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INTRODUCTION

The determination of food raw materials' origin and the detection of adulteration are major issues for the food industry and are attracting research topics. The native Mangalica pig
breed is one of the most important issues by this matter in the Hungarian meat industry. Mangalica is used for extensive rearing on prairie-like areas under hard conditions, utilizing
only the available feed. This pig has a dark and fatty, marbled meat, causing a very favourable taste and it is beneficial for culinary techniques because it increases the level of
sensory qualities. Also this meat is excellent to produce the original Hungarian salami sausage or meat products with extremely prolonged ripening, such as Serrano ham. Among
other motives, the high commercial value of meats of high consumer popularity leads to an expressed need for fast and reliable methods to identify the animal species and type
either in carcass meats or even more in meat products. Near infrared (NIR) spectroscopy is one of the most progressive methods frequently used for discriminating between different
meats.!® Apart from the mostly used “target softwares”, the use of special, open-source software-packages (e.g. R Project for Statistical Computing, www.r-project.org) is
spreading.

The aim of our study was to establish a NIR method to discriminate between pork groups originated from industrially reared commercial genotypes and organically reared
autochthonous Mangalica. Our goal was to build and test the method with the R project and its GPLS package.

MATERIALS AND METHODS

Ninety-one (91) meat samples were analyzed in this study, comprising 27 Mangalica, 26 Landrace, 27 Large White and 11 Landrace x Large White crossbreed (last three groups are
referred to as intensive breeds) meat samples. Mangalica were reared and fed under extensive conditions, while the other genotypes originated from industrial rearing systems,
consuming commercially available feeds. Intensive pigs were slaughtered at an average weight of 104 kg, while Mangalica were slaughtered at 157 kg. Homogenized loin (m.
longissimus dorsi) samples were scanned freshly and freeze-dried. NIR spectra were collected in reflectance mode using a NIRSystems 6500 spectrometer (FOSS NIRSystems,
Silver Spring now Laurel, MD, USA) equipped with a sample transport module and small ring cup couvette (IH-0307). Reflectance spectra were recorded from 1100 to 2500 nm
region and recorded as —log(R) at 2 nm intervals, with the WinISI II version 1.5 spectral analytical software (InfraSoft International LLC, Port Matilda now State College, PA,
USA).

Pure spectral databases were exported from WinISI in *.txt format without being transposed. Separate files were saved for each group. Classification was developed with R Project
for identifying breeds. Generalized Partial Least Squares method (GPLS package) was used which is based on an extension of PLS in the context of generalized linear regression.”
No spectral pre-treatment was applied. Full leave-one-out cross-validation and independent validation were carried out to test the system.

All 27 Mangalica and 39 randomly selected intensive samples were analyzed by wet-chemistry. The intramuscular fat (ether extract) content of samples was determined by the
Soxhlet method. Hydrochloric acid digestion and a Kjel-Foss Fast Nitrogen Analyzer was used for the determination of the nitrogen content; protein content was obtained by
multiplying these data with 6.25. Chemical data are used on a dry matter basis [DM%], thus obtained values can be applied correctly both for fresh and freeze-dried samples.

RESULTS AND DISCUSSION

Table 1 The ether extract and protein content [DM%] of investigated meat samples

Ether extract content (dry matter based) [%] Protein content (dry matter based) [%] M @ eeeseeses  wm o .20 -
Genotype n Mean SD inil i Mean SD inil i
Mangalica 27 19.1 5.1 11.6 33.0 78.5 5.2 64.6 85.9 ! Mitadet il |
Intensive 39 9.4 27 4.4 14.8 89.2 3.1 82.3 95.5
Table 2 Summarised results of presented trials ° ’ ‘ ° Lo E;:e, ex;:c‘ [Di:%] BooxoEowomom®
Fresh Freeze-dried Figure 1 Trial setup by using overlapping groups for calibration, representing identical samples
Trial c -~ o - c b (Trial 2) M: Mangalica genotype; I: intensive genotypes; box: samples used for calibration
Factor No. Hits Factor No. Hits Factor No. Hits Factor No. Hits

1 7 100% - 5 100% - -

2 4 90% 4 97.2% 4 96.6% 4 94.4% M St tssrene e — S Sos s S

3 4 100% 4 91.7% 4 100% 4 94.4%

4 4 100% 5 90.5% 4 100% 5 95.2% ' e A

Trial 1: all samples involved for generating discriminator equation (n=27+64), without independent test
o 2 4 6 8 10 12 14 16 18 20 2 24 26 28 30 32 34 36
Trial 2: discriminator equation generated on overlapping groups (n=15+15), independent test with highly different groups (n=12+24) Ether extract [DM%]
Trial 3: discriminator equation generated on highly different groups (n=15+15), independent test with overlapping groups (n=12+24) Figure 2 Trial setup by using furthest groups for calibration, representing identical samples
Trial 4: randomly selected samples used for discriminator equation (n=20+50), independent test with remaining samples (n=7+14) (Trial 3) M: Mangalica genotype; I: intensive genotypes; box: samples used for calibration

In Trial 1, all samples were involved into the discrimination. The successful classification (Table 2 - Trial 1) was attributed to the considerable difference in intramuscular fat
content of the two groups (Table 1). To overcome the possible robust impact of the chemical composition of meats on the performance of the discriminator system, special sample
sorting based on chemical composition was applied. In the first check (Table 2 - Trial 2, Figure 1), 15 Mangalica samples with the lowest fat content (15.5+2.3 DM%) were chosen
and 15 with the highest fat level (11.9£1.6 DM%) from the intensive samples. Thus, we composed two groups for calibration with overlapping fat contents. The equation used for
discrimination was tested on the remaining 12 Mangalica and 24 intensive samples. 27 of 30 fresh samples were classified correctly during the cross-validation, and there was only
one misclassified of the 36 independent samples. The better result obtained for the fresh samples during the independent validation can be explained by the special sorting
conditions; samples of the groups in the independent validation set (n=36) were less alike than the samples in the cross-validation set (n=30). As for freeze-dried samples, one and
two samples were misclassified during cross-validation and indepentent validation, respectively.

The check was repeated by choosing 15 Mangalica samples with extremely high fat content (22.7+4.0 DM%) and 15 intensive samples with extremely low (6.6+1.2 DM%) (Table
2 - Trial 3, Figure 2). The equation generated on these furthest groups was tested on the remaining 12 Mangalica and 24 intensive samples with overlapping intramuscular fat
contents. After a faultless cross-validation, there were three unidentified fresh samples in the independent test. The mistake rate decreased to two misclassified samples by using
freeze-dried forms. It seems that the system is classifying samples not only by fat content, but the total multicomponent structure also has a great impact.

A final discriminatory equation (Table 2 - Trial 4) was generated using 20 randomly selected Mangalica and 50 randomly selected intensive pork samples. The equation was tested
with the remaining 7 Mangalica and 14 intensive samples. Cross-validation was free of falsely classified samples. Using an independent test, two fresh samples and one freeze-dried
sample were classified improperly.

CONCLUSION

The use of NIR spectroscopy combined with the open source R Project seemed to be effective for the recognition of the presented pork samples which originated from different
pig breeds (Mangalica and commercial genotypes) and production systems, without any spectral pre-treatments. Thus the technique applied as in this trial is helpful for practical
use in the meat industry, since meat with high value could be separated from meat with a lower quality level.

Further studies are needed to test the method with mixtures of different meats, and also with meat products, in order to get closer to practical application.

ACKNOWLEDGEMENT

This work was established by the support of the National Office for Research and Technology (BGY_NIRS). The support of the Bolyai Janos Research Grant (Bo_108 07) to A.
Szabo by the Hungarian Academy of Sciences is gratefully acknowledged. Thanks are due to Professor Karoly Kaffka for his kind guidance.

1) Downey and Beauchene (1997) Meat Sci. 45, 353 6) Del Moral et al. (2009) J. Food Eng. 90, 540

2) Thyholt et al. (1998) J. Near Infrared Spectrosc. 6, A361 7) Cummins and Andrews (1995) J. Chemometr. 9, 489

3) McElhinney et al. (1999) J. Near Infrared Spectrosc. 7, 145 8) Griep et al. (1995) Chemometr. Intell. Lab. Syst. 29, 37

4) Alomar et al. (2003) Meat Sci. 63, 441 9) Ding and Gentleman (2004) Bioconductor Project Working Papers

5) Cozzolino et al. (2006) Anal. Bioanal. Chem. 385, 931

Corresponding author: Gyorgy Bazar, Faculty of Animal Science, 3 iversi 4 . 40. e-mail: bazarg@eventing.hu




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


