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Introduction
Meat becomes brown and rancid during refrigerated storage and display. Colour changes,

metmyoglobin formation and lipid oxidation are the most important problems in the transporta-
tion/distribution and retail display of meat. The freshness of meat is determined by the senses of vision
and smell. Since conventional methods for determining lipid oxidation are time-consuming and de-
structive (it requires homogenisation of meat with reagents, filtration, time for reaction and reading
optical density using spectroscopy), more rapid and nondestructive technical tools are desired. The ob-
jective of this work was to evaluate visible and near infrared spectroscopy as an analytical tool for de-
termining meat colour, metmyoglobin formation and lipid oxidation in beef, pork and chicken.

Materials and methods
Semitendinosus and longissimus thoracis muscles from six Japanese Black steers, biceps femoris

and longissimus thoracis muscles from twelve LWD crossbred pigs and superficial pectoral muscles
from 24 broilers were used. The muscles were sliced into 1 cm-thick steaks. Five cm diameter pieces
were cut from these with a template cutter and the weight adjusted to between 19.90 g and 20.10 g.
Samples were randomly allotted to the measurement days. Each sample was placed in a disposable
100 ml weigh boat, overwrapped with oxygen-permeable PVC film and displayed under fluorescent
lights at 4–5°C for ten days (beef and pork) or four days (chicken). The spectra were measured by an
NIRSystems Model 5500 spectrophotometer, using a fibre-optic probe and a scan in the 400–1100 nm
range (visible and near infrared region). Data were recorded at 2 nm intervals and ten scans (10 sec)–1

were averaged for every sample. Data obtained were saved as log 1 Re–1, where Re is the reflectance
energy, and then mathematically transformed to second derivatives to reduce effects of differences in
particle size. CIE (Commission Internationale de l’Eclairage) L*, a* and b* values were determined
by UV-vis spectrophotometer (Shimadzu UV-2400PC; Shimadzu Corp., Kyoto, Japan) using the inte-
grating sphere unit (Shimadzu ISR-2200). Surface metmyoglobin formations were determined at the
same time by the method of Stewart et al.1 2-Thiobarbituric acid reactive substances (TBARS) were
measured to determine lipid oxidation by the method of Witte et al.2 as modified by Mitsumoto et al.3

TBARS values were expressed as mg malonaldehyde (MDA) kg–1 meat. A multiple linear regression
was used to find the equation which would best fit the data. First, four wavelengths were selected in the
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calibration model for each trait by means of chemical assignments of absorption bands and stable
wavelength region using the near infrared spectral analysis software (NSAS, version 3.18). Secondly,
full cross-validation was carried out for prediction using the Unscrambler software package (version
7.01, CAMO ASA, Oslo, Norway). Finally, the best wavelength set was selected using the lowest
number of wavelengths, highest multiple correlation of calibration and lowest standard error of pre-
diction by cross-validation as criteria.

Results and discussion
Selected wavelengths and statistical summary of calibration and prediction by full cross-

validadion for meat colour, metmyoglobin formation and lipid oxidation in beef, pork and chicken by
fibre-optic scans are presented in Tables 1, 2 and 3, respectively.

Beef
The multiple correlation coefficients (R) for a* and metmyoglobin formation were high

(R = 0.963 and 0.989, respectively), slightly lower for L* and TBARS (R = 0.885 and 0.891, respec-
tively) and low for b* (R = 0.618). The first selected wavelengths for a*, metmyoglobin formation and
TBARS were in the same region. This could be explained by the fact that the first selected wavelength
(624 nm) for metmyoglobin formation was near the maximum absorption band of metmyoglobin
(630 nm) and that these values were highly correlated (P < 0.001) with each other.

Pork
The multiple correlation coefficients for L*, a* and metmyoglobin formation were high

(R = 0.948 to 0.965) a little lower for TBARS (R = 0.840) and lower for b* (R = 0.595).

Chicken

The multiple correlation coefficient for metmyoglobin formation was high (R = 0.972) but a little
lower for L*, a* and b* (R = 0.869 to 0.896) and lower for TBARS (R = 0.669). The first selected
wavelength for metmyoglobin formation was similar to that in pork.
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Selected wavelengths Calibration Prediction by CV

Item Range λ1 λ2 λ3 λ4 R SE R SE Bias

Meat colour L* 39.4–55.1 850 nm 606 nm 802 nm 624 nm 0.885 1.65 0.858 1.83 –0.011

a* 5.2–22.6 620 nm 744 nm 590 nm — 0.963 1.14 0.955 1.26 0.004

b* 10.4–17.5 554 nm — — — 0.618 1.41 0.578 1.47 –0.012

Metmyoglobin 5.6–89.9 624 nm 1020 nm — — 0.989 3.06 0.987 3.29 0.029

TBARS 0.09–2.52 620 nm 978 nm 722 nm — 0.891 0.325 0.868 0.356 0.003

λ1, λ2, λ3 and λ4refer to selected wavelengths for the linear calibration
R: multiple correlation coefficient
SE: standard error
CV: full cross-validation

Table 1. Selected wavelengths and statistical summary of calibration and prediction by full cross-
validation for meat colour, metmyoglobin formation (%) and lipid oxidation (TBARS, mg MDA kg–1

meat) in beef by fibre-optic scans (n=48).
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In general, a* decreases more than b* during display of meat while L* does not change. Thus, a* is
a good indicator of the shelf life of meat during display such as metmyoglobin formation and TBARS
value. Greene et al.4 reported that consumers would reject beef containing more than 30% to 40%
metmyoglobin. Greene and Cumuze5 reported that a TBARS range of 0.6 to 2.0 mg MDA kg–1 was re-
quired for inexperienced taste panelists to detect oxidised flavours in meat; Tarladgis et al.6 reported a
range of 0.5 to 1.0 for experienced taste panelists. Gray and Pearson7 reported that consumers were un-
likely to detect off-flavors at values below a threshold of about 0.5 mg MDA kg–1. The standard of red-
ness , a* , was es t imated from rela t ionships between a* and metmyoglobin
(a* = – 0.1924 × metmyoglobin % + 21.896; r = – 0.94); a* and TBARS (a* = – 4.2276 ×
TBARS + 18.9486; r = – 0.71). When 30% of metmyoglobin was substituted for the former formula,
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Selected wavelengths Calibration Prediction by CV

Item Range λ1 λ2 λ3 λ4 R SE R SE Bias

Meat colour L* 43.8–62.2 730 nm 892 nm 630 nm 666 nm 0.951 1.35 0.945 1.43 0.009

a* 2.0–12.2 588 nm 688 nm 556 nm — 0.948 0.75 0.943 0.79 0.005

b* 8.8–13.6 942 nm 480 nm — — 0.595 0.82 0.559 0.85 0.002

Metmyoglobin 4.5–67.9 616 nm 694 nm 744 nm — 0.965 4.50 0.959 4.84 0.071

TBARS 0.02–0.92 604 nm 934 nm 480 nm 748 nm 0.840 0.106 0.808 0.116 0.000

λ1, λ2, λ3 and λ4 refer to selected wavelengths for the linear calibration
R: multiple correlation coefficient
SE: standard error
CV: full cross-validation

Table 2. Selected wavelengths and statistical summary of calibration and prediction by full
cross-validation for meat colour, metmyoglobin formation (%) and lipid oxidation (TBARS,
mg MDA kg–1 meat) in pork by fibre-optic scans (n=96).

Selected wavelengths Calibration Prediction by CV

Item Range λ1 λ2 λ3 λ4 R SE R SE Bias

Meat colour L* 50.2–58.2 572 nm 938 nm — — 0.896 0.95 0.867 1.07 – 0.007

a* 1.4–5.0 576 nm 462 nm 1018 nm — 0.869 0.43 0.818 0.50 0.021

b* 9.3–15.9 468 nm 712 nm — — 0.885 0.70 0.850 0.80 0.018

Metmyoglobin 23.2–64.8 618 nm 998 nm 832 nm — 0.972 2.44 0.964 2.77 0.098

TBARS 0.28–1.81 626 nm 552 nm 832 nm — 0.669 0.330 0.521 0.390 0.018

λ1, λ2, λ3 and λ4 refer to selected wavelengths for the linear calibration
R: multiple correlation coefficient
SE: standard error
CV: full cross-validation

Table 3. Selected wavelengths and statistical summary of calibration and prediction by full cross-
validation for meat colour, metmyoglobin formation (%) and lipid oxidation (TBARS, mg MDA kg–1

meat) in chicken by fibre-optic scans (n = 24).
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a* was set to 16.1 and a* was set to 16.4 when 0.6 mg MDA kg–1 of TBARS was substituted for the lat-
ter formula. Therefore, beef with an a* value of less than 16 would be rejected by consumers. The de-
grees of pigment and lipid oxidation in beef can be judged using an a*, value of 16, 30% of
metmyoglobin and 0.6 mg MDA kg–1 of TBARS in the above standards. Hence, visible and near infra-
red spectroscopy can evaluate whether this meat is good for sale or not.

In conclusion, we found that visible and near infrared spectroscopy was a useful tool for quickly
determining meat freshness with respect to colour changes (especially, a* value), metmyoglobin for-
mation and lipid oxidation.
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