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The effects of production system (SE: pasture based vs. IN: concentrate based) and slaughter age (12 vs. 14
months) on chemical composition, vitamin E and myoglobin contents, lipid oxidation at 0, 3 and 6 days of
display, colour and cooking losses at 2 and 7days postmortem from thirty-three Tudanca calves were stud-
ied. SE animals showed lower IMF and greater vitamin E contents (1.2 vs. 2.9% and 4.1 vs. 1.8 μg/g, respec-
tively). Thiobarbituric acid reactive substances (TBARS) increased (p ≤ 0.001) with display time and was
greater in the IN system. After 6 days display, IN animals presented twofold TBARS values (1.4 vs. 0.8 mg
malonaldehyde/kg meat). At 7 days postmortem, SE groups presented greater (p ≤ 0.05) L* and lower
(p≤ 0.05) b* and H° than IN groups. Myoglobin increased with age (3.4 to 3.9mg/g meat), but differences
(p≤ 0.05) on a* and C* values were observed only between 12 and 14 months at 2 days postmortem.

© 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Beef producing countries are faced with the challenges of creating
and preserving market share while maintaining sustainability. These
days marketing trends tend more towards promoting consumption
of locally produced foods, and differentiating and adding value by
enhancing verifiable quality attributes. In Northern Spain, production
of calves for finishing in other regions has been popular, but opportuni-
ties to create value are now being realised through development of
finishing systems using local endangered breeds. Tudanca is a local
breed fromCantabria (Northern Spain) used for beef production and in-
cluded in the Protected Geographical Indication “Carne de Cantabria”.
Nowadays, although there are around 7000 Tudanca cows registered
in the genealogic book, most calves are sold at weaning at less than 6
months of age (Cantabria Government; data not published) to other
Spanish regions. Finishing these animals locally could contribute to
breed conservation (Gandini & Oldenbroek, 2007) and economic sus-
tainability of exploitation (Bernués, Ruiz, Olaizola, Villalba, & Casasús,
2011; Olaizola, Bernués, Blasco, & Sanz, 2012). Finishing strategies in-
clude semi-extensive (SE, pasture based) or intensive systems (IN). In-
tensive finishing systems lead to paler meat (Priolo, Micol, & Agabriel,
2001) with higher intramuscular fat (IMF), monounsaturated fatty
acids (MUFA), and proportions of n-6 fatty acids (Dannenberger et al.,
34 942 269011.
, cifa@cifacantabria.org
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2005; Marino et al., 2006; Realini, Duckett, Brito, Dalla Rizza, & De
Mattos, 2004). Semi-extensive finishing systems produce reddish
meat (Priolo et al., 2001) with lower saturated fatty acids and higher
proportions of branched chain fatty acids, n-3 fatty acids, and more
favourable conjugated linoleic acid and trans 11–18:1 profiles for
human health (French, Stanton, et al., 2000; Humada, Serrano,
Sañudo, Rolland, & Dugan, 2012). Grass based diets also possess a
higher content of vitamin A precursors and other antioxidants
(Daley, Abbott, Doyle, Nader, & Larson, 2010), which could contrib-
ute to increased meat shelf life.

Vitamin E content and shelf life of Tudanca beef produced using
different ages and production systems have not been evaluated.
Colour and lipid stability are themain factors limiting the acceptabil-
ity and quality of meat at retail (Arnold et al., 1992; Yang, Brewster,
Lanari, & Tume, 2002). The oxidative stability of muscle depends on
the balance between anti-oxidants, such as vitamin E, and pro-
oxidants, including polyunsaturated fatty acids (PUFAs) and free
iron (Kanner, 1992). The protective role of vitamin E has been investi-
gated by studying effects of diet supplementation on lipid oxidation
and colour stability, (Arnold et al., 1992; Faustman et al., 1989; Sales &
Koukolová, 2011) and through feeding pasture/grass based diets natu-
rally enriched with vitamin E (Luciano et al., 2011; Marino et al.,
2011; Yang, Lanari, Brewster, & Tume, 2002). Pasture feeding can affect
myoglobin and lipid oxidation by increasing muscle vitamin E content
which prevents lipid oxidation and retards metmyoglobin formation,
so prolonging colour and lipid stability of beef (Lynch, Kerry, Buckley,
Faustman, & Morrissey, 1999). On the other hand, grass finishing beef
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increases PUFAswhich are prone to attack by free radicals and therefore
prone to oxidation (Eritsland, 2000). Increasing slaughter age can also
lead to redder meat (Priolo et al., 2001) with higher vitamin E content
leading to an increase in lipid stability (Warren et al., 2008).

Humada, Sañudo, Cimadevilla, and Serrano (2013), Humada et al.
(2012) reported effects of two production systems (SE and IN) and
slaughter ages (12 vs. 14months) on performance, carcass quality and
fatty acid profiles in Tudanca bulls. The present study is an extension
of these studies to further evaluate Tudanca beef quality produced
under these conditions. Specifically, objectives included assessing the
effects of rearing system and slaughter age on beef chemical composi-
tion, vitamin E content, lipid oxidation at three display times (0, 3 and
6 days), cooking losses and colour at two ageing times (2 and 7 days
postmortem).

2. Materials and methods

2.1. Animals, diets and sample collection

Details of animals, diets and slaughter procedures are given
in Humada et al. (2012, 2013). Briefly, thirty-three Tudanca male
calves were maintained on pasture with their mothers until 5
months of age (average weight = 122 kg; s.e.m. (standard error of
the mean) = 2.60 kg; p N 0.05). After weaning, these animals were
finished either using an intensive or a semi-extensive system and
slaughtered at 12 or 14months, with treatment abbreviations 12IN,
14IN, 12SE and 14SE, respectively (Fig. 1).

Animals produced under an intensive system (12IN and 14IN)
were transferred to two feedlot pens after weaning and fed ad
libitum on a commercial finishing concentrate and barley straw
until slaughter. Furthermore, animals reared in a semi-extensive sys-
tem (12SE and 14SE) were located into two paddocks (1.67 and 2.05
Fig. 1. Experimental protocol for the four treatments: 12SE (12month slaughter age, semi-exte
tensive) and 14IN (14month slaughter age, intensive). The format date used is: dd/mm.
ha, respectively). These animals were also group fed with a concen-
trate supplement: 0.5 kg crushed barley/animal/day plus a commer-
cial finishing concentrate at 1% of mean body weight. During the
wintering period (between 1-December and 26-February), animals
assigned to SE treatments were housed and group fed ad libitum
grass silage, 0.5 kg crushed barley plus 1.5 kg commercial finishing
concentrate/animal/day. The final pasture finishing period after win-
tering lasted 110 and 124days for 12SE and 14SE treatments, respec-
tively (Fig. 1). Commercial finishing concentrate composition,
concentrate intake, vitamin E intake from concentrate, slaughter
age, slaughter weight and daily weight gain from four groups are de-
tailed on Table 1. Vitamin E intake from concentrate was estimated
based on the commercial finishing concentrate composition provid-
ed by the manufacturer (31.91 mg vitamin E/kg) and the estimated
content in barley (20.0mg/kg, average values from De Blas, Mateos,
& García-Rebollar, 2010).

Animals were transported to a commercial slaughterhouse and
kept in lairage overnight before slaughter which was performed ac-
cording to the European legislation about animal welfare (Council
Regulation (EC) No 1099/2009, of 24 September 2009). After 24
hours at 2 °C, carcass pH was measured in duplicate with a pH
metre (Crison 507) between the 1st and 2nd lumbar vertebrae.
Two sections from the left loin were then removed. The first section,
from the 3th to 5th rib, was cut into two 3cm steaks and used to de-
termine chemical composition and myoglobin content.

The second section, from the 7th rib to the end of the loin, was sliced
into a 1.5cm steak to determine vitamin E, and into four 3cm steaks, one
to determine objective colour, two to determine cooking losses andone to
determine lipid oxidation. Steaks were vacuum-packed and aged at 4 °C.
Steaks were further aged for 1 and 6 days for colour and cooking loss
and 6days for lipid oxidation. After that, cooking loss and lipid oxidation
steaks were frozen at−18 °C until analysed.
nsive), 14SE (14month slaughter age, semi-extensive), 12IN (12month slaughter age, in-



Table 1
Average daily weight gain (ADG) from weaning to slaughter, during wintering and post-
wintering, liveweight at slaughter, age at slaughter, concentrate intake and vitamin E con-
centrate intake from the four groups.

12SE 14SE 12IN 14IN SEM Sig.

ADGa weaning–slaughter (g/day) – – 986b 1086a 0.01 ⁎⁎⁎

ADG wintering (g/day) 368b 513a – – 0.03 ⁎

ADG post-wintering (g/day) 1153 1247 – – 0.04 ns
Live weight at slaughter (kg) 279c 350b 329b 385a 8.94 ⁎⁎⁎

Age at slaughter (days) 368c 445a 362c 435b 6.77 ⁎⁎⁎

Commercial concentrate intakeb (kg) 318 431 1361 1697 – –

Crushed barley intake (kg) 102 133 – – – –

Total vitamin E intake (kg/animal) from:
Commercial concentratec 10.2 13.8 43.4 54.2 – –

Crushed barley d 2.1 2.7 – – – –

a Average daily gain.
b The commercial finishing concentrate consisted of 40.4% corn, 12.9% barley, 11% corn

dried distillers grains plus solubles, 10.67% soybean, 7.3% soybean husk, 6.5% canola meal,
6% barley straw (treatedwith sodiumhydroxide), 2.45% calcium carbonate, 1.17%palmoil,
1% molasses, 0.5% sodium bicarbonate and 0.43% sodium chloride on an as-fed basis.

c Based on the commercial concentrate composition provided by the manufacturer
(31.91mg vitamin E/kg).

d Based on the average values from De Blas et al., 2010 (20mg vitamin E/kg).
⁎ p≤ 0.05.

⁎⁎ p ≤ 0.01.
⁎⁎⁎ p≤ 0.001.
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2.2. Chemical composition and cooking losses

Analytical methods, used to determine chemical composition,
were according to the International Standards Organization: ISO
1443 for crude fat, ISO 937 for crude protein and ISO 1442 for mois-
ture (ISO (International Organization for Standardization), 1973,
1978, 1997). Cooking losses at 2 and 7days postmortem (1day of car-
cass refrigeration plus 1 or 6 days of vacuum packed ageing) were
calculated as weight losses from steaks cooked in vacuum pack
bags to an internal temperature of 70 °C, in a water bath and then
cooled for 30 min in cold water. Cooking losses were calculated as
outlined by Franco, Bispo, González, Vázquez, and Moreno (2009):

Cooking losses %ð Þ
¼ initial fresh meat weight‐final cooked meat weightð Þ � 100

initial fresh meat weight

2.3. Vitamin E content

Vitamin E content was determined on freshmeat at 2days postmor-
tem according to the modified method of Liu, Scheller, and Schaefer
(1996) and Kasapidou (2003). Meat samples were homogenized and
Table 2
Effect of two production systems (semi-extensive vs. intensive) and two slaughter ages (12 vs. 1
days postmortem, vitamin E and myoglobin contents of Tudanca cattle meat.

Production system

Semi-extensive Intensive

12mo. 14mo. 12mo.

pH 24 h 5.64 5.66 5.87
Moisture (%) 76.2 76.4 75.2
Protein (%) 21.8 21.3 21.0
Fat (%) 1.14 1.31 3.03
Cooking losses 2 days (%) 20.4 19.1 16.4
Cooking losses 7 days (%) 21.7 18.7 17.3
Vitamin E (μg/g) 5.41a 2.78b 1.70c

Myoglobin (mg/g) 3.31 3.88 3.46

a,b,cMeans within a row with different superscripts differ significantly (p≤ 0.05); ns= p N 0.05
SEM: standard error of mean; PS: production system; SA: slaughter age; mo.: months.
⁎ p≤ 0.05.
⁎⁎ p≤ 0.01.
⁎⁎⁎ p≤ 0.001.
1 ± 0.05 g subsamples were added to a 30 ml tube in duplicate.
Then, 2 ml of ethanolic butylhydroxytoluene solution (0.1% w/v),
2.8 ml L-ascorbic acid solution (8.8% w/v) and 2.5 ml of ethanolic
KOH solution (14.52% w/v (4:1)) were added. Furthermore, 500 μl
of internal standard (±)-α-Tocopherol (Sigma-Aldrich® T3251) so-
lution (10mg/l methanol) were added to duplicate samples to pro-
vide a parallel assay for recovery data. Tubes were shaken for 5
minutes and incubated in a 70°C water bath for 30minutes. After sa-
ponification, tubeswere cooled in ice for 5minutes. Vitamin E extrac-
tion was done twice by adding 4ml of hexane, shaking for 10minutes
and centrifuging at 2629 ×g for 2 minutes at 4 °C. The hexane layer
was transferred to a test tube and evaporated to dryness in a 60 °C
water bath under a stream of nitrogen gas. The residue was
redissolved immediately in 1 ml of methanol and transferred to an
amber glass vial equipped with screw cap and PTFE/rubber septa
and analysed by HPLC. Samples were analysed by reverse phase
HPLC (LiChrospher RP-18 column, 4.60×150mm, 5 μm, 100Å) fitted
with fluorescence detector (λexcitation = 295 nm and λemision =330
nm; Agilent Series 1100). The mobile phase consisted of isocratic
methanol 100% at a constant flow rate of 1.2 ml/min and the run
time was 9min. The injection volume was 20 μl. For peak identifica-
tion and quantification (±)-α-tocopherol was used as external stan-
dard. Results were expressed as μg vitamin E/g fresh meat.

2.4. Lipid oxidation

Steaks were thawed at 4 °C for 24 hours and cut into 3 portions.
One portion was analysed immediately (7 days postmortem: 1 day
of carcass refrigeration plus 6 days of vacuum packed ageing) and
the other two were stored on a polystyrene tray with an over-
wrapped oxygen permeable film in an unlit refrigerator and analysed
at 3 and 6 days display (7 days postmortem plus 3 and 6days of dis-
play). Lipid oxidation was measured by the thiobarbituric acid reac-
tive substances (TBARS) method (Pfalzgraf, Frigg, & Steinhart, 1995).
Results were expressed as mgMDA (malonaldehyde) per kg of meat.

2.5. Meat colour

Heme pigments were analysed according to Hornsey (1956)
using a UV–vis (Zuzi UV-4200) spectrophotometer. Instrumental
colour was measured at 2 and 7 days postmortem (1 day of carcass
refrigeration plus 1 or 6 days of vacuum packed ageing) according
to the CIE L*a*b* system (CIE, 1976) using a portable colorimeter
Minolta CR-400 (C illuminant, 2º standard observer and 8mm aper-
ture size). Meat samples were taken from vacuum bags, dried on the
surface with absorbent paper, placed on polystyrene trays, wrapped
4months) on pH at 24hours postmortem, chemical composition, cooking losses at 2 and 7

p Values

14mo. SEM PS SA PS × SA

5.79 0.029 ⁎⁎ ns ns
74.9 0.158 ⁎⁎⁎ ns ns
21.5 0.116 ns ns ⁎

2.73 0.199 ⁎⁎⁎ ns ns
19.7 0.529 ns ns ⁎

16.6 0.671 ⁎ ns ns
1.88c 0.283 ⁎⁎⁎ ⁎⁎⁎ ⁎⁎⁎

3.86 0.075 ns ⁎⁎⁎ ns

.



Table 3
Effect of two production systems (semi-extensive vs. intensive), display duration (0, 3 and
6 days) and their interaction on Tudanca cattle meat TBARS values.

TBARS

Factors F Sig.

Production system 111.50 ⁎⁎⁎

Display duration 1276.3 ⁎⁎⁎

Production system⁎ display duration 114.40 ⁎⁎⁎

⁎ p≤ 0.05.
⁎⁎ p≤ 0.01.

⁎⁎⁎ p≤ 0.001.

Fig. 2.Effects of twoproduction systems (semi-extensive (SE) vs. intensive (IN)) onTBARS
values analysed at 7 days of ageing in meat from Tudanca cattle displayed for 0, 3 and 6
days. Different superscripts indicate significant differences (p≤0.05) between production
systems within display durations.
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with an oxygen permeable film and allowed to bloom for 1 h at 4 °C.
Subsequently, lightness (L*), redness (a*) and yellowness (b*) mea-
surements were taken in 3 homogeneous zones, free of visible fat
and blood stains. Thereafter, chroma (C*) and hue angle (H°) values
were calculated as C*a,b=[(a*)2+(b*)2]0.5 and H°a,b=arctan (b*/a*),
respectively. Conversion of H° values from radians to degrees was
achieved by multiplying arctan (b*/a*) by 180°/π (Liu, Scheller,
Arp, Schaefer, & Frigg, 1996).

2.6. Statistical analysis

All dependant variables were analysed using the GLM procedure
of SPSS 17.0 (2008). For all the variables except lipid oxidation and
CIE L*a*b* system parameters, the model included the fixed effects
of production system, slaughter age and their interaction. Lipid oxida-
tion and instrumental colour variables, with multiple measurements
for the same animal, were analysed using a repeated measures model.
This model included the fixed effects of production system, slaughter
age and the repeatedmeasure variable ageing time or display duration.
Slaughter age and factor interactions were eliminated from the model
when not significant. Bonferroni's test was used to separate treatment
means which were considered to be significantly different when p ≤
0.05. Pearson correlations were used to establish the relationship be-
tween TBARS, IMF, fatty acids (data from Humada et al., 2012), vitamin
E, C* and H° values.

3. Results and discussion

3.1. pH, chemical composition and cooking losses

Muscle pH's were in the normal range for all the treatments
(Table 2). Despite the fact that several authors (Muir, Smith,
Wallace, Cruickshank, & Smith, 1998; Vestergaard, Oksbjerg, &
Henckel, 2000) have observed higher ultimate pH in grass than in
grain fed animals, in the present study, meat from intensive animals
presented higher (p≤ 0.01) pH values (5.8) than semi-extensive ani-
mals (5.7). Other authors (French, O'Riordan, et al., 2000; Morris,
Purchas, & Burnham, 1997; Realini et al., 2004) found no differences
in ultimate pH when cattle were finished on concentrate or pasture.

Regardingmeat chemical composition, intensive animals had signif-
icantly greater (p≤ 0.001) IMF (2.9%) and lower (p≤ 0.001) moisture
content (75.1%) than semi-extensive animals (1.2% and 76.3%, respective-
ly). Increasing slaughter age from 12 to 14months did not influence (pN
0.05) any chemical composition parameters studied (moisture, crude
protein and fat). Thus, although thefinishing systemcan influencemuscle
chemical composition, adding twomonths to the finishing period, irre-
spective of the system used, does not improve the chemical composition.
The decision to finish for 12 or 14months will in part depend on other
meat or carcass quality parameters, and, ultimately, to feed costs relative
to rates of return at respective ages (Humada et al., 2013).

No effect (p N 0.05) on cooking losses was detected at 2 days post-
mortem due to production system or age at slaughter. However, at 7
days postmortem meat from SE animals had higher (p≤0.05) cooking
loss values than IN ones. Similar results were found by Vestergaard,
Therkildsen, et al., 2000, who showed significant differences (p≤0.01)
between production systems on cooking losses at 12days postmortem
but, no significant differences between slaughter ages. Moreover, in
the former study, higher cooking losses at 12 days postmortem were
found in meat from animals produced extensively vs. intensively.

3.2. Vitamin E

A significant effect (p≤ 0.001) of production system, slaughter age
and their interaction, on vitamin E content was seen (Table 2). Semi-
extensive production significantly increased (p≤0.001) vitamin E con-
tent (4.1 μg/g) compared with intensive production (1.8 μg/g). Green
plant tissues contain higher concentrations of vitamin E than concen-
trates (McDowell et al., 1996; Nuernberg et al., 2005). Yang, Lanari,
et al. (2002b) reported comparable Longissimus dorsi vitamin E con-
tent in pasture-fed steers (4.5 μg/g meat) vs. grain-fed (1.8 μg/g
meat). Arnold, Arp, Scheller, Williams, and Schaefer (1993), Liu,
Scheller, and Schaefer (1996) and Gatellier, Hamelin, Durand, and
Renerre (2001) indicated that beef with a vitamin E content higher
than 3ppmmaintained an acceptable overall appearance for longer by
delaying metmyoglobin formation with an optimum lipid oxidation
state. It is, therefore, of interest to note in the present experiment,
that vitamin E content close to this threshold were achieved in 12SE
(5.4 μg/g meat) and 14SE (2.8 μg/g meat) groups which may confer
benefits both in terms of keeping quality and nutritional value.

Although Table 2 shows that meat vitamin E content of semi-
extensive animals decreased (p ≤ 0.05) as age increased, effect of
slaughter age could be masked by differences in vitamin E pasture
supply associated with pasture availability. In this sense, pasture
availability (Humada et al., 2013) in the second half of the pasture
finishing period (from 18 May to slaughter) was lower for the 14SE
group than for the 12SE group (672±148.5 kg DM/animal for 14SE
group vs. 823±85.8 kg DM/animal for 12SE group; p≤0.05; control
dates: 18 May, 4 June and 22 June).

3.3. Lipid oxidation

Meat oxidation is another important factor influencing quality by
affecting flavour, colour, texture and nutritive value (Gatellier,
Mercier, & Renerre, 2004). Slaughter age had no effect on TBARS con-
tent, but a significant production system display duration interaction
was detected (p≤0.001; Table 3 and Fig. 2). No differences (pN0.05)
between production systems on TBARS content were observed at 0
days; however, TBARS content increased at 3 an 6 days of display,
and increases were greater for intensive groups (p ≤ 0.05). By 6
days of display, intensive animals had almost twice (p ≤ 0.05) the
TBARS content (1.4 mg MDA/kg meat) than SE animals (0.8 mg

image of Fig.�2


Table 4
Pearson correlations between TBARS (thiobarbituric acid reactive substances) values after display duration of 0, 3 and 6days, intramuscular fat (IMF), polyunsaturated fatty acids (PUFAs),
PUFAs n-6, PUFAs n-3, vitamin E, chroma (C*) and hue angle (H°) values at 2 and 7 days postmortem.

TBA 0 day TBA 3 days TBA 6days IMF PUFAs PUFA n-6 PUFA n-3 Vit. E C⁎ 2 days C⁎ 7 days H° 2 days H° 7 days

TBARS 0 day 1 – – – – – – – – – – –

TBARS 3 days – 1 – – – – – – – – – –

TBARS 6 days – 0.640⁎⁎ 1 – – – – – – – – –

IMF – – 0.719⁎⁎ 1 – – – – – – – –

PUFAs – – −0.699⁎⁎ −0.798⁎⁎ 1 – – – – – – –

PUFAs n-6 – – −0.404⁎ −0.665⁎⁎ 0.913⁎⁎ 1 – – – – – –

PUFAs n-3 – −0.509⁎⁎ −0.885⁎⁎ −0.757⁎⁎ 0.863⁎⁎ 0.583⁎⁎ 1 – – – – –

Vitamin E – −0.547⁎⁎ −0.798⁎⁎ −0.553⁎⁎ 0.601⁎⁎ 0.350⁎ 0.754⁎⁎ 1 – – – –

C⁎ 2 days – – – – – – – – 1 – – –

C⁎ 7 days – – – – – – – – – 1 – –

H°days – – – – – – – – – – 1 –

H° 7 days – – 0.489⁎⁎ 0.376⁎ −0.437⁎ – −0.473⁎⁎ – – – – 1

Significant correlations are shown.
⁎ p≤ 0.05.
⁎⁎ p≤ 0.01.
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MDA/kg meat). Gatellier, Mercier, Juin, and Renerre (2005) reported
twofold greater TBARS contents in meat from steers fed maize plus
conserved forages vs. grass after 14 days of vacuum-packed ageing
and 6 days of air storage. Descalzo et al. (2005) found a threefold in-
crease in TBARS content in beef from grain vs. pasture fed steers. Several
authors (Arnold et al., 1993; Renerre, 2000) have shown that lipid oxi-
dation in ruminant meats is influenced by both fatty acid composition
and the vitamin E concentration. In general, grass-fed animals accu-
mulate higher concentrations of oxidizable n-3 fatty acids, while
grain feeding increases levels of n-6 fatty acids (Daley et al., 2010;
Humada et al., 2012). Although positive correlations between TBARS
and PUFAs and n-3 fatty acids would be expected, negative correlations
(p≤0.01)were observed between PUFAs and TBARS at 6days of display
and between n-3 fatty acids and TBARS at 3 and 6 days of display
(Table 4). This can be explained by positive correlations between vita-
min E and PUFAs (r=0.60; p≤0.01) and n-3 fatty acids (r=0.75; p≤
0.01) and negative correlations between vitamin E and TBARS content
at 3 and 6 days (r = −0.55; and r = −0.80, respectively; p ≤ 0.01)
(Table 4). None of the TBARS values obtained, however, exceeded the
cut off value of 2mg MDA/kg meat at which rancidity may be detected
by consumers (Campo et al., 2006; Fraqueza & Barreto, 2009; Wood
et al., 2003).

3.4. Meat colour

Lightness values were significantly affected by production system
(p≤0.05) and ageing time (p≤0.01) (Table 5). Lightness values were
lower at 7 than at 2days postmortem (Table 5 and Fig. 3). This is con-
sistent with results reported by Ruiz de Huidobro, Miguel, Onega,
and Blázquez (2003) and Braghieri et al. (2007). Muscle light absorp-
tion and scatter are directly related to its ultimate pH (Dunne,
O'Mara, Monahan, & Moloney, 2006). At 7 days postmortem, meat
L* was higher (p ≤ 0.05) in SE (38.8) than in IN groups (38.2)
Table 5
Effect of production system, slaughter age and ageing time on lightness (L*), redness (a⁎),
yellowness (b⁎), hue angle (H°) and chroma (C*) values at 2 and 7 days postmortem of
Tudanca cattle meat.

L⁎ a⁎ b⁎ H° C⁎

Factors F Sig. F Sig. F Sig. F Sig. F Sig.

Production system 6.78 ⁎ 0.67 ns 6.68 ⁎ 7.64 ⁎⁎ 0.14 ns
Slaughter age – – 6.26 ⁎ – – – – 5.10 ⁎

Ageing time 8.32 ⁎⁎ 12.3 ⁎⁎ 70.0 ⁎⁎⁎ 81.1 ⁎⁎⁎ 0.04 ns

⁎ p≤ 0.05.
⁎⁎ p≤ 0.01.
⁎⁎⁎ p≤ 0.001.
(Fig. 3). In the current experiment, SE groups had lower (p≤ 0.01)
meat pH's than intensive ones (Table 2). In general, a direct relation
between water holding capacity and pH and an inverse relation be-
tween L* and pH are observed (Purchas, 1990; Vestergaard, Oksbjerg,
et al., 2000). As pH falls to 5.5, the myofibrillar proteins approach
their isoelectric point (point of zero net charge), which results in
lower water binding capacity, gap creation and an increase in scattered
light. This observation is in accordance with the higher L* values at 7
days observed in SE compared to IN groups (Table 5 and Fig. 3).

A bright red colour in beef is perceived by consumers to indicate
freshness (Ripoll, Panea, & Albertí, 2012). Muscle colour is affected by
the content and oxidation state of myoglobin (MacDougall, 1982).
Although several studies have suggested that muscles of pasture-
fed animals have higher levels of myoglobin due to the higher pre-
slaughter activity compared to confined animals (Dunne, O'Mara,
Monahan, French, & Moloney, 2005; Shorthose & Harris, 1991;
Varnam & Sutherland, 1995), no differences (pN0.05) were observed
in myoglobin content between the production systems (Table 2). This
result is consistent with the fact that no differences (p N 0.05)
were found for meat a* values at 2 and 7days postmortem between
production systems (Table 5 and Fig. 4). It is recognized that myo-
globin concentration in bovine increases with age (Dunne et al.,
2006; Renerre, 1990) until about 24 months of age (Lawrie &
Ledward, 2006). Panea et al. (2008) reported a myoglobin content
of 3.43mg/g meat in 13month old Pirenaica bulls finished in an in-
tensive system. Myoglobin concentration increased (p ≤ 0.001) as
age increased from 12 (3.4 mg/g meat) to 14 months (3.9 mg/g
meat) (Table 2). Moreover, slaughter age significantly affected (p≤
0.05) a* values (Table 5). In accordance with the increase in myoglo-
bin content associated with extending the slaughter age from 12 to
Fig. 3. Effect of two production systems (semi-extensive (SE) vs. intensive (IN)) on light-
ness (L*) values at 2 and 7days postmortem of Tudanca cattlemeat. Different superscripts
indicate significant differences (p ≤ 0.05) between production systems within ageing
times.

image of Fig.�3


Fig. 4. Effect of two slaughter ages (12 and 14months) on redness (a*) values at 2 and 7
days postmortem of Tudanca cattlemeat. Different superscripts indicate significant differ-
ences (p≤ 0.05) between slaughter ages within ageing times.

Fig. 6. Effect of two production systems (semi-extensive (SE) vs. intensive (IN)) on hue
angle (H°) values at 2 and 7 days postmortem of Tudanca cattle meat. Different super-
scripts indicate significant differences (p≤0.05) between production systemswithin age-
ing times.
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14months, average a* values of 14month animal groups were higher
(p≤0.05) than those of 12month ones (18.36 vs. 17.91, respectively)
at 2days postmortem. No differences (pN0.05) were observed between
slaughter age in a* values evaluated at 7 days postmortem (Fig. 4). As
expected (Luciano et al., 2011; Ruiz de Huidobro et al., 2003), redness
values were lower (p ≤ 0.01) at 7 days than at 2 days postmortem
(17.7 vs.18.2) (Table 5 and Fig. 4). Blanco et al. (2008) reported a* values
of 14.7 at 7 days postmortem in meat from 12 month old Parda de la
Montaña calves fed in an intensive system. It is of interest to note in
the present study, a* values at 7 days of ageing were, for all treatments
above 12, which has been suggested as an acceptability threshold for
beef surface redness (O'Sullivan et al., 2002).

Hue angle is a good indicator of colour stability of meat on display
(Liu, Scheller, Arp, et al., 1996). This parameter represents perceived
meat colour, with larger angles indicating a less red product. Yellowness
and H° values were significantly affected by production system (p ≤
0.05) and ageing time (p≤ 0.001) (Table 5). As ageing time increased,
b* and H° values increased (Figs. 5 and 6). Significant differences (p≤
0.05) between systems were observed only at 7 days postmortem and
for both parameters intensive animals presented higher values (p ≤
0.05) than semi-extensive ones (Figs. 5 and 6). Differences in b* and
H° evolution between systems could be, partially, explained as a conse-
quence of thehigher IMF content in intensive animals. In this sense, Ruiz
de Huidobro et al. (2003) observed no differences in b* and H° values at
1 day postmortem (1hour of blooming) between bulls and heifers dif-
fering in IMF content (2.78 vs. 3.85%, respectively) but b* and H° values
from heifers were higher than those of bulls at 6 days postmortem. In
the same study, while no differences were observed between b* and
H° values at 1 and 6 days postmortem from bulls, heifer's values in-
creased. H° values at 7 days postmortem presented a positive correla-
tion with TBARS 6 days (r = 0.49; p ≤ 0.01) and IMF (r = 0.38; p ≤
0.05) and a negative correlation with PUFAs (r=−0.44; p≤0.05) and
PUFAs n-3 (r=−0.47; p≤0.01) values (Table 4).
Fig. 5. Effect of two production systems (semi-extensive (SE) vs. intensive (IN)) on
yellowness (b*) values at 2 and 7 days postmortem of Tudanca cattle meat. Different su-
perscripts indicate significant differences (p≤ 0.05) between production systems within
ageing times.
A decrease in C* or colour saturation could be considered an indi-
cator of accumulation of metmyoglobin on the meat surface and a
cut-off point of 18 has been used as an indicator of the end of shelf
life (MacDougall, 1982). In the present study, only slaughter age af-
fected (p ≤ 0.05) C* values (Table 5). As expected, considering the
slaughter age effect on a* values (Table 5 and Fig. 4), C* increases
as age increases (Table 5 and Fig. 7). Average C* values were higher
in 14 than 12 month old animals (Fig. 7) but significant differences
were observed only at 2 days postmortem. Also, Preziuso and Russo
(2004) observed an increase in C* values (28.5 vs. 29.3) in meat
from Chianina breed bulls as age increased from 18–19 to 20–21
months. No correlation (p N 0.05) was observed between C* and
TBARS, IMF, PUFAs and vitamin E values (Table 4).

4. Conclusions

In the present study, production system affected chemical com-
position, vitamin E content, lipid oxidation and L*, b* and H° colour
parametres, while slaughter age only affected myoglobin content
and a* and C* colour parametres.

Meat from SE groups had lower intramuscular fat and twofold
higher vitamin E than meat from IN ones. In spite of their higher
PUFAs (Humada et al., 2012) content, less lipid oxidation was found in
SE groups after 6 days of display. Moreover, the higher L* and lower b*
andH° values obtained inmeat fromSE groups at 7days postmortem in-
dicate the SE system, regardless of slaughter age, increased shelf life
through limiting lipid oxidation. Taking into account these advantages
and considering the IMF content and superior fatty acid profile obtained
(Humada et al., 2012), the SE systemwould be themost favourable pro-
duction system for finishing Tudanca calves. Further investigations are,
however, required to validate these recommendations by investigating
sensory properties of pasture finished beef as currently the majority of
Fig. 7. Effect of two slaughter ages (12 and 14months) on chroma (C*) values at 2 and 7
days postmortem of Tudanca cattlemeat. Different superscripts indicate significant differ-
ences (p≤ 0.05) between slaughter ages within ageing times.
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Spanish beef consumers are used to meat from intensively finished
animals.
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