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SUMMARY 

The oxidative changes in lipids and proteins in m. Longissimus dorsi during 

storage and thermal heating were studied in pasture reared and indoor finished 

Brown x Limousin and Black and White x Limousin calves. Lipid oxidation 

was measured by determination of the amount of malondialdehyde accumulated 

after 24 h, 48 h, 4
th
 and 6

th
 day at 4ºC and after 100

th
 day at -20º C. In proteins 

the oxidative changes were examined after determination of carbonyls formed 

during thermal heating with different duration. 

The time of storage influenced significantly (P<0.001) the oxidation in m. 

Longissimus dorsi of the calves from both crossbreeds, reared on pasture or 

indoor finished, since in the course of storage the amounts of malondialdehyde 

were increased. 

Significant influence of the rearing strategy on the lipid oxidation was 

observed in Brown  Limousin calves (P<0.001) as the quantity of 

malondialhehyde remained lower for the pasture reared animals. Thermal 

heating induced intensive oxidative processes in proteins in the two crossbreeds 

and in its course the content of  carbonyl substances in m. Longissimus dorsi 

increased significantly (P<0.001). 
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INTRODUCTION 

Oxidation processes in meat are complex reactions, initiated post mortem in 

the pigments, various lipid classes and proteins (Wold and Mielnik, 2000). They 

develop during storage and result in the formation of substances, such as 

aldehydes, carbonyl compounds and ketones, that most often deteriorate the 

sensory and nutritive parameters of meat (Trout et al., 2003; Insani et al., 2008) 

and are bad for the consumers’ health (Kanner, 2007). 

The oxidative stability of meat during storage is influenced by its duration 

and temperature (Smet et al., 2005, Tan and Chen, 2005) and also by the 

balance between the anti – and prooxidative substances in meat. Hence the 
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animal rearing is an important prerequisite for accumulation of natural 

antioxidants in the tissues, coming from food (Realini et al., 2004; Descalzo et 

al., 2000) and inhibition of oxidation during storage. 

Meat is consumed most often after thermal heating during which free 

radicals are formed and the oxidative stability of meat reduced. These processes 

favour the oxidation of meat lipids and proteins (Haak et al., 2006, Astruc et al., 

2007). Thermal heating induces modifications of the aminoacids in proteins, 

that are related to the formation of carbonyl compounds, thyols and aromatic 

hydroxylation (Morzel et al., 2006), enhancing aggregation and hence reduced 

digestibility of the proteins in the gastrointestinal tract (Sante – Lhoutellier et 

al., 2008).   

The aim of this study was to investigate the changes in the lipid oxidation 

during storage and in the oxidation of proteins in thermal heating with different 

duration in m. Longissimus dorsi in crossbred Limousin calves, reared on 

pasture or finished indoor. 

 

 

MATERIAL AND METHODS 

The study was carried out with calves of Brown x Limousin (n=11) and 

Black and White x Limousin (n=12) crossbreeds at the age of 24 months and 

average live weight 450 kg. The calves from each crossbreed are divided in 2 

groups - one reared on pasture while the animals forming the other group were 

reared on pasture and during the last 3 months before slaughter they were 

finished indoor and fed concentrate and forage. 

The calves were slaughtered according to the EU requirements. About 24 h 

after slaughter m. Longissimus dorsi (m.LD) was carefully removed form the 

left half of each carcass and samples were taken in order to study the lipid and 

protein oxidation.  

The samples concerning lipid oxidation were cut in small 2 cm sections, 

put in a plastic tray, wrapped in an oxygen permeable film and stored at 4°C for 

a period of 6 days, after which the storage continued at -20 °C up to 100 days.  

Lipid oxidation during the storage of the meat was measured on 24 h, 48 h, 

4
th
, 6

th
 and 100

th
 day of storage by determination of the thiobarbituric acid 

reactive substances (TBARS), represented by malondialdehyde (MDA), 

according to the method of Lynch and Frei (1993), modified by Mercier et al. 

(1998). Muscle samples (1 g) were homogenized in 10 ml KCl 0.15 M + BHT 

0.1mM with Ultraturrax (1 min, medium speed). Samples of homogenate (0.5 

ml) were incubated with 1% (w/v) 2-thiobarbituric acid in 50 mM NaOH (0.25 

ml) and 2.8% (w/v) trichloroacetic acid (0.25 ml) in a boiling water bath for 10 

min. After cooling at room temperature for 20 min, the pink chromogen was 

extracted with n-butanol (2 ml) and its absorbance measured at 535 nm against 

a blank of n-butanol. The results were expressed as milligram malondialdehyde 

per kilogram of meat (TBA units). 
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Samples for protein oxidation (24 h post mortem) were taken form the two 

types of crossbreeds, finished indoors. They were cut in small size pieces in 

paralel with muscle fibers and cooked at 100 C for 5, 15, 30, 45 and 60 minutes. 

Protein oxidation was determined for the myofibrillar proteins by the content of 

the carbonyl substances formed during thermal heating as described by Oliver at 

al. (1987) and modified by Mercier et al., 1998. Carbonyl groups were detected 

by reactivity with 2, 4 dinitrophenylhydrazine (DNPH) to form protein 

hydrazones. The results were expressed as nanomoles of DNPH fixed per 

milligram of protein. 

The determinations for lipid and protein oxidation were made in duplicates.  

Statistical analysis of the results was done using JMP v. 7 software. Two 

way ANOVA was used to establish the influence of the duration of storage and 

rearing strategy on the lipid oxidation. The influence of the duration of the 

thermal heating on carbonyl formation was evaluated by one way ANOVA.  

Comparisons were made between the intervals of measurement for both lipid 

and protein oxidation, as significant differences whenever found were evaluated 

using t-criterion of Student with the following levels of significance: * -P<0.05; 

**- P<0.01; ***- P<0.001. 
 

Table. 1 Effect of the duration of storage and rearing strategy on the lipid oxidation in 

m.Longissimus dorsi in crossbred Limousin calves  

  Brown  х Limousin Black and white х Limousin 

Sources of 

variation df SS MS F df SS MS F 

Time of storage 4 3.41 0.85 88.79*** 4 3.81 0.95 50.23*** 

Rearing strategy 1 0.16 0.16 17.13*** 1 0.004 0.004 0.24 

Error 45 0.43 0.009  50 0.94 0.018  

Total 54       59       

 

 

RESULTS AND DISCUSSION 

Lipid oxidation 

The results of the analysis of variance (Table 1) showed highly significant 

influence of the duration of storage (P<0.001) on the TBARS formation in the 

groups reared on pasture and finished indoor from both crossbreeds. 

The amounts of malondialdehyde in indoor finished Brown x Limousin 

calves (Fig.1) measured during the refrigerated storage (4 °С) did not change 

significantly until the 4-th day and varied between 0.199 and 0.225 mg/kg. They 

increased substantially on the 6
th
 day of storage (0.463 mg/kg), as the 

differences between this and the other points of measurement were significant 

(P<0.001). Such changes were not observed in the group reared on pasture 

where TBARS did not change significantly during the whole period of 

refrigerated storage. 
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Fig.1. Content of malondialdehyde formed during storage in m.Longissimus dorsi of 

Brown x Limousin calves 

* Intervals connected with different letters are statistically significant  at P<0.001, a-c-

indoor finished; d-e -reared on pasture 

 

Malondialdehyde contents, determined during the refrigerated storage in 

both groups of Black and White x Limousine calves (Fig. 2) did not change 

significantly till the 4
th
 day (0.228 and 0.269 mg/kg, 0.218 and 0.230 mg/kg for 

the pasture and indoor finished animals respectively). On the 6-th day the 

malondialdehyde quantities measured (0.473 and 0.518 mg/kg) were 

significantly higher than the rest of the intervals at 4 ºC (P<0.01). 

 

 
Fig.2. Content of malondialdehyde formed during storage in m.Longissimus dorsi of 

Black and White x Limousin calves 

* Intervals connected with different letters are statistically significant, a-c-indoor 

finished (P<0.01; P<0.001); d-f -reared on pasture (P<0.001) 

 

The amounts of the malondialdehide measured on the 100-th days of 

storage were maximal for the two types of crossbreeds, both reared on pasture 
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or finished indoor, as the differences with the other intervals were significant 

(P<0.001).  

The changes in the concentration of TBARS that we observed are a 

function of the time and temperature of storage (Saeed and Howell, 2002).  

Lower temperatures reduce the intensity of the oxidation processes, but they do 

not cease (Weber and Antipatis, 2001) since the formed free radicals enhancing 

oxidation are stable at low temperatures (Zarzycky and Swiniarska, 1993) and 

also there is a concentration effect at freezing (Foegeding et al., 1996). 

Influence of the rearing strategy was found only in Brown x Limousin 

calves (P<0.001), as the effect was highly pronounced on the 6
th
 day of storage 

(0.213mg/ kg and 0.463mg/kg, respectively for the pasture reared and indoor 

finished animals). Lower amounts of malondialdehyde were determined on the 

100
th
 day of storage in the calves reared on pasture -0.771 mg/ kg vs 0.943mg/ 

kg for the indoor finished animals. 

Our results are in contrast with those of Reverte et al., 2003, who showed 

that beef from pastured animals has higher amounts of malondialdehyde when 

frozen. It could be suggested that the lower TBARS in this study in the animals 

reared on pasture are due to the higher amounts of antioxidants coming from the 

grass that will consequently accumulate in the muscle tissue (Descalzo et al. 

2000, Realini et al., 2004). 

The secondary products of lipid oxidation, the malondialdehyde among 

them, are related to the development of warmed off flavour. In experiments of 

Verme and Sahoo, 2000, values of 1-2 mg/kg are appointed as a threshold for 

detecting warmed off flavour. These values are above the determined in our 

study which indicates low intensity of lipid oxidation during storage. 

 
Fig. 3. Amount of carbonyl substances, formed during thermal heating in m. 

Longissimus dorsi of Brown x Limousin calves 

*Intervals connected with different letters are statistically significant, P<0.01; P<0.001. 
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Fig. 4. Amount of carbonyl substances, formed during thermal heating in m. 

Longissimus dorsi of Black and white x Limousin calves 

*Intervals connected with different letters are statistically significant, P<0.001 

 

Protein oxidation 

The formation of carbonyl substances is one of the main oxidative changes 

in proteins (Requena et al., 2003, Stadman and Levine, 2000) and their quantity 

determination by DNPH derivatisation is recommended for measurement of the 

general extent of protein oxidation (Levine et al., 1990). 

The results of ANOVA showed significant influence of the thermal heating 

and its time on the protein oxidation in the two crossbreeds finished indoor 

(Р<0.001).  

The dynamics of changes in the amounts of carbonyl compounds in the two 

crossbreeds (Fig. 3 and Fig. 4) showed increase during thermal heating as on the 

5
th
 minute there was significant (P<0.001) augmentation by 35-37 % 

respectively for Brown x Limousin and Black and White x Limousin, compared 

with raw meat. Carbonyl content in the muscles varies widely dependent on the 

muscle type and protein solubility (Fagan et al., 1999). Generally their amount 

in non oxidized muscle tissue is 1 nmol/ mg protein where as in oxidation it 

ranges between 2-14 nmol/ mg protein and depends on the initiator and level of 

oxidation (Fagan et al., 1999; Mercier et al., 1998; Reznick and Packer, 1994; 

Rowe et al., 2004a). 

Both groups showed highly significant increase of the carbonyl content 

between 15-th and 30-th minute of the thermal heating (Р<0.001), and in Brown 

x Limousin calves such increase was observed between the 30
th
 and the 45-th 

minute as well (P<0.01). Oxidation of the myofibrillar proteins in m. 

Longissimus dorsi reached its maximum between the 45
th
 and the 60

th
 minute of 

the thermal heating in both groups when the accumulation of carbonyls was 

higher. Our results are confirmed by those of Sante-Lhoutellier et al., 2008 in 
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beef. Similar values of carbonyl content are determined by Martinaud et al., 

1997 after 10 days of storage of beef showing the high intensity of oxidation 

during thermal heating. According to Hoac et al., 2006 this is due to the 

decomposition of the antioxidant systems in muscles by warmth as well as to 

the formation of free radicals, induced by free iron from the heme and non heme 

pigments (Garcia et al., 1996; Purchas et al., 2006). 

 
 

CONCLUSIONS 

The time of storage influenced significantly the lipid oxidation in m. 

Longissimus dorsi as in the course of storage the amounts of malondialdehyde 

increased in both pastured and indoor finished calves from the two crossbreeds.  

Significant influence of the rearing strategy was found in Brown x 

Limousin calves where the amounts of malondialdehyde were lower for the 

group reared on pasture 

During the whole period of storage the malondialdehyde concentrations 

were below the threshold at which negative sensory changes are detected. 

Thermal heating induced intensive oxidative processes in proteins and its 

time influenced significantly the contents of carbonyl substances. 
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