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SUMMARY

Four calibrations were made for cholesterol content in poultry meat (breasts and
legs from chickens, cockerels, capons, and breasts and legs from geese). Standard un-
certainties expressed as SECV (%, relative) for chickens, cockerels and capons were 9.2
for breasts and 7.8 for legs. These values for geese were 8.4 and 9.0, respectively. The
discriminant method with the highest predictive ability, based on residuals RMSX Resi-
dents, was used to classify the samples. Classification accuracy values were good and
ranged, on average, from 96.8% to 98%. The NIRS calibrations on cholesterol content in
the breast and leg meat of chickens, capons, cockerels, as well as in the breast and leg
meat of geese, are suitable for rapid routine analyses to use in practice.
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INTRODUCTION

Cholesterol is a very important constituent of
the animal body and is required for normal functio-
ning of human and animal organisms. It is used for
synthesis of steroid hormones and bile acids, which
play a major role in the digestion of fats. It is an
extremely important component of nerve cells and
determines their proper development. In addition,
as a substrate necessary for the synthesis of vita-
min D, it also affects the development of the skeletal
system. However, it is well known that an excess of
it is highly undesirable. For the purpose of deter-
mining the quality of dietary meat, it is important
to determine the cholesterol content. The average
cholesterol content (mg/g) in chicken breast ranges
from 0.39 to 0.69, in chicken thigh from 0.58 to 0.84
(Pietrzak et al., 2013; Wang et al., 2006; Skfivan et
al., 2002; Crespo and Esteve-Garcia, 2001; Konjufca
et al., 1997), and in the meat of capons and coc-
kerels from 54 mg/100g to 96 mg/100g (Calik et

al., 2017). These values are similar in the case of
goose meat (0.50 — 0.83 mg/g; Buzata et al., 2014;
Bielinska, 2012), which until recently was believed
to be unhealthy due to higher fatness in comparison
to the meat of other poultry species.

The most preferred parts of the poultry carcass
are the breast and thigh, so the cholesterol concen-
tration in them is important for many consumers.
The cholesterol content can be higher in the thigh,
possibly because of its higher fat content (Crespo
and Esteve-Garcia, 2001). The crucial factor influ-
encing the cholesterol content in meat is feeding.
The concentration of this constituent is significantly
influenced by the dietary fatty acid profile, especi-
ally in the thigh, in which tallow and olive oil diets
produced higher values than sunflower and linseed
oil diets (Crespo and Esteve-Garcia, 2001). In turn,
Maraschiello et al. (1998) reported larger choleste-
rol concentrations in the breast of birds fed lard in
comparison to those fed olive or sunflower oil.
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There are several methods for cholesterol con-
tent determination. One of the first was the colori-
metric method for analysis of cholesterol in serum,
using FeSO, with glacial acetic acid (Searcy and
Bergquist, 1960). The enzymatic methods are also
commonly used for this purpose (Hanczakowski et
al., 2004). In turn, the methods based on colorime-
tric reaction were easily applied to meat products
analysis (Rhee et al., 1982). In other products e.g.
milk, for total cholesterol determination a simplified
enzymatic method was described (Kamelska et al.,
2015). Recently, for raw materials and products of
animal origin, the most common is a gas chroma-
tography method with saponification of the sample
and extraction with organic solvent. The relatively
fast chromatographic method for direct — without
any derivatization — cholesterol content determinati-
on in eggs was applied by Gasior and Pietras (2013).
However, chromatographic methods are expensive
and laborious, so less tiring and cheaper analytical
methods for routine analyses are sought. The near-
infrared reflectance spectroscopy could be such a
method. What is more, an additional advantage is
its speed, while maintaining sufficient accuracy. This
feature is becoming increasingly important for reci-
pients of the analysis results.

So, the aim of the study was to develop a NIRS
calibration, and to evaluate the possibility of a rapid
and accurate prediction of the cholesterol content
in poultry meat.

MATERIAL AND METHODS

Experimental plan. A total of 360 poultry sam-
ples of breast meat (354 samples were included in
the calibration) and 333 poultry samples of leg meat
(827 samples were included in the calibration) were
used in this study. Four calibrations were made: for
breast meat from chickens, capons, cockerels (216
samples), and geese (138 samples), and for leg
meat from chickens, capons, cockerels (186 sam-
ples), and geese (141 samples).

Chickens. The broiler chickens came from
two experiments. All the birds were reared in
42 days on a deep litter under electronically
controlled environmental conditions (temperature,
lighting regime, air humidity). The chickens were fed
commercial broiler diets, starter (1 — 21 days),
grower (22 — 35 days), and finisher (36 — 42 days). In

the first experiment, the birds were fed ad libitum; in
the second they were feed restricted from 08:00 to
14:00 h and had free access to feed during the rema-
ining time. In this experiment the animals were divi-
ded into 4 groups; each of them received soybean oil
(1), linseed oil (2), a mixture of soybean and linseed
oil (3), or beef tallow (4). Water was available ad libi-
tum for all the animals throughout the experiments.

Capons and cockerels. Castration was perfor-
med at 9 weeks of age under local anesthesia by
a veterinary surgeon and complied with the requ-
irements established by the Ethics Commission
No. 953 of 10 July 2012. The capons and cockere-
Is were kept under good environmental conditions
(temperature of 18 — 20 °C, relative humidity of 60
— 75%) on litter, at a stocking density of 7 birds/m2.
The birds received feeds based on cereal-soybean
meal, and were provided with free access to water.
At 24 weeks of age they were slaughtered (12 hours
prior to slaughter the birds received no feed, but
had continuous access to water; Calik et al., 2017).

Geese. All the geese up to 13 weeks of age
were reared and fed in the same way, in accordance
with the fattening technology system of the National
Research Institute of Animal Production-Experimen-
tal Plant in Koluda Wielka (Kuyavian-Pomeranian
Voivodeship, in north-central Poland) (Bielinska et
al., 2015). At that time they received complete feed
mixtures containing, among others, maize, barley,
wheat, and freshly cut grass. The birds also had the
access to pasture. At the end of the fattening, the
nutrition was diversified in four groups; each group
of geese received only the oats, wheat, maize, or
barley grains.

Gas chromatography analysis. The validated
gas chromatography method, also used for analysis
of eggs, was adapted as a reference for chole-
sterol content determination in meat (Gasior and
Pietras, 2013). After the thawing (from a temperature
of -18 °C) of the meat sample (without the skin), the
cholesterol was determined after saponification and
hexane extraction of the sample using an FID detec-
tor and column with 5% phenyl, 95% dimethylpolysi-
loxane phase. The reference analysis was carried
out using derivatization with a silylation reagent as
follows: after saponification and evaporation (40 °C,
under the stream of nitrogen) 100 ul of SylonTM HTP
(Sigma-Aldrich, USA) was added to the sample.
Next, the derivatization was carried out (for 45 min at
80 °C), followed by chromatographic analysis.
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Reagents and equipment. The following re-
agents (least pure for analysis grade) were used:
n-hexane (Merck, Germany), KOH (POCH S.A,
Poland), NaCl (POCH S.A., Poland), ethanol 96%
(Chempur, Poland), cholesterol (5-Cholesten-
3B-ol, Sigma-Aldrich, USA), internal standard -
5a-cholestane (>97%, Sigma-Aldrich, USA). The
gas chromatograph GC 2010 (Shimadzu, Japan)
with a flame-ionization detector and AOC-5000 au-
tosampler was used. For the NIR calibration, the In-
fraXact™ 7500 analyzer (Foss, Denmark), working in
the range 570 — 1850 nm, with ISIscan 4.6.10.14815
and WinlISI 4.7.0.14943 software packages applied.
The validation of NIRS calibration was performed
based on ISO 12099:2010.

Standard uncertainty of NIRS and reference
analysis. Standard Error of Cross Validation - SECV
or SECV (%, relative) — as a measure of standard
uncertainty for NIRS analysis was calculated. The
standard uncertainty for the reference analysis com-
prised of within-laboratory reproducibility and other
components not included in the reproducibility,
such as recovery and chemical standard uncerta-
inties (Gasior and Pietras, 2013). These uncertainty
components were combined according to the law
of propagation of uncertainty (Ellison et al., 2000).

NIRS measurements, calibration, validati-
on parameters and discriminant analysis. For
NIRS, the fresh meat samples without the skin were
analyzed. For fortification the samples with chole-
sterol, a water-alcoholic (20%) mixture was added to
a meat portion and then thoroughly mixed to get ho-
mogeneity. The samples were ground and scanned
in triplicates using a 6.5 cm in diameter cuvette. For
the calibration, the modified partial least square
(MPLS) and mathematical data pre-treatment met-
hods: SNV and Detrend, as well as 2.8.6.1, 3.5.5.1,
and 1.4.4.1 derivatives, were applied. The cross va-
lidation was performed on 6 test sets, successively
being excluded from the calibration set, so that the
number of elements in each set was about 15% of
the total number of samples. The parameters, such
as minimal or maximal cholesterol content in the ca-
libration set (MIN or MAX), average, standard devia-
tion (SD), standard error of calibration (SEC), stan-
dard error of prediction corrected for bias (SEP),
bias, slope, coefficient of determination (RSQ), and
standard error of cross validation (SECV) were esti-
mated. A discriminant analysis and classification
were also performed.

RESULTS AND DISCUSSION

Calibrations and cross validation. Four cali-
brations were performed: for breast meat and leg
meat from the chickens, capons, cockerels, and
for breast meat and leg meat from the geese. The
optimal derivative treatments were selected. For the
chickens, capons and cockerels, spectra were tran-
sformed by the 2.8.6.1 derivate for breasts, and
3.56.5.1 for legs. For goose meat — both breasts
and legs — the derivative 1.4.4.1 was applied. The
cholesterol content values presented by other aut-
hors in chicken meat (Pietrzak et al., 2013; Wang et
al., 2006; Skfivan et al., 2002; Crespo and Esteve-
Garcia, 2001; Konjufca et al., 1997), and in capon
and cockerel meat (Calik et al., 2017), are similar to
the values found in this study. In turn, the choleste-
rol content in goose meat was only slightly higher
compared to data from the literature (50 mg/100g
— 83 mg/100g, Buzata et al., 2014; Bielinska, 2012),
which can be explained by the fact that a newer
analytical technique — gas chromatography — was
applied for the reference analysis.

The method for chromatographic cholesterol
determination in the meat (reference analysis) was
validated in accordance with EN ISO/IEC 17025 and
verified in inter-laboratory comparisons. The values
of cholesterol content in the goose meat were wit-
hin a narrow range (meat came from an experiment
in which no differences were observed between the
birds fed grain of oats, wheat, barley, and maize).
This influenced the low values of the coefficient of
determination RSQ (0.136 and 0.076 in breast and
legs, respectively), in contrast to the meat of chic-
kens, capons and cockerels (RSQ: 0.738 and 0.437
for breast and leg, respectively), for which this range
was broader. Therefore, to ensure that the choleste-
rol was “well-read” by the NIRS technique, the meat
samples were fortified with cholesterol. The fortifica-
tion confirmed the effectiveness of the NIRS method
for the prediction of cholesterol content, because
the coefficients of determination were increased to
the values that can be considered good (Li et al.,
2016), while maintaining a low SEC and SECV va-
lues (Table 1). NIRS standard uncertainty, ranging
between 7.8% and 9.2%, was very comparable to
the within-laboratory standard uncertainty for the
reference GC-FID method. As such, good NIRS ca-
librations were obtained, with low standard error of
cross validation, as a measure of standard uncer-

Krmiva 60 (2018), Zagreb 1: 9-16

11



R. GASIOR | SUR.: USING CHEMOMETRICS AND NEAR-INFRARED REFLECTANCE SPECTROSCOPY FOR DISCRIMINATION OF POULTRY MEAT AND PREDICTION OF
CHOLESTEROL CONTENT - PRIMJENA KEMOMETRIKE | SPEKTROSKOPIJE U BLISKOM INFRACRVENOM PODRUCJU UZ REFLEKSIJU ZA RAZLIKOVANJE MESA

PERADI | PREDVIDANJE SADRZAJA KOLESTEROLA

tainty for NIRS prediction. The principles of uncer-
tainty estimation for cholesterol determination were
shown in the works by Gasior et al. (2013, 2005),
and others (Arendarski, 2003; Dobecki, 2004).

The cross validation was performed. Validation
charts for one of the six validation sets and validati-
on characteristics for cholesterol content prediction
in poultry meat are presented in Figures 1 — 4 and
Table 2, respectively. The values of predicted chole-
sterol content (mg/g) ranged from 0.45 to 1.21, and
the overall average was 0.84. The slope varied for
the selected validation sets, but SEP and bias were
relatively low, although the SEP values were slightly
larger for the goose meat. The RSQ values for the
chicken, capon and cockerel meat were higher than
for the goose meat (Table 2).

Discriminant analysis and classification. Six
discriminant methods were viewed (PLS2, Corre-
lation, Maximum Distance, Mahalanobis Distance,
RMSX Residuals, and MaximumX Residual). RMSX
Residuals was selected, as it had the most predicti-
ve power. The discriminant analysis was performed
at the following parameters: Scatter Correction,
SNV_Detrend, Math Treatment 1,4,4,1, Wavelengths
578,1090,8; 1108,1842,8. The visualization in three-
dimensional space shows a good differentiation of
all four groups of poultry meat: 1/ breasts from chic-
kens, capons, cockerels, 2/ legs from chickens, ca-
pons, cockerels, 3/ breasts from geese, and 4/ legs
from gteese (Fig. 5). The results for cross validation
of the classification model based on five test sets,
are presented in Table 3.

Table 1 Calibrations characteristic for cholesterol content in poultry meat (breasts, legs, fortified with cholesterol)
and a comparison of standard uncertainties for NIRS and reference analysis

Tablica 1. Znacajke kalibracija za sadrzaj kolesterola u mesu peradi (prsa, bataci pojacani kolesterolom) i
usporedba standardnih kolebljivosti za BIRS i referentna analiza

ChiCK?r.],S.’ capons, gockerels Geese - Guske
— Pili¢i, kopuni, pijetlovi

Breast - prsa | Leg-noga | Breast-prsa | Leg-noga
N 216 186 138 141
MIN (mg/g) 0.452 0.723 0.452 0.605
MAX (mg/g ) 2.520 2.631 2.479 2.380
Average (mg/g ) 1.097 1.126 1.245 1.095
SD (mg/g) 0.638 0.464 0.598 0.456
SEC 0.060 0.072 0.081 0.076
RSQ 0.9066 0.8750 0.8869 0.8820
SECV (mg/g) 0.058 0.071 0.081 0.078

Uncertainty - Nesigurnost

Reference analysis —u . (%, relative) 9.9
NIRS —as SECV (%, relative) 9.2 7.8 8.4 9.0
SECV/u,, 0.93 0.79 0.85 0.91

N — number of samples in the calibration set — broj uzoraka u kalibracijskom setu

MIN/MAX — minimal/maximal cholesterol content in the calibration set — minimalni/maksimalni sadrzaj kolesterola u kalibracijskom setu
Average — average cholesterol content in the calibration set — prosje¢an sadrzaj kolesterola u kalibracijskom setu

SD - standard deviation of the cholesterol content in the calibration range — standardna devijacija u kalibracijskom setu

SEC - standard error of calibration — standardna gre$ka u kalibraciji

RSQ - coefficient of determination (correlation coefficient squared) — koeficijent determinacije (kvadratni korelacijski koeficijent)
SECV - standard uncertainty of NIR analysis as standard error of cross validation - standardna nesigurnost NIR analize kao standardna pogreska prijelazne

valjanosti

u,, —estimated in the laboratory standard uncertainty of the reference analysis, as relative% - procijenjena laboratorijska standardna nesigurnost referentne

analize, relativno %
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Fig. 1 Validation chart for one of the six validation sets, Fig. 2 Validation chart for one of the six validation sets,
for cholesterol content prediction (mg/g) in the breast for cholesterol content prediction (mg/g) in the leg
meat of chickens, capons, cockerels. Abscissa: meat of chickens, capons, cockerels. Abscissa:
NIR prediction values, ordinate: reference values (LAB). NIR prediction values, ordinate: reference values (LAB).
Slika 1. Tablica procjene za jednu od Sest skupina Slika 2. Krivulja procjene za jednu od Sest skupina
procjene za predvidanje sadrZaja kolesterola (mg/g) procjene za predvidanje sadrZaja kolesterola (mg/g)
u mesu prsa piliéa, kopuna i pijetli¢a u mesu batka pili¢a, kopuna i pijetlica
2 8
o
o]
g g o
3 o} = o]
o /O© ?
g, o0 © 5 @o
&
o ¢ 9
o O
e
0
o] OO [+5)
o
Chal mglg (Predicted)
Fig. 3 Validation chart for one of the six validation sets, Fig. 4 Validation chart for one of the six validation sets,
for cholesterol content prediction (mg/g) in the breast for cholesterol content prediction (mg/g) in the leg
meat of geese. Abscissa: NIR prediction values, meat of geese. Abscissa: NIR prediction values,
ordinate: reference values (LAB). ordinate: reference values (LAB).
Slika 3. Krivulja procjene za jednu od Sest skupina procjene Slika 4. Krivulja procjene za jednu od Sest skupina procjene
za predvidanje sadrZaja kolesterola u mesu prsa gusaka predvidanja sadrZaja kolesterola u mesu batka guske
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The values for classification accuracies (total,
for geese, and for chickens, capons, cockerels)
were more than 96%, and show a large predictive
power for the model constructed. Thus, the discri-

minant analysis allows assigning the sample to a
specific meat group, and in case of doubit, it facili-
tates the selection of the calibration for cholesterol
prediction.

Table 2 Validation characteristics for cholesterol content prediction in poultry meat (breast, legs)

Tablica 2. Znacajke procjene predvidanja sadrzaja kolesterola u mesu peradi (prsa, bataci)

Chickers, copons e | Gossa- ks

Breast - prsa | Leg-noga | Breast-prsa | Leg-noga
N 31 26 17 18
MIN (mg/g) 0.452 0.469 0.878 0.765
MAX (mg/g ) 0.918 1.190 1.212 1.105
Average (mg/g) 0.628 0.875 0.983 0.893
SEP 0.055 0.094 0.087 0.107
Bias 0.011 -0.02 0.01 0.035
Slope 1.16 1.68 1.08 3.47
RSQ 0.861 0.569 0.501 0.310

N — number of samples in the validation set - broj uzoraka u kalibracijskom setu

MIN/MAX — minimal/maximal cholesterol content in the validation set - minimalni/maksimalni sadrzaj kolesterola u kalibracijskom setu

Average - average cholesterol content in the validation set - prosjecan sadrzaj kolesterola u kalibracijskom setu

SEP - standard error of prediction corrected for bias - standardna pogreska predvidanja ispravljena za pristranost

Bias - difference between the average of the predicted values and reference value - razlika izmedu prosjeka predvidenih vrijednosti i referentne vrijednosti
RSQ - coefficient of determination (correlation coefficient squared) — koeficijent determinacije (kvadratni korelacijski koeficijent)

Table 3 Validation parameters of the classification predictive power for the RMSX Residuals method

Tablica 3. Parametri procjene klasifikacije moguénosti predvidanja za metodu RMSX Residents

No. of the test set —
broj testnog seta

Classification accuracy —
to¢nost klasifikacije (%)

Total accuracy, poultry —
Ukupna to¢nost, perad

Chickens, capons, cockerels —

Geese - Guske Pilici, kopuni, pijetiovi

1 97.5 97.5 97.5

2 98.8 100.0 97.5

3 95.0 975 97.5

4 96.3 97.5 97.5

5 96.3 97.5 95.0
Average - Prosjek(%)

96.8 97.0 98.0
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Fig. 5 3D-visualization for the 4 groups of poultry meat
(Chi-cap-coc mean: chickens, capons, cockerels).
Scatter correction SNV_Detrend, Math Treatment 1,4,4,1,
Wavelengths 578,1090,8; 1108,1842,8.

Slika 5. 3-D slika Cetiriju skupina mesa peradi
(pilica, kopuna i pijetlica)

CONCLUSIONS

The results obtained in this work show that
NIRS can be used as a routine analysis method for
the rapid determination of cholesterol content in the
breast and leg meat of chickens, capons, cockerels,
and also in the breast and leg meat of geese. The
discriminant method with the highest predictive abi-
lity, based on RMSX residuals, was used to classify
the samples. Classification accuracy values were
very correct and ranged, on average, from 96.8%
to 98%.

ACKNOWLEDGEMENTS

We would like to express our gratitude to Hali-
na Bielinska, lwona Skomorucha, and Jolanta Calik
from the National Research Institute of Animal Pro-
duction, who shared meat samples used in our stu-
dy and greatly assisted with the research.

This study was financed from statutory activity
of National Research Institute of Animal Production,
project no. 07-5.07.7.

10.

11.

12.

13.

LITERATURE

Arendarski J. Niepewno$¢ pomiaréw (Measurement
uncertainty, 2003): Oficyna Wydawnicza Politechniki
Warszawskiej, Warszawa.

Bielinska H., (2012): Charakterystyka gesi owsia-
nych Biatych Kotudzkich® Materiaty Szkoleniowe,
KP ODR Minikowo.

Bielinska H., Kitos K., Sandecki R., (in Polish, 2015):
The principles of raising and “oat” fattening of White
Koluda geese Conference on breeding and fattening
of waterfowl in Poland. KP ODR Mnikowo.

Buzata M., Adamski M., Janicki B., (2014): Charac-
teristics of performance traits and the quality of meat
and fat in Polish oat geese World’s Poult. Sci. J. 70:
531-542.

Calik J., Krawczyk J., Swiatkiewicz S., Gasior R,
Woijtycza K., Pottowicz K., Obrzut J., Puchata M.,
(2017): Comparison of the physicochemical and sen-
sory characteristics of Rhode Island Red (R-11) ca-
pons and cockerels Ann. Anim. Sci., 17, (3): 903-917.
DOI: 10.1515/aoas-2015-0047.

Crespo N. and Esteve-Garcia E., (2001): Metabolism
and nutrition. Dietary Fatty Acid Profile Modifies Ab-
dominal Fat Deposition in Broiler Chickens Poult. Sci.
80:71-78.

Dobecki M., (in Polish, 2004): Ensuring the quality of
chemical analyzes Instytut Medycyny Pracy im. prof.
dra med. J. Nofera Press, £6dz.

Ellison S.L.R, Rosslein M, Williams A., (2000):
Quantifying uncertainty in analytical measurement.
Eurachem/Citac Guide.

EN ISO/IEC 17025:2005. General requirements for
the competence of testing and calibration laborato-
ries (2005).

Gasior R. and Pietras M., (2013): Validation of a met-
hod for determining cholesterol in egg yolks Ann.
Anim. Sci., 13 (1):143-153).

Gasior R., Slusarczyk K., Szczyputa M., (2005):
Validation of a method for determining amino acids
in acid hydrolysates of feeds Ann. Anim. Sci., 5, 1:
181-197.

Hanczakowski P, Szymczyk B., Furgat-Dierzuk I.,
(2004): The effect of different starches and proteins
on serum lipid profile in the rat Ann. Anim. Sci., 4, 1:
155-161.

ISO 12099:2010. Animal feeding stuffs, cereals and
milled cereal products - Guidelines for the application
of near infrared spectrometry (2010).

. Kamelska A.M., Jamotowska B., Bryl K., (2015):

A simplified enzymatic method for total cholesterol
determination in milk Int. Dairy J., 50: 50-57.

Krmiva 60 (2018), Zagreb 1: 9-16

15



R. GASIOR | SUR.: USING CHEMOMETRICS AND NEAR-INFRARED REFLECTANCE SPECTROSCOPY FOR DISCRIMINATION OF POULTRY MEAT AND PREDICTION OF
CHOLESTEROL CONTENT - PRIMJENA KEMOMETRIKE | SPEKTROSKOPIJE U BLISKOM INFRACRVENOM PODRUCJU UZ REFLEKSIJU ZA RAZLIKOVANJE MESA

PERADI | PREDVIDANJE SADRZAJA KOLESTEROLA

15.

16.

17.

18.

Konjufca V.H., Pesti G.M., Bakalli R.l., (1997): Modu-
lation of Cholesterol Levels in Broiler Meat by Dietary
Garlic and Copper Poult. Sci., 76:1264-1271.

Li J.,, Li Q, Li D., Chen Y., Wang X., Yang W., Zhang
L., (2016): Use of near-infrared reflectance spectros-
copy for the rapid determination of the digestible
energy and metabolizable energy content of corn
fed to growing pigs J. Anim. Sci. and Biotech., 7:45.
DOI 10.1186/s40104-016-0105-9.

Maraschiello C. Cholesterol oxidation and parame-
ters related to lipid oxidation in raw and cooked meat
from broilers fed dietary oils and fat, natural antioxi-
dants and prooxidants (1998). Ph. D. Thesis, Univer-
sitat Auto noma de Barcelona, Spain (in Crespo N.
and Esteve-Garcia E., 2001).

Pietrzak D., Michalczuk M., Niemiec J., Mroczek J.,
Adamczak L., tukasiewicz M. Comparison of selec-
ted quality attributes of meat originating from fast-
and slow growing chickens (in Polish, 2013). Food.
Science. Technology. Quality, 2 (87): 30 -38.

19.

20.

21.

22.

Rhee K.S, Dutson T.R., Smith G.C., Hostetler R.L., Re-
iser R., (1982): Cholesterol content of raw and coo-
ked beef Longissimus muscles with different degrees
of marbling J. Food Sci., 47: 716-719.

Searcy, R. L., and Bergquist L. M., (1960): A new co-
lor reaction for the quantitation of serum cholesterol
Clin. Chim. Acta. 5:192-199.

Skiivan M., Sev¢ikova S., T@mova E., Skfivanova
V., Marounek M., (2002): Effect of copper sulphate
supplementation on performance of broiler chickens,
cholesterol content and fatty acid profile of meat
Czech J. Anim. Sci., 47: 275-280.

Wang J-J., Pan T-M., Shieh MJ., Hsu C-C., (2006):
Effect of red mold rice supplements on serum
and meat cholesterol levels of broilers chic-
ken Appl. Microbiol. Biotechnol. 71: 812-818.
DOI 10.1007/s00253-005-0222-4.

SAZETAK

Provedene su Cetiri kalibracije za sadrzaj kolesterola u mesu peradi (prsa i bataci
pilica, pijetlica, kopuna i gusaka). Standardne kolebljivosti izrazene kao SECV (Stan-
dardna pogreska rotiraju¢e procjene) (%, relativno) za pili¢e, pijetlice i kopune bile su
9,2 za prsa i 7,8 za batake. Te su vrijednosti za guske iznosile 8,4 odnosno 9,0. Metoda
diskriminacije s najveéom moguénoséu predvidanja na temelju RMSX Residents kori-
Stena je za klasificiranje uzoraka. Vrijednosti to¢nosti klasifikacije bile su dobre i kretale
su se, uglavnom, od 96,8% do 98%. Kalibracije NIRS za sadrzaj kolesterola u mesu
prsa i bataka pilica, kopuna, pijetlica kao i mesu prsa i bataka gusaka dobre su za brzu

rutinsku analizu u praksi.

Klju¢ne rijeci: kolesterol, rotiraju¢a procjena, kolebljivost
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