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RESUMEN

Clasificacion segun el régimen alimenticio de cerdos
Ibéricos producidos bajo condiciones no experimen-
tales mediante modelos multivariantes generados a par-
tir de la composicion en acidos grasos o datos espec-
trales NIR.

Se han desarrollado modelos multivariantes, generados
a partir de la composicion en acidos grasos o datos espec-
trales NIR, para clasificar segun el régimen alimenticio cer-
dos Ibéricos producidos bajo condiciones no experimen-
tales. Se han empleado 121 muestras de grasa liquida
procedentes de grasa subcutanea de canales de cerdos
Ibéricos pertenecientes a 5 partidas con regimenes alimen-
ticios diferentes. A dichas muestras liquidas se les determiné
el contenido en 11 &acidos grasos (C14:0, C16:0, C16:1,
C17:0, C17:1, C18:0, C18:1, C18:2, C18:3, C20:0 and
C20:1) y se obtuvo su espectro NIR. Los modelos de clasifi-
cacion multivariantes se desarrollaron mediante Analisis Dis-
criminante Lineal. Dichos modelos presentaron un error de
clasificacion del 0,0% al emplear como variables los datos
espectrales NIR y un error del 1,7% al generarse a partir de
la composicién de acidos grasos. Estos resultados confir-
man la capacidad de discriminar muestras de grasa liquida
de cerdos Ibéricos producidos bajo condiciones no experi-
mentales ya sea a partir de su composiciéon en acidos gra-
sos o de su espectro NIR. El error de clasificacion obtenido
por el modelo al emplear los datos espectrales NIR fue
menor que en el caso de emplear la composicion en acidos
grasos.

PALABRAS CLAVE: Acidos grasos — Cerdo Ibérico — Es-
pectroscopia en el Infrarrojo Cercano — Grasa — Modelos
multivariante — NIRS.

SUMMARY
Classification of real farm conditions Iberian pigs
according to the feeding regime with multivariate
models developed by using fatty acids composition or
NIR spectral data.

Multivariate Classification models to classify real farm
conditions Iberian pigs, according to the feeding regime were
developed by using fatty acids composition or NIR spectral
data of liquid fat samples. A total of 121 subcutaneous fat

samples were taken from Iberian pigs carcasses belonging
to 5 batches reared under different feeding systems. Once
the liquid sample was extracted from each subcutaneous fat
sample, it was determined the percentage of 11 fatty acids
(C14:0, C16:0, C16:1, C17:0, C17:1, C18:0, C18:1, C18:2,
C18:3, C20:0 and C20:1). At the same time, Near Infrared
(NIR) spectrum of each liquid sample was obtained. Linear
Discriminant Analysis (LDA) was considered as pattern
recognition method to develop the multivariate models.
Classification errors of the LDA models generated by using
NIR spectral data were 0.0% and 1.7% for the model
generated by using fatty acids composition. Results confirm
the possibility to discriminate Iberian pig liquid samples from
animals reared under different feeding regimes on real farm
conditions by using NIR spectral data or fatty acids
composition. Classification error obtained using models
generated from NIR spectral data were lower than those
obtained in models based on fatty acids composition.

KEY-WORDS: Iberian pig — Fat — Fatty acids — Multivariate
methods — Near Infrared Spectroscopy — NIRS.

1. INTRODUCCION

Nowadays, it has been sufficiently proven that
the characteristics of the Iberian pig fat basically
depend on the type of feeding that the pig has
received at the end of its fattening period, and that
the use of different diet types, (ie. acorns, acorns
and feed concentrates, only concentrates) have a
significant repercussion on the fatty acid
composition of the adipose tissues of its carcass
(Flores, Biron, Izquierdo and Nieto, 1988; De Pedro,
2001).

The Near Infrared Spectroscopy (NIRS) literature
highlights the variety of chemometric algorithms
used to develop models for classification,
authentication and discrimination purposes (Mark,
1992; Massart, Vandeginste, Buydens, De Jong,
Lewi and Smeyers-Verdeke, 1997). Some of these
pattern  recognition algorithms are more
sophisticated than others and some of them are
implemented as part of routine NIRS software. One
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of this classification algorithm is the Linear
Discriminant Analysis (LDA). This method develop a
linear function (discriminant function) that provides
an accurate discrimination between the different
classes or categories of the data set (Massart,
Vandeginste, Buydens, De Jong, Lewi and Smeyers-
Verdeke, 1997). LDA has been a pattern recognition
method used by several authors to classify fats and
oils according to different criteria (Garrido-Varo,
Garcia-Olmo and Pérez-Marin, 2004).

Previous works has shown the possibility to
discriminate Iberian pig carcasses with different type
of feeding based on spectral NIR data (Hervas,
Garrido, Lucena, Garcia and De Pedro, 1994; De
Pedro, Garrido, Lobo, Dardenne and Murray, 1995).
They used 118 Iberian pig fat samples obtained from
3 batches of animals with different feeding regimes.
The three batches can be designated as animals fed
on acorns plus low and medium levels of compound
feeding stuffs and animals fed only on compound
feeding stuffs. NIRS spectra were obtained using the
transmission mode in a monochromator instrument,
in the range 1100 to 2500 nm. Results were obtained
by several chemometrics algoritms as Linear
Discriminant Analisys and Artificial Neural Network
(ANN), using as variables the composition in terms
of 11 FAs obtained by Gas Chromatography (GC)
and Principal Component Analysis (PCA) scores
from NIR spectral data.

Comparison of the data allows them to conclude
that the classification strategies produce errors of
different magnitude in the validation set samples.
The LDA models based on fatty acids composition
yielding the greatest classification errors and the
LDA models using PCA scores from NIR data
yielded greater classification errors than the ANN
models tested in the same set.

However, the samples used by Hervas et al.
(1994) and De Pedro et al. (1995) in their
classification studies were obtained from animals
with well-defined and tightly-controlled feeding
regimes, as is usual in research projects (Garrido-
Varo et al, 2004) . In order to confirm the previous
results and to be able to apply the models obtained
for carcasses classification at the slaughterhouse, it
is necessary to develop discrimination models
using samples from other batches of animals more
representative of real farm conditions.

The objective of this work is to compare the
performance of pattern recognition models
developed by using fatty acids composition or NIR

Table 1

spectral data to classify Iberian pig samples
representative of real farm conditions, according to
the feeding system of the animals.

2. MATERIAL AND METHODS

2.1. Samples

Subcutaneous fat samples were taken from 121
carcasses of Iberian pigs belonging to 5 batches of
Iberian pigs reared under different feeding systems
in different farms in Andalusia (Spain). Table 1
contains the number of animals and the type of
feeding for each of the five batches. It is important
to highlight that the quality and the price of the
derived products from each batch of animals
decrease from batch 1 to batch 5.

Fat samples were taken from the tail insertion
area in the coxal region of the carcass. That is the
same location used by the Iberian Pig Designation
of Origin committees and laboratories when taking
samples for the quality control of Iberian pig
carcasses (Boletin Oficial del Estado 2004).

Each subcutaneous adipose tissue sample
containing all the fat accumulation, with the skin
and lean parts removed, was divided into 2
subsamples. One of the subsample was processed
individually to extract a unique liquid fat sample
from each animal of the batches. Thus, a total of
121 individual liquid fat samples were therefore
available to carry out the present work.

The other subsample was mixed with the rest of
the subsamples belonging to animals of the same
batch. Every subsamples pool was processed to
extract a mean liquid fat sample for each batch
according to Boletin Oficial del Estado (2004).
Thus, it was obtained a total of 5 mean liquid fat
samples.

Individual and mean liquid fat samples were
obtained after melting in a microwave the oven the
subcutaneous adipose tissue subsamples
according to the methodology described by De
Pedro et al. (1996) and included into Boletin Oficial
del Estado (2004). Subsamples were placed in a
glass container and heated in a microwave oven for
a long enough period of time to melt the fat (namely,
3 minutes for each 100 g of sample at 700 W
power). From the melted fat, and once the remains
of the subcutaneous tissue supernatant had been
removed, the appropriate liquid sample was taken.

Characteristics of the batches included on the data set

Batch N Type of feeding
1 41 Only acorns during 6 months
2 36 Only acorns during 3 months
3 20 Only acorns during 1 months
4 11 Acorns plus medium levels of compound feedingstuffs during 6 months
5 13 Only compound feedingstuffs

@ Use. " Las notas.
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2.2. Fatty acids composition

Mean liquid fat samples were analysed by gas
chromatography (GC) with a capillary column to
determine the fatty acids composition in accordance
with the UNE 5508 standard method and Boletin
Oficial del Estado (2004). The methyl esters were
prepared following, in general terms, the cold
methylation procedure indicated in section 5 of the
IUPAC No. 2301 procedure. A small amount of fat
was dissolved in hexane to which a solution of KOH
in Methanol was added. After vigorous shaking for
several seconds, it was left to decant, taking an
aliquot from the organic phase for its analysis. All the
characteristics of the chromatographic method
(equipment, columns, reagents, operation and
maintenance conditions) used by each laboratory for
the separation and quantification of the methyl
esters were included in the recommendations given
by the UNE 5508 standard method.

Individual liquid fat samples were analysed by
NIRS to predict the fatty acids composition. There
were used calibration equations to determine the
percentage of 11 fatty acids (C14:0, C16:0, C16:1,
C17:0, C17:1, C18:0, C18:1, C18:2, C18:3, C20:0
and C20:1) (Garcia-Olmo, Garrido and De Pedro,
2001; Garcia-Olmo, 2002). NIR Spectra were
predicted by using the WinISI software ver. 1.50
(WinlISI, 2000).

2.3. NIRS Analysis

Individual liquid fat samples were analysed by
folded transmission in a Foss-NIRSystems 6500
monochromator equipped with a spinning module. It
was used a ring cup with a pathlenght of 0.1 mm
(ref. IH-03459). A diffuse reflecting surface placed
at the bottom of the cup reflects the radiation back
trough the sample to the reflectance detectors
(Shenk and Westerhaus, 1995a). Spectra were
collected by repacking of two subsamples using the
ISI NIRS 3 software ver. 3.11 (Shenk and
Westerhaus, 1995a; Shenk and Westerhaus,
1995b).

2.4. Data treatment

Classification models were developed by using
NIR spectral data of 121 individual liquid fat
samples of Iberian pigs.

A multivariate pattern recognition method,
namely linear discriminant analysis (LDA), were
considered in this study to classify Iberian pig
carcasses according to the type of feeding. LDA
models were obtained by using SAS software ver.
8.2 (SAS, 2000). LDA models were generated by
using a number of PCA scores that explain more
than the 99% of the original variance for the data
set.

Cross validation method was selected to
evaluate the different multivariate models
developed (Mark, 1992; Massart, Vandeginste,

Buydens, De Jong, Lewi and Smeyers-Verdeke,
1997). The statistic calculated to compare the
performance of the different classification methods
was the classification error or percentage of
misclassified samples by the pattern recognition
model (Mark, 1992).

3. RESULTS AND DISCUSSION

Table 2 shows the fatty acids composition of the
mean liquid fat sample for each batch analysed by
GC. As can be seen on this table, the 5 batches
have a very different fatty acids composition mainly
the main fatty acids (C16:0 range from 18.9% to
24.0%, C18:0 range from 8.4% to 12.8%, C18:1
range from 57.3% to 47.6% and C18:2 range from
8.4 to 11.1). These results are in accordance with
the type of feeding described on Table 1 and results
obtained by De Pedro (2001).

Table 2 also includes mean NIRS predicted fatty
acids composition of the individual liquid fat
samples for each batch. This table shows that mean
fatty acids composition obtained by NIRS or GC for
each batch is very similar. For the main fatty acids,
the maximum difference between the mean NIRS
predicted values and the GC value was 0.7
for%C16:0 (batch 4), 1.0 for%C18:0 (batch 1), 0.4
for%C18:1 (batch 2) and 0.6 for%C18:2 (batch 1). It
is important to highlight that these difference values
were obtained on different samples analysed with
different methodologies and in 2 different
laboratories.

These difference values are lower than the
reproducibility values (maximum  absolute
difference between 2 results, and only 2, obtained
on the same sample with the same methodology in
2 different laboratories) for these fatty acids
according with the results obtained by Garcia-Olmo
et al. (2002). The reproducibility values described
by these authors were 2.0 for%C16:0, 1.1 for
%C18:0, 2.5 for %C18:1 and 0.8 for %C18:2. Thus,
the difference between the mean NIRS predicted
values and the GC value showed on Table 2 are
similar or even lower than the difference values
obtained analysing the same sample by GC in 2
different laboratories.

Table 3 and 4 include a summary of the
classification results of LDA models by using as
variable the predicted fatty acids composition (Table
3) or the NIR spectral data (table 4) of the liquid fat
samples. These tables show the classification
matrix obtained after the allocation of each sample
into one of the considered batches by using the
LDA models generated. As can be seen, models
generated by using NIR spectral data (Table 4),
classify correctly all the samples (121 of 121) into
its original batch (41 samples into batch 1, 36 into
batch 2, 20 into batch 3, 11 into batch 4 and 13
samples into batch 5).

However, in the case of models generated by
using fatty acids composition (Table 3), two
samples were misclassified: one sample of the
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Table 2
Mean fatty acids composition of the batches obteined by NIRS® and GC®
Batch 1 2 3 4 5
Analysis® NIRS"® GC° NIRS® GC° NIRS® GC° NIRS® GC° NIRS® GC°
C14:0 1.3 1.2 1.3 1.3 1.3 1.2 1.3 1.3 1.4 1.4
C16:0 19.0 18.9 20.4 20.5 21.3 21.2 20.2 19.5 241 24.0
C16:1 2.2 2.0 2.0 1.9 1.9 1.6 2.2 1.9 2.2 2.3
C17:0 0.3 0.2 0.3 0.2 0.3 0.2 0.3 0.3 0.3 0.4
C17:1 0.4 0.3 0.4 0.2 0.4 0.2 0.4 0.3 0.4 0.4
C18:0 7.4 8.4 8.4 8.8 10.5 11.1 8.8 9.1 12.2 12.8
Cc18:1 57.3 57.3 54.6 55 53.1 53.4 53.8 53.7 47.8 47.6
c18:2 9.8 9.2 9.7 9.6 8.5 8.4 10.7 11.1 9.2 8.8
C18:3 1.1 1.0 1.2 1.0 1.0 0.8 1.1 1.2 0.9 0.8
C20:0 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.1 0.2 0.2
C20:1 15 15 1.3 1.3 1.6 1.7 1.5 1.4 1.4 1.3

@ Results are expressed as % of total fatty acids analyzed.

® Mean NIRS predicted fatty acids composition of the individual liquid fat samples for each batch.
¢ Fatty acids composition of the mean liquid fat sample for each batch analysed by Gas Chromatography.

batch 1 (2.4%) were classified as belonging to
batch 4 and one sample of batch 4 (9.1%) were
asigned to batch 1. According to these results, the
classification errors obtained on the LDA models
generated by using NIR spectral data were 0,0%
while this statistic had a value of 1.7 % for the
model generated by using fatty acids composition.
These classification error were lower than those
obtained by Hervas et al. (1994) and De Pedro et
al. (1995). They obtained classification errors of
15.7% and 11.3% for LDA models generated by
using fatty acids compositions and NIR spectral
data respectively. In the case of ANN models
developed with NIR spectral data as variables, the
classification error was 3.7%.

Thus, the low classification errors obtained at
the present work confirm the possibility to

discriminate Iberian pig carcasses from animals
reared under different feeding regimes by using NIR
spectral data and fatty acids composition. At the
same time, these results show that classification
errors, obtained by means of cross validation of the
calibration set, are lower in the models generated
using NIR spectral data instead of predicted fatty
acid data.

Moreover, the results obtained by Hervas et al.
(1994) and De Pedro et al. (1995) were confirmed,
since the errors obtained using models generated
from spectral data (regardless of the chemometric
method of analysis used) were lower than those
obtained in models based on fatty acids data. It
should be because NIR spectral data is a spectral
fingerprint data of each individual sample. This
spectral fingerprint not only has chemical

Table 3
Classification results obtained by LDA model generated by using
fatty acids composition (11 fatty acids) as variable

CLASSIFIED AS

Batch 1 Batch 2 Batch 3 Batch 4 Batch 5
Batch 1 40 0 0 1(2,4%) 0
Batch 2 0 36 0 0 0
Origin Batch 3 0 0 20 0 0
Batch 4 1(9,1%) 0 0 10 0
Batch 5 0 0 0 0 13
Table 4

Classification results obtained by LDA model generated by using
NIR spectral data of liquid fat as variable

CLASSIFIED AS

Batch 1 Batch 2 Batch 3 Batch 4 Batch 5
Batch 1 41 0 0 0 0
Batch 2 0 36 0 0 0
Origin Batch 3 0 0 20 0 0
Batch 4 0 0 0 11 0
Batch 5 0 0 0 0 13
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information of the fatty acid composition but also
chemical information of all the analytical component
included on the sample.

4. CONCLUSIONS

Pattern recognition models obtained confirm the
possibility to discriminate Iberian pig liquid samples
from animals reared under different feeding
regimes on real farm conditions by using NIR
spectral data or fatty acids composition.

Moreover, the classification errors obtained
using models generated from NIR spectral data
were lower than those obtained in models based on
fatty acids composition.

ACKNOWLEDGEMENTS

The authors wish to express their appreciation to
the Livestock Breeders Cooperative “COVAP” for
their collaboration in the animal controls on the
farms. Results were obtained by using NIRS
software and hardware of the Department of Animal
Production and the NIR/MIR Spectroscopy Unit
(Central Service for Research Support) of the
University of Cordoba.

REFERENCES

Boletin Oficial del Estado (BOE). 2004. Orden
PRE/3844/2004.por la que se establecen los
métodos oficiales de toma de muestras en canales de
cerdos ibéricos y el método de analisis para la
determinacion de la composicion de acidos grasos de
los lipidos totales del tejido adiposo subcutaneo de
cerdos ibéricos. (pp. 38770-38775). Madrid, Spain.

De Pedro, E. 2001. Calidad de las canales y de los
productos del cerdo Ibérico: técnicas de control y
criterios de calidad. En C. Buxadé (Ed.) Porcino
Ibérico: aspectos claves. Ediciones Mundi-Prensa,
Madrid, Espafa, 589-621.

De Pedro E, Garrido A, Lobo A, Dardenne P, Murray I.
1995. Objective classification of Iberian pig
carcasses: GC versus NIR. En G.D. Batten, P.C. Flinn,
L.A. Welsh and A.B. Blakeney (eds.) Leaping ahead
with near infrared spectroscopy. NIR Spectroscopy
Group. Royal Australian Chemistry Institute,
Melbourne, Australia, 291-295.

De Pedro E, Casillas M, Miranda CM. 1996. Microwave
oven application in the extraction of fat from the
subcutaneous tissue of Iberian pig ham. Meat Sci. 45,
45-51.

Flores J, Biron C, lzquierdo L, Nieto P. 1988.
Characterization of green hams from Iberian pigs by

fast analysis of subcutaneous fat. Meat Sci. 23, 253-
262.

Garcia-Olmo J, Garrido A, De Pedro E. 2001. The transfer
of fatty acids calibration equations using four sets of
unsealed liquid standardisation samples. J. Near
Infrared Spectrosc. 9, 49-62.

Garcia-Olmo J. 2002. Clasificacion y autentificacion de
canales de cerdo Ibérico mediante espectroscopia en
el infrarrojo cercano (NIRS). PhD Thesis. University of
Cérdoba. Spain.

Garcia-Olmo J, De Pedro E, Garrido A, Paredes A,
Sanabria M, Santolalla J, Salas J, Garcia-Hierro JR,
Gonzalez |, Garcia-Cachan MD, Guirao J. 2002.
Determination of the precision of the fatty acid
analysis of Iberian pig fat by gas chromatography.
Results of a mini collaborative study. Meat Sci. 60,
103-109.

Garrido-Varo A, Garcia-Olmo J, Pérez-Marin MD. 2004.
Analysis of Fats and Oils. En C. Roberts, J. Workman
and J. Reeves (eds.) Near-Infrared Spectroscopy in
Agriculture. Agronomy, Crop Science and Soil
Science Societies of America, Madison, WI, USA,
487-558.

Hervas C, Garrido A, Lucena B, Garcia N, De Pedro E.
1994. Near infrared spectroscopy of Iberian pig
carcasses using an artificial neural network. J. Near
Infrared Spectrosc. 2, 177-184.

IUPAC n® 2301. 1987. Preparation of the fatty acid methyl
esters. Standard Methods for the analysis of oils, fats
and derivatives. International Union of Pure and
Applied Chemistry, Blackwell, Oxford, UK.

Mark H. 1992. Qualitative discriminant analysis. En D.A.
Burns and E.W. Ciurczak (eds.) Handbook of near-
infrared analysis. Marcel Dekker, New York, NY, USA,
329-363.

Massart DL, Vandeginste BGM, Buydens LMC, De Jong
S, Lewi PJ, Smeyers-Verdeke J. 1997. Handbook of
Chemometrics and Qualimetrics (2 vol.). Elsevier
Science Pub., Amsterdam, The Netherlands.

SAS. 2000. SAS System, Release 8.2 (TS2MO)
Microsoft Windows. Cary, NC, SAS Institute Inc. USA.

Shenk JS, Westerhaus MO. 1995a. Analysis of
Agricultural and Food Products by Near Infrared
Reflectance Spectroscopy. Monograph. NIRSystems
Inc., Silver Spring, MD, USA.

Shenk JS, Westerhaus MO. 1995b. Routine operation,
calibration, development and network system
management manual. NIRSystems Inc., Silver Spring,
MD, USA.

UNE 5508. 1996. Aceites y grasas de origen animal y
vegetal. Andlisis por cromatografia en fase gaseosa
de los ésteres metilicos de dcidos grasos. Asociacion
espafola de Normalizacion y Certificacion (AENOR),
Madrid, Espana.

WinISI. 2000. WinISI ver. 1.50. ISI Windows Near-
Infrared Software. Infrasoft International, LLC. Port
Matilda, PA, USA.

Recibido: 18/12/08
Aceptado: 5/2/09

GRASAS Y ACEITES, 60 (3), SPECIAL ISSUE, 233-237, 2009, IssN: 0017-3495, poi: 10.3989/gya. 130408 237



