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Abstract. The study objective was to evaluate the performance of SAGAC in 

optimizing a linear mathematical model in whole variables to determine the 

most cost-effective solution in transporting cattle for slaughter. The model de-

termines the choice of refrigerator truck, road (route), and an open-truck in a 

scripting process. The tests performed with the SAGAC algorithm for optimiz-

ing the proposed model were compared with the results obtained, under similar 

conditions, by the branch-and-bound method for solving entire problems and 

solving a problem optimally. After the first twenty-two experimental trials, for 

comparison between the two methods, nine more experimental trials were car-

ried out, with an increase in the degree of complexity, only with the SAGAC 

algorithm. The results obtained in the first twenty-two experimental trials 

demonstrate an equivalent performance between the two methods, showing that 

the SAGAC algorithm, even though it is not a technique that guarantees optimal 

results, in this case, was also able to find them. The nine final experiments per-

formed only by SAGAC showed satisfactory results, with an evolutionary curve 

of exponential behavior. 

Keywords: Meat production, Optimization, Algorithm, Logistics, Transporta-

tion 

1 Introduction 

Brazil has a substantial production capacity in agricultural activity sectors due to the 

available agricultural area. A large part of Brazilian agribusiness production repre-

sents an important share in the country's GDP and the balance of our exports, where 

agriculture has fundamental importance. 

Brazil is the world's largest exporter of beef. Health control, knowledge and tech-

nology, and the country's natural aspects are pointed out as the keys to this product's 

success in the market [9]. The development of the food sector and market causes nu-

merous organizational changes and structural in the chain, acting on the agents of 

production, transformation, trade, and distribution.  

As a significant exporter of agribusiness products, Brazil's position has ensured the 

intense professionalization of the main objective of meeting markets' requirements 

with high safety standards, such as Europe and the United States. About 150 countries 

import Brazilian products of animal origin. Of a total of around US$16 109 of Brazili-
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an exports in 2018, nearly 45% is beef, 42% chicken meat, 10% pork, and 3% other 

types of meat such as turkey, goose, sheep, and duck [8]. Brazilian meat production 

from 1994 to 2016 presents an increase in cattle, pork, and chicken production of 85% 

(nearly 3% per year), 162% (4% per year), and 285% (6% per year), respectively [1]. 

A factor considered in beef cattle transportation is minimizing the animals' stress 

during the movement between the farm and the slaughterhouse. Transport might 

cause a decrease in the meat's quality due to possible injuries caused by the vehicles' 

displacement and the stress of travel time [12]. 

Up to 3% of the live animal's weight loss occurs in the loading and unloading pro-

cedure, one of the main losses in the first hours and kilometers traveled in the 

transport [2]. The size of the animals, the type of truck used for transportation, the 

distances between the points of origin and destination (routes), the state of conserva-

tion of the road pavement, and the use of trucks with greater load capacity are the 

main determining factors of hematoma causes [6]. Other factors causing damage to 

animals' carcasses during transport for slaughter, such as transport cost, carrier densi-

ty, loading, and accidents with vehicles, have also been studied [7]. 

The objective of this study is to compare the performance of the SAGAC hybrid 

metaheuristic algorithm with that of the Branch-and-bound [10] algorithm in a logisti-

cal process of routing cattle load from farms to slaughterhouses using trucks, deter-

mining the best possible combination of slaughterhouse factors, route, and truck that 

promotes the best value paid to producers. 

2 Methods 

2.1 Process model 

The model presented in the sequence was proposed by Ribeiro et al. (2018). The data 

to detail the mathematical model and develop the computational tool capable of as-

sisting the rural producer in the decision-making process are as follow: 

N = Total number of cattle to be transported for slaughter; G = estimated weight of 

cattle (in arrobas); F = Number of slaughterhouses available for slaughter; R = num-

ber of routes that can be used for the transport of livestock; C = number of trucks 

available for the transportation of cattle; T = Number of trucks to be effectively used 

in cattle transport; CFi = Slaughter capacity of the slaughterhouse i (cattle heads); Ai 

= Price paid by the slaughterhouse i for each amount of cattle (Reals); Dj = Distance 

between the farm and the refrigerator by route j (km); REj = estimation of weight 

reducers (per km) for route j (%); CCk = capacity of truck k (cattle heads); RCk = 

estimation of weight reducers (per km) for truck k (%); Hk = Freight price of truck k 

(Reals).  

The estimated price (Reals) is calculated (Eq. 1) for the payment of the cattle 

transported from the farm to the processing plant i using route j on the truck k: 

𝑃𝑖𝑗𝑘=𝐺𝐴𝑖 −𝐺𝐴𝑖𝐷𝑗 (𝑅𝐸𝑗+ 𝑅𝐶𝑘)=𝐺𝐴𝑖 (1− 𝐷𝑗 (𝑅𝐸𝑗+ 𝑅𝐶𝑘))                             (1) 
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Be yijk the binary decision variable defined by: 

yijk={1 if the cattle are transported to the refrigerator i by route j using truck k and, 

0 otherwise}.  

The entire decision variable for the problem is given by xijk=number of cattle heads 

sent to the processing plant i by route j employing truck k. The mathematical model 

of whole linear programming for the problem is described in Eq. 2 through 9, namely: 

Maximize: 𝑓 = Σ(𝑃𝑖𝑗𝑘𝑥𝑖𝑗𝑘 ) − Σ( 𝐻𝑘𝑦𝑖𝑗𝑘) (2) 

Subject to: 

Σ𝑥𝑖𝑗𝑘 = 𝑁  (3) 

Σ𝑥𝑖𝑗𝑘 ≤ 𝐶𝐹𝑖 (𝑖=1..)  (4) 

𝑥𝑖𝑗𝑘 ≤ 𝐶𝐶𝑘𝑦𝑖𝑗𝑘 (𝑖=1..,𝑗=1..𝑅,𝑘=1..𝐶)  (5) 

Σ𝑦𝑖𝑗𝑘≤  1 (𝑘=1..)  (6) 

Σ𝑦𝑖𝑗𝑘 = 𝑇  (7) 

𝑥𝑖𝑗𝑘 ≥ 0 and 𝑖𝑛𝑡𝑒ger  (8) 

𝑦𝑖𝑗𝑘= 0/1  (9) 

2.2 The hybrid metaheuristic algorithm (SAGAC) 

The model is formed using two algorithms, the Simulated Annealing (SA) and the 

Genetic Algorithm (AG), with the inclusion of a mechanism (function) that promotes 

acceleration in the convergence (AGAC) of the obtained results. The SA algorithm 

acts on the generation of individuals who make up the modified genetic algorithm's 

initial population (AGAC). With the use of the SA algorithm, it is possible to have a 

good quality initial population composition, that is, pre-optimized individuals. 

The routine behavior of the AGAC algorithm promotes Convergence Acceleration 

in which, after crossing, there is an assessment of the individuals (Sons) generated 

and a check for quality improvement concerning the individuals of the elite group of 

the population. If such development does not occur, the individual (s) of the offspring 

(ren) is (are) discarded, the individual (parent) of the worst quality is exchanged for 

another individual in the elite group who is closest and is better than the individual 

(Father) who was changed. After the individual's change (Father), a new crossing 

occurs for the missing child's generation (s). This sequence of steps will be repeated 

until both offsprings meet the criteria for improvement or the stipulated number of 

attempts is reached. Fig. 1 shows the flowchart of the SAGAC hybrid algorithm. 
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Fig. 1. Flowchart of the hybrid SAGAC algorithm 

With each cycle of processing of the Simulated Annealing (SA) algorithm, the best 

result (individual) is stored to compose the initial population used by the modified 

Genetic Algorithm with convergence acceleration mechanism (AGAC). 

2.3 Setup Parameters of SAGAC 

In the case of SAGAC, the variables that influence the algorithm's behavior are its 

processing parameters [11, 8, 3]. 

Parameters of SA 

1º. Initial Temperature = 100; it is the number of cycles that will be processed in an 

algorithm repetition loop; 

2º. TDS = 1; it is related to the Temperature Decay Scheme - defines how the tem-

perature is decreased and the number of iterations performed for each temperature.  

- the Temperature Decay Function is represented in Eq. 10. 

〖Temp〗_(i+1)=〖Temp〗_i-1  (10) 

- Number of Iterations at each Temperature = 1. 

Parametersof AGAC 

 1st. Population size = 100; 2nd. Generations Qty. = 1000; 3rd. Elitism = 10%;

 4th. Mutation = 7%; and, for the case of the Convergence Acceleration Genetic 

Algorithm (AGAC);  5th. Qty of attempts to generate children in the elite = 1. 

The optimization experiments (maximization of the cattle transport payment) were 

carried out based on the results developed by [10]. Was performed computational 

tests with the mathematical model proposed for 22 problems of shipping cattle from 

slaughterhouses. In all tests, the number of refrigerators, the number of routes (or 

roads), and the number of trucks available were respectively 3, 4, and 5. The other 
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data used related to the sign's price, the routes, the trucks, price reducers, and freight 

charges are shown in Table 1, in [10], 22 computational experiments. 

Table 1. Data used in [10], 22 experiments. 

Data      
N 60     
G 15     
F 3     
R 4     
C 5     
T 3     
Cfi Cf1 = 40 Cf2 = 40 Cf3 = 40   
Ai A1 = 120.00 A2 = 110.00 A3 = 130.00   
Rej Re1 = 0.1 Re2 = 0.2 Re3 = 0.1 Re4 = 0.1  
CCk CC1 = 12 CC2 = 12 CC3 = 12 CC4 = 24 CC5 = 28 
RCk RC1 = 0.03 RC2 = 0.03 RC3 = 0.03 RC4 = 0.02 RC5 = 0.01 
Hk H1 = 500.00 H2 = 500.00 H3 = 500.00 H4 = 500.00 H5 = 500.00 

3 Results and Discussion 

Analysis and comparison of the results obtained by SAGAC and those of other tech-

niques used the optimize the same process. 

Fig.4 shows the average convergence of the results obtained by SAGAC in the ex-

perimental trials. It represents the percentage of the evolution of the values obtained 

by the SAGAC method from the first Generation of the Genetic Algorithm to the last 

generation processed. 

 

Fig. 2. Average convergence of the results obtained by the SAGAC method 

Table 2 presents the results obtained by the two methods: branch-and-bound [10] 

and the SAGAC method. The first twenty-two results are sequenced descending be-

cause they are more easily located in their source [10]. The average of the results 
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obtained between comparative tests (1 and 22) shows that the SAGAC algorithm 

presented a better performance (81.117,75) than that found by [10] (81.078,49). From 

experimental assay 23, the results data were obtained only by the SAGAC method. 

Table 2.Comparative of the results obtained (Payment, $) 

Assay N T [10] SAGAC Comparison 

22 12 1 18724.00 18724.00 0 
21 19 1 29938.00 29938.00 0 
20 20 1 31540.00 31540.00 0 

19 26 1 41152.00 41152.00 0 
18 33 2 51776.00 51686.00 -90 
17 35 2 54944.00 54818.00 -126 

16 38 2 56969.00 59516.00 2547 
15 40 2 62864.00 62648.00 -216 
14 47 2 72014.00 72522.00 508 

13 52 2 79604.00 79932.00 328 
12 54 3 82896.00 82896.00 0 
11 58 3 88824.00 88824.00 0 

10 60 3 91812.00 91812.00 0 
9 65 4 99097.00 98839.00 -258 
8 67 4 102139.00 101725.00 -414 

7 70 4 106054.00 106054.00 0 
6 72 4 108940.00 108940.00 0 
5 75 4 113269.00 113269.00 0 
4 78 5 117590.00 116954.30 -635.7 
3 80 5 120476.00 119696.60 -779.4 

2 84 5 125181.20 125181.20 0 
1 86 5 127923.50 127923.50 0 
23 90 6  135345.10  
24 100 6  149333.00  
25 110 6  162557.40  
26 120 6  174860.20  
27 130 7  188159.20  
28 140 7  199558.60  
29 152 8  213975.20  
30 176 9  241093.20  
31 204 10  273953.20  

Average between  
1 and 22 tests 81.078.49 81.117.75  

Fig.5 shows the behavior of the results obtained by the SAGAC method in the thir-

ty-one tests performed. The behavior of the SAGAC algorithm results indicates a 

correlation between the number of animals transported and the amount paid to pro-

ducers according to the routes indicated by the SAGAC algorithm. Results obtained 

between experimental tests 1 and 22 by the SAGAC algorithm, which were compared 

with the results obtained by [10], have a degree of correlation of 99.97%. This corre-

lation can be explained because the results presented by tests 1 to 22 were the opti-

mum results or very close to the optimum. It can be inferred that the results obtained 
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by the SAGAC algorithm between tests 23 and 31, which presented a degree of corre-

lation of 99.94%, must be excellent or are very close to the optimum, thus confirming 

the excellent performance of the SAGAC algorithm. 

 

Fig. 3. The behavior of the data obtained by SAGAC in the 31 experimental trials. 

4 Final remarks 

A hybrid metaheuristic optimization algorithm (SAGAC) was presented in this work 

as an alternative to solve logistics problems, more specifically, the selection of the set 

of factors: refrigerator, route, truck, and quantity of cattle transported, in order to 

maximize the value of the payment to the producer. This algorithm can optimize 

combinatorial analysis problems in which the factual solution spaces are too large 

(NP-Hard), making the application of deterministic algorithms that, in turn, ensure an 

unfeasible optimal solution. 

From the results performed by the SAGAC algorithm, in the twenty-two compara-

tive trials with the branch-and-bound deterministic algorithm, SAGAC obtained a 

higher mean difference of 0.14%. Nine experimental trials (from 23 to 31) with a 

higher degree of complexity were conducted. The resultant data showed exponential 

progression with an R2 = 0.927, suggesting that profitability increases when the num-

ber of cattle transported increases. 

Acknowledgment. The first author wishes to thank the Coordination of Superior 

Studies (Capes) for the scholarship. 



8 

References 

1. Embrapa, Cias - Central de Inteligência de Aves e Suínos, 

https://www.embrapa.br/qualidade-da-carne/carne-em-numeros-2. Access 07/07/2020. 

2. Barnes, K., Smith, S. e Lalman, D. Managing shrink and weighing conditions in beef cat-

tle. 2007. Oklahoma CooperativeExtension Service, ANSI-3257, Oklahoma StateUniver-

sity. Disponível em: http://pods.dasnr.okstate.edu/docushare/dsweb/Get/Rendition-

7449/ANSI-3257web.pdf. Acesso em: 21/04/2017. 

3. Kirkpatrick, S.; Gelatti, C. D.; Vecchi, M. P. Optimization by Simulted Annealing. Scien-

ce, New Series, vol.220, n.4598, p.671-680, May.1983. 

4. Linden, R, Algoritmos Genéticos  –  Uma importante ferramenta de inteligência computa-

cional,2a.ed., Brasport, 2008.  

5. MAPA, Ministério da Agricultura, Pecuária e Abastecimento, AGROSTAT - Estatisticas 

de Comércio Exterior do Agronegócio Brasileiro, Acesso em 07 de julho de 2020, Dispo-

nível em http://indicadores.agricultura.gov.br/agrostat/index.htm, 2020. 

6. Mendonça, F. S., Vaz, R. Z., Cardoso, F. F., Restle, J., Vaz, F. N., Pascoal, L. L., 

Reimann, F. A. e Boligon, A. A. Pre-slaughtering factors related to bruises on cattle car-

casses. Animal Production Science, v. 58, n. 2, p. 385-392, 2016. 

7. Miranda-de la Lama, G. C., Villarroel, M. e María, G. A. Livestock transport from the per-

spective of the pre-slaughter logistic chain: a review. Meat Science, v. 98, n. 1, p. 9-20, 

2014. 

8. Mitchell, T. M. Machine Learning. McGraw-Hill Science, cap.9. 1997. 

9. Nääs I. A. I., Mollo Neto M. I., Canuto S. A. I.,Waker R. I., Oliveira D. R. M. S. I. I., 

Vendrametto O. I. Brazilian Chicken MeatProduction Chain: a 10-year Overview, Brazili-

anJournalofPoultry Science (Revista Brasileira de Ciência Avícola), 2015. 

10. Ribeiro J. F. F., Oliveira M. M. B., Filho M. A. C., Um modelo para a logística do abate do 

gado de corte, Pesquisa Operacional para o Desenvolvimento, ISSN 1984-3534, 2018 

11. Santana, J. C., C.; Mesquita, R.,A.; Tamborgi, E., B.; Librantz, A., F., H.; Benvenga M., 

A., C. Obtenção da Condição Ótima do Processo de Hidrólise do Amido de Mandioca por 

Amilases de Aspergillusniger, XVIII SINAFERM – Simpósio Nacional de Bioprocessos, 

2011. 

12. Schwartzkopf-Genswein, K. S., Faucitano, L., Dadgar, S., Shand, P., González, L. A. e 

Crowe, T. G. Road transport of cattle, swine and poultry in North America and its impact 

on animal welfare, carcass and meat quality: a review. Meat Science, v. 92, n. 3, p. 227-

243, 2012. 

13. USDA - United States Department of Agriculture. Agricultural Projections to 2026, Report 

Interagency Agricultural Projections Committee USDA Long-term Projections, 100 p., 

2017. 

 

https://www.embrapa.br/qualidade-da-carne/carne-em-numeros-2.%20Access%2007/07/2020

