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Abstract

The objective was to evaluate the main factors that influence
the shear strength of meat from confined steers and the
probability of obtaining soft meat. For this purpose, we
evaluated the literature on carcass and/or meat of beef
steers in Brazil published between January 1999 and April
2019 and extracted the content from three sections for
analysis: materials and methods, results, and discussion.
Pearson’s correlation was used to analyze the data, and the
stepwise statistic was used to determine the proportion of
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a0 a higher sheer force was classified as hard. Following the
Published classification, logistic regression analysis and odds ratio test
September 29, 2020. were performed. The factors of study location, the proportion

S reyietas Ut b of zebu background in the genome, finishing weight, the
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visit the website to get the percentage of concentrate in the diet, and finishing period

how to cite in the article page. and meat marbling explained 62.45% of the variability in the
shear strength of beef. The following strategies were found to
increase the chances of effectively obtaining soft meat from
confined steers: starting the termination phase early even in
animals with lower weights, prolonging the confinement time,
increasing concentrate percentage in the diet, and a higher
marbling degree. It is possible to estimate a large proportion
of shear force variability using the production variables (ante-
mortem), and the process can be adjusted accordingly to
considerable increase the possibility of obtaining soft meat.
Keywords: ante-mortem, concentrate, shear force, marbling,
termination

Resumo

Objetivou-se avaliar os principais fatores que influenciam a
forca de cisalhamento da carne de novilhos confinados e a
chance de obtencao de carne macia. Paraisso, foram avaliados
os artigos de trabalhos cientificos realizados no Brasil sobre
carcaca e/ou carne de novilhos de corte, publicados entre
janeiro de 1999 a abril de 2019. Foram extraidas da literatura
informacBes do material e método e resultados e dos
discussao. Para analise dos dados foi utilizado correlacdo
de Pearson, e a estatistica stepwise para a determinacdo
da proporcao do efeito sincronizado das variaveis sobre a
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forca de cisalhamento. Para a determina¢do da chance de maciez, as
carnes foram classificadas como macia quando apresentavam for¢a
de cisalhamento inferior a 4,6 kgF/ cm? e dura quando superior a 4,6
kgf/ cm3, seguido de andlise de regressao logistica e teste de ods ratio.
O local em que o estudo foi desenvolvido, o percentual de zebuino no
gendtipo, o peso inicial da terminacdo, o percentual de concentrado
na dieta, o periodo de terminacdo e marmoreio da carne, explicaram
62,45% da variabilidade da forca de cisalhamento da carne. Iniciar
precocemente a fase de terminacdo, mesmo que com pesos mais
leves; prolongar o tempo de confinamento; elevar a participacao de
concentrado na dieta e aumentar o grau de marmoreio da carne; sao
estratégias que efetivamente aumentam a chance de obtencdo de
carne macia de novilhos confinados. A partir de variaveis de producao
(ante-mortem), pode-se estimar grande parte da variabilidade da forca
de cisalhamento, sendo que sua correta manipulacdo possibilitara
incrementos significativos na chance de obtencao de carne macia.
Palavras-chave: ante-mortem, concentrado, for¢ca de cisalhamento,
marmoreio, terminagao

Introduction

The production of beef with better tenderness is an ongoing challenge in beef farming
becauseitis one of the most relevant factors affecting consumer acceptance and reflects
the decisions along the production chain by the producers and industry. Although the
consumer perception of tenderness is quite subjective, there are indications that shear
force of up to 4.6 kgf/cm3 is close to the cutoff for classifying meat as tender™.

There are several factors that influence meat tenderness, including genetic aspects®,
characteristics of production systems®®, and post-mortem factors”). Therefore, it is
essential to model the main variables that explain variations in the tenderness of meat
from beef cattle to better substantiate decisions within the scope of animal husbandry.

In Brazil, a reasonable number of scientific publications are related to the tenderness
of beef from animals who mostly finished in confinement. The scientific basis of these
studies is derived from the Newtonian and Cartesian philosophy of research, which
analyzes an event from its decomposition into factors, which may still be decomposed
into more factors up to the lowest level®. This way of thinking makes complex biological
variables with great economic impact, such as meat tenderness, difficult to understand
and manipulate owing to the influence of a large number of factors.

In this context, meta-analytical procedures using multivariate statistics can help
understand these responses and can help model variables according to the results
obtained from other characteristics that are easy to identify and control. In this study, we
aimed to evaluate the main factors that influence meat tenderness and the probability
of obtaining tender meat from confined calves.
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Materials and methods

We evaluated the previously published studies on carcasses and beef from steers that
were published between January 1999 and April 2019 and could be accessed through
SciELO and Google Academic search platforms. The phrase “carcass and beef from
steers” was used to select relevant publications in Portuguese and English, and a list 76
articles was obtained.

Studies meeting the following requirements were included in the analyses: (i) the calves
should be finished in confinement; (ii) reported data should include the genetic group
and/or breed of the calves, the weight at the beginning of termination, percentage of
diet concentrate, termination period, and sensory characteristics of meat; (iii) shear
strength should be evaluated; (4) the methodology for determining the sensory
characteristics of the meat should follow that described by Metz et al.®; and (v) should
include all variables used in this study for logistic regression analysis.

After filtering using these criteria, 35 articles remained. Individual treatments in each
article was considered a sample unit (one line) in the database (Annex 1). For each
sample unit, relevant information was extracted from the material and methods and
results sections, and the treatment was discussed.

The factors and variables considered for the research were as follows: the region
of study (South - 1, Southeast - 2, Midwest - 3, North - 4, and Northeast - 5), genetic
predominance (Zebu - 1, Continental Taurine - 2, British Taurine - 3, Synthetic - 4, and
Cross - 5), percentage of Zebu background in the genome, body weight at the beginning
of termination, percentage of diet concentrate, period of termination, age at slaughter,
weight at slaughter, weight of warm carcass, thickness of subcutaneous fat, loin eye
area, conformation, shear strength, marbling, juiciness, texture, and coloring of meat.

Pearson'’s linear correlation was performed to analyze the relation between the shear
force and each variable in the database. A diagnosis of multicollinearity among the
predictor variables was performed through the analysis of Pearson’s correlation matrix
and the measures of variance inflation factor, condition index, eigenvalues (A), and
proportions of variance associated with each A"%. The variables that correlated with a
maximum of 15% significance by Pearson’s correlation and that did not demonstrate
collinearity were further analyzed using the statistics tool stepwise for the determination
of the proportion of the synchronized effect of variables with the shear force using the
partial and total determination coefficients (R?). Subsequently, the data were subjected
to logistic regression test using the SAS LOGISTIC procedure. Meat with a shear force
value lower than 4.6 kgf/cm3 was classified as soft; meat with an higher sheer force
value was considered hard ™. Several multiple regression models with linear, quadratic
effects, and interactions between the effects were tested using the stepwise software
using 25% significance level to enter and 30% to remain in the model . The choice of
the best model to be adopted was based on Hosmer and Lemeshow's test of fit quality™.
After model fitting (estimation of Si parameters), the quality of the fitted model and the
individual significance values of the parameters were tested by the Likelihood Ratio
Test at 5% significance.
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The best calculated multiple regression mathematical model adjusted for the probability
of the i-th calf providing soft meat and, accordingly, considered for data analysis is
described as follows.

( Pijkjlmno

I‘Pijklnmo) = BO + leli + BZXZj + ﬁ3x3k + ﬁ4x41 + ﬁSxSm + 361671 + B7x7o + sijklmno

where P, is the probability of obtaining tender meat from a calf with variables live
weight i(x,), percentage of concentrate in the diet j(x,), period of termination k(x,,), age
at slaughter /(x,), degree of meat marbling m(x_ ), interaction between the termination
period and concentrate percentage in the diet n(x, ) and interaction between the
weight at the beginning of the term and percentage of concentrate in the diet (x,, ).
The multipliers B,to B, are the regression coefficients associated with the regression

variables x, and ¢, is the random error associated with each observation.

ijkimno

The odds ratio estimated by OR = exp (bk), which is the ratio of the proportions for two
possible results, i.e., the ratio between success (1) and failure (1 - 1)) to obtain soft
or not soft meat, respectively, was used for the interpretation of the coefficients. The
odds ratio was based on the mean denominator of the data set for each model. The
units of changes of regression variables were determined according to the researchers’
experience for the best interpretation of results as 1 month for the slaughter age, 10 kg
for the initial weight, 5% for the percentage of concentrate in the diet, one day for the
finishing period, and 0.5 points for the degree of marbling.

Results

The percentage of zebu blood in the genotypes of the calves evaluated in this study was
42.42% (Table 1). The average body weight (BW) of calves was 293.8 kg at the beginning
of termination, and they received approximately 42.6% of concentrate in the diet (based
on dry matter) with an average termination period of 114 days. The average age and
weight at slaughter were 20.7 months and 430.3 kg of BW, respectively. On average,
subcutaneous fat thickness in the carcass was 4.62 mm, the marbling score of the meat
was 5.05 points, and the shear force was 5.34 kgf/cm3.

The region of study contributed 2% to the variation in shear strength (Table 2). The
zebu background in the genome contributed 11.8% of the variation in softness, while
31.4% of the variation was related to the percentage of concentrate used in diets. The
weight at the beginning of termination (4.44%), termination period (4.49%), slaughter
age (2.39%), and degree of marbling of the meat (2.89%) explain 14.21% of the variation
in shear strength. There was an interaction between the termination period and the
percentage of concentrate in the diet (2.97%). Together, these factors explain 62.45% of
the shear strength of confined calf meat included in studies in Brazil in the last 20 years.
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Table 1. Characterization of the data used in the search

Variable n Average Standard Minimum Maximum
deviation

Percentage of zebu 62 42.42 31.9 0 100

genotype, %

Initial weight, kg 62 293.8 62.3 163.3 441.8

Percentage of 62 42.6 15.7 20 89

concentrate, %

Termination period, days 62 1141 29.3 47 194

Age at slaughter, months 62 20.7 4.5 1 26

Slaughter weight, kg 44 430.3 471 340.0 524.3

Subcutaneous fat thickness, 43 4.62 1.61 1.90 8.70

mm

Marmoreio, points 62 5.05 217 1.60 10.35

Shear force, kgf/cm? 62 5.34 2.06 1.92 10.80

Source: Own elaboration.

Table 2. Partial and total determination coefficients (R?) of the regressor variables of the logistic
regression equation for the shear force of confined calf meat

Factor R? - Partial R2 - Total accumulated
Research region 0.0203 0.0203
Percentage of zebu genotype 0.1186 0.1389
Initial weight 0.0441 0.1830
Percentage of concentrate 0.3141 0.4971
Termination period 0.0449 0.5420
Age at slaughter 0.0239 0.5659
Marmoreio 0.0289 0.5948
Period*focused on diet 0.0297 0.6245

Source: Own elaboration.

The weight at the beginning of termination, percentage of concentrate in the diet,
termination period, age at slaughter, and the degree of marbling of the meat were the
factors in the logistic regression equation to explain the chance of tenderness (Table
3). By Hosmer and Lemeshow'’s test (p = 0.8176), this model predicts satisfactorily the
variation in softness. By the odds ratio test, it was possible to identify that for every 10
kg increase in the initial weight of the termination of 430.3 kg of BW, a reduction in the
probability of softness of 61.6% is expected. For each 5% increase in the concentrate in
diet, on top of besides the 42.6% on average received, there will be a 2.7-fold increase

2020, Cienc. anim. bras, v.21, e-62956



Likelihood of obtaining tender meat from confined calf
Pacheco R.F. etal.

in the probability of obtaining tender meat. The longer the confinement time is, the
greater the chance of obtaining tender meat. Every day beyond the 114-day period that
the calves remain in confinement, a 2-fold increase in the chance of obtaining tender
meat is expected. Age, which shows an inverse effect, reduces the chance of obtaining
tender meat; for each month added to the slaughter age of 20.7 months, there was
a 31.9% reduction in the chance of obtaining tender meat. Marbling had a positive
effect, where an increase of 0.5 points from 5.05 points results in 74.5% increase in the
probability of obtaining tender meat.

Table 3. Probability of tenderness of confined calf meat

Tenderness parameter Value Standard Unit of odds HLT
error change ratio

Intercept - 26.0984 - 0.8176

70.7282

Initial weight -0.0954  0.0494 10 kg 0.385

Percentage of concentrate 1.9954 0.6701 5% 2.712

Termination period 0.7134 0.2053 1 day 2.041

Age at slaughter -0.3842 0.1493 1 month 0.681

Marmoreio 1.1134 0.3299 0.5 points 1.745

Period*concentrate in the diet’ -0.0167 0.00468 -
Initial weight*concentrate in 0.00271 0.00116 -
the diet?

! Interaction between the period of termination and the percentage of concentrate in the diet; ? Interaction
between the weight at the beginning of termination and the percentage of concentrate in the diet.

HLT= Hosmer and Lemeshow test
Source: Own elaboration.

Discussion

The characteristics of the production systems analyzed in most studies on confined
cattle in Brazil reflect the main technical recommendations that are applicable to the
rural areas in the country: a volume to concentrate ratio of 60:40; finishing period of
up to 120 days; fat cover median of 3 to 6 mm; and slaughter weight between 400 and
450 kg of BW. An exception was the warm carcass weight (230 kg, considering a yield
of approximately 54%), which could incur a penalty because of the low weight required
in certain more demanding carcass-quality programs. The other production variables
such as age at slaughter, period of confinement, and subcutaneous fat thickness, had
values that would fit in most carcass quality programs in the country and that payed
above the usual market values!?.

The average shear strength was above the values considered between intermediate
and soft, up to 4.6 kgf/cm3", indicating that most surveys produced meats that were
not considered soft. The high proportion of zebu blood in animal genotypes was one
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of the main causes for higher meat shear strength. Currently, it is estimated that 80%
of the Brazilian herd is composed of animals of zebu origin owing to the tolerance
their tropical climate and better resistance to ectoparasites’®. Pacheco et al.®) used
meta-analysis to evaluate the characteristics of meat from slaughter cows in Brazil by
contrast analysis and found that animals with defined zebu genotypes had increased
shear strength by 1.05 kgf/cm® compared with animals of continental and/or mixed
breeds. Of all reproduction biotechnologies, artificial insemination can be used for
breeding bovines, making it possible to increase the production of meat with better
tenderness.

The significant effect of BW at the beginning of termination on the shear force reflected
negatively on meat softness, which is related to the fact that heavier calves receiving
more energetic diets at the beginning of termination live for a short period. Another
hypothesis that can support this result is related to differences in the feeding efficiency
of calves; more efficient cattle show lower rates of protein turnover and increased
muscle growth rate owing to higher activity of the enzyme calpastatin¥. Although this
enzyme contributes to the improvement of performance, allowing greater weight at
the end of termination, its effects post-mortem do not favor meat tenderness. This is
because, the enzyme decreases the activity of calpain in the muscle, negatively affecting
meat tenderness by decreasing protein degradation?,

The percentage of concentrate had the greatest impact on the shear force and had the
greatest interaction with the variables tested. Increasing the proportion of concentrate
is the main strategy adopted by producers to increase the energy level of cattle diets.
Although cornislargelythe main energyingredientin the diet, Brazil has great productive
and diversified potential with regard to agriculture, which enables other sources such
as wheat bran, rice bran, sorghum or millet grains, and soybean husk to be used for
feeding ruminants. These ingredients can be used as alternatives to corn without
reducing the energy level of the diet and with the possibility of reducing production
costs when the price of corn grain is high. Although the percentage of concentrate is
related to the termination period and diet energy level, it is also directly related to diet
fiber content. Concentrate is one of the factors responsible for ensuring higher activity
of calpastatin in the muscle, consequently making the meat less tender®.

Termination period is recognized by its quadratic effect on meat tenderness, depending
onthe age. Fewstudies have reported thattendernessincreaseswith increasingfinishing
time of up to 120 and 130 days"® ). After this period, the efficiency of weight gain
decreases along with increasing age, to an extent where the meat quality decreases®.
Age, in turn, shows an inverse correlation with tenderness, and in the present study;, it
had the same representation in the variability of shear force as the finishing time. This
is because, as age progresses, intra- and intermolecular “cross-links” (intermolecular
covalent bonds) are formed in collagen, which improve collagen stability, decreasing
collagen thermal solubility and making the flesh more resistant.

The interactions observed between initial weight, termination period, and concentrate
percentage are of great relevance because they affect shear force variability and meat
tenderness in a joint and systematic way. However, this evaluation should be analyzed
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very sparingly, considering the economic efficiency of the system. In a meta-analysis of
scientific articles published in Brazil, Cattelam et al.?? correlated the effects of slaughter
age, termination period, and diet energy level using a decision tree. They found that
more than 145 days of confinement are required to terminate super precocious calves
(up to 18 months of age). To reduce this period, concentrate levels of >69% and energy
levels of >71% TDN would be required. These results show that producing soft meats in
Brazil may represent a high-risk strategy from an economic point of view and that such
differentiated meats require a growing market.

Meat marbling is highly valued in the industry owing to its relationship with palatability
and softness, especially when the latter is evaluated by a panel of evaluators. Meat
marbling produces a lubricant effect and decreases tension between the layers of meat
connective tissue during chewing. However, its contribution to shear strength is less
evident, with a maximum contribution of 5% to softness variability ?. Marbling fat is
closely related to fat thickness in the carcass®?”. When the amount of fat is scarce, the
carcass cooling process is more accelerated as muscles are protected from cooling to a
lesser extent, which negatively effects several meat quality characteristics?®?.

Conclusions

A higher proportion of variability in the tenderness of meat from confined calves can
be explained by factors related to the genetic background and the characteristics of
production systems. When the initial weight at termination is higher, it is common to
reduce the percentage of concentrate in the diet and shorten the period until slaughter.
Under these conditions, the probability of obtaining tender meat is lower. In contrast,
reducing the age at which calves are slaughtered and increasing the degree of meat
marbling can significantly improve the chance of obtaining tender meat.

References

1. Belew JB, Brooks JC, Mckenna DR, Savell J|W. Warner-Bratzler shear evaluation of 40 bovine muscles.
Meat Science. 2003; 64(4): 507-512. https://doi.org/10.1016/50309-1740(02)00242-5

2. Gregory KE, Cundiff LV, Koch RM, Dikeman ME, Koohmaraie M. Breed effects, retained heterosis, and
estimates of genetic and phenotypic parameters for carcass and meat traits of beef cattle. Journal of
Animal Science. 1994; 72(5): 1174-1183. https://doi.org/10.2527/1994.7251174x

3. Kern SA, Pritchard RH, Blair AD, Scramlin SM, Underwood KR. The influence of growth stage on carcass
composition and factors associated with marbling development in beef cattle. Journal of Animal Science.
2014; 92(11): 5275-5284. https://doi.org/10.2527/jas.2014-7891

4. Duckett SK, Fernandez Rosso C, Volpi Lagreca G, Miller MC, Neel JP, Lewis RM, Swecker WS, Fontenot
JP. Effect of frame size and time-on-pasture on steer performance, longissimus muscle fatty acid
composition, and tenderness in a forage-finishing system. Journal of Animal Science. 2014; 92(10): 4767-
4774. https://doi.org/10.2527/jas.2014-7411

5. Pacheco RF, Mayer AR, Vaz MAB, Potter L, Cattelam J, Callegaro AM, Pizzuti LAD, Brondani IL, Alves Filho
DC, Pacheco PS. Qualitative characteristics of meat from cull cows of different genotypes and age class
slaughter under different finishing systems: a meta-analytic approach. Anais da Académia Brasileira de
Ciéncias. 2015; 87(2): 1083-1093. http://doi.org/10.1590/0001-3765201520140353

2020, Cienc. anim. bras., v.21, e-62956


https://doi.org/10.1016/s0309-1740(02)00242-5
https://doi.org/10.2527/1994.7251174x
https://doi.org/10.2527/jas.2014-7891
https://doi.org/10.2527/jas.2014-7411
https://doi.org/10.1590/0001-3765201520140353

Likelihood of obtaining tender meat from confined calf
Pacheco R.F. et al.

6. Blank CP, Russell J, Lonergan SM, Hansen SL. Influence of feed efficiency classification and growing and
finishing diet type on meat tenderness attributes of beef steers. Journal of Animal Science. 2017; 95(7):
2986-2992. https://doi.org/10.2527/jas.2016.1312

7. Koohmaraie M, Geesink GH. Contribution of postmortem muscle biochemistry to the delivery of
consistent meat quality with particular focus on the calpain system. Meat Science. 2006; 74(1): 34-43.
http://doi.org/10.1016/j.meatsci.2006.04.025

8.Pacheco RF, Alves Filho DC, Cattelam ], Mayer AR, Burin M, Pereira LB, Adams SM, Brondani IL. Probability
of beef tenderness in confined cows - a meta-analytic approach. Semina: Ciéncias Agrarias. 2019; 40(3):
1309-1318. http://doi.org/10.5433/1679-0359.2019v40n3p1307

9. Metz PAM, Menezes LFGD, Arboitte MZ, Brondani IL, Restle J, Callegaro AM. Influéncia do peso ao inicio
da terminacdo sobre as caracteristicas de carcaca e da carne de novilhos mesticos Nelore x Charolés.
Revista Brasileira de Zootecnia. 2009; 38(2): 346-353. http://doi.org/10.1590/51516-35982009000200018

10. Freund RJ, Littel RC, 1991. SAS system for regression. 2nd ed. Cary, NC: SAS Institute Incorporation.
232p

11. Hosmer D, Lemeshow WS, 2013. STURDIVANT, R.X. Wiley series in probability and statistics. Applied
logistic regression. 3rd ed. New York: John Wiley & Sons. 510 p

12. Confederacao DA. Agricultura e pecudria do BRASIL - CNA, 2019. Disponivel em: https://www.
cnabrasil.org.br/frigorificos/. Acesso em 28 de junho de 2019

13. Magnabosco CU, Lopes FB, Fragoso RC, Eifert EC, Valente BD, Rosa GJM, Sainz RD. Accuracy of genomic
breeding values for meat tenderness in Polled Nellore cattle. Journal of Animal Science. 2016; 94(7):
2752-2760. https://doi.org/10.2527/jas.2016-0279

14. Herd RM, Arthur PF. Physiological basis for residual feed intake. Journal of Animal Science. 2009;
87(14) Supplement: E64-E71. https://doi.org/10.2527/jas.2008-1345

15. Tait RG, Shackelford SD, Wheeler TL, King DA, Casas E, Thallman RM, Smith TP, Bennett GL. p-calpain,
calpastatin, and growth hormone receptor genetic effects on preweaning performance, carcass quality
traits, and residual variance of tenderness in Angus cattle selected to increase minor haplotype and allele
frequencies. Journal of Animal Science. 2014; 92(2): 456-466. https://doi.org/10.2527/jas.2013-7075

16. Rathmann RJ, Bernhard BC, Swingle RS, Lawrence TE, Nichols WT, Yates DA, Hutcheson JP, Streeter
Mn, Brooks JC, Miller MF, Johnson BJ. Effects of zilpaterol hydrochloride and days on the finishing diet on
feedlot performance, carcass characteristics, and tenderness in beef heifers. Journal of Animal Science.
2012; 90(9): 3301-3311. https://doi.org/10.2527/jas.2011-4375

17. Dikeman M. Animal growth and empty body composition. In: C. R. Kerth, editor, The science of meat
quality. John Wiley & Sons, p. 29-48, 2013. https://doi.org/10.1002/9781118530726.ch2

18. Van Koevering MT, Gill DR, Owens FN, Dolezal HG, Strasia CA. Effects of time on feed on performance
of feedlot steers, carcass characteristics, and tenderness and composition of longissimus muscles.
Journal of Animal Science. 1995; 73(1): 21-28. https://doi.org/10.2527/1995.73121x

19. Modzelewska-Kapituta M, Nogalski Z, Kwiatkowska A. Comparison of collagen profile and tenderness
of muscles from heifers and single-calf cows. South African Journal of Animal Science. 2014; 44(4). https://
doi.org/10.4314/sajas.v44i4.7

20. Cattelam J, Vale MM, Martini PM, Pacheco RF, Mayer AR, Pacheco PS. Productive characteristics of
precocious or super precocious cattle confined. Amazonian Journal of Plant Research. 2017; 1: 33-38.
http://doi.org/10.26545/b00004x

21. Rodrigues LDS, Moura AFD, Pacheco RF, Paula PCD, Brondani IL, Alves Filho DC. Caracteristicas

2020, Cienc. anim. bras, v.21, e-62956


https://doi.org/10.2527/jas.2016.1312
https://doi.org/10.1016/j.meatsci.2006.04.025
https://doi.org/10.5433/1679-0359.2019v40n3p1307
https://doi.org/10.1590/s1516-35982009000200018
https://doi.org/10.2527/jas.2016-0279
https://doi.org/10.2527/jas.2008-1345
https://doi.org/10.2527/jas.2013-7075
https://doi.org/10.2527/jas.2011-4375
https://doi.org/10.1002/9781118530726.ch2
https://doi.org/10.4314/sajas.v44i4.7
https://doi.org/10.4314/sajas.v44i4.7
https://doi.org/10.26545/b00004x

Likelihood of obtaining tender meat from confined calf
Pacheco R.F. etal.

da carcaca e da carne de vacas de descarte abatidas com distintos pesos e grau de acabamento -
abordagem meta-analitica. Ciéncia Animal Brasileira. 2015; 16(4): 508-516. http://doi.org/10.1590/1089-
6891v16i434519

22. Cattelam J, Argenta FM, Alves Filho DC, Brondani IL, Pacheco PS, Pacheco RF, Mayer AR, Rodrigues
LDS, Martini PM, Klein JL. Characteristics of the carcass and quality of meat of male and female calves
with different high-grain diets in confinement. Semina: Ciéncias Agrarias. 2018; 39(2): 667-682. https://
doi.org/10.5433/1679-0359.2018v39n2p667

23. Restle J, Vaz FN, Quadros ARBD, Muller L. Revista Brasileira de Zootecnia. 1999; 28(6): 1245-1251.
https://doi.org/10.1590/51516-35981999000600011

24. Feij6 GLD, Euclides Filho K, Euclides VPB, Figueiredo GRD. Avalia¢do das carcacas de novilhos F1
Angus-Nelore em pastagens de Brachiaria decumbens submetidos a diferentes regimes alimentares.
Revista Brasileira de Zootecnia. 2001; 30(3) Supplement 1: 1015-1120. https://doi.org/10.1590/S1516-
35982001000400015

25. Vaz FN, Restle J, Feijé GLD, Brondani IL, Rosa JRP, Santos APD. Qualidade e composicdo quimica da
carne de bovinos de corte inteiros ou castrados de diferentes grupos genéticos Charolés x Nelore. Revista
Brasileira de Zootecnia. 2001; 30(2): 518-525. https://doi.org/10.1590/51516-35982001000200031

26.Vaz FN, Restle ], Vaz RZ, Brondani IL, Bernardes RAC, Faturi C. Efeitos de raca e heterose na composi¢do
fisica da carcaca e na qualidade da carne de novilhos da primeira geracdo de cruzamento entre Charolés
e Nelore. Revista Brasileira de Zootecnia. 2002; 31(1) Supplement: 376-386. https://doi.org/10.1590/
S1516-35982002000200012

27. Faturi C, Restle |, Brondani IL, Silva JHSD, Arboitte MZ, Carrilho CDO, Peixoto LADO. Caracteristicas
da carcaca e da carne de novilhos de diferentes grupos genéticos alimentados em confinamento com
diferentes propor¢des de grdo de aveia e grao de sorgo no concentrado. Revista Brasileira de Zootecnia.
2002; 31(5): 2024-2035. https://doi.org/10.1590/51516-35982002000800018

28. Vaz FN, Restle J. Aspectos qualitativos da carcaca e da carne de machos Braford superprecoces,
desmamados aos 72 ou 210 dias de idade. Revista Brasileira de Zootecnia. 2002; 31(5): 2078-2087.
https://doi.org/10.1590/51516-35982002000800023

29. Vaz FN, Restle J, Pacheco PS, Freitas AKD, Peixoto LADO, Carrilho CDO. Caracteristicas de carcaca e
da carne de novilhos superprecoces de trés grupos genéticos, gerados por fémeas de dois anos. Revista
Brasileira de Zootecnia. 2002; 31(5): 1973-1982. https://doi.org/10.1590/51516-35982002000800013

30. Costa ECD, Restle J, Brondani IL, Perottoni J, Faturi C, Menezes LFGD. Composicao fisica da carcaga,
qualidade da carne e conteddo de colesterol no musculo /ongissimus dorsi de novilhos Red Angus
superprecoces, terminados em confinamento e abatidos com diferentes pesos. Revista Brasileira de
Zootecnia. 2002; 31(1) Supplement: 417-428. https://doi.org/10.1590/51516-35982002000200017

31.Vaz FN, Restle J. Ganho de peso antes e apds os sete meses no desenvolvimento e nas caracteristicas
de carcaca e carne de novilhos charolés abatidos aos dois anos. Revista Brasileira de Zootecnia. 2003;
32(3): 699-708. https://doi.org/10.1590/51516-35982003000300022

32. Arboitte MZ, Restle J, Alves Filho DC, Brondani IL, Pacheco PS, Menezes LFGD, Perottoni . Composi¢do
fisica da carcaca, qualidade da carne e conteudo de colesterol no musculo longissimus dorsi de novilhos
5/8 Nelore -3/8 Charolés terminados em confinamento e abatidos em diferentes estadios de maturidade.
Revista Brasileira de Zootecnia. 2004; 33(4): 959-968. https://doi.org/10.1590/51516-35982004000400016

33. Vaz FN, Restle J, Silva NLQ, Alves Filho DC, Pascoal LL, Brondani IL, Kuss F. Nivel de concentrado,
variedade da silagem de sorgo e grupo genético sobre a qualidade da carcaca e da carne de novilhos
confinados. Revista Brasileira de Zootecnia. 2005; 34(1): 239-248. https://doi.org/10.1590/51516-
35982005000100028

2020, Cienc. anim. bras., v.21, e-62956


https://doi.org/10.1590/1089-6891v16i434519
https://doi.org/10.1590/1089-6891v16i434519
https://doi.org/10.5433/1679-0359.2018v39n2p667
https://doi.org/10.5433/1679-0359.2018v39n2p667
https://doi.org/10.1590/s1516-35981999000600011
https://doi.org/10.1590/s1516-35982001000400015
https://doi.org/10.1590/s1516-35982001000400015
https://doi.org/10.1590/s1516-35982001000200031
https://doi.org/10.1590/s1516-35982002000200012
https://doi.org/10.1590/s1516-35982002000200012
https://doi.org/10.1590/s1516-35982002000800018
https://doi.org/10.1590/s1516-35982002000800023
https://doi.org/10.1590/s1516-35982002000800013
https://doi.org/10.1590/s1516-35982002000200017
https://doi.org/10.1590/s1516-35982003000300022
https://doi.org/10.1590/s1516-35982004000400016
https://doi.org/10.1590/s1516-35982005000100028
https://doi.org/10.1590/s1516-35982005000100028

Likelihood of obtaining tender meat from confined calf
Pacheco R.F. et al.

34. Menezes LFGD, Restle J, Vaz FN, Brondani IL, Alves Filho DC, Freitas AKD, Metz PAM. Composicdo fisica
da carcaca e qualidade da carne de novilhos de gera¢8es avancadas do cruzamento alternado entre as
racas Charolés e Nelore, terminados em confinamento. Revista Brasileira de Zootecnia. 2005; 34(3): 946-
956. https://doi.org/10.1590/S1516-35982005000300028

35. Leite DT, Arboitte MZ, Brondani IL, Restle J, Missio RL, Silveira SRLD. Composic¢do fisica da carcaca
e qualidade da carne de bovinos superjovens inteiros Charolés e mesticos Charolés x Nelore. Acta
Scientiarum. Animal Sciences. 2006; 28(4): 461-467. https://doi.org/10.4025/actascianimsci.v28i4.609

36. Brondani IL, Sampaio AAM, Restle J, Alves Filho DC, Freitas LDS, Amaral GAD, Silveira MFD, Cezimbra
IM. Composic¢do fisica da carcaga e aspectos qualitativos da carne de bovinos de diferentes ragas
alimentados com diferentes niveis de energia. Revista Brasileira de Zootecnia. 2006; 35(5): 2034-2042.
https://doi.org/10.1590/51516-35982006000700022

37. Canesin RC, Berchielli TT, Andrade PD, Faturi C. Caracteristicas da carcaca e da carne de novilhos
mantidos em pastagemde capim-marandu submetidos adiferentes estratégias de suplementacdo. Revista
Brasileira de Zootecnia. 2006; 35(6): 2368-2375. https://doi.org/10.1590/51516-35982006000800024

38. Climaco SM, Ribeiro ELDA, Rocha MAd, Mizubuti IY, Silva LDDFD, Noro LY, Turini T. Caracteristicas
de carcaca e qualidade de carne de bovinos inteiros ou castrados da raga Nelore, suplementados ou
ndo durante o primeiro inverno. Ciéncia Rural. 2006; 36(6): 1867-1872. https://doi.org/10.1590/50103-
84782006000600031

39.Vaz FN, Restle J, Padua JT, Metz Pam MJL, Fernandes JJR. Qualidade da carcaca e da carne de novilhos
abatidos com pesos similares, terminados em diferentes sistemas de alimentacdo. Ciéncia Animal
Brasileira. 2007; 8(1): 31-40. Disponivel em: https://www.revistas.ufg.br/vet/article/view/1156. Acesso em
10 de julho de 2020

40. Ribeiro ELDA, Hernandez JA, Zanella EL, Mizubuti lY, Silva LDDFD, Reeves ]J. Desempenho e
caracteristicas de carcaca de bovinos de diferentes grupos genéticos. Revista Brasileira de Zootecnia.
2008; 37(9): 1669-1673. https://doi.org/10.1590/51516-35982008000900020

41. Cattelam J, Menezes LFG, Ferreira JJ, Restle J, Brondani IL, Arboitte MZ, Paula PC. Composigao fisica da
carcaca e qualidade da carne de novilhos e vacas de descarte de diferentes grupos genéticos submetidos
a diferentes frequéncias de alimentac¢ao. Ciéncia Animal Brasileira. 2009; 10(3): 764-775. Disponivel em:
https://www.revistas.ufg.br/vet/article/view/3450. Acesso em 11 de julho de 2020

42. Rubiano GAG, Arrigoni MDB, Martins CL, Rodrigues E, Goncalves HC, Angerami CN. Desempenho,
caracteristicas de carcaca e qualidade da carne de bovinos superprecoces das racas Canchim, Nelore e
seus mesticos. Revista Brasileira de Zootecnia. 2009; 38(12): 2490-2498. https://doi.org/10.1590/51516-
35982009001200027

43. Silveira MF, Brondani IL, Arboitte MZ, Alves Filho DC, Restle |, Pizzuti LAD, Luz TRR, Retore M.
Composicdo fisica da carcaca e qualidade da carne de novilhos Charolés e Nelore que receberam
diferentes proporc¢8es de concentrado na dieta. Arquivo Brasileiro de Medicina Veterinaria e Zootecnia.
20009; 61(2): 467-474. https://doi.org/10.1590/50102-09352009000200026

44. Missio RL, Brondani IL, Alves Filho DC, Restle J, Arboitte MZ, Segabinazzi LR. Caracteristicas da carcaca
e da carne de tourinhos terminados em confinamento, recebendo diferentes niveis de concentrado
na dieta. Revista Brasileira de Zootecnia. 2010; 39(7): 1610-1617. https://doi.org/10.1590/S1516-
35982010000700030

45. Vaz FN, Restle J, Arboite MZ, Pascoal LL, Alves Filho DC, Pacheco RF. Caracteristicas de carcaga e
da carne de novilhos e novilhas superjovens, terminados com suplementacdo em pastagem cultivada.
Ciéncia Animal Brasileira. 2010; 11(1): 42-52. https://doi.org/10.5216/cab.v11i1.5131

46. Menezes LFGD, Restle ], Brondani IL, Silveira MFD, Freitas LDS, Pizzuti LAD. Revista Brasileira de
Zootecnia. 2010; 39(3): 667-676. https://doi.org/10.1590/51516-35982010000300028

2020, Cienc. anim. bras, v.21, e-62956


https://doi.org/10.1590/s1516-35982005000300028
https://doi.org/10.4025/actascianimsci.v28i4.609
https://doi.org/10.1590/s1516-35982006000700022
https://doi.org/10.1590/s1516-35982006000800024
https://doi.org/10.1590/s0103-84782006000600031
https://doi.org/10.1590/s0103-84782006000600031
https://doi.org/10.1590/s1516-35982008000900020
https://doi.org/10.1590/s1516-35982009001200027
https://doi.org/10.1590/s1516-35982009001200027
https://doi.org/10.1590/s0102-09352009000200026
https://doi.org/10.1590/s1516-35982010000700030
https://doi.org/10.1590/s1516-35982010000700030
https://doi.org/10.5216/cab.v11i1.5131
https://doi.org/10.1590/s1516-35982010000300028

Likelihood of obtaining tender meat from confined calf
Pacheco R.F. etal.

47. Climaco SM, Ribeiro ELDA, Mizubuti IY, Silva LDDFD, Barbosa MAADF, Ramos BMDO, Constantino
C. Caracteristicas de carcaca e qualidade da carne de bovinos de corte de quatro grupos genéticos
terminados em confinamento. Revista Brasileira de Zootecnia. 2011; 40(12): 2791-2798. https://doi.
org/10.1590/51516-35982011001200025

48. Donicht PAM. Freitas LS, Callegaro AM, Weise MS, Brondani IL. Fat sources in diets for feedlot-finished
steers - carcass and meat characteristics. Ciéncia Animal Brasileira. 2011; 12(3): 487-496. https://doi.
org/10.5216/cab.v12i3.14008

49. Arboitte MZ, Brondani IL, Deschamps FC, Bertoldi FC, Alves Filho DC, Rumpel LS. Qualidade da carne
do musculo longissimus dorsi de novilhos superjovens Aberdeen Angus de bidtipo pequeno e médio
abatidos com o mesmo estagio de acabamento na carcacga. Acta Scientiarum. Animal Sciences. 2011;
33(2): 191-198. https://doi.org/10.4025/actascianimsci.v33i2.10746

50. Pacheco PS, Restle J, Alves Filho DC, Brondani IL, Pascoal LL, Kuss F, Menezes LFGD, Neiva JNM. Carcass
physical composition and meat quality of Charolais cattle of different categories. Revista Brasileira de
Zootecnia. 2011; 40(11): 2597-2605. https://doi.org/10.1590/51516-35982011001100043

51. Restle J, Neiva JNM, Resende PLP, Lage ME, Prado CS, Padua JT, Aradjo VL. Miotto FRC. Farelo de
mesocarpo de babagu (Orbygnia sp.) na terminacdo de bovinos: composicao fisica da carcaca e qualidade
da carne. Ciencia Rural. 2012; 42(7),1271-1277. Disponivel em: https://www.scielo.br/pdf/cr/2012nahead/
a19412cr4988.pdf. Acesso em 10 de julho de 2020

52.HirariMMG.MenezesLFG,KussF,VonzD,RonsaniR,MartinelloC,NazarioD, SegabinazziL.Caracteristicas
de carcaca e qualidade da carne de novilhos terminados em pastagem de aveia branca. Semina: Ciéncias
Agrarias. 2014; 35(4): 2617-2628. https://doi.org/10.5433/1679-0359.2014v35n4Suplp2617

53. Menezes LFGD, Segabinazzi LR, Freitas LDS, Restle J, Brondani IL, Callegaro AM, Joner G, Alves Filho
DC. Aspectos qualitativos da carcaca e carne de novilhos superjovens da raca Devon, terminados em
pastagem tropical, recebendo diferentes niveis de concentrado. Semina: Ciéncias Agrarias. 2014; 35(3):
1557-1568. https://doi.org/10.5433/1679-0359.2014v35n3p 1557

54. Cattelam J, Brondani IL, Alves Filho DC, Segabinazzi LR, Callegaro AM, Michelon JM. Caracteristicas de
carcaca e qualidade da carne de novilhos confinados em diferentes espacos individuais. Ciéncia Animal
Brasileira. 2013; 14(2): 185-198. https://doi.org/10.5216/cab.v14i2.22703

55. Barcellos VC, Mottin C, Passetti RAC, Guerreiro A, Eiras CE, Prohman PE. Vital ACP, Prado IN. Carcass
characteristics and sensorial evaluation of meat from Nellore steers and crossbred Angus vs. Nellore
bulls. Acta Scientiarum. Animal Sciences. 2017; 39(4): 437-448. https://doi.org/10.4025/actascianimsci.
v39i4.36692

56. Aranha AS, Andrighetto C, Lupatini GC, Mateus GP, Ducatti C, Roca RO, Martins MB, Santos JAA, Luz
PAC, Utsunomiya Ath, Athayde NB. Performance, carcass and meat characteristics of two cattle categories
finished on pasture during the dry season with supplementation in different forage allowance. Arquivo
Brasileiro de Medicina Veterinaria e Zootecnia. 2018; 70(2): 517-524. https://doi.org/10.1590/1678-4162-
9576

2020, Cienc. anim. bras., v.21, e-62956


https://doi.org/10.1590/s1516-35982011001200025
https://doi.org/10.1590/s1516-35982011001200025
https://doi.org/10.5216/cab.v12i3.14008
https://doi.org/10.5216/cab.v12i3.14008
https://doi.org/10.4025/actascianimsci.v33i2.10746
https://doi.org/10.1590/s1516-35982011001100043
https://www.scielo.br/pdf/cr/2012nahead/a19412cr4988.pdf
https://www.scielo.br/pdf/cr/2012nahead/a19412cr4988.pdf
https://doi.org/10.5433/1679-0359.2014v35n3p1557
https://doi.org/10.5216/cab.v14i2.22703
https://doi.org/10.4025/actascianimsci.v39i4.36692
https://doi.org/10.4025/actascianimsci.v39i4.36692
https://doi.org/10.1590/1678-4162-9576
https://doi.org/10.1590/1678-4162-9576

Likelihood of obtaining tender meat from confined calf
Pacheco R.F. et al.

Annex

Annex 1. Studies used for data analysis
Study Number of treatments used Total number of animals

Restle et al. ?* 4 24
Feij6 et al. ¥ 4 45
Vaz et al. 29 2 70
Vaz et al. %% 4 463
Faturi et al. @7 4 48
Vaz e Restle 2® 2 36
Vaz etal. *® 3 24
Costa et al. 9 4 24
Vaz e Restle " 4 157
Arboitte et al. #2 3 18
Vaz et al. 33 3 60
Menezes et al. 4 8 78
Leite et al. % 3 12
Brondani et al. %% 2 16
Canesin et al. &7 3 24
Climaco et al. 2 2 40
Vaz et al. ¥ 2 12
Ribeiro et al. “? 3 a
Metz et al. ® 2 12
Cattelam et al. @" 1 12
Rubiano et al. “2 4 86
Silveira et al. #* 2 22
Missio et al. 4 4 16
Vaz et al. “9 1 12
Menezes et al. “® 3 17
Climaco et al. “7 4 20
Donicht et al. @& 4 20
Arboitte et al. #9 2 18
Pacheco et al. % 1 9
Miotto et al. ¢ 5 30
Hirai et al. 2 3 18
Menezes et al. 3 3 12
Cattelam et al. &% 3 48
Barcellos et al. 5% 2 20
Aranha et al. % 1 18
Total animals . 1,582

Source: Own elaboration.
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