

(Dorantes-Coronado et al., 2014). 

Recently, within the framework of the discussion on the global environmental 

crisis, grazing livestock (goats, camels, reindeer, llamas, etc.) emerged as a 

relevant issue in the public agenda of international organizations. Pastoralist 

groups that for years had been kept away from studies, programs and funding, 

are now a focus of attention within the global climate change agenda. The 

report "A case of benign neglect: knowledge gaps about sustainability in 

pastoralism and rangelands", published in 2019 by the United Nations 

Environment Programme (UNEP), states that "pastoralism (goats, camels, 

reindeer, llamas, etc.) is a fundamental activity in the protection of ecosystems 

in natural grazing lands". On the other hand, it recognizes that "it is an activity 

anchored to the identities and traditional knowledge of diverse social groups, 

which contributes to the food security of millions of people around the world" 

(Anzaldo-Montoya, 2020). 

4.3.2. Economic impact of goat farming 

Mexico possesses great biodiversity thanks to the presence of different 

ecosystems. Herbivorous ungulates occupy around 47.34% of the surface of 

this country, being small goat farms highly represented in the southern and 

center-northern areas (Alejandre-Ortiz et al., 2016). Goat farming is 

considered a natural resource of high social importance and considerable 

among rural dwellers, without whose support they would have practically no 

other resource on which to depend (Arechiga et al., 2008). Reproductive 
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indexes are limited as a consequence of low reproductive effectiveness, 

delayed onset of puberty, prolonged anestrus periods or low fertility and 

prolificacy, due particularly to high aridity and scarcity of food in this 

marginalized areas, as the Comarca Lagunera (Vergara, 2014). 

In Mexico, there are 494,000 goat production units and approximately 1.5 

million Mexicans who have as their primary or complementary productive 

activity goat farming. Goat production is associated mostly with lower income 

rural population strata located in characteristic zones of arid and semi-arid 

areas of the country, 80% of which are subsistence production systems 

(Andrade-Montemayor, 2017). 

Regional production systems are heterogeneous, with technological and 

health gaps and little or no organization and integration. Thus, goat farming 

generates 48,000 tons of meat and 167,000 tons of milk annually (SAGARPA-

SIAP, 2012). The states with the largest goat population are Puebla with 

15.4%, Oaxaca with 12%, San Luis Potosí with 10.5%, Guerrero with 7.9% 

and Zacatecas with 6.1% of the national population. Among the most milk-

producing states, Coahuila stands out with 37.2% of the national total, 

Durango with 21%, Guanajuato 16.8%, Nuevo León 9.9%, Jalisco 3.7% and 

Zacatecas 3.2% (Arechiga et al., 2008). 

Annual per capita consumption of goat meat is 0.4 kg, of which 2.1% is 

imported meat. It is important to mention that a high percentage of goats are 

slaughtered and consumed by the farmer himself, so the information that exists 

may not be as accurate (Arechiga et al., 2008). 

An example of the low level of diversification in the goat world 

commercialization chain is the fact that the main commercial product is 

generally live animals (domestic markets). As for goat dairy products, cheese 

is the main product marketed, with the United States, Canada, Mexico and 

Japan being the main importers. France is the country with the largest and 

best goat dairy technology and its products with designation of origin are highly 

recognized in the world market (PlanNet Finance, 2011).  

Most economic analysis studying extensive livestock do not consider the cost 

of feed in grazing, i.e. the cost of the pasture as a source of food is not taken 

into account, which causes overestimate the profitability of these production 
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systems. Costs are an important tool for planning and controlling the activities 

of any production system. The estimation of production costs allows the 

generation of information for making decisions in aspects such as investment 

in technological innovations and changes in the production processes that 

influence the economic profitability and competitiveness of the company 

(Barrera et al., 2018). 

The Mexican agrifood system has been undergoing transformations as a result 

of a series of factors that have affected it, such as economic liberalization, the 

industrialization of agriculture and changes in consumption patterns. These 

situations have caused our agricultural production to face an increasingly 

intense competition, mainly due to the increase of imported products based on 

subsidized schemes and in general, with superior quality standards (Ducoing-

Watty, undated). Due to its socioeconomic importance at a national level, goat 

production in Mexico represents an important option for sustainable 

development for the rural population. However, there are currently a series of 

challenges to be faced by producers, marketers, technicians and researchers 

in order to make this activity a generalized element of increased quality of life 

for goat producers. Goat production should be considered as having a great 

productive, economic, social, cultural and ecological importance; this activity 

offers multiple and diverse contributions to society, mainly in the marginalized 

regions and social sectors, where in addition to the food and raw materials it 

produces, it is an important source of self-employment and income. 

Undoubtedly, goat farming in Mexico is a great challenge for scholars of the 

conservation of local domestic animal biodiversity and sustainable 

development (Alejandre-Ortiz et al., 2016). 

4.4. Reproductive aspects in the female goat 

The goat is a seasonal polyestrous animal, with cyclic estrous only during a 

specific season over the year. When the species is managed without any 

reproductive manipulation scheme, the reproductive season becomes a 

productive season, which presents serious marketing problems for producers 

who are generally immersed in a market that demands product throughout the 

year and curiously increases its demand during the season that corresponds 

to the lowest natural production (Vergara, 2014). 
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Reproduction in goats is conditioned by a series of environmental factors. 

Photoperiod, stress, nutrition, pheromonal factors and socio-sexual cues are 

determining factors in the reproductive process. Females detect the prevalent 

photoperiod and condition their estrus response through the manifestation of 

their reproductive activity (estrus season and ovulation rate). In this way, a 

strategy is established that will ensure the success of conception, pregnancy 

and lactation (Cueto et al., 2000).  

The goat presents a gestation period of 5 months and its sexual behavior is 

usually expressed during the end of the summer and during the autumn, when 

daylight hours are diminishing (decreasing photoperiod) (Cueto et al., 2000). 

During the breeding season, goat shows estrus every 19 to 21 days. 

Sometimes, they present infertile estrus and short estrous cycles (5 to 7 days) 

at the beginning of the reproductive season and after the males are 

incorporated. In addition, the corpus luteum formed at the beginning of the 

breeding season has a short half-live, producing low progesterone levels 

(Chemineau et al., 1984). This is a characteristic of the goat species and has 

been reported by several authors in different dairy, meat and mohair breeds 

(Gibbons et al., 1994). Reproductive activity is manifested at the onset of 

puberty and is closely related to live weight and/or metabolic status, occurring 

at highly variable ages (Meza-Herrera et al., 2010b). Pubertal females present 

estrus with ovulations when they reach 45 to 65% of their adult weight. In the 

Saanen and Alpine breeds, the reference weight is 31 to 32 kg and in the 

Angora breed, 25 to 26 kg (Cueto et al., 2000). 

4.4.1. Reproductive seasonality 

Reproductive seasonality is an adaptive strategy by which wild and some 

domestic animals reduce the effects of annual variations in temperature and 

food availability (Karsch et al., 1984). In these species, the reproductive activity 

takes place during a specific period and then, births occur at the most 

appropriate time of the year and newborns will find the most favorable 

environment for development and growth. Seasonal species adapt their 

reproductive activity according to the gestation length in order parturition will 

be coinciding with spring season (Paleta, 2015). 
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Seasonality is maintained in most of sheep and goat breeds originating from 

medium and high latitudes (> 35 ̊); (Malpaux et al., 1996), in which the period 

of reproductive activity corresponds to autumn-winter (short or decreasing 

days), while the period of reproductive inactivity appears in spring and summer 

(long or increasing days). In Mexico, female goats have a period of 

reproductive activity between August and January (Zarazaga et al., 2005) and 

male goats have a significant reduction in libido during the spring, regardless 

of the level of feeding (Zarazaga et al., 2009). 

The environment defines the lifestyle and activity of the animals through three 

important components that interact with each other: the basic intensity of 

stress, the time scale magnitude of fluctuations, and the availability of energy 

and resources, causing living organisms to develop responses on different 

time scales: evolutionary and behavioral strategies accumulated over many 

years, adaptive strategies on a circa-annual, lunar or solar basis, and circadian 

and circa-annual strategies (Gonzalez-Bulnes et al., 2011). 

One or several environmental factors influence on the gonadotropic 

neuroendocrine activity along the annual reproductive cycle in small 

ruminants, being the duration of light hours per day or photoperiod the most 

repeatable factor. This is considered as the main external factor that 

determines the reproductive activity period (Santa Maria et al., 1990). As a 

consequence, the reproductive seasonality produces important variations 

throughout the year in reference to the meat and milk production, causing 

important oscillation in their prices (Celi, 2012). 

Nutritional signals are also direct regulators of seasonal reproduction and a 

main regulator of fertility in cycling animals (Meza-Herrera, 2012). Under semi-

arid conditions in northern Mexico, goats satisfy their nutritional needs mainly 

through the consumption of available vegetation. However, forages frequently 

do not have nutrients enough to cover these needs, and only during summer 

months they can consume the required nutrients in order to cover or exceed 

their necessities. In case of deficient nutrition, animals must use their body 

reserves, with the consequent loss of weight and body condition, which could 

negatively effect on their productive and reproductive performance (Rosales-

Nieto et al., 2006). 
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4.4.2. Seasonal Anestrous 

Seasonal anestrus is the consequence of a decrease in the activity of the 

hypothalamus-pituitary axis, noting a reduction in the frequency of GnRH 

pulses and, consequently, also the secretion of pituitary hormones. The 

photoperiodic message acts on the hypothalamus and on the neurosecretory 

cells (in the central nervous system) to regulate the reproductive function. The 

hypothalamus regulates the secretion of GnRH through the retraction of the 

ovarian steroids, which translates into a seasonal variation of the LH pulses, 

so that the frequency of the pulses increases during the short days and 

decreases in the long ones. The effects of the photoperiod on LH secretion 

and negative steroid feedback can be simulated using pinealectomized sheep 

and using serial melatonin infusions (Paleta, 2015).  

In the case of the Comarca Lagunera, the period of anestrus in the females 

and sexual rest in the males coincide with the drought period and, 

consequently, with a dramatic decrease in the quantity and quality of forage, 

suggesting that the absence of sexual activity is partially caused by 

underfeeding (Vergara, 2014). Anestrus is a physiological event, sometimes 

associated with pre-puberty period, gestation or post-partum, but it is also 

associated to environmental and management factors (Lopez-Sebastian, 

1999). 

4.4.3. Influence of photoperiod in the female goat to migrate from the 

anestrous period to another of sexual activity. 

The domestication in some mammals has allowed us to understand 

reproductive variations; such characteristics were inherited from the wild 

ancestors (Urviola and Riveros, 2017). 

Photoperiod could exert a positive effect on goats, resulting in ovulations two 

months after the end of the summer solstice. Then, goats show cyclic 

reproductive activity during more than half of a year. The light stimulus, 

directed towards the retina, is transported to the central nervous system and 

pineal gland. This acts as a neuroendocrine transmitter, secreting melatonin 

under fewer light hours. Melatonin affects the production of hypothalamic 

GnRH, which initiates of gonadal action (Matamoros and Salinas, 2017). The 
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released steroids act on the folliculogenesis process, sexual drive and 

development of secondary sexual characteristics. In addition, they promote a 

negative or positive feedback on the hypothalamus-pituitary axis, preventing 

an unblocking of the system. 

As mentioned, in seasonal species such as goats, cyclicity is not perennial for 

a whole year, thus defining an anestrus phase and an activity phase. The 

neuroendocrine action during these two seasons is very noticeable. Ovulation 

occurs in normal estrus cycles and, after the luteinization, the corpus luteum 

is formed, secreting progesterone during approximately 16 days. Then, 

luteolysis is initiated and corpus luteum is destroyed, beginning a new estrus 

cycle. The follicular growth promotes the increment of estradiol 17β, which 

induce the estrus signs during the heat or standing estrus.  

On the other hand, the anovulation season is carried out by an almost 

complete absence of cycles. A low frequency of LH pulse is observed in the 

female goats, less than 2 pulses per 6 hours, and endogenous progesterone 

is not produced since no CL is formed. The low activity of the luteinizing 

hormone during anestrus is driven by the negative feedback of 17β-estradiol 

on the hypothalamus-pituitary axis (Chemineau and Delgadillo, 1994). 

A central factor that translate exogenous and endogenous signals is the so-

called "LH-pulse generator". This neuroendocrine processing gives rise to the 

pulsed mode of gonadotropin secretion and serves to modulate the 

reproductive action of light signals. Previous studies in sheep have shown that 

the “LH pulse generator” produces GnRH release from the hypothalamus to 

be later discharged into the pituitary gland. Due to the effects influenced by the 

days of less light hours, there is an elevated production of LH pulses that gives 

the strength to provoke bursts of GnRH discharge from the hypothalamic 

neurons. The LH pulse frequency will be maintained to complete the 

preovulatory process, as long as the progesterone does not manifest itself.  It 

is worth mentioning that the influence of progesterone is so important since 

the reproductive system depends on it, exerting a negative feedback from the 

somatotropic axis by decreasing the frequency and increasing the amplitude 

of the LH pulses, suppressing follicular growth and blocking ovulation (Lozano-

Gonzalez et al., 2012).  
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The core of this model is that the transitions between the reproductive stage 

and estrus are a consequence of LH pulses (Karsch, 1984; Meza-Herrera, 

2017). Therefore, these annual variations are due to the synthesis and 

secretion of melatonin plus a set of neurotransmitters (Urviola and Riveros, 

2017).  

It is interesting to clarify those neuroendocrine events involved in the seasonal 

reproduction and why female moves from the anestrus to the reproductive 

activity. And, it should be also considering the mechanisms or effects that they 

exert on the hypothalamus-pituitary axis, which modulate the estrous cycle. 

The key control seems to lie within the system governing the tonic LH 

secretion, specifically whether or not estradiol can suppress the neural 

processes that occur due to this secretion. Therefore, it is stated that 

photoperiod modulates the annual reproductive cycle and thus triggers a 

hormone cascade, from the peak of the hypothalamus.  

During anestrus, the LH generating pulse becomes extremely sensitive to 

inhibition by estradiol, so much so that the basal estradiol level is powerful 

enough to cause a suppressive effect. The hypothalamic frequencies of GnRH 

are very diminished by the low pulses of LH not having supported the effects 

of the basal estradiol. Redundantly the anestrus to estrus transitions are more 

than the consequence of the LH pulse generator frequencies (Karsch, 1984; 

Meza-Herrera, 2017). 

4.5. Nutrition-reproduction interaction 

Considering the critical role that the nutritional status plays in the reproductive 

events, nutritional management is essential to optimize reproductive 

performance in many species. The endocrine system is one of the key 

mediators between external environmental changes and internal responses, 

with proven impacts not only on reproductive anatomy and physiology, but 

also, and consequently, on reproductive behavior and efficiency (Meza-

Herrera & Tena-Sempere, 2012). In general, species have adjusting their 

reproductive cycles to the available food resources, and animal physiology 

(specifically in females) has been adapted to meet the nutritional requirements 

related to reproduction. Females tend to accumulate corporal reserves for 

using in case of negative energy balance, such as occur during lactation, or 
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for improving the reproductive cycles (Carrion & Medel, 2002). In any of the 

above scenarios, nutritional status is closely related to the function of the 

hypothalamic-pituitary-gonadal axis (Meza-Herrera & Tena-Sempere, 2012). 

Under this context, our research group has studied (Meza-Herrera et al., 

2014), the possible effects associated to the glutamate and beta-carotene 

supplementation in goats, aimed at endocrine-reproductive outcomes. 

Therefore, taking as a background the positive results of the BC-based 

supplementation, it was decided to continue with this line of research, taking 

as an experimental unit the adult and young female goat respectively and in 

different seasonal periods. 

4.5.1. Importance of Betacarotene as a modulator of the reproductive 

function in ruminants 

Betacarotene is the main precursor of vitamin A and can be present in forages. 

This essential vitamin can be found in forage, it is really important for life, since 

in some mammals it is not produced per se. In the ruminants, the fat 

participates in the transport of betacarotene by the lymphatic system, and later 

it is transformed into vitamin A, which it is stored in the liver (Aguiar & Rojas, 

2015). It should be noted that some carotenoids can be transformed into 

vitamin A, depending on the concentrations of beta-ionone, which come 

precisely from the natural degradation of carotenoids to be subsequently split 

by animals and obtain as a product retinol (Carranco et al., 2011).  Reports 

indicate that one milligram of beta-carotene is transformed by the intestinal 

mucosa into an activity equal to 400 IU of vitamin A. Numerous researches 

have demonstrated the effects of betacaroten in the reproductive function 

(Arellano et al., 2007; Arellano et al., 2008; López-Flores et al., 2018 and 

López-Flores et al., 2020). With a focused and regulated influence on the 

ovary, and acting the betacarotene as a positive modulator in the activity and 

hormonal development of the follicle and corpus luteum (CL). Enriquez (2016) 

suggested that "in the cells of the intestinal mucosa, specific amino acids 

transfer the betacarotene to the liver, where it is carried to high density 

lipoproteins. Betacarotene, plus cholesterol and accompanied by vitamin E, 

cross the follicular barrier and are internalized in the follicular fluid. Right there, 

by the action of the enzyme carotenase, betacarotene is transformed into 
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vitamin. Finally, it will activate the enzymatic complex of cholesterol for the 

metabolism of progesterone and proteolytic enzymes which will help the follicle 

to break down for ovulation. It is worth mentioning that vitamin A is also very 

important to prevent weak births, or in the worst case, miscarriages or uterine 

atony. Fortunately, herbivorous ungulates are capable of storing vitamin A in 

considerable proportions in the liver, which is used in times of shortage 

(Hazard, 2017). It has been observed that cattle, followed by horses, obtain 

the highest values in hepatic substrate of betacarotene, the goats continuing 

with (3, 4 g/g of tissue), specifically (Darwish et al., 2016). 

The contribution of complementary nutritional substances to the diet is 

considered essential to achieve reproductive performance goals in many 

species. One of the contributions to reproductive activity is the modulation of 

hormone groups and metabolic events, which takes the starting point is the 

gonadotropin-releasing hormone, forming the link between the brain and the 

reproductive system. In turn, the production of gonadotropins is released by 

luteinizing hormone and follicle-stimulating hormone. The nutrition factor is 

intimately related to the function with the hypothalamic-pituitary-gonadal axis, 

since they establish a link between the energetic balance, the availability of 

the metabolic fuel and the reproductive outcomes. The supplementation, 

besides regulating the hormonal system, is the key to modulate animals that 

present cyclicity and efficiency in reproduction and production outcomes 

(Meza-Herrera & Tena-Sempere, 2012). In addition, beta-carotene has played 

a role as an antioxidant by repressing oxygen free radicals that harm in 

steroidogenesis, triggering this increases protein, total cholesterol glucose and 

decreasing urea in goats (Dominic & Khoboso, 2020). 

Meza-Herrera et al. (2017), reported that betacarotene has contributed as a 

major signaling molecule for the activation of the HHG axis and a modulating 

role in insulin, triiodothyronine and positive effects on blood metabolites.  

The use of complementary nutritional substances, and their effects on the 

reproductive function can be attained through three strategies: the static, 

dynamic and acute effects. These effects will modulate a large part of the 

physiological system of animals (Scaramuzzi et al., 2011). On the other hand, 

undernourished animals present a late puberty, due to weak pulsations of the 
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GnRH hormone, which in turn triggers a decrease in the pulsatile 

LH secretion (Mojapelo & Lehloenya, 2019). 
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5.1. The key role of targeted betacarotene supplementation on endocrine and 
reproductive outcomes in goats: Follicular development, ovulation rate and the GH-IGF-
1 axis. 
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5.2 Precision Betacarotene supplementation enhanced ovarian function and the LH 

release pattern in yearling crossbred anestrous goats. 
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Taking into account a translational perspective, since GH promotes cell 

proliferation and angiogenesis while inhibiting apoptosis, the GH/IGF-1 system 

has been implicated in mammals with the development and/or progression of 

several types of cancer (Kopchik et al., 2014). 

On the other hand, GH levels have been associated with signs of premature 

aging with an extreme reduction in life expectancy. Although these premature 

deaths have been diagnosed as multifactorial in origin, organ-specific 

pathological damage has been consistently present with an increased 

incidence of tumors (Bartke et al., 2013; Kopchik et al., 2014). Furthermore, 

acting through autocrine/paracrine/endocrine pathways, increased GH levels 

have been linked to oncogenesis; therefore, any attempt to reduce the action 

of GH/IGF-1 in some pathological scenarios could provide outstanding 

protection against certain types of cancer (Pollack et al., 2001; Kopchik et al., 

2014). These findings merged with our results offer interesting possibilities in 

the search for possible translational applications, considering the GH-reducing 

effect of BC supplementation observed in our study; further research 

considering this approach emerges as an interesting subject. 

Besides, data found by our research group demonstrate that beta-carotene 

supplementation produces an increase in ovarian activity and ovulation rate, 

which could be used as a model for adult goats, in particular such physiological 

scenario invoked the participation of a decrease in serum GH, however, 

without effects on IGF-1 levels. It remains to be determined if such a decrease 

in GH secretion could directly affect the hypothalamic centers that modulate 

the pulsatile release of GnRH or indirectly through peripheral signals that 

reflect actions of GH/IGF-1 at the ovarian level. However, one study reveals 

for the first time, a potential role of BC as a somatotropin-modulating molecule. 

However, the precise site of action of BC in the whole HPG axis in females is 

expected to be established; being the last one important for the animal industry 

and with possible implications of translation from a clinical point of view. 

To conclude, the results of our two studies developed in this thesis, support 

the fact that betacarotene would improve the follicular development during the 

natural breeding season in adult animals as well as the out-off-season ovarian 

function, inducing changes in the pattern of LH release in yearling anestrus 

goats, without differences in live weight and body condition score. The 
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question remains whether the effects of BC supplementation were exerted by 

deviations in the LH release pattern, or whether they were exerted directly on 

the ovarian physiology or even mediated through increased regulation of LH 

ovarian receptors. Further research designed to expose the precise endocrine 

or metabolic effects of BC along the HPG axis would contribute to a better 

understanding of the positive out-of-season ovarian outcomes observed in BC-

supplemented one-year-old anestrus goats, particularly with a high degree of 

genes from highly seasonal goat breeds. 
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