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Abstract – The aim of this study was evaluate the 

influence of ultimate pH on the meat quality 

characteristics and Heat Shock Proteins expression 

from beef cattle. Were evaluated 303 F1 immuno- 

castrated steers cross cattle (Nellore x South African 

Simmental), with 18.0 ±2.0 months years old and 

live weight at the slaughter of 500 kg. After 48 hours 

post mortem de pH was measured (pHu) and were 

collect two steaks of 2.5 cm each between 12
th

 and 

13
th

 ribs of Longissimus muscle for Warner Bratzler 

Shear Force (WBSF) and Heat Shock Proteins 27 

and 70 expressions. Beef samples were classified into 

two groups according to pHu: Normal (pHu ≤5,8) 

and High (pHu ≥5,80) and were collected 19 samples 

from each group. There were observed differences 

for WBSF values (14 days) between Normal and 

High groups, an increase of HSP 27 and 70 

expression values during the aging time and higher 

values from HSP27 for High pH group than Normal 

pH group. In conclusion, there are some differences 
on HSP 27 expression between different pH ranges 
and during the aging time, so more studies are 
necessary for elucidating the relation of HSP and 
meat quality. 
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I. INTRODUCTION 

 

Meat tenderness is the most important criteria for 

the consumer acceptance and the use of the 

ultimate pH (pHu) as a meat quality predictor, is 

widely used in the meat quality assessment. In 

particular, the speed and the rate of pH decline 

have directly influence on the denaturation of 

proteins, arrangement of myofibrillar proteins and 

on the muscle shrinkage, being therefore had 

fundamental importance in the determination of 

meat quality. Some studies showed that pH ranges 

between 5.8 and 6.2 can affect negatively the meat 

tenderness [1, 2]. If the pHu be high ≥5,80, the 

fisical state of proteins will be higher than their 

isoelectric point and the proteins will have a strong 

association with water holding capacity. Through 

proteomic studies, some researchers found 

differential expression of small Heat Shock 

Proteins in muscle with variable meat quality 

characteristics like pH and tenderness [4,5,6]. 

Also, others studies reported that some variations 

on the ultimate pH can affect HSP expression in 

the muscle and consequently meat quality. The 

HSP principal function is to preserve cellular 

proteins against denaturation and possible loss 

function [7].  

 

So, the aim of this study was to evaluate the 

influence of ultimate pH on the meat quality 

characteristics and Heat Shock Proteins expression 

beef cattle. 

 

II. MATERIALS AND METHODS 

 

A. Animals and Experimental Procedure 

Were evaluated 303 F1 immuno- castrated steers 

cross cattle (Nellore x South African Simmental), 

with 18.0 ±2.0 months years old and live weight at 

the slaughter of 500 kg. The animals were raised 

on pasture and finished in feedlots receiving the 

same high-grain diets for all period (120 days). 

Animals were slaughtered according to standard 

humane procedures. After 48 hours post mortem 

de pH was measured (pHu) and were collect two 

steaks of 2.5 cm each between 12
th
 and 13

th
 ribs of 

Longissimus muscle. The steaks were individually 

identified, vacuum packaged and aged for 1 and 

14 days after slaughter.  

 

B. pH groups 
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The pH was measured at 48 hours post mortem 

with pHmether (Hanna Instruments), at 13
th
 ribs of 

Longissimus muscle. From 303 carcasses, were 

detected 19 carcasses with ultimate pH ≥5,80, so, 

beef samples were classified into two groups: 

normal pH (pHun: pHu ≤5,8) and high pH  (pHuH: 

pHu ≥5,80) and were collected 19 samples from 

each group. 

 

C. Meat Tenderness and sampling 

In each aging time (1 and 14 days), the vacuum 

packaging was opened and one piece of meat was 

cut and immediately frozen in liquid nitrogen for 

further Heat Shock Protein analysis. Subsequently, 

the Warner Bratzler Shear Force (WBSF) 

measurements were determined according to 

AMSA (1995).  

 

D. Heat Shock Protein Quantification 

The heat shock protein expression quantification 

was determined with Bovine Heat Shock Protein 

(HSP 27 and HSP 70) ELISA kits (Mybiosource). 

The total protein content was calculated by 

Bradford method.  

 

E. Statistical Analysis 

The data were subjected to verification of the data 

analysis assumptions (normality and homogeneity 

of variances) using the PROC UNIVARIATE then 

the data will go through analysis of variance by 

PROC MIXED adopting the significance level of 

5% (p<0.05) using the following statistical model: 

Yij = μ + pHui + Tj + (pHui*Tj) + eij, where: Yij = 

observed value of the dependent variable studied; 

μ = general average; pHui = effect of pHu, where i 

= normal pHu and high pHu; Tj = effect of time of 

maturation, j = 1 and 14 days; pHui*Tj = effect of 

the interaction between the factors pHu i and T j; 

eij = residual effect associated with the trait, 

normally distributed with mean 0 and variance σ². 

All procedures were performed with statistical 

software SAS 9.3. 

 

III. RESULTS AND DISCUSSION 

 

There were differences for WBSF values (14 days) 

between Normal and High groups (Table 1). The 

WBSF values were higher from High pH group 

than the Normal pH group. 

 
Table 1. Mean values of ultimate pH and Warner 

Bratzler Shear force (WBSF). 

Trait 
pHu 

EPM p-value 
Normal High 

Ultimate pH 5.52 5.87 0.030 < 0.0001 

WBSF (kg) – 1 day 9.46 8.25 0.475 0.2060 

WBSF (kg) – 14 days 5.23 7.31 0.429 0.0129 

 

There was an increase of HSP 27 and 70 

expression values during aging time (Table 2). 

However, other studies related that the highest 

concentrations of sHSPs during age time was 

positively correlated with meat tenderness, what 

may be due to increased fragmentation of actin 

in the meat maturation process, facilitating the 

action of proteases during the post mortem [4]. 
 

Table 2. HSPs 27 and 70 expression values (pg/ mg 

protein) by aging time (1 and 14 days). 

 Aging time (days) 
EPM p-value 

 1 14 

HSP27 125.55 184.46 8.351 0.0009 

HSP70 20.85 29.30 1.421 0.0008 

 
Also, it was observed higher values of HSP27 

for High pH group than Normal pH group 

(Tabel 3).   

Normally, the HSPs are present at low levels in 

the muscle until the occurrence of a stressful 

event, which triggers increase their synthesis [8]. 

  
Table 3. HSPs 27 and 70 expression values (pg/ mg 

protein) pHu group (Normal and High). 

 pHu 
EPM p-value 

 Normal High 

HSP27 138.39 174.42 8.351 0.0485 

HSP70 23.14 26.67 1.421 0.3461 

 
The total of HSP 27 expression values didn´t differ 

between 1 and 14 days from normal pH group but 

in high pH, the values increased from 1 to 14 days 

of aging (Figure 1). On the other hand, there were 
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differences (P<0.05) between samples from 

normal and high pHu at 1 day of aging.  

 

 

Figure 1. HSP 27 values (pg/mg protein) by aging time 

and pHu group. Different Single or Capital letter shows 

the differences between aging time and pH class, 

respectively.  

 
The high sHSPs concentration may be related to 

the delayed of aging, affecting directly and 

negatively meat tenderness [10]. 

 

For HSP70 was observed higher values only from 

14 days of aging, inside the High pH group 

(Figure 2). The HSP70 use energy in the form of 

ATP to restructure the myofibrillar proteins that 

have undergone denaturation [11]. 

 

 
Figure 2. HSP 70 values (pg/mg protein) by aging time 

and pHu group. Different Single or Capital letter shows 

the differences between aging time and pH class, 

respectively.   

 

IV. CONCLUSION 

 

In conclusion, there are some differences on 
HSP 27 expression between different pH ranges 
and during the aging time. However, the 
expression of HSPs determined in this work, can 
not be considered conclusive, since it is only 
part of the large study. Further exploration of the 
cellular mechanisms involved in the synthesis 
and expression of sHSPs can show more concise 
results.  
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