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Abstract — The study investigates the potential use of the mid-infrared (MIR) spectroscopy in trans-
mission mode for determining some chemical parameters of European Emmental cheeses. A total
of 91 Emmental cheeses produced during the winter in Austria (n = 4), Finland (n = 6), Germany
(n =13), France (n =30) and Switzerland (n = 38) were investigated. Fat, total nitrogen (TN), water-
soluble nitrogen (WSN), non-protein nitrogen (NPN), sodium chloride (NaCl) and pH were ana-
lysed by the reference methods. The MIR transmission of different cheeses was also measured by a
Nicolet Magna 750 IR spectrometer in a measurement range of 4000-600 cm~!. Partial least square
analysis together with the leave-one-out cross-validation technique was used to develop calibration
models for different cheese parameters. The best results for NPN (R2 = (0.85; ratio of standard devia-
tion to root mean square error of prediction (RPD) = 2.58), pH (R?= 0.82; RPD =2.34), WSN (R? =
0.80; RPD = 2.26), NaCl (R2 = 0.70; RPD = 1.91), fat (R2 = 0.69; RPD = 1.87), TN (R2= 0.62;
RPD = 1.60), WSN/TN (R2 = 0.83; RPD = 2.81) and WSN/NPN (R? = 0.57; RPD = 1.52) were
obtained when the spectra were subjected to the first derivation and smoothing after maximum nor-
malisation. It can be concluded that MIR-transmission spectroscopy can be considered as a suitable
technique for the prediction of NPN, pH, WSN and WSN/TN of European Emmental cheeses with
different origins. The NaCl, TN, WSN/NPN and fat can also be estimated, but with much lower pre-
cision.
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Résumé — La spectroscopie moyen infrarouge : un outil pour la détermination des parameétres
chimiques des fromages Emmental de production hivernale. Cette étude traite du potentiel d uti-
lisation de la spectroscopie moyen infrarouge en mode transmission pour la détermination de cer-
tains parametres chimiques des fromages Emmental européens. Un total de 91 fromages Emmental
de production hivernale, provenant de : Autriche (n = 4), Finlande (n = 6), Allemagne (n = 13),
France (n = 30) et Suisse (n = 38) ont été analysés. La matiere grasse, 1’azote total, 1’azote soluble,
I’azote non protéique, le chlorure de sodium et le pH ont été déterminés par les méthodes de réfé-
rences. La spectroscopie moyen infrarouge en mode transmission a été, également, appliquée aux
différents fromages en utilisant un spectrométre (Nicolet Magna 750) et ce, entre 4000-600 cm—1,
La méthode aux moindres carrés partiels avec validation croisée a été utilisée pour développer des
modeles de calibration, et ce pour tous les parametres chimiques. Les meilleurs résultats pour
I’azote non protéique (R2 = 0,85 ; ratio de la déviation moyenne 2 la racine carré de prédiction
(RPD) = 2,58), pH (R? = 0,82 ; RPD = 2,34), azote soluble (R? = 0,80 ; RPD = 2,26), chlorure de
sodium (R? = 0,70 ; RPD = 1,91), matiére grasse (R? = 0,69 ; RPD = 1,87), azote total (R? = 0,62 ;
RPD = 1,60), rapport azote soluble/azote total (R2 = 0,83; RPD = 2,81) et du rapport azote soluble/
azote non protéique (R2=0,57; RPD = 1,52) ont été obtenus lorsque la premiére dérivée a été appli-
quée aux spectres normés et lissés. La spectroscopie moyen infrarouge en mode transmission peut
étre considérée comme une technique appropriée pour la détermination des teneurs en azote non
protéique, azote soluble, du rapport azote soluble/azote total et du pH des fromages Emmental euro-
péens. Les teneurs en NaCl, azote total, du rapport azote soluble/azote non protéique et en matiere
grasse peuvent étre également prédites, mais avec une précision beaucoup faible.

Emmental / spectroscopie moyen infrarouge / modele de calibration / méthode des moindres
carrés partiels

1. INTRODUCTION

In common with the processed food

as well as good storage and maturation
facilities. During the ripening phase, cheese
undergoes a complex series of chemical,

industry at large, the dairy industry has
come under increasing pressure to deliver
products of high and constant quality to the
marketplace. Emmental cheese is a wide-
spread cheese type manufactured in almost
all industrial countries. Its added value
depends on the technology used [34]. The
production of Emmental cheeses with high
quality requires monitoring of the product
through a good cheese-making procedure

bacterial and enzymatic reactions. Con-
cerning the biochemical changes that occur
during ripening, proteolysis is the most
important one owing to its major effect on
texture and flavour development. During
the ripening time, proteins are degraded
into so-called primary products such as
polypeptides and subsequently into second-
ary products such as small- and medium-size
peptides, and eventually into free amino
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acids [8]. The determination of the main
constituents of cheese is important in the
dairy food industry, to establish the cheese
value, for consumers’ information and for
quality control. Therefore, routine series of
physico-chemical analysis are required,
although they are costly, time-consuming
and require experienced operators.

In the last few decades, there has been a
quest to replace traditional time-consuming
reference methods such as Kjeldahl for pro-
tein, potentiometric titration for sodium
chloride, etc. by spectroscopic techniques.
Among these spectroscopic techniques, infra-
red (IR) represents a very promising tool.
Near-infrared (NIR) spectrometry as a tech-
nique used for on-line and off-line analyses
in food industries has been reviewed [35].
Inrecent years, NIR has become popular for
process monitoring in many industries such
as the dairy industry, in part because of the
relative simplicity of the equipment
required to record a spectrum [1,2,4,7, 15,
23, 25, 29, 38, 41]. In addition, the rela-
tively low absorption coefficients exhibited
by many species in the NIR region implies
that bulk samples can often be examined by
NIR directly without the need for dilution
in some inert, non-absorbing medium, as
might be required for study in the funda-
mental mid-infrared (MIR) region.

The MIR wavelength range of 4000 to
400 cm~! has particular attraction, since
measurements in this range provide direct
information concerning the specific con-
stituents in the sample, as well as their char-
acteristic molecular structure [11]. MIR has
been used for the determination of protein
concentration in milk [11] and some chem-
ical cheese parameters such as pH, total
nitrogen (TN), fat, water-soluble nitrogen
(WSN) and non-protein nitrogen (NPN) [5,
11,28]. In addition, ithas been reported that
the MIR spectrum recorded on a cheese is
a fingerprint of the sample that contains
information about its physico-chemical
characteristics [13, 14, 24]. Recently, both
MIR and front-face fluorescence spectro-
scopies have been used for the characteri-
sation of cheese structure [9, 26, 27] and for
the determination of the geographic origin
of PDO Gruyere and L’Etivaz PDO cheeses
[10, 21] and of Emmental cheeses from dif-

ferent European geographic origins [18-
20, 22, 33].

MIR spectroscopy is a method used for
milk and dairy product analysis. Indeed,
each chemical substance, apart from some
salts and very simple chemical compounds,
has its own distinctive spectrum. Only sub-
stances with very low concentrations
(below 0.1%) can be difficult to determine,
as noise might be encountered in such a
case. Most of the absorption bands in the
MIR region, but not in the NIR region, have
been identified and attributed to chemical
groups [21]. MIR spectra collected from a
complex food product such as cheese cannot
be interpreted using simple linear regres-
sion models, since the spectra may contain
broad overlapping bands of various compo-
nents. Therefore, to extract relevant infor-
mation from the spectral data, a multivariate
model is more appropriate and useful. Typi-
cally, multivariate statistical analysis such
as partial least square (PLS) regression is
used to relate variation in the spectra to the
chemical parameters of cheeses. Thus, the
objective of the current study was to eval-
uate the feasibility of using MIR in a trans-
mittance mode to predict some chemical
parameters in European Emmental cheeses
with different origins.

2. MATERIALS AND METHODS

2.1. Origin and selection
of the cheese samples

The geographic origin and the age of the
Emmental cheeses produced during winter
time have been reported previously by
Karoui et al. [22]. The ripening time (at
point of sampling) of the selected samples
varied greatly, depending on their geo-
graphic origin. According to manufactur-
ing usage, Emmental may be sold up to a
maximum of 67 weeks of ripening or after
a minimum of 3 months (Switzerland). The
samples were selected based on their ripen-
ing time to reflect what consumers may
expect to find in the store. The scattering of
some results within a given region was
partly explained by the diversity in the rip-
ening time of the Emmental samples available
(from young to very mature). In Switzerland,
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for instance, it was very difficult to find
Emmental ripened for only 90 days. Most
of the Swiss samples had a ripening time
varying from 4 to 6 months, with some of
them reaching 12 months or even more.

The numbers and origins of the Emmen-
tal cheeses considered in this study were 4
from Austria, 6 from Finland, 13 from
Germany, 30 from France and 38 from
Switzerland. The cheeses from Austria,
Germany and Switzerland were made from
raw milk, whereas the cheeses from Finland
were made from thermised milk. The
cheeses from France were made up of two
groups: the first group (n1=15) was made
from raw milk and the second group
(n2=15) was made from thermised milk
(63 °C, 30 s). For each country, the samples
were produced by different dairy plants,
except for the Finnish, Austrian and French
cheeses. In fact, 3 Finnish cheeses were
manufactured by one dairy plant and the
other 3 by another dairy plant. Only 2 Aus-
trian and 2 French cheeses were made in the
same dairy plant in Austria and France,
respectively.

2.2. Physico-chemical analysis

The fat content was determined accord-
ing to Gerber van Gulik [17], whereas total
nitrogen (TN), water-soluble nitrogen (WSN)
and non-protein nitrogen (NPN) were
determined by the Kjeldahl method [6].
Sodium chloride (NaCl) was determined
with potentiometric titration using a silver
electrode [16]. The pH value was deter-
mined at room temperature using a penetro-
metric glass electrode (Mettler-Toledo,
No. 104063123; AG, Im Langacher, 8606
Greifensee, Switzerland).

2.3. Mid-infrared spectroscopy

Five grams of fresh samples were dis-
persed in 100 mL water with a Polytron
PT2100 at 15000 rpm for 60 s. An aliquot
of 60 uL. was applied to a polyethylene card
(Spectra Tech Nicolet) used in the spectral
range of 4000 cm! to 600 cm™!, except
between 2918 cm~! and 2849 cm-!, the
region of absorption of the polyethylene
card. The samples were dried for one night.

The prepared cards were analysed in trans-
mittance mode using a Nicolet Magna 750 IR
spectrometer in the measurement range
between 4000 and 600 cm~!. Thirty-two
interferograms with a resolution of 4 cm~!
were recorded and averaged. For each
cheese, three different aliquots prepared
and three different cheese samples were
analysed.

2.4. Mathematical treatment of data

2.4.1. Processing of spectra

The number of variables (wavelength)
was first reduced to one-fourth. The cheese
spectra were then normalised by the maxi-
mum normalisation technique. Normalisa-
tion is typically used to get all data to
approximately the same scale, or to get a
more even distribution of the variances and
the average values. The maximum normal-
isation process is performed on a sample
spectrum by dividing each transmission
value by the sample maximum absolute
transmission, as follows:

X (i, k) = X(, k)/Max(Abs(X(i, *)))
(D

where X’ (i, k) is the maximum normal-
ised spectrum, X(i, k) is the sample
transmission (%) and X(i, =) is the sample
maximum absolute transmission (%).

The maximum normalisation is a nor-
malisation that “polarises” the spectra. The
peaks of all spectra with positive values
touch +1, while spectra with values of both
signs touch —1. Since all the cheese spectra
in this study had positive values, the peaks
of these spectra touched +1.

The first derivative of the normalised
spectra was computed using the Savitzky-
Golay method. This method enables the
computation of the first- or higher-order
derivatives, including a smoothing factor,
which determines how many adjacent var-
iables will be used to estimate the polyno-
mial approximation used for derivation. A
second-order polynomial approximation
was selected. The first derivative was used
for fat, NaCl, NPN, pH, TN, WSN, WSN/
TN and WSN/NPN followed by 2:2
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Table I. Sample statistics of calibration set used for PLS-cross-validation models2.

Compositional parameter Minimum Maximum Mean Standard deviation
Fat (g'kg™1) 280.00 360.00 313.56 14.34
NaCl (g'kg1) 1.90 13.60 4.73 2.29
pH 5.49 5.95 5.66 0.09
NPN (g-kg™1) 2.02 9.82 6.51 1.40
TN (g-kg™1) 40.14 47.03 44.46 1.34
WSN (g-kg™1) 3.74 13.27 9.38 1.95
WSN/TN 0.08 0.30 0.21 0.05
WSN/NPN 1.02 2.36 1.44 0.18

a Abbreviation: NPN, non-protein nitrogen; TN, total nitrogen; WSN, water-soluble nitrogen.

smoothing to eliminate noise from the spec-
tra, which was the final stage before model
establishment.

2.4.2. Model establishment

The objective of this task is to build a sta-
tistical model between the processed spec-
tra and cheese properties. Several statistical
modelling techniques can be adopted for
proper calibration performance, such as linear
and non-linear multiple regression analy-
ses, principal component regression (PCR)
and the PLS. The PLS was used in this study
to relate the variations in one response var-
iables (fat, pH, NaCl, NPN, TN, WSN,
WSN/TN and WSN/NPN) to the variations
of several predictors (wavelengths). The
273 spectral measurements were divided
into two groups of 244 (calibration) and 29
(validation) spectra. The former group
(244 spectra) was used for the establish-
ment of the PLS statistical models. To val-
idate the calibration, an independent set of
29 spectra were randomly selected from all
sets representing the five countries. These
29 spectra contain 1 cheese from Austria
(3 spectra), 1 cheese from Finland (3 spec-
tra), 2 cheeses from Germany (6 spectra),
2 cheeses from France (6 spectra) and
3 cheeses from Switzerland (9 spectra) and
2 other spectra from Switzerland. As the
successful establishment of the PLS model
consists of modelling and validation proce-
dures, the leave-one-out cross-validation

method was used according to the PLS
modelling procedure. The first group that
was designated as the calibration set of 244
(Tab. I) spectra was used for the combined
PLS and cross-validation procedure. The
established PLS models were further evalu-
ated to predict different studied components
using the remaining 29 spectra (Tab. II),
which was designated as the validation set.

The practical utility of the calibrations
was assessed using the range error ratio
(RER) [39]. This ratio is calculated by
dividing the range of a given constituent by
the prediction error for that constituent and,
while susceptible to the presence of extreme
values at both ends of the range, it is a useful
indicator of the practical utility of a predic-
tive model.

3. RESULTS AND DISCUSSION

As each chemical compound in the
cheese contributes to the absorbance spec-
trum, the MIR spectrum of a cheese con-
tains information about the compounds
present at levels > 0.1% (w/w). The absorp-
tion bands observed in the MIR range of
4000-600 cm~! are associated with funda-
mental valence vibrations of functional
groups of the molecule. For a given cheese,
a good repeatability is obtained from the
three spectral measurements [19, 20].

In order to obtain a more detailed

description of spectral variations, the first
derivative of selected MIR spectra collected
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Figure 1. Averaged first derivative of the MIR spectra for Emmental cheeses from Austria,
Germany, Switzerland, France and Finland.

Table II. Sample statistics of validation set2.

Compositional parameter Minimum Maximum Mean Standard
deviation
Fat (gkg1) 280.00 360.00 314.26 17.64
NaCl (g-kg™1) 2.50 13.60 4.96 2.52
pH 5.585 5.84 5.64 0.09
NPN (g-kg™1) 2.02 9.38 6.57 1.61
TN (g'kg1) 40.14 46.89 44.39 1.40
WSN (g-kg1) 3.74 13.16 9.35 2.18
WSN/TN 0.08 0.30 0.21 0.05
WSN/NPN 1.08 1.92 1.44 0.18

a Abbreviation: NPN, non-protein nitrogen; TN, total nitrogen; WSN, water-soluble nitrogen.

from different European regions is shownin  metric stretching [9], respectively. Two
Figure 1. Contribution to the lipids can be other bands resulting from the asymmetric
observed in the 3000-2800 cm~! spectral  and symmetric stretching modes of the ter-
region, which is dominated by two strong  minal methyl groups were also present at
bands at 2915 and 2846 cm~! associated 2954 and 2860 cm!, respectively. Contribu-
with methylene anti-symmetric and sym- tions to amide I can be observed around
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Table III. Correlation coefficients for physico-chemical variables analysed on Emmental cheeses?.

Variables Fat NaCl pH NPN TN WSN WSN/  WSN/
TN NPN

Fat 1

NaCl 0.19* 1

pH 0.24* 0.34* 1

NPN 0.28* 0.08 0.28* 1

N —0.39* -0.04 0.15* 0.23* 1

WSN 0.43* 0.24* 0.48* 0.84* 0.18* 1

WSN/TN 0.50% 0.25* 0.47* 0.82* 0.03 0.99* 1

WSN/NPN 0.18* 0.25* 0.24* -0.36*  -0.07 0.18* 0.20* 1

a Abbreviation: NPN, non-protein nitrogen; TN, total nitrogen; WSN, water-soluble nitrogen; * level

significance P < 0.05.

1684 and 1622 cm~L. This part of the MIR
was used by other researchers [26] to inves-
tigate the secondary structure of several
proteins. The absorption bands at 1578,
1526 and 1512 cm! are generally assigned
to amide II vibrations. The absorption band
around 1578 cm~! has been attributed to
soluble carboxylic acids, such as lactate,
which has a characteristic wavelength at
1575 cm! as has been shown by Picque et al.
[31]. The region 1500-600 cm~!, called the
fingerprint region, refers to C-O and C-C
stretching modes (1153-900 cm™1).
Absorbance in the region 1474-1200 cm!
is due to bending modes of O-C-H, C-C-H
and C-O-H [30, 37]. The strong absorption
at 1470 cm~1 is assigned to the carboxylic acid
group of lactic acid [12]. The bands located
between 1042 and 1000 cm~! have been
attributed to lactate [31]. The P = O stretch-
ing band contributes strongly in the 1500-
600 cm1, as has been reported by Bellamy [3].

Principal component analysis (PCA)
was used to investigate the inter-correla-
tions between the investigated variables
(fat, NaCl, pH, NPN, TN, WSN, WSN/TN
and WSN/NPN) (Tab. III). High correlation
between WSN and NPN (r=0.84, P <0.05),
WSN/TN and NPN (r=0.82, P <0.05) and
between WSN/TN and WSN (r = 0.99,
P < 0.05) indicated that the ripening period
affected both WSN and NPN in a similar way.
Negative correlation was observed between
protein and fat (r = -0.39, P < 0.05).

The PLS-cross-validation technique pro-
vided different calibration results according
to the component being investigated. To
compare between different models estab-
lished for a given component, the values of
the root mean square error of cross-valida-
tion (RMSECYV) of the calibration set and
prediction (RMSEP) for the prediction set
are considered. The accuracy of each cali-
bration can be evaluated based on the coef-
ficient of determination (R?2) for predicted
versus measured compositions in cross-val-
idation and prediction, and the ratio of
standard deviation of the data set (SD) to
RMSECYV or RMSEP, called RPD. In fact,
RZ indicates the percentage of the variance
in the Y variable that is accounted for by the
X variable. A value for R2 between 0.50 and
0.65 indicates that more than 50% of the
variance in Yis accounted for by variable X,
so that discrimination between high and
low concentrations can be made. A value
for R? between 0.66 and 0.81 indicates
approximate quantitative predictions, whereas
avalue for R2 between 0.82 and 0.90 reveals
good prediction. Calibration models with a
value for RZ above 0.91 are considered to be
excellent [40]. The ratio of the SD to the
RMSECYV orthe RMSEP, called the ratio of
prediction to deviation (RPD), is the factor
by which the prediction accuracy has been
increased compared with using the mean
composition for all samples. This ratio is
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Table I'V. Validation results of PLS-cross-validation regression on calibration sample set?.

Compositional parameter LV R2 Slope RMSECV RPD
Fat (gkg™1) 12 0.69 0.73 7.28 1.87
NaCl (gkg™1) 10 0.70 0.73 1.19 1.91
pH 11 0.82 0.84 0.04 2.34
NPN (g-kg™1) 5 0.85 0.85 0.54 2.58
TN (g'kg1) 10 0.62 0.69 0.83 1.60
WSN (g-kg1) 6 0.80 0.81 0.86 2.26
WSN/TN 10 0.83 0.84 0.02 2.81
WSN/NPN 10 0.57 0.61 0.12 1.52

a Abbreviation: NPN, non-protein nitrogen; TN, total nitrogen; WSN, water-soluble nitrogen; LV, latent
variables; R2, determination coefficient; RMSECYV, root mean square error of cross-validation; RPD,

ratio of prediction to deviation (Standard deviation/RMSECV).

Table V. Validation of PLS-cross-validation regression on validation set?.

Compositional parameter R2 Slope RMSEP RPD
Fat (g-kg™1) 0.57 0.54 8.33 1.55
NaCl (g-kg™1) 0.60 0.61 1.35 1.59
pH 0.84 0.85 0.03 2.55
NPN (g-kg™1) 0.83 0.74 0.54 234
TN (g-kg1) 0.62 0.64 0.71 1.64
WSN (g-kg1) 0.88 0.78 0.83 2.64
WSN/TN 0.90 0.83 0.02 2.94
WSN/NPN 0.64 0.70 0.11 1.70

a Abbreviation: NPN, non-protein nitrogen; TN, total nitrogen; WSN, water-soluble nitrogen; R2, deter-
mination coefficient; RMSEP, root mean square error of prediction; RPD, ratio of prediction to deviation

(Standard deviation/RMSEP).

desired to be larger than 2 for a good cali-
bration [36]. A RPD ratio less than 1.5 indi-
cates incorrect predictions and the model
cannot be used for further prediction.

A summary of the prediction perform-
ance of the PLS models developed for each
of the chemical parameters using the whole
wavelengthrange is shownin Tables IV and
V. The pH and NPN content were the best
components to be predicted with the devel-
oped MIR-PLS methodology. According to
the R2 and RPD values, the prediction of
these parameters can be evaluated as good,
since the R? of NPN and pH were 0.85 and
0.82, respectively (Tab. IV). This was also

valid for the validation set (Figs. 2a and 2b),
with results shown in Table V. The predic-
tion of WSN could be considered as an
approximate quantitative possible for the
calibration data set and as good for the val-
idation data set (R2 = 0.88 and RPD = 2.64)
(Tab. V). These results are confirmed by
unpublished findings in our laboratories
reporting that MIR could be used for the
determination of the NPN and WSN of
European Emmental cheeses produced dur-
ing summertime.

Regarding NPN content, the regression

coefficient distribution over the entire wave-
length range implies that the 1734—600 cm~!
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Figure 2. Linear regression plot of actual versus predicted non protein nitrogen content (NPN) (a)

and pH (b) of the validation data set.

spectral region and the bands located at
2827 and 2934 cm~! are the most important
regions due to the presence of several cor-
relation peaks (Fig. 3a). The regression
coefficient distribution for the pH shows
that both the 1738-600 and the 4000-2834
cm~! spectral bands are the most efficient
regions (Fig. 3b). While only the wave-
length range of 1738600 cm~! and the bands
located at the 2827 and 2934 cm~! spectral

regions were considered during the PLS-
cross-validation stage, the NPN and pH
models provide very similar results to the
corresponding models developed for the
entire wavelength range (data not shown).
This is in agreement with what is shown by
the first derivative of the spectra (Fig. 1),
where more variable absorbance can be seen
in both regions of 1738-600 cm~! and
2968-2846 cm-L.
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According to the R? and RPD, the pre-
diction of the level of proteolysis expressed
by the WSN/TN and NPN/TN ratios could
be considered as good for the WSN/TN
(R? = 0.83) and as possible to discriminate
between high and low concentrations for
the NPN/TN (R? = 0.57). This was also
valid for the validation set, with results
shown in Table V. Although a low predic-
tion performance was obtained for the
NPN/TN using the MIR-PLS technique, the
results obtained for WSN/TN are of eco-
nomic importance for the cheese industry.
Up-to-date cheese ripening is a food proc-
ess that is not highly automated. Cheese rip-
ening as a quality indicator of the final
products depends on the know how and on
the skills of the cheese maker. In regard to
this concept, the work conducted in this
study aimed at acquiring information about
the ripening state of a hard cheese variety,
which is needed for the cheese maker. The
data collected enabled the development of
models to help the cheese maker to estimate
the level of cheese maturation during rip-
ening. The level of proteolysis determined
by the WSN/TN ratio brings satisfactory
estimation of the ripening time required. In
this way, the development of a fast method-
ology enabling the prediction of the quality of
ripened cheese will allow the cheese-maker
to act fast by anticipating or correcting a
deviation that might reduce the price of the
product due to quality deterioration. In
addition, the cheese-maker can determine
with good accuracy when the cheeses have
reached maturation. Although the tech-
nique used in this study is destructive, an
alternative and non-destructive technique
such as FTIR-ATR could be used for the
determination of the level of proteolysis.

An approximate quantitative prediction
was observed for the NaCl and fat contents
with R2 values of 0.70 and 0.69, respec-
tively (Tab. IV). Less successful prediction
of TN was obtained (R2 = 0.62) (Tab. IV).
However, the obtained result of TN is in
agreement with previous findings reporting
that the correlation coefficient () of the pre-
diction for protein is 0.81 using FTIR-ATR
[28]. Unpublished results in our laborato-
ries found that MIR is not a suitable tech-
nique for the determination of TN and fat

contents in European Emmental cheeses
produced during summer time. However,
NIR could determine these two parameters
with good accuracy. These results support
previous findings reporting that better pre-
dictions of protein and fat contents were
obtained with NIR than with MIR [28]. In
addition to the simplicity of the NIR instru-
ments compared with the MIR instruments,
NIR is faster, more compact and robust
[28]. Although the results obtained for TN
are not good enough, those for WSN and
NPN are of special interest because the
Kjeldahl and trinitrobenze-sulphonic acid
(TNBS) methods of protein determination
are very expensive and require skilled oper-
ators. Even though the TNBS method is
rapid (approximately 2 h after the prepara-
tion of cheese samples), it is very expensive
when looking at enzymatic and bio-chemi-
cal needs, which is not the case of MIR
when the capital cost is excluded. The R?
and RMSEP values reported in this study
for TN are in the same range as reported in
previous investigations using NIR spectros-
copy [32, 41]. However, the investigated
Emmental cheeses herein have different
sources of variability. They are collected
from different European countries, manu-
factured from different milks (raw or ther-
mised), using different cheese-making
procedures and ranging in age from 12 to
16 weeks. Indeed, each region produces
Emmental cheese with typical characteristics.
Furthermore, compared with the above-
mentioned study on using NIR spectros-
copy, fewer latent variables (LV) (Tab. IV)
were used in this study for NPN and WSN
(5 and 6, respectively), which makes the
models more robust.

Sample heterogeneity is already known
to be critical for a satisfactory performance
of MIR. To make progress in understanding
the effect of sample heterogeneity on the
measurement of MIR, a description of the
heterogeneity should be made. In the case
of cheese, heterogeneities at the micron
scale level are expected primarily because
of the fat globules [28]. In addition, it is
known that fat and protein contents of large
cheeses such as European Emmental cheese
variety can vary by several percent accord-
ing to the manufacture procedure (Tab. I).
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Furthermore, for a given cheese, the region
(feed type and weather conditions) where a
sample is extracted from the cheese can
have an effect on the MIR measurement.
According to McQueen et al. [28], the only
way to form an appropriate average for the
physico-chemical parameters is to take
samples from different parts of the cheese
and then average the obtained results. The
averaging procedure produces far more rep-
resentative values than single measure-
ments. Another explanation could arise from
the water subtraction procedure, which
allows for a significant reduction in inter-
ference due to water. This was the primary
obstacle to the determination of protein
concentration, as has been reported by Etzion
etal. [11]. However, an accurate water sub-
traction sufficed for the determination of
both protein and fat concentrations, and
cheese spectra were still influenced by
other constituents such as lactate, which
affect protein-water and protein-fat interac-
tions. These interactions could explain the
inaccuracy of MIR transmission for the pre-
diction of fat and TN.

The distribution of the regression coef-
ficient of the WSN (Fig. 3c) shows similar
results to those obtained for the NPN, while
those for the NaCl (Fig. 3e) had a similar
trend to those obtained for the pH. How-
ever, the distribution of the regression coef-
ficient of the fat shows arather different trend
compared with the above-mentioned param-
eters (Fig. 3f). The 1777-600 cm~! and
30002800 cm! spectral regions are the
most important regions for fat. Considering
these two spectral regions, the PLS-cross-
validation gave similar results to those
obtained using the region 4000-600 cm~!
(data not shown). Although the distribution
of the regression coefficient of TN (Fig. 3d)
is too noisy, it is quite similar to those of
WSN and NPN.

RMSECYV for fat, NaCl, pH, NPN, TN,
WSN, WSN/TN and WSN/NPN were 7.28,
1.19, 0.04, 0.54, 0.83, 0.86, 0.02 and 0.12,
respectively. These RMSECYV values resulted
in corresponding RER values of 10.98,
9.83,11.5,14.44,8.30,11.08,11and 11.17,
respectively, suggesting that the models
may have practical utility for WSN, NPN,
pH and WSN/TN. This implies that by

using the developed MIR-PLS methodol-
ogy it is possible to provide quantitative
measurement of the pH, NPN, WSN and
WSN/TN with different degrees of accu-
racy. Quantitative measurement of the fat,
TN, WSN/NPN and NaCl is not supported
by the methodology and results provided in
this study. The result obtained for TN and
WSN/NPN is quite surprising, since a good
correlation was found for the WSN, NPN
and TN. For the moment, no scientific
explanation for the unsuccessful prediction
of TN and WSN/NPN from the MIR can be
provided.

4. CONCLUSION

The results obtained in this study clearly
indicate the suitability of MIR spectros-
copy for the determination of NPN, pH,
WSN and the proteolysis level expressed by
the WSN/TN ratio of European Emmental
cheeses with different origins produced in
winter. However, the results obtained for
fat, NaCl, TN and WSN/NPN are not good
enough, with RPD values smaller than 2
and R2 values of 0.69, 0.70, 0.62 and 0.57,
respectively. More research is needed in
order to test the ability of this technique for
the prediction of TN, NaCl and fat. Further-
more, the accuracy of the method should be
investigated on Emmental cheese produced
during summertime, since there is a signif-
icant effect of the season on the character-
istics of the investigated cheeses.
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