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DEVEL DEVELOPMENT OF A THERMOPLASTIC PROCESSING METHOD FOR OF 

CHEESE MASS TO PRODUCE LACTOSE-FREE MOZZARELLA CHEESE WITH 

IMPROVED TECHNOLOGICAL PROPERTIES 

O. I. Kuptsova, A. A. Demyanets 

Belarusian State University of Food and Chemical Technologies, Republic of Belarus 

ABSTRACT 
Introduction. Mozzarella cheeses have a versatile set of technological parameters and can be marketed both 

in retail and HoReCa segment. The main requirement for cheeses used in pizza baking is minimal formation 

of "blisters" that result from the caramelization reaction involving milk proteins and lactose. This 

phenomenon is linked to the presence of milk sugar in significant quantities and the absence of a stabilized 

pH in the product. Thus, the scientific objective of this study is to improve the technological properties of 

lactose-free Mozzarella during baking by minimizing caramelization reactions through optimization of the 
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thermoplastic processing parameters of the cheese mass. 

Materials and methods. Dairy raw materials were produced by the enterprise the Mogilev Milk Company 

holding «Babushkina Krynka». The bacterial starter culture ST TH (manufacturer: Biotec, Italy), enzyme 
Clerichi 80/20 with an activity of 150 IMCU/mL, β-galactosidase enzyme NolaFit 5500, and propionic acid 

bacteria culture PS-50 (manufacturer: Chr. Hansen, Denmark) were used. Aqueous solutions of citric and 

lactic acids with pH levels ranging from 5,9 to 6,0 (pH units) were employed as heating media. Standard 

methods were used to conduct the analyses. 

Results. A novel method for thermoplastic processing of cheese mass characterized by the use of aqueous 

solutions of food acids as the heating medium was developed This innovation enhanced the cheese’s ability 
to withstand high-temperature baking without the formation of caramelization spots of milk sugar or burnt 

marks, resulting in a soft cheese texture on the surface of the dish after cooling. 

Conclusion. It is possible to reduce the intensity of caramelization reactions during the baking of lactose-

free Mozzarella cheeses on pizza by 99 % through the optimization of the thermoplastic processing of the 

cheese mass under established technological parameters. 

KEY WORDS: Mozzarella cheese; thermoplasticization; active acidity; technological properties; high-

temperature heating; lactose caramelization point 
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:>B>@K5 >:07K20NB ACI5AB25==>5 2;8O=85 =0 >@30=>;5?B8G5A:85 ?>:070B5;8 ?@>4C:B0: F25B 
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<0AAK ?>72>;O5B ?>2KA8BL A?>A>1=>ABL AK@0 2K45@6820BL 2KA>:>B5<?5@0BC@=K9 =03@52 ?@8 
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?8B0=8O ?@54?>GB8B5;L=> 8A?>;L7CNB ;0:B0BK :0;LF8O 8 <>;>G=K9 A0E0@. "4=0:> 2 B> 65 
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2>;>:=8ABCN AB@C:BC@C, 70 AG5B G53> >= ?>;CG05B A?>A>1=>ABL : ?;02;5=8N 8 
2KBO3820=8N ?@8 B5@<><5E0=8G5A:>9 >1@01>B:5 AK@=>9 <0AAK2. "1@07>20=85 B@51C5<>9 
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464 A. 
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:8A;>B=>AB8, 0 8<5==> ?@8 @! >B 5,00 4> 5,35 54 [11‒15].  

#>A;5 G5445@870F88 AK@=K9 ?;0AB ?>425@305BAO ?@>F5AAC B5@<>?;0AB8D8:0F88 2 
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8A?>;L7C5<KE 4;O ?@>2545=8O ?@>F5AA0 B5@<>?;0AB8D8:0F88, ?@54AB02;5= 2 B01;8F5 1. 
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Table 1. Comparative analysis of different types of heating media used for the process of 

thermoplasticization of cheese mass 
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2>4K, >AB02H59AO ?>A;5 
?@>872>4AB20 

�5715;:>20O AK2>@>B:0 #>2B>@=>5 8A?>;L7>20=85 
2B>@8G=>3> <>;>G=>3> AK@LO 

'EC4H5=85 B5E=>;>38G5A:8E 
A2>9AB2 AK@0 ?@8 53> 70?5:0=88 87-
70 =0;8G8O ;0:B>7K 2 1>;LH>< 

:>;8G5AB25 
 

�0: 284=> 87 40==KE, ?@54AB02;5==KE 2 B01;8F5 1, :064K9 87 284>2 3@5NI8E A@54, 
8A?>;L7C5<KE 4;O ?@>2545=8O ?@>F5AA0 B5@<><5E0=8G5A:>9 >1@01>B:8, 8<55B :0: 
?@58<CI5AB20, B0: 8 =54>AB0B:8. "4=0:> A;54C5B >B<5B8BL, GB> =8 >48= 284 B5?;>=>A8B5;O 
4;O ?@>2545=8O 40==>3> ?@>F5AA0 =5 ?>72>;O5B 70D8:A8@>20BL C@>25=L 0:B82=>9 :8A;>B=>AB8 
3>B>2>3> AK@0, A 25;8G8=>9 pH, 4>AB83=CB>9 ?@8 G5445@870F88, 0 8<5==> 5,25‒5,35 54. @!. 
�:B82=0O :8A;>B=>ABL AK@>2  >F0@5;;0 ?> >:>=G0=88 ?@>F5AA0 B5@<>?;0AB8D8:0F88 
AK@=>3> B5AB0 =5A:>;L:> C25;8G8205BAO 70 AG5B =0AKI5=8O AK@=>3> B5AB0 2;03>9 87-70 
8A?>;L7>20=8O 3@5NI8E A@54, =5 >15A?5G820NI8E D8:A8@>20=85 C@>2=O @!, 8 A>AB02;O5B 
5,5‒5,6 54. @!, GB> <>65B CEC4H8BL B5E=>;>38G5A:85 A2>9AB20 AK@0 ?@8 70?5:0=88. 
!0 >A=>20=88 2KH5A:070==>3> A;54C5B, GB> A>2<5AB=>5 8A?>;L7>20=85 ?@>F5AA0 

384@>;870 ;0:B>7K 8 ?@>?8>=>2>:8A;KE 10:B5@89 2 ?@>F5AA5 G5445@870F88 ?>72>;8B A=878BL 
A>45@60=85 4>ABC?=KE :0@1>=8;L=KE 3@C?? 2 A>AB025 48- 8 <>=>A0E0@84>2 =5>1E>48<KE 
4;O ?@>B5:0=8O @50:F88 :0@0<5;;870F88 ?@8 2KA>:>B5<?5@0BC@=>< =03@525, 0 D8:A8@>20=85 
C@>2=O 0:B82=>9 :8A;>B=>AB8 157;0:B>7=>3> AK@0 A 25;8G8=>9 pH, 4>AB83=CB>9 ?@8 
G5445@870F88, ?CB5< A>25@H5=AB2>20=8O ?0@0<5B@>2 ?@>2545=8O ?@>F5AA0 
B5@<>?;0AB8D8:0F88 >15A?5G8B <8=8<0;L=>5 ?@>B5:0=85 @50:F88 :0@0<5;870F88 A 
>1@07>20=85< «1;8AB5@>2» 8 3>@5;KE ?OB5= ?@8 70?5:0=88 AK@>2 B8?0  >F0@5;;0. 
&0:8< >1@07><, F5;LN @01>BK O28;>AL A=865=85 8=B5=A82=>AB8 ?@>B5:0=8O @50:F88 

:0@0<5;870F88 ?@8 70?5:0=88 157;0:B>7=KE AK@>2  >F0@5;;0 =0 ?8FF0E.  
�;O 2K?>;=5=8O ?>AB02;5==>9 F5;8 @5H0;8 A;54CNICN 7040GC: 

                                                           
3 ,8=30@520, &. �. &5E=>;>38O 8 >1>@C4>20=85 4;O ?@>872>4AB20 =0BC@0;L=>3> AK@0: CG51=8: /                           
&. �. ,8=30@520, $. �. $0<0=0CA:0A, �. �.  09>@>2, ". !.  CA8=0, �. �. #>;8IC:. – �KAH55 >1@07>20=85: �0=L, 
2018. – 508 A.  
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‒ @07@01>B0BL A?>A>1 ?@>2545=8O ?@>F5AA0 B5@<>?;0AB8D8:0F88 AK@=>3> ?;0AB0 A 
?@8<5=5=85< 2>4=KE @0AB2>@>2 ?8I52KE :8A;>B, >15A?5G820NI89 <8=8<0;L=>5 ?@>B5:0=85 
@50:F88 :0@0<5;870F88 2 ?@>F5AA5 2KA>:>B5<?5@0BC@=>3> =03@520 ?@8 70?5:0=88 
157;0:B>7=KE AK@>2  >F0@5;;0 =0 ?8FF0E. 

 

 �&�$���/ �  �&"�/ 

�AA;54>20=8O 1K;8 2K?>;=5=K 2 ;01>@0B>@8OE :0D54@K B5E=>;>388 <>;>:0 8 <>;>G=KE 
?@>4C:B>2 �5;>@CAA:>3> 3>AC40@AB25==>3> C=825@A8B5B0 ?8I52KE 8 E8<8G5A:8E B5E=>;>389. 
#>;CG5=85 >?KB=KE >1@07F>2 AK@0 >ACI5AB2;O;8 ?> ?@><KH;5==>9 B5E=>;>388 
?@>872>4AB20 AK@0  >F0@5;;0, :>B>@0O 1K;0 040?B8@>20=0 : ;01>@0B>@=K< CA;>28O<4.  

"1J5:B0<8 8AA;54>20=8O O2;ONBAO B5E=>;>38G5A:85 A2>9AB20 157;0:B>7=>3> AK@0 
 >F0@5;;0, 8A?>;L7C5<>3> 4;O 70?5:0=8O =0 ?8FF0E. �;O 2K@01>B:8 8AA;54C5<KE >1@07F>2 
?@8<5=O;8 <>;>G=>5 AK@Lё, 4>AB02;5==>5 A ?@54?@8OB8O '?@02;ONI0O :><?0=8O E>;48=30 
« >38;52A:0O <>;>G=0O :><?0=8O «�01CH:8=0 :@K=:0». (878:>-E8<8G5A:85 ?>:070B5;8 
<>;>G=>3> AK@LO ?@54AB02;5=K 2 B01;8F5 2. 

 
&45?. 2. (878:>-E8<8G5A:85 ?>:070B5;8 <>;>G=>3> AK@LO 
Table 2. Physico-chemical indicators of dairy raw materials 

!08<5=>20=85 >1J5:B0  
#>:070B5;8 

 0AA>20O 4>;O 
68@0, % 

 0AA>20O 4>;O 
15;:0, % 

&8B@C5<0O 
:8A;>B=>ABL, °& 

#;>B=>ABL, 
:3/<3 

*5;L=>5 <>;>:> 3,60 3,0 17,0 1029,0 

"15768@5==>5 <>;>:> 0,05 3,0 17,0 1031,0 

 

� :0G5AB25 >A=>2=>9 70:20A>G=>9 <8:@>D;>@K 4;O ?>;CG5=8O AK@0 8A?>;L7>20;8 
10:B5@80;L=CN 70:20A:C ST TH (?@>872>48B5;L «Biotec», �B0;8O) 87 @0AG5B0 10 U =0 1000 :3 
A<5A8 (284>2>9 A>AB02 70:20A:8: Streptococcus thermophiles). � :0G5AB25 
<>;>:>A25@BK20NI53> D5@<5=B=>3> ?@5?0@0B0 ?@8<5=O;8 D5@<5=B Clerichi 80/20 
0:B82=>ABLN 150 IMCU/<;. �84@>;87 ;0:B>7K ?@>2>48;8 A ?><>ILN D5@<5=B0                              
β-30;0:B>78407K NolaFit 5500 (?@>872>48B5;L Chr. Hansen, �0=8O) 0:B82=>ABLN 5500 BLU/<; 
87 @0AG5B0 400 <; =0 1000 :3 A<5A8. � :0G5AB25 ?@>18>B8G5A:>9 <8:@>D;>@K 8A?>;L7>20;8 
10:B5@80;L=CN 70:20A:C ?@>?8>=>2>:8A;KE <8:@>>@30=87<>2 PS-50 ?@>872>48B5;L Chr. 

Hansen, (�0=8O) 87 @0AG5B0 35 U =0 1000 :3 =>@<0;87>20==>9 A<5A8. � :0G5AB25 3@5NI59 
A@54K 4;O ?@>2545=8O ?@>F5AA0 B5@<>?;0AB8D8:0F88 AK@=>3> ?;0AB0 ?@8<5=O;8 
A;01>:>=F5=B@8@>20==K5 2>4=K5 @0AB2>@K ;8<>==>9 8 <>;>G=>9 :8A;>B A C@>2=5< @! = 
(5,9‒6,0) 54. @!. 
#@8 ?@>2545=88 @01>BK ?>;L7>20;8AL AB0=40@B=K<8, >1I5?@8=OBK<8 8 A?5F80;L=K<8 

<5B>40<8 8AA;54>20=89. &8B@C5<CN :8A;>B=>ABL >?@545;O;8 B8B@8<5B@8G5A:8< <5B>4>< ?> 
�"%& 3624-92, 0:B82=CN :8A;>B=>ABL A ?><>ILN @!-<5B@0 ?> �"%& 26781-85, <0AA>2CN 
4>;N ;0:B>7K 9>4><5B@8G5A:8< <5B>4>< ?> �"%& 29248-91, B5AB =0 2KBO3820=85 ?> 
<5B>48:5 >?@545;5=8O A?>A>1=>AB8 AK@=>9 <0AAK 2KBO3820BLAO ?@8 2KA>:8E B5<?5@0BC@0E 2 
4;8==K5 B>=:85 =8B8, B5AB =0 70?5:0=85 ?CB5< =03@520 AK@0 2 :>=2595@=>9 ?5G8 ?@8 
B5<?5@0BC@5 (250±1) °% 2 B5G5=85 4 <8=CB A 8A?>;L7>20=85< >A=>2K 4;O ?8FFK.  

 

$��'�0&�&/ � �) "�%'���!�� 

!0 ?5@2>< MB0?5 1K;0 8AA;54>20=0 2>7<>6=>ABL ?@8<5=5=8O 2 :0G5AB25 3@5NI59 A@54K 
4;O ?@>2545=8O ?@>F5AA0 B5@<>?;0AB8D8:0F88 AK@=>3> ?;0AB0 A;01>:>=F5=B@8@>20==KE 

                                                           
4 &� BY 391731140.014. &5E=>;>38G5A:0O 8=AB@C:F8O ?> 873>B>2;5=8N AK@0 ?>;CB25@4>3> « >F0@5;;0-?8FF0» 
«%2560». CB2. """ «%02CH:8=-"@H0». – 2021. – 24 A. 
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2>4=KE @0AB2>@>2 ;8<>==>9 8 <>;>G=>9 :8A;>B ?@8 20@L8@C5<KE B5<?5@0BC@=KE 
?0@0<5B@0E 8 87CG8;8 8E 2;8O=85 =0 AB@C:BC@=>-<5E0=8G5A:85 A2>9AB20 AK@=>3> B5AB0 ?@8 
?;02;5=88. 
� :0G5AB25 3@5NI59 A@54K 2KABC?0;8 0,06 %-9 2>4=K9 @0AB2>@ <>;>G=>9 :8A;>BK 8    

0,02 %-9 2>4=K9 @0AB2>@ ;8<>==>9 :8A;>BK. #@>F5AA B5@<>?;0AB8D8:0F88 AK@=>3> ?;0AB0 
?@>2>48;8 2 480?07>=5 B5<?5@0BC@ 65280 °%, A H03>< 5 °. #@83>B>2;5=85 3@5NI59 A@54K 
4;O ?@>2545=8O ?@>F5AA0 >ACI5AB2;O;8 A;54CNI8< >1@07><: 2 2>4C, ?0AB5@87>20==CN ?@8               
(95±1) °%, 8 >E;0645==CN 4> (25±1) °% 2=>A8;8 <>;>G=CN ;81> ;8<>==CN :8A;>BK 4> 
4>AB865=8O 0:B82=>9 :8A;>B=>AB8 2>4=>3> @0AB2>@0 (5,9–6,0) 54. pH.  

� :0G5AB25 :>=B@>;L=>3> >1@07F0 8A?>;L7>20;8 AK@=K9 ?;0AB, 2K@01>B0==K9 ?> 
:;0AA8G5A:>9 B5E=>;>388 ?>;CG5=8O AK@>2  >F0@5;;0 157 8A?>;L7>20=8O 70:20A:8 
?@>?8>=>2>:8A;KE 10:B5@89 8 D5@<5=B0 ;0:B07K A ?@>2545=85< ?@>F5AA0 
B5@<>?;0AB8D8:0F88 ?@8 B5<?5@0BC@5 78280 °%, 2 :0G5AB25 3@5NI59 A@54K ?@8<5=O;8 
?0AB5@87>20==CN 2>4C.  
"?KB=K< >1@07F>< O28;AO AK@=K9 ?;0AB, ?>;CG5==K9 A ?@8<5=5=85< 384@>;870 ;0:B>7K 

8 4>102;5=85< ?@>?8>=>2>:8A;KE 10:B5@89. �:B82=0O :8A;>B=>ABL :>=B@>;L=>3> 8 
>?KB=>3> >1@07F0 =0E>48;0AL 2 >?B8<0;L=>< 480?07>=5 @!, =5>1E>48<>< 4;O ?@>2545=8O 
?@>F5AA0 B5@<>?;0AB8D8:0F88, 8 A>AB028;0 5,25 8 5,27 54. @! A>>B25BAB25==>. $57C;LB0BK 
?@>F5AA0 B5@<>?;0AB8D8:0F88 8AA;54C5<KE >1@07F>2 AK@=>3> ?;0AB0 A 8A?>;L7>20=85< 2 
:0G5AB25 3@5NI8E A@54 0,06 %-3> 2>4=>3> @0AB2>@0 <>;>G=>9 :8A;>BK 8 0,02 %-3> 2>4=>3> 
@0AB2>@0 ;8<>==>9 :8A;>BK ?@54AB02;5=K =0 @8AC=:5 1. 

 

     

0) 1) 2) 3) 4) 
�@5NI0O A@540 –  
?0AB5@87>20==0O 

2>40 
�@5NI0O A@540 – 0,06 %-9 2>4=K9 @0AB2>@ <>;>G=>9 :8A;>BK 

    
 

0) 1) 2) 3) 4) 
�@5NI0O A@540 –  
?0AB5@87>20==0O 

2>40 
�@5NI0O A@540 – 0,02 %-9 2>4=K9 @0AB2>@ ;8<>==>9 :8A;>BK 

                 0) �>=B@>;L=K9 >1@075F – B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 78‒80 °%; 
1) "?KB=K9 >1@075F № 1 – B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 t = (65±1) °%; 
2) "?KB=K9 >1@075F № 2 – B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 t = (70±1) °%; 
3) "?KB=K9 >1@075F № 3 – B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 t = (75±1) °%; 
4) "?KB=K9 >1@075F № 4 – B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 t = (80±1) °%. 

 

$<E. 1. $57C;LB0BK ?@>F5AA0 B5@<>?;0AB8D8:0F88 8AA;54C5<KE >1@07F>2 AK@=>3> ?;0AB0 A 
8A?>;L7>20=85< 2 :0G5AB25 3@5NI59 A@54K 0,06 %-3> 2>4=>3> @0AB2>@0 <>;>G=>9 :8A;>BK 8             

0,02 %-3> 2>4=>3> @0AB2>@0 ;8<>==>9 :8A;>BK 

Fig. 1. Results of the thermoplasticization process of the studied cheese mass samples using 0,06 % aqueous 

solution of lactic acid and 0,02 % aqueous solution of citric acid 
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%>3;0A=> 40==K<, ?@54AB02;5==K< =0 @8AC=:5 1, >B<5G5=>, GB> >?KB=K5 >1@07FK AK@=>3> 
B5AB0, 345 ?@>F5AA B5@<>?;0AB8D8:0F88 ?@>2>48;8 ?@8 B5<?5@0BC@5 (65±1) 8 (70±1) °% 

=57028A8<> >B 2840 ?8I52>9 :8A;>BK, 8A?>;L7C5<>9 2 :0G5AB25 3@5NI59 A@54K, 0 B0:65 
:>=B@>;L=K9 >1@075F E0@0:B5@87>20;8AL 2 <5@C ?;>B=>9 :>=A8AB5=F859, @0ABO3820;8AL 2 
«?>;>B=>» 157 @07@K20 A 3;O=F52>9 ?>25@E=>ABLN, 2 B> 65 2@5<O ?@8 @07@K25 AK@=>3> 
«?>;>B=0» =01;N40;8AL G5B:> @07;8G8<K5 2>;>:=0, GB> O2;O5BAO ?>4B25@645=85< 2KA>:>3> 
:0G5AB20 AK@=>3> B5AB0. 
�<5AB5 A B5< >?KB=K5 >1@07FK AK@=>3> B5AB0, 345 B5@<>?;0AB8D8:0F8O ?@>2>48;0AL ?@8 

B5<?5@0BC@5 (75±1) 8 (80±1) °% A 8A?>;L7>20=85< 2 :0G5AB25 3@5NI59 A@54K 2>4=KE 
@0AB2>@>2 :0: <>;>G=>9, B0: 8 ;8<>==>9 :8A;>B, >1;040;8 <O3:>9 :>=A8AB5=F859, ?@8 MB>< 
?;0AB8D8:0F8O AK@=>3> ?;0AB0 ?@>E>48;0 1KAB@> 8 =5:>=B@>;8@C5<> A >1@07>20=85< 
87;8H=59 B5:CG5AB8 AK@=>3> B5AB0.  
#>A;5 B5@<>?;0AB8D8:0F88 8AA;54C5<K< >1@07F0< AK@=>3> B5AB0 ?@840;8 D>@<C 

F8;8=4@0 8 >E;048;8 2 @0AA>;5 4> B5<?5@0BC@K (10±1) °% 2=CB@8 ?@>4C:B0. �0B5< 2 
A25652K@01>B0==KE >1@07F0E AK@0  >F0@5;;0 >?@545;8;8 D878:>-E8<8G5A:85 ?>:070B5;8, 
@57C;LB0BK 8AA;54>20=89 :>B>@KE ?@54AB02;5=K 2 B01;8F5 3. 

 

&45?. 3. (878:>-E8<8G5A:85 ?>:070B5;8 A25652K@01>B0==KE >1@07F>2 AK@0  >F0@5;;0 
Table 3. Physico-chemical parameters of freshly produced Mozzarella cheese samples 

!08<5=>20=85 >1@07F>2  0AA>20O 4>;O   
2;038, % 

�:B82=0O :8A;>B=>ABL, 
54. pH 

�:B82=>ABL 
2>4K, 54. 

�>=B@>;L=K9 >1@075F 48,2 5,55 0,949 

&5@<>?;0AB8D8:0F8O AK@=>3> ?;0AB0 A 8A?>;L7>20=85< 2 :0G5AB25 3@5NI59 A@54K  
0,06 %-3> 2>4=>3> @0AB2>@0 <>;>G=>9 :8A;>BK 

"?KB=K9 >1@075F № 1 – 
B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 

t = 65 °% 

50,1 5,28 0,950 

"?KB=K9 >1@075F № 2 – 
B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 

t = 70 °% 

49,8 5,32 0,947 

"?KB=K9 >1@075F № 3 – 
B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 

t = 75 °% 

45,7 5,31 0,945 

"?KB=K9 >1@075F № 4 – 
B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 

t = 80 °% 

45,5 5,29 0,942 

&5@<>?;0AB8D8:0F8O AK@=>3> ?;0AB0 A 8A?>;L7>20=85< 2 :0G5AB25 3@5NI59 A@54K  
0,02 %-3> 2>4=>3> @0AB2>@0 ;8<>==>9 :8A;>BK 

"?KB=K9 >1@075F № 1 – 
B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 

t = 65 °% 

50,2 5,30 0,951 

"?KB=K9 >1@075F № 2 – 
B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 

t = 70 °% 

49,9 5,31 0,948 

"?KB=K9 >1@075F № 3 – 
B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 

t = 75 °% 

45,6 5,29 0,945 

"?KB=K9 >1@075F № 4 – 
B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 

t = 80 °% 

46,6 5,32 0,943 

 

�KO2;5=> (B01;8F0 3), GB> A C25;8G5=85< B5<?5@0BC@K B5@<>?;0AB8D8:0F88 =57028A8<> 
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>B 2840 ?8I52>9 :8A;>BK, 8A?>;L7C5<>9 2 :0G5AB25 3@5NI59 A@54K, <0AA>20O 4>;O 2;038 2 
3>B>2>< ?@>4C:B5 A=8605BAO, GB> A2O70=> A ?>2KH5==>9 ?@>=8:0NI59 A?>A>1=>ABLN 2;038 
70 AG5B 2>7459AB28O 2KA>:>9 B5<?5@0BC@K ?;0AB8D8:0F88 75‒80 °% ?@8 ?>AB>O==>< C@>2=5 
@! 3@5NI59 A@54K 5,9‒6,0 54. @!. &5< A0<K< 2;030 =5 CA?5205B 48A?5@38@>20BLAO 2 >1J5<5 
AK@=>3> B5AB0 8 2K45;O5BAO 2 ?@>F5AA5 D>@<>20=8O 8 ?>A>;:8 2 @0AA>;5. &0:65 CAB02;5=>, 
GB> 8A?>;L7>20=85 A;01>:>=F5=B@8@>20==KE 2>4=KE @0AB2>@>2 ?8I52KE :8A;>B 2 :0G5AB25 
3@5NI59 A@54K 4;O ?@>2545=8O ?@>F5AA0 B5@<>?;0AB8D8:0F88 ?>72>;ONB 70D8:A8@>20BL 
C@>25=L 0:B82=>9 :8A;>B=>AB8 AK@0  >F0@5;;0 A 25;8G8=>9 pH, ?>;CG5==>9 ?@8 
G5445@870F88 AK@=>3> ?;0AB0, :>B>@0O A>AB028;0 5,29‒5,32 54. @! 2 A@02=5=88 A 
:>=B@>;L=K< >1@07F>< – 5,55 54. @!.  
�:B82=>ABL 2>4K >?KB=KE >1@07F>2 AK@0 A>AB028;0 0,94220,950 54., 0 :>=B@>;L=>3> –              

0,949 54. "?@545;5=>, GB> ?@8<5=5=85 A>2<5AB=> A >A=>2=>9 70:20A>G=>9 <8:@>D;>@>9 
?@>?8>=>2>:8A;KE <8:@>>@30=87<>2 =0@O4C A A>25@H5=AB2>20=85< A?>A>10 8 3@5NI59 
A@54K 4;O ?@>F5AA0 B5@<>?;0AB8D8:0F88 =5 2K7K205B 87<5=5=89 ?>:070B5;O 0:B82=>AB8 
2>4K, GB> A2845B5;LAB2C5B > <8:@>18>;>38G5A:>9 AB018;L=>AB8 ?@>4C:B0 8 2>7<>6=>AB8 53> 
E@0=5=8O 2 B5G5=85 A@>:0 3>4=>AB8 AK@0  >F0@5;;0, 2K@01>B0==>3> ?> :;0AA8G5A:>9 
B5E=>;>388, 0 8<5==>, 120 ACB>: ?@8 B5<?5@0BC@5 (4±2) °%. 
� >?KB=KE >1@07F0E A25652K@01>B0==>3> AK@0  >F0@5;;0 >?@545;O;8 <0AA>2CN 4>;N 

>AB0B>G=>3> :>;8G5AB20 ;0:B>7K, 3;N:>7K 8 30;0:B>7K. �AA;54>20=8O ?@>2>48;8 2 «!0CG=>-

8AA;54>20B5;LA:>< 8=AB8BCB5 38385=K, B>:A8:>;>388, M?845<8>;>388, 28@CA>;>388 8 
<8:@>18>;>388» (3.  8=A:, $5A?C1;8:0 �5;0@CAL). �KO2;5=>, GB> 2 >?KB=KE >1@07F0E AK@0 
 >F0@5;;0, ?>;CG5==KE A ?@8<5=5=85< A>2<5AB=> A >A=>2=>9 70:20A>G=>9 <8:@>D;>@>9 
?@>?8>=>2>:8A;KE 10:B5@89, >BACBAB2CNB <>=>- 8 48A0E0@84K: ;0:B>7K =5 2KO2;5=>, 0 
:>;8G5AB2> 3;N:>7K 8 30;0:B>7K A>AB02;O5B <5=55 0,00001 %.  

!0 A;54CNI5< MB0?5 @01>BK 1K;0 >ACI5AB2;5=0 >F5=:0 A?>A>1=>AB8 8AA;54C5<KE 
>1@07F>2 AK@0 : 70?5:0=8N. �KA>:>B5<?5@0BC@=K9 =03@52 AK@0 ?@>2>48;8 2 :>=2595@=>9 
?5G8 ?@8 B5<?5@0BC@5 (250±1) °% 2 B5G5=85 4 <8=CB A 8A?>;L7>20=85< >A=>2K 4;O ?8FFK. 
�KA>:>B5<?5@0BC@=><C =03@52C ?>425@30;8AL >?KB=K5 >1@07FK AK@0 A =08;CGH59 
A?>A>1=>ABLN : ?;02;5=8N, 0 8<5==> >?KB=K5 >1@07FK, 345 ?@>F5AA B5@<>?;0AB8D8:0F88 
?@>2>48;8 ?@8 B5<?5@0BC@5 (65±1) °% 8 (70±1) °% =57028A8<> >B 2840 ?8I52>9 :8A;>BK, 
8A?>;L7C5<>9 2 :0G5AB25 3@5NI59 A@54K, 0 B0:65 :>=B@>;L=K9 >1@075F, @57C;LB0BK :>B>@>3> 
?@54AB02;5=K =0 @8AC=:5 2. 
%>3;0A=> 40==K<, ?@54AB02;5==K< =0 @8AC=:5 2, 2KO2;5=>, GB> 2A5 8AA;54C5<K5 >1@07FK 

AK@0 8<5;8 ?>;>68B5;L=K9 B5AB =0 70?5:0=85 =57028A8<> >B 2840 3@5NI59 A@54K – 2>4=KE 
@0AB2>@>2 <>;>G=>9 ;81> ;8<>==>9 :8A;>B, 8A?>;L7C5<KE 4;O ?>;CG5=8O 3@5NI59 A@54K 
4;O ?@>2545=8O ?@>F5AA0 B5@<>?;0AB8D8:0F88 8 >1;040;8 @>2=>9 15;>9 ?>25@E=>ABLN, 
2KBO3820;8AL 2 =8BL 4> 40 A<, 157 =0;8G8O «1;8AB5@>2» 8 3>@5;KE ?OB5=, >1@07>20==KE 
15;:0<8 <>;>:0, ?> A@02=5=8N A :>=B@>;L=K< >1@07F><, :>B>@K9 E0@0:B5@87>20;AO 1>;55 
2KA>:>9 B5=45=F859 : >1@07>20=8N «1;8AB5@>2». � A2>N >G5@54L, ?>A;5 >ABK20=8O AK@0 =0 
?>25@E=>AB8 ?8FFK 2A5 >?KB=K5 >1@07FK AK@0 E0@0:B5@87>20;8AL ?@8OB=K< 
:8A;><>;>G=K< 2:CA><, 157 2K@065==>9 :8A;8=:8 A <O3:>9 :>=A8AB5=F859 157 
70B25@4520=8O AK@0 8 >1@07>20=8O :>@:8 =0 ?>25@E=>AB8 1;N40, 2 A@02=5=88 A :>=B@>;L=K< 
>1@07F><. 
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0) 1) 2) 3) 4) 

 

0) �>=B@>;L=K9 >1@075F 2 B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 78280 °% 

(3@5NI0O A@540 – ?0AB5@87>20==0O 2>40); 
1) "?KB=K9 >1@075F № 1 – B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 t = (65±1) °% 

(3@5NI0O A@540 – 2>4=K9 @0AB2>@ <>;>G=>9 :8A;>BK); 
2) "?KB=K9 >1@075F № 2 – B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 t = (70±1) °%; 
3) "?KB=K9 >1@075F № 1 – B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 t = (65±1) °% 

(3@5NI0O A@540 – 2>4=K9 @0AB2>@ ;8<>==>9 :8A;>BK); 
4) "?KB=K9 >1@075F № 2 – B5@<>?;0AB8D8:0F8O ?@8 B5<?5@0BC@5 t = (70±1) °%. 

$<E. 2. $57C;LB0BK 2KA>:>B5<?5@0BC@=>3> =03@520 AK@0  >F0@5;;0, 2K@01>B0==>3> A 8A?>;L7>20=85< 
2 :0G5AB25 3@5NI8E A@54 2>4=KE @0AB2>@>2 <>;>G=>9 8;8 ;8<>==>9 :8A;>B 

Fig. 2. Results of high-temperature heating of Mozzarella cheese produced using aqueous solutions of lactic 

or citric acids as heating media 

 

&0:8< >1@07><, ?> A>2>:C?=>AB8 @57C;LB0B>2 8AA;54>20=89 2KO2;5=>, GB> 8A?>;L7>20=85 
2 :0G5AB25 3@5NI59 A@54K A;01>:>=F5=B@8@>20==KE 2>4=KE @0AB2>@>2 ?8I52KE :8A;>B 
(;8<>==>9 8;8 <>;>G=>9 :8A;>B) B5<?5@0BC@>9 65‒70 °% 4;O ?@>2545=8O 
B5@<>?;0AB8D8:0F88 AK@=>3> B5AB0 ?>72>;ONB 70D8:A8@>20BL C@>25=L 0:B82=>9 
:8A;>B=>AB8 AK@0 A 25;8G8=>9 pH, 4>AB83=CB>9 ?@8 G5445@870F88, 0 8<5==> 5,25‒5,35 54. 
@!, 8 ?>;CG8BL AB@C:BC@=>-<5E0=8G5A:85 A2>9AB20 3>B>2>3> ?@>4C:B0, =5 >B;8G0NI85AO >B 
AK@0  >F0@5;;0, 2K@01>B0==>3> ?> :;0AA8G5A:>9 B5E=>;>388, A> A?>A>1=>ABLN 
2KBO3820BLAO 2 =8BL 4> 40 A<, 157 =0;8G8O «1;8AB5@>2» 8 3>@5;KE ?OB5=, A <O3:>9 
:>=A8AB5=F859 157 70B25@4520=8O AK@0 ?>A;5 >ABK20=8O. 

 

����2+�!��  
!0CG=> >1>A=>20=> ?@8<5=5=85 A;01>:>=F5=B@8@>20==KE 2>4=KE @0AB2>@>2 ?8I52KE 

:8A;>B (;8<>==>9 8;8 <>;>G=>9 :8A;>B) 2 :0G5AB25 3@5NI59 A@54K 4;O ?@>2545=8O ?@>F5AA0 
B5@<>?;0AB8D8:0F88 AK@=>3> ?;0AB0 2 B5E=>;>388 ?>;CG5=8O 157;0:B>7=KE AK@>2 
 >F0@5;;0 A ?@8<5=5=85< 2 A>AB025 10:B5@80;L=>9 70:20A:8 ?@>?8>=>2>:8A;KE 10:B5@89. 
-:A?5@8<5=B0;L=> ?>4B25@645=>, GB> 8A?>;L7>20=85 2 :0G5AB25 3@5NI59 A@54K 

A;01>:>=F5=B@8@>20==KE 2>4=KE @0AB2>@>2 ?8I52KE :8A;>B (;8<>==>9 8;8 <>;>G=>9 
:8A;>B) B5<?5@0BC@>9 65‒70 °% 4;O ?@>2545=8O B5@<>?;0AB8D8:0F88 AK@=>3> B5AB0 
?>72>;O5B 70D8:A8@>20BL C@>25=L 0:B82=>9 :8A;>B=>AB8 AK@0 A 25;8G8=>9 pH, 4>AB83=CB>9 
?@8 G5445@870F88, 0 8<5==> 5,25‒5,35 54. @!, GB> ?>72>;8;> ?>;CG8BL AK@ A C;CGH5==K<8 
B5E=>;>38G5A:8<8 A2>9AB20<8 ?@8 53> 70?5:0=88. 
$07@01>B0= A?>A>1 ?@>2545=8O ?@>F5AA0 B5@<>?;0AB8D8:0F88 157;0:B>7=>3> AK@=>3> 

?;0AB0, ?>;CG5==>3> A ?@8<5=5=85< A>2<5AB=> A >A=>2=>9 70:20A>G=>9 <8:@>D;>@>9 
?@>?8>=>2>:8A;KE <8:@>>@30=87<>2, >B;8G0NI89AO 8A?>;L7>20=85< 2 :0G5AB25 3@5NI59 
A@54K 2>4=KE @0AB2>@>2 ?8I52KE :8A;>B, GB> ?>72>;8;> C;CGH8BL A?>A>1=>ABL AK@0 
2K45@6820BL 2KA>:>B5<?5@0BC@=K9 =03@52 ?@8 70?5:0=88 157 >1@07>20=8O B>G5: 
:0@0<5;870F88 <>;>G=>3> A0E0@0 8 3>@5;KE ?OB5= A ?>;CG5=85< <O3:>9 :>=A8AB5=F88 ?>A;5 
>ABK20=8O AK@0 =0 ?>25@E=>AB8 1;N40. 
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