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Consumer demand the high quality of meat production 
that is especially important in the case of pork meat. 

This requirement has increased interest in various 
analysis methods such as a near infrared (NIR) spectroscopy 
due to its ability to quickly predict meat quality and identify 
peculiarities of various meat products. 

The overview describes the principles of NIR 
spectroscopy, preprocessing techniques and multivariate 
analyzes used for qualitative and  quantitative purposes of the 
pork meat. 
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The Duroc breed is a good meaty, bacon breed with a low fat content. Pigs of 
this unusual red color are of American origin. This breed was registered in 1883 
and given the name Duroc - "Jersey pigs". Now they are often called simply 
"Durocs". These pigs are distinguished by their high endurance, and are also 
well adapted to grazing. Duroc is distinguished by extremely fast growth and 
litter. According to the test results, they had the largest daily weight gain in 
fattening - 1016 grams per day. While the average for the other eight breeds was 
962 grams. By the age of 1.5 years, piglets of this breed grow up to 300 kg. In 
general, boars can weigh up to 400 kilograms, and sows up to 260. The body 
length reaches 2 meters, the dimensions of the pigs must be taken into account.

https://xn--80ajgpcpbhkds4a4g.xn--p1ai/articles/svini-dyurok-osobennosti-razvedeniya-i-uhoda/
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NEAR INFRARED (NIR) SPECTROSCOPY 

Near infrared (NIR) spectroscopy is based on the absorption of 
electromagnetic (EM) radiation at wavelengths in the range 780 to 2,500 
nm. The light interacts with the sample and the detector measures its 
transmittance and absorbance. 



Infrared spectrometers: NIR and MIR compared

(a) A system for carrying out NIR spectroscopy. An experimental setup for carrying out 
near-infrared spectroscopy, here using a transmission cell for liquid samples; 

(b) Inside an FITR spectrometer. A schematic of a Fourier transform infrared (FTIR) 
spectrometer for carrying out mid-infrared spectroscopy. The sampling method here is 

called attenuated total reflectance and can be used for examining liquid and solid samples.

https://www.futurelearn.com/courses/food-fraud/0/steps/10515


Dispersive NIR spectroscopy Fourier transform MIR spectroscopy (FTIR)

Cheaper instrumentation costs than MIR

Fundamental vibrations of molecular bonds occur 
in the “fingerprint” region of the MIR, making the 
spectral profiles very sensitive to chemical 
composition - even very similar molecules can 
produce quite distinctive spectra

Much more robust components – easier to make 
rugged instruments, involving no moving parts

Very accurate frequency scale due to internal laser 
reference beam – facilitates co-addition of data to 
improve signal-to-noise ratio

Very flexible sampling arrangements - interaction 
between radiation and sample can take place via 
reflection or transmission, from a wide range of 
sample types and geometries

High optical throughput – plenty of radiation 
available to interact with sample

Detector receives all wavelengths at once giving a 
signal-to-noise benefit (i.e. multiplexing)

Advantages

https://www.futurelearn.com/courses/food-fraud/0/steps/10515
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Dispersive NIR spectroscopy
Fourier transform MIR spectroscopy 
(FTIR)

Significant absorption bands only arise from 
bonds that include a hydrogen atom. This 
means that functional groups such as C=O 
(carbonyl, found in oils and fats) and C-N 
(found in proteins) do not produce distinct, 
identifiable bands

Some absorption bands are so strong in the 
infrared (O-H in water, for instance) that 
sample thicknesses of more than a few 
microns lead to complete absorption and no 
spectrum is obtained. This makes 
transmission sampling practically impossible 
for many samples, and reflectance methods 
must be used instead

Absorption bands are very broad and 
overlapped, so that many chemically 
different samples give rise to almost 
indistinguishable spectral profiles, and 
assignment of features to individual chemical 
entities is difficult

Attenuated total reflectance (ATR), which 
has an effective sample pathlength of 
<10microns, is the best way to analyse food 
samples, but a disadvantage is that very little 
of the total sample volume is actually 
inspected – this can be problematic for 
samples that are not homogenous on the 
micron scale

Disadvantages

https://www.futurelearn.com/courses/food-fraud/0/steps/10515
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Figure 1. Near-infrared spectra collected with a portable instrument on 
intact meat samples from several species.
Source: Agriculture and Agri-Food Canada–Lacombe. https://journals.sagepub.com/doi/full/10.1177/0003702817709299

https://journals.sagepub.com/doi/full/10.1177/0003702817709299
https://journals.sagepub.com/doi/full/10.1177/0003702817709299
https://journals.sagepub.com/doi/full/10.1177/0003702817709299


The feasibility of assessing protein, fat and moisture content of meat 
samples using NIR spectroscopy has been considered earlier [2,3]. For 
example, Liao et al. [4] found great variability in the results depending 
on the spectra preprocessing method by using a conveyor spectrometer 
to scan (350-1100 nm) intact sections of M. longissimus dorsi. These 
errors are caused by changes in sample thickness, etc. However, 
despite the mathematical processing of the spectra, visible-near-
infrared (VIS-NIR) spectroscopy was only suitable for rough screening 
purposes for moisture content and is not satisfactory for predicting 
protein and intramuscular fat content [5].



Figure 2. Real-time collection of NIR spectra at the rib-eye from 
beef using a portable instrument. 
Source: Agriculture and Agri-Food Canada–Lacombe.



Figure 3. Real-time collection of NIR spectra from the inner layer of pig 
subcutaneous fat using a portable instrument. 
Source: Agriculture and Agri-Food Canada–Lacombe.



Algorithms such as principal component regression (PCR)
or partial least squares regression (PLSR) provide more
stable and reliable regression equations and predictions,
since the variables are compressed through removal of
unrelated and unstable data, such as noise and redundancy,
while retaining most of the meaningful information.
Principal component regression is conducted by using 
principal component analysis (PCA) of the spectral variables 
for data compression, and subsequently LSR between 
selected principal components (PC) and the reference values. 
Partial least squares regression differs from PCR by using the
information of both spectroscopic and parameter variables
analyzed in samples. Nevertheless, increases in calibration
database size have highlighted the need for analyzing
nonlinear relationships using calibration methods. To 
overcome intrinsic nonlinearities within data sets, nonlinear
regression approaches such as local regression methods
(e.g., locally weighted regression [LWR]) or artificial
neural networks (ANN) have been recently applied. 



Qualitative analyses can also be applied to NIR spectral
data. Qualitative methods are referred to as pattern recognition
methods in which individual samples categorized
prior to analysis are classified based on collected spectra.
Several methods can be used for qualitative analyses including:
cluster analysis (CA), discriminant partial least
square (DPLS), K-nearest neighbors (KNN), linear 
discriminant analysis (LDA), PCA, soft independent modeling 
of class anthology (SIMCA), support vector machine
(SVM) and ANN. A comprehensive reviews of qualitative 
methods as well as their applications are in progress. 



Calibration models are usually assessed for their
predictive ability using coefficient of determination (R2),
root mean square error of cross-validation (RMSECV), or
prediction (RMSEP) depending on the type of validation
undertaken,and ratio of performance deviation
(RPD).  The equations for root mean square error
(RMSE) and RPD are defined in Eqs. 1 and 2
where n is the number of samples in the calibration set, yi
represents the measured responses, y_i is the estimated
responses obtained through cross-validation or external
validation, and SD corresponds to the standard deviation
of reference values from calibration or prediction set.



Since its first introduction in a peer-reviewed publication
in 1993, ratio of performance deviation (RPD) is gradually 
becoming widely used for quick  assessment of an NIR 
spectroscopy calibration model due to its non-dimensionality. 
The calculated root mean square error of cross-validation 
(RMSECV), or prediction (RMSEP) should be
considerably less than the SD and ideally the RPD should be
5 or higher. Low RPD values may in part be due to a low
variability in reference values or a large RMSE relative to
SD. Values of over 20 have been observed for the prediction
of some factors, such as moisture content of wholekernel
corn (maize). However, due to complications caused
by sample preparation and presentation, difficulties with
reference testing and characteristically low variability in a
sample set, RPD values of  3.0 may be difficult to obtain. 
In these circumstances the NIR spectroscopy may still have
value for use as an analytical tool in both scientific and
industrial contexts.



Table 1. Degrees of merit for the ratio of performance
deviation (RPD) to the application of NIR spectroscopy.

RPD value Classification Application
0.0–1.9 Very poor Not recommended
2.0–2.4 Poor Rough screening
2.5–2.9 Fair Screening
3.0–3.4 Good Quality control
3.5–4.0 Very good Process control
4.1 Excellent Any application



Application of Near-Infrared Spectroscopy
to Characterize Meat Fat and Meat Products

Prediction of Chemical Components
Evaluation of meat composition is essential due to its relationship
with overall quality and palatability characteristics,
wholesomeness, and impact on consumer health. Many studies
exploring NIR spectroscopy application for the analysis
of chemical composition of meat have been reported over
the past few years and a selection of studies (Table 2) are
discussed below for individual meat chemical components.
The ability to predict protein, fat, and moisture content
in meat samples using NIR spectroscopy has been covered
in previous reviews. Nevertheless, even today, variable
results are found in different studies. They used a
conveyor spectrometer to scan (350–1100 nm) intact slices
of M. longissimus dorsi under simulated online conditions
and found a great variability in the results depending on the
method used for spectra pre-processing. These authors
observed that the multiplicative scatter correction (MSC)
in conjunction with a first derivative provided the most
accurate calibration models.



https://journals.sagepub.com/doi/full/10.1177/0003702817709299

Application of Near-Infrared Spectroscopy to Characterize Meat Fat and Meat Products
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Meat is a major contributor of lipids to the human diet.
Consumers have become more interested in the fat composition
of meat due to nutritional guideline recommendations
for reducing total fat and saturated fatty acids (SFA)
intake, while increasing consumption of polyunsaturated
fatty acids (PUFA).  Hence, there is a growing demand
for fast and efficient alternative methods to monitor meat
FA profiles. In this regard, several studies have tested the potential of 
NIR spectroscopy to predict the FA composition
in meat from different species (Table 2, only FA groups are shown). 
NIR spectroscopy prediction models were improved by using ground 
versus intact non-ground muscle samples from pork and lambs (R2 of
cross-validation: 0.29 to 0.98 versus 0.05 to 0.53 for individual
and groups of FA, respectively). This is likely the
result of heterogeneity of intact muscle. While the ability
to collect NIR spectra from intact non-ground muscle
would be advantageous from a practical perspective, the
heterogeneous nature of muscle probably limits the ability
to generate accurate calibration models for  FA contents
based on NIR spectra.



Prediction of Technological Parameters 
and Sensory Attributes

Technological parameters such as water holding capacity,
color, and pH are important meat quality characteristics
that correlate with the sensory appreciation of meat by
consumers.  Several studies have tested the NIR spectroscopy
ability to quickly predict technological parameters in
pork meat.  

As shown in Table 3, Vis-NIR spectroscopy was suitable
for screening purposes for L*47 and L*, a*, and b* color
values when longissimus dorsi samples from pigs were
scanned intact.



Prediction of Technological Parameters and Sensory Attributes



Prediction of Carcass Fat Quality
In recent years, due to dietary recommendations put forth
by the World Health Organization, several strategies to
enhance FA composition of animal products destined for
human consumption (e.g., modulating genetics and diet) are
being investigated.  However, the increased concentration
of dietary unsaturated FA can have negative effects on
fat quality. Porcine fat quality, for example, is an important
factor for economic value, human nutrition, and taste.
Increased concentrations of unsaturated FA can lead to
soft fat, processing problems, reduced quality and shelf
life of processed pork products, and an inability to meet
fresh pork export specifications. Consequently, soft fat is
deemed undesirable in multiple countries, such as
Canada, the United States, and the European Union.
In fact, soft fat is the main cause for downgrading and
lowered price in Japan due to its reduced sliceability and
lower processing quality, particularly in bacon manufacturing.
Beyond issues with fat softness, increased contents
of unsaturated FA can also reduce oxidative stability and
negatively affect the flavor of meat. 



Prediction of Carcass Fat Quality



Prediction of Meat Products Quality
Regarding the recent use of NIR spectroscopy on meat
products (Table 4), Ritthiruangdej et al. used Fourier
transform (FT)-NIR spectroscopy on spectra collected in
reflectance to estimate chemical composition of steamed
pork sausages. Using an external validation, prediction
accuracy was highest for moisture followed by protein,
fat, carbohydrate, and ash; with sufficient accuracy for quality
control for moisture and adequate for screening of protein
and fat content. The NIR spectroscopy predictability
was similar when the sausages were packed and scanned
through the packaging. These results indicated that plastic
casing does not have a large impact on the building of PLS
models, and that unwanted light scattering effects were
adequately reduced from NIR spectra using the MSC treatment.
This is a great advantage for NIR spectroscopy to be
implemented by the industry as a nondestructive method
for rapid analysis of chemical composition of steamed pork
sausages.



Prediction of Meat Products Quality



Thus, the results of previous studies show that NIR spectroscopy can
replace existing wet chemistry methods for the successful assessment
of the chemical composition of meat. Nevertheless, to obtain
sufficiently accurate predictive equations that could be used in quality
control and technological process, both a wide range of variability of
the chemical composition and homogenization of samples are
required. These limitations may make it difficult to implement NIR
spectroscopy online, where further improvements are still needed
before industrial use can be considered. Meeting this demand requires
new, objective quality control methods because traditional methods of
analysis are time consuming, require toxic solvents and reagents and
can be expensive. For these reasons, the development of quick,
environmentally friendly methods for assessing and predicting meat
quality or identifying meat products has become a priority in recent
years. In this regard, near infrared spectroscopy can be considered a
fast and cost-effective alternative in the case of evaluation of the pork
meat quality.
The research was supported by the Russian Science Foundation, grant
20-16-00032.
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Thanks for your attention

Спасибо за внимание
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