Применение акусто-механического импеданса в качестве экспресс-метода анализа качества продуктов питания
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Food security is currently one of the priorities of innovative technologies in agriculture.  Some of the staple foods are milk and dairy products.  However, it is precisely in milk that there has recently been a discrepancy to the composition indicated on the label and to State Standards.  According to the Research Institute of Nutrition of the Russian Academy of Medical Sciences, 30-50% of all Russian diseases are associated with poor-quality nutrition.  Therefore, the problem of food security is very acute and is one of the priorities of innovative technologies in agriculture.  The purpose of this work was to develop a new method for express analysis of food products based on acoustic-mechanical impedance.  Acousto-mechanical impedance parameters were measured on a laboratory prototype “Hardware-software complex for analyzing liquids using the“ drying drop ”technology TVK-1” developed in the department of Radiophysical methods in medicine of the IAP RAS (head of the laboratory of autowave processes Doctor of Physical and Mathematical Sciences Yakhno V.G.) [1]. The sequence of phase transitions of the components of a liquid during the drying process of a drop is accompanied by a change in its complex mechanical properties, which are recorded using acoustic impedance measurement.  The received signals are analyzed by the software and compared with the corresponding data of the reference sample, prescribed in advance [2]. A block diagram of the device is shown in Fig. 6. An amplitude detector detects the output voltage of the bridge circuit. Detected signal is fed through an analogue-to-digital converter (ADC) to a personal computer (PC). The drop drying process is displayed on the screen in the form of an amplitude curve corresponding to the modulus of the AMI (Fig. 6). A more detailed description of the device construction and measurement procedure can be seen also in [3].
Actually, the AMI is a complex value, which is the sum of acoustical and mechanical impedances. Each of them has its own “weight coefficient”: H1, H2, H3, and H4. These coefficients and their temporal changes during the drop drying depend on the liquid (its content, structure, etc).
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where j is an imaginary unit, S is the square of liquid-solid interface, f is the frequency of resonator oscillation, ή is the liquid viscosity, ρ is the liquid density, m is the loading mass; k is the elasticity, and the kfric is the friction coefficient.
Milk, a solution of powdered milk and a substitute, as well as carrot juices and nectars from various manufacturers, their aqueous solutions in different proportions were taken as samples for the study.  The impedance hodographs obtained as a result of measurements show that the dynamics of changes in the acousto-mechanical parameters of a liquid with the content of the whole product (milk) and mixtures with different dilutions differ.  The experiments performed showed the promise of this area of research, simplicity and high sensitivity of the method.
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	Рис. 1. Структурная схема устройства для измерения динамики АМИ.
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