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Background .
The meat colour is determined by meat pigment myoglobin and its chemistry. It is subjected to a great number of biologica 

(species, sex, age and breed of the animal, type and pH of meat) and technological factors (pre-slaughter treatment, temperature, 
partial oxygen pressure, eventually packaging and sealing the meat), which in most cases do not affect eating quality of meat after 
thermal treatment. One of the less studied effects on colour of cooked, heated beef is colour stability of different muscles. Renerre 
(1984) found that colour stability 168 h post mortem was the greatest for the beef longissimus dorsi (LD) and the least for the psoas 
major (PM) muscle.

Objectives
The objective of this experiment was to study the changes in beef LD and PM muscles with respect to its post-mortem colour 

characteristics and some biochemical factors responsible for the colour variability. The influences of colour stability and oxygenation 
on colour of beef muscles were assessed after heating to different internal temperatures.

Methods
The LD and PM muscles (pH < 5.9) of four Simental bulls (18 months) were taken 24 hours post mortem. The samples were 

vacuum packaged, frozen at -35°C and, before analyses, cut into eight samples and thawed: seven were heated to different interna 
temperatures (T;: 45°C, 50°C, 55°C, 60°C, 65°C, 70°C and 75°C), the eight was raw, unheated. The samples were heated to an 
adequate internal temperature in the heat controlled water bath. When samples reached the required Ti, heating was continued for ha 
an hour. The colour was sensorily and instrumentally (Minolta CR 200b) evaluated on the freshly cut surface of the chilled raw and 
heated samples, and after a 60 min rest at 0°C in the refrigerator (oxygenated cut). The colour was sensorily evaluated on the basis o 
printed colour scales showing different hues of three basic colours - black (PB), red (PR) and yellow (PY). Change to one of the three 
basic colours was noted when this colour was changed by 10 % (Gasperlin et al., 1997a). Depth of oxygenated layer, myoglobin 
quantification (Trout’s Nit409 method (1991) modified by Gasperlin et al. (1997b)), specific activity of cytochrome c oxidase 
(Appelmans et al., 1954) and decrease of 0 2 concentration (Echo apparatus; Technical report, 1998) were carried out. The data were 
analysed by the method of least squares using the GLM procedure (SAS, 1989).

Results and discussions .
The data analysis for the colour parameters (Table 1) showed that the interaction between the muscle, heating and oxygenate 

affected almost all the parameters significantly at the 1% level or less. Panellists did not find colour differences between raw LD an 
PM (Table 3). Colour of LD and PM muscles were significantly different when they were heated (Tj 45°C to 70°C; PM become 
brighter and redder) and oxygenated (PM was slightly brighter). Colour of muscles heated to T—75 C was similar. Heating affects a 
sensory and instrumental colour parameters (lower PB, PR, PY, 'a1, 'b' and higher 'L' value) and DOL, TMP and DOC (lower) too 
Oxygenation of the raw and heated slices (except Tj = 75°C ) led to a lower PB and higher PR, a and b values. Correlation analys 
showed the 'L' negatively correlated with sensorily evaluated colour parameter PB (R=-0,68). In contrary to our expectations 'a' and 
values did not correlate strongly with sensorily evaluated PR and PY (Table 5). There was a negative correlation between PB -  ̂
value (R=-0,73). It should be mentioned that members of sensory panel ascribed the presence of yellow (PY) colour in colour hu 
usually to brightness of the sample (presence of black colour - PB). Based on these facts, panellists had difficulties to evaluate the  ̂
and the inconsequent evaluating can be supposed. No marked differences due to oxygenation were found in the DOL of raw LD an 
PM (Table 4). Our finding was contrary to Lawrie (1979), who found that after an hour at 0°C the depth of oxymyoglobin was only  ̂
mm in fillet (where respiratory activity is high - lower colour stability), but 2.5 mm in sirloin (where respiratory level is low - highe 
colour stability). The heating and interaction between heating and muscle effects on TMP were significant at the 0.1% level (Table2).

Table 1 Effect of Variability and its Significance on Some Sensory Properties 
and Instrumental Parameters of Beef Colour

Table 2 Effect of Variability and its Significance f°f 
Physical and Biochemical Properties of Beef

M
Significance o f effects (P-value) 

H O MxH MxO HxO MxHxO rsd
Significance o f effects (P-value) 

M  H MxH rsd...

PB 0.0001 0.0001 0.0001 0.0001 0.0074 0.0001 0.0001 4.06 DOL 0.0004 0.0001 0.0001 0.43

PR 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 6.34 TMP 0.9686 0.0001 0.0001 1.19

PY 0.0001 0.0001 0.0002 0.0001 0.2138 0.0854 0.0003 8.11 DOC 0.0720 0.0001 0.6408 1.95

'L' 0.0001 0.0001 0.0223 0.0001 0.0419 0.0001 0.0489 2.31 SACCO 0.2202 0.2430 0.2112 0 .8 7 ^

'a' 0.0001 0.0001 0.0001 0.0001 0.0221 0.0001 0.0027 1.74 DOL (mm): depth of oxygenated layer;
V 0.0001 0.0001 0.0001 0.0001 0.0552 0.0001 0.0077 1.01 TMP (mg/g of meat): content of total native muscle pignien

M: muscle; H: heating to different internal temperatures; O: oxygenation ; rsd: residual 
standard deviation; PB: presence of black colour; PR: presence of red colour; PY: presence of 
yellow colour; 'L': lightness; 'a': redness; 'b': yellowness.

DOC (m% 02/h/g of meat): decrease of 0 2 concentration; 
SACCO (mU/mg prot ): specific activity of cytochrome c 

oxidase.

388 45th ICoMST 1999



Table 3 Least Square Means for Sensory Properties and Instrumental Values of Colour and Levels of Significance Between LD an 
PM Heated to Different T(

Fresh Cut
Raw T, = 45 %J Ti =50 n
PM 1,1) PM ID PM LI) PM ID PM ID PM LD PM ID PM

63 62 NS 50 48 NS 40 40 NS 39 34 40 30 30 23 33 26 27 30 NS
73 73 NS 65 55 44 36 32 36 NS 38 35 NS 35 43 33 38 ** 30 30 NS
65 72 NS 53 53 NS 50 46 NS 48 46 NS 52 36 48 38 43 38 NS 37 39 NS

36.5 38.5 43.1 44.3 NS 44.5 49.9 49.6 53.0 49.2 55.4 52.4 55.3 * 55.8 52.8
***

56.9 55.2 *
15.2 18.2 16.6 18.5 19.9 17.6 20.0 17.6 24.4 17.6

...
23.5 18.4

• ••
16.6 196 12.9 12.4 NS• ** **

Oxygenated Cut
33 NS 29 20 24 20 NS 20 21 NS 20 26 NS 33 26 37 40 NS

74 73 NS 76 66 NS 78 53 53 49 69 49
...

52 43 29 43 20 20 NS
70 64 NS 60 50 63 48 55 47 54 40 50 46 NS 38 47 NS 40 46 *

38.4 39.5 NS 43.3 45.7 46.9 50.8 51.1 54.1 53.1 55.7 53.9 54.8 NS 55.5 55.1 NS 54.6 52.4 *
20.7 22.0 NS 23.2 23.2 NS 25.9 22.9 26.0 23.3 28.5 22.6

...
26.7 16.9

*•*
14.0 18 1 8.7 8.1 NS

i l l 12.4 NS 13.3 13.8 NS 15.2 14.4 16.3 14.8 16.6 14.9 17.0 13.7 *** 13.3 13.6 NS 12.7 13.2 *
°f significance: NS: P > 0.05; *”* P S 0,001; "P S  0,01; ‘ P S 0,05; r, : internal temperature; LD: m longissimus dorsi; PM: m. pso as major.
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Means with the same letter were not significantly different (P> 0.05)

Uj ^ en ’n meat is used (when the autooxydation of lipids and microbiological contamination is ignored) by the oxygenation of the 
eat Pigment or/and by the mitochondrial respiration (Lanari in Cassens,1991). On the basis of further investigations with the Oxymax
PParatUS ÎPnllimhnC  ̂^Hacnorlin ni /nr/ 1 ÛÔ ) avtanni.m DDr’ ____xl_____ T.LI r /-r______I. . 1 n /-( 1 nPlVl TatUS (Columbus) (Gasperlin et a i, 1995), more extensive DOC results on the 

re ,SarnP*es were provided (due to extensive respiration) than on the LD. But 
( J U ts on the Echo apparatus showed (Table 2) that the differences in DOC 
(ie(Ween musc'es were coincidental. Respiratory activity of muscles was also 
_ ermined by measuring of specific activity of cytochrome c oxidase, but it was 

affected (Table 2) by the studied factors.

Table 5 Correlations Between Colour Parameters 
Correlation Coefficient

PB PR PY
'L' -0.68"’ -0.68’" -0.67’"
'a' -0.33"’ 0.55"’ 0.30’”
V -0.73’’’ 0.01 -0.11*

^«elusions
,  Sens°rily evaluated colour of raw LD and PM was similar; instrument noticed differences;
,  Colour of LD and PM muscles was significantly different when they were heated (T; 45°C to 70°C) and oxygenated;
, Co|our of LD and PM muscles heated to Ti=75°C was not affected by the studied factors;

an ’ncrease in T, was accompanied by changes of all sensory and instrumental colour parameters, as well as a lowering of DOC 
,  u OL and TMP;
» oxygenation of the raw and heated slices (except T, = 75°C ) led to a lower PB and higher PR, 'a1 and V values;

"B was negatively correlated with 'L' and 'b' values.
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