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Abstract 
An airborne ultrasonic technique was tested for the determination of textural properties rapidly 
and contactless on pork burger patties under different compositions both at 5 ºC and 20 ºC. A 
high correlation between resonance frequency and firmness at 5º C was observed (R=0.95), 
concluding that this technique shows a high potential for its use on meat industry.  
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I. Introduction 
Meat industry is demanding non-destructive sensors in order to estimate both the composition 
and the textural properties of raw meat and processed-products[1]. Airborne ultrasound 
emerges as a potential alternative for testing, due to its non-destructive and non-invasive 
nature and its easy on-line automation. 
Therefore, the feasibility of air-coupled ultrasonic technology to assess the percentage of fatty 
tissues and the textural properties of burger-shaped ground pork meat was addressed in this 
study[2]. 
 
II. Methodology 

a. Sample Preparation 
Samples were prepared using lean pork tissue mixed with pork lard covering compositions of 
0, 20, 40, 60 and 80% of added fatty tissue. Each batch was first ground by hand in order to 
homogenize the mix and after that was placed in a household tool consisting of two parallel 
stainless steel plates, whose separation could be adjusted by acting over a screw. In this case, 
patties with thickness of 15 ± 1 mm were obtained, wrapped with low-density polyethylene. 
Afterwards, the air from the samples were removed using a vacuum chamber and they were 
again placed in the household tool for re-shaping. Finally, the burgers were kept at 5 ºC during 
48 hours until ultrasonic measurements. 
A total of 3 sets containing 5 burgers (0, 20, 40, 60 and 80% of added fatty) were made.  
 

b. Proximate Analysis 
Actual fat content was determined by solvent extraction and moisture oven drying for each 
burger. 

Added Fat (wt. %) Fat (wt. %) Moisture (wt. %) 
0 15.495 64.0172 

20 23.723 48.0448 
40 45.310 37.8086 
60 68.756 29.4613 
80 82.616 14.8210 

Table 1: Results of proximal analysis.  

c. Non-contact ultrasonic method 
Burger samples were located in a holder aligned with a central hole of about 30 cm between 
two pair of ultrasonic transducers optimized for its use in air[3] (US-BioMat lab; ITEFI-CSIC, 
Madrid) at a distance of 5 cm from each other. All measurements were performed in through 
transmission configuration. We used 400 V and semi-cycle of square wave tuned to 250 kHz 
(according to the central frequency of the transducers) to excite the transmitter (5077PR, 
Olympus, Houston, TX, USA). The signal was amplified and digitized at 10 MS/s and averaged 
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over 128 samples in a digital oscilloscope (MDO3024, Tektronix, WA, USA). Finally, we 
transferred and stored all the measurements in a PC using Python (pyvisa, numpy and 
matplotlib packages). We applied the fast Fourier transform to the signals acquired and then 
we analyzed the magnitude and phase spectra. In parallel, we acquired one measurement 
before placing each burger in the holder as reference. The spectra were corrected by 
subtracting their corresponding reference in each case. In the first place, we obtained the time 
of flight of the ultrasonic signal through the burger[4]. In order to do so, we calculated the cross-
correlation between the measured ultrasonic signal received before placing the sample in the 
holder and the measured signal when the sample is conveniently located. Then, we applied 
the Hilbert transform to compute the envelope of the correlation. We got the time of flight (d), 
from the location of its maximum. 

 
Figure 1: Magnitude of the transmission coefficient of 5 different added fatty tissue: blue, 0%; yellow, 

20%; green, 40%; red, 60%; purple, 80%.  

Secondly, as thickness resonances were observed in all burgers spectra, we assumed that the 
distance between two adjacent maxima (v/2t) corresponds to the basic frequency, f1 (n=1) 
(Figure 1). Finally, according to equations (1) and (2) we obtained the ultrasonic velocity and 
thickness of the samples in each point measured as follows:  

𝑣𝑣 =  𝑡𝑡
𝑡𝑡

𝑣𝑣𝑎𝑎𝑎𝑎𝑎𝑎
−𝑑𝑑

  (1) 

where v is the ultrasonic velocity as the wave propagates through the sample, t is the thickness, 
vair is the ultrasonic velocity through the air and d is the time of flight calculated as previously 
mentioned. 

𝑓𝑓1 =  𝑛𝑛𝑛𝑛
2𝑡𝑡

,𝑛𝑛 = 1  (2) 
where f1 is the fundamental frequency of resonance of the sample. 
We took 13 ultrasonic measurements in different points of each burger at 5 ºC. Afterwards, 
when the burgers reached 20 ºC, we repeated the process. Finally, we performed the analysis 
explained above.   
 

d. Textural analysis 
The texture analysis applied in this study was stress-relaxation test as defined by Landahl et 
al. (2009)[5]. The analysis was carried out with a texturometer (TA.XT2i, Stable Micro Systems, 
Surrey, UK) set with a 6 mm diameter of cylindrical probe (SMS P/6, ANAME, Madrid, Spain).  
We performed the measurements with a compression velocity of 1 mm/s, 25% of deformation 
and relaxation time of 90 seconds. All tests took place inside of a refrigerated storage at 4ºC.  
We halved the burgers and performed 5 tests in different points at 5 ºC in one half, and 5 tests 
in different points in the other half at 20 ºC. 
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Figure 2: Evolution of ultrasonic parameters with fatty tissue and temperature (blue, 5 ºC; red, 20 ºC): 
Mean and 95% interval confidence were represented, a) ultrasonic velocity (m/s); b) magnitude of the 

first resonance peak that appears in the frequency range measured 

 
Figure 3: Evolution of textural parameters with fatty tissue and temperature (blue, 5 ºC; red, 20 ºC): 

Mean and 95% interval confidence were represented , a) maximum compression force (N); b) 
relaxation force at 90 s (N). 

 
III. Results and discussion 
Firstly, the appearance of thickness resonances in pork burger patties is remarkable. Due to 
this fact, we determined the height of the burger at each point measured with the ultrasonic 
technique without direct contact with the sample. In other words, the air-coupled ultrasonic 
technique enables an accurate determination of the ultrasonic velocity contactless, not 
requiring a priori information about the sample. 
Magnitude presents a no linear relationship with fatty tissue (Figure 2b). It is worth highlighted 
that higher differences regarding temperature were observed at 0% and 100% of added fatty 
tissue, showing opposite behavior: while in 0% higher magnitude was observed at 20 ºC 
reaching -57.7 dB, in 80% higher magnitude was obtained at 5 ºC reaching -57.3 dB . 
Ultrasonic velocity shows higher values at 20 ºC than 5 ºC until it reaches values of fatty tissue 
close to 68%, when this tendency changes (Figure 2a). Greater velocities differences between 
temperatures appeared at 80% of added fatty tissue: 60 m/s. The higher velocity obtained was 
in 80% of added fatty tissue at 5 ºC, while the lower values were obtained in 20% of added 
fatty tissue at 5 ºC. 
In the case of textural parameters, maximum compression force varies significantly (p<0.05) 
with fatty tissue: increases at 5 ºC and decreases at 20 ºC with values ranging from [4.09 – 
6.68] N at 5ºC to [1.77 – 3.32] N at 20 ºC (Figure 3a). A similar tendency was observed for the 
relaxation force at 90 s however, the differences between different burger compositions were 
lower: [2.64 – 1.20] N at 5 ºC and [0.79 – 1.06] N at 20 ºC (Figure 3b).   
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Figure 4: Correlation between ultrasonic and textural parameters over fatty tissue percentage: each 
marker represents the corresponding mean values at 0%, 20%, 40%, 60% and 80% of added fatty 
tissue. Solid lines, represent the linear regression: in blue, at 5 ºC; in red, at 20 ºC. a) Ultrasonic 

velocity (m/s) versus maximum compression force (N); b) Distance between adjacent maxima (kHz) 
versus Maximum compression force (N). 

According to the results, ultrasonic waves showed to be more affected by the inhomogeneities 
of the handmade patties, as well as a high sensitivity regarding the phases of the two 
components of the patties: lean and lard. At lower percentages of added fat and 20 ºC, lean 
remains in solid state while fat is turning into liquid, filling the voids created by the lean during 
the mixing process. This fact could explain the higher velocity obtained comparing to 5 ºC while 
both phases are solid. From 60% of added fat, the trends of the ultrasonic parameters at 
different temperatures are reversed. This behavior could be caused by a dominance of the fat 
composition in the patties: while in the case of 20 ºC, the contribution of the semi-liquid state 
of the fat seemed saturated, at 5 ºC is in solid state with a higher bulk modulus than lean, 
resulting in a higher velocity.  
Finally, the better correlations between textural and ultrasonic velocities were found at 5 ºC. In 
the case of distance between adjacent maxima and maximum compression force, the 
correlation excels in performance (R=0.95), while velocity and maximum compression shows 
more variation (R=0.70) (Figure 4a,b).  

 
IV. Conclusion 
Air-coupled ultrasonic technology presents a high potential to be applied in non-destructive 
testing of meat products. In particular, resonance frequency determination using this 
contactless and rapid ultrasonic technique is able to predict firmness of the pork burger patties 
at temperatures properly used in meat industry.  
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