
López-Martínez, J., Reinoso-Peláez, E., Carabaño, M., Ramón, M., Meneses, C., González, C., Hernández-Pumar, A., Díaz, C. (2026) 
Physiological patterns underlying behavioral traits in Avileña-Negra Ibérica calves under heat stress, Proceedings 13th World Congress on 

Genetics Applied to Livestock Production 23996: https://doi.org/10.31274/wcgalp.23996         ©2026 López-Martínez, et al. CC BY-NC-ND 

 

Physiological patterns underlying behavioral traits in Avileña-

Negra Ibérica calves under heat stress 

 

J.L. López-Martínez1*, E.L. Reinoso-Peláez1, M.J. Carabaño1, M. Ramón1, C. 

Meneses1, C. González1, A. Hernández-Pumar2, and C. Díaz1 

 
1INIA-CSIC, Madrid, Spain; 2RAEANI, Avila, Spain; *Corresponding author: 

leonardo.lopez@inia.csic 

  

Introduction 

Climate change is increasing the exposure of livestock to elevated thermal loads affecting all 

producing species. Currently, breeding programs are incorporating broader objectives where, 

in addition to traditional traits such production, fertility and efficiency, traits related to health, 

welfare, and resilience are prioritized (Brito et al., 2020; Laghouaouta et al., 2024). In this 

context, phenomics based on large-scale measurement technologies are driving the 

development of new phenotypes that allow for a better description of animal responses to biotic 

or abiotic challenges (Seidel et al., 2020; Pérez-Enciso and Steibel, 2021). Metabolomics is 

highlighted as a key component of next-generation phenotyping by providing a functional 

readout of the physiological state (Fontanesi, 2016). Under extensive production systems 

where several stress events are easily occurring, there is a need to define indicators that capture 

variability in response to stress, favoring global resilience by means of selection tools. In this 

regard, coping style, understood as a consistent pattern of behavioral and physiological 

responses to stress (Réale, 2007), could be considered as a resilience indicator by integrating 

temperament and physiology through metabolomics. Thus, positive coping (an animal with an 

optimum temperament and physiological profile) drives resilience. Based on this premise, we 

aim to study the metabolomic profiles of calves exhibiting contrasting temperament 

phenotypes under heat stress. The final objective is to understand the physiological differences 

underlying the behavioral response. 

 

Materials & Methods 

Animals, sampling, and temperament. This study involved a total of 100 male Avileña-

Negra Ibérica calves. Sampling was conducted during the summer (late July), a period 

characterized by high thermal loads, within the framework of routine yard handling procedures. 

Blood samples were obtained via coccygeal venipuncture into EDTA tubes for plasma 

extraction. Temperament was assessed upon releasing the animal from the squeeze chute using 

the flight score (FS). The response was categorized as follows: FS_1 (walk), FS_2 (trot), FS_3 

(canter), and FS_4 (gallop). Under this system, a higher score reflects a more reactive 

temperament.  

 

Metabolomic data, quality control, and imputation. Untargeted metabolomic profiling of 

the plasma samples was performed by Metabolon, Inc. (Morrisville, NC, USA) through 

Performance Liquid Chromatography-Tandem Mass Spectroscopy (UPLC-MS/MS). A total 

of 1,090 metabolites were quantified across the 100 samples, of which 839 were endogenous. 

Unidentified and xenobiotic metabolites were excluded from subsequent analyses. For quality 

control, the proportion of missing values (NA) per metabolite and per sample was assessed; 

metabolites with more than 20% NA and samples with more than 30% NA were removed. 

Outliers were defined as any observation exceeding five times the interquartile range above or 

below the median for each metabolite. Following filtering, remaining NA were imputed using 

Multiple Imputation by Chained Equations (MICE), incorporating body weight and FS as 
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predictors. Additionally, for each metabolite to be imputed, the ten metabolites with the highest 

predictive capacity of the metabolite of interest were selected based on the Variance Inflation 

Factor. A Box-Cox transformation was then applied. Finally, the residuals of a linear model 

apply to each metabolite fitting weight of calves at sampling were then used for further 

analysis. 

 

Identification of differentially abundant metabolites and metabolic pathway enrichment 

analysis. To identify key metabolites related to animal reactivity, Partial Least Squares 

Discriminant Analysis (PLS-DA) was performed. This analysis followed two complementary 

approaches: a global model (simultaneously comparing FS_1, FS_2, FS_3, and FS_4 levels) 

and a series of binary contrasts between all pairs of FS levels. Metabolite identification was 

based on the Variable Importance in Projection (VIP) score, with a significance threshold set 

at VIP higher than 1.0. Metabolites identified as significant in the PLS-DA models were 

subjected to functional enrichment analysis using the Enrichment Analysis module of the 

MetaboAnalyst 6.0 platform (Pang et al., 2024) to determine the biological pathways 

associated with differences in temperament. The list of discriminant metabolites was entered 

using standardized Human Metabolome Database identifiers. 

 

Results 

Global as well as binary contrasts results of PLS-DA analyses are shown in Fig. 1. In the global 

model, which included all four FS levels (Fig. 1a), a gradual transition in the metabolomic 

profile was observed along component 1 and 2, identifying distinguishable clusters for the 

extreme phenotypes despite partial overlap between adjacent categories (particularly between 

FS_2 and FS_3). Upon analyzing the binary contrasts (Fig. 1b-g), the separation was 

significantly accentuated, with the most evident discrimination obtained in the comparison 

between low-reactivity (FS_1) and high-reactivity (FS_4) animals (Fig. 1d). 

 

 
Figure 1. PLS-DA score plots of plasma metabolomic profiles in calves classified according 

to Flight Score (FS). (a) Global multi-class model comparing all FS levels (FS_1 to FS_4). (b-

g) Pairwise binary contrasts between specific FS levels. 

 

Functional enrichment analysis, after the identification of key metabolites (209 metabolites 

with VIP higher than 1.0), revealed contrasting metabolic profiles between FS1 and 4 calves 

(Fig. 2). Non-reactivity calves (FS_1) showed enrichment in pathways linked to amino acid 
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and nitrogen metabolism, as well as taurine and hypotaurine metabolism. In this group, higher 

levels of metabolites associated with anabolic and homeostatic maintenance processes were 

observed. Conversely, high-reactivity animals (FS_4) were characterized by a higher 

abundance of lactate and long-chain acylcarnitines, resulting in an enrichment of pathways 

linked to glycolysis, pyruvate metabolism, and lipid metabolism. Additionally, although the 

overall tryptophan pathway did not reach statistical significance in the enrichment analysis, 

specific key metabolites related to this route were identified as highly discriminant (VIP > 1.0). 

 

 
Figure 2. Pathway enrichment analysis by reactivity levels (Flight Score). Lollipop plot of 

enriched pathways for FS_1 (a) and FS_4 (b) based on VIP metabolites. Dot size represents 

the number of significant metabolites (hits); the dashed line indicates the significance threshold 

(P < 0.05). 

 

Discussion 

The gradual transition observed in the PLS-DA models supports the hypothesis that reactivity 

in beef cattle is not presented as discrete categories, but rather as a biological gradient linked 

to the coping style concept. Within this framework, temperament is no longer viewed solely as 

an isolated behavioral response. Instead, it is understood as an external manifestation of a 

consistent pattern, where the physiology of the animal proportionally aligns with its behavior. 

Although the intermediate levels (FS_2 and FS_3) share considerable metabolic overlap, the 

clear divergence between the extreme phenotypes (FS_1 vs. FS_4) confirms the existence of 

divergent metabolic profiles that dictate the response capacity to stressors such as HS. 

Consistent with this divergence, FS_1 calves exhibited a coping style oriented toward resource 

conservation and cytoprotection. The marked enrichment of the taurine and hypotaurine 

pathway in this group suggests an adaptive response to oxidative stress derived from high 

temperatures. Taurine plays a critical role as an antioxidant and osmoregulator, protecting 

cellular integrity and mitigating lipid peroxidation damage during thermal challenge 

(Marcinkiewicz and Kontny, 2014). Complementarily, the enrichment of pathways linked to 

amino acid and nitrogen metabolism reinforces the hypothesis of a clear anabolic orientation 

in these animals. Under heat stress conditions, accelerated protein degradation is typically 

observed to provide energy precursors (Rhoads et al., 2009; Baumgard and Rhoads, 2013); 

however, the stability of these pathways in calves of FS_1 suggests that these low-reactivity 
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animals prioritize metabolic homeostasis and growth over the costly resource mobilization 

required by a flight response. In the long term, this efficiency in biological expenditure could 

translate into superior resilience and more stable productive performance under adverse 

environmental conditions of FS_1 animals vs FS_4. Conversely, FS_4 calves exhibited a 

metabolic signature characteristic of a proactive coping style, defined by an intense and costly 

mobilization of energy resources. The higher abundance of lactate and long-chain 

acylcarnitines in this group reflects a transition toward anaerobic glycolysis and accelerated 

lipolysis, mechanisms required to meet the immediate metabolic demand of the flight response. 

This metabolic pattern is consistent with increased activation of the sympathetic nervous 

system and the hypothalamic-pituitary-adrenal axis in reactive animals, triggering the release 

of catecholamines and glucocorticoids (such as cortisol) to coordinate the physiological stress 

response (Brandão and Cooke, 2021). Although these hormones typically have a short half-life 

in the bloodstream, the traces of their activity persist in the metabolomic profile through the 

increase of energy intermediates and markers of lipid catabolism. Two metabolites within 

the tryptophan pathway were identified as highly discriminant (VIP > 1.0). Although they did 

not reach statistical significance in the functional analysis, their strong biological relevance 

suggests they may play an important role in the characterization of FS4. Tryptophan is the 

essential precursor for serotonin, a key neurotransmitter in the regulation of fear and anxiety 

(Jenkins et al., 2016), its altered availability suggests increased stress susceptibility a biological 

trend that is consistent with previous literature. 

 

Conclusions 

Results suggest that the metabolic differences associated with differences in temperament 

exists. Some of these differences illustrate the differential impact that stress has on animals 

showing distinct patterns of behavior. Metabolomic profiles in FS_1 animals would correspond 

to more resilient animals with the ability to preserve their functions as opposed to FS_4 

animals. Results highlight the potential of coping style as a resilience phenotype in beef cattle. 

 

Acknowledgements 

This work was supported by Re-Livestock (HE-Re-Livestock - grant agreement No. 

101059609) and PID2020-113913RR-C31. The first author is funded by the predoctoral grant 

PRE2021-098165. We thank RAEANI for their support during the experimental work. 

 

References  
Baumgard L.H., and Rhoads R.P. (2013). Annu. Rev. Anim. Biosci. 1: 311-337.  

https://doi.org/10.1146/annurev-animal-031412-103644 

Brandão A.P., and Cooke R.F. (2021). Animals. 11(11): 3325. https://doi.org/10.3390/ani11113325 

Brito L.F., de Oliveira H.R., McConn., Schinckel A.P., Arrazola A., et al.  (2020). Front. Genet. 11:793. 

https://doi.org/10.3389/fgene.2020.00793 

Fontanesi L. (2016). Anim. Front. 6(1): 73-79. https://doi.org/10.2527/af.2016-0011 

Jenkins T.A., Nguyen J.C.D., Polglaze K. E., and Bertrand P.P. (2016). Nutrients. 8(1): 56. 

https://doi.org/10.3390/nu8010056 

Laghouaouta H., Fraile L.J., and Pena R.N. (2024). Int. J. Mol. Sci. 25(23): 13109. 

https://doi.org/10.3390/ijms252313109 

Marcinkiewicz J., and Kontny E. (2014). Amino Acids. 46(1): 7-20. https://doi.org/10.1007/s00726-012-1361-4 

Pang Z., Lu Y., Zhou G., Hui F., Xu L., et al. (2024). Nucleic Acids Res.. 52(W1): W398-W406. 

https://doi.org/10.1093/nar/gkae253 

Pérez-Enciso M., and Steibel J.P. (2021) Genet. Sel. Evol. 53:22. https://doi.org/10.1186/s12711-021-00618-1 

Réale D., Reader S.M., Sol D., McDougall P.T., Dingemanse N.J. (2007). Biol. Rev. 82: 291-318. 

https://doi.org/10.1111/j.1469-185X.2007.00010.x 

Rhoads M.L., Rhoads R.P., VanBaale M.J. Collier R.J., Sanders S.R., et al. (2009). J. Dairy. Sci. 92(5): 1986-

1997. https://doi.org/10.3168/jds.2008-1641 

Seidel A., Krattenmacher N., and Thaller G. (2020) Anim. Front. 10(2): 23-28. 

https://doi.org/10.1093/af/vfaa005 

https://doi.org/10.1146/annurev-animal-031412-103644
https://doi.org/10.3390/ani11113325
https://doi.org/10.3389/fgene.2020.00793
https://doi.org/10.2527/af.2016-0011
https://doi.org/10.3390/nu8010056
https://doi.org/10.3390/ijms252313109
https://doi.org/10.1007/s00726-012-1361-4
https://doi.org/10.1093/nar/gkae253
https://doi.org/10.1186/s12711-021-00618-1
https://doi.org/10.1111/j.1469-185X.2007.00010.x
https://doi.org/10.3168/jds.2008-1641
https://doi.org/10.1093/af/vfaa005

