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Genotype effects on energy and protein requirements in growing
male goats
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1Department of Animal Science, UNESP – Universidade Estadual Paulista, Jaboticabal, SP 14884-900, Brazil; 2Department of Animal Science, University of California,
Davis, CA 95616, USA; 3Department of Animal Science, Universidade Federal da Paraíba, Areia, PB 58397-000, Brazil

(Received 14 October 2019; Accepted 7 February 2020)

Goat genotype may alter the net energy and protein requirements for maintenance (NEm and NPm, respectively) and weight gain
(NEg and NPg).This study was designed to investigate and quantify the effect of goat type on NEm, NPm, NEg and NPg, and
quantify the net requirements for energy and protein for dairy, meat and indigenous growing male goats. For that, comparative
slaughter studies were gathered and a meta-analytical approach was used. Two distinct databases were organized: one
composed of 233 individual records from 11 studies of meat (n= 81), dairy (n= 97) and indigenous (n= 55) growing male goats
weighing from 4.50 to 51.0 kg, to depict NEm and NPm; and another database composed of 239 individual records from nine
studies of meat (n= 87), dairy (n= 97) and indigenous (n= 55) growing male goats weighing from 4.30 to 51.0 kg, to depict
NEg and NPg. Our findings showed that NEm of meat goats was 8.5% greater (336 ± 10.8 kJ/kg0.75 of empty BW; EBW) than
dairy and indigenous goats (310 ± 8.20 kJ/kg0.75 EBW; P< 0.05). Whereas, NPm was not affected by goat type (1.92 ± 0.239 g/kg
EBW; P= 0.91). The NPg was 185.1 ± 1.82 g/kg of EBW gain for goats weighing 5 kg BW and 192.5 ± 4.33 g/kg of EBW gain for
goats weighing 45 kg BW, and thus did not change across goat type (P= 0.12). On the other hand, NEg increased from
7.29 ± 0.191 to 11.9 ± 0.386 MJ/kg of EBW in male dairy goats, and from 7.32 ± 0.144 to 15.7 ± 0.537 MJ/kg of EBW in meat
and indigenous growing male goats weighing between 5 and 45 kg BW. When body protein was used as a predictor in the
allometric equation instead of EBW seeking to account for the degree of maturity, goat type differences disappeared; however,
this predictor showed a high variation among individuals. In conclusion, energy and protein requirements for gain in distinct goat
types reflect on body composition differences. Future research should focus on better understanding the maturity degree and its
consequences in the energy requirement of growing male goats and better depict the goat type effect on it, as well as on the
efficiency of utilization.

Keywords: body composition, comparative slaughter, goat type, nutritional requirements, meta-analysis

Implications

Nutritional requirements of growing goats may vary depend-
ing on the purpose of production, as well as environment
in which they were raised and selected. Under tropical
conditions, goat type influences energy requirements, but
not protein requirements of growing male goats. These
results may assist in the process to ensure that animal
requirements are met by providing information that can be
used in the decision-making process to optimize feeding
programs, production efficiency and profitability of goat
production systems.

Introduction

There are over 70 classified goat breeds raised for different
production purposes (FAOStat, 2019); not counting, several
nonclassified indigenous genotypes can be found around the
globe. These indigenous breeds are important in marginal
regions of the world, due to their high tolerance to stress
and adaptability to their regions. Saanen is the world’s
preferred breed raised for goat milk production (FAOStat,
2019). Likewise, Boer is the most used specialized breed
raised for goat meat production (FAOStat, 2019). In this
context, the National Research Council (2007) have different
energy and protein recommendations depending on goat
type, as adequate nutrient supply is a key factor for optimal
performance of the goat.a Present address: School of Environmental and Rural Science, University of

New England, Armidale, NSW 2351, Australia
† E-mail: izabelle.teixeira@unesp.br
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Genotypic variation may result in differences in growth
patterns and body composition in a given BW (Owens
et al., 1993, Asizua et al., 2014), potentially altering mature
BW. Previous studies showed that sex (Souza et al., 2017)
and breed (Taylor, 1980) differences in body composition
at the same BW shrink when comparing animals at the same
degree of maturity. Likewise, methods to overcome genotype
effect due to differences in maturity degree on nutritional
requirements have been applied (Souza et al., 2020) while
considering the comparative slaughter technique. In this
sense, Emmans (1989) suggested to describe and evaluate
different genotypes using potential protein growth, enabling
the identification of genotypic differences in energy content.

Based on the premise that net requirements would be
dictated by the composition of the gain, we hypothesize that
net requirements will follow the pattern of energy and
protein deposition across evaluated genotypes, but may be
amended when accounting for degree of maturity.
Therefore, the objective of this study was to estimate and
compare energy and protein requirements for dairy, meat
and indigenous growing male goats, as well as to consider
the role of degree of maturity on energy requirements. In this
regard, only preliminary results were previously published
by Teixeira et al. (2019).

Material and methods

Database description
The database used in this study was pooled from 11 studies
with dairy, meat and indigenous growing male goats weigh-
ing from 4.30 to 51 kg, gaining on average 101.4 g/day
(Tables 1 and 2). Dairy type referred to Saanen goats, and
indigenous type consisted of local breeds or their crossbreds.
We considered as meat type, animals with 50% or more of

Boer genetics, based on NRC (2007) characterization. The
inclusion criteria of a given study in the database were the
use of the comparative slaughter technique, availability of
individual records on energy and protein body composition,
as well as energy and protein daily intake. Goats across the
studies were randomly allocated to one of the treatments: no
feed restriction (ad libitum), moderate feed restriction, severe
feed restriction (feed near maintenance level). In these stud-
ies, goats were fed diets with 43.2 ± 8.39% of roughage (i.e.,
corn hay, Tifton hay, elephant grass or native pasture) con-
taining 15.9 ± 1.66 % CP and 11.3 ± 1.78 MJ/kg DM
of metabolizable energy (ME). Animal care and handling
procedures were conducted in accordance with the Animal
Care Committee of the university in which individual studies
were carried out as stated by the authors in individual
studies, and procedures were completed in accordance with
instructions by the Ministry of Agriculture in Brazil (instruc-
tion number 03/2000).

Two distinct databases were organized: one composed of
233 individual records of meat (n= 81), dairy (n= 97) and
indigenous (n= 55) growing male goats (Table 1) that
depicts net energy and net protein requirements for mainte-
nance (NEm and NPm, respectively); and a second composed
of 239 individual records of meat (n= 87), dairy (n= 97) and
indigenous (n= 55) growing male goats (Table 2) that
depicts net energy and net protein requirements for gain
(NEg and NPg, respectively). The empty BW (EBW) for each
goat was calculated by subtracting the weight of the gastro-
intestinal, bladder and gallbladder contents from the BW in
all studies. Protein and energy determination was described
comprehensively in each study cited in Tables 1 and 2. For
estimating NEm and NPm, we gathered daily data from each
study on N intake (NI, g/kg EBW0.75), N retained in the body

Table 1 Summary of the database used in the meta-analysis to depict
goat type effect on net energy and net protein requirements for
maintenance

References n1 Genotype Type2

Fernandes et al. (2007) 21 ¾ Boer ¼ Saanen Meat
Busato (2010) 15 ½ Boer ½ Undefined Meat
Busato (2010) 14 Canindé Indigenous
Busato (2010) 13 Moxotó Indigenous
Gomes (2011) 18 Saanen Dairy
Bompadre et al. (2014) 17 Saanen Dairy
Medeiros et al. (2014) 27 Saanen Dairy
Almeida et al. (2015a
and 2015b)

18 Saanen Dairy

Figueiredo et al. (2017) 17 Saanen Dairy
Teixeira et al. (2017) 45 ½ Boer ½ Saanen Meat
Resende et al. (2018) 28 Undefined Indigenous

1Total number of goat records by study, some goats were used to estimate main-
tenance requirements.
2Meat type refers to goats that had more than 50% of Boer breed; dairy type
refers to Saanen goats; indigenous goats refer to local breeds or undefined
breeds.

Table 2 Summary of the database used in the meta-analysis to depict
goat type effect on net energy and net protein requirements for weight
gain

References n1 Genotype Type2

Fernandes et al. (2007) 34 ¾ Boer ¼ Saanen Meat
Alves et al. (2008) 10 Moxotó Indigenous
Nóbrega et al. (2009) 11 ½ Boer ½ Undefined Meat
Busato (2010) 19 ½ Boer ½ Undefined Meat
Busato (2010) 19 Canindé Indigenous
Busato (2010) 17 Moxotó Indigenous
Gomes (2011) 30 Saanen Dairy
Bompadre et al. (2014) 31 Saanen Dairy
Medeiros et al. (2014) 23 Saanen Dairy
Almeida et al. (2015a
and 2015b)

26 Saanen Dairy

Figueiredo et al. (2017) 32 Saanen Dairy
Teixeira et al. (2017) 39 ½ Boer ½ Saanen Meat
Resende et al. (2018) 38 Undefined Indigenous

1Total number of goat records by study, some goats were used to estimate gain
requirements.
2Meat type refers to goats that had more than 50% of Boer breed; dairy
type refers to Saanen goats; indigenous goats refer to local breeds or undefined
breeds.
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(NR, g/kg EBW0.75), protein retained in the body (RP, g/kg
EBW0.75) and CP intake (g/kg EBW). To estimate metaboliz-
able protein intake (MPI, g/kg EBW0.75), metabolizable
energy intake (MEI, kJ/kg EBW0.75) and retained energy
(RE, kJ/kg EBW0.75), we used goats fed ad libitum and sub-
jected to quantitative feed restriction (i.e., moderate or close
to maintenance requirements). The metabolizable protein
content of ingredients was estimated according to NRC
(2007) feed library and it was used to calculate the MPI
within each study. Similarly, we collected information on
body protein (g) and energy content (MJ), as well as EBW
(kg) of goats fed ad libitum and slaughtered at different
BW to estimate NEg and NPg.

Protein and energy requirements for maintenance
A linear regression analysis of daily retained N (g N/kg EBW)
on daily N intake (g N/kg EBW) was used to estimate the net
N requirements for maintenance (further details on the
statistical model used in Supplementary Material S1). The
intercept of the regression represents the endogenous and
metabolic losses of N, which was multiplied by the factor
of 6.25 to estimate the NPm. Similarly, the daily RP in the
empty body (g/kg EBW) was regressed as a function of
the daily MPI (g/kg EBW), to estimate the metabolizable pro-
tein for maintenance (MPm; please refer to equation (1) of
Supplementary Material S1 for more details).

The NEmwas estimated as by Lofgreen and Garrett (1968).
Briefly, daily heat production (HP, kJ/kg0.75 EBW) was calcu-
lated as the difference between daily MEI (kJ/kg0.75 EBW) and
daily RE (kJ/kg0.75 EBW). The NEmwas the HP at zeroMEI, and
metabolizable energy for maintenance (MEm) was calculated
iteratively solving for MEI= HP (see equation (2) in
Supplementary Material S1 for more information regarding
statistical model).

The estimate efficiency of energy use for maintenance
(km) was calculated as the ratio between NEm and MEm.
Additionally, the partial efficiency of ME use for growth
(kg) was estimated as the slope of the linear regression of
RE on MEI above maintenance (i.e., MEI –MEm), assuming
that RE is null when MEI above maintenance is zero
(Galvani et al., 2014).

Net protein and energy requirements for gain
For estimating NPg and NEg, we used the methodology
described by Lofgreen and Garrett (1968), in which linearized
allometric equation parameters are estimated for total
protein (g) and energy (kJ) contents in the EBW. Data were
analyzed using a mixed model, including the fixed effect of
goat type (i.e., meat, dairy or indigenous) and random effects
of study (please refer to equation (3) of Supplementary
Material S1 for more details).

Emmans (1989) suggested that genotype differences
might be accounted if one considers the protein weight
(i.e., body protein content). In this sense, to compare properly
NEg accounting for maturity degree, we fitted the allometric
equation (equation (3) in Supplementary Material S1) using

total body energy as dependent variable and total body
protein as independent variable (i.e., protein weight;
Emmans, 1989).

Statistical analysis
Data were analyzed as a mixed model, assuming goat type
as fixed effect, and study as random effect using SAS (version
9.4; SAS Institute Inc., Cary, NC, USA). The NPm linear equa-
tion (equation (1); Supplementary Material S1) was fitted
using MIXED procedure. The NLMIXED procedure was used
to fit the NEm nonlinear model (equation (2); Supplementary
Material S1). We used dummy variables to assess goat type
effect on parameter estimates.

Regarding NEg and NPg, the parameter estimates of
the logarithmized allometric equation (β0 and β1, equation
(3); Supplementary Material S1) were obtained using the
MIXED procedure of SAS. We used the logarithmized allomet-
ric equation because variances and standardized conditional
residuals were more homogeneous when compared to the
untransformed allometric equation. The NPg and NEg were
estimated by the first derivative of the allometric equation
(equation (3); Supplementary Material S1) with respect to
EBW or protein weight. Then, a Monte Carlo-based simula-
tion was used to calculate numerical estimates of the SD and
confidence intervals for net energy and protein requirements.
The β0 and β1 parameter estimates and standard errors, as
well as the correlation between β0 and β1, were inserted
in the algorithm of Fan et al. (2008), and 10 000 simulated
values of net energy and protein requirements were gener-
ated using a multivariate normal distribution.

Regardless the equation fitted, whenever the effect of
goat type was found to be significant (P< 0.05), indicating
a different intercept for at least one goat type, three contrast
statements were used to conduct all three pairwise compar-
isons among goat types.

Results

Using the database described in Table 3, there was no
significant effect of goat type for (P≥ 0.28) both intercept
(β0) and slope (β1) of the linear relationship between retained
N (g N/kg0.75 EBW per day) and N intake (g N/kg0.75 EBW
per day) (equation (1), P< 0.01; �e2 = 0.00985 and �s

2 =
0.00749). In this regard, the minimal N loss equals the inter-
cept at zero N intake (339± 27.5 mg N/kg0.75 EBW per day),
corresponding to 2.12± 0.172 g/kg0.75 EBW of daily NPm
for all goat types. The N intake required for maintenance
(at NR= 0; equation (1)) was 0.894 g N/kg0.75 EBW, or
5.59 g CP/kg0.75 EBW. The efficiency of the ingested CP for
the retained protein (slope) was 0.38.

NR ¼� 0:339� 0:0276þ 0:379� 0:0302� NI (1)

where NR is N retained in the body (g/kg EBW0.75), NI is the
N intake (g/kg EBW0.75) for meat, dairy or indigenous.

Energy and protein requirements in goats

3

https://doi.org/10.1017/S1751731120000348
https://doi.org/10.1017/S1751731120000348
https://doi.org/10.1017/S1751731120000348
https://doi.org/10.1017/S1751731120000348
https://doi.org/10.1017/S1751731120000348
https://doi.org/10.1017/S1751731120000348
https://doi.org/10.1017/S1751731120000348
https://doi.org/10.1017/S1751731120000348
https://doi.org/10.1017/S1751731120000348


Likewise, database described in Table 3 was used to fit
the linear regression of RP on MPI (equation (2), P< 0.01;
�e

2 = 0.409 and �s
2 = 0.00790) revealing that MPm was

3.79 g/kg0.75 EBW (as the solution of equation (2) for zero
protein retention). Hence, the estimated partial efficiency
of metabolizable protein used for maintenance (kpm) was
0.55. Goat type did not affect both intercept and slope of
equation (2) (P≥ 0.31).

RP ¼ �1:65� 0:160þ 0:434� 0:0336�MPI (2)

where RP is protein retained in the body (g/kg EBW0.75),
MPI is the metabolizable protein intake (g/kg EBW0.75) for
meat, dairy or indigenous.

The nonlinear relationship between HP and MEI (equa-
tions (3) and (4); P < 0.01; �e

2 = 612 and �s
2 = 42.7)

was affected by goat type (P < 0.05). Thus, equation (3)
describes HP on MEI for meat goats, while equation (4)
was fitted for dairy and indigenous goats, described in
Table 3. In this sense, NEm was 336 kJ/kg0.75 EBW for meat
goats and 310 kJ/kg0.75 EBW for dairy and indigenous
goats. The MEm was 524 kJ/kg0.75 EBW for meat goats

and 497 kJ/kg0.75 EBW for dairy and indigenous goats.
Moreover, the estimated km was 0.64 for meat goats and
0.62 for dairy and indigenous goats.

HPðmeatÞ ¼ 336� 10:8� expð0:00355�0:000120�MEIÞ (3)

HPðdairy or indigenousÞ ¼ 310� 8:20� expð0:00398�0:000102�MEIÞ

(4)

where HP is heat production (kJ/kg0.75 EBW), MEI is ME
intake (kJ/kg0.75 EBW).

Goat type did not affect both parameters, intercept and
allometric coefficient of the logarithmized allometric equa-
tions to estimate body protein in the EBW of meat, dairy
and indigenous growing male goats (described in Table 4);
thus, one allometric equation was fitted considering the
body protein as dependent variable and EBW as independent
variable (P≥ 0.12, Table 5). On the other hand, the allometric
equation of body fat and body energy on EBW was affected
by goat type (P< 0.01, Table 5). Body fat intercept (β0) on
EBW estimate was similar between meat and indigenous
growing male goats (P= 0.08), but differed between dairy

Table 3 Descriptive statistics of the database used to depict protein and energy requirements for maintenance of
growing male goats subjected to different levels of intake

Trait1 n Mean SD Minimum Maximum

Meat goats 87
BWi (kg) 16.0 4.37 5.10 21.8
BWf (kg) 23.2 7.64 11.0 39.5
EBW (kg) 18.5 6.73 8.82 32.6
ADG (g/day) 120 94.0 −32.8 391
N intake (g/kg EBW)0.75 1.06 0.284 0.578 1.74
N retained (g/kg EBW)0.75 0.258 0.167 −0.0161 0.618
MEI (kJ/kg EBW)0.75 867 300 367 1 726
RE (kJ/kg EBW)0.75 152 99.3 −41.4 335

Dairy goats 97
BWi (kg) 16.7 11.4 4.50 32.3
BWf (kg) 26.8 12.2 8.35 51.0
EBW (kg) 21.9 10.5 6.75 41.7
ADG (g/day) 114 65.1 −13.6 264
N intake (g/kg EBW0.75) 0.952 0.320 0.415 0.517
N retained (g/kg EBW0.75) 0.191 0.147 −0.0804 1.62
MEI (kJ/kg EBW0.75) 822 252 275 1 522
RE (kJ/kg EBW0.75) 121 74.0 −36.6 291

Indigenous goats 55
BWi (kg) 10.7 5.37 4.56 20.5
BWf (kg) 17.8 6.90 6.60 31.9
EBW (kg) 15.0 6.22 5.56 28.6
ADG (g/day) 70.2 61.8 −47.9 208
N intake (g/kg EBW0.75) 0.984 0.326 0.469 1.69
N retained (g/kg EBW0.75) 0.147 0.112 −0.0720 0.399
MEI (kJ/kg EBW0.75) 775 302 331 1 474
RE (kJ/kg EBW0.75) 105 90.8 −49.5 300

n= number of observations; BWi= initial BW; BWf= final BW; EBW= empty BW; ADG= average daily gain; MEI=metabolizable
energy intake; RE= retained energy.
1Meat type had≥ 50% Boer; dairy-type goats were Saanen; undefined breed or local breeds were pooled in indigenous goats. Contains
information from goats fed ad libitum and restricted fed growing male goats.
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and meat type (P< 0.01), and between dairy and indigenous
growing male goats (P< 0.01). Because, coefficient of
allometry (β1) differed across goat types tested (P< 0.01),
we proposed distinct equations to predict body fat in meat,
dairy and indigenous growing male goats (Table 5).
Moreover, we found that both intercept (β0) and slope
(β1) of the allometric equation of energy against EBW (β0)
of meat goats did not differ from that of indigenous goats
(P≥ 0.83). Thus, we propose a conjoint allometric equation

of energy on EBW for meat and indigenous growing male
goats (Table 5).

The first partial derivative of the allometric equations for
body protein and body energy on EBW yielded NPg and NEg
(Table 5; Figure 1). Heavier goats exhibited greater uncertainty
in both NPg and NEg (Figure 1). In this regard, dairy type goats
had the lowest uncertainty associated with NEg estimates. The
NPg did not change throughout growth ranging from
185.1 ± 1.82 to 192.5± 4.33 g/kg of EBW gain for meat, dairy
and indigenous growing male goats between 5 and 45 kg BW.
Our results revealed an effect of goat type on NEg (Table 5;
Figure 1). In this regard, NEg increased from 7.29± 0.191
to 11.9± 0.386MJ/kg of EBW in male dairy goats, and from
7.32± 0.144 to 15.7± 0.537 MJ/kg of EBW in meat and
indigenous goats between 5 and 45 kg BW, respectively.

We also fitted an allometric equation (i.e., logarithmized
using database described in Table 4) considering body energy
as a dependent variable and body protein as the predictor, to
consider the concept of protein weight (i.e., as an indicator of
maturity degree) across goat types on body energy (P< 0.01;
equations (5) to (7); �e2 = 0.00302 and �s

2 = 0.00174).

Log10EðmeatÞ ¼ 0:639� 0:151� 1:29� 0:0428

� Log10 protein (5)

Log10 EðdairyÞ ¼ 1:13� 0:112� 1:15� 0:0316

� Log10 protein (6)

Log10EðindigenousÞ ¼ 0:617� 0:107� 1:30� 0:0311

� Log10protein (7)

where Log10E is the logarithm of total body energy content
(kJ); Log10 protein is the logarithm of total body protein (g) in
meat, dairy or indigenous growing male goats.

Table 4 Descriptive statistics of the database used to depict protein
and energy requirements for weight gain of growing male goats

Trait1 n Mean SD Minimum Maximum

Meat goats
BW (kg) 79 22.5 7.85 4.30 36.6
EBW (kg) 79 17.9 6.65 6.18 31.3
Protein (g/kg EBW) 79 185.8 9.94 167.6 216.8
Fat (g/kg EBW) 79 108.5 35.1 67.4 199.3
Energy (MJ/kg EBW) 79 8.53 1.34 6.61 11.6

Dairy goats
BW (kg) 94 23.8 13.5 4.70 51.0
EBW (kg) 94 19.9 11.1 3.90 41.7
Protein (g/kg EBW) 94 180.2 18.9 130.1 224.7
Fat (g/kg EBW) 94 119.7 47.0 52.2 257.7
Energy (MJ/kg EBW) 94 2.08 0.427 1.35 3.33

Indigenous goats
BW (kg) 67 19.0 6.76 4.99 31.9
EBW (kg) 67 15.6 6.04 4.46 28.6
Protein (g/kg EBW) 67 175.9 16.6 123.2 212.5
Fat (g/kg EBW) 67 110.5 43.9 50.2 199.3
Energy (MJ/kg EBW) 67 2.09 0.393 1.45 2.87

n= number of observations; EBW= empty BW.
1Goats were considered meat type when they were ≥ 50% Boer; Saanen
goats were considered dairy-type goats; undefined breed or local breeds
were pooled in indigenous goats. Contains information from goats fed ad libi-
tum only.

Table 5 Parameter estimates of the allometric relationship (logarithmized) between total body protein (g), fat (g) or
total body energy (kcal) and the empty BW in meat, dairy and indigenous growing male goats

Item

Parameter estimates ± standard error σ2×10001 P-values2

β0 β1 �e
2 �s

2 β0 β1

Protein (g)
All goats 2.25 ± 0.0128 1.02 ± 0.0104 0.897 0.162 0.119 0.318

Fat (g)
Meat 1.06 ± 0.103 1.77 ± 0.0808

11.4 3.72 <0.01 <0.01Dairy 1.40 ± 0.0799 1.50 ± 0.0604
Indigenous 0.836 ± 0.0727 1.98 ± 0.0727

Energy (kJ)
Meat 3.54 ± 0.0380 1.32 ± 0.0298

1.50 0.582 <0.01 <0.01
Dairy 3.64 ± 0.0298 1.22 ± 0.0223
Indigenous 3.51 ± 0.0268 1.37 ± 0.0226
Meat and indigenous 3.52 ± 0.0234 1.35 ± 0.0188

1The �e2 and �s
2 represent the error and study variances, respectively.

2P-value for fixed effect of goat type on intercept (β0) and the allometric coefficient (β1) of the equation: Log10Y= β0þ β1 × Log10X
(please refer to Supplementary Material S1 for further details).
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Both intercept (β0) and slope (β1) did not differ between
meat and indigenous (P≥ 0.83; equation (8)), which means
that their allometric equation of body energy on body protein
was similar but different from that fitted for dairy goats
(P< 0.01; equation (6)).

Log10Eðmeat or indigenousÞ ¼ 0:628� 0:0926� 1:30� 0:0267

� Log10protein

(8)

where Log10E(meat or indigenous) is the logarithm of total body
energy content (kJ) in meat or indigenous growing male
goats; Log10 protein is the logarithm of total body protein
(g) meat or indigenous growing male goats.

Moreover, the kg that estimated as the slope of the linear
regression of RE on MEI above maintenance (P< 0.01;
�e

2 = 105 and �s
2 = 86.6) was similar for all tested goat

types (P= 0.08) and equal to 0.298 ± 0.0121.
Altogether, we provide a summary of total daily protein

and energy requirements for growing male goats at mainte-
nance level, as well as for weight gain of 100 g per day
according to goat type (Table 6).

Discussion

We evaluated the effect of the goat type (i.e., genotype)
on protein and energy requirements in growing male. The
estimated NEm was 336 kJ/kg0.75 EBW for meat growing
male goats and 309 kJ/kg0.75 EBW for dairy and indigenous
growing male goats. On the other hand, both NPm and NPg
were not affected by goat type. Allometric equations were
fitted considering body energy as a dependent variable
and body protein as the predictor, to consider the concept

of protein weight, accounting for differences in maturity
degree on body energy content across goat type, while
NEg differed within tested goat types.

Based on the premise that reported differences in
nutritional traits among goat types may be connected to
inappropriate comparisons performed between animals of
different frame sizes (Webster, 1986), we currently face lack
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Figure 1 NPg (g/kg EBW gain; circle symbol) and NEg (MJ/kg EBW gain; square symbol) for meat and indigenous (gray square), and dairy growing male
goats (open square). Both estimated using a Monte Carlo method to solve the first partial derivative of the allometric equations for body protein and energy
on EBW: NPg(all goats) = 181.4 × EBW0.02; and NEg(meat or indigenous)= 4.47 × EBW0.35, NEg(dairy)= 5.32 × EBW0.22. NPg= net protein requirement for gain;
NEg= net energy requirement for gain; EBW= empty BW.

Table 6 Total net protein and net energy requirements (MJ or g/day;
maintenance and gain) of meat, dairy and indigenous growing male
goats at maintenance level and for daily weight gain of 100 g

BW (kg)

Total daily requirements1

Metabolizable
energy (MJ/day)

Metabolizable
protein (g/day)

Maintenance ADG of 100 g Maintenance ADG of 100 g

Meat goats
10 2.56 4.72 18.5 47.2
20 4.31 6.90 31.2 60.2
30 5.84 8.72 42.2 71.5
40 7.25 10.4 52.4 81.8
Dairy goats
10 2.43 4.52 18.5 47.2
20 4.09 6.44 31.2 60.2
30 5.54 8.05 42.2 71.5
40 6.87 9.51 52.4 81.8
Indigenous goats
10 2.43 4.59 18.5 47.2
20 4.09 6.68 31.2 60.2
30 5.54 8.84 42.2 71.5

ADG= average daily gain.
1Total requirement was a sum of maintenance and gain requirements reported in
the present study. The efficiency of protein use for gain of 0.55 for all goat types
was used to estimate metabolizable protein for gain. The efficiency of energy
use for gain of 0.30 for all goat types was used to estimate metabolizable
energy for gain.
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of definition of appropriate estimators of mature weight
(i.e., body protein as in Moulton, 1923; skeletal develop-
ment; body fat as in Trenkle and Marple, 1983; Almeida
et al., 2016). Emmans (1989) suggested the use of potential
protein growth using a Gompertz growth curve in consider-
ing the degree of maturity in the energy requirements in
poultry. In our study, we could not fit the same growth func-
tion because of the range of BW observed in our data. Thus,
we decided to adopt a simplified Emmans’ approach. The
potential protein growth across goat types was considered
by fitting a logarithmized allometric equation between body
energy and body protein, describing the amount of energy
needed per unit of gram of protein gained across different
goat types (i.e., achieved after the first derivative of the allo-
metric equations (6) and (8)). For instance, meat and indige-
nous goat types retained 65.3 ± 4.88 kJ/g protein in the
body, while dairy type retained 53.3 ± 4.74 kJ/g protein
(i.e., solving the first derivative of equations (6) and (8)
at 25 kg of BW). Evaluating the confidence intervals, the
energy required per unit of protein gained is similar across
goat type (ranged from 47.6 to 89.3 kJ/g protein retained
in the body in meat and indigenous growing male goats
and 36.7 to 77.5 kJ/g protein retained in the body in dairy
growing male goats). Thus, we accept the hypothesis of the
present study that the use of protein weight removes the
observed difference on NEg among goat types; however,
the great variation observed in energy required per unit
of retained protein may raise concerns regarding the use
of this simplified Emmans’ approach in ruminants.

Body fat as well as energy increased as BW increased
exhibiting greater rates of deposition than the body itself
(i.e., coefficient of allometry, β1 greater than 1) in all tested
goat types. It is important to highlight that the coefficient of
allometry differed across goat types, indicating that goats
from distinct types differed in maturity degree. Goat types
that have had lower adult weights (i.e., fully grown male
indigenous goats are reported to have around 40 kg BW;
Marques et al., 2014) had greater coefficient of allometry
(β1). Indigenous goats used herein are lighter when fully
grown (i.e., adult BW) than meat-type male goats (i.e.,
Boer male goat exhibits 80 to 135 kg of adult BW; Lôbo
et al., 2010; Solaiman, 2010) and dairy-type male goats
(i.e., 80 to 91 kg; Solaiman, 2010). The BW of indigenous-,
meat- and dairy-type goats in the present study ranged from
6.60 to 31.9 kg, from 11.0 to 39.5 kg, and from 8.35 to
51.0 kg, respectively.

Although, we did not achieve the expected outcome while
testing the protein weight approach to correct for maturity
degree in NEg in the present study, it is critical to account
for maturity degree while establishing feeding standards
to achieve comparability across goat types. Not only the
protein changes in the body, but the fat depots also increase
as the animal reaches maturity (Lawrence et al., 2012). Body
fat content is prone to variation and can be influenced by
goat type, age, slaughter weight (Al-Owaimer et al.,
2013), nutrition, physiological condition and physical
activities(Solaiman et al., 2011). Little is known regarding

comparisons in growth and mature weight of indigenous,
dairy and meat goats. Male dairy goats reach maturity at
approximately 50 kg BW (Almeida et al., 2016), an unrealistic
maturity weight for indigenous goats, which have smaller
body frames.

The increase in body protein weight was similar to the
increase in BW (i.e., coefficient of allometry – β1 = 1,
P= 0.75), suggesting that the amount of protein in the
EBW increases at a similar rate in meat, dairy and indigenous
male goats. Similar body protein deposition pattern was pre-
viously reported in previous studies with goats (Fernandes et
al., 2007; Medeiros et al., 2014; Almeida et al., 2015b;
Figueiredo et al., 2017; Souza et al., 2017). On the other hand,
other studies have suggested that protein proportion in the
body diminished as BW increased (Bompadre et al., 2014;
Teixeira et al., 2017), because of influence of an increased
fat deposition (i.e., dilution effect). Our meta-regression
showed in the present study that the protein accretion in
the body of growing goats is isogonic. As this meta-regression
combines individual records of several studies performed in
specific ranges of BW, it covers a broader range of BW than
independent studies, which increased the statistical power
(Sauvant et al., 2008) of the predictions.

Daily total protein requirements for male growing goats
from 5 to 25 kg of BW, gaining 100 g/day ranged from
37.9 to 64.3 g/day irrespective of goat type (Table 6). The
MPm estimated herein was 7% lower than that recom-
mended by NRC (2007) and MPg was 7.6% greater than that
recommended according to NRC (2007). Total protein
requirements for dairy and indigenous growing goats were
similar to NRC (2007) guidelines; the differences in MPm
cancel out the difference in MPg. On the other hand, total
protein requirements for meat growing goats in the current
study was on average 20% lower than that recommended by
NRC (2007). This may be due to several factors, such as
underestimating nitrogen recycling in low-protein diets, inac-
curacy in efficiencies of protein use for maintenance and
gain, and animal type.

Moreover, the efficiency of use ofMPm to NPm (kpm= 0.55)
observed in this study was lower than values suggested by
the Agricultural and Food Research Council (1998), NRC
(2007), Tedeschi et al. (2010), and CSIRO (2007) (1.0, 0.67,
0.67 and 0.70, respectively), but equal to that reported
by Teixeira et al. (2017). Regardless of the importance of
understanding efficiencies of protein and energy use, it is
unclear how environmental conditions, animal traits and
diet quality (AFRC, 1998; Birkett and De Lange, 2001;
Corbett and Freer, 2003; NRC, 2007) affect such efficiencies
in ruminants.

Furthermore, because we estimated NPg and NEg, onemust
know the kg and kpg to match animal needs and for diet
formulation purposes, as feed libraries for ruminants rarely
displaynetenergyandprotein feedcontent. For instance,differ-
ent kpg could result in distinct metabolizable protein require-
ments for growth, even though NPg was similar across goat
types. Likewise, theNEgmay represent similarMErequirements
for growth depending on kg values within goat type.
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In the case of NPg, we considered kpg of 0.55 (as estimated
in the present study) for all goat types, for practical purposes
and attain comparability with current feeding systems. As a
result, metabolizable protein requirements for growth was on
average of 0.285 g/g average daily gain (ADG), in growing
male goats from 5 to 25 kg BW (i.e., inferences of a 45-kg
goat are not suitable for indigenous goats, as indigenous
goats have a small body frame, it is not likely that they would
reach this BW). This value is similar to that recommended by
NRC (2007; 290 g/kg BW gain for indigenous and dairy
goats), but 13% greater than metabolizable protein require-
ments for growth recommended by AFRC (1998; 248.8 g/kg
BW gain). The NRC (2007) recommends metabolizable
protein requirements for growth 39% greater for meat
goats than dairy and indigenous type, which may be due
to differences in NPg and/or in kpg, as previously mentioned.
One may think that in each kilogram gained, meat-type
goats have more protein than indigenous or dairy goats
(Warmington and Kirton, 1990; Gibb et al., 1993; Cameron
et al., 2001; Martins et al., 2014); however, we did not
observe such pattern in the present work. The goat database
used to derive recommendations by the AFRC (1998) encom-
passes mainly data from castrated dairy goats, which may
explain the lower protein requirements for gain.

Daily total energy requirements for male growing goats
differed among goat type due to differences in both MEm
and MEg (Table 6). In this regard, maintenance cost at
5 kg is about the same of energy required for weight gain
in all goat types, although maintenance requirements of a
25 kg goat represented approximately 40% of total energy
requirements. It is worth noting that, at 5 kg BW, the
estimated NEg did not differ across goat types (Figure 1)
but, as animals grew, body composition and composition
of gain diverged resulting in different NEg. From a bioener-
getics perspective, there are differences in the efficiencies
of protein and fat deposition reported in the literature
(e.g., ranging from 0.10 to 0.40 for protein and from 0.60
to 0.84 for fat, according to the ARC, 1980). It is important
to verify whether efficiencies of protein and/or fat deposition
change throughout goat growth, or the outcome observed in
the present study is the combined result of a decrease in pro-
tein gain and increment in fat gain. Metabolizable energy
requirements for gain reported in Table 6 were derived using
kg = 0.30, as found in the present study, which is similar to
kg reported in previous studies (Almeida et al., 2015a;
Figueiredo et al., 2017; Teixeira et al., 2017; Resende
et al., 2018). However, if one considers kg of 0.44, as
suggested by Fernandes et al. (2007) for meat-type goats,
the ME requirements for gain would decrease by 70%
in meat goats, which emphasizes the demand for further
elucidation on kg.

Conclusion

Our results provide estimates of the total energy and
protein requirements according to goat type. Meat, dairy

and indigenous growing male goats had similar protein
requirements, although energy requirements differed among
them. The use of protein weight does remove the observed
difference on NEg among goat types; however, it showed a
high variation among individuals. Thus, new approaches
should explore ways to account for degree of maturity across
goat types to enable comparisons in nutritional requirements
of growing male goats with distinct body frames.
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