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ABSTRACT

In the dairy industry, membrane filtration is used
to reduce the amount of whey waste and, simultane-
ously, to recover whey proteins (WP). The composition
of WP can strongly affect the filtration treatment of
whey, and rapid determination of WP fractions would
be of interest for dairy producers to monitor WP
recovery. This study aimed to develop mid-infrared
spectroscopy (MIRS) prediction models for the rapid
quantification of protein in sweet whey, using a vali-
dated rapid reversed phase (RP)-HPLC as a reference
method. Quantified WP included a-lactalbumin («-

A), B-lactoglobulin (3-LG) A and B, bovine serum
albumin, caseinomacropeptides, and proteose peptone.
Validation of RP-HPLC was performed by calculating
the relative standard deviation (RSD) in repeatability
and reproducibility tests for WP retention time and
peak areas. Samples of liquid whey (n = 187) were
analyzed by RP-HPLC and scanned through MIRS to
collect spectral information (900 to 4,000 cm™'); sta-
tistical analysis was carried out through partial least
squares regression and random cross-validation proce-
dure. Retention times in RP-HPLC method were stable
(RSD between 0.03 and 0.80%), whereas the RSD of
peak area (from 0.25 to 8.48%) was affected by WP
relative abundance. Higher coefficients of determina-
tion in validation for MIRS model were obtained for
protein fractions present in whey in large amounts, such
as 3-LG (0.58), total identified WP (0.58), and a-LA
(0.56). Results of this study suggest that MIRS is an
easy method for rapid quantification of detail protein in
sweet whey, even if better resolution was achieved with
the method based on RP-HPLC. The prediction of WP
in sweet whey by MIRS might be used for screening
and for classifying sweet whey according to its total
and individual WP contents.
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INTRODUCTION

The increasing consumer demand for products with
healthy and high nutritional properties has led the
dairy industry to recognize the value of whey proteins
(WP; Smithers, 2008). Whey proteins can be incor-
porated in several food products to maintain the func-
tional and nutritional value (Lo and Bastian, 1998).
Recently, dairy producers have exploited different
processes for whey treatments to recycle WP (Prazeres
et al., 2012). Ultrafiltration of whey is one of the most
important applications to recover WP and produce
WP concentrate (WPC; Singer et al., 1990). The
main WP involved are 3-LG (3-LG, and B-LGg) and
a-LA; other minor WP are BSA, various peptides such
as caseinomacropeptide (CMP) formed by chymosin
cleavage of k-casein, and proteose peptone (PP) re-
sulting from proteolysis of 3-casein by indigenous milk
proteinases. The WP composition can strongly affect
the UF treatment (Guyomarc’h et al., 2009). Indeed,
different chromatographic methods were designed for
the WP characterization, such as ion-exchange chro-
matography (Doultani et al., 2004), size exclusion (Dis-
sanayake and Vasiljevic, 2009; Torres et al., 2011), and
reversed phase (RP)-HPLC (Anandharamakrishnan et
al., 2008; Innocente et al., 2011). The aforementioned
chromatographic methods are not applicable in the
dairy industry because they are time consuming (e.g.,
at least 20 min per sample). An important need of
the dairy industry is the rapid characterization of WP
destined for UF. Mid-infrared spectroscopy (MIRS)
combined with chemometric analysis has been recently
proposed as fast, nondestructive, and cheap technique
to predict several chemical and technological traits of
milk (De Marchi et al., 2014). The implementation of
MIRS in the dairy industry should be of interest not
only for milk but also for whey products, because rapid
and cheap assessment of quality whey produced after
the cheese making is needed.
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Interest in the valorization of whey components is
related to the improvement of economic revenue for the
dairy industry. Indeed, the recovery and concentration
of WP provides new ingredients that are widely used in
food and nonfood sectors. The rapid and easy predic-
tion of WP fractions by MIRS should be of interest for
dairy industry; moreover, to our knowledge, no studies
have been performed so far to evaluate the effectiveness
of MIRS to predict WP fractions in whey.

The aims of this study were (1) to develop a rapid
and high-resolution RP-HPLC method for individual
WP quantification, and (2) to evaluate the potential of
MIRS for the prediction of proteins in sweet whey.

MATERIALS AND METHODS
Reagents and Samples Collection

Guanidine hydrochloride (GdnHCI), Bis-Tris buf-
fer, sodium citrate, DL-dithiothreitol, trifluoroacetic
acid (TFA), acetonitrile (ACN), and standard puri-
fied proteins (a-LA, 3-LG,, 3-LGg, and BSA) were
purchased from Sigma (Sigma-Aldrich, St. Louis, MO).
Pure water was obtained from a Milli-Q plus (<18.3
MQ-cm; Millipore, Billerica, MA) system in our labora-
tory.

Sweet whey from pasteurized milk was collected from
a dairy plant without any preservative (Soligo, Treviso,
Ttaly); A total of 187 whey samples were collected from
May to August 2014 and analyzed by both RP-HPLC
and MIRS.

Chromatographic Conditions and Repeatability
and Reproducibility Tests for RP-HPLC Method

Whey protein fractions were quantified by a rapid
RP-HPLC method. The method was used as the
reference method for analysis of WP in whey and
whey-derived products (e.g., WPC) after filtration.
The chromatographic system used was an Agilent
1260 Series (Agilent Technologies, Santa Clara, CA)
equipped with a quaternary pump, a diode array de-
tector, and an auto-sampler with an injection loop of
100 pL. Calibration of the chromatographic system
was carried out using standard protein solutions and
analyzed in duplicate. Standard protein solutions were
prepared with the following purified protein powders:
a-LA, 3-LG, and B-LGg, and BSA (Sigma-Aldrich).
Caseinomacropeptide and PP were purified from bulk
bovine milk as proposed by Molle et al. (2006) and
Paquet et al. (1988), respectively. Spectrophotometric
Bradford assay was used for CMP and PP quantifica-
tion at 595 nm following the manufacturer’s instruction
(Sigma-Aldrich). Known concentrations of standard

protein solutions were prepared in 6 M GdnHCI, as
described by Bobe et al. (1998), and injected in the
chromatographic system. Retention time was registered
for each pure protein and used for protein identification
in whey samples. Calibration curves for each protein
were obtained by regression of the peak area and in-
jected concentration.

The HPLC equipment was controlled by the Agilent
Chem-Station for LC Systems software (Agilent Tech-
nologies), which sets solvent gradient, data acquisition,
and data processing. Separations were performed on a
reversed-phase analytical column C8 (Zorbax 300SB-
C8 RP; Agilent Technologies) with Poroshell packing
(5 pm, 300 A, 2.1 x 75 mm).

The gradient elution was carried out with a mixture
of 2 solutions, A and B. Solution A consisted of 0.1%
TFA and 5.0% ACN in water, and solution B was 0.1%
TFA in ACN. The gradient started with 5.0% solution
B; after 30 s, the gradient was 15.0% B, and at 1 min, it
was 18.0% B. Afterward, the gradient was from 18.0 to
27.5% in 1 min, from 27.5 to 30.5% in 1 min, from 30.5
to 31.0% in 15 s, from 31.0 to 32.0% in 45 s, from 32.0
to 33.8% in 35 s, and from 33.8 to 50.0% in 1.10 min.
From 5.45 to 7 min (end of the run), the gradient was
brought back to initial conditions (5.0% B). Between
sample injections, the column was re-equilibrated un-
der the starting conditions for 2 min. The total analysis
time per sample was 9.0 min. The flow rate was 2.5
mL/min, the column temperature was kept at 70°C,
and the detection was at a wavelength of 214 nm. The
injection volume consisted of 2 pL. To improve preci-
sion of the method, a precolumn was used, as proposed
by Bonfatti et al. (2008), and a blank (6 M GdnHCI)
was run before sample injection. The cleaning run was
an isocratic elution of 50% solvent B.

Ten samples of whey were used for the evaluation of
chromatographic method: repeatability and reproduc-
ibility tests were performed as proposed by Bonfatti et
al. (2008) over 4 d of analysis. Data were expressed as
relative standard deviation (RSD) for WP peak areas
and retention time within and across days.

Spectral Collection and Chemometric Analysis

Whey spectra were recorded by MilkoScan FT2 (Foss,
Hillergd, Denmark), within 4 h of whey collection, in
a spectrum range from 900 to 4,000 cm ', for a total
of 1,060 absorbance data points. Whey samples were
stored at standard temperature (25°C) until MilkoScan
FT2 analysis.

Statistical analysis was carried out by WinISI II (In-
frasoft International Inc., State College, PA) through
principal component analysis and partial least squares
(PLS) regression. A random cross-validation was
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performed by dividing the calibration data set into 5
groups, using 1 group to check the results (prediction)
and the remaining 4 groups to construct the calibra-
tion model. The model was repeated as many times as
there were groups available such that all of them passed
through the calibration and prediction set (De Marchi
et al., 2013).

Statistical procedures and spectra preprocessing were
carried out to improve the accuracy of the calibration
models. Outliers samples were selected using the Ma-
halanobis distance (global H >5.0) and samples exceed-
ing 2.5 (T outlier value) times the standard error of
cross validation (SEgy). Different spectral treatments
were compared before PLS analysis to improve spectral
information. Spectral corrections were none, standard
normal variate (SNV), and standard normal variate
+ detrending (SNV 4+ D), and mathematical pre-
treatments (no derivative, first and second derivatives)
on different gaps and smoothing segments (from 1 to
10) were performed.

For each WP, the best equation was selected accord-
ing to standard error of calibration (SEC), coefficient
of determination of calibration (R?), SEcy, coefficient of
determination of cross-validation (1 — VR), and ratio
performance deviation (RPD), calculated as standard
deviation/SEqy. Ratio performance deviation values
should be as high as possible: an RPD >10 indicates a
method is equivalent to the reference method (Williams

Absorbance at 214 nm

and Sobering, 1993) whereas RPD values >2.5 indicate
a method adequate for analytical purposes (Sinnaeve
et al., 1994).

RESULTS

Separation and Quantification

Mobile phase composition and wavelength were se-
lected according to a protocol for protein quantification
in milk (Bonfatti et al., 2008). Different gradients, flow
rates, and temperature conditions were carried out for
WP separation using a column made with a superficial-
ly thin layer of porous particle. To improve the resolu-
tion between peaks, the previous separation conditions
were optimized: the selected column temperature and
wavelength were 70°C and 214 nm, respectively.

The retention time of standard protein solution were
used to determine the respective WP fractions in the
187 whey samples. The gradient of mobile phase and
flow rate were set to separate in the following order of
elution: CMP, PP, a-L A, BSA, 3-LGg, and 3-LG, (Fig-
ure 1). The chromatographic profile of CMP and PP
showed several peaks according to the different CMP
and PP fractions; thus, a single integration was used
and total quantification was calculated for both frac-
tions. The a-LA profile reported a double peak related
to nonglycosylated and glycosylated fractions, and both

1.0 2.0 3.0

4.0 5.0 6.0

Time, min

Figure 1. Overlaid chromatograms relative to whey sample in repeatability (a) and reproducibility tests (b) for the whey protein fractions:
caseinomacropeptides (CMP; 1), proteose peptones (PP; 2), a-LA (3), BSA (4), 8-LG B (5), and 3-LG A (6).
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Table 1. Parameters of regression equations for calibration curves, response factors (RF; pg/area) and limit of detection (LOD) for whey protein

fractions by reversed phase-HPLC

RF + SD, LOD,! Amount
Protein R’ Intercept + SE Slope x107% ng injected, pg
a-LA 0.996 66.31 £+ 40.06 1,170.1 0.86 £+ 0.09 0.60 3.12-50.0
B-LGy 0.994 105.27 £ 33.24 396.14 2.09 £ 0.13 0.70 5.0-160.0
B-LGp 0.996 —30.08 £ 34.75 594.24 1.89 + 0.08 0.70 5.0-160.0
BSA 0.997 —4.48 + 10.16 809.98 1.26 + 0.16 0.50 1.56-25.0
Caseinomacropeptides 0.990 0.02 + 5.91 1,100.7 0.82 + 0.003 0.50 1.8-3.6
Proteose peptone 0.999 —0.02 + 4.53 1,001.0 0.96 £ 0.03 0.50 2.5-40.0

'"LOD = 10 x (3 x SD), where SD is the standard deviation of the background noise.

peaks were included in the integration for quantitative
analysis, because the a-LA commercial standard con-
tains both fractions. Bovine serum albumin, (3-LGg,
and B-LG, eluted separately in well-defined peaks.
Protein quantification was performed using calibra-
tion curves derived from regression parameters comput-
ed for the peak area and injected concentration of the
single standard pure proteins. Parameters of calibration
curve reported for all the protein fractions showed R* >
0.99 (Table 1). The parameters of regression equations
for calibration curves, response factors, and limits of
detection for WP fractions are given in Table 1.

Repeatability and Reproducibility Tests

Repeatability and reproducibility expressed as rela-
tive standard deviation (RSD %) of retention times and
peak areas for WP fractions are reported in Table 2.
Values of RSD of retention time for repeatability and
reproducibility tests showed high precision for each
protein fraction both within and between days. For
repeatability, the RSD ranged from 0.09 to 0.20%,
whereas the RSD for reproducibility ranged from 0.19
t0 0.69%. A slight worsening in retention time accuracy
was reported between days compared with that within
day (Figure 1). Similar results were obtained for peak
area, and major accuracy was within day. In repeatabil-

ity and reproducibility test for peak area, greater preci-
sion was found for those WP present in large amounts
in whey: CMP, PP, 3-L.G,, and 3-LGg, with a RSD
ranging from 0.55 to 0.79% and 0.25 to 1.50% within
and between days, respectively. Highest values of RSD
for peak area were found for a-LA and BSA; indeed,
the RSD for repeatability ranged from 2.19 to 2.66%,
and that for reproducibility ranged from 3.0 to 2.65%.

Prediction of WP by MIRS

Prediction models were obtained omitting the por-
tion of MIR spectra from 1,550 to 1,658 cm ' and from
2,955 to 4,000 cm ' due to water absorption with low
signal-to-noise ratio. Figure 2 depicts an example of
whey spectra without the aforementioned noninforma-
tive regions.

Numbers of samples selected for the calibration
models differed for each WP fraction, according to
outliers setting identification for global H and T outlier
values. Table 3 shows the summarized average composi-
tion of samples selected for the PLS analysis; means
(SD) for a-LA, B-LG, 3-LG,, 3-LGg, BSA, CMP, PP,
and total quantified WP were 0.73 (0.11), 4.06 (0.86),
2.79 (0.63), 1.30 (0.24), 0.14 (0.03), 0.47 (0.14), 0.19
(0.06), and 5.62 (1.14), respectively. The coefficient of
variation (CV) was greater in fractions where fewer

Table 2. Repeatability and reproducibility tests expressed as relative standard deviation (RSD %) of retention
times and peak areas for whey protein fractions quantified by reversed phase-HPLC

Repea‘uability1 Reproducibility2
Protein Retention time Area Retention time Area
a-LA 0.09 2.19 0.31 3.00
B3-LGy 0.04 0.79 0.19 1.50
3-LGg 0.06 0.68 0.61 0.54
BSA 0.20 2.66 0.26 2.65
Caseinomacropeptides 0.16 0.55 0.27 0.25
Proteose peptone 0.12 0.57 0.69 0.32

Ten aliquots of the same whey sample were injected consecutively.

A sequence of 10 whey samples was injected over 4 d.
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Figure 2. Example of untreated (without scattering correction and no derivative) spectrum with wavenumbers selected for calibration.

samples were discarded as outliers, in particular for
CMP (0.29) and PP (0.32) with 181 and 178 samples
selected for calibration, respectively, whereas a lower
CV was observed for a-LA (0.15) in which 18 samples
were discarded.

Fitting statistics for MIRS prediction models are
shown in Table 4. The number of terms of MIRS predic-
tion models was quite low (ranged from 4 to 9), dem-
onstrating a moderately strong relationship between
spectral information and WP fractions. The best pre-
diction models were obtained for WP fractions present
in large amounts (i.e., B-LG, total identified, a-LA).
All WP fractions were well predicted by MIRS, with
1 — VR values ranging from 0.50 (PP) to 0.66 (BSA);
only the B-LGg prediction model showed a poor result
(1 — VR = 0.33). On average, the differences between

calibration (R?) and validation (1 — VR) statistics
were very low, demonstrating the robustness of MIRS
models. Scatter plots of predicted versus measured WP

are depicted in Figure 3. Ratio performance deviation
ranged from 1.22 (3-LGg) to 1.70 (BSA).

DISCUSSION
Validation of RP-HPLC Method

The eluent solution and detection conditions used in
the present study were the same as those reported in
several studies in whey (Spellman et al., 2005) and in
milk (Kiokias et al., 2007). The elution order profile
was CMP, PP, a-LA, BSA, 3-LGg, and 3-LG,. Similar
order in retention times was proposed for WPC in the

Table 3. Descriptive statistics of whey protein fractions (mg/mL) in whey samples selected for the calibration

No. of
Protein’ samples’ Mean SD Minimum Maximum
a-LA 169 0.73 0.11 0.43 1.01
B-LG 177 4.06 0.86 1.40 6.76
B-LGy 177 2.79 0.63 0.65 4.72
3-LGg 176 1.30 0.24 0.16 2.04
BSA 178 0.14 0.03 0.05 0.23
Caseinomacropeptides 181 0.47 0.14 0.03 0.89
Proteose peptone 178 0.19 0.06 0.01 0.33
Total identified 176 5.62 1.14 1.92 9.23

"Total = a-LA + B-LG + BSA + caseinomacropeptides + proteose peptone.

*Number of samples considered to build the equations.
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Table 4. Statistics of prediction models' for whey protein composition (mg/mL) by mid-infrared spectroscopy (900—4,000 cm’l)

Protein® Math? Terms* R’ SEC 1 - VR SEcyv RPD
a-LA SNV 0,0,1,1 6 0.64 0.07 0.56 0.07 1.51
B-LG None 0,0,1,1 5 0.65 0.50 0.58 0.56 1.54
B-LGy None 0,0,1,1 5 0.66 0.36 0.60 0.39 1.61
B-LGg SNV 0,0,1,1 4 0.47 0.18 0.33 0.20 1.22
BSA SNV + D 0,0,1,1 4 0.70 0.02 0.66 0.02 1.70
Caseinomacropeptides None 0,0,1,1 9 0.65 0.08 0.55 0.10 1.48
Proteose peptone None 0,0,1,1 5 0.56 0.04 0.50 0.04 1.43
Total identified SNV + D 0,0,1,1 8 0.66 0.66 0.58 0.74 1.54

'SEC = standard error of calibration; 1 — VR = coefficient of determination of cross-validation; SEqy = standard error of cross-validation; RPD

= ratio performance deviation calculated as SD/SE¢y.

*Total = a-LA + B-LG + BSA + caseinomacropeptides + proteose peptone.
*SNV = standard normal variate; D = detrending. The first digit of the mathematical treatment refers to the derivative number (0 = no deriva-
tive; 1 = first derivative), the second number is the gap over which the derivative is calculated, the third is the length of segment smoothed, and

the fourth is the second smoothing segment.
‘Number of modified partial least squares factors used in calibration.

study of Innocente et al. (2011), which utilized water
and ACN in 0.1% TFA as mobile phases. Typical
peak positions (protein fingerprints) were reported for
CMP variants released in whey by chymosin cleavage
of k-casein. Indeed, glycosylated and nonglycosylated
fractions for both A and B variants were obtained,
as reported with the separation proposed by Thomé
et al. (2006), using a whey from milk of a single cow
homozygous for k-casein AA or BB. The selected
wavelength (214 nm) has the advantage of improving
sensitivity of response factor for PP fractions, as dem-
onstrated by Elgar et al. (2000) with a column with
polystyrene-divinylbenzene matrix. However, a more
distinct separation between CMP and PP was obtained
using the present column with a thin layer of porous
particles that minimizes peak broadening. The «-LA
elution pattern was in agreement with several studies
(Elgar et al., 2000; Thoma et al., 2006), where a partial
overlapping of glycated forms was detected. A smaller
signal for BSA elution was obtained compared with
that reported by Elgar et al. (2000). Moreover, well-
defined peaks were reported for both 3-LG variants.
The earlier elution of 3-LGg compared with the variant
A was also reported in milk (Bobe et al., 1998; Bonfatti
et al., 2008) and whey (Elgar et al., 2000). Satisfac-
tory separation between (3-LG, and B variants was
obtained with the present method; previously, Thoméa
et al. (2006) proposed an acceptable separation profile
for B-LG variants by HPLC, whereas, in other HPLC
methods, only a partial separation was commonly re-
ported (Elgar et al., 2000; Innocente et al., 2011).

The temperature selected in this study (70°C) im-
proved overall WP separation compared with room
temperature (25°C), in agreement with the results of
other studies in milk (data not shown; Spellman et al.,
2005; Bonfatti et al., 2008).

Variation of RSD values for retention times and peak
areas obtained in repeatability and reproducibility tests
were similar to those reported in the literature within
and across days (Bobe et al., 1998; Bordin et al., 2001;
Bonfatti et al., 2008). Our results indicate that repeat-
ability and reproducibility of the method were accept-
able, particularly for the most abundant fractions. To
improve the accuracy of the method, 2 min of post-
run was set to equilibrate the column with the initial
condition, for a total run time of 9 min per sample.
The present RP-HPLC method was rapid (9 min) and
achieved high resolution; therefore, it can be used for
WP quantification during whey treatments (e.g., UF).

Prediction of Whey Proteins by MIRS

In the last 10 yr, spectroscopic techniques combined
with chemometric analysis have become the preferred
method for milk and dairy product analysis. Mid-infra-
red spectroscopy is one such technique and it is widely
used in milk laboratories (De Marchi et al., 2014) for
prediction of traditional and new milk quality traits
(Soyeurt et al., 2011; Toffanin et al., 2015; Visentin et
al., 2015). Different applications of MIRS to predict
detailed milk protein compositions have been published
(De Marchi et al., 2009; Rutten et al., 2011); never-
theless, the best prediction models were reported by
Bonfatti et al. (2011), with 1 — VR values >0.53 for
milk protein fractions.

Rapid determination of WP fractions should be a
benefit for monitoring WP concentrations during whey
filtration treatments. Results from fitting statistics
(RPD) suggest that these models might be used for
screening and for segregating whey according to WP
contents before whey treatment. Indeed, WP composi-
tion affects the UF treatment and the resulting product

Journal of Dairy Science Vol. 99 No. 1, 2016
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Figure 3. Scatter plot of predicted (y-axis) and measured (x-axis) whey protein fractions (caseinomacropeptides, CMP; proteose peptone,
PP; Total = a-LA + 3-LG + BSA + CMP + PP), regression equations, and coefficient of determination of cross-validation (1 — VR).

(WPC; Guyomarc’h et al., 2009). Products based on and minor proteins are neglected during production of
WP are used for their emulsifying, fortifying, and nu- WP products. In this regard, MIRS provides a rapid
tritive properties. These beneficial effects are related method to classify the optimal whey according to its
to the major WP (a-LA and 8-LG), whereas peptides total and individual WP contents.
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Reference methods play a crucial role in the per-
formance of prediction models and in the selection of
spectra pretreatments (De Marchi et al., 2014). The
performance of MIRS prediction models for a-LA and
B-LG in our study was greater than that reported by
De Marchi et al. (2009) and Rutten et al. (2011) for
whey protein in milk using spectral without scatter-
ing correction and no derivative (untreated spectra);
nevertheless, in the same untreated spectral condition,
Rutten et al. (2011) used a different reference method
(electrophoresis) than that used in the present study.
Regarding spectral pretreatments, the scientific litera-
ture reports contradictory results. Indeed, Bonfatti et
al. (2011) reported a greater 1 — VR for 3-LG with sev-
eral spectral pretreatments, compared with untreated
spectra proposed by De Marchi et al. (2009), whereas
no difference was reported for o-LA in the aforemen-
tioned studies, in which the same reference method
was used. In the present study, several proteins (3-LG,
B-LG,, CMP, and PP) were predicted without spectral
pretreatments; indeed, using scatter correction (e.g.,
SNV), no significant improvement was found compared
with the use of untreated spectra. For other WP frac-
tions (a-LA, B-LGg, BSA, and total protein), a scatter
correction was required to removed nonlinearities of
the spectral data caused by particulates in the samples
(Rinnan et al., 2009). Moreover, for all WP, derivatives
were not applied, because of the increase in the level of
noise that reduces the spectral information.

As reported by De Marchi et al. (2014), protein frac-
tions were better predicted (greater accuracy) when
HPLC is used as the reference method compared with
capillary zone electrophoresis method, as proposed by
Rutten et al. (2011). Moreover, the soluble properties of
WP and the greater concentrations of a-LA and 3-LG
might explain the better prediction models compared
with the other minor WP fractions. As reported by
Rutten et al. (2011) in milk, the limited concentration
and the micelle status of caseins reduce the prediction
ability. The poor ability of spectra to explain variation
of B-LGp was demonstrated by the low values of 1 —
VR and high SEcy. Differences in prediction between
B-LG, and B might be related to the chemical configu-
ration of genetic variants, as reported by Lefevre and
Subirade (2001).

Finally, the prediction models developed in the pres-
ent study might be used to predict protein contents in
raw sweet whey samples. The MIRS prediction models
developed in the present study were able to discriminate
sweet whey according to WP contents (e.g., high level
of 3-LG). Additional MIRS prediction models should
be developed to predict WP contents in derived whey
products (e.g., WPC) by using the present RP-HPLC
method.

CONCLUSIONS

The recovery of WP from whey and utilization of
WP in dairy products is a source of income for dairy
industry. This study proposes MIRS model for the
prediction of WP composition in sweet whey by using
a rapid RP-HPLC method as reference. The reference
method was validated by performing repeatability
and reproducibility tests. Retention times were stable.
Results for area depended on the considered protein
and its relative abundance; indeed, the potential of
MIRS in predicting WP composition of sweet whey
was demonstrated and better MIRS prediction models
were obtained for large amounts fractions (i.e., 3-LG,
total, a-LA). Even if MIRS has the potential to predict
protein composition, better resolution was achieved by
RP-HPLC. In conclusion, MIRS is an adequate method
for WP prediction in sweet whey and it might be used
to screen and classify the optimal whey destined to
treatment (e.g., UF) according to its total and indi-
vidual WP contents.
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