Irish Journal of Agricultural and Food Research 49: 153–158, 2010

A note on the effect of post-mortem maturation
on colour of bovine Longissimus dorsi muscle
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Fifteen heifers were housed and fed a concentrate diet while 54 counterparts grazed
at pasture for 90 days at which stage six heifers from each group were slaughtered.
The remaining animals in the pasture group were then housed and offered either:
concentrate only; concentrate plus grass silage with silage accounting for either 20%
or 50% of the total dry matter offered; or zero-grazed grass plus concentrate with
grass accounting for 83% of the dry matter offered. Heifers (3/diet) were slaughtered
28, 56, 91 and 120 days thereafter. Colour characteristics of M. longissimus dorsi (LD)
were measured at 48 h post mortem. The LD was then vacuum-packaged and stored
at between 0 and 4 °C in darkness for 12 days, when colour characteristics were
again measured. Maturation of LD resulted in meat that had higher redness values
(‘a’ value; P<0.001) and a more intense red colour (higher ‘C’ value; P<0.001) at 14
days post mortem than at 2 days, regardless of diet/duration of feeding. Maturation
also resulted in a brighter colour (higher ‘L’ value; P<0.001) but this difference was
greatest when cattle were slaughtered the day-56 time point.
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Introduction
Colour is the most important meat quality
attribute at the point of sale since consumers use it as an index of quality and freshness (Carpenter, Cornforth and Whittier,

2001; O’Sullivan et al., 2002). Since post
mortem refrigerated storage of meat, often
termed maturation or ageing, permits
desirable degradative structural changes in
myofibrillar, cytoskeletal and connective
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tissue proteins which enhances its palatability (Ouali, 1990; Takahashi, 1996),
beef is often not sold until at least 14 days
post mortem. Moreover, international trade
in meat frequently necessitates prolonged
post mortem storage during transport to
target markets. During this time beef, when
removed from carcasses as individual muscles, is generally stored in vacuum-packaging, refrigerated and in darkness (Braghieri
et al., 2007) to minimise oxidative deterioration while still allowing desirable structural changes. Maturation has also been
reported to have beneficial effects on the
initial display colour of beef, whereby an
increase in certain colour coordinates is
manifested as a lighter, more intense red
colour (Boakye and Mittal, 1996).
When ‘fresh’ (48 h post mortem) beef
colour comparisons have been made, cattle
permitted to graze pasture during their
production, or those offered forages, have
been reported to produce darker meat than
counterparts finished on concentrate diets
(Schaake et al., 1993; Muir et al., 1998;
Vestergaard, Oksbjerg and Henckel, 2000).
However, Yang et al. (2002) reported that
while fresh pasture-fed beef was darker
than fresh grain-fed beef, these differences
disappeared when muscles were allowed to
age/mature. There is a paucity of information on whether the effect of diet is influenced by the time post mortem when meat
colour is measured. Therefore, the objective of this study was to determine if differences emerged between day 2 (‘fresh’) and
day 14 (‘matured’) colour of M. longissimus
dorsi (LD) and if such differences were
influenced by the duration of the period on
different rations prior to slaughter.

Materials and Methods
Experimental design
In an experiment, the objective of which
was to determine the effects of dietary

composition and duration of feeding
on subcutaneous adipose tissue and LD
colour, and on pigment concentrations,
15 heifers were permanently housed and
offered a concentrate diet (PH-CON)
while 54 counterparts remained at pasture for 90 days (PAS). Six heifers from
each of these groups were then slaughtered and the remaining PAS heifers were
housed and offered either a concentrate
diet (PAS-CON), or concentrate plus grass
silage with the silage accounting for either
20% or 50% of the dry matter offered
(PAS-GS20 and PAS-GS50, respectively),
or zero-grazed grass (PAS-GRA) plus concentrate with the grass accounting for 83%
of the dry matter offered. The objective
was to maintain a comparable growth rate
across treatments. Heifers (3 per treatment) were slaughtered at 28, 56, 91 and
120 days thereafter. Due to a limitation
on the number of animals available, no
PH-CON heifers were assigned to slaughter on day 56. Further details of animal
management are in Dunne et al. (2006).
Carcasses were held at 4 °C for approximately 24 h following slaughter and then
the right side of each carcass was cut at the
5th/6th rib interface (‘pistola’ cut) and the
LD muscle, between the 7th and 13th ribs,
was excised and stored at 4 °C until 48 h
post mortem.
Measurement of colour and pH
At 48 h post mortem (day 2), the pH of the
LD muscle (pHu) was measured by making
a scalpel incision at the 10th rib and inserting a glass electrode (Model EC-2010-06,
Amagruss Electrodes Ltd., Westport, Co.
Mayo, Ireland), attached to a portable pH
meter (Model no. 250A, Orion Research
Inc., Boston, MA 02129, USA), approximately 2.5 cm into the muscle. A steak,
2.5 cm in thickness, was removed from
the region of the 12th rib, overwrapped
with oxygen-permeable PVC film and
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permitted to bloom, in darkness, at 4 °C for
3 h prior to colour measurement. Colour
was measured using a Minolta chromameter (model CR300, Minolta Camera Co.,
Ltd., Osaka, Japan) calibrated for readings of “L” (lightness), “a” (redness) and
“b” (yellowness) values using its standard
white calibration tile overwrapped with
PVC film. Three readings were made on
non-overlapping areas of the LD and the
average value was used for data analysis. All measurements were made in the
Hunter Lab colour space; diffuse illumination (D65, 10°) with a 0° viewing angle
was used and the specular component was
excluded. The hue angle (‘H’) and saturation (‘C’) were calculated as tan-1 (b/a)
and √(a2 + b2), respectively (McLaren,
1987). The hue angle was converted from
radians to degrees for data analysis. The
remaining LD muscle was vacuum-packed
(Multivac®, model A300/16, Multivac, Ltd.,
Swindon, SN5 7UY, UK) and allowed to
mature at between 0 and 4 °C until day 14
post mortem. Another steak, 2.5 cm thick,
was then removed and pH and colour were
measured as described above. Thus maturation treatment consisted of fresh and
matured LD muscle.
Statistical analysis
Data from the animals slaughtered off
pasture or after housing for 90 days were
analysed as a split-plot design with group
in the main plot, and maturation treatment and maturation-treatment by rationtype in the sub-plot. Data from animals
slaughtered subsequently were analysed
as a split-plot design, with a factorial
structure in the main plot (main effects
for diet type (R), slaughter day (D) and
their interaction) and maturation treatment and all related interactions in the
sub-plot. Where significant effects were
detected (F-test), means were separated
using Tukey’s test.
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Results
In the case of the heifers slaughtered off
pasture and their contemporaries slaughtered after 90 days on concentrate indoors
prior to slaughter, there was no interaction
between feeding system and maturation
treatment for any of the measurements
made on the LD, but maturation resulted in
a lower pH (5.56 v 5.75, P<0.05), a higher
‘a’ value (14.6 v 12.9, P<0.05), a higher ‘C’
value (15.6 v 13.8, P<0.05) and a higher ‘L’
value (36.7 v 34.8, P<0.05). Results for the
remaining heifers showed (Table 1) that
there was no ration-type by maturationtreatment interaction for pH, lightness, ‘a’
or ‘C’ values, and no slaughter-day by maturation-treatment interaction for ‘a’ or ‘C’
values. The ‘a’ and ‘C’ values were higher
(both P<0.001) for matured than fresh
muscle, indicating that matured LD muscle
had greater redness and that the redness
was more intense than for fresh (day 2 post
mortem) muscle. The ‘b’ value (yellowness)
of LD was also increased by maturation
(P<0.001) (data not shown). While maturation significantly increased ‘L’ value there
was an interaction between slaughter day
and maturation arising from the fact that
the effect of maturation was greatest at day
56, when the increase in lightness was almost
4 ‘L’ value units compared with increases of
only 1.3 to 1.9 ‘L’ value units on the other
slaughter days. There was an interaction
between slaughter day and maturation for
pH reflecting the result that matured LD
had a lower (P<0.05) value on days 28 and
day 91 but not on days 56 or 120.

Discussion
In this experiment the meat that was
allowed to mature, in vacuum-packs at
between 0 and 4 °C for 12 days and subjected to the same blooming conditions as
fresh meat when fabricated into steaks,
was brighter and more intense in colour
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Table 1. The effect of post mortem maturation on muscle pH and colour

Slaughter
daya

28
56
91
120
s.e.d.†
F test for:
Maturation (M)
Slaughter date (D)
M×D

Lightness
(‘L’ value)

Redness
(‘a’ value)

Intensity of redness
(‘C’ value)

Freshb

Maturec

Fresh

Mature

Fresh

Mature

35.0
34.9
35.2
36.7

36.5
38.8
36.5
38.6

12.7
13.1
13.4
14.9

14.8
16.9
17.0
17.6

13.5
14.8
14.5
15.8

15.8
18.0
18.2
18.8

pH
Fresh

Mature

5.66
5.43
5.73
5.41

5.50
5.48
5.58
5.41

0.56

0.55

0.68

0.043

***
***
**

***
***

***
***

**
***
**

a Refers

to days post-housing for heifers that were at pasture up to housing and to days after day 90 for heifers
that were housed on concentrate for previous 90 days.
b 48 h post mortem, after a 3 h bloom time.
c Day 14 post mortem following 12 day maturing in vacuum-packs at between 0 and 4 °C followed by a 3 h
bloom time.
† For M × D mean.

than when assessed at 48 h post mortem.
As post-mortem maturation of meat
proceeds, ongoing mitochondrial decay
leads to a reduction in oxygen consumption by meat (Hood, 1980), specifically
by the mitochondrial enzymes. Gašperlin,
Zlender and Abram (2001) found that
maturation decreased the specific activity
of cytochrome c oxidase. Such a decrease
would result in less effective competition
with myoglobin for available oxygen, the
net result being increased penetration
by oxygen and a deeper oxymyoglobin
layer (Hood, 1980), thus attenuating
any differences apparent at day 2. This
would account for increased redness and
a more intense redness after the 12-day
maturation period. Degradative structural
changes in meat during maturation could
also explain an increase in brightness/
lightness due to changes in the light scattering properties of the meat surface
(MacDougall, 1982). Such changes would
also facilitate increased oxygen penetration into the meat, thus causing increased
meat redness and intensity of redness
after maturation.

Usually, little attention is paid to the ‘b’
value (not reported) where muscle colour is
concerned, as it describes yellowness while
the dominant hue of meat is red, although
the ‘b’ value is implicated in the intensity of redness of meat, due to its involvement in this descriptor of meat colour. As
acknowledged by Insausti et al. (1999), the
‘b’ value of muscle remains unexplained in
the literature although these authors claim
that small changes in ‘b’ might be valuable
when related to changes in pigment proportions, as determined by reflectance spectra.
In this regard, Lindahl, Lundstrom and
Tornberg (2001) found that the ‘b’ value
was influenced most by the myoglobin
forms present.
The evolution of nitrogenous compounds, such as biogenic amines (Lee and
Yoon, 2001) resulting from proteolysis
by endogenous enzymes and microbial
metabolism (Edwards et al., 1987), during the post-mortem maturation of beef
normally means that pH after maturation
can be greater than the ultimate pH at 48
h post mortem. In the present study, the
tendency was for pH at day 14 to be lower
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than that prior to maturation. The reasons
for this are unknown but ultimately, these
effects on pH may have little practical
consequence.
To be acceptable for sale in international markets, beef must have an adequate
storage life such that following transportation, fabrication into vacuum-packaged
primals or retail cuts, distribution and/or
storage, it will bloom effectively (Smith
et al., 2000). In this context, beef produced in North-Western Europe will typically spend a week in refrigerated transit
to destinations in lucrative markets in
Southern Europe. Fabrication of beef
into steaks, perhaps following maturation and refrigerated transport, would
thus be expected to produce beef with
a brighter, more intense initial colour,
commensurate with the requirements
of such markets. The results presented
above indicate that this brighter, more
intense colour at or near point-of-sale
is independent of the type of ration and
duration of feeding. Since feed costs are
a major contributor to the variable costs
of beef production, this indicates that in
regions of abundant grass growth, cattle
producers could continue to utilise this
economical resource to produce beef that
would have an acceptable initial colour at
the point of sale.
Acknowledgements
Financial support to P.G. Dunne was provided
under the Walsh Fellowship programme of Teagasc.
Skilled technical assistance of Mr. V. McHugh
is appreciated. The assistance and co-operation
of management and staff at Meadow Meats,
Rathdowney, Co. Laois, Ireland is also gratefully
acknowledged.

References
Boakye, K. and Mittal, G.S. 1996. Changes in colour
of beef M. longissimus dorsi muscle during ageing.
Meat Science 42: 347–354.

157

Braghieri, A., Girolami, A., Cifuni, G.F., Riviezzi,
A.M., Pacelli, C. and Napolitano, F. 2007. Shelflife of meat from Podolian young bulls in relation
to the ageing method. Journal of Food Quality 30:
496–510.
Carpenter, C.E., Cornforth, D.P. and Whittier, D.
2001. Consumer preferences for beef color and
packaging did not affect eating satisfaction. Meat
Science 57: 359–363.
Dunne, P.G., O’Mara, F.P., Monahan, F.J. and
Moloney, A.P. 2006. Changes in colour characteristics and pigmentation of subcutaneous
adipose tissue and M. longissimus dorsi of heifers
fed grass, grass silage or concentrate-based diets.
Meat Science 74: 231–241.
Edwards, R.A., Dainty, R.H., Hibbard, C.M. and
Ramantanis, S.V. 1987. Amines in fresh beef of
normal pH and the role of bacteria in changes in
concentration observed during storage in vacuum
packs at chill temperatures. Journal of Applied
Bacteriology 63: 427–434.
Gašperlin, L., Zlender, B. and Abram, V. 2001. Colour
of meat heated to different temperatures as related to meat ageing. Meat Science 59: 23–30.
Hood, D.E. 1980. Factors affecting the rate of metmyoglobin accumulation in pre-packaged beef.
Meat Science 4: 247–265.
Insausti, K., Beriain, M.J., Purroy, A., Alberti, P.,
Lizaso, L. and Hernandez, B. 1999. Colour stability of beef from different Spanish native cattle
breeds stored under vacuum and modified atmosphere. Meat Science 53: 241–249.
Lee, K.T. and Yoon, C.S. 2001. Quality changes
and shelf-life of imported vacuum-packaged beef
chuck during storage at 0°C. Meat Science 59:
71–77.
Lindahl, G., Lundstrom, K. and Tornberg, E. 2001.
Contribution of pigment content, myoglobin
forms and internal reflectance to the colour of
pork loin and ham from pure breed pigs. Meat
Science 59: 141–151.
MacDougall, D.B. 1982. Changes in the colour and
opacity of meat. Food Chemistry 9: 75–88.
McLaren, K. 1987. Colour space, colour scales
and colour difference. In: “Colour Physics for
Industry” (ed. R. McDonald), Dyers Company
Publications Trust, Bradford, West Yorkshire,
UK, pages 97–115.
Muir, P.D., Smith, N.B., Wallace, G.J., Cruickshank,
G.J. and Smith, D.R. 1998. The effect of shortterm grain feeding on liveweight gain and beef
quality. New Zealand Journal of Agricultural
Research 41: 517–526.
O’Sullivan, A., O’Sullivan, K., Galvin, K., Moloney,
A.P., Troy, D.J. and Kerry, J.P. 2002. Grass

158

IRISH JOURNAL OF AGRICULTURAL AND FOOD RESEARCH, VOL. 49, NO. 2, 2010

silage versus maize silage effects on retail packaged beef quality. Journal of Animal Science 80:
1556–1563.
Ouali, A. 1990. Meat tenderisation: possible causes
and mechanisms. A review. Journal of Muscle
Foods 1: 129–165.
Schaake, S.L., Skelley, G.C., Halpin, E., Grimes,
L.W., Brown, R.B., Cross, D.L. and Thompson,
C.E. 1993. Carcass and meat sensory traits of
steers finished on fescue and clover, summer forage or for different periods in drylot. Journal of
Animal Science 71: 3199–3205.
Smith, G.C., Belk, K.E., Sofos, J.S., Tatum, J.D. and
Williams, S.N. 2000. Economic implications of
improved colour stability of beef. In: “Antioxidants
in Muscle Foods: Nutritional Strategies to
Improve Quality” (eds. E. Decker, C. Faustman
and J. Lopez-Bote), Wiley-Interscience, New
York, pages 397–426.

Takahashi, K. 1996. Structural weakening of skeletal
muscle tissue during post-mortem ageing of meat:
the non-enzymatic mechanism of meat tenderisation. Meat Science 43: S67–S80.
Vestergaard, M., Oksbjerg, N. and Henckel, P. 2000.
Influence of feeding intensity, grazing and finishing feeding on muscle fibre characteristics and
meat colour of semitendinosus, longissimus dorsi
and supraspinatus muscles of young bulls. Meat
Science 54: 177–185.
Yang, A., Lanari, M.C., Brewster, M. and Tume,
R.K. 2002. Lipid stability and meat colour of
beef from pasture- and grain-fed cattle with or
without vitamin E supplementation. Meat Science
60: 41–50.

Received 6 November 2009

