
                              VOL. 14, NO. 13, JULY 2019                                                                                                                     ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2019 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      2443 

DEVELOPING THE PROCESS PARAMETERS OF 

MILK PASTEURIZATION FOR REDUCING THE 

CONCENTRATION OF TOXIC ELEMENTS 

AND RADIONUCLIDES 

 
Aitbek Kakimov

1
, Assem Jilkisheva

1
, Aleksandr Mayorov

2
, Klara Zharykbasova

3
, Zhainagul Kakimova

1
, 

Gulmira Mirasheva
1
, Yerlan Zharykbasov

1
, Aleksandr Zolotov

1
 and Zhanibek Yessimbekov

1 

1Shakarim State University of Semey, Semey, Kazakhstan 
2Federal Altai Scientific Center for Agrobiotechnology, Siberian Research Institute for Cheese Making, Barnaul, Russian Federation 

3Kazakh Humanitarian Law Innovative University, Semey City, Kazakhstan 

E-Mail: zyessimbekov@gmail.com 

 
ABSTRACT 

Contamination of food by heavy metals and radionuclides is the main problem of food safety. Developing the 

methods of reducing the toxic elements in milk products can be relevant and topical issue. One of such methods is milk 

pasteurization. The laboratory pasteurization equipment which consists of three sections: pasteurization section, holder and 

cooler is developed. Milk is pasteurized at temperature range from 74 - 76 ºС, 80 - 82 ºС, 86 - 88 ºС, 92 - 94 ºС, 98 - 100 

ºС for 0 to 60 s. An optimal pasteurization regime for decreasing the toxic elements content is determined: temperature of 

pasteurization - 78 C, optimal holding time in pasteurization equipment for zinc ions - 55 s, for cadmium ions - 54 s, for 

lead ions - 52 s, for copper ions - 50 s, for cesium ions - 52 s, for americium ions - 51 s. As a result, the zinc content 

decreased by 2.2%, cadmium content - by 4%, lead content - by 6%, copper content - by 12%, cesium content (137Сs) - by 

1.05% and americium (241Am) - 0.8%. 
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INTRODUCTION 

Contamination of food by heavy metals and 

radionuclide is the main problem of food safety. High 

content of these elements in living organisms has strong 

toxic effect and can accumulate in human organs or tissues 

[1, 2]. Heavy metals not only adversely affect the body, 

but also often degrade the technological properties of plant 

and animal raw materials, making it difficult or impossible 

to prepare high-quality food [3, 4]. 

Therefore, the development of methods for 

reducing the heavy metals and radionuclides in milk 

becomes relevant. To solve the problem, it is necessary to 

develop a set of technological measures for reducing the 

content of toxic elements in food. One of the main 

processes affecting the toxic elements content is a heat 

treatment. Heat treatment (pasteurization and sterilization) 

of the raw materials is used to protect food products from 

spoilage and increase storage stability, including milk [5]. 

Pasteurization method is effectively reduce the 

microorganisms, which makes milk more durable in 

storage, safe in transmitting pathogenic bacteria. The 

efficiency of pasteurization depends on the heating 

temperature of the milk and the duration of exposure. 

Heating up to 63-70 °C and a twenty-minute exposure kills 

more than 99.9% of bacteria. The same results are 

achieved when milk is heated to 80 - 85 ° C without 

exposure [6, 7]. 

Pasteurization is carried out in heat exchangers. 

Heat exchangers used for heat treatment of milk and milk 

products are bound to meet the following requirements: 

 

a) the design of the equipment should provide quick and 

convenient disassembly of those parts through which 

the product passes, as well as cleaning and washing 

surfaces in contact with the product; 

b) internal cavity of the equipment should not has any 

sharp corners, bends and pockets that are difficult to 

reach for cleaning and washing; 

c) parts and components of equipment in contact with 

the product must be made of anticorrosive food 

materials resistant to lactic acid and detergent 

solutions; 

d) heat exchangers should be equipped with devices for 

monitoring and automatic control of the temperature 

of heating or cooling the product [8]. 

The process of heat treatment of milk changes the 

main components of milk, as well as the viscosity, acidity, 

surface tension, redox potential, taste, smell, color etc. [9] 

Moreover, long time high temperature heat treatment 

during the pasteurization of milk can destroy the vitamins 

(especially water-soluble vitamins: C, B12, thiamine, etc.), 

enzymes (reductase, phosphatase, peroxidase) are 

inactivated, and mineral salts, such as calcium and 

phosphorous partially precipitate [10].  

Therefore, it is necessary to choose the right 

technological regime of pasteurization of milk without or 

low adversely affect to the nutritional value and 

organoleptic characteristics. 

On the basis of the above, the goal of this study is 

to develop the technological parameters of the heat 
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treatment of the milk sample for reducing the content of 

radioactive elements and heavy metals. 

 

MATERIALS AND METHODS 

To study the effect of heat treatment on the 

quality of milk samples laboratory pasteurization 

equipment was designed. 

The pasteurizing equipment is a separate module 

and powered by AC 220V. The power consumed from the 

electric power line is no more than 4.0 kW. The 

installation is connected to the water supply and sewerage 

system. All elements of the equipment are mounted on a 

stainless steel frame. On the frame there are two tanks for 

the product and cleaning solutions. The pasteurisation 

equipment consists of three sections: pasteurization 

section, holder and cooler. 

All sections are the same construction, and are 

made from the stainless steel in the system: "pipe in pipe". 

Thermal mode is provided by a thermostat, equipped with 

a circulation pump and a thermal control system. The 

pasteurizing equipment is equipped with protection against 

heating without a sufficient level of coolant and with a 

system for protection against overheating. Flow control of 

milk to be pasteurized is carried out in a smooth flowing 

manner with the help of the speed regulator of the feed 

pump and the adjusting valve. 

 

 
 

Figure-1. Laboratory pasteurization equipment. 

 

Information about temperature is taken from 8 

points of the equipment and sent to the computer. Interval 

of temperature sensors from 0.4 s to 20 s. 

To carry out a study of the influence of 

technological regimes of pasteurization on the change in 

the content of the studied toxic elements (lead, cadmium, 

zinc, copper, cesium, americium) in milk, this equipment 

was used. Pasteurization temperature is 78 ºС. 
Milk was sampled from the farms of Semey 

region during the pasture period, where milk is 

characterized by a high content of cadmium, lead, zinc and 

copper, americium (241Am) and cesium (137Cs) isotopes.  

Due to the fact that the laboratory pasteurization 

equipment consists of three sections:  pasteurization 

section, holder and cooler, a decrease in the content of 

toxic elements under the influence of a constant high 

temperature above 78 ºС can be achieved in the 
pasteurization and holder section, increasing the holding 

time. 

 

RESULTS AND DISCUSSIONS 

To study the effect of milk holding time with 

pasteurization temperature on lowering the content of 

toxic metals and radionuclides, experimental studies were 

conducted in the temperature range from 74 - 76 ºС, 80 - 
82 ºС, 86 - 88 ºС, 92 - 94 ºС, 98 - 100 ºС in the range time 
from 0 to 60 s. 

Based on the experimental studies, as can be seen 

from Figure-2, the maximum decrease in copper in milk 

(almost by 44%) was observed when exposed to a 

temperature of 98-100 °C for 60 seconds. 

The dynamics of the content of the remaining five 

elements (zinc, cadmium, lead, cesium and americium) 

also depends on the temperature exposure time and degree 

of temperature during the pasteurization process. 

Moreover, the graphics chart of the content of these 

elements on temperature was similar to the change in the 

copper content. 

 

 
 

Figure-2. Concentration of copper (mg/kg) in milk during 

the pasteurization. 

 

For all five toxic elements, the optimal value of 

reducing their concentration was selected, which is 

achieved in 60,40,30,20 seconds of pasteurization time. 

Based on the experimental studies, the 

dependence of changes in the concentration of toxic 
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elements on the temperature and duration of pasteurization 

was established (Figure 3). 

Due to the fact that the pasteurization process 

consists of three stages: pasteurization, regeneration and 

holding, the decrease in the content of toxic elements 

under the influence of a constant high temperature above 

78 ºС can be achieved in the holder section by increasing 
holding time. For this, to determine a sufficient duration of 

heat treatment, we have established the dependence: 

 

τD = τ0 e
-βΔt

(1) 

 

where:  

Д  -sufficient time length of heat treatment, s;  

τ0 - time length of heat treatment at 63 °С, s; 

  -coefficient, which depends on microbial flora 

and medium;  

Δ t  -difference between end and initial temperature of 

heat treatment, °С. 

 

The value of the coefficient (  ) was established 

experimentally and for each type of toxic element has its 

own value. This value is determined by the logarithm of 

the curves for each metal, shown in Figure-2. 

 

 
 

Figure-3. Temperature and pasteurization process time 

ratio for reducing the toxic elements concentration. 

 

On the basis of the calculation for each toxic 

element using formula 1 and on the basis of applying the 

theory of pasteurization, it was established that, the 

rational time of holding milk at temperature of 78 ºС in the 
pasteurization equipment should be 30-40 seconds. 

Thus, the obtained data showed that by changing 

the pasteurization regimes, the content of toxic elements 

which contaminated milk through the biogeochemical 

chain and during its technological processing can be 

reduced. 

Using formula 1 the sufficient time length of heat 

treatment (τD) for maximal reducing the content of zinc 

ions was 15 s. 

 

τD = t
å



 0
= 

)6378(29250,071828,2

1200


= 15 s                  (2) 

 

For cadmium ions the sufficient time length of 

heat treatment (τD): 

τД = t
å



 0
= 

)6378(29015,071828,2

1200


= 16 s          (3) 

 

For lead ions the sufficient time length of heat 

treatment (τD): 

 

τД = t
å



 0
= 

)6378(28005,071828,2

1200


= 18 s     (4) 

 

For copper ions the sufficient time length of heat 

treatment (τD): 

 

τД = t
å



 0
= 

)6378(27399,071828,2

1200


= 20 s   (5) 

 

For caesium ions the sufficient time length of 

heat treatment (τD): 

 

τД = t
å



 0
= 

)6378(28015,071828,2

1200


= 17 s               (6) 

 

For americium ions the sufficient time length of 

heat treatment (τD): 

 

τД = t
å



 0
= 

)6378(21236,071828,2

1200


= 18 s    (7) 

 

At the second stage, taking into account that a 

sufficient exposure time of 78 °C in the holder under the 

traditional milk pasteurization regimes is 10 seconds, and 

according to the pasteurization theory ∑Pa ≥ 1, where  
∑Pa=Pap.+ Pah.+ Par the holding time of milk in the holder 

section was calculated. 

 

Ра - pasteurization completeness criterion (Pascal 

criterion): 

Pa = 

Ä

ô




;              (8) 

or integral effect: 

Ра = 
Ä

ô
d




 (9) 

Where 
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τф - actual time of heating, s; 

τД - time required for bactericidal effect (after that 

the pathogenic microorganisms are killed), s. 

 

If τф = τД; Ра = 1, then the pasteurization process 

is finished.  

The effect of pasteurization will be complete if 

the sum of the partial effects in the various sections 

(heater, holder and regenerator) is equal to one. 

 

Рапаст+ Равыд. + Рарег. ≥ 1     (10) 

 

The obtained results of pasteurization process in 

each section are in total sufficient to suppress the activity 

of microorganisms and reduce the content of toxic 

elements. 

If the pasteurization process is completed and Ра 

= 1, then τфis considered to be sufficient for milk 

treatment. This required time necessary for milk treatment 

expressed as τД. 

For calculation of holding time at particular 

temperature is expressed by:  

 

τф. паст/τд. паст = τф. выд/τд. выд(11) 

 

where τф. паст,τф. выд– effective time of holding milk in the 

pasteurization equipment, s; 

τ д. паст, τд . выд – time required for milk treatment in holder 

section, s. 

 

For reducing the content of zinc ions in milk the 

required holding time: 

 

60/15 = τф. выд/10, ;         (12) 

 

then τф. выд= 60 ×10/15  τф. выд = 40 s. 

For reducing the content of cadmium ions in milk 

the required holding time: 

 

60/16 = τф. выд /10,    (13) 

 

then τф. выд = 60×10/16; τф. выд = 38 с. 
For reducing the content of lead ions in milk the 

required holding time: 

 

60/18 = τф. выд/10,      (14) 

 

then τф. выд= 60×10/18; τф. выд = 34 s. 

For reducing the content of copper ions in milk 

the required holding time: 

 

60/20 = τф. выд/10,     (15) 

then τф. выд= 60×10/20; τф. выд = 30 s. 

 

For reducing the content of caesium ions in milk 

the required holding time: 

 

60/17 = τф. выд/10,     (16) 

 

From here τф. выд= 60×10/17; τф. выд = 35 s. 

For reducing the content of americium ions in 

milk the required holding time: 

 

60/18 = τф. выд/10,      (17) 

 

From hereτф. выд= 60×10/18; τф. выд = 33 s. 

 

As can be seen from the above, for decreasing the 

content of toxic elements in milk after pasteurization at 78 

ºС, it is necessary to establish the following holding time 
for each toxic element: 

 

-  in the pasteurization section for zinc ions - 15 s, 

for cadmium ions - 16 s, for lead ions - 18 s, for 

copper ions - 20 s, for cesium ions - 17 s, for 

americium ions - 18 s; 

- in the holder section for zinc ions - 40 s, for 

cadmium ions - 38 s, for lead ions - 34 s, for 

copper ions - 30 s, for cesium ions - 35 s, for 

americium ions - 33 s.  

 

In the next stage, milk, collected from the private 

farms of the Semey region, was pasteurized on the 

pasteurization equipment at temperature of 78 ºС and the 
above-mentioned holding time for each section of the 

equipment. Milk samples from this region is characterized 

by a high content of cadmium, lead, zinc and copper, 

americium (241Am) and cesium (137 Cs) [11].  

The content of toxic elements in milk before and 

after pasteurization is presented in Tables 1, 2. 

 

Table-1. Concentration of toxic elements in milk samples before and after pasteurization at 78 ºС. 
 

Toxic elements 

Concentration (mg/kg) Holding time, s 

before 

pasteurization 

after 

pasteurization 

In pasteurization 

section 

In holder 

section 

Zinc 4,100 4,010 15 40 

Cadmium 0,021 0,020 16 38 

Lead 0,210 0,204 18 34 

Copper 0,41 0,361 20 30 
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Table-2. Concentration of radionuclides in milk samples before and after pasteurization at 78 ºС. 
 

Radionucled 

Concentration (Bq/kg) Holding time, s 

before 

pasteurization 

after  

pasteurization 

Inpasteurization 

section 

In holder  

section 
137Сs 7,59 7,51 17 35 

241
Am 1,20 1,19 18 33 

 

On the basis of the conducted research, the 

change in the content of all toxic elements during the 

pasteurization of milk samples at the temperature of 78 ºС 
was observed. The following optimal holding time in 

pasteurization equipment was determined: for zinc ions - 

55 s, for cadmium ions - 54 s, for lead ions - 52 s, for 

copper ions - 50 s, for cesium ions - 52 s, for americium 

ions - 51 s.At the same time, zinc content decreased by 

2.2%, cadmium content - by 4%, lead content - by 6%, 

copper content - by 12%, cesium content (137Сs) - by 

1.05% and americium (241Am) - 0.8%. 

 

CONCLUSIONS 

Thus, milk pasteurization by established experimental and 

computational methods can lower the content of such 

elements as copper, lead, cadmium, zinc, cesium and 

americium the in milk samples. 
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