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Near-infrared calibrations were developed for the instantaneous prediction of amino acids composition
of processed animal proteins (PAPs). Two sample presentation modes were compared (ground vs
intact) for demonstrating the viability of the analysis in the intact form, avoiding the need for milling.
Modified partial least-squares (MPLS) equations for the prediction of amino acids in PAPs were
developed using the same set of samples (N = 92 PAPs) analyzed in ground and intact form and in
three cups differing in the optical window size. The standard error for cross validation (SECV) and
the coefficient of determination (1-VR) values yielded with the calibrations developed using the samples
analyzed in the intact form showed similar or even better accuracy than those obtained with finely
ground samples. The excellent predictive ability (1-VR > 0.90; CV < 3.0%) obtained for the prediction
of amino acids in intact processed animal proteins opens an enormous expectative for the on-line
implementation of NIRS technology in the processing and marketing of these important protein feed
ingredients, alleviating the costs and time associated with the routine quality controls.
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INTRODUCTION the increasing customers’ inquiries concerning nutrient avail-
ability and variability, animal species identification, and quality
and safety of the PAPs. Therefore, in the rendering industry,
there is a great concern for the implementation of new analytical
methods that ensure traceability, safety, and customers demands,
allowing a more informative label.

Information about amino acid content in PAPs is an increasing
demand of food animal and pet food nutritionists, being a key
element for the feed manufacturers and integrated livestock
operations to produce precise and cost-effective feeds. The
amino acid content of feed ingredients is affected by several
factors such as plant breeding or fertilization. In animal and
plant byproducts, there are additional factors influencing the

Processed animal proteins (PAPs) have traditionally made a
great contribution to the value of animals by finding their way
into a wide variety of applications. For instance, meat and bone
meal (MBM) has been included in livestock feeds, pet foods,
and fertilizers. Animal protein meals are also excellent sources
of calcium, phosphorus, protein, and essential amino acids.
Nutritionists traditionally included fat and protein ingredients
derived from animal sources for supplying amino acids, energy,
minerals, and other trace nutrients when formulating swine and
poultry diets (1,2).

In the European Union (EU), as a consequence of the Bovine
Spongiform Encephalopathy (BSE) crises and its association™ ™. . ! o :
wiF;h Creutzfeldt Jgkob Bisease (CJD) in humans, government amino a_1C|d profile, such as the origin Of_ raw material, the
and customer restrictions have been established on the use oPf°c€SSINY methogl, a”‘?' the §torage cpndnpns (6)'. )

PAPs. The ban of the use of meat and bone meals (MBM) in Chromatographm amino acid anaIyS|_s requires oxidation and
compound feeds is one of the measures carried out in the Euhydrolysis of the protein, followed by ion-exchange chroma-
to stop the spread of BSE and to prevent its re-occurrence.tography (IEC). This procedure is quite complicated and labor-
Another important measure affecting the use of PAPs has beenintensive, needing a minimum of 3 days of processing ti)e (

the prohibition of intraspecies recycling, in order to avoid a  Near-infrared spectroscopy (NIRS) is already well-established
potential infectivity due to the absence of barrier within species for routine quality control in feed mills and nutritional feed

(3-5). analytical services (7). At present, NIRS is the only technique

One of the main consequences of the legislation relating to that allows the analysis of large-scale samples and, consistently,
the use of PAPs has been the loss of commercial and socialtaking decisions in real time (8).
value of the rendering products (i.e., meat and bone meal) and Several recent review papers have demonstrated the ability

of NIRS technology to predict traditional feed chemical values
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amino acid profile in cereals9( 10) or compound feedsl{, every 2 nm. Two replicates were measured for each sample, using the
12), there are a limited number of papers that address the useaverage of spectra for calibrating.
of NIRS to predict amino acids profile in PAPs. In this way, The analysis of the samples was carried out using the natural product

NIRS calibration equations for predicting amino acids content transport cell. This is a rectangular cell with internal dimensions of

: ; : 4.7 cm wide, 20 cm long, and 4.3 cm deep. The quartz viewing window
in PAPs have been reported by Fontaine et &).gnd Qiao
and Van Kempen (13). of 4.7 cm x 20 cm allows 94 crhof the sample surface area to be

irradiated.

Most of the NIRS works for amino acids prediction have been  Ground Sampleserior to NIRS analysis, a subsample of each animal
developed after a fine milling of the product. Pazdernik et al. protein meal was ground to a diameter particle size of 1 mm, using a
(14), using the same set of soybean samples analyzed groundyclonic mill. Ground samples were presented in two types of cups
and intact, concluded that milling improves the accuracy of the and NIR analysis modules:
amino acid predictions. (1) A FOSS NIRSystems model 6500 SY-I scanning monochromator

In order to fully incorporate NIRS technology into the (Silver Spring, MD) equipped with spinning module was used to
rendering industry, inspection, and feed industry laboratories, Measure reflectance spectra from 400 to 2500 nm (every 2 nm), using
it is desirable to avoid the tedious milling task. Nevertheless, the standard ring cup with 3.75 cm diameter. . )

o (2) A FOSS NIRSystems instrument was described previously for
to ensure that, beforehand it is necessary to demonstrate tha{h

. - ; , e analysis of the intact samples and equipped with transport module,
the results obtained with the analysis of intact samples by NIRS, using the/, rectangular cup that was 4.6 cm wide and 5.7 cm long.

i.e., in the original marketing presentation, are comparable t0  gpectra were recorded with the WINISI 1l software version 1.50
those obtained analyzing the samples finely milled. (Infrasoft International, Port Matilda, PA).

Brimmer and Hall {5) suggested the need to enlarge the  The instruments, as well as the type of cups used in this study, are
scanning surface for the analysis of intact material. In fact, great the analysis modes more traditionally implemented in the laboratories
changes have been made in NIRS instruments within the 1990sPlaced at the feed industry and in feed analytical services.

Grating monochromator instruments enjoy the most widespread Sample SelectionThe selection of the training samples is one of
usage throughout the feed industry. Versatile NIRS analyzersthe critical steps.when developing a callbratlon.equatlon. In the present
with different sample presentation attachments and large analysiéoaper’ the algorithm SELECT based on the neighbor coneepi(as

ind lowi bett tati fth | d used to select the calibration samples.
windows, allowing a betler representation of the sampie an When the SELECT algorithm is working, the user can set the number

also the analysis of intact material, have appeared in the markelyt samples that will be selected, instead of setting a limit value. In the
(16). Péerez-Marin et al. (17) using a cup with a large Window present work it was decided to select a total of 92 samples from the
size (94 crd) showed that NIRS calibrations developed for the original set of 359 samples, due to time and money restrictions for the
prediction of the chemical composition of intact feeds had a reference chemical analysis.

similar or better accuracy than the equations developed with  Development of NIR Calibrations. Calibrations were developed
the same samples that were analyzed ground. using WINISI software version 1.50. The modified partial least squares

The main aim of the present paper is to evaluate the predictive(MP'—S) _regression method was used to obtain NIR equations for all
ability of NIRS equations developed for the prediction of amino "€ studied parameters.

. - L Modified partial least squares is similar to partial least squares (PLS),
acids Co.mem in PAPS analy;ed in intact form versus ground but in this case the NIR residuals at each wavelength are standardized
form, using the same calibration set.

(divided by the standard deviation of the residuals at a wavelength)
before calculating the next factor (23). Cross-validation separates the
MATERIALS AND METHODS samples into groups for prediction. Each prediction group is predicted
. . once, based on calibration from the remaining groups. Predicted results

PAPs SamplesA total of 359 commercial PAPs, provided by the 56 symmarized as the standard error of cross validation (SECV). In

most important rendering plant of Andalusia (Spain), have been s stydy, cross-validation was performed by splitting the population
collected in the framework of two different projects (STRATFEED jnig six groups.

G6RD-2000-CT-00414 _and MCYT'!NlA CALOZ'QZS'CZ'Z)' The In all calibrations, the standard normal variate (SNV) and detrending
samples belonged tp different species of terrestrial PAPs: poultry (D) methods were used for scatter correctiaa)( SNV and D are two
byproducts meal, pig meal, cattle meal, and meat and bone mealgenarate algorithms that are usually applied together. SNV is applied
(mixture of different species). They were stored in the University of gt for correcting the effects of multiplicative interferences of scatter
Cérdoba Sample Bank. and particle size. Detrending removes the additional variations in
Reference Analysis.The nitrogen content of the samples was paseline shift and curvilinearity, typically present in diffuse reflectance
determined by combustion using a LECO FP-428 (LECO Corp., St. spectra (8).
Joseph, M) nitrogen analyzer (Dumas method) according to the AOAC  \joreover, four derivative mathematical treatments were tested in
method 990.03 (18). the development of NIRS equations. The derivative treatment is one
The samples were analyzed for 18 amino acids which included all of the best for removing baseline effects (25). The first derivative (a
the essential ones: methionine (Met), cystine (Cys), methiofine  simple measure of the slope of the spectral curve at every point) and
cystine (M + C), lysine (Lys), threonine (Thr), tryptophan (Trp),  the second derivative (a measure of the change in the slope of the curve)
arginine (Arg), isoleucine (lle), leucine (Leu), valine (Val), histidine  (25) have been tested: 1,5,5,1; 2,5,5,1; 1,10,5,1; 2,10,5,1. The first
(His), phenylalanine (Phe), tyrosine (Tyr), glycine (Gly), serine (Ser), number denotes the derivative order, while the second denotes the
proline (Pro), alanine (Ala), aspartic acid (Asp), and glutamic acid (GIu). number of nanometers in the segment used to calculate the derivative.
All amino acids, except tryptophan, were analyzed by the method The third and fourth numbers denote the number of data points over
proposed by Llames and Fontaine (19) and adopted by the AOAC aswhich running average smoothing is conducted (26).
Official Method 994.12. This procedure agrees with the Official The statistics used to select the best equations were the coefficient
European Method of amino acid analysis in fe@)( The tryptophan of determination (1-VR) and the standard error of cross-validation
content of the samples was analyzed following the Official European (SECV). Another statistic used was the coefficient of variation (CV)

Method (21). for the cross-validation, i.e., the ratio of the SECV to the mean of the
NIRS Analysis. Intact SamplesSamples were scanned as received, reference data multiplied by 100 (16).
i.e., without previous milling and in its original form with a particle In addition to these statistics, the importance of calibration outliers

size of 6 mm, approximately. A FOSS NIRSystems model 6500 SY-II must be considered. H outliers are samples with spectra very different
scanning monochromator (Silver Spring, MD) equipped with a transport from the average spectrun23) and a criticalH value of 10.0 is
module was used to measure reflectance spectra from 400 to 2500 nmyecommended when calibrating®). T outliers are samples with large
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Table 1. Amino Acid Composition (%) of the Calibration Set Grouped by the Different Types of PAPs

poultry byproducts meal (N = 18) pork meal (N = 20) MBM (n = 53) cattle meal
min mean max cv min mean max cv min mean max cv (N=1)
Met 1.03 1.16 1.29 571 0.70 0.93 1.08 12.30 0.72 0.85 1.26 13.12 0.73
Cys 0.48 0.54 0.68 8.29 0.27 0.47 0.59 17.49 0.39 0.55 0.90 24.81 0.71
M+C 151 1.70 1.87 5.21 1.11 1.40 1.67 12.40 1.13 1.40 1.88 13.07 1.43
Lys 3.32 3.66 3.93 4.64 2.68 3.67 4.26 12.21 2.68 3.10 4.05 9.15 2.6
Thr 1.98 2.18 2.36 454 1.54 2.00 2.29 10.24 1.67 1.90 2.36 773 1.88
Trp 0.41 0.47 0.55 7.62 0.33 0.37 0.43 8.16 0.34 0.42 0.56 11.11 0.39
Arg 3.92 4.22 4.45 3.37 3.44 4.90 5.79 13.01 3.07 3.56 4.56 8.81 3.09
lle 1.85 2.10 231 5.72 1.35 1.79 2.08 10.75 1.43 171 2.30 11.17 1.67
Leu 3.48 3.86 4.16 437 2.99 374 431 10.27 3.02 3.55 4.22 7.91 342
Val 2.36 2.60 2.84 4.35 211 2.64 3.02 10.30 2.12 2.48 2.99 7.95 2.55
His 1.10 1.22 1.35 5.67 0.91 1.27 1.49 12.84 0.94 1.15 1.40 10.55 0.94
Phe 2.02 221 2.36 3.80 1.70 2.15 2.45 10.23 1.74 2.00 2.39 739 1.9
Tyr 1.42 1.66 1.86 6.48 1.17 1.44 1.67 9.45 1.20 141 1.89 9.68 131
Gly 5.78 7.00 7.86 6.99 6.60 10.35 12.47 15.85 4.94 6.16 8.16 10.00 5.43
Ser 2.14 2.35 2.55 4.43 1.86 2.48 2.84 11.40 1.85 221 2.74 10.91 2.46
Pro 3.58 4.42 5.38 10.42 497 7.15 9.13 16.88 3.25 413 6.10 13.78 413
Ala 3.99 4.25 4.40 3.04 3.62 5.15 5.96 13.01 331 3.81 4.56 6.28 3.55
Asp 4.42 481 5.09 3.46 3.68 4.89 5.59 11.15 381 425 5.09 6.71 3.86
Glu 7.14 7.77 8.23 3.65 5.81 7.90 9.03 11.39 5.70 6.55 8.28 797 5.88
differences between their reference and predicted val28s This It is also important to highlight that the highest values for

statistic allows evaluation criteria for assessing the variation between glycine and proline and the lowest value for cystine correspond

the tables, a rule of thumb is thatalues greater than 2.5 are considered the three groups, measured by the CV values for all the AA

significant, and therefore values may possibly be outliers (27). agreed with those reported in animal nutrition tables and
Finally, the results obtained with the different modes of analysis databases (30, 31)

were compared using a Fisher test (28), calculatingrthvalue as -
Regarding the poultry byproducts meal, the mean values for

F = SECV,YSECV,?, where SECY < SECV, the essential amino acids are very similar to those reported by
Fontaine et al. (6).
The calculatedr value was compared with the confidence I —o. The data reported iTable 1 confirm that the SELECT

ni-1, n2-1), Obtained from the distributioff table, whereo is the test spectral algorithm allows the creation of a calibration set that
significance levely, the times that the measure is repeated with the represents the usual variability encountered by each AA and
first method tested, ang the times that the measure is repeated with  PAP type and the choosing of samples containing variability
the second method tested. The differences between the SECVs argnherent to intra- and interanimal species. That is important for

significant whenF > Fimi. calibration work, where the time to obtain the chemical data
and/or the analytical costs associated with the constituent of
RESULTS AND DISCUSSION interest (i.e., AA) are the main constraints for using a large

During the period 20022004, a Sample Bank and a NIRS calibration set.
Spectral Data Bank containing PAP samples representative of The main difficulties encountered for the interpretation of
those produced in different Spanish rendering plants have beenNIRS works developed by different authors for the same product
created. These samples were provided by the producers withand constituent arise from the existing differences in the
accompanying documents revealing the gross composition (in calibration sets used, in the repeatability quality of the reference
percentage) in different species (i.e., % cow, % poultry, etc.) data used, in the calibration strategies performed, in the
used for their production (29). instrumentation and type of cup used, ett5)( Therefore, in

As indicated earlier, the SELECT algorithr@2) was used  the present work, to demonstrate the viability of NIRS for the
to choose the calibration sell (= 92). The application of that ~ analysis of intact PAPs, without previous milling, calibrations
algorithm to the original Spectral Data Base of 359 samples have been developed with the same set analyzed both in intact
computed and suggested a number of 19 principal componentsand in ground form. No outliers removal was done during
to represent all the relevant information existing in the spectrum. calibration development, to ensure that the differences existing
The high number of principal components selected suggests thagmong the three calibration sets are due to the sample presenta-
the spectral variation and the diversity of the product are high tion mode.
(22). The calibration equations obtained for the three analysis

Table 1 shows the mean, the coefficient of variation, and modes assayedTéble 2) present a high predictive ability.
the range for the AA content of the 92 spectrally selected According to their 1-VR values<0.90), the equations for these
samples grouped by PAPs categories. In general, the poultrythree analyses modes should be regarded as usable for quality
byproduct samples show the lowest CV values for most of the assurance purpose&@]. Generally speaking, the calibration
AA. However, the MBM group presents high CV values for statistics obtained for the equations developed with intact
many AA. This fact can be explained by the heterogeneity of samples are better than those obtained with the ground samples
the samples belonging to this group. While poultry byproduct analyzed using the standard ring cup, and similar to those
meals and pork byproduct meals are made of one single animalobtained with the ground samples using theectangular cup.
species, meat and bone meal can include a variety of raw The statisticalF-test was used to calculate the one-sided
materials derived from different parts of the carcasses of beef, probability of the likelihood that the SECV values were different
poultry, swine, sheep, goat, and others. at the 95% confidence level. The comparison of the three
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Table 2. Calibration Statistics for Predicting Amino Acid Composition of Ground and Intact PAPs (N = 92)

standard ring cup: ground samples rectangular ¥/ ground samples rectangular natural: intact samples
mean S.D. SECV 1-VR cv SECV 1-VR cv SECV 1-VR cv
Met 0.93 0.16 0.042 0.93 4.52 0.037 0.95 3.98 0.035 0.95 3.75
Cys 0.53 0.12 0.048 0.84 9.06 0.041 0.88 7.74 0.040 0.89 7.43
M+C 1.46 0.20 0.067 0.90 459 0.058 0.92 3.97 0.053 0.93 3.63
Lys 3.33 0.42 0.110 0.93 3.30 0.095 0.95 2.85 0.086 0.96 2.57
Thr 1.98 0.19 0.064 0.88 3.23 0.054 0.91 2.73 0.051 0.92 2.60
Trp 0.42 0.05 0.019 0.87 452 0.015 0.92 3.57 0.015 0.92 3.66
Arg 3.98 0.67 0.155 0.95 3.89 0.113 0.97 2.84 0.132 0.96 3.32
lle 1.80 0.23 0.064 0.92 3.56 0.055 0.94 3.06 0.047 0.96 2.62
Leu 3.65 0.31 0.096 0.91 2.63 0.083 0.93 2.27 0.087 0.92 2.38
Val 2.54 0.21 0.083 0.85 3.27 0.069 0.89 2.72 0.073 0.88 2.86
His 1.19 0.14 0.045 0.89 3.78 0.038 0.92 3.19 0.035 0.93 2.98
Phe 2.07 0.18 0.055 0.91 2.66 0.048 0.93 2.32 0.048 0.93 2.32
Tyr 1.47 0.16 0.069 0.83 4.69 0.069 0.82 4.69 0.068 0.83 4,66
Gly 7.23 1.92 0.441 0.95 6.10 0.287 0.98 3.97 0.353 0.97 4.89
Ser 2.30 0.25 0.106 0.82 4.61 0.085 0.89 3.70 0.097 0.85 4.20
Pro 4.84 143 0.426 0.91 8.80 0.320 0.95 6.61 0.299 0.96 6.18
Ala 4.18 0.65 0.168 0.93 4.02 0.116 0.97 2.78 0.136 0.96 3.24
Asp 4.50 0.45 0.127 0.92 2.82 0.102 0.95 2.27 0.102 0.95 2.28
Glu 7.07 0.87 0.214 0.94 3.03 0.158 0.97 2.23 0.163 0.96 2.31
Table 3. Statistical Comparison between the SECV Values Obtained value corresponding to the amino acid glycine result was statis-
for the Three Modes of Analysis Used (Fimi = 1.41; Significance tically different for the natural cup. Nevertheless, the 1-VR value
Level = 95%) for the prediction of glycine in intact samples should be regarded

as excellent (0.99) and CV as very good (3.01%). These results

standard  rectangular rectangular - rectangular clearly confirm that the NIRS analysis of intact PAP samples
ringcup  natural cup 4 cup natural cup - . . [
. . is feasible and that it can replace the analysis in ground form.

(ground (intact (ground (intact . . . I

samples)  samples) F samples)  samples) F Due to the high przlce ofI analyzmgI.AEA using HPLC, many
Nt 000 003 T 0,037 0055 1 nutritionists around the wor d use publis ed'regressmn equations
Cys 0.048 0.04 1442 0041 0.04 105 based on the crude protein content to estimate the amino acid
M+C  0.067 0.053 1.60 0.058 0.053 1.20 content in feedingstuff, as those reported in Degussa ta®iles (
Lys 011 0.086 164% 009 0.086 122 and other nutritional databases. In the present work, the

a . . . . .

Thr 0.064 0.051 157 0.054 0.051 112 relationship between protein and amino acid content for the 92
Trp 0.019 0.015 1.602 0.015 0.015 1.00 . - .
Arg 0.155 0.132 138 0113 0.132 136 samples studied was measured by the RSQ statistic, reaching
lle 0.064 0.047 1.852 0.055 0.047 1.37 values=<0.50 for 11 of the 19 parameters studied, between 0.51
Leu 0.096 0.087 122 0.083 0.087 110 and 0.80 for lysine, phenilalanine, and proline and over 0.80
val 0.083 0.073 129 0.069 0.073 112 for arginine, glycine, alanine, aspartic acid, and glutamic acid.
His 0.045 0.035 1.65 0.038 0.035 118 ; .
Phe 0.055 0048 131 0048 0048 100 The RSQ values for each amino acid were always lower than
Tyr 0.069 0.068 1.03 0.069 0.068 1.03 the 1-VR values corresponding to the NIRS calibrations
Gly 0441 0.353 156* 0287 0.353 1512 developed both with intact and ground sampl&sle 2),
Ser 0.106 0097 119 0.085 0097 130 ffering further confirmation of the significant contribution that
Pro 0426 0200 203 032 0299 115 oftering furth ; gniica
Ala 0.168 0.136 153 0116 0136 137 the practical implementation of NIRS equations could have from
Asp 0.127 0.102 1.552 0.102 0.102 1.00 the nutritional point of view. These results allow one to conclude
Glu 0214 0.163 1722 0158 0.163 1.06 that NIRS prediction of AA in intact meat and bone meals are

much better than predictions based on crude protein regressions.
Once the comparison between the three analysis modes, with

the same number of samples, was made, Ttrwaitliers could

analysis modes (compared each two, intact versus ground) waghen be eliminated as an essential step in the optimization

a Significantly different (p < 0.05), the SECV values versus the values for the
natural cup.

carried out with the applications of the Fisher teBable 3 procedure of the equations developed.

shows the SECYV values for each amino acid and analysis mode During calibration development, spectral outliers were not de-

and theF values obtained in each case, with thg,; value tected. However, chemical outliers were detected for the three
1.41 for a level of significance of 95%. sample presentation modes and for each of the amino acids.

For the comparison between the ground (standard ring cup) Table 4 shows the statistics of the NIR equations for predicting
and intact (rectangular natural cup) modes of analysis, the SECVAA in ground and intact PAPs, after tHE outliers samples
values obtained for the equations developed using the sampleslimination.
analyzed in the standard ring cup were largest of those obtained With a few exceptions, the chemical outliers were consistent
with the samples analyzed intact. Moreover, for 13 of the 19 for the equations developed for the three sample presentation
AA the differences between the SECV values were significant modes and, in most cases, the outlier samples are unique
according to the- test. samples, reflecting an extreme chemical value for a given amino

The SECV values corresponding to the equations developedacid. For example, there was a sample outlier for glycine and
using the samples analyzed in tgrectangular cup were also  proline that had the highest contents for these amino acids, i.e.,
larger than those obtained with the samples analyzed intact, for12.47% and 9.13%, respectivelyable 1). Moreover, another
11 of the 19 AA predicted. However, when tReest is applied outlier sample presents the highest values for arginine (5.79%)
to the comparison of these two analysis modes, only the SECV and glycine (12.47%).
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Table 4. NIRS Calibration Statistics for Equations Developed without T Outliers for the Two Presentation Modes (Ground vs Intact)

standard ring cup: ground samples rectangular /4 cup: ground samples rectangular natural cup: intact samples
constituent mean S.D. SECV 1-VR cv mean S.D. SECV 1-VR cv mean S.D. SECV 1-VR Ccv
Met 0.93 0.16 0.042 0.93 453 0.93 0.16 0.042 0.93 4.48 0.93 0.16 0.035 0.95 3.75
Cys 0.53 0.12 0.042 0.87 8.22 0.53 0.12 0.048 0.83 9.07 0.53 0.12 0.036 0.91 6.78
M+C 1.46 0.20 0.067 0.90 4.25 1.46 0.20 0.057 0.92 3.91 1.46 0.20 0.053 0.93 3.63
Lys 3.33 0.42 0.102 0.94 3.05 3.33 0.42 0.100 0.94 3.00 332 0.41 0.075 0.97 2.26
Thr 1.98 0.19 0.055 0.91 278 1.97 0.18 0.053 0.92 2.67 1.98 0.19 0.051 0.92 2.60
Trp 0.42 0.05 0.014 0.92 3.45 0.42 0.05 0.015 0.92 3.61 0.42 0.05 0.015 0.92 3.51
Arg 3.93 0.66 0.052 0.99 1.84 3.93 0.64 0.064 0.99 1.62 3.94 0.65 0.083 0.98 2.12
lle 1.81 0.23 0.061 0.93 2.74 1.79 0.23 0.047 0.96 2.64 1.80 0.23 0.047 0.96 2.62
Leu 3.65 0.31 0.081 0.94 2.22 3.64 0.32 0.074 0.95 2.02 3.65 0.31 0.087 0.92 2.38
Val 2.55 0.21 0.066 0.90 2.36 2.53 0.21 0.066 0.90 2.62 2.53 0.21 0.067 0.90 2.63
His 1.19 0.13 0.036 0.93 3.00 1.19 0.14 0.038 0.92 322 1.19 0.13 0.030 0.95 2.53
Phe 2.07 0.18 0.052 0.92 2.49 2.07 0.18 0.047 0.93 2.27 2.07 0.18 0.048 0.93 2.32
Tyr 1.46 0.15 0.043 0.92 2.96 1.46 0.15 0.038 0.94 2.62 1.47 0.16 0.043 0.93 2.92
Gly 6.96 1.72 0.236 0.98 3.40 7.03 1.73 0.174 0.99 2.47 7.02 1.73 0.211 0.99 3.01
Ser 2.30 0.25 0.102 0.84 4.08 2.28 0.25 0.071 0.92 3.12 2.30 0.25 0.080 0.90 3.49
Pro 475 1.37 0.325 0.94 6.83 4.82 1.38 0.307 0.95 6.36 4.80 1.37 0.305 0.95 6.35
Ala 413 0.61 0.111 0.97 2.98 4.18 0.65 0.113 0.97 2.70 4.14 0.63 0.088 0.98 2.13
Asp 4.49 0.46 0.139 0.90 3.09 4.49 0.46 0.090 0.96 2.01 4.50 0.46 0.089 0.96 1.98
Glu 7.06 0.86 0.171 0.96 273 7.01 0.86 0.127 0.98 1.80 7.07 0.89 0.148 0.97 2.09
17 Methionine . 4.5 - Lysine
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Figure 1. Reference values versus predicted NIRS values for the amino acids methionine, lysine, treonine, and tryptophan.

The outliers removal produced the reduction of the SECV excellent, very good, or good, although in five cases (Met, Cys,
values in all the cases. To better understand the significance ofM + C, Ser, and Pro) presented CV values higher than 4. For
the SECV values obtained for the three analysis modes and inthe ground samples analyzed in #ecup, only the amino acids
order to facilitate the comparison with the results obtained by Met, Cys, and Pro obtained CV values higher than 4, whereas
other authors, the coefficient of variability (CV) for the NIR the rest of them reached CV values of excellent, very good, or
data was also calculated (Table 4). good. Similar conclusions can be obtained from the CV values

The coefficient of variability (CV) relates the SD to the mean reached in intact samples; however. in this case only two amino
and provides a more realistic evaluation of the importance of acids (Cys and Pro) offered CV values higher than 4.
the SECV. The size and interpretation of the CV depends partly These results (Table 4) confirm again the viability of
on the source of the data. In the interpretation of NIR data, a analyzing PAPs samples in their natural form, avoiding the
CV value between 1.1 and 2.0% is excellent, between 2.1 andtedious and time-consuming milling task, since 1-VR, SECV,
3.0% is very good, between 3.1 and 4.0% is good, from 4.1 to and CV values for all the essential AAs were similar to or better
5.0% is fair, and CV higher than 5% is poor. than those obtained in the ground samples.

From the results shown ifable 4, it can be concluded that Figure 1 shows the correlation of the values obtained in the
the CV values obtained for equations developed with ground laboratory with respect to those predicted by NIR by using the
samples analyzed in the standard ring cup were in most casesatural cup for four of the most critical amino acids (methionine,
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Table 5. Comparison of the Results Obtained by Other Authors (6 and
13) and the Results of the Present Paper Regarding the CV Values

Fontaine et al. Qiao and Van Kempen present study
(2001) (6) (2004) (12) (Table 4)
Met 6.0 12.82 3.75
Cys 13.33 9.80 7.43
M+C 6.12 3.63
Lys 5.43 7.38 2.57
Thr 4.06 7.10 2.60
Trp 5.59 3.66
Arg 3.69 3.32
lle 432 9.67 2.62
Leu 355 6.53 2.38
Val 4.46 9.28 2.86
His 11.01 2.98
Phe 9.04 2.32

lysine, threonine, and tryptophan) for ration formulation. From
the SEP and the? values, it may be inferred that the calibration
models of all of the amino acids showedkigure 1 allow the
determination of these amino acids with excellent accuracy.

The interpretation of the PLS spectral loadings for the NIR
calibrations models developed showed patterns very similar for
all of the amino acids. The main features were found in the
regions 1650—1794, 1840—1940, and 2224—2394 nm. The
regions 1650—1794 and 2224—2394 nm are characteristic of
amino acids absorption, while the region 18440 nm could
be indicative of water absorption (16).

Further confirmation of the accuracy of the equations
developed with intact samples could also be obtained for

De la Haba et al.

equations obtained in the present paper for the prediction of
the most important amino acids in intact PAP samples lay within
the usual range of values reported by other authors for ground
samples. To maintain the desired quality and to fulfill the
requirements of the consumers of PAPs, a quality control unit
in each individual rendering plant is needed. This work reveals
great expectations for the on-line implementation of NIRS
technology in individual plants, feed mills, and customs
inspection points during transportation.

ABBREVIATIONS USED

NIRS, near-infrared reflectance spectroscopy; SECV, standard
error of cross-validation; 1-VR, fraction of explained variance
for cross validation (square of the correlation coefficiait,
CV, coefficient of variation; RSQ, fraction of explained variance
for linear crude protein regression (square of correlation
coefficient, r); N, number of samples of the equation; SD,
standard deviation of the variable in the sample population;
RPD, ratio of the standard deviation divided by the SECV;
PAPs, processed animal proteins; AA, amino acids; SEP,
standard error of prediction for independent validation samples;
r, coefficient of correlation.
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comparison of the results obtained in the present paper for intact

PAPs and those obtained by other authors using ground sample
Fontaine et al.g) developed NIRS calibrations for prediction
of essential amino acids (methionine, cystine, methiontne
cystine, lysine, threonine, tryptophan, arginine, isoleucine,
leucine, and valine) in ground meat meal= 333). Qiao and
Van Kempen (13) also developed NIRS calibration equations
for routine evaluation of amino acids in animal meals, scanned
as received, without previous milling. In order to make

comparable the results obtained by these authors with those

obtained in the present workrdble 4), the coefficient of
variation (CV) based on the SECV and the mean values of the
Fontaine et al. (pand Qiao and Van Kempen (13) studies have
been calculated (Table 5).

It should be highlighted that the equations obtained by
Fontaine et al.§) and those reported in the present paper have
in common that the reference AA data were provided by the
same reference laboratory. Thus, the differences in the CV
obtained for each AA should be explained by the better

repeatability of the spectral data used in the present paper. That

may be partially due to the use of the largest scanning surface
(94 cn?) compared to those used in the Fontaine et als{a@dy
(11 cm).

However, the CVs calculated from the data of Qiao and Van
Kempen (13) for all amino acids were much higher than those
found in the present study, as can be seeffiable 5. In this
case the huge differences existing in the CV values should be
attributed to an insufficient number of samples used by Qiao
and Van Kempen1@3) for calibration developmentN(= 54)
and, probably, also to the poorest repeatability of the AA
reference method (HPLC).

In conclusion, the results obtained demonstrate that NIRS
technology is suitable for analyzing processed animal proteins
in their marketing presentation, avoiding the need for fine
milling and reducing labor and time costs. The accuracy of the

S

LITERATURE CITED

(1) Harmon, B.; Pearl, G. G. Animal fat and Protein Ingredients
contribute to modern swine productioRender: Natl. Mag.
Render.2004, Feb, 26—31.

(2) MacDonald, P.; Edwards, R. A.; Greenhalgh, J. F. D.; Morgan,

C. A. Animal Nutrition, 6th ed.; Prentice Hall, Pearson Educa-

tion: Harlow, England, 2002.

Commission Decision 94/381/EC, June 27, 1994, concerning

certain protection measures with regard to bovine spongiform

encephalopathy and the feeding of mammalian derived protein.

Off. J. Eur. Communitie4994,L172, 23.

Commission Decision 2000/766/EC, December 4, 2000, con-

cerning certain protection measures with regard to bovine

spongiform encephalopathy and the feeding of animal protein.

Off. J. Eur. Communitie2000,L306, 32.

Commission Regulation (EC) No. 1774/2002 of the European

Parliament and of the Council of 3 October 2002 laying down

health rules concerning animal by-products not intended for

human consumptiorOff. J. Eur. Communitie2002,L273, 1.

Fontaine, J.; Horr, J.; Schirmer, B. Near-Infrared Reflectance

Spectroscopy Enables the Fast and Accurate Prediction of the

Essential Amino Acid Contents in Soy, Rapeseed Meal, Sun-

flower Meal, Peas, Fishmeal, Meat Meal Products and Poultry

Meal. J. Agric. Food Chem2001,49, 57-66.

Garrido, A. La spectroscopie proche infrarouge: une technologie

d’appui pour un service intégral en alimentation animald.dn

spectroscopie infrarouge et ses applications analytiqRed,ed.;

Bertrand, D., Dufour, E., Eds.; TEC & DOC: Paris, France,

2006; pp 537.

Roberts, C. A.; Stuth J.; Flinn, P. Analysis of forages and

feedingstuffs. InNear-Infrared Spectroscopy in Agriculture;

Roberts, C. A., Workman, J., Reeves, J. B., lll, Eds.; ASA, CSSA

and SSSA, Inc.: Madison, WI, 2004; pp 231—267.

Wu, J. G.; Shi, C.; Zhang, X. Estimating the amino acid

composition in milled rice by near-infrared reflectance spec-

troscopy.Field Crops Res2002,75, 1-7.

(©)

4

®)

~

@)

®)

©)



Amino Acids Content in Intact Processed Animal Proteins

(10) Kovalenco, I. V.; Ripke, G. R.; Hurgurgh, C. Determination of
Amino Acid Composition of Soybeans (Glycine max) by Near-
Infrared Spectroscopyl. Agric. Food Chem2006,54, 3485—
3491.

(11) Gonzalez-Martin, . larez-Garcia, N.; Gonzalez-Cabrera, J.
M. Near-infrared spectroscopy (NIRS) with a fibre-optic probe
for the prediction of amino acid composition in animal feeds.
Talanta2006,69, 706—710.

(12) Alomar, D.; Hodgkinson, S.; Abarzla, D.; Fuchslocher, R.;
Alvarado, C.; Rosales, B. Anim. Physiol. Food Chen2006,

90, 223—229.

(13) Qiao, Y.; Van Kempen, T. A. T. G. Technical note: Comparison
of Raman, mid and near infrared spectroscopy for predicting
the amino acid content in animal meals Anim. Sci2004,82,
2596—2600.

(14) Pazdernik, D. L.; Killam, A. S.; Orf, J. H. Analysis of amino
and fatty acid composition in soybean seed using NIR-
SpectroscopyAgron. J.1997,89, 679—685.

(15) Brimmer, P. J.; Hall, J. W. Method development and Imple-
mentation of Near-Infrared Spectroscopy in Industrial Manu-
facturing Support Laboratories. Mear-Infrared Technology in
the Agricultural and Food Industrie2nd ed.; Williams, P. K.,
Norris, K., Eds.; American Association of Cereal Chemists,
Inc.: St. Paul, MN, 2001; pp 187—198.

(16) Williams, P. C.; Norris, K.Near-Infrared Technology in the
Agricultural and Food Industries2nd ed.; Williams, P. K.,
Norris, K., Eds.; American Association of Cereal Chemists,
Inc.: St. Paul, MN, 2001.

(17) Pérez-Marin, D. C.; Garrido-Varo, A.; Guerrero-Ginel, J. E;
Gomez-Cabrera, A. Near-Infrared Reflectance Spectroscopy
(NIRS) for the mandatory labelling of compound feedingstuffs:
chemical composition and open declaratidmim. Feed Sci.
Technol.2004,116, 333—349.

(18) AOAC. Official Methods of Analysis, 16th ed.; AOAC Interna-
tional: Arlington, VA, 1995.

(19) Llames, C. R.; Fontaine, J. Determination of Amino Acids in
Feeds: Collaborative Study. AOAC Int.1994 77, 1362-1402.

(20) Commission Directive 98/64/EC, Sept 3, 1998, establishing
Community methods for the determination of amino acids, crude
fat and olaquindox in feedingstuff and amending directive 71/
393/EEC, annex part, A.; Determination of Amino Acidif.

J. Eur. Communitied998,L.257, 14.

(21) Commission Directive 2000/45EC, July 6, 2000, establishing
Community methods for the determination of vitamin, A,
vitamin, E., and tryptophan, annex part, C.; Determination of
Tryptophan.Off. J. Eur. Communitie2000,L174, 45.

J. Agric. Food Chem., Vol. 54, No. 20, 2006 7709

(22) Shenk, J. S.; Westerhaus, M. O. Population definition sample
selection and calibration procedures for near infrared spectra and
modified partial least squares regressi@nop. Sci.1991, 31,
469—474.

(23) Shenk, J. S.; Westerhaus, M. O. Calibration the ISI wadar
Infrared Spectroscopy: The Future \Ws. The Proceedings of
the 7th International Conference on Near Infrared Spectroscopy
Davies, A. M. C., Williams, P., Eds.; NIR Publications:
Chichester, West Sussex, UK, 1996; pp 198—202.

(24) Barnes, R. J.; Danhoa, M. S.; Lister, S. J. Standard Normal
Variate transformation and De-trending of near infrared diffuse
reflectance spectrappl. Spectroscl989,43, 772—777.

(25) Martens, H.; Naes, T. Preteatment and linearizatiorMuiti-
variate Calibration; Wiley: Chichester, 2001; pp 314—354.

(26) I.S.1. The complete software solution using a single screen for
routine analysis, robust calibrations, and networking. Manual.
FOSS NIRSystems/TECAT.O.R.; Infrasoft International, LLC:
Silver Spring MD, 2000.

(27) Mark, H.; Workam, JStatistics in spectroscoppcademic Press
Inc.: New York, 2001.

(28) Naes, T.; Isaksson, T.; Fearn, T.; DaviesAAiser-friendly guide
to Multivariate Calibration and ClassificatianN.l.R. Publica-
tions: Chichester, UK, 2002.

(29) Garrido Varo, A.; Perez Marin, D.; Guerrero, J. E.; Gomez
Cabrera, A.; von Holst, C.; Murray, |.; van Raamsdonk, L.;
Zegers, J. Construction of the STRATFE.E.D. Sample bank and
preparation of sample sets (WP2).3trategies and methods to
detect and quantify mammalian tissues in feedingstifisxelles,
European Project, STRATFEED (G6RD-2000-CT-00414), 2005;
27 pp.

(30) Degussa, A. G. Composicién en Aminoacidos de los ingredientes.
Degussa Feed Additives, Alemania, 1996.

(31) FEDNA. Normas FEDNA para la formulacion de piensos
compuestos, 2003.

Received for review June 20, 2006. Revised manuscript received July
28, 2006. Accepted August 11, 2006. The first author is grateful to the
Consejeria de Innovacim, Ciencia y Empresa (Junta de Andalucia,
Spain) for a pre-doctoral Fellowship. The research has been supported
by funds provided by the national project MCYT-INIA-CAL02-018-C2-2.

JF061727V



