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Abstract
Transhumant herds graze across two different rangeland types according to the season. Winter rangelands differ from
summer rangelands in the amount and quality of available fodder, with the former being the less productive. In cold
areas, winter rangeland has low forage quality where goats may suffer severe nutritional restrictions during gestation
which lead to significant reproductive losses in the form of abortions and perinatal losses. In Argentinian northern
Patagonia, the transhumant Criollo goat is a dual-purpose breed, producing both meat and cashmere and grazing on
winter rangelands where they complete their reproductive cycle. Our objective was to evaluate to what extent the
winter rangelands of northern Argentine Patagonia satisfy the nutritional requirements needed by Criollo transhumant goats during late gestating. We evaluated a study between 2010 and 2012 where we analysed the body weight
and body condition score of the goats reaching the winter rangelands and before kidding. We also analysed the
botanical composition of their diet, the quality forage (metabolizable energy, crude protein and digestibility) contribution offered by the species and the proportions of the nutritional requirements of the goats during the last third of
gestation. Significantly, we found a decrease in body weight and body condition score in late gestation. In 2010, the
goats’ diet showed a nutritional deficiency value of 0.6 Mcal/day metabolizable energy and 30.43 g/day crude protein;
in 2011, a deficiency of 0.77 Mcal/day metabolizable energy and 65.48 g/day crude protein; and in 2012, a deficiency
of 0.75 Mcal/day metabolizable energy and 55.41 g/day crude protein. Forage present 51, 52 and 48% digestibility
in each year, respectively. We conclude that forage quality in winter rangelands in Argentinean Patagonia is not high
enough to satisfy the nutritional requirements of Criollo transhumant goats during the last third of gestation. We
recommend 550 g/day of an 80:20 mixture of corn:soy expeller supplementation during late gestation.
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Introduction
The Criollo goat is a dual-purpose breed, producing
both meat and cashmere, and is found mainly in northern Patagonia, Argentina. In this area, there are approximately 450,000 Criollo goats, typically managed in small
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flocks within transhumant low-input production systems
(Lanari et al. 2005, 2009) where this local breed is highly
adapted to the harsh environment (Lanari et al. 2004;
Easdale et al. 2020; Perez Leon et al. 2020). The main
products of these systems are meat for self-consumption
and the sale of young animals to local markets (Zimerman et al. 2008), while fibre extraction (cashmere) is an
incipient innovation (Easdale and Aguiar 2018).
Herds graze and breed across two different rangeland
types according to the season: shrub steppes during the
winter (750–1400 m.a.s.l.) and grass steppes during the
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summer (1500–2000 m.a.s.l.). Winter rangelands differ
from summer rangelands in the amount and quality of
available fodder, with the former being the less productive (Villagra et al. 2013; Hendrickson and Moffet 2020;
Baranova et al. 2019). Nevertheless, these winter rangelands are critical to the reproductive cycle of Criollo goats
(Lanari et al. 2005, 2009; Villagra et al. 2015). In such cold
areas, low forage quality rather than quantity is a limiting factor (Hendrickson and Moffet 2020), and animals
are subject to sudden environmental changes which may
affect their reproductive performance (Fielding 1985; Bøe
and Ehrlenbruch 2013; Joy et al. 2020). Poor reproductive performance is one of the major factors influencing the efficiency of goat production and is considered
a principal limiting factor in achieving optimal production systems (Mokhtari et al. 2019). In arid areas under
extensive conditions, goats may suffer severe nutritional
restrictions during gestation which lead to significant
reproductive losses in the form of abortions and perinatal losses (Mellado et al. 2014). A shortage of energy or
protein during pregnancy causes toxaemia, ketosis or
foetal development compromise, especially towards the
end of pregnancy when the foetal growth rate is highest
(Rook 2000; Dore et al. 2015, Dunlap et al. 2015; Herring
et al. 2018). Energy is the main limiting factor in animal
production, and its availability affects the animal’s adaptation to its environment, as well as behaviour and feeding strategy (Mellado 2016; Lachica and Aguilera 2005).
Throughout the phases of their reproductive cycle, goats
choose a feeding pattern in response to seasonal variations in forage quality (Mellado 2016; Egea et al. 2014).
These diets differ in terms of parts of plants, plant species, forage digestibility and nutrient concentration.
The evaluation of these variables is useful for determining whether the goats’ nutritional requirements are met
(Egea et al. 2014). Subsequently, if supplementary food is
necessary, innovative management strategies should be
proposed to address this nutritional deficit (Egea et al.
2019).
There are previous studies on the diet selection of freeranging Criollo goats in the Argentinian Monte Desert
(Allegretti et al. 2012; Egea et al. 2019), as well as of goats,
sheep and cattle in the Patagonian steppe (Villagra et al.
2013), that aimed to determine the botanical composition
of their diets. A rapid increase in body weight is expected
during the last third of gestation. However, when goats
select a diet that does not meet their gestational nutritional requirements, a decrease in body weight is
observed, accompanied by poor body condition, resulting
in foetal losses (Mellado 2016; Villagra et al. 2015).
This study aims to evaluate to what extent the winter
rangelands of northern Argentine Patagonia satisfy the
nutritional requirements needed by Criollo transhumant
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goats during late gestating according to the National
Research Council’s Committee on the Nutrient Requirements of Small Ruminants (NRC, 2007). Furthermore, the
evolution of the weight and body condition of the goats
will be studied as indicators of their nutritional status to
determine the composition, digestibility, metabolizable
energy and crude protein in winter rangeland. Finally, if
necessary, the amount of supplemental energy and protein needed to meet the nutritional requirements of the
goats in the last third of gestation will be established.
The results of this study will contribute to the generation of management recommendations towards a reduction in the productive losses of grazing goats in arid
winter rangelands.
Study area

The study area is located in Neuquén province, northern Patagonia, Argentina (Fig. 1). Winter rangelands are
located at 1045 m.a.s.l. (37° 30′ 53″ S and 70° 02′ 06″ W;
Fig. 1). The average annual rainfall in the region is less
than 200 mm, and the average annual temperature is
between 13 and 14 °C. The vegetation corresponds to the
Monte phytogeographic province, and the predominant
physiognomy is the medium shrub-steppe (shrubs 1 to 2
m high), representing 20 to 40% of vegetation cover. The
main floristic components are Larrea divaricata (jarilla
hembra), Larrea cuneifolia (jarilla macho), Atriplex
lampa (zampa), Prosopis alpataco (alpataco) and Schinus polygamus (molle). The most common undershrub
species are Acantholippia seriphioides (falso tomillo),
Hyalis argentea (olivillo) and Pappostipa speciosa (coiron
amargo). A wide ecotone is included within the Patagonian province, where the most common species are Larrea
nitida, Schinus polygamus and Pappostipa speciosa.

Materials and methods
Management practices

A flock of 230 Criollo goats belonging to a household
located in the study area was studied between June 2009
and June 2012. There were no modifications to the farmer’s typical management, which was similar to that performed by many smallholders in the region (Lanari et al.
2004, Villagra et al. 2015, Easdale and Aguiar 2018). The
pastures were not fenced, and goats grazed freely without nocturnal enclosure. Throughout the year, no forage, concentrate or mineral supplements were fed to the
goats. Management consisted of daily rounds to prevent
the goats from leaving the grazing area and to prevent
neighbouring herds from entering. The stocking rate for
the winter range was 4.51 ha/SLU (sheep livestock unit;
Villagra et al. 2015). Water was available from waterholes.
Female goats met Criollo males upon arrival to the winter pastures (3% males) from early April to early June
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Fig. 1 Study area: Argentina (left); trans-human movement of goats (centre) and grazing areas (right)

(8 weeks). After the breeding season, males were separated until the next breeding season. Kidding took place
between September 10th and November 10th each year.
Animal data collection: body weight (BW) and body
condition score (BCS)

All animals were weighed, and BCS was evaluated both
when they arrived at the winter rangelands and 1 month
before the start of kidding (pre-kidding) to check if there
were gains or losses of BW and assess the changes in BCS
over the winter. Goats were identified with numbered
tags when the study started. In order to carry out weighing, goats were enclosed in small paddocks in the afternoon and then weighed the following morning to ensure
12 h of fasting. An electronic scale (Balcopan inc.) with
0.1 kg accuracy was used. For BCS estimation, the 0 to 5
scale proposed by Jefferies (1961) was used. Only pregnant females were evaluated; the diagnosis was made via
transrectal ultrasound with a 5-MHz linear array transducer (Honda HS-101V, Japan).

Diet composition estimation

Faecal samples were collected during weighing in order
to estimate botanical diet composition. During July 2010,
2011 and 2012, 15 adult pregnant goats were randomly
selected each year. From each goat, 10 faecal pellets were
collected from the rectum to form a composite sample of 150 pellets. Faecal samples were treated following the procedure described by Sparks and Malechek
(1968) and Williams (1969) modified by Latour and Pelliza Sbriller (1981), and microhistologically analysed
according to Sparks and Malechek (1968), Holechek and
Vavra (1981) and Holechek et al. (1982). Epidermal fragments (Sparks and Malechek 1968) and non-epidermal
fragments (Sepúlveda Palma et al. 2004) were identified
at the level of genus and species whenever possible. For
each sample, the relative frequency (%) of forage items
identified was determined according to Holechek and
Gross (1982). Through these methods, the proportion of
each forage species in the goats’ diet was estimated. Fragments were identified by comparing the items with the
reference collection of epidermal tissues of Patagonian
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plants available at the Laboratory of Microhistology in
the INTA Bariloche Experimental Station.
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Table 1 Forage quality: metabolizable energy, crude protein and
digestible dry matter of forage calculated from the diet botanical
composition of pregnant goats

Forage quality and minimum requirements

The forage quality of the species identified in the diet of
the goats, specifically metabolizable energy (ME: Mcal/
kg of dry matter), crude protein (CP: %) and digestible
dry-matter (digestibility: %), was based on previous studies by Somlo et al. (1997), Somlo (1992), Caballero and
Fritz (2013) and Barría et al. (2017) (Table 1). The methodology for determining plant quality reported by the
authors was as follows: On samples previously dried in
an oven at 60 °C and ground in a Willey mill through a
1-mm sieve, the following laboratory determinations
were made: dry matter and organic matter according to
Van Soest (1967), dry matter digestibility (D%) according to Van Soest (1969) and crude protein (CP) according
to AOAC (2007). Digestible energy (DE) was calculated
by means of equations according to Moir (1961) and
metabolizable energy (ME) according to NRC (2007).
We estimated the ME, CP and digestibility of the winter
rangeland each year as the sum of the contributions of
each forage species weighted by its proportion in the diet
(Table 2). In order to calculate the requirements of ME
(Mcal/day of dry matter) and CP (g/day of dry matter)
for Criollo goats in this stage of gestation, the assumption
was that goats’ intake was 2.9% of BW (National Research
Council, Committee on the Nutrient Requirements of
Small Ruminants, Board on Agriculture, Division on
Earth,, and Life Studies 2007) (Table 5). To estimate the
quality of possible supplements to be used by the goats
in the last third of gestation, samples (200 g) of alfalfa,
corn grain and soybean expellers were taken from local
stores and stored at − 20 °C. These samples were pooled
and sub-sampled for chemical composition analysis.
The feed samples were analysed by the Forage and Feed
Quality Laboratory INTA EEA Bordenave. Dry matter
(DM) % was determined in a forced air oven at 105 °C
until a constant weight was reached); crude protein (CP)
was determined by the Kjeldahl method (AOAC, 2007),
metabolizable energy (ME) according to NRC (2007)
and dry matter digestibility (D%) according to Van Soest
(1969).
Statistical analysis

Goats were grouped according to their teeth chronology: (a) adult, goats with four, six or eight permanent
incisor teeth or “full mouth”, and (b) old, goats with half
or all of their permanent incisor teeth worn. BW and
BCS of adult and old goats upon arrival to the winter
rangelands and 1 month before the start of kidding (prekidding) were analysed with a year factorial model for

ME, Mcal/kg
DM

CP, g/kg
DM

Digestibility, %

Alopecurus sp.

1.93

91

53.92

Bromus sp.

2.35

152

65.40

Distichlis sp.

1.62

27

44.80

Panicum sp.

1.93

91

53.92

Poa sp.

2.34

80

64.70

Rytidosperma sp.

2.36

152

65.40

Sporobolus sp.

1.16

57

34.00

Pappostipa sp.

1.73

81

49.20

Trisetum sp.

1.93

91

53.92
43.70

Grasses

Shrubby
Acantholippia sp.

1.53

65

Adesmia campestris 2.35

82

65.20

Anarthrophyllum sp. 1.59

107

44.00

Atriplex sp.

2.17

175

60.00

Chuquiraga sp.

1.45

64

40.10

Cyclolepis sp.

1.71

47

48.50

Discaria nana

1.67

90

48.11

Ephedra sp.

1.53

49

42.40

Hyalis argentea

2.20

68

61.60

Junellia sp.a

1.89

109

52.40

Larrea sp.

2.13

171

59.70

Maihuenia sp.

1.09

16

30.10

Azorella prolífera

1.47

37

40.60

Nardophyllum sp.b

1.77

45

49.00

Nassauvia sp.

1.06

47

29.50

Prosopidastrum sp. 1.50

117

42.90

Prosopis denudans

1.34

108

38.90

Schinus sp.

1.61

83

45.80

Senecio sp.

1.67

234

71.50

Acaena sp.

1.93

59

53.50

Cerastium sp.

2.09

109

57.97

Erodium cicutarium 2.31

162

64.00

Perezia sp.

2.04

66

56.40

Rumex sp.

2.09

210

57.97

Forbs

a

Caballero and Fritz 2013

b

Barría et al. 2017

2010, 2011 and 2012. This analysis covered the period
from April to June, determining the average daily gain
(ADG) during this time. The results are averages of BW
and BCS with the standard errors and the number of
goats involved (Table 3). The software used for statistical analysis was Infostat (Di Rienzo et al. 2011).

0.15

0.09

1.07

6.41

Panicum sp.

Poa sp.

Rytidosperma 3.91
sp.

0.03

Maihuenia sp. 0

0

6.76

Junellia sp. A

Larrea sp.

0

0.14
0

1.16

0

0.17

0.17

0.16

0.07

1.32

2.93

0

0

0.21

0

4.04

0

1.53

1.51

0.86

0.69

8.28

10.04

0

0

1.40

18.36

0

10.15

0

2.56

4.15

0.58

0

0.93

0

0

1.01

1.69

1.69

13.18

0

0

2.70

0

0.34

1.69

0

63.85

3.04

31.42

0

0.68

20.61

0

1.01

2.70

4.39

0

0.02

0.03

0.04

0.20

0

0

0.04

0

0.01

0.04

0

1.26

0.06

0.54

0

0.02

0.48

0

0.02

0.06

0.08

ME, Mcal/kg
DM

0

0.17

0.19

0.11

0.65

0

0

0.17

0

0.04

0.14

0

5.41

0.28

2.55

0

0.10

1.65

0

0.03

0.41

0.40

0

0.60

0.89

1.04

5.59

0

0

1.08

0

0.15

1.10

0

35.46

1.64

15.46

0

0.44

13.33

0

0.45

1.77

2.37

CP, % Digestibility,
%

4.53

9.76

0

5.23

3.48

0

0

22.30

0

0

0

0.70

41.81

0

32.75

2.44

0.70

5.92

0

0

0

0

Relative
frequency of
each forage
item, %

2012

0.05

0.21

0

0.12

0.05

0

0

0.32

0

0

0

0.01

0.75

0

0.57

0.03

0.02

0.14

0

0

0

0

ME, Mcal/kg
DM

0.07

1.67

0

0.36

0.17

0

0

1.43

0

0

0

0.05

3.37

0

2.65

0.14

0.11

0.47

0

0

0

0

1.36

5.83

0

3.22

1.48

0

0

8.94

0

0

0

0.31

21.23

0

16.11

0.83

0.46

3.83

0

0

0

0

CP, % Digestibility, %
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0

0.05

0.05

3.56

2.49

Ephedra sp.

Hyalis
argentea

0.02

0.03

1.42

Cyclolepis sp.

Discaria nana 1.78

0.36

0.30

16.73

20.64

0

Anarthrophyl- 0
lum sp.

Atriplex sp.

0

0

Adesmia
campestris

Chuquiraga
sp.

0.05

3.20

Acantholippia sp.

Shrubs

3.09

0

0.65

0

0

Total grasses 33.45

Trisetum sp.

1.67

0.36

20.64

Pappostipa
sp.

0

0

0

0.59

0.51

0.10

0

0.22

0

Sporobolus
sp.

0.02

0

1.42

0

Bromus sp.

0

0

Relative
frequency of
each forage
item, %

CP, % Digestibility,
%

Relative
frequency of
each forage
item, %

ME, Mcal/kg
DM

2011

2010

Distichlis sp.

Alopecurus
sp.

Grasses

Species in diet

Table 2 Botanical composition of the goats’ diet and the proportion of relative frequency of each forage item. Metabolizable energy, protein content and digestibility in 2010,
2011 and 2012 winter
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0.36

100.00

Total forbs

Total

0.36

0

Perezia sp.

Rumex sp.

1.82

0.01

0

0.01

0

0

Erodium
cicutarium

0

0

0

Acaena sp.

Cerastium sp.

0

1.16

66.19

Total shrubs

Forbs

0.13

0

7.83

0

Schinus sp.

Senecio sp

0

0

Prosopis
denudans

0.02

0

0

Prosopidastrum sp.

Nassauvia sp. 1.42

0

0

0.20

0

0.20

0

0

0

32.49

0

3.59

0

0

0.42

0

10.03 51.06

0.02

0

0.02

0

0

0

6.91

0

0.65

0

0

0.07

0

100.01

1.02

0

0

0.68

0.34

0

35.14

0.34

11.15

1.35

0

0

0

0

Nardophyllum sp. B

0.15

0.01

0.36

Azorella
prolífera

0.01

Relative
frequency of
each forage
item, %

ME, Mcal/kg
DM

Relative
frequency of
each forage
item, %
CP, % Digestibility,
%

2011

2010

Species in diet

Table 2 (continued)

1.87

0.02

0

0

0.02

0.01

0

0.58

0.01

0.18

0.02

0

0

0

0

ME, Mcal/kg
DM

8.18

0.15

0

0

0.11

0.04

0

2.62

0.08

0.93

0.15

0

0

0

0

52.42

0.63

0

0

0.44

0.20

0

16.33

0.24

5.11

0.53

0

0

0

0

CP, % Digestibility,
%

100.02

0.70

0.35

0

0

0

0.35

57.51

0

7.32

0

2.79

0.35

1.05

0

Relative
frequency of
each forage
item, %

2012

1.70

0.01

0.01

0

0

0

0.01

0.94

0

0.12

0

0.04

0

0.02

0

ME, Mcal/kg
DM

8.20

0.09

0.07

0

0

0

0.02

4.74

0

0.61

0

0.33

0.02

0.05

0.

47.92

0.39

0.20

0

0

0

0.19

26.30

0

3.35

0

1.20

0.10

0.51

0

CP, % Digestibility, %
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Results
Body weight (BW) and body condition score (BCS)

For the 3 years evaluated, body weight losses were
observed in pregnant goats between their arrival to
the winter rangelands, which coincided with the start
of mating, and pre-kidding. However, there were differences in BW loss depending on the year. The highest BW loss for adult and old goats was observed in
2010, with the lowest average pre-kidding BW values
recorded at this time (Table 3). In 2011, the loss of BW

Table 3 Average body weight and average daily gain of goats at
arrival to the winter rangelands and at pre-kidding
Winter
rangeland
2010

Adult
Old

2011

Adult
Old

2012

Adult
Old

ABW (kg) at arrival ABW (kg) at
pre-kidding
41.1 (0.5)

32.9 (0.8)

n = 93

n = 40

40.8 (0.5)

33.2 (1.3)

n = 64

n = 10

36.0 (0.5)

34.0 (1.1)

n = 74

n = 17

39.1 (0.4)

38.7 (1.0)

n = 122

n = 29

41.1 (0.6)

38.3 (0.5)

n = 88

n = 87

41.8 (0.6)

38.4 (0.5)

n = 67

n = 59

ADG (g) between
arrival and prekidding
− 62.8 (5.4)

n = 40

− 59.3 (10.1)

n = 10

− 2.2 (3.5)

n = 14

− 8.4 (5.2)

n = 28

− 30.1 (2.2)

n = 79

− 41.9 (2.9)

in adult and old goats was relatively low. During the
winter of 2012, the loss of BW was intermediate.
Changes in BCS were also observed (Table 4). In all
cases, there was a decrease in both BW and BCS, affecting the general condition of the animals.
Botanical composition of the goats’ diet

The botanical composition of the goats’ diet and the
proportion of food items ingested during the 3 years of
the study were determined. Food items were grouped
into three forage classes: grasses (Poaceae), shrubs and
forbs. Pregnant goats showed differences in the botanical composition of their diets among the years.
The diets of goats in 2010 and 2012 were mainly composed of shrubs (66.19% and 57.51%, respectively),
while grasses contributed 33.45% and 41.81% of the
winter diet, respectively. However, in 2011, the proportion of these plants changed with grasses contributing
63.85% and shrubs 35.14%. Forbs always represented
less than 1% of the winter diet.
The greatest contribution of ME and CP was provided
by shrubs during the winters of 2010 and 2012, while
the greatest source of ME and CP in 2011 came from
the grasses. Predictably, the contribution of ME and CP
by forbs was negligible.
The calculated average digestibility was low: 51.06%,
52.4% and 47.92% for 2010, 2011 and 2012, respectively.

n = 55

The number of evaluated goats is in italics. The standard error of the mean is
between the brackets.
ABW average body weight, ADG average daily gain

Table 4 Average body condition score of goats at arrival to the winter rangelands and at pre-kidding and the average of the
differences between them
Winter rangeland

2010 (216 days)

BCS at arrival

Adult
Old

2011 (205 days)

Adult
Old

2012 (90 days before kidding)

Adult
Old

BCS at pre-kidding

2.65 (0.03)

1.23 (0.05)

n = 93

n = 40

2.43 (0.05)

1.20 (0.13)

n = 64

n = 10

2.88 (0.03)

2.76 (0.05)

n = 74

n = 17

2.42 (0.04)

2.24 (0.08)

n = 122

n = 29

2.85 (0.02)

2.24 (0.04)

n = 88

n = 87

2.70 (0.03)

2.00 (0.05)

n = 67

n = 59

The number of goats evaluated is in italics. The standard error of the mean is between the brackets
BCS average body condition score

Difference in BCS
between arrival and prekidding
− 1.49 (0.06)

n = 40

− 1.48 (0.15)

n = 10

− 0.09 (0.07)

n = 14

− 0.25 (0.06)

n = 28

− 0.59 (0.03)

n = 79

− 0.67 (0.05)

n = 55
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Discussion
Goats’ requirements were calculated based on the average body weight (40 kg) of adult and old goats each
year at the beginning of the breeding season (arrival at
the winter rangelands; Table 5). According to National
Research Council, Committee on the Nutrient Requirements of Small Ruminants, Board on Agriculture,
Division on Earth,, and Life Studies (2007), a 40-kg
non-dairy goat during the last third of gestation needs
a minimum of 2.77 Mcal/day of ME and 153 g/day of
CP. To meet these requirements, the goats would need
to ingest 2.9% of their body weight through a diet with
an average digestibility of 66% that provides 2.39 Mcal/
kg of ME and 13% of CP (National Research Council,
Committee on the Nutrient Requirements of Small
Ruminants, Board on Agriculture, Division on Earth,,
and Life Studies 2007) (Table 5).
In 2010, the winter rangeland provided 1.82 Mcal/
kg of ME and 10.3% of CP, with 51.06% digestibility.
According to intake capacity and digestibility, the diet
selected by the goats during the winter was inadequate
when considering their minimum requirements. The
goats suffered a deficiency of 0.60 Mcal/day of ME and
30 g/day of CP in fulfilling their gestational dietary
requirements with forage of 51.06% of digestibility
(Table 5).
In 2011, winter rangelands provided 1.87 Mcal/kg
ME and 8.18% of CP, with a digestibility of 52.42%, and
were not able to meet the minimum requirements of
a pregnant goat. Goats suffered a dietary deficiency of
0.77 Mcal/day of ME and 65.5 g/day of CP (Table 5).

In 2012, winter rangelands provided 1.70 Mcal/kg ME
and 8.2% of CP, with a digestibility of 47.9%, and, once
again, were not able to meet the minimum requirements
of a pregnant goat. Goats suffered a dietary deficiency of
0.75 Mcal/day of ME and 55.4 g/day of CP (Table 5).
However, goats are not able to eat the volume that our
calculations would require due to their limited rumen
size during the advanced stages of gestation.
Given the deficiency of ME and CP in the available forage of the winter rangelands, we calculated the necessary
supplementation. In this area, farmers usually supplement with 500 g of concentrates that are available in the
local market. Table 6 shows the results for different food
concentrates and their ability to satisfy the nutritional
requirements of pregnant goats.
According to the data (Table 6), 500 g of any available
concentrate in northern Neuquén is not enough. Nonetheless, a supplement of just 550 g/day concentrate based
on a mixture of corn and soy expeller (80:20 ratio) might
be enough to achieve the ME and CP requirements of
pregnant goats. The contribution in gr. of crude protein
and the amount of Mcal of ME provided by the soybean
and corn concentrate supplement added to 610 g of pasture intake would meet the nutritional requirements of
the goats with an intake of 1.16 kg of DM, which is the
maximum allowed according to the National Research
Council, Committee on the Nutrient Requirements of
Small Ruminants, Board on Agriculture, Division on
Earth,, and Life Studies (2007).
One of the most important factors affecting the nutrition and performance of goats is the available rangeland

Table 5 Characteristics of the nutritional contribution of winter rangeland and requirement achieve in goats
Year

Winter rangeland forage contibution

achieve in goats

ME (Mcal/kg)

Average body
weight (kg)

CP (%)

Digestibility (%)

Capacity intake of
rangelanda (kg)

ME (Mcal/day)

PC (g/day)

2010

1.82

10.30

51.06

41

1.19

2.17

122.57

2011

1.87

8.18

52.42

37

1.07

2

87.52

2012

1.70

8.20

47.90

41

1.19

2.02

97.59

NRC requirements goats: 2.77 Mcal/d ME; 153 g/day CP
NRC concentration in diet: 2.39 Mcal/Kg ME; 13% PC; 66% digestibility
a

Intake: 2.9% BW (1.16 kg DM)

Table 6 Contribution of the different concentrates and their possibility to meet the nutritional requirements of pregnant goats
Dry matter (kg/
day)

CP (g)

ME (Mcal)

Composition of supplement

Nutritional
requirements
achieve

Pelleted alfalfa hay:corn (55:45)

0.5

73

1.14

Pelleted alfalfa hay:corn (55:45)

No

Brewers’ spent grain:corn

0.7

100

1.53

Brewers’ spent grain:corn (55:45)

No

Corn:soybean expeller

0.55

148

1.98

Corn:soybean exp. (80:20)

Yes
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forage quality. Low crude protein and low energy are
related to a high-fibre concentration and consequently
low digestibility (Gudmundsson 2001). Our results
showed that forage species had low to intermediate ME,
CP and digestibility, as cited by other authors (Egea et al.
2019).
Our study involved pregnant goats in the last third
of gestation. Taking into account ruminal capacity, the
selected diet from rangeland plants failed to satisfy the
minimum nutritional requirements determined by the
NRC: 13% CP and 2.39 Mcal/kg ME with 66% of dry matter digestibility. On average, the winter rangeland contributed just 8.8% CP and 1.80 Mcal/kg of ME with 51%
of digestibility.
Late-stage gestation causes a low ruminal capacity that
directly affects the amount of dry matter intake, and, as
a consequence, ME and CP intake in the diet are often
below the requirements (Wang et al. 1997; Assouma
et al. 2018; Chebli et al. 2020; Hendrickson and Moffet
2020; Mellado 2016). CP levels in rangeland forage were
between 8 and 10%, not enough to produce the recycling of nitrogen and to meet the requirements of rumen
microbes. This results in a decrease in forage digestibility
and dry matter intake (Van Soest 1967; 1969). Due to this
process, significant weight losses are observed in goats,
even at advanced gestation (Table 3). This results in an
important loss of fat reserves, evidenced in the loss of
BCS (Table 4).
The analysis of goats’ diet across several years supports
the importance of opportunistic feeding behaviour for
these animals, rather than being constrained to a specific feeding type, that is a typical browser or grazer (Egea
et al. 2019). We found large differences in the botanical
composition of their diets among the years. The percentage of grasses in 2011 was almost twice that found
in 2010, while the percentage of shrubs decreased proportionally (Table 2); Chebli et al. (2020) and Mellado
(2016) found similar results. However, the ME intake
was similar among the years, and protein intake was
only slightly higher in 2010 (Table 5). The analysis of the
botanical composition of diets shows the ability of goats
to cope with the changing conditions of the environment,
demonstrating their great adaptive capacity and rusticity in the face of adversities (Allegretti et al. 2012). These
results also support those obtained by Egea et al. (2019),
who explored how goats modified their feeding behaviour in response to changes in their nutritional requirements (late gestation) and forage availability (i.e. winter).
In accordance with other authors, we observed that
free grazing is the best option for enabling goats to
choose food according to their energy and protein needs.
They increase the CP in their diet at the end of pregnancy, performing adjustments that depend on available
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forage, but in this case, the rangeland forage quality failed
to meet their minimum requirements (Allegretti et al.
2012). Characteristics of forage species significantly influence the voluntary intake of goats. This intake is directly
related to dry matter and CP concentrations and mainly
to digestibility (Rodríguez-Zamora and Elizondo-Salazar 2012) which affects the ruminal physical filling and
causes a low year-round productivity of range livestock
(Assouma et al. 2018). Based on these data, a strategic
supplementation in late-stage pregnant goats is recommended, in order to develop their late gestation and subsequent lactation without losing weight.
Energy and/or protein deficiencies reduce foetal development during late gestation, the stage of highest foetal
growth rate (Härter et al. 2016; Doré et al. 2015). The
survival rate of offspring will also be impacted by low
birth weight (Akingbade et al. 2002; Jockers et al. 2021).
According to our results, kids’ production and therefore
farmers’ profits may be seriously affected if actions are
not taken to improve the nutrition of goats in the last
third of gestation. Among the supplements considered,
the minimum requirements of adult and old goats during the last third of gestation could be satisfied with 550
g DM per day of an 80% corn:20% soy expeller (Table 6).
We believe that the results of this study raise the need for
further and more in-depth studies on the quality of the
diet consumed by pregnant goats. Also, future research
should focus on more economical and environmentally
friendly forms of dietary supplements than those currently used by farmers and evaluated in this work.

Conclusions
We conclude that in the arid areas of northern Neuquén
in Argentina, forage quality in winter rangelands is not
high enough to satisfy the nutritional requirements of
Criollo goats during late gestation. This is a limitation
that is reflected in the notable losses of BW and BCS
and compromises the production of kids since mating,
the last third of gestation and parturition all take place
on these winter ranges. The low forage quality cannot be
compensated with higher intake, since goats’ rumen volume is smaller during the last third of gestation, limiting
their intake capacity to only 2.9% of their BW (National
Research Council, Committee on the Nutrient Requirements of Small Ruminants, Board on Agriculture, Division on Earth, and Life Studies 2007). According to our
results and given the characteristics of the rangeland forage involved, the recommendation to satisfy the requirements of the goats during the last third of gestation is a
supplementation of 550 g/day of a mixture of corn and
soybean expeller in a ratio of 80:20 (16% CP and 3 Mcal
EM/kg). This action would both improve the productivity of the herds and increase the income of the farmers.
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Future studies should focus on describing more precisely
the quality of the diet consumed by pregnant goats and
testing more economical and environmentally friendly
management to meet the requirements of pregnant goats.

de Río Negro, Cátedra de Rumiantes Menores, Licenciatura en Agroecología,
Onelli 3076, 8430 El Bolsón, Río Negro, Argentina.
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