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Introduction
Metabolomics is known as the comprehensive analysis of the whole metab-
olome, which refers to the full complement of small molecule metabolites in 
a cell, tissue or organism, under a given set of conditions (Patty et al., 2012). 
Pathway analysis can be performed using metabolites data, which allows for 
much more complete and in-depth analysis into meat metabolism and there-
fore can be used to investigate differences between breeds. Therefore, this 
study was carried out to evaluate the meat metabolites pathway of Nellore 
and crossbred Angus x Nellore cattle.
Methods
A total of 30 Nellore and 30 crossbreed Angus x Nellore cattle (363 ± 28 kg 
initial body weight and 24 months old) were slaughtered and after 24 h, one 
2.5 cm thick sample of longissimus muscle was collected (between 12th and 
13th ribs) and posteriorly was aged (0 to 4 °C) during 7 d for evaluating meat 
metabolites. A total of 0.5 g of each sample was used and processed accord-
ing to Beckonert et al. (2007). One dimensional proton nuclear magnetic res-
onance (1D 1H-NMR) was used for metabolite profiling. The 1D 1H-NMR spec-
tra were acquired at 300 K on a Bruker Avance 14.1 T spectrometer (Bruker 
Corporation, Karlsruhe, Baden-Württemberg, Germany) at 600.13 MHz for 
1H, using a BBO 5 mm probe. Deuterium oxide was used as a lock solvent 
and DSS as internal reference for 1H and an internal standard for metabolite 
quantitation. The 1D 1H-NMR spectra were processed, and metabolites were 
quantified using the Chenomx NMR Suite Professional 7.7 software (Che-
nomx Inc., Edmonton, Canada). Metabolites quantification were imported to 
web-based tool MetaboAnalyst 2.0, data were normalized by Pareto scaling 
and the Principal component analysis (PCA) was performed. For metabolic 
pathway, the pathway library used was Bos taurus was performed, with a 
global test and relative betweenness centrality as algorithms.  
Results
Thirty-one metabolites were identified in meat of Nellore and crossbred 
Angus x Nellore cattle, among which the acetate, acetyl carnitine, alanine, 
anserine, carnosine, choline, creatinine, glucose, glutamate, glycerate, gly-
cine, IMP, isoleucine, methionine, and succinate differed (P < 0.10) between 
breeds (Table 1). The principal component scores plot (PC 1 39.6% and PC 
2 11.7%) of the metabolite concentrations (Figure 1) shows a discrete overlap 
between breeds, suggesting few differences between them.
The main metabolic pathways involving the breed differentiation were gluta-

mine and glutamate metabolism; valine, leucine and isoleucine biosynthesis; 
and glutathione metabolism (Figure 2), which may be due to the amounts of 
glycine, glutamate and isoleucine present in meat, allowing a clear differen-
tiation between breeds.
The glutamate is closely related with glutamine metabolism and, in asso-
ciation with glycine, are substrates for glutathione synthesis, in addition to 
participating in the glutathione metabolism (Wang et al., 2013). In this sense, 
increasing glutamate content also increase glutamine content, amino acid 
that plays in regulating the skeletal muscle mass by regulating protein me-
tabolism (Xi et al., 2011). Glutamate content is correlated with the increase in 
glycolytic muscle fibers in beef cattle and the increase in oxidative muscle 
fibers in porcine (Cornet and Bousset, 1999).
Additionally, leucine is correlated with valine and isoleucine biosynthesis 
pathway and can be correlated with differences on growth patterns between 
breeds since it has a fundamental role for the initiation of anabolic processes 
in the muscle, including myofibrillar protein synthesis (Churchward-Venne 
et al., 2012).
Conclusion
In conclusion, the glutamine and glutamate metabolism, valine, leucine and 
isoleucine biosynthesis, and glutathione metabolism are the most important 
pathways to differentiate meat from Nellore and crossbred Angus x Nellore 
cattle.
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Table 1 – Concentrations of metabolites identified and quantified in 
beef extracts (pooled sample). 
Metabolite in bold differed between breeds (P < 0.10)
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Figure 2. Pathway analysis using all the significant metabolites. 
A) glutamine and glutamate metabolism; B) valine, leucine and isole-
ucine biosynthesis; C) glutathione metabolism. 
In the scatter plot, the x-axis indicates impact on pathway whereas 
the y-axis indicates significant changes in a pathway, by detected 
metabolites. The complete pathways are identifiers for metabolites 
mapped in a KEGG pathway (accessible at http://www.genome.jp/kegg/
pathway.html).
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Figure 1.  
Principal component scores plot of meat metabolites from Nellore and 
crossbred cattle 
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