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ABSTRACT

Global calibration equations were developed to ipteéde chemical composition of raw, homogenized
rabbit meat by means of near infrared reflectarpectsoscopy (NIRS). Forty-four Pannon White
rabbits were housed in groups in three differenttypes (16 animals/fnand fed the same diet. Forty
five animals were housed in cages (12 animd)sand divided by groups fed by different feeding
regimes. Rabbits were slaughtered at the bodyweft4-2.5 kg. Homogenized fresh and freeze-
dried left total hind leg muscles were investigatesing Foss NIRSystem 6500 spectrometer with
small ring cup sample holder. The ether extract pratein concentrations of all samples were
determined by wet chemistry (dry matter based ffak protein concentrations were 10.7+2.39% and
84.6+2.38%, respectively). Calibration equationsreveeveloped for the two separate series of
samples (n=44 or 45) and for the entire datase@qn=Calibration was performed for 1100-2500 nm
wavelength interval, and for its two half intervgld00-1900 nm and 1800-2500 nm). Leave-one-out
cross validation was applied to test the calibregidBest results were gained by using 89 freezsdri
samples and analysing the 1100-2500 nm wavelemgiger (R=0.990 and 0.973, 1-VR=0.984 and
0.966 for fat and protein content, respectively).
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INTRODUCTION

While meat qualification is an expanded sciencdy @nfew papers are available in the topic of
analysis of raw rabbit meat by means of near-iefiaspectroscopy (NIRS). NIR technique is a non
destructive method that requires only little orsamnple preparation, but its precision can be vagly h
(Plaet al, 2007). As opposed to conventional chemical amgly¢IRS requires no reagent, thus no
waste is produced. The method has been developesl rapid and accurate technical tool for
gquantitative analysis such as estimating chemioalposition of different foods and feeds (Kaffia
al., 1982; Xiccatcet al, 2003). The ability of NIR spectroscopy in anatysf meat was reviewed by
Prevolnik et al. (2004). From qualitative aspect, discriminant gsiagl of samples, by their NIR
spectra, makes it possible to control quality (Myret al, 2001), identify different meats by species
(Mc Elhinneyet al, 1999) or by feeding sources (Berzaghal, 2005). Plaet al. (2007) investigated
the use and feasibility of NIRS to discriminatevise¢n rabbit meats, produced in conventional or
organic systems. They successfully calibrated ¢eartique for the fatty acid composition of rabbit
meat, and their discriminant model classified octlyg(98%) between rearing systems.

The goal of our investigation was to develop NIRfibcations on fat and protein content of rabbit

hind leg meat. Testing of the effect of sample neménd finding the most appropriate wavelength
interval was also appointed. Thus, generating wirély applicable equations was aimed.
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MATERIALS AND METHODS
Meat samples

Investigation was carried out on 89 Pannon Whitgbita that were reared at the University of
Kaposvar. The rabbits 44 were from a housing erpamt (Experiment 1) (Princat al, 2006) in
which five-week-old weaned rabbits were housedhiag different systems (small cage: 0.2 large
cage: 0.5 M large pen: 1.72 M 16 animals/rhfor each). A commercial dietas fedad libitum
Other 45 rabbits were from a feeding experimenpéEixnent 2) (Radnaét al, 2005), where weaned
animals were housed in cages (0.17 &2 animals/ff). All rabbits were fed commercial diet, but
three different feeding regimes were applied (centrol: ad libitum feeding during the whole
fattening period; restrictedl: 60% of the feed comgtion of the control group during the first week
after weaning, 75% in the second week, 90% in kiel,t 100% in the forth week aratl libitum
afterwards; restricted: 70% in the first, 80% ie gecond, 90% in the third, 100% in the forth week
and ad libitum till slaughtering). Water was offereatl libitum from nipple drinkers. Rabbits were
slaughtered at 11 weeks of age at the bodyweigBt4sf2.5 kg. Total deboned left hind leg muscles
were homogenized (Retsch Grindomix 200) and freleesel (Christ Alpha 1-4) after scanning.
Freeze-dried samples were homogenized (IKA Allchdsfore repeated scanning.

Chemical analyses

All of the freeze-dried samples were analysed byt wlemistry. Fat content of samples was
determined according to Folokt al. (1957). Hydrochloride acid digestion and a KjekEoFast
Nitrogen Analyzer was used for the determinationtleé nitrogen content; protein content was
obtained by multiplying these data with 6.25. Cheahdata were used and are given on a dry matter
basis.

NIRS analyses

Homogenized fresh and freeze-dried meat sampleg werasured by a Foss NIRSystem 6500
spectrometer (Foss NIRSystems INC., Silver Sprv, USA) equipped with a sample transport
module and a small ring cup cuvette. Reflectaneetsp were taken from 1100 to 2500 nm region and
recorded as log(1/R) at 2 nm intervals. WinISI érsion 1.5 spectral analytical software (InfraSoft
International, Port Matilda, PS, USA) was utilizéal the operation of the scanner and for data
handling and evaluation procedures. Samples werensd twice — fresh homogenized and freeze-
dried homogenized. Data analyses were suited dm foesh and freeze-dried spectra. By knowing
both spectral and chemical data, partial leastregu@PLS) regression was used in order to develop
Global equations (Sinnaeet al., 1994) for quantitative analysis. Different wavej#nintervals were
used for generating the calibration equations fog themical components. When using NIR
spectroscopy, excessive background often existsiwthe NIR spectra. Standard normal variance
(SNV) and Detrend were applied for correction @& Htattering effect. The sloping background was
removed by the second derivative of the spectralfdab and Pardue, 1985). A gap (8 nm) and a
smoothing interval (6 nm) was used to reduce naseple-to-sample baseline variation and to
enhance the absorption peaks (“WinISI format™: 26)8 Model performance was reported as standard
error of calibration (SEC), coefficient of determiion (R), standard error of cross validation (SECV)
and the estimate of the fraction of explained varéaduring cross validation (1-VR). SEC and SECV
represent the uncertainty of the measurement,ititlisate the accuracy, while’Rnd 1-VR give the
extent of precision.
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RESULTS AND DISCUSSION
Chemical analyses

Descriptive statistics for the entire dataset dadttvo sample groups (Experiment 1 and 2) are shown
in Table 1.

Table 1 Descriptive statistics of chemical data of sangaes

Experiment 1 (n=44) Experiment 2 (n=45) Entiréadat (n=89)
Mean SD Min Max Mean SD Min Max Mean SD Min Max
Fat (%) 9.49 206 553 14.1 11.8 215 7.70 16.7 610.2.39 553 16.7

Protein (%) 85.7 205 817 89.9 83.4 217 782 87.684.6 238 782 89.9

Significant differences (P<0.001) were found betwte two groups concerning the dry matter based
fat and protein content. Intramuscular fat conteas lower and protein content was higher in rabbits
coming from Experiment 1.

NIRS calibration
Optimization was performed for finding the best elangth interval for calibration and validation.
Results for three intervals — i.e. the whole scdmamge (1100-2500 nm) and two spectral interval of

it (1200-1900 nm and 1800-2500 nm) — are presant&dble 2 and Table 3.

Table 2 Calibration and cross validation statistics bing€Experimental dataset separately

Experiment 1 (n=44) Experiment 2 (n=45)

Type Interval ConstituentFactors SEC RSQ SECV 1-VR® Factord SEG RS@ SECV 1-VR®

1100 - Fat 4 0.33 0.975 052 0.938 2 0.68 0.901 0.83 0.853
2500 nm  Protein 4 0.34 0973 053 0.934 2 0.82 0.858 1.00.793
Fresh 1100 - Fat 3 0.44 0.955 0.49 0.945 2 0.65 0.907 0.80 0.863
1900 nm  Protein 3 0.48 0.944 053 0.933 2 0.80 0.863 0.96.809
1800 - Fat 4 0.31 0.977 057 0.925 5 0.36 0.973 0.84 0.851
2500 nm  Protein 6 021 0.990 053 0.934 2 0.81 0.861 1.05.77D
1100 - Fat 3 0.32 0.976 0.38 0.967 6 0.14 0.996 0.21  0.990
2500 nm  Protein 4 0.33 0974 0.43 0.957 3 0.41 0.964 0.48.95D
Freeze- 1100 - Fat 3 0.32 0.976 0.37 0.968 4 0.18 0.993 0.21 0.991
dried 1900 nm Protein 4 0.34 0973 0.43 0.957 3 0.42 0.963 0.48.95D
1800 - Fat 5 0.26 0.984 0.40 0.963 4 0.19 0.992 0.22 0.990
2500 nm  Protein 4 0.34 0.972 0.43 0.957 4 0.41 0.964 0.49.949

IFactors: number of PLS factors usé8EC: standard error of calibratiof’RSQ: coefficient of determinatiofSECV:
standard error of cross validatich;VR: fraction of explained variance during crosidagtion

Table 3 Calibration and cross validation statistics bingshe entire dataset

Entire dataset (n=89)

Type Interval Constituent Factdrs SEC RSQ SECV 1-VR®
TEETY VO AR
Fresh 1100-1900 nm & . %-.2(7) %‘.3361 %.% %..g?ég
s mom By 2 1% om0 A e
w3 4% 4m hn o
Freeze-dried 1100 - 1900 nm E";‘étein 2 %-é% %.22?3 (c))'jé 3’.32‘2
worom Ty 4 0% g uh o

IFactors: number of PLS factors usé8EC: standard error of calibratiof’RSQ: coefficient of determinatiofSECV:
standard error of cross validatic;VR: fraction of explained variance during croskdation
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It is a common problem that sample number is lichdering calibration. As above results show, 44
samples are enough for generating appropriateratith equations for the investigated constituents,
however results are better when larger databasseid (Figure 1).
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Figure 1. Calibration line between NIRS-predicted and |abory determined value of dry matter
based fat content of freeze-dried meat sample€O¢2500nm, n=89)

It is highly important in practical application MRS to find feasible intervals which are short b
characteristic for certain properties of sampleggtigated. Shorter interval means quick scannig a
fast calculation. By this point of view it is showmat using only the half of the recorded wavelbngt
interval is satisfactory for correct calibratiospecially by using freeze-dried samples, where peak
water do not affect, thus important peaks of fat protein get subservient.

Calibration and cross validation results for fad gnotein content are highly similar to resultsared

for other species (Viljoert al, 2005; Alomaret al, 2003). Results gained with Global equation are
more accurate then results achieved when applyoaalLmethod for calibrating on fat and protein
content of rabbit meat (Bazét al, 2007). By using Global method in analysis of fireseat, SEC for
fat content is only 62% of SEC reached with Locatmed (n=89).

CONCLUSIONS

NIR spectroscopy is applicable for quick analysisraw rabbit hind leg meat. The technique is
sufficient in testing procedures for the estimaibdriat and protein content of meat. The dataset4of
meat samples seems to be enough for generatingtrGtebal calibration equations. Best results were
achieved by using 1100-2500 nm wavelength intebwtl shorter ranges gave also accurate and
precise results. The expensive and time consumiagedure of freeze-drying is not necessary for
proper output.

ACKNOWLEDGEMENTS
The financial support of National Research and Mgpraent Project 4/024 and Oveges grant

(HEF_06_<3>-<TDKKEATK>)is acknowledged.

REFERENCES

Alomar D., Gallo C., Castaneda M., Fuchslocher R. 2@3mical and discriminant analysis of bovine meatnear
infrared reflectance spectroscopy (NIREgat Sci., 63, 441-450.

Bazar Gy., Princz Z., Jekkel G., Locsmandi L., AsgsaBaka G., Kovér Gy., SzeridZs., Romvari R. 2007. NIRS
prediction for protein and intramuscular fat contefrabbit hind leg meafAgriculture, 13, 155-158.

1304



Meat Quality and Safety

Berzaghi P., Dalle Zotte A., Jansson L.M., Andrighét 2005. Near-infrared reflectance spectroscapyg method to predict
chemical composition of breast meat and discrinaittween different n-3 feeding sourdesultry Sci., 84, 128-136.

Folch J., Lees M., Sloane Stanley G.H. 1957. A &nmpethod for the isolation and purification ofablipids from animal
tissuesJ. Biol. Chem., 226, 497-509.

Kaffka K.J., Norris K.H., Rosza-Kiss M. 1982. Detéming fat, protein and water content of pastry praid by the NIR
techniqueActa Alimentaria, 11, 199-217.

McElhinney J., Downey G., Fearn T. 1999. Chemomairiacessing of visible and near infrared reflectaspectra for
species identification in selected raw homogenisedts.J. Near Infrared Spectrosc., 7, 145-154.

Murray |., Aucott L.S., Pike I.H. 2001. Use of digginant analysis on visible and near infraredeethnce spectra to detect
adulteration of fishmeal with meat and bone m&aNear Infrared Spectrosc., 9, 297-311.

Pla M., Hernandez P., Arino B., Ramirez J.A., Dia2d07. Prediction of fatty acid content in rabbi&ahand discrimination
between conventional and organic production systeymdIRS methodology-ood Chem., 100, 165-170.

Prevolnik M., Candek-Potokar M., Skorjanc D. 2008iliy of NIR spectroscopy to predict meat chemicamposition and
quality - a reviewCzech J. Anim. Sci., 11, 500-510.

Princz Z., Romvéri R., Szab6 A., Metzger Sz., Radn&it6-Németh E., Orova Z., Nagy |., Szehdis. 2006. Effect of the
group size and stocking density on the productiggfopmance, carcass traits, meat quality and weel&dr growing
rabbits.In: Proc. 18. Nyultenyésztési Tudomanyos Nap, Kappkkdngary.

Radnai I., SzendrZs., Romvari R., Matics Zs., Wolf N. 2005. Effectreétricted feeding on productive and carcassstrHit
rabbits.In: Proc. 17. Nyultenyésztési Tudomanyos Nap, Kappkkdngary.

Sinnaeve G., Dardenne P., Agneessens R. I8@bal or local? A choice for NIR calibrations inadyses of forage quality.
J. Near Infrared Spectrosc., 2, 163-175.

Tahboub Y.R., Pardue H.L. 1985. Evaluation of mulivelength first- and second derivative-spectratierquantitation of
mixtures of polynuclear aromatic hydrocarbofisal. Chem., 57, 38-41.

Viljoen M., Hoffman L.C., Brand T.S. 2005. Predictiohthe chemical composition of freeze dried oktmgeat with near
infrared reflectance spectroscopjeat Sci., 69, 225-261.

Xiccato G., Trocino A., De Boever J.L., Maertens Carabafio R., Pascual J.J., Perez J.M., Gidenn&l€ad-E-Cunha L.
2003. Prediction of chemical composition, nutritwedue and ingredient composition of European campofeeds for
rabbits by near infrared reflectance spectroscbipR$). Anim. Feed Sci. Tech., 104, 153-168.

1305



9™ World Rabbit Congress — June 10-13, 2008 — Verohaly

1306



