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Abstract

:

Simple Summary


We tested whether the milk yield capacity and composition of mixed-breed goats on rangeland in northern Mexico during the dry season affects body weight gain and weaning weight of their progeny. Maternal body weight positively influenced milk yield and milk components (p < 0.05 to p < 0.001). Lactose and solids-non-fat content of milk differed (p < 0.05) between goats with different milk yield capacity, whereas milk protein content tended to differ (p = 0.08) and milk fat content did not (p > 0.05). Milk yield and composition throughout 105-d lactation did not influence body weight gain and weaning weight of the offspring.




Abstract


We tested whether the milk yield capacity of mixed-breed goats on a Chihuahuan desert rangeland in northern Mexico during the dry season affects milk composition, body weight gain, and weaning weight of their progeny. Milk yield and composition, and progeny postnatal growth performance, were recorded weekly. One week after kidding, mixed-breed goats (a mixture of Criollo × dairy breeds; n = 40) were allotted into medium (MP) or low (LP) milk yielding groups (20 goats per group). Mean 105-d total milk yield for MP and LP goats was 45.2 ± 12.5 and 20.7 ± 5.2 L, respectively. Milk lactose (4.3 vs. 4.2%) and solids-non-fat (SNF; 8.2 vs. 8.0) differed (p < 0.05) between MP and LP goats; milk protein content tended to differ (p = 0.08) between MP and LP goats with no difference for milk fat content (p > 0.05). Maternal body weight was positively associated with milk yield, milk lactose, and SNF content (p < 0.05 to p < 0.001). Goats giving birth to males produce more milk than goats giving birth to females, but milk fat percentage was higher in goats bearing females (p < 0.001). Milk yield and composition throughout lactation did not influence body weight gain (47.8 vs. 48.7 g/day for kids from MP and LP goats) and weaning weight (6.7 vs. 6.7 kg from MP and LP goats) of the offspring (p > 0.05). Birth weight and weaning weight of the progeny were positively related to maternal body weight (p ≤ 0.05). The postnatal growth of the kids was reduced, extending the time to reach market weight. Nevertheless, non-supplemented mixed-breed goats reared on semi-arid rangeland of northern Mexico have the potential for moderate milk production. Therefore, due to the limited nutrients ingested by grazing goats during the dry season, a nutritional supplement is necessary to keep up milk production and adequate growth of kids.
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1. Introduction


Around the world, goats are distributed across diverse geographical and agro-ecological zones with 95% of them reared in developing countries [1]. Notably, goats are important for milk and meat production and are usually the principal source of income in low-input farming systems [2]. Mexico has more than 8.8 million goats with a predominance of mixed-breed animals, mostly in arid and semiarid ecosystems, that in 2019 contributed to the economy with nearly 40,000 tons of meat (0.7% of the world volume of meat) and 167,000 tons of milk (0.009% of the world volume of milk) [3]. Most of these goats are reared in xerophytic ecosystems, which are characterized by overgrazing, poor quality soils, and low rainfall which makes forage supply highly variable with patterns varying from year to year and with unreliable forage availability [4]. Animals raised under these conditions generally do not receive nutritional supplements because high-quality hay and concentrate feeds are too expensive; therefore, the productivity of the system depends directly on the forage provided by degraded rangelands [5,6].



We have demonstrated that the nutrient content of forages in xerophytic ecosystems in the dry season does not meet the nutritional requirements of gestating and lactating goats [6]. Goats thrive well in xerophytic shrublands because of their particular anatomic characteristics, exceptional browsing ability, and great ability for diet selection [7]. Additionally, goats can include a wide variety of forages rich in secondary compounds in their diet without toxic effects which help them to cope with the nutritional deficiency of the available vegetation [6,8,9]. Thus, goats adapt to terrains with meager forage resources and still are capable of reproducing and producing moderate levels of milk and meat [6,10,11,12,13].



However, limited maternal nutrition during late gestation and early lactation reduced the production and quality of colostrum and milk [14,15], which compromises offspring survival [16]. If offspring survives, postnatal growth is reduced which in turn delays the onset of puberty and decreases reproductive efficiency [17,18,19]. We and others have demonstrated that goats reared on rangelands of northern Mexico selected the same diet irrespective of their milk-yielding potential [6,20]. Yet, milk yield and composition can be manipulated by nutrition and litter size [13,21,22] but a negative relationship between milk quantity and quality exists [23]. Females giving birth to twins produce more milk than females bearing singletons; however, singletons grow faster and are heavier at weaning than twins [22,24]. Nevertheless, production from ruminants in these dryland systems is expected to play an increasingly important role in feeding the world, so innovative and versatile options for livestock production are needed to maximize productivity and improve ecosystem health [25].



Therefore, it was hypothesized that milk composition adds extra value to the growth performance of the progeny under extensive conditions. Thus, milk composition may differ in grazing goats despite their milk-yielding potential. This is important because, in young animals, maternal milk continues to be important and can determine as much as 70% of their growing up to 12 weeks of age [26]. Additionally, a positive relationship between maternal milk production and composition and offspring growth rate exists [27]. Therefore, the objective of the current study was to determine if the milk yield capacity of mixed-breed non-supplemented goats reared in a xerophytic scrub in northern Mexico during the dry season impacts the milk composition, and bodyweight gain and weaning weight of their progeny.




2. Materials and Methods


2.1. Study Site


The study was conducted on a commercial goat farm on rangeland in northern Mexico (22°39′ N, 101°31′ W, altitude 1850 m). The mean annual temperature is 19 °C (minimal average of 14.1 °C and a maximum average of 21.4 °C) and the average annual precipitation is 334 mm, with 75% occurring from June to October.




2.2. Location, and Environmental Conditions


Environmental data were provided by the Department of Meteorology from the Water National Commission using a meteorology station located 500 m from the place where the goats grassed. Data were recorded daily and include the maximum and minimum environmental temperatures and precipitation. From December to April, the total precipitation was 77 mm (Figure 1). The highest temperature recorded was 33 °C in mid-April (range 20–33 °C) and the lowest temperature was 0 °C in December and January (range 0–11 °C).




2.3. Animals, Management, and Response Variables


To investigate the effect of milk-yielding potential on milk composition and offspring growth, multiparous mixed-breed (Criollo x dairy breeds; mainly French Alpine, Nubian, and Saanen) goats from a commercial herd (n = 150) typical of the extensive farming systems of northern Mexico were used. During the transition into the breeding season (June), ovulation of goats (n = 60) was induced with the insertion of an intravaginal sponge (Chronogest®) on day 0, followed by an intramuscular injection of 300 International Units. pregnant mare serum gonadotropin and 50 µg PGF2α (Prostaglandin F2α; cloprostenol) on day 9. On day 14, sponges were withdrawn and two days later (day 16), experienced adult bucks were joined to does for 42 days (2 ovarian cycles). Pregnancy and number of fetuses were confirmed by trans-abdominal ultrasonography (Samsung-Medison SA-600; Seoul, Korea; 4 MHz transabdominal convex probe) three times between 45 and 60 days after the onset of joining. Once non-pregnant goats were discarded, 40 goats remained in the study. A week after kidding, goats were allotted into two groups based on their milk production (medium ± SD (772 ± 277 g day−1) vs. low ± SD (405 ± 236 g day−1)) and were identified accordingly. To set up the groups, milk yield was determined using the oxytocin protocol (more details in Section 2.5, [22,28]). Milk yield gradually increases to reach its peak within 4 to 6 weeks after parturition and accurate forecasting of milk yield can be used in grazing goats within one week after parturition [29]. The mean kidding date (±standard error of the mean (SEM)) was November 30 ± 1.0 d, which corresponds to the end of the rainy season in this area, and the average litter size for medium (MP) and low (LP) milk-yielding groups does was 1.4 ± 0.1. A timeline of activities along the experimental period is shown in Figure 2.



Both groups of goats were permanently maintained together on rangeland from 1000 to 1800 h daily, driven by a herdsman. At night, goats were kept in pens (12 × 10 m) provided with shade and feeders, where they had free access to water and mineral salts containing 17% P, 3% Mg, 5% Ca, and 75% NaCl. We collected data from all the goats until they approached drying (medium ± SD (94 ± 49 g day−1) vs. low ± SD (76 ± 59 g day−1)). The end of the trial finished with 16 goats from each group. Three goats from MP spontaneously dried off and died and one more spontaneously died. Four goats from LP spontaneously dried off and two of those goats died.




2.4. Maternal Body Weight and Offspring Growth


Goat body weight was determined every 15 days, from parturition to week 15 of lactation. Goats were weighed before grazing using a mobile scale with a 200-kg capacity and a precision of 0.05 kg. On the day of kidding, the date, sex, and birth weight of kids were recorded. Offspring body weights were recorded weekly using a mobile scale with a 40-kg weighing capacity and a 0.05-kg readability.




2.5. Milk Yield and Composition


One week after parturition from December to April, milk yield and composition were recorded weekly (Figure 2). Goats were milked before grazing on the same day of the week and starting at the same time, using the oxytocin protocol [22,28]. Briefly, goats were separated from their kids the day before milk recording, penned separately, and then hand-milked. To elicit milk let-down, goats received an intramuscular injection of 3 mL of oxytocin (20 IU mg−1, PiSA Agropecuaria, Hidalgo; Mexico). After five minutes, goats were milked and the time of the first milking was recorded. Goats were re-milked approximately 3 h later, in the same order as the initial milking, following the same oxytocin protocol. Milk weight collected at the second milking and the time between milkings were recorded to obtain an estimate of milk yield per day. Additionally, in the second milking, a milk sample (10 mL) from each goat was preserved with 0.6 mg mL−1 potassium dichromate in a plastic sterile tube and then frozen at −20 °C until milk composition analysis. After the second milking, kids stayed in their corresponding pen and goats went out for grazing. Milk protein, fat, lactose, and solids-non-fat (SNF) were determined using a Milko Tester LTD (MasterEco, Belovo, Bulgaria), after calibration for goat milk according to the manufacturer.




2.6. Statistical Analyses


Data were analyzed using the SAS statistical package version 9.3 [30]. Each goat was used as an experimental unit. Maternal live bodyweight change and kid bodyweight gains were fitted in a linear regression model of live weight on time for each individual and the regression coefficient was a measurement of weight change by a unit of time. Bodyweight data were analyzed using mixed linear model procedures and the estimation technique of restricted maximum likelihood (PROC MIXED of SAS). For maternal data, a group of MP or LP goats were considered fixed effects in the model. For offspring data, dam group, birth type, and kid sex were fixed effects in the model. Milk yield, milk components (milk fat, milk protein, milk lactose, solids-non-fat), kid birth weight, bodyweight gain, weaning weight, and maternal weight were included independently as covariates where appropriate.



Milk yield (at 24 h) and milk components (milk fat, milk protein, milk lactose, solids-non-fat) data were analyzed using a mixed linear model (PROC MIXED of SAS). The fixed effect was the dam group according to milk yield level. Environmental variables (precipitation, maximum and minimum environmental temperature), maternal bodyweight, progeny weights (birth weight, lightweight gain, weaning weight), offspring sex, and birth type were included independently as covariates where appropriate. The sampling date was included as a repeated measure. Furthermore, the relationship between two variables (milk yield or milk component (milk fat, milk protein, milk lactose, solids-non-fat) vs. environmental variables or maternal variables or offspring variables) was computed with LSMeans statement and the AT option (PROC MIXED of SAS), which enables the assignment of arbitrary values to the covariates and determination of if the relationship is positive or negative.



Differences among dates and between maternal groups, litter size, and kids’ sex for bodyweight were analyzed using PROC GLM of SAS. All 2-way interactions among fixed effect and covariates were included in each model and non-significant (p > 0.05) interactions were removed from the analysis. For significant differences among treatment means the LSD option of SAS was used. Statistical significance was set at p < 0.05.





3. Results


3.1. Maternal Variables


Maternal body weight at the start and end of the experiment did not differ between MP and LP goats (p > 0.05; Table 1). Maternal bodyweight changes during the experiment did not differ between groups (p = 0.08; Table 1).




3.2. Milk Yield


On average, MP goats produced twice as much milk as LP goats (p < 0.001; Table 2). Milk yield was influenced by sampling date (p < 0.001), milk-yielding potential, and by date × group interaction (p < 0.05; Table 2). When groups of goats were combined, maternal body weight was positively associated with milk yield (p < 0.01). Milk yield increased 73 g/day as maternal bodyweight increased 5 kg.



Milk yield was positively associated with the sex of offspring (p < 0.001; Table 3). Goats rearing male kids produced more milk than goats rearing female kids (p < 0.001; Table 3). Birth weight influenced positively milk yield (p < 0.001; Table 3) but not daily bodyweight gain or weaning weight (p > 0.05; Table 3). Environmental variables (minimal temperature, maximum temperature, and precipitation) did not affect milk yield (p > 0.05; Table 3).




3.3. Milk Composition


Milk fat content. Milk fat content did not differ between MP and LP goats (p > 0.05; Table 2) but differed among sampling dates (p < 0.05; Figure 1). Minimal temperature influenced positively (p < 0.05), maximum temperature influenced negatively (p < 0.05) and precipitation had no effect on milk fat content (p > 0.05). Milk fat content differed between goats suckling male or female kids (p < 0.001); dams bearing females produced 0.9 percentage points more milk fat than dams bearing males. Milk fat content was positively related to the daily weight gain of offspring (p < 0.001); milk fat content increased by 0.37% as bodyweight gain increased by 20 g. Milk fat content was not influenced by birth weight or weaning weight of kids (p > 0.05). Maternal body weight was negatively associated with milk fat content (p < 0.001; Table 3).



Milk protein content. Milk protein content tended to differ between milk-yielding groups (p = 0.06; Table 2). Milk protein content remained steady across the experimental period and did not differ among sampling dates (p > 0.05; Figure 1). Milk protein content was not influenced by precipitation, minimal and maximum temperature, offspring variables (sex, birth weight, bodyweight gains, and weaning weight), and maternal body weight (p > 0.05; Table 3).



Milk lactose content. Milk lactose content remained stable across the experimental period; it differed between MP and LP goats (p < 0.05; Table 2), but not with sampling dates (p > 0.05; Figure 1). Milk lactose content was positively influenced by maternal body weight (p < 0.001); milk lactose content increased by 0.23% as maternal body weight increased 10 kg. Milk lactose content was not influenced by precipitation, minimal and maximum temperature, sex, birth weight, bodyweight gains, and weaning weight of the kids (p > 0.05; Table 3).



Solids-non-fat (SNF). SNF content remained steady across the experimental period and differed between MP and LP goats (p < 0.05; Table 2) and did not differ among sampling dates (p = 0.08; Figure 1). SNF content was positively related to maternal body weight (p < 0.05); SNF content increased 0.36% as maternal body weight increased 10 kg. SNF content was not influenced by precipitation, minimal and maximum temperature, sex, birth weight, bodyweight gains, and weaning weight of kids (p > 0.05; Table 3).




3.4. Birth Weight and Growth Performance of Kids


Kid birth weight averaged 2.7 ± 0.1 kg, with no difference between MP and LP goats (p > 0.05; Table 4). Birth weight was similar between single-born or twin-born kids (p > 0.05; Table 4). Birth weight differed between kid’s sex, with males being heavier than females at birth (p < 0.05; Table 4).



The average daily bodyweight gain was 48.3 ± 2.7 g day−1 with no difference for kids whose dams had medium or low milk yield or sex of kids (p > 0.05; Table 4). On average, kids born as singletons grew faster than those born as twins (p < 0.01). Kid weaning weight averaged 6.7 ± 0.2 kg. Progeny weaning weight did not differ between MP and LP goats or sex of kids (p > 0.05; Table 4). On average, kids born as singletons were heavier at weaning than those born as twins (p < 0.05).



Bodyweight gains and weaning weight of the kids were not influenced by milk yield or milk composition of their dams across the experimental period (p > 0.05). Birth weight and weaning weight were positively related to maternal body weight (p ≤ 0.05), whereas progeny daily bodyweight gain was not related to maternal body weight (p = 0.08). Birth weight increased 0.1 kg as maternal bodyweight increased 5 kg, whereas weaning weight increased 0.2 kg as maternal bodyweight increased 5 kg.





4. Discussion


We previously demonstrated that goats with different milk yield potential selected the same diet in xerophytic ecosystems [6], but whether milk yield production of mixed-breed goats on semi-arid rangeland affects milk composition remains inconclusive. Despite the dry conditions prevailing during the study, a marked difference in milk yield between groups of goats persisted throughout lactations. This indicates that the herd had a highly heterogeneous genetic structure in terms of the milk yield capacity of goats. Furthermore, milk lactose, protein, and SNF were higher in MP than in LP goats, whereas milk fat content did not differ between MP and LP goats. Simos et al. [31] reported that milk fat, protein, and SNF were negatively correlated with increased milk yield in goats, and Mmbengwa et al. [32] found a negative correlation between SNF and milk yield. This is contrary to our finding where medium milk yield did not depress milk components in mixed-breed goats. Our results, however, are in line with the results of Idamokoro et al. [33] who found no correlation between milk yield and milk compositions for non-descript grazing goats.



Throughout the experiment, the percentage of most milk components remained steady. Daily weight gain of kids was positively influenced by milk fat content but not by the rest of the milk components, whereas weaning weight was not influenced by any milk component tested. We further observed that milk composition was influenced by maternal body weight, except milk protein content. Nevertheless, it seems that milk composition is affected by milk yield level despite consumption of the same diet on rangeland.



Our first hypothesis was that milk composition differs in goats with different milk yields. Differences in milk yield were consistent throughout lactation; yet, the percentage of milk lactose and protein were higher in MP goats. Different authors indicated that milk protein and lactose content can be manipulated by modifying the protein source in the diet but not the milk yield [34,35,36], whereas milk fat content is negatively related to milk yield [13,37]. The milk composition reported in the present experiment is within the range reported previously in grazing goats [13,38]. Extending these observations, goats bearing male kids produced more milk than goats bearing female kids but the percentage of milk fat content was higher in those goats giving birth to female kids. The negative relationship between milk yield and milk fat content can be explained simply by the negative genetic correlation between milk yield and milk constituents [39] or the dilution effect and a decrease in fat mobilization [37]. Nevertheless, these observations collectively indicate that nutrition and milk-yielding potential can modify the milk composition in mixed-breed goats on rangeland.



Furthermore, we observed that maternal bodyweight and offspring birth weight were positively associated with milk yield, whereas maternal bodyweight was negatively associated with milk fat content. Previously it was reported that heavier goats at mating or gestation produced heavier progeny at birth [22,40,41], and larger fetuses produced more placental lactogen leading to a positive relationship between birth weight and milk yield [22,42]. Additionally, heavy females produce more milk than do their lighter counterparts [22], which could be because heavier kids at birth consume more milk, thus stimulating milk production and promoting mammary gland development [43,44]. This explains the differences in growth between singletons and twins and between males and females [22,45]. Indeed, milk yield is positively correlated to litter size, and goats suckling twins produce more milk than those suckling singletons [22] yet we were not able to confirm these observations. Failing to meet the nutritional requirements for lactation reduced the maternal lactational capacity [14,15,46]; therefore, the conditions under which the experiment was conducted, and the reduced available vegetation may have substantially contributed to the similar milk yield observed between goats suckling twins or singletons [6]. Nevertheless, these observations warrant more research under extensive conditions because bigger and heavier animals are not always the most efficient [47].



Moreover, we observed that milk fat content was influenced by environmental factors but not milk yield or milk content of protein, lactose, and SNF. We observed that milk fat content increased as the minimum temperature increased, whereas milk fat content decreased as the maximum temperature increased. Extending our results, goats kidding in winter increased their milk yield and milk fat and protein [48]. Conversely, hot environments and high environmental temperatures resulted in increased rectal temperature and reduced milk fat content [49,50].



Our second hypothesis was that milk composition influences the growth performance of kids. We observed that the daily bodyweight gains and weaning weight were not influenced by milk composition; therefore, we reject our second hypothesis. Similarly, Rosales-Nieto et al. [22] indicated that milk composition is not a limiting factor for offspring growth, whereas dam milk yield and genetic background are important for offspring growth; yet, in the current experiment, milk yield of the dam was not related to progeny growth. Furthermore, daily bodyweight gains and weaning weight did not differ between MP or LP goats. Moreover, birth weight differed between male and female kids; however, growth performance was similar between them, indicating a possible catch-up growth in female kids [51]. In the current experiment, singletons grew faster than twins, confirming previous observations [22,24,45].



Notably, the daily bodyweight gains of kids averaged 48 g and the weaning weight 6.7 kg. Similar to our results, Gaytan et al. [52] reported low daily weight gain in goat kids reared under extensive conditions (67 g), indicating that goat kids are forced to ingest native forage at an early age. In extensive systems in northern Mexico, the main objective of goat farmers is to obtain milk for 4 to 6 months, while the second objective is to rear goat kids for meat. Furthermore, small ruminants represent the principal economic output, contributing a large share of the farmer’s income. Indeed, weight and size at birth are determined not only by their genetic potential but also by maternal environment and non-genetic factors [22,45,53]. Yet, low birth weight reduced growth performance, thus resulting in low meat potential (yield and quality) and low market-selling weight [54,55,56]. Nevertheless, goats on rangeland during the dry season should receive a nutritional supplement to ensure sufficient milk yield for their kids and to reach an adequate market weight of kids [57].




5. Conclusions


We concluded that moderate milk yield is possible with mixed-breed goats in winter on rangeland without feed supplementation. Genotypes of goats with medium milk yield potential presented higher milk lactose, protein, and SNF, whereas milk fat content was similar between MP and LP goats. Milk yield increased as maternal body weight and birth weight increased; yet, milk yield and composition throughout lactation did not influence bodyweight gain and weaning weight of kids. These results reaffirm that mixed-breed goats grazing on xerophytic shrubland of northern Mexico can thrive in extremely harsh environments, and are capable of producing moderate milk production even in winter, with scarce forage and low nutrient availability.







Author Contributions


Conceptualization: M.J.F.-N., V.C.-R., J.M.V.-G., S.B.-L., C.A.M.-H., M.M., L.O.N.-S., M.A.R.-J., C.A.R.-N. Data curation: M.J.F.-N., V.C.-R., J.M.V.-G., S.B.-L., L.O.N.-S., M.A.R.-J., C.A.R.-N. Formal analysis: V.C.-R., M.M., C.A.R.-N. Funding acquisition: M.J.F.-N., C.A.R.-N. Investigation: M.J.F.-N., V.C.-R., J.M.V.-G., S.B.-L., L.O.N.-S., C.A.R.-N. Methodology: M.J.F.-N., M.M., C.A.R.-N. Resources: M.J.F.-N., C.A.R.-N. Supervision: M.J.F.-N., C.A.R.-N. Validation: M.J.F.-N., V.C.-R., J.M.V.-G., S.B.-L., C.A.M.-H., M.M., L.O.N.-S., M.A.R.-J., C.A.R.-N. Visualization: C.A.M.-H., M.M., C.A.R.-N. Writing—original draft: C.A.R.-N. Writing—review and editing: M.J.F.-N., V.C.-R., J.M.V.-G., S.B.-L., C.A.M.-H., M.M., L.O.N.-S., M.A.R.-J., C.A.R.-N. All authors have read and agreed to the published version of the manuscript.




Funding


The present study was funded by the National Institute for Research in Forestry, Agriculture and Livestock (INIFAP/project-14103132559).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


The authors wish to thank Francisco Guevara Sifuentes for allowing us to use his animals. Moreover, the authors wish to thank all the students from the Agronomy and Veterinary Department of the San Luis Potosi University for their assistance in the data collection.




Conflicts of Interest


The authors declare no conflict of interest.




Ethics Statement


All procedures in this study are consistent with the International [58] and National [59] Research Council’s Guide for the Care and Use of Laboratory Animals and experimental procedures were only based on milk sampling and monitoring live weight so no ethical issues were raised.




Software and Data Repository Resource


The data presented in the manuscript are not deposited in an official repository.




References


	



Miller, B.A.; Lu, C.D. Current status of global dairy goat production: An overview. Asian-Australasian J. Anim. Sci. 2019, 32, 1219–1232. [Google Scholar] [CrossRef]

	



Gonzalez-Bulnes, A.; Meza-Herrera, C.A.; Rekik, M.; Ben Salem, H.; Kridli, R.T. Limiting factors and strategies for improving reproductive outputs of small ruminants reared in semi-arid environments. In Semi-Arid Environments: Agriculture, Water Supply and Vegetation; Degenovine, K.M., Ed.; Nova Science Publishers Inc.: Hauppauge, NY, USA, 2011; Chapter 2, pp. 41–60. ISBN 978-1-61761-541-2. [Google Scholar]

	



Panorama-Agroalimentario. Secretaria de Agricultura y Desarrollo Rural y Servicio de Información Agroalimentaria y Pes-quera (SIAP). 2020. Available online: https://nube.siap.gob.mx/gobmx_publicaciones_siap/ (accessed on 18 January 2021).

	



Huenneke, L.F.; Anderson, J.P.; Remmenga, M.; Schlesinger, W.H. Desertification alters patterns of aboveground net primary production in Chihuahuan ecosystems. Glob. Chang. Biol. 2002, 8, 247–264. [Google Scholar] [CrossRef]

	



Cuevas-Reyes, V.; Rosales-Nieto, C.A. Characterization of the dual-purpose bovine system in northwest Mexico: Producers, resources and problematic. Rev. MVZ Córdoba 2018, 23, 6448–6460. [Google Scholar] [CrossRef]

	



García-Monjaras, S.; Santos-Díaz, R.; Flores-Najera, M.; Cuevas-Reyes, V.; Meza-Herrera, C.; Mellado, M.; Chay-Canul, A.; Rosales-Nieto, C. Diet selected by goats on xerophytic shrubland with different milk yield potential. J. Arid. Environ. 2021, 186, 104429. [Google Scholar] [CrossRef]

	



Mellado, M. Dietary selection by goats and the implications for range management in the Chihuahuan Desert: A review. Rangel. J. 2016, 38, 331. [Google Scholar] [CrossRef]

	



Goel, G.; Puniya, A.K.; Aguilar, C.N.; Singh, K. Interaction of gut microflora with tannins in feeds. Naturwissenschaften 2005, 92, 497–503. [Google Scholar] [CrossRef] [PubMed]

	



Animut, G.; Puchala, R.; Goetsch, A.; Patra, A.; Sahlu, T.; Varel, V.; Wells, J. Methane emission by goats consuming different sources of condensed tannins. Anim. Feed. Sci. Technol. 2008, 144, 228–241. [Google Scholar] [CrossRef]

	



Silanikove, N. The physiological basis of adaptation in goats to harsh environments. Small Rum. Res. 2000, 35, 181–193. [Google Scholar] [CrossRef]

	



Rosales-Nieto, C.A.; Gamez-Vazquez, H.G.; Gudino-Reyes, J.; Reyes-Ramirez, E.A.; Eaton, M.; Stanko, R.L.; Meza-Herrera, C.A.; Gonzalez-Bulnes, A. Nutritional and metabolic modulation of the male effect on the resumption of ovulatory activity in goats. Anim. Prod. Sci. 2011, 51, 115–122. [Google Scholar] [CrossRef]

	



Urrutia Morales, J.; Rosales Nieto, C.A.; Vera Ávila, H.R.; Villagomez Amezcua Manjarres, E. Resumption of ovarian activity is modified by non-photoperiodic environmental cues in Criollo goats in tropical latitudes. Small Rum. Res. 2016, 137, 9–16. [Google Scholar] [CrossRef]

	



Flores-Najera, M.J.; Vélez-Monroy, L.I.; Sánchez-Duarte, J.I.; Cuevas-Reyes, V.; Mellado, M.; Rosales-Nieto, C.A. Milk yield and composition and body weight of offsprings of mixed-breed goats on semi-arid rangelands with different rainfall. Trop. Anim. Heal. Prod. 2020, 52, 3799–3808. [Google Scholar] [CrossRef]

	



Nørgaard, J.V.; Nielsen, M.; Theil, P.; Sørensen, M.; Safayi, S.; Sejrsen, K. Development of mammary glands of fat sheep submitted to restricted feeding during late pregnancy. Small Rumin. Res. 2008, 76, 155–165. [Google Scholar] [CrossRef]

	



Tygesen, M.P.; Nielsen, M.O.; Nørgaard, P.; Ranvig, H.; Harrison, A.P.; Tauson, A.-H. Late gestational nutrient restriction: Effects on ewes’ metabolic and homeorhetic adaptation, consequences for lamb birth weight and lactation performance. Arch. Anim. Nutr. 2007, 62, 44–59. [Google Scholar] [CrossRef] [PubMed]

	



Robertson, S.M.; Atkinson, T.; Friend, M.A.; Allworth, M.B.; Refshauge, G. Reproductive performance in goats and causes of perinatal mortality: A review. Anim. Prod. Sci. 2020, 60, 1669–1680. [Google Scholar] [CrossRef]

	



Rosales Nieto, C.A.; Ferguson, M.B.; MacLeay, C.A.; Briegel, J.R.; Martin, G.B.; Thompson, A.N. Selection for superior growth advances the onset of puberty and increases reproductive performance in ewe lambs. Animal 2013, 7, 990–997. [Google Scholar] [CrossRef] [PubMed]

	



Rosales Nieto, C.A.; Ferguson, M.; MacLeay, C.; Briegel, J.; Wood, D.; Martin, G.; Thompson, A. Ewe lambs with higher breeding values for growth achieve higher reproductive performance when mated at age 8 months. Theriogenology 2013, 80, 427–435. [Google Scholar] [CrossRef] [PubMed]

	



Rosales Nieto, C.A.; Ferguson, M.B.; Thompson, H.; Briegel, J.R.; Macleay, C.A.; Martin, G.B.; Thompson, A.N. Relationships among Puberty, Muscle and Fat, and Liveweight Gain during Mating in Young Female Sheep. Reprod. Domest. Anim. 2015, 50, 637–642. [Google Scholar] [CrossRef]

	



Mellado, M.; Estrada, R.; Olivares, L.; Pastor, F. Diet selection among goats of different milk production potential on rangeland. J. Arid. Environ. 2006, 66, 127–134. [Google Scholar] [CrossRef]

	



Inglingstad, R.; Steinshamn, H.; Dagnachew, B.; Valenti, B.; Criscione, A.; Rukke, E.; Devold, T.; Skeie, S.; Vegarud, G. Grazing season and forage type influence goat milk composition and rennet coagulation properties. J. Dairy Sci. 2014, 97, 3800–3814. [Google Scholar] [CrossRef]

	



Rosales Nieto, C.A.; Ferguson, M.B.; MacLeay, C.A.; Briegel, J.R.; Wood, D.A.; Martin, G.B.; Bencini, R.; Thompson, A.N. Milk production and composition, and progeny performance in young ewes with high merit for rapid growth and muscle and fat accumulation. Animal 2018, 12, 2292–2299. [Google Scholar] [CrossRef]

	



Brito, L.; Silva, F.; Melo, A.; Caetano, G.; Torres, R.; Rodrigues, M.; Menezes, G. Genetic and environmental factors that influence production and quality of milk of Alpine and Saanen goats. Genet. Mol. Res. 2011, 10, 3794–3802. [Google Scholar] [CrossRef]

	



Rosales Nieto, C.A.; Meza-Herrera, C.A.; Moron Cedillo, F.J.; Flores Najera, M.J.; Gámez Vázquez, H.G.; Ventura Pérez, F.J.; Liu, S.M. Vitamin E supplementation of undernourished ewes pre- and post-lambing reduces weight loss of ewes and increases weight of lambs. Trop. Anim. Health Prod. 2016, 48, 613–618. [Google Scholar] [CrossRef]

	



Blache, D.; Vercoe, P.E.; Martin, G.B.; Revell, D.K. Integrated and Innovative Livestock Production in Drylands. In Innovations in Dryland Agriculture; Springer International Publishing: Berlin, Germany, 2016; pp. 211–235. [Google Scholar]

	



Doney, J.M.; Smith, A.D.M.; Sim, D.A.; Zygoyannis, D. Milk and herbage intake of suckled and artificially reared lambs at pasture as influenced by lactation pattern. Anim. Sci. 1984, 38, 191–199. [Google Scholar] [CrossRef]

	



Afolayan, R.; Fogarty, N.; Morgan, J.; Gaunt, G.; Cummins, L.; Gilmour, A.; Afolayan, R.; Fogarty, N.; Morgan, J.; Gaunt, G.; et al. Preliminary genetic correlations of milk production and milk composition with reproduction, growth, wool traits and worm resistance in crossbred ewes. Small Rumin. Res. 2009, 82, 27–33. [Google Scholar] [CrossRef]

	



Rosales Nieto, C.A.; Meza-Herrera, C.A.; Moron Cedillo, F.; Flores Najera, M.; Gamez Vázquez, H.; Cuevas Reyes, V.; Liu, S. Effects of vitamin E supply during late gestation and early lactation upon colostrum composition, milk production and quality in nutritional restricted ewes. Small Rumin. Res. 2015, 133, 77–81. [Google Scholar] [CrossRef]

	



Akpa, G.N.; Asiribo, O.E.; Oni, O.O.; Alawa, J.P.; Dim, N.I.; Osinowo, O.A.; Abubakar, B.Y. Milk production by agropastoral Red Sokoto goats in Nigeria. Trop. Anim. Heal. Prod. 2002, 34, 525–533. [Google Scholar] [CrossRef]

	



SAS Institute. SAS/Stat User’s Guide, Version 9.3; SAS Institute Inc.: Cary, NC, USA, 2010. [Google Scholar]

	



Simos, E.; Voutsinas, L.; Pappas, C. Composition of milk of native Greek goats in the region of metsovo. Small Rumin. Res. 1991, 4, 47–60. [Google Scholar] [CrossRef]

	



Mmbengwa, V.; Schwalbach, L.; Greyling, J.; Fair, M. Milk production potential of South African Boer and Nguni goats. South Afr. J. Anim. Sci. 2000, 30, 76–77. [Google Scholar] [CrossRef]

	



Idamokoro, E.M.; Muchenje, V.; Masika, P.J. Yield and Milk Composition at Different Stages of Lactation from a Small Herd of Nguni, Boer, and Non-Descript Goats Raised in an Extensive Production System. Sustainability 2017, 9, 1000. [Google Scholar] [CrossRef]

	



Sampelayo, M.S.; Pérez, M.; Gil Extremera, F.; Boza, J. Use of Different Dietary Protein Sources for Lactating Goats: Milk Production and Composition as Functions of Protein Degradability and Amino Acid Composition. J. Dairy Sci. 1999, 82, 555–565. [Google Scholar] [CrossRef]

	



Salama, A.; Such, X.; Caja, G.; Rovai, M.; Casals, R.; Albanell, E.; Marín, M.; Marti, A. Effects of Once Versus Twice Daily Milking Throughout Lactation on Milk Yield and Milk Composition in Dairy Goats. J. Dairy Sci. 2003, 86, 1673–1680. [Google Scholar] [CrossRef]

	



Never, A. Effects of nutrition on yield and milk composition in sheep and goats. Sci. J. Anim. Sci. 2015, 4, 1–10. [Google Scholar]

	



Chilliard, Y.; Ferlay, A.; Rouel, J.; Lamberet, G. A Review of Nutritional and Physiological Factors Affecting Goat Milk Lipid Synthesis and Lipolysis. J. Dairy Sci. 2003, 86, 1751–1770. [Google Scholar] [CrossRef]

	



Manousidis, T.; Parissi, Z.; Kyriazopoulos, A.; Malesios, C.; Koutroubas, S.; Abas, Z. Relationships among nutritive value of selected forages, diet composition and milk quality in goats grazing in a Mediterranean woody rangeland. Livest. Sci. 2018, 218, 8–19. [Google Scholar] [CrossRef]

	



Bagnicka, E.; Distl, O.; Hamann, H.; Lukaszewicz, M. Heritabilities and genetic correlations between the dairy traits in goats estimated in first vs later lactations. Anim. Sci. Pap. Rep. 2004, 2, 205–213. [Google Scholar]

	



Oldham, C.M.; Thompson, A.N.; Ferguson, M.B.; Gordon, D.J.; Kearney, G.A.; Paganoni, B.L. The birthweight and survival of Merino lambs can be predicted from the profile of liveweight change of their mothers during pregnancy. Anim. Prod. Sci. 2011, 51, 776–783. [Google Scholar] [CrossRef]

	



Paganoni, B.L.; Ferguson, M.B.; Kearney, G.A.; Thompson, A.N. Increasing weight gain during pregnancy results in similar increases in lamb birthweights and weaning weights in Merino and non-Merino ewes regardless of sire type. Anim. Prod. Sci. 2014, 54, 727–735. [Google Scholar] [CrossRef]

	



King, G.J.; Pregnancy, W.W. Reproduction in Domesticated Animals; King, G.J., Ed.; Elsevier: Amsterdam, The Netherlands, 1993; pp. 229–269. [Google Scholar]

	



Wilde, C.J.; Peaker, M. Autocrine control in milk secretion. J. Agric. Sci. 1990, 114, 235–238. [Google Scholar] [CrossRef]

	



Bencini, R.; Knight, T.W.; Hartmann, P.E. Secretion of milk and milk components in sheep. Aust. J. Exp. Agric. 2003, 43, 529–534. [Google Scholar] [CrossRef]

	



Ochoa Cordero, M.; Meza-Herrera, C.A.; Vázquez García, J.M.; Stewart, C.A.; Rosales Nieto, C.A.; Ochoa Alfaro, A.E.; Purvis, I.W.; Cuevas Reyes, V.; Rangel, H.A.L.; Martin, G.B. Pregnancy and Litter Size, But Not Lamb Sex, Affect Feed Intake and Wool Production by Merino-Type Ewes. Animals 2019, 9, 214. [Google Scholar] [CrossRef]

	



Cuevas Reyes, V.; Santiago Hernandez, F.; Flores Najera, M.J.; Vazquez Garcia, J.M.; Urrutia Morales, J.; Hosseini-Ghaffari, M.; Chay-Canul, A.; Meza-Herrera, C.A.; Gonzalez-Bulnes, A.; Martin, G.B.; et al. Intake of Spineless Cladodes of Opuntia ficus-indica During Late Pregnancy Improves Progeny Performance in Underfed Sheep. Animals 2020, 10, 995. [Google Scholar] [CrossRef] [PubMed]

	



Kennedy, A.J.; Ferguson, M.B.; Martin, G.B.; Thompson, A.N.; Pannell, D.J. Profit is maximized in a Merino prime-lamb en-terprise when mature size is 60-70 kg. In Proceedings of the CRC Conference, Adelaide, South Australia, Australia, XVII September 2010. [Google Scholar]

	



Schutz, M.; Hansen, L.; Steuernagel, G.; Kuck, A. Variation of Milk, Fat, Protein, and Somatic Cells for Dairy Cattle. J. Dairy Sci. 1990, 73, 484–493. [Google Scholar] [CrossRef]

	



Umphrey, J.E.; Moss, B.R.; Wilcox, C.J.; Van Horn, H.H. Interrelationships in lactating Holsteins of rectal and skin tempera-tures, milk yield and composition, dry matter intake, body weight, and feed efficiency in summer in Alabama. J. Dairy Sci. 2001, 84, 2680–2685. [Google Scholar] [CrossRef]

	



Anzures-Olvera, F.; Véliz, F.G.; de Santiago, A.; García, J.E.; Mellado, J.; Macías-Cruz, U.; Avendaño-Reyes, L.; Mellado, M. The impact of hair coat color on physiological variables, reproductive performance and milk yield of Holstein cows in a hot envi-ronment. J. Therm. Biol. 2019, 81, 82–88. [Google Scholar] [CrossRef]

	



Rosales-Nieto, C.A.; Ehrhardt, R.; Mantey, A.; Makela, B.; Byrem, T.; Veiga-Lopez, A. Preconceptional diet manipulation and fetus number can influence placenta endocrine function in sheep. Domest. Anim. Endocrinol. 2021, 74, 106577. [Google Scholar] [CrossRef] [PubMed]

	



Gaytan, L.; Mellado, M.; Veliz, F.G.; De Santiago, M.A. Milk production, kidding interval and kid growth of indigenous goats of Southern Mexico. Ecosist. Recur. Agropec. 2016, 3, 401–405. [Google Scholar]

	



Rosales Nieto, C.A.; Mantey, A.; Makela, B.; Byrem, T.; Ehrhardt, R.; Veiga-Lopez, A. Shearing during late pregnancy increases size at birth but does not alter placental endocrine responses in sheep. Animals 2020, 14, 799–806. [Google Scholar] [CrossRef]

	



Dhanda, J.; Taylor, D.; McCosker, J.; Murray, P. The influence of goat genotype on the production of Capretto and Chevon carcasses. 1. Growth and carcass characteristics. Meat Sci. 1999, 52, 355–361. [Google Scholar] [CrossRef]

	



Dhanda, J.; Taylor, D.; Murray, P. Part 1. Growth, carcass and meat quality parameters of male goats: Effects of genotype and liveweight at slaughter. Small Rumin. Res. 2003, 50, 57–66. [Google Scholar] [CrossRef]

	



Peña, F.; Bonvillani, A.; Freire, B.; Juárez, M.; Perea, J.; Gómez, G. Effects of genotype and slaughter weight on the meat quality of Criollo Cordobes and Anglonubian kids produced under extensive feeding conditions. Meat Sci. 2009, 83, 417–422. [Google Scholar] [CrossRef] [PubMed]

	



Mellado, M.; Rodríguez, I.J.; Alvarado-Espino, A.; Véliz, F.G.; Mellado, J.; García, J.E. Short communication: Reproductive response to concentrate supplementation of mixed-breed goats on rangeland. Trop. Anim. Heal. Prod. 2020, 52, 2737–2741. [Google Scholar] [CrossRef] [PubMed]

	



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. [Google Scholar]

	



NAM-National Academy of Medicine. Guide for the Care and Use of Laboratory Animals. Co-Produced by the National Academy of Medicine–Mexico and the Association for Assessment and Accreditation of Laboratory Animal Care International, 1st ed.; Harlan: Mexico City, Mexico, 2010. [Google Scholar]








[image: Biology 10 00220 g001 550] 





Figure 1. Milk fat, protein, lactose, and solids-non-fat (SNF) from mixed-breed non-supplemented goats reared on a Xerophytic ecosystem in northern Mexico during the dry period (winter–spring). Blue bars represent the precipitation during the study period. The grey dark line represents solids-non-fat content (±SEM), the grey light line represents milk protein content (±SEM), the blue dark line represents milk fat content (±SEM) and the blue light line represents milk lactose content (±SEM). 
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Figure 2. Schematic representation of the main experimental activities performed during the study. Experimental week -25 is when the experiment started and experimental week 20 is when the experiment finished. 
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Table 1. Maternal body weight at the beginning and end of the experimental period and bodyweight change during lactation from goats at medium and low milk yielding potential.






Table 1. Maternal body weight at the beginning and end of the experimental period and bodyweight change during lactation from goats at medium and low milk yielding potential.





	Variable
	Medium Milk Yield
	Low Milk Yield
	SEM
	p-Value





	BW beginning lactation (kg)
	35.56
	35.06
	2.80
	0.78



	BW end lactation (kg)
	33.14
	34.16
	3.80
	0.71



	Bodyweight change (g/day)
	−37.8
	−23.8
	11
	0.08







SEM = Standard error of the mean; BW = bodyweight.
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Table 2. Milk yield and composition (fat, protein, lactose, solids-non-fat) from non-supplemented mixed-breed goats reared on a Xerophytic ecosystem in northern Mexico during the dry season (winter–spring) with different milk yielding potentials (medium vs. low).
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	Variable
	Medium Milk Yield
	Low Milk Yield
	SEM
	p-Value





	Milk yield (g day−1)
	423
	203
	56
	0.001



	Milk fat (%)
	5.8
	6.0
	0.25
	0.15



	Milk protein (%)
	3.0
	2.9
	0.05
	0.06



	Milk lactose (%)
	4.3
	4.2
	0.08
	0.02



	Solids-non-fat (%)
	8.2
	8.0
	0.15
	0.02







SEM = Standard error of the mean.
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Table 3. The relationship among milk composition (fat, protein lactose, and solids-non-fat) and environmental conditions, progeny growth variables, and maternal body weight from non-supplemented goats reared on a Xerophytic ecosystem in northern Mexico during winter–spring with different milk yielding potentials (medium vs. low). The data from goats with different milk yielding potentials are combined.
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	Variable
	Prec
	Tmax
	Tmin
	SexOff
	BirthW
	BWgain
	WeanW
	MoBW





	Milk yield (g day−1)
	NS
	NS
	NS
	***
	***
	NS
	NS
	***



	Fat (%)
	0.07
	*
	*
	***
	NS
	***
	NS
	**



	Protein (%)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS



	Lactose (%)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	***



	Solids-non-fat (%)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	*







Abbreviations: Prec = precipitation; Tmax = maximum temperature; Tmin = minimal temperature; SexOff = sex of the offspring; BT = birth type (singleton or wtin); BirthW = birth weight; BWgain = bodyweight gains; WeanW = weaning weight; MoBW = maternal body weight. p value: * p < 0.05; ** p < 0.01; *** p < 0.001; NS: not significant. Data are presented across the milk-yielding potential of dams.
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Table 4. Birth weight (BWT), average daily bodyweight gain (BWG), and weaning weight (WWT) of kids from mixed-breed non-supplemented goats reared on a Xerophytic ecosystem in northern Mexico during the dry season (winter–spring) with different milk yield potentials (medium vs. low).
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BWT (kg)

	
BWG (g day−1)

	
WWT (kg)






	
Milk yield

	
Medium

	
2.9

	
47.8

	
6.7




	

	
Low

	
2.6

	
48.7

	
6.7




	
SEM

	

	
0.33

	
7.7

	
0.7




	
Sex

	
Female

	
2.5 a

	
44.6

	
6.4




	

	
Male

	
2.9 b

	
52

	
7.0




	
SEM

	

	
0.27

	
7.4

	
0.7




	
Birth type

	
Singleton

	
2.7

	
57.7 a

	
7.5 a




	

	
Twin

	
2.7

	
43.6 b

	
6.3 b




	
SEM

	

	
0.32

	
7.1

	
0.7








Data of milk-yielding potential of goats across sex and birth type of kids. Data of sex of the kids are presented across the milk-yielding potential of dams and birth type. Data of birth type are presented across the milk-yield potential of dams and sex of kids. SEM = Standard error of the mean. Within columns and variables, means with different superscripts differ (p < 0.05).



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
Experiment

Start
Synchronization Kidding Weekly assessment of milk composition and progeny bodyweight gains
e
Autumn Winter Spring
-25 0 8 14 20

Pregnancy Scan

Experimental week





nav.xhtml


  biology-10-00220


  
    		
      biology-10-00220
    


  




  





media/file0.png





media/file2.png
Percentage (%)

O«

Precipitation (mm)

%‘Vw

Fat

Lactose

Protein

= 60

= 50

» 30

= 20

=10

5 6 7 8 9 10 1 12 13 14 15
Milk Sampling Week





media/file3.jpg
by

v

‘Syenenizston

Experimental week





media/file1.jpg
Percentage (%) Precipitation (mm)

9 60
NF

8

50
7
6 w
1 Lactose

Y
s
3 2
2

10
1
o 3

T2 3 4 5 6 7 8 9 10 1 12 13 14 15
Milk Sampling Week





