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ABSTRACT
Objective: To evaluate the plant selection of the diet of goats during the dry season and the chemical 
composition of the said plants in three microregions of the Comarca Lagunera, Mexico.
Design/Methodology/Approach: Three microregions were identified within the Comarca Lagunera: 1) 
mountain slope, 2) plain, and 3) cultivation areas. The selection of the goat diet, the availability of forage, 
and the nutritional composition (CP, EE, DNF, AFD, NFC, TDN, and NEl) of plant species and strata were 
evaluated in the three microregions.
Results: The shrubs and herbaceous in the Comarca Lagunera had the highest forage availability and a better 
nutritional profile during winter. On the one hand, these plant strata had an adequate protein content. On the 
other hand, the overall energy content reached 1 Mcal kg1 DM.
Study Limitations/Implications: The plant strata have an adequate protein content; however, the energy 
content is not enough and limits growth. Consequently, supplementation programs for grazing dairy goats in 
the Comarca Lagunera must include sources of energy.
Findings/Conclusions: Regardless of the microregion, the energy content of the species consumed by grazing 
dairy goats in the Comarca Lagunera is low.
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INTRODUCTION
	 Mexico and Brazil are the main breeders of goats in the Americas. In these two 
countries, this economically marginal activity is carried out using native or local goats 
(Escareño et al., 2012). Nevertheless, the sector has a high social importance, as a result of 
the income source and the high-quality protein it generates for the low-income population 
in the rural areas (Ortiz-Morales et al., 2022).
	 Goat exploitation can be classified according to production (meat or milk) or the feeding 
system (grazing or confined) (Escareño et al., 2013). In this regard, Alejandre-Ortiz et al. 
(2016) point out that meat production is the most important production system in Latin 
America and the Caribbean. Large extensions of communal lands are used for this purpose. 
In Mexico, goat production is carried out in arid and semiarid regions of the country and 
kids are its main product. These systems are based on native plants grazing (Maldonado-
Jáquez et al., 2018). Consequently, increasing the number of births within the herd is the 
most effective way to improve the production system (Alexandre and Mandonnet, 2005). 
The number of born, weaning, and survivor kids determines the economic feasibility of a 
production unit (Casey and Webb, 2010). In this regard, some of the problems that limit 
productivity in extensive production systems include excessive time to produce the first 
offspring, low kid productivity, long intervals between births, reduced prolificity, low milk 
production (as a result of a short lactation period), and a marked reproductive seasonality 
(Mellado, 2008).
	 Reproduction is the main factor that limits goat production in Mexico (Andrade-
Montemayor et al., 2017). Therefore, reproduction is closely related to goat nutrition, 
particularly, during gestation. When the nutritional requirements of a goat are not 
fulfilled, miscarriage becomes a very likely event which has an impact on the number 
of births (Terrazas et al., 2012). In northern Mexico, the mortality rate can reach up to 
50% in winter (dry season) and it can diminish down to 10% in summer (rainy season). 
This phenomenon is the consequence of a combination of reproductive seasonality, low 
temperatures and, above all, an inefficient feeding during this period (Mellado et al., 2000).
	 Consequently, the implementation of supplementation strategies aimed to increase goat 
milk production is necessary to increase the survival probabilities of the kid. Therefore, 
information about the nutritional quality of the plant species consumed by goats in the 
pasture, during the dry season, is required to develop more efficient supplementation 
strategies (Pinos-Rodríguez et al., 2007; Ramírez-Orduña et al., 2008; Velderrain-Algara et 
al., 2010). Additionally, producers must consider changes in the availability and the variety 
of foraging species per microregion (Mellado et al., 2012).
	 The Comarca Lagunera is a region located between the Mexican states of Durango 
and Coahuila. This region is the major dairy basin, both for goats and cattle (SIAP, 2011). 
This region includes sixteen municipalities: five from the state of Coahuila (Francisco I. 
Madero, Matamoros, San Pedro de las Colonias, Torreón, and Viesca) and eleven from 
the state of Durango (General Simón Bolívar, Gómez Palacio, Lerdo, Mapimí, Nazas, 
Rodeo, San Juan de Guadalupe, San Luis del Cordero, San Pedro del Gallo, Tlahualilo, 
and Cuencamé). It has a mountain slope and a plain and it covers approximately 4,788,750 
ha (SEMARNAT, 2010). Consequently, the microregions include plants with different 
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characteristics. The objective of this study was to determine the plant selection of the diet 
of goats during the dry season and its chemical composition, in three microregions of the 
Comarca Lagunera, Mexico.

MATERIALS AND METHODS
Study area
	 The study was carried out in the states of Coahuila and Durango, Mexico, in a region 
known as the Comarca Lagunera, which is located between 24° 22’ N and 102° 22’ W, 
at 1,139 m.a.s.l. According to the Köppen climate classification, this region is classified as 
BWhw (very dry or desertic climate). The weather is semi-warm, with cold winters. The 
mean annual precipitation reaches 240 mm. The mean annual temperature is 25 °C in the 
shade, ranging from 1 °C in winter to 44 °C in summer (García, 2004).
	 The study began one day after the winter solstice (December 22) of 2021 and was 
completed on February 22, 2023. A monthly sampling was carried out on December 22, 
January 22, and February 22. The sampling was conducted in three microregions within 
the Comarca Lagunera, where goat production activities take place. The first microregion 
was the mountain slope. This region is characterized by its higher humidity percentage 
(because of water runoffs) and its higher content of clay in the soil. These factors promote a 
higher vegetation growth (Villanueva et al., 2011). The second microregion was the plain. 
It is characterized by its sandy soil with low humidity, as well as its low diversity of plant 
species (Villanueva et al., 2011). The third region consisted of the cultivation areas. After 
the harvests, these areas are used by goat producers, as a result of the humidity residues 
left behind by the irrigation system. This phenomenon increases the abundance and 
availability of plant species, especially herbaceous (Salinas- González et al., 2015). 

Diet selection
	 Seven multiparous adult goats were selected from each microregion. They were followed 
during their grazing routes (from 5 to 10 km), with the aim of identifying the plants they 
selected for their diet. In order to prevent the observers from influencing the behavior 
of the goats, they were followed by two groups of people, who took notes and collected 
samples from the species consumed by the goats. Four 300-g samples were taken from 
the plant species consumed by most of the goats (N75%); the samples were taken at 
the same height at which the animals fed. The samples included only the leaves of these 
species. The samples were placed in paper bags for their transportation to the proximal 
chemical analysis lab. The specimens chosen by the animals were adult plants, with green 
foliage, which had reached their physiological maturity (Toyes-Vargas et al., 2013).

Forage availability
	 Forage availability was evaluated in nine permanent plots of 2020 m (three plots per 
microregion). The plots were randomly chosen from a map of the study area (100100 
m grid), where the plots located in each of the apexes of the squares could be potentially 
chosen. Forage availability was determined by species and plant strata (shrubs, cactus, 
herbaceous, and grass). Shrub availability was estimated following the Adelaide method: 
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establishing a 2020 m plot and 3 sub plots of 11 m within the first plot (Andrew et al., 
1979). Subsequently, a tree and shrub sampling was conducted in the larger plot, counting 
the branches of each tree or shrub. All the leaves from three or shrubs branches were 
collected. Additionally, a sampling from the herbs and grasses of the 11 m sub plots 
was carried out, cutting the plants at ground level. Dead grasses or grasses with high 
lignification were excluded from the process since the goats did not find them appealing.

Lab analysis
	 In order to determine the dry matter (DM) content, the fresh samples were weighted 
and, subsequently, dried in a forced air oven at 50 °C, until they reached a constant weight 
(approximately at 72 h). Additionally, the content (g kg1) of crude protein (CP), non-
fiber carbohydrates (NFC), and ethereal extract (EE) were determined (AOAC, 2019). 
The neutral detergent fiber (NDF) and acid detergent fiber (ADF) content was likewise 
established (Van Soest et al., 1991). The values of net energy (Mcal kg1) for lactation (NEl) 
were estimated using the Agricultural and Food Research Council model (AFRC, 1993). 
The total digestive nutrient (TDN) was estimated using the following equation: 

TDN digestible crude protein digestible non structural carb%( )= + - oohydratres digestible

neutral ergent fiber corrected for pr

+(
det ootein digestible ethereal extract+ × )2 25 100. /

(Pond et al., 2002).

Statistical analysis
	 An analysis of variance was carried out, considering the plant species as the variation 
source for the DM, CP, NFC, EE, NDF, ADF, ENl, and TDN variables. Regarding the 
forage availability variable, the source of variation was the plant strata. The statistical 
design was completely random, and the means were compare using Tukey’s test (0.05) 
in the SAS package (2002). In order to comply with the assumptions of the analysis of 
variance, the data shown in g/100 g were previously transformed using arcsine.

RESULTS AND DISCUSSIONS
	 Goats chose to consume the following shrubs: Larrea tridentata, Mimosa monancistra, Celtis 
pallida, and Prosopis spp. Regarding cacti, the goats mainly chose Opuntia spp. Meanwhile, 
goats preferred such herbaceous species as Amaranthus hybridus, Verbena canescens, Solanum 
elaeagnifolium, and Tithonia tubaeformis. Grasses such as Chloris gayana, Bouteloua spp., and 
Cenchrus ciliaris were the least appealing to goats (Table 1).
	 These results match the findings of Pinos-Rodríguez et al. (2007), Ramírez-Orduña et al. 
(2008), Velderrain-Algara et al. (2010), and Mellado et al. (2012). These authors evaluated 
the consumption and diets of goats in northeastern Mexico. The availability of foraging 
species in the pastures is lower during the droughts than in other seasons; consequently, 
goats have to adapt to these conditions.
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Table 1. Chemical composition of the plant species selected by goats in three microregions of the Comarca Lagunera, Mexico.

Plant
CP EE NDF ADF NFC TDN ENl

g kg1 Mcal kg1

Mountain Slope
Shrubs
Larrea tridentata 104.2 c 22.8 a 504.3 c 407.3 b 195.1 a 409.3 b 2.1 a
Mimosa monancistra 121.2 b 24.1 a 531.2 b 296.6 c 163.8 b 477.5 a 1.2 b
Celtis pallida 206.3 a 8.6 b 641.6 a 534.1 a 111.6 c 485.3 a 0.8 c
P-Value 0.001 0.017 0.0013 .0001 .0001 0.0285 0.0191
Cacti
Opuntia spp. 43.2 29.1 302.4 215.8 60.1 524.6 1.8
P-Value --- --- --- --- --- --- ---
Herbacaous
Verbena canescens 128.1 19.3 567.8 474.1 242 463.5 1.1
Chenopodium album 136.8 20.6 536.7 379.8 236.8 501.7 0.9
P-Value .0001 0.011 .0001 .0001 0.019 .0001 0.0014
Grasses
Cynodon dactylon 79.4 5.3 770.8 470.3 84.7 397.4 0.7
Cenchrus ciliaris 44.3 6.2 806.1 517.3 74.3 416.2 0.8
P-Value .0001 .0001 .0001 .0001 .0001 .0001 0.0261
Plain
Shrubs
Prosopis spp. 212.4 6.3 391.3 276.6 187.4 467.8 1.1
P-Value --- --- --- --- --- --- ---
Herbaceous
Amaranthus hybridus 179.2 6.4 478.5 364.9 193.7 427.8 1.1
P-Value --- --- --- --- --- --- ---
Grasses
Chloris virgata 92.6 3.7 665.3 344.8 69.8 413.8 0.5
Bouteloua gracilis 54.1 2.9 722.6 435.4 149.2 410.5 0.6
P-Value .0001 .0001 .0001 .0001 .0001 .0001 .0001
Cultivation areas
Shrubs
Prosopis spp. 189.3 4.2 401.7 312.6 173.8 453.9 1.0
Larrea tridentata 117.6 17.5 518.4 421.3 188.4 433.2 1.2
P-Value .0001 .0001 .0001 .0001 .0001 .0001 .0001
Cacti
Myrtillocactus geometrizans 63.3 14.6 387.6 271.9 71.2 545.8 1.3
P-Value --- --- --- --- --- --- ---

Herbaceous
Amaranthus hybridus 236.4 a 7.3 a 467.3 a 378.5 a 187.4 a 453.6 b 1.0 b
Solanum elaeagnifolium 138.9 c 4.7 b 417.8 c 289.6 c 173.6 b 487.3 a 1.0 a

Tithonia tubaeformis 173.3 b 4.1 b 443.6 b 319.8 b 163.2 c 439.5 c 0.9 c
P-Value .0001 .0001 0.0052 .0001 0.002 0.0403 0.0037
Grasses
Bouteloua spp. 63.2 1.7 718.3 465.4 136.7 407.9 0.4

Cenchrus ciliaris 47.8 2.6 783.1 567.3 93.8 417.6 0.5
P-Value .0001 .0001 0.0018 .0001 .0001 0.0232 .0001
CP: crude protein, EE: ethereal extract, NDF: neutral detergent fiber, ADF: acid detergent fiber, NFC: non-fiber carbohydrates, TDN: total 
digestible nutrients, NEl: net energy for lactation. Different letters within the column (a, b, c) indicate significative statistical difference (Tukey; 
0.05).
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	 In this regard, goats have flexible, generalist, and opportunistic feeding strategies, since 
they consume a great variety of plants in grazing areas. Studies carried out in northeastern 
Mexico indicate that about 126 plant species make up the diet of grazing goats.
	 Overall, the forage distribution per plant strata is divided into 40% shrubs, 29% herbs, 
and 31% grasses (Mellado et al., 2012; Haenlein and Ramírez 2007). However, this study 
confirms that less than ten plants constitute about 90% of the diet during the whole year 
(Mellado et al., 2004), particularly during the droughts.
	 During most of the year, the diet of goats mainly consists of deciduous or perennial 
shrubs (50%) (Mellado et al., 2003). The leaves and fresh pods (especially from Prosopis 
spp.) are very nutritious forages (between 189 and 212 g kg1 CP in DM; Table 1). They 
are staple foods (up to 25% of the diet) during autumn and winter, when the quality and 
the quantity of the forage are low (Mellado et al., 2004). Prosopis spp. is one of the most 
abundant species in northeastern Mexico; its prevalence has increased in large areas of the 
Chihuahuan Desert, at the expense of the desert pastures (Fredrickson et al., 2006). Goats 
consume its leaves with moderation (Mellado et al., 2003). However, the pods of these 
plants are abundantly consumed by the goats, possibly as a result of their high nutritional 
content (Abdullah et al., 2011).
	 Meanwhile, the goats in this study chose Larrea tridentata. This perennial xerophytic 
species was chosen by the goats, regardless of its cover and season of the year. This plant can 
account for up to 15% of the diet (Mellado et al., 2011). The resistance of Larrea tridentata 
to drought —along with its moderate levels of protein (104-117 g kg1 DM; Table 1) and 
its continuous metabolic activity under extreme drought conditions (Allen et al., 2008)— 
seems to be the attribute that makes it appealing to goats.
	 Meanwhile, herb consumption is lower during winter, as a consequence of its low 
availability (Mellado et al., 2004). This study confirmed the findings of Mellado et al. 
(2012), who reported that key herbs that the goats from northeastern Mexico prefer are 
Amaranthus hybridus, Tithonia tubaeformis, and Solanum elaeagnifolium. The goats do not find 
appealing Solanum elaeagnifolium during its f lowering stage (Mellado et al., 2008). However, 
as a result of its high nutrient content (139 g kg1 CP in DM; Table 1), this plant can 
account for 30% of their diets during winter (Mellado et al., 2014).
	 In the pastures of northeastern Mexico, goats eat less grasses and the consumption 
percentage seldom exceed 5% of their diet during any month of the year (Mellado et al., 
2004). The results of this study match the findings of Mellado et al. (2005), who reported 
that some of the most consumed grasses are Bouteloua gracilis and Cenchrus ciliaris. Biomass 
availability varied according to the plant strata and the microregion (Table 2).
	 The microregion with the highest biomass production was the mountain slope. In the 
plains, herbaceous were the plant strata with the highest availability. In the cultivation 
areas, herbaceous and grasses were the most available plants. There were no significant 
statistical differences regarding their availability in both microregions. In conclusion, the 
mountain slope microregion could stand a higher animal load, while the cultivation areas 
could stand a lower animal load. However, cultivation areas have a higher plant species 
diversity and the best nutrient profile. Consequently, goat production can reach higher 
yields in this microregion. Nevertheless, in order to prevent overgrazing, this area must 
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Table 2. Biomass availability per plant strata with forage potential, in three microregions of the Comarca 
Lagunera, Mexico.

Plant Strata
Mountain Slope Plain Cultivation Areas

P-Value
 t ha1

Shrubs 3.67 a 0.30 b 0.02 c .0001

Cacti 6.00 a 0.00 c 0.02 b .0001

Herbaceous 0.31 b 0.86 a 0.37 b 0.0137

Grasses 0.67 a 0.24 c 0.46 b 0.0406

Different letters within the column (a, b, c) indicate significative statistical difference (Tukey; 0.05).

have low animal loads. Shrubs and herbaceous are the plant strata with the best nutritional 
profile. The average CP content in shrubs and herbaceous reached 164 and 170.4 g kg1 
DM, respectively. Grasses had the lowest nutrient value (average: 66.3 g kg1 DM) and 
recorded 1.0 NEl (Table 3).
	 According to the nutritional composition of the different plant strata, crude 
protein (CP) in shrubs and herbs is enough to meet the nutrient requirements of goats 
(approximately 16%). However, the energy available in the different strata is mostly low 

Table 3. Chemical composition of plant strata with foraging potential, in three microregions of the Comarca 
Lagunera, Mexico.

Plant
CP EE NDF ADF NFC TDN ENl

g kg1 Mcal kg1

Shrubs

Mountain slope 151.7 b 16.9 a 556.8 a 418.3 a 148.7 b 454.3 b 1.3 a

Plain 187.4 a 7.9 c 403.6 c 295.1 c 183.2 a 462.8 a 1.1 b

Cultivation area 152.9 b 11 b 458.1 b 365.8 b 180.7 a 450.2 b 1.1 b

P-Value .0001 .0001 .0001 .0001 0.035 0.024 0.0271

Cacti

Mountain slope 38.7 30.3 317.1 224.7 58.3 514.2 1.7

Plains --- --- --- --- --- --- ---

Cultivation areas 53.2 17.9 368.4 263.5 72.2 534.1 1.3

P-Value .0001 .0001 .0001 .0001 .0001 .0001 .0001

Shrubs

Mountain slope 141.2 b 20.3 a 549.8 a 429.2 a 240.1 a 480.8 a 0.1 b

Plains 182.7 a 5.2 b 476.6 b 371.5 b 201.8 b 418.3 c 1.1 a

Cultivation areas 187.4 a 4.3 b 437.1 c 359.5 c 167.1 c 463.2 b 1.0 a

P-Value 0.041 0.016 .0001 .0001 .0001 .0001

Grasses

Mountain slope 61.3 b 4.2 a 718.4 b 503.2 a 79.3 c 423.5 a 0.6 a

Plains 71.4 a 4.6 a 691.8 c 423.7 b 89.1 b 412.6 a 0.6 a

Cultivation areas 53.6 c 2.3 b 756.3 a 498.1 a 99.5 a 401.2 b 0.57 b

P-Value .0001 .0001 .0001 .0001 .0001 0.018 0.0374

Different letters within the column (a, b, c) indicate significative statistical difference (Tukey; 0.05).
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(1.0 Mcal kg1 DM). This deficit intensifies, since goats start to lactate during this 
period; therefore, the consumption of plants with an appropriate energy content is very 
important (Granados-Rivera et al., 2020). Consequently, the scarce energy content in 
northeastern Mexico limits the nutritional content of the diets of goats during winter 
(Maldonado-Jáquez et al., 2017).

CONCLUSIONS
	 Based on the results obtained in this study, shrubs and herbaceous are the most 
abundant forage, regardless of the microregion. They also recorded the best nutritional 
profile during the drought season in the Comarca Lagunera. In addition, these plant 
strata have an appropriate protein content. However, the low energy content limits the 
nutritional value of the diet. Therefore, supplementation programs for grazing dairy goats 
in the Comarca Lagunera must include sources of energy.
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