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INTRODUCTION
The intrinsic colour of pork, i.e. 
the pigment content, is an important 
quality parameter to most consumers. 
(Pigment content is equal to the sum 
of myoglobin and remaining haemoglo
bin contents.) "Pale" meat is in
variably associated with poor eating 
characteristics, irrespective of the 
cause of the paleness. Meats with low 
pigment contents, but with otherwise 
normal technological and quality- 
related properties, for example, are 
often mistakenly identified with 
meats with poor water holding capaci
ty, i.e. PSE-meats.

Furthermore, in the production of 
processed meats, large differences in 
pigment content in the raw material 
will result in products with an un
desirable, non-uniform colour.

Natural differences in pigment con
tent in the lean between muscles and 
breeds exist, and the extensive use 
of many breeds in Denmark has resul
ted in wide pigment variations in 
Danish fresh pork. This has emphasi
sed and actualised the need for a 
rapid method of assaying meat pigment 
content; a method sufficiently rapid 
to allow slaughter line sorting of 
carcasses in "colour classes" would 
alleviate problems of the kind men
tioned above by directing the meat to 
proper markets or productions.

We disclose here our initial work on 
the development of such a rapid 
system. The system is based on re
flection of polychromatic visible 
light, and it harnesses recent pro
gress in both integrated optics and 
mathematical modelling.

MATERIALS AND METHODS 
A Zeiss model >ICS 210 fibre 
spectrophotometer and a Zeiss ; 
CLX 111 light source were throng 
m of bifurcated optical quartz 
bundles connected to a custo® f 
stainless steel insertion Pr 
MCS 210 is a high speed diode j

ifi
spectrophotometer permitting 
ding of full spectral scans 
visible range (3 6O-7 8 O nm) i n  }S 
ms. The CLX 111 light source 
powerful (75W) unmodulated J
short-arc lamp being suff1 J
bright to allow for the full a ^  
ges of the fast spectropho10 ji 
The insertion probe is 140 9 
with an outer diameter of 6 ® ̂  
probe tip is a replaceable J
permitting the probe to 
through skin and f at into ® ^  
tissue. On the side of the P (; 
8x0 . 2  mm2 slit is cut in 1

transmit and receive light 3^
optical fibres. The fibre-o''".̂  
placed randomly in the slit W1 /

receivi 
between probe,

equal number of transmit*'1 . ^ 1 

ng fibres. Common1 > 
light sour^' 

detector is controlled by an  ̂
personal computer. MeasuremeÎ  / 
be remotely prompted and store 
buttons on the probe.

.s ACalibration of the system ,
measuring the dark current 
light source shutter closed 
probe protected from light

y  1

reflection from a slurry of
IP*{\disperse polystyrene latex K ^,1 

diameter of 8 2 2 nm) is st \f  
standard (Borggaard & Nielsen’

j
With this equipment, re 
spectra from muscles of ^7 ^  Pj 
were obtained on the kill1 , 
just before the chilling 
about 45 mins. after s 
Spectra were recorded fr° a\$\t
insertions along the 
dorsi muscle, and from two ^ ^  ,, 
into each of the quadric g |
biceps femoris muscles; all
left sides. The day after ,
■ - - - ■ • fie d'the insertions were identi
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^ Scular tissue surrounding them 
Spi ee ^ d  homogenised by mincing. 
” S thus obtained were analysed 

modification of the normal--- i/iic nuiiuax
Û e for pigment content (Horn- 

tom ■56) . The analytical results
\ l 6PProximately one third of the 
t̂ leCx. w-*-th their corresponding 
V ni0n sPoctra were used as 

i5  1Set for making a mathema-
% 
t

c&
. Content. The multivariate

translating the several 
%  a tlata-points in each spectrum 
leiieritS;LnSle number representing the

routine partial least 
(o s0f regression in form of
f^O. lo»are Pr°gramme UNSCRAMBLER 

Out was usec -̂ As a success
es c°me of multivariate calibra-

v ctonn.lnS set, care was exercised 
^ . ^ n g  the set with as much 
Ssibl ty und representativeness

< e Contingent on the quality of Ui ” &rnir>o.__  .

as

Nd^^-Ping two thirds of corre- 
 ̂bigm Pai^  of reflection spectra 

nt contents were used as a

■48

•30
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test set to evaluate the model deve
loped.

RESULTS
A typical reflection spectrum origi
nating from a freshly slaughtered 
animal as obtained with the fibre 
optic insertion probe described above 
is shown in Figure 1. It is worth 
noticing that the signal-to-noise 
ratio is adequate with ms integration 
times, indicating a substantial light 
through-put in the optical fibres. 
Apparently, longer fibre bundles may 
be used without major problems.

Visible spectra as the one shown in 
Figure 1 may be truncated into colour 
coordinates such as Yxy (Commission 
Internationale d'Eclairage, CIE, 
1931) or L* a* b* (CIE, 1976) values 
(Frances & Clydesdale, 1975)- This is 
done, e.g., in the Canadian Colormet 
portable spectrophotometer (Swatland, 
1986; METRON, 1 9 8 7 ). However, colour 
coordinates do not give the best 
measure of intrinsic colour, i.e. 
pigment content, as they are influen
ced by the structure and pH of the 
meat.

^Mtrary units,

F,

•10

wavelength (nm)

450 500 550
e 1 ; ■ ---'--1--1--1— T— T— T— I— T— ’— ' '1 r

Reflection spectrum from longissimus dorsi muscle obtained with the 
fibre optic insertion probe on the warm carcass.
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Figure 2:
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Scatter plot of predicted versus actual pigment concentrât! 011 

biceps femoris muscles. The correlation coefficient is 0.96-

We have found that reflection spectra 
and multivariate calibration combined 
yield a more robust and interference 
free measure of the intrinsic colour 
of meat. A single algorithm may be 
used to predict the pigment content 
in the muscles studied with a high 
degree of accuracy and precision 
(correlation coefficients higher than 
0.9). Even better predictions result 
from treating the individual muscles 
with dedicated algorithms. An example 
is given in Figure 2, where predicted 
and actual values are plotted for 3 2  

biceps femoris muscles. The correla
tion coefficient is in this case 
0.96. We do not expect to be able to 
improve such high correlations by 
mathematical "fiddling", as random 
errors originating from the reference 
method are influencing the value.

A matter of concern to all optical 
methods designed to predict colour or 
pigment contents from point measure
ments is marbling fat. With our

J
experimental insertion probe. . 
cal spectra result when more
certain percentage of the re*' p 
is caused by fat rather th^11 

However, inherent to the mathe ̂  
models developed are outlief $  
tion, i.e. a warning is gi'̂ j.gp,
ever an atypical spectrum Is f\

tu fded, prompting the operator ^ 
another measurement in a ^  
position.

CONCLUSION ■A
The measuring system discuss^ e/  
present paper is admittedly 
prototype of a true on-line p/'. 
tus. However, further deve f ‘ 
are in progress, and no ob
s ta c le s to the introducti0̂  P 
commercially viable device 0̂f,; 
seen. The system under o'1

A
A

--------------------- ------------  V i»  £

carries several advantage , 
existing competitors; the sin
important is the use of poly 
reflection combined with mult;L 
calibration procedures.
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