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Non-destructive analysis of fresh Iberian pork
loins by near-infrared spectroscopy (NIRS)

E. Zamora-Rojas* ', A. Garrido-Varo, D.C. Pérez-Marin, J.E. Guerrero-Ginel and
E. De Pedro-Sanz

Department of Animal Production, Faculty of Agricultural and Forestry Engineering,
University of Cérdoba, Cérdoba (Spain)
te-mail: g32zaroe@uco.es

Abstract. A fiber-optic contact probe near infrared spectroscopy (NIRS) instrument is evaluated to predict
fat, moisture and protein in intact Iberian pork loins. A total of 173 Iberian pig loin samples were analyzed.
Spectra from intact loins were collected with a LabSpec®Pro A108310 spectrometer (Analytical Spectral
Device) and from the ground meat with a FossNIRSystem instrument. Spectra attenuation was required for
removing very signal noise areas in the intact loin spectra. As reference values were used the NIRS
predictions of the sample set estimated with a robust calibration model for ground samples and analyzed in
a FossNIRSystem instrument. Modified Partial Least Squared (MPLS) regression was performed and
different spectra pretreatments and spectral regions evaluated. The range 450-2300 nm performed the best
models for the instrument evaluated, showing a suitable potential of the NIRS instrument for on-line analysis
of pork loins.
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Analyse non destructive d’échines fraiches de porc Ibérique au moyen de spectrospie a infrarouge
proche (NIRS)

Résumé. Un équipement spectroscopique a infrarouge proche (NIRS) doté d'une sonde de fibre optique de
contact est évalué pour la prédiction de la graisse, de I'humidité et de la protéine dans des échines intactes
de porcs Ibériques. Un total de 173 échantillons d'échines de porcs Ibériques ont été analysés. Les
spectres ont eu besoin d'étre atténués pour éliminer des aires ayant un signal bruyant. Comme valeurs de
référence on a utilisé les prédictions NIRS de I'ensemble des échantillons estimées avec un modele robuste
de calibrage créé pour des échantillons hachés et analysés par un instrument FossNIRSystem. L'algorithme
de régression des Moindres Carrés Partiels Modifiés (MPLS) a été utilisé pour évaluer différents pré-
traitements et régions spectrales. L'intervalle 450-2300 nm a fourni les meilleurs modéles pour l'instrument
évalué, en montrant le potentiel d'analyse en ligne de I'instrument NIRS pour I'échine de porc.

Mots-clés. Porcs Ibériques — Rein — Spectroscopie NIR — Fibre optique — Matiéres grasses — Protéines —
Humidité.

| — Introduction

Iberian pig products have a high rate consumer acceptance, leading to high prices in the
market. Consumers assess the quality of those products based on the exceptional organoleptic,
healthy and sensory characteristics, but guarantee a target meat product is a complex task that
requires control procedures (Prieto et al., 2009a). Fresh meat is a very heterogeneous product
and the determination of the major chemical constituents, such as fat, moisture or protein, is
interesting for labelling purposes or for preparing good mixtures to produce dry-cured or
processed products.

Traditional wet chemistry to determine these parameters are time-consuming, tedious, costly
and destructive methods. Nowadays, the meat industry has shown a great interest for new
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technologies that enables fast, accurate, non-destructive quality analysis. Near-Infrared
Spectroscopy (NIRS) has shown its potential to predict chemical composition in meat products
(Prevolnik et al., 2004; Prieto et al., 2009a), even in on-line applications in the industry
(Tagersen et al., 1999; Gonzéalez-Martin et al., 2002; Huang et al., 2008; Prieto et al., 2009b)
resolving part of the demands of the industry. Most of the literature has used ground samples
which require a sample preparation. In this study is evaluated a fiber-optic contact probe NIRS
instrument to predict chemical composition (fat, moisture and protein) of intact Iberian pork
loins.

Il — Materials and methods

1. Sample set and NIRS measurements

One hundred and seventy three samples of Iberian pork loins were analyzed. The samples
were taken from the beginning of the loin in the shoulder area of the animals. Two NIRS
analyses were performed with different instruments and samples presentation.

A post-dispersive diode array scanning monochromator spectrometer LabSpec®Pro A108310
(Analytical Spectral Device-ASD Inc., Boulder, Colorado, USA) working from 350-2500 nm (1nm
spectral resolution) in reflectance mode was used to analyze intact pork loin samples at the
slaughter house, two hours post-mortem. The loins after being analyzed with the LabSpec®Pro
were vacuum packaging and frozen at -20°C to be stored. A FossNIRSystem 6500 equipped
with a spinning module for standard circular cups working from 400-2500 nm (2 nm spectral
resolution) in reflectance mode was used to analyze the same samples set in ground
presentation. Before recording the NIRS spectra, the muscles were ground and homogenized
by a vertical cutter mixer (Heidolp homogenizer DIAX 900). Two spectra per sample were
measured in each case.

2. Data modelling

Chemometric data treatment was performed using the software WinISI Il ver 1.50 (Infrasoft
International, Port Matilda, PA, USA). The Root Mean Squared (RMS) error statistic was used
for spectral repeatability evaluation (Shenk and Westerhaus, 1995). The fat, moisture and
protein composition of each sample was determined by NIRS using a robust model developed
for ground Iberian meat in the range 1100-2500 nm (not published). These predictions were
used as reference for further analysis.

Modified Partial Least Squared (MPLS) regression method (Shenk and Westerhaus, 1991) was
used to develop calibration models for predicting fat, moisture and protein with intact pork loin
samples analyzed with the fiber optic contact probe instrument. As spectral pre-treatments,
Standard Normal Variate (SNV) plus Detrending (DT) (Barnes et al., 1989) was used to remove
the multiplicative interferences of scatter and two derivative mathematical treatments were
performed: window-wise filtering (1,10,5,1) and (2,5,5,1) (ISI, 2000). The optimum number of
model factors was selected by cross-validation using 4 groups.

Signal noise at the beginning and end of the spectral range was eliminated for the
LabSpec®Pro spectra measurements. Two spectral regions were selected for performing the
calibration models: 450-2300 nm and 1100-2300 nm.

The evaluation of the models was performed with different statistics: the standard error of
calibration (SEC), the standard error of cross-validation (SECV) and the coefficient of
determination for cross-validation (r2).
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Il — Results

The collection of high-quality spectra is a crucial task to develop accurate calibration models.
NIRS spectral repeatability using the RMS statistic can help to evaluate the quality of the
spectra. In the case of the LabSpec®Pro, the RMS values exceeding the 90,000 plog 1/R for
comparisons of spectra form the same sample and location across the whole spectral range
(350-2500 nm). By removing spectral areas with a very signal noise, i.e at the beginning (350-
450 nm) and the end (2300-2500 nm) of the spectra, the RMS values were lowered to 86,115
plog 1/R. Figure 1 shows the spectra collected from intact loins with the fiber-optic contact
probe and it is observed the high signal noise over 2000nm. In the case of the FossNIRSystem,
the RMS values are on the average of 9.941 plog 1/R.

Absorbance

0 i 1 . L= 1 L L L
350 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
Wavelengths (nm)

L il i 1 1 1

Fig. 1.  Spectra collected from intact pork loins using a fiber-optic NIRS
instrument from LabSpec®Pro.

Figure 2 shows the average spectra of the samples set for the analysis performed for intact pork
loins with LabSpec®Pro and for ground pork meat with the FossNIRSystem instrument in the
400-2300 nm range. It is observed strong similarities between both, although the quality of the
spectra is different with a smoother pattern in the case of the ground meat, due to the sample
presentation and instrument differences. The FossNIRSystem is a laboratory instrument
working under controlled-conditions, while the LabSpec®Pro was working on-line in the
industry. Ground samples presented a more clearly-defined spectrum with sharper peaks than
the intact loins. However, both show different characteristic absorption peaks: around 1200,
1720-1760nm as areas of fat and water-related peaks at 1450 and 1940 nm (Williams and
Norris, 1987; Osborne, Fearn and Hindle, 1993).

The spectra of the ground samples were used to predict fat, moisture and protein composition
of the Iberian pork loins with a robust model developed for the FossNIRSystem working in the
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1100-2500 nm range (not published) over different years and with different ground pork
muscles in our research group. Table 1 shows the statistic of that model. The prediction
obtained for each sample was used as reference value for developing calibration models for the
determination of fat, moisture and protein composition in intact loins using the fiber-optic

instrument.
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Fig. 2. Average spectra collected with the different instruments and samples presentation.

Table 1. Calibration statistics for the NIRS prediction using ground Iberian meat samples of fat,

moisture and protein composition

No. of Ne° of Principal SEC 2 SECV
Parameter Pre-treatment samples Components (%) r (%)
Fat SNV + DT (2,5,5,1) 315 4 0.37 098 0.40
Moisture SNV + DT (2,5,5,1) 315 5 0.47 096 0.51
Protein SNV + DT (1,10,5,1) 324 7 0.48 091 0.49

Table 2 shows the statistics for the different parameters (fat, moisture and protein) studied of
the samples set predicted by NIRS using the Table 1 models. Modified Partial Least Squared
(MPLS) algorithm was used to develop calibration models for the prediction of the major
chemical composition parameter in intact Iberian pork loins with a remote NIR reflectance fiber-

optic contact probe instrument.

Table 2. Calibration statistics for the NIRS prediction using ground Iberian meat samples of fat,

moisture and protein composition

Training set (173 samples)

Parameter Minimum Maximum Average Standard  Deviation
Fat (%) 3.20 18.95 8.69 2.90
Moisture (%) 63.20 74.97 70.29 2.08
Protein (%) 17.16 21.95 19.68 0.90
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The best calibration models obtained for predicting the three main chemical parameter in meat,
measured with the fiber-optic contact probe in intact Iberian pork loin, are shown in Table 3 (i.e.
after testing second and first derivative for two spectral range: 450-2300 nm and 1100-2300
nm).

Table 3. Calibration statistics of fat, moisture and protein composition obtained for the NIRS
prediction with a remote fiber-optic probe using intact Iberian loin samples

No.° of
Parameter Range Pre-treatment No. of Principal SEC r? SECV
(nm) samples c (%) (%)
omponents
Fat 450-2300 SNV + DT (1,10,5,1) 173 4 142 068 1.65
Moisture 450-2300 SNV + DT (2,5,5,1) 168 4 0.83 059 1.25
Protein 450-2300 SNV + DT (1,10,5,1) 171 4 0.51 056 0.59

As expected, models developed using intact loins are less accurate (Table 3) than those
obtained with ground samples (Table 2). Intact loins showed larger sample heterogeneity than
ground samples; freezing/drawing of the ground samples can affect mainly the moisture
parameter and the quality of the spectra is different between instruments and sample
presentation. Nevertheless, the models showed the possible potential of a fiber-optic contact
probe NIRS instrument for analyzing chemical composition of intact pork loins. Moreover, an on-
line analysis enables instantaneous and without sample presentation measurement providing
important industrial advantages for quality and process control. However, there are several
topics that require further studies such as the sampling optimization of intact meat products or
the choice of the best instrument measurement parameters for an adequate spectra collection.

IV — Conclusions

The on-line NIRS instrument evaluated in this study for the quantitative chemical composition
prediction of intact Iberian pig loins shows a very promising result enabling several practical
advantages of the analysis. Further work is required in order to develop more accurate models.
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