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Background

Traditional wet chemical analysis of foodstuffs and products from animals and vegetables has been used to characterise their composition
and quality, but these procedures are not well defined chemically and are costly, time-consuming and sometimes hazardous (Osborne et al.,
1993). From the analytical chemist’s point of view the composition of meat is complex. The main components are the proteins of the muscle,
Moisture, collagenous materials, together with lipids and small amounts of free amino acids, enzymes, carbohydrates and minerals (Lawrie,
1985). On the other hand, quality for the consumer is subjective, seen partly in terms of visible features, such as the pleasure attributes of
the product and partly in terms of awareness of invisible qualities such as microbial and toxicological safety and nutritional value. The role
of the food industry is to meet consumer expectations of quality whether visible or invisible through appropriate quality control and quality
Management methods (Murray et al., 2001). In general, the quality of animal muscle as the product meat is defined in terms of customer
demand i.e. how much the customer is consistently prepared to pay for it (Lawrie, 1985). Although man has appreciated the quality of animal
Muscle as meat from the very earliest times, an objective definition of what is meant by quality is still a major problem in the meat industry
loday. Meat quality is described as a combination of physical, structural and chemical characteristics of meat, which results in maximum
deSirabilily from the standpoint of appearance and eatability. Fat and moisture content of meat products are important to the consumer, producer
and researcher. Near Infrared Reflectance Spectroscopy (NIRS) was originally developed to provide a rapid measurement of the composition of
grains and oilseeds (Osborne et al., 1993). NIRS has emerged in the last 30 years as a rapid method for testing the quality of intact samples from
the light they reflect and it is likely to be the best means of achieving this quality control effectively and conveniently. The optical properties
9f Mmeat readily provide a means of determining the gross composition of muscle tissue in terms of chemical composition. At present there is
little information on how NIRS can sense the quality of the muscle “as meat”. Most of the published works were based on filter instruments,
old software and fibre optics, with little emphasis on how to present the sample to the instrument, sampling, effect of storage on the sample
(Cozzolino and Murray, 2002).

Objectives

_ The aim of this work was to explore the use of the visible and near infrared reflectance spectroscopy to determine moisture (M),
WNtramuyscular fat (IMF), and colour values (L, a and b) in pork muscle samples.

I\'lethods

Forty-four (n=44) pork muscle (longissimus thoracis) samples were obtained after a feeding trial which compared the use of both
“Ommercial feeds and pastures to finishing pigs (T1 = 100% commercial feed; T2, T3 and T4 different proportions of commercial feed
and pastures) (data not presented). Pigs were slaughtered (aprox 100 kg live weight) under commercial conditions (stunned electrically,
exsﬂﬂgumuled‘ scalded, de-haired, eviscerated and split into sides), where no treatments at slaughter were carried out. Slaughter procedures
onformed to The National Meat Institute of Uruguay (INAC - Uruguay). Carcass weight and length were measured after 24 hours of slaughter.

€ samples were taken after slaughter (carcass weight after 24 hours aprox. 84 kg). Pork muscles were taken from the 10" rib, wrapped in
?“minium foil and kept on freezer (two weeks) before analysis. About 100 to 200 g of muscle was thawing at room temperature (20 — 22
) and homogenised during one to two minutes with a food multiprocessor blender (Philips RI - 3142, Brazil). The blender cup was washed
.St with hot water, followed by cold water and towel dried between samples. Samples were analysed by reference methods for moisture and
'Ntra-myuscylar fat (IMF) (AOAC, 1990). Before colour measurement, samples were thawed at room temperature (20 - 22 °C) for 12 hours. The
EL", CIE 4* and CIE b* values were determined on the intact muscle using a digital camera chroma meter (CR 10 Minolta Co. Ltd, Osaka,
apan). The camera averages the colour reading from an 8-mm measured area, with a standard illuminant D and has an 8/d geometry. Each
a2 was the mean of three applications. Samples were scanned both intact and minced in the reflectance mode (400 — 2500 nm) in a scanning
mUnOChromalor NIRS 6500 (NIRSystems, Silver Spring, MD, USA). Spectra collection and multivariate analysis were performed using NIRS
ra;(:yﬂwurc, version 3.01, from Infrasoft International (ISI, Port Matilda, PA, USA). Each spectrum was collected in the visible and near infrared
8€at 2 nm intervals (1050 data points). Immediately after homogenisation, minced samples were scanned in a circular cup (50 mm diameter,

9 Mm depth) (Part number IH — 0307, NIRSystems, USA) sealed with disposal paper back. Reflectance data were stored as log (1/R) (where
re‘a;‘;ﬂecll;mce) at two nm i.ntcrvuls. Two pairs of lead sulphide dctecl.ors collected th? rcﬂeclanc; spectra and were referenged to corresponding
usin(’n&\ fr.o‘m a ceramic disk. The speclrum of cach mus'c]eAsample is the average of 32 successive scans. Predictive equations were d.evelol.)ed
‘anz'mﬂdlhcd purua! least square (MPLS) regrESS{on W]l.h internal cross-validation (Shenk u-nd \-Vesterl.mus 1993) and :scz-mer correction l.js.mg
ard Normal Variate (SNV) and detrend transformations (Barnes ef al. 1989). Cross validation estimates the prediction error by splitting

0? salijbraljoxl samples into groups (four in this study). One group (n: 11) was re\serveq for' validation and thfe remaiging groups were used
i 0\:11 ibration (n: 33). The process was repeuted L.mn] all groups llaYe been used for va1¥dallon once. The outlier elimination pass was se.l to
B the computer program to remove outliers twice before comp]cllng lhc. ﬁn.al cahbrz.mon (shenk :fnd Weslerhaus 1993). The mulhemancz.ll
ment applied was (2,5,5,2). The first number indicates the order of derivative (one is the first derivative of log 1/R), the second number is
Oir%;‘P in data points over which the derivative is calculatec}; the third number is the n'umber.of data 'poinFs used %n .lhe first smoolhing and the
i Number refers to the number of data points over whrch the? secpnd slnoo}hmg is applied. Calibration statistics ca];ula.ted included the
5 c:l;d _er.ror of calibration (SEC), the coefficient of determination in calibration (R? ) the stum.lard error- of c'ross validation (SECV) and
inimtfﬁmem of determination in cross validation (R? =) (Shenk and Westerhaus 1993). The optimum calibrations were selected based on
18Ing the standard error of cross validation (SECV) with the highest R? .
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Results and Discussion

Correlation’s between wavelengths and reference data were observed at 924 nm, 1452 nm and 1934 nm with L * value; at 580 nm with
a’ value and at 536 nm, 570 nm and 810 nm with b * value on homogenised presentation. The CIE L values were highly correlate with water
absorption bonds on homogenised presentation. The visible region at 632 nm was suggested by other authors to be use for determine the relative
quantities of oxymyoglobin, myoglobin and total pigments in meat using fiber optics (Swatland 1995). Although no individual pigments
were measured by reference method, high correlation was found between the CIE values and the corresponding theoretical absorption of the
individual pigment in the visible region.

Table 1 showed the NIRS calibrations and cross validation statistics for IMF, M, CIE L, CIE " and CIE b* values in pork muscle
homogenates. NIRS calibration statistics showed high (R? ) > 0.90 for IMF and moisture on pork muscle homogenates. Both the CIE L* and
CIE a’ values, gave a coefficients of determination (R?_ ) > 0.60 in the pork muscles analysed. Low correlations were found for CIE 5" values.
Homogenisation of the sample severely alters the structure of the muscle, destroying and randomising the fiber arrangement of the muscle as
well as averaging the effects of scattering by the fibers in the tissue (Swatland, 1995; Cozzolino and Murray, 2002). In muscle homogenates,
the sample preparation, the chemical analysis and the subsampling to perform the chemical analysis remaining the variables that can affect the
accuracy and reproducibility of the near infrared analysis. In particular this is true for the determination of intramuscular fat and pigments.

Conclusions

The results obtained in these study suggest that VIS/NIR instruments (400 - 2500 nm) have an excellent potential to provide information
related with the CIE system (L" and a") on pork muscles samples as well as with chemical composition (IMF, M). In the future VIS/NIR colour
measurements combined with other meat characteristics (chemical and physical) could provide a more accurate information of pork meat
quality.
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Data

Table 1. NIRS calibration statistics for pork muscle samples using second derivative and SNVD.

Mean SD SEC R SECV R®
IMF (%) 4.1 0.9 el 0.93 2.2 0.73
Moisture (%) 70.3 23 0.2 0.99 0.8 0.90
CIEa 6.3 201 155 0.96 17 0.90
CIE b 8.7 1.6 158 0.30 I3 0.20
CIEL 48.4 5.6 34 0.62 4.5 0.58

SD: standard deviation; SEC: standard error in calibration, SECV: standard error in cross validation, IMF: intramsucular fat, R? , : coefficient of determination in calibration, R
coefficient of determination in validation.

156




