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EFFICIENCY OF USING BUTTERMILK FOR THE PRODUCTION OF LOW-LACTOSE 

SOFT CHEESE AND TECHNOLOGICAL PARAMETERS OF ITS MANUFACTURE 

USING THE HEAT-ACID COAGULATION PROCESS OF PROTEINS 

Y. Y. Chekanowa1, Z. V. Vasilenko1, M. A. Glushakov2, A. V. Kobel1 

1Belarusian State University of Food and Chemical Technologies, Republic of Belarus 
2 OOO «Technosolecs-Proect», Republic of Belarus 

ABSTRACT 
Introduction. The expansion of the range of heat-acid types of soft cheese with reduced lactose content is 
currently a relevant issue. The general scientific objective is to substantiate the efficiency of using buttermilk 
for the production of low-lactose soft cheese and the technological parameters of its production using the 
method of heat-acid coagulation of proteins, based on the evaluation of the influence of the raw milk 
resource of buttermilk and the process of lactose hydrolysis in it on the quality indicators of the product. 
Materials and methods. Standard and widely accepted research methods were employed. The control 
samples were soft cheese produced by heat-acid coagulation of proteins from whole milk and buttermilk, not 
subjected to lactose hydrolysis in the raw material. The experimental samples were soft cheese based on 
heat-acid coagulation of buttermilk proteins with reduced milk sugar content. 
Results. The influence of the secondary milk raw material component of buttermilk and lactose hydrolysis in 
it on the quality indicators of soft cheese has been established, which resulted in a product with reduced 
lactose content of up to 1 %, mass fraction of fat in dry matter not exceeding 36 %, and moisture content in 
dry matter not exceeding 71 %. The product had stable physicochemical properties during storage, improved 
organoleptic properties, more creamy taste, and aroma with a sweetish note, which is comparable to existing 
traditional heat-acid cheeses. Technological parameters for the production of soft cheese from buttermilk 
were developed ‒ the duration of raw material hydrolysis should be at least 9 hours at a temperature of   
(4±2) °C, and the temperature modes of heat-acid coagulation should be no lower than 85 °C for 3‒5 
minutes. In combination, these parameters allow for the production of a high-quality product with a milk 
sugar hydrolysis degree of no lower that 80 %. 
Conclusions. The use of buttermilk as a raw material for the production of low-lactose soft cheese ensures 
its high nutritional value. The established technological parameters for cheese production via heat-acid 
protein coagulation are recommended for practical implementation. 

KEY WORDS: soft cheese; buttermilk; raw material resource; healthy eating; lactose; hydrolysis of 
lactose; heat- acid coagulation. 

FOR CITATION: Chekanowa, Y. Y. Efficiency of using buttermilk for the production of low-lactose soft 

cheese and technological parameters of its manufacture by method of heat-acid coagulation/                        

Y. Y. Chekanowa, Z. V. Vasilenko, M. A. Glushakov, A. V. Kobel // Vestnik of the Belarusian State 

University of Food and Chemical Technologies. – 2025. – № 1 (38). – P. 3‒12. 
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 �&�$���/ �  �&"�/ 

�;O ?@>872>4AB20 >1@07F>2 <O3:>3> AK@0 2 :0G5AB25 <>;>G=>3> AK@LO ?@8<5=O;8 ?0EBC, 
?>;CG5==CN >B ?@>872>4AB20 A;04:>A;82>G=>3> <0A;0 A?>A>1>< A1820=8O A;82>:, A <0AA>2>9 
4>;59 68@0 (40;55 <.4.6.) 0,4–0,7 %, 15;:0 – =5 <5=55 2,8 %, ACE>3> >15768@5==>3> 
<>;>G=>3> >AB0B:0 – =5 <5=55 8,5 %, B8B@C5<>9 :8A;>B=>ABLN =5 1>;55 19 >&, ?;>B=>ABLN =5 
<5=55 1027 :3/<3; F5;L=>5 <>;>:> A <.4.6. =5 1>;55 3,6 %, 15;:0 – =5 <5=55 3,2 %, ACE>3> 
>15768@5==>3> <>;>G=>3> >AB0B:0 – =5 <5=55 8,2 %, :8A;>B=>ABLN – 16–18 >&, ?;>B=>ABLN – 
=5 <5=55 1027 :3/<3. #@8 MB>< 873>B>2;5=85 :>=B@>;L=KE >1@07F>2 <O3:>3> AK@0 1K;> 
>A=>20=> =0 8A?>;L7>20=88 AK@LO, :>B>@>5 =5 ?>425@30;8 ?@>F5AAC 384@>;870 (:>=B@>;L 1 – 
AK@ =0 >A=>25 F5;L=>3> <>;>:0, :>=B@>;L 2 – AK@ =0 >A=>25 ?0EBK), 0 4;O ?>;CG5=8O 
>?KB=KE >1@07F>2 – ?@>2>48;8 D5@<5=B0B82=>5 @0AI5?;5=85 <>;>G=>3> A0E0@0 2 ?0EB5 
(>?KB – AK@ =0 >A=>25 384@>;87>20==>9 ?0EBK). 
 O3:89 AK@ 2K@010BK20;8 ?> ?@><KH;5==>9 B5E=>;>388 AK@0 «�4K359A:89», 

040?B8@>20==>9 : ;01>@0B>@=K< CA;>28O< 8 >A=>20==>9 =0 B5@<>:8A;>B=>9 :>03C;OF88 
15;:>2 <>;>:0.  O3:89 AK@ 2K@010BK20;8 ?> A;54CNI59 B5E=>;>38G5A:>9 AE5<5: 4;O 
4>AB865=8O <8=8<0;L=>3> 7=0G5=8O ;0:B>7K 2 >?KB=KE >1@07F0E <O3:>3> AK@0 ?0EBC 
?>425@30;8 ?@>F5AAC D5@<5=B0B82=>3> 384@>;870 ;0:B>7K A ?@8<5=5=85< D5@<5=B=>3> 
?@5?0@0B0 β-30;0:B>78407K NolaFit 5500, ?@>872>48B5;L Chr.Hansen (�0=8O), <8:@>>@30=87<-

?@>4CF5=B Kluyveromyces lactis, 0:B82=>ABL 5500 BLU/<;. #@>F5AA ?0AB5@870F88 
384@>;87>20==>9 ?0EBK 8 =5384@>;87>20==>3> <>;>G=>3> AK@LO >ACI5AB2;O;8 ?@8 
B5<?5@0BC@5 80–95 °% 2 B5G5=85 3‒5 <8= A ?>A;54CNI59 B5@<>:8A;>B=>9 :>03C;OF859 
15;:>2 AK@L52KE :><?>=5=B>2 ?@8 MB>9 65 B5<?5@0BC@5 ?CB5< 2=5A5=8O :8A;>9 B2>@>6=>9 
AK2>@>B:8 B8B@C5<>9 :8A;>B=>ABLN 65–80 >& 2 :>;8G5AB25 10 % >B <0AAK A<5A59. 
"1@07CNI89AO ?>A;5 B5@<>:8A;>B=>9 :>03C;OF88 15;:>2 E;>?L5284=K9 A3CAB>: 
2K45@6820;8 ?@8 B5<?5@0BC@5 80–95 °% 2 B5G5=85 3–5 <8=. #>A;5 2K45@6:8 ?@>2>48;8 
D>@<>20=85 8 A0<>?@5AA>20=85 2 B5G5=85 10–15 <8=. �0 MB> 2@5<O ?@>4C:B >48= @07 
?5@52>@0G820;8. �0B5< >1@07FK C?0:>2K20;8 2 ?>B@518B5;LA:CN B0@C ?CB5< 20:CC<8@>20=8O 
8 =0?@02;O;8 =0 4>>E;0645=85 8 E@0=5=85 2 E>;>48;L=CN :0<5@C ?@8 B5<?5@0BC@5 (4±2) °%. 

!0 ?5@2>< MB0?5 @01>BK 87CG5=0 MDD5:B82=>ABL ?@8<5=5=8O ?0EBK ?@8 A>740=88 
=87:>;0:B>7=>3> <O3:>3> AK@0, 873>B>2;5==>3> B5@<>:8A;>B=K< A?>A>1><.  
!0 2B>@>< MB0?5 @01>BK 8AA;54>20= ?@>F5AA 384@>;870 ;0:B>7K ?0EBK 8 CAB0=>2;5=K 53> 

?0@0<5B@K ?@8 ?@>872>4AB25 =87:>;0:B>7=>3> B5@<>:8A;>B=>3> <O3:>3> AK@0.  
#@>F5AA 384@>;870 ;0:B>7K 2 ?0EB5 ?@>2>48;8 2 E;04>AB0B=>9 :0<5@5 ?@8 B5<?5@0BC@5 

(4±2) >% 2 B5G5=85 1; 3; 6; 9 8 12 G 4;O CAB0=>2;5=8O >?B8<0;L=KE B5E=>;>38G5A:8E 
?0@0<5B@>2 @0AI5?;5=8O <>;>G=>3> A0E0@0. 
!0 B@5BL5< MB0?5 @01>BK 8AA;54>20=K >A>15==>AB8 ?@>F5AA>2 B5@<>:8A;>B=>9 

:>03C;OF88 15;:>2 ?0EBK 2 B5E=>;>388 ?@>872>4AB20 <O3:>3> AK@0 A ?>=865==K< 
A>45@60=85< ;0:B>7K. 
"A=>2=>5 >B;8G85 B5@<>:8A;>B=>3> A?>A>10 A25@BK20=8O – 8A?>;L7>20=85 2KA>:8E 

B5<?5@0BC@ ?>@O4:0 80‒95 °%. -B> A?>A>1AB2C5B B><C, GB> A:>@>AB8 2708<>459AB28O 
:><?>=5=B>2 <>;>:0 >G5=L A8;L=> 2>7@0AB0NB, 2 G0AB=>AB8, ?@>8AE>48B A>2<5AB=0O 
:>03C;OF8O :0758=>2 8 AK2>@>B>G=KE 15;:>2. �>7<>6=>, GB> =0 D>=5 45AB@C:BC@870F88 
2>4K ?@8 B5<?5@0BC@0E 2KH5 80 °% «ACE85» :><?>=5=BK <>;>:0 >BB>@30NBAO 8 
3@C??8@CNBAO 2 >B45;L=K5 :>=3;><5@0BK, GB>, 2 A2>N >G5@54L, <>65B >:070BL 2;8O=85 =0 
AB@C:BC@C A3CAB:0 =0 >A=>25 ?0EBK [19].  
&5<?5@0BC@0 O2;O5BAO >4=8< 87 206=59H8E D0:B>@>2 4;O ?@>872>4AB20 <O3:8E 

B5@<>:8A;>B=KE AK@>2, ?>MB><C @0F8>=0;L=K9 ?>41>@ B5<?5@0BC@=KE @568<>2 1C45B 
A?>A>1AB2>20BL ?>2KH5=8N ?>;=>BK >A0645=8O >B45;L=KE 15;:>2KE D@0:F89. �>03C;OF8N 
8AA;54C5<KE >1@07F>2 87 ?0EBK ?@>2>48;8 ?@8 (80±1); (85±1) 8 (90±1) °%. 
#@8 ?@>2545=88 8AA;54>20=89 2 <>;>G=>< AK@L5 >?@545;O;8 B5@<>CAB>9G82>ABL ?>                
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�"%& 25228, B8B@C5<CN :8A;>B=>ABL ?> �"%& 3624, <0AA>2CN 4>;N ;0:B>7K 
9>4><5B@8G5A:8< <5B>4>< 8 AB5?5=L 384@>;870 <>;>G=>3> A0E0@0. 
� A2565?@83>B>2;5==KE >1@07F0E =87:>;0:B>7=>3> <O3:>3> AK@0 :>=B@>;8@>20;8 

>@30=>;5?B8G5A:85 ?>:070B5;8 A5=A>@=K< <5B>4><, 0:B82=CN :8A;>B=>ABL ?> �"%& 3624, 
<0AA>2CN 4>;N 2;038 ?> �"%& 3626, <0AA>2CN 4>;N 68@0 2 ACE>< 25I5AB25 ?> �"%& 5867. 
�AA;54>20=8O >@30=>;5?B8G5A:8E ?>:070B5;59, B8B@C5<>9 8 0:B82=>9 :8A;>B=>AB8 2 
M:A?5@8<5=B0;L=KE >1@07F0E >ACI5AB2;O;8 =0 0; 7; 15-5 ACB:8 E@0=5=8O 2 AB0=40@B=>< 
B5<?5@0BC@=>< @568<5 (4±2) >%.  

 

$��'�0&�&/ � �) "�%'���!�� 

!0 ?5@2>< MB0?5 @01>BK 87CG5=0 MDD5:B82=>ABL ?@8<5=5=8O ?0EBK ?@8 A>740=88 
=87:>;0:B>7=>3> <O3:>3> AK@0, 873>B>2;5==>3> B5@<>:8A;>B=K< A?>A>1><. (5@<5=B0B82=K9 
384@>;87 ;0:B>7K 2 <>;>G=>< AK@L5 >ACI5AB2;O;8 ?@8 B5<?5@0BC@5 (4±2) >% 2 B5G5=85 12 G. 
)@0=8;8 ?@>4C:B ?@8 B5<?5@0BC@5 (4±2) >% 2 B5G5=85 15-B8 ACB>:. 
#5@2>=0G0;L=> >?@545;8;8 D878:>-E8<8G5A:85 8 B5E=>;>38G5A:85 ?>:070B5;8 <>;>G=>3> 

AK@LO, ?@8<5=O5<>3> 4;O ?@>872>4AB20 B5@<>:8A;>B=>3> AK@0 (B01;8F0 1). 

%>3;0A=> B01;8F5 1, 0=0;87 D878:>-E8<8G5A:8E 8 B5E=>;>38G5A:8E ?>:070B5;59 
<>;>G=>3> AK@LO, ?@8<5=O5<>3> 4;O ?@>872>4AB20 B5@<>:8A;>B=>3> AK@0, 2 B>< G8A;5 
384@>;87>20==>9 ?0EBK, ?>:070;, GB> 2A5 >1@07FK E0@0:B5@87>20;8AL ?>:070B5;O<8 
B8B@C5<>9 :8A;>B=>AB8, A>>B25BAB2CNI8<8 7=0G5=8O< A>3;0A=> &!#�, 3@C??>9 
B5@<>CAB>9G82>AB8 =5 =865 ?5@2>9, GB> A2845B5;LAB2C5B > A?>A>1=>AB8 15;:>2KE 
:><?>=5=B>2 2K45@6820BL ?>A;54CNICN 2KA>:>B5<?5@0BC@=CN >1@01>B:C ?@8 
B5@<>:8A;>B=>9 :>03C;OF88. �@><5 B>3>, CAB0=>2;5=>, GB> ?@8<5=5=85 384@>;870 ;0:B>7K 2 
?0EB5 A?>A>1AB2>20;> A=865=8N <>;>G=>3> A0E0@0 2 =59 4> :>;8G5AB20, =5 ?@52KH0NI5< 1 
%, GB> A>>B25BAB2C5B =87:>;0:B>7=>9 3@C??5 ?@>4C:F88. #@8 MB>< AB5?5=L 384@>;870 
<>;>G=>3> A0E0@0 2 ?0EB5 A>AB028;0 4> 90 %, GB>, 2 A2>N >G5@54L, O2;O5BAO >?B8<0;L=K< 
@5H5=85< 2 =5?5@5=>A8<>AB8 8 CA2>O5<>AB8 ;0:B>7K. 

 

&45?. 1. (878:>-E8<8G5A:85 8 B5E=>;>38G5A:85 ?>:070B5;8 <>;>G=>3> AK@LO 

Table 1. Physical, chemical and technological indicators of dairy raw materials 

#>:070B5;8 *5;L=>5 <>;>:> #0EB0 4> 384@>;870 �84@>;87>20==0O 
?0EB0 

&8B@C5<0O :8A;>B=>ABL, >&, (±0,5 %) 17,50 18,00 17,00 

&5@<>CAB>9G82>ABL, 3@C??0, =5 =865 I 

�0:B>70, %, (±0,1 %) 4,70 4,80 0,59 

%B5?5=L 384@>;870 ;0:B>7K, % – – 88,00 

 

$57C;LB0BK >?@545;5=8O <0AA>2>9 4>;8 68@0 2 ACE>< 25I5AB25 <O3:>3> AK@0, <0AA>2>9 
4>;8 2;038 8 >@30=>;5?B8G5A:8E ?>:070B5;59 2 ?@>F5AA5 E@0=5=8O 2 B5G5=85 15-B8 ACB>: ?@8 
B5<?5@0BC@5 (4±2) >% ?@54AB02;5=K 2 B01;8F5 2. 

�=0;878@CO ?>;CG5==K5 @57C;LB0BK, ?@54AB02;5==K5 2 B01;8F5 2, CAB0=>2;5=>, GB> 
?@8<5=5=85 2 :0G5AB25 >A=>2=>3> <>;>G=>3> AK@LO ?0EBK 157 ?@8<5=5=8O 384@>;870 
(:>=B@>;L 2) 8 A D5@<5=B0B82=K< @0AI5?;5=85< <>;>G=>3> A0E0@0 2 =59 (>?KB) 
A?>A>1AB2>20;> ?>;CG5=8N B5@<>:8A;>B=>3> <O3:>3> AK@0 A 1>;55 =87:>9 <0AA>2>9 4>;59 
68@0 2 ACE>< 25I5AB25 ?> A@02=5=8N A :>=B@>;L=K<8 >1@07F0<8 =0 >A=>25 F5;L=>3> <>;>:0 
(:>=B@>;L 1), GB> >1CA;>2;5=> ?>=865==>9 68@=>ABLN ?0EBK, :>B>@0O, 2 A2>N >G5@54L, 
O2;O5BAO 485B8G5A:8< AK@L52K< :><?>=5=B>< 2 B5E=>;>388 ?@>872>4AB20 <>;>G=KE 
?@>4C:B>2. �@><5 B>3>, CAB0=>2;5=>, GB> :>=B@>;L=K5 8 >?KB=K5 >1@07FK <O3:>3> AK@0, 4;O 
?@>872>4AB20 :>B>@KE ?@8<5=O;8 ?0EBC, E0@0:B5@87>20;8AL 1>;55 2KA>:8<8 ?>:070B5;O<8 
<0AA>2>9 4>;8 2;038 ?> A@02=5=8N A :>=B@>;L=K<8 >1@07F0<8 =0 >A=>25 F5;L=>3> <>;>:0, 
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GB> <>6=> >1>A=>20BL E>@>H59 2;03>C45@6820NI59 8 B5@<>?;0AB8D8F8@CNI59 
A?>A>1=>ABLN 2B>@8G=>3> <>;>G=>3> AK@LO [8]. 
�=0;87 >@30=>;5?B8G5A:8E ?>:070B5;59 :0G5AB20 3>B>2KE ?@>4C:B>2 (B01;8F0 2) ?>:070;, 

GB> 2A5 8AA;54C5<K5 >1@07FK <O3:>3> AK@0, =57028A8<> >B AK@L52>3> A>AB020, 
E0@0:B5@87>20;8AL 2KA>:8<8 2:CA>2K<8 8 0@><0B8G5A:8<8 ?>:070B5;O<8, E>@>H59 
:>=A8AB5=F859, 2=5H=8< 284>< 8 F25B><, A>>B25BAB2CNI85 40==>9 284>2>9 3@C??5 
B5@<>:8A;>B=KE AK@>2. �<5AB5 A B5< CAB0=>2;5=>, GB> ?@8<5=5=85 ?0EBK ?@8 ?>;CG5=88 
AK@0 A?>A>1AB2>20;> ?@>O2;5=8N 1>;55 A;82>G=>3> 2:CA0 2 3>B>2>< ?@>4C:B5 >B=>A8B5;L=> 
B5@<>:8A;>B=>3> <O3:>3> AK@0 87 F5;L=>3> <>;>:0, 0 8A?>;L7>20=85 384@>;87>20==>9 ?0EBK 
– =0;8G8N 5I5 8 A;04:>20B>3> 2:CA0 8 0@><0B0, >1CA;>2;5==KE @0AI5?;5=85< <>;>G=>3> 
A0E0@0 =0 3;N:>7C 8 30;0:B>7C, E0@0:B5@87CNI8EAO 1>;55 2KA>:8< 8=45:A>< A;04>AB8 ?> 
A@02=5=8N A ;0:B>7>9.  

 

&45?. 2. (878:>-E8<8G5A:85 8 >@30=>;5?B8G5A:85 ?>:070B5;8 <O3:>3> AK@0  

Table 2. Physicochemical and organoleptic parameters of soft cheese 

#>:070B5;8  �AA;54C5<K5 >1@07FK 

�>=B@>;L 1  
(AK@ =0 >A=>25 
F5;L=>3> <>;>:0) 

�>=B@>;L 2  
(AK@ =0 >A=>25 
?0EBK) 

"?KB 
(AK@ =0 >A=>25 
384@>;87>20==>9 

?0EBK) 
 0AA>20O 4>;O 68@0 2 ACE>< 25I5AB25, 

%, =5 1>;55 56±0,5 35±0,5 35±0,5 

 0AA>20O 4>;O 2;038, %, =5 1>;55 65,3±0,5 71,5±0,5 70,6±0,5 
�:B82=0O :8A;>B=>ABL, 54. @!, =5 1>;55 6,3±0,1 6,24±0,1 6,1±0,1 

�:CA 8 70?0E 

�:CA AK@=K9, 
E0@0:B5@=K9 4;O 
B5@<>:8A;>B=>3> 

AK@0 

�:CA AK@=K9, 
E0@0:B5@=K9 

4;O 
B5@<>:8A;>B=>
3> AK@0, 2 <5@C 
A;82>G=K9 

�:CA AK@=K9, 
E0@0:B5@=K9 4;O 
B5@<>:8A;>B=>3> 
AK@0, 2 <5@C 
A;82>G=K9, 

A;04:>20BK9 2:CA 
8 0@><0B  

�>=A8AB5=F8O 
 O3:0O, 2 <5@C 
?;>B=0O, A;53:0 
:@>H0I0OAO 

 O3:0O, 1>;55 =56=0O, A;53:0 
:@>H0I0OAO 

�=5H=89 284 8 F25B �=5H=89 284 ?@>872>;L=K9, F25B 15;K9, @02=><5@=K9 ?> 
2A59 <0AA5 

 

#@8 MB>< 2 ?@>F5AA5 E@0=5=8O 2 B5G5=85 15-B8 ACB>: ?@8 B5<?5@0BC@5 (4±2) >% 0:B82=0O 
:8A;>B=>ABL 87<5=O;0AL =57=0G8B5;L=>, >@30=>;5?B8G5A:85 ?>:070B5;8 :0G5AB20 
8AA;54C5<KE >?KB=KE 8 :>=B@>;L=KE >1@07F>2 <O3:>3> AK@0 A>>B25BAB2>20;8 
A2565?@83>B>2;5==><C ?@>4C:BC. � A2O78 A G5< =0 ?5@2>< MB0?5 8AA;54>20B5;LA:>9 @01>BK 
=0CG=> >1>A=>20=0 2>7<>6=>ABL ?@8<5=5=8O ?0EBK 2 :0G5AB25 >A=>2=>3> <>;>G=>3> 
:><?>=5=B0 2 B5E=>;>388 ?@>872>4AB20 B5@<>:8A;>B=>3> <O3:>3> AK@0 A ?>=865==K< 
A>45@60=85< <>;>G=>3> A0E0@0. 
!0 2B>@>< MB0?5 @01>BK 8AA;54>20= ?@>F5AA 384@>;870 ;0:B>7K ?0EBK ?@8 B5<?5@0BC@5 

(4±2) >% 2 B5G5=85 >B 1 4> 12 G 8 CAB0=>2;5=K 53> ?0@0<5B@K ?@8 ?@>872>4AB25 
=87:>;0:B>7=>3> B5@<>:8A;>B=>3> <O3:>3> AK@0.  
$57C;LB0BK 8AA;54>20=89 7028A8<>AB8 384@>;870 ;0:B>7K ?0EBK >B ?@>4>;68B5;L=>AB8 

?@>F5AA0 D5@<5=B0B82=>3> @0AI5?;5=8O <>;>G=>3> A0E0@0 2 AK@L5 ?@54AB02;5=K 2 B01;8F5 3. 
'AB0=>2;5=> (B01;8F0 3), GB> A C25;8G5=85< ?@>4>;68B5;L=>AB8 384@>;870 ;0:B>7K 2 

?0EB5 ?@8 B5<?5@0BC@5 (4±2) >% :>;8G5AB2> <>;>G=>3> A0E0@0 2 AK@L5 A=860;>AL. 
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#@>2545=85 ?@>F5AA0 384@>;870 ;0:B>7K 2 ?0EB5 2 B5G5=85 9 8 12 G A?>A>1AB2>20;> 
?>;CG5=8N <O3:>3> AK@0 A A>45@60=85< <>;>G=>3> A0E0@0 2 :>;8G5AB25 (0,9±0,1) 8    
(0,59±0,1) % A>>B25BAB25==>, GB> 2 ?>;=>9 <5@5 1C45B C4>2;5B2>@OBL ?>B@51=>ABO< ;N459, 
AB@040NI8E =5?5@5=>A8<>ABLN ;0:B>7K 2 C?>B@51;5=88 =87:>;0:B>7=KE ?@>4C:B>2. #@8 
MB>< AB5?5=L 384@>;870 ;0:B>7K 2 ?0EB5 A>AB028;0 81 8 88 % A>>B25BAB25==>. %B5?5=L 
384@>;870 ;0:B>7K 2 <>;>G=>< 2B>@8G=>< AK@L5 ?@8 ?@>2545=88 ?@>F5AA0 D5@<5=B0B82=>3> 
384@>;870 <>;>G=>3> A0E0@0 2 ?0EB5 2 B5G5=85 1–6 G =0E>48;0AL 2 480?07>=5 2–56 %.   

 

&45?. 3. �028A8<>ABL 384@>;870 ;0:B>7K ?0EBK >B 53> ?@>4>;68B5;L=>AB8 

Table 3. Dependence of buttermilk lactose hydrolysis on its duration 

#>:070B5;8 

�AA;54C5<K5 >1@07FK ?0EBK 

#@>4>;68B5;L=>ABL 384@>;870 ;0:B>7K 2 ?0EB5, G 
�57 

384@>;870 1 3 6 9 12 

�0:B>70, %, (±0,1 %) 4,8 4,7 4,0 2,1 0,9 0,59 

%B5?5=L 384@>;870 ;0:B>7K, % – 2 17 56 81 88 

 

#@>2545=85 384@>;870 ;0:B>7K 2 <>;>G=>< AK@L5 A>?@>2>6405BAO >1@07>20=85< 3;N:>7K 
8 30;0:B>7K, =0;8G85 :>B>@KE 7=0G8B5;L=> C25;8G8205B A:>@>ABL @50:F88  09O@0 A 
2K45;5=85< <5;0=>848=>2, >1;040NI8E 0=B8>:A840=B=K<8 A2>9AB20<8 8 CA8;820NI8E 
F25B 8 2:CA>2K5 ?>:070B5;8 3>B>2KE ?@>4C:B>2 [17]. �KO2;5=>, GB> ?@>2545=85 ?@>F5AA0 
384@>;870 <>;>G=>3> A0E0@0 2 ?0EB5 2 B5G5=85 1–6 G =5 >:070;> ACI5AB25==>3> 2;8O=8O =0 
87<5=5=85 2:CA>2KE 8 0@><0B8G5A:8E E0@0:B5@8AB8: <O3:>3> AK@0. � A2>N >G5@54L, <O3:89 
AK@, ?@8 ?>;CG5=88 :>B>@>3> <>;>G=>5 AK@L5 ?>425@30;>AL 384@>;87C ;0:B>7K 2 B5G5=85 9 8 
12 G, E0@0:B5@87>20;AO 1>;55 2K@065==K< A;04:>20BK< 2:CA><, :>B>@K9 CA8;820;AO A 
C25;8G5=85< ?@>4>;68B5;L=>AB8 384@>;870 <>;>G=>3> A0E0@0. 
%>3;0A=> @57C;LB0B0<, ?>;CG5==K< 2 E>45 2B>@>3> MB0?0 @01>BK, >?@545;5=>, GB> ?@8 

?@>872>4AB25 <O3:>3> AK@0 87 ?0EBK A=865=85 ;0:B>7K 2 3>B>2>< ?@>4C:B5 4> 1 % 8 =865 
2>7<>6=> 4>AB83=CBL ?CB5< ?@>2545=8O D5@<5=B0B82=>3> 384@>;870 <>;>G=>3> A0E0@0 2 
AK@L5 ?@8 B5<?5@0BC@5 (4±2) >% 2 B5G5=85 =5 <5=55 9 G, ?@8 MB>< AB5?5=L 384@>;870 ;0:B>7K 
1C45B A>AB02;OBL =5 <5=55 80 %. 

!0 B@5BL5< MB0?5 @01>BK 8AA;54>20=K >A>15==>AB8 ?@>F5AA>2 B5@<>:8A;>B=>9 
:>03C;OF88 15;:>2 ?0EBK 2 B5E=>;>388 ?@>872>4AB20 <O3:>3> AK@0 A ?>=865==K< 
A>45@60=85< ;0:B>7K. (5@<5=B0B82=K9 ?@>F5AA @0AI5?;5=8O <>;>G=>3> A0E0@0 2 AK@L5 
>ACI5AB2;O;8 ?@8 B5<?5@0BC@5 (4±2) >% 2 B5G5=85 12 G. )@0=8;8 ?@>4C:B ?@8 B5<?5@0BC@5 
(4±2) >% 2 B5G5=85 15-B8 ACB>:. 
$57C;LB0BK 87CG5=8O D878:>-E8<8G5A:8E ?>:070B5;59 =87:>;0:B>7=>3> <O3:>3> AK@0 2 

7028A8<>AB8 >B B5E=>;>38G5A:8E ?0@0<5B@>2 B5@<>:8A;>B=>9 :>03C;OF88 15;:>2 <>;>G=>3> 
AK@LO 2 ?@>F5AA5 E@0=5=8O ?@54AB02;5=K 2 B01;8F5 4. 

%>3;0A=> 40==K<, ?@54AB02;5==K< 2 B01;8F5 4, 2KO2;5=>, GB>, =57028A8<> >B 
B5<?5@0BC@K B5@<>:8A;>B=>9 :>03C;OF88 15;:>2 <>;>G=>3> AK@LO, 2A5 8AA;54C5<K5 
>1@07FK <O3:>3> AK@0 E0@0:B5@87>20;8AL ?>:070B5;O<8 0:B82=>9 :8A;>B=>AB8, =5 
8<5NI8<8 ACI5AB25==KE >B;8G89. �@><5 B>3>, B8B@C5<0O :8A;>B=>ABL B5@<>:8A;>B=>9 
<>;>G=>9 AK2>@>B:8, ?>;CG5==>9 2 ?@>F5AA5 :>03C;OF88, A>AB02;O;0 =5 1>;55 26 >&. 
'AB0=>2;5=> (B01;8F0 4), GB> A C25;8G5=85< B5<?5@0BC@K B5@<>:8A;>B=>9 :>03C;OF88 

15;:>2KE :><?>=5=B>2 8 ?@8<5=5=85< ?0EBK 2 :0G5AB25 >A=>2=>3> AK@LO (:>=B@>;L 2), 2 B>< 
G8A;5 384@>;87>20==>9 (>?KB), <0AA>20O 4>;O 2;038 2 <O3:>< AK@5 C25;8G820;0AL. -B> 
<>65B A2845B5;LAB2>20BL > B><, GB> A C25;8G5=85< B5<?5@0BC@K :>03C;OF88 1C45B 
?@>8AE>48BL ?>2KH5=85 AB5?5=8 ?5@5E>40 AK2>@>B>G=KE 15;:>2 2 3>B>2K9 ?@>4C:B.   
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&45?. 4. (878:>-E8<8G5A:85 ?>:070B5;8 <O3:>3> AK@0 2 ?@>F5AA5 E@0=5=8O 

Table 4. Physicochemical parameters of soft cheese 

#>:070B5;8 

�AA;54C5<K5 >1@07FK 

�>=B@>;L 1 
(AK@ =0 >A=>25 
F5;L=>3> 
<>;>:0) 

�>=B@>;L 2  
(AK@ =0 >A=>25 
?0EBK) 

"?KB 
(AK@ =0 >A=>25 
384@>;87>20==>9 

?0EBK) 
"9<?9@4BC@4 B9@<>:8A;>B=>9 :>47C;яF88 (80±1) °! 6 B9G9=89 3–5 <8= 

�:B82=0O :8A;>B=>ABL, 54. @!, (±0,05 54. @!) 6,23 6,27 6,14 

 0AA>20O 4>;O 2;038, %, (±0,05 %) 65,30 71,70 70,60 

"9<?9@4BC@4 B9@<>:8A;>B=>9 :>47C;яF88 (85±1) °! 6 B9G9=89 3–5 <8= 

�:B82=0O :8A;>B=>ABL, 54. @!, (±0,05 54. @!) 6,30 6,26 6,16 

 0AA>20O 4>;O 2;038, %, (±0,05 %) 70,20 73,70  72,20 

"9<?9@4BC@4 B9@<>:8A;>B=>9 :>47C;яF88 (90±1) °! 6 B9G9=89 3–5 <8= 

�:B82=0O :8A;>B=>ABL, 54. @!, (±0,05 54. @!) 6,28 6,26 6,16 

 0AA>20O 4>;O 2;038, %, (±0,05 %) 75,60 75,30 74,70 

 

�@><5 B>3>, >?@545;5=>, GB> =081>;LH89 2KE>4 3>B>2>3> ?@>4C:B0 1K; E0@0:B5@5= 4;O 
=87:>;0:B>7=>3> <O3:>3> AK@0, ?@8 ?@>872>4AB25 :>B>@>3> ?@8<5=O;8 B5<?5@0BC@C 
:>03C;OF88 15;:>2 A2KH5 85 >%, 8 A>AB028; 16–18 %. #@8 =03@520=88 =865 85 >% 8;8 2KH5 
90 >% =01;N40;>AL A=865=85 2KE>40 3>B>2>9 ?@>4C:F88 4> 10–12 %. 

�=0;87 >@30=>;5?B8G5A:8E ?>:070B5;59 :0G5AB20 3>B>2KE ?@>4C:B>2 ?>:070;, GB>, 
=57028A8<> >B :><?>=5=B=>3> AK@L52>3> A>AB020 <O3:>3> AK@0 A ?>=865==K< A>45@60=85< 
;0:B>7K, ?@8<5=5=85 B5<?5@0BC@=KE @568<>2 B5@<>:8A;>B=>9 :>03C;OF88 15;:>2 <>;>G=>-

?0EB>2KE A<5A59 (85±1) 8 (90±1) >% 2 B5G5=85 3–5 <8= A?>A>1AB2>20;> ?>;CG5=8N 3>B>2>3> 
?@>4C:B0 A E>@>H8<8 2:CA>2K<8 8 0@><0B8G5A:8<8 E0@0:B5@8AB8:0<8, A;04:>20BK< 2:CA>< 
70 AG5B 384@>;870 <>;>G=>3> A0E0@0 (4;O >?KB=KE >1@07F>2), <O3:>9, 2 <5@C ?;>B=>9, A;53:0 
:@>H0I59AO :>=A8AB5=F859. #@8 MB>< 8A?>;L7>20=85 ?0EBK (:>=B@>;L 2), 2 B>< G8A;5 
384@>;87>20==>9 (>?KB), ?>72>;8;> ?>;CG8BL ?@>4C:B A 1>;55 A;82>G=K< 2:CA>< 8 0@><0B>< 
>B=>A8B5;L=> >1@07F>2 =0 >A=>25 F5;L=>3> <>;>:0 (:>=B@>;L 1), GB> >1CA;>2;5=> 
:><?>=5=B=K< A>AB02>< <>;>G=>3> 68@0 ?0EBK. �<5AB5 A B5< 2KO2;5=>, GB> A C25;8G5=85< 
B5<?5@0BC@K :>03C;OF88 2:CA>2K5 8 0@><0B8G5A:85 ?>:070B5;8 15;:>2KE ?@>4C:B>2 
C;CGH0;8AL 8 =01;N40;>AL CA8;5=85 A;04:>3> 2:CA0. !0?@>B82, 8A?>;L7>20=85 B5<?5@0BC@K 
:>03C;OF88 (80±1) >% A?>A>1AB2>20;> D>@<8@>20=8N =52K@065==KE 2:CA>2KE 8 
0@><0B8G5A:8E ?>:070B5;59 8 7=0G8B5;L=>3> >B45;5=8O AK2>@>B:8 ?@8 E@0=5=88 ?@>4C:B0 2 
C?0:>2:5. 
�AE>4O 87 ?@54AB02;5==KE 8AA;54>20=89, ?>;CG5==KE 2 E>45 B@5BL53> MB0?0, CAB0=>2;5=>, 

GB> =081>;55 >?B8<0;L=K<8 B5E=>;>38G5A:8<8 ?0@0<5B@0<8 ?@>2545=8O ?@>F5AA0 
B5@<>:8A;>B=>9 :>03C;OF88 15;:>2 <>;>G=>3> AK@LO O28;0AL B5<?5@0BC@0 2 480?07>=5      
85–90 °C, GB> A?>A>1AB2C5B ?>;CG5=8N =87:>;0:B>7=>3> <O3:>3> AK@0 A 2KA>:8<8 
>@30=>;5?B8G5A:8<8 E0@0:B5@8AB8:0<8, E>@>H8< 2;03>C45@60=85< 8 AB018;L=K<8 D878:>-

E8<8G5A:8<8 ?>:070B5;O<8 2 ?@>F5AA5 E@0=5=8O. 
 

����2+�!�� 
'AB0=>2;5=0 8 =0CG=> >1>A=>20=0 MDD5:B82=>ABL ?@8<5=5=8O ?0EBK ?@8 873>B>2;5=88 

=87:>;0:B>7=>3> <O3:>3> AK@0 8 B5E=>;>38G5A:85 ?0@0<5B@K 53> ?@>872>4AB20 4;O 
@0AH8@5=8O 0AA>@B8<5=B0 B5@<>:8A;>B=KE 284>2 AK@>2 A ?>=865==K< A>45@60=85< 
;0:B>7K. 
#>;CG5= <O3:89 AK@ A ?>=865==K< A>45@60=85< ;0:B>7K 4> 1 %, <0AA>2>9 4>;59 68@0 2 

ACE>< 25I5AB25 =5 1>;55 36 % 8 2;038 =5 1>;55 71 %, AB018;L=K<8 D878:>-E8<8G5A:8<8 
A2>9AB20<8 2 ?@>F5AA5 E@0=5=8O 8 C;CGH5==K<8 >@30=>;5?B8G5A:8<8 ?>:070B5;O<8, 1>;55 
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A;82>G=K< 2:CA>< 8 0@><0B><, A =0;8G85< A;04:>20B>3> ?@82:CA0, GB> =5 CABC?05B 
ACI5AB2CNI8< B@048F8>==K< B5@<>:8A;>B=K< AK@0< =0 >A=>25 F5;L=>3> <>;>:0 8;8 
?0EBK. 
�AA;54>20= ?@>F5AA 384@>;870 ;0:B>7K ?0EBK 8 CAB0=>2;5=K 53> ?0@0<5B@K ?@8 

?@>872>4AB25 =87:>;0:B>7=>3> <O3:>3> AK@0 =0 >A=>25 B5@<>:8A;>B=>9 :>03C;OF88 
15;:>2KE :><?>=5=B>2. !0CG=> >1>A=>20=0 ?@>4>;68B5;L=>ABL 384@>;870 ;0:B>7K ?0EBK, 
:>B>@0O A>AB028;0 =5 <5=55 9 G ?@8 B5<?5@0BC@5 (4±2) >%, ?@8 MB>< =081>;55 MDD5:B82=K< 
O28;>AL ?@>2545=85 ?@>F5AA0 D5@<5=B0B82=>3> @0AI5?;5=8O <>;>G=>3> A0E0@0 2 AK@L5 2 
B5G5=85 12 G ?@8 B5<?5@0BC@5 (4±2) >%, GB> A?>A>1AB2C5B ?>2KH5=8N AB5?5=8 384@>;870 
;0:B>7K =5 =865 80 % 8 D>@<8@>20=8N 2 ?@>4C:B5 2KA>:8E 8 >@30=>;5?B8G5A:8E 
E0@0:B5@8AB8: A ?@>O2;5=85< A;04:>20B>3> ?@82:CA0. 
�7CG5=K >A>15==>AB8 8 CAB0=>2;5=K >?B8<0;L=K5 ?0@0<5B@K ?@>2545=8O ?@>F5AA0 

B5@<>:8A;>B=>9 :>03C;OF88 15;:>2 <>;>G=>3> AK@LO 2 B5E=>;>388 ?@>872>4AB20 
=87:>;0:B>7=>3> <O3:>3> AK@0. 'AB0=>2;5=>, GB> 4;O ?>;CG5=8O <O3:>3> AK@0 87 ?0EBK A 
?>=865==K< A>45@60=85< ;0:B>7K =5>1E>48<> ?@8<5=OBL B5<?5@0BC@=K5 @568<K 
B5@<>:8A;>B=>9 :>03C;OF88 15;:>2 =5 =865 85 >% 2 B5G5=85 3–5 <8=, GB> A?>A>1AB2C5B 1>;55 
?>;=><C >A0645=8N 15;:>2>-68@>2>9 D@0:F88 ?0EB>2>9 A<5A8 8 ?>;CG5=8N 3>B>2>3> 
?@>4C:B0 A 2KA>:8<8 >@30=>;5?B8G5A:8<8 E0@0:B5@8AB8:0<8, E>@>H8< 2;03>C45@60=85< 8 
AB018;L=K<8 D878:>-E8<8G5A:8<8 ?>:070B5;O<8 2 ?@>F5AA5 E@0=5=8O. 
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STRUCTURAL AND MECHANICAL PROPERTIES OF COMPOSITIONS USED IN 

DESSERT RECEPIES BASED ON WHOLE GRAIN BARLEY FLOUR AND APPLE 

PUREE 

S. L. Masanskiy, N. O. Pusovskaya 

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

ABSTRACT 
Introduction. Structural and mechanical properties of desserts are the determining factors of their consumer 

appeal. However, the consumer properties of desserts from combination of whole grain barley flour and 

apple puree have not been previously investigated, and the product range remains undeveloped. The 
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objective of this research is to develop a range of low-calorie desserts with predetermined ergonomic 

properties for school nutrition. The scientific task is to establish patterns of structural and mechanical 

properties in recipe compositions of whole-grain barley flour and apple puree at various ratios. 

Materials and methods. The study utilized whole grain barley flour, sterilized apple puree without added 

sugar, and fresh apples. Structural and mechanical parameters were assessed using a rotational viscometer 

<VT6/7 PLUS=, and a texture analyzer – CT3-4500 Brookfield. Water activity (Aw) was measured with a 

device <Hygrolab %1-Set-40 Hygrometer=, and solvent retention capacity of the flour was determined using 

the Chopin SRC-CHOPIN analyzer. Standardized methods for the determination of physicochemical 

parameters were employed. 

Results. A gradual increase in the proportion of flour (up to 10 %) in mixtures with high apple puree content 

is characterized by viscoplastic properties, with the flour proportion increasing linearly up to a threshold, 

after which the increase becomes nonlinear but not sharply exponential (average flour content 50–60 %). 

Further dominance of the flour component (70–80 %) results in the mixture exhibiting properties 

characterized by low moisture content, high brittleness, and hardness, while viscosity and firmness increase 

exponentially. 

Conclusions. The development of a range of desserts for school nutrition with specified structural and 

mechanical properties (consistency) is possible using the following recipe ratios of whole grain barley flour 

to apple puree (%): 70:30 – 80:20 for cookie-type products; 50:50 – 60:40 for muffin and cupcake-type 

products; and 0:100 – 10:90 for jellied dishes in the form of mousses. 

KEY WORDS: structural and mechanical properties; low-calorie desserts; whole grain barley flour; apple 

puree; β-glucans; pectins; water activity, moisture absorption. 

FOR CITATION: Masansky, S. L. Structural and mechanical properties of compositions used in dessrts 

recepies based on whole grain barley flour and apple puree / S. L. Masansky, N. O. Pusovskaya // Vestnik of 

the Belarusian State University of Food and Chemical Technologies. – 2025. 2 №. 1 (38) 2 P. 13‒23. 
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$5F5?BC@=K5 :><?>78F88 3>B>28;8AL A @07;8G=K<8 A>>B=>H5=8O<8 F5;L=>75@=>2>9 

OG<5==>9 <C:8 8 O1;>G=>3> ?N@5 2 <0AA>2>< >B=>H5=88: 10/90; 20/80; 30/70; 40/60; 50/50 8 
60/40 % A>>B25BAB25==>. �;O 8AA;54>20=8O 2;8O=8O 4>?>;=8B5;L=KE 8=3@5485=B>2 
22>48;8AL A>;L, A0E0@, A>40 8 ACE>5 <>;>:>. 
%B@C:BC@=>-<5E0=8G5A:85 ?>:070B5;8 ‒ @>B0F8>==K9 28A:>78<5B@ «VT6/7 PLUS», 

0=0;870B>@ B5:ABC@K CT3-4500 Brookfield.  

"?@545;5=85 0:B82=>AB8 2>4K (Aw) – ?@81>@ «�83@><5B@ Hygrolab %1-Set-40».  
$0AB2>@>C45@6820NI0O A?>A>1=>ABL <C:8 – 0=0;870B>@ Chopin SRC-CHOPIN. 

�=0;87 2>4>@>4=>3> ?>:070B5;O pH @0AB2>@0 – pH-<5B@ HI 5221-02 «Hanna Instruments». 
(878:>-E8<8G5A:85 ?>:070B5;8 >?@545;O;8AL A 8A?>;L7>20=85< >1I5?@8=OBKE <5B>4>2.  
 

$��'�0&�&/ � �) "�%'���!�� 

�AA;54>20;8 :><?>78F88 F5;L=>75@=>2>9 OG<5==>9 <C:8 8 O1;>G=>3> ?N@5 ?@8 
@07;8G=KE 8E @5F5?BC@=KE A>>B=>H5=8OE: 10 % <C:8 / 90 % ?N@5; 20 % <C:8 / 80 % ?N@5; 
30 % <C:8 / 70 % ?N@5; 40 % <C:8 / 60 % ?N@5; 50 % <C:8 / 50 % ?N@5; 60 % <C:8 / 40 % 

?N@5.  
-DD5:B82=CN 2O7:>ABL B5AB0 >?@545;O;8 ?@8 :><=0B=>9 B5<?5@0BC@5 (20±2) º% 2 

B@5E:@0B=>9 ?>2B>@=>AB8. #@>2545==K9 AB0B8AB8G5A:89 0=0;87 ?>:070;, GB> >B:;>=5=85 >B 
A@54=53> 7=0G5=8O A>AB028;> nA@54=55 ± 2–3 %. $57C;LB0BK 87<5@5=89 ?@54AB02;5=K =0 
@8AC=:0E 1–2.  

 

  
$<E. 1. �028A8<>ABL MDD5:B82=>9 2O7:>AB8 >B 

A>>B=>H5=8O <C:8 8 ?N@5 
 

Fig. 1. Effective viscosity as a function of flour 

to puree ratio 
 

$<E. 2. �;8O=85 4>102;5=8O A>;8 8 A0E0@0 =0 
MDD5:B82=CN 2O7:>ABL 

 

Fig. 2. Effect of adding salt and sugar on effective 

viscosity 
 

% C25;8G5=85< 4>;8 <C:8 2 A<5A8 MDD5:B82=0O 2O7:>ABL 2>7@0AB05B ?> M:A?>=5=F80;L=>9 
7028A8<>AB8. #@8 A>>B=>H5=88 70 % <C:8 / 30 % ?N@5 A<5AL B5@O5B B5:CG5ABL.  C:0 
O2;O5BAO >A=>2=K< D0:B>@><, >?@545;ONI8< 2O7:>ABL 40==>9 A8AB5<K, β-3;N:0=K, 
A>45@60I85AO 2 <C:5 >1;040NB A?>A>1=>ABLN ?>3;>I0BL 8 C45@6820BL 2>4C, >1@07CO 
35;5>1@07=CN AB@C:BC@C, C25;8G820NICN 2O7:>ABL B5AB0 [21, 22]. �>102;5=85 A>;8 8/8;8 
A0E0@0 =57=0G8B5;L=> C25;8G8205B 2O7:>ABL ?> A@02=5=8N A :>=B@>;L=K< >1@07F>< (10 % 

<C:8 / 90 % ?N@5). -DD5:B A0E0@0 1>;55 2K@065=, G5< MDD5:B A>;8.  
� B01;8F5 1 ?@54AB02;5=K @57C;LB0BK 8A?KB0=89 B5AB>2KE ?>;CD01@8:0B>2 =0 A60B85. 

�=0;87 ?@>2>48;8 =0 0=0;870B>@5 B5:ABC@K CT3-4500 Brookfield. �0==K5 ?@54AB02;5=K ?> 
@57C;LB0B0< B@5E:@0B=KE 87<5@5=89 (>B:;>=5=85 >B A@54=8E 7=0G5=89 nA@54=55 ± 10 %).   

"1@075F 1 2 B01;8F5 1 ?@54AB02;O5B A>1>9 B5AB>2K5 ?>;CD01@8:0BK, A>AB>OI85 B>;L:> 87 
<C:8 8 ?N@5, 157 4>102;5=8O 4@C38E @5F5?BC@=KE 8=3@5485=B>2. 
�@C385 A>>B=>H5=8O (50 % <C:8 / 50 % ?N@5 8 20 % <C:8 / 80 % ?N@5) =5 8AA;54>20;8AL 

0
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40==K< <5B>4><. "1@075F A A>>B=>H5=85< 50 % <C:8 8 50 % ?N@5 >:070;AO A;8H:>< 
B25@4K< 4;O ?@>2545=8O 8A?KB0=89 =0 0=0;870B>@5 B5:ABC@K CT3-4500 Brookfield. "1@075F A 
A>>B=>H5=85< 20 % <C:8 8 80 % ?N@5 >:070;AO =54>AB0B>G=> AB@C:BC@8@>20==K< A =87:>9 
CAB>9G82>ABLN : 45D>@<0F88 4;O ?@>2545=8O 8A?KB0=89 B5< 65 <5B>4><. 

 
&45?. 1. !>@<0;L=>5 =0?@O65=85 B5AB0 ?@8 A60B88  
Table 1. Normal test stress under compression 

%>>B=>H5=85 <C:0 / ?N@5, 
% 

!>@<0;L=>5 =0?@O65=85, Ã, :#0 
"1@075F 1:  
<C:0/?N@5 

"1@075F 2:  
<C:0/?N@5 + 4>102:8  

50 / 50  – – 
40 / 60  30,5 17,8 

30 / 70  20,8 8,5 

20 / 80  – – 
 

"1@075F 2 2 B01;8F5 1 2:;NG05B B5AB>2K5 ?>;CD01@8:0BK 87 <C:8 8 ?N@5 A 4>102;5=85< 
@5F5?BC@=KE 8=3@5485=B>2. -B8 4>102:8 A>AB>O;8 87 A0E0@0, A>;8, A>4K 8 ACE>3> <>;>:0, 
27OBK5 2 CA@54=5==KE >B B@048F8>==KE 4;O :>=48B5@A:8E 8745;89 ?@>?>@F8OE (A0E0@ – 27 % 

>B <0AAK <C:8 4;O <0DD8=>2, 40 % 4;O ?5G5=LO; A>;L – 1,25 % >B <0AAK <C:8, A>40 – 0,75 % 

>B <0AAK <C:8, ACE>5 <>;>:> – 6 % >B <0AAK <C:8). 
% C25;8G5=85< 4>;8 <C:8 2 >1@07F5 (>B 30 4> 40 %) =>@<0;L=>5 =0?@O65=85 ?@8 A60B88 

7=0G8B5;L=> 2>7@0AB05B :0: 157 4>102>:, B0: 8 A 4>102;5=85< 4@C38E @5F5?BC@=KE 
8=3@5485=B>2 (A0E0@, A>;L, A>40, ACE>5 <>;>:>).  C:0 7=0G8B5;L=> C25;8G8205B B25@4>ABL 
>1@07F0. -B> <>65B 1KBL >1JOA=5=> B5<, GB> β-3;N:0=K >1@07CNB B@5E<5@=CN A5B:C, 
?@840NICN B5ABC 1>;LHCN C?@C3>ABL 8 A>?@>B82;5=85 45D>@<0F88, GB> C25;8G8205B 
B25@4>ABL >1@07F0 [23, 24]. �>102;5=85 A>?CBAB2CNI8E 8=3@5485=B>2 (A>;L, A0E0@, A>40, 
ACE>5 <>;>:>) ACI5AB25==> (2 1,7 @070 4;O >1@07F0 40:60 8 2 2,4 @070 4;O >1@07F0 30:70) 
A=8605B =>@<0;L=>5 =0?@O65=85 ?@8 A60B88, GB> <>65B 1KBL A2O70=> A 8E 2;8O=85< =0 
AB@C:BC@C 8 2;03>C45@6820NICN A?>A>1=>ABL B5AB0.  
!0 @8AC=:5 3 8 2 B01;8F5 2 ?@54AB02;5=K @57C;LB0BK >?@545;5=8O 043578>==>3> 

=0?@O65=8O B5AB>2KE ?>;CD01@8:0B>2 =0 0=0;870B>@5 B5:ABC@K CT3-4500 Brookfield. �0==K5 
?@54AB02;5=K ?> @57C;LB0B0< B@5E:@0B=KE 87<5@5=89 (>B:;>=5=85 >B A@54=53> 7=0G5=8O 
nA@54=55 ± 8 %). 

 
&45?. 2. �;8O=85 4>102>: =0 043578>==>5 =0?@O65=85 B5AB0 
Table 2. Effect of additives on the adhesive stress of the sample 

%>>B=>H5=85 8=3@5485=B>2 �43578>==>5 =0?@O65=85 Ã043, #0 
50 /50 + A>40 0,22 

50 /50 + ACE>5 <>;>:> 0,41 

50 /50 0,51 

50 /50 + A>;L 0,64 

50 /50 + A0E0@ 0,88 

50 /50 + A>;L + A0E0@ 0,89 

 

�43578>==>5 =0?@O65=85 ACI5AB25==> 7028A8B :0: >B A>>B=>H5=8O <C:8 8 ?N@5, B0: 8 >B 
4>102;5=8O @07;8G=KE 8=3@5485=B>2. '25;8G5=85 4>;8 O1;>G=>3> ?N@5 8 4>102;5=85 A0E0@0 
2 =081>;LH59 AB5?5=8 A?>A>1AB2C5B ?>2KH5=8N 0435788. -B> <>65B 1KBL A2O70=> A 
?5:B8=><, A>45@60I8<AO 2 ?N@5, :>B>@K9 >1;0405B 2KA>:>9 043578>==>9 A?>A>1=>ABLN, 0 
B0:65 A2O70=> A 53> 2;8O=85< =0 2708<>459AB285 <564C β-3;N:0=0<8 8 ?5:B8=><. β-3;N:0=K 
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<>3CB A?>A>1AB2>20BL C<5@5==><C C25;8G5=8N 0435788 B5AB0, GB> 206=> 4;O D>@<8@>20=8O 
AB@C:BC@K :>=5G=>3> ?@>4C:B0 [25–27]. 

 
$<E. 3. �028A8<>ABL 043578>==>3> =0?@O65=8O >B A>>B=>H5=8O <C:8 8 ?N@5 2 B5AB5 

 

Fig. 3. Dependence of adhesive tension on the ratio of flour and puree 

 

�0@L8@>20=85 :>;8G5AB20 <C:8 8 ?N@5 2 @5F5?BC@5, 0 B0:65 22545=85 4>?>;=8B5;L=KE 
8=3@5485=B>2, ?>72>;O5B F5;5=0?@02;5==> <>48D8F8@>20BL AB@C:BC@=>-<5E0=8G5A:85 
A2>9AB20 B5AB0 8 ?>;CG0BL ?@>4C:BK A 7040==K<8 E0@0:B5@8AB8:0<8. 
%>>B=>H5=85 F5;L=>75@=>2>9 OG<5==>9 <C:8 8 O1;>G=>3> ?N@5 2 A<5A8 – :;NG52>9 

D0:B>@, >?@545;ONI89 C@>25=L pH @0AB2>@0 8, A;54>20B5;L=>, :8A;>B=>ABL ?@>4C:B0. 
*5;L=>75@=>20O OG<5==0O <C:0 (100 %) 8<55B pH 5,75, GB> 1;865 : A;01>:8A;>9 8;8 ?>GB8 
=59B@0;L=>9 @50:F88 @0AB2>@0. % C25;8G5=85< 4>;8 O1;>G=>3> ?N@5 2 A<5A8 pH @0AB2>@0 
?>A;54>20B5;L=> A=8605BAO (B01;8F0 3). �0==0O 7028A8<>ABL 8<55B =5;8=59=K9 E0@0:B5@. 

 

&45?. 3. �=0;87 2>4>@>4=>3> ?>:070B5;O pH @0AB2>@0 8AA;54C5<KE 284>2 B5AB0  

Table 3. Analysis of the pH value of the solution of the studied types of dough 

"1@075F: <C:0 / ?N@5, % pH A<5A8 
90 / 10 5,57 

80 / 20 5,39 

70 / 30 5,28 

60 / 40 5,19 

50 / 50 5,10 

40 / 60 4,73 

30 / 70 4,38 

20 / 80 4,10 

10 / 90 3,65 

100 % O1;>G=>5 ?N@5 3,20 

 

"?B8<0;L=K9 10;0=A 4;O A>740=8O B5AB0 A ?@85<;5<K< pH 4;O E;51>?5:0@=KE 8;8 
45A5@B=KE 8745;89 <>65B 1KBL =0945= 2 ?@545;0E >B 60 % <C:8 / 40 % ?N@5 4> 80 % <C:8 / 
20 % ?N@5, 345 pH =0E>48BAO 2 480?07>=5 5,2–5,4, GB> A>>B25BAB2C5B C<5@5==>9 :8A;>B=>AB8, 
A?>A>1AB2CNI59 >?@545;ё==K< B5E=>;>38G5A:8< 8 >@30=>;5?B8G5A:8< A2>9AB20< [28, 29]. 

#@8 =87:>< pH (2 480?07>=5 >B 3 4> 4,5), E0@0:B5@=>< 4;O 2KA>:8E :>=F5=B@0F89 2 
@5F5?BC@=>9 A<5A8 O1;>G=>3> ?N@5, ?5:B8= A>E@0=O5B A2>N A?>A>1=>ABL D>@<8@>20BL 35;8 8 
>1;0405B 1>;55 CAB>9G82>9 AB@C:BC@>9 [30]. 

60 <C:8/40 
?N@5

50 <C:8/50 
?N@5

40 <C:8/60 
?N@5

y = -0,12x2 + 0,67x - 0,47

R² = 1

0

0,1

0,2

0,3

0,4

0,5

0,6

0 3,5

�
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 #
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%BBFABL9A<9 <A7D98<9AFB6, %
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� B01;8F5 4 ?@54AB02;5=K @57C;LB0BK ?@>254ё==KE 87<5@5=89, ?>72>;ONI85 >F5=8BL, :0: 
87<5=O5BAO A?>A>1=>ABL A<5A8 87 F5;L=>75@=>2>9 OG<5==>9 <C:8 8 O1;>G=>3> ?N@5 
C45@6820BL 2;03C 2 7028A8<>AB8 >B A>>B=>H5=8O 40==KE 8=3@5485=B>2. 

 
&45?. 4. �7<5=5=85 2;03>?>3;>I5=8O 2 7028A8<>AB8 >B A>45@60=8O <C:8 8 ?N@5 

Table 4. Change in moisture absorption depending on the percentage of components in the mixture 

%>>B=>H5=85 
8=3@5485=B>2: 
<C:0 / ?N@5, % 

 0AA0 4> 
F5=B@8DC38@>20=8O, 3 

 0AA0 ?>A;5 
F5=B@8DC38@>20=8O, 3 

�;03>?>3;>I5=85, 
% 

10 / 90 32,9 13,5 41,60 

20 / 80 32,9 19,3 58,80 

30 / 70 32,9 23,9 72,50 

40 / 60 32,9 31,3 95,09 

50 / 50 32, 9 32,9 100,00 

 C:0 100 % 5,20 10,3 100,60 

#N@5 100 % 32,9 16,6 51,20 

 

�;03>?>3;>I5=85 C25;8G8205BAO A C25;8G5=85< 4>;8 <C:8 8 A>>B25BAB25==> A=8605BAO 
?@8 ?>2KH5=88 A>45@60=8O O1;>G=>3> ?N@5 2 A<5A8. *5;L=>75@=>20O <C:0 E0@0:B5@87C5BAO 
2KA>:8<8 7=0G5=8O<8 2;03>?>3;>I5=8O – 100,6 %, O1;>G=>5 ?N@5 – 51,2 %. �<5AB5 A B5<, 2 
A<5A8 ?@8 =87:>9 :>=F5=B@0F88 <C:8 10 % 2;03>?>3;>I5=85 A>AB028;> 41,6 %. �0==0O 
70:>=><5@=>ABL, 345 2;03>?>3;>I5=85 A<5A8 A 10 % <C:8 >:07K205BAO =865, G5< C G8AB>3> 
O1;>G=>3> ?N@5, >1JOA=O5BAO A;>6=K< 2708<>459AB285< :><?>=5=B>2 2 <=>3>:><?>=5=B=>9 
A8AB5<5, 2:;NG0NI5< 2>7<>6=>5 ?5@5@0A?@545;5=85 2>4K, MDD5:B "@07102;5=8O" 8;8 
"70B5=5=8O" A2O7K20NI8E F5=B@>2, 0 B0:65 87<5=5=85 >1I59 <8:@>AB@C:BC@K A8AB5<K ?@8 
A<5H820=88 [31]. % C25;8G5=85< 4>;8 <C:8 2;03>?>3;>I5=85 @0AB5B ?@0:B8G5A:8 ;8=59=> 
4> A>>B=>H5=8O 50 % <C:8 / 50 % ?N@5, 345 4>AB8305B 100 % 8 2 40;L=59H5< =5 
C25;8G8205BAO. � 480?07>=5 >B 10 % <C:8 / 90 % ?N@5 4> 50 % <C:8 / 50 % ?N@5 C25;8G5=85 
4>;8 <C:8 =0 10 % ?@82>48B : @>ABC 2;03>?>3;>I5=8O ?@8<5@=> =0 14–15 %.  

�;03>?>3;>I5=85 A<5A8 C25;8G8205BAO ?@0:B8G5A:8 ;8=59=> A C25;8G5=85< 4>;8 <C:8 2 
=59 4> 50 % (@8AC=>: 4). �0;L=59H55 C25;8G5=85 4>;8 <C:8 ?@0:B8G5A:8 =5 A:07K205BAO =0 
2>4>?>3;0I5=88, GB> C:07K205B =0 =0AKI5=85 A8AB5<K 8 55 AB018;870F8N. 

 

 
$<E. 4. �028A8<>ABL 2;03>?>3;>I5=8O >B A>>B=>H5=8O <C:8 8 ?N@5 2 A<5A8 

Fig. 4. Dependence of moisture absorption on the ratio of flour and puree in the sample 
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R² = 0,9753

0

20

40

60

80

100

120

�?
47
BC
B7
?B
M
9A
<9
, %

%BBFABL9A<9 <A7D98<9AFB6, %



Пище6ая Fех=>?>7ия  

 

 

 20 

�;O >?@545;5=8O A2>1>4=>9 8 A2O70==>9 2;038 2 8AA;54C5<KE >1@07F0E 87<5@O;8 
?>:070B5;L 0:B82=>AB8 2>4K (Aw). *5;L=>75@=>20O OG<5==0O <C:0 E0@0:B5@87C5BAO 
7=0G5=8O<8 40==>3> ?>:070B5;O 2 480?07>=5 0,456–0,470 157@07<5@=KE 548=8F, GB> 3>2>@8B > 
2KA>:>9 AB018;L=>AB8 ?@>4C:B0 8 =87:>9 25@>OB=>AB8 @0728B8O <8:@>>@30=87<>2. % 
C25;8G5=85< 4>;8 O1;>G=>3> ?N@5 =01;N405BAO 7=0G8B5;L=>5 C25;8G5=85 Aw. �0==K5 
?@54AB02;5=K 2 B01;8F5 5. 

 
&45?. 5. �7<5@5=85 ?>:070B5;O 0:B82=>AB8 2>4K 2 8AA;54C5<KE >1@07F0E 

Table 5. Measuring the water activity index in the studied samples 

%>>B=>H5=85 8=3@5485=B>2: <C:0 / ?N@5, % #>:070B5;L 0:B82=>AB8 2>4K (Aw) 

90 / 10 0,810–0,820 

80 / 20 0,903–0,911 

70 / 30 0,931–0,941 

60 / 40 0,915–0,934 

50 / 50 0,962–0,964 

40 / 60 0,935–0,946 

30 / 70 0,939–0,948 

20 / 80 0,918–0,926 

10 / 90 0,926–0,931 

 

-B> >15A?5G8205B 4;8B5;L=K9 A@>: E@0=5=8O <C:8. �:B82=>ABL 2>4K 2;8O5B =0 B5:ABC@C 
B5AB0, 53> 2O7:>ABL 8 A?>A>1=>ABL : 35;5>1@07>20=8N. �KA>:0O Aw <>65B ?@82>48BL : 1>;55 
<O3:>9 8 2;06=>9 B5:ABC@5. %;8H:>< 2KA>:0O 0:B82=>ABL 2>4K <>65B =530B82=> A:070BLAO 
=0 B5:ABC@C 3>B>2KE 8745;89 – <O:8H ?;>E> ?@>?5Gё==K9, :>=A8AB5=F8O ;8?:0O [32]. 

� B01;8F5 6 ?@54AB02;5=0 7028A8<>ABL 2;8O=8O A>>B=>H5=8O 8=3@5485=B>2 2 @5F5?BC@=>9 
A<5A8 =0 8E 2;06=>ABL. 

 

&45?. 6. $57C;LB0BK 87<5@5=89 ?>:070B5;O 2;06=>AB8 

Table 6. Results of humidity measurement 

%>>B=>H5=85 8=3@5485=B>2: <C:0 / ?N@5, % �;06=>ABL, % 

100 / 0 10,0 

90 / 10 16,7 

80 / 20 23,2 

70 / 30 30,4 

60 / 40 38,8 

50 / 50 47,4 

40 / 60 53,8 

30 / 70 58,9 

20 / 80 65,1 

10 / 90 77,2 

0 / 100 87,3 
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1�@>4=5=A:89 3>AC40@AB25==K9 03@0@=K9 C=825@A8B5B, $5A?C1;8:0 �5;0@CAL 
2 #@54AB028B5;LAB2> �" « ���» (Ч5HA:0O $5A?C1;8:0), $5A?C1;8:0 �5;0@CAL 

�!!"&�*�3 
�6989A<9. *5;L 8AA;54>20=8O – 2>2;5G5=85 2 ?@><KH;5==K9 >1>@>B :>@>2L53> <>;>7820 :0: 
=5B@048F8>==>3> ?8I52>3> AK@LO, >1;040NI53> C=8:0;L=K< A>AB02>< 8 A2>9AB20<8. �<5AB5 A B5<, 
>BACBAB2CNB A>>B25BAB2CNI85 >F5=:8 M:>=><8G5A:>9 F5;5A>>1@07=>AB8 8 MDD5:B82=>AB8 53> 
?5@5@01>B:8 2 CA;>28OE $5A?C1;8:8 �5;0@CAL, GB> >?@545;8;> =0CG=CN 7040GC 8AA;54>20=8O. 
 4F9D<4?O < @9FB8O. �0==K5 ?> E8<8G5A:><C A>AB02C <>;>7820-AK@LO, >1J5<0< 53> ?>;CG5=8O, 
=>@<0< A:0@<;820=8O <>;>4=O:C A5;LA:>E>7O9AB25==KE 682>B=KE, F5=K 8 =04102:8 =0 <>;>:> 
F5;L=>5 :>@>2L5. �A?>;L7>20=K AB0=40@B=K5 <5B>4K <0B5<0B8G5A:>3> 0=0;870, 0 B0:65 @0AG5B0 
M:>=><8G5A:8E ?>:070B5;59.  
$9;G?PF4FO. "1I89 3>4>2>9 @5AC@A=K9 ?>B5=F80; <>;>7820 2 $5A?C1;8:5 �5;0@CAL A>AB02;O5B 
199,77‒234,95 BKA. B/3>4, >F5=8205<K9 2 45=56=>< M:2820;5=B5 2 @07<5@5 204,51‒247,06 <;= @C1., 8 
?>72>;O5B ?>;CG0BL ?@8 2>2;5G5=88 2 ?5@5@01>B:C: 87 <>;>7820 1-9 8 2-9 B5E=>;>38G5A:8E 3@C?? 
2,30‒3,39 BKA. B 15;:>2>3> :>=F5=B@0B0, 0,84‒1,18 BKA. B ;0:B>7K 8 1,6622,35 BKA. B 68@0; 87 <>;>7820 
3-9 B5E=>;>38G5A:>9 3@C??K – 16,19‒18,27 BKA. B ?8I52>3> ?@>4C:B0 ?> B5E=>;>388 <O3:>3> AK@0 
8;8 164,00‒185,07 BKA. B D5@<5=B8@>20==KE ?@>4C:B>2.  
�4>?NK9A<9.  >;>782> O2;O5BAO 7=0G8<K< @575@2>< 4;O ?>;CG5=8O 4>?>;=8B5;L=>9 ?@81K;8 
>B5G5AB25==K<8 A5;LA:>E>7O9AB25==K<8 >@30=870F8O<8, 0 B0:65 ?@54?@8OB8O<8 ?> ?5@5@01>B:5 
<>;>:0.  

��2+��/� %�"��: <>;>782>; >1J5<; <0AA0; B5E=>;>38G5A:0O 3@C??0; A515AB>8<>ABL; 
@5=B015;L=>ABL; F5=0; ?@>4C:B. 

��3 *�&�$"��!�3: �>7>2A:0O, �. %. "F5=:0 @5AC@A=>3> ?>B5=F80;0 8 M:>=><8G5A:>9 
MDD5:B82=>AB8 ?@><KH;5==>9 ?5@5@01>B:8 <>;>7820 2 CA;>28OE $5A?C1;8:8 �5;0@CAL /                          

�. %. �>7>2A:0O, ". �. �K<0@ // �5AB=8: �5;>@CAA:>3> 3>AC40@AB25==>3> C=825@A8B5B0 ?8I52KE 8 
E8<8G5A:8E B5E=>;>389. – 2025. – № 1 (38). – %. 24–37. 

 

ASSESSMENT OF RESOURCE POTENTIAL AND ECCONOMIC EFFICIENCY OF  

INDUSTRIAL PROCESSING OF BOVINE COLOSTRUM  

IN THE REPUBLIC OF BELARUS 

D. S. Lozovskaya1, O. V. Dymar2 

1Grodno State Agrarian University, Republic of Belarus 
2 Representative Office of JSC MEGA (Czech Republic), Republic of Belarus 

ABSTRACT 
Introduction. The aim of this research is to integrate bovine colostrum, a non-traditional food raw material 

with a unique composition and properties, into the industrial turnover. However, there are no relevant 

assessments of the economic feasibility and efficiency of its processing in the Republic of Belarus, which 

determined the scientific objective of this study. 

Materials and methods. The paper uses data on the chemical composition of raw bovine colostrum, its 

collection volumes, feeding standards for young farm animals, prices and overhead prices for whole cow's 

milk. Standard methods of mathematical analysis and calculation of economic indicators have been applied. 

Results. The total annual resource potential of bovine colostrum in the Republic of Belarus is                          

199,77‒234,95 kt/y, estimated at 204,51‒247,06 mln RUB. When processed, bovine colostrum from the 1st 

and 2nd technological groups yields 2,30–3,39 kt of protein concentrate, 0,84‒1,18 kt of lactose, and 



  �еEF=и> ��'&, 2025 № 1 (38) 
 

 

 

 

25 

1,6622,35 kt of fat. Colostrum from the 3d technological group can be used to produce 16,19‒18,27 kt of 

food product using soft cheese technology, or 164,00‒185,07 kt of fermented products. 

Conclusions. Bovine colostrum represents a significant reserve for generating additional profit for domestic 

agricultural organizations and dairy processing enterprises. 

KEY WORDS: bovine colostrum; volume; weight; technological group; cost; profitability; price; product. 

FOR CITATION: Lozovskaya. D. S. Assessment resource potential and economic efficiency of industrial 

processing of bovine colostrum in the Republic of Belarus / D. S. Lozovskaya, O. V. Dymar // Vestnik of the 

Belarusian State University of Food and Chemical Technologies. ‒ 2025. ‒ №. 1 (38). ‒ P. 24‒37. 
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&@048F8>==> 4;O ?@>872>4AB20 <>;>G=>9 ?@>4C:F88 8A?>;L7C5BAO F5;L=>5 :>@>2L5 
<>;>:>, ?>;CG5==>5 A 8 ?> 277‒285 45=L ;0:B0F88 [1]. %G8B05BAO, GB> 8<5==> MB> <>;>:> 
O2;O5BAO =081>;55 ?@85<;5<K< 4;O B5E=>;>38G5A:>9 ?5@5@01>B:8. �<5AB5 A B5<, 2KA>:CN 
7=0G8<>ABL 4;O ?@>872>4AB20 ?@>4C:B>2 ?>2KH5==>9 ?8I52>9 8 18>;>38G5A:>9 F5==>AB8, 
>@85=B8@>20==KE =0 >B45;L=K5 3@C??K ?>B@518B5;59, ?@8>1@5B05B :>@>2L5 <>;>782> – 
A5:@5B <>;>G=>9 65;57K :>@>2K, ?>;CG5==>5 2 ?5@2K5 7 4=59 ?>A;5 >B5;0. 
�AA;54>20=8O >B5G5AB25==KE 8 70@C156=KE 02B>@>2 B0:65 ?>4B25@640NB 53> 2KA>:85 

?8I52K5 4>AB>8=AB20 – ?>2KH5==>5 A>45@60=85 ?@0:B8G5A:8 2A5E :><?>=5=B>2, 
?@8ACBAB2CNI8E 2 <>;>:5, A?5F8D8G5A:89 D5@<5=B=K9 8 3>@<>=0;L=K9 A>AB02.  
%>45@60=85 ACE8E 25I5AB2 2 <>;>7825 :>;51;5BAO >B 18‒25 %, 87 =8E 10‒12 % ?@8E>48BAO 

=0 15;>:, 6,5 % – =0 68@ [2, 3]. � ?5@2K5 4=8 ?>A;5 >B5;0 2 <>;>7825 ?> A@02=5=8N A 
>1KG=K< <>;>:>< 2 1,5 @070 2KH5 A>45@60=85 68@0 8 <8=5@0;L=KE 25I5AB2 (2 7>;5): 
:0;LF8O – 0,15 %, <03=8O – 0,013 %, :0;8O – 0,145 %, =0B@8O – 0,05 %, D>AD>@0 – 0,137 %, 

E;>@84>2 – 0,102 %. &0:65 2 =5< A>45@68BAO 1>;LH5 :0@>B8=0 – 100 <:3 %, 28B0<8=0 � – 
50‒52 <:3 %, 28B0<8=>2 3@C??K �, D, E, C, ?0=B>B5=>2>9 :8A;>BK – 198 <:3 %, =8:>B8=>2>9 
:8A;>BK – 77 <:3 % [4, 5]. �8@=>:8A;>B=K9 A>AB02 <>;>7820 2:;NG05B ?@8<5@=> 65–75 % 

=0AKI5==KE, 24–28 % <>=>=5=0AKI5==KE 8 4–5 % ?>;8=5=0AKI5==KE 68@=KE :8A;>B. 
 5<1@0=K 68@>2KE 3;>1C; E0@0:B5@87CNBAO 2KA>:8< A>45@60=85< 0A?0@038=>2>9 8 
3;CB0<8=>2>9 :8A;>B, ;59F8=0.  

Fox 8 Kleinsmith 2 2010 3>4C 8 4@C385 8AA;54>20B5;8 ?>4G5@:820;8 >A>1CN 7=0G8<>ABL 
<>;>7820 :0: 18>;>38G5A:8 ?>;=>F5==>3> AK@LO 8 3>2>@8;8 > 2>7<>6=>AB8 53> 
8A?>;L7>20=8O 2 <548F8=5 8;8 ?8B0=88 G5;>25:0 [6‒8]. #@8 MB>< 02B>@K 2K45;8;8 B@8 
3@C??K 18>;>38G5A:8 0:B82=KE 25I5AB2 <>;>7820:  

1) 8<<C==K5 D0:B>@K:  
‒ B8<>78= (0;LD0- 8 15B0-F5?8), 1>30BK9 ?@>;8=>< ?5?B84, B8<C;8=, F8B>:8=K 8 

;8<D>:8=K;  
‒ 25I5AB20, >ACI5AB2;ONI85 70I8B=CN DC=:F8N 2 65;C4>G=>-:8H5G=>< B@0:B5 
(8<<C=>3;>1C;8=K, D0:B>@K ?5@5=>A0, B.5. >ACI5AB2;ONI85 B@0=A?>@B=CN DC=:F8N – 
B@0=AD5@@8=, ;0:B>D5@@8=);  
‒ D5@<5=BK – ;0:B>?5@>:A84070, :A0=B8=>:A84070;  
‒ ;59:>F8BK, >;83>A0E0@84K 8 3;N:>:>=LN30BK [6];  

2) @>AB>2K5 D0:B>@K: 3>@<>= @>AB0, 8=AC;8=, 8=AC;8=>?>4>1=K5 D0:B>@K @>AB0, 0 B0:65 
3@C??0 15;:>2, A2O7K20NI8E 8=AC;8=>?>4>1=K5 D0:B>@K @>AB0, 2:;NG0NI0O 
B@0=AD>@<8@CNI85 D0:B>@K @>AB0 0;LD0 8 15B0, D0:B>@ @>AB0 M?8B5;8O, D0:B>@ @>AB0 
D81@>1;0AB>2, B@><1>F8B0@=K9 D0:B>@ @>AB0 [6];  

3) <5B01>;8G5A:85 D0:B>@K: ;5?B8=, 8=AC;8=, 28B0<8=A2O7K20NI85 15;:8, 
68@>@0AB2>@8<K5 28B0<8=K, 15;:8, A2O7K20NI85 <8=5@0;L=K5 25I5AB20, F8:;8G5A:89 

� (, 8=3818B>@K D5@<5=B>2 [6, 9].  
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(878>;>38G5A:0O F5==>ABL <>;>7820 2 ?5@2CN >G5@54L 70:;NG05BAO 2 53> 
8<<C=>;>38G5A:>< 459AB288 1;03>40@O =0;8G8N 1>;LH>3> :>;8G5AB20 8<<C=>3;>1C;8=>2 
[10‒13]. "=8 O2;ONBAO 206=>9 G0ABLN A?5F8D8G5A:>3> 3C<>@0;L=>3> 8<<C=8B5B0 8 
?@54AB02;ONB A>1>9 >A>1K9 284 15;:>2, :>B>@K5 =0E>4OBAO =0 ?>25@E=>AB8 β-:;5B>:. 
�<<C=>3;>1C;8=K (Ig) <>;>7820 ?@54AB02;5=K :;0AA0<8 IgG1, IgG2, IgA 8 IgM [14].  

� <>;>7825 ?@8ACBAB2C5B 1>;55 80 284>2 0=B8B5; : 1>;57=O< G5;>25:0, 2K7K205<K< 

10:B5@8O<8, 2 G0AB=>AB8 E. Aoli, S. typhimurium, H. pylori 8 4@. [15]. �;8=8G5A:85 8A?KB0=8O 
:><<5@G5A:8E ?@>4C:B>2 87 <>;>7820 ?>4B25@48;8 8E ?>;>68B5;L=K9 MDD5:B 2 ;5G5=88 
65;C4>G=>-:8H5G=KE 701>;520=89, >1CA;>2;5==KE %#��><, 8 2 ;5G5=88 E@>=8G5A:>9 

480@58. #@8 MB>< =01;N405BAO ?>2KH5=85 ?8I52>3> 8 8<<C=>;>38G5A:>3> AB0BCA0 
?0F85=B>2 [16]. �A5 MB> 2 A>2>:C?=>AB8 >1CA;02;8205B >A>1>5 7=0G5=85 A0<>3> <>;>7820, 0 
B0:65 ?>;CG5==KE =0 53> >A=>25 ?@>4C:B>2 2 @0F8>=5 ?8B0=8O @07;8G=KE 3@C?? =0A5;5=8O. 
� =0AB>OI55 2@5<O ?>;CG05<K5 >1J5<K <>;>7820 2 A5;LA:>E>7O9AB25==KE >@30=870F8OE 

AB@0=K 8A?>;L7CNBAO, 3;02=K< >1@07><, 4;O A:0@<;820=8O <>;>4=O:C, 0 87;8H:8 
=0?@02;ONBAO =0 :>@< 27@>A;K< >A>1O< 8;8 CB8;878@CNBAO. &0:8< >1@07><, ?>O2;O5BAO 
2>7<>6=>ABL B5E=>;>38G5A:>9 ?5@5@01>B:8 <>;>7820, 0 B0:65 M:AB@038@>20=8O 87 =53> 
A>AB02=KE :><?>=5=B>2 4;O ?@>872>4AB20 >1>30I5==KE ?8I52KE ?@>4C:B>2 4;O @07;8G=KE 
A>F80;L=>-45<>3@0D8G5A:8E 3@C?? =0A5;5=8O. % CG5B>< 18>;>38G5A:>9 F5==>AB8 15;:>2 
<>;>7820, 0 B0:65 7=0G8<KE >1J5<>2 8E ?>;CG5=8O, <>6=> A45;0BL 2K2>4, GB> <>;>782>, :0: 
AK@L52>9 @5AC@A, 8<55B ?5@A?5:B82K 4;O 8A?>;L7>20=8O 53> 2 ?@><KH;5==KE <0AHB010E, 0 
>BACBAB285 >1J5:B82=>9 >F5=:8 D0:B8G5A:8 8<5NI8EAO «A2>1>4=KE» >1J5<>2 <>;>7820 
70B@C4=O5B >F5=:C 53> ?>B5=F80;0 :0: AK@LO 4;O ?@><KH;5==>9 ?5@5@01>B:8.  
� A2O78 A MB8<, F5;LN 8AA;54>20=89 O28;8AL @0AG5B @5AC@A=>3> ?>B5=F80;0 ?>;CG5=8O 

<>;>7820, >F5=:0 M:>=><8G5A:8E 0A?5:B>2 @50;870F88 8 ?@><KH;5==>9 ?5@5@01>B:8 
<>;>7820-AK@LO. 
!0CG=0O 7040G0 – >1>A=>20=85 2>7<>6=>AB8 @50;870F88 <>;>7820-AK@LO 

A5;LA:>E>7O9AB25==K<8 >@30=870F8O<8 8 ?@>872>4AB2> <>;>782=KE ?@>4C:B>2 
?5@5@010BK20NI8<8 ?@54?@8OB8O<8, >15A?5G820NI8<8 ?>;CG5=85 ?@81K;8 >B 8E 
@50;870F88.  

 

 �&�$���/ �  �&"�/ 

"1J5:B0<8 8AA;54>20=89 O28;8AL 3>4>2>5 2>7<>6=>5 : ?>;CG5=8N 2 $5A?C1;8:5 �5;0@CAL 
:>;8G5AB2> >1I53> <>;>7820-AK@LO, :>;8G5AB2> <>;>7820-AK@LO 2 7028A8<>AB8 >B 2@5<5=8 
53> ?>;CG5=8O ?> B5E=>;>38G5A:8< 3@C??0<, 3>4>2>5 :>;8G5AB2> ?8I52KE 8=3@5485=B>2 8 
D5@<5=B8@>20==KE ?@>4C:B>2 87 <>;>7820, A515AB>8<>ABL 1 B>==K <>;>7820-AK@LO :064>9 
B5E=>;>38G5A:>9 3@C??K, 1 B>==K D5@<5=B8@>20==KE =0?8B:>2 8 ?@>4C:B0 ?8I52>3> ?> 
B5E=>;>388 <O3:>3> AK@0, ?>B5=F80;L=0O 2K@CG:0 >B @50;870F88 <>;>7820-AK@LO 8 

?@>4C:B>2 =0 53> >A=>25. 
$0AG5B M:>=><8G5A:8E ?>:070B5;59 ?@>2>48;AO A 8A?>;L7>20=85< AB0=40@B=KE D>@<C; 

M:>=><8G5A:>3> 0=0;870. "?B>2>->B?CA:=0O F5=0 70 548=8FC ?@>4C:F88 (1 B>==0) 2 @C1;OE 
157 !�% @0AAG8BK20;0AL ?> D>@<C;5 (1) [17]: Ц = С × (1 + Н100),                                                   (1) 

345 * – F5=0 =0 =>2K9 284 ?@>4C:F88, @C1.; 
       % – ?>;=0O A515AB>8<>ABL 548=8FK ?@>4C:F88, @C1.; 
       ! – =>@<0 ?@81K;8, % (?@8=8<05BAO 2 @07<5@0E, A>>B25BAB2CNI8E 0=0;>38G=K< 
?@>4C:B0<, 2K@010BK205<K< 87 F5;L=>3> <>;>:0). 
#>;=0O ?@81K;L A 548=8FK ?@>4C:F88 2 @C1;OE >?@545;O;0AL ?> D>@<C;5 (2) [17]: 

#=*-%.                                                             (2) 
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�>7<>6=>ABL ?>;CG5=8O <>;>7820 2 4>AB0B>G=>< 4;O ?@><KH;5==>9 ?5@5@01>B:8 
:>;8G5AB25 >1CA;>2;5=0 B5<, GB> =>2>@>645==K5 B5;OB0 =5 <>3CB ?>B@518BL 25AL 
?>;CG05<K9 >B =>2>B5;L=KE :>@>2 >1J5<, B0: :0: 53> :>;8G5AB2> 7=0G8B5;L=> ?@52KH05B 
?>B@51=>AB8 B5;5=:0: =0 ?>4A>A5 8;8 ?@8 @CG=>9 2K?>9:5 >= ?>;CG05B 2 B5G5=85 ?5@2KE 
ACB>: 4‒7 ; <>;>7820 ?@8 A@54=5ACB>G=>< C4>5 2 ?5@2K5 4=8 ?>A;5 >B5;0, @02=>< 15‒20 ;. 
�>;LH85 ?>@F88 <>;>7820, >A>15==> C B5;OB AB0@H8E 2>7@0AB=KE 3@C??, ?;>E> 
>1@010BK20NBAO ?8I520@8B5;L=K<8 A>:0<8, GB> ?@82>48B : G0ABK< @0AAB@>9AB20 
?8I520@5=8O [12]. $5:><5=4C5<K5 =>@<K A:0@<;820=8O <>;>7820 B5;OB0< 2 ?5@2K9 45=L 
?>A;5 @>645=8O A CG5B>< A>45@60=8O 2 =5< 8<<C=>3;>1C;8=>2 (Ig) ?@82545=K                             

2 B01;8F5 1 [18]. 
 

&45?. 1. !>@<K A:0@<;820=8O <>;>7820 B5;OB0< 2 ?5@2K9 45=L ?>A;5 @>645=8O A CG5B>< 
A>45@60=8O 2 =5< 8<<C=>3;>1C;8=>2 (Ig) (;) 

Table 1. Norms for feeding colostrum to calves on the first day after birth, taking into account the content 

of immunoglobulins (Ig) (l) 

�@5<O ?>A;5 @>645=8O, G "1J5< <>;>7820 A :>=F5=B@0F859 Ig 

25 3/; 50 3/; 75 3/; 100 3/; 
1 4,0 2,0 1,3 1,0 

3 ‒ 2,5 1,6 1,3 

6 ‒ 2,9 1,9 1,5 

9 ‒ ‒ 2,2 1,7 

12 ‒ ‒ 2,5 1,9 

15 ‒ ‒ 2,8 2,2 

18 ‒ ‒ ‒ 2,4 

 

!0 1 D52@0;O 2024 3. 2 A5;LA:>E>7O9AB25==KE >@30=870F8OE $5A?C1;8:8 �5;0@CAL 
=0AG8BK20;>AL 4,1 <;= 3>;>2 :@C?=>3> @>30B>3> A:>B0, 2 B>< G8A;5 :>@>2 – 1477,9 BKAOG 
3>;>2 [19]. #> 40==K<, ?@54>AB02;5==K< '" %#� «#CB@8H:8», CAB0=>2;5= >1J5< 
?>;CG5=8O <>;>7820-AK@LO >B B5;L=KE :>@>2 2 B5G5=85 7 ACB>: ?>A;5 >B5;0, :>B>@K9 
?@82545= 2 B01;8F5 2. 

&0:8< >1@07><, 40==K5, ?@82545==K5 2 B01;8F5 2, ?>:07K20NB, GB> A@54=89 >1J5< 
?>;CG05<>3> <>;>7820 2 B5G5=85 ?5@2KE 42CE ACB>: A>AB02;O5B >B 10 4> 22 ; >B >4=>9 
:>@>2K. � ?>A;54CNI85 4=8 =01;N405BAO ;8=59=K9 @>AB :>;8G5AB20 ?>;CG05<>3> <>;>7820 
A 2KE>4>< =0 7-5 ACB:8, A>>B25BAB2CNI8< A@54=59 ?@>4C:B82=>AB8 – 20 ;/ACB [20]. 
 
&45?. 2. %@54=89 >1J5< ?>;CG5=8O <>;>7820-AK@LO >B >4=>9 :>@>2K 2 B5G5=85 7 ACB>: ?>A;5 >B5;0 
Table 2. Average volume of raw bovine colostrum obtained from one cow within 7 days after calving 

�@5<O ?>A;5 >B5;0, ACB. "1J5< ?>;CG5=8O <>;>7820-AK@LO, ; 
1 10‒15 
2 18‒22 
3 20‒25 
4 23‒25 
5 25‒27 
6 28‒29 
7 28‒32 

 

�AE>4O 87 8<5NI8EAO 40==KE, 0 B0:65 A CG5B>< ?@545;L=>-4>?CAB8<>9 =>@<K 2K?>9:8 B5;OB0< 
2 2>7@0AB5 4> 30 ACB>: <>;>7820, @0AAG8B0= @5AC@A=K9 ?>B5=F80; 53> ?>;CG5=8O ?> ACB:0< 2 B5G5=85 
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=0G0;L=>3> ?5@8>40 ;0:B0F88. $57C;LB0BK @0AG5B>2 ?@54AB02;5=K 2 B01;8F5 3. 

�=0;87 40==KE, ?@54AB02;5==KE 2 B01;8F5 3, A2845B5;LAB2C5B > B><, GB> >1I89 3>4>2>9 
>1J5< ?>;CG05<>3> 2 $5A?C1;8:5 �5;0@CAL <>;>7820 2 @0AG5B5 =0 1 477 900 :>@>2 A>AB02;O5B 
>B 224 640,8 BKA. ; 4> 258 632,5 BKA. ;. "AB0B>G=K9 3>4>2>9 >1J5< <>;>7820, :>B>@K9 
O2;O5BAO ?>B5=F80;L=K< AK@L5< 4;O <>;>:>?5@5@010BK20NI59 ?@><KH;5==>AB8, <>65B 
4>AB830BL 193 604,9‒227 596,6 BKA. ; 2 3>4. 
"A=>2K20OAL =0 40==KE A>1AB25==KE 8AA;54>20=89 > :><?>=5=B=>< A>AB025 <>;>7820 8 

53> D878G5A:8E A2>9AB20E, @0AAG8B0=> 2>7<>6=>5 : ?>;CG5=8N 87 =53> ?CB5< <5<1@0==>9 
D8;LB@0F88 3>4>2>5 :>;8G5AB2> 15;:>2>3> :><?>=5=B0. $57C;LB0BK @0AG5B>2 ?@82545=K 2                        
B01;8F5 4. 

 
&45?. 3. "F5=:0 :>;8G5AB20 ?>;CG05<>3> <>;>7820-AK@LO 2 B5G5=85 =0G0;L=>3> ?5@8>40 ;0:B0F88 
Table 3. Evaluation of the amount of raw colostrum obtained during the initial period of lactation 

�@5<O 
?>A;5 
>B5;0, 
ACB. 

�>;8G5AB2> 
:>@>2, 3>;. 

"1J5< 
?>;CG05<>3> 
<>;>7820 70 
ACB:8 >B 
>4=>9 
:>@>2K, ; 

"1I89 3>4>2>9  
>1J5< ?>;CG05<>3> 
<>;>7820 >B 2A53> 
?>3>;>2LO, BKA. ; 

!>@<0 
2K?>9:8 
<>;>7820 
B5;OB0< 2 

2>7@0AB5 4> 30 
ACB. (3 ;/3>;), 
BKA. ; 

"AB0B>G=K9 
3>4>2>9 >1J5< 
<>;>7820, BKA. ; 

1 1477900,0 10,0‒15,0 14779,0‒22168,5 4433,7 10345,3‒17734,8 
2 1477900,0 18,0‒22,0 26602,2‒32513,8 4433,7 22168,5‒28080,1 
3 1477900,0 20,0‒25,0 29558,0‒36947,5 4433,7 25124,3‒32513,8 
4 1477900,0 23,0‒25,0 33991,7‒36947,5 4433,7 29558,0‒32513,8 
5 1477900,0 25,0‒27,0 36947,5‒39903,3 4433,7 32513,8‒35469,6 
6 1477900,0 28,0‒29,0 41381,2‒42859,1 4433,7 36947,5‒38425,4 
7 1477900,0 28,0‒32,0 41381,2‒47292,8 4433,7 36947,5‒42859,1 

�&"�" - - 224640,8‒258632,5 - 193604,9-227596,6 

 
&45?. 4. "F5=:0 @0AG5B=>3> :>;8G5AB20 ?>;CG05<>3> 87 <>;>7820-AK@LO 3>4>2>3> :>;8G5AB20 

15;:>2>3> :><?>=5=B0  

Table 4. Estimation of the annual amount of protein component obtained from raw colostrum 

�@
5<
O ?
>A
;5
 >
B5
;0
, 

AC
B. 

#
;>
B=
>A
BL
 <
>;
>7
82
0, 

:3
/<

3
 

 
0A
A>
20
O 4
>;
O 1
5;
:0
 

2 <
>;
>7
82
5, 
%

 

 
0A
A>
20
O 4
>;
O 

AK
2>
@>
B>
G=
KE
 1
5;
:>
2 

2 <
>;
>7
82
5, 
%

 

 
0A
A>
20
O 4
>;
O 

:0
75
8=
0 2
 <
>;
>7
82
5, 

%
 

"
AB
0B
>G
=K
9 
3>
4>
2>
9 

>1
J5
< 
<>
;>
78
20
, B
KA
. 

; 

"
AB
0B
>G
=0
O 3
>4
>2
0O
 

<0
AA
0 <
>;
>7
82
0, 
BK
A. 

B 

�>
4>
2>
5 :
>;
8G
5A
B2
> 

>1
I
53
> 
15
;:
0, 

BK
A. 
B. 

�>
4>
2>
5 :
>;
8G
5A
B2
> 

AK
2>
@>
B>
G=
>3
> 
15
;:
0, 

BK
A. 
B. 

�>
4>
2>
5 :
>;
8G
5A
B2
> 

:0
75
8=
0, 
BK
A. 
B 

1 
1047,0 

±0,07 
12,03 

±2,29 
4,58 

±0,86 
7,08 

±1,47 
10345,3‒
17734,8 

10,83‒
18,57 

1,30‒2,23 0,50‒
0,85 

0,77‒
1,31 

2 
1036,0 

±0,03 
4,88 

±0,46 
1,52 

±0,04 
3,01 

±0,39 
22168,5‒
28080,1 

22,97‒
29,09 

1,12‒1,42 0,35‒
0,44 

0,69‒
0,88 

3 
1031,0 

±0,05 
4,07 

±0,28 
1,32 

±0,08 
2,46 

±0,27 
25124,3‒
32513,8 

25,9‒ 
33,52 

1,05‒1,36 0,34‒
0,44 

0,64‒
0,82 

4 
1030,0

±0,06 
3,57 

±0,33 0,95±0,14 2,34 

±0,09 
29558,0‒
32513,8 

30,44‒
33,49 

1,09‒1,20 0,29‒
0,32 

0,71‒
0,78 

5 
1032,0 

±0,04 
3,52 

±0,21 
0,64±0,05 2,28 

±0,12 
32513,8‒
35469,6 

33,55‒
36,60 

1,18‒1,29 0,21‒
0,23 

0,76‒
0,83 
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6 
1030,0 

±0,04 
3,48 

±0,18 0,71±0,07 2,21 

±0,07 
36947,5‒
38425,4 

38,06‒
39,58 

1,32‒1,38 0,27‒
0,28 

0,84‒
0,87 

7 
1029,0 

±0,03 
3,41 

±0,36 0,52±0,02 2,26 

±0,08 
36947,5‒
42859,1 

38,02‒
44,10 

1,3‒1,5 0,20‒
0,23 

0,86‒
1,00 

�&"�" - - - - 
193604,9‒
227596,6 

199,77-

234,95 

8,36‒
10,38 

2,16‒
2,79 

5,27‒
6,49 

 

�=0;878@CO 40==K5 B01;8FK 4, <>6=> >B<5B8BL, GB> ?>B5=F80;L=0O 3>4>20O <0AA0 
<>;>7820-AK@LO 2 @07<5@5 199,77‒234,95 BKA. B ?>72>;8B ?>;CG0BL ?>@O4:0 8,36‒10,38 BKA. B 
>1I53> 15;:0, 2,16‒2,79 BKA. B AK2>@>B>G=KE 15;:>2 8 5,27‒6,49 BKA. B :0758=0. 
�0==K5 @0=55 ?@>2545==KE 8AA;54>20=89 A>AB020 8 A2>9AB2 <>;>7820 >1CA;>28;8 

=5>1E>48<>ABL 53> @0745;5=8O =0 B5E=>;>38G5A:85 3@C??K 8 >?@545;5=8O : =8< B@51>20=89 
?@8 ?@85<:5 =0 ?5@5@010BK20NI85 ?@54?@8OB8O, :>B>@K5 ?@54AB02;5=K 2 B01;8F5 5. 

 

&45?. 5. &@51>20=8O : :0G5AB25==K< ?>:070B5;O< <>;>7820-AK@LO ?> B5E=>;>38G5A:8< 3@C??0< 

Table 5. Requirements for quality of colostrum raw material indicators by technological groups 

!08<5=>20=85     
?>:070B5;O 

)0@0:B5@8AB8:0 ?>:070B5;O 
2@5<O ?>A;5 >B5;0, G 

1-O 3@C??0 –4> 24 2-O 3@C??0 – >B 24 4> 
72 

3-O 3@C??0 – >B 72 4> 168 

�=5H=89 284 
8 :>=A8AB5=F8O 

"4=>@>4=0O, 3CAB0O, 
2O7:0O, 

=5?@>7@0G=0O  
684:>ABL 157 
>A04:0, A3CAB:>2, 
E;>?L52 15;:0 

"4=>@>4=0O, 2O7:0O, 
=5?@>7@0G=0O  

684:>ABL 157 >A04:0, 
A3CAB:>2, E;>?L52  

15;:0 

"4=>@>4=0O, 2 <5@C 2O7:0O, 
=5?@>7@0G=0O 684:>ABL 157 
>A04:0, A3CAB:>2, E;>?L52 

15;:0 

�:CA 8 70?0E 
%?5F8D8G5A:89 
70?0E, 87;8H=5 
A>;5=K9 2:CA 

%?5F8D8G5A:89 70?0E, 
A>;>=>20BK9 2:CA 

+8ABK5, 157 ?>AB>@>==8E 
?@82:CA>2 8 70?0E>2 

*25B 

"B A25B;>-
:>@8G=52>3> 4> 
B5<=>-65;B>3>, 
@02=><5@=K9 ?> 
2A59 <0AA5 

"B B5<=>-65;B>3> 4> 
65;B>3>, @02=><5@=K9 

?> 2A59 <0AA5 

�5;K9 A> A;53:0 
65;B>20BK< 8;8 :@5<>2K< 
>BB5=:><, @02=><5@=K9 ?> 

2A59 <0AA5 

 0AA>20O 4>;O 68@0, 
%, =5 <5=55 4,5 4,5 3,6 

 0AA>20O 4>;O ACE8E 
25I5AB2, %, =5 <5=55 17,0 13,5 12,5 

 0AA>20O 4>;O 
>1I53> 15;:0, %,      

=5 <5=55 
8,5 4,5 3,3 

�8A;>B=>ABL, °&,     
=5 1>;55 61,0 31,0 22,0 

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

=5 <5=55 1,040 1,036 1,029 

&5@<>CAB>9G82>ABL 
?> 0;:>3>;L=>9 
?@>15, :;0AA,           
=5 <5=55 

- - II 
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#@>4>;65=85 F45?. 5. 
 

  

"1I0O 
10:B5@80;L=0O 

>1A5<5=5==>ABL, BKA. 
�"�/A<3, =5 1>;55 

2,8×104 6,2×104 2,6×105 

�>;8G5AB2> 
A><0B8G5A:8E :;5B>: 
2 1 A<3, =5 1>;55 

13,2×105 11,5×105 8,2×105 

 

� A2O78 A 2KA>:>9 18>;>38G5A:>9 F5==>ABLN <>;>7820 ?5@2>9 8 2B>@>9 3@C?? 8 =87:>9 
B5@<>CAB>9G82>ABLN 15;:>2>3> :><?>=5=B0 =081>;55 @0F8>=0;L=K< A?>A>1>< ?5@5@01>B:8 
O2;O5BAO 2K45;5=85 87 =8E 7=0G8<KE ?8I52KE A>AB02;ONI8E A 8A?>;L7>20=85< <5B>4>2 
<5<1@0==>9 D8;LB@0F88.  >;>782>-AK@L5 3 3@C??K F5;5A>>1@07=> =0?@02;OBL =0 ?>;CG5=85 
D5@<5=B8@>20==KE ?@>4C:B>2, ?@>872>48<KE ?> B5E=>;>38O< 0=0;>38G=KE ?@>4C:B>2 87 
F5;L=>3> <>;>:0, A CG5B>< B5E=>;>38G5A:8E 8 >@30=>;5?B8G5A:8E >A>15==>AB59 <>;>7820-
AK@LO. 
�0==K5 ?> @5AC@A=><C ?>B5=F80;C <>;>7820, 8<5NI5<CAO 2 $5A?C1;8:5 �5;0@CAL, 

?@82545==K5 2 B01;8F5 3, ?>72>;ONB @0AAG8B0BL D0:B8G5A:8 4>ABC?=>5 2 3>4 4;O 
?5@5@01>B:8 :>;8G5AB2> <>;>7820-AK@LO ?> B5E=>;>38G5A:8< 3@C??0<. �0==K5 @0AG5B>2 
?@82545=K 2 B01;8F5 6. 

 
&45?. 6. �>4>2>5 :>;8G5AB2> <>;>7820-AK@LO ?> B5E=>;>38G5A:8< 3@C??0< 

Table 6. Annual amount of colostrum raw material by technological groups 

&5E=>;>38G5A:0O 3@C??0 <>;>7820 "F5=:0 3>4>2>9 <0AAK <>;>7820 A CG5B>< =>@<K 2K?>9:8, 
BKA. B 

1 (>B 1 4> 24 G ?>A;5 >B5;0) 5,42‒9,38 
2 (>B 24 4> 72 G ?>A;5 >B5;0) 28,38‒38,38 
3 (>B 72 4> 168 G ?>A;5 >B5;0) 165,97‒187,29 

�&"�" 199,77‒234,95 
 

�AE>4O 87 ?>:070B5;59 A>AB020 <>;>7820, ?@82545==KE 2 B01;8F5 4, 1K;> @0AAG8B0=> 
?@54?>;0305<>5 : ?>;CG5=8N 87 ?5@2>9 8 2B>@>9 B5E=>;>38G5A:8E 3@C?? :>;8G5AB2> 
18>;>38G5A:8 7=0G8<KE :><?>=5=B>2. $57C;LB0BK @0AG5B>2 ?@82545=K 2 B01;8F5 7. 

�0==K5 B01;8FK 7 ?>:07K20NB, GB> ?5@5@01>B:0 <>;>7820 ?5@2KE 42CE 3@C?? ?>72>;O5B 
?>;CG0BL 7=0G8B5;L=K5 >1J5<K F5==KE ?8I52KE :><?>=5=B>2. "A>15==> 7=0G8<K< 
O2;O5BAO 2K45;5=85 87 <>;>7820 15;:>2>3> :><?>=5=B0, 3>4>20O 2>7<>6=0O : ?>;CG5=8N 
<0AA0 :>B>@>3> A>AB02;O5B 2,30‒3,39 BKA. B. % CG5B>< 0<8=>:8A;>B=>3> A>AB020 53> 15;:>2, 
>= ?@54AB02;O5B A>1>9 F5==K9 DC=:F8>=0;L=K9 :><?>=5=B 4;O ?@>872>4AB20 ?8I52KE 
?@>4C:B>2 ?>2KH5==>9 18>;>38G5A:>9 F5==>AB8. �8@>20O D@0:F8O, ?>;CG05<0O ?@8 
<8:@>D8;LB@0F88 8 ?>A;54CNI59 ACH:5 :>=F5=B@0B0, ?>72>;8B ?>;CG8BL 1,66‒2,35 BKA. B 
68@0. 
#@>2545==K5 2K@01>B:8 ?@>4C:B0 ?8I52>3> 87 <>;>7820 ?> B5E=>;>388 <O3:>3> AK@0 

?>72>;8;8 CAB0=>28BL A@54=NN =>@<C @0AE>40 AK@LO =0 1 B>==C 3>B>2>3> ?@>4C:B0. -B>, 2 
A2>N >G5@54L, ?>72>;O5B ?@>25AB8 @0AG5B ?@54?>;0305<>3> : ?>;CG5=8N 3>4>2>3> 53> 
:>;8G5AB20 87 <>;>7820 B@5BL59 B5E=>;>38G5A:>9 3@C??K. &0:65, 8AE>4O 87 =>@<K @0AE>40 
AK@LO =0 ?@>872>4AB2> 1 B>==K D5@<5=B8@>20==KE =0?8B:>2 87 <>;>:0, <>6=> @0AAG8B0BL 
?@54?>;0305<CN : ?>;CG5=8N 3>4>2CN <0AAC 40==KE =0?8B:>2 87 <>;>7820. �0==K5 
@0AG5B>2 ?@82545=K 2 B01;8F5 8. 
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&45?. 7. $0AG5BK <0AA :><?>=5=B>2, 2>7<>6=KE : ?>;CG5=8N 87 <>;>7820 A 8A?>;L7>20=85< 
<5B>4>2 <5<1@0==>9 D8;LB@0F88  

Table 7. Calculations of the masses of components that can be obtained from colostrum using membrane 

filtration methods 

&5E=>;>38G5A:0O 
3@C??0 <>;>7820 

"AB0B>G=0O 
3>4>20O 
<0AA0 

<>;>7820 A 
CG5B>< 
=>@<K 
2K?>9:8, 
BKA. B 

 0AA>20O 
4>;O 
15;:0, % 
(A@54=55 
7=0G5=85 
?> 

3@C??5) 

 0AA>20O 
4>;O ;0:-
B>7K, % 
(A@54=55 
7=0G5=85 
?> 

3@C??5) 

 0AA>20O 
4>;O 
68@0, % 
(A@54=55 
7=0G5=85 
?> 

3@C??5) 

#@54?>;0305<0O : ?>;CG5=8N 
<0AA0, BKA. B 

15;:>2>3> 
:>=F5=B@0B0 ;0:B>7K 68@0 

1 (>B 1 4> 24 G 
?>A;5 >B5;0) 5,42‒9,38 13,49 1,86 5,34 0,73‒1,27 0,10‒

0,18 

0,29‒
0,50 

2 (>B 24 4> 72 
?>A;5 >B5;0) 28,38‒38,38 5,53 2,60 4,82 1,57‒2,12 0,74‒

1,00 

1,37‒
1,85 

�&"�" 33,8‒47,76 - - - 2,30‒3,39 0,84‒
1,18 

1,66‒
2,35 

 

�0==K5 B01;8FK 8 ?>:07K20NB, GB> 87 <>;>7820, ?>;CG5==>3> 2 ?5@8>4 A 72 4> 168 G0A>2 
?>A;5 >B5;0, <>6=> ?>;CG0BL >B 16,19 4> 18,27 BKA. B. ?@>4C:B0 ?8I52>3> ?> B5E=>;>388 
<O3:>3> AK@0 8;8 164,00‒185,07 BKA. B D5@<5=B8@>20==KE =0?8B:>2. 'G8BK20O, GB> 
<>;>782> 40==>9 3@C??K B0:65 E0@0:B5@87C5BAO ?>2KH5==>9 <0AA>2>9 4>;59 15;:0 2 
A@02=5=88 A F5;L=K< <>;>:><, 40==K5 ?@>4C:BK 1C4CB O2;OBLAO 4>?>;=8B5;L=K< 
8AB>G=8:>< =570<5=8<KE 0<8=>:8A;>B 4;O >@30=87<0. 

 
&45?. 8. $0AG5B <0AAK 2>7<>6=KE : ?>;CG5=8N ?8I52>3> ?@>4C:B0 ?> B5E=>;>388 <O3:>3> AK@0 8 

D5@<5=B8@>20==KE =0?8B:>2 87 <>;>7820 3 B5E=>;>38G5A:>9 3@C??K 

Table 8. Calculation of the mass of possible food products to be obtained using the technology of soft 

cheese and fermented drinks from colostrum of the 3rd technological group 

!08<5=>20=85 ?@>4C:B0 
�>4>20O <0AA0 
<>;>7820 3 

3@C??K, BKA. B. 

!>@<0 @0AE>40 
<>;>7820 =0  

1 B., B/B 

#@54?>;0305<0O : 
?>;CG5=8N <0AA0 
?@>4C:B0, BKA. B. 

#8I52>9 ?@>4C:B 87 <>;>7820 ?> 
B5E=>;>388 <O3:>3> AK@0 165,97‒187,29 

10,25 16,19‒18,27 

(5@<5=B8@>20==K5 =0?8B:8 1,012 164,00‒185,07 

 

 4AG9B ?>B9=F84;P=>9 7>8>6>9 6O@CG:8 A9;PA:>E>7я9AB69==OE >@74=874F89 >B 
@94;874F88 <>;>7864-AO@Pя 

&0: :0: A5;LA:>E>7O9AB25==K5 >@30=870F88 $5A?C1;8:8 �5;0@CAL =5 >ACI5AB2;ONB 
@50;870F8N <>;>7820, B> >BACBAB2CNB >1J5:B82=K5 40==K5 > AB>8<>AB8 1 B>==K 40==>3> 
2840 AK@LO. �284C 40==KE >1AB>OB5;LAB2, => A CG5B>< D0:B8G5A:>3> =0;8G8O 70B@0B =0 
?>;CG5=85 <>;>7820, ?@8=8<05< AB>8<>ABL 1 B>==K 40==>3> AK@LO, @02=>9 AB>8<>AB8            
1 B>==K <>;>:0 1 A>@B0 ?> %&� 1598, :>B>@0O A>AB02;O5B 840,00 @C1. �0==K5 ?> 70:C?>G=K< 
F5=0< =0 <>;>:> :>@>2L5 >B 2 0?@5;O 2024 3>40, 0 B0:65 ?> =04102:0< (A:84:0<) 27OBK 87 
>BG5B=>9 4>:C<5=B0F88 '" %#� «#CB@8H:8» �@>4=5=A:>3> @09>=0.  
�AE>4O 87 40==KE @0AG5B>2 2>7<>6=>3> : ?>;CG5=8N 2 $5A?C1;8:5 �5;0@CAL 3>4>2>3> 

:>;8G5AB20 <>;>7820-AK@LO ?> B5E=>;>38G5A:8< 3@C??0<, ?@82545==K< 2 B01;8F5 6, 0 B0:65 
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#>;CG5==K5 @0AG5B=K5 40==K5 ?>72>;ONB A45;0BL 2K2>4, GB> =081>;LH59 AB>8<>ABLN 70 

1 B>==C ?@8 70:C?:5 E0@0:B5@87C5BAO <>;>782>, >B=>AOI55AO : 1 B5E=>;>38G5A:>9 3@C??5, B0: 
:0: 8<5==> 4;O =55 ?> ?@8G8=5 ?@52KH5=8O 1078A=>9 =>@<K ?> <0AA>2>9 4>;5 15;:0 =0             
5,5 % ?@8E>48BAO <0:A8<0;L=K9 @07<5@ =04102:8 – 1320 @C1. =0 1 B. -B> 2 :>=5G=>< AG5B5 
>?@545;O5B 3>4>2CN 2K@CG:C >B @50;870F88 40==>9 3@C??K 2 @07<5@5 13,12-22,24 <;= @C1.  
!04102:0 4;O 2 B5E=>;>38G5A:>9 3@C??K =865 ?>GB8 2 4 @070, G5< 4;O 1, 0 4;O B@5BL59 – 
1>;55 G5< 2 18 @07. -B> >1JOA=O5BAO @57:8< A=865=85< <0AA>2>9 4>;8 15;:0 2 AK@L5 4> 4,5 8                   
3,0 % A>>B25BAB25==>. �<5AB5 A B5<, ?> ?@8G8=5 1>;LH8E >1J5<>2 ?>;CG5=8O C:070==KE 
3@C?? (2 8 3) 3>4>20O 2K@CG:0 >B 8E @50;870F88 A>AB028B A>>B25BAB25==> 40,02-54,01 <;= 
@C1. 8 151,372170,81 <;= @C1., GB> 7=0G8B5;L=> 2KH5, G5< 4;O ?5@2>9 3@C??K. 
$50;870F8O ?@54?>;0305<>9 : ?>;CG5=8N <0AAK <>;>7820-AK@LO ?>72>;8B 

A5;LA:>E>7O9AB25==K< >@30=870F8O< @5A?C1;8:8 ?>;CG0BL 3>4>2CN 2K@CG:C 2 @07<5@5 
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:>@<;5=8O A:>B0, MB> <>65B AB0BL 4>?>;=8B5;L=K< 8AB>G=8:>< 4>E>40 8 7=0G8<K< 
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Table 9. Calculation of annual revenue from the sale of colostrum raw materials by agricultural 

organizations, taking into account the conversion to basic fat content and protein 
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1 ‒ >B 1 
4> 24 G 

5,42‒
9,38 

4,50 8,50 

840,0 

1320,0 
6,78‒
11,73 

5695,20‒
9853,20 

7154,40‒
12381,60 

13,12‒
22,24 

2 ‒ >B 24 
4> 72 G 

28,38‒
38,38 

4,50 4,50 360,0 
35,48‒
47,85 

29803,20

‒
40194,00 

10216,80‒
13816,80 
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54,01 
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3 ‒ >B 72 
4> 168 G 

165,97

‒
187,29 

3,60 3,30 72,0 
165,97‒
187,29 

139414,8

0‒
157323,6

0 

11949,84‒
13484,88 

151,37

‒
170,81 

�&"�" 

199,77

‒
234,95 

- - - 

- 208,23‒
246,87 

174913,2

‒
207370,8 

- 204,51

‒
247,06 

 

&45?. 10. %B>8<>ABL AK@LO 4;O ?@>872>4AB20 1000 :3 =0?8B:0, D5@<5=B8@>20==>3> 87 <>;>7820 8 
87 F5;L=>3> <>;>:0 A 8A?>;L7>20=85< :5D8@=>9 70:20A:8 

Table 10. Cost of raw materials for the production of 1000 kg of a drink fermented from colostrum and 

whole milk using kefir starter 

!08<5=>20=85 AK@LO �>;8G5AB2> 
AK@LO, :3 

%B>8<>ABL AK@LO 70 
548=8FC (:3), @C1. 

%B>8<>ABL AK@LO 2 
?5@5AG5B5 =0 53> <0AAC, @C1. 

Ф9@<9=B8@>64==O9 =4?8B>: 87 <>;>7864 A 8A?>;P7>64=89< :9D8@=>9 74:64A:8 

 >;>782>-AK@L5 970,00 0,912 884,64 

�5D8@=0O 70:20A:0 30,00 6,52 195,60 

�&"�" 1000,00 7,432 1080,24 

Ф9@<9=B8@>64==O9 =4?8B>: 87 F9;P=>7> <>;>:4 A 8A?>;P7>64=89< :9D8@=>9 74:64A:8 

 >;>:> F5;L=>5 A>@B0 
M:AB@0  

1078A=>9 68@=>AB8 
970,00 1,05 1018,50 

�5D8@=0O 70:20A:0 30,00 6,52 195,60 

�&"�" 1000,00 7,57 1214,10 

 

&45?. 11. %B>8<>ABL AK@LO 4;O ?@>872>4AB20 1000 :3 =0?8B:0, D5@<5=B8@>20==>3> 87 <>;>7820 8 
87 F5;L=>3> <>;>:0 A 8A?>;L7>20=85< :><?;5:A=>9 70:20A:8 ;0:B>:>::>2 8 B5@<>D8;L=>3> 
AB@5?B>:>::0 

Table 11. Cost of raw materials for the production of 1000 kg of a drink fermented from colostrum and 

whole milk using a complex starter culture of lactococcus and thermophilus steptococcus 

!08<5=>20=85 AK@LO �>;8G5AB2> 
AK@LO, :3 

%B>8<>ABL AK@LO 70 
548=8FC (:3), @C1. 

%B>8<>ABL AK@LO 2 
?5@5AG5B5 =0 53> <0AAC, @C1. 

Ф9@<9=B8@>64==O9 =4?8B>: 87 <>;>7864 A 8A?>;P7>64=89< :><?;9:A=>9 74:64A:8 
;4:B>:>::>6 8 B9@<>D8;P=>7> AB@9?B>:>::4 

 >;>782>-AK@L5 999,50 0,912 911,54 

�0:20A:0 ?@O<>3> 2=5A5=8O 0,50 75,31 37,66 

�&"�" 1000,00 76,222 949,20 

Ф9@<9=B8@>64==O9 =4?8B>: 87 F9;P=>7> <>;>:4 A 8A?>;P7>64=89< :><?;9:A=>9 74:64A:8 
;4:B>:>::>6 8 B9@<>D8;P=>7> AB@9?B>:>::4 

 >;>:> F5;L=>5 A>@B0 
M:AB@0 1078A=>9 68@=>AB8 

999,50 1,05 1049,48 

�0:20A:0 ?@O<>3> 2=5A5=8O 0,50 75,31 37,66 

�&"�" 1000,00 76,36 1087,14 

 

$0AG5B=K5 40==K5 ?>:07K20NB, GB> AB>8<>ABL AK@LO 4;O ?@>872>4AB20 1 B>==K ?@>4C:F88 
87 <>;>7820 =865, G5< 0=0;>38G=>9 87 F5;L=>3> <>;>:0. &0:, 4;O =0?8B:0, 
D5@<5=B8@>20==>3> 87 <>;>7820, ?@83>B>2;5==>3> A 8A?>;L7>20=85< :5D8@=>9 70:20A:8, 
70B@0BK =0 AK@L5 =865, G5< 4;O F5;L=>3> <>;>:0, =0 133,86 @C1.; 4;O =0?8B:0, 2K@01>B0==>3> 
A 8A?>;L7>20=85< :><?;5:A=>9 70:20A:8 ;0:B>:>::>2 8 B5@<>D8;L=>3> AB@5?B>:>::0 – =0 
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137,94 @C1. #>;CG5==K5 @07;8G8O A2O70=K A <5=LH59 70:C?>G=>9 F5=>9 <>;>7820 (0,912 @C1. 
?@>B82 1,05 @C1.). �;O ?@>4C:B0 ?8I52>3> 87 <>;>7820 ?> B5E=>;>388 <O3:>3> AK@0 @07=8F0 
2 F5=5, @02=0O 2289,7 @C1., 4>?>;=8B5;L=> >1CA;>2;5=0 1>;55 =87:>9 =>@<>9 @0AE>40 AK@LO 
=0 1 B 3>B>2>9 ?@>4C:F88, GB> A2O70=> A ?>2KH5==>9 <0AA>2>9 4>;59 15;:0, 2 G0AB=>AB8, 

:0758=0 2 <>;>7825. 
 

&45?. 12. %B>8<>ABL AK@LO 4;O ?@>872>4AB20 1000 :3 ?8I52>3> ?@>4C:B0 ?> B5E=>;>388 <O3:>3> 
AK@0 87 <>;>7820 8 <O3:>3> AK@0 87 F5;L=>3> <>;>:0 

Table 12. Cost of raw material for the production of 1000 kg of food product using the technology of soft 

cheese from colostrum, and soft cheese from whole milk 

!08<5=>20=85 AK@LO �>;8G5AB2> 
AK@LO, :3 

%B>8<>ABL AK@LO 70 
548=8FC (:3), @C1. 

%B>8<>ABL AK@LO 2 
?5@5AG5B5 =0 53> <0AAC, @C1. 

�8I96>9 ?@>8C:B 87 <>;>7864 ?> B9E=>;>788 <я7:>7> AO@4 

 >;>782>-AK@L5 10250,00 0,912 9348,00 

�0:20A:0 ?@O<>3> 2=5A5=8O 5,13 75,31 386,34 

%KGC6=K9 D5@<5=B «Kalase» 0,19 476 90,44 

);>@8ABK9 :0;LF89 (40 % 

@0AB2>@) 9,33 11,49 107,20 

�&"�" 10264,65 563,712 9931,98 

Мя7:89 AO@ 87 F9;P=>7> <>;>:4 

 >;>:> F5;L=>5 A>@B0 M:AB@0 
1078A=>9 68@=>AB8 11083,52 1,05 11 637,70 

�0:20A:0 ?@O<>3> 2=5A5=8O 5,13 75,31 386,34 

%KGC6=K9 D5@<5=B «Kalase» 0,19 476,00 90,44 

);>@8ABK9 :0;LF89 (40 % 

@0AB2>@) 9,33 11,49 107,20 

�&"�" 1000,00 563,85 12 221,68 
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Table 13. Cost calculation for the production of food products from bovine colostrum and whole 

milk 
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%K@L5 8 <0B5@80;K 1080,24 949,2 9931,98 1214,1 1087,14 12221,68 

�A?><>30B5;L=K5 
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48,61 42,71 446,94 54,63 48,92 549,98 
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&@0=A?>@B=K5 
@0AE>4K 

37,81 93,97 983,27 120,20 107,63 1209,95 

&>?;82>, E>;>4, 
M=5@38O 99,38 87,33 1807,62 220,97 197,86 2224,35 

"1I5E>7O9AB25==K5 
@0AE>4K 

60,49 53,16 1152,11 140,84 126,11 1417,71 

#@>G85 
?@>872>4AB25==K5 

@0AE>4K 

2,27 1,99 20,86 2,55 2,28 25,67 

"A=>2=0O 70@?;0B0 105,86 93,02 5968,13 729,55 653,26 7344,01 

%>F80;L=>5 
AB@0E>20=85 42,35 37,21 2387,25 291,82 261,30 2937,60 

�FB7B 
CDB<;6B8EF69AA4O 
E959EFB<@BEFP 

1477,01 1358,59 22698,16 2774,66 2484,5 27930,95 

"1I5?@>872>4AB25==
K5 @0AE>4K 

81,24 74,72 1248,40 152,61 136,65 1536,20 

�><<5@G5A:85 
@0AE>4K 

14,77 13,59 226,98 27,75 24,85 279,31 

%>45@60=85 
>1>@C4>20=8O 47,26 43,47 726,34 88,79 79,50 893,79 

�=5?@>872>4AB25==K
5 @0AE>4K 

42,83 39,40 658,25 80,47 72,05 810,00 

#B?A4O 
E959EFB<@BEFP 1663,11 1529,77 25558,13 3124,28 2797,55 31450,25 

%@54=OO ?;0=>20O 
@5=B015;L=>ABL, % 

7,12 6,27 8,54 7,12 6,27 8,54 

 

%@02=8B5;L=K5 M:>=><8G5A:85 ?>:070B5;8 ?@>4C:B>2 87 <>;>7820 8 F5;L=>3> <>;>:0 
?@82545=K 2 B01;8F5 14. 

 
&45?. 14. %@02=8B5;L=K5 M:>=><8G5A:85 ?>:070B5;8 ?@>4C:B>2 ?8I52KE 87 <>;>7820 8 

F5;L=>3> <>;>:0 

Table 14. Comparative economic indicators for food products from bovine colostrum and milk 

#>:070B5;8 

�=0G5=85 ?>:070B5;O 

A515AB>8<>ABL 
548=8FK 
?@>4C:F88, 
@C1. 

>?B>2>-
>B?CA:=0O 
F5=0 70 
548=8FC 

?@>4C:F88 157 
!�%, @C1. 

?>;=0O ?@81K;L 
A 548=8FK 

?@>4C:F88, @C1. 

�@>8C:BO 87 <>;>7864 

(5@<5=B8@>20==K9 =0?8B>: A 8A?>;L7>20=85< 
70:20A:8, ?@83>B>2;5==>9 =0 :5D8@=KE       

3@81:0E 
1663,11 1781,52 118,41 

(5@<5=B8@>20==K9 =0?8B>: A 8A?>;L7>20=85< 
70:20A:8 ;0:B>:>::>2+B5@<>D8;L=KE 

AB@5?B>:>::>2 
1529,77 1625,69 95,92 

#8I52>9 ?@>4C:B ?> B5E=>;>388 <O3:>3> AK@0 25558,13 27740,79 2182,66 
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�@>8C:BO 87 F9;P=>7> <>;>:4 

(5@<5=B8@>20==K9 =0?8B>: A 8A?>;L7>20=85< 
70:20A:8, ?@83>B>2;5==>9 =0 :5D8@=KE           

3@81:0E 
3124,28 3346,73 222,45 

(5@<5=B8@>20==K9 =0?8B>: A 8A?>;L7>20=85< 
70:20A:8 ;0:B>:>::>2+B5@<>D8;L=KE 

AB@5?B>:>::>2 
2797,55 2972,96 175,41 

 O3:89 AK@ 31450,25 34136,10 2685,85 

 

$0AG5B=K5 40==K5 ?>:07K20NB, GB> >?B>2>->B?CA:=K5 F5=K =0 ?@>4C:BK 87 <>;>7820 
=865, G5< =0 0=0;>38G=K5 87 F5;L=>3> <>;>:0, GB> >1CA;>2;5=> <5=LH8<8 70B@0B0<8 =0 
AK@L5 4;O 8E ?@>872>4AB20 (B01;8F0 13). !081>;55 M:>=><8G5A:8 2K3>4=K< O2;O5BAO 
?5@5@01>B:0 <>;>7820 2 ?8I52>9 ?@>4C:B ?> B5E=>;>388 <O3:>3> AK@0, B0: :0: 8<5==> >B 
@50;870F88 MB>9 :0B53>@88 ?@>4C:F88 <>6=> ?>;CG8BL ?@81K;L A 1 B>==K ?@0:B8G5A:8 
A>>B25BAB2CNICN @07<5@0< ?@81K;8, ?>;CG05<>9 >B ?@>4068 <O3:>3> AK@0 87 F5;L=>3> 
<>;>:0, – 2182,66 @C1. ?@>B82 2685,85 @C1. 
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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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8@8A=KE, :0@0<5;L=KE, >@5E>2KE, 75<;8ABKE, <OA=KE, A5@=8ABKE 8 H>:>;04=KE 0@><0B>2 
                                                           
1 �OE, �. /. %?@02>G=8: AK@>45;0. �B>@>5 8740=85 / �. /. �OE, �. �. ,5@38=0, &. !. %04>20O. –  >A:20: 
#@>D5AA8O, 2021. – 680 A. 
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[3]. �@><5 B>3>, G@57<5@=>5 ?@>B5:0=85 40==>9 @50:F88 ?@82>48B : ?>B5@5 18>;>38G5A:>9 
F5==>AB8 15;:>2 8 0<8=>:8A;>B, >A>15==> ;878=0, 0@38=8=0 8 38AB848=0 [4]. $50:F8O 
:0@0<5;870F88 ?@>2>48BAO 2 H8@>:>< 480?07>=5 pH, >B 3,1 4> 11 54. pH, >4=0:> 2 I5;>G=>9 
A@545 ?@>F5AA ?@>E>48B 3>@074> 8=B5=A82=55 [5]. 
%>3;0A=> ;8B5@0BC@=K< 8AB>G=8:0<, ?@8 ?@>872>4AB25 AK@>2 B8?0  >F0@5;;0 A>7@520=85 

=5 ?@54CA<0B@8205BAO, 2 @57C;LB0B5 G53> ?@>F5AA 40;L=59H53> @0AI5?;5=8O ;0:B>7K =0 
A>AB02;ONI85 <>=>A0E0@84K 8 4@C385 2:CA>0@><0B8G5A:85 25I5AB20 =5 ?@>8AE>48B 8;8 
>ACI5AB2;O5BAO 4>AB0B>G=> <54;5==>, GB>, 2 A2>N >G5@54L, <>65B CEC4H8BL 
B5E=>;>38G5A:85 A2>9AB20 AK@0 ?@8 53> 70?5:0=88. $0=55 =0 :0D54@5 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 1K;8 ?@>2545=K 8AA;54>20=8O ?> A>740=8N B5E=>;>388 ?>;CG5=8O 
=87:>;0:B>7=>3> AK@0 A G5445@870F859 8 B5@<>?;0AB8D8:0F859 AK@=>9 <0AAK A C;CGH5==>9 
A?>A>1=>ABLN : 70?5:0=8N [6]. -:A?5@8<5=B0;L=> ?>4B25@645=>, GB> ?@8<5=5=85 ?@>F5AA0 
384@>;870 <>;>G=>3> A0E0@0 2 =>@<0;87>20==>9 A<5A8 =0 AB0488 4>102;5=8O :><?>=5=B>2 
4;O A25@BK20=8O ?@8 B5<?5@0BC@5 (37±1) °% 2 B5G5=85 1 G0A0 A G5445@870F859 AK@=>3> 75@=0 
?>4 A;>5< AK2>@>B:8 2 B5E=>;>388 AK@>2 A G5445@870F859 8 B5@<>?;0AB8D8:0F859 AK@=>9 
<0AAK ?>72>;O5B ?>2KA8BL A?>A>1=>ABL AK@0 2K45@6820BL 2KA>:>B5<?5@0BC@=K9 =03@52 ?@8 
70?5:0=88, 0 B0:65 A=878BL B5=45=F8N : >1@07>20=8N «1;8AB5@>2» ?> A@02=5=8N A AK@><, 
2K@01>B0==K< 157 ?@8<5=5=8O 384@>;870 <>;>G=>3> A0E0@0 [7]. "4=0:> ?> >:>=G0=88 
40==>3> ?@>F5AA0 2 AK@5 A>45@68BAO 7=0G8B5;L=>5 :>;8G5AB2> <>=>A0E0@84>2 – 3;N:>7K 8 
30;0:B>7K, >AB02H8EAO ?>A;5 384@>;870 <>;>G=>3> A0E0@0, :>B>@K5 <>3CB B0:65 2ABC?0BL 2 
@50:F8N :0@0<5;870F88 8 ?@82>48BL : >1@07>20=8N 1;8AB5@>2 =0 ?>25@E=>AB8 ?8FFK ?@8 55 
70?5:0=88. �725AB=>, GB> ?@>?8>=>2>:8A;K5 10:B5@88, 2 G0AB=>AB8, Propionibacterium 

freudenreichii, :0: ?@028;>, 2 >A=>2=>< ?@8<5=ONB 2 :0G5AB25 >A=>2=KE :C;LBC@ ?@8 
?@>872>4AB25 AK@>2 A 2KA>:>9 B5<?5@0BC@>9 2B>@>3> =03@520=8O, =0?@8<5@,  00A40<, 4;O 
>15A?5G5=8O C?@02;O5<>3> ?@>F5AA0 A>7@520=8O, 0 B0:65 ?@840=8O 3>B>2><C AK@C 
E0@0:B5@=>3> 2:CA0 8 0@><0B0 [8]. #@8 MB>< ?@>?8>=>2>:8A;K5 <8:@>>@30=87<K 2 :0G5AB25 
?8B0=8O ?@54?>GB8B5;L=> 8A?>;L7CNB ;0:B0BK :0;LF8O 8 <>;>G=K9 A0E0@. "4=0:> 2 B> 65 
2@5<O 2 :0G5AB25 8AB>G=8:0 C3;5@>40 4;O MB8E 10:B5@89 <>3CB 2KABC?0BL 8 @07;8G=K5 
<>=>A0E0@84K, =0?@8<5@, 30;0:B>70 8 3;N:>70, >1@07CNI85AO ?@8 384@>;875 ;0:B>7K, GB>, 2 
A2>N >G5@54L, 1C45B A?>A>1AB2>20BL <5=55 8=B5=A82=><C =0:>?;5=8N :>;8G5AB20 
?@>?8>=>2>9 :8A;>BK 8 ?>72>;8B AB018;878@>20BL ?0@0<5B@K G5445@870F88 AK@=>3> ?;0AB0, 
0 B0:65 8A:;NG8BL @57:>5 ?045=85 0:B82=>9 :8A;>B=>AB8 AK@=>3> 75@=0 [9, 10]. 
%;54>20B5;L=>, 8A?>;L7>20=85 >A=>2=>9 8 2A?><>30B5;L=>9 <8:@>D;>@K A>2<5AB=> A 

384@>;87>< <>;>G=>3> A0E0@0 <>65B ?>72>;8BL ?>;CG8BL AK@=K9 ?;0AB 157 A>45@60=8O 2 
=5< C3;52>4=>9 A>AB02;ONI59, GB> <>65B ?>;>68B5;L=> A:070BLAO =0 B5E=>;>38G5A:8E 
A2>9AB20E AK@0 ?@8 53> 70?5:0=88. 
"1I58725AB=>, GB> B5E=>;>38O AK@>2  >F0@5;;0 >A=>2K205BAO =0 ?@>2545=88 ?@8 8E 

?@>872>4AB25 ?@>F5AA>2 G5445@870F88 8 B5@<>?;0AB8D8:0F88 AK@=>3> ?;0AB0. � 
?@>F5AA5 B5E=>;>38G5A:>9 >?5@0F88 G5445@870F88 AK@=K9 ?;0AB ?@8>1@5B05B A;>8AB>-

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 
AB@C:BC@K AK@=>3> ?;0AB0 ?@>8AE>48B ?>A@54AB2>< 1KAB@>3> =0:>?;5=8O >A=>2=>9 
70:20A>G=>9 <8:@>D;>@K, A>AB>OI59 87 B5@<>D8;L=>3> <>;>G=>:8A;>3> AB@5?B>:>::0, 
<>;>G=>9 :8A;>BK, :>B>@0O 8=B5=A8D8F8@C5B ?@>F5AA >BI5?;5=8O :0;LF8O >B 
?0@0:0758=0 A 40;L=59H8< >1@07>20=85< 1>;LH>3> :>;8G5AB20 <56<>;5:C;O@=KE A2O759 
8 AB018;L=>9 15;:>2>9 <0B@8FK, 0 B0:65 ;0:B0B>2 8 D>AD0B>2 :0;LF8O. #>;CG5==0O 
AB@C:BC@0 15;:0 A>E@0=O5B A2>N ?@>G=>ABL 2 >?@545;5==>< 480?07>=5 C@>2=O 0:B82=>9 
                                                           
2 %:>BB, $. #@>872>4AB2> AK@0. %K@L5, B5E=>;>38O / $. %:>BB, $.�. $>18=A>=. –  >A:20: #@>D5AA8O, 2012. –          
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 

2KBO3820=8N 2 B>=:85 =8B8 ?@8 <5E0=8G5A:>< 2>7459AB288 8 =03@520=88 2KH5 65 °%3. 

�>B>2=>ABL AK@=>3> B5AB0 >?@545;O5BAO ?> 53> A?>A>1=>AB8 @0ABO3820BLAO 2 «?>;>B=>» 157 
@07@K20 A 3;O=F52>9 ?>25@E=>ABLN, 157 2:;NG5=89 =5@0A?;02;5==>3> AK@=>3> ?;0AB0. #@8 
MB>< 2 :0G5AB25 3@5NI59 A@54K 4;O ?@>2545=8O 40==>3> ?@>F5AA0 B@048F8>==> 8A?>;L7CNB 
?0AB5@87>20==CN 2>4C A B5<?5@0BC@>9 78280 °%, A;01>:>=F5=B@8@>20==K9 @0AA>;, ;81> 
15715;:>2CN AK2>@>B:C. %@02=8B5;L=K9 0=0;87 @07;8G=KE 284>2 3@5NI8E A@54, 
8A?>;L7C5<KE 4;O ?@>2545=8O ?@>F5AA0 B5@<>?;0AB8D8:0F88, ?@54AB02;5= 2 B01;8F5 1. 

 

&45?. 1. %@02=8B5;L=K9 0=0;87 @07;8G=KE 284>2 3@5NI8E A@54, 8A?>;L7C5<KE 4;O ?@>2545=8O 
?@>F5AA0 B5@<>?;0AB8D8:0F88 AK@=>3> ?;0AB0 

Table 1. Comparative analysis of different types of heating media used for the process of 

thermoplasticization of cheese mass 

�84 3@5NI59 A@54K #@58<CI5AB20 !54>AB0B:8 

#0AB5@87>20==0O 2>40 #@>AB>B0 8 >1I54>ABC?=>ABL 
B5?;>2>3> =>A8B5;O 

#>2KH5=85 C@>2=O 0:B82=>9 
:8A;>B=>AB8 3>B>2>3> ?@>4C:B0 

%;01>:>=F5=B@8@>20==K9 
@0AA>; 

+0AB8G=0O ?>A>;:0, 
:>@@5:B8@>2:0 ?>:070B5;O 
<0AA>2>9 4>;8 2;038 

#>2KH5==K9 @0AE>4 
2A?><>30B5;L=KE :><?>=5=B>2, 
B@C4>5<:>ABL ?5@5@01>B:8 A>;5=>9 

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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��&�$�&'$� 
1 �0=8;>20, �. �. &5E=>;>38O ?@>872>4AB20 AK@0 <>F0@5;;0 / �. �. �0=8;>20 //  >;>456L 8 =0C:0. – 2021. ‒ №1. 
– %. 21‒25. 

2 %28@845=:>, �.  . �=0;87 ?>B@518B5;LA:8E A2>9AB2 AK@>2 4;O HoReCa / �.  . %28@845=:>, �. �. �0;01CH:8= 
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TECHNOLOGY FOR THE PRODUCTION OF BARLEY FLOUR 

L. V. Rukshan1, L. N. Evdokhova2, V. A. Sharshunov3  

1JSC «EcomolAgro», Republic of Belarus  
2Mogilev Institute of the Ministry of Internal Affairs of the Republic of Belarus, Republic of Belarus  

3Belarusian State University of Food and Chemical Technologies, Republic of Belarus 

ABSTRACT  
Introduction. The results of a literature review on the methods of processing barley into flour are 

presented. A number of authors have proposed the use of such stages of barley preparation as repeated 

passage through the hulling machines, moistening and resting of the grain using steaming, vacuum, 

pulsating vacuum, drying. From the grain prepared in one way or another, single-grade flour was obtained 

by passing it through six scouring and six grinding systems. Other authors suggested that grain or flakes 

should be produced using traditional technologies before flour is obtained from these products. The 

disadvantages of the proposed methods for obtaining barley flour include the duration and energy 

consumption of the grain preparation and grinding processes. 

Materials and methods. The objects of the study were barley grain, grain processing products, and flour. 

The quality of grain, grain processing products, and flour was determined using standard methods and 

techniques. 
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Results. The change in the quality indicators of different varieties of barley during hydrothermal grain 

processing was studied. The grain indicators that determine its milling properties were identified. The 

influence of the moisture content and the time of barley ripening during hydrothermal processing on the 

extraction of its processing products and the yield of flour was studied. The optimal modes of hydrothermal 

processing of barley grain were identified. The grain was ground, and the extraction and ash content of 

coarse-grained products were determined on three mills. The quality of varietal barley flour was determined. 

Conclusions. It has been established that hydrothermal treatment of barley grain can be used to produce 

high-quality barley flour. The optimal modes of hydrothermal treatment and grinding of barley grain have 

been determined.  

KEY WORDS: barley; hydrothermal treatment; grinding; flour; quality. 
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https://www.translate.ru/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9-%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9
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?>A;54CNI55 ?C;LA8@CNI55 402;5=85 2 ?>;>AB8 C2;06=ONI53> H=5:0.  
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20:CC< A ?>A;54CNI8< ?C;LA8@CNI8< 402;5=85< [17, 19, 20], =0 ACI5AB2CNI8E 
<C:><>;L=KE 702>40E ?@0:B8G5A:8 =52>7<>6=> 87-70 =51>;LH>9 ?@>872>48B5;L=>AB8 8 
A;>6=>AB8 >1A;C6820=8O ?@54;0305<KE :>=AB@C:F89, 4>@>3>287=K ?@>F5AA0 8 3>B>2>9 
?@>4C:F88.  
#@54;>65=K B5E=>;>388 ?>;CG5=8O <C:8 87 OG<5==KE M:AB@C40B>2, ?>;CG05<KE 87 

:@C?K. �;O ?>;CG5=8O :@C?K 75@=> OG<5=O A5?0@8@>20;8, H5;CH8;8, H;8D>20;8 8 4@>18;8 
[19]. #@8 MB><  03><54>2 �. ". 8 4@. [20] AG8B0;8, GB> 8A?>;L7>20=85 4;O M:AB@C788 
=5H5;CH5=>3> 75@=0 ?>72>;8B ?>2KA8BL ?8I52CN F5==>ABL, 0 B0:65 7=0G8B5;L=> A=878BL 
A515AB>8<>ABL ?@>4C:B0 M:AB@C48@>20=8O.  
"4=0:> 2KH5?@82545==K5 A?>A>1K M:AB@C788 OG<5=O ?>2KH0NB M=5@3>70B@0BK, 

@0AE>4C5<K5 =0 ?@>?0@820=85, 4@>1;5=85 8 87<5;LG5=85 75@=0. 
&0:8< >1@07><, 2>?@>A B5E=>;>388 ?5@5@01>B:8 75@=0 OG<5=O 2 <C:C @07;8G=>3> 

=07=0G5=8O >AB05BAO >B:@KBK<. �>=:@5B=KE =0CG=> >1>A=>20==KE B5E=>;>38G5A:8E AE5< 
?>43>B>2:8 75@=0 A ?@8<5=5=85< �&", �&" 8 @568<>2 ?>A;54CNI53> 87<5;LG5=8O OG<5=O 
4> =0AB>OI53> 2@5<5=8 =5B. "BACBAB2CNB B0:65 A2545=8O > 2>7<>6=>AB8 2>2;5G5=8O 2 
<C:><>;L=>5 ?@>872>4AB2> 75@=0 ?;5=G0B>3> OG<5=O 15;>@CAA:>9 A5;5:F88. � B> 65 2@5<O 2 
;8B5@0BC@5 8<5NBAO =5?>;=K5 40==K5 > 2;8O=88 �&" OG<5=O =0 53> <C:><>;L=K5 A2>9AB20, 
> B5E=>;>388 ?@>872>4AB20 OG<5==>9 <C:8 @07;8G=>3> =07=0G5=8O, 0 ?@54;>65==K5 A?>A>1K 
?@>872>4AB20 OG<5==>9 <C:8 >B;8G0NBAO 2KA>:>9 M=5@3>5<:>ABLN, ?@82>4OI59 : 
C25;8G5=8N AB>8<>AB8 3>B>2>9 ?@>4C:F88. #>MB><C 0:BC0;L=K< O2;O5BAO A>:@0I5=85 
?@>872>4AB25==>3> F8:;0 ?>;CG5=8O <C:8 87 75@=0 OG<5=O. �K428=CB0 38?>B570 > 
2>7<>6=>AB8 8A?>;L7>20=8O 4;O MB>9 F5;8 B5E=>;>388 384@>B5@<8G5A:>9 >1@01>B:8 75@=0, 
:>B>@0O O2;O5BAO B@048F8>==>9 B>;L:> 4;O 75@=0 ?H5=8FK.  
*5;L 8AA;54>20=89 – @5AC@A>A15@530NI0O B5E=>;>38O ?@>872>4AB20 OG<5==>9 <C:8. 
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�AA;54>20=8O ?> >?B8<870F88 @568<>2 87<5;LG5=8O OG<5=O ?@>2>48;8AL =0 

;01>@0B>@=>< 20;LF52>< AB0=:5 QC-104.  C:><>;L=K5 A2>9AB20 OG<5=O >F5=820;8AL ?> 
;01>@0B>@=K< ?><>;0< =0 <5;L=8G=>9 CAB0=>2:5  �'-202. �7CG5=8O 87<5=5=89 
B5E=>;>38G5A:8E A2>9AB2 OG<5=O 2 ?@>F5AA5 �&" ?@>2>48;8AL ?> ?;0=C ?>;=>3> D0:B>@=>3> 
M:A?5@8<5=B0 #(- 22.  8:@>AB@C:BC@C 75@=0 OG<5=O >?@545;O;8 A ?><>ILN M;5:B@>==>3> 
<8:@>A:>?0 <0@:8 Jeol JSM-35% (/?>=8O). % ?><>ILN ?@>3@0<<=KE ?@8;>65=89 
Statgraphics Plus for Windows 8 Ecxel ?@>2>48;0AL <0B5<0B8G5A:0O >1@01>B:0 ?>;CG5==KE 
@57C;LB0B>2. 
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#@>2545==K9 =0<8 :><?;5:A=K9 0=0;87 D878G5A:8E ?>:070B5;59 :0G5AB20 OG<5=O 
@07;8G=KE A>@B>2 15;>@CAA:>9 A5;5:F88, :0: AK@LO 4;O <C:><>;L=>9 ?@><KH;5==>AB8, 

?>:070;, GB> 75@=> 8AA;54C5<KE >1@07F>2 OG<5=O 4>AB0B>G=> :@C?=>5, A 2KA>:>9 =0BC@>9 8 
<0AA>9 1000 75@5=, 7=0G5=8O ?;5=G0B>AB8 =0E>48BAO =0 A@54=5< C@>2=5 [21].  

�KO2;5=>, GB> OG<5=L <>6=> >F5=820BL ?>4>1=> 75@=C ?H5=8FK ?> AB5:;>284=>AB8 8 
8<5NBAO A>@B0 OG<5=O A 2KA>:8<8 8 =87:8<8 7=0G5=8O<8 AB5:;>284=>AB8. #>MB><C A CG5B>< 
40==>3> ?>:070B5;O 4;O 8AA;54>20=89 2K1@0=K A>@B0 OG<5=O �782>A=K (19±5 %) 8 �0AF8=5F                  
(29±6 %). 
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?>72>;8; >1=0@C68BL =5:>B>@K5 @07;8G8O 2 <8:@>AB@C:BC@5.  
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$<E. 1.  8:@>AB@C:BC@0 AB5:;>284=>3> (0) 8 <CG=8AB>3> (1) M=4>A?5@<0 (C25;8G5=85 300) 
Fig. 1. Microstructure of glassy (a) and mealy (b) endosperm (magnification 300) 

 

-=4>A?5@< AB5:;>284=>3> OG<5=O 8<55B :@0E<0;L=K5 75@=0 :@C?=55, 0 15;:>20O <0B@8F0 
@0728B0 ;CGH5, G5< C M=4>A?5@<0 <CG=8AB>3> OG<5=O, :>B>@K9 1>;55 @KE;K9 8 A>45@68B 
1>;LH5 2>74CH=KE ?>;>AB59. �B0:, <8:@>AB@C:BC@0 AB5:;>284=>3> 8 <CG=8AB>3> OG<5=O 
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;01>@0B>@=>9 <5;L=8G=>9 CAB0=>2:5  �'-202. "F5=:0 MDD5:B82=>AB8 ?@>F5AA0 
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>B@0605B 87<5=5=85 ;8=59=KE @07<5@>2 ?@8 �&" 8 C?@>I05B 0=0;87 ?>;CG5==KE 40==KE. 
�5><5B@8G5A:0O E0@0:B5@8AB8:0 75@=0 ?@8 ?>2KH5=88 2;06=>AB8 87<5=O5BAO B0:, GB> 

C25;8G820NBAO 2A5 53> ;8=59=K5 @07<5@K. #@8 MB>< A=0G0;0 ?@>8AE>48B @57:>5 C25;8G5=85 
7=0G5=8O MB8E ?>:070B5;59, 0 70B5< =01;N405BAO AB018;870F8O 7=0G5=89 ?>:070B5;59. &0:, 
70<5G5=>, GB> C65 G5@57 =57=0G8B5;L=>5 2@5<O ?>A;5 C2;06=5=8O =0G8=05B C25;8G820BLAO 
4;8=0 75@=>2:8, 0 ?@8@>AB H8@8=K 8 B>;I8=K ?@>8AE>48B A =5:>B>@K< 70?074K20=85<.  
#>A;5 2 G 4;8=0 4>AB8305B <0:A8<0;L=>9 25;8G8=K, 0 70B5< =0 ?@>BO65=88 ?>A;54CNI8E 

2-E G0A>2 >AB05BAO ?>AB>O==>9. �;O H8@8=K 8 B>;I8=K MB> B0:65 =01;N405BAO, => 
=5A:>;L:> ?>765. %C<<0@=K9 ?@8@>AB 4;8=K A>AB02;O5B 2–3 % >B ?5@2>=0G0;L=>3> @07<5@0, 
2 B> 2@5<O :0: H8@8=0 2>7@0AB05B 2 A@54=5< =0 0,24 %, 0 B>;I8=0 – =0 0,35 %. 
!0 @8AC=:5 2 =03;O4=> 284=> C25;8G5=85 8=B53@0;L=>3> ?>:070B5;O :@C?=>AB8 75@=0 8 

>?B8<C< ?@8 C25;8G5=88 2@5<5=8 >B2>;06820=8O 2 ?@>F5AA5 �&". 
 

 
 

$<E. 2. �7<5=5=85 8=B53@0;L=>3> ?>:070B5;O :@C?=>AB8 75@=0 OG<5=O 2 ?@>F5AA5 �&" 
 

Fig. 2. Change in the integral indicator of barley grain size during the GTO process 

 

$57C;LB0BK 8AA;54>20=8O ?>:07K20NB, GB> >1J5< 75@=0 C25;8G8205BAO 2 1>;LH59 AB5?5=8, 
G5< 53> 2;06=>ABL.  
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8=B5@20;5 3–4 G, 0 4;O AB5:;>284=>3> – 4–5 G. 
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$<E. 3. �7<5=5=85 >1J5<0 75@=>2:8 OG<5=O 2 ?@>F5AA5 �&" 

Fig. 3. Change in the volume of barley grains during the GTO process 

 

'AB0=>2;5=>, GB> O2;5=85 :>=B@0:F88 (A60B85 A8AB5<K 75@=> – 2>40) E0@0:B5@=> 4;O 
75@=0 OG<5=O. &0:, <5=55 G5< G5@57 G0A :>=B@0:F8O AB0=>28BAO ?>;>68B5;L=>9 8 >AB05BAO 
B0:>9 =0 2A5< 87CG05<>< ?@><56CB:5 2@5<5=8 (@8AC=>: 4).  
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Fig. 4. Changes in barley grain contraction during the GTO process 

 

)0@0:B5@ @0728B8O :@82KE :>=B@0:F88 4;O 2A5E 8AA;54C5<KE >1@07F>2 OG<5=O >48=0:>2. 
%>@B>2K5 >A>15==>AB8 :064>3> >1@07F0 >:070;8 2;8O=85 B>;L:> =0 25;8G8=C :>=B@0:F88. 
�725AB=>, GB> C;CGH5=85 <C:><>;L=KE A2>9AB2 75@=0 ?@8 �&" A2O70=> A 87<5=5=85< 

8AE>4=KE A2>9AB2 >1>;>G5: 8 M=4>A?5@<0. "A>1>5 7=0G5=85 8<55B ?@5>1@07>20=85 AB@C:BC@K 
M=4>A?5@<0, 53> @07@KE;5=85 – C<5=LH5=85 ?;>B=>AB8 (@8AC=>: 5).  
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$<E. 5. �7<5=5=85 ?;>B=>AB8 75@=>2:8 OG<5=O 2 ?@>F5AA5 �&" 

Fig. 5. Change in the density of barley grains during the GTO process 
 

$57:>5 87<5=5=85 ?;>B=>AB8 OG<5=O 70<5G5=> 2 8=B5@20;5 2@5<5=8 >B2>;06820=8O 3–3,5 G 
4;O =87:>AB5:;>284=>3> OG<5=O 8 4–4,5 G 4;O 2KA>:>AB5:;>284=>3> OG<5=O, ?@8 
?@81;865=88 2;06=>AB8 75@=0 : 14,5 %.  
�=0;87 M:A?5@8<5=B0;L=KE 40==KE ?>:070;, GB> ?;>B=>ABL 75@=0 C@02=8205BAO ?@8<5@=> 

?@8 2;06=>AB8 OG<5=O 14,5–15 %.  

�;06=>ABL 75@=0 ?@8 E>;>4=>< :>=48F8>=8@>20=88 O2;O5BAO >4=8< 87 >?@545;ONI8E 
?0@0<5B@>2 >?B8<870F88 B5E=>;>38G5A:8E A2>9AB2 75@=0.  
#@8 ;01>@0B>@=KE ?><>;0E 75@=0 OG<5=O ;CGH85 @57C;LB0BK ?>;CG5=K ?@8 4>2545=88 

2;06=>AB8 75@=0 =0 І 4@0=>9 A8AB5<5 4> 14,5 %. 
�028A8<>ABL >1I53> 2KE>40 OG<5==>9 <C:8 >B 2;06=>AB8 75@=0 =0 І 4@0=>9 A8AB5<5 

?@54AB02;5=0 =0 @8AC=:5 6. 

 

 
 

$<E. 6. �028A8<>ABL >1I53> 2KE>40 OG<5==>9 <C:8 >B 2;06=>AB8 75@=0 =0 І 4@0=>9 A8AB5<5 

Fig. 6. Dependence of the total yield of barley flour on grain moisture in the I-threshing system 
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#>;CG5==K5 2 E>45 M:A?5@8<5=B0 40==K5 A2845B5;LAB2CNB > B><, GB> 40;L=59H55 
C2;06=5=85 75@=0 =5F5;5A>>1@07=>, ?>B><C GB> 87<5=5=85 7=0G5=89 ?>:070B5;59 :0G5AB20, 
E0@0:B5@87CNI8E MDD5:B82=>ABL 384@>B5@<8G5A:>9 >1@01>B:8, =57=0G8B5;L=K 8 
?@0:B8G5A:8 =5 >:07K20NB 2;8O=8O =0 2KE>4 8 :0G5AB2> 3>B>2>9 ?@>4C:F88. 
�;O 2K1>@0 >?B8<0;L=KE @568<>2 �&" 75@=0 OG<5=O 8A?>;L7>20;8 ?>;=K9 D0:B>@=K9 

M:A?5@8<5=B #(- 2n A ?@8<5=5=85< F5=B@0;L=>-:><?>78F8>==>3> @>B>B015;L=>3> 
?;0=8@>20=8O.  
%>AB02;5=0 <0B@8F0 #(- 22, 2 :>B>@>9 2 :0G5AB25 =57028A8<KE ?0@0<5B@>2 2K1@0=K 

2@5<O >B2>;06820=8O (Ä) 8 2;06=>ABL 75@=0 =0 ?5@2>9 4@0=>9 A8AB5<5 (w7), 0 ?0@0<5B@K 

>?B8<870F88 – 872;5G5=85 (�) 8 :>MDD8F85=B � (872;5G5=85/7>;L=>ABL) [23].  

'@>2=8 20@L8@>20=8O 8 F5=B@ M:A?5@8<5=B0 2K1@0=K A>3;0A=> @5:><5=40F8O< [24, 25].  

�=B5@20; 20@L8@>20=8O D0:B>@>2 ?@8=OB 87 CA;>28O 2>7<>6=>9 >1;0AB8 :>;510=8O 
87CG05<KE D0:B>@>2 (w7 – 12–15 %, Ä – 3–6 G).  0B@8F0 #(- 22 8 872;5G5=8O 
:@C?>4C=AB>2KE ?@>4C:B>2 =0 ?5@2>9 (�I 4@.A.) 8 2B>@>9 (�II 4@.A.) 4@0=KE A8AB5<0E ?@82545=K 
2 B01;8F5 1. 

#@>2545==K9 <0B5<0B8G5A:89 0=0;87 ?>72>;8; ?>;CG8BL C@02=5=8O 7028A8<>AB8 DC=:F88 
>B:;8:0 >B ?5@5<5==KE D0:B>@>2. �A5 G;5=K C@02=5=8O 40;8 7=0G8<K5 MDD5:BK. '@02=5=8O 
7028A8<>AB8 DC=:F88 >B:;8:0 >B ?5@5<5==KE D0:B>@>2 8<5;8 A;54CNI89 284: 
– ?@8 AB5:;>284=>AB8 OG<5=O <5=55 25 % 8 r = 0,98: 
 

� = -828,758 + 118,854 w7 + 37,496 Ä - 3,973 w7
2 - 2,198 w7 Ä - 0,985 Ä 2;        (1) 

 

– ?@8 AB5:;>284=>AB8 OG<5=O 1>;55 25 % 8 r = 0,98: 
 

� = -58,481 + 12,591 w7 + 8,575 Ä – 0,436 w7
2 - 0,869 Ä 2.                       (2) 

 
&45?. 1.  0B@8F0 ?;0=8@>20=8O �&" OG<5=O 8 872;5G5=8O :@C?>4C=AB>2KE ?@>4C:B>2 =0 ?5@2>9 8 

2B>@>9 4@0=KE A8AB5<0E  
 
Table 1. Planning matrix for GTO barley and extraction of coarse-grained products on the first and 

second threshing systems 
 

№ 
>?K- 

B0 

(0:B>@K #0@0<5B@ >?B8<870F88 

w7 (2;06=>ABL, %) Ä (2@5<O, G) � (872;5G5=85, %) 
:>48@>20==K5 
7=0G5=8O 

=0BC@0;L=K5 
7=0G5=8O 

:>48@>20==K5 
7=0G5=8O 

=0BC@0;L=K5 
7=0G5=8O �I 4@.A. �II 4@.A. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

-1 

+1 

-1 

+1 

-α 
+α 
0 

0 

0 

0 

12,0 

15,0 

12,0 

15,0 

11,4 

15,6 

13,5 

13,5 

13,5 

13,5 

-1 

-1 

+1 

+1 

0 

0 

-α 
+α 
0 

0 

3,0 

3,0 

6,0 

6,0 

4,5 

4,5 

2,4 

6,6 

4,5 

4,5 

45,6 

52,4 

47,8 

46,0 

42,0 

47,2 

52,1 

51,6 

53,6 

53,6 

47,6 

51,4 

49,8 

52,4 

49,6 

52,0 

46,8 

50,9 

53,0 

53,0 
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!0 @8AC=:5 7 ?@54AB02;5=K 3@0D8:8 >?B8<870F88 @57C;LB0B>2 >?KB>2, >1@01>B0==K5 A 
8A?>;L7>20=85< ?@>3@0<<K Statgraf.  

                                   0)                                                                                      1) 
$<E. 7. "?B8<870F8O 384@>B5@<8G5A:>9 >1@01>B:8 OG<5=O A> AB5:;>284=>ABLN <5=55 25 % (0) 8 1>;55 

25 % (1) 

Fig. 7. Optimization of hydrothermal processing of barley with a glassiness of less than 25 % (a) and more 

than 25 % (b) 

 

�84=>, GB> =0 B@5E<5@=KE 3@0D8:0E ?>25@E=>AB59 >B:;8:0 25@H8=K E>;<>2 
A>>B25BAB2CNB 2;06=>AB8 75@=0 14,0 8 14,5 % 8 2@5<5=8 >B2>;06820=8O 3,5 8 4,5 G 
A>>B25BAB25==>.  
�;O 1>;55 45B0;L=>3> 0=0;870 >1;0AB8 3;>10;L=>3> <0:A8<C<0 =0 @8AC=:5 7 ?@54AB02;5=K 

B0:65 :>=BC@=K5 3@0D8:8, 345 284=>, GB> =081>;LH55 7=0G5=85 :>MDD8F85=B0 � 
(872;5G5=85/7>;L=>ABL) =01;N405BAO ?@8 2;06=>AB8 75@=0 2 ?@545;0E (14,25±0,25) % 8 
4;8B5;L=>AB8 >B2>;06820=8O – (4±1) G. 
&0:8< >1@07><, 2 ?5@2K5 <8=CBK 75@=> ?>3;>I05B (4±1) % 22>48<>9 2;038. �0B5< :064K9 

G0A, 2 B5G5=85 3-E G0A>2, 845B ?>3;>I5=85 >:>;> 30 % 22>48<>9 2;038. #>A;5 
>B2>;06820=8O, @02=>3> 3 G 20 <8=, 2 B5G5=85 =5:>B>@>3> ?5@8>40 (2 40==>< M:A?5@8<5=B5 – 
1 G) 2;06=>ABL OG<5=O, 4>AB830O >?B8<0;L=>3> 7=0G5=8O (14,5 %), >AB05BAO ?>AB>O==>9 ;81> 
87<5=O5BAO =57=0G8B5;L=>. #>4>1=0O B5=45=F8O >1JOA=O5BAO @07;8G=K< E0@0:B5@>< 
AB@C:BC@K M=4>A?5@<0 8AA;54C5<KE >1@07F>2 OG<5=O.  
"B<5G5=>, GB> 2;06=>ABL 75@=0 ?5@54 Ι 4@0=>9 A8AB5<>9 7028A8B >B CA;>289 8 2@5<5=8 

>B2>;06820=8O. �=B5=A82=>ABL ?@>=8:=>25=8O 2;038 2=CB@L 75@=0 (384@0B0F88 
18>?>;8<5@>2) ?@8 C25;8G5=88 4;8B5;L=>AB8 ?@>F5AA0 �&" C25;8G8205BAO 4> 
>?@545;5==>3> <><5=B0.  
�=0;87 M:A?5@8<5=B0;L=KE 40==KE ?>72>;8; ?@54;>68BL A;54CNI85 @568<K E>;>4=>3> 

:>=48F8>=8@>20=8O OG<5=O: ?@8 AB5:;>284=>AB8 75@=0 <5=55 25 % 2;06=>ABL =0 I 4@0=>9 

�>=BC@=K9 3@0D8: ?>25@E=>AB8 >B:;8:0

�;06=>ABL, %

�
@
5<
O,
 G
0A

Var_1
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A8AB5<5 4>;6=0 A>AB02;OBL 14,0–14,5 %, 4;8B5;L=>ABL >B2>;06820=8O – 3–4 G0A0; ?@8 
AB5:;>284=>AB8 75@=0 1>;55 25 % 2;06=>ABL =0 I 4@0=>9 A8AB5<5 4>;6=0 A>AB02;OBL 14,5–
15,0 %, 4;8B5;L=>ABL >B2>;06820=8O – 4‒5 G0A0. 
� A2O78 A >BACBAB285< 40==KE ?> 872;5G5=8N 8 7>;L=>AB8 OG<5==>9 <C:8 ?@>2>48;8 

>?KBK ?> >?@545;5=8N >?B8<0;L=KE @568<>2 87<5;LG5=8O 75@=0 OG<5=O. �;O MB>3> 75@=> 
OG<5=O ?>425@30;8 384@>B5@<8G5A:>9 >1@01>B:5 ?> @568<0<, @5:><5=4C5<K< =0<8 2KH5. 
�0<5G5=>, GB> 2 ?@>F5AA5 >B2>;06820=8O 75@=0 2 C2;06=5==>< 75@=5 =0 ?5@2>< MB0?5 
?@>8AE>48B ?5@5@0A?@545;5=85 2;038. #@8 MB>< >1>;>G:8, =5A:>;L:> ?>4ACH820OAL, B5@ONB 
A2>N M;0AB8G=>ABL 8, A;54>20B5;L=>, 2 ?@>F5AA5 87<5;LG5=8O 75@=0 =0 20;LF>2KE AB0=:0E 
1C4CB 4@>18BLAO. �;O CAB@0=5=8O MB>3> ?@>F5AA0 02B>@K [25] @5:><5=4CNB 75@=> ?5@54 Ι 
4@0=>9 A8AB5<>9 C2;06=OBL =0 (0,4±0,1) % 2 B5G5=85 (25±5) <8=. �7-70 2KA>:>9 ?;5=G0B>AB8 
75@=0 OG<5=O C25;8G5=85 M;0AB8G=>AB8 ?;5=>: 83@05B 1>;LHCN @>;L ?@8 @07<>;5 OG<5=O, 
?>MB><C ?@8 >?@545;5=88 >?B8<0;L=KE @568<>2 �&" 75@=0 OG<5=O 2:;NG5=> 
4>?>;=8B5;L=>5 >B2>;06820=85 75@=0 ?5@54 Ι 4@0=>9 A8AB5<>9. � @57C;LB0B5 MB>3> 2=>2L 
4>102;5==0O 2>40 C2;06=O5B B>;L:> >1>;>G:8 75@=0, ?>2KH0O 8E M;0AB8G=>ABL. 
$07<>; 75@=0 OG<5=O ?@>2>48;AO ?@8 @07=KE 872;5G5=8OE :@C?>4C=AB>2KE ?@>4C:B>2 =0 

4@0=KE A8AB5<0E: =0 Ι-9 – 25–30 %, ΙΙ-9 – 50–55 % 8 ΙΙΙ-9 – 35–40 %. "?@545;O;>AL 
872;5G5=85 :@C?>4C=AB>2KE ?@>4C:B>2 8 OG<5==>9 <C:8 8 8E 7>;L=>ABL =0 :064>9 A8AB5<5 
?><>;0. �0;55 >F5=820;>AL 872;5G5=85 8 7>;L=>ABL OG<5==>9 <C:8. %>AB02;5==K9 
:>;8G5AB25==>-:0G5AB25==K9 10;0=A :@C?>4C=AB>2KE ?@>4C:B>2, 872;5:05<KE =0 І‒ІІІ 
4@0=KE A8AB5<0E (B01;8F0 2), ?>72>;8; CAB0=>28BL, GB> >1I55 :>;8G5AB2> 872;5G5==KE =0 
MB8E A8AB5<0E ?@>4C:B>2 A>AB028;> 80,3 % ?@8 A@54=59 7>;L=>AB8 1,13 %. 

 
&45?. 2. �>;8G5AB25==>-:0G5AB25==K9 10;0=A :@C?>4C=AB>2KE ?@>4C:B>2, 872;5:05<KE =0 І2ІІІ 

4@0=KE A8AB5<0E 
 
Table 2. Quantitative and qualitative balance of coarse-grained products extracted from I2III systems 
 

#@>4CBK 

%8AB5<K ?@>F5AA0 ?><>;0 

І 4@0=0O ІІ 4@0=0O ІІІ 4@0=0O 

�KE>4, 
% 

�>;L=>ABL, 
% 

�KE>4, 
% 

�>;L=>ABL, 
% 

�KE>4, 
% 

�>;L=>ABL
, % 

�@C?=0O 
:@C?:0 

3,7 1,39 - - - - 

%@54=OO 
:@C?:0 

5,6 1,21 2,3 1,34 - - 

 5;:0O 
:@C?:0 

5,4 0,98 1,4 1,25 0,8 1,38 

�C=AB  3,3 0,85 1,8 1,19 0,6 1,26 

 C:0  10,1 0,75 32,2 1,13 13,1 1,20 

�B>3>  28,1 1,02 37,7 1,15 14,5 1,21 

 

� B01;8F5 3 ?@54AB02;5=K C@02=5=8O 0??@>:A8<0F88 8 :>MDD8F85=BK :>@@5;OF8>==>9 
A2O78 <564C 7>;L=>ABLN (E) 8 872;5G5=85< (Υ) OG<5==>9 <C:8 =0 4@0=KE A8AB5<0E. 
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&45?. 3. �;8O=85 25;8G8=K 872;5G5=8O =0 7>;L=>ABL OG<5==>9 <C:8 

Table 3. Effect of extraction on the ash content of barley flour 
 
%>@B %8AB5<0 ?@>F5AA0 '@02=5=85 0??@>:A8<0F88 �>MDD8F85=B :>@@5;OF88, r 

�0AF8=5F 
І 4@. 
ІІ 4@. 
ІІІ 4@. 
І 4@. 
ІІ 4@. 
ІІІ 4@. 

Υ = 0,0015E2 - 0,0764E + 1,8753 
Υ = 0,0004E2 - 0,0208E + 1,3628 
Υ = 0,0009E2 - 0,0275E + 1,3715 
Υ = 0,0004E2 - 0,0342E + 1,6339 
Υ = 0,0003E2 - 0,0166E + 1,3459 
Υ = 0,0005E2 - 0,0202E + 1,4217 

-0,72 

-0,79 

-0,69 

�782>A=K 

-0,91 

-0,92 

-0,89 

 

�0<5G5=>, GB> >?@545;ONI55 2;8O=85 =0 872;5G5=85 8 7>;L=>ABL OG<5==>9 <C:8 
>:07K20NB A>@B>2K5 >A>15==>AB8 75@=0 8 53> AB5:;>284=>ABL, 0 E0@0:B5@ 87<5=5=8O 2A5E 
8AA;54C5<KE E0@0:B5@8AB8: =0 I, II 8 III 4@0=KE A8AB5<0E >48=0:>2. 
#@>2545= ?@><KH;5==K9 ?><>; OG<5=O, 2 @57C;LB0B5 :>B>@>3> ?>;CG5=> 420 ?>B>:0 <C:8 

A >1I8< 2KE>4>< 87 %. �KE>4 <C:8 1-3> ?>B>:0 A>AB028; 55 %, 0 2-3> ?>B>:0 – 32 %. 

#5@2K9 ?>B>: :;0AA8D8F8@>20;8 :0: <C:C >A>1CN, 0 2B>@>9 ?>B>:, :0: <C:C >148@=CN. 
$57C;LB0BK ;01>@0B>@=KE 8 ?@><KH;5==KE ?><>;>2 ?>:070;8 B0:65, GB> 2>7<>6=> 
?>;CG5=85 <5;:>48A?5@A=>9 <C:8 ?@8 87<5=5=88 B5E=>;>38G5A:>9 AE5<K =0 MB0?5 
A>@B8@>20=8O :@C?>4C=AB>2KE ?@>4C:B>2 =0 І 8 ІІ 4@0=KE A8AB5<0E. � @57C;LB0B5 ?><>;0 
75@=0 OG<5=O, =0@O4C A >A>1>9 8 >148@=>9 <C:>9, =0 І 8 ІІ 4@0=KE A8AB5<0E ?@>E>4>< A8B0 
?>;CG5=0 =87:>7>;L=0O <C:0, :;0AA8D8F8@C5<0O 2 40;L=59H8< :0: :>=48B5@A:0O OG<5==0O 
<C:0. )8<8G5A:89 A>AB02 <C:8 87 75@=0 OG<5=O ?@54AB02;5= 2 B01;8F5 4. 

 
&45?. 4. )8<8G5A:89 A>AB02 <C:8 87 75@=0 OG<5=O 

Table 4. Chemical composition of barley flour  

%>@B <C:8 %>45@60=85, % 

15;>: 68@ A0E0@0 :@0E<0; :;5BG0B:0 
�>=48B5@A:0O 8,5 1,0 0,7 80,0 0,8 

"A>10O 12,0 1,1 0,9 75,6 1,1 

"148@=0O 12,8 1,5 1,1 72,7 1,3 

 

!0 A?>A>1 ?>;CG5=8O OG<5==>9 <C:8 @07=KE A>@B>2 ?>;CG5= ?0B5=B №16079 $5A?C1;8:8 
�5;0@CAL, ?@54;>65=K B5E=>;>38G5A:85 AE5<K 8 CB25@645=K B5E=>;>38G5A:85 @53;0<5=BK. 

 

����2+�!�� 
�7CG5=> 2;8O=85 384@>B5@<8G5A:>9 >1@01>B:8 =0 75@=> OG<5=O.  
'AB0=>2;5=>, GB> 75@=> OG<5=O ?@8 384@>B5@<8G5A:>9 >1@01>B:5 2545B A51O 0=0;>38G=> 

75@=C ?H5=8FK 8 @68. �KO2;5=>, GB> :8=5B8:0 2;03>?>3;>I5=8O OG<5=O ?@8 �&", :0: 
<5B>40 C25;8G5=8O ?8I52>9 F5==>AB8 8 2KE>40 <C:8, 7028A8B >B AB5:;>284=>AB8 75@=0.  
'AB0=>2;5=K >?B8<0;L=K5 @568<K 87<5;LG5=8O 75@=0 OG<5=O: 4;O I 4@0=>9 A8AB5<K 

872;5G5=85 – 2 ?@545;0E 10–14 %, 4;O II 4@0=>9 A8AB5<K – 32–40 %, 0 4;O III 4@0=>9 A8AB5<K 
– 13–15 %. 

!0 >A=>20=88 0=0;870 @57C;LB0B>2 8AA;54>20=89 @5:><5=4>20=K >?B8<0;L=K5 @568<K 
�&" 8 87<5;LG5=8O ?@8 ?><>;5 75@=0 OG<5=O, ?@8<5=5=85 :>B>@KE ?>72>;O5B A>:@0B8BL 
4@0=>9 ?@>F5AA 8 C;CGH8BL :0G5AB2> ?>;CG05<>9 <C:8. 
$07@01>B0=K 8 CB25@645=K A;54CNI85 &!#�: <C:0 E;51>?5:0@=0O 87 75@=0 OG<5=O, <C:0 

:>=48B5@A:0O 87 75@=0 OG<5=O. #>;CG5= ?0B5=B $5A?C1;8:8 �5;0@CAL =0 A?>A>1 ?>;CG5=8O 
OG<5==>9 <C:8. 
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JUSTIFICATION FOR THE SELECTION OF TECHNOLOGICAL PROCESSES FOR 

COLOSTRUM PROCESSING AND DETERMINATION OF THEIR PARAMETERS 

D. S. Lozovskaya1, O. V. Dymar2 

1Grodno State Agrarian University, Republic of Belarus 
2 Representative Office of JSC MEGA (Czech Republic), Republic of Belarus 

ABSTRACT 
Introduction. Processing of unconventional raw materials is a current trend in the food industry. From the 

perspective of composition and properties, bovine colostrum is of particular significance in this context. 
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Therefore, its integration into in industrial production, based on comprehensive studies of its technological 

processing aspects, is of considerable scientific interest, which defines the objective of this research. The 

scientific task is to determine the technological parameters for colostrum processing. 

Materials and methods. The study employed bovine colostrum from cows of the Belarusian black-and-

white breed, collected within the period from 1 to 168 hours after calving, skimmed colostrum, colostrum 

cream, as well as samples of colostrum fermented with various starters. Standardized and widely accepted 

research methods in the dairy industry were used. 

Results. Parameters for thermomechanical processing and fermentation of colostrum have been established. 

Technological features for increasing the heat stability of colostrum raw material during the period from 1 to 

72 hours after calving have been determined. 

Conclusions. It has been found that the colostrum collected during the period from 1 to 24 hours after 

calving does not have heat stability at temperatures above 55 º%; colostrum collected during the period from 

24 to 72 hours after calving can be pasteurized at a temperature of (85±1) % with a holding time of 5 

minutes, provided stabilizing salts are added at a concentration of 12 wt.% of the mass fraction of protein in 

the raw material; colostrum collected during the period from 72 to 168 hours after calving can be pasteurized 

at a temperature of (92±1) C with a holding time of at least 20 sec or (74±2) C for (20225) sec without the 

use of stabilizing salts. Freezing of colostrum to a temperature of (16±2) º% and storing it for 7 days, double 

separation at 45 C, homogenization at (50±2) C and a pressure of (13,5216,0) MPa, as well as fermentation 

of raw materials obtained during the period from 72 to 168 hours after calving using a starter culture 

prepared from kefir grains, or a bacterial concentrate of dry Lactococcus and Streptococcus thermophilus 

TV-MT were demonstrated. Ultrafiltration of colostrum allows for the production of a concentrate with an 

increased protein mass fraction of. 

KEY WORDS: bovine colostrum; processing; pasteurization; freezing; separation; homogenization; 

membrane treatment; ultrafiltration; fermentation; food product. 

FOR CITATION: Lozovskaya, D. S. Justification for the selection of technological processes for colostrum 

processing and determination of their parameters / D. S. Lozovskaya, O. V. Dymar // Bulletin of the 

Belarusian State University of Food and Chemical Technologies. – 2025. – № 1 (38). – P. 61–75. 
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>?@545;O;8 <5B>4>< >BAB0820=8O 68@0, ACI=>ABL :>B>@>3> 70:;NG05BAO 2 2K45@6820=88 
3><>35=878@>20==KE >1@07F>2 >1J5<>< 250 A<3 2 B5G5=85 48 G0A>2 ?@8 B5<?5@0BC@5 628 °%. 
#> 8AB5G5=88 C:070==>3> 2@5<5=8 A>45@68<>5 F8;8=4@0 @0745;O5BAO =0 420 A;>O 8 2 :064>< 
87 =8E >?@545;O5BAO <0AA>20O 4>;O 68@0, ?>A;5 G53> @0AAG8BK205BAO AB5?5=L >BAB0820=8O 
68@0 (%), 2 %, ?> D>@<C;5 (1): С = Жв−Жнжв ∙ 100,                                                                        (1) 

345 62 – <0AA>20O 4>;O 68@0 2 25@E=5< A;>5 M<C;LA88, %; 
6= – <0AA>20O 4>;O 68@0 2 =86=5< A;>5 M<C;LA88, %. 
$07=8F0 <564C A>45@60=85< 68@0 2 25@E=5< 8 =86=5< A;>OE =5 4>;6=0 ?@52KH0BL 10 %, 

?@8 MB>< G5< >=0 1>;LH5, B5< =865 MDD5:B82=>ABL 3><>35=870F88. &0:65 =5 4>;6=> 1KBL 
2848<>3> A;>O >BAB>O2H8EAO A;82>: [26]. 

�7CG5=85 >A>15==>AB59 C;LB@0D8;LB@0F88 <>;>7820 ?@>2>48;>AL =0 CAB0=>2:5 /23-"'( 
(?@>872>4AB2> $5A?C1;8:8 �5;0@CAL). $0AG5B D0:B>@0 :>=F5=B@8@>20=8O (fk) ?@>2>48;AO A 
8A?>;L7>20=85< D>@<C;K (2): 

                                                                           fк =  Ск.исх.с.Ск.к. ,                                                                           (2) 

 

345 %:.8AE.A. – :>=F5=B@0F8O (A>45@60=85) :><?>=5=B0 2 8AE>4=>< AK@L5, % (:3); 
       %:.:. – :>=F5=B@0F8O (A>45@60=85) :><?>=5=B0 2 :>=F5=B@0B5, % (:3). 
 5B>48:0 8AA;54>20=8O >A>15==>AB59 D5@<5=B8@>20=8O <>;>7820 70:;NG0;0AL 2 B><, GB> 

>B>1@0==K5 >?KB=K5 >1@07FK ?>A;54>20B5;L=> 70:20H820;8AL A;54CNI8<8 2840<8 
10:B5@80;L=KE :>=F5=B@0B>2 8 70:20A>: ACE8E :>=F5=B@8@>20==KE ?@>872>4AB20               
$'# «�=AB8BCB <OA>-<>;>G=>9 ?@><KH;5==>AB8», 0 B0:65 70:20A:>9, ?@83>B>2;5==>9 =0 
:5D8@=KE 3@81:0E ?@>872>4AB20 "�" « >;>G=K9 <8@»: 
2 70:20A:0 ACE0O :>=F5=B@8@>20==0O B5@<>D8;L=>3> AB@5?B>:>::0 8 1>;30@A:>9 

?0;>G:8 &�1�2; 
2 :>=F5=B@0B 10:B5@80;L=K9 ACE>9 ;0:B>:>::>2 8 B5@<>D8;L=KE AB@5?B>:>::>2             

&�- &; 
2 70:20A:0 ACE0O 4;O 9>3C@B0; 
2 70:20A:0 ACE0O :>=F5=B@8@>20==0O ;0:B>:>::>2 &�- ; 
2 70:20A:0, ?@83>B>2;5==0O =0 :5D8@=KE 3@81:0E. 
�;O D5@<5=B0F88 8A?>;L7>20;AO B5@<>AB0B=K9 A?>A>1 ?@>872>4AB20, :>B>@K9 

70:;NG05BAO 2 A:20H820=88 AK@LO 2 ?>B@518B5;LA:>9 B0@5 [27]. � ;01>@0B>@=KE CA;>28OE 
D5@<5=B0F8O ?@>2>48;0AL 2 E;04>B5@<>AB0B5 2>74CH=>< <0@:8 )&-3/70-2                                  

('" «�@>4=5=A:89 3>AC40@AB25==K9 03@0@=K9 C=825@A8B5B», ?@>872>4AB2> $5A?C1;8:8 
�5;0@CAL). 
(5@<5=B8@>20=85 >1@07F>2 ?@>2>48;>AL ?@8 A;54CNI8E B5<?5@0BC@=KE @568<0E: 
2 <>;>782> A 70:20A:>9, ?@83>B>2;5==>9 =0 :5D8@=KE 3@81:0E – +30 °%; 
2 <>;>782> A :>=F5=B@0B>< 10:B5@80;L=K< ACE8< «#@>18;0:B 2», 70:20A:>9 ACE>9 

:>=F5=B@8@>20==>9 B5@<>D8;L=>3> AB@5?B>:>::0 8 1>;30@A:>9 ?0;>G:8 &�1�2, 
:>=F5=B@0B>< 10:B5@80;L=K< ACE8< ;0:B>:>::>2 8 B5@<>D8;L=KE AB@5?B>:>::>2 &�- &, A 
70:20A:>9 ACE>9 4;O 9>3C@B0 – +40 °%. 
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#> >:>=G0=88 D5@<5=B8@>20=8O 2 >1@07F0E @538AB@8@>20;8AL A;54CNI85 ?>:070B5;8: 
?@>4>;68B5;L=>ABL A:20H820=8O, G0A – A 8A?>;L7>20=85< <5E0=8G5A:8E G0A>2; B8B@C5<0O 
:8A;>B=>ABL (º&) – ?> �"%& 3624-92; 0:B82=0O :8A;>B=>ABL (@!) – ?> �"%& 26781-85. 

 

$��'�0&�&/ � �) "�%'���!�� 

$57C;LB0BK 8AA;54>20=8O 48=0<8:8 B5@<>CAB>9G82>AB8 8 A>?CBAB2CNI8E 59 D878:>-

E8<8G5A:8E ?>:070B5;59 <>;>7820 ?@82545=K 2 B01;8F5 1.  

�=0;87 40==KE (B01;8FK 1) ?>:07K205B, GB> >1@07FK <>;>7820, A>1@0==K5 2 ?5@8>4 >B 1 
4> 24 G0A>2 ?>A;5 >B5;0, =0G8=0NB :>03C;8@>20BL 2 B5<?5@0BC@=>< 8=B5@20;5 >B  
(58,33±3,76) °% 4> (65,84±1,48) °%, B.5. =5 O2;ONBAO B5@<>CAB>9G82K<8 ?@8 B5<?5@0BC@=>< 
2>7459AB288 A2KH5 (55±1) º%. -B> >1CA;>2;5=> ?>2KH5==>9 <0AA>2>9 4>;59 15;:>2 2 
<>;>7825 MB>3> ?5@8>40, 0 8<5==> B5@<>;018;L=KE AK2>@>B>G=KE D@0:F89. 'AB0=>2;5=0 
7028A8<>ABL <564C :>=F5=B@0F859 15;:>2 2 <>;>7825 8 B5<?5@0BC@>9 :>03C;OF88: G5< 2KH5 
<0AA>20O 4>;O 15;:0, B5< =865 ?>@>3 :>03C;OF88. 
� >1@07F0E, >B>1@0==KE A?CABO 24 G0A0 ?>A;5 >B5;0, =01;N405BAO ?>AB5?5==K9 @>AB 

B5<?5@0BC@=>3> ?>@>30 <0AA>2>9 :>03C;OF88 (A2KH5 75 º&), 8 C65 2 ?@>10E, ?>;CG5==KE 
G5@57 72 G0A0 ?>A;5 >B5;0, 40==K9 ?>:070B5;L ?@0:B8G5A:8 A>>B25BAB2C5B B0:>2><C 2 7@5;>< 
<>;>:5 8 A>AB02;O5B (92,67±2,33) °%. #@8 MB>< 2 72-G0A>2KE ?@>10E =5 =01;N40;>AL 
<0AA>2>9 :>03C;OF88 15;:>2 2 2845 >1@07>20=8O 65;5>1@07=>3> A3CAB:0, :0: 2 >1@07F0E, 
A>1@0==KE 2 ?5@8>4 4> 72 G0A>2, 0 ;8HL 1K;> >B<5G5=> =57=0G8B5;L=>3> 703CAB520=85 
AB@C:BC@K. 
 >;>782>, ?>;CG5==>5 G5@57 96–168 G0A>2 ?>A;5 >B5;0, 2K45@68205B B5@<8G5A:CN 

>1@01>B:C A2KH5 95 % 2 B5G5=85 1>;55 5 <8= 157 2848<KE 87<5=5=89 :>=A8AB5=F88. #@>1K 
=0 MDD5:B82=>ABL ?0AB5@870F88 ?>:07K20NB, GB> C:070==K9 @568< 4>AB0B>G5= 4;O 
?>;CG5=8O ?0AB5@87>20==>3> ?@>4C:B0.  
�AA;54>20=8O >1@07F>2 <>;>7820 (>B 72 4> 168 G0A>2 ?>A;5 >B5;0), 2K45@602H8E B5?;>2>5 

2>7459AB285, =0 =0;8G85 ���# ?>:070;8, GB> 10:B5@88 40==>9 3@C??K 2 ?@>10E 2KO2;5=K =5 
1K;8, > G5< A2845B5;LAB2C5B >BACBAB285 307>>1@07>20=8O =0 A@545 �5AA;5@, 8 <>65B 
C:07K20BL =0 157>?0A=>ABL >1@07F>2. !0 A@545 %01C@> =5 1K;> >B<5G5=> @>AB0 :>;>=89 
?;5A=52KE 3@81>2 8 4@>6659. �>?>;=8B5;L=K5 <8:@>18>;>38G5A:85 8AA;54>20=8O >1@07F>2, 
?@>?0AB5@87>20==KE ?@8 B5<?5@0BC@5 (74±2) % 2 B5G5=85 20–25 A, B0:65 ?>4B25@640NB 8E 
<8:@>18>;>38G5A:CN 157>?0A=>ABL, GB> ?>72>;O5B @5:><5=4>20BL 40==K9 @568< 4;O 
B5@<8G5A:>9 >1@01>B:8 40==>9 3@C??K <>;>7820. 
&0:8< >1@07><, CAB0=>2;5=>, GB> 4;O 3@C??K <>;>7820, ?>;CG5==>9 2 ?5@8>4 >B 72 4> 168 

G0A>2 ?>A;5 >B5;0, 2K45@6820NI59 B5<?5@0BC@=>5 2>7459AB285 ≥85 °% 2 B5G5=85 ≥5 <8=, ?@8 
40==>< @568<5, 0 B0:65 ?@8 @568<5 (74±2) % 2 B5G5=85 20–25 A, 4>AB830NBAO 
<8:@>18>;>38G5A:85 ?>:070B5;8 157>?0A=>AB8 8 CAB0=>2;5=0 MDD5:B82=>ABL ?0AB5@870F88 
?> ?@>15 =0 ?5@>:A8407C 8 ;0:B>0;L1C<8=>2>9 ?@>15. %>>B25BAB25==>, <>3CB 1KBL 
CAB0=>2;5=K 4>?CAB8<K5 ?0@0<5B@K ?0AB5@870F88 MB>9 3@C??K – (92±1) % A 2K45@6:>9 =5 
<5=55 20 A 8;8 (74±2) % 2 B5G5=85 20–25 A. 
"1@07FK <>;>7820, A>1@0==K5 2 ?5@8>4 A 1 4> 72 G0A>2 ?>A;5 >B5;0 8 =5 2K45@602H85 

C:070==>3> B5<?5@0BC@=>3> 2>7459AB28O, 1K;8 ?>425@3=CBK AB018;870F88 A ?><>ILN A>;59-

AB018;870B>@>2 – :0;8O D>AD>@=>:8A;>3> (KH2PO4) 8 =0B@8O ;8<>==>:8A;>3> (Na3C6H5O7). 

"1@01>B:0 ?@>2>48;0AL :064>9 A>;LN 2 >B45;L=>AB8 8 8E A<5ALN (2 A>>B=>H5=88 1:1), ?>A;5 
G53> 1K;0 ?@>2545=0 8E B5@<8G5A:0O >1@01>B:0, A>3;0A=> >?8A0==K< 2KH5 @568<0<.   
� <>;>782>, ?>;CG5==>5 2 B5G5=85 1, 4, 8 8 12 G0A>2 ?>A;5 >B5;0, ?>A;54>20B5;L=> 22545=K 

C:070==K5 2KH5 A>;8-AB018;870B>@K 2 :>=F5=B@0F8OE 5,5; 12,0; 17,0; 22,0 <0A.% : 
A>45@60=8N 15;:0. �848<K9 @57C;LB0B ?>:070;> 2=5A5=85 2 <>;>782>, A>1@0==>5 A?CABO 1 
G0A ?>A;5 >B5;0, A>;59 2 :>;8G5AB25 22 <0A.% – ?>@>3 =0G0;0 :>03C;OF88 ?@8 =03@520=88 
C25;8G8;AO A (58,33±3,76) % 4> (71,3±2,25) %, >4=0:> B5<?5@0BC@=>5 2>7459AB285 A2KH5   
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75 º% 40==0O 3@C??0 >1@07F>2 =5 2K45@60;0. �2545=85 1>;LH59 :>=F5=B@0F88 A>;59 AG8B05< 
=5F5;5A>>1@07=K<, B0: :0: ?@8<5=5=85 A>;59-AB018;870B>@>2 2 :>;8G5AB25 1>;55 22 <0A.% : 
A>45@60=8N 15;:0 2 <>;>7825 C25;8G8205B 4>;N =0B@8O, GB> ?@82>48B : 53> 871KB:C ?@8 
8A?>;L7>20=88 2 ?@>872>4AB25 ?8I52KE ?@>4C:B>2 [22].  

 
&45?. 1. �8=0<8:0 D878:>-E8<8G5A:8E ?>:070B5;59 8 B5@<>CAB>9G82>AB8 <>;>7820 2 B5G5=85 

=0G0;L=>3> ?5@8>40 ;0:B0F88 

Table 1. Dynamics of physicochemical parameters and heat stability of bovine colostrum during the 

initial period of lactation 
 

!
08
<5
=>
20
=8
5 

?>
:0
70
B5
;O

 

�=0G5=85 ?>:070B5;O 

�>
=B
@>
;L
=K
9 

>1
@0
75
F 

2@5<O ?>A;5 >B5;0, G 

1 4 8 12 24 48 72 96 120 144 168 

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

7,42±
0,48 

6,96±
0,69 

6,21±
0,58 

5,47±
0,21 

5,35±
1,29 

4,93±
0,13 

4,52±
0,79 

3,67±
0,14 

3,65± 
0,84 

3,86± 
0,16 

3,71± 
0,22 

3,54±
0,92 

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

18,95

±0,74 
14,92

±0,34 
11,08

±0,39 
8,86±
0,52 

6,17±
0,49 

4,88±
0,28 

4,72±
0,54 

4,69± 
0,87 

4,42± 
0,63 

4,39± 
0,78 

4,02± 
1,21 

3,29±
0,46 

�8A;>B=>ABL, 
& 

58,61

±0,79 
52,15

±3,23 
47,23

±2,17 
43,68

±1,44 
41,67

±1,69 
33,71

±1,27 
24,3±
1,21 

22,46 

±0,88 
21,00 

±0,54 
20,38 

±0,63 
18,84 

±0,76 
17,95

±0,85 

@! 
6,16±
0,09 

6,13±
0,03 

6,21±
0,02 

6,26±
0,02 

6,28±
0,03 

6,41±
0,03 

6,31±
0,07 

6,50± 
0,04 

6,53± 
0,06 

6,66± 
0,05 

6,71± 
0,04 

6,79±
0,04 

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

1,054

±0,32 
1,050

±0,42 
1,046

±0,33 
1,039

±0,07 
1,036

±0,06 
1,030

±0,02 
1,029

±0,07 
1,027

±0,06 
1,029

±0,07 
1,028

±0,06 
1,028

±0,05 
1028,0

±0,03 
&5<?5@0BC@0 
=0G0;0 

:>03C;OF88, 
% 

58,33

±3,76 
58,46

±2,98 
62,13

±3,21 
65,84

±1,48 
72,67

±2,33 
72,73

±0,58 
91,00

±4,0 >BACBAB285 :>03C;OF88 15;:>2 

&5<?5@0BC@0 
<0AA>2>9 
:>03C;OF88, 

% 

65,33

±1,45 
66,15

±1,87 
69,54

±2,04 
73,04

±0,98 
76,67

±2,27 
77,33

±0,33 
92,67

±2,33 
>95,0

0 

>95,0

0 

>95,0

0 

>95,0

0 

>95,0

0 

�@5<O 
2K45@6:8, 
<8=. 

0,00 0,00 0,00 0,00 0,00 0,00 ≥5,00 ≥5,00 ≥5,00 ≥5,00 ≥5,00 ≥5,00 

#@>10 =0 
?5@>:A8407C - - - - - - + + + + + + 

�0:B>0;L1C-
<8=>20O 
?@>10 

- - - - - - + + + + + + 

#@8<5G0=85. – «+» – ?0AB5@870F8O MDD5:B82=0; «-» – =5 2K45@60;> =03@520=8O A2KH5 85 %. 
 

�=0;>38G=K5 @57C;LB0BK 1K;8 ?>;CG5=K ?@8 AB018;870F88 >1@07F>2, A>1@0==KE G5@57 4; 
8; 12 G0A>2 ?>A;5 >B5;0.  
#@8 AB018;870F88 >1@07F>2, ?>;CG5==KE A?CABO 24 G0A0 ?>A;5 >B5;0, C:070==K<8 A>;O<8 

2 :>=F5=B@0F88 5,5 <0A.% 1K;8 ?>;CG5=K A;54CNI85 @57C;LB0BK: =03@520=85 4> 68 °% 2 
B5G5=85 5 <8= – =5B 2848<KE 87<5=5=89; 75 % 2 B5G5=85 1 <8= – >1@07>20=85 548=8G=KE 
:@C?8=>: 15;:0; 76–79 % – =0@0AB0=85 :>;8G5AB20 :@C?8=>: 15;:0, A>?@>2>640NI55AO 8E 
03;><5@0F859; 80 % 2 B5G5=85 2 <8= – <0AA>20O :>03C;OF8O. "1@01>B:0 C:070==>9 
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:>=F5=B@0F859 A>;59 <>;>7820, A>1@0==>3> A?CABO 48 G0A>2 ?>A;5 >B5;0, 8 ?>A;54CNI55 53> 
=03@520=85 ?@825;8 : <0AA>2>9 :>03C;OF88 15;:0 ?@8 B5<?5@0BC@5 (81,5±2,48) %. 

#>A;5 2=5A5=8O 2 <>;>782>, ?>;CG5==>5 A?CABO 24 8 48 G0A>2 ?>A;5 >B5;0, :064>9 87 A>;59 
8 8E A<5A8 (2 A>>B=>H5=88 1:1) 2 :>=F5=B@0F88 12 <0A.%. 1K;8 ?>;CG5=K A;54CNI85 
@57C;LB0BK: =03@520=85 2 480?07>=5 >B 65 4> 85 % ?@825;> : =57=0G8B5;L=><C 703CAB520=8N 
157 >1@07>20=8O 2848<KE E;>?L52; 2K45@6:0 ?@8 85 % 2 B5G5=85 5 <8=CB =5 ?@825;0 : 
<0AA>2>9 :>03C;OF88, >4=0:> AB@C:BC@0 >1>8E >?KB=KE >1@07F>2 1K;0 =5A:>;L:> 1>;55 
2O7:>9 2 A@02=5=88 A 8AE>4=K< <>;>782><.  8:@>18>;>38G5A:85 8AA;54>20=8O C:070==KE 
>1@07F>2 ?>4B25@48;8 8E 157>?0A=>ABL, 0 ?@>10 =0 ?5@>:A8407C 8 ;0:B>0;L1C<8=>20O ?@>10 – 
MDD5:B82=>ABL ?@>F5AA0 ?0AB5@870F88 ?@8 40==>< @568<5 B5@<8G5A:>9 >1@01>B:8. � A2O78 A 
MB8< 40;L=59H55 C25;8G5=85 :>=F5=B@0F88 A>;59 =5 O2;O5BAO F5;5A>>1@07=K<. &0:8< 
>1@07><, CAB0=>2;5=0 >?B8<0;L=0O MDD5:B82=0O 4;O B5@<>AB018;870F88 <>;>7820, 
A>1@0==>3> 2 ?5@8>4 >B 24 4> 72 G0A>2 ?>A;5 >B5;0, :>=F5=B@0F8O A>;59, A>AB02;ONI0O                
12 <0A. % >B <0AA>2>9 4>;8 15;:0 2 <>;>7825. 
$0F8>=0;L=K< A?>A>1>< ?@>;>=38@>20==>3> E@0=5=8O <>;>7820 O2;O5BAO 70<>@06820=85 

[11–13]. 

"B>1@0==K5 >1@07FK <>;>7820, :>B>@K5 @0=55 1K;8 8AA;54>20=K ?> ?>:070B5;N 
B5@<>CAB>9G82>AB8, 1K;8 70<>@>65=K 4> 4>AB865=8O 8<8 B5<?5@0BC@K <8=CA (16±2) º% 8 
E@0=8;8AL ?@8 C:070==>< @568<5 =0 ?@>BO65=88 A5<8 4=59.  
$07<>@06820=85 >ACI5AB2;O;>AL A>3;0A=> <5B>48:5 45D@>AB0F88, 70:;NG0NI59AO 2 

?>AB5?5==>< =03@525 >?KB=KE >1@07F>2 =0 2>4O=>9 10=5 4> B5<?5@0BC@K =5 2KH5              
?;NA 50 °%, ?@8 :>B>@>9 <0:A8<0;L=> A>E@0=ONBAO B5@<>GC2AB28B5;L=K5 15;:8 
8<<C=>3;>1C;8=0. #> >:>=G0=88 ?@>F5AA0 8AA;54C5<K5 >1@07FK 1K;8 ?>425@3=CBK 
B5?;>2>9 >1@01>B:5 ?CBё< ?>AB5?5==>3> =03@520.  
�=0;87 ?>;CG5==KE 40==KE 405B >A=>20=8O A45;0BL 2K2>4, GB> B5?<?5@0BC@0 <0AA>2>9 

:>03C;OF88 2 ?@5420@8B5;L=> 70<>@>65==KE >1@07F0E <>;>7820 ?@0:B8G5A:8 ?>;=>ABLN 
A>>B25AB2C5B B0:>2>9 2 =570<>@>65==KE. #@8 MB>< =01;N405BAO =57=0G8B5;L=K9 @>AB 
40==>3> ?>:070B5;O C 70<>@>65==KE >1@07F>2: B0:, B5<?5@0BC@0 :>03C;OF88 70<>@>65==>3> 
<>;>7820, ?>;CG5==>3> 2 B5G5=85 1 G0A0 ?>A;5 >B5;0, A>AB028;0 66,8 º% ?@>B82 65,3 º% 2 
AK@>< <>;>7825.  
"1@07FK, ?>;CG5==K5 A?CABO 96–168 G0A>2 ?>A;5 >B5;0, :0: 70<>@>65==K5, B0: 8 AK@K5, 

2K45@6820;8 B5<?5@0BC@=CN >1@01>B:C A2KH5 85 °% 2 B5G5=85 ≥ 5 <8=. �0:B>0;L1C<8=>20O 
?@>10 8 ?@>10 =0 ?5@>:A8407C ?>4B25@48;8 MDD5:B82=>ABL ?0AB5@870F88 70<>@>65==KE 
>1@07F>2, 0 >BACBAB285 307>>1@07>20=8O =0 A@545 �5AA;5@ ?>4B25@6405B 8E 
<8:@>18>;>38G5A:CN 157>?0A=>ABL. !0 A@545 %01C@> =5 1K;> >B<5G5=> @>AB0 :>;>=89 
?;5A=52KE 3@81>2 8 4@>6659. 
&0:8< >1@07><, <>6=> A45;0BL 2K2>4, GB> =87:>B5<?5@0BC@=0O >1@01>B:0 <>;>7820 

70<>@06820=85< 7=0G8B5;L=> =5 2;8O5B =0 53> B5@<>CAB>G82>ABL ?>A;5 @07<>@>7:8, 0 4065 
A?>A>1AB2C5B =57=0G8B5;L=><C @>ABC B5<?5@0BC@K :>03C;OF88. #>MB><C 70<>@06820=85 
<>;>7820-AK@LO <>65B 1KBL 8A?>;L7>20=> 4;O =0:>?;5=8O 4>AB0B>G=KE 53> >1J5<>2 4;O 
?>A;54CNI59 2K@01>B:8 ?0@B88 ?@>4C:F88 =0 53> >A=>25. 
� E>45 87CG5=8O @568<=KE ?0@0<5B@>2 F5=B@>156=>3> @0745;5=8O =0 >15768@5==CN 8 

68@>2CN D@0:F88 1K;> ?@>0=0;878@>20=> 2;8O=85 B5<?5@0BC@K =0 MDD5:B82=>ABL 
>15768@820=8O <>;>7820. "1@07FK A1>@=>3> <>;>7820, ?>;CG5==>3> 2 ?5@8>4 A 1 4> 168 
G0A>2 ?>A;5 >B5;0, 1K;8 ?@>A5?0@8@>20=K ?@8 A;54CNI8E B5<?5@0BC@=KE @568<0E: 35; 45; 
55 %. � >1@07F0E 8AE>4=>3> AK@LO 8 ?>;CG5==KE D@0:F8OE 1K;8 >?@545;5=K <0AA>2K5 4>;8 
ACE8E 25I5AB2, 68@0, >1I53> 15;:0, AK2>@>B>G=KE 15;:>2, :0758=0, ;0:B>7K, 0 B0:65 
?>:070B5;8 B8B@C5<>9 8 0:B82=>9 :8A;>B=>AB59 (B01;8F0 2). 
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&45?. 2. (878:>-E8<8G5A:85 ?>:070B5;8 8AA;54C5<KE >1@07F>2 4> 8 ?>A;5 ?5@2>3> A5?0@8@>20=8O 

Table 2. Physicochemical parameters of the studied samples before and after the first separation 

!08<5=>20=85 ?>:070B5;59 

(878:>-E8<8G5A:85 ?>:070B5;8 ?@8 B5<?5@0BC@5 >1@01>B:8 
<>;>782> 
A1>@=>5 
(1–168 G) 

A;82:8 
<>;>782=K5 >15768@5==0O D@0:F8O 

35 % 45 % 55 % 35 % 45 % 55 % 

 0AA>20O 4>;O ACE8E 
25I5AB2, % 

18,64 

±0,17 
34,89 

±0,43 
38,41 

±0,64 
39,08 

±0,38 
15,22 

±0,17 
14,88 

±0,05 
14,81 

±0,04 
 0AA>20O 4>;O >1I53> 

15;:0, % 

8,76 

±0,01 
6,89 

±0,08 
6,53 

±0,06 
6,28 

±0,08 
9,21 

±0,04 
9,36 

±0,05 
9,32 

±0,06 
 0AA>20O 4>;O AK2>@>-
B>G=KE 15;:>2, % 

3,58 

±0,04 
2,59 

±0,03 
2,42 

±0,04 
2,38 

±0,02 
3,82 

±0,04 
3,93 

±0,02 
3,91 

±0,03 

 0AA>20O 4>;O ;0:B>7K, % 
2,35 

±0,20 
1,60 

±0,21 
1,56 

±0,18 
1,49 

±0,26 
2,52 

±0,2 
2,56 

±0,13 
2,61 

±0,4 

 0AA>20O 4>;O 68@0, % 
5,21 

±0,33 
24,0 

±0,52 
28,5 

±0,34 
30,0 

±0,48 
1,33 

±0,06 
0,76 

±0,05 
0,68 

±0,04 

�8A;>B=>ABL, °& 
27,5 

±1,04 
25,67 

±0,33 
23,52 

±0,27 
21,74 

±0,38 
32,87 

±0,59 
35,28 

±0,16 
36,03 

±0,11 
�:B82=0O :8A;>B=>ABL, 54. 

@! 

6,55 

±0,07 
6,30 

±0,02 
6,57 

±0,04 
6,87 

±0,01 
6,34 

±0,01 
6,28 

±0,02 
6,19 

±0,02 
 

#>;CG5==K5 @57C;LB0BK A2845B5;LAB2CNB > B><, GB> ?@8 8AA;54C5<KE B5?;>2KE @568<0E 
A5?0@8@>20=8O 2 E>45 >4=>:@0B=>3> ?@>2545=8O ?@>F5AA0 4>18BLAO C4>2;5B2>@8B5;L=>3> 
>15768@820=8O =5 C405BAO.  #@8 B5<?5@0BC@5 35 °% >AB0B>G=0O <0AA>20O 4>;O 68@0 2 
>15768@5==>9 D@0:F88 A>AB028;0 (1,33±0,06) %, ?@8 45 º% – (0,76±0,05) %, ?@8 55 º% – 
(0,68±0,04) %. &0:85 2KA>:85 7=0G5=8O >1CA;>2;5=K ?>2KH5==>9 <0AA>2>9 4>;59 15;:0 8 
68@0 2 8AE>4=>< AK@L5, GB> 70B@C4=O5B ?@>F5AA F5=B@>156=>3> @0745;5=8O. �<5AB5 A B5<, 
?>2KH5==0O <0AA>20O 4>;O 68@0 2 >15768@5==>9 D@0:F88 >1CA;02;8205B 1>;LH85 
?@>872>4AB25==K5 ?>B5@8 68@0, 0 B0:65 45;05B =52>7<>6=K< 55 40;L=59HCN <5<1@0==CN 
>1@01>B:C. #> MB>9 ?@8G8=5 ?>;CG5==K5 >1@07FK >15768@5==>3> <>;>7820 1K;8 ?>2B>@=> 
?>425@3=CBK A5?0@8@>20=8N.  
$57C;LB0BK 0=0;87>2 ?>:070;8, GB> ?>2B>@=>5 A5?0@8@>20=85 <>;>7820 ?@8 35 º% 

?>72>;8;> 4>AB8GL >AB0B>G=>9 <0AA>2>9 4>;8 68@0 2 (0,52±0,051) %, ?@8 45 º% 8 55 º% 
=01;N40;>AL ACI5AB25==>5 A=865=85 68@0 2 >15768@5==>9 D@0:F88: (0,09±0,068) % 8 
(0,06±0,047) %. "4=0:> 2B>@8G=>5 A5?0@8@>20=85 ?@8 55 º% A>?@>2>640;>AL 87;8H=8< 
2A?5=820=85< >15768@5==>9 8 68@>2>9 D@0:F89, GB> 2 7=0G8B5;L=>9 AB5?5=8 70B@C4=O5B 8E 
40;L=59HCN B5E=>;>38G5A:CN >1@01>B:C.  
&0:8< >1@07><, CAB0=>2;5=>, GB> 4;O A5?0@8@>20=8O <>;>7820 F5;5A>>1@07=> ?@8<5=OBL 

42C:@0B=CN F5=B@>156=CN >1@01>B:C ?@8 45 °%. �0;L=59H55 C25;8G5=85 B5<?5@0BC@K 
AG8B05< 2>7<>6=K< B>;L:> 2 A;CG05 >BACBAB28O 2A?5=820=8O, =0;8G85 :>B>@>3> 2 =0H5< 
A;CG05 <>65B 1KBL >1JOA=5=> =5A>25@H5=AB2>< :>=AB@C:F88 ;01>@0B>@=>3> A5?0@0B>@0, 0 
B0:65 ?>2KH5==>9 <0AA>2>9 4>;59 15;:0. 
$57C;LB0BK 87CG5=8O >A>15==>AB59 3><>35=870F88 <>;>7820 ?>72>;8;8 ?>AB@>8BL 

3@0D8G5A:CN 7028A8<>ABL ?>:070B5;O MDD5:B82=>AB8 3><>35=870F88 >B B5<?5@0BC@K 8 
402;5=8O, GB> >B@065=> =0 @8AC=:5 1. 

�0==K5, ?@82545==K5 =0 @8AC=:5 1, ?>:07K20NB, GB> ?>;CG5=85 AB018;L=>9 2 B5G5=85 48 
G0A>2 8 1>;55 68@>2>9 D07K A MDD5:B82=>ABLN 3><>35=870F88 9,4 8 9,6 % (?@8 B@51C5<>9 =5 
1>;55 10 %) >15A?5G8205BAO ?@8 B5<?5@0BC@5 50 º% 8 402;5=88 A>>B25BAB25==> 13,5 8              
16  #0, GB> B0:65 >BG5B;82> 284=> =0 4803@0<<5 – G5@=0O >1;0ABL, @0A?>;>65==0O =865 
>AB0;L=KE 70 3@0=8F59 2 10 %. #@8 1>;55 2KA>:8E 8 =87:8E 7=0G5=8OE ?0@0<5B@>2 ?@>F5AA0 
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MDD5:B82=>ABL 3><>35=870F88 7=0G8B5;L=> ?@52KH05B CAB0=>2;5==CN =>@<C. !08;CGH85 
@57C;LB0BK, =081>;55 ?@81;865==K5 : =>@<5, >15A?5G8205B B5<?5@0BC@0 50 º%, GB> 
?>72>;O5B CAB0=>28BL 4;O =55 =5H8@>:89 480?07>= 20@L8@>20=8O ±2 º%. �;O ?>:070B5;O 
402;5=8O 3><>35=870F88 =081>;55 @0F8>=0;L=K< O2;O5BAO CAB0=>2;5=85 4>?CAB8<>3> 
8=B5@20;0 – 13,5–16,0  #0. 
 

 

 

 

 

 

 

 

 

 

 

 

  

 
 

$<E 1. �028A8<>ABL ?>:070B5;O MDD5:B82=>AB8 3><>35=870F88 <>;>7820 >B B5<?5@0BC@K 8         
402;5=8O 

Fig. 1. Dependence of the efficiency index of colostrum homogenization on temperature and pressure 

 

#@8 87CG5=88 >A>15==>AB59 <5<1@0==>9 >1@01>B:8 <>;>7820 ?@5420@8B5;L=> 8AE>4=>5 
A1>@=>5 AK@L5 ?>425@3;8 A5?0@8@>20=8N A F5;LN ?@54C?@5645=8O A=865=8O A:>@>AB8 
D8;LB@0F88 ?> ?@8G8=5 =0:>?;5=8O 68@>2>9 D07K =0 ?>25@E=>AB8 <5<1@0=. 
"15768@820=85 ?@>2>48;>AL A 8A?>;L7>20=85< @0=55 CAB0=>2;5==KE @568<>2 
A5?0@8@>20=8O (42C:@0B=>5 A5?0@8@>20=85 ?@8 B5<?5@0BC@5 45 º%). � =0G0;5 8AA;54>20=89 8 
?> 7025@H5=88 ?@>F5AA0 >ACI5AB28;8 >?@545;5=85 <0AA 8 >A=>2=KE D878:>-E8<8G5A:8E 
?>:070B5;59 8AE>4=>3> AK@LO 8 ?@>4C:B>2 D8;LB@0F88, >B@060NI8E ACI=>ABL 
:>=F5=B@8@>20=8O, :>B>@K5 ?@82545=K 2 B01;8F5 3. �=0;87 ?>;CG5==KE 40==KE ?>:07K205B, 
GB> ?@>F5AA C;LB@0D8;LB@0F88 A1>@=>3> <>;>7820 ?>72>;O5B ?>;CG8BL :>=F5=B@0B A 
<0AA>2>9 4>;59 ACE8E 25I5AB2 (29,1±1,44) % 8 >1I53> 15;:0 (25,19±0,52) %. #@8 MB>< 
<0AA>20O 4>;O AK2>@>B>G=KE 15;:>2 2>7@0AB05B A (4,02±0,33) % 4> (9,92±1,04) %, B.5. D0:B>@ 
:>=F5=B@8@>20=8O ?> AK2>@>B>G=><C 15;:C A>AB02;O5B 2,47. (0:B>@ :>=F5=B@8@>20=8O ?> 
>1I5<C 15;:C – 2,49. 

"1@07FK <>;>7820, ?>;CG5==>3> 2 ?5@8>4 24–168 G0A>2 ?>A;5 >B5;0, ?>425@3;8 
D5@<5=B8@>20=8N A 8A?>;L7>20=85< B5@<>AB0B=>3> A?>A>10 ?@>872>4AB20, ?@8 :>B>@>< 
>1@07>20=85 A3CAB:0 >ACI5AB2;O5BAO ?>A;5 @>7;820 2 C?0:>2:C [27]. 

":>=G0=85 D5@<5=B8@>20=8O >?@545;O;8 ?> 4>AB865=8N 4;O :064>3> 2840 70:20A:8 
:8A;>B=>AB8 A3CAB:0, 8AE>4O 87 8E 284>2>3> A>AB020:  
‒ 4;O 70:20A:8 ACE>9 :>=F5=B@8@>20==>9 «#@>18;0:B 2» (284>2>9 A>AB02: Streptococcus 

salivarius subsp. thermophilus, Lactobacillus acidophilus, Bifidobacterium ssp.) – 70280 º& [28] 

(40;55 «#@>18;0:B 2»); 
‒ 4;O 70:20A:8 ACE>9 :>=F5=B@8@>20==>9 B5@<>D8;L=>3> AB@5?B>:>::0 8 1>;30@A:>9 

?0;>G:8 &���2 (284>2>9 A>AB02: Lactobacillus delbrueckii subsp. bulgaricus, Streptococcus 

salivarius subsp. thermophilus) – 75–85 º& [28] (40;55 &�1�2); 
‒ 4;O :>=F5=B@0B0 10:B5@80;L=>3> ACE>3> ;0:B>:>::>2 8 B5@<>D8;L=KE AB@5?B>:>::>2 

&�- & (284>2>9 A>AB02: Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. Aremoris 
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Lactococcus lactis subsp. diacetylactis, Steptococcus salivarius subsp. thermophilus) – 60270 º& 
[29] (40;55 &�- &); 
‒ 4;O 70:20A:8, ?@83>B>2;5==>9 =0 :5D8@=KE 3@81:0E – 85–100 º& [28]; 

‒ 4;O 70:20A:8 ACE>9 4;O 9>3C@B0 (284>2>9 A>AB02: Lactobacillus delbrueckii subsp. 

bulgaricus, Streptococcus salivarius subsp. thermophilus) – 75–85 º& [28]; 

‒ 4;O 70:20A:8 ACE>9 :>=F5=B@8@>20==>9 ;0:B>:>::>2 &�-  (284>2>9 A>AB02: 
Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. Aremoris Lactococcus lactis subsp. 
diacetylactis) – 70–90 º& (40;55 &�- ) [28]. 
 

&45?. 3. (878:>-E8<8G5A:85 ?>:070B5;8 A1>@=>3> <>;>7820-AK@LO, ?>;CG5==>3> 2 ?5@8>4 A 1–72 

G0A>2 ?>A;5 >B5;0, 8 ?@>4C:B>2 <5<1@0==>9 D8;LB@0F88 

Table 3. Physicochemical parameters of collected raw colostrum obtained during the period from 1 to 72 

hours after calving and membrane filtration products 

!08<5=>20=85 
?>:070B5;59 

(878:>-E8<8G5A:85 ?>:070B5;8 <>;>7820 

(
0:
B>
@ 

:>
=F
5=
B@
8@
>2
0=
8O

 

<>;>782> ?@>4C:BK 

C;LB@0D8;LB@0F88 

A1>@=>5 >15768@5==>5 D8;LB@0B  :>=F5=B@0B 

 0AA0, :3 22,40 19,68 13,04 6,70 2,94 

 0AA>20O 4>;O, % – – – – – 
– ACE8E 25I5AB2 19,20±1,58 12,80±1,26 4,41±1,08 29,10±1,44 2,27 

– >1I53> 15;:0 9,87±0,69 10,1±0,37 0,81±0,18 25,19±0,52 2,49 

– :0758=0 5,84±0,82 5,98±0,41 0,14±0,45 15,7±1,06 2,63 

– AK2>@>B>G=KE 15;:>2 3,87±0,12 4,02±0,33 0,58±0,08 9,92±1,04 2,47 

– =515;:>2>3> 07>B0 0,045±0,01 0,038±0,02 0,031±0,01 0,049±0,01 1,29 

– 68@0 5,12±0,33 0,03±0,02 0,00±0,00 0,10±0,02 3,33 

– ;0:B>7K 2,41±0,42 2,52±0,39 2,38±0,24 2,72±0,47 1,08 

– 7>;K 1,10±0,05 1,12±0,07 1,11±0,07 1,16±0,09 1,04 

�8A;>B=>ABL, °& 28,00±1,25 32,00±1,38 16,00±0,08 59,00±3,15 – 
 

�;O ACE8E 10:B5@80;L=KE 70:20A>: B8B@ <>;>G=>:8A;KE 10:B5@89 =0 =0G0;> D5@<5=B0F88 
A>AB02;O; ~ 1×1010 �"�/3, ?@>872>4AB25==0O 70:20A:0, ?@83>B>2;5==0O =0 :5D8@=KE 3@81:0E, 
2=>A8;0AL 2 :>;8G5AB25 3,0 % >B <0AAK D5@<5=B8@C5<>3> AK@LO. 
$57C;LB0BK 8AA;54>20=8O ?>;CG5==KE >1@07F>2 ?>:070;8, GB> : <><5=BC >:>=G0=8O 

D5@<5=B8@>20=8O B8B@C5<0O 8 0:B82=0O :8A;>B=>AB8 2 =8E A>>B25BAB2>20;8 CAB0=>2;5==><C 
480?07>=C 7=0G5=89 4;O A>>B25BAB2CNI8E 70:20A>G=KE :C;LBC@.   
$57C;LB0BK M:A?5@B=>3> <5B>40 0=0;870 D5@<5=B8@>20==KE >1@07F>2 <>;>7820 ?@82545=K 

2 B01;8F5 4. �=0;87 ?>;CG5==KE 40==KE ?>:07K205B, GB> =08<5=LH55 :>;8G5AB2> 10;;>2 ?> 
2A5< 3@C??0< 8AA;54C5<KE 70:20A>: ?>;CG8;8 >1@07FK, A>1@0==K5 2 ?5@8>4 A 24 4> 48 G0A>2 
?>A;5 >B5;0. %@54=55 :>;8G5AB2> 10;;>2 ?> 2A5< 3@C??0< 70:20A>: A>AB028;> 15,3 10;;0, GB> 
>1CA;>2;5=> 1K;> ?>;CG5=85< ?@>4C:B>2 A 4@O1;K< A3CAB:><, 2K45;ONI8< AK2>@>B:C. 
!081>;LH55 :>;8G5AB2> 10;;>2 ?>;CG8;8 D5@<5=B8@>20==K5 >1@07FK, ?>;CG5==K5 87 
<>;>7820, A>1@0==>3> 2 ?5@8>4 A 72 4> 168 G0A>2 ?>A;5 >Bё;0. #@8 MB>< ;CGH8<8 
>@30=>;5?B8G5A:8<8 ?>:070B5;O<8 >1;040;8 >1@07FK, ?@>872545==K5 A 8A?>;L7>20=85< 
70:20A:8 &�- &, 0 B0:65 70:20A:8, ?@83>B>2;5==>9 =0 :5D8@=KE 3@81:0E – A@54=55 
:>;8G5AB2> 10;;>2 ?> MB8< 42C< 3@C??0< 70:20A>: :>;510;>AL 2 480?07>=5 18219 10;;>2 ?@8 
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2>7<>6=KE 20. "=8 8<5;8 ?;>B=CN :>=A8AB5=F8N, 157 >B45;5=8O AK2>@>B:8, G8ABK5 
:8A;><>;>G=K5 2:CA 8 70?0E, 157 ?>AB>@>==8E ?@82:CA>2. 

 

&45?. 4. $57C;LB0BK M:A?5@B=>3> 0=0;870 >@30=>;5?B8G5A:8E E0@0:B5@8AB8: D5@<5=B8@>20==KE 
>1@07F>2 <>;>7820 

Table 4. Results of expert analysis of organoleptic characteristics of fermented colostrum samples 

�@5<O 
?>A;5 >B5;0 

�>;8G5AB2> 10;;>2  

«#@>18-

;0:B 2» &�1�2 &�- & 

70:20A:0, ?@83>-
B>2;5==0O =0 

:5D8@=KE 3@81:0E 

70:20A:0 
ACE0O 4;O 
9>3C@B0 

&�-  

24 17,00 15,00 18,00 14,00 14,00 14,00 

48 16,00 17,00 17,00 16,00 17,00 15,00 

72 16,00 18,00 19,00 18,00 18,00 14,00 

96 17,00 16,00 19,00 19,00 15,00 14,00 

120 17,00 15,00 20,00 18,00 15,00 14,00 

144 18,00 17,00 19,00 18,00 17,00 15,00 

168 18,00 16,00 19,00 18,00 18,00 17,00 
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Table 5. Duration of fermentation of the studied samples depending on the type of starter and time of 
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4,92 
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±0,25 
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±0,25 
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±0,25 
4,32 

±0,25 
4,50 

±0,25 
4,10 

±0,13 
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±0,25 
3,80 
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4,71 

±0,22 
4,35 

±0,16 
4,68 
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±0,36 
4,54 

±0,21 

&�- & 
4,75 
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4,45 
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3,80 
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±0,31 
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11,40 

±0,52 
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±0,37 
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7,50 

±0,33 
6,90 

±0,25 
4,20 

±0,19 
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±0,38 
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±0,36 
4,25 

±0,25 
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±0,33 
5,30 

±0,15 
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&�-  
9,50 

±0,42 
8,83 

±0,41 
8,33 

±0,26 
8,25 

±0,54 
9,10 

±0,38 
8,56 

±0,42 
8,50 

±0,57 
7,30 

±0,24 
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USE OF MILK WHEY IN TECHNOLOGIES FOR THE PRODUCTION OF 

DISTILLATES 

E. A. Tsed, S. V. Volkova, V. A. Novikova, Yu. V. Ivchina, Zh. V. Tsingaleva 

Belarusian State University of Food and Chemical Technologies 

ABSTRACT 
Introduction. Currently, there is a steady trend in the alcoholic beverage market in the Republic of Belarus 

towards increasing the production of beverages based on distillates, such as whiskey, brandy, cognac, rum, 

tincture, etc. Distillates production technologies primarily involve the use of grain (starch-containing) and 

sugar-containing (fruit and berry, grape) raw materials. However, it should be noted that the research aimed 

at identifying new promising types of raw materials for producing distillates will enable the development of 

a new methodological basis for creating beverages with unique flavour characteristics unmatched by any 

other alcoholic products. This article is dedicated to studying the possibility of using non-traditional raw 

materials in distillate production technologies, particularly whey ‒ a by-product of dairy production, focusing 

on identifying the factors that determine the technological aspects of its processing. The scientific objective 

is to evaluate the characteristics of biochemical processes during the fermentation of wort obtained using 

pasteurized whey compared to traditional malt wort, as well as to investigate the organoleptic characteristics 

of distillates produced from these substrates. 

Materials and methods. The objects of the study were: pasteurized milk whey (TU BY 100098867.371), 

dry alcohol yeast Saccharomyces cerevisiae in accordance with TU RB 100104781.010-2005, pale barley 

brewing malt (GOST 29294-2014), granulated sugar (GOST 33222-2015), hibiscus (Sudan rose/karkade) 

petals (TU 9198-002-46951679-2002). The studies were carried out using generally accepted research 

methods in alcohol production (GOST 10840; GOST 30483-97; GOST ISO 520-2014; GOST 13586.5-2015; 

GOST 10845-98; GOST 10844-74; GOST 31683-2012, etc.). 

Results. The feasibility and technological parameters for the use of pasteurized milk whey in distillate 

production technologies, including preliminary whey processing, adjustment of its chemical composition, 

fermentation, and distillation, were established. It was determined that wort based on milk whey must be 

pretreated to remove coagulable proteins that hinder fractional distillation. A comparative analysis of the 

proposed methods for preliminary preparation of milk wort showed that the most preferable method is 

double thermal treatment at a maximum temperature of 96‒100 ℃ followed by mandatory filtration. It was 
demonstrated that thermal treatment of milk whey, compared to the "hibiscus"method, has certain 

advantages and increases the efficiency of wort fermentation by 2 %. 

Conclusion. The use of milk whey as a raw material component for distillate production improves product 

quality and enhances resource conservation by utilizing by-products from related food industries. This 

approach also broadens the range of national alcoholic beverages produced by distillation. The results 

obtained contribute to the scientific and practical knowledge of raw materials and technologies for producing 

distillates with high flavour and aroma characteristics, which will ensure economic benefits for domestic 

enterprises. 

KEY WORDS: whey; technology; distillate; methods of preliminary processing of whey; fermentation. 
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<8=5@0;L=K< – A>AB02><, ?@54>?@545;ONI8< 2>7<>6=>ABL @0728B8O 4@>6652KE :;5B>: 8 
>ACI5AB2;5=85 8<8 ?@>F5AA>2 A?8@B>2>3> 1@>65=8O. 
*5;L 40==>3> 8AA;54>20=8O – CAB0=>2;5=85 F5;5A>>1@07=>AB8 8A?>;L7>20=8O <>;>G=>9 
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AK2>@>B:8 2 B5E=>;>38OE ?>;CG5=8O 48AB8;;OB>2 8 8AA;54>20=85 D0:B>@>2, >?@545;ONI8E 
B5E=>;>38G5A:85 2>7<>6=>AB8 55 ?5@5@01>B:8. 
!0CG=0O 7040G0 – 87CG5=85 D878:>-E8<8G5A:8E 8 18>E8<8G5A:8E ?@>F5AA>2 ?@8 

?>;CG5=88 48AB8;;OB>2 =0 >A=>25 ?0AB5@87>20==>9 <>;>G=>9 AK2>@>B:8 8 A@02=5=85 8E A 
?@>F5AA0<8, ?@>B5:0NI8<8 ?@8 8A?>;L7>20=88 B@048F8>==>3> 4;O ?@>872>4AB20 
48AB8;;OB>2 A>;>4>2>3> ACA;0. 

 

 �&�$���/ �  �&"�/ 

!0CG=>-8AA;54>20B5;LA:0O @01>B0 ?@>2>48;0AL 2 CG@5645=88 >1@07>20=8O «�5;>@CAA:89 
3>AC40@AB25==K9 C=825@A8B5B ?8I52KE 8 E8<8G5A:8E B5E=>;>389» =0 :0D54@5 B5E=>;>388 
?8I52KE ?@>872>4AB2. � :0G5AB25 >1J5:B>2 8AA;54>20=8O A;C68;8 A;54CNI85 284K AK@LO: 
?0AB5@87>20==0O ?>4AK@=0O =5A>;5=0O <>;>G=0O AK2>@>B:0 (�"%& 53438), 2K@01>B0==0O =0 
"�" «�01CH:8=0 :@K=:0» (40;55 <>;>G=0O AK2>@>B:0); A>;>4 OG<5==K9 ?82>20@5==K9 
A25B;K9 ?@>872>4AB20 "�" «�5;A>;>4» (�"%& 29294) (40;55 OG<5==K9 A>;>4); 4@>668 
ACE85 A?8@B>2K5 Saccharomyces cerevisiae (TY.BY 100104781.010) (40;55 4@>668); A0E0@-
?5A>: (�"%& 33222); ;5?5AB:8 AC40=A:>9 @>7K :0@:045 ACHё=K5 2 A>>B25BAB288 A                
&' 9198-002-46951679 (40;55 :0@:045) [19‒21]. 
� @01>B5 1K;8 8A?>;L7>20=K A?5F80;878@>20==K5 D878:>-E8<8G5A:85, 

<8:@>18>;>38G5A:85 8 18>E8<8G5A:85 <5B>4K 8AA;54>20=89, 2 B>< G8A;5 >1I5?@8=OBK5 2 
<>;>G=>9 8 A?8@B>2>9 >B@0A;OE. "?@545;5=85 >@30=>;5?B8G5A:8E ?>:070B5;59, <0AA>2>9 
4>;8 ACE8E 25I5AB2, ;0:B>7K, :8A;>B=>AB8 2 <>;>G=>9 AK2>@>B:5 ?> �"%& 33957; 
A>45@60=85 15;:>2 ?> �"%& 34536; A>45@60=85 <>;>G=>9 :8A;>BK 
A?5:B@>D>B><5B@8G5A:8< <5B>4><, A>45@60=85 7>;K ?> �"%& 56833 [22‒25]. 
"?@545;5=85 >@30=>;5?B8G5A:8E ?>:070B5;59, <0AA>2>9 4>;8 ?@8<5A59, M:AB@0:B0, 

:8A;>B=>AB8, ?@>4>;68B5;L=>AB8 >A0E0@820=8O, 0<8;>;8B8G5A:>9 0:B82=>AB8 2 OG<5==>< 
A>;>45 ?> �"%& 29294 [20]. "?@545;5=85 :>=F5=B@0F88 MB8;>2>3> A?8@B0, A>45@60=85 
2848<>9 :>=F5=B@0F88 ACE8E 25I5AB2 2 7@5;>9 1@06:5 ?> �"%& 12787 [26], >?@545;5=85 
<0AA>2>9 4>;8 ACE8E 25I5AB2 2 ACA;5, >1I53> A>45@60=8O @0AB2>@8<KE A1@068205<KE 
C3;52>4>2, A>45@60=85 0<8==>3> 07>B0, B8B@C5<>9 8 0:B82=>9 :8A;>B=>AB8, AB5?5=8 
A1@06820=8O ?> [27]. %B0B8AB8G5A:CN >1@01>B:C @57C;LB0B>2 8AA;54>20=8O 8 D>@<8@>20=85 
107K 40==KE A @57C;LB0B0<8 8AA;54>20=89 ?@>2>48;8 A 8A?>;L7>20=85< ?@>3@0<<K           
MS Excel. 

 

$��'�0&�&/ � �) "�%'���!�� 

�;O 2KO2;5=8O 2>7<>6=>AB8 8A?>;L7>20=8O <>;>G=>9 AK2>@>B:8 2 B5E=>;>38OE 
?>;CG5=8O 48AB8;;OB>2 1K;8 ?@>2545=K 8AA;54>20=8O ?> >?@545;5=8N ?>:070B5;59 55 
:0G5AB20, @57C;LB0BK :>B>@KE ?@54AB02;5=K 2 B01;8F51. 
�0: A;54C5B 87 ?>;CG5==KE M:A?5@8<5=B0;L=KE 40==KE, 8AA;54C5<0O <>;>G=0O AK2>@>B:0 

E0@0:B5@87C5BAO 35B5@>35==K< 18>E8<8G5A:8< A>AB02><, 2:;NG0NI8< 2 A51O 15;:8, 
C3;52>4K, >@30=8G5A:85 :8A;>BK 8 <8=5@0;L=K5 25I5AB20, 0 B0:65 A>>B25BAB2C5B 
=>@<0B82=K< ?>:070B5;O< :0G5AB20 8 55 2>7<>6=> 8A?>;L7>20BL 2 ?;0=8@C5<KE 
8AA;54>20=8OE. 
�=0;>38G=K< >1@07>< 1K;0 ?@>2545=0 >F5=:0 ?>:070B5;59 :0G5AB20 OG<5==>3> A>;>40, 

@57C;LB0BK :>B>@>9 ?@54AB02;5=K 2 B01;8F5 2. 
�=0;87 ?>;CG5==KE 40==KE A2845B5;LAB2CNB > 2KA>:8E ?>:070B5;OE :0G5AB20 

8AA;54C5<>3> A>;>40 8 2>7<>6=>AB8 53> ?@8<5=5=8O 2 ?;0=8@C5<KE 8AA;54>20=8OE. 
!0 A;54CNI5< MB0?5 @01>BK 8AA;54C5<K5 284K AK@LO 8A?>;L7>20;8 4;O ?>;CG5=8O ACA;0 

:0: >4=>3> 87 >A=>2=KE B5E=>;>38G5A:8E :><?>=5=B>2 ?@>872>4AB20 48AB8;;OB>2, 
8A?>;L7C5<>3> 70B5< 4;O A1@06820=8O 8 2K45;5=8O ;5BCG59 D@0:F88.  
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&45?. 1. #>:070B5;8 :0G5AB20 <>;>G=>9 AK2>@>B:8, 8A?>;L7C5<>9 4;O ?>;CG5=8O 48AB8;;OB>2  
Table 1. Quality indicators of dairy products used to obtain distillates 

!08<5=>20=85 ?>:070B5;59 
 >;>G=0O AK2>@>B:0 ?0AB5@87>20==0O 

&@51>20=8O �"%& 53438 �AA;54C5<K9 >1@075F 
<>;>G=>9 AK2>@>B:8  

�=5H=89 284 8 :>=A8AB5=F8O 
"4=>@>4=0O 684:>ABL. 
�>?CA:05BAO =0;8G85 
15;:>2>3> >A04:0 

"4=>@>4=0O 684:>ABL. �57 
>A04:0 

*25B �;54=>-75;5=K9 �;54=>-75;5=K9 

�:CA 8 70?0E %2>9AB25==K9 <>;>G=>9 
AK2>@>B:5, A;04:>20BK9 

%2>9AB25==K9 <>;>G=>9 
AK2>@>B:5, A;04:>20BK9 

 0AA>20O 4>;O ACE8E 25I5AB2, 
%, =5 <5=55 5,6 6,2±0,3 

 0AA>20O 4>;O ;0:B>7K, %,            
=5 <5=55 4,0 4,8±0,24 

�8A;>B=>ABL, º&, =5 1>;55 20 5,4±0,27 
�:B82=0O :8A;>B=>ABL (@!),         

=5 1>;55 6,0 4,47±0,22 

%>45@60=85 7>;K, % - 0,3±0,015 
%>45@60=85 15;:>2, % - 0,7±0,035 
 >;>G=0O :8A;>B0, % - 0,1±0,005 

 
&45?. 2. #>:070B5;8 :0G5AB20 OG<5==>3> A>;>40, 8A?>;L7C5<>3> 4;O ?>;CG5=8O B@048F8>==>3> 

ACA;0 4;O 48AB8;;OB>2 

Table 2. Quality indicators of barley malt used to obtain traditional wort for distillates 

!08<5=>20=85 ?>:070B5;59 
%>;>4 A25B;K9 OG<5==K9 ?82>20@5==K9 

&@51>20=8O �"%& 29294 %>;>4 OG<5==K9 A25B;K9 
?82>20@5==K9  

�=5H=89 284 
 

"4=>@>4=0O 75@=>20O 
<0AA0, =5 A>45@60I0O 
?;5A=52KE 75@5= 8 
2@548B5;59 

"4=>@>4=0O 75@=>20O <0AA0, 
=5 A>45@60I0O ?;5A=52KE 
75@5= 8 2@548B5;59 

*25B "B A25B;>-65;B>3> 4> 
65;B>3> %25B;>-65;BK9 

�:CA %>;>4>2K9, A;04:>20BK9 %>;>4>2K9, A;04:>20BK9 
�0?0E %>;>4>2K9 %>;>4>2K9 

 0AA>20O 4>;O A>@=>9 ?@8<5A8, %, 
=5 1>;55 0,30,5  

 0AA>20O 4>;O M:AB@0:B0 2 ACE>< 
25I5AB25 A>;>40 B>=:>3>         
?><>;0, %, =5 <5=55 

76,079,0 79,0±3,9 

#@>4>;68B5;L=>ABL >A0E0@820=8O, 
<8=, =5 1>;55 1525 15 

�8A;>B=>ABL, :. 54. 0,91,3 1,1±0,05 
�<8;>;8B8G5A:0O 0:B82=>ABL ?> 
<5B>4C �8=48H0-�>;L10E0, 54/3 240260 337,5±16,9 

 

&@048F8>==>5 A>;>4>2>5 ACA;> 4;O ?>;CG5=8O 48AB8;;OB>2, O2;ONI55AO :>=B@>;L=K< 
>1@07F><, 3>B>28;8 =0AB>9=K< A?>A>1>< A;54CNI8< >1@07><. (@0:F8>==> 4@>1;5==K9 
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OG<5==K9 A>;>4 A<5H820;8 A 2>4>9 2 A>>B=>H5=88 A>;>4:2>40 2 1:4, ?>A;5 G53> 
?>A;54>20B5;L=> >ACI5AB2;O;8 =03@52 70B>@0 ?@8 7040==KE D8:A8@>20==KE B5<?5@0BC@0E 8 
>ACI5AB2;O;8 53> 2K45@6:C ?> A;54CNI59 AE5<5:  

 ?5@20O ?0C70: (47±0,5) °%, ?@>4>;68B5;L=>ABL 2K45@6:8  30 <8=; 
 2B>@0O ?0C70: (52±0,5) °%, ?@>4>;68B5;L=>ABL 2K45@6:8  30 <8=; 
 B@5BLO ?0C70: (62±0,5) °%, ?@>4>;68B5;L=>ABL 2K45@6:8  90 <8=; 

 G5B25@B0O ?0C70: (70±0,5) °%, ?@>4>;68B5;L=>ABL 2K45@6:8  40 <8=; 
 ?OB0O ?0C70: (78±0,5) °%, ?@>4>;68B5;L=>ABL 2K45@6:8  30 <8=. 
#>;=>BC >A0E0@820=8O >?@545;O;8 ?> 9>4=>9 ?@>15. #>A;5 G53> ?>;CG5==>5 A>;>4>2>5 

ACA;> >E;0640;8 4> :><=0B=>9 B5<?5@0BC@K 24‒25 °C 8 >?@545;O;8 2 =5< A;54CNI85 
?>:070B5;8 :0G5AB20: <0AA>2CN 4>;N ACE8E 25I5AB2, 0:B82=CN 8 B8B@C5<CN :8A;>B=>ABL, 
<0AA>2CN :>=F5=B@0F8N @0AB2>@8<KE A1@068205<KE C3;52>4>2, A>45@60=85 0<8==>3> 07>B0 
(B01;8F0 3).  

%CA;> =0 >A=>25 <>;>G=>9 AK2>@>B:8 3>B>28;8 A;54CNI8< >1@07><. �=0G0;5 <>;>G=CN 
AK2>@>B:C =03@520;8 4> B5<?5@0BC@K (50±2) °% 8 ?@8 MB>9 B5<?5@0BC@5 2=>A8;8 @0AG5B=>5 
:>;8G5AB2> A0E0@0-?5A:0 4;O 4>AB865=8O A>45@60=8O ACE8E 25I5AB2 2 3>B>2>< ACA;5     
(20±0,1) %. #@8 ?>AB>O==>< ?5@5<5H820=88 ACA;> 2K45@6820;8 2 B5G5=85 10 <8= 4> 
?>;=>3> @0AB2>@5=8O A0E0@0, ?>A;5 G53> 53> ?>425@30;8 B5@<8G5A:>9 >1@01>B:5 ?@8 
B5<?5@0BC@5 (70±1) °C 2 B5G5=85 15 <8=. �0B5< <>;>G=>5 ACA;> >E;0640;8 4> :><=0B=>9 
B5<?5@0BC@K 24‒25 °C 8 >?@545;O;8 2 =5< ?>:070B5;8 :0G5AB20, 0=0;>38G=K5 A>;>4>2><C 
ACA;C. #>;CG5==K5 @57C;LB0BK ?@54AB02;5=K 2 B01;8F5 3. 

�0: A2845B5;LAB2CNB ?>;CG5==K5 @57C;LB0BK, E8<8G5A:89 A>AB02 8 ?>:070B5;8 :0G5AB20 
42CE @07=KE ?> ?@>8AE>645=8N 284>2 ACA;0 ACI5AB25==> >B;8G0NBAO.  >;>G=>5 ACA;> 
E0@0:B5@87C5BAO 1>;55 2KA>:>9 B8B@C5<>9 :8A;>B=>ABLN 8 1>;55 =87:8< 7=0G5=85< @! 
(A>>B25BAB25==> 5,2 8 4,7 3@04) 2 A@02=5=88 A A>;>4>2K< ACA;>< (1,55 8 5,5 3@04). "4=0:> 2 
A>;>4>2>< ACA;5 >B<5G5=> 1>;55 2KA>:>5 (=0 9 %) A>45@60=85 @0AB2>@8<KE A1@068205<KE 
C3;52>4>2 8 =0 20 % 0<8==>3> 07>B0.  

 
&45?. 3. %@02=8B5;L=K9 0=0;87 <>;>G=>3> 8 A>;>4>2>3> ACA;0, 8A?>;L7C5<>3> 4;O ?>;CG5=8O 

48AB8;;OB>2 

Table 3. Comparative analysis of milk and malt wort used to obtain distillates 

!08<5=>20=85 ?>:070B5;O 
�=0G5=85 

 >;>G=>5 ACA;> %>;>4>2>5 
ACA;> 

 0AA>20O 4>;O ACE8E 25I5AB2, % 20,0±1,0 20,0±1,0 
 0AA>20O :>=F5=B@0F8O @0AB2>@8<KE 
A1@068205<KE C3;52>4>2, 3/100 A<3 

15,2±0,76 16,6±0,83 

�:B82=0O :8A;>B=>ABL (@!) 4,7 5,5 

&8B@C5<0O :8A;>B=>ABL, 3@04 5,2±0,2 1,55±0,1 

%>45@60=85 0<8==>3> 07>B0, <3/100 A<3 13,5±0,67 16,24±0,81 

 

&0:8< >1@07><, <>6=> A45;0BL 2K2>4 > B><, GB> 8AA;54C5<K5 >1@07FK ACA;0 
E0@0:B5@87CNBAO <=>3>:><?>=5=B=K< E8<8G5A:8< A>AB02>< 8 A>45@60B 2A5 =5>1E>48<K5 
4;O 687=545OB5;L=>AB8 4@>6652KE :;5B>: ?8B0B5;L=K5 25I5AB20. 
%;54CNI89 MB0? 40==>9 =0CG=>9 @01>BK 1K; ?>A2OI5= 8AA;54>20=8O< 18>E8<8G5A:8E 
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?@>F5AA>2, ?@>B5:0NI8E ?@8 A1@06820=88 8AA;54C5<KE >1@07F>2 ACA;0. �;O MB>3> 2 
>1@07FK <>;>G=>3> 8 A>;>4>2>3> ACA;0 2=>A8;8 ?@5420@8B5;L=> ?>43>B>2;5==CN @072>4:C 
4@>6659 @. Saccharomyces cerevisiae A B8B@>< 6,5E108, 2 :>=F5=B@0F88 10 % >B >1J5<0 ACA;0. 
#@>F5AA 1@>65=8O >ACI5AB2;O;8 2 B5G5=85 7 ACB>: ?@8 B5<?5@0BC@5 (25±5) °%. 

$57C;LB0B82=>ABL ?@>F5AA0 1@>65=8O ?@54AB02;5=0 2 B01;8F5 4. 
�0: A;54C5B 87 ?>;CG5==KE M:A?5@8<5=B0;L=KE 40==KE, E8<8G5A:89 A>AB02 8AE>4=>3> 

ACA;0 ?@54>?@545;O5B 48=0<8:C ?@>F5AA0 1@>65=8O. 'AB0=>2;5=>, GB> A:>@>ABL A?8@B>2>3> 
1@>65=8O 8 >1@07>20=8O ;5BCG59 D@0:F88 ACI5AB25==> ?@520;8@C5B 2 A>;>4>2>< ACA;5, GB> 
2K@060;>AL 2 =0:>?;5=88 2KA>:>9 :>=F5=B@0F88 MB0=>;0 =0 3 ACB:8 1@>65=8O 8 A>AB02;O;> 
(8,6±0,43) % >1. � <>;>G=>9 1@06:5 <0:A8<0;L=>5 A>45@60=85 MB8;>2>3> A?8@B0             
(9,4±0,47) % >1. =01;N40;>AL B>;L:> : :>=FC 7 ACB>: 1@>65=8O. %B5?5=L A1@06820=8O, 
E0@0:B5@87CNI0O MDD5:B82=>ABL ?@>F5AA0 1@>65=8O 8 1@>48;L=CN 0:B82=>ABL 
?@8<5=O5<KE 4@>6659, :>A25==> A2845B5;LAB2C5B > @07;8G=>9 AB5?5=8 1;03>?@8OB=>AB8 
?8B0B5;L=>9 A@54K 4;O 8E 687=545OB5;L=>AB8. "4=0:> 1>;55 2KA>:>5 ‒ =0 4 % ‒ 
:>;8G5AB25==>5 A>45@60=85 MB0=>;0 2 <>;>G=>9 1@06:5 ?> A@02=5=8N A A>;>4>2>9 1@06:>9, 
A2845B5;LAB2C5B > ?@8=F8?80;L=>9 2>7<>6=>AB8 ?@8<5=5=8O <>;>G=>9 AK2>@>B:8 4;O 
?>;CG5=8O 48AB8;;OB>2.  >6=> A45;0BL 2K2>4 > B><, GB>, =5A<>B@O =0 B>B D0:B, GB> 
<>;>G=>5 ACA;> O2;O5BAO =5 A>2A5< 1;03>?@8OB=>9 ?8B0B5;L=>9 A@54>9 4;O @0728B8O 
4@>6652KE :;5B>: Saccharomyces cerevisiae 70 AG5B A>45@60=8O =5A1@068205<>3> C3;52>40 
;0:B>7K, >4=0:> =0;8G85 2 =59 4@C38E :><?>=5=B>2, =0?@8<5@, <8=5@0;L=KE 25I5AB2, 
>@30=8G5A:8E :8A;>B, 0<8=>:8A;>B, ?>72>;O5B <8:@>>@30=87<0<-8AB>G=8:0< 1@>65=8O 
?>445@60BL A2>9 <5B01>;87< 8 >15A?5G8BL ?@>F5AA A?8@B>>1@07>20=8O 2 1@06:5. 

 
&45?. 4. %@02=8B5;L=K9 0=0;87 ?@>F5AA0 1@>65=8O <>;>G=>3> 8 A>;>4>2>3> ACA;0, 8A?>;L7C5<>3> 

4;O ?>;CG5=8O 48AB8;;OB>2 

Table 4. Comparative analysis of the fermentation process of milk and malt wort used to obtain distillates 

!08<5=>20=85 ?>:070B5;O �=0G5=85 
 >;>G=>5 ACA;> %>;>4>2>5 ACA;> 

#@>4>;68B5;L=>ABL ?@>F5AA0 1@>65=8O ‒ 1 ACB 

"1J5<=0O 4>;O MB8;>2>3> A?8@B0, % >1. 1,4±0,07 2,2±0,1 
�848<0O :>=F5=B@0F8O ACE8E 25I5AB2, % 18,6±0,93 16,5±0,8 

�:B82=0O :8A;>B=>ABL (@!) 4,7 5,0 

&8B@C5<0O :8A;>B=>ABL, 3@04 5,1±0,3 1,6±0,1 
%B5?5=L A1@06820=8O (2848<0O), % 7,0 17,5 

#@>4>;68B5;L=>ABL ?@>F5AA0 1@>65=8O ‒ 3 ACB 

"1J5<=0O 4>;O MB8;>2>3> A?8@B0, % >1. 4,4±0,2 8,6±0,43 
�848<0O :>=F5=B@0F8O ACE8E 25I5AB2, % 14,7±0,7 4,2±0,2 

�:B82=0O :8A;>B=>ABL (@!) 4,4 4,6 

&8B@C5<0O :8A;>B=>ABL, 3@04 5,75±0,3 2,4±0,1 
%B5?5=L A1@06820=8O (2848<0O), % 26,5 79,0 

#@>4>;68B5;L=>ABL ?@>F5AA0 1@>65=8O ‒ 7 ACB  

"1J5<=0O 4>;O MB8;>2>3> A?8@B0, % >1. 9,4±0,47 9,0±0,45 
�848<0O :>=F5=B@0F8O  ACE8E 25I5AB2, % 3,8±0,2 3,4±0,2 

�:B82=0O :8A;>B=>ABL (@!) 3,9 4,4 

&8B@C5<0O :8A;>B=>ABL, 3@04 6,3±0,3 3,7±0,2 
%B5?5=L A1@06820=8O (2848<0O), % 81,0 83,0 

 

#>A;5 >:>=G0=8O ?@>F5AA0 1@>65=8O 8AA;54C5<K5 <>;>G=CN 8 A>;>4>2CN 7@5;K5 1@06:8 

?>425@30;8 ?@>F5AAC >4=>:@0B=>9 ?5@53>=:8 A F5;LN CAB0=>2;5=8O 2>7<>6=>AB8 
D@0:F8>=8@>20=8O ;5BCG8E :><?>=5=B>2 A1@>65==>3> ACA;0. "4=0:> 2 A;CG05 ?5@53>=:8 
<>;>G=>9 1@06:8 40==K9 ?@>F5AA >ACI5AB28BL =5 C40;>AL 70 AG5B 8=B5=A82=>3> 
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?5=>>1@07>20=8O, 2K7K205<>3> B5@<8G5A:8< 2>7459AB285< =0 ?5@53>=O5<CN 
<=>3>:><?>=5=B=CN A<5AL.  
� A2O78 A MB8< ?>B@51>20;8AL 8AA;54>20=8O, =0?@02;5==K5 =0 @07@01>B:C 

B5E=>;>38G5A:8E <5@>?@8OB89, A?>A>1=KE A=878BL ?@>F5AA ?5=>>1@07>20=8O 2 A1@>65==>9 

A@545 =0 >A=>25 <>;>G=>9 AK2>@>B:8. "1I58725AB=>, GB> ?5=>>1@07CNI85 A2>9AB20 
AK2>@>B>G=KE 15;:>2, A>45@60I8EAO 2 <>;>G=>9 AK2>@>B:5, 2>7<>6=> @53C;8@>20BL ?@8 
?><>I8 @07;8G=KE A?>A>1>2 – D5@<5=B0B82=>3> 2>7459AB28O, M;5:B@>;8B=>9 :>03C;OF88 8 
4@. [27, 28]. !0<8 1K;8 ?@>2545=K 8AA;54>20=8O ?> 2K1>@C A?>A>10 ?@5420@8B5;L=>9 
>1@01>B:8 <>;>G=>3> ACA;0 A F5;LN C<5=LH5=8O 2 =5< A>45@60=8O :>03C;8@C5<KE 15;:>2, 
CG0AB2CNI8E 2 ?5=>>1@07>20=88 ?@>4C:B>2 A :>;;>84=>9 AB@C:BC@>9. �;O 2KO2;5=8O 
2>7<>6=>AB8 87<5=5=8O 48A?5@A8>==>9 AB@C:BC@K ACA;0 =0 >A=>25 <>;>G=>9 AK2>@>B:8 
1K;> 2K1@0=> 420 A?>A>10: 

 «:0@:04=K9 A?>A>1»; 
 «B5@<8G5A:89 A?>A>1». 
%CI=>ABL «:0@:04=>3> A?>A>10» 70:;NG05BAO 2 8A?>;L7>20=88 =0AB>O, ?@83>B>2;5==>3> 87 

;5?5AB:>2 @0AB5=8O :0@:045, A ?>A;54CNI8< 2=5A5=85< 53> 2 <>;>G=>5 ACA;>. �KA>:0O 
:8A;>B=>ABL =0AB>O :0@:045 2K7K205B :>03C;OF8N 15;:>2 <>;>G=>9 AK2>@>B:8 8 B5< A0<K< 
A=8605B ?5=>>1@07CNICN A?>A>1=>ABL <>;>G=>3> ACA;0. &5E=>;>38G5A:89 @568< 
?@83>B>2;5=8O <>;>G=>3> ACA;0 A 8A?>;L7>20=85< 2KH5C:070==>3> A?>A>10 ?@54CA<0B@820;: 
=03@52 <>;>G=>9 AK2>@>B:8 4> B5<?5@0BC@K (50±2) °%, 2=5A5=85 =0AB>O :0@:045 8 @0AG5B=>3> 
:>;8G5AB20 A0E0@0-?5A:0 4;O 4>AB865=8O A>45@60=8O ACE8E 25I5AB2 2 3>B>2>< ACA;5  
(22±0,1) %, B5@<8G5A:CN >1@01>B:C ?@8 B5<?5@0BC@5 (70±1) °C 2 B5G5=85 25 <8=, 
D8;LB@0F8N 8 >E;0645=85 3>B>2>3> ACA;0 4> B5<?5@0BC@K 24‒25 °C. 
«&5@<8G5A:89 A?>A>1» 2:;NG0; 2 A51O: ?5@2K9 =03@52 <>;>G=>9 AK2>@>B:8 4> 

B5<?5@0BC@K (50±2) °%, 2=5A5=85 @0AG5B=>3> :>;8G5AB20 A0E0@0-?5A:0 4;O 4>AB865=8O 
A>45@60=8O ACE8E 25I5AB2 2 3>B>2>< ACA;5 (22±0,1) %, 2B>@>9 =03@52 ?@8 B5<?5@0BC@5 
(98±2) °C 2 B5G5=85 15 <8=, D8;LB@0F8N 8 >E;0645=85 3>B>2>3> ACA;0 4> B5<?5@0BC@K                
24‒25 °C. #>:070B5;8 :0G5AB20 >1@07F>2 <>;>G=>3> ACA;0 8 7@5;>9 1@06:8 2 7028A8<>AB8 >B 
A?>A>10 ?@5420@8B5;L=>9 >1@01>B:8 <>;>G=>9 AK2>@>B:8 ?@54AB02;5=K 2 B01;8F5 5. 

 

&45?. 5. %@02=8B5;L=K9 0=0;87 2;8O=8O A?>A>10 ?@5420@8B5;L=>9 >1@01>B:8 <>;>G=>9 AK2>@>B:8 
=0 ?>:070B5;8 :0G5AB20 <>;>G=>3> ACA;0 8 7@5;>9 1@06:8 

Table 5. Comparative analysis of the influence of the method of preliminary treatment of milk whey on 

the quality indicators of milk wort and mature mash 

!08<5=>20=85 ?>:070B5;O 

�=0G5=85 

 >;>G=>5 ACA;>, 
?>;CG5==>5 A 
8A?>;L7>20=85< 

«:0@:04=>3> A?>A>10» 
 

 >;>G=>5 
ACA;>, 

?>;CG5==>5 A 
8A?>;L7>20=85< 
«B5@<8G5A:>3> 
A?>A>10» 

#>:070B5;8 :0G5AB20 <>;>G=>3> ACA;0 
 0AA>20O 4>;O ACE8E 25I5AB2, % 22,0±1,0 22,0±1,0 

 0AA>20O :>=F5=B@0F8O @0AB2>@8<KE 
A1@068205<KE C3;52>4>2, 3/100 A<3 

17,0±0,87 17,5±0,85 

�:B82=0O :8A;>B=>ABL (@!) 4,4 4,6 

&8B@C5<0O :8A;>B=>ABL, 3@04 5,6±0,28 5,4±0,27 
%>45@60=85 0<8==>3> 07>B0, <3/100 A<3 12,8±0,64 12,2±0,60 
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#@>4>;65=85 F45?. 5.   

#>:070B5;8 :0G5AB20 7@5;>9 1@06:8 (7 ACB:8 1@>65=8O) 
"1J5<=0O 4>;O MB8;>2>3> A?8@B0, % >1. 10,0±0,5 10,2±0,52 
�848<0O :>=F5=B@0F8O ACE8E 25I5AB2, % 3,6±0,18 3,4±0,17 
�:B82=0O :8A;>B=>ABL (@!) 3,8 3,8 

&8B@C5<0O :8A;>B=>ABL, 3@04 6,5±0,3 6,2±0,3 
%B5?5=L A1@06820=8O (2848<0O), % 83 84 

 

�0: A2845B5;LAB2CNB ?>;CG5==K5 M:A?5@8<5=B0;L=K5 40==K5, ?@8<5=5=85 
?@5420@8B5;L=>9 >1@01>B:8 <>;>G=>3> ACA;0 A 8A?>;L7>20=85< «B5@<8G5A:>3> A?>A>10» 2 
A>G5B0=88 A ?>2KH5=85< >A<>B8G5A:>3> 402;5=8O 8AA;54C5<>9 ?8B0B5;L=>9 A@54K 
>15A?5G8205B 1>;55 2KA>:CN MDD5:B82=>ABL ?@>F5AA0 1@>65=8O <>;>G=>3> ACA;0 (AB5?5=L 
A1@06820=8O A>AB028;0 84 %) 8 >1@07>20=85 MB0=>;0 – (10,4±0,52) % >1. ?> A@02=5=8N A 
«:0@:04=K< A?>A>1><». �>;55 B>3>, >10 8AA;54C5<KE A?>A>10 ?>72>;ONB A=878BL 
?5=>>1@07>20=85 ?@8 ?5@28G=>9 ?5@53>=:5 8 >15A?5G8BL ?>;CG5=85 48AB8;;OB0 2 >1J5<5              
60 % >B ?5@2>=0G0;L=>3> >1J5<0 7@5;>9 1@06:8. "4=0:> CG8BK20O 1>;55 2KA>:>5 – =0 2 % 2 
:>;8G5AB25==>5 A>45@60=85 MB0=>;0 2 <>;>G=>9 1@06:5, ?>;CG5==>9 A 42C:@0B=>9 
?@5420@8B5;L=>9 B5@<8G5A:>9 >1@01>B:>9, «B5@<8G5A:89 A?>A>1» 1K; >?@545;5= 
?@54?>GB8B5;L=K<. "@30=>;5?B8G5A:0O >F5=:0 8AA;54C5<KE >1@07F>2 48AB8;;OB>2 ?>:070;0, 
GB> 4;O =8E E0@0:B5@5= >G5=L <O3:89 2:CA, C<5@5==K9 A?8@B>2>9 B>= ?@8 ?>;=>< >BACBAB288 
?>A;52:CA8O. 
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#@>2545==K5 M:A?5@8<5=B0;L=K5 8AA;54>20=8O ?>72>;8;8 CAB0=>28BL 2>7<>6=>ABL 8 
F5;5A>>1@07=>ABL 8A?>;L7>20=8O ?>4AK@=>9 A;04:>9 <>;>G=>9 AK2>@>B:8 2 B5E=>;>38OE 
?>;CG5=8O 48AB8;;OB>2 A 2KA>:8<8 >@30=>;5?B8G5A:8<8 E0@0:B5@8AB8:0<8, GB> 
>15A?5G8205B MDD5:B @5AC@A>A15@565=8O ?@8 ?@>872>4AB25 0;:>3>;L=>9 ?@>4C:F88 8 
?>2KH05B M:>;>38G=>ABL ?@>872>4AB20 2 F5;><. 'AB0=>2;5=>, GB> 8A?>;L7>20=85 <>;>G=>9 
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#@54;>65=> 420 A?>A>10 ?> :>@@5:B8@>2:5 :>;;>84=>9 A8AB5<K A1@068205<>3> ACA;0: 
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ABSTRACT  

The food industry of the Republic of Belarus is a combination of diversified industries that provide the 

country with high-quality food products in volumes and assortment sufficient to form a proper and balanced 

diet. The Belarusian food market has both domestic and imported products; leading global manufacturers 

strive to increase the export of their products, including by creating their own production facilities in 

Belarus. Consumers prefer domestically produced food products because they are affordable and of high 

quality.  
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ORGANIZATION OF THE PREPARATORY-ANALYTICAL STAGE 

FOR THE TRANSITION OF AGRICULTURAL ORGANIZATIONS 

TO SUSTAINABLE PRODUCTION OF ORGANIC PRODUCTS 

D. V. Erofeenko 

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

ABSTRACT. The article examines the fundamentals of organizing the preparatory-analytical stage during 

the transition to sustainable organic production. The developed algorithm for the preparatory-analytical stage 

allows for minimizing risks during certification, accelerates the organization’s adaptation to organic 
standards, and can be used as a managerial tool in implementing in agriculture sustainable agricultural 

development strategies. 
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Fig. 1. Algorithm of the preparatory and analytical stage of transition to sustainable production of organic 

products 
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CAB>9G82KE <5B>4>2 2545=8O A5;LA:>3> E>7O9AB20, =5 ?@>B82>@5G0I8E B@51>20=8O< 
A5@B8D8F8@CNI8E >@30=>2. )>7O9AB20, C65 8A?>;L7CNI85 CAB>9G82K5 <5B>4K, 1KAB@55 
?@>E>4OB 0C48B, B0: :0: A>>B25BAB2CNB <=>38< B@51>20=8O< >@30=8G5A:>3> ?@>872>4AB20.  
-DD5:B82=>ABL ABC?5=G0B>3> ?5@5E>40 : CAB>9G82K< <5B>40< ?@>872>4AB20 1K;0 

?>4B25@645=0 2 8AA;54>20=88 �60E0=B01 8 �110A8 [3]. $07@01>B0==0O 8<8 <=>3>ABC?5=G0B0O 
<>45;L AB>E0AB8G5A:>3> ?@>3@0<<8@>20=8O ?>:070;0, GB> >?B8<878@>20==0O AE5<0 
A52>>1>@>B0 ?@8 ?>AB5?5==>< ?5@52>45 ?>A52=KE ?;>I0459 (?> G0ABO<) =0 CAB>9G82K5 
<5B>4K 405B 1>;LH89 M:>=><8G5A:89 MDD5:B ?> A@02=5=8N A >?B8<870F859 A52>>1>@>B0 ?@8 
>4=><><5=B=>9 :>=25@A88 2A5E A5;LA:>E>7O9AB25==KE 75<5;L. �AA;54>20=8O  5=0;;4 
0:F5=B8@CNB 2=8<0=85 =0 B><, GB> @50;870F8O :0: CAB>9G82KE, >@30=8G5A:8E, B0: 8 
B@048F8>==KE ?@0:B8: 2 >4=>9 A5;LA:>E>7O9AB25==>9 >@30=870F88, => =0 @07=KE ?>A52=KE 
?;>I04OE, <>65B A<O3G8BL =5:>B>@K5 M:>=><8G5A:85 @8A:8 ?5@5E>4=>3> ?5@8>40 [4]. 

#@8 ?5@5E>45 >B B@048F8>==>3> : >@30=8G5A:><C 75<;545;8N 4>;6=> 1KBL ?@8=OB> 
@5H5=85 > A5;LA:>E>7O9AB25==KE ?@0:B8:0E (B@048F8>==KE/CAB>9G82KE), :>B>@K5 1C4CB 
@50;87>20=K =0 :064>< ?>;5, 4;O :064>9 :C;LBC@K, :>B>@0O 1C4CB 2KA065=0 2 B5G5=85 
2535B0F8>==>3> ?5@8>40. � 4>?>;=5=85 : ABC?5=G0B><C ?5@5E>4C <>45;L >?B8<870F88 
�60E0=B01 8 �110A8 ?@54CA<0B@8205B 2>7<>6=>ABL >1@0B=>3> ?5@5E>40 >B CAB>9G82KE : 
B@048F8>==K< ?@0:B8:0< 2 :0G5AB25 ?>B5=F80;L=>3> A@54AB20 4;O >15A?5G5=8O 
<8=8<0;L=>3> C@>2=O 3>4>2>9 ?@81K;8. #@8 G0AB8G=>< 2545=88 CAB>9G82>3> 
A5;LA:>E>7O9AB25==>3> ?@>872>4AB20, 206=> >ACI5AB2;OBL :>=B@>;L 70 @0745;L=K< 
E@0=5=85< ?@>4C:F88. 
�;O 2=54@5=8O CAB>9G82KE ?@0:B8: 2 @01>BC A5;LA:>E>7O9AB25==>9 >@30=870F88 

=5>1E>48<> >?@545;8BL @01>B=8:0, >B25BAB25==>3> 70 CAB>9G82>5 @0728B85. $01>B=8:, 
>B25G0NI89 70 ?5@5E>4 : CAB>9G82><C A5;LA:><C E>7O9AB2C, 4>;65= >1;040BL 
:><?;5:A=K<8 7=0=8O<8 2 03@>=><88, M:>;>388, M:>=><8:5 8 C?@02;5=88. #>A;5 87CG5=8O 
B5>@5B8G5A:8E >A=>2 CAB>9G82>3> ?@>872>4AB20, =5>1E>48<> ?@>25AB8 :><?;5:A=K9 0=0;87 
CAB>9G82>AB8 >@30=870F88, :>B>@K9 CG8BK205B M:>;>38G5A:85, A>F80;L=K5 8 M:>=><8G5A:85 
0A?5:BK. �;O >F5=:8 CAB>9G82>AB8 <>3CB ?@8<5=OBLAO :0: <564C=0@>4=K5 A8AB5<K >F5=:8 
(DLG, RISE, SAFA, SMART, FSA, SAT, GRI), B0: 8 <5B>48:8 >F5=:8, @07@01>B0==K5 
>B5G5AB25==K<8 CG5=K<8. "F5=:0 CAB>9G82>AB8 ?>72>;OB <5=546<5=BC 2KO28BL :;NG52K5 
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?@>1;5<K, >F5=8BL @5AC@AK, @07@01>B0BL AB@0B538N ?5@5E>40 8 >?B8<878@>20BL 
?@>872>4AB25==K5 ?@>F5AAK. $53C;O@=0O ?C1;8:0F8O >B:@KBKE >BGёB>2 >1 CAB>9G82>< 
@0728B88 (sustainability reports) 2 ?@>F5AA5 >ACI5AB2;5=8O ?5@5E>40 D>@<8@C5B ?@>G=CN 
@5?CB0F8>==CN 107C 8 A?>A>1AB2C5B <564C=0@>4=>9 8=B53@0F88 2 CAB>9G82>5 
?@>4>2>;LAB25==>5 A>>1I5AB2>, O2;O5BAO MDD5:B82=K< 8=AB@C<5=B>< 4;O ?>2KH5=8O 
?@>7@0G=>AB8, C:@5?;5=8O 4>25@8O A> AB>@>=K ?>B@518B5;59, ?0@B=ё@>2 8 8=25AB>@>2, 405B 
2>7<>6=>ABL ?@5B5=4>20BL =0 ?>;CG5=85 3@0=B>2 8 AC1A8489 <564C=0@>4=KE D>=4>2 
?>445@6:8 CAB>9G82KE ?@0:B8: (FAO, GEF, UNEP). 
#>A;5 CA?5H=>9 0?@>10F88 8 2=54@5=8O CAB>9G82KE ?@0:B8: 2 ?@>872>4AB2> A;54C5B 

>F5=8BL F5;5A>>1@07=>ABL ?5@5E>40 : >@30=8G5A:><C A5;LA:>E>7O9AB25==><C ?@>872>4AB2C 
?CB5< :><?;5:A=>3> 0=0;870 @K=>G=>9 :>=JN=:BC@K. !0 40==>< MB0?5 :@8B8G5A:8 206=K< 
O2;O5BAO ?@>2545=85 <0@:5B8=3>2>3> 8AA;54>20=8O, 2:;NG0NI53> 845=B8D8:0F8N 
:>=:C@5=B=KE AB@0B5389, A53<5=B0F8N @K=:>2 A1KB0, 0 B0:65 >F5=:C M:A?>@B=>3> 
?>B5=F80;0 A CG5B>< =>@<0B82=>-?@02>2KE >3@0=8G5=89 8 B@51>20=89 A5@B8D8:0F88. �;O 
2A5AB>@>==53> 0=0;870 :>=:C@5=B=>3> ;0=4H0DB0 <>3CB 1KBL ?@8<5=5=K <5B>4K 
?>@BD5;L=>3> 0=0;870 (<0B@8F0 BCG), AB@C:BC@=>3> 0=0;870 >B@0A;8 (<>45;L #>@B5@0), 
SWOT-0=0;87.  
�;O ?@8=OB8O @5H5=8O > A5@B8D8F8@CNI5< >@30=5 =5>1E>48<> >?@545;8BL @K=:8 A1KB0 

?@>4C:F88. �K1>@ F5;52KE @K=:>2 1078@C5BAO =0 :><?;5:A=>< 0=0;875 A?@>A0, 
CG8BK20NI5< 8=AB8BCF8>=0;L=K5 >A>15==>AB8, C@>25=L ?;0B565A?>A>1=>3> A?@>A0, >F5=:5 
;>38AB8G5A:8E ?0@0<5B@>2. #@8 2KE>45 =0 <564C=0@>4=K5 @K=:8 =5>1E>48<> ?@>25AB8 
0=0;87 20;NB=KE @8A:>2 8 48=0<8:8 B0@8D=>3> @53C;8@>20=8O (87<5=5=8O B0<>65==KE 
?>H;8=, :>;510=8O 20;NB=KE :C@A>2, A8AB5<0 AC1A848@>20=8O 03@>M:A?>@B0), >?@545;8BL 
>?B8<0;L=CN <>45;L 2KE>40 =0 @K=>: (?@O<>9 M:A?>@B, D@0=G0978=3, A>2<5AB=K5 
?@54?@8OB8O). "A>1K9 8=B5@5A ?@8 >@85=B0F88 =0 M:A?>@B ?@54AB02;ONB 30@<>=878@>20==K5 
>@30=8G5A:85 AB0=40@BK, ?> :>B>@K< 70:;NG5=K 42CAB>@>==85 A>3;0H5=8O >1 
M:2820;5=B=>AB8 (B01;8F0 1). 

 
&45?. 1. "@30=8G5A:85 AB0=40@BK, ?@87=0205<K5 2 =5A:>;L:8E AB@0=0E 
Table 1. Organic standards recognized in several countries 

"@30=8G5A:89 AB0=40@B %B@0=K ?@87=0=8O 
EU Organic Regulation %B@0=K �%, �2AB@0;8O, �0=040, �>AB0-$8:0, �=48O,  

�7@08;L, /?>=8O, !>20O �5;0=48O, ,259F0@8O, &C=8A, 
%,�, �5;8:>1@8B0=8O 

USDA National Organic Program (NOP) %,�, �0=040, �2@>?59A:89 %>N7, /?>=8O, ,259F0@8O, 
.6=0O �>@5O, �5;8:>1@8B0=8O 

Japanese Agricultural Standard (JAS) /?>=8O, �2@>?59A:89 %>N7, ,259F0@8O, %,�, �0=040, 
�2AB@0;8O, �@35=B8=0, +8;8, �=48O, �7@08;L, !>20O 

�5;0=48O, &C=8A 
Canada Organic Regime (COR) �0=040, �2@>?59A:89 %>N7, %,�, /?>=8O, ,259F0@8O, 

�>AB0-$8:0 
Swiss Organic Farming Ordinance ,259F0@8O, �2@>?59A:89 %>N7, �0=040, %,�, /?>=8O, 

�@35=B8=0, �2AB@0;8O, �>AB0-$8:0, �=48O, �7@08;L, 
!>20O �5;0=48O, &C=8A 

Indian National Programme for Organic 

Production (NPOP) 

�=48O, �%, ,259F0@8O 

South Korea Organic Certification .6=0O �>@5O, �%, %,�, �5;8:>1@8B0=8O 
 

#>;=0O M:2820;5=B=>ABL >@30=8G5A:8E AB0=40@B>2 =5 2A5340 4>AB868<0 8 ?>72>;O5B 
C:070BL 8A:;NG5=8O, :>B>@K5 4>;6=K 1KBL CGB5=K. !0?@8<5@, ?@028B5;LAB2> /?>=88 2 
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A2>5< ?8AL<5 >1 >?@545;5=88 M:2820;5=B=>AB8 ?@8=O;> B@8 >4>1@5==KE NOP A8=B5B8G5A:8E 
25I5AB20, ?>?@>A82 USDA «?@8=OBL =5>1E>48<K5 <5@K 4;O ?@54>B2@0I5=8O 8A?>;L7>20=8O 
A;54CNI8E 25I5AB2 2 >@30=8G5A:8E ?@>4C:B0E, :>B>@K5 1C4CB M:A?>@B8@>20BLAO 2 /?>=8N».  
�;O <8=8<870F88 >B;8G89 2 >@30=8G5A:8E AB0=40@B0E ?@8 8E @07@01>B:5 =5>1E>48<> 

A>1;N40BL %>3;0H5=85 > B5E=8G5A:8E 10@L5@0E 2 B>@3>2;5: 2 B5E A;CG0OE, :>340 B@51CNBAO 
B5E=8G5A:85 @53;0<5=BK 8 ACI5AB2CNB A>>B25BAB2CNI85 <564C=0@>4=K5 AB0=40@BK, G;5=K 
�&" 4>;6=K 8A?>;L7>20BL 8E 2 :0G5AB25 >A=>2K 4;O A2>8E B5E=8G5A:8E @53;0<5=B>2 [5]. 

�@><5 MB>3>, �&" ?>AB0=>28;>, GB> G;5=K 4>;6=K ?>;>68B5;L=> @0AA<0B@820BL ?@8=OB85 2 
:0G5AB25 M:2820;5=B=KE B5E=8G5A:8E @53;0<5=B>2 4@C38E G;5=>2, 4065 5A;8 MB8 @53;0<5=BK 
>B;8G0NBAO >B 8E A>1AB25==KE, ?@8 CA;>288, GB> >=8 C15645=K, GB> MB8 @53;0<5=BK 
045:20B=> 2K?>;=ONB F5;8 8E A>1AB25==KE @53;0<5=B>2. IFOAM @07@01>B0= «-B0;>==K9 
>1@075F >@30=8G5A:8E AB0=40@B>2», :>B>@K9 A>45@68B ?@8=F8?K 8 F5;8 >@30=8G5A:>3> 
?@>872>4AB20 8 3;0A8B, GB> 4;O A>>B25BAB28O MB0;>=C 4@C385 >@30=8G5A:85 AB0=40@BK 4>;6=K 
A>>B25BAB2>20BL 2A5< C:070==K< F5;O<. &0:8< >1@07><, 2 A;CG05 5A;8 70@C156=K5 @K=:8 
A1KB0 >@30=870F859 5I5 =5 >?@545;5=K, @01>B0 ?> >@30=8G5A:><C ?5@5E>4C <>65B 1KBL 
>A=>20=0 =0 "@30=8G5A:>< AB0=40@B5 IFOAM.  

�@><5 B>3>, IFOAM ?5@8>48G5A:8 ?C1;8:C5B A?8A>: AB0=40@B>2, >D8F80;L=> >4>1@5==KE 
>@30=8G5A:8< 42865=85<, >A=>20==KE =0 8E M:2820;5=B=>AB8 A >1I8<8 F5;O<8 8 
B@51>20=8O<8 >@30=8G5A:>3> AB0=40@B0 IFOAM. "4>1@5=85 AB0=40@B0 IFOAM, A>>B25BAB285 
�>45:AC �;8<5=B0@8CA O2;O5BAO 548=AB25==K< <564C=0@>4=K< <5E0=87<>< ?@87=0=8O 
>@30=8G5A:>3> AB0=40@B0. "4>1@5==K5 AB0=40@BK <>3CB @07<5I0BL ;>3>B8? IFOAM =0 
>1;>6:5 AB0=40@B0, 8A?>;L7>20=85 =0 B>20@0E A <0@:5B8=3>2K<8 F5;O<8 8A:;NG5=> [6]. 

�K1>@ AB0=40@B0 87 A5<59AB20 IFOAM 4;O ?@>E>645=8O A5@B8D8:0F88 ?>4B25@6405B 
?@825@65==>ABL >@30=870F88 ?@8=F8?0< CAB>9G82>3> @0728B8O, >15A?5G8205B 
<564C=0@>4=>5 ?@87=0=85, 4>ABC? : 3;>10;L=K< @K=:0<, >B:@K205B 2>7<>6=>AB8 CG0AB8O 2 
<564C=0@>4=KE M:>;>38G5A:8E 8 B>@3>2KE ?@>3@0<<0E. 
�7 >@30=8G5A:8E AB0=40@B>2 AB@0= %!� 2 A5<59AB2> AB0=40@B>2 IFOAM 2:;NG5= ;8HL 

AB0=40@B �K@3K7AB0=0. #@8 >@85=B0F88 =0 M:A?>@B 2 AB@0=K %!� A;54C5B @0AA<0B@820BL 
B@51>20=8O =0F8>=0;L=KE >@30=8G5A:8E AB0=40@B>2 MB8E AB@0=. � $>AA88, �5;0@CA8 
@53C;8@C5B ?@>872>4AB2> >@30=8G5A:>9 ?@>4C:F88 <563>AC40@AB25==K9 AB0=40@B                    
�"%& 33980-2016 «#@>4C:F8O >@30=8G5A:>3> ?@>872>4AB20. #@028;0 ?@>872>4AB20, 
?5@5@01>B:8, <0@:8@>2:8 8 @50;870F88». �@><5 MB>3>, 2 $>AA88 @07@01>B0= 4>?>;=8B5;L=K9 
AB0=40@B 4;O 48:>@0ABCI53> AK@LO [7]. � ?5@A?5:B82=CN ?@>3@0<<C AB0=40@B870F88 =0 
2023–2025 3>4K 2:;NG5= ?@>5:B %>3;0H5=8O >1 >1@0I5=88 >@30=8G5A:>9 ?@>4C:F88 2 
@0<:0E ��-%: 2 $>AA89A:>9 (545@0F88, �@<5=88, �5;0@CA8, �070EAB0=5 8 �K@3K7AB0=5 
>@30=8G5A:85 AB0=40@BK 1C4CB 2 A:>@>< 2@5<5=8 30@<>=878@>20=K [8]. 

%;54CNI8< MB0?>< ?>A;5 >?@545;5=8O >@30=8G5A:>3> AB0=40@B0 O2;O5BAO 2K1>@ >@30=0 ?> 
A5@B8D8:0F88. "A=>2=K< :@8B5@85< 2K1>@0 O2;O5BAO =0;8G85 C >@30=0 >D8F80;L=>9 
0::@548B0F88, ?@87=0==>9 2 @0<:0E 2K1@0==>3> >@30=8G5A:>3> AB0=40@B0. #5@5G5=L 
0::@548B>20==KE >@30=>2 ?> A5@B8D8:0F88, :0: ?@028;>, @07<5I5= =0 >D8F80;L=>< A09B5 
>@30=8G5A:>3> AB0=40@B0. % F5;LN A>:@0I5=8O 8745@65: =0 ;>38AB8:C 8 8=A?5:F88 
?@54?>GB5=85 A;54C5B >B4020BL B5< >@30=870F8O<, :>B>@K5 8<5NB ?@54AB028B5;LAB20 2 
AB@0=5 @0A?>;>65=8O >@30=870F88. !5<0;>206=K< O2;O5BAO O7K: >1I5=8O – =0;8G85 
@CAA:>O7KG=KE 8=A?5:B>@>2, @CA8D8F8@>20==>9 4>:C<5=B0F88 <>65B ACI5AB25==> 
C?@>AB8BL ?@>F54C@C A5@B8D8:0F88. 

� A;CG05 2K1>@0 ;>:0;L=>3> @K=:0 >@30=8G5A:>9 ?@>4C:F88 $5A?C1;8:8 �5;0@CAL 
CAB0=>2;5=> 420 0::@548B>20==KE >@30=0 ?> 4>1@>2>;L=>9 A5@B8D8:0F88: @5A?C1;8:0=A:>5 
C=8B0@=>5 ?@54?@8OB85 «!0CG=>-?@0:B8G5A:89 F5=B@ !0F8>=0;L=>9 0:045<88 =0C: 
�5;0@CA8 ?> ?@>4>2>;LAB28N», @5A?C1;8:0=A:>5 C=8B0@=>5 ?@54?@8OB85 «�5;>@CAA:89 
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3>AC40@AB25==K9 8=AB8BCB <5B@>;>388». 
 0;K< 8 A@54=8< A5;LA:>E>7O9AB25==K< ?@54?@8OB8O< F5;5A>>1@07=> @0AA<>B@5BL 

2>7<>6=>ABL :>;;5:B82=>9 A5@B8D8:0F88 – MB> ?@>F5AA ?@>E>645=8O A5@B8D8:0F88 3@C??>9 
=51>;LH8E A5;LE>7?@>872>48B5;59, :>B>@K5 @01>B0NB =0 >4=>9 B5@@8B>@88. #5@8>4 
?5@5E>40 <>65B =0G0BLAO B>;L:> ?>A;5 ?><5I5=8O ?@>872>4AB25==>9 548=8FK 2 A8AB5<C 
:>=B@>;O 8 ?>A;5 B>3>, :0: >=0 ?@8ABC?8;0 : 2K?>;=5=8N >@30=8G5A:8E B@51>20=89 ?CB5< 
70:;NG5=8O 4>3>2>@0 A >@30=>< ?> A5@B8D8:0F88. #5@54 70:;NG5=85< 4>3>2>@0 >@30=870F8O 
?>405B 70O2:C, 0 >@30= ?> A5@B8D8:0F88 ?@>2>48B ?@540C48B.  
#@>F54C@0 ?@540C48B0 =0?@02;5=0 =0 >?@545;5=85 AB5?5=8 3>B>2=>AB8 >@30=870F88 : 

A>>B25BAB28N B@51>20=8O< >@30=8G5A:>3> AB0=40@B0. #@540C48B <>65B 1KBL >1O70B5;L=K< 
8;8 4>1@>2>;L=K< – 2 7028A8<>AB8 >B 2K1@0==>9 A5@B8D8:0F8>==>9 A8AB5<K. �;O 
>@30=8G5A:>9 A5@B8D8:0F88 ?> AB0=40@B0< �%, %,�, �=488 ?@540C48B =5 >1O70B5;5=, => 
53> ?@>2545=85 ?>2KH05B H0=AK =0 CA?5H=CN A5@B8D8:0F8N. �;O >@30=8G5A:>9 
A5@B8D8:0F88 �8B0O, .6=>9 �>@58, Demeter ?@540C48B >1O70B5;5=, AB@>3> @53;0<5=B8@>20= 
8 D>@<0;87>20=. 
�;O ?@>E>645=8O ?@540C48B0 >@30=870F8O >1@0I05BAO 2 >@30= ?> A5@B8D8:0F88, 

70:;NG05BAO ?@5420@8B5;L=K9 4>3>2>@ (=5 @02=>7=0G5= 4>3>2>@C =0 A5@B8D8:0F8N). 
#@54>AB02;O5BAO :@0B:0O 8=D>@<0F8O 8 4>:C<5=B0F8O >@30=870F88, ?@54AB028B5;L 
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