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The basic objective of the study was to confirm the usefulness of non-destructive ultrasonic testing in evaluating
different edible oil samples. The experimental study was carried out for three types of edible oils (olive, sun-
flower, and corn) in which a 1.0 MHz ultrasound transducer was immersed. Density and viscosity values of the
samples were determined simultaneously with the ultrasound tests. By themselves, ultrasound inspection, den-
sity, and viscosity, were able to characterize and distinguish each type from the others, but only the ultrasound

inspection has a non-destructive nature. Moreover, significant correlations among density and viscosity with the
acoustic parameters were found. The results postulate that ultrasound inspection is a fast and non-destructive
tool to characterize and discriminate different types of edible oils.

1 Introduction

Olive oils command a premium price in the market, leading to great
temptation to adulterate them with vegetable seed oils as they look more
or less identical in colour and their presence cannot be easily identified
by simple visual inspection (Ben-Ayed et al., 2013). Thus, binary and
ternary mixtures of olive, sunflower and corn oils, appear to be fraud-
ulent attempts in the market. Adulteration of olive oil may produce
adverse effect which raises a serious issue to the consumer as well as to
the oil agencies (Gurdeniz & Ozen, 2009). Therefore, characterizing it
and determining its quality, as well as being able to distinguish between
types, is of utmost importance to protect both, the producer and the
consumer. Since adulterations are becoming more and more sophisti-
cated, it is necessary to use advanced methods to detect these fraudulent
practices. There are many analytical methods used to check the
authenticity of oils (Ben-Ayed et al., 2013; Mavromoustakos et al.,
2000). However, most are destructive techniques. Thus it is necessary to
evaluate the capability of different techniques to analyse quality char-
acteristics of oils, as can be seen in recent studies on the NIRs (Correa
et al., 2019; Kaufmann et al., 2019, Kaufmann, Sampaio, Garcia-Martin,
& Barbin, 2022), or image analysis application (Alamprese et al., 2021).

Ultrasound inspection has been widely used to analyse different

foodstuffs due to its non-destructive nature. Particularly, the ultrasound
pulse velocity (UPV) and attenuation are the most used acoustic pa-
rameters to determine the physicochemical and mechanical properties
of oil (Ali & Ali, 2014; Alouache, Laux, Hamitouche, Bachari, & Bout-
kedjirt, 2018; Baésso, Oliveira, Morais, Alvarenga, & Costa-Félix, 2016;
Rashed & Felfoldi, 2016). The ability of ultrasound inspection has been
proven to control the olive oil quality (Alouache et al., 2015), to
investigate the adulteration (Azman & Abd Hamid, 2017), even to
evaluate the quality of frying oils (Benedito et al., 2007). Other studies
have focused on optimization of the ultrasound inspection of edible oils
(Yan et al., 2019). Nevertheless, there are other parameters that can be
extracted from ultrasound measurements and some of these can be
linked to the study of the signal in the frequency domain, which have not
been subject to assessment in the scientific literature.

Density and viscosity properties are of great importance in dis-
tinguishing different types of oils (Sahasrabudhe et al., 2017) and are
essential in the design of unit operation processes such as distillation,
heat exchangers, piping, and reactors (Rodenbush et al., 1999). How-
ever, characterizing an oil based on these variables is a difficult task and,
unfortunately, they are not anymore practical to detect adulteration
(Rukke & Schiiller, 2017).

The objective of the present study was to use ultrasound inspection to
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characterize and differentiate between three different types of edible oils
commonly consumed: Olive, Sunflower, and Corn oils, all from Spain, at
two temperatures (25 and 29 °C). For this aim, the ultrasound param-
eters considered were the ultrasound pulse velocity (UPV), different
variables extracted from the Fast Fourier Transform (FFT), and the
attenuation. With this research, it is intended to contribute to knowledge
about the acoustic properties of the three edible oils studied, focusing on
the authenticity and identification of these oils, and providing new pa-
rameters for study that had not been considered previously for this
product (FFT parameters). Additionally, a study of density and viscosity
determinations were carried out, and its results were correlated with the
ultrasound parameters.

2 Materials and methods

2.1. Samples

The oil samples were purchased in a Spanish supermarket, belonged
to the “Coosur” brand (Jaén, Spain). These samples correspond to three
types: olive, sunflower, and corn. Four one-litre samples of each type
were acquired so a total of twelve samples were considered in the
experiment.

2.2. Density and viscosity

According to previous works, ultrasound inspection is mainly influ-
enced by the physicochemical parameters, achieving significant corre-
lations among these parameters and acoustic ones (Gonzalez-Mohino
et al., 2019, 2021). Density (p) and viscosity (1) were considered as
valuable parameters of oils. It is important to note that both parameters
are dependent on the temperature (T), showing its influence by the
following model equations (1, 2) (Ghosh et al., 2017):

p=AT+p, €y
n = ngect @)

where A, po, 19, and B, are constant characteristics of the oil type.

Density was determined using a glass and normalized density meter
DIN 12,791 with a thermometer (Laboquimia, Spain). Viscosity was
measured using a Selecta STS-2011 viscometer (J. P. SELECTA, Spain). A
spindle TL5 with APM adaptor was used at 20 rpm for viscosity deter-
mination in 5 ml of sample. Both analyses were performed in triplicate
and at two different temperatures, 25 °C and 29 °C, using an incubator
FTC E90 (VELP Scientifica Srl, Italy). The mentioned temperatures were
selected since they were common storage temperatures and, at the same
time, can result in statistically significant differences between the den-
sity and viscosity parameters.

2.3. Ultrasound inspection

Samples, with a quantity of 725 ml, were introduced in a beaker of
800 ml capacity. The oils were heated to 29 °C in a thermostatic bath (JP
SELECTA, Barcelona, Spain). Beginning from this temperature (29 °C),
ultrasound measurements were obtained as the sample gradually cooled
until 25 °C. Thus, a total of eight measurements were made for each
type. Samples were inspected using immersion techniques in pulse-echo
(PE) mode. Supplementary Material 1 (SM1) shows the set-up used for
these measurements. Olympus Panametrics-NDT Model V314-SU
piezoelectric transducer was used to transmit the signals with a fre-
quency of 1 MHz. Supplementary Material 2 (SM2) lists the main
characteristics of this transducer, including the near-field zone and the
beam-spread angle. The transducer was mounted on a custom-designed
metal structure so that its emitting surface was parallel to the bottom of
the beaker. A mirror at the bottom of the beaker reflected the ultrasound
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waves. The transducer was placed at the top of the beaker, submerged
approximately 1.5 cm in oil, whence it transmits the wave. Use of this
inspection mode or that of through-transmission (TT) is irrelevant since
they give similar results (Jiménez et al., 2017). The separation between
the surface of the transducer and the mirror was 455.00 mm, a value
much higher than that of the near field, which ensured the consistency of
the measurements. Pulser-Receiver Panametrics-NDT Model 5077PR
was used for transmitting and receiving the ultrasound signal. Pulser-
receiver was connected to an InfiniiVision DSO-X 3032A oscilloscope
(KEYSIGHT) for the acquisition of the signals. Of each measurement,
three A-scans were stored, each one corresponding to a different time
interval (TI) on the oscilloscope: (i) TT = 5000 ps, which included the
trigger pulse and the first six echoes; (ii) TI = 800 ps, which included the
first two echoes; and (iii) TI = 120 ps, which included only the first echo.
The A-scans were recorded in csv files with 10 000 points. Supplemen-
tary material 3 (SM3) shows three typical A-scans (from corn samples at
25 °C), corresponding to (a) TI = 5000 ps, (b) TI = 800 ps, and (c) TI =
120 ps. Thereafter the preparation of this equipment, several acoustic
parameters were determined.

2.3.1 Acoustic parameters

As aforementioned, the ultrasound parameters determined were the
ultrasound pulse velocity UPV (or time-of-flight, TOF), various percen-
tiles (25th, 50th, and 75th) of the received signal in the FFT cumulative
frequency periodograms, and the attenuation measured from the echoes
observed on the A-scan which originate from reflections in the mirror. In
particular, UPV was determined in two ways. The first calculation was
obtained from the times observed for the consecutive echoes of the re-
ceiver’s A-scan and the second one, by means of the so-called cepstrum
method (Gudra & Opielinski, 2004).

2.4. Data analysis

Significant differences between the three edible oil types, sunflower,
olive, and corn were studied. The normality of density, viscosity, and
ultrasound parameters were evaluated with the Shapiro-Wilk test.
Depending on the normality tests results, Student-T test (p greater than
0.05) or U Mann-Whitney test (p < 0.05) were applied. IBM SPSS v.22
(IBM Co., U.S.A) statistic software package was used to carry out the
former analysis. Pearson’s correlation coefficient (R) among density and
viscosity, and ultrasound parameters, was carried out using the XLSTAT
software package (Addinsoft Pearson Edition, France).

3 Results and discussion
3.1. Density and viscosity results

Table 1 shows mean values of density and viscosity results for the
three oil types. Corn oil presented higher density values than sunflower,
and likewise this oil had higher density than olive oil, for both measured
temperatures (25 and 29 °C). As previously reported, emulsion systems
are highly influenced by the thermal behaviour (Rukke & Schiiller,
2017). Thus, as occurred in other works, density decreases as tempera-
ture increases (Sahasrabudhe et al., 2017). The results of density were

Table 1

Density (p) and viscosity (1) results (means + SD) for olive, sunflower, and corn
for 25 and 29 °C. Letters in each column mean the significant differences be-
tween oil type. Lowercase letters mean type effect; capital letters mean tem-
perature effect.

pas(kg/m?) pao(kg/m®) N5 (cP) N2 (cP)
Olive 909.0 + 0.9 906.0 + 0.98 74 + 424 59.9 + 1.5
Sunflower ~ 915.00 + 0.21° 912,00 + 0.13"®®  61.9 + 22"  50.0 + 1.5
Corn 917.0 + 0.7%4 915.0 + 0.8%8 59.0 + 1.6™  48.0 +1.8"®
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consistent, according to previous studies, and therefore showing similar
values and trends (Alouache et al., 2018; Azman & Abd Hamid, 2017;
Esteban et al., 2012). On the other hand, olive oil showed the highest
viscosity values in both temperatures, presenting significant differences
in comparison with sunflower and corn oils. As expected (Sahasrabudhe
etal., 2017), viscosity showed the same behaviour as density; decreasing
when the temperature is increasing. Once again, our results are in
concordance with the literature, being similar to those results from other
studies (Azman & Abd Hamid, 2017; Benedito et al., 2002; Sahasra-
budhe et al., 2017).

3.2. Ultrasound inspection results
3.2.1 Some previous particularities

As can be seen in SM3a, i consecutive echoes caused by reflections
between the transducer facing mirror are observed. The first UPV
calculation was obtained from the times TOF; observed for the six
consecutive echoes of the receiver’s A-scan, detecting the value ach-
ieved on the time axis at the points where the signal reaches a maximum
(G =M) and a minimum (j = m) in each echo (i = 1, 2,..., 6). Then, we
obtained the velocity UPV, from the slope of the linear regression fit
corresponding to Eq. (3) (Rufo et al., 2014):

d; = UPV,A-TOF; + C(fori = 1,2, -+ 6andj = M, m) )

where d; are the known distances that are travelled by the waves cor-
responding to the first six echoes. In this study, the errors in the deter-
mination of UPV} were of the order of 0.21%.

The second UPV calculation is based on the Fourier transform. Given
that the procedure followed is identical to that used by the authors in
previous works (Gonzdlez-Mohino et al., 2019; Jiménez et al., 2017), we
shall limit ourselves here to briefly summarize it below. Supplementary
material 4 (SM4) shows the FFTs obtained from the A-scans of SM3. The
influence of a periodic excitation (here multiple echoes) shows up in the
form of equidistant maxima in the spectrum. The TOF between the re-
flections is obtained from the distances of the maxima. By means of the
so-called cepstrum method (Gudra & Opielinski, 2004), the spectrum
can be smoothed, and the length of the period determined directly. As
can be seen in the example of SM5 which shows the cepstrum created
from the FFT of SM4a, the period t is read directly from the first
maximum. Since the transducer and the mirror are separated by a dis-
tance d = 455.00 mm, spectral evaluation methods provide a mea-
surement of the velocity UPV, from Eq. (4):

uPV, — z—td 4

In the present study, the errors in the cepstrum determination of
UPV, were<0.16%.

Other parameters considered in this study were the frequencies of the
25th, 50th, and 75th percentiles of the FFT. First of all, we must
remember that, according to Nyquist sampling theorem, the sampling
frequency f” in time domain must be at least twice of frequency range fin
frequency domain as shown in Eq. (5) (Zhong & Zhang, 2021):

f>2f 5)

In our study, for the FFT obtained in SM4a, f = 10000/(5000-10%) =
2.10°. Similarly, £'=10000/(800-10%) = 12.5.10° considering SM4b,
and f’=10000/(120-10°) = 83.3-10° considering SM4c. Taking into
account that the central frequency of the transducer used is 10° Hz, it
seems evident that the sampling frequency from which the FFT of SM4a
has been obtained does not satisfy this theorem, especially considering
that there are frequency components emitted by the transducer with a
value greater than 10° Hz. In fact, the FFT obtained and shown in said
SM seems to “cut off” abruptly. Consequently, we will exclusively use
the parameters extracted from the FFTs obtained in the inspections
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where the first two echoes and only the first echo are shown.

Taking either of SM4b or SM4c as an example, it can be seen that the
frequency distributions are not close to Gaussian, hence that the largest
amplitude of the FFT is not a clear value to characterize the oil samples.
Furthermore, even though the transducer has a central frequency of 10°
Hz and a —6 dB bandwidth of 61.9%, the FFT obtained does not have a
maximum amplitude at that frequency but at clearly lower ones.
Consequently, instead of considering the nominal frequency of the
transducer, it made more accurate to take the real wave propagation
frequencies inside the oil samples. Therefore, it was constructed the
cumulative frequency periodograms, showing the 25th, 50th, and 75th
percentiles (FFTzs, FFT5p and FFTys, respectively) of the frequencies of
the received signals. SM6 shows the cumulative frequency periodogram
created from the FFT of SM4b.

Another parameter considered was the ultrasound pulse attenuation.
This parameter is a measure of the progressive energy loss undergone by
the signals as they propagate through the material (Cerrillo et al., 2014).
The attenuation coefficient a (in neper/m) was computed as Eq. (6):

1 A,
a= ﬁln (K,) 6)

where A; and A; are the (peak-to-peak) amplitudes of echoes i and j,
respectively, and 2d represents the space covered by the ultrasound
wave between them. Six echoes from A-scan corresponding to TI = 5000
us were considered, and @ was determined from the slope of the plot of In
(Ai/Aj) vs. 2d (Koc & Ozer, 2008).

3.2.2. Acoustic parameters

Fig. 1 displays the representation of UPVj and UPV, results for the
three oil types and for both measured temperatures. Firstly, it should be
noted that the results of the two ways of calculating the UPV are very
similar, showing the suitability of both determinations to obtain velocity
values. In fact, the error bars clearly overlap when we consider each of
the oil types. It is also observed that when temperature increases, UPVj,
and UPV, decrease, as it has been previously described for these three
oils (Azman & Abd Hamid, 2017), thus showing the same behaviour as
density and viscosity. UPV was not significantly different for corn and
sunflower oils at 25 °C. On the contrary, olive oil had significantly lower
UPV values than the other two oil types at 25 °C. Regarding the mea-
surements carried out at 29 °C, a dissimilar trend was found. The oil
types were significantly different for both UPV at 29 °C. The highest UPV
values were found for corn, followed by sunflower and then by olive oil.
According to Rubalya Valantina et al, (2013), the ultrasonic velocity in
oils depends on the fatty materials, hence the discrimination among our
edible oils was probably due to the differences in the fatty acid profiles
of each type (Codex alimentarius, 2019; CodexAlimentarius, 2017).
Given that the behaviour of velocity with temperature is similar to that
exhibited by density and viscosity, it is foreseeable that there is a rela-
tionship between these properties and the acoustic parameters.

The UPV results obtained are consistent with the literature values.
Alouache et al. (2018) determined a velocity of 1469 m/s in olive oil,
being slightly higher than our results probably due to the measured
temperature (20 °C). In concordance with this study, the velocity was
1465 m/s for olive oil, 1471 m/s for sunflower oil, and 1469 m/s for
corn oil, as collected by McClements & Povey (1992) using 1.2 MHz
transducer. Lower values found in other studies (Azman & Abd Hamid,
2017) were reported as ultrasound velocity of 1430 m/s (at 25 °C) and
1412 m/s (at 30 °C) for olive oil type. Baesso Costa-Felix Miloro & Zeqiri
(2019) estimated the velocity of ultrasound of 1473 m/s in sunflower
and 1470 in corn oil at 20 °C using 1 MHz transducer.

Table 2 shows attenuation results for the three oil types and both
temperatures. In the first place, the fact that the attenuation results at
29 °C were superior to the results obtained at 25 °C stands out. Under-
standing viscosity as a measure of friction between the particles of a
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Fig. 1. UPV}, and UPV, mean values (£SE) for olive, sunflower, and corn oil types.

Table 2

FFT,, and attenuation results (mean values + SD) for olive, sunflower, and corn
types at 25 and 29 °C (FFTy, 1-2 1 = FFT,, corresponding to the first two echoes
at temperature T = 25 or 29 °C; FFTy, 1 1 = FFT,, corresponding to the first echo
at temperature T = 25 or 29 °C; op = attenuation at temperature T = 25 or
29 °C). Letters in each row mean significant differences between oil type.

Olive Sunflower Corn
o5 26.26 + 0.07° 23.6 + 0.4¢ 27.2 £ 0.3
oY) 27.4+£0.8 28.4 £0.3 29.1+1.3
FFT35 1-255 723000 + 7000° 793000 + 10000* 756000 + 3000°
FFTsp 1-255 834000 =+ 7000° 1000000 + 70000% 891000 + 22000°
FFT75 1-255 1050000 + 50000¢ 1300000 =+ 70000% 1170000 + 30000°
FFT35 1-259 760000 + 22000 784000 + 3000 779000 + 4000
FFTsp 1-229 910000 + 60000 946000 + 12000 936000 + 8000
FFT75 1-259 1170000 + 130000 1230000 + 30000 1201000 + 23000
FFT35 155 735000 + 11000° 809000 + 17000% 768000 + 7000°
FFTs0 155 857000 + 17000° 1070000 + 70000* 937000 + 15000°
FFTy75 125 1100000 + 50000° 1340000 =+ 70000% 1230000 + 50000*
FFT35 159 777000 + 20000" 813000 + 17000% 803000 + 7000*
FFTs50 159 960000 + 80000 991000 + 15000 982000 + 15000
FFTy75 129 1230000 + 110000 1283000 + 11000 1260000 + 30000

fluid (Serway & Jewett, 2018), oil in our case, this result is logical since a
higher friction (higher viscosity) would mean a greater binding force
between the particles, which would translate into a lower loss of energy
when the wave is transmitted from one particle to another and, conse-
quently, a lower attenuation. Secondly, the attenuation values were
significantly different at 25 °C between the three oil types studied. Corn
oil was the type with the highest attenuation, followed by olive, and
then by sunflower. Regarding the attenuation measures at 29 °C, no
significant differences were found. This order in the attenuation value of
the three inspected oils, without contradicting the explanation given for
the viscosity-attenuation relationship, does suggest the influence of
other parameters, such as density or others not studied here, on the
viscosity of the samples.

Parameters extracted from FFT results were shown on Table 2 for the
three types and both temperatures. The FFTy5, FFTs9, and FFTy5 from
two firsts echoes A-scans at 25 °C showed that the sunflower type
significantly let higher frequencies pass, than the corn and olive types.
Likewise, corn samples obtained higher values of FFTy5 and FFT75 than
the olive samples, without presenting significant differences in FFT50

between these two types. This uneven behaviour of the frequency
components compared to that shown by the attenuation for oil types,
indicates that the attenuation experienced by the signal depends not
only on its frequency, but on oil considered as well. Thus, sunflower oil
would be the one that proportionally attenuates the highest frequencies
the least and olive oil the one that most. When temperature rises to
29 °C, no significant differences are found between the oils for the fre-
quency percentiles. Considering only the first echo at 25 °C, once again
the sunflower oil was the sample that let the highest frequencies pass for
FFT25 and FFT50, however it was not significantly higher than the corn
type for FFT75. Regarding the frequency percentiles considering the first
echo at 29 °C, only FFT25 showed significant differences between the
sunflower and corn oils with the olive oil, which has lower frequency
components. As can be deduced, the explanation for these results is
identical to that given above. Finally, FFTys5, FFTs5p, and FFT;5 mean
values experimented an increment at 29 °C, that is, if we have already
verified that the attenuation increases with temperature, this result now
implies that this attenuation increase is proportionally less for the higher
frequencies.

3.3. Correlation study

Table 3 displays coefficients of linear correlations between density,
viscosity, and acoustic parameters for the three types at 25 and 29 °C.
Several significant correlations were found, especially those related to
UPV which were particularly high. When density increases the UPV
increases, and this positive correlation is observed for both measure-
ment temperatures. This result was highly predictable since both, den-
sity and velocity, are linearly related to temperature, so the relationship
between both variables must also be. On the other hand, viscosity pre-
sented an opposite behaviour compared to density. When viscosity de-
creases, UPV} and UPV, increase, and vice versa. For this point a
clarification is necessary considering that, in our work, the relationship
obtained between the velocity of propagation and the temperature is
linear, as claimed by other authors (Azman & Abd Hamid, 2017;
Rubalya Valantina et al., 2013). From Egs. (1) and (2) it is unequivocally
deduced that the relationship between velocity and viscosity must be of
the type shown in Eq. (7). However, for the range of temperatures and
viscosities considered in our work, a linear fit containing 5 (instead of In
n) or UPV (instead of 1/UPV) also works correctly, as evidenced by the
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Table 3
Coefficients of linear correlations among non-acoustic and acoustic parameters
at 25 and 29 °C. Values in boldface mean statistical significance (p < 0.05).

p2s N2s Innas P29 N29 In nas

UPV;, 25 0.95 —0.97 —0.97 UPV}, 29 0.94 —0.88 —0.89

UPV, 25 0.91 —0.77 —0.79 UPV, 29 0.85 —0.82 —0.83

1/UPV}, - —0.97 —0.97 1/UPVy - —0.86 —0.89
25 29

1/ UPV, - —0.86 —0.79 1/ UPV, - —0.82 —0.83
25 29

025 —0.07 0.06 0.05 029 0.60 —0.72 —0.73

FFTs5 0.71 —0.65 —0.64 FFTss 0.60 —0.65 —0.64
1-25 1-259

FFTso 0.54 —0.46 —0.44 FFTsg 0.41 —0.42 —0.42
1-255 1-259

FFT5 0.67 —0.58 —0.57 FFTy5 0.27 —0.29 —0.29
1-255 1-259

FFT35 155 0.68 —0.60 —0.59 FFTy5 159  0.74 —0.76 —0.76

FFTsp 1as 0.60 -053 —0.51
FFTys1s 071  —0.62  —0.61

FFTsplss 034 —031  —0.31
FFTys1s9 034 —0.36  —0.36

high correlation coefficients also shown in Table 3.

L _ iy
Py = Clny + )

It should be noted the significant and negative correlation co-
efficients obtained between viscosity and attenuation at 29 °C, in the
sense that more viscous samples attenuate less. This result would be in
accordance with what was pointed out above for these two parameters, a
higher viscosity (higher friction) implies a greater binding force between
the particles, which implies a lower loss of energy when the wave is
transmitted from one particle to another and, consequently, a lower
attenuation.

Finally, it should be highlighted that, FFT25 corresponding to firsts
two echoes and first echo for both temperatures obtained high co-
efficients among parameters. In the case of density, the results suggest
that denser samples allow higher frequency component waves to pass. In
the case of viscosity, the more viscous samples attenuate these high
frequencies more. These conclusions are also repeated for the relation-
ships with FFT50 and FFT75, although with less significance.

4. Conclusions

Ultrasonic inspection allowed to distinguish the oil types of olive,
sunflower, and corn at different temperatures, 25 and 29 °C. This
discrimination was due to the novel ways to calculate UPV (based on
linear regression and cepstrum), the ultrasonic variables extracted from
the Fast Fourier Transform (FFT), and the attenuation. Likewise, sig-
nificant correlations between density and viscosity with these acoustic
parameters were found, showing a promising predictive character for
these determinations in the edible oils studied.

The results of the present work showed new contributions and
findings related to the ability of ultrasound to characterize and distin-
guish different types of oil from acoustic parameters. This opens up a
new path not just to characterize and identify different types of oils with
ultrasound inspection, but also to use it as a non-destructive, fast, and
cost-effective method with which to ensure the authenticity of the oil
and thus avoid possible frauds in the market. Further works should
enlarge the number of samples to construct classification and predictive
models, and moreover consider the ability of ultrasound inspection as a
discrimination tool with the aim to detect fraudulent practices in the
industry.
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