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INTRODUCTION

Several meat quality characteristics
observable in the processing plant and
supermarket, or measurable in the
laboratory are known to be closely
related to the consumers’ appreciation
of meats. Among these the colour of
meat is of primary importance for the
retailer as it largely determines the
consumers’ inclination to buy one pro-
duct or brand rather than the other
(Hood and Riordan, 1973). The colour
of meat depends on a number of in-
dependent variables important in mar-
keting, e.g., animal age, pre- and
post-slaughter handling and the dis-
play environment (McDougall, 1977).
A1l of these interfere heavily with
the pure physics of colour observation
by individuals or colour-analysing in-
struments. Therefore, novel ways of
processing carcasses into meats need
to be evaluated carefully as to their
impact on meat colour.

The colour of meat primarily depends
on the concentration of the pigment
myoglobin which can exist in three
forms: the purple (reduced) myoglobin
(Mb), the cherry-red (oxygenated) oxy-
myoglobin (Mb0O) and the greyish-brown
(oxidized) metmyoglobin (MMb). These
three forms are constantly being in-
terconverted. When the surface of meat
is exposed to air, oxygen will pene-
trate into the interior, the oxygen
diffusion being deeper the longer the
meat is exposed. Below the layer of
MbO, a thin Mb layer exists where the
partial pressure of oxygen is too Tow
for oxygenation to occur. Beyond that
a thin Tayer of Mb is oxidized to MMb,
which will gradually shift from inte-
rior to surface, thus causing the so-
called ’fading’ of meat (Seideman et
al., 1984). Several factors determine
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the accumulation of MMb on the meﬁ
surface and hence the stability ¢
meat colour, e.g. rates of oxygen—d!ﬁ
fusion (Brooks, 1938) and -consumptiof
(Atkinson and Follett, 1973), (aut?
oxidation (Lawrie, 1979) and the el
zymatic reduction of MMb (Hood, 19803
Ledward, 1985; Renerre and Laba%
1987). Extrinsic factors such as P
decline and temperature, water-holdi"
capacity and muscle structure affe¢
how colour is perceived (McDougall”
1977). ]
Several meat processing procedur®
markedly influence both intrinsic a"
extrinsic colour determinants.
major ones are meat comminution 3&
salting, the former one destroying tM
reducing system and thus promoting !
rapid formation of MMb (Ledward ©
al., 1977), the latter one exertind

strong pro-oxidant effect (Huffma"
1980) . y
Many of the afore-mentioned fact0

that determine colour stability arf
affected by accelerated processing,
meats. Firstly, electrical stimulat!
will induce a rapid early post-mor*”
pH decline, secondly hot boning ?i'
celerates the chilling rate, and ¢
nally pre-rigor comminution and Sﬂa
ing largely determine the chemi®,
form of Mb, rate of ATP breakdown ?M
glycolysis and thus the water-hold!™
capacity and 1ight reflectance char?
feristics. £he
In earlier studies we investigated
influence of electrical stimula
and hot boning on the colour (stab
ty) of intact bovine Tlongissimus 140
psoas major muscle (Van Laack et agﬂ
1989; Van Laack and Smulders, 198@h
and ground beef of a relatively hg,
fat content (Van Laack and Smu1de%t
1989b). The purpose of the preSeU
study was to assess the impact of ol
celerated processing on the C01tﬂ
stability of a comminuted, pre—Sa”Ch
product prepared from beef from Wh‘
all visible fat had been trimmed ©
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MATERIALS AND METHODS "
Eight  Friesian  Holstein C?eg
3-5 years old, were stimulated ?tin
trically (85 V, 14 Hz, 30 s) .w1teU
5 min post mortem. At approximd i
1 h post mortem the sternomandibul? .
muscles of randomly selected Carcin

sides were hot boned, cut UP




;hUNks, ground through a 3 mm plate,
R1Xed with a hamburger-mix (Verstegen,
‘Otterdam, The Netherlands) resulting
b? a salt concentration of 1.8%, and
Y €nded in a Hobart blendor for 3 min.
tﬁ?"g a mould, hamburgers (1.5 cm
ed‘Ck, 8 cm diameter) were hand-press-
St and frozen at -40°C and finally
AOPQd at -20°C in card-board boxes.
identical procedure was followed
; cold-processing of hamburgers,
hég' after the remaining carcass side
Vo) been chilled at -1 to -4°C, air
9 0City 3 m/s, during the first
st Min, whereafter the carcass was
sored at 1+1°C, air velocity 0.5 m/s
Bk 24 h.
ESFOPG freezing hamburgers were sampl-
metfor microstructural study using the
a] h??gég?y described by Koolmees et
?;Xteen hamburgers per treatment group
th Samples per carcass-side) were
ﬁfWEd and allowed to bloom at 2+2°C
" 2 days whereafter they were dis-

for

ﬂayed for 7 days at 1t1°C under con-
30"U0us illumination with a

0 0-400 Lux lamp (Philips TLC95). At
b %> 4 and 7 days of display L*, a*,
werVa1ues and spectrum (400-700 nm)
of € analysed instrumentally by means
St., 3 Hunter Labscan SN12244; 10°
5 "dard Observer, D65 illuninant,
hmmm opening, calibrated with black
fop White tiles. Significance of dif-
enEHCes were tested with the Stu-
Drot‘t-test (paired where ap-

Priate).

EESULTS AND DISCUSSION
Va?ure 1 includes the Hunter CIE-Lab
mW“eS of hot and cold processed ham-
1i1§§rs during one week of display at
T .
a2;°“9hout the storage period L*, a*
in. O* values were higher in hot than
“fco]d processed beef burgers, which
in .Srences were significant (p<.05)
instances but two (a* values at
Ung and 2). The higher values for
re ¢ L*, denoting a brighter colour,
o 'N agreement with earlier findings
Smﬂp”e-rigor ground (Van Laack and
Rog, 96"'S, 1989b) and flaked beef (Van
by g €l al., unpublished results cited
oy "Mulders et al., 1987).
e Oned, intact beef and pork mus-
dark almost invariably exhibit a
®r colour than cold boned muscle

3
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Fig. 1 Hunter CIE-Lab values of hot-
(+) vs cold- (o) processed hamburgers
during 1 week of display at 1£1°C

after one week of refrigerated vacuum
storage (Smulders et al., 1988). This
has been attributed to the superior
waterholding properties of pre-rigor
excised meat which might reduce light
reflectance and, to a lesser degree,
to protein denaturation caused by fas-
ter chilling (Taylor et al., 1980-
1981). That the situation is reversed
in comminuted beef with a relatively
high percentage of fat was suggested
to be the result of pre-rigor ground
beef having soft warm fat which is
dispersed through the product as small
droplets; in cold processed beef bur-
gers the solid fat had a more granular
appearance (Van Laack and Smulders,
1989b). In the present experiment we
carefully trimmed off all visible fat
from the muscles to achieve a low fat
content. Fat content of the blend was
12% (assessed through extraction) in
both hot and cold processed burgers.
We hoped that with such a low fat per
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Fig. 2 Reflectance spectra of hot-
(+) vs cold- (o) processed hamburgers
during 1 week of display at 1+1°C

centage structuraldifferences would
interfere Tless seriously with 1light
reflectance. Yet, light-microscopical
examination clearly indicated that the
fat in hot, as opposed to cold pro-
cessed burgers had coalesced in fat
channels, finely dispersed through the
product. This has Tlikely altered the
smoothness of the surface and thus
increased the Tlight scatter in hot
processed burgers as also observed by
Aby-Bakar et al. (1988). Other inves-
tigators (e.g. Jacobs and Sebranek,
1980; Seman et al., 1986) found that
hot processed ground beef had a darker
appearance. One would expect to ob-
serve this since hot processed burgers
have superior waterholding properties
(Van Laack & Smulders, 1989b). It
should be realized, however, that, as
opposed to the afore-mentioned Ameri-
can studies, the hamburgers in our
study were composed of one single
ground muscle. It is possible that
between-muscle differences account for
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Fig. 3 Hue and chroma values, a”dA
Reflectance (A630-580 nm: MbO; an®
630-525 nm: ’‘MMb’) of hot- (-)
cold- (o) processed hamburgers

4
discrepancies in results since ?
degree of post mortem protein dend
ration differs considerably bet#®”
muscles, depending on pH and tempe%g
ture decline and thus on chil
rates. In our study we used sternomé’ f
dibularis muscle which, on account1]
its position in the carcass, Was
chill very fast after hot bonind _
well as on the cold-to-bone carcai,
The MMb reducing activity may the&h
fore have been quite similar for "k
processing methods (McDougall and ‘
len, 1986) 0 ‘
Figure 2 is a three-dimensional Yepof
sentation of the light ref]ectance B
hot vs. cold processed beef burger 95
different wave lengths, as it ¢ ad?
during one week of refrigerated i
play. If the observed differencé
colour of hot vs. cold processed "
burgers would simply be a matte e
altered structure one would expect “if |
reflectance spectra for both type® |




Products to run more or less parallel.

€ fact that the curves diverge, con-
€rge and even cross at particular
YaVe lengths seems to indicate that
the relative proportions and/or loca-
10n of MbO, Mb and MMb may have been
ffected by the method of processing.
13 an earlier study (Van Laack et al.,
, 87) it was substantiated that the
r¥ygen consumption is higher in pre-
Mgor than in post-rigor meat. This
O}th lead to a thinner surface layer

MbO. In addition, the lower partial
%reSSure of oxygen in pre-rigor beef,
t_rough increasing the redox poten-
c!a]’ will increase the reducing capa-
T;FY in the hot processed hamburgers.

IS will Tead to a thinner layer of

TMb and a relatively thick surface
lgyer of Mb (George and Stratmann,
2). It is tempting to speculate

ggat the relative contribution of Mb

th thg total reflectance accounts for
'€ higher reflectance values observed
st _hot processed hamburgers as,
Mictly for the purpose of illustra-

yoﬂ of this argument, is visualized
oy,

yidep wd G'0==— 80BJINS

N,
*'processed
(HP)

Cold processed
(CP)

meﬁtPEflectance spectra of muscle pig-
a] . are well-documented (Kropf et
Bla: 1976; Hunt, 1980). The total re-
be.ctance of meat and meat products
Hon? a composite (not simply a somma-
i N!) of the reflectances of the pure
atgmGNtS, might also explain why only
10 200 nm the total reflectance is
hamgr for hot- than for cold processed
thaturgers, for it is well possible
the at this particular wave length
is ]COntribution of, for instance, MMb
My ' €SS important than that of Mb or
Baps «
t§£t1CU1ar1y at wave lengths >600 nm
hayy Sflectances of the hot processed
Umsurgers decrease more rapidly than
the € of the cold processed ones (note
lin 1fference in convergence of the
Connecting the reflectance va-

.
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lues at different storage times on the
one hand and the reference lines pa-
rallel to the time-axis on the other).
This observation indicates that, in
contrast with intact muscle (Van Laack
et al., 1989; Van Laack and Smulders,
1989a) the colour stability of hot
boned, comminuted beef is less stable
than that of cold boned comminuted
beef. A further substantiation for
this is found in the observation that
the values for chroma [C*, generally
considered a useful parameter to des-
cribe colour changes in more descrip-
tive terms (McDougall, 1977)] decrease
more rapidly in hot than in cold pro-
cessed hamburgers (see Figure 3).

In spite of these contrasts it should
be recognized, however, that all pro-
ducts, irrespective of way of process-
ing, were very attractive in colour as
is reflected by C* values (ca. 27 and
higher throughout storage) approximat-
ing the vreference values generally
associated with an attractive, bright-
ly-red, colour (McDougall and Allen,
1986). The fact that display condi-
tions (strict storage at 1+1°C) were
almost ideal to preserve colour-stabi-
1ity has undoubtedly contributed to
this.
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