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Abstract: Sensors applied in the food industry are important tools to quality control. Current 

analyses checking adulteration in milk are expensive and time consuming, because the sample need 

to be evaluated in laboratory environment. Thus, is important to develop methodologies and 

sensors to monitoring milk production. A common type of fraud is performed adding substances 

such as sodium hydroxide in order to increasing milk shelf life. In this study, we propose to use 

low-cost piezoelectric diaphragms transducers to implement a methodology to identify milk 

adulteration by mechanical waves propagation method (vibration and acoustic emission). Two 

piezoelectric diaphragms were used, the first was excited by a chirp signal with 1 V of amplitude 

and a frequency band since 0 to 65 kHz with 2 Hz of step, and concomitantly was acquired the 

response signal of the second sensor installed in the opposite side since the actuator with a rate of 

250 kHz. After acquire the data, these were processed using the chromatic technique, which extract 

three features: energy, average band and equivalent bandwidth, in order to classify the raw and the 

contaminated milk through clustering. The experimental results indicated that the methodology can 

differ raw and contaminated milk with 1% of sodium hydroxide. Therefore, the results reported in 

this study indicate that low-cost piezoelectric diaphragms are promissory to liquids quality control. 
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1. Introduction 

The development of quality control tools applied to food industry is an essential to prevent some 

issues such as food adulteration. Adulterated food is dangerous for health once it may contain several 

toxic substances, which can deprive the normal development of human body or even lead to serious 

disorders and sickness [1-3]. Therefore, nowadays, both science and industry have sought to develop 

sensors and devices aiming to promote the correct quality control of food diagnosis condition, in 

order to promote human healthy and consumption safety. One of the most food which is commonly 

adulterated is a milk. A common type of fraud is accomplished in order to increasing milk shelf life 

adding substances such as water, sodium hydroxide (𝑁𝑎𝑂𝐻), peroxide hydrogen (𝐻2𝑂2), etc [1-3]. As 

an example, the effects of sodium hydroxide on human health can be a stomach-burning sensation, 

nausea and vomit [2].  

Most of milk adulteration measurements are expensive and time consuming, as the milk samples 

need to be taken to the dairy laboratories for testing. Therefore, currently, the development of low 
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cost, rapid and reliable sensors and systems which aims to detect milk adulteration is an essential to 

guarantee the quality level of human healthy safety and the quality of industrial production [3]. In 

order to contribute in this issue, in this study, we propose to implement a methodology to identify 

milk adulteration by acoustic emission propagation method using low-cost piezoelectric diaphragms. 

Acoustic waves will be propagated in the milk and the acoustic signals will be processed by the 

chromatic signal processing technique (CT) [4]. This promising digital signal processing can be used 

to achieve a patter recognizing or cluster data and it will be applied to separate samples of pure and 

contaminated milk. As it an initial study, we use sodium hydroxide 1 %, as a chemical adulteration 

in a sample of pure milk. This type of contamination is commonly accomplished on industry, 

according to [2]. The results indicated that the proposed method has great applicability in the 

identification of milk adulteration. 

The outline of this article is as follows: subsection 1.1 presents the basics concepts of acoustic 

emission by piezoelectric transducers. Section 1.3 presents the concepts of chromatic cluster 

technique and the experimental setup is described in Section 2. In Section 3 the results are discussed 

and the conclusion of this paper is presented in section 4. 

1.1. Piezoelectric Sensors and Acoustic Emission (AE) 

The piezoelectric transducers can operate both as sensors and actuators due the piezoelectric 

effect [5-8]. The piezoelectric effect occurs in materials that, when subjected to a mechanical stress, 

produce an output voltage by the direct effect. The reverse effect also occurs: by applying an electric 

voltage in the piezoelectric, a mechanical deformation is produced [5-8]. Due the piezoelectric effect, 

the transducer can be configured as an actuator, and vibration or ultrasound waves can be emitted 

by applying a voltage in a determined frequency range. Besides that, it also can be configured as a 

sensor, since the piezoelectric is sensitivity to vibration and acoustic waves.  

Fig. 1 presented the transducer applied in this work, which is commonly applied in structure 

monitoring [7, 9] and in partial discharge diagnosis [6]. This type has a ceramic disk of 25.0 mm × 0.23 

mm and a brass plate of 35.0 mm x 0.30 mm [10]. 

 

Figure 1. Murata piezoelectric sensor 7BB-35-3 used in the experiment [10]. 

Acoustic wave propagation can change according to the fluid properties [11]. In this work we 

use two piezoelectric transducers, one operating as the actuator and the other operating as a receiver 

sensor (pitch-catch mode) [12]. The emitter had the function of generate the mechanical waves in a 

sample of milk and the adulteration detection will be accomplished by processing the acoustic signals 

captured by the receptor, since the AE propagation can change with the material alters or fluid 

contamination. As explained in the follow section and in the experimental setup, the chromatic 

technique is used to differentiate the raw and contaminated milk by 1 % of NaOH.  

1.2. Chromatic Technique (CT) 
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The chromatic technique is a signal processing approach which aims to provide a series of 

parameters that facilitate the extraction of information from a complex group of signals whose 

characteristics cannot be easily identified [13-15]. It has been demonstrated that this technique also 

enables, for some types of applications, the identification the correlation of the parameters that define 

the signals, determining if a group of signals can be identifiable from a chromatic point of view 

[9][10][11]. According to this technique, the signal ( )f t  classification is carried out by means of three 

signal principal parameters: energy ( E ), average band ( c ) and equivalent bandwidth ( AvB ), as 

follows: 
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where iF  and i  is the Fourier transform and the angular frequency of a signal [ ]f n  in discrete 

time. 

In this work, the CT was accomplished in order to cluster 200 samples of milk, in which 100 is 

regarded a raw milk and another 100 samples was an adulterated milk.  

2. Experimental Setup 

As the objective is to perform a milk adulteration detection, the sensor device was built by 

applying two piezoelectric on each end of a test tube, according to the Figure (1). 

 

(a)       (b) 

Figure 2. Experimental Setup (a) and sensor device (b). 

The setup was performed using a NI USB-6211 data acquisition (DAQ) device with a sampling 

rate of 250 kHz. The actuator was excited by a signal chirp whose amplitude was 1 V and whose 

frequency range was from 0 kHz to 65 kHz with a step of 2 Hz. The signal of the receptor, installed 

in the opposite side of the actuator, was acquired with a sample rate of 250 kHz.  

The receptor signal was processed by chromatic technique. Two hundred samples of milk, which 

one hundred were adulterated with NaOH and the others one hundred samples were a raw milk, 

was inserted in a test tube. This setup produced 200 signals that were processed by the CT. The results 

are presented in the next section.  

3. Results and Discussion 

The Figure 3 shows the results obtained by applying the chromatic signal processing technique. 

It was used as clustering and separation approach in order to promote the correct milk diagnosis 

condition.  

 

(3)

(4)

(5)
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Figure 3. 3D classification map of the chromatic technique. 

As observed in the result presented, the CT performed a correct feature extraction for milk 

condition, once the color maps formed by the 100 data points of raw milk is totally separated of the 

100 data points of contaminated milk condition. Table 1 presented the average of each CT parameter 

for raw and adulterated milk. 

 

Table 1. Average of CT parameters. 

Feature Raw Milk Adulterated Milk 

Energy Eb (J) 1337 1365 

Average band B (Rad/s) 7746 6661 

Equivalent bandwidth ωc (Rad/s) 26862 23262 

As observed, the average energy was 2 % higher for adulterated milk in relation to the raw 

condition. However, the average band and equivalent bandwidth decreases, respectively 14 % and 

13.4 % for adulterated milk in relation to the pure. 

In order to study the relevance of each parameter to cluster the milk condition and perform the 

correct diagnosis of adulteration, the Figure 4 a, b and c presented the 2D maps of the chromatic 

parameters. 

 

 

(a)                                                    (b)  
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Figure 4. 2D Representation map. (a) Eb - B, (b) Eb - ωc and (c) B - ωc 

 

Regarding these results, it can be concluded that all parameters have a significant relevance, 

since all 2D maps achieved the cluster data of a milk condition. Therefore, it can be concluded that 

also 2D maps can be an alternative to detect milk adulteration in these experimental setup condition. 

4. Conclusions  

Sensors applied in the milk quality control is an important tool to ensure a better quality for the 

consumers. In this study, a pair of low-cost piezoelectric diaphragm was used in order to contribute 

in the direction of a methodology cheaper and faster evaluation of milk quality diagnosis. The 

chromatic technique application was able to differentiate the raw milk from the milk with 1% of 

sodium hydroxide using the data of the characteristics of mechanical acoustic propagation in the 

different samples, which were generated and acquired by the pair of emitter and receiver of 

piezoelectric diaphragms. Therefore, the results reported in this study indicate that low-cost 

piezoelectric diaphragms are promissory to liquids quality control. From this work, some possibilities 

of future researches appear, such as: 

• Verify whether the method identifies different variations in the concentration of 

contamination; 

• To investigate if the sensor can differentiate more common milk contamination such as 

deionized water, hydrogen peroxide and formaldehyde; 

• Apply the methodology to identify adulteration in other liquids such as gasoline, diesel and 

alcohol. 
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