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Near infrared (NIR) spectroscopy has been proposed as a potential method to analyze different properties in live animals and
humans, as infrared light has the ability to penetrate living tissues. This study evaluated the potential use of NIR spectroscopy to
identify and analyze beef muscles through the skin nondestructively. The results from this study demonstrated that the NIR
region has the potential to noninvasively monitor some properties of meat associated with either fat or muscle characteristics
and to differentiate either muscle or fat tissue analyzed through the skin. At present, there are no rapid and noninvasive tools to
monitor and assess any characteristic or property in live beef animals. Although these results look promising, more experiments

and research need to be carried out before recommending the beef industry using this technology in live animals.

1. Introduction

Research in animal feeding and nutrition often requires the
evaluation of live animals, postmortem carcass assessment,
or meat composition to assess the nutritional value of feeds
on animal performance [1, 2]. However, conventional analyt-
ical methods currently in use by the food and beef industries
are usually destructive (e.g., postmortem evaluation), time
consuming, and expensive and require of the use of different
chemical and physical methods [3-5].

Near infrared (NIR) spectroscopy has been proposed as a
potential method to analyze different properties in live ani-
mals and humans, as infrared light penetrates living tissues
[4, 6-9]. This technique has been applied in the agricultural
industries since the 1960s in routine measurements of agri-
cultural commodities and has expanded rapidly due to its
relatively low cost, speed of analysis, and the ability to assess
various quality aspects simultaneously [10-12].

It has been reported that NIR spectroscopy can detect
tissue oxygenation changes in the brain and muscle of
humans where the detection of tissue oxygenation is possible

because of the relative transparency of biological tissues to
NIR wavelengths [9]. This type of application uses the
oxygen-dependent absorption spectra of the main tissue
chromophores—haemoglobin, myoglobin, and cytochrome
c oxidase at different wavelengths in the NIR region [9]. It
has been also reported that pigmented tissues can reduce
the NIR signal intensity and since animals have both exten-
sive hair covering and heavily pigmented epidermal tissues,
these might interfere with the NIR spectra of the tissue
analyzed [13-15].

Short wavelengths (SW) in the NIR (700 to 1100 nm;
13,900 to 9400cm™ ') range can penetrate deeply into the
skin, offering a potential spectral window for the analysis of
animal and human tissues [2, 4, 16]. In recent years,
researchers in Spain have demonstrated the potential of
NIR spectroscopy as a very easy and quick tool for the quan-
titative and qualitative analysis of quality parameters in meat
and as a tool for carcass or product grading [2, 4, 16]. In
addition, these authors have indicated that in vivo or
on-the-skin NIR measurements at the farm or slaughter-
house have shown a detrimental effect on the calibration



performance (e.g., standard error of prediction) for the
prediction of meat quality parameters compared to those
developed using meat cuts or homogenised samples [4].

One of the main reasons for the low performance in the
NIR measurements in living animals is related with the
amount of incident light (e.g., reflectance). Using this meth-
odology, light is highly scattered by the complex structure
of the skin and its main layers (epidermis (blood-free layer),
dermis (vascularised layer with dense irregular connective
tissue with collagenous fibers), and hypodermis (subcutane-
ous adipose tissue layer composed of two sublayers separated
by thin connective tissue)) [4, 17, 18]. In several in vivo or
live applications of NIR spectroscopy, different studies have
highlighted that the light has to travel through all these layers
of the skin before reaching the layer of interest (e.g., muscle),
where the subcutaneous adipose tissue influencing the
collected reflectance signal from the sample [4, 17, 18].
Therefore, understanding the interactions between the skin
and between the different tissues and the light propagation
through different layers of the tissue will be essential for the
correct interpretation of results obtained using this approach
in live animals [4, 18]. Although reports can be found in the
literature on the use of NIR spectroscopy to measure different
properties of meat or fat composition in pigs through the
skin, no information is available on the use of this technique
to measure beef meat composition in live animals or on the
evaluation of meat quality through the skin [3-5].

This study evaluated the potential use of NIR spectros-
copy to analyze muscle and fat characteristics in beef cattle
through the skin. The optical properties of tissues analyzed
through the skin and the application of pattern recognition
methods were used in order to demonstrate the ability of this
method to analyze different tissues through the skin.

2. Materials and Methods

2.1. Samples. In order to study the optical properties or spec-
tra of different tissues, two commercial meat cuts, namely,
rump (Gluteous medius) and steak (Semitendinosus and
Semimembranosus), were analyzed with and without the
presence of the skin. Five combinations of tissue and the skin
were analyzed as follows: fat, muscle, and the skin alone and
either muscle or fat plus skin. A total of 90 samples were
created by combining the skin, meat, and fat tissues and the
two commercial meat cuts.

2.2. Near Infrared Reflectance Spectroscopy. The diffuse
reflectance spectra of the samples were recorded from the flat
surface using the purpose built contact probe attached by a
fibre optic (10 mm diameter) cable to a Fourier transform
(FT) NIR instrument (Antaris II, Thermo, USA). The instru-
ment records spectra with resolution of 1nm for the
wavelength region 14,000-4000cm ™" (700-2500 nm). Data
collection and processing was achieved using the Thermo
interface software enabling automation of data collection
provided by the Antaris II instrument. The instrument
was set to average 10 readings internally for each spectrum
saved. A ceramic tile or reference panel provided by the
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instrument manufacturer was used as a white reference
between each measurement.

2.3. Chemometric Analysis. Spectra were exported from the
Thermo software in GRAMS format (*.spc) into The
Unscrambler software (version X CAMO ASA, Oslo,
Norway) for chemometric analysis. Principal component
analysis (PCA) was performed with full cross validation
(leave one out). The optimum numbers of terms in the
PCA models were indicated by the lowest number of factors
that gave the minimum value of the prediction residual error
sum of squares (PRESS) in cross validation in order to avoid
over fitting in the models. Preprocessing was achieved using
second derivative (Savitzky-Golay derivative, 20 data points
smoothing and second polynomial order) [19, 20].
Discrimination models were developed using partial least
squares discriminant analysis regression (PLS-DA). The
PLS-DA regression technique is a variant of PLS regression,
where for each class, a model (C=T.q), where T is the PLS
scores obtained from the original data using the PLS algo-
rithm, q is the vector, and Cis the class membership function
[21, 22]. In this study, PCA and PLS-DA models were devel-
oped using full cross validation (leave one out) and defined
by the PRESS (prediction residual error sum of squares)
function in order to avoid overfitting of the models (The
Unscrambler, CAMO AS, version 10.3, Oslo, Norway).

3. Results and Discussion

Figure 1 shows the second derivative of the NIR mean spec-
trum of fat, muscle, fat plus skin, muscle plus skin, and skin.
In the short NIR wavelength region, differences were
observed around 10,750 cm™ and 10,288 cm ™', associated
with water (O-H bonds) [23, 24]. Around 11,900cm™,
11,655cm™", 10,929cm ™", and 9911cm™" wavenumbers,
values can be related with differences in water (O-H bonds)
content, as well associated with C-H, third overtones
[23, 24]. Absorption bands between 10,929 and 10,800 cm™!
can be associated with lipid content of the tissue analyzed
where additional bands associated with the CH stretch
overtones were observed between 11,655 and 10,929 cm™'
[23, 24]. Absorption bands between 10,400 and 9911 cm ™
are mainly associated with water (O-H bonds) [23, 24].

The most relevant changes were observed in the long NIR
wavelength region where differences were observed at
7100cm ™' (O-H and C-H), 5263cm™" (O-H, mainly related
with water/moisture), and between 4762-4350cm™' (CH
combination tones). The same wavenumber range (4762-
4350 cm™') was reported by other authors to be associated
with cartilage when pure bovine cartilage samples were ana-
lyzed using NIR spectroscopy [25-27]. These wavenumbers
were associated with C-H combination and asymmetric first
overtones of C-N-C stretch and N-H of proteins [25-27].
This region appears to be unique between the different tissues
(e.g., fat, muscle, and skin) analyzed, indicating that differ-
ences in the absorbance values can be attributed to different
protein and collagen ratios between tissues. In the same
region, shifts were also observed around 4329cm™ (e.g.,
lipids, collagen, and proteoglycans) and between 4762-
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FIGURE 1: Second derivative of the average of the near infrared mean spectrum of skin, muscle, fat, skin plus fat, and skin plus muscle.
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FIGURE 2: Score plot of fat, muscle, skin, skin plus fat, and skin plus muscle samples analyzed using near infrared spectroscopy.

4350 cm™ (N-H and O-H) [6, 17, 23-27]. Overall, the visual
inspection of the wavenumber region between 5263 and
4175cm™" indicated that long wavelengths in the NIR region
can be useful to identify differences between tissues. How-
ever, the use of NIR spectroscopy to analyze in vivo samples
or live animals might be limited to the NIR spectral range
between 5200 and 4370cm™' due to the large effect of
water (5263cm™'). Other authors reported similar results
when different animal tissues were analyzed using NIR
spectroscopy [6, 17, 27, 28].

In order to further test and evaluate the interactions
between different tissues (skin, muscle, and fat) the NIR spec-
tra were analyzed using PCA (see Figure 2). Separation
between “fat samples” and the other samples (skin and
skin + muscle) was observed along PC1, while separation
between muscles was achieved in PC2. The amount of varia-
tion explained for each PC was 71% and 13% for PC1 and

PC2, respectively. Examination of the PCA loadings is very
important as they might indicate specific wavelengths or
regions in the NIR range related with the variability observed
in the PCA score plot. Figure 3 shows the PCA loadings of
the first two principal components (PCs) associated with
the PCA shown in Figure 2. Wavenumbers associated with
lipids and moisture content were the most relevant in
explaining the separation between samples [23, 24]. Clear
differences between the loadings in PC1 and PC2 were
observed, indicating that different spectral information
might be associated with the different tissues or combination
of samples analyzed (see Figures 4 and 5).

The PLS-DA models were used to further evaluate the
ability of NIR spectroscopy to identify different tissue types
analyzed through the skin (see Figure 6). Even though the
classification results obtained were between 60 and 70%
(correct classification), the overall results indicated that the
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FIGURE 3: Loadings derived from the PCA used to analyze fat, muscle, skin, skin plus fat, and skin plus muscle samples analyzed using near
infrared spectroscopy.
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FIGURE 4: Score plot of fat and skin plus fat in the meat samples analyzed using near infrared spectroscopy.

NIR method evaluated in this study is capable to identify
different tissues through the skin.

Zamora-Rojas et al. [4] showed that information related
with the optical properties of pigskin (epidermis and dermis)
might be limited to the short NIR wavelength range (below
6250cm™) [29]. However, other studies indicated that the
optical properties of dermis tissues from pigs can be observed
in the 10,929-6850 cm ™' NIR range, while studies of epider-
mis and dermis using wavenumbers between 10,000 and
6200 cm™" were reported by other authors using the same
animal species [30-32]. Other characteristics of the skin such
as the presence of the skin can also contribute to the
optical properties of the system. Hair structure, type, and
pigmentation are important factors that determine the
coloration of a species, which influences the spectral
reflectance and absorption for any given species [13, 15].
Most terrestrial mammals have two hair types, namely, guard
hairs and underfur [13, 15]. Guard hairs are typically longer

and thicker and have a complex physical structure. Underfur
is short, fine, and dense, with a simple physical structure and
little variability in coloration [13, 15].

It is well known that light penetration depth in a specific
sample is a function of the geometry of the optical probe, the
scattering and the absorption characteristics of the sample
[33, 34]. Typical penetration depth within biological tissues
is at least 10 mm or longer depending upon the tissue studied
[34]. When light enters the tissues, it is either absorbed or
scattered, based on wavelength and differences in chemical
composition of the tissue [33, 34]. Since different types of
molecules vibrate at different frequencies, different com-
pounds in the tissue can be identified based on the frequen-
cies of light that are detected by the instrument. For
example, in the 13,900-9386 cm ™' wavenumber range, sec-
ond and third overtones of the OH, CH, and NH vibrational
transitions are detected in addition to the combination bands
from other types of vibration [23, 33]. The peak at
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FIGURE 5: Loadings derived from the PCA used to analyze fat and skin plus fat in the meat samples analyzed using near infrared spectroscopy.
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FIGURE 6: Partial least squares discriminant analysis of different types of beef tissues analyzed using near infrared reflectance spectroscopy.

10,750 cm™ ', which predominates on the fat spectrum, corre-
sponds to that reported for fat, while peaks in the 10,400 to
9911 cm™", region for the other tissues corresponds to that
reported for water [33, 35]. These authors indicated that by
dissecting and reconstructing the tissue layers of varying
thickness, a change in composition could be detected by
NIR spectroscopy to a depth of approximately 1 cm. For the
estimation of body composition in pigs, the spectrum for

the tissue composite appears to be influenced predominately
by the composition of the skin layer and to a lesser extent by
the presence of the fat and muscle layers [33, 36].

4. Conclusions

The results from this study demonstrated that the NIR region
has the potential to monitor some beef meat properties



associated with fat or muscle noninvasively through the skin.
The proposed method would provide beef producers or
industry with a powerful tool to monitor more closely the
effects of health, nutrition, or product characteristics with

the

goal of producing a consistently uniform product

and maximize profits assuring consumer with a product
of high quality. Although these results look promising,
more experiments and research need to be carried out
before recommending the beef industry to use this tech-
nology in live animals.
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