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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 biological
(species, sex, age and breed of the animal, type and pH of meat) and technological factors (pre-slaughter treatment, temperaturé,
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. Renefr®
(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 colouf
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 internal
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 T;, heating was continued for hal
an hour. The colour was sensorily and instrumentally (Minolta CR 200b) evaluated on the freshly cut surface of the chilled raw an
heated samples, and after a 60 min rest at 0°C in the refrigerator (oxygenated cut). The colour was sensorily evaluated on the basis 0
printed colour scales showing different hues of three basic colours - black (PB), red (PR) and yellow (PY). Change to one of the thre®
basic colours was noted when this colour was changed by 10 % (Gasperlin ef al., 1997a). Depth of oxygenated layer, myoglObin
quantification (Trout’s Nitsge method (1991) modified by Gasperlin et al. (1997b)), specific activity of cytochrome c oxidase
(Appelmans et al., 1954) and decrease of O, concentration (Echo apparatus; Technical report, 1998) were carried out. The data wer®
analysed by the method of least squares using the GLM procedure (SAS, 1989).

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

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 (T; 45°C to 70°C; PM becom®
brighter and redder) and oxygenated (PM was slightly brighter). Colour of muscles heated to T;=75°C was similar. Heating affects all
sensory and instrumental colour parameters (lower PB, PR, PY, 'a', b’ and higher 'L' value) and DOL, TMP and DOC (lower) t0¢
Oxygenation of the raw and heated slices (except T; = 75°C ) led to a lower PB and higher PR, 'a' and 'b' values. Correlation analyS‘S'
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 - P
value (R=-0,73). It should be mentioned that members of sensory panel ascribed the presence of yellow (PY) colour in colour hue
usually to brightness of the sample (presence of black colour - PB). Based on these facts, panellists had difficulties to evaluate the P
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 - highef
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  Table 2 Effect of Variability and its Significance fof

and Instrumental Parameters of Beef Colour Physical and Biochemical Properties of Beef
Significance of effects (P-value) Significance of effects (P-value)
M H 0 MxH  MxO  HxO MxHxO rsd 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 00001 0.0419 0.0001 0.0489 231 SACCO 0.2202 0.2430  0.2112 0.87
a’ 0.0001 0.0001 0.0001 00001 0.0221 0.0001 0.0027 1.74
L g : DOL (mm): depth of oxygenated layer;
b 0.0001 _ 0.0001 0.0001 0.0001 00552 0.0001 0.0077 101  pnp (mg/g of meat): content of total native muscle pigment

DOC (m%0/h/g of meat): decrease of O, concentration;
SACCO (mU/mg prot.): specific activity of cytochrome €
oxidase.

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.

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
T,=45C T, =50C T.= 35T T =60 T,=65C T,=70C T,=75C
LD PM LD PM LD PM LD PM LD PM LD PM LD PM
50 48 NS {40 40 NS {39 34 40 30 130 23 |33 2% 27 30 NS
65 55 " 144 36" 132 36 NS {38 35NS i35 43 " 38,15 381/ eae 30 30 NS
. 53 53 NS {50 46 NS ;48 46 NS |52 36 48 38~ {43 38 NS |37 39 NS
L'1365 385" 1431 43NS 1445499 1496 530" 1492 554" 524 553"

. 558 528" 1569 552°
b 5218277 1166 1857 1199 1767 1200 17677 1244 176 235 184 16.6 19.6

12.9 12.4 NS
48 59° 65 69NS i87 79 i97 86 T2 grget™ 112 11.0NS i12.0 11.0

Oxygenated Cut

33vi33NSanik9 e <. 24 20 NS {20 21 NS {20 26 NS 33 26 37 40 NS
F61as 166 NS el 4781 5531510 535 eridBers 69 49 52, 4B ste 20 0dB8ura 20 20 NS
it 60 S0 " 163 48 " 155 47" 154 40 " 50 46 NS |38 47 NS | 40 46 °
L' 1384 305 NS (433 457 1469 508"

, 511 541" 1531 557 {539 548NS {555 55.1NS }54.6 524"
';' 20.7 22.0NS 232 232NS 259 229" 26.0 23.3 285 22.6 26.7 16.9 14.0 18.1 8.7 RILNS

oo 114 124NS {133 13.8NS (152 144" 163 148 " 1166 149" ' 1170137 1133 13.6NS 1127 132
Evels of significance: NS: P> 0.05; ™" P <0,001; "P< 0,01; "P<0,05; T;: internal temperature; LD: m. longissimus dorsi; PM: m. psoas major.

.

Table 4 Least Square Means in the Sixteen Experimental Groups for Physical and Biochemical Properties of Beef

LD PM
40 L1 I5CT L O0T | 0T | 700 .79 Raw | 45C { 50T ["55CT: 60€ L 60C i 7017

75C

, TR0 AR IR G TR 01 02 R 1010 T 0. 0° 2877 el e g ol WS grgr et llgiemESTRGb S e

[8.44%:794%789%1807% 8.06%: 7.36™ 2.79° | 0.69" | 10.04" | 7.85% | 8.02% | 6.94% | 6.04% | 6.00% | 551° | 090"

SA 16.34%1371%! . - 3500 - - 11085% § 7.11* § 6.09° | - - 448 - - -

&1.92bd 1.48%% - - {L15¥) - - 10.74™ (0.84™ 130" - - 1107%F - - i093°
“*"Means with the same letter were not significantly different (P> 0.05)

Xygen in meat is used (when the autooxydation of lipids and microbiological contamination is ignored) by the oxygenation of the
a:at Pigment or/and by the mitochondrial respiration (Lanari in Cassens,1991). On the basis of further investigations with the Oxymax

Pr\zaratus (Columbus) (Gasperlin ef al., 1995), more extensive DOC results on the Table 5 Correlations Between Colour Parameters
. ISamples were provided (due to extensive respiration) than on the LD. But
u

s on the Echo apparatus showed (Table 2) that the differences in DOC

Correlation Coefficient

PB PR EX-
:Weefl muscles were coincidental. Respiratory activity of muscles was also 'L’ -0.68""" -0.68"" -0.67""
notefmmed by measuring of specific activity of cytochrome ¢ oxidase, but it was 'a' -0.33"* 0.55°> 030,
| Laffected (Table 2) by the studied factors. b 493 0.01 0.11°
.C(’“Clusions

Sensorily 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;
Colour of LD and PM muscles heated to Ti=75°C was not affected by the studied factors;

an increase in T; was accom
DOL and TMP;

«  Xygenation of the raw and heated slices (except T; = 75°C ) led to a lower PB and higher PR, 'a' and 'b' values:
B was negatively correlated with 'L' and 'b' values.
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