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ABSTRACT

The fat composition is one of the factors which has the greatest influence on cheese. The fatty acids present in the
same influence sensory parameters such as color, texture, and flavor (rancid and pungent). They likewise in-
fluence the nutritional composition of cheese as different fatty acids have beneficial or harmful effects on human
health. On the other hand, the determination of the fatty acids present in cheese has been put forward as a useful
tool for distinguishing the various cheeses according to the milk used in their production. Finding a tool which
allows the determination of the fatty acids present in cheese in a rapid and non destructive manner is of great
interest to the cheese industry. In this study we examine the use of Near-Infrared Spectroscopy (NIRS) tech-
nology in the determination of 19 fatty acids in cheese from C8:0 to C20:0 including ¥SFA and YUFA. Cheeses
were made with known and varying percentages of cow, ewe's, and goat milk (112 samples) and ripening
controls were carried out for 6 months. Two ways of recording the spectra are compared, one using a remote
reflectance fiber-optic probe on a slice of cheese and another using the fatty extracts obtained from the same
cheeses and recorded with cam-lock cells. The regression method used is MPLS. The results obtained reveal that
it is possible to predict the fatty acid composition of cheese by means of the use of NIRS, irrespective of the
method used to record it. Furthermore, the results obtained in the validation of the method used indicate that the

equations obtained allow their application to unknown cheese samples.

1. Introduction

The characteristics presented by a cheese are influenced by the fatty
acid profile of the milk used in its production [1]. The degree of un-
saturation of fatty acids affects texture in cheese; higher unsaturation is
correlated with a softer texture [2]. Regarding flavor, an increase in
rancid flavor is related to the release of free fatty acids, which is mainly
due to a higher amount of butyric acid [3], while a higher amount of
short-chain fatty acids is associated with a more pungent flavor [4]. The
changes in the fatty acid profile may sometimes be accompanied by an
alteration of the flavor of the cheese [5]. The qualitative milk fat
composition, especially the double bonds in a specific mixture of tri-
glycerides, can be regarded as the most important descriptor of cheese
body color [6] and the increase of fat lipolysis as ripening progresses
intensify the yellow color.

From a nutritional point of view the determination of the fatty acid
composition of cheese has attracted considerable interest because
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cheese is particularly rich in saturated fatty acids (SFAs), which is as-
sociated with an increase in cardiovascular risk, obesity, and some
cancers [7]. However, only C12:0, C14:0, and C16:0 seem to be un-
healthy while C18:0 has similar effects on cholesterol levels to oleic
acid [8] and short-chain SFA has positive effects on human health. In
fact, C4:0 shows positive effects in reducing cancer cell growth; C:6,
C:8, and C10:0 have the potential to reduce body fat [9].

However, milk and dairy products are the main sources of con-
jugated linoleic acid (CLA), which has attracted increasing attention
due to its health promoting biological properties.

On the other hand, Ha and Lindsay [10] suggested that the quali-
tative presence and quantitative amounts of milk fatty acids might
contribute towards differentiating the cheese type. Moreover, goat and
ewe's milk cheeses contain high levels of short- and medium-chain fatty
acids compared to cow milk cheeses [11]. Some studies point out that
the milk fatty acid profile could be a clue to distinguishing between
breeds [12].
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As follows from all that has been expounded, it is important to
characterize the fatty acid composition of cheese. The method used for
fatty acid determination involves extraction by solvents, methylation,
and analysis by gas chromatography, which is time-consuming and
requires the use of pollutant solvents and sophisticated equipment.
Near Infrared Spectroscopy (NIRS) technology allows the avoidance of
all these disadvantages and is also a multiparametric method [13]. It
has been used to determinate the physical-chemical parameters of
cheeses [14], salts [15] and sensory properties [16]. The use of NIRS
together with a fiber-optic probe without any sample preparation has
been successfully applied to determine peptides, minerals, texture, and
sensory properties and to analyze the percentage of milk of different
animal species used in the production of cheeses with different ripening
times [17,18,19,20]. NIR technology equipment has evolved in recent
years towards small cheap NIR devices. Technological progress has
made possible the development of small NIR equipment which is of
particular interest to the agro-food industry [21]. Studies have been
carried out [22,23,24] which reveal that the results obtained using
portable devices are comparable to those achieved using bench-top
spectrometers. The progressive reduction in size has led to the devel-
opment of the pocket-sized NIR spectrometer, although its application
to the study of food is still limited [25,26]. As far as cheese is con-
cerned, the viability of using a pocket-sized molecular sensor. The SCiO
(Consumer Physics, Tel Aviv, Israel) to predict the fat and moisture
content [27] has been studied. The results obtained by these authors
reveal the viability of the use of this equipment to determine both
parameters.

Some studies have also shown that NIRS technology allows the
prediction of the fatty acid composition of milk [28] and of fresh
cheeses using Vis-NIRS spectrometry [29,30]. They use the NIRS, FT-
MIR and Raman spectroscopy techniques to determine fatty acids in
dairy products (butter and Cheddar cheese) with inconclusive results
for cheese. Tao and Ngadi [31] and Tong Lei and Da-Wen Sun [32]
carried out a revision of spectroscopic techniques (Near-Infrared
Spectroscopy (NIRS), Fourier transform infrared (FTIR) spectroscopy,
Raman spectroscopy (RS), nuclear magnetic resonance (NMR), mag-
netic resonance imaging (MRI), etc. to determine among other aspects
the fat and fatty acids in dairy foods, in particular in milk and fresh
cheese. There are however no references to its use in cheeses of variable
composition and at varying levels of ripening.

The objective of the study is to quantify the fatty acids of cheeses of
variable composition as to the origin of the milk (cow, ewe's, and goat)
and with different ripening times (up to 6 months) by using near-in-
frared spectroscopy. Two NIR methods will be used by applying a re-
mote reflectance fiber-optic probe directly to a slice of cheese and by
measuring the fat extracts obtained from the same cheeses with cam-
lock cells. The two procedures are compared so as to assess their suit-
ability. The reference method used in the quantification of fatty acids in
cheese was gaseous chromatography.

2. Material and methods
2.1. Samples

112 cheeses were produced and analyzed using raw milk from farms
located in Zamora, Spain; there were two production sets for each type
of cheese (summer and winter). The cheeses were produced using dif-
ferent percentages of ewe's, goat, and cow milk (Table 1) as has been
described by Gonzalez-Martin et al. [33]. The cheeses were analyzed
throughout their ripening period with samples being taken of each
cheese type produced every month for the first 6 months. The analyses
were carried out on a piece 2 cm high cut from the central area of the
cheese.

In this study, 100 samples were used in the calibration set and 12 in
the external validation set, both in the determination of fatty acids in
the samples of cheese in slices and in the fat extracts obtained from
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Table 1
The chemical composition of fatty acids of cheeses (mg FA/ g
cheese) obtained by gas chromatography.

Samples of cheese N = 112

C8:0 4.49 + 1.55
C9:0 0.04 += 0.07
C10:0 14.97 + 4.97
C11:0 0.13 + 0.05
C12:0 8.04 + 1.90
C13:0 0.18 + 0.08
Cl4:1 0.96 * 0.56
C14:0 23.07 = 4.69
C15:0 1.35 + 0.61
Clé6:1 2.50 * 0.67
C16:0 73.75 * 19.02
C17:1 0.50 * 0.21
C17:0 0.96 * 0.33
C18:2 6.15 * 1.71
C18:1 cis 38.62 + 7.93
C18:1 trans 5.57 +* 3.95
C18:1 total 50.40 = 11.29
C18:0 27.36 = 7.38
C19:0 0.06 += 0.08
C20:0 0.29 * 0.14
2SFA 154.69

ZUFA 54.35

these cheeses. The distribution of the samples in the two sets was car-
ried out at random.

2.2. Fatty acid analysis

Lipids were extracted using the International Standard Method de-
scribed in ISO 14156:2001. The fatty acids (FAs) of all samples were
methylated and analyzed by gas chromatography according to the
method described by Soto-Barajas et al. [34]. An analysis was per-
formed on a sample microliter which was injected in a gas chromato-
graph (GC 6890N, Agilent Technologies, USA) and equipped with a
split/splitless injector and a flame ionization detector (FID). The FAs
were identified by their retention times and their comparison with
standards (Sigma Aldrich, Steinheim, Germany). The results obtained
are expressed in mg FA/g cheese (Table 1).

2.3. NIR Spectroscopy

The reflectance spectra of cheeses are obtained by using a Foss-
NIRSystems 5000 monochromator (Foss NIRSystems, Silver Spring,
MD). When intact cheese samples are used records are made by using a
1.5 m 210/210 remote reflectance bundle fiber-optic probe (Ref.
R6539-A) applied directly to the cheese slice as has been described by
Gonzalez-Martin et al. [35]. The samples are scanned using the quartz
window of the probe with a surface area of 5 cm X 5 cm, registering
from 1100 to 2000 nm every 2 nm (spectral bandpass 10 nm = 1 nm),
with which 450 pieces of data are obtained per sample. When work is
carried out with samples of fat extracts the samples are scanned by
using circular cells known as “cam-lock” cells with an optic passage of
0.1 nm used for pasty liquids; the analysis was performed using a
transport module. Measurements in reflectance mode are taken from
1100 to 2498 nm every 2 nm (699 data points) per sample of fat ex-
tracted. Each spectrum represents the average of 3 registers. WINISI 1.5
(Infrasoft International, State College, PA) was used to obtain calibra-
tion equations.

2.4. Chemometric techniques
The dispersion phenomena of the signs of reflectance and undesir-

able contributions present the NIR signs are minimized with different
spectral pre-treatments: derived and smoothed. All calibrations were
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Table 2
Statistical descriptors of the calibration of fatty acids in intact cheese samples. NIR register with fiber-optic probe on a slice of cheese.
Component N Mathematical treatment Mean SD Est. Min Est. Max SEC SECV RSQ RPD
C8:0 95 Standard MSC 2,4,4,1 4.42 1.37 0.30 8.54 0.59 0.89 0.81 2.44
C9:0 93 Standard MSC 2,10,10,1 0.03 0.06 0.00 0.21 0.04 0.05 0.54 1.19
C10:0 94 SNV 2,4,4,1 14.65 4.60 0.84 28.45 1.66 2.57 0.87 2.94
C11:0 93 Ninguno 1,4,4,1 0.12 0.05 0.00 0.26 0.03 0.04 0.52 117
C12:0 92 Standard MSC 1,4,4,1 7.90 1.67 2.88 12.93 0.84 1.09 0.75 2.10
C13:0 92 Standard MSC 2,8,6,1 0.18 0.07 0.00 0.38 0.04 0.05 0.72 1.98
Cl4:1 93 Standard MSC 2,4,4,1 0.89 0.46 0.00 2.28 0.19 0.35 0.84 2.65
C14:0 93 Detrend 0,0,1,1 22.72 4.45 9.38 36.07 2.70 2.96 0.63 1.74
C15:0 93 SNV 2,8,6,1 1.28 0.55 0.00 2.94 0.35 0.44 0.60 1.67
Cl6:1 95 SNV 2,8,6,1 2.45 0.62 0.59 4.31 0.42 0.54 0.54 1.82
Cl16:0 95 Standard MSC 1,4,4,1 72.37 13.86 30.79 113.95 9.16 11.34 0.56 1.59
C17:1 94 SNV 2,4,4,1 0.48 0.14 0.07 0.89 0.08 0.12 0.68 1.87
C17:0 92 Standard MSC 1,4,4,1 0.91 0.19 0.33 1.50 0.13 0.15 0.57 1.59
C18:2 94 Ninguno 2,4,4,1 6.08 1.67 1.08 11.08 0.73 1.04 0.81 2.39
C18:1 cis 95 SNV 2,4,4,1 38.41 7.90 14.71 62.12 3.54 5.70 0.80 2.36
C18:1 trans 94 SNV 2,4,4,1 5.15 2.21 0.00 11.77 0.95 1.41 0.81 2.46
C18:1 total 93 Standard MSC 1,4,4,1 49.53 10.11 19.22 79.85 5.59 6.87 0.69 1.90
C18:0 89 Standard MSC 0,0,1,1 26.29 6.80 5.88 46.70 3.05 3.53 0.80 2.37
C20:0 95 Detrend 2,4,4,1 0.28 0.13 0.00 0.67 0.09 0.12 0.57 1.59
YSFA 94 Standard MSC 1,4,4,1 152.01 30.95 59.15 244.86 16.75 21.72 0.71 1.96
XUFA 93 SNV 1,4,4,1 53.44 10.68 21.40 85.48 6.14 7.49 0.67 1.83

obtained for the NIR spectral range (1100-2498 nm) for each para-
meter when the samples are of extracted fat and for the 1100-2000 nm
range when the samples are of cheese slices. The number of variables is
reduced by principal component analysis (PCA). The quantification of
the FA was performed by the MPLS regression method. In MPLS the NIR
residuals at each wavelength, obtained after each factor has been cal-
culated, are standardized (by dividing the standard deviations of the
residuals at each wavelength) before calculating the next factor. For
cross-validation, the calibration set was partitioned in groups (7 in the
cheese samples and 6 for the fat extract samples); each group was then
predicted using calibration developed on the other samples; finally,
validation errors were combined to obtain a standard error of cross-
validation (SECV). The best calibrations were selected based on the
higher R squared, RSQ, multiple correlation coefficient values, and
lower SECV.

3. Results and discussion
3.1. Chemical analyses

Table 2 shows the average concentration and the standard devia-
tions of FAs (from C:8 to C:20, £SFA and XUFA). The composition of the
fatty acids in cheese mainly depends on the FA content of the raw milk
[36] and their FA profile does not substantially change due to the
processing [37]. The fatty acids most commonly analyzed in the cheese
samples were C10:0, C14:0, C16:0, C18:1 cis, and C18:0. The con-
centration of monounsaturated fatty acids may range from about 20%
to about 35% and is similar in ewe's, cow, and goat milk fat [38]. Oleic
acid (C18:1) is the most frequent monounsaturated fatty acid in all
ruminant milk [39,40], although its proportion in cow milk is higher
than that described for goat and ewe's milk [41]. The percentage of
saturated fatty acids varies between 60% and 70% of total fatty acids in
ruminant milk, and palmitic acid makes the highest contribution to this
percentage [38].

The most noteworthy difference between cow milk compared with
goat and ewe's milk is the high amount of medium-chain fatty acids
contained in ewe's and goat milk, particularly of C6:0, C8:0, and C10:0
fatty acids, which is revealed in the high values of typical deviation
(Table 2). These fatty acids have been associated with the specific milk
aroma of these small ruminants; even the lauric C12:0 and capric C10:0
acids relation is being used as an indicator for detecting falsifications of
goat milk using cow milk [39].

In addition to the fatty acid composition of milk, the period of the
ripening of the cheese contributes to the modification of its lipid profile.
An increase in medium-chain saturated FAs and a decrease in several
polyunsaturated FAs has been observed during the first period (6
months), but not during the last period of the one year ripening process
[42].

The fatty acid composition of cheese depends on dietary factors,
breeds, ripening times, regions, and environmental factors. It is for this
reason that any proposal for a rapid methodology to determine these
compounds must include a wide representation of the fatty acids pre-
sent in cheese. The cheeses analyzed in this study are sufficiently varied
to allow appropriate calibration to be carried out.

3.2. Spectral characteristics

The study is divided into two parts referring to whole samples and
to those extracted separately. Fig. 1 shows the NIR spectra of the
samples depending on the recording mode.

The absorption bands are characteristics of the different bonds and
they are reflected in the spectral information. The C—H bond, which is
fundamental in fatty acids, shows strong absorbance at wavelengths of
approximately 1200, 1400, 1750, 2310, and 2340 nm. The combination
bands of this bond show a characteristic absorbance in the 2310-2340
region while the first overtone of the C—H band is responsible for the
absorption observed in the 1720-1760 region [43]. The CH, band, and
especially its second overtone, strongly absorbs at 1210 nm [44]. Other
authors [45] related the absorption observed at 1680 nm and in the
2150-2190 interval to the presence of unsaturated fatty acids with cis
double bonds. Moreover, according to Hourant et al [46], the observed
band near to 1725 is related to oleic acid. Finally, Sasi¢ and Ozaki [47]
consider that in dairy products wavelengths of 1760 nm are allocated to
the components of saturated acids and of 2030 and 2380 nm to the
vibrations of the fats. The contribution to lipids can also be observed at
1765-1730 nm, which was associated with C=O0 stretching of carbonyl
groups of acids and esters [48].

3.3. Fatty acid composition quantification by means of NIR

3.3.1. Calibration equations

An analysis of major components has been carried out on the
samples. The spectral variability explained was higher than 98%, with
between 7 and 9 major components being needed when working with
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Fig. 1. NIR spectra obtained by using a remote reflectance fiber-optic probe in intact samples (A) and cam-lock cells for extracted samples (B).

whole samples and between 6 and 8 when the fat samples extracted are
used. The statistical parameters of the MPLS calibration (R"2, SEC,
SECV and RPD) are shown in Table 3 (intact samples) and in Table 4
(for liquid samples of fat extracted from the cheeses). The multiple
scatter correction (MSC), the Standard Normal Variat (SNV), Detrend
(DT) or SNV-DT were used to remove the effects of dispersion.

The Mahalanobis distance (H) as a spectral criterion (H) and the
chemical criterion (T) were used to remove some outlier samples.
Tables 2 and 3 show the final number of samples included in the model
(N) together with the best optimized treatment.

The NIR equations, which allow the determination of 19 fatty acids
(all those which are determined by means of gaseous chromatography
except C19:0) both in cheese samples registered as whole and in those
registered in the form of fat extracts, have good statistical descriptors of
calibration. It should be stressed that the margins of application of these

mathematical models for the determination of fatty acids in intact
samples are comparable with those obtained by chromatography.
However, when the fat extracts obtained from the same cheeses are
used, in general the margins allowing the determination of the fatty
acids are narrower and the RSQ values exceed those obtained by using
registers with a fiber-optic probe.

3.3.2. Internal validation

Model assessment was carried out by cross-validation. To do this,
the set of calibration samples is divided into 7 subsets (intact samples of
cheese) or 6 subsets (fat samples). Of these, 6 subsets for intact samples
or 5 subsets for fat samples are taken for calibration and the other
subset is the prediction set. To allow all sets to undergo the calibration
and prediction process, this procedure was repeated 6 or 7 times. The
results reflect the validity and the prediction capacity of the model.
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Table 3

Statistical descriptors of the calibration of fatty acids in samples of extracted fat. NIR register obtained with cam-lock cells.
Component N Mathematical treatment Mean SD Est. Min Est. Max SEC SECV RSQ RPD
C8:0 91 SNV 2,8,6,1 1.75 0.3 0.89 2.62 0.12 0.18 0.84 1.40
C9:0 93 Detrend 0,0,1,1 0.01 0.0 0.00 0.09 0.01 0.02 0.77 2.40
C10:0 90 Standard MSC 2,4,4,1 6.14 1.2 2.61 9.67 0.29 0.69 0.94 2.22
Cl11:0 92 SNV 0.09 0.0 0.01 0.16 0.01 0.02 0.76 2.43
C12:0 95 None 2,4,4,1 4.34 0.3 3.53 5.16 0.11 0.24 0.84 1.12
C13:0 92 SNV 2,8,6,1 0.11 0.0 0.00 0.23 0.02 0.03 0.83 1.26
Cl4:1 91 SNV 1,4,4,1 0.44 0.3 0.00 1.20 0.09 0.14 0.88 1.70
C14:0 93 Standard MSC 1,4,4,1 10.99 0.7 8.89 13.08 0.37 0.62 0.72 1.68
C15:0 94 Standard MSC 2,8,6,1 1.28 0.3 0.24 2.32 0.12 0.21 0.88 1.69
Cl6:1 90 SNV 2,8,6,1 1.44 0.3 0.50 2.37 0.11 0.18 0.86 1.06
Cl16:0 90 Standard MSC 0,0,1,1 30.98 2.2 24.41 37.55 1.21 1.39 0.69 1.83
C17:1 92 Standard MSC 1,4,4,1 0.22 0.0 0.07 0.37 0.02 0.03 0.87 1.51
C17:0 93 None 2,8,6,1 0.68 0.1 0.41 0.96 0.05 0.07 0.75 1.86
C18:2 92 SNV 1,4,4,1 3.44 0.6 1.54 5.35 0.23 0.34 0.87 1.40
C18:1 cis 94 SNV 2,8,6,1 19.91 1.4 15.74 24.09 0.59 0.80 0.82 1.54
C18:1 trans 91 Detrend 0,0,1,1 3.06 1.1 0.00 6.37 0.57 0.70 0.73 1.40
C18:1 total 90 SNV 2,4,4,1 23.03 1.0 20.04 26.03 0.55 1.07 0.70 2.37
C18:0 92 Standard MSC 1,4,4,1 14.74 1.7 9.68 19.81 0.62 1.04 0.86 2.22
C20:0 94 Standard MSC 1,4,4,1 0.20 0.0 0.07 0.34 0.02 0.03 0.77 1.12
YSFAo 89 None 2,4,4,1 71.42 1.2 67.68 75.15 0.57 1.07 0.79 1.26
XUFA 89 None 2,4,4,1 28.58 1.2 24.85 32.32 0.57 1.07 0.79 1.70

Table 4 3.3.3. External validation

External validation of fatty acids in cheese samples. Application to 12 samples.
NIR register using a fiber-optic probe on cheese.

Component RMSE P (confidence level)
C8:0 0.16 0.94
C9:0 0.01 0.66
C10:0 0.74 0.33
C11:0 0.01 0.51
Cl12:0 0.28 0.72
C13:0 0.02 0.12
Cl4:1 0.12 0.24
C14:0 0.92 0.51
C15:0 0.18 0.18
Cl6:1 0.18 0.91
C16:0 2.53 0.96
C17:1 0.05 0.17
C17:0 0.10 0.38
C18:2 0.26 0.97
C18:1 cis 1.55 0.78
C18:1 trans 0.44 0.23
C18:1 total 1.84 0.89
C18:0 1.01 0.60
C20:0 0.02 0.56
YSFA 4.36 0.87
YUFA 2.21 0.94

Fig. 2 shows the correlation between the reference and the predicted
values obtained by NIR spectroscopy, comparing the results obtained
with the two forms of register for some FAs.

The performance of the models was determined by the RSQ coeffi-
cient (the squared correlation coefficient) for reference versus predicted
values in cross-validation. Another parameter which provides in-
formation on the performance of the model is the RPD (the ratio of
performance to deviation) which is calculated as the SD quotient di-
vided by SECV. The reference value for a good calibration is a RPD
value higher than 2. SD, SECV and RPD are shown in Tables 2 and 3, in
which it can be observed that the best models obtained by using RPD
parameters would be those corresponding to the fiber-optic probe, ex-
cept for the fatty acids €9:0, C11:0, C16:0, C17:0, and C18:1.

Taking into account these results, NIR spectroscopy coupled with a
fiber-optic probe is a viable alternative for the determination of the
fatty acid percentage in different types of cheese without either treating
or manipulating the cheese sample,

To check the efficiency of the equations obtained by NIR spectro-
scopy, 12 new samples from the external calibration set were used to
compare the reference data with the predicted values obtained. As these
new samples do not belong to the calibration set, they have different
spectral curves. Table 4 shows the results of the Student's t-test for
paired values when reference data and NIRS values of the validation set
samples were compared. The p values were lower than 0.05 for all the
fatty acids determined; there were not therefore significant differences
between the values provided by both methods. The RMSEs (Root Mean
Standard Errors) fell within the interval between 0.02 for C20:0 and
4.32 for XSFA. These results allow us to conclude that the prediction
equations were satisfactory for the fatty acids showed in Table 4.

4. Conclusion

This study confirms the viability of NIRS as a rapid, reliable, and
efficient analytical method for providing information on the lipid pro-
file of cheese samples. The variability of the cheeses studied, the use of
cow, ewe's, and goat milk in their production, and the period of time of
the ripening of the cheeses analyzed allow us to conclude that the
methodology, once perfected, can be successfully applied to samples of
unknown origin. The results of the determination of 19 fatty acids from
C8:0 to C20:0, ISFA, and XUFAs in cheeses were compared by using a
remote reflectance fiber-optic probe directly on the cheese and re-
corded with cam-lock cells from fat extracts obtained from the same
cheeses; it can be concluded that both methods give good results. On
the other hand, recording on a slice of cheese in a direct manner al-
lowed the obtaining of better results for some fatty acids, which to-
gether with the fact that handling the sample is unnecessary appears to
indicate that it is the best alternative for the obtaining of NIR spectra.
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Fig. 2. Comparison of reference values with predicted values by the NIRS model for fatty acids with the recording mode of the samples. (A): register using a fiber-
optic probe; (B): register with cam-lock cells (RSQ, multiple correlation coefficient, SEP, square error of prediction, SEP(C), standard error of prediction corrected by
BIAS).
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