
 1 

57th International Congress of Meat Science and Technology, 7-12 August 2011, Ghent-Belgium 

Effect of aging time on tenderness and colour stability of modified-atmosphere 
packaged beef from mature cows during shelf life. 

 
Pérez-Juan M. 1, Vitale M. 2, Lloret E. 2, Arnau J.2, Realini C.E. 2 

 
1 IRTA/Carcass and Meat Quality, Finca Camps i Armet, Monells (Girona), Spain. 

2 IRTA/Engineering and Food Process, Finca Camps i Armet, Monells (Girona), Spain. 

 
 
Abstract— Eight Friesian mature cows were used to 
evaluate the effect of aging time on tenderness and 
colour stability of beef in modified-atmosphere 
packaging (MAP) during shelf life. Loins were removed 
from each carcass at 24 h post-mortem, and cut into 
three pieces assigned to 0, 6, and 21 days of ageing. After 
each ageing time, loin sections were cut into 3 cm steaks, 
packaged individually using MAP (80 % O2: 20% CO2) 
and tenderness and color stability were evaluated at 0, 3, 
6, and 9 d of simulated retail display. Initial toughness 
was lower for beef aged for 21 d compared with beef 
aged for 6 and 0 d, which did not differ. Beef aged for 0, 
6, and 21 d showed 17, 35, and 12% decrease in shear 
force over the 9 d of display, respectively. Shear force 
after 9 days of display was similar for beef aged during 
21 and 6 d, and lower than unaged beef. At 9 d of 
display in MAP, beef aged for 21 d showed higher 
lightness, and lower redness and yellowness than unaged 
beef and beef aged for 6 d, which did not differ. Meat 
discoloration (R630-R580) was higher for beef aged for 
21 d compared with the other ageing times, with a mean 
value (6.25) lower than the proposed threshold for 
consumer acceptability. Ageing for 6 d tend to improve 
beef tenderness with similar colour stability to unaged 
beef, while ageing for 21 d decreased colour stability 
reducing beef shelf life in MAP. 
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I. INTRODUCTION  

During post-mortem ageing, muscle structures 
become looser because of degradation of myofibrillar 
and cytoskeletal proteins as well as intramuscular 
collagen [1]. When purchasing meat, consumers judge 
its quality mainly by means of the colour of its surface 
and they prefer the bright red oxymyoglobin (MbO2) 
[2,3]. However, MbO2 is easily discoloured to brown 
metmyoglobin (MetMB) that limits the retail storage 

time and occurs substantially before microbial 
spoilage [3]. Modified atmosphere packaging (MAP) 
used for fresh meat usually contains 70-80% oxygen 
to encourage oxymyoglobin formation [4,5]. The aim 
of this work was to evaluate the effect of ageing time 
under vacuum on tenderness and colour stability of 
modified-atmosphere packaged (MAP) beef from 
mature cows during shelf life.  

II. MATERIAL AND METHODS 

A. Samples preparation 

Eight Spanish Holstein cows of 375±7 kg carcass 
weight and 6±3 years age in average were used for this 
trial (EUROP conformation=R and fatness grade 3-4).  

At 24h post-mortem, Longissimus dorsi muscles 
(LD) were divided into three sections, vacuum 
packaged in OSB3050 bags (Cryovac, Sealed Air 
Corporation, Duncan, USA), and aged for 0, 6, and 21 
days at 2±1°C. After each ageing time, LD muscle 
sections were cut into 3 steaks (3cm) that were 
individually packaged in high barrier plastic materials, 
BFT1523-50 trays and LID 3050 top film (both from 
Cryovac, Sealed Air Corporation, Duncan, USA), 
using a 80%O2:20% CO2 gas mixture (Carburos 
Metálicos, Barcelona, Spain) and a semiautomatic 
traysealing machine (SMART 500, ULMA Packaging, 
Oñati, Spain). After packaging, all trays were 
displayed randomly in a retail case (EURO LX334, 
ISA, Perugia, Italy) at 4±1°C during 9 days.  

B. Instrumental colour measurements 

Lightness (L*), redness (a*) and yellowness (b*) 
were measured using a Minolta CM-2002 
spectrophotometer using illuminant D65 and a 2° 
standard observer in the CIELAB color space 
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(Commission Internationale del’Eclairage, 1976). 
Meat discoloration was determined by reflectance 
difference between 630nm (maximum of the oxidized 
myoglobin) and 580 nm (max. of the oxygenated 
myoglobin) [6].  

C.  Tenderness 

Steaks were cooked to 71ºC at the core (in preheated 
oven at 200ºC) and allowed to cool to room 
temperature for 1.5 hours. Six cores (Ø1x3 cm) were 
removed per steak and sheared across the muscle 
fibers using a texture analyzer Alliance RT/5 (MTS 
Systems Corp., Eden Prairie, MN, USA) equipped 
with a Warner-Bratzler blade with crosshead speed set 
at 2 mm/s. 

D. Statistical analysis 

Data were analyzed using the GLM procedure of 
SAS (SAS Inst. Inc., Cary NC) including loin position 
as a block effect, animal and ageing time in the model. 
Variables were analyzed as repeated measures and 
least squares means were generated and separated 
using the PDIFF option of SAS, with significance 
determined at P<0.05.  

III. RESULTS 

A. Colour 

Colour appearance is the most important sensory 
attribute of fresh meat for retail sale [2]. The effect of 
ageing time on L* is shown in Table 1.  

Ageing time had no significant effect on L* at the 
begining of display (0d). At 3 days of storage, beef 
aged for 21 d was lighter (L*3d=44.70) than beef aged 
for 6d (L*3d=36.7) and unaged meat (L*3d=33.74). At 
6 days of storage, meat aged 0 and 21 days was lighter 
(L*6d~41) than meat aged for 6 days (L*6d=35.71). At 
9 days of storage, the 21 d aged meat was lighter 
(L*9d=51.74) than unaged and 6d aged meat. 

 
 
 
 

Table 1. Effect of ageing time (0, 6 or 21 days) on L* 

during retail display (0, 3, 6 and 9 days). 

 
Display time (days) 

Ageing 
(days) 0d 3d 6d 9d 

0 34.14 33.74c 40.05a 41.00b 

6 36.00 36.07b 35.71b 41.51b 

21 36.24 44.70a 42.46a 51.74a 

SE 1.45 0.64 1.33 1.19 
Means within the same column with different letters differ 
(P < 0.05). SE: standard error. 

 
The effect of ageing time on a* is shown in Table 2. 

At 0d of storage, aged meat was more red (a*0d=22.50 
and a*0d=21.87, aged 6 and 21d respectively) than 
unaged meat (a*0d=19.45). However, at 3, 6 and 9 
days of storage, beef aged for 21 d showed the lowest 
values for a* (a*3d=19.71, a*6d=17.83 and a*9d=11.69). 

 

Table 2. Effect of ageing time (0, 6 or 21d) on a* during 
retail display (0, 3, 6 and 9 days). 

 Display time (days) 
Ageing 
(days) 0 3 6 9 

0 19.45b 23.69a 19.96b 18.75a 

6 22.50a 24.61a 24.43a 20.13a 

21 21.87a 19.71b 17.83c 11.69b 
SE 0.42 0.45 0.46 0.53 

Means within the same column with different letters differ 
(P < 0.05).SE: standard error. 

The effect of ageing time on b* is shown in Table 3. 
At 0d and 3d of display, unaged meat was less yellow 
(b*0d=1.45 and b*3d=4.40) vs. 6d and 21d aged meat 
(b*0d~5 and b*3d~7). Ageing had no significant effect 
on yellowness at 6 d of display. At 9d of display, 21 d 
aged meat had lower b*values (b*9d=2.63) than 0d and 
6d aged meat (b*9d~7). 
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Table 3. Effect of ageing time (0, 6 or 21d) on b* 
during retail display (0, 3, 6 and 9 days). 

 Display time (days) 

Ageing 
(days) 0 3 6 9 

0 1.45±0.77b 4.40±0.82b 6.35±0.84 7.27±0.80a 

6 5.72±0.58a 6.72±0.60a 5.82±0.62 7.17±0.59a 

21 4.53±0.65a 7.46±0.68a 6.63±0.70 2.63±0.67b 
Means within the same column with different letters 

differ (P < 0.05). 
 

B. Discoloration 

The effect of ageing time on discolouration (R630-
R580) is shown in Table 4. The lower the R630-R580 
value, the higher the meat discolouration. At 0d of 
display, the R630-R580 value was lower for unaged 
meat (R630-R5800d=12.46) vs. aged meat (R630-
R5800d=16.67 and R630-R5800d=17.31 for 6d and 21d 
aged meat, respectively). At 3 and 6d of display, there 
were no differences in meat discolouration due to 
ageing time. However, at 9 days of display, meat aged 
for 21d showed the highest discolouration (R630-
R5809d=6.25). 

Table 4. Effect of ageing time (0, 6 or 21d) on 
discolouration (R630-R580) during retail display time (0, 3, 
6 and 9 days). 

 Display time (days) 

Ageing 
(days) 0 3 6 9 

0 12.46±1.33b 15.55±1.59 14.92±0.93 12.93±1.54a 

6 16.67±0.88a 14.84±1.05 15.53±0.61 14.40±1.02a 

21 17.31±0.88a 15.00±1.05 14.17±0.61 6.25±1.02b 

Means within the same column with different letters 
differ (P < 0.05). 

C. Instrumental texture 

The effect of ageing time on instrumental texture is 
showed in Table 5.  

Table 5. Effect of ageing time (0, 6 or 21d) on 
instrumental texture (WBSF, N) during retail display (0, 3, 

6 and 9 days). 

Display time (d) 

Ageing (d) 0 3 6 9 

0 

6 

21 

42±2a 

41±3a 

27±2b 

35±3a 

33±4ab 

24±3b 

34±4a 

32±4ab 

22±3b 

35±3a 

27±4ab 

24±3b 

Means within the same column with different letters differ 
(P < 0.05). 

Initial toughness was lower for beef aged for 21 d 
(WBSF0d=27N) compared with beef aged for 6 and 0d, 
(WBSF0d= 41N and 42N, respectively) which did not 
differ. Shear force after 9 days of display was similar 
for beef aged during 21 and 6 d (WBSF9d= 24N and 
27N, respectively), and lower than unaged beef 
(WBSF0d=35N). Beef aged for 0, 6, and 21d showed 
17, 35, and 12% decrease in shear force over the 9 d of 
display, respectively.  

IV. DISCUSSION 

Colour appearance is the most important sensory 
attribute of fresh meat for retail sale [2]. Maria et al., 
(2003,[7]) studied the effect of 7d and 14d of ageing. 
Ageing decreased the redness and yellowness which 
accompanied the natural discoloration of fresh meat 
from red to brown [8]. Results from the present study 
also showed a decrease in redness and yellowness in 
meat aged for 21d, but not in meat aged for 6 d.  

A value of R630-R580=12.5 is considered as the 
threshold value for consumer acceptability [9,10]. At 
9d of display time, R630-R580 values were still above 
12.5 for 0 and 6d aged beef, indicating a longer shelf 
life than 9d [11]. However, meat discoloration at 9d of 
display was higher for beef aged for 21d, with a mean 
value (6.25) lower than the proposed threshold for 
consumer acceptability, indicating that beef shelf life 
was reached within 6-9d of display.  

Beef from mature carcasses is generally perceived 
to be less tender than that from young animals [12]. 
However, unaged beef from mature cows in the 
present study was unusually tender with shear force 
values that were lower than those reported by other 
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authors. Lowe et al., (2004,[13]) found for Friesian 
cull cows values of 70 N in steaks aged for 20 h, and 
Allen et al., (2009,[14]) found values of shear force of 
48.34 N in Holstein cull cows after 14 d of ageing. 
The effect of ageing on increasing beef tenderness is 
well documented [15-17]. In this study, despite the 
low initial WBSF values, ageing improved beef 
tenderness reaching shear force values below the 
proposed industry threshold of 40.20 N [18].  

V. CONCLUSION 

Ageing for 6d tend to improve beef tenderness with 
similar colour stability in MAP to unaged beef, while 
ageing for 21d increased beef tenderness but decreased 
colour stability reducing beef shelf life in MAP. 
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