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The project NitFom - Applying NIR spectroscopy directly on the slaughterline to obtain quality parameters
The present work describes a measurement method which uses spatially resolved near infrared spectroscopy to determine porcine carcass fat quality as a function of the distance to the skin by
estimating its iodine value (IV). The new method is capable of performing on-line carcass grading at full production speed (approx. 1000 carcasses/h). The method is demonstrated in an
experiment where 35 carcasses were sampled at an abattoir, selected from three feeding groups. The NIR transmission instrument was applied on the loin of each carcass, and a parallel
reference sample removed and processed into 1.8 mm thick disks, representing a depth of fat profile from the loin. The disks where analyzed for fatty acid composition using Gas Chromatography
and for calculation of the IV. Using iPLS regression, a model were produced that can predict the IV of the fat at a given measured depth with a root mean square error of cross validation
(RMSECV) of 1.44. The results show how the IV varies as a function of feeding regime and as a function of fat depth. The maximum variation found within a single depth profile was 10.1 IV from
the skin to the innermost part of the fat layers. In the sample material investigated the average span in IV between the average values of the two porcine backfat layers was 6.4 IV (the maximum
difference was 8.6 IV). The new method can provide the abattoir with new chemical information about fat quality and production quality which will open for new possibilities of meat/carcass grading
and product development.

Calibration

The main constituents of porcine adipose fat tissue
are triglycerides, esters derived from glycerol and
three fatty acids. The fatty acids are classified as
being either saturated or unsaturated. In a saturated
fatty acid each carbon atom is bonded to two
hydrogen atoms, whereas the unsaturated acid will
have carbon atoms bonded to a single hydrogen
atom and a double bond to the neighbor carbon
atom.

Reference Data
A slaughterhouse selected 35 carcasses from their
daily production stock, belonging to three different
feeding regimes in order to ensure maximum
biological variability in the fatty acid composition.

The most basic analytical parameter of fat quality is
the determination of the iodine value (IV), which
indicates the mass of iodine in grams that can be
consumed by 100 grams of the fat. For fatty acids, IV
is a measurement of the total halogen addition to the
aliphatic chains' double bonds, and thus it is an
estimation of the degree of unsaturation of the
complete fat sample (i.e. the number of double
bonds).

Operating principle
The NitFom system [1] is operated by inserting a set
of knife tipped probes through the skin of the carcass
into the adipose fat layers, typically at the neck end
of the loin region. The probe tips is equipped with a
set of windows, connected to a light source and a
near infrared (NIR) spectrometer, respectively,
through a set of optical fibers.

The NitFom system was applied on each of the
carcasses, recording absorption surfaces similar to
the one shown to the right. After the NIR
measurements, fat samples for reference calibration
were obtained using a biopsy punch drill to extract a
“rod” of fat and skin at the same location of the
NitFom measurement. The rod were sliced into 1.8
mm thick disks (discarding the disk containing skin
and meat), and each of the disks were analyzed for
its fatty acid composition by methylation and
subsequent GC-MS quantification. The Iodine Value
(IV) of each of the disks were calculated using a
AOCS recommended method based on the
concentrations of individual fatty acids. In total, 287
fat disks were dissected and quantified.
The NIR- and GC-MS (IV) data were aligned using
the position information (depth of each slice) and the
recorded depth of the NIR measurement. The NIR
measurements
were
averaged
in
groups
corresponding to the 1.8 mm thicknees of the fat
disks and correlated to the chemical IV reference.

Absorption

Porcine Fat Quality

Depth NIR absorption scan of porcine fat
The surface plot shows the absorption of the wavelenghts
1100nm to 2200nm for depths of 0.1 mm increments
from immediately below the skin (5 mm)
to the muscle (40 mm)
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Producing a prediction model for Iodine Value
The alignment of the averaged spectra and GC-MS
(IV) produces a two-way dataset well suited for
chemometric processing.
Following EMSC treatment to remove scatter
artifacts (due to mechanical alteration of the probe
gab distance caused by the rigid fat), PLS regression
on the whole spectral range of 1100 nm to 2200 nm
against the calculated IV
produced a simple
calibration model with 4 components and a crossvalidated prediction error of 1.60 IV, R²=0.80.
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To refine the model, iPLS where applied on the
spectral data. iPLS is an extension to PLS, which
develops PLS models on equidistant subintervals
of the full-spectrum region. Its main advantage is to
provide an overall picture of the relevant
information in different spectral subdivisions,
thereby removing interferences from other regions
and in turn provide more parasimonious models.
The final obtained PLS model, with bands of
wavelengths obtained by iPLS, provided a simpler
and therefore more robust model of 3 components,
with an cross-validated prediction error of 1.44
R²=0.83.

Perspective
Probe Tips
Image of the NitFom sensor head (the two probes with knife tips
and ejector plate).

When the probes are fully inserted into a carcass,
a motorized ejector plate will retrieve the probes in
small increments, recording the transmission
spectra at each position. When spectra has been
obtained for all depth locations, the Iodine Value
(IV) is predicted from the spectra surface and
send to the abattoir computer system for use in
sorting.

Example prediction
Example of the prediction of IV as a function of depth. The
graph shows the predicted IV for a sample (black line), with GC
reference values overlaid (black and white squares) at their
respective sampling points. The band surrounding the IV
prediction shows the model RMSECV (or +/- 1.44 IV) or ~38%
confidence interval. The graph is outlines the location of the two
fat layers, having mean IVs of 61.6 (1. fat layer) and 57.3 (2. fat
layer), which clearly illustrates the difference of IV levels
between the two fat layers.

A similar procedure was used to produce models
for prediction of individual fatty acid concentrations.
The research group is now investigating the
possibilities of predicting other relevant quality
parameters, such as melting point, cis/trans and ωcharacteristics of the fat.

iPLS variable selection
Selected bands superimposed on mean spectra from all
samples, corresponding primarily to the 1st and 2nd overtone
and combination bands of the C-H stretchings of lipids

[1] K.M. Sørensen, H. Petersen & S.B. Engelsen,
An on-line NIT method for determining depth
profiles of fatty acid composition and iodine value
in porcine adipose fat tissue, Applied Spectroscopy
(2012), in press.
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The Quality and Technology research group at University of Copenhagen

The NitFom project is a three-year collaboration between Danish manufacturer of carcass
grading equipment Carometec A/S (www.carometec.com) and the Quality and Technology
research group at University of Copenhagen. The project is partially funded by the Danish
National Advanced Technology Foundation. The research has resulted in a commercially
available product, the NitFom Fat Quality Grading System, sold by Carometec A/S.

The Q&T research group was recently nominated as being “World Class” at an international
evaluation of Danish Food Science. Q&T is involved in several national and EU based
projects related to Process Analytical Technology (PAT) and NMR Metabolomics, and the
group has strong ties to leading chemometrics and metabolomics research centres in
England, Holland and Italy. In addition, Q&T has strong ties to the Danish food- and
pharmaceutical industry through its own industrial consortium, ODIN – the primary focus of
which is to communicate new research and findings to the industry.
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http://models.life.ku.dk/nitfom
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The NitFom system is patent pending (US Patent Application no. 11/993,195 (2007), Canadian patent application no. 2,612,947 (2007) and European patent application no. 06742490.3 (2008), “Recording of position-specific wavelength absorption spectra”).

