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ABSTRACT

Background. The colour of pork is one of the most important measures of meat quality. For the consumer, 
it is a sign of freshness, crucial for the decision to buy a product. The storage of meat results in constant col-
our changes. Differences can be found in all colour parameters, especially chromatic ones, such as redness 
(a*) and hue angle (h°), as these changes are significantly correlated with a number of quality traits. Colour 
change can be determined not only by evaluating changes in colour parameters, but also by establishing the 
change in absorbance of specific wavelengths of light. The aim of this study was to compare the usefulness of 
these two methods of determining colour change: parameters measured on the CIELAB and CIELCh scales 
and colour change (%CC) determined based on the absorbance of selected wavelengths of light, i.e. 505, 540, 
560, 580 and 630 nm. In this paper, we analysed two methods of measuring colour change in terms of their 
relevance for meat quality assessment. 
Material and methods. The study involved 150 samples of the longissimus lumborum muscle collected 
from 150 carcasses of pigs slaughtered on an industrial line, weighing 65–107 kg, with an average carcass 
weight of 86.1 kg. Meat sensory analysis (colour, wateriness, firmness), physicochemical assessment (colour, 
WHC, pH48) and proximate analysis (moisture, total protein, fat, ash) were carried out. The methods included 
the determination of (I) changes in colour parameters measured on the CIELAB and CIELCh scales, and 
(II) colour change (%CC) based on the absorbance of selected wavelengths: 505, 540, 560, 580 and 630 nm. 
Chromatic absorbance values of a wavelength of 525 nm (A525p) and the relative content of Mb, MbO2 and 
MetMb were calculated according to the method proposed by Krzywicki (1979).
Results. Basic chemical composition – with few exceptions – was not significantly correlated with differenc-
es in the values of colour parameters (ΔL*, ∆a*, ∆b*, ΔC*, Δh°) and colour change (%CC). With an increase 
in scores in the sensory evaluation of colour, wateriness, and firmness, and an increase in WHC and pH48, 
the differences in lightness (ΔL*) significantly increased and differences in chromatic value (∆a*, ∆b*, ΔC*, 
Δh°) and %CC decreased, for all tested combinations of wavelengths. The highest correlation coefficients 
were observed for ∆a* and Δh° and %CC540/630 and %CC580/630, with colour change (%CC540/630 and %CC580/630) 
showing a stronger correlation with the tested meat quality traits than the differences in redness (∆a*) and hue 
angle (Δh°). We found a very strong correlation between changes in the relative levels of MetMb (ΔMetMb) 
and colour change (%CC) based on the absorbance of wavelengths of 540 and 505 nm, and 580 and 505 nm 
(r = 0.950*** and r = 0.967***, respectively).
Conclusion. The determination of colour change based on the absorbance of two combinations of wave-
lengths, i.e. (I) 540 and 630, and (II) 580 nm and 630 nm, is more useful in the assessment of pork quality than 
changes in two most relevant parameters of the CIELAB and CIELCh scales, i.e. redness (Δa*) and hue angle 
(Δh°). Moreover, the determination of absorbance of a wavelength of 630 nm was more useful for determin-
ing colour change (%CC) than 505 nm. Colour change (%CC) based on the absorbance of wavelengths of 540 
and 505 nm and 580 and 505 nm reflect the changes in the relative amounts of MetMb very well.
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INTRODUCTION

The colour of pork is one of the most important 
markers of meat quality (Lindahl, 2005). For the con-
sumer, it is a  measure of freshness, crucial for the 
decision to buy a product (Mancini and Hunt, 2005; 
Risvik, 1994). Pork colour is usually presented in the 
form of three parameters: lightness (L*), redness (a*) 
and yellowness (b*) – CIELAB scale (CIE, 1976), 
or lightness (L*), chroma (C*) and hue angle (h°) – 
CIELCh scale (CIE, 1976). Their measurements are 
usually performed with the use of various spectro-
photometers and illuminants (Brewer et al., 2001; 
Tapp et al., 2011).

The storage of meat results in constant colour 
change. Unfavourable changes are associated with the 
oxidation of muscle pigment and thus the formation of 
undesirable chemicals. Changes in the structure of the 
meat also occur, increasing the depth of penetration of 
its surface layer by light and oxygen. Differences can 
be found in all colour parameters, especially chromat-
ic ones, such as redness (∆a*) and hue angle (Δh°). As 
these changes are significantly correlated with a num-
ber of quality traits (Karamucki et al., 2011), colour 
change is an important factor in assessing meat qual-
ity. For example, colour changes in PSE (pale, soft, 
exudative) meat occur faster and are greater than in 
normal or DFD (dark, firm, dry) meat.

Colour change can be determined not only by eval-
uating changes in colour parameters, but also by es-
tablishing the change in absorbance of specific wave-
lengths of light. Methods of measuring meat colour 
based on reflectance/absorbance show how colour is 
influenced by pigment quantity and the relative con-
tent of the chemical forms of myoglobin, taking into 
account the physical characteristics of the tissue and 
differences in its structure (Lindahl, 2005).

The maxima and minima of reflectance/absorb-
ance in the 400–700 nm spectrum of raw meat depend, 
amongst other things, on the amount of pigment in the 
layer penetrated by light and the proportions of three 
chemical forms of myoglobin, oxymyoglobin (MbO2), 
metmyoglobin (MetMb) and deoxymyoglobin (Mb), 
in that layer. The chromatic absorbance at the isos-
bestic point of these three forms, i.e. at a wavelength 
of 525 nm, is directly proportional to the amount of 
pigment reached by light during colour measurement, 

and is used to determine the amount of pigment influ-
encing the colour. Absorbance peaks for the individual 
chemical forms of myoglobin are also important; i.e. 
at 540 and 580 nm (absorbance peaks for oxymyo-
globin), 560 nm (deoxymyoglobin), 505 and 630 nm 
(metmyoglobin) – Hunt (1980). 

Studies on the quality of pork are primarily fo-
cused on meat obtained from porkers, i.e. young an-
imals with low amounts of muscle pigment. In par-
ticular, this applies to glycolytic muscle, such as m. 
longissimus – the most frequently tested muscle of 
the pig carcass (Warner et al., 1993). A small amount 
of pigment in these muscles  results in a relatively flat 
spectrum. To avoid excessive flattening of the spec-
trum, the use of a spectrophotometer with large aper-
ture is recommended (Yancey and Kropf, 2008). Gly-
colytic muscles are also very susceptible to defects in 
quality (for example PSE), producing wide variations 
in the structure of the meat, and influencing colour 
parameters and extremes of reflectance/absorbance. 

The aim of this study was to compare the useful-
ness of two methods for the determination of colour 
change: parameters measured on the CIELAB and 
CIELCh scales and colour change (%CC) determined 
based on the absorbance of selected wavelengths, 
i.e. 505, 540, 560, 580 and 630 nm.

MATERIAL AND METHODS

Materials
The study used 150 samples of longissimus lumborum 
muscle taken from 150 carcasses (75 gilts and 75 cas-
trates) weighing 65–107 kg, with an average carcass 
weight of (86.1 ±9.0) kg, obtained from pigs which 
were crosses of Polish Large White × Polish Landrace 
sows with Duroc × Pietrain boars, slaughtered on an 
industrial production line. The pigs were slaughtered at 
about 6 months of age. Meat samples weighing about 
1 kg (meat and bone) were collected after a two-step 
cooling of the half-carcasses (cooled for 60 min at 
–20°C and cold stored for 24 h at 4°C), during cutting, 
from the segment between 1st and 4th lumbar vertebra 
on the right half-carcass. Samples were wrapped in foil 
and transported in a  thermos bottle to the laboratory 
and stored until the following day at 4°C. 

About 48 hours after slaughter, the meat was sepa-
rated from the bone and external fat and epimysium 
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were removed. Sensory, physico-chemical and chemi-
cal analyses were then performed. Sensory evalua-
tion was performed on meat slices with a thickness of 
10 mm. Meat used in physico-chemical and chemical 
analyses was minced using a meat mincer with a 4 mm 
mesh. 

Methods
Sensory analysis of the meat. Sensory analysis was 
carried out around 48 h after slaughter on raw meat 
slices with a thickness of around 10 mm, by team of 5 
trained individuals. The analysis was performed in 10 
sessions and conducted in daylight, and at tempera-
ture of 20°C. The team rated the colour, firmness, and 
wateriness of the meat on a 5-point scale: 1 point – 
extreme PSE (pale, soft, exudative), 2 points – slight 
PSE, 3 points – normal meat, 4 points – slight DFD 
(dark, firm, dry), 5 points – extreme DFD. The samples 
were assigned symbols, and then rated on a  5-point 
scale extended with half-points (PN-ISO 4121, 1998).

Physicochemical assessment of the meat. A phys-
icochemical assessment of the meat was carried out 
around 48 h after slaughter. It involved colour measure-
ments and the determination of WHC and pH48. All the 
assessments were performed on freshly minced meat.

Colour measurements. Colour measurements were 
made after keeping ground meat samples in measure-
ment cells in a  household refrigerator at 4°C for 20 
min to allow myoglobin to oxygenate in the surface 
layer of meat (Brewer et al., 2001; Krzywicki, 1979). 
Colour was measured using a HunterLab MiniScan XE 
Plus 45/0 apparatus with a measuring port diameter of 
31.8 mm, adapted for measuring the colour of ground 
meat, applying the CIELAB and CIELCh scales (CIE, 
1976; 1978) and illuminant D65 and 10° standard ob-
server recommended for meat colour measurements 
(Honikel, 1998). Standardisation of the apparatus was 
carried out relative to black and white colour standard 
references, with the following coordinates: X = 78.5, 
Y = 83.3 and Z  = 87.8 (for D65 illuminant and 10° 
observer).

Chromatic absorbance values at a  wavelength of 
525 nm (A525p) and the relative content of Mb, MbO2 
and MetMb were calculated from the reflectance 
curve according to Krzywicki’s method (1979), using 

700  nm (the highest wavelength of the instrument) 
instead of 730 nm (according to AMSA, 2012) as 
follows: 

A525p = A525 – A700
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where:

A525p	–	chromatic absorbance values at a wavelength 
of 525 nm,

A525	–	absorbance values at a wavelength of 525 nm,
A700	–	absorbance values at a wavelength of 700 nm,
A572	–	absorbance values at a wavelength of 572 nm,
A473	–	absorbance values at a wavelength of 473 nm,
x	 –	relative content of MetMb,
y	 –	relative content of Mb,
z	 –	relative content of MbO2.

The instrument measures the reflectance between 
400 and 700 nm at 10 nm intervals. Reflectance val-
ues at wavelengths not given by the instrument (473, 
525 and 572 and 505 nm) were calculated using linear 
interpolation. Reflectance values were converted into 
absorbance values according to the formula: A = 2 − 
log10R, where A is absorbance and R is reflectance.

Changes in colour were induced according to the 
Kortz (1966) method, by 4-h illumination of samples 
with a fluorescent tube light at an intensity of 1250 lx 
in an atmosphere saturated with water vapour, at room 
temperature (22–24°C). After illumination, colour 
measurements were performed again using CIELAB 
and CIELCh scales, illuminant D65 and standard ob-
server 10°. Based on the results of the measurements 
obtained before and after illumination, differences in 
the values of the colour parameters were calculated: 
ΔL*, Δa*, Δb*, ΔC*, Δh° and colour stability (CS), 
according to a modified version of the Kortz (1966) 
method. The colour stability (CS) was expressed as 
% colour change – %CC (Różyczka and Michalski, 
1978). The colour change (%CC) and colour stability 
were calculated according to the following formulas:
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%CCn/z = 50 · (2 – CSn/z)
where:

%CCn/z	 –	 colour change calculated based the ab-
sorbance of wavelength n (540, 560 or 
580 mn) and z (505 or 630 nm)
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where: 
CSn/z	 –	 colour stability calculated based on the 

absorbance of wavelength n (540, 560 
or 580 mn) and z (505 or 630 nm),

An, Az	 –	 values of absorbance of wavelengths 
n and z  nm before the illumination of 
samples,

An’, Az’	 –	 values of absorbance of wavelengths 
n and z  nm after the illumination of 
samples.

Colour measurements using the CIELAB and 
CIELCh scales and reflectance measurements were 
performed using “duplicate standards”, which permit-
ted the values of all the colour parameters of a given 
sample and its reflectance values to be obtained from 
a single measurement.

WHC. Water holding capacity (WHC) of the meat 
was determined according to a method by Grau and 
Hamm (1953), as modified by Pohja and Niinivaara 
(1957), where WHC is expressed as a percentage of 
bound water in relation to the total water content in 
the meat. A sample of meat weighing approximately 
0.3 g (precise to the nearest 0.0001 g) was placed on 
a Whatman 1 blotting paper between two glass plates 
and subjected to a load of 2 kg for 5 minutes. Then, the 
surface areas of infiltration and the meat sample were 
drawn onto the glass plates. After drying the filter pa-
per, both surfaces were planimetered [cm2], and then 
the difference in the surface areas was divided by the 
sample weight, thus calculating the percentage of free 
water in the meat. The resulting value was divided by 
the percentage of total water content in the meat, and 
after deducting this value from 100 the percentage wa-
ter retention of the meat was obtained.

pH measurement. The pH48 value was measured us-
ing a combined glass electrode (ESAgP-306W type) 
of a CyberScan 10 pH-meter (Eutech Cybernetics Pte 

Ltd., Singapore) in a  water extract (distilled water) 
with a 1:1 meat to water ratio, after 1 h of extraction. 
Buffers with pH = 7.0 and pH = 4.0 were used for 
calibration.

Proximate analysis. The following chemical con-
stituents were determined on thawed, ground sam-
ples of meat according to the official methods of 
analysis of the AOAC (2003): moisture content by 
oven drying a ca. 2-g test sample at 102°C to a con-
stant weight (950.46B, see p. 39.1.02); crude pro-
tein content by the classical macro-Kjeldahl method 
(981.10 see p. 39.1.19); lipid (crude) content by pe-
troleum ether extraction using a  Soxlet apparatus 
(960.39 (a), see p. 39.1.05). and ash content (920.153 
see p. 39.1.09).

Statistical analysis. Results were analysed using 
procedures in the software Statistica (data analysis 
software system), version 10; Statsoft, Tulsa, OK. 
Means and standard deviations were calculated for the 
studied traits. ΔL*, ∆a*, ∆b*, and ∆C* were calculated 
by subtracting the value of the parameter after illumi-
nation from the initial value. Conversely, Δh° was cal-
culated by subtracting the initial h° value from the h° 
value after illumination.

In addition, simple correlation coefficients (Pear-
son’s r) were calculated between the studied quality 
traits and the differences in colour parameters (ΔL*, 
∆a*, Δb*, ΔC*, Δh°) and colour change (%CC) for 
all tested combinations of wavelengths (Tables 2 
and 3). Simple correlation coefficients were also de-
termined between colour parameters (ΔL*, ∆a*, ∆b*, 
ΔC*, Δh°) and colour change (%CC) for the tested 
combinations of wavelengths (Table 4). In the case 
of continuous random variables, we calculated sim-
ple correlation coefficients (Pearson’s r) – Tables 2, 3, 
and 4, while in the case of discrete random variables 
(colour, wateriness and firmness) – Spearman’s rank 
correlation coefficient (Table 3). Their significance 
was estimated at probability levels of P ≤ 0.05, P ≤ 
0.01, and P ≤ 0.001.

RESULTS AND DISCUSSION

Table 1 shows means and standard deviations for 
the colour parameters, chromatic absorbance of 
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a wavelength of 525 nm (A525p), and the relative quan-
tities of the chemical forms of myoglobin before and 
after irradiation. 

Table 1 also shows differences in these parameters, 
colour change (%CC) during exposure, basic chemi-
cal composition, the results of sensory evaluation of 
colour, wateriness and firmness of meat and WHC and 
pH48. After irradiation, a*, b* and C* decreased, h° 
increased, MbO2 decreased, and MetMb and Mb in-
creased. Colour change (%CC) was the highest for 
the combinations of wavelengths 580 and 630 nm 
(%CC580/630) and 540 and 630 nm (%CC540/630).

Table 2 shows simple correlation coefficients be-
tween colour parameters L*, a*, b*, C*, h° and chro-
matic absorbance of a wavelength of 525 nm (A525p), 
and the relative amounts of the chemical forms of my-
oglobin before exposure to light, and the differences 
in colour parameters (ΔL*, ∆a*, ∆b*, ΔC*, Δh°) and 
colour change (%CC).

The correlation coefficients indicate that the high-
er initial values of L*, a*, b*, C*, and the higher the 
amount of MbO2 and MetMb, the lower the changes in 
lightness (ΔL*) during illumination. At the same time, 
an increase in L*, a*, b*, C*, in chromatic absorbance 

Table 1. Means (x̅) and standard deviations (SD) of pork quality traits (n = 150)

Trait x̅ ±SD Trait x̅ ±SD

L* – lightness 54.72 ±2.56 MbO2’ – oxymyoglobin after illumination 0.344 ±0.056

L*’ – lightness after illumination 54.31 ±2.73 MetMb’– metmyoglobin after illumination 0.304 ±0.058

a* – redness 8.33 ±1.21 Mb’– deoxymyoglobin after illumination 0.352 ±0.093

a*’ – redness after illumination 7.29 ±0.98 ΔMbO2 0.184 ±0.060

b* – yellowness 16.46 ±1.04 ΔMetMb –0.100 ±0.044

b*’ – yellowness after illumination 15.12 ±0.86 ΔMb –0.085 ±0.066

C* – chroma 18.47 ±1.28 %CC540/505 5.25 ±1.62

C*’ – chroma after illumination 16.81 ±0.96 %CC540/630 11.33 ±4.27

h° – hue angle 63.22 ±2.99 %CC560/505 3.53 ±1.74

h°’ – hue angle after illumination 64.31 ±3.05 %CC560/630 8.66 ±3.70

ΔL* 0.41 ±0.50 %CC580/505 6.10 ±1.98

Δa* 1.04 ±0.66 %CC580/630 12.53 ±4.76

Δb* 1.33 ±0.52 moisture content, % 74.25 ±0.84

ΔC* 1.65 ±0.73 total protein, % 22.07 ±0.69

Δh° –1.09 ±1.24 fat, % 2.55 ±0.89

A525p – chromatic absorbance at 525 nm 0.361 ±0.029 ash, % 1.12 ±0.07

A525’– chromatic absorbance at 525 nm 
after illumination

0.359 ±0.030 colour, points 3.15 ±0.74

ΔA525p 0.002 ±0.008 wateriness, points 3.17 ±0.74

MbO2 – oxymyoglobin 0.529 ±0.075 firmness, points 3.18 ±0.74

MetMb – metmyoglobin 0.198 ±0.037 WHC, % 76.49 ±5.55

Mb – deoxymyoglobin 0.273 ±0.112 pH48 5.58 ±0.17
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of a wavelength of 525 nm (A525p) and in the relative 
amount of MbO2 and MetMb, and a decrease in the 
relative amount of Mb, were accompanied by a  sta-
tistically significant increase in differences in redness 
(∆a*), yellowness (∆b*), chroma (ΔC*), and colour 
change (%CC540/505, %CC540/630, %CC560/630, %CC580/505, 
%CC580/630). An increase in h° was accompanied by 
a significant reduction in the differences in chromatic 
parameters (∆a*, ∆b*, ΔC* and Δh°), and a reduction 
in colour change (%CC540/630, %CC560/630, %CC580/630). 
The most useful colour parameter in evaluating pork 
quality, i.e. lightness (L*), was the most correlated with 
changes in redness (∆a*), hue angle (Δh°), and colour 
change (%CC) calculated on the basis of the absorb-
ance of wavelengths of 540 and 630 nm (%CC540/630) 
and 580 and 630 nm (%CC580/630). This confirms the 
results of previous studies (Karamucki et al., 2011) 
and indicates that these combinations are most useful 
for estimating changes in the colour of pork. Except in 
one case, we did not find statistically significant sim-
ple correlation coefficients between the parameters of 
colour and %CC560/505. 

 In the case of pork, the highest values for lightness 
(L*) are usually observed at low pH48, which is condu-
cive to both oxygenation and oxidation of pigments. 

Fresh pork with high lightness (L*) usually has the 
highest redness (a*), yellowness (b*), and chroma 
(C*) primarily due to the more oxygenated form of 
myoglobin (MbO2) on its surface (Chmiel et al., 2014; 
Gašperlin et al., 2000; Lindahl et al., 2001; 2006). 
However, oxymyoglobin is an unstable chemical form 
of myoglobin and is easily de-oxygnated and convert-
ed into an oxidised form – metmyoglobin (MetMb), 
reducing a*, b* and C* and increasing h° (deterio-
ration of hue angle); these changes mainly concern 
redness (∆a*) and hue angle (Δh°) (Karamucki et al., 
2011). The biggest changes caused by the oxidation of 
pigments can be observed in PSE pork, and the small-
est in DFD pork, in which the structure protects the 
tissues from oxygen to a  greater extent (Sobina and 
Kondratowicz, 1999).

Table 3 presents the correlation coefficients be-
tween basic chemical composition, the results of sen-
sory evaluation of colour, wateriness and firmness, 
WHC and pH48, and ΔL*, ∆a*, ∆b*, ΔC*, Δh° and 
colour change (%CC), defined on the basis of change 
in absorbance at all tested combinations of wave-
lengths of light. Basic chemical composition – with 
few exceptions – was not significantly correlated with 
differences in the values of colour parameters (ΔL*, 

Table 2. Coefficients of simple correlation between the differences in parameters of meat colour, the percentage of colour 
change (%CC), and the parameters of colour, A525p, MbO2, MetMb and Mb (n = 150)

Trait L* a* b* C* h° A525p MbO2 MetMb Mb

∆L* –0.234** –0.240** –0.343*** –0.348***  0.109 –0.108 –0.434*** –0.324***  0.442***

∆a* 0.351***  0.593*** 0.637*** 0.715*** –0.343*** 0.309*** 0.731*** 0.538*** –0.742***

∆b* 0.211* 0.438*** 0.557*** 0.592*** –0.211* 0.317*** 0.602*** 0.630*** –0.674***

∆C* 0.261*** 0.536*** 0.610*** 0.673*** –0.289*** 0.347*** 0.675*** 0.623*** –0.728***

∆h° 0.491*** 0.371*** 0.553*** 0.559*** –0.180* 0.031 0.681*** 0.326*** –0.634***

%CC540/505 0.433*** 0.271*** 0.386*** 0.394*** –0.117 0.073 0.385*** 0.292*** –0.394***

%CC540/630 0.543*** 0.491*** 0.630*** 0.665*** –0.240** 0.183* 0.658*** 0.458*** –0.660***

%CC560/505 0.221** 0.045 0.029 0.039 –0.040 –0.031 –0.007 –0.030 0.015

%CC560/630 0.459*** 0.373*** 0.440*** 0.478*** –0.202* 0.121 0.448*** 0.275*** –0.437***

%CC580/505 0.469*** 0.297*** 0.442*** 0.445*** –0.118 0.077 0.446*** 0.346*** –0.459***

%CC580/630 0.550*** 0.482*** 0.634*** 0.664*** –0.228** 0.175* 0.661*** 0.468*** –0.666***

*P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001.
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∆a*, ∆b*, ΔC*, Δh°) and colour change (%CC), which 
indicates that the basic chemical composition had no 
significant effect on those characteristics. The basic 
chemical composition of the longissimus muscle of 
porkers often does not show correlation with either ab-
solute values of colour parameters or changes in these 
parameters, which is also due to the low variation in 
the basic chemical composition in the muscle.

With an increase in scores in the sensory evalua-
tions of colour, wateriness, and firmness, and an in-
crease in WHC and pH48, the differences in lightness 
(ΔL*) significantly increased, and differences in chro-
matic value (∆a*, ∆b*, ΔC*, Δh°) and %CC decreased, 
for all tested combinations of wavelengths. The high-
est correlation coefficients were observed for ∆a* and 
Δh° and %CC540/630 and %CC580/630, with colour change 
(%CC540/630 and %CC580/630) showing higher correlation 
with the tested meat quality traits than the differences 
in redness (∆a*) and hue angle (Δh°).

To summarise, of the various colour parameters, 
colour changes in pork were most influenced by 
changes in a* and h° (∆a* and Δh°). These are also 
the same chromatic parameters of pork that play a less 

important role in the assessment of meat quality than 
b* and C*, and above all, less significant than L*, the 
most important in assessing the quality of pork. Pork 
meat with high lightness (L*) (e.g. PSE) is character-
ised by the lowest colour stability (the greatest colour 
change), while lower lightness (L*), e.g. in normal 
meat, clearly results in higher colour stability. At the 
same time, lightness (L*) is usually significantly nega-
tively correlated with the pH of meat, and the pace 
and range of its decrease post mortem have a signif-
icant influence on other meat quality traits, such as 
WHC or chromatic parameters of meat (a*, b*, C*, 
h°) (Lindahl et al., 2006; Rosenvold and Andersen, 
2003). Brewer et al. (2001) reported that the intensity 
of the pink colour in the visual evaluation of several 
major pig muscles (gluteus medius, longissimus lum-
borum et thoracis, semimembranosus, biceps femoris 
and triceps brachii) mainly depends on the lightness 
of colour; greater lightness is accompanied by lower 
visual pink colour.

Table 4 shows the simple correlation coefficients 
between the colour change (%CC) and: ΔL*, ∆a*, ∆b*, 
ΔC*, Δh°, and ΔA525p and ΔMbO2, and ΔMetMb ΔMb. 

Table 3. Coefficients of simple correlation between the differences in parameters of meat colour, the percentage of colour 
change (%CC), and the meat quality traits (n = 150)

Trait
Moisture 
content  

% 

Total  
protein  

%
Fat, % Ash, % Colour 

points
Wateriness 

points
Firmness 

points WHC, % pH48

∆L* –0.005 0.116 –0.054 –0.165* 0.326*** 0.426*** 0.435*** 0.504*** 0.527***

∆a* –0.136 0.019 0.098 –0.033 –0.368*** –0.478*** –0.483*** –0.570*** –0.582***

∆b* –0.049 –0.047 0.072 –0.005 –0.262** –0.327*** –0.330*** –0.463*** –0.451***

∆C* –0.086 –0.026 0.087 0.002 –0.313*** –0.396*** –0.404*** –0.550*** –0.519***

∆h° –0.099 0.067 0.037 –0.193* –0.438*** –0.523*** –0.529*** –0.574*** –0.581***

%CC540/505 –0.024 –0.041 0.063 0.018 –0.406** –0.483*** –0.477*** –0.422*** –0.599***

%CC540/630 –0.155 –0.026 0.170* –0.067 –0.459*** –0.531*** –0.524*** –0.630*** –0.671***

%CC560/505 0.053 –0.069 0.017 0.059 –0.191* –0.235** –0.228** –0.115 –0.287***

%CC560/630 –0.108 –0.050 0.148 –0.040 –0.361*** –0.420*** –0.413*** –0.415*** –0.541***

%CC580/505 –0.033 –0.019 0.051 0.010 –0.442*** –0.521*** –0.515*** –0.473*** –0.636***

%CC580/630 –0.147 –0.015 0.153 –0.061 –0.479*** –0.554*** –0.548*** –0.579*** –0.687***

*P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001.
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In the case of colour parameters the highest correlation 
was found between ∆a* and Δh° and %CC540/630 and 
%CC580/630 (r = 0.779*** and r = 0.764*** for ∆a*; 
and r = 0.735*** and r = 0.727*** for Δh°). 

In the case of the chemical forms of myoglobin, the 
strongest correlation was observed between ΔMetMb 
and %CC540/505 and %CC580/505 (r = 0.950***, and r 
= 0.967***). At the same time the differences in the 
amount of MbO2 (∆MbO2) showed the highest cor-
relation with %CC540/630 and %CC580/630 (r = 0.544*** 
and r = 0.541***), and the differences in the amount 
of Mb (ΔMb) with %CC560/505 (r = 0.682***). There-
fore, colour change was most influenced by changes in 
the relative amount of MetMb. As already mentioned, 
the increase in the chemical form of the myoglobin be 
mainly due to a reduction in redness (a*) and a dete-
rioration in hue angle (h°) – by moving it in the direc-
tion of shorter wavelengths (Brewer, 2004; Brewer et 
al., 2001; Karamucki et al., 2013; Lindahl et al., 2001). 

CONCLUSIONS

The most useful in the determination of colour change 
in the assessment of pork quality was the determina-
tion of colour change (%CC) on the basis of the ab-
sorbance of two combinations of wavelengths; 540 
and 630 nm, and 580 and 630 nm. Colour change 
(%CC) was more correlated with meat quality traits 

than changes in the CIELAB and CIELCh parameters 
most useful for this purpose, i.e. redness (∆a*) and 
hue angle (Δh°). It was also found that the measure-
ment of absorbance of a wavelength of 630 was more 
useful for the determination of colour change (%CC) 
than of 505 nm. We also found a very strong correla-
tion between changes in the relative amounts of Met-
Mb (ΔMetMb) and colour change (%CC) estimated on 
the basis of absorbance of a wavelength combination 
of 540 and 505, and 580 and 505 nm (r = 0.950*** 
and r = 0.967***), which demonstrates that %CC540/505 
and %CC580/505 reflect changes in the relative amounts 
of MetMb.
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