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Abstract. In this work we show the possibility of using of nuclear magnetic resonance at low magnetic fields for the purpose of establishing a system  

of automated process of control and quality of dairy products. 
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AUTOMATYCZNY RELAKSOMETR NMR  

DO KONTROLI PRODUKCJI I JAKOŚCI 

Streszczenie. W pracy przedstawiono możliwość użycia jądrowego rezonansu magnetycznego dla słabych pól magnetycznych do stworzenia 

zautomatyzowanego systemu kontroli procesu i jakości produktów mlecznych. 

Słowa kluczowe: jądrowy rezonans magnetyczny, relaksometr, przesunięcie chemiczne, zautomatyzowany system kontroli 

Introduction 

There are various methods to control the quality of products 

based on the use of various physical and chemical effects.  

This paper describes the possibility of using NMR spectroscopy 

for the purposes of automated quality control of milk using  

a magnetic field. By studying the NMR spectra of isotopes that 

are part of the milk, you can unambiguously identify the product,  

in other words to determine its authenticity.  

1. Method and equipment of NMR spectroscopy 

The use of NMR spectroscopy is well known for controlling 

the manufacturing process [1]. 

Under the influence of an external magnetic field, atomic 

nuclei can receive and emit radio waves. Their frequency ν0 is 

proportional to the strength В0 of the magnetic field:  

 002 B   (1) 

here, the coefficient of proportionality is the gyromagnetic ratio 

γ. It is a constant value for a particular nuclear isotope.  

The content of certain isotopes in the nature and the 

corresponding frequencies of the radiation are given below: 

Table 1. Properties of several atomic nuclei 

Nuclear isotopes Content in the nature ν0 at B0 = 1 Т 

1H 99,98% 42,57 MHz 

13C 1,108% 10,71 MHz 

14N 99,63% 3,08 MHz 

19F 100,0% 40,05 MHz 

129Xe 26,44% 11,78 MHz 

 
Nuclear magnetic resonance (NMR) is a peculiar form  

of telecommunications in the magnetic field, because the NMR 

frequency determined by the value of the magnetic field at the 

point where the core is. Atomic nuclei are surrounded by 

electrons and in the compounds, which are formed by different 

atoms  

i.e. molecules, electrons can be shared, forming a chemical bond. 

The orbits of binder electrons are characteristic of the chemical 

structure of molecules. As is well known electrons carry  

an electrical charge, movement of which is induces a magnetic  

 

field. The internal magnetic field induced by electrons that  

are moving in an external magnetic field В0, is usually 

proportional to this field and shields the nucleus from it. 

 

The induced magnetic field causes a shift of the resonant 

frequency: 

   012 BLL    (2) 

where σ is a constant of magnetic shielding for a given chemical 

group.  

Value of δ = (νL – νref)/νref is the chemical shift of this group.  

It does not depend on the strength of the magnetic field B0. 

Chemical shifts can be calculated from the chemical shift 

increment tables, as well as on the basis of the laws of quantum 

mechanics. Value of νref is a reference frequency, for example,  

the resonant frequency of tetramethylsilane (ТМS) for 1Н and 
13С. In liquids the resonance signal typically has a width of 0,1 

Hz.  

The distribution of the resonance frequencies defines  

the NMR spectrum, which displays the structure of the molecule. 

On the Figure 1 NMR spectrum is shown 13С in polyethylene. 

Identification of NMR spectrum of molecules in solutions  

is a standard method of analysis for the further chemical 

synthesis and accordingly the quality of a particular type  

of the manufactured products. 

In recent years the NMR is widely used for control  

and management of various technological processes, for 

example, in the manufacture of medical preparations in the 

pharmaceutical manufacturing [9], for monitoring the quality of 

agricultural products [2, 3, 5, 6]. 

It is known that applicable in spectrometers permanent 

magnets depends on the temperature. Nevertheless, such 

spectrometers which measure the echo or signal induced in the 

coil after the initiation of the pulse – is a free induction decay 

(FID) in weakly inhomogeneous fields are widely used  

for characterizing a variety of types of products, for example, 

foods, cosmetics, polymers. FID frequency analysis in using 

Fourier transformation gives you the opportunity of obtaining 

NMR spectrum with linewidth  

  21 T  (3) 

where T2 is the transverse relaxation time, which is determined 

by local magnetic fields dependent or independent of the time. 

With the proper conduct of the experiment the accuracy of such 

measurements is 0,1%. 
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Fig. 1. Chemical structure 

NMR with a weak field can be reproduced with the help  

of a small and low-cost equipment, value of which can be 

obtained in the range from 0,5 to 1 Т by using electromagnets. 

NMR with a weak field in the homogenous fields can be used 

to control the manufacturing process, for example, petroleum 

refining or other types of products, for example the quality of 

milk. For optimizing the product stream after the spectrometric 

analysis the return signal is generated from the parameter 1Н of 

NMR spectrum. 

2. Description of the automated system  

for determining the quality of milk 

This paper considers the automatic control system (ACS)  

of the milk quality when it is processing by the magnetic field.  

In recent years, paid much attention to the processing by 

physical fields of liquids [7, 8, 10]. 

We have attempted to use the magnetic field for milk 

processing with a view to its better storage. For controlling 

parameters of quality of milk have developed an automated 

control system (ACS), which is regulated by the seven 

parameters (fat mass fraction, the mass fraction of milk solids 

non-fat (MSNF), the density, the mass fraction of added water, 

the temperature, the mass fraction of protein, the acidity). 

Moreover for controlling the magnetic field with a high 

accuracy NMR signal of hydrogen applied 1Н and of carbon 
13С, which by the chemical shift indicate the presence  

of microbial flora in the milk. 

A block diagram of the device shown at the Figure 2. Milk 

from the reservoir via delivery pipe (1) supplied to the sliding 

shutter (2), which regulates the velocity of the fluid. Next, the 

milk supplied to a system for electromagnetic treatment of milk 

(3), consisting of several pairs of quadrupole lenses (EM-1, 

EM-2 etc.), which have a special configuration of the magnetic 

tips. Value of the magnetic field strength is measured with  

a high accuracy up to 10-5 by an NMR sensor (4), which  

is in the area of fields of the quadrupole lenses.  

The parameters of milk (as input (7), and output (8)) are 

controlled by sensor devices, installed in the analyzers 

«Laktan-4», «АКМ-98 Farmer». They allow to register up to 6 

parameters of milk quality. 

 

 
 

Fig. 2. The block diagram of the ACS: 1 – delivery pipe; 2 – sliding shutter;  

3 – device for electromagnetic treatment of milk; 4 – NMR sensor; 5 – power 

amplifier; 6 – digital-to-analog converter (DAC); 7 – input sensors of properties  

of milk; 8 – output sensors of properties of milk; 9 – controlling signal switch;  

10 – personal computer; 11 – LPT-port; 12 – interface; 13 – registrar of receiver;  

14 – registrar of control; 15 – data recorder; 16 – switch of the stepper motor;  

17 – stepper motor; 18 – NMR spectrometer 

Input and output data from the sensors are supplied to the 

controlling signals switch (9) through the appropriate interface 

and LPT-port (11) to the personal computer (10). In the personal 

computer, there is a required software, designed to control the 

strength of the magnetic field of quadrupole lenses. The magnetic 

field is generated by electromagnets, supplied and controlled by  

a DC voltage source (5), control signals from the PC via the 

digital-to-analog converter (DAC) (6). 

The second branch of the adjustment of the fluid velocity  

is given through the registrar switch management of the stepper 

motor with the corresponding electronic equipment, given at the 

Figure 1. Milk flow rate through the delivery pipe can be 

adjusted in the range from 0 to 6 m/s. with accuracy of 0,15%. 

In the present paper uses the method of analysis of the 

asymptotic stability developed and [1] designed to obtain 

frequency stability conditions of subsystems of direct digital 

control of regime parameters of considered technological 

processes. 

3. Identified results 

We have experimentally determined, magnetic treatment  

of milk for field strengths up to 0,5 Т reduces the deposition  

of salts and the formation of milk stone up to 3 times, which 

contributes to lower heat and power costs, prime cost of dairy 

products, their quality improvement. Magnetized milk has a 

higher viscosity (up to 16-18%), critical shear stress of milk 

coagulum (up to 23-28%), electrical conductivity (up to 14-

16%), the surface tension of the milk is reduced up to 11-15%. 

An important indicator for establishing the expiration date  

is the acidity. 

Titratable acidity is a key indicator of freshness of milk and 

dairy products. It reflects the concentration of milk components 

having acidic character. It is known that the active acidity is one 

of the indicators of quality, it is determined by the concentration 

of hydrogen ions. On the pH value depends the colloidal state  

of the milk proteins, growth of beneficial and harmful 

microflora, thermostability of milk and activity of the enzymes. 
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Fig. 3. 1H NMR spectrum of milk 

Thus, a constant magnetic field is a biologically active factor 

of the external environment that may affect to the liquid systems 

and bacteria. 

Great interest attaches the NMR technique of determining the 

chemical shift of the hydrogen, carbon, phosphorus, which 

characterize the nuclear-physical parameters of milk. 

As an example, Figure 3 shows a portion of the NMR 

spectrum signal of milk for hydrogen-1 isotope. 

4. Conclusions 

This paper shows the feasibility of establishing  

a system of automated quality control of liquid milk using NMR, 

having a high accuracy of determination of manufactured 

products. 
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