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ABSTRACT: Nellore beef cattle, a Bos indicus breed, is 
well adapted to tropical conditions and has allowed Brazil 
to become one of the world’s largest beef producers. Never-
theless, Bos indicus breeds are reported to have less tender 
meat than Bos taurus. A group of 138 animals was evaluat-
ed for Longissimus thoracis muscle shear force (SF). Six 
animals with the highest and lowest SF were then selected 
for protein abundance studies. Samples were subjected to 
two-dimensional gel electrophoresis (2-DE) to identify 
differentially expressed proteins associated with SF. Eight 
differentially expressed spots were observed (p < 0.05). 
These spots were submitted to a multiple regression anal-
yses and three of them (41, 42 and 72) appeared in the best 
models for tenderness prediction in the three meat aging 
times: 24 h, 7 and 14 days. New approaches are needed to 
identify the protein spots and their corresponding genes. 
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Introduction 
 

The Nellore breed (Bos indicus) and their crosses 
are predominant in Brazil, accounting for 80% of the Bra-
zilian herd, due to its productivity, disease resistance and 
heat tolerance. However, restrictions have been attributed to 
B. indicus breeds regarding meat tenderness (Crouse, et al. 
1989). Proteomic studies have improved the understanding 
of complex biological processes in all areas of science 
(Bendixen, et. al. 2011). Proteome analysis can show pro-
tein abundance, gene functions and their interactions, as 
well as explain genetic and environmental factors that can 
control cellular functions and physiological characteristics 
of living organisms. Comparison of extreme phenotypes 
was successfully used to identify proteins associated with 
meat tenderness (Picard et al., 2010). Although it is possible 
to identify numerous markers associated with tenderness, 
they are often specific to a certain type of animal (bull or 
steer), breed, environmental condition (Hocquette, et. al. 
2007), or even a given muscle tissue. (Guillemin, et. al. 
2011). Bouley, et al. (2004) found different potential ten-
derness markers among Charolais, Limousin and Salers 
breeds. Considering the importance of B. indicus breeds and 
their crosses for the meat industry, and the fact that there 
are no previous studies in the Nellore breed, the present 
study aimed to improve the knowledge of the mechanisms 
responsible for meat tenderization and to identify proteins 
that may act as biomarkers for meat tenderness. 

Materials and Methods 
 

Animals and sample collection The experimental 
population used in this study consisted of 138 Nellore ani-
mals, male progenies of 18 bulls. The number of progeny 
per bull ranged from 2 to 14, with an average of 7.6. Unre-
lated bulls were selected to represent different Nellore lines 
from the Brazilian herd. Animals were raised at Embrapa 
Southeast Livestock Center in São Carlos, São Paulo, Bra-
zil. Animals were pasture-fed until approximately 23 
months of age, when they were moved to a feedlot and fed 
a finishing diet based on corn silage, corn grain and soy-
bean hulls, and slaughtered after they reached 5 mm subcu-
taneous fat (approximately 90 to 110 days). Immediately 
after slaughter, samples for proteomic analysis  were col-
lected with a puncher from the Longissimus thoracis muscle 
between the 12th and 13th ribs on the right half-carcass and 
stored in liquid nitrogen. Carcasses were chilled overnight 
at 2 °C. At 24 h post mortem, the L. thoracis muscle from 
the left side of the carcass was cut between the 12th and 13th 
rib in the caudal direction and 2.5 cm steaks were removed 
for shear force (SF) analysis. 

 
Shear force analysis For meat tenderness analy-

sis, one of the three steaks collected was analyzed approxi-
mately 24 h after slaughter. The other two steaks were kept 
for seven and 14 days in a cold chamber at 0 and 2 °C and 
subsequently analyzed in accordance with protocol AMSA 
(1995). Full peak shear force was recorded and maximum 
shear force was calculated as the average of the eight cores. 

 
Two-dimensional electrophoresis (2-DE). The 

analysis of two-dimensional electrophoresis for separation 
of proteins and to obtain samples of protein spots to be 
relatively quantified and related with meat tenderness were 
performed in accordance with Carvalho et. al. (2014). 

 
“In silico” map analysis. The 2-DE gels were 

scanned with ImageScanner Powerlook 1120 (Amersham 
Biosciences) and analyzed with ImageMaster Platinum 
software (Amersham Biosciences) to detect and infer the 
volume of spots, also called the intensity of the normalized 
expression volume (IVEN). To obtain this volume, back-
ground stain was removed from gel images using software 
tools so that only protein spots were analyzed. To identify 
corresponding spots on different gels, images in triplicate 
for each sample were overlaid with markers in common 



among the images. Thus, ImageMaster Platinum software 
was able to calculate the volume of each spot seeking dif-
ferences between higher and lower shear force groups. 

 
Protein differential expression analysis. Intensi-

ty of the normalized expression volume (IVEN) of each 
spot obtained by the 2-DE, was compared using a linear 
mixed model that included the comparative groups (meat 
with higher versus lower shear force) as fixed effects and 
the animal and residual model as random effects. Statistical 
analyses were performed using the Statistical Analysis 
System, version 9.1 (SAS, 2003) through the MIXED and 
REG procedure. 
	  

Results and Discussion 
	  

Shear force values for the lowest and highest SF 
groups (six animals each) are presented in Table 1, and 
were consistent with the expected aging process (Ouali et 
al., 2006), in which maturation time reduced SF values.  

 
From the results reported in Carvalho et. al. 

(2014), who observed 17 protein spots associated with meat 

tenderness in cattle of Nellore, our analyses have tested the 
potential of prediction of tenderness, using the change in 
the volume of each protein spot between the extreme values 
of shear force of the meat, in a multiple regression analysis 
for the time 24 hours, 7 and 14 days of meat aging. Car-
valho et. al. (2014) were able to identify 12 protein (identi-
fied as: HSP27, Alpha-1, Beta-actin-LG, ACBD6, 
MLC1/MLC3, Tropomyosin-1, Complex III subunit 1, 
HSP70-1 and MLC2) from the 17 spots associated with 
meat tenderness, leaving four unidentified spots and one 
spot with the identified peptide sequence, but not yet char-
acterized in databases for B. taurus and B. indicus cattle. In 
the present study, only eight protein spots (from the 17 
observed by authors cited previously) were used in the 
regression analysis, due to having analysis considered only 
those spots with volume measures obtained in triplicate. In 
the results obtained by the regression analysis, it was ob-
served that three of the eight protein spots are present on 
the best prediction models for tenderness in 12 hours, 7 and 
14 days of meat aging (Table 2). These spots (41, 42 and 
72, Figure 1), which were not identified in the data pub-
lished by Carvalho et al. (2014), makes them unprecedented 
targets for the next step of identification. Therefore, new 

Table 1. Descriptive data for phenotypic extremes of shear force 
Extremes Trait N MEAN SD6 CV%7 MIN MAX 

Low SF 

SF01 6 63.744 10.59 16.6 44.42 76.05 
SF72 6 30.304 7.55 24.9 19.41 42.56 
SF143 6 19.714 5.09 25.8 16.18 29.71 
Fat thickness 6 8.175 1.33 16.2 7.00 10.00 

High SF 

SF01 6 91.594 14.12 15.4 70,80 113.75 
SF72 6 74.334 7.64 10.2 61.87 82.7 
SF143 6 54.724 15,20 27.7 34.81 73.45 
Fat thickness 6 6.175 2.40 38.8 4.00 10,00 

1SF0 shear force = 24 hours after slaughter, 2SF7 = shear force at 7 days of ageing, 3SF14 = shear force at 14 days of ageing, 4 values in Newton, 5 values in 
mm, 6standard deviation and 7coefficient of variation. 
 
 
Table 2. Estimates of the intercept, regression coefficients, and respective probabilities for regression analyses in three 
periods of meat aging (24 h, 7 and 14 days). 

  
SF0a 

   
SF7b 

   
SF14c 

 Variable Estimate SE Pr > F 
 

Estimate SE Pr > F 
 

Estimate SE Pr > F 
Intercept 23.47 8.34 0.0306 

 
37.05 10.26 0.0154 

 
11.08 5.71 0.1003 

SPOT_12 
    

-6.80 2.71 0.0538 
    SPOT_35 -56.14 16.39 0.0140 

        SPOT_41 38.83 11.20 0.0134 
 

76.33 17.54 0.0074 
 

46.40 12.20 0.0089 
SPOT_42 -94.35 52.32 0.1214 

 
-474.52 121.94 0.0115 

 
-318.20 81.84 0.0081 

SPOT_46 
    

-188.76 43.06 0.0071 
 

-77.08 27.54 0.0312 
SPOT_50 -55.03 26.97 0.0874 

        SPOT_67 
    

25.21 9.82 0.0502 
 

26.20 9.05 0.0275 
SPOT_72 157.70 42.75 0.0102 

 
248.44 62.66 0.0107 

 
106.41 43.89 0.0516 

R2(%) 0.83  0.89  0.82 
a SF0 shear force = 24 hours after slaughter, b SF7 = shear force at 7 days of ageing and c SF14 = shear force at 14 days of ageing. 



proteins and their genes may bring important information to 
better understand of the meat tenderness in cattle of B. 
indicus origin, that have known restrictions of meat tender-
ness (Crouse et al., 1989). 

 

 
Figure 1. Two-dimensional total protein gel electropho-
resis extracted from Nellore longissimus thoracis mus-
cle. Protein spots that were differentially expressed. 

 
 
In the Norwegian Red breed cattle, of B. Taurus 

origin, Jia et al. (2009) used the same strategy to compare 
phenotypic extremes, followed by analysis by two-
dimensional electrophoresis to associate the shear force of 
the meat with specific protein spots. The same authors, after 
observing the association of four protein spots with the 
shear force, conducted a second experiment, and validated 
the association of one of the spots with the shear force, 
followed by the identification of the protein peroxiredox-
ina-6, an antioxidant enzyme. Similarly, the results of the 
present study, which precedes the protein identification and 
proteomic-based strategies, are important to find candidate 
genes (Bendixen, et. al. 2011) and to identify potential 
biomarkers for meat tenderness in cattle, which has gained 
attention in recent years (Jia et al. 2009; Bjarnadóttir et al. 
2012). Therefore, research of this nature are fundamental to 
find new ways to increase knowledge of complex traits 
such as bovine meat tenderness. 

 
 
 
 
 
 
 
 
 
 
 

 

Conclusion 
 

As can be seen by the results, the meat tenderness 
process is complex and involves proteins in different bio-
logical pathways. Consequently, a single protein is not 
directly responsible for tenderness, but rather a group of 
proteins play a role in their pathways to favor the tender-
ness process. The identification of these three proteins can 
be useful for suggesting genes associated with meat tender-
ness process. 

 
The next step will be to identify proteins contained 

in the spots that are associated with the meat tenderness 
process, and consequently, the genes. 
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