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l. INTRODUCTION

While several studies have demonstrated potential for infra-red spectral classification of different
muscles within the carcass (Ait-Kaddour et al., 2017), spectroscopic classification of other tissues in
the bovine carcass is less well-studied. Furthermore, the application of spectroscopy for
authentication of fresh versus frozen-thawed meat especially in valuable cuts such as striploin has
been investigated with a view to elaboration of spectral regions that permit classification of meat as
fresh or frozen-thawed (Barbin et al., 2013), but this has not yet been investigated for other carcass
tissues. The current work has the objective to record near infra-red spectral variability in a range of
tissue types (bone, cartilage, marrow, fat, muscle, ligaments and tendons) and two preservation
states (fresh and frozen-thawed). Principal component analysis will be applied to examine the
variability in spectral profiles in relation to tissue type under fresh and frozen-thawed conditions.

Il. MATERIALS AND METHODS

Between three and ten replicate samples from each of thirteen tissues, within eight tissue categories
from the bovine dressed carcass were collected from a standard beef processing line including
cartilage, bone (head and body), ligament, tendon, marrow, fat and muscle. The samples are achilles
tendon (n=4), atlas bone (n=4), cervical cs marrow (n=3), femur head (n=4), femur body (n=4), flank
muscle (n=10), neck muscle (n=10), paddywack (n=4), rib (n=4), rib cartilage (n=7), rump fat (n=4),
scapula cartilage (n=7), sternum cs marrow (n=4)). All the tissues were cleaned manually and kept
in labelled bags. A Vis-NIR instrument (Labspec®, wavelength range: 350-2500 nm) was used for
collecting the spectra. Three spectra were captured for each of 138 samples for a total of 414
spectra. The spectral data were collected on 1) fresh sample (kept in chill at 1°C approximately 24h
following deboning 2) thawed sample (frozen for one week and thawed overnight in a chill at 4 °C).
Data analysis were carried out in R. Before averaging the three replicates, the spectra were first
visually edited to remove the noisy bands at the tails and detect outlier spectra. Standard Normal
Variate and Detrend (SNVD) was applied before data analysis. PCA analysis was done on the pre-
processed data to explore discrimination in between the samples based on tissue type, tissue
category and preservation state (fresh versus freeze-thawed).

[l RESULTS AND DISCUSSION

PCA analysis permitted visualisation of variability within and among tissue categories/types and
preservation state (fresh and frozen-thawed). The PCA score plots for the first three PCs are shown
in Figure 1. PC1-3 accounted for 36.6%, 31.5% and 13.6% respectively. The score plot with Figure
1a) shows the discrimination of tissues based on tissue type and category. PC1 and PC2 clearly
separate bone marrow from other tissues. PC3 separates fat (rump fat) from other tissues. Overall
clustering patterns reflect tissue composition e.g. tendons and ligament cluster close together. When
the 95% confidence ellipse for a tissue type cluster does not overlap the ellipse of a different tissue



type, this represents significant discrimination between tissue types. Discrimination between tissues
within the same category (e.g. flank muscle versus neck muscle, rib cartilage and scapula cartilage)
based on spectra was also observed. Regarding fresh versus frozen-thawed, no obvious structure
according to this criterion was represented in the first three PCs for the tissues studies. This is reflected
in the large and overlapping 95% confidence ellipses in Figure 1b, suggesting the major sources of
variability in the data did not distinguish fresh from frozen-thawed samples.
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Figure 1: PCA score plot of first 3 PCs with 95% confidence ellipses based on a) tissue type b) fresh and frozen-thawed

V. CONCLUSION

The PCA analysis of near infrared spectral data recorded on a range of carcass component tissues
showed clustering of the tissue samples based on tissue category (e.g. bone, muscle, fat, cartilage
etc.) and tissue types within category (e.g. rib cartilage versus scapula cartilage), whereas the analysis
did not markedly distinguish preservation state, i.e. whether the sample was fresh or frozen-thawed. It
will be of interest to examine additional freeze-thaw steps to investigate whether spectral profiles in
the studied tissues are altered over a larger number of freeze thaw cycles.
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