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Abstract: Ultra-High Temperature (UHT) pasteurized milk is the most diffused variety of milk in
Europe. In this paper, a method is presented, employing Electrical Impedance Spectroscopy to
characterize the different commercial milks commonly available in grocery stores and supermarkets.
The curves of the measured admittance allow for the classification of the type of milk (whole, semi-
skimmed, fat-free) and to distinguish lactose-free milk. An electrical circuit model has been derived
and different values of circuit parameters add interesting information on the classification of the
samples. Furthermore, the characterization allows for the identification of the degradation of the
milk before it is visible to the eye, thus highlighting the difference between storage in the fridge and
at room temperature, and identifying expired milk.

Keywords: UHT milk; electrical impedance spectroscopy; equivalent circuit model

1. Introduction

Milk is an essential nourishment for human body, both for its development and the
maintenance of good health [1-3]. Nowadays, there is a great variety of milk on the
market classified according to different factors such as, for example, the thermal processing
method (raw, pasteurized, ultra-pasteurized), the percentage of fat (whole, skimmed,
semi-skimmed, fat-free), the nutrient concentration (with vitamins added, fortified), the
absence of lactose. In Europe, the Ultra-High Temperature (UHT) pasteurized milk is the
most variety of milk [4]. The UHT processing consists of sterilizing milk by heating it
above 135 °C, that is the temperature required to kill many bacteria and spores, for about
2 to 5 s, which gives the milk a shelf life of several months [5]. Indeed, UHT milk can sit
out unrefrigerated for about three months (this can vary by brand), and once the container
is opened, the milk should be refrigerated and has the same shelf life as other milk (about
seven to ten days).

As milk is subjected to degradation or adulteration, careful testing methods are needed.
For example, considering the importance of milk in our daily diet and the increased envi-
ronmental pollutants, methods to assess the heavy metals in milk have been developed [6].
In [7], a liquid chromatography—tandem mass spectrometry (UHPLC-MS/MS) method
for lactose determination in commercial UHT milk samples was developed and validated.
However, due to the cost and the complexity of the standard analyses, the efforts are fo-
cused on the development and optimization of alternative techniques. Electrical Impedance
Spectroscopy (EIS) has proven to be a valid study method in the field of food safety [8-15].
EIS has also been applied to the study of the quality of milk [16-18], to the detection
of aflatoxins (one of the most hazardous compounds in foodstuffs) [19,20], to quantify
the content of bacteria in raw cows’ milk [21,22], to study milk composition and classi-
fication [23-30], to detect milk adulteration [31,32] and mastitis [33-39], one of the most
important factors that affects the quality of the milk and reduces the milk yield and the
well-being of the cows, also causing relevant economic damages. In these studies, however,
the EIS technique is either associated with other characterization techniques or requires
special sample preparation or the use of specially designed and manufactured sensors and
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hardware. Moreover, in many of these works, it is not the actual impedance that is used,
but rather the study of electrical quantities, such as conductivity or dielectric permittivity.
In this paper we want to propose a study based on the analysis of commercial milk samples,
as purchased on the market, without any initial preparation, by means of a conventional
impedance meter and through the circuital interpretation of the obtained results. This work
is a preliminary study that aims to demonstrate the potential of the method, which makes
it possible to distinguish between the different types of milk (whole, partially skimmed,
fat-free, lactose-free) and between the milk stored correctly in the refrigerator or left at room
temperature once opened. Obviously, validation with a large-scale work would be needed
to make the impedance measurements on a par with the officially recognized techniques
for studying milk quality.

The paper is organized as follows: Section 2 illustrates the samples and tools used for
the investigation; Section 3, divided into three sub-sections, illustrates the results of the
measurements from a qualitative and quantitative point of view on the classification of the
different types of milk and, in the last subsection, the effects of the methods of storage and
expiration is studied; in Section 4, some considerations are made on the results obtained
and on possible future developments; in Section 5, the conclusions are drawn.

2. Materials and Methods

Four different brands, among the most widespread in the markets of all of the Italian
regions, were considered for the characterization and, for each brand, samples of whole
(WM) and semi-skimmed (SSM) types of milk were considered. For three out of the four
brands, lactose-free (LFM) milk samples were also considered (because they were available
in the markets), and, for two brands, fat-free (FF) milk (one of which also lactose-free) was
also considered. The main nutritional values of the samples are reported in Table 1.

Table 1. Main nutritional values * of milk samples.

MILK SAMPLE Fat Saturated  Carbohydrates Proteins Salt Calcium
WM1 3.6 24 4.8 32 0.13 0.12
WM2 3.6 25 5.0 32 0.10 0.12
WM3 3.6 2.5 5.0 3.3 0.10 0.12
WM4 3.6 24 4.8 32 0.14 0.12
SSM1 1.6 1 49 3.3 0.13 0.12
SSM2 1.6 1.1 5.0 32 0.10 0.12
SSM3 1.6 1.1 5.0 33 0.10 0.12
SSM4 1.6 1.1 49 3.3 0.14 0.12

LFFM1 0.1 0.07 49 33 0.13 0.12
FFM2 0.1 0.07 5.0 32 0.10 0.12
LEM1 1 0.7 49 3.2 0.13 0.12
LFEM2 1.1 0.8 5 33 0.10 0.12
LFM3 1 0.8 49 3.1 0.10 0.12

* all the values are expressed in g/100 mL of milk.

The different types of milk in Table 1 with the same numerical digit are produced by
the same brand. The milk of the brands 2, 3, and 4 is available in Tetra Pak, while the milk
of brand 1 is available in plastic bottles.

The impedance measurements were performed employing a benchtop LCR meter,
the Agilent 4284A (Agilent, Santa Clara, CA, USA). The LCR Meter was interfaced with
a personal computer by a dedicated software developed in Lab Windows CV], in order
to allow an easier visualization of the measured admittances and for data storage for
postprocessing, performed by OriginPro 2021b (Origin Lab Inc., Northampton, MA, USA).
The calibration corrections were performed before the measurements, in order to eliminate
errors due to cables” impedance. The measurements were performed in the frequency range
20-100 kHz.

The milk samples were in cylindrical containers with a diameter of 35 mm and a height
of 30 mm. The containers were filled up to the height of 20 mm (clearly marked).



Appl. Sci. 2022,12, 7559

30f16

Planar technology was selected to realize the compact and lightweight sensing probes.
In detail, the RO3010 substrate was employed. Manufactured by Rogers Corporation
(Chandler, AZ, USA) [40], it is a ceramic-filled Polytetrafluoroethylene (PTFE) composite
(er =10.2 £ 0.3, t = 640 mm), with 17.5 mm-thick copper metallization. The probes, gold
plated, were realized in a cost-effective way by employing an in-laboratory prototyping
system, a high precision mechanical plotter S103 Protomat by LPKF Laser & Electronics
(Garbsen, Germany). The geometry was optimized to reduce parasitic effects.

The layout and a picture of the electrode are shown in Figure 1, whereas the values of
the lengths in Figure 1 are reported in Table 2.

Ll |_4

(a) (b)

Figure 1. The layout (a) and a picture (b) of the electrode employed to perform measurements. The
geometry was optimized to reduce parasitic effects.

Table 2. Size of electrode parameters.

Parameter Value (mm)
Ly 20
L, 2
L3 10
Ly 1.27
Ls 22
Lg 4

Figure 2 shows the assembly of the electrodes and their positioning inside the
sample holder.

The measurements were performed with the samples at a temperature of 23 °C.
The samples from six different packs were characterized for each type of milk. All of
the compared samples had the same expiration period, except for the expired ones. The
characteristics of all of the types of milk by category (whole, semi-skimmed) were compared;
the different types of milk belonging to the same brand were compared, highlighting
the differences between the whole, semi-skimmed, fat-free and lactose-free milk; the
variation in the characteristics of the stored milk, once opened, at room temperature
or in the refrigerator was studied; the change in the characteristics of the expired milk
was highlighted.
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Figure 2. Schematic of the assembly of the electrodes and their positioning inside the sample holder.
The overlap of the electrodes is performed in such a way as to minimize parasitic capacitive couplings
above the milk level.

3. Results
3.1. Qualitative Analysis and Milk Classification

First of all, a qualitative comparison of the results of the measurements was carried out
by comparing the plots of the obtained admittances. In Figure 3a,b, we show the imaginary
(or susceptance) and real (conductance) part of the admittance of four whole milk samples
from the different brands. As is evident, the trend is superimposable for all of the curves.
As can be seen from Table 1, the composition of the different types of milk is practically
the same, as required by current European legislation. Therefore, it is not surprising that,
under the same conditions (temperature, expiration date, measurement electrodes) the
admittance trend is of the same type for each milk and the ranges of values only change a
little bit. In Figure 3c,d we report the admittance (imaginary and real part) of the samples
of semi-skimmed milk, of different brands. Although, in this case the curves also appear
to overlap, a deviation from the other three seems evident for one of the brands (brand 3).
This deviation is probably due to the fact that the semi-skimmed milk from brand 3 has
also undergone a microfiltration process, which slightly altered its electrical characteristics.
Anyway, for all of the samples, it can be observed that in the susceptance curves, a peak
is present. The low frequency region (lower than the frequency at which the peak occurs)
represents the electrical characteristic of the interface between the milk and the electrodes,
while the high frequency region provides information about the milk itself. The frequency
of the peak represents the relaxation frequency of the electrode polarization [28].
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Figure 3. (a) Imaginary and (b) real parts of the measured admittances for whole milk samples from
different brands; (c) imaginary and (d) real parts of the measured admittances for semi-skimmed
milk samples from different brands.

In Figure 4, the imaginary part of the admittances of different types (whole, semi-
skimmed, fat-free, lactose-free) of the milk from the same brand is reported. The blue curve
and the red curve refer to the semi-skimmed and whole milk, respectively. For each of the
analyzed brands, the maximum of the curve for the semi-skimmed milk is higher (about
4%) than the maximum of the curve for the whole milk. This observation confirms that the
imaginary part of the admittance is strictly related to the content of the fats [28]. The higher
the fat content, the lower the peak (with the same composition in terms of the remaining
nutritional values). The blue curve and the green curve refer to the milk samples with the
same content of fat, but the green one is the susceptance of a lactose-free milk. For each
of the brands analyzed, the maximum of the curve for the semi-skimmed milk is higher
(about 6-8%) than the maximum of the curve for the lactose-free semi-skimmed milk. That
is, with the same nutritional values, the lactose-free milk has a susceptance with a lower
peak than the milk with lactose. The light blue curve relates to the fat-free and lactose-free
milk. Compared to the semi-skimmed milk (blue curve), the absence of fat tends to raise
the peak value, but the absence of lactose tends to lower it. As a result, the peak is only
slightly higher than in the case of the semi-skimmed milk.
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Figure 4. (a) Imaginary part of the admittances of different types (whole, semi-skimmed, fat and
lactose-free, lactose-free) of milk from the same brand; (b) Detail of Figure 3a.

In Figure 5, a comparison is reported between the fat-free (but with lactose) milk and
the semi-skimmed and whole milk from the same brand, but different from the brand

in Figure 4.
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Figure 5. Imaginary part of the admittances of different types (whole, semi-skimmed, fat-free) of
milk from the same brand. The height of the peak is inversely proportional to the fat content.

In Figure 6, the real part of the admittance is reported, that is the conductance, of
the same milk samples of Figure 4. For the conductance, the same considerations made
for the susceptance hold, that is that at the higher frequencies (>1 kHz) the value of the
conductance increases with a decrease in the fat content. The absence of lactose lowers the

value of the conductance.
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Figure 6. Real part of the admittance, that is the conductance, of the same milk samples of Figure 4.

Although the admittance measurement is a very interesting method for the character-
ization of milk whose composition is known, it could fail as a blind detection technique.
Indeed, as can be easily seen from Figures 4 and 6, errors could arise in the distinction
between the semi-skimmed milk (blue curves in the figures) and the semi-skimmed, fat-free
and lactose-free milk (light blue curves), or even between the whole milk (red curves) and
the lactose-free milk (green curves). In order to perform a more quantitative analysis, that
can dispel any doubts, the equivalent circuit for the electrical description of the milk’s
behavior was obtained from the curves and, as described in the next section, the values of
the electronic components were used for the purpose.

3.2. Quantitative Analysis: Milk Identification

A few works [17,28,29] in the scientific literature present a possible circuit modeling
milk, based on a parallel circuit between a capacitance and a series of a capacitance and a
resistance. Nevertheless, the fitting operation revealed that the electrode/milk interface
cannot be modelled as an ideal capacitor but as a constant phase element (CPE), which
models a non-ideal behavior of a capacitor [41]. The equivalent electrical circuit of the
milk is then reported in Figure 7. The capacitance C represents the capacitance of the
two electrodes separated by the characterized milk, while the resistance R represents the
milk conductance.

R CPE

AN~

|

Figure 7. Equivalent circuit of milk. The constant phase element (CPE) models the interface elec-

trode/milk; the capacitance C represents the capacitance of the two electrodes separated by the
characterized milk; the resistance R represents the milk conductance.
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Working a little on the circuit shown in Figure 7, the series of the CPE admittance
(Ycpe) and of the resistance R conductance (1/R) is:

Ycpe
Yo = ————— 1
S T 1 RYcp ()
with
Yepe = Q(jw)" )

where w is the angular frequency; Q and n are the characteristic parameters of the CPE.
The expression of the admittance of the circuit in Figure 7 is:

_ RQ*w™ +Q(jw)" | .
Y= R2Q2w2n e ®

and from Equation (3) we can derive the real (Re(Y)) and imaginary part (Im(Y)) of the

admittance, as follows:
_ RQ*w? 4 Qw" cos(n%)

Re(Y) = 1+ R2Q2w2n )
Im(Y) = (12:)7;8212(;;222 +wC )

Using the Equations (4) and (5), fitting operations were performed on the measured
admittances in order to estimate the values of the components that characterize the circuit
in Figure 7. In Table 3, the obtained results are summarized, and in Table 4, the maximum
errors for the estimation of circuit parameters by fitting operation are reported. For each
type of milk, the average values obtained from the measurements on several samples
(six for each type) are reported. The measured values deviate less than 5%, 1.5%, 1% and
0.2% from the average values of C, R, Q and #, respectively.

Table 3. Values of the components of the circuit in Figure 7, obtained by means of fitting operation
on the data obtained with the measurements on milk samples.

MILK SAMPLE C (nF) R (©)) Q (x10-5) n
WM1 1.41 37.73 7.98 0.848
WM2 1.36 37.57 8.12 0.838
WM3 1.31 39.11 7.96 0.843
WM4 1.22 37.88 8.42 0.843
SSM1 1.36 36.26 7.99 0.847
SSM2 1.51 36.16 8.09 0.838
SSM3 1.72 37.28 8.23 0.843
SSM4 1.43 36.43 8.16 0.843

LFFM1 1.78 36.06 7.94 0.848
FFM2 1.84 35.83 8.01 0.838
LFEM1 1.63 39.01 8.08 0.846
LEM2 1.71 38.37 8.13 0.838
LFM3 2.03 40.53 8.15 0.843

Table 4. Maximum error values for the estimation of circuit parameters, reported in Table 3, by
fitting operation.

Maximum Fitting Error 10% 0.1% 1% 0.1%
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Observing the obtained results, it is clear that the whole milk, for three of the
four brands analyzed, has a lower capacity value than the corresponding semi-skimmed
milk. This could be explained because fats have a lower dielectric constant than the other
components of milk. However, samples 1 (WM1 and SSM1) show no substantial differences
in capacity values between the whole milk and semi-skimmed milk. The only noticeable
difference between these samples and the others is that these are distributed in plastic
bottles, while the others in Tetra Pak. We cannot conclude, however, at present, that the
difference is due to this fact, but an investigation in this sense can certainly constitute
an interesting future development.

As for the lactose-free milk samples, they have a higher capacity than the semi-
skimmed milk, although they have the same amount of fat. Lactose is a disaccharide sugar,
therefore complex, and it needs to be broken down into its two main monosaccharides
components, glucose and galactose, to be digested correctly. Lactose-free milk has the
lactose already divided into the glucose and galactose and these two monosaccharides
have a higher dielectric constant [42] with respect to lactose; this fact should explain the
higher capacitance values of the lactose-free milk.

Although the distinction between the capacity values of the whole milk and lactose-
free milk is evident from Figure 8, in order to validate measurement results more rigorously
a statistical analysis was performed by means of a PCA (Principal Components Analysis,
with XLSTAT software, by Addinsoft Inc., New York, NY, USA) with all of the variables
obtained for the circuit parameters, and whose mean values are reported in Table 3. The
analysis was performed for each brand, to distinguish all of the types of milk. The n
parameter is not included in the analysis because it is a constant for each brand. The
correlation matrix was calculated by Pearson’s method and the performed analysis, whose
results are shown as an example for brand 3, in Figure 9, succeeded in obtaining two PCs
(F1 and F2) with a variance large enough to successfully (94.27%) allow the clear separation
of the three sample groups (whole, semi-skimmed, and lactose-free milk). The PC F1 is
strictly correlated to the variables C and Q, while a strong correlation results between the
PC F2 and R. This means that, in principle, only two variables, that are C (or Q) and R,
are needed in order to clearly distinguish the type of milk within a brand. It is probably
preferable to use C instead of Q because the concept of capacitance is a little more familiar
with respect to CPE. The results shown in the figure refer to brand 3, but similar results
were obtained for brand 2. For brand 1, on the other hand, the statistical analysis identifies
with certainty the milk without lactose, while the only useful parameter to distinguish
the whole milk from semi-skimmed milk appears to be R. If, on the other hand, the PCA
analysis is carried out on five variables, that is also adding to C, Q and R the value of the
susceptance at the peak frequency and the value of the high frequency conductance (for
example, at 100 kHz), the results improve. For brand 1, for example, as can be seen from
Figure 10, the success rate is of 92.23%. In this case, the PC F1 is strictly correlated to the
variables Im(Y), Re(Y) and R, while the PC F2 is mainly correlated to Q.

If the PCA analysis is performed with five variables for brand 2, as it is shown in
Figure 11, a 95.12% of success is reached in the separation of the three sample groups. In
this case, each type of milk occupies a different quadrant, a situation similar to the one
shown in Figure 9, indicating that the five variables are redundant and therefore, for brands
2 and 3, only the values of the circuit components would be sufficient.

As regards the interpretative doubt of the admittance curves relative to the semi-
skimmed milk and fat-free, lactose-free milk (blue and light blue curves in Figures 4 and 6),
it is evident from the table that the capacitance value helps to identify with certainty the
type of milk. In fact, the capacitance associated with the LFFM sample is about 30% higher
than the capacitance associated with the SSM sample.
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Figure 8. Comparison of capacitance values to distinguish whole milk from lactose-free milk for
different brands (samples from brand 2 (a); from brand 1 (b) and from brand 3 (c)).
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dots) and lactose-free milk (LFM, green dots) within brand 3. The PCA has been performed starting

from the three variables C, R and Q.
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from the five variables C, R, Q, Im(Y) and Re(Y).
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dots) and lactose-free milk (LFM, green dots) within brand 2. The PCA has been performed starting
from the five variables C, R, Q, Im(Y) and Re(Y).
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3.3. Analysis of Milk: Storage Method Comparison

On the packaging of the studied milk, the words “once opened, keep refrigerated
and use within 3/4 days” are reported. We studied how the electrical characteristics of
the milk change after being opened, if stored in the refrigerator or if left outside at room
temperature. For this purpose, four different samples from the same milk package were
prepared. One was left at room temperature, the others were stored in the fridge for
4,5 and 7 days, respectively. Figure 12a shows the Nyquist diagram of the freshly opened
milk, after 3 days and after 4 days at room temperature. A change in the characteristics can
already be observed after 3 days. We did not go beyond 4 days, because on the fifth day
the alteration of the milk became visible to the eye, that is, lumps and curds had become
evident. From Figure 12b—d, the effect of cooling on the electrical characteristics of the milk
is evident. From Figure 12b, it can be seen how the characteristics of the milk, stored in
the refrigerator for 4 days, once the sample has been brought back to room temperature,
overlap with those of the freshly opened milk. This can be considered evidence of the fact
that storage in the fridge keeps the quality of the milk unaltered. In Figure 12c, that is, after
5 days of storage in the fridge, the differences with respect to the freshly opened milk begin
to be noticed, while after a week the differences are considerable (Figure 12d).

just opened
after 3 days
—— after 4 days

—— just opened
— after 4 days just out of the fridge|
after 4 days reported at 23°C

2+

1 1 1 0 1 1 1 1 1

15 20 25 30 0 5 10 15 20 25 30
Re(Y)(mS) Re(Y)(mS)

Im(Y)(mS)

just opened
after 5 days just out of the fridge

after 5 days reported at 23°C

just opened

after a week just out of the fridge

after a week reported at 23°C

5

10

I 1 1 0 1 1 1 1 1

15 20 25 30 0 5 10 15 20 25 30
Re(Y)(mS) Re(Y)(mS)

Figure 12. (a) variation of the Nyquist diagram of a freshly opened milk sample, after three and four
days of storage at room temperature; (b) variation of the Nyquist diagram of a freshly opened milk
sample, after 4 days of storage in the fridge as soon as it comes out of the fridge and brought back
to room temperature; (c) the same as (b) but after 5 days of storage; (d) the same as (b,c) but after a
week of storage.

From the graphs in Figure 12 it is evident that the most noticeable variations occur at
high frequencies (the area of the graph furthest from the origin), and this seems to suggest
that the properties of the milk change, while the properties of the interface between the
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electrode and the milk do not change. The variations in the milk’s electrical characteristics
can be explained by means of the breakdown of casein micelles, that release free ions
(calcium, above all) that contribute to increase in the conductance of the samples [17].
In addition, the deformation of the fat globules and the acidification process of the milk
contribute to the changes in the milk conductance and susceptance [17,43].

If, on the other hand, a milk sample is compared with a sample of the same type
of milk but expired, probably due to the prolonged deterioration process compared to
that observed in a few days, a change in the behavior of the electrode/milk interface is
also noted. That is, as can be seen from Figure 13, there is a modification of the electrical
characteristics even for frequencies lower than the relaxation frequency of the electrode
polarization, and, as a consequence, also the n parameter, which is usually quite constant
for the different milk samples from the same brand, varies appreciably.

not expired 4
—— expired from 2 months|
[—— expired from 7 months|

expired from 7 months

expired from 2 months

not expired

0
15 20 25 30 35 100 1k 10k 100k
Re(Y)(mS) frequency (Hz)

(a) (b)

Figure 13. Comparison among not expired milk, milk expired from 2 months and milk expired
from 7 months. The samples belonged to the same type and brand of milk. In (a) the Nyquist
plots are shown, in (b) the Imaginary parts of the admittance, to highlight the modification of the
electrical characteristics of expired milk even for frequencies lower than the relaxation frequency of
the electrode polarization.

The fitting operation on the curves in Figure 13 showed that the capacitance of the
milk increased by an amount of 40% after two months past the expiration date and by 100%
after seven months past the expiration date. That is, the circuital interpretation of the data
could also allow the expired milk to be distinguished.

4. Discussion

The method of impedance (or admittance) measurements is undoubtedly a promising,
fast and simple method. The biggest advantage is that the analyzed milk does not require
any treatment before measurement. Furthermore, the availability of portable impedance
analyzers would make it easy to carry out checks in the field (for example, in bars, restau-
rants and refreshment points, where the consumption of milk is frequent and therefore the
correctness of its conservation is important). However, there is no doubt that, in order to
use this technique, there is still a lot of work to be completed. First, we pointed out that the
measurements strongly depend on the temperature. Although in the laboratory it is quite
simple to perform temperature control, to perform measurements on the field it would
not be possible, unless making the measurement system more complex and risking going
against the logic of “portability”. Therefore, it is important to perform a characterization as
the temperature varies, in order to derive a relationship that allows for the comparison of
the data obtained under different measurement conditions.
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Another point to highlight is that the measurements strongly depend on the type of
electrode used, both in terms of material and geometry. It would therefore be important to
standardize the electrodes to be used.

Another point to explore is the difference between each brand. The method used seems
to highlight that within each brand it is possible to distinguish between the different types
of milk, both by comparing the measurement curves and by the values of the components
of the equivalent circuit. However, it is important to note that the samples were tested
with the same expiration period and at the same temperature. For this reason, therefore,
it is important to carry out a large-scale characterization. Furthermore, the investigated
method certainly seems reliable for the study of different types of milk within the same
brand, while variations in the electrical parameters suggest prudence in wanting to use the
method for different brands together.

5. Conclusions

In this paper, a study conducted by means of Impedance Spectroscopy on the UHT
milk widespread in Italian supermarkets was presented. The strengths and weaknesses
of the technique were highlighted in this work. In particular, the technique is effective
in identifying lactose-free milk and in discriminating between the different types of milk
belonging to the same brand. It could, however, fail, at present, in attempts to identify
a type of milk without the prior indication of the brand. The technique has also shown
how storage in the fridge, unlike that at room temperature, maintains the characteristics
of the milk unaltered and it allows for the identification of alterations in the milk stored
incorrectly, before it is possible to identify it with the senses of sight and smell. Certainly,
as discussed, the technique is a valid solution to be applied in laboratories but it needs
further efforts to be applied as a portable control method. If efforts were made in this
direction, it could become a valid method of control in refreshment points, where the
consumption of milk is widespread and therefore quality control becomes fundamental for
consumer protection.
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