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Introduction

Barrosa, from the Northwest Atlantic territory of Portugal, and Alentejana, from the
South Mediterranean territory of Portugal, are two of the most important Portuguese
autochthonous cattle breeds (DGDR, 2002). The meat of these two breeds is
commercialized under the Protected Origin Designation (PDO) certification and
producers are obliged to fulfill the traditional rearing methods. The nutrition of Barrosa
calves is essentially based on dam’s milk until weaning at the age of 6 months and natural
forage, receiving some supplementation based on agricultural resources such as potato,
corn and rye (Commission Regulation n°1263/96 of 1/7, EC). Carnalentejana bullocks,
which meat is commercialized as Carnalentejana-PDO, are raised on extensive pasturage,
feeding on natural forage and corn, in a low stocking rate (less than 1.4 heads/hectare),
receiving a 3 to 6 month finishing period based on pellet feeding (Commission
Regulation n°1107/96 of 12/06, EC).

These beef production systems based on pasture feeding and traditional practices
respect the physiological and behavioral needs of cattle and provide them good welfare,
without the risk of metabolic and feed-related disorders commonly associated with the
intensive feeding systems (Nielsen and Thamsborg, 2005).

Meat sensory attributes from PDO production systems do not represent, by itself, a
marketing advantageous towards the meat produced in intensive production systems,
inclusively the darker meat color, associated with grazing and exercise (Nielsen and
Thamsborg, 2005), and the yellow fat due to high levels of carotene in the feedstuff that
is not totally degraded to vitamin A (Nielsen and Thamsborg, 2005), represents
disadvantageous characteristics in consumers perception of quality. Nevertheless, meat
obtained from pasture based systems offer nutritional advantages to the consumers,
because of their higher contents in polyunsaturated fatty acids (PUFAs; Yang et al.,
2002a) and conjugated linoleic acid (CLA; Enser, 2000), but these health promoting
compounds may also act as pro-oxidant components promoting lipid oxidation, that is
apart from microbiological spoilage, the primary cause of quality loss in meat products
(Monahan, 2000). On the other hand, alpha- and gamma-tocopherol, the major vitamin E
isomers present in meat, together with beta-carotene, a pro-vitamin A compound, are the
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major lipid-soluble antioxidants present in meat (Kerry et al., 2000), playing an important
role in controlling lipid oxidation. However, their contents in grazing ruminants are
expected to reflect the variability of pasture biomass and respective quality, which is
highly dependent on cultural practices, season and geographical factors (Moloney et al.,
2001).

Objectives

The aim of this study was to compare and assess seasonal variations of major lipid-
soluble antioxidant vitamins (alpha-tocopherol, gamma-tocopherol and beta-carotene) in
Carnalentejana-PDO beef and Barrosa-PDO veal and assess their seasonal variations.

Methodology

Carnalentejana bullocks (n=31; 366+37 kg of carcass weight and 19+2 months of
age), and Barrosa calves (n= 27; 223+37 kg of carcass weight and 8+0.9 months of age)
were raised according the PDO specifications. Meat samples from the ribeye (LT; T1-T3
of longissimus thoracis muscle), the loin (LL; L4-L6 of longissimus lumborum) and from
the distal portion of semitendinosus muscle (ST) were collected 2-3 days after slaughter
(+1°C). All meat samples were ground using a food processor (3 x 5 s), vacuum packed
and stored at —80° C until analysis.

Vitamin E homologues and B-carotene were simultaneously quantified by normal-
phase HPLC, using fluorescence (tocopherols) and UV-visible photodiode array beta-
carotene) detections in tandem, as described by Prates et al. (2005; Food Chemistry, in
press).

Statistical treatment of data was conducted by ANOVA at a significance level of 5%
(Ho: p<0.05), using the one-way ANOVA procedure of Statistix for Windows. When the
F-test was significant, the comparison of means was assessed by the LSD method also at
a significance level of 5%.

Results & Discussion

Barrosa-PDO veal showed no seasonal variation (p>0.05) in the major lipid soluble
antioxidants analyzed (alpha-tocopherol, gamma-tocopherol and beta-carotene). This
stability in the major antioxidants during the year may outcome from the good climatic
and geographical conditions that provide abundance of water and permanent pasture in
the high-lands of Minho, where the breed is raised. Carnalentejana-PDO beef also
showed no seasonal variation of alpha-tocopherol contents, what may result from the
finishing period, when the animals receive pellet feeding with alpha-tocopherol
supplementation. Evidence for seasonal variation in Carnalentejana bullocks' meat occurs
in gamma-tocopherol and beta-carotene contents, which are not supplemented during the
finishing period (Table 1). Carnalentejana-PDO beef exhibited higher gamma-tocopherol
and lower beta-carotene contents during spring, while autumn beef had higher contents of
beta-carotene and lower contents of gamma-tocopherol (p>0.05). This seasonal
fluctuation on Carnalentejana-PDO beef antioxidants must be related with seasonal
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changes in the breed’s nutritional management that results from the loss of pasture
biomass, due to high summer temperatures and lack of water.

The contents of alpha-tocopherol Barrosa-PDO veal are significantly higher than
those in Carnalentejana beef for LT and ST muscles, but not in LL. These contents in
Barrosa-PDO meat are in conformity with the alpha-tocopherol contents quantified in
meat from pasture raised cattle (Yang et al., 2002a; Realini et al., 2004; Descalzo et al.,
2005). The contents of Carnalentejana beef alpha-tocopherol are, on another hand, in
between the grain fed and the pasture raised animals (Yang et al., 2002a; Descalzo et al.,
2005), which is in agreement with the feeding management, based on pasture raised with
a final period of 3—-6 month finishing.

The average beta-carotene contents in Carnalentejana beef was 0.17 ug/g during the
autumn season and 0.07 pg/g of meat in the spring season, while the Barrosa veal had
0.09 ng/g during the spring season and 0.08 pg/g in the autumn season. All these meat
beta-carotene contents were higher than those associated with grain fed cattle (Yang et
al.,, 2002a; Descalzo et al., 2005). Nevertheless, all beta-carotene meat contents,
exception for Carnalentejana autumn bullocks, are in the lower limit of the range
described for beta-carotene in meat from cattle grazed on good green pasture (0.9-0.22
ug/g of meat (Yang et al., 2002b).

The gamma-tocopherol, despite being the most common vitamin E homologue in
plant foods (Decker et al., 2000), is present in meat in small amounts due to the lower
preference of TTP (alpha-tocopherol Transfer Protein) for this isomer. The gamma-
tocopherol contents in meat are low and no information in the literature was available for
comparison. However, the values reported for reindeer‘s meat (Sampels et al., 2004)
raised on pasture with a 2 month finishing period (0.09 ng/g meat) are similar to the
values obtained for Barrosa veal.

The differences in the contents of major lipid-soluble antioxidant vitamins present in
PDO meats can be explained by the different natural forage availability and finishing
period between the two production systems (extensive and semi-extensive production
systems of Barrosa and Carnalentejana, respectively).

Conclusions

The contents of lipid-soluble antioxidant vitamins in Barrosa-PDO veal are in
agreement with a pasture raised product while the figures obtained for Carlalentejana-
PDO beef are in between the grain-fed and pasture raised animals, with no important
seasonal variations for both bovine meats. The results suggest that Barrosa-PDO veal is
more stable against lipid oxidation than Carnalentejana-PDO beef, which is of major
importance for the preservation of sensorial and nutritional meat proprieties.
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Tables and Figures

Table 1. Contents of major lipid-soluble antioxidant vitamins (alpha-tocopherol, gamma-
tocopherol and beta-carotene) in Carnalentejana-PDO beef and Barrosa-PDO veal
sampled in early autumn and late spring.

Carnalentejana-PDO beef Barrosa-PDO veal
Autumn Spring Autumn Spring
Longissimus thoracis (ug/g meat)
a -Tocopherol 2.26+1.43%  2.09+0.69° 3.92+41.10° 3.76+0.70 "
y -Tocpherol 0.04+0.05%  0.17+0.03° 0.15+0.08° 0.16+0.08 "
B -Carotene 0.1940.01%  0.09+0.05° 0.09+0.04° 0.11+0.07 °
Longissimus lumborum (ug/g meat)
a -Tocopherol 2.18+157*"  1.69+0.49° 3.30+1.28° 2.78+0.70°¢
y -Tocpherol 0.04+0.04°  0.16+0.06° 0.13+0.05° 0.12+0.05°"

B -Carotene 0.0.1620.02% 0.07+0.03° 0.07+0.03° 0.10+0.06 °
Semitendinosus (ug/g meat)

a -Tocopherol 1.94+1.36% 1.40+0.34% 3.56+1.32° 2.79+0.45°
y -Tocpherol 0.02+0.05°  0.13+0.02° 0.14+0.06° 0.13+0.06 "
B -Carotene 0.1620.01%  0.05+0.02° 0.08+0.04°  0.06+0.03 °°

Means with different supra-scripts in the same row are significantly different (p<0.05).
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