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Background 
Lipid oxidation limits the storage life of meat (Rhee, 1988; Gray et al., 1996) through the production of 
rancid/off flavours but is also important in cooking-induced production of flavour volatiles, both directly and 
as precursors for the synthesis of other components of meat flavour.  
 
Methods for measuring the effect of oxidation on meat flavour are either direct, ie. taste panel, or indirect by 
determining the degree of lipid oxidation by measuring oxidation products. The former is expensive, baseline 
perceptions may vary and they depend on prior experience/conditioning. The latter is usually quicker, 
cheaper and more reproducible within and between laboratories, but on the other hand, only determines 
chemical compounds which may or may not be directly involved in the oxidised flavour.  Furthermore, 
widely used assays for rancidity, such as the determination of 2-thiobarbituric acid reacting substances 
(TBARS) measure a range of compounds. Although the chemical determinations are generally related to the 
deterioration in meat flavour there are few specific investigations of this relationship.  
 
Ruminant meat is relatively stable in terms of lipid oxidation because of its high proportion of saturated fatty 
acids relative to polyunsaturated fatty acids (PUFA).  However, by feeding cattle with lipids protected 
against rumen biohydrogenation it is possible to obtain meat with an increased content of n-3 PUFA (Scollan 
et al., 2003) making it more desirable in terms of human nutrition.  Protected PUFA with different degrees of 
unsaturation, such as lipid supplement (C18:2 n-6 + C18:3 n-3 ratio 1:1) or fish oil (C20:5 n-3 and C22:6 n-
3)  can produce meat with a range in oxidative stability, so that knowledge of the shelf-life and flavour of the 
modified meat becomes important (Richardson et al., 2003).  This meat with a wide range in oxidative 
potential can be used to assess the relationship between chemically determined oxidation and the 
organoleptic assessment of flavour as evaluated by a trained taste panel. 

Objectives 
The objective of this work was to relate human perceptions of lipid oxidation, as determined by a trained 
taste panel, to a chemical measurement of oxidation, using meat from animals with a wide range of potential 
oxidation because of the diet-induced changes in their PUFA composition, and further enhancement by 
displaying the meat in high oxygen modified atmosphere packages for various lengths of time. 

Materials and methods 
Meat was obtained from 73 Angus- and Charolais-cross steers raise for different on-going trials on 10 
different diets: grass silage (high in C18:3 n-3), cereal concentrate (high in C18:2 n-6), three diets with 3% 
added fat consisting of three levels of protected lipid (high in C18:2 n-6 and C18:3 n-3, ratio 1:1)(PLS) and a 
control with Megalac ® (relatively saturated)(contPLS) and three diets with three levels of inclusion of 
protected fish oil (high in C20:5 n-3 and C22:6 n-3) and a constant amount of unprotected fish oil (PFO), as 
well as an unprotected fish oil control (contPFO). 
 
48 hours after slaughter, the left loin of each carcass was removed, vacuum packaged, and kept at +1 oC. 
Loins of the grass and concentrate fed animals were kept vacuum packaged for an extra 8 days until reaching 
10 days of ageing, whereas loins from the rest of the diets were kept for 11 days until reaching 13 days of 
ageing according to the protocols of their respective projects.  After aging, each loin was cut into 2-cm thick 
steaks, vacuum packaged, frozen, and kept at -18 oC until analysed. 
 
TBARS and sensory analyses were performed on steaks displayed for 0, 4 or 9 days under simulated retail 
conditions in modified atmosphere packages (MAP).  After frozen storage, samples were thawed at +1 oC for 
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24 hours.  They were transferred onto a polystyrene tray, covered with a permeable film and enclosed in a 
plastic transparent bag impermeable to oxygen.  The atmosphere in the bag was modified to contain CO2:O2 
in the ratio of 25:75.  Samples were displayed for 4 or 9 days at 4 oC under illumination (700 lux 16 h on) 
until analysed.  Samples of day 0 of display were not displayed in MAP, but instead were analysed 
immediately after the vacuum was broken after thawing to avoid oxidation.  These were considered as non-
oxidised control samples. TBARS (thiobarbituric acid reactive substances) were analysed by the steam 
distillation method of Tarladgis et al. (1960) and expressed as mg of malonaldehyde per kg of lean muscle.  
Steaks for sensory analysis were grilled and turned every three minutes for homogeneous cooking until the 
internal centre temperature reached 74 oC measured by a hand-held digital thermometer.  Uniform cuboids 
were cut, wrapped in coded aluminium foil, and kept at 60 oC until the sensory evaluation was performed.  
Sensory assessments were performed by trained taste panel of nine members under controlled conditions, 
which included booths with red lights to mask colour differences.  Panellists received three samples at a time 
to compare the meat within each animal that had been displayed for 0, 4 and 9 days.  Panellists rated typical 
beef flavour, abnormal and rancid flavours as well as the overall palatability on an unstructured line scale 
where 0 meant no flavour or ‘dislike extremely’, and 100 meant very intense flavour or ‘like extremely’.   
 
Statistical analysis of panel data was performed by analysis of variance (Genstat 5 Release 3.1) within diet 
with conditioning time and panellist as factors and panel treated as a block structure.  Differences between 
mean values were assessed post hoc using the least significant difference procedure. TBARS were analysed 
using the Kruskall-Wallis rank sum test.  Spearman’s rank correlation coefficients (rho) were calculated on 
the animal by display means for TBARS and sensory data using Minitab Release 11. 

Results and discussion 
Table 1 shows the values for TBARS and sensory attributes.  Meat oxidation increased throughout the time 
at display for each of the diets, as shown by the rising TBARS values.  The increments were not linear, 
however, being smaller between days 0 and 4 of display than between days 4 and 9 of display, as lipid 
oxidation is a free-radical chain reaction (Rhee, 1988).  The lowest values and lowest increment in oxidation 
was produced by meat from the two control diets and the silage-fed animals probably due to the higher 
proportion of saturated fat in the meat from animals fed the contPLS and contPFO diets, as well as a higher 
content of vitamin E (Richardson et al., 2004) that acts as a powerful antioxidant. Accordingly, meat from 
animals fed concentrate diet had a low vitamin E concentration and the highest TBARS values.  The greater 
the inclusion of protected PUFA in the diet of the animals, the higher TBARS values were obtained.  This 
was especially observed in PFO diets, where an extra level of inclusion of protected lipid gave a higher 
oxidation value. In PLS diets, the oxidation of the meat did not increase from PLS2 to PLS3, because the 
attempt to increase C18:3 deposition in the muscle above PLS2 failed even with a 25% increase in protected 
lipid in the feed. 
 
Sensory attributes were also influenced by length of display. Positive attributes, such as typical beef flavour 
or overall palatability, decreased throughout display, whereas negative attributes, such as abnormal or rancid 
flavours, increased. Although all diets started with similar values, the biggest reduction in beef flavour 
occurred in the diets producing meat with the most PUFA, especially in PLS2, PLS3, PFO3 and concentrate 
fed animals, with the lowest beef flavour intensities at day 9 of display. In general, the decrease in strength 
of beef flavour was more pronounced between days 4 and 9 of display than between days 0 and 4.  Byrne et 
al. (2001) suggested that the disappearance of ‘meaty’ flavour was related to both the ‘meaty’ compounds 
degrading and becoming masked by flavour-affecting compounds derived from lipid oxidation.  Concentrate, 
PLS2, PLS3 and PFO3 fed-groups showed also the highest mean ratings for abnormal and rancid flavours, 
closely related to their higher values of TBARS.  Consequently, they received much lower values for overall 
palatability than the other diets. 
 
Panellists could barely detect rancidity in unconditioned meat (0 days of display) with mean ratings all being 
less than 2.  The lack of oxygen and the use of intact meat during frozen storage avoided the initiation of 
lipid oxidation (Spanier and Miller, 1996).  However, abnormal flavour was perceived from this early stage 
onwards.  Its value was always higher than those of rancidity, implying that rancid was considered an 
abnormal flavour, but not the only one of such.  Negative flavours such as painty, cardboardy, bitter and sour 
have been described to increase with post-mortem ageing (Spanier et al., 1997). 
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The correlations between these attributes were very high (Table 2).  TBARS was a good predictor of the 
perception of rancidity (rho = 0.84).  Panellist preferences were related to the presence of the typical beef 
flavour (rho = 0.93) and to the absence of abnormal (rho = -0.89) and rancid flavours (rho = -0.84).  The 
development of rancid flavour in relation to TBARS value followed a sigmoidal curve: y = 0.0553x3 – 
1.122x2 + 7.3962x + 2.3204 (R2 = 0.62).  The third grade of the curve implied that rancidity is perceived 
strongly once it reaches the threshold but then, either the perception of the panellists becomes numbed, or the 
analytical technique fails to discriminate TBARS accurately at high levels of oxidation.  The development of 
beef flavour in relation to TBARS also followed a sigmoidal curve but with a different direction than the 
previous one: y = -0.0359x3 + 0.8276x2 – 6.2937x + 24.475 (R2 = 0.68).  This means that typical beef flavour 
gets weaker but there is always a residual beef flavour in the meat throughout display, even if the 
development of other off-flavours becomes more perceivable. The two curves cross at a corresponding 
TBARS value of 2.3.  From this point onwards, the perception of rancid flavour overpowers the perception 
of beef flavour.  This could be considered as the oxidation limit at which meat could be rejected.  Tarladgis 
et al. (1960) and Turner et al. (1954) suggested a TBARS of 0.5-1.0 as the threshold value for the detection 
of off-odour in pork. However, pork has a milder flavour than beef, and therefore, rancid flavours are 
probably noted at a lower concentration than in beef. Nevertheless, Melton (1985) suggested that oxidised 
flavours were detectable in beef at TBA numbers of 1. 

Conclusions 
Oxidation produces a decrease in beef flavour and overall palatability, as well as an increase in abnormal and 
rancid flavours during retail display of beef.  Under the experimental conditions used, a TBARS value of 
around 2 could be considered the limiting threshold for the acceptability of oxidation-altered flavour in beef.  
This threshold was clearly higher than that of 0.5-1.0 suggested for pork. 
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Table 1.  Values for TBARS and sensory attributes. 

DIET days TBARS y Beef  flav. z Abnormal flav. z Rancid flav. z Ov. Liking z 
0 nd 26.5 c 11.7 a 1.2 a 26.8 c
4 0.24 22.5 b 23.1 b 5.4 a 19.9 b
9 0.43 17.1 a 34.0 c 14.2 b 15.9 aContPLS 

sig/sed *** 1.60 2.91 3.06x 1.91
0 nd 25.5 b 10.7 a 1.3 a 29.4 b
4 0.48 22.3 b 19.5 b 4.9 a 22.6 b
9 3.78 10.8 a 42.4 c 17.8 b 8.6 aPLS1 

sig/sed *** 1.57x 2.65x 3.98x 4.35x
0 nd 26.1 c 15.0 a 1.7 a 25.6 c
4 0.98 17.5 b 27.9 b 11.0 b 14.6 b
9 6.60 7.8 a 51.1 c 21.3 c 5.7 aPLS2 

sig/sed *** 3.27x 5.33x 3.97x 3.33x
0 nd 26.3 c 12.6 a 1.3 a 27.5 c
4 0.82 19.9 b 22.3 a 8.0 b 19.6 b
9 6.21 10.1 a 45.3 b 18.0 c 8.3 aPLS3 

sig/sed *** 2.79x 5.74x 2.90x 3.21x
0 nd 24.9 b 13.6 a 1.7 a 26.7 b
4 0.31 23.4 a 16.4 a 4.3 a 23.2 b
9 1.61 16.3 a 31.6 b 12.7 b 13.7 aContPFO 

sig/sed *** 2.32x 3.59x 3.12x 3.45x
0 nd 22.7 b 17.3 a 1.5 a 21.6 b
4 0.49 21.2 b 16.1 a 4.3 ab 19.9 b
9 2.14 14.1 a 36.3 b 11.4 b 11.9 aPFO1 

sig/sed *** 1.53 3.00 3.73x 2.83x
0 nd 23.6 b 13.5 a 2.0 a 24.4 b
4 0.56 19.7 b 20.5 b 5.2 a 18.3 a
9 3.00 12.4 a 39.7 c 18.5 b 10.2 aPFO2 

sig/sed *** 1.47 3.09 4.39x 2.63x
0 nd 25.2 c 13.7 a 1.2 a 27.2 c
4 1.10 20.4 b 22.4 b 6.9 a 19.4 b
9 5.17 9.8 a 49.5 c 19.0 b 7.0 aPFO3 

sig/sed *** 2.32x 3.01 5.05x 2.95x
0 nd 25.5 b 12.8 a 0.9 a 25.2 b
4 0.59 18.6 ab 24.1 ab 5.3 ab 16.7 a
9 1.16 14.4 a 31.2 b 12.1 b 11.9 aGrass 

sig/sed * 3.57x 5.92x 3.84x 4.12x
0 nd 25.2 b 18.2 a 1.3 a 26.2 b
4 3.15 12.1 a 38.0 b 9.5 b 10.6 a
9 6.68 7.7 a 53.7 c 21.4 c 6.05 aConcentrate 

sig/sed *** 2.81x 6.52x 4.09x 3.44x
y, mg malonaldehyde/kg muscle (medians);  
z, 0-100 scale (0-very low; 100-very high) (mean values); 
nd = not detected; 
a, b, c. Mean values with different superscripts within diet in the same column are significantly different (P≤0.05) 
sig/sed  significance (TBARS column), mean standard error (MSE=sed) (other columns); 
x Interaction between conditioning time and assessor, therefore significance and sed were recalculated. 

 
 

Table 2.   Spearman’s rank correlation coefficients between TBARS and sensory attributes (n=216). 

 TBARS Beef flavour Abnormal flavour Rancid flavour

Beef flavour –0.80 ***  
Abnormal flavour 0.82 *** –0.87 ***  
Rancid flavour 0.84 *** –0.79 *** 0.83 *** 
Overall palatability –0.84 *** 0.93 *** –0.89 *** –0.84 ***

*** = P≤0.001 

 




