
Stafuzza, N., David, G., Domingos, B., Pereira, L., Abreu, M., Assunção, R., Resende, F., Siqueira, G., Lourenco, D., Paz, C. (2026) 
Proteomic analysis of the effect of weaning age on the skeletal muscle in beef cattle, Proceedings 13th World Congress on Genetics Applied 

to Livestock Production 23547: https://doi.org/10.31274/wcgalp.23547       ©2026 Stafuzza, et al. CC BY-NC-ND 

 

Proteomic analysis of the effect of weaning age on the skeletal 

muscle in beef cattle 

 

N.B. Stafuzza1*, G.S.S. David2, B.R. Domingos2, L.S. Pereira3, M.J.I. Abreu2, 

R.N. Assunção2, F.D. Resende4, G.R. Siqueira4, D. Lourenco1, and C.C.P. Paz3 

 
1University of Georgia, Athens, USA; 2São Paulo State University, Jaboticabal, Brazil; 
3Animal Science Institute, São José do Rio Preto, Brazil; 4São Paulo Agency for Agribusiness 

Technology (APTA), Colina, Brazil; *Corresponding author: nedeniabs@gmail.com 

 

Introduction 

Early weaning of beef cattle calves is an effective management strategy to alleviate the 

nutritional and metabolic demands of lactation on dams, leading to improved reproductive 

performance through faster recovery of body condition, and consequently increasing pregnancy 

rates and overall herd reproductive efficiency (Nishimura et al., 2023). However, early weaning 

without adequate nutrition can negatively affect calf growth performance - such as body weight 

and average daily gain, as well as intramuscular fat composition, physiological responses, 

behavior and overall welfare (Teixeira et al., 2021; Ferronato et al., 2022; Abebe et al., 2024). 

Despite these known effects, the molecular mechanisms underlying the response of pasture-

raised beef cattle to early weaning remain largely unknown.  

Since the proteins are highly responsive to environmental stimuli, proteomics has emerged as 

a powerful tool for large-scale screening of protein abundance, functions, interactions, and 

networks among proteins in a tissue, thereby enhancing the understanding of complex 

biological processes under diverse physiological conditions (Reolon et al., 2024; Abduch et al., 

2025), including those involved in early weaning.  

Therefore, to address this lack of knowledge, the present study investigated the effects of 

weaning age on the Longissimus thoracis muscle proteome of male Nellore beef cattle at the 

end of the finishing phase, using liquid chromatography–tandem mass spectrometry (LC-

MS/MS) in data-independent acquisition mode. 

 

Materials & Methods 

Procedures used in this study were approved by the Ethics Committee on Animal Use of São 

Paulo Agency for Agribusiness Technology (protocol number 0008/2022), following 

guidelines for animal welfare according to State Law nº 11.977 of the São Paulo state, Brazil. 

Thirty Nellore male calves (162 ± 16 kg at 120 days of age) were allocated to six paddocks of 

Urochloa brizantha cv. Marandu, with three paddocks per treatment. The study followed a 

randomized complete block design, with initial body weight as the blocking factor and paddock 

as the experimental unit. Two weaning strategies were evaluated: (1) weaning at 120 days 

(WA120) with daily creep-feeding supplementation of 5.0 g/kg BW as fed from 40 to 240 days 

of age; and (2) weaning at 240 days (WA240) with the same creep-feeding regimen. After 240 

days, all animals were placed in the same grazing area (six paddocks) and received concentrate 

at 10 g/kg BW per day as fed. During the finishing phase, animals remained in these pastures 

and were offered concentrate ad libitum as fed. At the end of the finishing phase (18 months of 

age), L. thoracis muscle samples were simultaneously collected by biopsy from all animals. A 

subset of 16 samples was randomly selected for proteomic analysis by LC-MS/MS, comprising 

eight samples per group and representing all paddocks (2-3 samples per paddock). 

Protein quantification was performed using the Bradford method and total protein content was 

estimated using a SpectraMax Plus 384 (Molecular Devices) spectrophotometer. Protein 
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electrophoretic profiles and molecular weight distribution were assessed by SDS-PAGE. 

Sample preparation for advanced mass spectrometry comprised protein reduction and 

alkylation, trypsin digestion, and sample clean-up/desalting, as performed by Malheiros et al. 

(2025). Proteomic analyses were conducted on a Vanquish Neo™ UHPLC system coupled to 

an Orbitrap Exploris™ 240 mass spectrometer (Thermo Fisher Scientific), in a data-

independent acquisition mode. 

FragPipe software package v. 23.0 were used for protein identification and quantification. 

Database searches were performed with MSFragger v.4.2 against the UniProt bovine reference 

proteome (UP000009136). Peptide–spectrum matches, peptides, and proteins were filtered 

(FDR≤0.01) using the Percolator algorithm integrated into Philosopher. Protein inference was 

performed with ProteinProphet and label-free quantification was carried out with IonQuant. 

Proteins with a log-fold change ≥ 0.58 or ≤ -0.58 (P < 0.05) were considered differentially 

abundant proteins between groups. Functional enrichment analysis was performed by DAVID 

tool (Sherman et al., 2024) for all differentially abundant proteins to identify significant (P < 

0.05) Gene Ontology (GO) terms and REACTOME pathways. 

 

Results & Discussion 

At the end of the experiment, animals in the WA120 group exhibited lower mean hot carcass 

weight (307 vs. 335 kg) and ribeye area (85.2 vs. 93.4 cm²) than those in the WA240 group. 

These findings demonstrate the significant influence of weaning age on the overall growth 

performance and subsequent carcass traits in Nellore beef cattle. 

Proteomic analysis identified 7,444 proteins in the L. thoracis muscle, of which 16 proteins 

(ABCC3, BICDL1, BZW2, DNAH5, LOC516849, MAVS, NOD2, OR2G1, PSMC5, RABGGTA, 

RTL9, SAR1B, SPIRE1, TADA2B, TATDN1, and TIGD4 ) were significantly more abundant in 

muscle samples from the WA120 group, whereas eight proteins (ASCC1, CKAP5, CLCN2, 

CZIB, NDRG3, PHC3, PLEKHJ1, and RARRES1) were significantly more abundant in samples 

from the WA240 group. Among the 24 differentially abundant proteins identified between the 

WA120 and WA240 groups, proteins potentially associated with the observed intergroup 

differences were highlighted based on their functions as reported in the literature, as briefly 

discussed below. 

The ABCC3 gene encodes the ATP-binding cassette sub-family C member 3, a transporter 

primarily responsible for moving conjugated metabolites back into the bloodstream and may 

contribute to the efflux of fatty acids from the rumen epithelium to blood (Xiang et al., 2016). 

Furthermore, ABCC3 participates in several pathways that potentially contribute to the 

differences observed between groups, such as bile secretion (bta04976), folate transport and 

metabolism (bta04981), metabolism of steroids (R-BTA-8957322), and metabolism of lipids 

(R-BTA-556833). The chloride channel protein 2 (CLCN2) is a transmembrane protein 

involved in mineral absorption pathway (bta04978). Copy number variations in the CLCN2 

gene have been associated with growth traits in Chinese beef cattle (Tang et al., 2021). 

The NOD2 gene encodes the nucleotide-binding oligomerization domain-containing protein 2, 

which acts as an pivot intracellular sensor for host defense function in the gut mucosa (Jiang et 

al., 2013), acting in biological processes that could contributes to the differences observed 

between the groups, such as the host-mediated regulation of intestinal microbiota composition 

(GO:0048874), intestinal stem cell homeostasis (GO:0036335), and regulation of appetite 

(GO:0032098). Genome-wide association studies in beef cattle have identified the NOD2 

associated with meat quality traits (Mei et al., 2019) and feed efficiency traits (Brunes et al., 

2021).  

The SAR1B gene encodes the small COPII coat GTPase SAR1B that acts in several biological 

processes that could contributes to the differences observed between groups, such as regulation 

of lipid transport (0032368), lipid homeostasis (GO:0055088), negative regulation of TORC1 
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signaling (GO:1904262), and cellular response to leucine starvation (GO:1990253). The 

OR2G1 gene encodes the olfactory receptor family 2 subfamily G member 1 that acts in the 

olfactory transduction (bta04740) and in the detection of chemical stimulus involved in sensory 

perception of smell (GO:0050911), which may influence growth-related traits by modulating 

feeding behavior and nutrient intake. The MAVS gene encodes the mitochondrial antiviral-

signaling protein that functions as a key component in innate immune signaling (Dong and 

Shen, 2024). 

The PSMC5 gene encodes an ATPase subunit of the 26S proteasome complex, where it exhibits 

a chaperone-like activity in the regulation of proteasome function. Alterations in PSMC5 can 

impair proteasome function and promote apoptosis, triggering complex cellular responses that 

affect inflammation, immune signaling, and lipid metabolism (Yu et al., 2024). The PSMC5 

gene is mapped in a genomic region associated with average daily gains in Nellore bulls 

(Borges et al., 2025). 

The functional analysis revealed four REACTOME pathways and four GO molecular functions 

as significant enriched (Table 1), indicating that small molecule transport, protein–protein 

interactions, post-translational modifications, protein metabolism, ATP-related activities and 

inflammatory responses may underlie the differences observed between the WA120 and 

WA240 groups. 

 

Table 1. Significant REACTOME pathways and Gene Ontology molecular functions revealed 

by functional enrichment analysis (P < 0.05) performed with differentially abundant proteins 

identified between the WA120 and WA240 groups. 

Term P Gene symbol 

REACTOME pathways   

Deubiquitination (R-BTA-5688426) 0.026 PSMC5, NOD2, TADA2B  

Transport of small molecules (R-BTA-382551) 0.024 SAR1B, CLCN2, PSMC5, 

ABCC3  

Metabolism of proteins (R-BTA-392499) 0.020 SAR1B, PHC3, NOD2, 

TADA2B, RABGGTA, PSMC5 

Post-translational modification (R-BTA-597592) 0.005 SAR1B, PHC3, NOD2, 

TADA2B, RABGGTA, PSMC5  

Gene Ontology molecular functions   

ATP binding (GO:0005524) 0.048 PSMC5, DNAH5, 

LOC516849, ABCC3, NOD2 

Zinc ion binding (GO:0008270) 0.032 CZIB, PHC3, RABGGTA, 

TADA2B  

CARD domain binding (GO:0050700) 0.008 NOD2, MAVS  

ATP hydrolysis activity (GO:0016887) 0.007 PSMC5, DNAH5, 

LOC516849, ABCC3  

 

The metabolism of proteins pathway (R-BTA-392499) is a central regulator of protein 

homeostasis, encompassing the synthesis, post-translational modifications (R-BTA-597592) 

such as deubiquitination (R-BTA-5688426), degradation of both dietary and endogenous 

proteins, and overall protein turnover. The metabolism of proteins exerts a critical influence on 

myogenesis and the development, hypertrophy and maintenance of skeletal muscle tissue, 

directly impacting production and overall carcass yield (Lynch and Koopman, 2019). The 

CARD domain binding (GO:0050700) molecular function refers to the protein-protein 

interactions mediated by Caspase Recruitment Domains (CARDs), which are amino-acid 

motifs that mediate apoptosis and innate immune signaling (Hofmann et al., 1997). 
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The ATP binding (GO:0005524) and ATP hydrolysis activity (GO:0016887) provides energy-

dependent processes for protein synthesis and nutrient transport, which contributes to muscle 

development, fat deposition, and growth signaling, directly impacting carcass traits. 

 

Conclusions 

The results of this study highlight the influence of weaning age on carcass traits of pasture-

raised beef cattle, as animals weaned at different ages exhibit distinct carcass weights and 

ribeye areas at slaughter. Proteomic analyses provide molecular insights into how weaning 

management shapes growth and carcass development, identifying putative biomarkers and 

molecular pathways potentially underlying the observed differences between Nellore males 

weaned at 120 and 240 days of age. 

 

References  
Abduch N.G., Reolon H.G., Silva R.M.O., et al. (2025) BMC Genomics 6:1030. doi.org/10.1186/s12864-025-

12245-x    

Abebe B.K., Wang J., Guo J., et al. (2024) Anim. Biotechnol. 35:2388704. 

doi.org/10.1080/10495398.2024.2388704 

Borges E.R.P.S., Mota L.F.M., Verardo L.L., et al. (2025) Animals (Basel) 15:2874. 

doi.org/10.3390/ani15192874 

Brunes L.C., Baldi F., Lopes F.B., et al. (2021) J. Anim. Breed. Genet. 138:23-44. doi.org/10.1111/jbg.12496 

Dong H., and Shen J. (2024) Front Biosci 29:72. doi.org/10.31083/j.fbl2902072 

Ferronato G., Cattaneo L., Trevisi E., et al. (2022) Animals (Basel) 12:1168. doi.org/10.3390/ani12091168 

Hofmann K., Bucher P., and Tschopp J. (1997) Trends. Biochem. Sci 22:155-6. doi.org/10.1016/s0968-

0004(97)01043-8 

Lynch G.S., and Koopman R. (2019) Anim Prod Sci 59:1957-69. doi.org/10.1071/AN19361 

Malheiros J.M., Reolon H.G., Bosquini B.G., et al. (2025) J. Proteomics 312:105361. 

doi.org/10.1016/j.jprot.2024.105361 

Mei C., Wang H., Liao Q., et al. (2019) Genomics 111:1201-1208. doi.org/10.1016/j.ygeno.2018.09.021 

Nishimura T.K., Silva A.G., Abitante G., et al. (2023) J. Anim. Sci. 101:skad330. doi.org/10.1093/jas/skad330 

Reolon H.G., Abduch N.G., de Freitas A.C., et al. (2024) Front. Genet. 15:1392670. 

doi.org/10.3389/fgene.2024.1392670 

Sherman B.T., Panzade G., Imamichi T., (2024) et al. Bioinformatics 40:btae615. 

doi.org/10.1093/bioinformatics/btae615 

Tang J., Shen X., Yang Y., et al. (2021) Animals (Basel) 12:41. doi.org/10.3390/ani12010041 

Teixeira O.S., Rocha M.K., Alforma A.M.P., et al. (2021) Appl. Anim. Behav. Sci. 240:105339. 

doi.org/10.1016/j.applanim.2021.105339 

Xiang R., Oddy V.H., Archibald A.L., et al. (2016) PeerJ 4:e1762. doi.org/10.7717/peerj.1762 

Yu Z.Q., Carmichael J., Collins G.A., et al. (2024). Hum. Mol. Genet. 33:1506-1523. 

doi.org/10.1093/hmg/ddae085 

https://doi.org/10.1186/s12864-025-12245-x
https://doi.org/10.1186/s12864-025-12245-x
https://doi.org/10.1080/10495398.2024.2388704
https://doi.org/10.3390/ani15192874
https://doi.org/10.1111/jbg.12496
https://doi.org/10.31083/j.fbl2902072
https://doi.org/10.3390/ani12091168
https://doi.org/10.1016/s0968-0004(97)01043-8
https://doi.org/10.1016/s0968-0004(97)01043-8
https://doi.org/10.1071/AN19361
https://doi.org/10.1016/j.jprot.2024.105361
https://doi.org/10.1016/j.ygeno.2018.09.021
https://doi.org/10.1093/jas/skad330
https://doi.org/10.3389/fgene.2024.1392670
https://doi.org/10.1093/bioinformatics/btae615
https://doi.org/10.3390/ani12010041
https://doi.org/10.1016/j.applanim.2021.105339
https://doi.org/10.7717/peerj.1762
https://doi.org/10.1093/hmg/ddae085

