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Abstract 

Several synthetic antioxidants such as butylated hydroxyanisole (BHA), 
butylated hydroxytoluene (BHT), and tertiary butyl hydroquinone (TBHQ), have 
been used to preserve meat. Nevertheless they are considered toxic and to have 
carcinogenic effects. Natural products, such as those present in essential oils, have 
been the target of studies as alternative antioxidants, showing promising results. In 
addition, these natural compounds have the advantage of having consumer’s 
acceptance. Thymbra capitata is a perennial, herbaceous shrub commonly used as a 
spicy herb. The essential oils isolated from this plant showed antimicrobial and 
antioxidant activities. The main goal of the present work was to evaluate the 
capacity of T. capitata oil to prevent lipid oxidation in bovine meat. Different 
concentrations of essential oil (0, 50, 75 and 100 mg/5 g of meat) were used in two 
types of bovine meat samples purchased in the local market. The protein content of 
both types of meat samples was 21%, and lipid content ranged from 9% to 15%. 
After covering with the oil, the two types of meat samples were stored at -17°C, for 
one month. After 1 day, 15 days and 30 days, meat samples were taken and cooked 
at 85°C for 90 min. The samples were then submitted to the TBARS modified 
method, for antioxidant activity evaluation. The essential oil was able to prevent 
meat oxidation even after one month of storage and showed a dose-dependent 
activity.  

 
INTRODUCTION 

Lipid oxidation is one of the major problems occurring during processing and 
storage of meat. Generally, the meat oxidation is more important after cooking and 
refrigerated storage due to the degradation of natural antioxidants as well to the release of 
fatty acids and iron from haeme molecule (Estévez et al., 2007). Oxidation of fats and 
lipids decrease the quality and safety of foodstuffs due to the formation of peroxides, 
alkanes, alcohols, aldehydes and acids. One of the aldehydes that are formed after 
degradation of polyunsaturated fatty acids (PUFA) is malondialdehyde (MDA). Besides 
the rapid development of alterations of their colour, flavour, texture and nutritional value, 
these compounds can also contribute to the cancer, atherosclerosis, heart and allergic 
diseases occurrence (Bozkurt, 2007; Mielnik et al., 2008).  

To overcome the fat or lipid oxidation, several synthetic antioxidants have been 
used such as butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA) and tert-
butylhydroquinone (TBHQ). However, recent studies have revealed that these substances 
are not completely innocuous having been progressively banned in some European 
countries and Japan (Wanasundara and Shahidi, 1998; Tang et al., 2001). Moreover, they 
also present some instability (Du and Li, 2008). For these reasons the use of natural 
antioxidants has grown including the utilization of essential oils. Essential oils are 
complex mixtures of compounds belonging to diverse chemical families (terpenes, 
phenolics, polyacetilenic compounds, among others). 
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Thymbra capitata (L.) Cav. [= Coridothymus capitatus (L.) Rchb.f, Satureja 
capitata L., Thymus capitatus Hoff. et Link] is a perennial, herbaceous shrub largely 
spread in southern Portugal commonly used as a spicy herb in some Portuguese 
traditional meat dishes, particularly in rabbit meat. Although thymol, carvacrol and 
thymol/carvacrol chemotypes are known for T. capitata oil, thymol chemotype is the 
most frequent in southern Apulia (Italy) (Miceli et al., 2006), and the carvacrol 
chemotype predominates in T. capitata from Algarve (southern Portugal) (Faleiro et al., 
2005). The essential oil of T. capitata has revealed to possess antioxidant activity when 
evaluated by the TBARS (thiobarbituric acid reactive substances) method using egg yolk 
as lipid substrate (Faleiro et al., 2005). This method measures the MDA formed, after 
lipid hydroperoxide decomposition, which forms a pink chromophore with thiobarbituric 
acid (TBA). This coloured complex, which absorbs at 532 nm, results in the condensation 
of 2 moles of TBA and 1 mole of malondialdehyde, in an acidic environment (Antolovich 
et al., 2002; Laguerre et al., 2007). 

Some research has demonstrated previously the capacity of some essential oils for 
preventing meat oxidation (Bozkurt, 2007; Estévez et al., 2007; Du and Li, 2008; Mielnik 
et al., 2008). The main goal of the present work was to evaluate, by the TBARS method, 
the capacity of T. capitata oil from Portugal in preventing lipid oxidation of bovine meat. 

 
MATERIAL AND METHODS 
 
Isolation of the Essential Oil 

The essential oil was isolated by hydrodistillation using a Clevenger-type 
apparatus according to the Portuguese Pharmacopoeia (2005). 
 
Isolation and Quantification of Lipids 

The extraction of lipid was carried out through the Soxhlet method using 3 g of 
bovine meat and 150-ml chloroform:methnol (3:1), for 12 h. Lipid content was 
determined gravimetrically after total solvent evaporation. 
 
Quantification of Total Protein 

Two grams of bovine meat was submitted to the Kjeldahl method for the 
determination of overall protein concentration. Because the Kjeldahl method does not 
measure the protein content directly a conversion factor, F = 6.25, equivalent to 0.16 g 
nitrogen/gram of protein, were used to convert the measured nitrogen concentration to a 
protein concentration. 
 
Meat Sample Preparation 

Freshly bovine meat was obtained from the local market. Samples from each type 
of meat were homogenized with 1, 1.5 and 2% (w/w) of essential oil of T. capitata. These 
samples were stored at -17ºC, for one month. After 1 day, 15 days and 30 days, meat 
samples were taken and cooked at 85ºC for 90 min, then assayed for antioxidant activity 
using the TBARS method. 
 
TBARS Assay 

For this assay, a modified method of that reported by Ruberto and Baratta (2000) 
was used as described by Fasseas et al. (2007). 
 
RESULTS AND DISCUSSUION 

The essential oil, predominantly constituted by carvacrol as expected (Faleiro et 
al., 2005; Bounatirou et al., 2007), was used as possible antioxidant in bovine food. In the 
present study two types of meat was used, one being richer in lipids (15%) after 
extraction by the Soxhlet method. This method was chosen because it is one of the most 
used for total lipid extraction from meat, although it has been demonstrated that the use of 
different methods results in different lipid recoveries in biological samples (Pérez-
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Palacios et al., 2008). According to these authors, such differences can be attributed to the 
fat and moisture content, the nature of the protein network, the presence of several 
additives, the technological process or the physical and chemical interactions between 
lipids and proteins in the meat and meat products. The lipid percentage obtained in this 
work was about tenfold higher than that obtained by Silva et al. (2003) for bovine meat. It 
is noteworthy to refer that the lipid isolation from muscle tissues used by these authors 
was different. 

Concerning protein content, both samples presented similar percentages (21%), 
within the values generally described for raw beef muscle (19–20%) (Hurrell et al., 2006). 

When evaluated by the TBARS method, the essential oil of T. capitata was able to 
prevent meat oxidation, even after 30 days of frozen storage (Table 1). Higher 
concentration of essential oil generally improved the capacity for preventing lipid 
oxidation. The storage time did not greatly influence the antioxidant activity of T. 
capitata oil. These results agree with those already reported by some authors that have 
used essential oils isolated from diverse aromatic plants on the protection of diverse type 
of meat or fish to lipid oxidation. Some examples include: oregano and rosemary essential 
oils, individually or in combination with α-tocopheryl acetate on performance parameters 
and lipid oxidation of broiler meat enriched with n-3 PUFAs (Basmacioğlu et al., 2004); 
sage and rosemary essential oils on the lipid oxidative stability of refrigerated stored 
porcine liver pâtés (Estévez et al., 2006, 2007); rosemary essential oils on the oxidative 
stability of frankfurters from free range-reared Iberian pigs and intensively reared white 
pigs (Estévez et al., 2005); oregano and sage essential oils on porcine and bovine meat 
samples upon storage at 4ºC, in the raw or cooked state, over a day period (Fasseas et al., 
2007); cassia essential oil on the lipid oxidation of deep-fried beef during the frying 
process (Du and Li, 2008); oregano essential oil combined with light salt, modified 
atmosphere packaging on the shelf-life of sea-bream (Goulas and Kontominas, 2007); 
among many other examples. 
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Tables 
 
 
 
 
Table 1. Antioxidant activity of T. capitata essential oil on bovine meat, expressed as 

percentage of inhibition, evaluated through the TBARS method. 
 

Meat (9% lipid) Meat (15% lipid) Oil 
concentration 
% (w/w) 1 day 15 days 30 days 1 day 15 days 30 days 
1 48.9 - 28.9 46.7 43.2 14.6 
1.5 - 25.7 44.5 60.3 60.1 74.4 
2 79.7 55.0 74.6 69.2 70.6 74.6 
-: Not determined 
 


