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Abstract – Protein and lipid oxidation in meat can 
occur during postmortem storage (aging), with 
detrimental effects on meat tenderness and color. 
Physical and chemical properties from different 
muscles could also influence meat oxidation and 
quality. This work aimed to evaluate the oxidation 
and quality of steaks from different beef muscles 
[Longissimus lumborum (LL), Semimembranosus 
(SM) and Semitendinosus (ST)] aged under high 
oxygen atmosphere (HiOx) for 0, 3, 7, 14 and 21 
days. Protein oxidation (carbonyl content) across the 
storage times was significant in LL muscle, while 
lipid oxidation (TBARS) was detected mainly in SM 
muscle. A higher lipid oxidation rate was observed 
in SM than in other muscles within 14 days. The 
color parameters deteriorated across the storage 
times, principally in LL and SM muscles, 
corresponding to protein and lipid oxidation. 
Overall, the ST muscle showed the highest L*, a*, 
and b* values within the storage times. An aging 
effect on muscle was consistently observed in LL 
muscle. In conclusion, slight differences in protein 
and lipid oxidation across the storage times were 
observed among the beef muscles packaged in HiOx, 
which appeared to hinder beef tenderization and 
color stabilization over the aging periods 
investigated.  
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I. INTRODUCTION 
 
Protein and lipid oxidation has been associated 
with meat quality losses. Oxidation can affect 
meat color by altering the chemical valence of 
heme-bound iron (from Fe2+ to Fe3+), as well as 
influence meat tenderness by decreasing the 
proteolytic activity of calpain in aged meat [1]. In 
order to extend the shelf-life through the 
preservation of oxymyoglobin and inhibition of 

microbial growth, steaks have been packaged in 
high oxygen atmosphere (HiOx) that typically 
includes gaseous CO2 also. However, increased 
protein and lipid oxidation during storage are 
widely reported in ground pork muscle [2,3]. The 
magnitude of the oxidation could be influenced by 
the muscle types, since different muscles or fiber 
types have different physical and chemical 
properties [4]. Therefore, the objective of this 
work was to evaluate the oxidation and quality of 
steaks from different beef muscles stored under 
HiOx. One-day postmortem (postrigor) muscle 
samples were used to test how such a packaging 
system would also affect the aging process 
intended for meat tenderization. 
 
II. MATERIALS AND METHODS 
 
The Longissimus lumborum (LL), 
Semimenbranosus (SM) and Semitendinosus (ST) 
muscles were collected from 24-h postmortem 
carcasses of three Angus cattle. Whole muscles 
were vacuum packaged and stored at −30°C until 
use (< 30 days). Muscles were thawed overnight in 
a refrigerator prior to cutting. The muscles were 
sliced into steaks of 2.5-cm thickness, packaged in 
HiOx (80%O2/20%CO2) and stored at 4°C in light 
for 0, 3, 7, 14 and 21 days prior to the specific 
analyses. Myofibrils were isolated from each 
muscle as described by Liu et al. [5] and submitted 
to carbonyl analysis using the procedures 
described previously [5,6]. For the determinations 
of thiobarbituric acid reactive substances 
(TBARS) [7], color parameters, and Warner-
Bratzler shear force (cooked, 71°C) [8], muscle 
tissue samples were used. Three independent trials 
were performed. An analysis of variance was 
conducted using the Statistix 9.0 software with a 
model to determine the importance of muscle and 
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storage time. The means were separated by Tukey 
test when an effect was found significant (P<0.05). 
 
III. RESULTS AND DISCUSSION 
 
A. Meat oxidation 
 
No differences for carbonyl content were observed 
(P>0.05) among the muscles within the storage 
times (Table 1). Protein oxidation across the 
storage times was only observed (P<0.05) in LL 
muscle (Table 1), where the meat samples under 
HiOx had the lowest (P<0.05) carbonyl content on 
day 0 and the highest (P<0.05) carbonyl content 
on day 14. In this case, the protein oxidation 
across the storage times may have been triggered 
in only LL muscle due to its fiber type. The LL is 
considered an intermediate muscle containing both 
the glycolytic and oxidative fibers, while the SM 
and ST are considered white muscles containing 
predominately glycolytic fibers [9]. Nevertheless, 
there is a report showing that the carbonyl content 
was unchanged in Longissimus muscle from pigs 
stored for 14 days under 70%O2/30%CO2 [2]. 

Table 1 Protein and lipid oxidation across the storage 
times in steaks from different beef muscles under high 

oxygen atmosphere 

Storage time 
(day) 

Muscle 
LL SM ST 

Carbonyl content (nmol/mg of protein) 
0 0.72 (0.055)B 0.90 (0.035) 0.81 (0.290) 
3 0.76 (0.050)AB 0.90 (0.205) 1.06 (0.035) 
7 1.28 (0.135)AB 1.48 (0.120) 1.48 (0.185) 

14 1.57 (0.220)A 1.75 (0.070) 1.56 (0.130) 
21 1.37 (0.510)AB 2.03 (0.940) 2.11 (1.130) 

TBARS (mg of MDA/kg of muscle) 
0 0.13 (0.035)b 0.21 (0.043)aB 0.14 (0.050)b 
3 0.13 (0.019) 0.19 (0.046)B 0.16 (0.030) 
7 0.80 (0.641) 0.29 (0.076)B 0.85 (0.648) 

14 0.73 (0.304)b 1.10 (0.412)aA 0.71 (0.349)b 
21 1.04 (0.749) 0.60 (0.245)AB 1.03 (0.451) 

Legend: Means (standard error); LL = Longissimus 
lumborum; SM = Semimembranosus; ST = Semitendinosus; 
TBARS = thiobarbituric acid reactive substances; MDA = 
malondialdehyde. a,bMeans followed by different lowercase 
letters among the muscles within the storage time differ 
significantly (P<0.05). A,BMeans followed by different 
uppercase letters across the storage times within the muscle 
differ significantly (P<0.05). 
 
Differences in TBARS were observed (P<0.05) 
among the muscles within the days 0 and 14 of 
storage (Table 1), indicating that the SM muscle 

had higher (P<0.05) values than the LL and ST 
muscles, which did not differ (P>0.05). Higher 
TBARS values for the SM muscle may be a result 
of higher concentrations of polyunsaturated fatty 
acids [10]. Because of this, likely, lipid oxidation 
across the storage times was only detected in SM 
muscle (Table 1). In this muscle, the TBARS 
values were higher (P<0.05) at 14 days than at 0, 3, 
and 7 days. The TBARS values at 21 days of 
storage were not different (P>0.05) from others 
storage times. A higher TBARS value was also 
verified in ground pork muscle packaged in HiOx 
at 14 days of storage [3]. 
 
B. Meat color 
 
Within all the storage times, the ST muscle had the 
highest (P<0.05) L* values and the SM muscle had 
the lowest (P<0.05) L* values (Figure 1A). The 
higher lightness in the surface of the ST muscle in 
comparison to the other muscles seems to be 
related to higher moisture and drip loss [4]. In turn, 
the LL muscle had intermediate (P<0.05) L* 
values within the days 3 and 14. 
The L* values were the highest (P<0.05) for steaks 
from LL muscle stored under HiOx for 3, 7, 14 
and 21 days with no differences (P>0.05) between 
them (Figure 1A). When steaks from SM muscle 
under HiOx were evaluated, the L* values were 
the highest (P<0.05) at 21 days of storage. In 
steaks from ST muscle, the L* values were the 
highest (P<0.05) at 7 and 21 days of storage. 
Overall, these changes in L* values could be 
attributed to the individual properties of each 
muscle such as fat content, moisture and water-
holding capacity. 
As to a* values, there were differences (P<0.05) 
among the muscles within the days 0, 3 and 7 
(Figure 1B). Within the days 0 and 3 of storage, 
the ST muscle had higher (P<0.05) a* values than 
the LL and SM muscles, which were similar 
(P>0.05). Yet, within the day 7, the LL and ST 
muscles yielded the highest (P<0.05) a* values 
and the SM muscle yielded the lowest (P<0.05) a* 
values. Also, a decrease (P<0.05) of the a* values 
across the storage times was observed in all the 
muscles (Figure 1B). However, the discoloration 
in ST muscle was slower than in other muscles, 
beginning at day 14. The discoloration of the 
steaks would likely be due to the bacterial growth 
during storage.  
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Figure 1. The L* (A), a* (B), and b* (C) values 
across the storage times in steaks from different beef 
muscles under high oxygen atmosphere 
Legend: LL = Longissimus lumborum; SM = 
Semimembranosus; ST = Semitendinosus. a,b,cMeans 
followed by different lowercase letters among the muscles 
within the storage time differ significantly (P<0.05). 
A,B,C,DMeans followed by different uppercase letters across 
the storage times within the muscle differ significantly 
(P<0.05). 

The ST muscle also had the highest (P<0.05) b* 
values within all the storage times (Figure 1C). 
Within the days 0, 3 and 21, the b* values were 
the lowest (P<0.05) for the LL and SM muscles 
with no differences (P>0.05) between them. At 7 
and 14 days of storage, only the SM muscle had 
the lowest (P<0.05) b* values. Probably, the 
discoloration in SM muscle is a consequence of 
higher lipid oxidation (Table 1). In all the muscles, 
the b* values were the lowest (P<0.05) on 14 days 
of storage (Figure 1C).  
Steaks packaged in HiOx usually have increased 
color stability, but the lightness and chroma were 
negatively affected across the storage times in all 
muscles in this study. 
 
C. Meat tenderness 
 
The shear force values in LL muscle were 
influenced by the storage times (Figure 2). There 
was a decrease (P<0.05) in shear force values on 
day 3, but the values remained similar (P>0.05) 
from day 3 to day 21. The only exception was 
observed for day 14, which showed higher 
(P<0.05) shear force values than day 3. 
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Figure 2. Shear force values (cooked meat, 71°C) 
across the storage times in steaks from different beef 
muscles under high oxygen atmosphere 
Legend: LL = Longissimus lumborum; SM = 
Semimembranosus; ST = Semitendinosus. A,B,CMeans 
followed by different uppercase letters across the storage 
times within the muscle differ significantly (P<0.05). 
 
The protein oxidation was also verified at 14 days 
of storage in LL muscle (Table 1). This suggests 
that the protein oxidation could have led to 
decreased meat tenderness. A higher cross-linking 
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between proteins from pork packaged in HiOx 
resulted in increased shear force [2].  
No significant differences (P>0.05) for meat 
tenderness were observed among the muscles in 
this study (Figure 2). The shear force values for 
the three muscles were similar to those found in 
previous work [11]. On the other hand, there is a 
report showing that the LL muscle had lower shear 
force values when compared to the SM and ST 
muscles [12]. Also, some reports showed that the 
SM muscle has higher shear force values than the 
ST muscle [13,14].  
 
IV. CONCLUSION 
 
Protein and lipid oxidation in LL, SM and ST 
muscle under HiOx occur in different ways and at 
different postmortem times. An apparent 
relationship was detected between protein 
oxidation and tenderness during the aging of LL 
muscle. This was noted by the increase in protein 
oxidation and reduction of tenderness over the 
aging time. Furthermore, greater lightness and 
intensity of red and yellow color were observed in 
steaks aged from ST muscle under HiOx. 
Concurrently in this muscle, no increase in lipid or 
protein oxidation was noted, even though the 
steaks were packaged in HiOx and aged for 21 
days. Our results indicate that there are differences 
in the response pattern of oxidation in the muscles 
studied, and that this negatively affects the beef 
tenderness and color across the aging times. 
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