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Abstract. The objective of this study was to investigate a possible relationship between blood 

parameters related to animal welfare and defined beef meat quality characteristics during winter 

and summer seasons in one small-scale slaughterhouse. At exsanguination, blood samples were 

collected, and serum concentrations for total proteins (TP), albumin and C-reactive protein 

(CRP) were evaluated. After 24 h of chilling, ultimate pH was measured and meat samples were 

used for drip loss and cooking loss determination. Dehydration was not observed during seasons, 

while elevated concentrations of TP accompanied by higher CRP values pointed to summer as a 

more stressful season. Analysing the meat quality parameters, it was observed that during the 

two seasons, ultimate pH values were in the range for normal meat acidification, but values for 

drip and cooking loss were significantly increased during the summer season. In conclusion, 

CRP could be used as potential biomarker for beef meat quality estimation, in the first instance 

drip loss and ultimate pH.  

1.  Introduction 

Beef meat quality has increasingly become an important production trait worldwide, both from the 

aspect of customer satisfaction and of the economic profit of the industry [1-2]. Conditions and 

procedures with animals, starting from the farm, during transportation and in the lairage period are just 

some of the elements that could greatly affect the quality of meat [3]. Improper conditions at farm level 

lead to animals’ adoption of the negative experience and inability to acclimatize to the new environment 

[4-5]. Inadequate handling during transportation, dehydration, limited space in trucks, climatic 

conditions, mixing of animals in the lairage, and social dominance are some of the disturbed procedures 

that impair animal well-being and affect the level of the individual’s stress response [6-7]. Challenges, 

especially before slaughter, activate an autonomic response, and as a product, glucocorticoids are 

released, which perturb metabolism homeostasis, particularly at muscle level [8]. It has been reported 

that in term of returning the homeostasis balance, synthesis of acute phase proteins, depending on the 

type, is increased or decreased in order to gain protective effects against acute stressors [9-10]. Unlike 

pigs, humans and dogs, in cattle, C-reactive protein (CRP) is not considered as prototypical acute phase 

protein which could be used for diagnostic herd health assessment [11]. Despite its synthesis during 

acute infection, it has been observed that during severe stressful reactions, a large amount of CRP is 
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released in the blood with the purpose of achieving immediate protection [12]. All the above mentioned 

adverse conditions of the animal production cycle can alter meat quality parameters, particularly due to 

impaired pH, affecting water holding capacity, meat tenderness and colour [13-14].  

The objective of this study was to investigate a possible relationship between blood parameters 

related to animal welfare and defined beef meat quality characteristics during winter and summer 

seasons in one small-scale slaughterhouse. 

2.  Materials and methods 

The study was conducted on 44 Simmental crossbreed bulls, 22 per season with an average live weight 

of 550±20 kg. The transport distance was short, about 70 km, and animals were rested for 1 h at lairage. 

The sampling was performed during February and July, referred as winter and summer season, 

respectively. During exsanguination, a plastic cup was used to collect the blood samples which were 

immediately transferred to the tube with potassium oxalate. Within 4 h, the samples were centrifuged at 

2500 rpm, and the serum was separated and immediately frozen for further analysis. The serum samples 

were analysed for total protein (TP), albumin and CRP concentrations using an automated analyser 

(Architect c8000, Abbott, Wiesbaden, Germany). 

Ultimate pH of Musculus Longissimus dorsi was measured after 24 h of chilling between the 10th 

and 12th ribs using a portable pH meter (Testo 205, Testo AG, Lenzkirch, Germany). From the same 

anatomical position, 2.54 cm thickness meat samples were taken for water holding capacity 

determination. Evaluation of water holding capacity was done using two methods: drip loss and cooking 

loss. Drip loss was tested using a bag method [15] by measuring the initial weight of each individual 

meat sample and weighing it again after 48 h of storage period at 4 °C. Differences of two weights gave 

drip loss percentage. Thereafter, the samples were put in plastic zip bags, boiled until reaching 75 ⁰C of 

internal temperature, cooled under chilled conditions (1-4 ⁰C) and then re-weighed [15]. Cooking loss 

was expressed as a percentage of initial weight. 

Before any statistical analysis, the obtained data were checked for normality using Shapiro-Wilk test 

(P>0.05) and outliers were rejected. Differences between winter and summer seasons in terms of meat 

quality parameters (pH, drip loss, cooking loss) and animal-related factors (TP, albumin, CRP) were 

evaluated using Student’s t test. Pearson’s test was also used for estimation if there was any correlation 

between and within meat quality and animal-related characteristics. Statistical analysis of the results 

was performed using SPSS 21 software package.   

3. Results and discussion 

Concentrations of TP and CRP taken from the bulls during summer season were significantly increased 

while albumin concentration as an indicator of dehydration was slightly increased, but not significant 

(Table 1). Dehydration, as a negative state of transportation and lairage conditions, particularly with 

long journeys was not manifested in this case, because it was a short transport with relatively short 

animal retention at abattoir level [16].   

Table 1. Evaluation of animal-related parameters in bulls during two seasons 

 

 Winter Summer 

   

TP g/L 66.09±1.08a 70.86±0.95b 

   

Albumin g/L 30.32±0.49a 31.05±0.48a 

   

CRP g/L 2.49±0.13a 3.41±0.27b 
                                 1Values are shown as arithmetic mean ± standard error of the mean. 

                      Values with different lowercase letters (a-b) in the same line differ significantly (P<0.05) 
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However, concentration of total serum proteins in the summer season may be an indicator of increased 

globulin fraction in the blood, including acute phase proteins, which was accompanied by elevated CRP 

concentration. Evaluating the concentration of CRP, it could be stated that summer as a season was more 

stressful for bulls, which is not in agreement with a study conducted in Spain where the winter season 

was significantly more stressful [17]. 

   Analysing the meat quality parameters, it was observed that during the two seasons, ultimate pH values 

were in the range for normal meat acidification, but water holding capacity was significantly decreased 

during the summer season (Table 2). When the ultimate pH approaches the isoelectric point, the ability 

of muscle proteins to bind water is diminished, resulting in greater water release [18]. Within the 

complexity of water retention at protein level, the elevated stressful reaction, with possible heat stress 

and decreased ultimate pH, additional analyses are required for better understanding the glycolytic 

potential of the meat and the development of rigor after slaughter [19]. 
  

Table 2. Examination of meat quality parameters during two seasons 

 

 

 

 

 

 

 

 

 
                  

                                 1Values are shown as arithmetic mean ± standard error of the mean. 

                      Values with different lowercase letters (a-b) in the same line differ significantly (P<0.05) 

Correlation coefficients among investigated variables are shown in Table 3. Ultimate pH had an 

intermediate negative correlation coefficient with drip loss and cooking loss, which was also confirmed 

in a Hungarian Simmental bull study [20]. It indicates that as pH increased, drip and cooking loss 

decreased, and vice versa. On the other hand, CRP was negatively correlated with ultimate pH and 

positively with drip loss, at intermediate level. Practically, this means as CRP concentration increased, 

ultimate pH decreased and drip loss increased. Based on above, ultimate pH could be used as prediction 

indicator for water holding capacity post mortem, and CRP for ultimate pH and drip loss pre mortem. 

More studies are needed to confirm these facts, especially within the occurrence of dark, firm and dry 

meat.  

Table 3. Correlation coefficients among investigated variables 

 

 pH 24h Drip loss % Cooking loss % TP g/L Albumin g/L 

      

CRP g/L -0.40** 0.48** 0.25 0.24 0.49** 

      

Albumin g/L -0.26 0.22 0.13 0.42**  

      

TP g/L -0.32* -0.13 0.29   

      

Cooking loss % -0.55** 0.43*    

      

Drip loss % -0.57**     

 Winter Summer 

   

pH 24h 5.77±0.04a 5.61±0.03b 

   

Drip loss % 1.68±0.21a 2.99±0.27b 

   

Cooking loss % 26.73±1.36a 32.71±0.60b 
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   * P<0.05 

 ** P<0.01 

4. Conclusion 

Based on the results of this study, CRP could be used as potential biomarker for beef meat quality 

estimation, in the first instance for drip loss and ultimate pH. Recognition and identification of 

indicators, important in terms of animal well-being, stress and meat quality and their incorporation in 

animal production cycle is necessary, with the purpose of achieving higher customer satisfaction and 

profitability of producers. 
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