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Abstract This study aimed to develop a mathematical function for the 

performance of a goat production system for meat production, based on 
zootechnical and economic indicators. Data on the technical and economic 
parameters used in the models were obtained from the goat herd control file 
database, which covered the years 2013 to 2017. Descriptive statistics were 
performed using PROC UNIVARIATE, while multiple linear regression models 
were developed using PROC GLMSELECT. Multiple linear regression analysis 
showed an adjusted coefficient of determination, indicating that the variables 
mortality rate, calving interval, weaning rate, and reproductive efficiency 
explained 95 percent of the variations in total goat weight at weaning. The results 
indicated that total weight of offspring at birth and weaning, mortality rate, 
reproductive efficiency, and gross income affect the system's profitability and can 
be used as decision-making criteria in meat goat farming. Furthermore, feed costs 
and rainfall also influenced the predicted variables, highlighting the importance of 
integrating climatic and economic factors in herd management. The multiple 
linear regression equations developed in this study are a useful and accessible 
tool for ruminant technicians and producers, allowing simulations and analyses 
of different production and economic scenarios, contributing to strategic planning 
and the development of the meat goat production system. 
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semi-arid 
 
 
 

 

 

Introduction 
capable of meeting consumer market demands in terms of   

Goat farming has been recognized as an activity with  both quality and consistent supply of goats for slaughter   
significant potential to drive economic and social  (Sousa, 2018). This issue is closely linked to the low   
development in the semi-arid region of Northeast Brazil.  productivity rates of herds, primarily due to the low   
It contributes to income generation, family employment,  technological level of current production systems.  
and the creation of new businesses. Despite this  Therefore, economic analysis of goat farming is crucial   
potential, the sector lacks an organized production chain  because it will help producers to understand and efficiently  
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utilize production factors (land, labor, and capital), 
identify problems, and improve management practices 
and technological efforts. This approach aims to achieve 
the objectives of maximizing profits or minimizing costs. 

A systematic analysis of technologically advanced 
production systems is crucial for enhancing the 
sustainability, efficiency, quality, and competitiveness of 
goat meat production, particularly in Brazil's semiarid 
region. 

Modelling and scenario analysis of technical and 
economic performance indicators for goats allows the 
creation of mathematical models that replicate the 
behavior of a goat meat production operation. This 
approach aids management by generating a base 
scenario through a set of equations that simulate real-
world conditions. From this base scenario, optimal 
solutions can be sought, and scenario simulations can 
be conducted by altering events to assess their impact 
on the final results. Moreover, computer tools can 
facilitate the creation and evaluation of change 
strategies by observing their potential short, medium, 
and long-term effects on the activity. 

Bioeconomic modelling is a crucial tool for calculating 
the marginal economic values of traits. While it is widely 
used to establish selection criteria and indices in other 
species, its application in meat goat breeding, has been 
limited, both in Brazil and globally. Recent studies by 
Jembere et al. (2019) and Amayi et al. (2021) have 
addressed this gap, contributing to the advancement of 
knowledge in this area. In this context, modelling tools 
can assist specialists and producers in decision-making, 
helping to reduce losses within the goat production 
system. Mathematical models provide an approach to 
explain phenomena that are not easily observable by 
producers. Therefore, understanding the various 
applications of modelling in goat meat farming is 
necessary. 

This study aimed to enhance the development of a 
bioeconomic model that evaluates zootechnical 
indicators in a goat meat production system in the 
Brazilian semi-arid region. Additionally, it sought to 
model and analyze the effects of different parameters on 
the productivity and profitability of this system. 

Materials and methods 

Research site 

The study was conducted at the Pendência 
Experimental Station in Soledade, PB, which is 
managed by the Paraíba State Company for Research, 
Rural Extension and Land Regulation (EMPAER-PB). 

Data collection 

 The technical and economic parameter data used in the 
models were sourced from the goat meat herd control 
database, covering the period from 2013 to 2016. The 
study gathered zootechnical and economic indicators 
over four breeding seasons and four birthing cycles, 
totaling 48 months of data collection. The herd consisted  

 

of 80 crossbred goats (CBG), including Boer and 
Savannah breed sires and their offspring (Boer × CBG 
and Savannah × CBG). 

The breeding system was semi-intensive, covering 
an area of 50 hectares, which included the facilities, 
caatinga area (In Brazil: a large area of semi-arid country 
consisting of thorny shrubs and 88 stunted trees), and 
fields for planting prickly pear cactus and forage crops 
for silage production.  

Model construction 

The models were developed by organizing the data into 
electronic spreadsheets, allowing for the analysis of 
indicator variations. Total cost (TC/R$) includes all 
variable and fixed costs, comprising the total operating 
cost (TOC) plus the opportunity cost (OC) of capital 
invested in improvements such as machinery, forage, 
and livestock. 

The cost and revenue items adopted were as follows: 
gross income (GI), effective operating cost (EOC), total 
operating cost (TOC), and total cost of production (TC) 
according to Matsunaga et al. (1976). 

Gross income from the herd was used as a profit 
indicator, with no assumptions made about the farm’s 
financial structure. Animal sales included cull goats, 
goats sold for slaughter, replacement females, and 
surpluses from the production system, such as prickly 
pear cactus forage and manure. Goat sale prices were 
based on local trade values per kilogram of carcass, with 
average values calculated for each cycle from 2012 to 
2016, assuming a carcass weight of 12 kg at weaning. 
The average gross income per production cycle was 
calculated using the equation GI = Pr x PSP, where GI 
is gross income (R$), Pr is production (R$) in marketable 
live weight, manure, or forage, and PSP is product sales 
price (R$). Revenue from live weight sales was 
estimated at US$1.81 per kg, the average price from 
2012 to 2016. 

Zootechnical indicators 

 Fertility (F%): Number of pregnant goats (with 
confirmed pregnancies)/Number of goats exposed 
to reproduction. 

 Total goat weight at birth (TGWB/kg): refers to the 
total weight in kg of the goats at birth per calved 
goat. 

 Total goat weight at weaning (TGWW/kg): refers 
to the total weight in kg of goats at weaning per 
calved goat. 

 Weaning rate (WR %): The number of goats 
weaned multiplied by 100 and divided by the 
number of goats born, including stillborn goats. 

 Reproductive efficiency (RE %): Number of goats 
weaned/Number of female goats exposed. 

 Prolificacy: Number of goats born/Number of 
goats with kids. 

 Mortality: number of goats that died during the pre- 
weaning phase multiplied by 100 and divided by 
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the total number born. 

 Kidding (parturition) interval: period between two 
consecutive kiddings 

 Cost of feeding the herd (R$): with multi-nutritional 
blocks (MB), roughage feeding (RF), concentrate 
feeding (CF) and creep feeding (CF). 

 Labor cost (LC/R$): refers to the cost of direct 
labor and charges for managing the herd. 

The model was constructed using linear 
programming after setting up the database in a 
spreadsheet and incorporating the variables and their 
values. 

Statistical analysis 

Statistical analyses were carried out using SAS 
software, SAS OnDemand for Academics (Copyright© 
2023 SAS Institute Inc). Descriptive statistics were 
carried out using PROC UNIVARIATE. Multiple linear 
regression models developed using PROC 
GLMSELECT to predict Y1,Y2,Y3, considering X1, X2, 

X3 as independent variables, are given by: 𝑌̂𝑖 = 𝛽̂0 +

𝛽̂1𝑥1𝑖 + 𝛽̂2𝑋2𝑖 + ⋯ + 𝛽̂𝜌𝑋𝜌𝑖 , 𝑖 = 1,2,3, … , 𝑛 which: 𝑌̂𝑖  is the 

surface response, 𝛽̂0 estimated model intercept, 𝛽̂𝜌 are 

the estimated regressors of the model, 𝑋𝜌  are the 

independent variables of the model,  𝑛 is the number of 

observations and 𝜌 is the number of predictor variables. 
The normality of the variables was checked using the 

Shapiro-Wilk normality test. The minimum protected 
area variable did not follow a normal distribution and was 
transformed using its square root. To test for 
multicollinearity between the variables, the Variance 
Inflation Factor (VIF) values were calculated, where 
values above 10 indicate that multicollinearity may be 
influencing the estimates (Freund and Littell, 2000; 
Chatterjee and Hadi, 2006). 
Outliers were tested by regressing the studentized 
residual on the predicted values of a model built with all 
parameters included. The data was removed when the 
studentized residual was outside the -2 to 2 limits. The 
models were then generated step by step using the 
bidirectional elimination stepwise method, with 
parameters included and/or excluded one by one. The 
entry and permanence of the parameters in the models 
was determined by the P value, whereby for a parameter 
to be included in the model, its P value had to be less 
than 0.05 and for it to remain, its P value had to be less 
than 0.01. The comparison and quality of fit was carried 
out using the corrected Akaike Information Criterion 
(AICc) (Hurvich and Tsai, 1989), where the model with 
the lowest AICc value is considered the most plausible 
model, and the coefficient of determination (R²), the 

adjusted coefficient of determination. 𝑅𝛼
2   is given by: 

𝑅𝛼
2 =  1 − [

(𝑛−1)(𝑛−𝑅2)

𝑛−𝑝
] where: 𝑅2  is the coefficient of 

determination, 𝑛 is the size of the sample, and p is the 
number of model parameters. The corrected Akaike  
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criterion (AICc) is obtained by: 𝐴𝐼𝐶𝑐 = 𝑛𝑙𝑛 (
𝑆𝑄𝑅

𝑛
) +

 2(𝑝 +  1)  +
2(𝑝+1)(𝑝+2)

𝑛−(𝑝+2)
   where SQR is the sum of 

squares of the residuals. The most appropriate models 
were those with the lowest AICc estimate and the highest 
R² values.  

The selected models were evaluated by residual 
regression on the prediction centered on their means 
(ST-Pierre, 2003) using PROC REG and AUTOREG. 
Centering the independent variable on its mean ensures 
orthogonality of the intercept and angular coefficient, 
resulting in values of 0 when the model is unbiased. The 
intercept was used to estimate average bias, while linear 
bias was assessed by the slope of the regression 
equation. Models were validated when the intercept and 
angular coefficient were not significantly different from 
zero (P>0.05) by the t-test. The Durbin-Watson statistics 
tested the null hypothesis that the residuals were not 
autocorrelated. 

Zootechnical indicators 

Table 1 presents the descriptive analysis of the 
zootechnical indicators used in the model. These 
statistical analyses aimed to model the interrelationships 
between the zootechnical indicators, understand each 
variable's impact (total goat weight at weaning, fertility, 
and prolificacy) on others, and make the model 
simulations more realistic and biologically accurate. The 
goal was to evaluate the effect of zootechnical indicators 
(predicted variables) on the predictors. 

Table 1. Descriptive statistics of the zootechnical indicators 

that were analyzed for assigning economic values to the 
system 

Variables  Mean 
Standard 
deviation 

Minimum Maximum 

Predicted variables  

TGWW1 (kg)  19.895 3.330 14.990 24.900 
Fertility (%)  80.356 9.868 65.00 95.23 
Prolificacy (%)  1.728 0.147 1.300 1.900 

Predictor variables 

TGWB2 (kg)  5.688 0.437 4.500 7.000 
Mortality (%)  7.42 3.04 2.90 11.37 
Weaning rate 
(%) 

 92.58 3.46 85.00 98.60 

Reproductive 
efficiency (%) 

 123.56 16.28 98.50 144.50 

Kidding 
interval (days) 

 265.26 26.28 230.23 320.00 

1TGWW = Total goat weight at weaning; 2TGWB = total goat weight at 
birth 
 

To develop a model for assigning economic values to 
a goat meat farming system, we analyzed the following 
variables: total goat weight at weaning (kg), fertility (%), 
and prolificacy (%) as predicted variables; and total goat 
weight at birth (kg), mortality (%), weaning rate (%), 
reproductive efficiency (%), and kidding interval (days) 
as predictor variables. 

Initially, the dependent variable was examined 
graphically using a BoxPlot, removing any outliers. 
Normality tests indicated that the average milk  
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production did not follow a normal distribution, as 
confirmed by the Shapiro-Wilk, Kolmogorov-Smirnov, 
and Anderson-Darling tests. Consequently, the data was 
transformed using the Box-Cox method, which then 
passed the normality tests. As Miot (2017) notes, the 
Shapiro-Wilk test assesses whether data follows a 
normal distribution, which in this case, it did post-
transformation (P>0.05). 

An initial model incorporating all the aforementioned 
indicators was constructed to test the best hypothesis for 
a specific herd MLR model. To investigate 
multicollinearity, a Variance Inflation Factors (VIF) 
analysis was conducted. Hair Jr. et al (2005) suggests 
that multicollinearity hinders the analysis of the relative 
effects of independent variables and diminishes the 
predictive capability of the dependent variables. Thus, 
any variable with a VIF value greater than 10% should 
be excluded from the regression model. In this analysis,  
 

 

only the mortality variable exceeded 10%, but it fell within 
the acceptable VIF tolerance range, which is 1 divided 
by the VIF value, needing to be greater than 0.2. 

With no multicollinearity present in the data, the 
analysis proceeded with a partial F test to evaluate the 
significance of the coefficients (i.e., P-values). This test 
was applied to both the original and transformed average 
milk production data. The partial F test was repeated 
multiple times, each time removing a zootechnical 
indicator that failed to meet the assumptions, to observe 
how the model responded to the exclusion of the least 
significant variable. 

These analyses facilitated the development of the 
model, revealing how each variable was influenced by 
other indicators. The P-value assessed the model’s 
inference and the adjusted R², and the final estimates of 
the model using the original, non-transformed variables 
were used to construct the equation (see Table 2). 
 

Table 2. Estimates of the parameters, their unconditional standard errors, and the relative importance of each 

independent variable present in the plausible models (AICc) within the 95% confidence interval to explain the 
variation in total goat weight at weaning (TGWW), fertility, and prolificacy of goat meats 

 Total goat weight at weaning 

Coefficients Estimative Standard error t P-value 

Intercept -3.04502 11.08934 -0.27 0.7850 
Mortality -0.91530 0.20091 -4.56 <0.0001 
Weaning rate -0.40984 0.11121 -3.69 0.0007 
Kidding interval 0.18199 0.01544 11.79 <0.0001 
Reproductive efficiency 0.15767 0.02746 5.74 <0.0001 

R2 adjusted 0.8807    
P-value (model) <0.0001    
AICc 66.7966*    

  Fertility   

Intercept 12.33373 28.59654 0.43 0.6686 
Total goat weight at birth 2.79585 1.45077 1.93 0.0613 
Mortality 2.63830 0.46730 5.65 <0.0001 
Weaning rate 0.74704 0.28858 2.59 0.0135 
Kidding interval -0.23189 0.03790 -6.12 <0.0001 
Reproductive efficiency 0.19807 0.06450 3.07 0.0039 

R2 adjusted 0.9385    
P-value (model) <0.0001    
AICc 138.84462    

  Prolificacy   

Intercept -4.57816 0.86755 -5.28 <0.0001 
Total goat weight at birth 0.17509 0.04573 3.83 0.0005 
Mortality -0.02890 0.01366 -2.12 0.0410 
Weaning rate 0.03316 0.00843 3.93 0.0003 
Kidding interval 0.00417 0.00118 3.54 0.0011 
Reproductive efficiency 0.01103 0.00192 5.75 <0.0001 

R2 adjusted 0.6640    
P-value (model) <0.0001    
AICc -169.12194    

AICc= Corrected Akaike information criterion 

 

Economic productivity indicator 

To evaluate the economic indicators proposed in this 
study, we calculated the costs and gross income of the 
system, adhering to the previously outlined procedures. 

Table 3 presents the means, standard deviations, 
and minimum and maximum values of the economic 
variables used to construct the models. 
The statistical procedures followed included normality 
tests on the zootechnical indicator database (Shapiro-
Wilk, Kolmogorov-Smirnov, and Anderson-Darling  

 
tests), followed by a VIF analysis to check for 
multicollinearity, and then the partial F test, which 
facilitated the model construction. The model’s inference 
was evaluated using the p-value and the adjusted R². 
The final estimates of the model, using the original 
variables without any transformations, were used to 
construct the equation (Table 4). 

Results 

Zootechnical indicators 
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The multiple linear regression (MLR) model used to 
predict the total goat weight at weaning (TGWW), fertility 
rate (FR) and prolificacy rate (PR) of goats as a function 
of the other zootechnical indicators is represented by 
Equations 1, 2 and 3. 

 
 𝑦𝑇𝐺𝑊𝑊 =  − 3,04502 − 0,91530𝑥1 − 0,40984𝑥2 +
 0,18199𝑥3 +  0,15767𝑥4 (1) 

 
where, y represents the total goat weight at weaning 
(kg); 𝑥1 is the mortality (%); 𝑥2 is the weaning rate (%); 
𝑥3  is the kidding interval (days); 𝑥4  is the reproductive 
efficiency (%). 
 
𝑦𝐹𝑅 =  12,33373 + 2,79585𝑥1 + 2,63830𝑥2 +  0,74704𝑥3 −

0,23189𝑥4 + 0,19807𝑥5  (2)                                                                                                              
 
where, y represents the fertility rate (%); 𝑥1 is the total 

goat weight at birth (kg); 𝑥2 is the mortality (%); 𝑥3 is the  
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weaning rate (%); 𝑥4 is the kidding interval (days); 𝑥5 is 
the reproductive efficiency (%). 

 
𝑦𝑃𝑅 =  − 4,57816 + 0,17509𝑥1 − 0,02890𝑥2 +
 0,03316𝑥3 + 0,00417𝑥4 + 0,01103𝑥5  (3) 
 
where, y represents prolificacy (%); 𝑥1 is the total goat 

weight at birth (kg); 𝑥2  is the mortality (%); 𝑥3  is the 
weaning rate (%); 𝑥4  is the kidding interval (days); 𝑥5 is 
the reproductive efficiency (%). 

The models were subjected to the Shapiro-Wilk 
normality test (P=0.4299; P=0.4193; and P=0.3320) and 
the Durbin-Watson independence test (P=0.9990; 
P=0.9301; and P=0.7912), the latter assessing the 
presence of autocorrelation in the model’s residuals. 
Additionally, the coefficients of determination (R²) 
adjusted by the models were 88.11%, 93.85%, and 
66.40% for equations 1, 2, and 3, respectively. 

 
Table 3. Means, standard deviations, and minimum and maximum values of the economic 

variables used to build the models 

Variables  Mean 
Standard 
deviation 

Minimum Maximum 

Predicted variables 

Gross income (R$)  19,684.89 1,041 18,038.00 20,877.00 

Predictor variables1 

PLUV (mm)  285 13 135 532 
LC (R$)  2,438.00 916.00 1,694.00 3,992.00 
CMB (R$)  3,188.00 667.68 2,144.00 4,033.00 
RFC (R$)  2,434.00 1,454.00 103.02 3,926.00 
CFC (R$)  5,062.00 2,236.00 1,356.00 6,761.00 
CCF (R$)  1,625.00 576.60 1,000.00 2,590.00 

PLUV = Pluviosity; LC = Labour costs; CMB = Cost of multi-nutritional blocks; RFC = Roughage feed 
costs; CFC = Concentrated feed costs; CCF = Costs of creep feeding 

 

Table 4. Estimates of the parameters and their unconditional standard errors and the relative importance 

of each independent variable present in the plausible models (AICc) of the 95% confidence model to 
explain the variation in economic indicators 

Coefficients 
Gross income 

Estimate Standard error T p-value 

Intercept 16,327 328.5363 49.70 <0.0001 

PLUV (mm) 1.290487 0.1844 7.00 <0.0001 
LC (R$) 0.235507 0.0350 6.74 <0.0001 
CMB (R$) 1.002927 0.0800 12.54 <0.0001 
RFC (R$) 0.294769 0.0513 5.75 <0.0001 
CFC (R$) -0.234517 0.0291 -8.05 <0.0001 
CCF (R$) -0.184492 0.0674 -2.74 0.0095 

R2 adjusted 0.9998    
P-value (model) <0.0001    
AICc 306.27409    

PLUV = Pluviosity; LC = Labour costs; CMB = Cost of multi-nutritional blocks; RFC = Roughage feed costs; CFC = 
Concentrated feed costs; CCF = Costs of creep feeding 

 
Economic productivity indicator 

The multiple linear regression model (MLR) used for 
gross income (GI), considering rainfall, labor costs, 
multinutritional block costs, roughage feed costs, 
concentrate feed costs, and creep feeding costs as 
functions of the other economic indicators, is 
represented by Equation 4. 

𝑦𝐺𝐼 =  16.327 + 1,290487𝑥1 + 0,235507𝑥2 +  1,002927𝑥3 +

 0,294769𝑥4 − 0,234517𝑥5 − 0,184492𝑥6 (4) 

where, y represents the gross income (R$); 𝑥1  is the 

rainfall (mm); 𝑥2 is the labour costs (R$); 𝑥3 is the cost of 

multi-nutritional blocks (R$); 𝑥4 is the cost of roughage 
feed (R$); 𝑥5  the cost of concentrated feed (R$); 𝑥6  is 
the cost of creep feeding (R$). 

The model was subjected to the Kolmogorov-
Smirnov normality test (P = 0.1030) and the Durbin-
Watson independence test (P=0.9415). Additionally, the 
model’s adjusted coefficient of determination (R²) was 
99.98%. 
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Table 5. Estimates of the parameters and their unconditional standard errors and the relative 

importance of each independent variable present in the plausible models (AICc) of the 95% 
confidence model to explain the variation in economic indicators 

Coefficients 
Gross income 

Estimate Standard error T p-value 

Intercept 16,327 328.5363 49.70 <0.0001 

PLUV (mm) 1.290487 0.1844 7.00 <0.0001 
LC (R$) 0.235507 0.0350 6.74 <0.0001 
CMB (R$) 1.002927 0.0800 12.54 <0.0001 
RFC (R$) 0.294769 0.0513 5.75 <0.0001 
CFC (R$) -0.234517 0.0291 -8.05 <0.0001 
CCF (R$) -0.184492 0.0674 -2.74 0.0095 

R2 adjusted 0.9998    
P-value (model) <0.0001    
AICc 306.27409    

PLUV = Pluviosity; LC = Labour costs; CMB = Cost of multi-nutritional blocks; RFC = Roughage feed 

costs; CFC = Concentrated feed costs; CCF = Costs of creep feeding 
 

Discussion 

Evaluating goat production systems using multiple 
proportional linear regression models predicts 
reproductive performance over time, allowing for 
strategic adjustments in management, such as choosing 
the best time to cover or inseminate, and evaluating the 
impact of different feeding systems on fertility. This 
reduces reproductive losses, improves zootechnical 
indices, and contributes to more rational and economical 
reproductive planning. As well as economic viability, the 
use of these statistical models is fundamental to 
maximizing the return on investment. Efficient 
reproduction reduces the costs of maintaining 
unproductive animals, optimizes the replacement rate, 
and allows greater control over the production flow. In 
addition, selection guided by statistical data strengthens 
the competitiveness of the end product, be it meat or 
genetics, increasing the added value of the herd. 

The average total weight at weaning (Table 1) 
observed in this study can be considered satisfactory, as 
it enabled the goats to achieve an average weight of 
approximately four times (3.5 times) their birth weight. 
This result is close to the weaning weight of 3.8 times the 
birth weight cited in the literature for goats when weaning 
is carried out between 56 and 63 days (Ferreira et al., 
2008). 

The multiple linear regression analysis showed an 
adjusted coefficient of determination of 0.8233, 
indicating that the mortality rate, kidding interval, 
weaning rate, and reproductive efficiency explained 95 
per cent of the variations in “total goat weight at weaning” 
(equation 1). 

The good weaning performance of the goats (F1 Boer 
and F1 Savannah + crossbred goat) in this study can be 
attributed to the heterosis derived from the Boer and 
Savannah sires and the consumption of solid food, which 
promoted the development of the rumen papillae and 
improved the animals’ performance. All the young 
animals had free access to creep feeding from the age 
of 10 days. 

 

 
Sousa et al. (2006) stated that the superiority of small 

ruminants is manifested by heterosis, wherein crossbred 
individuals perform better than their parents. Heterosis 
effects are generally seen in various forms, such as 
individual or direct performance, represented by the 
performance of the offspring. Although this effect is not 
well understood, it can influence reproductive 
characteristics like libido, conception rate, adaptability, 
and longevity of future sires. 

Reproductive productivity is crucial for economic 
success in animal husbandry (Taylor et al., 2018). Low 
pregnancy rates lead to direct financial losses related to 
nutrition costs in goat meat production, and delays in first 
kidding also result in indirect financial losses. 

Reproductive efficiency is vital for meat-producing 
farms and depends on the fertility and prolificacy of the 
herd. The proper development of the offspring influences 
the quality and quantity of the meat produced. On 
average, the herd’s reproductive rates were 80.35 per 
cent fertility and 1.72 per cent prolificacy (Table 1). 
Prolificacy over 1.70% can be considered excellent 
compared to the Brazilian average for goat production 
systems. 

In equation 2, the fertility prediction model variable 
was reduced by 10 per cent, resulting in new predictions 
for fertility (71.29 per cent) and production efficiency 
(111.204). The economic value demonstrates that 
variations in specific indicators can significantly impact 
production. Multiple linear regression can serve as an 
additional tool to assist producers in decision-making by 
providing quantitative information on how certain 
zootechnical indicators affect the productivity and 
profitability of goat meat herds. 

Reproductive efficiency is one of the main factors 
influencing the productivity of goat herds for meat. To 
achieve good reproductive performance in goat farming, 
such as producing three kidding in two years, with a 
kidding interval of 8 months and a herd fertility rate above 
80%, there must be perfect synchronization between 
genetic, nutritional, health, and environmental factors, 
alongside good management practices (Simplício and 
Azevedo, 2014; Mokhtari et al., 2010). 
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Therefore, it is essential to analyze animal 
reproductive performance, establish and evaluate 
reproductive parameters and indices, and recognize, set 
objectives, monitor, and resolve factors that compromise 
the reproductive and productive efficiency of the herd. 
This approach will improve the quality and profitability of 
goat farming. 

The parameter estimates for prolificacy were 
statistically significant (P<0.05). The proposed model is 
expressed by the equation: ŷ=5.22528 + 0.19588TGWB + 
0.04615WR + 0.00228CI + 0.00789RE. The adjusted 
coefficient of determination is 0.6340, indicating that 
63.4% of the variation in the prolificacy rate can be 
explained by variations in total goat weight at birth, 
weaning rate, kidding interval, and reproductive 
efficiency. 

The efficiency of an animal production system is 
determined by the productive and reproductive events 
inherent to females, as well as the weight development 
of their offspring (Sarmento et al., 2010). Among the 
reproductive characteristics, prolificacy (number of goats 
born per calved female) is one of the most important for 
determining the efficiency of the system, as it is directly 
related to the economic viability of the herd (Danell, 
1986). The weight of weaned goats per female 
generates most of the income for goat meat producers 
in the semi-arid region of Brazil. The number of goats 
born per female is a key element in the annual 
production of small ruminant herds. 

According to Fávero et al. (2009), the lower the VIF 
statistic and the higher the tolerance statistic, the greater 
the independence of the explanatory variables, 
indicating no multicollinearity. Conversely, a higher VIF 
statistic indicates lower independence and a higher 
correlation between variables, suggesting strong 
multicollinearity. 

Fávero et al. (2009) further state that a VIF statistic 
equal to or greater than 5, which represents a tolerance 
of 0.20 or less, indicates multicollinearity between the 
explanatory variables in the proposed model. 

Table 3 shows that the predicted variables “total goat 
weight at weaning,” “fertility,” and “prolificacy” did not 
present multicollinearity issues according to these two 
tests. 

Economic analysis considers the revenue from 
production activities, accounting for costs and assessing 
how the resources used in the production process are 
remunerated (Reis, 2001). 

Analyzing a technologically advanced goat meat 
production system systematically, with a focus on 
increasing the sustainability of production units and 
aiming for greater efficiency in quantity, production 
stability, product quality, and cost competitiveness over 
time, is crucial for making sound decisions in goat meat 
production in the semi-arid region (Sousa, 2018). 

Hoffmann et al. (1987) state that the income of an 
activity can be analyzed using measures of economic 
results, i.e., indicators of economic efficiency in the use  
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of production factors, to verify the business’s 
attractiveness. 

Using modelling to estimate economic indicators in 
goat meat production is a tool that allows simulations to 
aid technical decision-making. 

For the economic valuation of the proposed 
indicators, it was necessary to calculate the costs and 
gross income of the system, following the previously 
mentioned procedures. 

Based on Table 4, the t-tests for the significance of 
the estimated parameters (intercept and coefficients 
X1…X6) rejected the null hypothesis, indicating that all 
the estimated coefficients are statistically significant at 
the 5% probability level. 

To calculate gross income under varying economic 
indicators, a 50 percent reduction in concentration costs 
and a 100 percent increase in rainfall was simulated, 
generating an increase of R$195.35 (Table 4). 

The multiple linear regression analysis showed an 
adjusted coefficient of determination of 0.9997, 
indicating that the variables “rainfall, labor cost, cost of 
multi-nutritional blocks, cost of roughage feed, cost of 
concentrate feed, and cost of creep feeding” explain 
95% of the variations in the “gross income” of the goat 
meat production system. This coefficient indicates a high 
degree of relationship between the predicted variable 
and the predictor variables. 

Silveira et al. (2023) used multiple linear regression 
to predict a goat milk production model, which was 
similar to the model developed in this study. Their 
results, like those of Gunia et al. (2013), showed that 
higher herd prolificacy increases system profitability. 

Given these results, this research question can be 
considered answered, as both the correlation coefficient 
(multiple R) and the coefficient of determination (R-
squared) indicated a high degree of relationship between 
the variables “gross income” and “rainfall, labor costs, 
cost of multi-nutritional blocks, cost of roughage feed, 
cost of concentrate feed, and cost of creep feeding” in 
the production of goat meats in the Brazilian semi-arid 
region. 

The model constructed in equation 4 could be a 
technique to improve the analysis of cost behavior and 
increase the objectivity and reliability of accounting 
information in goat meat farming. 

Gross income (GI) for a given period includes the 
value of all goods or services produced, determined by 
the price of the product multiplied by the quantity sold, 
consumed, and/or stored. Analyzing it in isolation is 
inconclusive, as farms with the highest gross income are 
not always the best economically (Moura et al., 2010). 

The economic value shows how a certain indicator 
can impact production financially (Gameiro, 2009), 
serving as a tool to help producers make informed 
decisions (Holanda Junior et al., 2008), especially by 
providing information on how certain zootechnical 
indicators affect productivity and profit. 

Sell (2005) noted that linear regression is a useful 
decision-making tool in cost management, used to 
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estimate the values of one variable based on another, 
explain values, and predict future values. 

Maher (2001) discussed the reliability of cost 
formulas obtained through regression analysis, 
highlighting the importance of the coefficient of 
determination. 

Corrar et al. (2012) emphasized that the coefficient of 
determination, the square of the correlation coefficient, 
indicates the model’s explanatory power based on the 
considered independent variables. 

Another important analysis is variance analysis, a 
hypothesis test to establish the relationship between 
explanatory variables (Xi) and the explained variable. 
The methodology involves stating the hypotheses Ho 
and H1: Ho: β1 = β2 = β3 = β4 = β5 = 0, against the 
alternative hypothesis H1: there is at least one βi such 
that βi ≠ 0 (i = 1, 2, …, p). A significance level, usually 
5%, is adopted. If the calculated value is less than 0.05, 
the Ho hypothesis is rejected, and regression is 
accepted. 

In multiple linear regression, the t and F significance 
tests serve different purposes. The F-test determines if 
there is a significant relationship between the dependent 
variable and all independent variables, while the t-test 
assesses the validity of an independent variable’s 
coefficient (Anderson et al., 2011). 

When addressing modelling assumptions using 
regression analysis, Corrar et al. (2012) identified three 
common problems: normality of residuals, 
autocorrelation of residuals, and multicollinearity. 

Economic value demonstrates how a certain indicator 
can impact production financially (Gameiro, 2009), 
providing quantitative information on the impact of 
zootechnical indicators on productivity and profit. This 
management approach is necessary to make production 
profitable and support technical improvements in 
response to the growing demand for animal products 
and the consumption of goat meat and its derivatives 
(Silveira et al., 2023). 

This study presents methodological advances to 
enhance the management of goat meat production 
systems, allowing for more in-depth technical analyses 
of zootechnical indicators and profitability. 

Conclusion 

The conclusion is that there is a correlation, and it was 
possible to determine a mathematical equation for the 
zootechnical and economic indicators using the 
coefficient of determination, given that the predictor 
variables explained 95% of the variations in the 
predicted variables. The statistical tests showed that the 
model met expectations and allowed us to state that the 
model developed is valid, in accordance with the 
research objective. The results showed that the total 
weight of the young at birth and weaning, the mortality 
rate, reproductive efficiency, and gross income all 
affected the profitability of the system and can be used 
as criteria for decision-making in meat-goat farming. 
Feed costs and rainfall also influenced the predicted  

 

variables. The multiple linear regression equations 
developed in this work could be useful and accessible 
tool for technicians and ruminant producers, as they 
enable simulations and analysis of different production 
and economic scenarios. Modeling in meat goat 
production systems has emerged as a promising tool to 
support planning, decision-making, and the 
improvement of production systems. However, more 
studies are still needed to deepen knowledge about the 
practical application of these models in different realities, 
considering regional particularities, the management 
systems adopted, and the complex interactions between 
biological, economic, and environmental factors. 
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