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INNOVATIVE TECHNOLOGY FOR ENRICHING COTTAGE CHEESE CURDS WITH 

WHEY PROTEINS  

T. I. Shingareva,  M. A. Glushakov,  S. V. Krasovsky,  A. A. Demyanet, A. G. Moroz  

Belarusian State University of Food and Chemical Technologies, 

Republic of Belarus 

ABSTRACT  
Introduction. The use of whey proteins to increase the biological value of a wide range of food products is 

of current importance. However, protein enrichment in the form of concentrate, microparticulate is a relative-

ly resource-intensive process. The scientific task is to substantiate the method of enriching cottage cheese 

curd with whey proteins in the composition of ricotta type soft cheese. 

Materials and methods. Cheese mass obtained by thermoacid coagulation of cheese whey using the tech-

nology of ricotta soft cheese, cottage cheese curds with different amount of cheese mass in their composi-
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tion. Generally accepted research methods. 

Results. The proposed technology of cottage cheese curds is implemented without the use of additional 

equipment and unique technological processes for cheese production. The optimal ratio in a mixture of cot-

tage cheese and ricotta is 1:1. The proportion of whey proteins is 3.6 times as high as the check sample, and 

that of casein is 1,5 times less. The cheese mass provides the specified organoleptic and syneretic properties 

of the product, thus increasing the resistance to syneresis by an average of 23 %. 

Conclusions. The proposed method of enriching cottage cheese products with whey proteins is less resource-

intensive for dairy enterprises in comparison with other existing methods. The developed recipes for cottage 

cheese curds are recommended for implementation in the industry. 

KEY WORDS: cottage cheese; whey proteins; Ricotta cheese; mixture; Aottage cheese curds; quality  

indicators.  

FOR CITATION: Shingareva, T. I. Innovative technology for enriching cottage cheese curds with whey 

proteins / T. I. Shingareva [et al] // Vestnik of the Belarusian State University of Food and Chemical Tech-

nologies. – 2023. – № 1(34). – $. 3–10 (in Russian). 
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?>;=> 2K45;8BL AK2>@>B>G=K5 15;:8 8 A25AB8 : <8=8<C<C ?@8ACBAB285  2 AK@5 <>;>G-
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&45?. 1. #8I520O 8 M=5@35B8G5A:0O F5==>ABL B2>@>30 =568@=>3> 8 AK@0 @8:>BB0  

Table 1. Nutritional and energy value of low-fat cottage cheese and Ricotta cheese 

#>:070B5;8 &2>@>3 =568@=K9 
$8:>BB0  

(30 % 6и@а 6 ACE>< 65щ5AB65) 
-=5@35B8G5A:0O F5==>ABL, ::0; / :�6 159 / 667 130 / 544 

�5;:8, % 16,0 11,2 

�8@K, % – 8,4 

'3;52>4K, % 2,5 2,5 
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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 2;038 =0 ?@81>@5 +86>2>9 (CA:>@5==K9 <5B>4) 8 2KACH820=85< 4> ?>AB>O==>9 <0AAK 
?> �"%& 3626-73, 2;03>C45@6820NICN A?>A>1=>ABL ?> <5B>48:5 87<5@5=8O ?;>I048 2;06-
=>3> ?OB=0, >AB0NI53>AO =0 D8;LB@>20;L=>9 1C<035 ?>A;5 ?@5AA>20=8O, >@30=>;5?B8G5A:85 
?>:070B5;8 – A5=A>@=K< <5B>4><. 
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2
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2012. – 464 A. 
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@>6=CN A<5AL ?><5I0;8 2 E>;>48;L=8: ?@8 B5<?5@0BC@5 4–6 °% =0 60 <8=CB 4;O C?;>B=5=8O 
AB@C:BC@K 15;:>2 ?@8 =87:8E B5<?5@0BC@0E. �0;55 2 8AA;54C5<KE >1@07F0E A<5A59 >?@545-
;O;8 B8B@C5<CN :8A;>B=>ABL, 2;06=>ABL 8 >@30=>;5?B8G5A:85 ?>:070B5;8, ?@54AB02;5==K5 2 
B01;. 2 8 B01;. 3. 

 
&45?. 2. (878:>-E8<8G5A:85 ?>:070B5;8 8AA;54C5<KE >1@07F>2 A<5A8 (B2>@>3/@8:>BB0)  

Table 2. Physico-chemical parameters of the studied samples of the mixture (Aottage 

cheese/Ricotta cheese) 

!><5@ >1@07F0 
A<5A8 

%>AB02 A<5A8: 
B2>@>3/@8:>BB0 

&8B@C5<0O 
 :8A;>B=>ABL, °& 

�:B82=0O 
 :8A;>B=>ABL, 54. @! 

 0AA>20O 4>;O 
2;038, % 

"1@075F № 1 1:0 178,0 4,70 78,0 

"1@075F № 2 2:1 134,0 5,13 77,7 

"1@075F № 3 1:1 112,0 5,37 77,5 

"1@075F № 4 1:2 90,0 5,61 77,3 

"1@075F № 5 1:3 79,0 5,74 77,3 

"1@075F № 6 1:4 72,4 5,81 77,2 

 
&45?. 3. (878:>-E8<8G5A:85 ?>:070B5;8 8AA;54C5<KE >1@07F>2 A<5A8 (B2>@>3/@8:>BB0)  

Table 3. Organoleptic parameters of protein mixture samples (Cottage cheese/Ricotta cheese) 

 

"?@545;5=>, GB> A C25;8G5=85< :>;8G5AB25==>3> A>45@60=8O 2 A<5A8 B2>@>30 =01;N405B-
AO ?>2KH5=85 B8B@C5<>9 :8A;>B=>AB8. #@8 MB>< 0:B82=0O :8A;>B=>ABL A=8605BAO, GB> >1C-
A;>2;5=> 1>;LH59 8AE>4=>9 :8A;>B=>ABLN B2>@>30.  0AA>20O 4>;O 2;038 2 A<5AOE 87<5=O5B-
AO =57=0G8B5;L=>, GB> 2?>;=5 >G5284=>, B0: :0: B2>@>3 8 AK@ 8<5;8 ?@0:B8G5A:8 >48=0:>2CN 
8AE>4=CN 2;06=>ABL.  

!><5@ 
>1@07F0  
(B2>@>3 

/@8:>BB0) 

�:CA 8 70?0E �=5H=89 284 8 :>=A8AB5=F8O 

"1@075F № 1 
(1:0) 

�K@065==K9 :8A;><>;>G=K9, G8ABK9, 
157 ?>AB>@>==8E ?@82:CA>2 8 70?0E>2 "4=>@>4=0O, 2 <5@C A2O7=0O 

"1@075F № 2 
(2:1) 

�8A;><>;>G=K9, G8ABK9, 157 ?>AB>@>=-
=8E ?@82:CA>2 

"4=>@>4=0O, 3><>35==0O, A;53:0 
<06CI0O A =57=0G8B5;L=K<  

?@8ACBAB285< >ICB8<KE G0AB8F 
<>;>G=>3> 15;:0  

"1@075F № 3 
(1:1) 

�8A;><>;>G=K9, A >BB5=:>< A;04:>20B>-
A;82>G=>3> ?@82:CA0 

"4=>@>4=0O, =56=0O, 2 <5@C 
?;>B=0O 

"1@075F № 4 
(1:2) +8ABK9 <>;>G=K9, A =57=0G8B5;L=K< 

?@82:CA>< ?0AB5@870F88 8 A;04:>20B>-
A;82>G=K< ?@82:CA>< 

"4=>@>4=0O, =56=0O, 2 <5@C 
?;>B=0O 

"1@075F № 5 
(1:3) 

 O3:0O, >4=>@>4=0O, =56=0O, 
A;53:0 <06CI0O 

"1@075F № 6 
(1:4) 

 O3:0O, >4=>@>4=0O, =56=0O, 
A;53:0 <06CI0O 



  �еEF=и> ��'&, 2023 № 1(34) 

 

 

 

 

 

7 

"@30=>;5?B8G5A:0O >F5=:0 2KO28;0, GB> 2 >1@07F0E № 4–6, 345 1>;LHCN G0ABL A<5A8 A>-
AB02;O; <O3:89 AK@ (B2>@>3/@8:>BB0, A>>B=>H5=85 1:2, 1:3 8 1:4) ?@0:B8G5A:8 >BACBAB2>20; 
:8A;><>;>G=K9 2:CA, GB> =5 E0@0:B5@=> 4;O B2>@>6=>9 ?@>4C:F88. "1@07FK № 2 8 3 8<5;8 
A2>9AB25==CN B2>@>6=>9 ?@>4C:F88 :8A;8=:C 8 ?@8OB=K9 A;82>G=>-A;04:>20BK9 ?@82:CA 8 
0@><0B, ?>MB><C 453CAB0F8>==0O :><8AA8O MB8< >1@07F0< >B40;0 A2>5 ?@54?>GB5=85.  
 =>38<8 CG5=K<8 >B<5G05BAO, GB> 4>AB865=85 C@>2=O A10;0=A8@>20==>AB8 A>AB020 ?8-

I52KE ?@>4C:B>2 2>7<>6=> B>;L:> 70 AG5B 8E <=>3>:><?>=5=B=>AB8 [14, 15]. %>740=85 <=>-
3>:><?>=5=B=KE ?@>4C:B>2 ?@>48:B>20=> 2>7<>6=>ABLN @53C;8@>20=8O E8<8G5A:>3> A>AB0-
20 ?@>4C:B>2 2 A>>B25BAB288 A A>2@5<5==K<8 B@51>20=8O<8 =0C:8 > ?8B0=88 2 7040==>< =0-
?@02;5=88. � A2O78 A B5<, GB> 68@ O2;O5BAO A0<K< :0;>@89=K< :><?>=5=B>< <>;>G=KE ?@>-
4C:B>2 8 ?> M=5@35B8G5A:>9 F5==>AB8 1>;55 G5< 2 420 @070 ?@52KH05B 15;:8 8 C3;52>4K, 1K-
;8 @07@01>B0=K @5F5?BC@K =0 <5=55 68@=K5 AK@:8 B2>@>6=K5 =53;078@>20==K5 – 5 % 68@-
=>AB8. !5A:>;L:> 20@80=B>2 @5F5?BC@ B2>@>6=KE AK@:>2, 8E ?ищ56ая и M=5@75BиG5Aкая F5=-
=>ABL ?@82545=K 2 B01;. 4.  

 

&45?. 4. $5F5?BC@K, ?8I520O 8 M=5@35B8G5A:0O F5==>ABL B2>@>6=KE AK@:>2  

Table 4. Recipes, nutritional and energy value of cottage cheese curds 

!08<5=>20=85 8=3@5485=B0 "1@075F 1 "1@075F 2 "1@075F 3 (:>=B@>;L) 
&2>@>3 >15768@5==K9 444,5 428 841 

%K@ @8:>BB0 30 % 444,5 428 – 
 0A;> A;82>G=>5 61 % 21 14 82 

%0E0@-?5A>:  90 90 90 

�0:0>-?>@>H>:  – 40 – 
И&"�": 1000 1000 1000 

-=5@35B8G5A:0O F5==>ABL, ::0; / :�6 136/567 138/577 137/574 

�8@K, % 5,0 5,0 5,0 

'3;52>4K, % 11,2 12,3 10,3 

�5;:8:  2A53>, % 12,1 11,7 13,4 

2 B>< G8A;5:    

AK2>@>B>G=K5, % 4,93 4,76 1,34 

:0758=, % 7,94 7,17 12,2 

 

� >?KB=KE >1@07F0E B2>@>6=0O A<5AL A>AB>O;0 87 B2>@>30 8 AK@0 @8:>BB0 2 @02=KE A>>B-
=>H5=8OE (1:1). � :0G5AB25 :>=B@>;O A;C68; >1@075F 3, A>AB>OI89 B>;L:> 87 B2>@>30. �K-
E>4=K5 ?>:070B5;8 2A5E 8AA;54C5<KE >1@07F>2 B2>@>6=KE 8745;89 A>>B25BAB2>20;8  
%&� 22831

.  

� 8AA;54C5<KE >1@07F0E B2>@>6=KE AK@:>2 >?@545;O;8 A;54CNI85 D878:>-E8<8G5A:85 
?>:070B5;8: B8B@C5<0O 8 0:B82=0O :8A;>B=>ABL, <0AA>20O 4>;O 2;038, A@54=85 7=0G5=8O :>B>-
@KE ?@82545=K 2 B01;. 5. 

                                                           
1
 %&� 2283-2016.  0AAK 8 AK@:8 B2>@>6=K5. "1I85 B5E=8G5A:85 CA;>28O. 'B25@645= 8 22545= 2 459AB-
285 ?>AB0=>2;5=85< �>AAB0=40@B0 $5A?C1;8:8 �5;0@CAL >B 29 45:01@O 2016 3. №  96.  8=A:, �>AAB0=-
40@B, 2017. – 16 A. 
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&45?. 5. (878:>-E8<8G5A:85 ?>:070B5;8 >1@07F>2 B2>@>6=KE AK@:>2 5 % 68@=>AB8  

Table 5. Physico-chemical parameters of samples of cottage cheese curds of 5 % fat content 

 

�0: 284=>, ?> <0AA>2>9 4>;5 2;038 8AA;54C5<K5 >1@07FK ?@0:B8G5A:8 =5 >B;8G0NB-
AO. � :>=B@>;5 >B<5G05BAO 1>;LH0O B8B@C5<0O :8A;>B=>ABL, GB> >1JOA=O5BAO 1>;55 2K-
A>:>9 8AE>4=>9 B8B@C5<>9 :8A;>B=>ABLN B2>@>30, 2 A@02=5=88 A AK@>< @8:>BB0. #@8-
<5=8B5;L=> : 15;:0<, 2 >1@07F0E 1 8 2, 2 A@02=5=88 A :>=B@>;5<, 4>;O AK2>@>B>G=KE 
15;:>2 2 3,6 @070 1>;LH5, 0 :0758=0 2 1,5 @070 <5=LH5. �A;8 CG5ABL, GB> AK2>@>B>G=K5 
15;:8 >1;040NB ?>2KH5==K<8 0=01>;8G5A:8<8 :0G5AB20<8 8 1KAB@55 ?5@520@820NBAO 
>@30=87<><, GB> >A>15==> 206=> 4;O ?8B0=8O 45B59, <>6=> 70:;NG8BL > 1>;55 2KA>-
:>9 18>;>38G5A:>9 F5==>AB8 >1@07F>2 B2>@>6=KE 8745;89, 2 A>AB02 :>B>@KE 2E>48B 
?><8<> B2>@>30 8 AK@ @8:>BB0.  
�;O >F5=:8 2;8O=8O @07=KE 15;:>2KE 8=3@5485=B>2 2 8AA;54C5<KE >1@07F0E B2>-

@>6=KE AK@:>2 5 % 68@=>AB8 =0 CAB>9G82>ABL ?@>4C:B0 : A8=5@578AC, >?@545;O;8 8E 
2;03>C45@6820NICN A?>A>1=>ABL, @57C;LB0BK >?@545;5=8O :>B>@>9 ?@54AB02;5=K 2 
B01;. 6. �AA;54>20=85 ?@>2>48;8 ?> <5B>48:5 87<5@5=8O ?;>I048 2;06=>3> ?OB=0, >A-
B0NI53>AO =0 D8;LB@>20;L=>9 1C<035 ?>A;5 ?@5AA>20=8O1

. 
 

&45?. 6. "?@545;5=85 AB5?5=8 A8=5@578A0 >1@07F>2 B2>@>6=KE AK@:>2 

Table 6. Determination of the degree of syneresis of curd cheese samples 

"1@075F #;>I04L ?OB=0, A<2
 �>;8G5AB2> AK2>@>B:8, A<3

 

"1@075F 1 (50/50) 7,2 0,072 

"1@075F 2 (50/50) 7,1 0,071 

"1@075F 3 (100/0) 9,4 0,094 

 

#> 40==K< B01;. 6, >1@07FK 1 8 2 (50/50) 157 =0?>;=8B5;O 8 A =0?>;=8B5;5< :0:0> 
C45@6820NB 2;03C ?@0:B8G5A:8 >48=0:>2>. �E 2;03>C45@6820NI0O A?>A>1=>ABL =0  
23 % 2KH5 ?> A@02=5=8N A :>=B@>;5<, GB> 2?>;=5 >1JOA=8<> ?@8ACBAB285< 2 >1@07F0E 
AK2>@>B>G=KE 15;:>2, >1;040NI8E 1>;LH59 2;03>C45@6820NI59 A?>A>1=>ABLN 2 
A@02=5=88 A :0758=><. 

 

����2+�!�� 

�AA;54>20=K B2>@>6=K5 A<5A8 2 @07;8G=KE A>>B=>H5=8OE B2>@>3:@8:>BB0 – 1:4, 1:3, 1:2, 

1:1, 2:1. "?B8<0;L=K< O2;O5BAO @02=>5 A>>B=>H5=85 B2>@>30 8 @8:>BBK. #@8 MB>< >15A?5G8-
20NBAO 7040==K5 >@30=>;5?B8G5A:85 8 A8=5@5B8G5A:85 ?>:070B5;8 ?@>4C:B0, CAB>9G82>ABL : 
A8=5@578AC ?>2KH05BAO 2 A@54=5< =0 23 %. � A@02=5=88 A :>=B@>;5< 4>;O AK2>@>B>G=KE 
15;:>2 2 40==>< A;CG05 2 3,6 @070 1>;LH5, 0 :0758=0 2 1,5 @070 <5=LH5. %K@=0O <0AA0 >15A?5-

                                                           
1
 ,84;>2A:0O, �. #. "@30=>;5?B8G5A:85 A2>9AB20 <>;>:0 8 <>;>G=KE ?@>4C:B>2. / �. #. ,84;>2A:0O.  
%?@02>G=8:. –  .: �>;>A%, 2004. – 360 A. 

!><5@ >1@07F0 
(B2>@>3/@8:>BB0) 

 0AA>20O 
4>;O 2;038,  

% 

 0AA>20O 4>;O, % &8B@C5<0O  
:8A;>B=>ABL,  

°& 

�:B82=0O  
:8A;>B=>ABL, 54. 

@! 
:0758=0 AK2>@>B>G=KE 15;:>2 

"1@075F 1 (50/50) 69,7 7,94 4,93 
86,7 5,28 "1@075F 2 (50/50) 68,1 7,17 4,76 

"1@075F 3 (100/0) 
�>=B@>;L 69,9 12,2 1,34 149,7 4,68 
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G8205B 7040==K5 >@30=>;5?B8G5A:85 ?>:070B5;8 – ?@8405B B2>@>6=K< AK@:0< G8ABK9, 2 <5-
@C :8A;><>;>G=K9 2:CA, A >BB5=:>< A;04:>20B>-A;82>G=>3> ?@82:CA0, :>=A8AB5=F8O >4=>-
@>4=0O, ?;>B=0O. (878:>-E8<8G5A:85 ?>:070B5;8 A>>B25BAB2CNB =>@<0B82=K<, C:070==K< 2 
&!#� 4;O B2>@>30. 
�0==K9 A?>A>1 ?>2KH5=8O 2 B2>@>6=KE 8745;8OE <0AA>2>9 4>;8 AK2>@>B>G=KE 15;:>2 

O2;O5BAO 4>AB0B>G=> ?@>ABK< 2 8A?>;=5=88 8 <5=55 70B@0B=K< 4;O ?@54?@8OB89 <>;>G=>9 
?@><KH;5==>AB8, 2 A@02=5=88 A 4@C38<8 ACI5AB2CNI8<8 A53>4=O A?>A>10<8. $07@01>B0=-
=K5 @5F5?BC@K =0 B2>@>6=K5 AK@:8 @5:><5=4CNBAO : 2=54@5=8N.  
!0AB>OI0O @01>B0 2K?>;=5=0 =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 2 @0<:0E 3>AC-
40@AB25==>9 ?@>3@0<<K =0CG=KE 8AA;54>20=89. 

 

��&�$�&'$� 
1  %5<5=>20, �. �. #8I520O 8 18>;>38G5A:0O F5==>ABL B2>@>30, 53> E8<8G5A:89 A>AB02 / �. �. %5<5=>20,  
�. �. �C1:>20 // Colloquium-Journal. – 2022. – № 2. – %. 38–39. 

2  �5@N38=0,  . #. �85B8G5A:>5 ?8B0=85 45B59: <>=>3@0D8O /  . #. �5@N38=0, �. .. �><1@>2A:89, �. #. #0=-
D5@>2. –  8=A:: #>;K<O, 1991. – 416 A. 
3  #K@L520, �. �. $>;L 8 8AB>G=8:8 15;:0 2 ?8B0=88 45B59 @0==53> 2>7@0AB0 / �. �. #K@L520 [8 4@.]  // 
$ �.  0BL 8 48BO. – 2021. – № 1. – %. 65–69. 

4  &8E><8@>20, !. �. &5E=>;>38O ?@>4C:B>2 DC=:F8>=0;L=>3> ?8B0=8O: <>=>3@0D8O / !. �. &8E><8@>20. –  .: 
(@0=BM@0, 2002. – 213 A. 
5 �>@>B:89, �. �. %>2@5<5==K5 B5=45=F88 2 ?5@5@01>B:5 <>;>G=>9 AK2>@>B:8 / �. �. �>@>B:89 [8 4@.]   
// &5E=8:0 8 B5E=>;>38O ?8I52KE ?@>872>4AB2. – 2019. – &. 49. – № 2. – %. 227–234.  

6 �>340=>20, �. �. �84@>;870BK AK2>@>B>G=KE 15;:>2 2 B5E=>;>388 ?@>4C:B>2 4;O A?>@B82=>3> ?8B0=8O 
/ �. �. �>340=>20, �. �.  5;L=8:>20 //  >;>G=0O ?@><KH;5==>ABL. – 2018. – № 4. – %. 45–47. 

7 #>=><0@52, �. !.  >;>G=0O AK2>@>B:0 :0: AK@L52>9 @5AC@A 4;O ?@>872>4AB20 ?8I52KE 8=3@5485=B>2 /  
�. !. #>=><0@52, �. �.  5;L=8:>20, �. �. �>340=>20 //  >;>G=0O ?@><KH;5==>ABL. – 2018. – № 7. – %. 38–39. 

8 �>@>B:89, �. �. %>2@5<5==K5 B5=45=F88 2 ?5@5@01>B:5 <>;>G=>9 AK2>@>B:8 / �. �. �>@>B:89,  
�. �. #;>B=8:>2, �. �.  075520 // &5E=8:0 8 B5E=>;>38O ?8I52KE ?@>872>4AB2. – 2019. – № 2. – %. 227–234. 

9 �0==8:>20, �. �.  >;>G=K5 ?@>4C:BK, >1>30I5==K5 AK2>@>B>G=K<8 15;:0<8. &5E=>;>38G5A:85 0A?5:BK 
A>740=8O / �. �. �0==8:>20, �. �. �24>:8<>2 //  >;>G=0O ?@><KH;5==>ABL. – 2015. – № 1. – %. 64–66. 

10 �C1:>20, �. �. #8I520O 8 18>;>38G5A:0O F5==>ABL AK2>@>B>G=>3> AK@0 @8:>BB0 / �. �. �C1:>20 // &5E=8-
G5A:85 =0C:8. – 2022. – № 31. – %. 6–8. 

11 �09=C;;8=, �. �. &5E=>;>38O <O3:>3> AK@0 @8:>BB0 87 ?>4AK@=>9 AK2>@>B:8 8 >F5=:0 53> :0G5AB20 /  
�. �. �09=C;;8=// >;>456=K5 @07@01>B:8 8 8==>20F88 2 @5H5=88 ?@8>@8B5B=KE 7040G �#�: 
 0B5@80;K  564C=0@. =0CG. :>=D5@5=F88 ABC45=B>2, 0A?8@0=B>2 8 CG0I59AO <>;>4568. – 2019. –  
%. 286–288. 

12 �CO=>20, �. �. �==>20F8>==K5 B5E=>;>388 ?5@5@01>B:8 <>;>G=>9 AK2>@>B:8 =0 <O3:85 AK2>@>B>G=K5 
AK@K / �. �. �CO=>20, �. �. �;8AB@0B>20// $5AC@A>A15@530NI85 B5E=>;>388 2 03@>?@><KH;5==>< :><?;5:-
A5 $>AA88.  0B5@80;K II  564C=0@. =0CG=>9 :>=D5@5=F88. – 2022. – %. 255–259. 

13 �0=0@59:8=0, %.  �.  "F5=:0 :0G5AB20 AK@0 @8:>BB0 / %.  �. �0=0@59:8=0, (. �. )018@>20, �. �. �0=0@59:8=// 
%>2@5<5==K9 �#� – -DD5:B82=K5 B5E=>;>388.  0B5@80;K  564C=0@. =0CG.-?@0:B8G. :>=D5@5=F88. – 2019. –  
%. 269–272. 

14 �:BC0;L=K5 2>?@>AK <>;>G=>9 ?@><KH;5==>AB8, <56>B@0A;52K5 B5E=>;>388 8 A8AB5<K C?@02;5=8O 
:0G5AB2><: A1>@=8: =0CG=KE B@C4>2. #>4 @54. �. �. �0;ABO=0. –  .: �!� �, 2020. – �K?CA: 1. –  
%. 301–303. 

15  >8A55=:>,  . %. #8I52K5 ?@>4C:BK ?8B0=8O DC=:F8>=0;L=>9 =0?@02;5==>AB8 8 8E =07=0G5=85 /  
 . %.  >8A55=:>,  . �.  C:0B>20 // �5AB=8: �AB@0E0=A:>3> 3>AC40@AB25==>3> B5E=8G5A:>3> C=825@A8-
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COMPLEX FOOD ADDITIVES AS OBJECTS OF FOOD  

PRODUCTION VERIFICATION 

". А. Gmyrak 

 State Organization <Belarusian Institute of System Analysis and Information Support for Scientific and 
Technical Sphere=, Republic of Belarus 

 

ABSTRACT 
Introduction. The study of the content of food phosphates in complex food additives used in the production 

of sausages is topical. The scientific task is to analyze the available documentation of manufacturers of com-

plex food additives in order to determine the calculated norms for the introduction of food phosphates and to 

establish compliance with the republican permissible levels of their content in complex food additives and 

finished sausages. 

Materials and methods. Selection, analysis, systematization and logical generalization of thematic informa-

tion presented in the documentation for complex food additives and regulatory documentation for the manu-

facture of sausages. Calculation of the chemical composition of complex food additives containing food 

phosphates. Specifications for 38 complex food additives were used for analysis and generalization. 
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Results. 38 specifications of food additives and complex food additives were analyzed. Mathematical calcu-

lations of the content of food phosphates in complex food additives and finished sausages were carried out, 

taking into account the requirements of the specifications. 

Conclusions. A possible excess of food phosphates in complex food additives and finished sausages has 

been established, which may indicate falsification of efficiency and entail falsification of sausages. 

KEYWORDS: food phosphates; complex food additives; specification; verification; falsification; product 

quality and safety. 

FOR CITATION: Gmyrak, O. A. %omplex food additives as objects of food production verification /  

O. A. Gmyrak // Vestnik of the Belarusian State University of Food and Chemical Technologies. – 2022. – 
№ 1(34). – $. 11–18 (in Russian). 
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I8:0 : ?>B@518B5;N.  

�5@8D8:0F8O ?>ABC?0NI8E =0 ?@54?@8OB85 �#� 4>;6=0 >ACI5AB2;OBLAO 2 A>>B25BAB288 
A B@51>20=8O<8 8 <5B>40<8, CAB0=>2;5==K<8 2 B5E=8G5A:>9 4>:C<5=B0F88 =0 ?@>4C:F8N, 
4>3>2>@0E =0 55 ?>AB02:C, A?5F8D8:0F8OE 8;8 2 4@C38E 0=0;>38G=KE 4>:C<5=B0E. "1J5< 
?@>2>48<KE ?@8 25@8D8:0F88 8AA;54>20=89, ?5@8>48G=>ABL 8AA;54>20=89 >?@545;O5BAO 
AE5<>9 ;01>@0B>@=>3> :>=B@>;O. 
!0 1>;LH8=AB25 459AB2CNI8E <OA>?5@5@010BK20NI8E ?@54?@8OB8OE 2 AE5<C ;01>@0B>@-

=>3> :>=B@>;O 2:;NG5=0 25@8D8:0F8O �#� :0: >1J5:B0 :>=B@>;O ?> >@30=>;5?B8G5A:8< ?>-
:070B5;O<, =0;8G8N A>?@>2>48B5;L=>9 4>:C<5=B0F88, 40BK 873>B>2;5=8O 8 A@>:>2 3>4=>AB8. 
#@8 ?>ABC?;5=88 =0 ?@>872>4AB2> :0640O ?0@B8O �#� A>?@>2>6405BAO @O4>< 4>:C<5=-

B>2, >4=8< 87 :>B>@KE O2;O5BAO A?5F8D8:0F8O =0 ?@>4C:F8N, =0 >A=>20=88 :>B>@>9 ?@>2>-
48BAO 25@8D8:0F8O ?>AB02;5==>9 ?@>4C:F88.  
%?5F8D8:0F8O – MB> 4>:C<5=B, :>B>@K9 A>AB02;O5B D8@<0-873>B>28B5;L 8;8 D8@<0-

?>AB02I8: �#�. !0 >A=>20=88 A?5F8D8:0F88 >ACI5AB2;O5BAO @0AG5B =>@<K 2=5A5=8O �#� 2 
?@>4C:F8N 8;8 ?>;CD01@8:0B 8 MB> >A=>2=>9 4>:C<5=B, 2 :>B>@>< C:07K205BAO A>AB02 8 
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1
 ISO 22000:2018. Food safety management systems – Requirements for any organization in the food chain. 
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45;5=>, GB> =08<5=>20=85 ?8I52>9 4>102:8 4>;6=> A>45@60BL A;>20 «?8I520O 4>102:0» 
(«:><?;5:A=0O ?8I520O 4>102:0») 8 (8;8) DC=:F8>=0;L=K9(5) :;0AA(K) ?8I52>9(KE) 4>102-
:8(>:) 8 =08<5=>20=85 ?8I52>9(KE) 4>102:8(>:) 2 A>>B25BAB288 A B@51>20=8O<8 ?@8;>65=8O 
2 : &$ &% 029, 8 (8;8) 8=45:A ?8I52>9 4>102:8 A>3;0A=>  564C=0@>4=>9 F8D@>2>9 A8AB5<5 
(INS) 8;8 �2@>?59A:>9 F8D@>2>9 A8AB5<5 (EAN). 
#8I52K5 D>AD0BK O2;ONBAO =>@<8@C5<K<8 25;8G8=0<8 2 @0<:0E 459AB2CNI53> 70:>=>-

40B5;LAB20 $5A?C1;8:8 �5;0@CAL. !>@<0 2=5A5=8O ?8I52KE D>AD0B>2 2 ?5@5AG5B5 =0 $2"5 

A>AB02;O5B 3 3 4>102;5==>3> D>AD0B0 =0 1 :3 <OA=>3> AK@LO 8 8 3 >1I53> (4>102;5==>3> +  
5AB5AB25==>3>) D>AD0B0 =0 1 :3 <OA=>3> AK@LO.  
#8I52K5 4>102:8 ?8@>D>AD0B �450 8 B@8?>;8D>AD0B �451 2 7028A8<>AB8 >B 8=45:A0 A>-

45@60B 2 A2>5< A>AB025 @07=>5 :>;8G5AB2> $2"5 [4, 5].  )0@0:B5@8AB8:8 ?8@>D>AD0B>2 �450 8 
�451 ?@82545=K 2 B01;. 2. 
&45?. 2. )0@0:B5@8AB8:0 ?8@>D>AD0B>2  

Table 2. Characterization of pyrophosphates 

 

�7 ?@82545==>9 8=D>@<0F88 284=>, GB> 2 7028A8<>AB8 >B 2840 8A?>;L7C5<>3> ?8@>D>A-
D0B0 2 �#� 1C45B A>45@60BLAO @07=>5 :>;8G5AB2> $2"5. 

�5@8D8:0F8O :><?;5:A=KE ?8I52KE 4>102>: B0:65 =5>1E>48<0 2 :0G5AB25 >F5=:8 @8A:>2 
?> 2K?CA:C :0G5AB25==>9 <OA=>9 ?@>4C:F88 [6–9, 17], B. :. 2 A;CG05 ?@52KH5=8O =>@<K 2=5-
A5=8O ?8I52KE D>AD0B>2 2 <OA=>5 AK@L5 2K?CI5==0O ?@>4C:F8O 1C45B AG8B0BLAO =5A>>B25B-

�-:>4 )8<8G5A:0O D>@<C;0 25I5AB20  0AA>20O 4>;O >1I59 ?OB8>:8-
A8 D>AD>@0 ($2"5), % 

�450i Na2H2P2O7 60,8 

�450ii Na3HP2O7  

8;8 Na3HP2O7*!2" 57,0–59,0 

�450iii Na4P2O7  

8;8 Na4P2O7*10!2" 

50,35 8;8 
30,4 

�450v �4$2"7 40,85 

�451i Na5P3O10  

8;8 Na5P3O10*6H2O 

56–58,0 8;8  
43,0–45,0 

�451ii �5$3"10 46,5–48,0 
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AB2CNI59 B@51>20=8O< &!#� 8 ?>4;568B ?@><?5@5@01>B:5 8;8 CB8;870F88, 0 B0:65 A F5-
;LN ?@54C?@5645=8O ?>?040=8O D0;LA8D8F8@>20==>9 ?@>4C:F88 =0 ?@>872>4AB2>, 2 G0AB=>-
AB8 :><?;5:A=KE ?8I52KE 4>102>: [7, 16, 18]. 
#8I52K5 4>102:8 O2;ONBAO E8<8G5A:8<8 25I5AB20<8, GC65@>4=K<8 4;O >@30=87<0 G5;>-

25:0. )>BO >=8 8 AG8B0NBAO 157>?0A=K<8 ?@8 C?>B@51;5=88 2 :>;8G5AB25 =5 2KH5 4>?CAB8-
<>9 ACB>G=>9 4>7K, 2A5340 >AB05BAO @8A: 2>7459AB28O =0 74>@>2L5 ?>B@518B5;59 E8<8G5A:8-
<8 25I5AB20<8, ?>ABC?0NI8<8 A ?@>4C:B0<8 ?8B0=8O [12–15, 19]. !0 <OA>?5@5@010BK20N-
I8E ?@54?@8OB8OE >?@545;5=85 D>AD0B>2 ?@>2>48BAO 2 3>B>2KE <OA=KE 8745;8OE [10, 11].  
#> B@51>20=8O< &$ &% 029 A>45@60=85 2 :>;10A=KE 8745;8OE =>@<8@C5<KE ?8I52KE 4>-

102>: :>=B@>;8@C5BAO ?> 70:;04:5 (?> @5F5?BC@5) 8/8;8 A ?@8<5=5=85< 0=0;8B8G5A:8E <5B>-
4>2 8AA;54>20=8O. #> <=5=8N 02B>@0 >ACI5AB2;OBL :>=B@>;L 70 =>@<8@C5<K<8 ?8I52K<8 
4>102:0<8 C65 2 3>B>2>< 8745;88 =5 A>2A5< M:>=><8G5A:8 F5;5A>>1@07=>, B.:. 2 A;CG05 8A-
?>;L7>20=8O �#� A ?>2KH5==K< A>45@60=85< =>@<8@C5<KE ?8I52KE 4>102>: 3>B>20O ?@>-
4C:F8O 1C45B ?@87=0=0 =5 A>>B25BAB2CNI59 B@51>20=8O< &!#�. 
"ACI5AB28BL :>=B@>;L 70 =>@<8@C5<K<8 ?8I52K<8 4>102:0<8 ?> 70:;04:5 (?> @5F5?BC-

@5) =5 2A5340 ?@54AB02;O5BAO 2>7<>6=K<, B.:. 2 B5E=>;>38G5A:8E 6C@=0;0E (B5E=>;>38G5A:8E 
:0@B0E), B0: 65 :0: 8 2 @5F5?BC@0E, C:07K205BAO B>;L:> =08<5=>20=85 �#� 8 53> 4>78@>2:0 
=0 100 :3 =5A>;5=>3> AK@LO. �A5 =5>1E>48<K5 40==K5 4;O @0AG5B0 =>@< 2=5A5=8O �#� <>6-
=> ?>;CG8BL ;8HL 87 A?5F8D8:0F88 =0 ?@>4C:F8N. 
#@8<5=5=85 65 0=0;8B8G5A:8E <5B>4>2 :>=B@>;O 70 =>@<8@C5<K<8 ?8I52K<8 4>102:0<8 

70B@C4=8B5;L=>, B.:. 0BB5AB>20==KE <5B>48: ?> >?@545;5=8N <0AA>2>9 4>;8 >1I53> D>AD>@0 
2 �#� =0 A53>4=OH=89 45=L =5 @07@01>B0=>.  
� ?@>872>4AB25==KE ;01>@0B>@8OE >?@545;5=85 D>AD>@0 2 �#� <>6=> >ACI5AB2;OBL ?> 

�"%& 30615-99 «%K@L5 8 ?@>4C:BK ?8I52K5.  5B>4 >?@545;5=8O D>AD>@0». %B0=40@B @0A-
?@>AB@0=O5BAO =0 AK@L5 8 ?@>4C:BK ?8I52K5 8 CAB0=02;8205B <5B>4 >?@545;5=8O D>AD>@0. 
 5B>4 70:;NG05BAO 2 ACE>9 <8=5@0;870F88 ?@>1K, @0AB2>@5=88 7>;K, ?@>2545=88 F25B=>9 
@50:F88 A <>;8145=-20=04852K< @50:B82>< 8 87<5@5=88 8=B5=A82=>AB8 >:@0H820=8O @0A-
B2>@0 A ?><>ILN D>B>M;5:B@>:>;>@8<5B@0 8;8 A?5:B@>D>B><5B@0. 
�0: 1K;> A:070=> 2KH5 – >A=>2=>9 4>:C<5=B, =0 >A=>20=88 :>B>@>3> <>6=> >ACI5AB28BL 

:>=B@>;L 8 @0AG5B =>@<8@C5<KE ?8I52KE 4>102>:, 0 B0:65 :>;8G5AB2> 8E 2=5A5=8O – MB> 
A?5F8D8:0F8O =0 �#�. 

 

$��'�0&�&/ � �) "�%'���!�� 

�0 >A=>2C 4;O @0AG5B>2 1K;8 27OBK A>AB02K �#�, C:070==K5 D8@<>9-?@>872>48B5;5< 2 
A?5F8D8:0F8OE (B01;.1). � A?5F8D8:0F8OE =0 �#� «�>2O6LO :><18» 8 «�0<<0 � A =>B>9 
:0@40<>=0» =5 C:070=> ?@>F5=B=>5 A>45@60=85 ?8I52KE D>AD0B>2, ?>MB><C =5 ?@54AB02;O-
5BAO 2>7<>6=K< ?@>8725AB8 @0AG5B A>45@60=8O ?8I52KE D>AD0B>2 2 40==KE 2840E ?@>4C:-
F88, GB> <>65B A>74020BL >A=>2C 4;O D0;LA8D8:0F88 :><?;5:A=KE ?8I52KE 4>102>:.  
$0AA<>B@8< ?>4@>1=55 A>AB02K �#� «%5@25;0B D8=A:89», «,?8:0G:8 $��� :><18» 8 

«%5@25;0B A>25BA:89». � A>AB020E MB8E �#� C:070=K :>=:@5B=K5 =08<5=>20=8O ?8I52KE 
D>AD0B>2 8 8E ?@>F5=B=>5 A>45@60=85. !0 >A=>25 8<5NI8EAO 40==KE 1K;8 ?@>2545=K <0-
B5<0B8G5A:85 @0AG5BK 8 ?>;CG5=K 25;8G8=K ?8I52KE D>AD0B>2, A>45@60I8EAO 2 �#�, 8 
2=>A8<K5 25;8G8=K D>AD0B>2 A>3;0A=> 4>78@>2:5 ?@>872>48B5;O. #>;CG5==K5 40==K5 ?@8-
2545=K 2 B01;. 3. 
�=0;878@CO ?>;CG5==K5 40==K5, <>6=> A45;0BL 2K2>4, GB> 2 7028A8<>AB8 >B E8<8G5A:>3> 

A>AB020 ?8I52KE D>AD0B>2 1C45B @07=>5 A>45@60=85 MB8E D>AD0B>2 2 �#� 8 A>>B25BAB25==> 
@07=>5 A>45@60=85 2 3>B>2>9 ?@>4C:F88. �0: 284=> 87 B01;. 3 2 �#� «%5@25;0B A>25BA:89» 
AC<<0@=>5 A>45@60=85 ?8I52KE D>AD0B>2 �450i 8 �450iii ?@52KH05B CAB0=>2;5==K5 7=0G5-
=8O (3 3 =0 100 :3 <OA=>3> AK@LO) 8 ?@52KH5=0 =>@<0 A>45@60=8O ?8I52KE D>AD0B>2 2 ?5@5-
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AG5B5 =0 $2"5. �0==0O 25;8G8=0 A>AB02;O5B 34,3 % 8;8 27,5 % =0 100 :3 <OA=>3> AK@LO 8;8 
0,34 % 8 0,27 % =0 1 :3 3>B>2>9 ?@>4C:F88. &.5. 2 A;CG05 ?@8<5=5=8O 2 A>AB025 �#� «%5@25-
;0B A>25BA:89» ?8I52>3> D>AD0B0 �450iii A E8<8G5A:>9 D>@<C;>9 Na4P2O7 =0 2KE>45 <>65B 
?>;CG8BLAO :>;10A=>5 8745;85, =5A>>B25BAB2CNI55 B@51>20=8O< &!#� ?> ?>:070B5;N <0A-
A>20O 4>;O 4>102;5==>3> D>AD0B0 2 ?5@5AG5B5 =0 $2"5. 

� [3] G5B:> ?@>?8A0=>, GB> ?8I52K5 4>102:8 4>;6=K ?@8<5=OBLAO ?@8 ?@>872>4AB25 ?8-
I52>9 ?@>4C:F88 2 <8=8<0;L=>< :>;8G5AB25, =5>1E>48<>< 4;O 4>AB865=8O B5E=>;>38G5-
A:>3> MDD5:B0.  
&45?. 3 $0AG5B=>5 A>45@60=85 �450 8 �451 =0 100 :3 <OA=>3> AK@LO 

Table 3. Calculated amount of �450 and �451 in 100 kg of raw meat 

 

!08<5=>20=85 �#� 
8 A>45@60=85 2 =59 

D>AD0B>2 

�-:>4 )8<8G5A:0O 
D>@<C;0 
25I5AB20 

 0AA>20O 
4>;O >1I59 
?OB8>:8A8 
D>AD>@0 
($2"5), % 

(0:B8G5-
A:>5 A>-
45@60=85 
$2"5 =0 
100 :3 
<OA=>3> 
AK@LO, % 

%C<<0@=>5 
A>45@60-
=85 ?8@>-
D>AD0B>2 
=0 100 :3 
<OA=>9 
<0AAK, % 

�>;8G5AB-
2> 4>102-
;5==>3> 
D>AD0B0 
=0 1 :3 
<OA=>3> 
AK@LO, 3 

,C<>4K>< $��� 
>B@5< 

@53C;OB>@ :8A;>B=>-
AB8 �451i (23,6 %) 

�451i  

Na5P3O10 56–58,0 16,4 

16,4 8;8 
12,7 

2,8  
Na5P3O10*6H2O 43,0–45,0 12,7 

%9D69?4F  
EB69FE><= 

AB018;870B>@K: 
�450iii ?8@>D>AD0B 
=0B@8O (43 %), �450i 
48384@>?8@>D>A-D0B 
=0B@8O (35 %) 

�450iii  Na4P2O7 50,35 17,3 

34,3 8;8 
27,5 

6,2  

Na4P2O7×10!2" 30,4 10,6 

�450i  Na2H2P2O7 60,8 17,02 

%9D69?4F H<AE><= 

%B018;870B>@ �451 
(10,4 %) 

�451i Na5P3O10  56-58,0  8,44 8,44 8;8 
6,55 8;8 

6,98 

1,5  
Na5P3O10*6H2O 43,0-45,0 6,55 

8;8 
�451ii �5$3"10 46,5-48,0 6,98 

 

&45?. 4. $0AG5B=K5 7=0G5=8O A>45@60=8O ?8I52KE D>AD0B>2 2 �#� 

Table 4. The calculated values of food phosphates in complex food additives 

!08<5=>20=85 �#� 8 55 A>AB02  
!>@<0  
2=5A5=8O 
�#� 

%C<<0@=>5 
A>45@60=85 
?8@>D>AD0-
B>2 =0 100 :3 
<OA=>9  
<0AAK, % 

�>;8G5AB2> 
4>102;5==>3> 
D>AD0B0 =0 1 :3 
<OA=>3>  
AK@LO, 3 

1 2 3 4 

%9D69?4F EB69FE><= 
(�5:AB@>70, AB018;870B>@O: �450iii ?8@>D>AD0B =0B@8S (43 %), 
�450i 48384@>?8@>D>AD0B =0B@8S (35 %), CA8;8B5;P 2:CA0 8 0@>-
<0B0 �621 3;CB0<0B =0B@8S 1-70<5I5==O9 (11 %), A?5F88, Q:A-
B@0:BO A?5F89 (:>@80=4@, <CA:0B, ?5@5F), 0=B8>:8A;8B5;8:  
� 300 0A:>@18=>20S :8A;>B0 – L (3 %), � 316 87>0A:>@10B =0B@8S 
(2 %), 035=B 0=B8A;56820RI89 551 48>:A84 :@5<=8S 0<>@D=O9 
(0,5 %), @0AB8B5;P=>5 <0A;>) 
 

0,8 :3 =0 
100 :3 
<OA=>9 
<0AAK 

34,3 8;8 

27,5 
6,2 
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#@>4>;65=85 F45?. 4.  

 

�#� «%5@25;0B A>25BA:89» 8 «%5@25;0B D8=A:89» 8A?>;L7CNBAO 4;O ?@>872>4AB20 >4=>9 
8 B>9 65 3@C??K 20@5=>-:>?G5=KE :>;10A=KE 8745;89. �E>4OI85 2 8E A>AB02 ?8I52K5 D>A-
D0BK 2K?>;=ONB >4=C 8 BC 65 B5E=>;>38G5A:CN DC=:F8N – @53C;OB>@0 :8A;>B=>AB8, M<C;L-
30B>@0, AB018;870B>@0. �0: 284=> 87 B01;. 4, :>;8G5AB2> D>AD0B>2, 8A?>;L7C5<KE 2 MB8E 42CE 
2840E �#�, >B;8G05BAO 2 4 @070. 
#>;CG5==K5 40==K5 <>3CB A2845B5;LAB2>20BL > D0;LA8D8:0F88 �#� A> AB>@>=K ?@>872>-

48B5;O 8, :0: A;54AB285, =0 =5?@54=0<5@5==CN D0;LA8D8:0F8N 3>B>2KE :>;10A=KE 8745;89, 
GB> 2 A2>N >G5@54L <>65B ?@825AB8 : CEC4H5=8N :0G5AB25==KE ?>:070B5;59 :>;10A=KE 87-
45;89 (A=865=85 A@>:>2 E@0=5=8O ?@>4C:F88, <K;L=K9 A@57, <5B0;;8G5A:89 ?@82:CA 8;8 
2O6CI55 >ICI5=85 2> @BC) 87-70 ?@52KH5==>3> A>45@60=8O D>AD0B>2 2 3>B>2>9 ?@>4C:F88 
[12, 14, 18]. 

�0: ?@8=OB> AG8B0BL, ?8I52K5 4>102:8, 8A?>;L7CNI85AO ?@8 ?@>872>4AB25 ?8I52>9 ?@>-
4C:F88, O2;ONBAO 157>?0A=K<8 ?@8 CA;>288, GB> A>1;N40NBAO 8E 4>?CAB8<K5 =>@<K 2=5A5-
=8O 2 ?8I52CN ?@>4C:F8N. "4=0:> ?@52KH5=85 4>?CAB8<KE C@>2=59 ?>B@51;5=8O ?8I52KE 
4>102>:, A>45@60I8E ?8I52K5 D>AD0BK, <>65B =530B82=> >B@078BLAO =0 74>@>2L5 –
?@>8AE>48B CEC4H5=85 CA2>5=8O :0;LF8O, GB> ?@82>48B : >B;>65=8N 2 ?>G:0E :0;LF8O 8 
D>AD>@0 8 A?>A>1AB2C5B @0728B8N >AB5>?>@>70. 

 

����2+�!��  
!0 >A=>20=88 ?@>45;0==>9 @01>BK <>6=> A45;0BL A;54CNI85 2K2>4K: 
– ?@8 >@30=870F88 :>=B@>;O =0 <OA>?5@5@010BK20NI8E ?@54?@8OB8OE =5>1E>48<> CG8-

BK20BL ?>2KH5==K5 @8A:8 2 G0AB8 157>?0A=>AB8 ?@>872>48<>9 ?@>4C:F88 A 8A?>;L7>20=85< 
:><?;5:A=KE ?8I52KE 4>102>: A A>45@60=85< ?8I52KE D>AD0B>2, B.:. CAB0=>2;5=>, GB> 
@0AAG8B0==>5 A>45@60=85 ?8I52KE D>AD0B>2 2 :><?;5:A=KE ?8I52KE 4>102:0E <>65B ?@5-
2KH0BL 4>?CAB8<K5 @5A?C1;8:0=A:85 C@>2=8 ?@8<5=5=8O ?8I52KE D>AD0B>2 ?@8 ?@>872>4-
AB25 :>;10A=KE 8745;89; 
– =5>1E>48<> ?@>4>;60BL 45B0;L=K5 8AA;54>20=8O �#� =0 A>45@60=85 2 =8E ?8I52KE 

D>AD0B>2 A F5;LN CAB0=>2;5=8O 2>7<>6=>9 D0;LA8D8:0F88 :0: �#�, B0: 8 3>B>2KE :>;10A-
=KE 8745;89; 
– =5>1E>48<> @07@010BK20BL AB0=40@B878@>20==K5 <5B>4K ?> >?@545;5=8N A>45@60=8O 

?8I52KE D>AD0B>2 2 �#� 4;O >1=0@C65=8O 8 :>;8G5AB25==>3> >?@545;5=8O ?@8ACBAB28O 
?8I52KE D>AD0B>2 8 CAB0=>2;5=8O D0:B0 D0;LA8D8:0F88 �#�. 

 

��&�$�&'$�  
1 �"%& 24297-2013 �5@8D8:0F8O 70:C?;5==>9 ?@>4C:F88. "@30=870F8O ?@>2545=8O 8 <5B>4K :>=B@>;O –  .: 
"�" «�!��%», 2018. – 16 A. 
2 %&� 1470-2012 %8AB5<K <5=546<5=B0 157>?0A=>AB8 ?8I52KE ?@>4C:B>2. '?@02;5=85 157>?0A=>ABLN ?8I5-
2KE ?@>4C:B>2 =0 >A=>25 0=0;870 >?0A=>AB59 8 :@8B8G5A:8E :>=B@>;L=KE B>G5:. "1I85 B@51>20=8O –  8=A:: 
�5;��%%, 2012. – 18 A. 
3 &$ &% 029/2012. &@51>20=8O 157>?0A=>AB8 ?8I52KE 4>102>:, 0@><0B870B>@>2 8 B5E=>;>38G5A:8E 2A?><>30-
B5;L=KE A@54AB2. [-;5:B@>==K9 @5AC@A]: =>@<0B82=K9 4>:C<5=B / �2@0789A:0O M:>=><8G5A:0O :><8AA8O // �#% 

1 2 3 4 

%9D69?4F H<AE><=  

(%B018;870B>@ �451 (10,4 %), A>;P ?>20@5==0S, CA8;8B5;P 2:CA0 8 
0@><0B0 �621 (11,79 %), =0BC@0;P=O5 ?@8?@02O (?5@5F 15;O9, 
8<18@P, A5;P45@59), 0=B8>:8A;8B5;8 (�301, �300), 0@><0B870B>-
@O, 035=B 0=B8A;56820RI89 �551, :@0A8B5;P �120 (0,21 %)) 

1,4 :3 =0 
100 :3 
D0@H0 

8,44 8;8 

6,55 8;8 

6,98 

1,5 
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%&�!��$&. –  8=A:: �5;��%%, 2022. – �0B0 4>ABC?0: 04.02.2023. 
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('!�*�"!��0!"� !�#$����!!"%&� % �"�����!��   

�"�/�0��"  "�"�� � %#�$'��!/ 

$. &. &8<4:>64, Ю. �. И;PNE8=4 
(��"' �" «'@0;PA:89 3>AC40@AB25==O9 Q:>=><8G5A:89 C=825@A8B5B», $>AA89A:0S (545@0F8S 

�!!"&�*�3 
�6989A<9. �:BC0;L=K< O2;O5BAO @0AH8@5=85 0AA>@B8<5=B0 DC=:F8>=0;L=KE ?@>4C:B>2, 2 G0AB=>AB8, 
70 AG5B A8<18>B8G5A:>3> 8A?>;L7>20=8O 8=3@5485=B>2 682>B=>3> 8 @0AB8B5;L=>3> ?@>8AE>645=8O. 
!0CG=0O 7040G0 – >F5=:0 ?>:070B5;59 :0G5AB20 <O3:>3> AK@0, ?@>872545==>3> 87 AK@>3> :>@>2L53> 
<>;>:0 A 4>102;5=85< ACE>3> :>1K;L53> <>;>:0 8 A?8@C;8=K. 
 4F9D<4?O < @9FB8O. %K@>5 :>@>2L5 <>;>:>, ACE>5 :>1K;L5 <>;>:> AC1;8<0F8>==>9 ACH:8, ?>-
@>H>: A?8@C;8=K (Spirulina plantesis). #@8<5=5=0 B@048F8>==0O B5E=>;>38G5A:0O AE5<0 ?@>872>4AB20 
<O3:8E AK@>2 A B5<?5@0BC@=K< @568<>< ?0AB5@870F88 – 4> 90–93 °%. �>1K;L5 <>;>:> 4>102;5=> =0 
MB0?5 D>@<8@>20=8O AK@=>3> A3CAB:0 8 2K<5H820=8O 75@=0 4;O A>E@0=5=8O 0;L1C<8=0; :>03C;OF8O 
?@8 B5<?5@0BC@5 >B +60 °%. !0 MB>< 65 MB0?5 4>102;5= ?>@>H>: A?8@C;8=K. 
$9;G?PF4FO. #> @57C;LB0B0< >F5=:8 >@30=>;5?B8G5A:8E 8 D878:>-E8<8G5A:8E ?>:070B5;59 AK@0 @5-
:><5=4>20=> 4>102;OBL 200 3 ?>@>H:0 A?8@C;8=K, :>B>@K9 03@538@COAL =0 AK@=KE 75@=0E A>7405B 
>@838=0;L=K9 @8AC=>:. �KE>4 AK@0 C25;8G8;AO 2 >?KB=KE >1@07F0E =0 1,3 %. '<5=LH8;AO @0AE>4 
<>;>:0 – =0 7,3 %. %>45@60=85 68@0 2 >?KB=KE >1@07F0E <O3:>3> AK@0 ?> A@02=5=8N A :>=B@>;L=K-
<8 >1@07F0<8 <5=LH5 =0 0,1 %, A>45@60=85 15;:0 =5 87<5=8;>AL, ?@8 MB>< C;CGH8;>AL A>>B=>H5=85 
0;L1C<8=0 : :0758=C 8 C25;8G8;>AL A>45@60=85 ;0:B>7K =0 0,4 %. � >?KB=KE >1@07F0E <O3:>3> AK@0 
CAB0=>2;5=K 1>;55 2KA>:85 ?>:070B5;8 0<8=>:8A;>B=>3> A:>@0 ?> A@02=5=8N A >1@07F0<8 :>=B@>;L-
=>9 3@C??K. 
�O6B8O. �A?>;L7>20=85 :>1K;L53> <>;>:0 2 AC1;8<8@>20==>< 2845 ?>72>;O5B @0AH8@8BL 35>3@0-
D8N 53> ?@8<5=5=8O ?@8 ?@>872>4AB25 <O3:8E AK@>2. $07@01>B0==K9 @5F5?BC@=K9 A>AB02 AK@0 >1C-
A;>28; 2>7<>6=>ABL D>@<8@>20=8O ?@>4C:B0 DC=:F8>=0;L=>9 =0?@02;5==>AB8 A >@838=0;L=K<8 >@-
30=>;5?B8G5A:8<8 ?>:070B5;O<8.   

��2+��/� %�"��: ACE>5 :>1O;P5 <>;>:>; AO@>5 :>@>2P5 <>;>:>; A?8@C;8=0 (Spirulina plantesis); 

DC=:F8>=0;P=O9 8=3@5485=B; <S3:89 AO@; 0<8=>:8A;>B=O9 A:>@. 

��3 *�&�$"��!�3: &8<0:>20, $. &. (>@<8@>20=85 ?>B@518B5;LA:>3> :0G5AB20 <O3:8E AK@>2 
DC=:F8>=0;L=>9 =0?@02;5==>AB8 A 4>102;5=85< :>1K;L53> <>;>:0 8 A?8@C;8=K  / $. &. &8<0:>20,  
.. �. �;LNE8=0 // �5AB=8: �5;>@CAA:>3> 3>AC40@AB25==>3> C=825@A8B5B0 ?8I52KE 8 E8<8G5A:8E 
B5E=>;>389. – 2023. – № 1(34). – %. 19–28. 

 
 

FORMATION OF CONSUMER APPEAL OF FUNCTIONAL SOFT CHEESES  

WITH MARE´S MILK AND SPIRULINA 

R. &. &imakova, Yu. V. Iliukhina 
 

Ural State University of Economics, Russian Federation 

ABSTRACT  
Introduction. The expansion of the range of functional products due to the symbiotic use of animal and veg-
etable origin ingredients is of current importance. The scientific task of the study is to evaluate the quality 
indicators of soft cheeses produced from raw cow's milk with the addition of dry mare's milk and spirulina.  
Materials and methods. Raw cow's milk, freeze-dried mare's milk, spirulina Plantesis powder. The tradi-
tional technological scheme for the production of soft cheeses with a pasteurization temperature regime – up 
to 90–93 °C. is applied. Mare's milk is added at the stage of forming a cheese clot and curd mass is kneaded 
to preserve albumin; coagulation is achieved at a temperature of +60 °C, spirulina powder being added at the 
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this stage. 
Results. According to the results of the evaluation of the organoleptic properties and physico-chemical pa-
rameters of cheese, it is recommended to add 200 g of spirulina powder, which when aggregating on cheese 
grains creates an original pattern. The yield of cheese increased in the experimental samples  by 1,3 %. The 
consumption of milk decreased by 7,3 %. The fat content in the experimental samples of soft cheese was less 
by 0,1 % compared to the control samples, the protein content did not change, while the ratio of albumin to 
casein improved and the lactose content increased by 0,4 %. In the experimental samples of soft cheese, 
higher indicators of amino acid score were established in comparison with the samples of the control group. 
Conclusions. The use of freeze-dried mare's milk allows expanding the geography of its use in manufactur-
ing soft cheeses. The developed cheese composition made it possible to produce a functional product with 
unique organoleptic properties.   

KEY WORDS: dry mare's milk; raw cow's milk; spirulina (Spirulina plantesis); functional ingredient; soft 

cheese; amino-acid score.  

FOR CITATION: Timakova, R. T. Formation of consumer appeal of functional soft cheeses with mare´s 
milk and spirulina / R. T. Timakova, Yu. V. Iliukhina // Vestnik of the Belarusian State University of Food 

and Chemical Technologies. – 2023. – № 1(34). – $. 19–28  (in Russian). 
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ABLN 2=>A8B A2>9 2:;04  2 ?@54>B2@0I5=85 45D8F8B0 ?8B0B5;L=KE 25I5AB2 8 A>>B25BAB285 
?8I52>9 8 M=5@35B8G5A:>9 F5==>AB8 ?8I52>9 ?@>4C:F88 D878>;>38G5A:8< ?>B@51=>ABO< 
4;O @07=KE :0B53>@89 ?>B@518B5;59. #@8 MB>< @0AH8@5=85 ?@>4C:B>2>9 ;8=59:8 <>65B ?@>-
8AE>48BL 8 2 @57C;LB0B5 :>;8G5AB25==>3> 87<5=5=8O @5F5?BC@=KE A>AB02;ONI8E, =5 =5ACI5-
3> 87<5=5=8O DC=:F8>=0;L=>9 =0?@02;5==>AB8. 
� @57C;LB0B5 ?@8<5=5=8O A>2@5<5==KE B5E=>;>38G5A:8E @5H5=89 ?@8 ?5@5@01>B:5 <>-

;>G=>3> AK@LO =081>;55 G0AB> >1>30I0NB =0BC@0;L=K<8 :><?>=5=B0<8 @0AB8B5;L=>3> 8 68-
2>B=>3> ?@>8AE>645=8O 9>3C@BK, B2>@>6=K5 8745;8O 8 ?;02;5=K5 AK@K.  
� B> 65 2@5<O ?@>872>48B5;8 AK@>2, :>B>@K5 >B=>AOBAO : F5==K< ?@>4C:B0< 2KA>:>9 ?8I5-

2>9 F5==>AB8 70 AG5B :>=F5=B@0F88 ;53:>CA2>O5<KE 15;:>2 8 68@>2 (CA2>O5<>ABL  95 8 96 % 
A>>B25BAB25==>), =0;8G8O =570<5=8<KE 0<8=>:8A;>B, :0;LF8O, D>AD>@0, <8=5@0;L=KE A>;59 8 
28B0<8=>2 [1], =0@O4C A 2K?CA:>< AK@>2 ?> :;0AA8G5A:>9 @5F5?BC@5 @07@010BK20NB =>2K5 ?@>-
4C:BK A 4>102;5=85< DC=:F8>=0;L=KE 8=3@5485=B>2. &5E=>;>38G5A:85 >A>15==>AB8 ?@>872>4-
AB20 <O3:8E AK@>2 ?>72>;ONB 22>48BL DC=:F8>=0;L=K5 4>102:8 4;O ?@840=8O >B;8G8B5;L=KE  
(>@838=0;L=KE) >@30=>;5?B8G5A:8E ?>:070B5;59 8 D>@<8@>20=8O =>2KE A5=A>@=KE E0@0:B5@8-
AB8:, GB> >15A?5G8205B @0AH8@5=85 0AA>@B8<5=B0 2K?CA:05<>9 ?@>4C:F88 DC=:F8>=0;L=>9 
=0?@02;5==>AB8 2 @57C;LB0B5 22545=8O 2 @5F5?BC@=K9 A>AB02 F5==KE ?8I52KE 8=3@5485=B>2: 
:>@=O ?0AB5@=0:0 8 A5<O= B<8=0 [2], 0<0@0=B>2>9 <C:8 [3], ?;>4>2 H8?>2=8:0 Rosa  

cinnamomea L. 8 <>@A:>9 1C@>9 2>4>@>A;8 Fucus vesiculosus A  384@>;87>20==K< :>;;035=A>-
45@60I8< AK@L5< 87 :>68 B@5A:8 [4], :@C?K 1C;3C@ [5], >2AO=KE >B@C159 [6], 20=8;8, :0:0>, 
1078;8:0 A C:@>?><, :C@:C<K A ?@8?@02>9 4;O :>@59A:>9 <>@:>28 [7], 15;>3> :C=6CB0 [8],  AC-
E>D@C:B>2, >@5E>2 8 75;5=8 [9], 1C@KE 2>4>@>A;59 [10] 8 4@. #@8 MB>< ?@>872>4AB2> <O3:8E AK-
@>2 70 AG5B =87:>9 :0?8B0;>5<:>AB8 ?@>872>4AB25==KE ?@>F5AA>2 8 =51>;LH8E A@>:>2 >:C?05-
<>AB8 2;>65==KE 8=25AB8F89 2>7<>6=> >@30=87>2K20BL =0 ?@54?@8OB8OE <0;>3> 8 A@54=53> 
187=5A0. 
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#@8 2=54@5=88 2 ?@><KH;5==>5 ?@>872>4AB2> �4K359A:>3> AK@0 A @07=K<8 8=3@5485=-
B0<8 =5>1E>48<> CG8BK20BL B>, GB> =0720=85 AK@0 A2O70=> A 35>3@0D8G5A:8< ?@>8AE>645=8-
5< 8 70:>=>40B5;LAB2> $(, @53C;8@CO 70I8BC 35>3@0D8G5A:8E >1>7=0G5=89, >15A?5G8205B >E-
@0=C 8AB>@8G5A:8 A;>682H53>AO =0F8>=0;L=>3> ?@>4C:B0 [11] 8 1@5=4 «�4K359A:89 AK@» 
>D8F80;L=> 70@538AB@8@>20=. � A0<>9 $5A?C1;8:5 �4K35O 2 =0AB>OI55 2@5<O 2K@010BK205B-
AO 5,8 BKA. B �4K359A:>3> AK@0 (@>AB ?@>872>4AB20 AK@0 A 2017 3>40  – 2 2,5 @070), GB> A>-
AB02;O5B 36,4 % >B >1I53> >1J5<0 ?@>872>4AB20 AK@0 2 $� [12]. 
&@048F8>==> <O3:85 AK@K 2K@010BK20NBAO 87 :>@>2L53> <>;>:0, @565 8A?>;L7C5BAO :>7L5 

8;8 >25GL5 <>;>:> 8;8 A<5A8 <>;>:0 682>B=KE [13–17]. #> A>45@60=8N ACE>3> 25I5AB20, 
68@0 8 15;:0 2 <>;>:5 @07=KE 284>2 A5;LA:>E>7O9AB25==KE 682>B=KE 2 ?>@O4:5 C1K20=8O 
2K45;O5BAO >25GL5, :>7L5,  :>@>2L5 8 :>1K;L5 <>;>:>, ?> A>45@60=8N <>;>G=>3> A0E0@0 – 
:>1K;L5, >25GL5, :>7L5 8 :>@>2L5 <>;>:>. #> A>45@60=8N :0758=0, :>B>@K9 =0E>48BAO 2 <>-
;>:5 2 2845 <8F5;;, ?> 40==K< [18] >B;8G05BAO :>7L5, :>@>2L5 8 >25GL5 <>;>:> A 2KA>:8< 
A>45@60=85< :0758=0, 2 :>1K;L5< <>;>:5 :0758=0 A>45@68BAO 4> 1,3 % 2 7028A8<>AB8 >B ?>-
@>4 A:>B0, CA;>289 :>@<;5=8O 8 2K@0I820=8O, ?5@8>40 ;0:B0F88, 2>7@0AB0 8 4@. D0:B>@>2. 
"1I58725AB=>, GB> 2KA>:>5 A>45@60=85 :0758=0 2 <>;>:5 A?>A>1AB2C5B D>@<8@>20=8N E>-
@>H53> AK@=>3> A3CAB:0. � B> 65 2@5<O :>1K;L5 <>;>:> ?> E8<8G5A:><C A>AB02C 8 18>E8<8-
G5A:8< A2>9AB20< ?@81;865=> : 65=A:><C 3@C4=><C <>;>:C, >B;8G05BAO 2KA>:>9 18>;>38-
G5A:>9 F5==>ABLN 8 ;53:>9 CA2>O5<>ABLN.  
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(40:40:20) ?@8 B5<?5@0BC@5 ?0AB5@870F88 >B +72–75 °C [20]. �>7<>6=> ?@8<5=5=85 42CEABC-
?5=G0B>9 B5@<8G5A:>9 >1@01>B:8 :>1K;L53> <>;>:0, 2:;NG0NI59 B5@<870F8N ?@8 B5<?5@0-
BC@5  +58 º% A M:A?>78F859 20 <8=CB 8 ?>A;54CNI8< >E;0645=85< 4> B5<?5@0BC@K +6 °% 2 
B5G5=85 4 G0A>2, 70B5< ?0AB5@870F859 ?@8 B5<?5@0BC@ +72 º% A M:A?>78F859 15 A5:C=4 [21]. 
#@8<5=5=85 ?0AB5@870F88 ?@8 B5<?5@0BC@5 >B +72 °C =825;8@C5B F5==>ABL :>1K;L53> <>;>-
:0 :0: 8AB>G=8:0 AK2>@>B>G=KE 15;:>2 2 @57C;LB0B5 8E B5@<>;018;L=>AB8.  
� =0AB>OI55 2@5<O AK@>5 :>1K;L5 <>;>:> =5 ?@8<5=O5BAO ?@8 ?@>872>4AB25 AK@>2 =0 

?@><KH;5==>9 >A=>25 2 A2O78 A >3@0=8G5==>ABLN @0A?@>AB@0=5=8O <>;>G=>3> :>=52>4AB20, 
>BACBAB285< ;>38AB8G5A:8E A2O759 <564C ?@>872>48B5;O<8 <>;>:0 8 ?>B5=F80;L=K<8 ?@>-
872>48B5;O<8 AK@0, =54>AB0B>G=K< :>;8G5AB2>< ?@>872>48<>3> <>;>:0, :>@>B:8<8 A@>:0<8 
3>4=>AB8 AK@>3> :>1K;L53> <>;>:0. � B> 65 2@5<O 2>?@>AK A>E@0=5=8O F5==KE :0G5AB2 <>-
;>:0 :>1K; @5H0NBAO ?@8 ?@8<5=5=88 AC1;8<0F8>==>9  (;8>D8;878@>20==>9) ACH:8 <>;>-
:0 [22–25]. � 4>ABC?=>9 ;8B5@0BC@5 >BACBAB2C5B 8=D>@<0F8O > ?@8<5=5=88 ACE>3> :>1K;L5-
3> <>;>:0 =0 ?@><KH;5==>9 >A=>25 ?@8 ?@>872>4AB25  AK@>2, 2 B> 65 2@5<O ACE>5 :>1K;L5 
<>;>:> ?@54;0305BAO =0 A09B0E-03@530B>@0E :0: 3>B>2K9 ?@>4C:B 4;O C?>B@51;5=8O. 

 %>2@5<5==K5 ?>B@518B5;8 ?@8 2K1>@5 ?8I52KE ?@>4C:B>2 >1@0I0NB 2=8<0=85 =0 B0: 
=07K205<>5 ?>B@518B5;LA:>5 :0G5AB2>, B.5. :0G5AB2>, >F5=8205<>5 ?>B@518B5;O<8, 345 =0 
?5@2K9 ?;0= 2KE>4OB >@30=>;5?B8G5A:85 ?>:070B5;8 8 E8<8G5A:89 A>AB02 B>20@0, :>B>@K9 
2;8O5B =0 ?8I52CN 8 M=5@35B8G5A:CN F5==>ABL B>20@0 [26]. #> @57C;LB0B0< 8AA;54>20=89 
CAB0=>2;5=>, GB> 13 % @5A?>=45=B>2 ?@54?>G8B0NB <O3:85 AK@K, 87 :>B>@KE 30 % >?@>H5=-
=KE 2K18@0NB AK@K A 4>102:0<8 ?8I52KE 8=3@5485=B>2 <>@A:>3> ?@>8AE>645=8O [4]. % 
CG5B>< B>3>, GB> 2 $>AA89A:>9 (545@0F88 ?>B@51;5=85 <>@5?@>4C:B>2, 1>30BKE 07>B8ABK<8 
25I5AB20<8 8 <8:@>M;5<5=B0<8, =5@02=><5@=> ?> @538>=0< 8 =5 A>>B25BAB2C5B CAB0=>2;5=-
=K< =>@<0< 2 22 :3 =0 4CHC =0A5;5=8O >4=8< 87 ?5@A?5:B82=KE =0?@02;5=89 ?@8 ?@>872>4-
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AB25 <O3:8E AK@>2 <>65B 1KBL 8A?>;L7>20=85 2>4=>3> 18>;>38G5A:>3> AK@LO. 
*5;LN 8AA;54>20=89 O2;O5BAO @0AH8@5=85 0AA>@B8<5=B0 DC=:F8>=0;L=KE ?@>4C:B>2 2 

2845 <O3:>3> AK@0 70 AG5B A8<18>B8G5A:>3> 8A?>;L7>20=8O 8=3@5485=B>2 682>B=>3> 8 @0AB8-
B5;L=>3> ?@>8AE>645=8O. !0CG=0O 7040G0 – >F5=:0 ?>:070B5;59 :0G5AB20 <O3:8E AK@>2 A 
DC=:F8>=0;L=>9 4>102:>9 A?8@C;8=K (Spirulina plantesis), ?@>872545==>3> 87 AK@>3> :>-
@>2L53> <>;>:0 A 4>102;5=85< ACE>3> :>1K;L53> <>;>:0 AC1;8<0F8>==>9 ACH:8. 

 

 �&�$���/ �  �&"�/ 

#@54<5B 8AA;54>20=8O – B5E=>;>38O ?@>872>4AB20 <O3:8E AK@>2. �K1>@ >1J5:B0 8AA;54>-
20=8O >?@545;O5BAO B5<, GB> <O3:89 AK@ 87 :>@>2L53> <>;>:0 ?@8 H8@>:>< 53> @0A?@>AB@0-
=5=88 =0 B5@@8B>@88 $>AA89A:>9 (545@0F88 2 >A=>2=>< ?@54;0305BAO 157 4>102>:. �A?>;L-
7>20=85 :>@>2L53> <>;>:0 >1CA;>2;5=> 4>ABC?=>ABLN AK@LO. �2545=85 2 @5F5?BC@C 2 :0G5AB-
25 :><?>=5=B0 ACE>3> :>1K;L53> <>;>:0, :>B>@>5 ?> A2>8< A2>9AB20< ?@81;865=> : <0B5-
@8=A:><C <>;>:C, >ACI5AB2;5=> 4;O ?>2KH5=8O ?8I52>9 F5==>AB8 AK@0. �>1K;L5 <>;>:> 
>B=>A8BAO : 0;L1C<8=>2>9 3@C??5 ?@8 A>>B=>H5=88 :0758=0 : 0;L1C<8=C  1:1. �;L1C<8= :>-
1K;L53> <>;>:0 ;53:> CA208205BAO >@30=87<>< G5;>25:0. � :0G5AB25 DC=:F8>=0;L=>9 4>102-
:8 ?@8<5=O5BAO A?8@C;8=0 (Spirulina plantesis), >B=>AOI0OAO : :;0AAC =8BG0BKE A8=5-75;5=KE 
2>4>@>A;59 8 O2;ONI0OAO >4=8< 87 8725AB=KE 4@52=8E @0AB5=89 ?;0=5BK. �5 B0:A>=><8G5-
A:>5 ?>;>65=85 >?@545;5=> :0:: 2840 Arthrospiraplatensis, @>40 Arthrospira, ?>@O4:0 Oscillato-

riales, 3@C??K  Cyanobacteria, :;0AA0  Oxyphotobacteria, >B45;0 Gracilicutes, 4><5=0  Bacteria, 

F0@AB20 Prokaryotae. 

%D>@<8@>20=K 5 3@C?? >1@07F>2 AK@0: :>=B@>;L=0O 3@C??0 (>1@07FK <O3:>3> AK@0, 2K@0-
1>B0==>3> B>;L:> 87 :>@>2L53> <>;>:0) 8 4 >?KB=K5 3@C??K (>1@07FK <O3:>3> AK@0, 2K@01>-
B0==>3> 87 :>@>2L53> <>;>:0 A 22545=85< 2 @5F5?BC@C 3 :3 ACE>3> :>1K;L53> <>;>:0 (B5E=>-
;>38O AC1;8<0F8>==>9 ACH:8 ?> [27]) 87 @0AG5B0 =0 300 ; AK@>3> :>@>2L53> <>;>:0 68@=>-
ABLN 4,1 %). �> 2-N , 3-N 8 4-N >?KB=K5 3@C??K <O3:>3> AK@0, 2K@01>B0==>3> 87 :>@>2L53> 
<>;>:0 A 22545=85< 2 @5F5?BC@C ACE>3> :>1K;L53> <>;>:0, 4>102;5= ?>@>H>: A?8@C;8=K 2 
:>;8G5AB25 100, 200 8 300 3 (B>@3>20O <0@:0 «SpirulinaFood», ?@>872>4AB2> �!$).  �K1>@ 
A?8@C;8=K, ?@54AB02;ONI59 A>1>9 A?8@0;5284=CN <8:@>A:>?8G5A:CN F80=>10:B5@8N, >1C-
A;>2;5= 55 C=8:0;L=K< A10;0=A8@>20==K< 18>E8<8G5A:8< A>AB02>< 8 2KA>:8< A>45@60=8-
5< ?>;=>F5==>3> 15;:0 8 15B0-:0@>B8=0. %?8@C;8=C, >B;8G0NICNAO 2KA>:>9 ?@8A?>A>1;O5-
<>ABLN : 2=5H=8< CA;>28O<, 4>1K20NB :0: 2  8@>2>< >:50=5, B0: 8 :C;LB828@CNB 2 A?5F8-
0;L=> >1>@C4>20==KE >B:@KBKE ?@C40E 8;8 10AA59=0E 2 B5?;8F0E. %?8@C;8=0 A?>A>1AB2C5B 
D>@<8@>20=8N 8<<C=8B5B0 2 @57C;LB0B5 2K@01>B:8 F8B>:8=>2, =825;8@C5B =530B82=>5 2>7-
459AB285 A2>1>4=KE @048:0;>2, >1;0405B ?@>B82>2>A?0;8B5;L=K< 459AB285<. �AA;54>20=85 
>ACI5AB2;O;8 ?> >1I5?@8=OBK< <5B>48:0<: E8<8G5A:89 A>AB02 (?@>B58= ?> �L5;L40;N, 
68@ ?> <5B>4C %>:A;5B0, :;5BG0B:C ?> <5B>4C �55=45, A0E0@0 – D>B>:>;><5B@8G5A:8< <5B>-
4><), 0<8=>:8A;>B=K9 A>AB02 8 A>45@60=85 28B0<8=>2 – <5B>4>< 2KA>:>MDD5:B82=>9 684-
:>AB=>9 E@><>B>3@0D88, A>45@60=85 :0@>B8=0 – D>B><5B@8G5A:8< <5B>4><. 
 0AA>2CN 4>;N 2;038 8 ACE>3> 25I5AB20 2 3>B>2>< ?@>4C:B5 >?@545;O;8 ?> �"%& 3626-73 

« >;>:> 8 <>;>G=K5 ?@>4C:BK.  5B>4K >?@545;5=8O 2;038 8 ACE>3> 25I5AB20», <0AA>2CN 4>-
;N 15;:0 <5B>4>< �L5;L40;O  ?> �"%& $ 54662-2011 «%K@K 8 AK@K ?;02;5=K5. "?@545;5=85 
<0AA>2>9 4>;8 15;:0 <5B>4>< �L5;L40;O», <0AA>2CN 4>;N 68@0 – :8A;>B=K< <5B>4>< ?> 
�"%& 5867-90 « >;>:> 8 <>;>G=K5 ?@>4C:BK.  5B>4K >?@545;5=8O 68@0», :8A;>B=>ABL – ?> 
�"%& 3624-92 « >;>:> 8 <>;>G=K5 ?@>4C:BK. &8B@8<5B@8G5A:85 <5B>4K >?@545;5=8O :8-
A;>B=>AB8». "F5=:C :0G5AB20 3>B>2>3> AK@0 ?@>2>48;8 ?> >@30=>;5?B8G5A:8< 8 D878:>-
E8<8G5A:8< ?>:070B5;O< A>3;0A=> B@51>20=8O<  �"%& 32263-2013 «%K@K <O3:85. &5E=8G5A:85 
CA;>28O». �AA;54>20=8O ?@>2>48;8AL 2 5-:@0B=>9 ?>2B>@=>AB8. #>;CG5==K5 @57C;LB0BK M:A?5-
@8<5=B>2 1K;8 >1@01>B0=K A 8A?>;L7>20=85< AB0=40@B=KE AB0B8AB8G5A:8E <5B>4>2 0=0;870. 
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$��'�0&�&/ � �) "�%'���!�� 

!0 ?5@2>< MB0?5 M:A?5@8<5=B0 1K;> ?@>2545=> 8AA;54>20=85 E8<8G5A:>3> A>AB020 A?8@C-
;8=K: <0AA>20O 4>;O ACE>3> 25I5AB20 A>AB028;0 (93,78±0,02) %, A>45@60=85 AK@>3> ?@>B58=0 
– (58,76±0,02) %, AK@>3> 68@0 – (1,32±0,02) %, AK@>9 :;5BG0B:8 – (6,38±0,05) %, AK@>9 7>;K 
– 11,61 %, A0E0@>2 – (13,97±0,04) %. #> A>45@60=8N 2>4>@0AB2>@8<KE 28B0<8=>2 ?>;=>ABLN 
?>:@K20NBAO =>@<K D878>;>38G5A:>9 ?>B@51=>AB8 A>3;0A=>  5B>48G5A:8< @5:><5=40F8O< 

 $ 21.3.1.0253-21 «!>@<K D878>;>38G5A:8E ?>B@51=>AB59 2 M=5@388 8 ?8I52KE 25I5AB20E 
4;O @07;8G=KE 3@C?? =0A5;5=8O $>AA89A:>9 (545@0F88» (87 @0AG5B0 =0 100 3 ?@>4C:B0):  
B80<8= – 2 2,4 @070, @81>D;028= – 2 12,5 @070, ?8@84>:A8= – 2 5,5 @070, =8:>B8=>20O :8A;>B0 
– 2 2 @070, :0@>B8= – 1>;55 G5< 2 28 @07 8 4>AB8305B (143,57±3,75) <3/100 3 ?@8 D878>;>38G5-
A:>9 ?>B@51=>AB8 4;O 27@>A;KE 2 ACB:8 5 <3. %>45@60=85 0A:>@18=>2>9 :8A;>BK ?>:@K205B 
ACB>G=CN ?>B@51=>ABL 2 28B0<8=5 =0 1/3. %>45@60=85 =570<5=8<KE 0<8=>:8A;>B 2 >1I59 
AC<<5 0<8=>:8A;>B A>AB02;O5B 56,5–58,8 %, GB> 2KH5 ?> A@02=5=8N A <OA>< ?B8FK, <OA>< 
:>AC;8, A28=8=>9 8 3>2O48=>9 [28]. 
&5E=>;>38O ?@>872>4AB20 <O3:8E AK@>2 DC=:F8>=0;L=>9 =0?@02;5==>AB8 ?@54AB02;5=0 =0 

@8A. 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

$<E. 1. &5E=>;>38G5A:0O AE5<0 ?@>872>4AB20 <O3:>3> AK@0 DC=:F8>=0;L=>9 =0?@02;5==>AB8 

Fig. 1. Technological scheme of functional soft cheese production 

 

&5E=>;>38O ?@>872>4AB20 <O3:>3> AK@0 2 F5;>< B@048F8>==0O, => 1K; ?@8<5=5= 1>;55 
=87:89 B5<?5@0BC@=K9 @568< ?0AB5@870F88 – 4> +90–93 °%. �8A;0O <>;>G=0O AK2>@>B:0 A 
:8A;>B=>ABLN 90 °& 2=5A5=0 2 :>;8G5AB25 4> 10 % >B <0AAK <>;>:0. #> @57C;LB0B0< 8AA;54>-
20=89 ?>4AK@=>9 AK2>@>B:8 CAB0=>2;5=> >AB0B>G=>5 A>45@60=85 15;:0 – 4> 0,12 %, A;54K 
68@0 – 4> 0,01 %, ?>;CG5==K5 40==K5 A>3;0ACNBAO A 8AA;54>20=8O<8 [29–31]. %C1;8<8@>-

#@85<:0 AK@LO 8 :>=B@>;L :0G5AB20 

"G8AB:0 8 >E;0645=85 t=(4±2) °% 

!>@<0;870F8O 4>  �� 2,5–3,2 % 8 15;:0 15–17 % 

#0AB5@870F8O t=90–93 °%, 2K45@6:0 5–10 <8= 

�=5A5=85 :8A;>9 <>;>G=>9 AK2>@>B:8, A25@BK20=85 <>;>:0 8 >1@07>20=85 A3CAB:0 

%0<>?@5AA>20=85 2 B5G5=85 120 <8= 

"B45;5=85 AK@=>3> 75@=0, 4>102;5=85 ACE>3> :>1K;L53> <>;>:0 8 A?8@C;8=K 

#@>ACH:0, C?0:>2:0, <0@:8@>2:0 

$07<5I5=85 2 AK2>@>B>G=>< @0AA>;5 =0 4 G0A0 

%>7@520=85 t=8–12 °% 
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20==>5 :>1K;L5 <>;>:> 1K;> 4>102;5=> =0 MB0?5 D>@<8@>20=8O AK@=>3> A3CAB:0 8 2K<5H8-
20=8O 75@=0. &0:>9 ?>4E>4 >1CA;>2;5= 206=>ABLN A>E@0=5=8O F5==KE A2>9AB2 :>1K;L53> 
<>;>:0, B0: :0: 0;L1C<8= =0G8=05B :>03C;8@>20BLAO ?@8 B5<?5@0BC@5 >B +60 °% 8, A>>B25BAB-
25==>, =565;0B5;L=> 4>102;OBL :>1K;L5 <>;>:> =0 MB0?5 ?0AB5@870F88. !0@O4C A MB8<, AC1-
;8<8@>20==>5 :>1K;L5 <>;>:>, G0AB8G=> ?>3;>I0O 2;03C 87 AK2>@>B:8, ?@52@0I05BAO 2 2>A-
AB0=>2;5==>5 :>1K;L5 <>;>:> =0 >A=>25 A>45@60I59 15;:8 AK2>@>B:8, >12>;0:820O AK@=K5 
75@=0; ?>@>H>: A?8@C;8=K 03@538@C5BAO =0 AK@=KE 75@=0E, A>74020O 2 40;L=59H5< >@838-
=0;L=K9 @8AC=>:. �KE>4 AK@0 2 >1@07F0E :>=B@>;L=>9 3@C??K A>AB028; (16,62±0,03) %, 2  
1-9 >?KB=>9 3@C??5 – (17,92±0,04) %, 2> 2-9 >?KB=>9 3@C??5 – (17,92±0,03) %, 2 3-9 >?KB=>9 
3@C??5 – (17,93±0,02) %, 2 4-9 >?KB=>9 3@C??5 – (17,93±0,01) %. 

!0 2B>@>< MB0?5 1K;0 ?@>2545=0 >@30=>;5?B8G5A:0O >F5=:0 <O3:8E AK@>2 A>3;0A=>  
�"%& 32263-2013: ?> 2=5H=5<C 284C – 2> 2A5E >1@07F0E AK@ =5 8<55B :>@:8, ?>25@E=>ABL 
<>@I8=8AB0O; ?> :>=A8AB5=F88 – 2 >1@07F0E :>=B@>;L=>9 3@C??K ?;>B=0O, C?@C30O, 2 >1@07-
F0E >?KB=KE 3@C??  – ?;>B=0O, C?@C30O, 1>;55 =56=0O; ?> 2:CAC 8 70?0EC 2 >1@07F0E  
:>=B@>;L=>9 3@C??K – G8ABK9, A2>9AB25==K9 <O3:><C AK@C, 2 >1@07F0E 1-9 >?KB=>9 3@C??K 
?>O28;AO 5;5 C;>28<K9 A;04:>20BK9 0@><0B, 2 >1@07F0E 2-9, 3-9 8 4-9 >?KB=KE 3@C?? – ?>O-
28;AO 0@><0B, AE>689 A <OB>9; ?> F25BC – 2 >1@07F0E :>=B@>;L=>9 3@C??K 8 1-9 >?KB=>9 
3@C??K – 15;>-<>;>G=K9, 2 >1@07F0E 2-9 8 3-9 >?KB=KE 3@C?? – 15;K9 A =57=0G8B5;L=K<8 
2:@0?;5=8O<8 75;5=>20B>3> F25B0, 2 >1@07F0E 4-9 >?KB=>9 3@C??K – 15;K9 A <=>65AB25==K-
<8 2:@0?;5=8O<8 75;5=>20B>3> F25B0, GB> ?@825;> : 8=B5=A82=>9 >:@0A:5 75;5=K< F25B>< 
AK@0. � >1@07F0E :>=B@>;L=>9 3@C??K 8 1-9 >?KB=>9 3@C??K @8AC=>: >BACBAB2C5B, 2 >1@07-
F0E 2-9, 3-9 8 4-9 >?KB=KE 3@C?? ?>O28;AO @8AC=>: 2 2845 2:@0?;5=89 75;5=>3> F25B0. �8-
7C0;870F8O @8AC=:0 AK@0 ?@54AB02;5=0 =0  @8A. 2. 

 

 

 

 

 

 

  

0) 1) 2) 
$<E. 2. �=5H=89 284 ?>25@E=>AB8 AK@0  

(>1@07FK  2-9, 3-9  8 4-9 >?KB=KE 3@C?? A>>B25BAB25==> – 0), 1), 2) 
 

Fig. 2. Appearance of cheese surface  

(samples of the 2nd, 3rd and 4th experimental groups, respectively – a), b), c) 

 

#> @57C;LB0B0< >@30=>;5?B8G5A:>9 >F5=:8 CAB0=>2;5=>, GB> >?KB=K5 >1@07FK A>>B25BAB-
2CNB B@51>20=8O< �"%& 32263-2013, @8AC=>: AK@0 =081>;55 >@30=8G=K9 2 >1@07F0E 3-9 
>?KB=>9 3@C??K: 2:@0?;5=8O A?8@C;8=K @02=><5@=K5 ?> ?>25@E=>AB8 8 =0 @07@575 AK@0 2 
>B;8G85 >B >1@07F>2 2-9 >?KB=>9 3@C??K – @54:85 2:@0?;5=8O, 2 >1@07F0E 4-9 >?KB=>9 
3@C??K – >G5=L G0ABK5 2:@0?;5=8O. 
!0 ?>A;54CNI5< MB0?5 8AA;54>20;8 D878:>-E8<8G5A:85 ?>:070B5;8 :0G5AB20 >1@07F>2 

?>;CG5==>3> <O3:>3> AK@0, :>B>@K5 A>>B25BAB2CNB B@51>20=8O< �"%& 32263-2013. � @5-
7C;LB0B5 ?@>2545==KE 8AA;54>20=89 CAB0=>2;5=> =57=0G8B5;L=>5 C<5=LH5=85 <0AA>2>9 4>-
;8 68@0 2 ?5@5AG5B5 =0 ACE>5 25I5AB2> =0 0,4 %: 2 :>=B@>;L=>9 3@C??5 – (45,3±1,6) %,  

2 >?KB=KE 3@C??0E – (44,9±1,1) %; <0AA>20O 4>;O 2;038 C25;8G8;0AL =0 0,1 %: A  (56,6±0,6) % 

2 :>=B@>;L=>9 3@C??5 4> (56,7±0,2) % 2 >?KB=KE 3@C??0E; :8A;>B=>ABL AK@0 C<5=LH8;0AL  
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=0 1,9 °&: A  (54,6±0,7) % 2 :>=B@>;L=>9 3@C??5 4> (52,8±0,6) % 2 >?KB=KE 3@C??0E.  0AA>20O 
4>;O E;>@8AB>3> =0B@8O =587<5==0 2> 2A5E 3@C??0E – (1,8±0,1) %. �06=>5 ?@0:B8G5A:>5 7=0-
G5=85 8<55B A=865=85 @0AE>40 <>;>:0 =0 1 :3 AK@0 (2 ?5@5AG5B5 ACE>3> :>1K;L53> <>;>:0 =0 
AK@>5) =0 0,44 4> 5,58 :3 2 >?KB=KE >1@07F0E. )8<8G5A:89 A>AB02 <O3:>3> AK@0 ?@82545= 2 
B01;. 1. 

 
&45?. 1. )8<8G5A:89 A>AB02 >1@07F>2 <O3:8E AK@>2 

Table 1. Chemical composition of soft cheese samples 

#>:070B5;8 �>=B@>;L=0O 
3@C??0 

"?KB=K5 3@C??K 

1-O 2-O 3-O 4-O 
�8@ 19,8±0,2 19,7±0,1 19,7±0,1 19,7±0,1 19,7±0,1 
�5;>: 19,7±0,3 19,6±0,4 19,6±0,3 19,7±0,3 19,7±0,4 
'3;52>4K 1,6±0,1 2,0±0,1 2,0±0,1 2,0±0,1 2,0±0,1 
-=5@35B8G5A:0O 
F5==>ABL, ::0; 

263,4 263,7 263,7 264,1 264,1 

 

�=0;87 M:A?5@8<5=B0;L=KE 40==KE, ?@54AB02;5==KE 2 B01;. 1, ?>:070;, GB> 2 AK@5, ?@>87-
2545==>< 87 :>@>2L53> <>;>:0 A 4>102;5=85< ACE>3> :>1K;L53> <>;>:0, CAB0=>2;5=> C25;8-
G5=85 A>45@60=8O <>;>G=>3> A0E0@0 =0 0,4 %. %>45@60=85 15;:0 C<5=LH05BAO =0 0,1 %  2 
>1@07F0E 1-9 8 2-9 >?KB=KE 3@C??, 2 >1@07F0E 3-9 8 4-9 >?KB=KE 3@C?? A>?>AB028< A >1@07-
F0<8 :>=B@>;L=>9 3@C??K, GB> <>65B 1KBL >1CA;>2;5=> 4>102;5=85<  1ó;LH53> :>;8G5AB20 
?>@>H:0 A?8@C;8=K, 1>30B>9 ?@>B58=><. � >?KB=KE >1@07F0E CAB0=>2;5=> C25;8G5=85 A>-
45@60=8O 0;L1C<8=>2>9 D@0:F88 8 87<5=5=85 A>>B=>H5=8O :0758=0 : 0;L1C<8=C A 6:1 4> 
5:1.  �AA;54>20=85 0<8=>:8A;>B=>3> A:>@0 ?>:07K205B 2KA>:CN 18>;>38G5A:CN F5==>ABL 
<O3:8E AK@>2 (B01;. 2). 

 

&45?. 2. �<8=>:8A;>B=K9 A:>@ >1@07F>2 <O3:8E AK@>2, %  

Table 2. Amino acid score of soft cheese samples, % 

#>:070B5;8 �>=B@>;L=0O 3@C??0 3-O >?KB=0O 3@C??0 
�0;8= 119,7 119,9 

�7>;59F8= 146,6 147,1 

�59F8= 109,4 109,6 

�878= 148,1 148,7 

 5B8>=8= + *8AB8= 100,1 100,2 

&@5>=8= 100,2 100,4 

&@8?B>D0= 122,9 123,2 

(5=8;0;0=8=  + &8@>78= 106,5 106,6 

 

� >1@07F0E 3-9 >?KB=>9 3@C??K, =081>;55 >?B8<0;L=>9 ?> CAB0=>2;5==><C ?>B@518B5;L-
A:><C :0G5AB2C, >?@545;5=K 1>;55 2KA>:85 ?>:070B5;8 0<8=>:8A;>B=>3> A:>@0 ?> A@02=5=8N 
A >1@07F0<8 :>=B@>;L=>9 3@C??K. 
&0:8< >1@07><, ?@54;>65==0O B5E=>;>38O ?@>872>4AB20 <O3:>3> AK@0 =0 >A=>25 AK@>3> 

:>@>2L53> <>;>:0 A 4>102;5=85< ACE>3> :>1K;L53> <>;>:0, :>B>@K9 <>6=> >B=5AB8 : DC=:-
F8>=0;L=><C 8=3@5485=BC 682>B=>3> ?@>8AE>645=8O, 8 A 22545=85< DC=:F8>=0;L=>3> 8=-
3@5485=B0 @0AB8B5;L=>3> ?@>8AE>645=8O – A?8@C;8=K 2 ?>@>H:>>1@07=>< 2845 ?>72>;8;0 
@07@01>B0BL =>2K9 ?8I52>9 ?@>4C:B DC=:F8>=0;L=>9 =0?@02;5==>AB8, >B25G0NI89 B@51>-
20=8O< =>@<0B82=>9 4>:C<5=B0F88. � @57C;LB0B5 22545=8O 2 @5F5?BC@C ACE>3> :>1K;L53> 
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<>;>:0 =0 MB0?5 D>@<8@>20=8O AK@=>3> A3CAB:0 ?@>87>H;>  C25;8G5=85 A>45@60=8O ;0:B>-
7K, 2K?>;=ONI59 M=5@35B8G5A:CN DC=:F8N 8 2;8ONI59 =0 =>@<0;870F8N >1<5=0 :0;LF8O 8 
CA2>5=85 2>4>@0AB2>@8<KE 28B0<8=>2 3@C??K �; C25;8G5=85 A>45@60=8O 0;L1C<8=>2>9 
D@0:F88, 8AB>G=8:0 =570<5=8<>9 0<8=>:8A;>BK B@8?B>D0=0 8 ;53:>CA208205<>9 >@30=87-
<>< G5;>25:0; 2>2;5G5=85 2 B5E=>;>38G5A:89 ?@>F5AA AK2>@>B:8 A >AB0B>G=K< A>45@60=85<  
15;:>2. �K@01>B:0 <O3:>3> AK@0 ?> ?0@0<5B@0< ?@54AB02;5==>9 B5E=>;>38G5A:>9 AE5<K ?>-
72>;8;0 2>2;5GL 2 A:>03C;8@>20==CN <0AAC <O3:>3> AK@0 4> 100 % 68@0 8 99,8 % 15;:0 
AK@L52KE :><?>=5=B>2. 
�>=A8AB5=F8O B0:>3> AK@0 >B;8G05BAO 1>;55 =56=>9 8 A;53:0 <06CI59 AB@C:BC@>9 8 5;5 

C;>28<>9 A;04:>20B>9 =>B>9. �;03>40@O >1>30I5=8N AK@0 DC=:F8>=0;L=>9 4>102:>9 @0AB8-
B5;L=>3> ?@>8AE>645=8O Spirulina plantesis – ?@>4C:B0 A =081>;LH8< A>45@60=85< 15;:0 =0 
?;0=5B5, 1>30B>3> :0@>B8=>< 8 2>4>@0AB2>@8<K<8 28B0<8=0<8 3@C??K B, 2KO2;5=> 87<5=5-
=85 2:CA>2KE E0@0:B5@8AB8: AK@0, ?>O2;5=85 <OB=>3> 0@><0B0 8 =57=0G8B5;L=>5 C25;8G5=85 
A>45@60=8O 15;:0 2 >1@07F0E 3-9 8 4-9 >?KB=KE 3@C??, 0 B0:65 0<8=>:8A;>B=>3> A:>@0.  
� A>>B25BAB288 A ?@>2545==>9 M:A?5@B=>9 A5=A>@=>9 >F5=:>9 CAB0=>2;5=> >?B8<0;L=>5 :>-
;8G5AB2> 4>102;O5<>9 A?8@C;8=K 2 >1@07F0E 3-9 >?KB=>9 3@C??K, :>B>@K5 A>>B25BAB2CNB 
2KA>:8< ?>B@518B5;LA:8< 4>AB>8=AB20< <O3:>3> AK@0 ?> 0@><0BC, 2:CAC 8 2=5H=5<C 284C.  

 

����2+�!�� 
"@30=>;5?B8G5A:85 8 D878:>-E8<8G5A:85 ?>:070B5;8 :>=B@>;L=KE 8 >?KB=KE >1@07F>2 A>-

>B25BAB2CNB B@51>20=8O< �"%& 32263-2013. � AK@5, ?@>872545==>< 87 :>@>2L53> <>;>:0 A 4>-
102;5=85< ACE>3> :>1K;L53> <>;>:0 AC1;8<0F8>==>9 ACH:8, CAB0=>2;5=> C25;8G5=85 A>45@-
60=8O <>;>G=>3> A0E0@0 =0 0,4 %. %>45@60=85 15;:0 8 68@0 87<5=8;>AL =5ACI5AB25==>. 
#@0:B8G5A:0O 7=0G8<>ABL ?>;CG5==KE @57C;LB0B>2 8AA;54>20=8O >1CA;>2;5=0 B5<, GB> 2 @5-

F5?BC@5 8A?>;L7C5BAO :>@>2L5 <>;>:> 2 AK@>< 2845 8 ACE>5 :>1K;L5 <>;>:>, >B;8G0NI55AO 
:>@>B:8<8 A@>:0<8 E@0=5=8O 2 AK@>< 2845, :>B>@>5 A>E@0=O5B ?8I52CN F5==>ABL AK@>3> <>-
;>:0, ?@81;865==>3> : <0B5@8=A:><C <>;>:C. %>>B25BAB25==>, CAB0=>2;5=0 2>7<>6=>ABL 8A-
?>;L7>20=8O AC1;8<8@>20==>3> :>1K;L53> <>;>:0 ?@8 ?@>872>4AB25 <O3:8E AK@>2 2 ?@>872>4-
AB25==KE F5;OE. '25;8G8;AO 2KE>4 AK@0 ?@8 A=865=88 @0AE>40 <>;>:0 =0 1 :3 AK@0. %8<18>-
B8G5A:>5 8A?>;L7>20=85 DC=:F8>=0;L=KE 8=3@5485=B>2 682>B=>3> 8 @0AB8B5;L=>3> ?@>8AE>6-
45=8O (AC1;8<8@>20==>3> :>1K;L53> <>;>:0 8 A?8@C;8=K) >1CA;>28;> D>@<8@>20=85 F5==>3> 
;53:>CA208205<>3> >@30=87<>< G5;>25:>< ?8I52>3> ?@>4C:B0, >1>30I5==>3> <0:@>- 8 <8:@>-
=CB@85=B0<8, 4;O C;CGH5=8O 8<<C=8B5B0 G5;>25:0. #>;CG5==K9 AK@ >B;8G05BAO 2KA>:8< ?>-
B@518B5;LA:8< :0G5AB2>< 8 ?>2KH5==>9 18>;>38G5A:>9 F5==>ABLN. �AA;54>20=8O 2 MB>< =0-
?@02;5=88 B@51CNB 40;L=59H53> ?@>2545=8O, 2 B>< G8A;5 ?> <8:@>=CB@85=B0<. 
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ETHODOLOGY FOR DESIGNING THE FUNDAMENTAL COMMODITY 

CHARACTERISTICS OF DRINKS WITH ANTIOXIDANT EFFECT BASED  

ON QFD METHOD 

O. V. Krukovich, S. L. Masansky  

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

ABSTRACT  
Introduction. It is relevant to develop methods for the formation of commodity characteristics of a certain 

subgroup of functional products, taking into account the nomenclature of consumer properties characteristic 

of this subgroup and identified consumer requirements. Scientific task is to develop the methodology for de-

signing commodity characteristics of drinks with an antioxidant effect from vegetable raw materials based on 

the quality function deployment (QFD) method. 

Materials and methods.  QFD method, selective survey method in the form of a questionnaire, descriptor-

profile analysis. Non-alcoholic drink made from the leaves of stinging nettle. 

Results. The nomenclature of the requirements for plant raw materials used to form the fundamental com-

modity characteristics of drinks has been formulated. Eight groups of beverage descriptors based on vegeta-
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ble raw materials have been identified. Antioxidant properties of drinks were determined in terms of redox 

potential. The technique is implemented through the sequential completion of nine stages, for which the cor-

responding algorithms have been developed. 

Conclusions. Methodology for designing the fundamental commodity characteristics of drinks with an anti-

oxidant effect based on QFD analysis makes it possible to increase the controllability of this process and can 

be recommended for solving practical problems of planning their quality.  

KEY WORDS: quality management; functional products; soft drinks with antioxidant effect; methodology 

for designing commodity characteristics; improved manageability; quality function deployment method. 

FOR CITATION:  Krukovich, O. V. Methodology for designing the fundamental commodity characteris-

tics of drinks with antioxidant effect based on QFD method / O. V. Krukovich,  

S. L. Masansky // Vestnik of the Belarusian State University of Food and Chemical Technologies. – 2023. – 
№ 1(34). – $.  29–40 (in Russian). 
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;57=>ABLN >1J5:B0 4;O ?>B@518B5;O, 0 AB5?5=LN 53> ?>;57=>AB8. &0:8< >1@07><, :>;8G5AB-
25==>9 AB>@>=>9 ?>B@518B5;L=>9 AB>8<>AB8, 8;8 ?>;57=>AB8, 8745;8O 1C45B O2;OBLAO AB5-
?5=L, <5@0 C4>2;5B2>@5=8O >?@545;5==>9 ?>B@51=>AB8 2 40==>< >1J5:B5. %8AB5<0B8G=> 8 
AB@C:BC@=> ?@5>1@07>20BL ?>B@518B5;LA:85 B@51>20=8O 2 B5E=8G5A:85 E0@0:B5@8AB8:8 >1J-
5:B0 A CAB0=>2;5=85< A2O759 <564C =8<8 ?>72>;O5B <5B>4 @0725@BK20=8O DC=:F88 :0G5AB20 
(QFD) [17, 18].  

&0:8< >1@07><, 02B>@0<8 2K428=CB0 38?>B570 > 2>7<>6=>AB8 ?>2KH5=8O C?@02;O5<>AB8 
?@>F5AA>< D>@<8@>20=8O B>20@>254=KE E0@0:B5@8AB8: =0?8B:>2 A 0=B8>:A840=B=K< MDD5:-
B>< ?CB5< @07@01>B:8 >4=>8<5==>9 <5B>48:8 A 8A?>;L7>20=85< <5B>40 @0725@BK20=8O 
DC=:F88 :0G5AB20. 
*5;L 8AA;54>20=8O – ?>2KH5=85 C?@02;O5<>AB8 ?@>F5AA>< D>@<8@>20=8O B>20@>254=KE 

E0@0:B5@8AB8: =0?8B:>2 A 0=B8>:A840=B=K< MDD5:B><. 

!0CG=0O 7040G0 – @07@01>B:0 <5B>48:8 ?@>5:B8@>20=8O >A=>2>?>;030NI8E B>20@>254=KE 
E0@0:B5@8AB8: =0?8B:>2 A �"- 87 @0AB8B5;L=>3> AK@LO A 8A?>;L7>20=85< <5B>40 @0725@BK-
20=8O DC=:F88 :0G5AB20. 

 

 �&�$���/ �  �&"�/ 

�@8B8G5A:89 ?>8A: 0=0;8B8G5A:>9 >A=>2K 4;O A8AB5<0B8G5A:>3> 8AA;54>20=8O ?@>1;5< ?> 
B5<5 8AA;54>20=8O, 2:;NG0NI89 >17>@ =>@<0B82=>9 ;8B5@0BC@K, ;8B5@0BC@=KE 8AB>G=8:>2 
>1I53>, =0CG=>3>, =0CG=>-<5B>4>;>38G5A:>3> 8 38?>B5B8G5A:>3> E0@0:B5@0 [19, 20]. 
 5B>4 QFD (@0725@BK20=85 DC=:F88 :0G5AB20) ?@8 ?@>5:B8@>20=88 ?>B@518B5;LA:8E 

A2>9AB2 =0?8B:>2 A �"-,  ACBL :>B>@>3> 70:;NG05BAO 2 AB@C:BC@8@>20==>< ?@5>1@07>20=88 
?>65;0=89 (?>B@51=>AB59) ?>B@518B5;59 A ?><>ILN <0B@8F 2 :>=:@5B=K5 B@51>20=8O : ?@>-
4C:F88 8 55 B5E=8G5A:85 E0@0:B5@8AB8:8 8 2:;NG0NI89 A;54CNI85 MB0?K: 2KOA=5=85 8 
CB>G=5=85 B@51>20=89 ?>B@518B5;59; @0=68@>20=85 ?>B@518B5;LA:8E B@51>20=89; @07@01>B-
:0 <>45;L=>9 :>=F5?F88 ?@>4C:B0 8 :><?;5:A0 ?>B@518B5;LA:8E (B5E=8G5A:8E) E0@0:B5@8-
                                                           
1
 #@>4C:BK ?8I52K5. #@>4C:BK ?8I52K5 DC=:F8>=0;L=K5. &5@<8=K 8 >?@545;5=8O: �"%& $ 52349-2005. – 
�254. 30.06.06. –  .: CB0=40@B8=D>@<, 2006. – 8 A. 
2
 �=3@5485=BK ?8I52K5 DC=:F8>=0;L=K5. �;0AA8D8:0F8O 8 >1I85 B@51>20=8O: �"%& $ 54059-2010. – �254. 

01.01.2012. –  .: CB0=40@B8=D>@<, 2019. – 8 A. 
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AB8:; 2KG8A;5=85 7028A8<>AB59 ?>B@518B5;LA:8E B@51>20=89 8 8=65=5@=KE E0@0:B5@8AB8:; 
>?@545;5=85 25A>2KE 7=0G5=89 8=65=5@=KE E0@0:B5@8AB8: A CG5B>< @59B8=30 ?>B@518B5;L-
A:8E B@51>20=89, 0 B0:65 7028A8<>AB8 <564C =8<8 8 B5E=8G5A:8<8 E0@0:B5@8AB8:0<8; ?>-
AB@>5=85 «:@KH8» 4><0 :0G5AB20 [21, 22].  

%>F8>;>38G5A:85 8AA;54>20=8O ?> 2KO2;5=8N ?@54?>GB5=89 ?>B@518B5;59, :0A0NI8EAO 
DC=:F8>=0;L=KE =0?8B:>2 =0 >A=>25 $%, ?@>2>48;8 <5B>4>< >?@>A0 ABC45=B>2, ?@5?>4020-
B5;59 ��'& 8 ?>B@518B5;59 =0?8B:>2. �>MDD8F85=BK 25A><>AB8 (mi) :0G5AB25==KE ?>:070-
B5;59 =0?8B:>2 @0AAG8B0;8 :><?;5:A=K< <5B>4><, >A=>20==K< =0 A>?>AB02;5=88 >1>1-
I0NI8E ?>:070B5;59 :0G5AB20 ?@>4C:B>2. 
 5B>4 2K1>@>G=>3> >?@>A0 2 D>@<5 0=:5B8@>20=8O ?@8 ?@>2545=88 <0@:5B8=3>2>3> 8A-

A;54>20=8O ?@54?>GB5=89 ?>B@518B5;59 1570;:>3>;L=KE =0?8B:>2 DC=:F8>=0;L=>3> =07=0-
G5=8O. 

 

$��'�0&�&/ � �) "�%'���!�� 

$07@01>B0==0O <5B>48:0 ?@>5:B8@>20=8O >A=>2>?>;030NI8E B>20@>254=KE E0@0:B5@8AB8: 
=0?8B:>2 A �"- 87 @0AB8B5;L=>3> AK@LO 2:;NG05B 452OBL MB0?>2. 
1. "1>A=>20=85 >1J5:B0 8AA;54>20=8O. #>4 >1J5:B>< 8AA;54>20=8O 1C45< ?>=8<0BL 

DC=:F8>=0;L=K9 =0?8B>: =0 >A=>25 $%, >1;040NI89 �"-.  
"1J5:B 8AA;54>20=8O 4>;65= 1KBL 2>AB@51>20= =0 @K=:5, GB> <>65B ?>4B25@640BLAO 40=-

=K<8 <0@:5B8=3>2KE 8AA;54>20=89 @K=:0 0AA>@B8<5=B0 =0?8B:>2 8 ?>B@518B5;LA:>3> A?@>-
A0. �;O 8==>20F8>==KE ?@>4C:B>2, @07@01>B:0 :>B>@KE >1CA;>2;5=0 ?>B@51=>ABO<8 @K=:0, 
=5>1E>48<> 87CG0BL 4>;3>A@>G=K5 A>F80;L=K5, ?>;8B8G5A:85 8 M:>=><8G5A:85 B5=45=F88. 
!0 40==>< MB0?5 4>;6=K ?;0=8@>20BLAO ?>78F8>=8@>20=85 =0?8B:0 =0 @K=:5, >A=>2>?>;0-
30NI85 B>20@>254=K5 E0@0:B5@8AB8:8, 0 B0:65 >@85=B8@>2>G=0O A515AB>8<>ABL =0?8B:0.  
'B25@6405BAO, GB> ACI5AB2C5B B@8 :>=B5:AB=KE ?5@5<5==KE, :>B>@K5 A;54C5B @0AA<0B@8-

20BL ?@8 >?@545;5=88 D0:B>@>2, 206=KE 4;O 4>AB865=8O CA?5E0 ?@>4C:B0: 
1) E0@0:B5@ 8==>20F89 (=0?@8<5@, =0?8B>: A 87<5=5==K< "�#); 2) E0@0:B5@ @K=:0;  
3) E0@0:B5@ B5E=>;>388 (=0?@8<5@, D5@<5=B8@>20==K9 ?@>4C:B)1. 
$57C;LB0B>< 2K?>;=5=8O 40==>9 AB0488 O2;O5BAO :>=F5?F8O ?@>4C:B0 8, ?> 2>7<>6=>AB8, 

@07@01>B:0 B5E=8G5A:>3> 7040=8O.  
2. �7CG5=85 =>@<0B82=KE B@51>20=89 : ?@>4C:BC – >1J5:BC 8AA;54>20=8O, 2:;NG0NI85 

B@51>20=8O : AK@LN, B5E=>;>388 ?@>872>4AB20, : 3>B>2><C ?@>4C:BC (>1O70B5;L=> B@51>20-
=8O : >@30=>;5?B8G5A:8<, D878:>-E8<8G5A:8< ?>:070B5;O<, A>45@60=8N B>:A8G=KE M;5<5=-
B>2, ?8I52KE 4>102>:, 18>;>38G5A:8 0:B82=K< 25I5AB20<), <5B>40< :>=B@>;O :0G5AB20, ?@8 
=5>1E>48<>AB8 – B@51>20=8O : C?0:>2:5, C:C?>@:5, E@0=5=8N ?> 459AB2CNI8< &!#�.  
3. "1>A=>20=85 2K1>@0 $% – 8AB>G=8:0 18>;>38G5A:8 0:B82=KE 25I5AB2 (���), >1CA;02-

;820NI8E 53> 0=B8>:A840=B=K9 MDD5:B.  
$0AB8B5;L=>5 AK@L5 4>;6=> C4>2;5B2>@OBL B@51>20=8O< B01;. 1.  
4. #@>5:B8@>20=85 >A=>2>?>;030NI8E B>20@>254=KE E0@0:B5@8AB8: =0?8B:0 A �"- =0 

>A=>25 <5B>40 QFD.  

"A=>2=K5 <5B>4K A1>@0 8=D>@<0F88: 8=B5@2LN8@>20=85, D>:CA-3@C??0, 0=:5B8@>20=85 8 
4@. !0 >A=>25 0=0;870 40==KE A>AB02;O5BAO 45<>3@0D8G5A:89 ?>@B@5B (?>;, 2>7@0AB, A>F8-
0;L=>5 ?>;>65=85, C@>25=L 4>E>40) 8 ?5@5G5=L B@51>20=89 ?>B@518B5;O. 
�>;LH>9 >1J5< ?>;CG5==>9 8=D>@<0F88 2 >B=>H5=88 ?>65;0=89 ?>B@518B5;59 ?>4;568B 

AB@C:BC@8@>20=8N 2 :>=:@5B=K5 B@51>20=8O. �;O MB>9 F5;8 8A?>;L7CNB B0:85 AB0B8AB8G5A:85 

                                                           
1
 -@;  ., -@; $.  #@8<5@K @07@01>B:8 ?8I52KE ?@>4C:B>2. �=0;87 :59A>2. – #5@. A 0=3;. – %#1.: #@>D5AA8O, 

2010. – 464 A. 
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8=AB@C<5=BK, :0: B01;8F0 «3>;>A0 ?>B@518B5;59», 4803@0<<0 0DD8==>AB8 8 4@52>284=0O 480-
3@0<<K. !081>;55 4>ABC?=> MB8 <5B>4K >?8A0=K 2 @01>B0E ?@>D5AA>@0 &8E><8@>20 �. �. [3]. 

 
&45?. 1. &@51>20=8O : @0AB8B5;L=><C AK@LN 

Table 1. Requirements for vegetable raw materials 

�84 B@51>20=8O )0@0:B5@8AB8:0 
� 284C $% $0AB8B5;L=>5 AK@L5 4>;6=> 2E>48BL 2 ?5@5G5=L 284>2 @0AB8B5;L=>3> 

AK@LO, @07@5H5==>3> : ?@8<5=5=8N 2 ?8B0=88. 
 

� 157>?0A=>AB8 $% %>45@60=85 B>:A8G=KE 25I5AB2 (:04<8O, A28=F0, @BCB8, <KHLO:0), @0-
48>=C:;84>2 (AB@>=F8O-90 8 F578O-137), ?5AB8F84>2 8 4@. A>548=5=89 
(=8B@8B>2, =8B@0B>2 8 4@.) 4>;6=> 1KBL 2 ?@545;0E, CAB0=>2;5==KE B@5-
1>20=8O<8 &!#�. 
 

� A>45@60=8N 0=B8>:-
A840=B>2 

$0AB8B5;L=>5 AK@L5 4>;6=> O2;OBLAO 8AB>G=8:>< >A=>2=KE ���, 
>15A?5G820NI8E �"- =0?8B:>2: 28B0<8=>2 %, �, :0@0B8=>84>2, D;0-
2>=>84>2 (0=B>F80=>2), <8:@>M;5<5=B>2 (A5;5=0). 
 

� "�# 684:8E 872;5-
G5=89 87 $% :0: ?>:070-
B5;O �"- $% 

$0AB8B5;L=>5 AK@L5 4>;6=> >1@07>2K20BL M:AB@0:BK (=0AB>8, >A=>2K) 
A =87:8<8 ?>;>68B5;L=K<8 ;81> >B@8F0B5;L=K<8 7=0G5=8O<8 "�#. 
 

� @5AC@A=><C  
>15A?5G5=8N 

$0AB8B5;L=>5 AK@L5 4>;6=> 1KBL B5@@8B>@80;L=> @0A?@>AB@0=5==K< 8 
4>ABC?=K< : ?@8<5=5=8N. 
  

-:>=><8G5A:0O  
F5;5A>>1@07=>ABL 

$0AB8B5;L=>5 AK@L5 4>;6=> 1KBL M:>=><8G5A:8 4>ABC?=K< : ?@8<5-
=5=8N 2 ?8I52KE F5;OE. 
 

� D0@<0:>;>38G5A:8< 
A2>9AB20< 

$0AB8B5;L=>5 AK@L5 4>;6=> 8<5BL ?>:070=8O : ?@8<5=5=8N =0 >A=>25 
8725AB=KE D0@<0:>;>38G5A:8E A2>9AB2.  
$0AB8B5;L=>5 AK@L5 <>65B 8<5BL ?@>B82>?>:070=8O : ?@8<5=5=8N, 
:>B>@K5 =5>1E>48<> C:07K20BL. 
 

&@51>20=85 : 703>B>2:5  %1>@ 8 703>B>2:C @0AB8B5;L=>3> AK@LO =5>1E>48<> >ACI5AB2;OBL 2 
A@>:8 8 ?> B5E=>;>388, CAB0=>2;5==K5 4;O :>=:@5B=>9 1>B0=8G5A:>9 
G0AB8 $%. 
 

&5E=>;>38G=>ABL &5E=>;>38G5A:0O 2>7<>6=>ABL ?>;CG5=8O ?>;CD01@8:0B>2 87 $% (?>-
@>H:>2, =0AB>52, M:AB@0:B>2, >A=>2); 87CG5=85 E0@0:B5@0 87<5=5=8O 
@0AB8B5;L=>3> AK@LO 8 ?@>4C:B>2 87 =53> ?>4 2;8O=85< @07;8G=KE 
B5E=>;>38G5A:8E D0:B>@>2 (AB5?5=L 87<5;LG5=8O, B5<?5@0BC@0, ?@8@>-
40 M:AB@035=B0, ?@>4>;68B5;L=>ABL B5?;>2>9 >1@01>B:8 8 B.?.). 

 

� B01;8F5 «3>;>A ?>B@518B5;O» ?>65;0=8O ?>B@518B5;59, 8<5NI85 >1KG=> AC1J5:B82=CN 
8 @0A?;K2G0BCN D>@<C, ?@5>1@07CNBAO 2 =01>@ :@0B:8E 8 :>=:@5B=KE ?>=OB89 (=0?@8<5@, 
«=0BC@0;L=K9 A>AB02 =0?8B:0», «=87:>5 A>45@60=85 A0E0@0» 8 B.?.). �803@0<<0 0D8==>AB8 
?>72>;O5B >1>1I8BL ?>65;0=8O ?>B@518B5;59 2 3@C??K, 1;87:85 ?> A<KA;C, ?@8 MB>< A>:@0-
I0O 8E >1I55 :>;8G5AB2>. �@52>284=0O 4803@0<<0 8A?>;L7C5BAO 4;O AB@C:BC@8@>20=8O ?>-
;CG5==KE 40==KE ?> 3@C??0<: A5=A>@=K5 A2>9AB20 (?@8OB=K5 70?0E 8 2:CA, ?@>7@0G=K9), ?>-
65;0=8O : ?8I52>9 F5==>AB8 8 A>45@60=8N >B45;L=KE :><?>=5=B>2, =0?@8<5@, =87:>5 A>-
45@60=85 A0E0@0 8 B.?. 
#>;CG5==K5 B@51>20=8O ?@5>1@07CNBAO 2 A?8A>: 8 @0=68@CNBAO ?> ?@8>@8B5B0<. &0:8< 



Пище6ая Fех=>?>7ия  

 

 

 

 

 

34 

>1@07>< ?>;CG05BAO <0B@8F0 ?@8>@8B570F88 B@51>20=89 ?>B@518B5;59 2 >B=>H5=88 ?@>5:B8-
@C5<>9 ?@>4C:F88. 
!0 B@5BL5< MB0?5 D>@<8@CNBAO B5E=8G5A:85 E0@0:B5@8AB8:8 ?@>4C:F88. #5@5G5=L B5E=8-

G5A:8E E0@0:B5@8AB8: A>AB02;O5BAO 8AE>4O 87 A;54CNI8E B@51>20=89 [23]:  
– =5>1E>48<>ABL A>>B25BAB28O B5E=8G5A:8E E0@0:B5@8AB8: B@51>20=8O< ?>B@518B5;59;  
– ACI5AB2>20=85 :>@@5;OF8>==>9 2708<>A2O78 <564C 7=0G5=85< B5E=8G5A:>9 E0@0:B5@8-

AB8:8 8 AB5?5=LN C4>2;5B2>@5==>AB8 ?>:C?0B5;O;  
– 1>;LH8=AB2> B5E=8G5A:8E E0@0:B5@8AB8: 4>;6=K 1KBL 87<5@8<K<8. 
�;O 2KO2;5=8O 2708<>A2O759 <564C ?@8>@8B5B0<8 ?>B@518B5;59 8 B5E=8G5A:8<8 E0@0:B5-

@8AB8:0<8 ?@>2>48BAO :>@@5;OF8>==K9 0=0;87. #@8 0=0;875 <>6=> 8A?>;L7>20BL H:0;C ?>-
@O4:0, 2 :>B>@>9 1 >7=0G05B A;01CN A2O7L, 2 – 70<5B=CN A2O7L, 3 – B5A=CN A2O7L. �B>3>< 0=0-
;870 O2;O5BAO <0B@8F0 2708<>A2O759, 8;8 >A=>20 4><0 :0G5AB20. 
"1J5:B82=>9 >A>15==>ABLN ;N1>3> ?@>4C:B0 O2;O5BAO B>, GB> <=>385 53> B5E=8G5A:85 E0-

@0:B5@8AB8:8 2708<>A2O70=K, 0 =5:>B>@K5 ?@>B82>@5G0B 4@C3 4@C3C. #>4>1=K5 7028A8<>AB8 
F5;5A>>1@07=> CG8BK20BL A F5;LN >?B8<870F88 ?@>F5AA0 ?@>872>4AB20, ?>;CG0O <0:A8<0;L-
=> >B25G0NICN ?>B@518B5;LA:8< B@51>20=8O< ?@>4C:F8N. �;O MB>3> 4>< :0G5AB20 4>?>;=8-
B5;L=> =0@0I8205BAO «:@KH59» 2 2845 B@5C3>;L=8:0. �>@@5;OF8N <564C ?>:070B5;O<8 
<>6=> >1>7=0G8BL A;54CNI8<8 A8<2>;0<8:  
(■) 2 A8;L=0O ?>;>68B5;L=0O;  
(●) 2 A;010O ?>;>68B5;L=0O;  
(▲) 2 >B@8F0B5;L=0O.  
!0?@8<5@, 8A?>;L7>20=85 2 @5F5?BC@5 =0?8B:0 ;8ABL52 :@0?82K 42C4><=>9 >1CA;02;8205B 

A8;L=CN ?>;>68B5;L=CN A2O7L <564C 40==>9 B5E=8G5A:>9 E0@0:B5@8AB8:>9 8 ?>:070B5;5< 
"�# =0?8B:0 :0: :@8B5@8O �"-. 
� A;CG05 =5>1E>48<>AB8 >?@545;5=8O :>=:C@5=B=>3> @59B8=30 B>20@0 ?@>2>4OB >F5=:C 

:>=:C@5=B>A?>A>1=>AB8 ?@>5:B8@C5<>9 ?@>4C:F88 8 ?@>4C:F88, ?@8=OB>9 70 >A=>2C ?@8 
A@02=5=88 (=0?@8<5@, ?@>4C:B0-:>=:C@5=B0). �;O MB>3> A?@020 >B <0B@8FK 2708<>A2O759 
AB@>8BAO <0B@8F0 2>A?@8OB8O B>20@0 ?>B@518B5;5<. #@8 >F5=:5 :>=:C@5=B>A?>A>1=>AB8 
?@>4C:F88 8A?>;L7C5BAO 10;;L=0O H:0;0 ?>@O4:0. !0?@8<5@, 10;; «?OBL» 5-10;;L=>9 H:0;K 
>7=0G05B, GB> B@51>20=8O 2K?>;=ONBAO 2 ?>;=>9 <5@5, 10;; «>48=» – =5 2K?>;=ONBAO. 
�0;;L=CN >F5=:C ?@>4C:F88 ?@>2>48B M:A?5@B=0O 3@C??0. �45AL 65 CAB0=02;820NB F5;8 
?@>5:B0 – ?>B@518B5;LA:85 E0@0:B5@8AB8:8 ?@>4C:B0-:>=:C@5=B0, :>B>@K5 =0E>4OBAO 2 
?@8>@8B5B5 ?> 8A?>;L7C5<>9 @0=55 H:0;5. !0 >A=>20=88 ?>;CG5==KE F5;52KE 7=0G5=89 
2KG8A;ONB AB5?5=L C;CGH5=8O ?@>5:B0 (>B=>H5=85 F5;52>3> 7=0G5=8O : ?>;CG5==><C 
7=0G5=8N 2 @57C;LB0B5 M:A?5@B=>9 >F5=:8), 01A>;NB=CN 8 >B=>A8B5;L=CN 25A><>AB8 
E0@0:B5@8AB8: ?@>4C:B0. 
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B5E=8G5A:8E E0@0:B5@8AB8:, @0=3, 845=B8D8F8@CNI89 :>=:C@5=B=>5 ?>;>65=85 E0@0:B5@8-
AB8:8.  
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&0:8< >1@07><, D>@<8@C5BAO 3@0D8G5A:0O <>45;L 4><0 :0G5AB20. �520O :><=0B0 4><0 :0-
G5AB20 A>45@68B AB@C:BC@8@>20==K9 ?5@5G5=L B@51>20=89 ?>B@518B5;59, >B25G0NI89 =0 2>-
?@>A «GB>?». *5=B@0;L=0O :><=0B0 ?@54AB02;O5B A>1>9 <0B@8FC 2708<>A2O759 <564C B@51>-
20=8O<8 ?>B@518B5;59 8 E0@0:B5@8AB8:0<8 ?@>4C:F88 – «GB>?» – «:0:?». #>B>;>: 4><0 A>-
45@68B ?5@5G5=L B5E=8G5A:8E E0@0:B5@8AB8: ?@>4C:F88. #>; 4><0 ?@54AB02;O5B A>1>9 :>;8-
G5AB25==CN E0@0:B5@8AB8:C – «A:>;L:>?», B> 5ABL <0B@8FC @0=68@>20==KE G8A;5==KE ?@8-
>@8B5B>2 B5E=8G5A:8E E0@0:B5@8AB8:. #@020O :><=0B0 >B25G05B =0 2>?@>A «70G5<?» 8 A>45@-
68B A@02=8B5;L=K5 40==K5 ?> >B=>H5=8N : :>=:C@5=B0<, 2K?CA:0NI8< 0=0;>38G=CN ?@>-
4C:F8N [23]. #@8<5@ 4><0 :0G5AB20 A>1AB25==>9 @07@01>B:8 (:20A A �"- =0 >A=>25 ;8ABL52 
:@0?82K) ?@54AB02;5= =0 @8A. 1.  
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$<E. 1.  >45;L 4><0 :0G5AB20 4;O =0?8B:0 87 ;8ABL52 :@0?82K 42C4><=>9 

  Fig. 1. A quality house model for a drink made from nettle leaves 
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B5;O» 87 40==KE 0=:5B8@>20=8O, GB> ?>72>;8;> A>AB028BL ?@>5:B >A=>2>?>;030NI8E B>20@>-
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5. $07@01>B:0 @5F5?BC@K =0?8B:0 =0 >A=>25 $%: 
– <>45;8@>20=85 :><?>=5=B=>3> A>AB020 =0?8B:0, F5;LN :>B>@>3> O2;O5BAO CAB0=>2;5=85 

7028A8<>AB59 <564C 25;8G8=>9 "�# >B :>=F5=B@0F88 @5F5?BC@=KE :><?>=5=B>2 ($%, A0E0-
@>7K, >@30=8G5A:8E :8A;>B 8 B.4.) 2 <>45;L=KE >A=>20E =0?8B:>2; 
– A>740=85 <>45;L=KE :><?>78F89. �45AL >A>1>5 2=8<0=85 A;54C5B C45;OBL >@30=>;5?B8-

G5A:8< A2>9AB20< 3>B>2>3> =0?8B:0, B. :. >=8 O2;ONBAO >A=>2>?>;030NI8<8 4;O ?>B@518B5-
;O. #@8<5=5=85 2 :0G5AB25 @5F5?BC@=KE :><?>=5=B>2 =5:>B>@KE 284>2 @0AB8B5;L=>3> AK@LO 
(=0?@8<5@, :@0?82K 42C4><=>9) <>65B 87<5=8BL 2=5H=89 284, 2:CA, 0@><0B =0?8B:>2 2 =5-
65;0B5;L=CN AB>@>=C. &0:8< >1@07><, ACI5AB2C5B @8A: ?>;CG8BL ?>;57=K9 0=B8>:A840=B-
=K9 =0?8B>: A «3@O7=K<», BCA:;K< F25B><, =5?@8OB=K< 2:CA>< 8 0@><0B><, 3>@L:8< ?>-
A;52:CA85< 8 B.?. #>MB><C >A=>2=>9 7040G59 745AL O2;O5BAO @07@01>B:0 =0?8B:0 =0 >A=>25 $% 

A 65;0B5;P=O<8 4;S ?>B@518B5;S >@30=>;5?B8G5A:8<8 E0@0:B5@8AB8:0<8. 
!081>;55 >?B8<0;L=K< <5B>4>< 8AA;54>20=8O 8 :>@@5:B8@>2:8 >@30=>;5?B8G5A:8E E0-

@0:B5@8AB8: ?@>4C:B>2 O2;O5BAO 45A:@8?B>@=>-?@>D8;L=K9 0=0;87, >A=>20==K9 =0 B5>@88 
A>740=8O 45A:@8?B>@=>9 <>45;8 A <>45;LN :>;8G5AB25==>3> >?@545;5=8O 8=B5=A82=>AB8 
A2>9AB2, GB> ?>72>;O5B 8A?>;L7>20BL AB0B8AB8G5A:85 <5B>4K (2:;NG0O 48A?5@A8>==K9, D0:-
B>@=K9 0=0;87), >15A?5G820NI85 ?>2KH5=85 4>AB>25@=>AB8 8AA;54>20=89, 2 G0AB=>AB8, 2 
A@02=8B5;L=KE >F5=:0E.  
#@8 >@30=>;5?B8G5A:8E 8A?KB0=8OE ?8I52>3> ?@>4C:B0 <5B>4>< :>;8G5AB25==>3> 45A:-

@8?B>@=>-?@>D8;L=>3> 0=0;870 ?5@2>=0G0;L=> 453CAB0F8>==0O :><8AA8O A>AB02;O5B >1I89 
A?8A>: 45A:@8?B>@>2 8 >ACI5AB2;O5B 8E ?@5420@8B5;L=CN A>@B8@>2:C, ?@8 MB>< <>6=> 2>A-
?>;L7>20BLAO AB0=40@B>< ISO 11035 «"@30=>;5?B8G5A:89 0=0;87. �45=B8D8:0F8O 8 2K1>@ 
45A:@8?B>@>2 4;O CAB0=>2;5=8O ?@>D8;O ?@8 <=>3>AB>@>==5< ?>4E>45» [24]. 
"A=>2=K<8 45A:@8?B>@0<8 =0?8B:>2 =0 @0AB8B5;L=>< AK@L5 <>3CB O2;OBLAO: 

– 2:CA: A;04:89, :8A;K9, :8A;>-A;04:89, B5@?:89, A 3>@G8=:>9, G8ABK9, ?>;=K9, 30@<>=8G-
=K9, A>;>=>20BK9, F8B@CA>2K9, ?;>4>2K9, O3>4=K9, B@02O=8ABK9, G09=K9, A2>9AB25==K9 
A>>B25BAB2CNI8< D@C:B0<, ?;>40<, O3>40<, B@020< 8 4@C3><C AK@LN, ?CAB>9, 1572:CA=K9, 
;5:0@AB25==K9, ?@O=K9, <54>2K9, A :0@0<5;L=K< B>=>< 8 B.4.; 
– 0@><0B: =5E0@0:B5@=K9, E0@0:B5@=K9, G8ABK9, A 254CI59 =>B>9, ?8:0=B=K9, ?@O=K9, =0-
2O7G82K9, ;53:89, ?>AB>@>==89, E2>9=K9, >A<>;5==K9, ;5:0@AB25==K9, A2>9AB25==K9 A>>B-
25BAB2CNI8< D@C:B0<, ?;>40<, O3>40<, B@020< 8 4@C3><C AK@LN, 4@>6652>9 8 B.4.;  
– 2=5H=89 284: ?@>7@0G=K9, 70<CB=5==K9, A 1;5A:><, 157 2725A59, A >A04:><, >?0;5AF8-
@CNI89 8 B.4.; 
– F25B: 15AF25B=K9, A25B;>-65;BK9, 65;BK9, B5<=>-65;BK9, A25B;>-:>@8G=52K9, :>@8G=5-
2K9, B5<=>-:>@8G=52K9, 65;B>-75;5=K9, A25B;>-75;5=K9, 75;5=K9, B5<=>-75;5=K9, @>7>2K9, 
O@:>-@>7>2K9, :@0A=K9, B5<=>-:@0A=K9, @C18=>2K9, B5<=>-@C18=>2K9, <0;8=>2K9, 3>;C1>9, 
18@N7>2K9, A8=89, A25B;>-A8=89, B5<=>-A8=89 8 B.4.; 
– =0AKI5==>ABL 2:CA0/0@><0B0: A8;L=0O, A;010O, O@:0O, =5O@:0O, 2K@078B5;L=0O, =52K@078-
B5;L=0O 8 B.4.; 
– :>=A8AB5=F8O: ?;>B=0O, 2>4O=8AB0O, 3CAB0O, 684:0O; 
– ?>A;52:CA85: A;04:>5, :8A;>5, 3>@5G8, B@02O=8AB>5, D@C:B>2>5 8 B.4.; 
– M<>F8>=0;L=K5 E0@0:B5@8AB8:8 – DC=:F8>=0;L=>ABL, :0G5AB2> CB>;5=8O 6064K, >A25-
60NI89 2:CA, 2>AAB0=02;820NI89 MDD5:B, ?>;57=>ABL, ?@>E;048B5;L=K9 MDD5:B, 8<8465-
2K9, AB8;L=K9. 
�;O :>;8G5AB25==>9 >F5=:8 8=B5=A82=>AB8 45A:@8?B>@0 <>6=> 8A?>;L7>20BL 5-10;;L=CN 

H:0;C ?>@O4:0, 345: 0 – =5 2>A?@8=8<05BAO; 1 – ?>GB8 =5 2>A?@8=8<05BAO; 2 – A;01> 2>A?@8-
=8<05BAO; 3 – 70<5B=> 2>A?@8=8<05BAO; 4 – E>@>H> 2>A?@8=8<05BAO; 5 – >B;8G=> 2>A?@8=8-
<05BAO. 
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#>AB@>5=85 >@30=>;5?B8G5A:8E ?@>D8;59 1570;:>3>;L=KE =0?8B:>2 =0 >A=>25 $% <>65B 
>ACI5AB2;OBLAO ?> :;0AB5@0<: 45A:@8?B>@K 2=5H=53> 2840, 45A:@8?B>@K 2:CA0; 45A:@8?B>@K 
0@><0B0 8 B.4. �>7<>6=> 2K45;8BL :;0AB5@ D;592>@0, O2;ONI53>AO :><?;5:A=K< >ICI5=8-
5< 2 ?>;>AB8 @B0, 2K720==K< 2:CA><, 70?0E>< 8 B5:ABC@>9 ?8I52>3> ?@>4C:B0 2> 2@5<O 453C-
AB0F88. !081>;55 7=0G8<K5 45A:@8?B>@K D>@<8@CNB ?0=5;L 45A:@8?B>@>2, :>B>@0O >B@060-
5B A5=A>@=>5 2>A?@8OB85 ?@>4C:B0 2 F5;><. 
!0 >A=>20=88 @57C;LB0B>2, ?>;CG5==KE <5B>4>< 45A:@8?B>@=>-?@>D8;L=>3> 0=0;870, 

?@8=8<0NBAO @5H5=8O >1 >:>=G0B5;L=>< :><?>=5=B=>< A>AB025 =0?8B:>2. 
6. $07@01>B:0 B5E=>;>388 =0?8B:0: 
– >1>A=>20=85 8 @07@01>B:C B5E=>;>38G5A:8E @568<>2 ?>43>B>2:8 $% : 2=5A5=8N; 
– >1>A=>20=85 2K1>@0 AB0488 4;O 2=5A5=8O 8 MDD5:B82=>3> A?>A>10 2=5A5=8O ?>;CD01@8-

:0B0 87 @0AB8B5;L=>3> AK@LO, ?>72>;ONI53> <0:A8<0;L=> >15A?5G8BL 7=0G5=85 ?>:070B5;O, 
E0@0:B5@87CNI53> �"-;  
– >1>A=>20=85 B5E=>;>38G5A:8E @568<>2 ?@>872>4AB20 8 A?>A>10 >1@01>B:8 =0?8B:0;  
– @07@01>B:0 :@8B8G5A:8E :>=B@>;L=KE B>G5: 2 =>B0F88 !�%%$ ?> %&� 1470 4;O >15A?5-

G5=8O 2KA>:>3> A0=8B0@=>-38385=8G5A:>3> C@>2=O ?@>872>4AB20 =0?8B:0 8 53> 157>?0A=>AB8. 
"1I0O AE5<0 ?@>872>4AB20 1570;:>3>;L=KE =0?8B:>2 =0 >A=>25 $% 2:;NG05B A;54CNI85 

MB0?K: 
– ?>43>B>2:0 @0AB8B5;L=>3> 8 ?@>G53> AK@LO, 2:;NG0NI53> ?@85<:C, <>9:C, 8=A?5:F8N, 

87<5;LG5=85 AK@LO; 
– ?@83>B>2;5=85 ?>;CD01@8:0B>2 87 @0AB8B5;L=>3> AK@LO (M:AB@0:B>2, A>:>2, =0AB>52, A8-

@>?>2, >A=>2, :><?>78F89, ?>@>H:>2); 
– >A=>2=>9 MB0? ?@>872>4AB20 (:C?068@>20=85 =0?8B:0, A1@06820=85 8 B.?.) 
– @>7;82, >:>=G0B5;L=0O >1@01>B:0. 
7. �AA;54>20=85 ?>B@518B5;LA:8E A2>9AB2 =0?8B:0:  
– 2K@01>B:0 >?KB=KE ?0@B89 =0?8B:0;  
– 8AA;54>20=85 ?>B@518B5;LA:8E A2>9AB2 =07=0G5=8O;  
– 8AA;54>20=85 A2>9AB20 A>E@0=O5<>AB8 =0?8B:0, 2:;NG0O 87CG5=85 2;8O=8O A@>:>2 8 CA-

;>289 E@0=5=8O =0 A>E@0=O5<>ABL (#� 8 "�# :0: ?>:070B5;O �"- =0?8B:0; 
– CAB0=>2;5=85 30@0=B89=KE A@>:>2 3>4=>AB8; 
– >?@545;5=85 ?>:070B5;59 157>?0A=>AB8;  
– >?@545;5=85 C@>2=O C4>2;5B2>@5=8O 045:20B=>9 =>@<K 2 (#� ?@8 ?>B@51;5=88 @5:>-

<5=4C5<>3> :>;8G5AB20 ?@>4C:B0 A F5;LN ?>78F8>=8@>20=8O @07@01>B0==>3> ?@>4C:B0 :0: 
?@>4C:B0 74>@>2>3> ?8B0=8O;  
– ?>4B25@645=85 A>>B25BAB28O =07=0G5=8O ?@>4C:B0 <5B>40<8 4>:070B5;L=>9 <548F8=K; 
– @07@01>B:0 @5:><5=40F89 ?> ?@8<5=5=8N. 
8. $07@01>B:0 8 CB25@645=85 :><?;5:B0 B5E=8G5A:>9 4>:C<5=B0F88: B5E=8G5A:85 CA;>28O 

=0 ?@>4C:B, B5E=>;>38G5A:0O @5F5?BC@0 8 B5E=>;>38G5A:0O 8=AB@C:F8O.  
9. "F5=:0 M:>=><8G5A:>9 8 A>F80;L=>9 MDD5:B82=>AB8 ?@>5:B0. 
 5B>48:0 ?@>5:B8@>20=8O >A=>2>?>;030NI8E B>20@>254=KE E0@0:B5@8AB8: =0?8B:>2  

A 0=B8>:A840=B=K< MDD5:B>< >1>1I5=0 2 B01;. 2. 
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&45?. 2.  5B>48:0 ?@>5:B8@>20=8O >A=>2>?>;030NI8E B>20@>254=KE E0@0:B5@8AB8: =0?8B:>2  
A 0=B8>:A840=B=K< MDD5:B>< 

Table 2. Methodology of designing the fundamental commodity characteristics of drinks with antioxidant 

effect 
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SUBSTANTIATION OF GERMINATION TECHNOLOGY OF WHEAT AND HULLES 

OATS IN A GRAIN MIXTURE FOR FUNCTIONAL INGREDIENT PRODUCTION 

M. M. Haldova, A. M. Ourbantchik 

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

ABSTRACT  
Introduction. The technology of polymalt healthy food products based on germinated grain is a resource 
consuming one due to the need to carry out operations for separate germination of different cereals. The hy-
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pothesis consists in the germination of grain as a part of a mixture in order to reduce the number of technolo-
gical operations and the resource intensity of the technology. The scientific task is to substantiate the tech-
nology of germination of two cereal species together (wheat and hulles oats) to obtain a cereal-based func-
tional ingredient.  
Materials and methods.  Samples of high quality and food grains of wheat and hulles oats, samples of ger-
minated wheat and hulles oats based mixtures. Standardized and generally accepted research methods. 
Results. Integration ranges of water and air rest of the germination process of wheat and hulles oats at an air 
temperature of 5...25 °C were established for the first time, thus indicating the possibility of germinating two 
crops together. The ratio of grain germinated in the composition of mixtures affects the biological, nutritional 
and energy values of polymalt healthy food products. At a grain ratio of 50:50, an allelopathic effect was 
observed, which was characterized by the lowest growth activity of the mixture (3,3 %×h-1

) and a low bio-
logical and nutritional value of the product. The synergistic effect of interaction was revealed in germinating 
two kinds of cereals together 60:40 (wheat / hulles oats) and was characterized by the minimum time of the 
germination process (21 h) and the maximum growth activity of the mixture (4,4 %×h-1

), as well as high bio-
logical and nutritional value of the mixture. The grain germinated at this ratio has high nutritional value, for 
example, the integral score for protein and dietary fiber being 22,7 % and 39,0 % respectively. 
Conclusions. It is recommended to carry out germination of wheat and hulles oats mixture in a ratio of 
60:40, which makes it possible to obtain a high quality functional ingredient for the food and cosmetic indus-
tries using resource-saving technology. 

KEY WORDS: grain; wheat; hulles oats; grain mixture; technological properties; chemical composition; 

biological value; nutritional value; germination; optimization; synergistic effect; allelopathic effect; essen-

tial substances; functional ingredient. 
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<0G820=8O. �;O 70<0G820=8O 75@=0 8A?>;L7>20;8 2>4>?@>2>4=CN 2>4C A B5<?5@0BC@>9 
9±1 º%. #@>@0I820=85 >ACI5AB2;O;8 2 ACE>2>74CH=>< B5@<>AB0B5 <0@:8 IPP 55 Memmert, 2 
:>B>@>< ?>445@6820;0AL ?>AB>O==0O B5<?5@0BC@0 A>3;0A=> M:A?5@8<5=BC 8 >B=>A8B5;L=0O 
2;06=>ABL 2>74CE0 85 % 2 B5G5=858 30 G. #@>F5AA ?@>@0I820=8O :>=B@>;8@>20;8 287C0;L=> 
8 7025@H0;8 ?@8 A>45@60=88 2 >1@07F0E =5 <5=55 75 % 75@5= ?H5=8FK 8 >2A0 3>;>75@=>3> A 
4;8=>9 @>AB:>2, =5 ?@52KH0NI59 2,0 <<. #@8 4;8=5 @>AB:0, ?@52KH0NI59 2,0 <<, 18>;>-
38G5A:0O F5==>ABL ?@>@>I5==>3> 75@=0 A=8605BAO 2284C ?>B5@8 ACE8E 25I5AB2, :>B>@K5 
@0AE>4CNBAO =0 @0728B85 70@>4KH0. #@8 4;8=5 @>AB:0, =5 ?@52KH0NI59 0,5 <<, =5 ?@>8AE>-
48B =5>1E>48<>3> @0AI5?;5=8O E8<8G5A:8E 25I5AB2 8 C25;8G5=8O 18>;>38G5A:>9 F5==>AB8 
75@=0 [31]. �AE>4O 87 MB8E A2545=89 >?@545;O;8 ?@>4>;68B5;L=>ABL ?@>@0I820=8O 75@=0, 
?@8 :>B>@>9 4;8=0 @>AB:0 C =5 <5=55 75 % 75@5= A>AB028B 0,5–2,0 <<. 
-=5@38N ?@>@0AB0=8O 75@=0 8 75@=>2KE A<5A59 >?@545;O;8 ?> �"%& 10968, 687=5A?>A>1-

=>ABL – ?> �"%& 12039. -:A?@5AA-0=0;87 687=5A?>A>1=>AB8 75@=0 :>=B@>;8@>20;8 A ?><>-
ILN 0??0@0B0 4;O >?@545;5=8O ?@>@0AB0=8O 75@=0 Germ Pro. 
"B1>@ ?@>1, <5B>4K >?@545;5=8O 28B0<8=>2 >ACI5AB2;O;8 2 A>>B25BAB288 A  

�"%& 7047–55. %>45@60=85 28B0<8=0 �1 8 �2 >?@545;O;8 <5B>4>< 2KA>:>MDD5:B82=>9 684-
:>AB=>9 E@><0B>3@0D88 A>3;0A=>  ��. ! 2052 8  ��. ! 2147, 28B0<8=0 �6 8 D>;852>9 
:8A;>BK 2 75@=5 8 75@=>2KE A<5AOE – <5B>4>< 2KA>:>MDD5:B82=>9 684:>AB=>9 E@><0B>3@0-
D88 A>3;0A=> �"%& EN 14663 8  ��. ! 2146, β-:0@>B8=0 – A?5:B@>D>B><5B@8G5A:8< <5-
B>4>< ?>  ��. ! 3239, 28B0<8=0 $$ – :>;>@8<5B@8G5A:8< <5B>4>< ?> �"%& 29140, 28B0-
<8=0 � –:>;>@8<5B@8G5A:8< <5B>4>< ?> �"%& 30627.3. 
%>45@60=85 0<8=>:8A;>B >?@545;O;8 A ?><>ILN 2KA>:>MDD5:B82=>9 684:>AB=>9 E@>-

<0B>3@0D88 –  ��. ! 1363. �8>;>38G5A:CN F5==>ABL 15;:0 ?> 0<8=>:8A;>B=><C A>AB02C 
>F5=820;8 ?@8 A@02=5=88 53> A 0<8=>:8A;>B=K< A>AB02>< «8450;L=>3>» 15;:0. � :0G5AB25 
«8450;L=>3>» 15;:0 ?@8<5=O;8 0<8=>:8A;>B=CN H:0;C �><8B5B0 (�"/�"�. �8<8B8@CN-
ICN :8A;>BC 2 8AA;54C5<>< 15;:5 CAB0=02;820;8 ?> =08<5=LH5<C A:>@C. 
#>43>B>2:C ?@>1 <8=5@0;L=KE M;5<5=B>2 ?@>2>48;8 ?> 8=AB@C:F88 4.1.10-14-5 <5B>4>< 

02B>:;02=>9 ?@>1>?>43>B>2:8, 0 B0:65 <8=5@0;870F859 ?> �"%& 26929. %>45@60=85 <03=8O 
>?@545;O;8 0B><=>-01A>@1F8>==K< <5B>4>< ?> �"%& 30502, A5;5=0 – D;C>@8<5B@8G5A:>9 
<5B>48:>9 A>3;0A=> 8=AB@C:F88 4.1.10-15-12; <548, F8=:0 8 65;570 – 0B><=>-
01A>@1F8>==K< <5B>4>< ?> �"%& 30178, :0;8O – ?> �"%& 30504, D>AD>@0 8 :0;LF8O – ?> 
 ��. ! 1792 A ?><>ILN A?5:B@><5B@0 A RL 3410+. 

 

$��'�0&�&/ � �) "�%'���!�� 

$57C;LB0BK 8AA;54>20=8O ?@54AB02;5=K 2 ?5@5AG5B5 =0 ACE>5 25I5AB2>. #@>2545= :><-
?;5:A=K9 0=0;87 :0G5AB20 A>@B>2 ?H5=8FK %C40@K=O, �0A:0, '74K< 8 ?@>4>2>;LAB25==>3> 
75@=0, @09>=8@>20==KE 2 $5A?C1;8:5 �5;0@CAL. #>;CG5=K 40==K5 ?>:070B5;59 D878:>-

E8<8G5A:8E A2>9AB2: =0BC@0 656–785 3/;, <0AA0 1000 75@5= 30,5–47,1 3, ?;>B=>ABL  
30,5–1,40 3/A<3, >1J5< 75@=>2:8 30–40 <<3; E8<8G5A:>3> A>AB020: 15;>: 11,5–14,3 %, :@0E<0; 
55,7–61,8 %, A0E0@0 1,0–3,5 %, :;5BG0B:0 7,3–10,2 %, 68@ 1,0–2,5 %.  �KA>:8<8 ?>:070B5;O<8 
D878:>-E8<8G5A:8E A2>9AB2 E0@0:B5@87>20;8AL A>@B0 ?H5=8FK �0A:0 8 %C40@K=O.  
#@>0=0;878@>20=> :0G5AB2> A>@B>2 >2A0 3>;>75@=>3> �>H0, �0=4@>ў=i:, �>@>;5: 8 ?@>4>-

2>;LAB25==>3> 75@=0, 2K@0I8205<KE =0 B5@@8B>@88 $5A?C1;8:5 �5;0@CAL. #>;CG5=K 40==K5 
?>:070B5;59 D878:>-E8<8G5A:8E A2>9AB2 8 E8<8G5A:>3> A>AB020: =0BC@0 650–700 3/;, <0AA0 
1000 75@5= 21,0–31,6 3, ?;>B=>ABL 1,28–1,51 3/A<3, >1J5< 75@=>2:8 19–21 <<3

; 15;>:  



  �еEF=и> ��'&, 2023 № 1(34) 

 

 

 

 

 

49 

15,1–17,5 %, :@0E<0; 54,7–59,0 %, A0E0@0 2,1–3,0 %, :;5BG0B:0 2,2–3,0 %, 68@ 4,1–5,2 %.  �K-
A>:8<8 ?>:070B5;O<8 D878:>-E8<8G5A:8E A2>9AB2 E0@0:B5@87>20;8AL A>@B0 >2A0 3>;>75@=>3> 
�0=4@>ў=i: 8 �>@>;5:. #>;CG5==K5 @57C;LB0BK ?>:070B5;59 75@=0 >2A0 3>;>75@=>3> A>3;0-
ACNBAO A 40==K<8 02B>@>2 �0ALO=>2>9, �08B>2>9 8 �C18=>9 4;O A>@B>2 (�>H0 8 �0=4@>ў=i:) 
2007–2011 33. C@>60521, 2

. 

#>;CG5==K5 480?07>=K 20@80F89 8AA;54C5<KE ?>:070B5;59 4;O 75@=0 ?H5=8FK 8 >2A0 3>-
;>75@=>3> =0E>4OBAO =0 C@>2=5 A@54=5AB0B8AB8G5A:8E 40==KE >B5G5AB25==KE 8 70@C156=KE 
8AB>G=8:>2 [26–29]. !0 40==>< MB0?5 @01>BK 2KOA=8;8, GB> ?H5=8F0 8 >25A 3>;>75@=K9 
8<5NB F5==K9 =CB@85=B=K9 A>AB02, >4=0:> 2284C A5@L57=KE >B;8G89 D878:>-E8<8G5A:8E 
A2>9AB2 ?@8 ?5@5@01>B:5 B@51CNBAO @0745;L=K5 B5E=>;>38G5A:85 >?5@0F88: >G8AB:0 >B ?@8-
<5A59 8 A>@B8@>20=85. 
!0 A;54CNI5< MB0?5 ?@>2>48;8 @0745;L=>5 ?@>@0I820=85 75@=0 ?H5=8FK 8 >2A0 3>;>-

75@=>3> 2 480?07>=5 B5<?5@0BC@ 5&30 º% ?> ?>;CG5==K< @0=55 >?B8<0;L=K< @568<0<. � 
A>>B25BAB288 A =>@<0B82=>9 4>:C<5=B0F859, A@54=59 B5<?5@0BC@>9 2 B5?;K9 8 E>;>4=K9 
?5@8>4K 3>40 =0 @01>G8E <5AB0E ?@>872>4AB25==KE ?><5I5=89 O2;O5BAO 20 º%, ?>MB><C @5-
7C;LB0BK 8AA;54>20=89 2 AB0BL5 ?@54AB02;5=K =0 ?@8<5@5 40==>9 B5<?5@0BC@K. $57C;LB0BK 
8AA;54>20=89 ?@54AB02;5=K 2 B01;. 1. 
 

&45?. 1. "?B8<0;L=K5 @568<K ?@>@0I820=8O 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> (B5<?5@0BC@0 
2>74CE0 (20±1) º%) 

Table 1. Optimal modes of germination of wheat and hulles oats (air temperature (20±1) º%) 

#>:070B5;8 

#5@2K9 MB0? 

?@>@0I820=8O 
�B>@>9 MB0? 

?@>@0I820=8O #@>4>;68B5;L=>ABL 
?@>@0I820=8O, G �>4=0O 

?0C70, G 
�>74CH=0O 
?0C70, G 

�>4=0O 
?0C70, G 

�>74CH=0O 
?0C70, G 

#H5=8F0  5,8–7,0 5,3–6,6 5,3–5,9 4,6–5,4 21,0–24,9 

"25A 3>;>75@=K9 5,2–6,4 4,5–5,9 5,4–6,1 4,0–5,0 19,1–23,4 

�=B53@0;L=K9 480?07>=, G 5,8–6,4 5,3–5,9 5,4–5,9 4,6–5,0 21,1–23,2 

 

�=0;87 M:A?5@8<5=B0;L=KE 40==KE, ?@54AB02;5==KE 2 B01;. 1, ?>:070;, GB> CAB0=>2;5=-
=K5 >?B8<0;L=K5 @568<K ?@>@0I820=8O 8AA;54C5<KE :C;LBC@ ?>72>;ONB >?@545;8BL 4;8-
B5;L=>ABL 2>4=>-2>74CH=KE ?0C7 ?5@2>3> 8 2B>@>3> MB0?>2 ?@>@0I820=8O 75@=0 (A 687=5-
A?>A>1=>ABLN =5 <5=55 75 %) 8 >15A?5G8BL <0:A8<0;L=K9 2KE>4 ?@>@>I5==>3> 75@=0 A 4;8-
=>9 @>AB:0, =5 ?@52KH0NI59 B@51C5<>3> B5E=>;>3859 7=0G5=8O (>B 0,5 4> 2 <<), 70 <8=8-
<0;L=>5 2@5<O (>B 19,1 4> 24,9 G) ?@8 B5<?5@0BC@5 2>74CE0  (20±1) º%. �:B82=>ABL @>AB0 75@-
=0 ?> >:>=G0=88 ?@>F5AA0 ?@>@0I820=8O ?@8 40==KE @568<0E O2;O5BAO <0:A8<0;L=>9 8 A>-
AB02;O5B 3,6 %×G–1 4;O ?H5=8FK 8 3,95 %×G–1 4;O >2A0 3>;>75@=>3>. 
�7<5=5=85 2;06=>AB8 75@=0 2 ?@>F5AA5 ?@>@0I820=8O 2 :>=5G=KE B>G:0E ?0C7 ?@54AB02-

;5=> 2 B01;. 2 
 

                                                           
1
 �C18=0, &. �. &5E=>;>38O ?@>872>4AB20 <C:8 87 >2A0 3>;>75@=>3>: 48A. ... :0=4. B5E=. =0C:: 05.18.01 /  
&. �. �C18=0. –  >38;52A:89 3>AC40@AB25==K9 C=825@A8B5B ?@>4>2>;LAB28O. –  >38;P2, 2013. – 233 A. 
2
 �08B>20, %. !. &5E=>;>38O :@C?K 8 E;>?L52 87 >2A0 3>;>75@=>3>: 48A. ... :0=4. B5E=. =0C:: 05.18.01 / %. !. �08-
B>20. –  >38;52A:89 3>AC40@AB25==K9 C=825@A8B5B ?@>4>2>;LAB28O. –  >38;P2, 2012. – 198 A. 
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&45?. 2. �;06=>ABL 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 2 ?@>F5AA5 ?@>@0I820=8O (B5<?5@0BC@0 
2>74CE0 (20±1) º%) 

Table 2 Humidity of wheat grain and hulles oats during germination (air temperature (20±1) º%) 

!08<5=>20=85  
?0C7K 

�;06=>ABL 75@=0, % 

#5@20O 2>4=0O 
 ?0C70, G 

#5@20O 2>74CH=0O 
?0C70, G 

�B>@0O 2>4=0O  
?0C70, G 

�B>@0O 2>74CH=0O 
?0C70, G 

#H5=8F0  38,5±0,5 37,7±0,7 45,3±0,3 44,5±0,4 
"25A 3>;>75@=K9 40,5±0,4 39,3±0,6 46,3±0,3 45,3±0,3 

 

�=0;87 40==KE ?>:070;, GB> ?@8 B5<?5@0BC@5 20±1 º% ACI5AB2C5B >1I89 480?07>= @568-
<>2 ?@>F5AA0 ?@>@0I820=8O 42CE :C;LBC@. %;54>20B5;L=>, <>6=> A45;0BL 2K2>4 > 2>7<>6-
=>AB8 A>2<5AB=>3> ?@>@0I820=8O 8AA;54C5<KE :C;LBC@. &0:65 1K;8 ?@>2545=K 8AA;54>20-
=8O ?@>F5AA0 ?@>@0I820=8O ?@8 B5<?5@0BC@5 2>74CE0 5–30 º%, 2 E>45 :>B>@KE CAB0=>2;5=0 
8=B53@0F8O @568<>2 ?@>@0I820=8O ?H5=8FK 8 >2A0 3>;>75@=>3> 8 >1I89 480?07>= 7=0G5-
=89. "4=0:> 2284C 8=B5=A82=>3> 4KE0=8O 8, :0: A;54AB285, «70:8A0=8O» >2A0 3>;>75@=>3> 
?@8 30 º% 40==K9 B5<?5@0BC@=K9 @568< 1K; 8A:;NG5= 87 40;L=59H8E 8AA;54>20=89. 
#>;CG5==K5 40==K5 A2845B5;LAB2CNB > B><, GB> A>2<5AB=>5 ?@>@0I820=85 8AA;54C5<KE 

:C;LBC@ 2>7<>6=> ?@8 B5<?5@0BC@5 2>74CE0 5–25 º%. � @57C;LB0B5 87CG5=8O 2;8O=8O 2@5<5=8 
?@>@0I820=8O (>B 0 4> 25 G) =0 E8<8G5A:89 A>AB02 ?@>@>I5==>3> 75@=0 8AA;54C5<KE :C;L-
BC@ CAB0=>2;5=>, GB> 7=0G8B5;L=K5 87<5=5=8O 4;O >2A0 3>;>75@=>3> ?@>8AE>4OB =0G8=0O  
A 10 G ?@>@0I820=8O, 4;O 75@=0 ?H5=8FK A 15 G ?@>@0I820=8O 2:;NG8B5;L=>.  
#@>2545=0 A@02=8B5;L=0O E0@0:B5@8AB8:0 E8<8G5A:>3> A>AB020 =0B82=>3> 75@=0 (0 G) 8 

?@>@>I5==>3> 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> (25 G). � ?@>F5AA5 18>E8<8G5A:8E ?@5-
2@0I5=89 ?@>8AE>48B @0AI5?;5=85 A;>6=KE >@30=8G5A:8E 25I5AB2 75@=0 2 A@54=5< =0 32 % 

C ?H5=8FK 8 =0 24 % C >2A0 3>;>75@=>3>, C25;8G8205BAO AC<<0@=>5 A>45@60=85 28B0<8=>2 
�1, �2, �6, �9, $$, �, β-:0@>B8= 2 1,4 @070 C ?H5=8FK 8 1,5 @070 C >2A0 3>;>75@=>3>, C25;8G8-
205BAO AC<<0@=>5 A>45@60=85 =570<5=8<KE 0<8=>:8A;>B =0 25,4 % 2 100 3 15;:0 ?H5=8FK, 
=0 37,3 % 2 100 3 15;:0 >2A0 3>;>75@=>3>. 
�AA;54>20=85 A2>9AB2 AK@LO >1;53G05B >?@545;5=85 B@51C5<KE B5E=>;>38G5A:8E @568<>2 

8 45;05B 2>7<>6=K< <0:A8<0;L=>5 8A?>;L7>20=85 ?@>872>4AB25==>3> >1>@C4>20=8O, A=860O 
?>B5@8 2 E>45 ?@>872>4AB20 8 C;CGH0O :0G5AB2> 2K@010BK205<>9 ?@>4C:F88. #>MB><C =0 
A;54CNI5< MB0?5 87CG8;8 E8<8G5A:89 A>AB02 8 ?@>0=0;878@>20;8 A>45@60=85 =CB@85=B>2 
?@>@>I5==>3> 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3>. $57C;LB0BK 8AA;54>20=89 ?@54AB02;5=K 2 
B01;. 3.  

�7 40==KE, ?@54AB02;5==KE 2 B01;. 3, A;54C5B, GB> >25A 3>;>75@=K9 ?@>@>I5==K9 E0@0:-
B5@87C5BAO 2KA>:8< A>45@60=85< <0AA>2>9 4>;8 15;:0, ?@52KH0NI89 40==K9 ?>:070B5;L 
?H5=8FK ?@>@>I5==>9 =0 4,5 %. !01;N40NBAO @07;8G8O ?> A>45@60=8N :@0E<0;0 <564C 
8AA;54C5<K<8 :C;LBC@0<8. 
"25A 3>;>75@=K9 ?@>@>I5==K9 E0@0:B5@87C5BAO =08<5=LH8< A>45@60=85< :@0E<0;0 ?> 

A@02=5=8N A ?H5=8F59 ?@>@>I5==>9 =0 2,7 %.  �=0G8B5;L=>5 @07;8G85 <564C 8AA;54C5<K<8 
?>:070B5;O<8 8<55B <0AA>20O 4>;O :;5BG0B:8. 'AB0=>2;5=>, GB> A>45@60=85 :;5BG0B:8 2 
?@>@>I5==>9 ?H5=8F5 =0 13 % 2KH5, G5< C >2A0 3>;>75@=>3>. %>45@60=85 <0AA>2>9 4>;8 
A0E0@>2 8 68@0 >2A0 3>;>75@=>3> ?@>@>I5==>3> ?@52KH05B A>45@60=85 40==KE ?>:070B5;59 
?@>@>I5==>9 ?H5=8FK =0 4,5 8 4,8 % A>>B25BAB25==>. �KOA=8;8, GB> >25A 3>;>75@=K9 ?@>-
@>I5==K9 >B;8G05BAO 2KA>:>9 M=5@35B8G5A:>9 F5==>ABLN 8 E0@0:B5@87C5BAO 1>;55 2KA>:8< 
A>45@60=85< <0AA>2>9 4>;8 15;:0, A0E0@>2 8 68@0, 2 B> 2@5<O :0: ?H5=8F0 ?@>@>I5==0O 
8<55B 2KA>:85 ?>:070B5;8 <0AA>2>9 4>;8 :@0E<0;0 8 ?8I52KE 2>;>:>=.  
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&45?. 3. )8<8G5A:89 A>AB02 8 M=5@35B8G5A:0O F5==>ABL ?@>@>I5==>3> 75@=0 ?H5=8FK 8 >2A0  
3>;>75@=>3> (2 ?5@5AG5B5 =0 ACE>5 25I5AB2>) 

Table 3. Chemical composition and energy value of germinated wheat and hulles oats (in terms of dry 

matter) 

#>:070B5;8 #H5=8F0 ?@>@>I5==0O "25A 3>;>75@=K9 ?@>@>I5==K9 

 0AA>20O 4>;O 15;:0, % 14,8 19,3 

 0AA>20O 4>;O :@0E<0;0, % 61,6 58,9 

 0AA>20O 4>;O :;5BG0B:8, % 16,9 3,9 

 0AA>20O 4>;O 68@0, % 1,5 6,3 

 0AA>20O 4>;O A0E0@>2, % 3,3 7,8 

-=5@35B8G5A:0O F5==>ABL, :�6 6798 7077 

-=5@35B8G5A:0O F5==>ABL, ::0; 400 416 

 
�06=>9 E0@0:B5@8AB8:>9 ?5@5@010BK205<>3> 75@=0 O2;O5BAO >F5=:0 A>45@60=8O 28B0<8-

=>2 8 0<8=>:8A;>B A F5;LN 40;L=59H53> A>E@0=5=8O 8E ?@8 ?5@5@01>B:5. � ?@>F5AA5 @07-
45;L=>3> ?@>@0I820=8O 1K; 8AA;54>20= 28B0<8==K9 8 0<8=>:8A;>B=K9 A>AB02 ?@>@>I5=-
=>9 ?H5=8FK 8 >2A0 3>;>75@=>3>. $57C;LB0BK ?@54AB02;5=K 2 B01;. 4. 

&45?. 4. %>45@60=85 28B0<8=>2 8 0<8=>:8A;>B (<3/100 3 ?@>4C:B0)  

Table 4. The content of vitamins and amino acids (mg / 100 g of the product) 

#>:070B5;8 
#H5=8F0  
?@>@>I5==0O 

"25A 3>;>75@=K9  
?@>@>I5==K9 

#>:070B5;8 
#H5=8F0 
?@>@>I5==0O  

"25A 3>;>75@=K9 

?@>@>I5==K9  
�8B0<8=K: &@5>=8= 723,7 840,2 

�1  0,23 0,45 (5=8;0;0=8= 771,9 1219,2 

�2 0,11 0,12 !570<5=8<K5 4698,4 6059,5 

�6 0,12 0,23 �A?0@038=>20O  745,3 1352,6 

�9 0,27 0,40 �;NB0<8=>20O 5158 4098,1 

$$ 7,86 1,68 %5@8= 710,8 891,6 

β-:0@>B8= 0,28 0,10 �;8F8= 739,2 818,1 

� 1,08 0,76 �;0=8= 722,2 1169,1 

�<8=>:8A;>BK: �@38=8= 649,7 551,1 

�0;8= 622,6 766,1 #@>;8= 1141,1 1451,8 

�7>;59F8= 786,5 944,2 *8AB58= 258,5 276,5 

�59F8= 1146,8 1519,3 �8AB848= 444,5 755,2 

�878= 636,9 720,5 &8@>78= 551,5 615,2 

 5B8>=8= �>;55 10 �>;55 50 �0<5=8<K5  11120,8 11979,3 

 
�=0;87 ?>;CG5==KE 40==KE 2 B01;. 4 ?>:070;, GB> ?@>@>I5==>5 75@=> >2A0 3>;>75@=>3> 

E0@0:B5@87C5BAO 1>;55 1>30BK< A>45@60=85< 28B0<8=>2 �1, �2, �6, �9 8 0<8=>:8A;>B: A>45@-
60=85 28B0<8=0 �2 1>;LH5 2 1,1 @070, �9 – 2 1,5 @070, �6 – 2 1,9 @070, �1 2 2 @070. #@>@>I5==>5 
75@=> ?H5=8FK A>45@68B 2 1,4 @070, 2,8 @070 8 2 4,7 @070 1>;LH5 28B0<8=0 �, β-:0@>B8=0 8 $$ 
A>>B25BAB25==>. �5@=> ?@>@>I5==>3> >2A0 3>;>75@=>3> 2 1,3 @070 ?@52>AE>48B ?@>@>I5==>5 
75@=> ?H5=8FK ?> AC<<0@=><C :>;8G5AB2C =570<5=8<KE 0<8=>:8A;>B. #> A>45@60=8N 70-
<5=8<KE 0<8=>:8A;>B ?@>@>I5==>5 75@=> >2A0 3>;>75@=>3> ?@52>AE>48B ?@>@>I5==CN 
?H5=8FC: A5@8=0, ?@>;8=0, 0;0=8=0, 38AB848=0 1>;LH5 2 1,2–1,7 @070, 0A?0@038=>2>9 :8A;>-
BK – 2 1,8 @070.  
�725AB=>, GB> ?8I520O F5==>ABL ?@>4C:B>2 >1CA;>2;5=0 =5 B>;L:> A>45@60=85< <0:@>-

=CB@85=B>2 (15;:8, 68@K, C3;52>4K, <0:@>M;5<5=BK) 8 <8:@>=CB@85=B>2 (28B0<8=K, D5@-
<5=BK 8 <8:@>M;5<5=BK), => 8 A?>A>1=>ABLN C4>2;5B2>@OBL ?>B@51=>ABL >@30=87<0 G5;>25:0 
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2 M=5@388, =5>1E>48<>9 4;O >15A?5G5=8O ?>;=>F5==>3> 74>@>2LO1
. �0==K5 ?> C4>2;5B2>@5-

=8N ACB>G=>9 ?>B@51=>AB8 G5;>25:0 2 >A=>2=KE =CB@85=B0E 8AA;54C5<KE >1@07F>2 ?@82545-
=K =0 @8A. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

$<E. 1. %B5?5=L C4>2;5B2>@5=8O ACB>G=>9 ?>B@51=>AB8 G5;>25:0 2 >A=>2=KE =CB@85=B0E,  
A>45@60I8EAO 2 100 3 ?@>@>I5==>3> 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 

Fig. 1. The degree of a person's daily need meeting for basic nutrients contained in 100 g  

of germinated wheat and hulles oats grain 

�=0;87 M:A?5@8<5=B0;L=KE 40==KE, ?@54AB02;5==KE =0 @8A. 1, ?>72>;8; CAB0=>28BL, GB> 
AB5?5=L C4>2;5B2>@5=8O ACB>G=>3> ?>B@51;5=8O 15;:0 8AA;54C5<KE :C;LBC@ :>;51;5BAO 2 
?@545;0E >B 19,7 4> 25,7 %, C4>2;5B2>@5==>ABL ACB>G=>9 ?>B@51=>AB8 2 C3;52>40E 20@L8@C5B-
AO >B 19,3 4> 22,4 %, A0E0@0 >B 5,1 4> 12,0 %, 68@0 >B 1,8 4> 7,6 %. %B5?5=L C4>2;5B2>@5=8O 
ACB>G=>3> ?>B@51;5=8O ?8I52KE 2>;>:>= 8AA;54C5<KE :C;LBC@ A>AB02;O5B >B 13,0 4> 56,3 %.  

�AA;54>20= ?@>F5AA ?@>@0I820=8O A5<O= 2 A<5A8 ?@8 @07;8G=>< ?@>F5=B=>< A>>B=>H5-
=88 8 MDD5:B 8E 2708<>459AB28O. � ;8B5@0BC@5 =5B A2545=89 > A>2<5AB=>< ?@>@0I820=88 
?H5=8FK 8 >2A0 3>;>75@=>3> 15;>@CAA:>9 A5;5:F88 8 > 2;8O=88 8E 18>?>;8<5@>2 4@C3 =0 
4@C30. #@>F5AA ?@>@0I820=8O A<5A8 ?@>872>48;AO ?@8 B5<?5@0BC@5 2>74CE0 (20±1) º% ?> 
7=0G5=8O< 8=B53@0;L=>3> 480?07>=0 (?5@2K9 MB0?: 2>4=0O ?0C70 A>AB028;0 5,8–6,4 G; 2>74CH-
=0O ?0C70 5,3–5,9 G; 2B>@>9 MB0?: 2>4=0O ?0C70 A>AB028;0 5,4–5,9 G; 2>74CH=0O ?0C70  
4,6–5,0 G). #@>F5AA :>=B@>;8@>20;8 :0: 8 ?@8 @0745;L=>< ?@>@0I820=88, 287C0;L=>, 8 70-
25@H0;8 ?@8 A>45@60=88 2 >1@07F0E =5 <5=55 75 % 75@5= A<5A8 A 4;8=>9 @>AB:>2, =5 ?@52K-
H0NI59 2 <<. �;06=>ABL A<5A59 ?> >:>=G0=88 M:A?5@8<5=B0 20@L8@>20;0AL 2 480?07>=5 >B 
43 4> 45 %. $57C;LB0BK A>2<5AB=>3> ?@>F5AA0 ?@>@0I820=8O 75@=0 ?H5=8FK 8 >2A0 3>;>75@-
=>3> 2 ?@>F5=B=>< A>>B=>H5=88 >B 10 4> 90 ?@82545=K =0 @8A. 2.  
� @57C;LB0B5 0=0;870 40==KE, ?@54AB02;5==KE =0 @8A. 2, 2KOA=8;8, GB> ?@8 2=5A5=88 : >A-

=>2=>9 <0AA5 75@=0 ?H5=8FK A5<O= >2A0 3>;>75@=>3> ?@>A;568205BAO B5=45=F8O A=865=8O 
4;8B5;L=>AB8 ?@>@0I820=8O 8 C25;8G5=8O 0:B82=>AB8 @>AB0 A<5A8, 0 ?@8 2=5A5=88 : >A=>2-
=>9 <0AA5 75@=0 >2A0 3>;>75@=>3> A5<O= ?H5=8FK – A=865=85 0:B82=>AB8 @>AB0 8 ?@>4>;68-
B5;L=>AB8 ?@>F5AA0 ?@>@0I820=8O. 'AB0=>2;5=>, GB> 2A5 8AA;54C5<K5 >1@07FK A<5A8 A>45@-
60B =5 <5=55 75 % ?@>@>AH8E 75@5= 2 480?07>=5 >B 0,5 4> 2 <<, ?@>4>;68B5;L=>ABL ?@>@0-
I820=8O A<5A8 =0E>48BAO 2 ?@545;0E 8=B53@0;L=>3> 480?07>=0 8 A>AB02;O5B 21,0–23,6 G. �K-
O2;5=K 87<5=5=8O 0:B82=>AB8 @>AB0 A<5A59, 2 A@02=5=88 A @0745;L=K< ?@>@0I820=85< 480-

                                                           
1
 �>;>4O7=0O, �. %. #8I520O E8<8O: CG51. ?>A>185/ �. %. �>;>4O7=0O. – %#1.: %#1��)#&, 1999. – 140 A. 

 

0,0

20,0

40,0

60,0
�5;:8, %

�8@K,%

'3;52>4K, %#8I52K5 
2>;>:=0, %

%0E0@0, %

#H5=8F0 ?@>@>I5==0O
"25A 3>;>75@=K9 ?@>@>I5==K9
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?07>= 7=0G5=89 A>2<5AB=>3> ?@>@0I820=8O @0AH8@8;AO =0 9–12 % 8 A>AB028;  
(3,3–4,4 %×G–1). #>:070=>, GB> ?@8 ?@>@0I820=88 ?@>F5=B=>3> A>>B=>H5=8O 50:50 =01;N-
40;AO 0;;5;>?0B8G5A:89 MDD5:B, :>B>@K9 E0@0:B5@87>20;AO =08<5=LH59 0:B82=>ABLN @>AB0 
(3,3 %×G–1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$<E. 2. �;8O=85 A>2<5AB=>3> ?@>@0I820=8O A>>B=>H5=89 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3>  
=0 ?@>4>;68B5;L=>ABL ?@>@0I820=8O 8 0:B82=>ABL @>AB0 A<5A59 =0 8E >A=>25 

Fig. 2. The effect of combined germination of wheat and hulles oat grain ratios 

on the duration of germination and growth activity of their mixtures  

 

%8=5@35B8G5A:89 MDD5:B 2708<>459AB28O =01;N40;AO ?@8 ?@>@0I820=88 A<5A8  
60:40 (?H5=8F0/>25A 3>;>75@=K9) 8 E0@0:B5@87>20;AO <8=8<0;L=K< 2@5<5=5< ?@>@0I820=8O 
(21 G) 8 <0:A8<0;L=>9 0:B82=>ABLN @>AB0 (4,4 %×G–1). %;54>20B5;L=>, A>2<5AB=>5 ?@>@0I8-
20=8O >2A0 3>;>75@=>3> 8 ?H5=8FK 2>7<>6=> ?@8 ;N1>< ?@>F5=B=>< A>>B=>H5=88, B0: :0: 
2A5 8AA;54C5<K5 >1@07FK 8<5NB 75 % 8 1>;55 ?@>@>I5==KE 75@5= 2 A<5A8. "4=0:> AB>8B 
CG8BK20BL MDD5:BK 2708<>459AB28O :>;8G5AB25==>3> A>>B=>H5=8O :><?>=5=B>2 A<5A8. % 
CG5B>< CAB0=>2;5==KE MDD5:B>2 2708<>459AB28O :><?>=5=B>2 A<5A8 8 @5AC@A>A15@565=8O 
?@>F5AA0 ?@>@0I820=8O =081>;55 2K3>4=K< O2;O5BAO ?@>@0I820=85 2 A>>B=>H5=88 60 % 
?H5=8FK 8 40 % >2A0 3>;>75@=>3>. !0 2B>@>< <5AB5 B5E=>;>38G5A:8 2K3>4=K< O2;O5BAO 
?@>@0I820=85 A<5A8 70 % ?H5=8FK 8 30 % >2A0 3>;>75@=>3> (0:B82=>ABL @>AB0 A>AB028;0 
3,9 %×G–1).  
!0 40==>< MB0?5 8AA;54>20=8O ?@54?>;0305<, GB> A>45@60=85 =CB@85B>2 2 A>2<5AB=> ?@>-

@>I5==KE A<5AOE 1C45B 20@L8@>20BLAO 2 ?@545;0E CAB0=>2;5==KE 7=0G5=89 ?@8 @0745;L=>< 
?@>@0I820=88 40==KE :C;LBC@. �0==0O 38?>B570 ?>4:@5?;5=0 >?C1;8:>20==K<8 @57C;LB0-
B0<8 CG5=KE �A5@>AA89A:>3> =0CG=>-8AA;54>20B5;LA:>3> 8=AB8BCB0 75@=0 8 ?@>4C:B>2 53> 
?5@5@01>B:8 – > ;8=59=>9 7028A8<>AB8 A>45@60=8O >A=>2=>3> =CB@85=B0, 2 G0AB=>AB8 68@0, 
>B ?@>F5=B=>3> A>45@60=8O A5<O= ;L=0 ?@8 ?>;CG5=88 42CE:><?>=5=B=KE A<5A59 ?H5=8FK 
8 ;L=0 [32, 33]. � =0CG=>9 ;8B5@0BC@5 B0:65 ?@82545=K A2545=8O > A>2<5AB=>< 8 @0745;L=>< 
?@>@0I820=88 A5<O= ?H5=8FK 8 ;N?8=0 2 G0H:0E #5B@8 =0 ?>4;>6:5 87 D8;LB@>20;L=>9 
1C<038. �2B>@0<8 >B<5G5=>, GB> 0;;5;>?0B8G5A:>5 2708<>459AB285 ?@>@0AB0NI8E A5<O= =5 
<5=O5B 8AA;54C5<K5 ?>:070B5;8 ;N?8=0, => ?@>O2;O5BAO 2 C25;8G5=88 D5@<5=B0B82=>9 0:-
B82=>AB8 ?H5=8FK 2 2,2 @070 8 C25;8G5=88 4;8=K @>AB:>2 [37]. "4=0:> 2 ;8B5@0BC@5 =5B 
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A2545=89 > 2;8O=88 0;;5;>?0B8G5A:>3> 8 A8=5@35B8G5A:>3> B8?>2 2708<>459AB28O, ?@8 A>-
2<5AB=>< ?@>@0I820=88 @07;8G=>3> ?@>F5=B=>3> A>>B=>H5=8O :><?>=5=B>2 A<5A8, =0 A>-
45@60=85 28B0<8==>3>, <8=5@0;L=>3> 8 0<8=>:8A;>B=>3> A>AB02. #>MB><C A;54CNI8< MB0-
?>< @01>BK O2;O;>AL 87CG5=85 A>45@60=8O =CB@85=B>2 8AA;54C5<KE :C;LBC@, A>2<5AB=> 
?@>@>I5==KE 2 A>>B=>H5=88 >B 10  4> 90 % 8 AB5?5=8 C4>2;5B2>@5=8O ACB>G=>9 ?>B@51=>-
AB8 >@30=87<0 G5;>25:0 2 28B0<8=0E, <8:@>- 8 <0:@>M;5<5=B0E ?>;CG5==KE A<5A59 4;O A>7-
40=8O  ?@>4C:B>2 DC=:F8>=0;L=>3> =07=0G5=8O. $57C;LB0BK ?@54AB02;5=K 2 ?5@5AG5B5 =0 AC-
E>5 25I5AB2>. 
� ACB>G=>< @0F8>=5 G5;>25:0 206=>5 7=0G5=85 8<55B :>;8G5AB25==>5 8 :0G5AB25==>5 A>-

>B=>H5=85 28B0<8=>2, ?@>28B0<8=>2 8 28B0<8=>?>4>1=KE 25I5AB2. "=8 =5 >1;040NB M=5@-
35B8G5A:>9 F5==>ABLN, => O2;ONBAO :0B0;870B>@0<8 >1<5==KE ?@>F5AA>2 :;5B>: 8 B:0=59 
>@30=87<0 G5;>25:0, 0 B0:65 @53C;8@CNB 53> 70I8B=K5 DC=:F88. �8B0<8=K >1;040NB 2KA>-
:>9 18>;>38G5A:>9 0:B82=>ABLN 8 B@51CNBAO >@30=87<C 2 =51>;LH>< :>;8G5AB25. "4=0:> 
=5:>B>@K5 87 =8E ;53:> @07@CH0NBAO ?@8 B5E=>;>38G5A:>9 ?5@5@01>B:5 AK@LO1. � A2O78 A 
MB8< 1K; 87CG5= 28B0<8==K9 A>AB02 ?>;CG5==KE A<5A59 8 >?@545;5=0 AB5?5=L C4>2;5B2>@5-
=8O ACB>G=>9 ?>B@51=>AB8 4;O >@30=87<0 G5;>25:0 (B01;. 5). 

&45?. 5. �;8O=85 A>2<5AB=>3> ?@>@0I820=8O @07;8G=>3> A>>B=>H5=8O 75@=0 ?H5=8FK 8 >2A0  
3>;>75@=>3> =0 28B0<8==K9 A>AB02 A<5A59 (2 100 3 ?@>4C:B0) 

Table 5. The effect of combined germination of different ratios of wheat and hulles oats grain on  

the vitamin composition of mixtures (per 100 g of product) 

%>>B=>H5=85 
AK@LO 2 A<5A8, % 

%B5?5=L C4>2;5B2>@5=8O ACB>G=>9 ?>B@51=>AB8 G5;>25:0 2 28B0<8=0E, %  
�1 �2 �6 �9 $$ � β-:0@>B8= 

%CB>G=0O  
?>B@51=>ABL, <3 

!>@<K D878>;>38G5A:8E ?>B@51=>AB59 2 28B0<8=0E 4;O <C6G8= 8 65=I8= 18–59 ;5B2
 

1,5 1,8 2,0 0,4 20,0 15,0 5,0 

90/10 16,7 6,1 7,5 7,0 34,0 5,7 4,4 

80/20 20,7 6,2 8,5 7,3 35,5 6,0 4,6 

70/30 28,7 6,1 11,5 9,9 36,3 7,0 4,8 

60/40 36,7 6,7 15,0 15,0 37,4 8,7 5,2 

50/50 9,3 5,6 8,0 6,7 7,3 3,5 1,6 

40/60 13,3 6,1 9,5 8,7 20,0 4,1 3,4 

30/70 18,0 6,1 10,0 9,0 15,5 4,7 3,1 

20/80 24,7 6,1 10,5 9,4 12,0 5,1 2,7 

10/90 26,7 6,1 11,0 9,7 7,8 5,3 2,4 

 

�AE>4O 87 40==KE, ?@54AB02;5==KE 2 B01;. 5, ?>:070=>, GB> 2A5 8AA;54C5<K5 >1@07FK A>-
45@60B @07;8G=K5 28B0<8=K, =5>1E>48<K5 4;O ?>445@60=8O 687=5==> 206=KE DC=:F89 >@-
30=87<0. �KOA=8;8, GB> A<5AL 50:50 (?H5=8F0/>25A 3>;>75@=K9) E0@0:B5@87C5BAO =08<5=L-
H59 AB5?5=LN C4>2;5B2>@5=8O ACB>G=>9 ?>B@51=>AB8 >@30=87<0 G5;>25:0 2 28B0<8=0E:  
β-:0@>B8= – 1,6 %; � – 3,5 %; �2 – 5,6 %; �9 – 6,7 %; $$ – 7,3 %; �6 – 8,0 %; �1 – 9,3 %. %>-
3;0A=> =>@<0B82=>9 4>:C<5=B0F882

 AB5?5=L C4>2;5B2>@5=8O ACB>G=>9 ?>B@51=>AB8 2 ?5@5-
G8A;5==KE 28B0<8=0E ?@8 ?>B@51;5=88 40==>9 A<5A8 =57=0G8B5;L=0O. "4=0:> 2 A>>B25BAB-
288 A> AB0BL59 7 «"1I85 B@51>20=8O 157>?0A=>AB8 ?8I52>9 ?@>4C:F88» &$ &% 021/2011

3
 

8725AB=>, GB> «A>45@60=85 :064>3> ?8I52>3> 8;8 18>;>38G5A:8 0:B82=>3> 25I5AB20, 8A-

                                                           
1
 �>;>4O7=0O, �. %. #8I520O E8<8O: CG51. ?>A>185/ �. %. �>;>4O7=0O. – %#1.: %#1��)#&, 1999. – 140 A. 

2
 %0=8B0@=K5 =>@<K 8 ?@028;0. &@51>20=8O : ?8B0=8N =0A5;5=8O: =>@<K D878>;>38G5A:8E ?>B@51=>AB59 2 
M=5@388 8 ?8I52KE 25I5AB20E 4;O @07;8G=KE 3@C?? =0A5;5=8O $5A?C1;8:8 �5;0@CAL: %0=#8! № 180 >B 
20.11.2019. – �254. 01.07.2013,  8=A::  8=8AB5@AB2> 74@02>>E@0=5=8O $5A?C1;8:8 �5;0@CAL, 2012. – 21 A. 
3
 &5E=8G5A:89 @53;0<5=B &0<>65==>3> A>N70 «" 157>?0A=>AB8 ?8I52>9 ?@>4C:F88» &$ &% 021/2011. – �254. 

01.07.2013 –  8=A:: �5;>@CA. 3>A. 8=-B AB0=40@B870F88 8 A5@B8D8:0F88, ?5@58740=85 2020. – 143 A. 
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?>;L7>20==>3> 4;O >1>30I5=8O, 4>;6=> 1KBL 4>2545=> 4> C@>2=O C?>B@51;5=8O 2 100 <; 8;8 
100 3, 8;8 @07>2>9 ?>@F88 B0:>9 ?@>4C:F88 =5 <5=55 5 ?@>F5=B>2 C@>2=O ACB>G=>3> ?>B@51-
;5=8O». %;54>20B5;L=>, 100 3 A<5A8 50:50 ?@>@>I5==>9 ?H5=8FK 8 >2A0 3>;>75@=>3> 2>7-
<>6=> 8A?>;L7>20BL 2 :0G5AB25 >1>30I5=8O ?8I52KE ?@>4C:B>2 ?> 28B0<8=0<: �1, �2, �6, �9, 

$$. #@>@>I5==0O A<5AL 60:40 (?H5=8F0/>25A 3>;>75@=K9) E0@0:B5@87C5BAO =081>;LH59 AB5-
?5=LN C4>2;5B2>@5=8O ACB>G=>9 ?>B@51=>AB8 >@30=87<0 2 28B0<8=0E: β-:0@>B8= – 5,2 %; 

�2 – 6,7 %; � – 8,7 %; �9 – 15,0 %; �6 – 15,0 %; �1 – 36,7 %; $$ – 37,4 %. 100 3 @07@01>B0==>9 
A<5A8 (60:40 ?H5=8F0/>25A 3>;>75@=K9) ?> A>45@60=8N 28B0<8=0 �1, �6, �9, $$ C4>2;5B2>@O-
5B ACB>G=CN ?>B@51=>ABL 2 28B0<8=0E 1>;55 G5< =0 15 % 8 <>65B 1KBL 8A?>;L7>20=0 4;O ?>-
;CG5=8O ?@>4C:B>2 DC=:F8>=0;L=>3> ?8B0=8O =0 55 >A=>25.  
�;O >?@545;5=8O 18>;>38G5A:>9 F5==>AB8 15;:>2 ?> 0<8=>:8A;>B=><C A>AB02C 87CG05<KE 

A<5A59 >F5=820;8 ?@8 A@02=5=88 53> A 0<8=>:8A;>B=K< A>AB02>< «8450;L=>3>» 15;:0 �><8-
B5B0 (�"/�"�. � «8450;L=><» 15;:5 0<8=>:8A;>B=K9 A:>@ :064>9 =570<5=8<>9 0<8=>:8A-
;>BK ?@8=OB 70 100 %. $57C;LB0BK ?@54AB02;5=K 2 B01;. 6. 

&45?. 6. $0AG5BK 0<8=>:8A;>B=>3> A:>@0 =570<5=8<KE 0<8=>:8A;>B 75@=>2KE A<5A59, ?>;CG5==KE 
?CB5< A>2<5AB=>3> ?@>@0I820=8O ?H5=8FK 8 >2A0 3>;>75@=>3> 2 @07;8G=>< A>>B=>H5=88 

Table 6. Calculation of the amino acid score of essential amino acids of grain mixtures obtained  

by combined germination of wheat and hulles oats in different ratios 

%>>B=>H5=85 
AK@LO 2 A<5A8, % 

�<8=>:8A;>B=K9 A:>@, %  

�0;8= �7>;59F8= �59F8= �878=  5B8>=8= 

+F8AB58= 

&@5>=8= (5=8;0;0=8= 
+B8@>78= 

«�450;L=K9» 15;>: (�"/�"�, 3/100 3 15;:0 
5,0 4,0 7,0 5,5 3,5 4,0 6,0 

90/10 86 139 119 79 54 113 160 

80/20 88 138 119 81 55 113 160 

70/30 90 136 120 82 57 113 162 

60/40 97 135 123 85 65 113 167 

50/50 63 113 110 48 55 71 140 

40/60 84 130 115 74 51 110 159 

30/70 83 128 114 73 51 110 159 

20/80 82 126 114 71 50 109 159 

10/90 80 124 113 69 49 109 159 

#@8<5G0=85 – B@8?B>D0= =5 >?@545;O;AO. 
 

�=0;87 ?>;CG5==KE 40==KE 2 B01;. 6 ?>:070;, GB> =081>;LH59 18>;>38G5A:>9 F5==>ABLN 
>1;0405B ?@>@>I5==0O A<5AL 60:40 (?H5=8F0/>25A 3>;>75@=K9). �KA>:8< A>45@60=85< 2> 
2A5E 8AA;54C5<KE A>>B=>H5=8OE A<5A8 O2;ONBAO «D5=80;0=8=+B8@>78=», 87>;59F8= 8 ;59-
F8=. �8<8B8@CNI8<8 0<8=>:8A;>B0<8 4;O 2A5E 8AA;54C5<KE >1@07F>2 O2;ONBAO 20;8=, ;8-
78=, <5B8>=8= 8 F8AB58=. � A>>B25BAB288 A 2KH587;>65==K<, >F5=:0 :0G5AB20 A<5A59 87 
?@>@>I5==>3> 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> A2845B5;LAB2C5B > B><, GB> ?>;CG5==K5 
A<5A8 O2;ONBAO 8AB>G=8:>< DC=:F8>=0;L=KE 8=3@5485=B>2 – 28B0<8=>2 8 @0AB8B5;L=>3> 
15;:0 =0BC@0;L=>3> ?@>8AE>645=8O1

. 

!0@O4C A 28B0<8=0<8 8 0<8=>:8A;>B0<8, 206=>5 7=0G5=85 4;O >@30=87<0 G5;>25:0 8<5NB 
<8=5@0;L=K5 M;5<5=BK. �725AB=>, GB> <8=5@0;L=K5 25I5AB20 =5 >1;040NB M=5@35B8G5A:>9 
F5==>ABLN, >4=0:> 8<5NB 206=>5 7=0G5=85 ?@8 =59B@0;870F88 :8A;>B 8 ?@54>B2@0I5=88 
«70:8A;5=8O» >@30=87<0, ?>MB><C 4>;6=K ?>ABC?0BL A ?8I59 2 A>>B25BAB288 A D878>;>38G5-

                                                           
1
 &5E=8G5A:89 @53;0<5=B &0<>65==>3> A>N70 «#8I520O ?@>4C:F8O 2 G0AB8 55 <0@:8@>2:8» &$ &% 022/2011. – 
�254. 01.07.2013 –  8=A:: �5;>@CA. 3>A. 8=-B AB0=40@B870F88 8 A5@B8D8:0F88, 8740=85 2 @568<5 ?@02:8 8 ?5@5-
8740=85 2019. – 18 A. 
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A:>9 ?>B@51=>ABLN. �8>;>38G5A:0O 8E F5==>ABL >?@545;O5BAO A>45@60=85< 8 A>>B=>H5=85< 
<564C A>1>9 2 ?@>4C:B0E, 0 B0:65 459AB285< =0 >1<5==K5 ?@>F5AAK 2 >@30=87<5 G5;>25:0. 
 8=5@0;L=K9 A>AB02 A<5A59 8 C4>2;5B2>@5=85 ACB>G=>9 ?>B@51=>AB8 2 =5< 4;O >@30=87<0 
G5;>25:0 ?@54AB02;5= 2 B01;. 7. 

&45?. 7. �;8O=85 A>2<5AB=>3> ?@>@0I820=8O @07;8G=>3> A>>B=>H5=8O 75@=0 ?H5=8FK 8 >2A0  
3>;>75@=>3> =0 <8=5@0;L=K9 A>AB02 A<5A59 (2 100 3 ?@>4C:B0) 

Table 7. The effect of combined germination of different ratios of wheat and naked oats grain on the 

mineral composition of mixtures (per 100 g of product) 

%>>B=>H5=85 
AK@LO 2 A<5A8, % 

%B5?5=L C4>2;5B2>@5=8O ACB>G=>9 ?>B@51=>AB8 G5;>25:0 2 <8=5@0;L=KE 25I5AB20E, %  
� %0 Mg $ Fe Zn %u Se 

%CB>G=0O 
?>B@51=>ABL, <3 

!>@<K D878>;>38G5A:8E ?>B@51=>AB59 2 <8=5@0;L=KE 25I5AB20E 4;O <C6G8= 8 65=I8= 
18–59 ;5B1

 

2500,0 1000,0 400,0 800,0 14,0* 12,0 1,0 0,0625* 

90/10 16,6 5,8 32,0 47,6 46,8 16,1 32,3 46,3 

80/20 17,1 5,9 33,3 48,1 48,2 16,6 33,6 45,9 

70/30 20,0 6,7 34,6 48,6 49,0 18,6 34,6 45,5 

60/40 26,2 7,5 35,9 49,9 50,0 19,2 38,0 49,9 

50/50 17,1 4,9 37,3 51,4 28,4 0,0 21,0 34,0 

40/60 17,8 6,2 38,5 47,9 38,2 15,1 28,8 39,4 

30/70 18,3 6,3 39,8 47,9 36,0 16,4 28,1 40,6 

20/80 20,0 6,8 41,1 48,0 33,8 16,8 27,4 41,8 

10/90 20,4 6,9 42,4 48,3 31,7 18,1 26,7 43,3 

*#@8<5G0=85 – ACB>G=0O ?>B@51=>ABL >?@545;5=0 :0: CA@54=5==>5 7=0G5=85 =>@<K D878>;>38G5A:>9  
?>B@51=>AB8 2 65;575 8 A5;5=5 4;O <C6G8= 8 65=I8=. 

 

�7 @57C;LB0B>2, ?@54AB02;5==KE 2 B01;. 7, A;54C5B, GB> <8=5@0;L=K9 A>AB02 ?@>@>I5==KE 
A<5A59 E0@0:B5@87C5BAO =0;8G85< $, Se, Fe, Mg, Cu, �, Zn, Ca. �>;8G5AB25==K9 0=0;87 <8=5-
@0;L=KE M;5<5=B>2 20@L8@C5BAO 2 ?@545;0E >B 0 4> 51,4 % 8 7028A8B >B A>>B=>H5=8O 75@=0 
?H5=8FK 8 >2A0 3>;>75@=>3>, ?@>@>I5==>3> 2 A>AB025 A<5A59. �KOA=8;8, GB> 8AA;54C5<K5 
A<5A8 E0@0:B5@87CNBAO =87:8< A>45@60=85< :0;LF8O 8 C4>2;5B2>@5=85 2 =5< ACB>G=>9 ?>-
B@51=>AB8 :>;51;5BAO 2 ?@545;0E >B 4,9 4> 7,5 %, 0 B0:65 >BACBAB285< A>45@60=8O F8=:0 2 
A<5A8 50:50 (?H5=8F0/>25A 3>;>75@=K9). ). �>;8G5AB25==K9 8 :0G5AB25==K9 0=0;87 C4>2;5-
B2>@5=8O ACB>G=>9 ?>B@51=>AB8 2 <8=5@0;L=KE M;5<5=B0E ?>:070;, GB> A<5AL 60:40 (?H5=8-
F0/>25A 3>;>75@=K9) O2;O5BAO 8AB>G=8:>< $, Se, Fe, Mg, Cu, �, Zn, :>B>@K5 ?@8 5654=52=>< 
C?>B@51;5=88 (>B 10 4> 50 % ACB>G=>9 ?>B@51=>AB8) ?>;>68B5;L=> 2;8ONB =0 D878>;>38G5-
A:85 DC=:F88 >@30=87<0 G5;>25:02: @>AB 8 @0728B85 :>AB59, <KHF, =5@2=>9 A8AB5<K, :@>25-
B2>@5=8O, 2K@01>B:8 3>@<>=>2 8 D5@<5=B>2, ?>445@60=8O 8<<C=8B5B0, CA:>@5=88 @535=5@0-
F88 8 >74>@>2;5=8O :>68, ?>445@60=8O 55 M;0AB8G=>AB8 8 C?@C3>AB8.  
%>?>AB0282 @57C;LB0BK 48=0<8:8 28B0<8==>3>, <8=5@0;L=>3> 8 0<8=>:8A;>B=>3> A>AB0-

2>2 ?@8 @0745;L=>< 8 A>2<5AB=>< ?@>@0I820=88 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 1K;> 
CAB0=>2;5=>, GB> A8=5@35B8G5A:>5 8 0;;>?0B8G5A:>5 2708<>459AB285 ?@>F5=B=>3> A>>B=>H5-
=8O :><?>=5=B>2 A<5A8 ?@8 ?@>@0AB0=88 2;8O5B =0 :>;8G5AB25==>5 8 :0G5AB25==>5 @0A?@5-
45;5=85 28B0<8=>2, <8=5@0;L=KE 25I5AB2 8 0<8=>:8A;>B 2 A<5A8. #@8 A>>B=>H5=88 75@=0 
                                                           
1
 %0=8B0@=K5 =>@<K 8 ?@028;0. &@51>20=8O : ?8B0=8N =0A5;5=8O: =>@<K D878>;>38G5A:8E ?>B@51=>AB59 2 
M=5@388 8 ?8I52KE 25I5AB20E 4;O @07;8G=KE 3@C?? =0A5;5=8O $5A?C1;8:8 �5;0@CAL: %0=#8! № 180 >B 
20.11.2019. – �254. 01.07.2013,  8=A::  8=8AB5@AB2> 74@02>>E@0=5=8O $5A?C1;8:8 �5;0@CAL, 2012. – 21 A. 
2
 &5E=8G5A:89 @53;0<5=B &0<>65==>3> A>N70 «#8I520O ?@>4C:F8O 2 G0AB8 55 <0@:8@>2:8» &$ &% 022/2011. – 
�254. 01.07.2013 –  8=A:: �5;>@CA. 3>A. 8=-B AB0=40@B870F88 8 A5@B8D8:0F88, 8740=85 2 @568<5 ?@02:8 8 ?5@5-
8740=85 2019. – 18 A. 
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50:50 =01;N40;AO 0;;5;>?0B8G5A:89 MDD5:B, :>B>@K9 E0@0:B5@87>20;AO =08<5=LH59 AB5?5-
=LN C4>2;5B2>@5=8O ACB>G=>9 ?>B@51=>AB8 >@30=87<0 G5;>25:0 2 28B0<8=0E, <8=5@0;L=KE 
25I5AB20E, 0 B0:65 =08<5=LH8< A>45@60=85< 0<8=>:8A;>B. %8=5@35B8G5A:89 MDD5:B 2708-
<>459AB28O =01;N40;AO ?@8 A>2<5AB=>< ?@>@0I820=88 A<5A8 60:40 (?H5=8F0/>25A 3>;>75@-
=K9) 8 E0@0:B5@87>20;AO 2KA>:>9 ?8I52>9 8 18>;>38G5A:>9 F5==>ABLN 3>B>2>3> ?@>4C:B0. 
� 40==>< 8AA;54>20=88 38?>B570 ;8=59=>9 7028A8<>AB8 =CB@85B=>2 >B A>>B=>H5=8O :><-

?>=5=B>2 2 A<5A8 =5 @01>B05B. %;54>20B5;L=>, >?@545;5=85 A>45@60=8O 40==KE =CB@85=B>2 
@0AG5B=K< <5B>4>< ?@8 A>2<5AB=>< ?@>@0I820=88 A5<O= =0 ?@0:B8:5 =5 ?>4B25@48;>AL 
2284C =0;8G8O 18>E8<8G5A:8E 8 <5B01>;8G5A:8E 87<5=5=89 2 ?@>F5AA5 2708<>459AB28O 
:C;LBC@ ?@8 ?@>@0AB0=88.  

 

����2+�!��  
� @57C;LB0B5 8AA;54>20=89 ?>;CG5=K 40==K5 > E8<8G5A:>< A>AB025 8 D878:>-E8<8G5A:8E 

A2>9AB20E ?@>4>2>;LAB25==>3> 8 A>@B>2>3> 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 15;>@CAA:>9 
A5;5:F88 8 CAB0=>2;5=K ?@545;K 8E 20@80F88. �KOA=8;8, GB> D878:>-E8<8G5A:85 A2>9AB20 
75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 8<5NB ACI5AB25==K5 @07;8G8O, ?>MB><C ?@8 A>2<5AB=>9 
?5@5@01>B:5 B@51CNB B0:8E @0745;L=KE B5E=>;>38G5A:8E >?5@0F89, :0: >G8AB:0 >B ?@8<5A59 
8 A>@B8@>20=85. 
�AA;54>20= @0745;L=K9 ?@>F5AA ?@>@0I820=8O ?H5=8FK 8 >2A0 3>;>75@=>3> ?@8 B5<?5@0-

BC@5 2>74CE0 >B 5 4> 30 º%. �?5@2K5 CAB0=>2;5=K 8=B53@0;L=K5 480?07>=K 2>4=>9 8 2>74CH-
=>9 ?0C7 4;O B5<?5@0BC@K 2>74CE0 5–25 º%, :>B>@K5 A2845B5;LAB2CNB > 2>7<>6=>AB8 A>2<5-
AB=>3> ?@>@0I820=8O ?H5=8FK 8 >2A0 3>;>75@=>3>.  %>:@0I5=85 B5<?5@0BC@=>3> @568<0 
A2O70=> A 8=B5=A8D8:0F859 ?@>F5AA0 4KE0=8O 75@=0 8 87<5=5=8O<8 53> E8<8G5A:>3> A>AB020 
2 7028A8<>AB8 >B 2@5<5=8 ?@>@0I820=8O: 4;O >2A0 3>;>75@=>3> 7=0G8B5;L=K5 87<5=5=8O 
?@>8AE>4OB =0G8=0O A 10 G ?@>@0I820=8O, 0 4;O 75@=0 ?H5=8FK – A 15 G ?@>@0I820=8O. #>-
;CG5=K 40==K5 18>E8<8G5A:8E ?@52@0I5=89 ?@8 @0745;L=>< ?@>@0I820=88: @0AI5?;5=85 
A;>6=KE >@30=8G5A:8E 25I5AB2 75@=0 =0 32 % C ?H5=8FK 8 =0 24 % C >2A0 3>;>75@=>3>. 
� ?@>F5AA5 ?@>@0I820=8O 0:B82=> A8=B578@CNBAO 28B0<8=K: AC<<0@=>5 A>45@60=85 28-

B0<8=>2 �1, �2, �6, �9, $$, �, β-:0@>B8= C25;8G8205BAO 2 1,4 @070 C ?H5=8FK 8 2 1,5 @070 C >2-
A0 3>;>75@=>3>. '25;8G8205BAO AC<<0@=>5 A>45@60=85 =570<5=8<KE 0<8=>:8A;>B =0 25,4 % 
2 100 3 15;:0 ?H5=8FK, =0 37,3 % 2 100 3 15;:0 >2A0 3>;>75@=>3>.  
�AA;54>20= A>2<5AB=K9 ?@>F5AA ?@>@0I820=8O 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 2 ?@>-

F5=B=>< A>>B=>H5=88 >B 10 4> 90 % ?> 7=0G5=8O< 8=B53@0;L=>3> 480?07>=0. #@>F5AA ?@>-
@0I820=8O 75@=0 2 A>AB025 A<5A8 ?@8 @07;8G=>< ?@>F5=B=>< A>>B=>H5=88 7028A8B >B B8?0 
53> 2708<>459AB28O. � A@02=5=88 A @0745;L=K< ?@>@0I820=85< 480?07>= 7=0G5=89 0:B82=>-
AB8 @>AB0 A<5A8 @0AH8@8;AO =0 9–12 %. #@8 ?@>@0I820=88 ?@>F5=B=>3> A>>B=>H5=8O 50:50 
=01;N40;AO 0;;5;>?0B8G5A:89 MDD5:B, :>B>@K9 E0@0:B5@87>20;AO =08<5=LH59 0:B82=>ABLN 
@>AB0 A<5A8 (3,3 %×G–1). %8=5@35B8G5A:89 MDD5:B 2708<>459AB28O ?@>O28;AO ?@8 ?@>@0I8-
20=88 A<5A8 60:40 (?H5=8F0/>25A 3>;>75@=K9) 8 E0@0:B5@87>20;AO <8=8<0;L=>9 ?@>4>;68-
B5;L=>ABLN ?@>@0I820=8O (21 G) 8 <0:A8<0;L=>9 0:B82=>ABLN @>AB0 (4,4 %×G–1). % CG5B>< 
2KO2;5==KE MDD5:B>2 2708<>459AB28O :><?>=5=B>2 A<5A8 8 @5AC@A>A15@565=8O ?@>F5AA0 
?@>@0I820=8O =081>;55 2K3>4=K< 4;O B5E=>;>388 O2;O5BAO ?@>@0I820=85 A<5A8 2 A>>B=>-
H5=88 60 % ?H5=8FK 8 40 % >2A0 3>;>75@=>3>.  
�AA;54>20= 28B0<8==K9, <8=5@0;L=K9 8 0<8=>:8A;>B=K9 A>AB02 A<5A59 ?@>@>I5==KE 

A>2<5AB=> A5<O= ?H5=8FK 8 >2A0 3>;>75@=>3> 2 A>>B=>H5=88 >B 10 4> 90 %. �?5@2K5 ?>;C-
G5=K @57C;LB0BK, ?>4B25@640NI85 2;8O=85 0;;5;>?0B8G5A:>3> 8 A8=5@35B8G5A:>3> 2708<>-
459AB28O =0 A>45@60=85 28B0<8==>3>, <8=5@0;L=>3> 8 0<8=>:8A;>B=>3> A>AB02>2. �KOA=8-
;8, GB> 2A5 8AA;54C5<K5 >1@07FK A>45@60B 28B0<8=K, <8=5@0;K 8 0<8=>:8A;>BK, =5>1E>48-
<K5 4;O ?>445@60=8O 687=5==> 206=KE DC=:F89 >@30=87<0 8 74>@>2LO :>68, 2>;>A 8 =>3-
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B59. $5:><5=4C5BAO >ACI5AB2;OBL A>2<5AB=>5 ?@>@0I820=85 75@=0 ?H5=8FK 8 >2A0 3>;>7P@-
=>3> 2 A>>B=>H5=88 60:40, GB> ?>72>;O5B ?>;CG8BL DC=:F8>=0;L=K9 8=3@5485=B 4;O ?8I5-
2>9 8 :>A<5B8G5A:>9 ?@><KH;5==>AB8 2KA>:>3> :0G5AB20 2 CA;>28OE @5AC@A>A15@530NI59 
B5E=>;>388 (100 3 ?@>4C:B0 C4>2;5B2>@O5B ACB>G=CN ?>B@51=>ABL 2 15;:5 =0 22,7 %, 2 ?8I5-
2KE 2>;>:=0E – =0 39,0 %, 2 �9  – =0 15 %, 2 �6 – =0 15 %, 2 �1 – =0 36,7 %, 2 $$ – =0 37,4 %, 2 
Fe – =0 50,0 %, 2 $ – =0 49,9 %, 2 Se – =0 49,9 %, 2 Cu – =0 38,0 %, 2 Mg – =0 35,9 %, 2 � – =0 
26,2 %, 2 Zn – =0 19,2 %). 
!0 >A=>20=88 ?@>2545==KE 8AA;54>20=89 1K;0 @07@01>B0=0 B5E=>;>38O ?>;CG5=8O 8 ?@8-

<5=5=8O DC=:F8>=0;L=KE 75@=>2KE A<5A59 87 75@=0 >2A0 3>;>75@=>3> 8 ?H5=8FK, A 8A?>;L-
7>20=85< A>2<5AB=>3> ?@>F5AA0 ?@>@0I820=8O 75@=>2>3> AK@LO. $07@01>B0=K 8 70@538AB@8-
@>20=K B5E=8G5A:85 CA;>28O «#@>4C:BK 75@=>2K5 «BioMix»» (&' �Y 700036606.115) 8 
A<5AL 75@=>20O «BioGrain» (&' BY 700036606.128). #>;CG5==K5 ?@>4C:BK 8A?>;L7>20=K 2 
:0G5AB25 DC=:F8>=0;L=>3> 8=3@5485=B0 2 @5F5?BC@0E: <0A:0 :>A<5B8G5A:0O «Zerno» ($* �Y 
700036606.235), :>:B59;L 75@=>2>9 «AquaGrain» ($* BY 700036606.280) 8 <0A:0 :>A<5B8G5-
A:0O «BioMixGrain» ($* BY 700036606.279). 

 

����"��$!"%&� 

�AA;54>20=8O, >?8A0==K5 2 40==>9 AB0BL5, ?@>2>48;8AL 2 @0<:0E 3@0=B0 0A?8@0=B0  
«$07@01>B:0 B5E=>;>388 ?>;CG5=8O A<5A59 18>0:B828@>20==>3> 75@=0 8 <=>3>:><?>=5=B=KE 
?>@>H:>2KE ?@>4C:B>2 =0 8E >A=>25» (=><5@ 3>A@538AB@0F88 20180823), 0 B0:65 3>AC40@AB-
25==>9 ?@>3@0<<K =0CG=KE 8AA;54>20=89 «�0G5AB2> 8 MDD5:B82=>ABL 03@>?@><KH;5==>3> 
?@>872>4AB20» ?> B5<5 «(>@<8@>20=85 =0CG=>-?@0:B8G5A:8E >A=>2 ?>;CG5=8O DC=:F8>-
=0;L=KE :>A<5B8G5A:8E A@54AB2 0=B82>7@0AB=>9 =0?@02;5==>AB8 =0 >A=>25 <5AB=>3> @0AB8-
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STUDY OF PHYSIOLOGICAL AND TECHNOLOGICAL PROPERTIES  

OF NEW YEAST STRAINS USED IN CRAFT BREWING  

 E. A. Tsed 

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

 

ABSTRACT   
Introduction. Craft brewing is a strategic focus area in the development of today´s brewing industry. The 

purpose of the study is to develop import substitution goods in the production of craft beer with unique fla-

voring properties. The scientific task is to evaluate the physiological and technological properties of new 

yeast strains used in craft brewing. 

Materials and methods. Five strains of experimental samples of yeast Saccharomyces cerevisiae – IM-1, 

IM-2, IM-3, IM-4, IM-5 (SSI «Institute of Microbiology of the National Academy of Sciences of Belarus»). 
Light brewers´ barley malt (GOST 29294) and non-hopped barley malt extract (TS 9184-489-05031531) for 

obtaining a nutrient medium. Generally accepted physico-chemical, microbiological and biochemical re-

search methods.  

Results. Physiological (vitality, specific growth rate, glycogen state, budding) and technological (degree and 
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rate of fermentation, fermentation activity, alcohol formation) characteristics of new yeast used in brewing 

industry were determined. Taking into account these characteristics there were worked out process sheets of 

the main biotechnological properties of the strains under study, which makes it possible to determine the 

technological modes of their use as a source of fermentation in a specific and effective way and manage the 

process of accumulation of their biomass. 

Conclusions. The studied yeast strains are recommended to be used in industry, including for import substi-

tution and the creation of national collection of yeast. They make it possible to develop a specified flavor 

profile of the finished product. The yeasts are technologically efficient and do not require additional equip-

ment and other capital costs when used in production. 

KEY WORDS: import substitution; craft beer; yeast; physiological properties; fermentation activity; de-

gree of fermentation; vitality. 

FOR CITATION:  Tsed, E. A. Study of physiological and technological properties of new yeast strains 

used in craft brewing  / E. A. Tsed  // Vestnik of the Belarusian State University of Food and Chemical 

Technologies. – 2023. – № 1(34). – $. 62–77 (in Russian). 
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A@54K. %:>@>ABL 8 3;C18=0 A1@06820=8O ?82=>3> ACA;0, >1@07>20=85 >A=>2=KE 8 ?>1>G=KE 
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4>2 C HB0<<>2 Shizosaccharomyces japonicus, Hanseniaspora vineae, Lachancea fermentati 8 
L.thermotolerans, Wickerhamomyces anomalus, GB> 45;05B 2>7<>6=K< 8E 8A?>;L7>20=85 2 =>2>9 
>1@01>B:5 :8A;>3> ?820. -B> ?>72>;O5B 8A:;NG8BL ?@8<5=5=85 B@048F8>==KE <>;>G=>:8A;KE 
10:B5@89, :>B>@K5 8A?>;L7CNB 2 B5E=>;>388 ?>;CG5=8O :8A;>3> ?820 [12]. �C;LBC@0 
L.thermotolerans A8=B578@C5B ?@8 A2>5< @0728B88 1>;LH>5 :>;8G5AB2> <>;>G=>9 :8A;>BK 8 
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D@C:B>2K5 MD8@K, GB> ?>72>;O5B MDD5:B82=> @53C;8@>20BL @! A@54K 8 8A?>;L7>20BL 40==CN 
:C;LBC@C :0: ?@8 ?5@28G=>9 D5@<5=B0F88, B0: 8 ?@8 D5@<5=B0F88 2 1CBK;:0E 4;O ?>;CG5=8O 
1>;55 2KA>:>3> A>45@60=8O 48>:A840 C3;5@>40 8 ?5=>>1@07>20=8O. 
�@>668 2840 Torulaspora delbrueckii A?>A>1=K A8=B578@>20BL F25B>G=K5 8 D@C:B>2K5 A;>6-

=K5 MD8@K, 2KA2>1>640BL ?>;8A0E0@84K 8, B0:8< >1@07><, C;CGH0BL 2:CA, AB@C:BC@C ?820 8 
>ICI5=85 2> @BC. �0==CN :C;LBC@C <>6=> 8A?>;L7>20BL >B45;L=>, ?>A;54>20B5;L=> 8;8 2 
A<5H0==KE :C;LBC@0E A Saccharomyces cerevisiae 8;8 Shizosaccharomyces pombe. 

#@54AB02;ONB 8=B5@5A 4@>668 2840 W.anomalus (Pichia anomala), :>B>@K5 <>3CB CB8;878@>-
20BL 1>;LH>5 :>;8G5AB2> 8AB>G=8:>2 C3;5@>40 – ?5=B>7K, 35:A>7K, 48- 8 B@8A0E0@84K, =5:>B-
@K5 A?8@BK, >@30=8G5A:85 :8A;>BK, 68@=K5 :8A;>BK 8 0@><0B8G5A:85 C3;52>4K. -B8 4@>668 
B0:65 A?>A>1=K ?5@5=>A8BL M:AB@5<0;L=K5 7=0G5=8O @! 8 B5<?5@0BC@K 8 A8=B578@>20BL MB8;-
0F5B0B, A>548=5=85 A A8;L=>9 ?@>B82>3@81:>2>9 0:B82=>ABLN [13]. 
%>2@5<5==0O B5=45=F8O – ?@>872>4AB2> :@0DB>2>3> ?820 ?CB5< D5@<5=B0F88 4@>6659, 2K-

45;5==KE 87 1@>4OI53> ACA;0 /28=0/E;510. ,B0<<K Saccharomyces cerevisiae, 2K45;5==K5 87 
:CAB0@=KE 70:20A>:, CA?5H=> ?@8<5=ONBAO 4;O ?>;CG5=8O :@0DB>2>3> ?820 >?@545;5==KE AB8-
;59 [11,12]. 
�@>668 Dekkera/Brettanomyces, 2K45;5==K5 2> 2@5<O A?>=B0==>3> 1@>65=8O ?@8 ?>;CG5=88 

?820 Lambic, O2;ONBAO >A=>2=K<8 B@048F8>==K<8 4@>660<8 4;O ?@>872>4AB20 :8A;>3> :@0D-
B>2>3> ?820. �@>668 40==>3> 2840 70 AG5B ?@8ACBAB28O 2 =8E D5@<5=B0 β-3;R:>78407O A?>A>1-
=K <5B01>;878@>20BL 8AB>G=8:8 C3;5@>40, =5 CA208205<K5 Saccharomyces, 2:;NG0O F5;;>18>7C 
8 45:AB@8=K. #@8 A2>5< @0728B88 >=8 A8=B578@CNB 7=0G8B5;L=>5 :>;8G5AB2> D@C:B>2KE, F25-
B>G=KE MD8@>2 8 4@C38E ;5BCG8E A>548=5=89, 87<5=OO B0:8< >1@07>< A5=A>@=K5 E0@0:B5@8AB8-
:8 ?>;CG05<>3> ?820. "4=0:>, ?@8 =5?@028;L=>< 2545=88 ?@>F5AA0 1@>65=8O 4@>668 
Dekkera/Brettanomyces <>3CB 1KBL ?@8G8=>9 =5?@8OB=KE 0@><0B>2, B0:8E :0: «54:89 4K<», 
«?;0ABK@L» 8 4@. [14]. 
#@>2>4OBAO 8AA;54>20=8O ?> A>740=8N 8A:CAAB25==KE 381@84>2 4@>6659 Saccharomyces 

cerevisiae – Saccharomyces non cerevisiae, 8<5NI8E <5B01>;87< ;035@=KE 4@>6659 [13]. 
� =0AB>OI55 2@5<O ?@>872>48B5;O< :@0DB>2>3> ?820 2 $5A?C1;8:5 �5;0@CAL ?@54;030NB ?8-

2>20@5==K5 4@>668 2 42CE 20@80=B0E: ACE85 3@0=C;8@>20==K5 :C;LBC@K 8 684:85 :C;LBC@K 2> 
D;0:>=0E 8;8 ?0:5B0E A ?8B0B5;L=>9 :0?AC;>9 [11]. #@58<CI5AB2>< 8A?>;L7>20=8O ACE8E 
4@>6659 2 A@02=5=88 A 684:8<8 @072>4:0<8 O2;ONBAO: ?@>AB>B0 8A?>;L7>20=8O 8 A>:@0I5=85 
2@5<5=8 =0 8E ?>43>B>2:C; 2>7<>6=>ABL ?>;CG0BL 70 :>@>B:89 ?5@8>4 2@5<5=8 =C6=K9 >1J5< 
8=>:C;OB0; B>G=K9 @0AG5B :>;8G5AB20 2=>A8<KE =0 1@>65=85 :;5B>: ?> 25AC ACE8E 4@>6659; 
@07=>>1@0785 ?@54;0305<KE HB0<<>2 4;O @0AH8@5=8O 0AA>@B8<5=B0 2K?CA:05<KE =0?8B:>2; 
?@8 A>1;N45=88 B5<?5@0BC@=>3> @568<0 (<5=LH5 10 °%) >15A?5G8205BAO A>E@0==>ABL 30@0=B8-
@>20==>9 0:B82=>AB8 ACE8E ?@5?0@0B>2 =0 ?@>BO65=88 4;8B5;L=>3> A@>:0 – 2-E ;5B A> 4=O 2K-
?CA:0. 
"4=0:>, ?@8 8<5NI8EAO ?@58<CI5AB20E 8A?>;L7>20=8O ACE8E ?@5?0@0B>2 4@>6659 2 

?@0:B8:5 ?82>20@5=8O >B<5G05BAO @O4 =530B82=KE <><5=B>2. �>7<>6=K A;CG08, :>340 ?@8 
@072545=88 ACE8E 4@>6659 =01;N405BAO A;01>5 8;8 ?>;=>5 >BACBAB285 ?@>F5AA0 D5@<5=B0-
F88 ACA;0; ?@>F5AAK ?@8 1@>65=88 =5 =0@CH0NBAO, => CEC4H0NBAO >@30=>;5?B8G5A:85 E0-
@0:B5@8AB8:8 =0?8B:0; ?@8 =5?@028;L=> ?@>2545==>9 @5384@>B0F88 4@>6659 (>12>4=5=85 
:;5B:8) =01;N405BAO ?>2KH5==>5 :>;8G5AB2> <5@B2KE :;5B>:; ?@8 8A?>;L7>20=88 ACE8E 
4@>6659 4;O 2B>@8G=>3> 1@>65=8O =01;N405BAO ?>2KH5==>5 A>45@60=85 0<8==>3> 07>B0 2 
?8B0B5;L=>9 A@545 [15, 16]. 
"4=>9 87 ?@8G8= =5C40G ?@8 8A?>;L7>20=88 0:B82=KE ACE8E 4@>6659 <>65B 1KBL 87=0-

G0;L=> =87:>5 8E :0G5AB2> 8;8 @0735@<5B870F8O C?0:>2:8 [17]. "B<5G05BAO 7=0G8B5;L=>5 A=8-
65=85 687=5A?>A>1=>AB8 ACE8E ?@5?0@0B>2 4@>6659 ?>A;5 2A:@KB8O C?0:>2:8 ?@>872>48B5;O 
8 E@0=5=8O 8E 2 0B<>AD5@5 2>74CE0 ?@8 10 °% 2 B5G5=85 2 <5AOF52. #@8 =0@CH5=88 35@<5B8G=>-
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AB8 C?0:>2:8 70 AG5B ?>ABC?;5=8O :8A;>@>40 ?@>8AE>48B 0:B820F8O :;5B>G=KE D5@<5=B>2, 
A=865=85 70?0A0 3;8:>35=0, GB> >B@0605BAO =0 DC=:F8>=0;L=>9 0:B82=>AB8 4@>6659.  
�@><5 B>3>, =5>1E>48<> CG8BK20BL >4=C 87 206=59H8E >A>15==>AB59 ACE8E 4@>6659 – ?>-

2KH5==CN ?@>=8F05<>ABL <5<1@0=. -B> ?@82>48B, A >4=>9 AB>@>=K, : >G5=L 2KA>:>9 GC2AB28-
B5;L=>AB8 ACE8E 4@>6659, 0 A 4@C3>9 – >1CA;>2;8205B 2KE>4 2 A@54C @07;8G=KE :><?>=5=B>2 
8E :;5B>: (0<8=>:8A;>BK, 28B0<8=K, <8=5@0;L=K5 25I5AB20), GB> 70B@C4=O5B =>@<0;L=>5 ?@>-
B5:0=85 ?@>F5AA>2 @5?0@0F88 8 2>AAB0=>2;5=8O 8E D878>;>38G5A:>9 0:B82=>AB8 [18–20]. &0:8< 
>1@07><, ?@>2545=85 ?@>F5AA0 1@>65=8O A 8A?>;L7>20=85< G8ABKE :C;LBC@ 4@>6659 ?>72>;O5B 
>15A?5G8BL AB018;L=>5 ?@>B5:0=85 >A=>2=KE ?@>F5AA>2 D5@<5=B0F88 8 ?>;CG5=85 AB0=40@B=KE 
D878:>-E8<8G5A:8E 8 >@30=>;5?B8G5A:8E ?>:070B5;59 ?@>4C:B0.  
!081>;55 @0A?@>AB@0=5==K5 ACE85 4@>6652K5 :C;LBC@K, ?@8<5=O5<K5 4;O ?@>872>4AB20 

:@0DB>2>3> ?820,  ?@54AB02;5=K 2 B01;. 1. 
 

&45?. 1.  #5@5G5=L ACE8E 4@>6652KE :C;LBC@, ?@8<5=O5<KE 2 :@0DB>2>< ?82>20@5=88 [2, 3] 

Table 1.  List of dry yeast cultures used in craft brewing [2, 3] 

№ 

?/? 

 

!08<5=>20=85  
HB0<<0 

 

#@>872>48B5;L 
!081>;55 ?>4E>4OI85 ?82=K5  

AB8;8 8;8 A>@B0  
 (?> @5:><5=40F8O< ?@>872>48B5;59) 

1 Safbrew S-33 FERMENTIS ((@0=F8O) �N1K5 A>@B0 M;O 
2 Safbrew T-58 FERMENTIS ((@0=F8O) &5<=K5 A>@B0 M;O 
3 Safbrew WB-06 FERMENTIS ((@0=F8O) #H5=8G=>5 ?82> 
4 Safale US-05(56) FERMENTIS ((@0=F8O) A<5@8:0=A:85 M;8  
5 Safale S-04 FERMENTIS ((@0=F8O) %25B;K5 A>@B0 M;O, 0=3;89A:85 M;8 

6 Saflager W-34/70 FERMENTIS ((@0=F8O) �N1K5 ;035@=K5 A>@B0 
7 Gervin GV 12 Ale 

Yeast 

Muntos (�5;8:>1@8B0=8O) %25B;K5 8 B5<=K5 A>@B0 M;O,  
?H5=8G=>5 8 A?5F80;L=>5 ?82> 

8 Muntos Premium Gold Muntos (�5;8:>1@8B0=8O) %25B;K5 M;52K5 A>@B0 
9 US West Coast Yeast M44 Mangrove Jacks (H.�5;0=48O) �<5@8:0=A:85 A>@B0 M;O 
10 Mead M05 Mangrove Jacks (H.�5;0=48O) �@5?:85 A>@B0 M;O, <54>2CE8 

11 Belgian Ale M41 Mangrove Jacks (H.�5;0=48O) �5;L389A:85 A>@B0 M;59, B@0??8AB 
12 Liberty Bell Ale M36 Mangrove Jacks (H.�5;0=48O) �8BB5@, AB0CB, 0;LB18@ 
13 New World Strong Ale M42 Mangrove Jacks (H.�5;0=48O) �@5?:85 A>@B0 M;59 (IPA, 10@;8209=, 

8<?5@A:89 AB0CB) 
14 Belgian Abbey M47 Mangrove Jacks (H.�5;0=48O) �5;L389A:85 A>@B0 M;59 

15 Belgian Wit M21 Mangrove Jacks (H.�5;0=48O) #H5=8G=K5 A>@B0, 15;L389A:89 28B, 
A?5F80;L=K5 A>@B0 

16 Californian Lager M54 Mangrove Jacks (H.�5;0=48O) �035@=K5 A>@B0 
17 Beeringem Wheat BVG03 Beeringem (�5;8:>1@8B0=8O) #H5=8G=K5 A>@B0 
18 Beeringem Universal BVG01 Beeringem (�5;8:>1@8B0=8O) �N1K5 A>@B0 M;59 

19 Beeringem American Ale 

BVG04 

Beeringem (�5;8:>1@8B0=8O) -;52K5 A>@B0  8 IPA 

20 Lalbrew New Englsnd Lallemand (�2AB@8O) IPA 8 53> @07=>284=>AB8 

 

%;54C5B >B<5B8BL, GB> ?@8>1@5B5=85 70@C156=KE HB0<<>2 A2O70=> A> 7=0G8B5;L=K<8 D8-
=0=A>2K<8 70B@0B0<8, 0 @0728B85 A>1AB25==>3> ?@>872>4AB20 A5<5==KE 4@>6659 2 CA;>28OE 
<8=8-?@54?@8OB89 @5A?C1;8:8 70B@C4=8B5;L=> ?> ?@8G8=5 >BACBAB28O =5>1E>48<>9 =0CG=>-
B5E=8G5A:>9 107K G8ABKE :C;LBC@, B5E=>;>388 8E @07<=>65=8O 8 4>;6=>3> <8:@>18>;>38G5-
A:>3> :>=B@>;O ?@>F5AA0. � A2O78 A MB8< 4;O @0728B8O >B5G5AB25==>3> :@0DB>2>3> ?82>20@5=8O 
0:BC0;L=K<8 7040G0<8 O2;ONBAO ?>;CG5=85 :>=:C@5=B>A?>A>1=KE >B5G5AB25==KE HB0<<>2 ?8-
2>20@5==KE 4@>6659 8 @07@01>B:0 >@838=0;L=KE B5E=>;>389 8E :C;LB828@>20=8O. 
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*5;L 8AA;54>20=8O – 8<?>@B>70<5I5=85 ?@8 ?@>872>4AB25 :@0DB>2>3> ?820 A >@838=0;L-
=K<8 2:CA>0@><0B8G5A:8<8 A2>9AB20<8 70 AG5B 8A?>;L7>20=8O :C;LB828@C5<KE 2 @5A?C1;8-
:5 HB0<<>2 4@>6659.  
!0CG=0O 7040G0 – >F5=:0 D878>;>38G5A:8E 8 B5E=>;>38G5A:8E A2>9AB2 =>2KE 4;O :@0DB>-

2>3> ?82>20@5=8O HB0<<>2 4@>6659.  
 

 �&�$���/ �  �&"�/ 

!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  
5 M:A?5@8<5=B0;L=KE HB0<<>2 4@>6659 – � -1, � -2, � -3, � -4, � -5, ?>;CG5==KE 2 
�!' «�=AB8BCB <8:@>18>;>388 !�! �5;0@CA8». #> <>@D>;>38G5A:8< ?@87=0:0< >4=>AC-
B>G=K5 :C;LBC@K 8AA;54C5<KE 4@>6659, 2K@0I5==K5 2 A>;>4>2>< ACA;5 2 :>;10E =0 :0G0;-
:5, 20@L8@CNB ?> D>@<5 8 @07<5@0< :;5B>: (@8A. 1). #@8 <8:@>A:>?8@>20=88 CAB0=>2;5=>, 
GB> C 87>;OB0 � -1 :;5B:8 >20;L=K5 (5,2&10,5)–(4,0&8,7) <:<, :>;8G5AB2> :@C?=KE :;5B>: 
2 ?>?C;OF88 A>AB02;O5B 10&15 %, A@54=8E – 70&75 %, <5;:8E – 10&15 %; C � -2 :;5B:8 
:@C3;K5 8 :@C3;>>20;L=K5 (5,2&10,5)–(4,0&8,7) <:<, :@C?=KE :;5B>: 2 ?>;5 7@5=8O – 
15&20 %, A@54=8E – 45&50 %, <5;:8E – 30&40 %. "A>15==>ABLN 18>:C;LBC@K � -3 O2;O-
5BAO A?>A>1=>ABL >1@07>2K20BL ?A524><8F5;89, 53> :;5B:8 @0A?>;>65=K <CB>2:0<8, >1@0-
7CNB F5?>G:8, ?> D>@<5 >20;L=K5, @07<5@>< 6,2&9,7 <:<. �;O 18>:C;LBC@K � -4 E0@0:-
B5@=K :@C3;>>20;L=K5 :;5B:8 (5,2&11,5)–(3,4&8,2) <:<, ?@5>1;040NB :@C?=K5 – 60..65 %, 

<5;:8E – 35&40 %; C 18>:C;LBC@K � -5 :;5B:8 H0@>284=K5 (6,2&11,5 <:<), ?@58<CI5AB-
25==> A@54=85 8 <5;:85 80&85 %, :@C?=KE – 15&20 % [21]. 

 
 

 

 

 

 

 

 

 

 
$<E. 1.   8:@>A:>?8@>20=85 8AA;54C5<KE 18>:C;LBC@ 4@>6659 (×400) 

Fig. 1. Microscopy of the yeast biocultures under study (×400) 
 

�535B0B82=>5 @07<=>65=85 :C;LBC@ >ACI5AB2;O5BAO ?>G:>20=85<. �A5 18>:C;LBC@K 2 D0-
:C;LB0B82=K5 0=0M@>1K; 0:B82=> A1@06820NB 3;N:>7C, 30;0:B>7C, <0;LB>7C, A0E0@>7C, @0D-
D8=>7C; =5 A1@06820NB ;0:B>7C; 0AA8<8;8@CNB 3;N:>7C, 30;0:B>7C, <0;LB>7C, A0E0@>7C, B@5-
30;>7C, @0DD8=>7C, 0;LD0-<5B8;, <>;>G=CN :8A;>BC; =5 0AA8<8;8@CNB F5;;>18>7C, ;0:B>7C, 
<5;818>7C, 8=C;8=, :@0E<0;, 3;8F5@8=, MB0=>;, O=B0@=CN :8A;>BC, ;8<>==CN :8A;>BC, <0=-
=8B, A>@18B; =8B@0BK =5 CA20820NB.  
�84>2CN 845=B8D8:0F8N CB>G=O;8 =0 >A=>25 0=0;870 ?>A;54>20B5;L=>AB8 D@03<5=B0 35=0 

18S @$!�. �K45;5=85 E@><>A><=>9 �!� 87 :;5B>: 4@>6659 >ACI5AB2;O;8 A 8A?>;L7>20=8-
5< <>48D8F8@>20==>3> *&�� <5B>40. �<?;8D8:0F8N �!� ?@>2>48;8 <5B>4>< ?>;8<5@07-
=>9 F5?=>9 @50:F88 (#*$) A 8A?>;L7>20=85< ?@>3@0<<8@C5<>3> B5@<>AB0B0 SureCycler 8800 
Thermal Cycler (Agilent Technologies) 8 A>>B25BAB2CNI8E ?0@ ?@09<5@>2. �;O >G8AB:8 0<-
?;8D8F8@>20==KE D@03<5=B>2 �!� 8A?>;L7>20;8 =01>@ GeneJET PCR Purification Kit 

(ThermoFisher). %5:25=8@>20=85 D@03<5=B>2 �!� ?@>2>48;8 <5B>4>< B5@<8=0F88 F5?8 ?> 
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%M=35@C 2 B5@<>F8:;8G5A:>9 @50:F88 A <5G5=K<8 =0 5’-:>=F5 <5B:>9 Cy5.5 ?@09<5@0<8 
NS1, 4;O ?>AB0=>2:8 A5:25=8@CNI59 @50:F88 8A?>;L7>20;8 =01>@ DNA Cycle Sequencing Kit 

(Jena Bioscience). $0745;5=85 8 45B5:F8N ?@>4C:B>2 A5:25=8@CNI59 @50:F88 ?@>2>48;8 =0 
�!�-0=0;870B>@5 4300 DNA Analyzer (Li-COR Biosciences) A A>>B25BAB2CNI8< ?@>3@0<<-
=K< >15A?5G5=85<. $57C;LB0BK A5:25=8@>20=8O 0=0;878@>20;8 A ?><>ILN ?@>3@0<<=>3> 
?0:5B0 eSeq V.3.1 (Li-COR Biosciences). %@02=8B5;L=K9 0=0;87 A5:25=8@>20==KE =C:;5>B84-
=KE ?>A;54>20B5;L=>AB59 8 =C:;5>B84=KE ?>A;54>20B5;L=>AB59 87 <564C=0@>4=>9 107K 
40==KE GenBank >ACI5AB2;O;8 A ?><>ILN ?@>3@0<<K BLASTN [21].  
-:A?5@8<5=B0;L=K5 4@>6659 ?@8 8E :C;LB828@>20=88 2 70<:=CB>9 A8AB5<5 E0@0:B5@87C-

NBAO 0:B82=K< =0:>?;5=85< 18><0AAK A 2KA>:8< B8B@>< :;5B>: >B 4,8×108 4> 1,1×109 :;/<; 
(B01;.2).  

 

&45?. 2. )0@0:B5@8AB8:0 687=5A?>A>1=>AB8 8 D878>;>38G5A:>9 0:B82=>AB8 684:8E :C;LBC@  
M:A?5@8<5=B0;L=KE 18>:C;LBC@ 4@>6659 [21] 

Table 2. Characteristics of viability and physiological activity of liquid cultures of experimental yeast 

biocultures [21] 

,B0<< &8B@, n×108
 

:;./<; 
�87=5A?>A>1=>ABL:  

:>;8G5AB2> <5@B2KE :;5B>: 2–5 % 

(878>;>38G5A:0O 0:B82=>ABL:  
:>;8G5AB2> :;5B>:  
A 3;8:>35=>< 75–95 % 

1 2 3 4 

� -1 7,3 

 
 
 

 
 
 
 
 

 

� -2 11,0 

 

 

 

 

 

 

 

 

 

� -3 

 

4,8 
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#@>4>;65=85 F45?. 2.  
1 2 3 4 

� -4 9,4  

 

 

 

 

 

 

  

� -5 7,4 

 

 

 

 

 

 

 

 

 

 

&0:8< >1@07><, ?> A>2>:C?=>AB8 CAB0=>2;5==KE :C;LBC@0;L=KE, <>@D>;>38G5A:8E 8 D8-
78>;>3>-18>E8<8G5A:8E >A>15==>AB59 2K45;5==K5 18>:C;LBC@K >B=5A5=K : @>4C 
Saccharomyces.  

�AA;54>20=85 D878>;>38G5A:8E 8 B5E=>;>38G5A:8E A2>9AB2 M:A?5@8<5=B0;L=KE HB0<<>2 
4@>6659 ?@>2>48;8 =0 42CE ?8B0B5;L=KE A@540E – ?82=>< ACA;5, ?>;CG5==>< 87 OG<5==>3> 
?82>20@5==>3> A>;>40 >B5G5AB25==>3> ?@>872>4AB20 ("�" «�5;A>;>4), 8 ?82=>< ACA;5, ?>-
;CG5==>< 87 M:AB@0:B0 OG<5==>-A>;>4>2>3> =5>E<5;5==>3>. %>;>4>2>5 ACA;> ?>;CG0;8 =0-
AB>9=K< A?>A>1>< ?> A;54CNI8< @568<0< [22]. �;O MB>3> 4@>1;5=K9 A>;>4 (AB5?5=L 4@>1-
;5=8O A>AB02;O;0: H5;CE0 – 15&18 %, :@C?=0O :@C?:0 – 20&22 %, <5;:0O :@C?:0 –  
30&35 %, <C:0 – 25&35 % ) A<5H820;8 A 2>4>9 2 A>>B=>H5=88 75@=>?@>4C:BK:2>40 – 1:3,5. 

#>;CG5==K9 70<5A =03@520;8 4> B5<?5@0BC@K 40 °% 8 2K45@6820;8 ?@8 MB>9 B5<?5@0BC@5 2 
B5G5=85 40&42 <8= (F8B>;8B8G5A:0O ?0C70). �0B5< >ACI5AB2;O;8 ?>4>3@52 70B>@0 4> B5<?5-
@0BC@K 50&52 >% 8 2K45@6820;8 ?@8 MB>9 B5<?5@0BC@5 2 B5G5=85 50&52 <8= (15;:>20O 
?0C70). �0B5< B5<?5@0BC@C 70B>@0 ?>2KH0;8 4> 7=0G5=8O 60&62 °% 8 2K45@6820;8 2 B5G5=85 
60 <8= (<0;LB>7=0O ?0C70), ?>A;5 G53> 70B>@ =03@520;8 4> B5<?5@0BC@K 70 °% (>A0E0@820N-
I0O ?0C70). #@8 MB>9 B5<?5@0BC@5 >ACI5AB2;O;8 >A0E0@820=85 2 B5G5=85 25&30 <8=. #>;=>-
BC >A0E0@820=8O >?@545;O;8 ?> 9>4=>9 ?@>15.  
%CA;> 87 M:AB@0:B0 OG<5==>-A>;>4>2>3> =5>E<5;5==>3> (�#%) ?>;CG0;8 ?CB5< @072545=8O 

53> ?8BL52>9 2>4>9 A ?>A;54CNI8< :8?OG5=85< 53> 2 B5G5=85 42CE G0A>2 8 >E;0645=85< 4> 
B5<?5@0BC@K 1@>65=8O.  8:@>18>;>38G5A:85 8AA;54>20=8O ?@>2>48;8 A 8A?>;L7>20=85< 
>1I5?@8=OBKE <5B>4>2 8AA;54>20=89 [23–30]. �>=F5=B@0F8N MB0=>;0 >?@545;O;8 2 A>>B25B-
AB288 A �"%& 12787 [31], 1@>48;L=CN 0:B82=>ABL 25A>2K< <5B>4>< [32]; A:>@>ABL A1@068-
20=8O 8  C45;L=CN A:>@>ABL A1@06820=88 ?> <5B>48:0< [33]. %B0B8AB8G5A:CN >1@01>B:C @5-
7C;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&�&/ � �) "�%'���!�� 

�06=K<8 D0:B>@0<8, >?@545;ONI8<8 1@>48;L=CN A?>A>1=>ABL 4@>6652KE :;5B>:, 0 
B0:65 8E A?>A>1=>ABL ?@>4CF8@>20BL 2:CA>0@><0B8G5A:85 ;5BCG85 25I5AB20, O2;O5BAO A?>-
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A>1=>ABL :;5B>: 040?B8@>20BLAO : ?>AB>O==> 87<5=ONI8<AO CA;>28O< 2=5H=59 A@54K 2 
?@>F5AA5 1@>65=8O. � A2>N >G5@54L 28B0;L=>ABL :;5B>:, 8E 040?B0F8>==K5 2>7<>6=>AB8, 
18>A8=B5B5B8G5A:0O 0:B82=>ABL 7028AOB >B @O40 D0:B>@>2, B0:8E :0: A10;0=A8@>20==>ABL ?8-
B0B5;L=>9 A@54K, CAB>9G82>ABL : >A<>B8G5A:><C, MB0=>;L=><C, B5<?5@0BC@=><C AB@5AA0<, 8 
2 B>< G8A;5 >B HB0<<>2KE >A>15==>AB59 4@>6659 8 8E D878>;>38G5A:>3> A>AB>O=8O [23–26]. 

�8B0;L=>ABL 8 D878>;>38G5A:85 A2>9AB20 >B>1@0==KE 6 M:A?5@8<5=B0;L=KE >1@07F>2 4@>6-
659 – � -1, � -2, � -3, � -4, � -5 – >F5=820;8 ?> A;54CNI8< ?>:070B5;O<, E0@0:B5@8-
7CNI8< D878>;>38G5A:85 8 B5E=>;>38G5A:85 A2>9AB20 8AB>G=8:0 1@>65=8O – AB5?5=8 A1@0-
6820=8O (%%�) 8 A:>@>AB8 A1@06820=8O, C45;L=>9 A:>@>AB8 @>AB0 :C;LBC@K, A>45@60=8N 

>1I53> :>;8G5AB20 ("���) 8 ?>G:CNI8EAO 4@>6652KE :;5B>: (#� ?>A;5 3;.1@), :>=F5=B@0F88 
3;8:>35=0 ('#?> 3;8:>35=C), A>45@60=85 <5@B2KE :;5B>: ( �), A?8@B>>1@07>20=85 (%%) 8 4@. � 
:0G5AB25 >1J5:B0 A@02=5=8O A;C68; HB0<< 4@>6659 � -16, 2K45;5==K9 A ?>25@E=>AB8 
D@C:B>2 8 >B=>AOI89AO : @. Saccharomyces cerevisia.  

�AA;54>20=8O ?@>2>48;8 =0 42CE ?8B0B5;L=KE A@540E – A>;>4>2>< ACA;5 (%%) A =0G0;L=>9 
:>=F5=B@0F859 ACE8E 25I5AB2 >B 10 4> 18 % 8 =0 ACA;5, ?@83>B>2;5==>< =0 >A=>25 :>=F5=-
B@0B0 ?82=>3> ACA;0 (�#%), A 0=0;>38G=>9 =0G0;L=>9 :>=F5=B@0F859 ACE8E 25I5AB2. #@>F5AA 
1@>65=8O >ACI5AB2;O;8 ?> 42C< @568<0< 1@>65=8O: ?5@2K9 @568< – ?@8 B5<?5@0BC@5  
(22±2) º% (25@E>2>5 1@>65=85); 2B>@>9 @568< – ?@8 B5<?5@0BC@5 – (7±2) º% (=87>2>5 1@>65-
=85); ?@>4>;68B5;L=>ABL 1@>65=8O A>AB02;O;0 8 ACB. !>@<0 2=5A5=8O 4@>6652>9 @072>4:8 
A>AB02;O;0 20–30 A<3/4<3

 A B8B@><, C:070==K< 2 B01;. 3. $57C;LB0BK 8AA;54>20=89 ?@54AB02-
;5=K =0 @8A. 2–9. 

 

&45?. 3. &8B@K :C;LBC@ 4;O 2=5A5=8O 2 ?82=>5 ACA;> 

Table 3. Titers of cultures to be added to beer wort 

!08<5=>20=85 :C;LBC@K &8B@, �"�/A<3
 

И -1 3,4×10
8
 

И -2 6,0×10
8
 

И -3 2,5×10
8
 

И -4 2,5×10
8
 

И -5 1,4×10
8
 

И -16 2,4×10
8
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

$<E. 2  %B5?5=L A1@06820=8O 4@>6659 2 7028A8<>AB8 >B HB0<<0  

Fig. 2. Degree of yeast fermentation depending on the strain 
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$<E. 3. %:>@>ABL A1@06820=8O 4@>6659 2 7028A8<>AB8 >B HB0<<0  

Fig. 3. Yeast fermentation rate depending on the strain 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$<E. 4. '45;L=0O A:>@>ABL @>AB0 4@>6659 2 7028A8<>AB8 >B HB0<<0  

Fig. 4. Specific growth rate of yeast depending on the strain 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$<E. 5. �@>48;L=0O 0:B82=>ABL 4@>6659  2 7028A8<>AB8 >B HB0<<0 

Fig. 5. Fermentation activity of yeast depending on the strain 
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$<E. 6. �>=F5=B@0F8O 4@>6652KE :;5B>: ?>A;5 3;02=>3> 1@>65=8O 2 7028A8<>AB8  
>B HB0<<0 8 2840 ACA;0 

Fig. 6. Concentration of yeast cells after the main fermentation depending 

on the yeast strain and the wort type    

 

 

 

 

 

 

 

 

 

 

 

 

 

 
$<E. 7.  '?8B0==>ABL ?> 3;8:>35=C 2 7028A8<>AB8 >B HB0<<0 4@>6659 8 2840 ACA;0 

Fig. 7. Glycogen state depending on the yeast strain and the wort type 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$<E. 8. %>45@60=85 ?>G:CNI8EAO :;5B>: ?>A;5 3;02=>3> 1@>65=8O 2 7028A8<>AB8  
>B HB0<<0 4@>6659 8 2840 ACA;0 

Fig. 8. Content of budding cells after the main fermentation depending on the yeast strain  

and the wort type 
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$<E. 9. %>45@60=85 MB8;>2>3> A?8@B0 2 7028A8<>AB8 >B HB0<<0 4@>6659 8 2840 ACA;0 

Fig. 9. Content of ethyl alcohol depending on the yeast strain and the wort type 

 

!0 >A=>20=88 ?>;CG5==KE M:A?5@8<5=B0;L=KE 40==KE ?> 87CG5=8N D878>;>38G5A:8E 8 
B5E=>;>38G5A:8E A2>9AB2 8AA;54C5<KE >1@07F>2 M:A?5@8<5=B0;L=KE 4@>6659 A>AB02;5=K 
<8:@>18>;>38G5A:85 :0@BK A C:070=85< >A>15==>AB59 @0728B8O 8AA;54C5<KE HB0<<>2 
4@>6659 =0 ?82=>< ACA;5. #@8<5@ :0@BK 18>B5E=>;>38G5A:8E A2>9AB2 HB0<<0 4@>6659 
И -1 ?@54AB02;5= 2 B01;.4. 

 

&45?. 4.  �0@B0 18>B5E=>;>38G5A:8E A2>9AB2 HB0<<0 4@>6659 И -1 

Table 4. Process sheet of biotechnological properties of yeast strain IM-1 

!08<5=>20=85 ?>:070B5;59 �=0G5=85 
И -1 

%B5?5=L A1@06820=8O, % 78,9 (2KA>:>A1@06820NI85) 
%:>@>ABL A1@06820=8O, 3/G E100 3 0,35–0,4 (2KA>:0O) 
'45;L=0O A:>@>ABL @>AB0, G-1

 0,18 (A@54=OO) 
�028A8<>ABL >B >A<>B8G5A:>3> AB@5AA0 A@54=OO 
 0:A8<0;L=0O 1@>48;L=0O 0:B82=>ABL, 3/G E100 3 0,4  

!4 A>;>8>6>< AуA;9: 
"���4> =0G0;0 1@>6./"��� ?>A;5 3;.1@.=6,8E106/5,5E108

 �"�/A<3;  �=3,3–5,5%; '#?> 3;8:>35=C=61–75%; #� 

?>A;5 3;.1@.=56–64%; %%�284. ?>A;5 3;.1@.= 58–68%;  %%�459AB2. ?>A;5 3;.1@.= 59,6–64,4%; %%=4,6–5,2% >1. 
!4 AуA;9, ?>;уG9==>< 87 �#%: 

"���4> =0G0;0 1@>6./"��� ?>A;5 3;.1@.=6,8E106/4,2E107
 �"�/A<3;  �=4,0–8,5%; '#?> 3;8:>35=C=57–66%; #� 

?>A;5 3;.1@.=40–51%; %%�284. ?>A;5 3;.1@.= 51–63%; %%�459AB2. ?>A;5 3;.1@.= 49,2–58,0%; %%=3,8–4,4% >1. 
 

&0:8< >1@07><, CAB0=>2;5=>, GB> D878>;>38G5A:85 A2>9AB20 8AA;54C5<KE 4@>6659, 8E 28-
B0;L=>ABL 8 B5E=>;>38G5A:85 A2>9AB20 – AB5?5=L A1@06820=8O, A:>@>ABL A1@06820=8O, C45;L=0O 
A:>@>ABL @>AB0, 1@>48;L=0O 0:B82=>ABL 8 CAB>9G82>ABL : >A<>B8G5A:><C AB@5AAC 7028AOB >B @O-
40 D0:B>@>2 – A>AB020 ?8B0B5;L=>9 A@54K, HB0<<>2KE >A>15==>AB59 8 CA;>289 :C;LB828@>20-
=8O. 
!0 >A=>20=88 M:A?5@8<5=B0;L=KE 40==KE ?>;CG5=K 7028A8<>AB8 :>=F5=B@0F89 4@>6652KE 

:;5B>: >B ?@>4>;68B5;L=>AB8 A1@06820=8O ?82=>3> ACA;0, E0@0:B5@87CNI85 48=0<8:C ?@>B5-
:0=8O F8:;>2 @0728B8O ?>?C;OF88 8AA;54C5<KE 4@>6659 8 A>?@O65=85 8E A ?5@8>4><, :>340 
4@>668 ?@>O2;ONB A2>N <0:A8<0;L=CN 1@>48;L=CN 0:B82=>ABL. �0==K5 7028A8<>AB8 >?8AK-
20NB ?>2545=85 4@>6652KE :;5B>: ?@8 D5@<5=B0F88 8 ?>72>;ONB :>=B@>;8@>20BL 8 :>@@5:B8-
@>20BL :;NG52K5 ?0@0<5B@K ?@>F5AA0 1@>65=8O 2 B5G5=85 ?@>872>4AB25==>3> F8:;0. $57C;LB0-
BK 8AA;54>20=89 ?@54AB02;5=K =0 @8A. 10–15. 
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�7 ?>;CG5==KE <0B5<0B8G5A:8E 7028A8<>AB59 A;54C5B, GB> 4;O :064>9 8AA;54C5<>9 
4@>6652>9 ?>?C;OF88 E0@0:B5@=0 A2>O 48=0<8:0 87<5=5=8O :>=F5=B@0F88 4@>6652KE :;5-
B>:  2 ?5@8>48G5A:>< F8:;5 1@>65=8O ?82=>3> ACA;0. $0728B85 4@>6659 HB0<<0 И -1 ?@>-
8AE>48B 2 CA;>28OE =87>2>3> 1@>65=8O 8 ?>4G8=O5BAO ?0@01>;8G5A:>9 7028A8<>AB8 – ?>2K-
H5=85 18><0AAK 2 ?5@2K9 ?5@8>4 D5@<5=B0F88 (?5@2K5 – B@5BL8 ACB:8 1@>65=8O), A ?>A;5-
4CNI8< ?5@5E>4>< 2 AB0F8>=0@=CN D07C (G5B25@BK5 – ?OBK5 ACB:8 1@>65=8O) 8 D07C >B<8-
@0=8O : >:>=G0=8N ?@>F5AA0 1@>65=8O. 
�@C385 8AA;54C5<K5 M:A?5@8<5=B0;L=K5 HB0<<K 4@>6659 2 CA;>28OE 25@E>2>3> 1@>65-

=8O E0@0:B5@87CNBAO =5>4=>@>4=>9 48=0<8:>9 8 A:>@>ABLN 87<5=5=8O :>=F5=B@0F88 4@>6-
652KE :;5B>: 2 B5G5=85 D5@<5=B0F88, GB>, 25@>OB=>, A2O70=> A 1>;55 2KA>:8<8 B5<?5@0BC-
@0<8 ?@>F5AA0 8 D878>;>38G5A:8<8 HB0<<>2K<8 >A>15==>ABO<8. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

$<E. 10. �028A8<>ABL :>=F5=B@0F88 4@>6652KE :;5B>: И -1 >B ?@>4>;68B5;L=>AB8 1@>65=8O 

Fig. 10. Concentration of yeast cells IM-1 depending on the time of fermentation 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
$<E. 11. �>=F5=B@0F8O 4@>6652KE :;5B>: И -2 2 7028A8<>AB8  

>B ?@>4>;68B5;L=>AB8 1@>65=8O 

Fig. 11. Concentration of yeast cells IM-2 depending on the time of fermentation 
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$<E. 12. �>=F5=B@0F8O 4@>6652KE :;5B>: И -3 2 7028A8<>AB8 >B ?@>4>;68B5;L=>AB8 1@>65=8O 

Fig. 12. Concentration of yeast cells IM-3 depending on the time of fermentation 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
$<E. 13. �>=F5=B@0F8O 4@>6652KE :;5B>: И -4 2 7028A8<>AB8 >B ?@>4>;68B5;L=>AB8 1@>65=8O 

Fig. 13. Concentration of yeast cells IM-4 depending on the time of fermentation 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$<E. 14.  �>=F5=B@0F8O 4@>6652KE :;5B>: И -5 2 7028A8<>AB8 >B ?@>4>;68B5;L=>AB8 1@>65=8O 

Fig. 14. Concentration of yeast cells IM-5 depending on the time of fermentation 
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$<E. 15. �>=F5=B@0F8O 4@>6652KE :;5B>: HB0<<0 И -16 2 7028A8<>AB8  

>B ?@>4>;68B5;L=>AB8 1@>65=8O 

Fig. 15. Concentration of yeast cells IM-16 depending on the time of fermentation 

 

&0:8< >1@07><, ?@>2545==K5 M:A?5@8<5=B0;L=K5 8 <0B5<0B8G5A:85 8AA;54>20=8O  ?>72>-
;8;8 CAB0=>28BL :8=5B8:C @0728B8O M:A?5@8<5=B0;L=KE 18>:C;LBC@ 4@>6659, ?@8<5=8B5;L-
=> : CA;>28O< :@0DB>2>3> ?82>20@5=8O, 8  >?@545;8BL D07C 8E <0:A8<0;L=>9 :;5B>G=>9 0:-
B82=>AB8. #>;CG5==K5 @57C;LB0BK ;53;8 2 >A=>2C <5B>48G5A:8E @5:><5=40F89 ?> 8A?>;L7>-
20=8N =>2KE HB0<<>2 4@>6659 2 :@0DB>2>< ?82>20@5=88.  

 

����2+�!�� 

#@>2545==K5 M:A?5@8<5=B0;L=K5 8AA;54>20=8O ?>72>;8;8 >1>A=>20BL 8A?>;L7>20=85 =>-
2KE 2KA>:>0:B82=KE HB0<<>2 4@>6659 4;O :@0DB>2>3> ?82>20@5=8O. 'AB0=>2;5=>, GB> M:A-
?5@8<5=B0;L=K5 HB0<<K 4@>6659, ?@54>AB02;5==K5 �=AB8BCB>< <8:@>18>;>388 !�!  
�5;0@CA8 – И -1, И -2, И -3, И -4, И -5, E0@0:B5@87CNBAO 2KA>:8<8 D878>;>38G5A:8<8 
8 B5E=>;>38G5A:8<8 A2>9AB20<8 – 28B0;L=>ABLN (B8B@ 1,4–6,0E108), C45;L=>9 A:>@>ABLN @>A-
B0 (0,18–0,25 G-1), 1@>48;L=>9 0:B82=>ABLN (0,28–0,31 3/G E100 3), A:>@>ABLN 8 AB5?5=LN 
A1@06820=8O (70–80 %).  

�7CG5==K5 HB0<<K 4@>6659 @5:><5=4>20=K 4;O ?@8<5=5=8O 2 ?@><KH;5==>AB8, 2 B.G. 2 
F5;OE 8<?>@B>70<5I5=8O 8 A>740=8O >B5G5AB25==>9 :>;;5:F88 4@>6659. #>72>;ONB AD>@-
<8@>20BL 7040==K9 2:CA>0@><0B8G5A:89 ?@>D8;L 3>B>2>3> ?@>4C:B0. &5E=>;>38G5A:8 MD-
D5:B82=K, =5 B@51CNB 4>?>;=8B5;L=>3> >1>@C4>20=8O 8 4@C38E :0?8B0;L=KE 70B@0B ?@8 8A-
?>;L7>20=88 2 ?@>872>4AB25. 
&5>@5B8G5A:0O 7=0G8<>ABL 8AA;54>20=8O A>AB>8B 2 @0728B88 <5B>4>2 MDD5:B82=>3> 

C?@02;5=8O ?@>F5AA0<8 4@>66535=5@0F88 ?82>20@5==KE 4@>6659 ?@8 8E 8A?>;L7>20=88 2 
:0G5AB25 8AB>G=8:0 1@>65=8O. 
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POULTRY BY-PRODUCTS: A COMPREHENSIVE ASSESSMENT OF BIOLOGICAL 

VALUE, FUNCTIONAL-TECHNOLOGICAL AND RHEOLOGICAL PROPERTIES 

O. G. Khodoreva, K. A. Marchenko, S. A. Gordynets  

RUE «Institute for Meat and Dairy Industry», Republic of Belarus 

ABSTRACT  
Introduction. Increasing efficiency of using protein sources for food purposes by wider use of by-products 

obtained during poultry processing as by-products of slaughter is of current importance. The scientific task is 

to substantiate and define a set of indicators of rheological and functional-technological properties of by-

products that are relevant for the current level of the development of technologies for meat products and re-

quirements for their quality. 

Materials and methods. Broiler chicken by-products (liver, heart, muscular stomach) and meat (boneless 

thigh). Generally accepted and specialized research methods.  

Results. The assessment of the total chemical composition (protein, fat, moisture) and the energy value of 

the offal of broiler chickens was carried out. There were determined amino acid composition and protein bal-
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ance, as well as rheological properties (ultimate shear stress, specific cutting force, adhesive stress, coeffi-

cient of elasticity, ratio of elastic and plastic deformation) of broiler chicken by-products. 

Conclusions. The obtained results can be used as reference and informational materials for determining the 

compatibility of the components in the formulation as well as for optimizing the selection of ingredient ra-

tios, taking into account the probability of adjusting the properties of both the individual components and the 

resulting system as a whole.  

KEY WORDS: broiler chicken by-products; amino acid composition; balance; biological value; functional 

and technological properties; structural and mechanical properties. 

FOR CITATION: Khodoreva, O. G. Poultry by-products: a comprehensive assessment of biological value, 

functional-technological and rheological properties / O. G. Khodoreva, K. A. Marchenko, S. A. Gordynets // 

Vestnik of the Belarusian State University of Food and Chemical Technologies. – 2023. – № 1(34). –  
$.  78–89 (in Russian). 
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F88 ?@>872>4AB20 <OA=>9 ?@>4C:F88 =0 8E >A=>25 A 2KA>:8<8 ?>B@518B5;LA:8<8 E0@0:B5@8-
AB8:0<8. 
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!0CG=0O 7040G0 – >1>A=>20=85 8 87<5@5=85 :><?;5:A0 ?>:070B5;59 @5>;>38G5A:8E 8 DC=:-
F8>=0;L=>-B5E=>;>38G5A:8E A2>9AB2 AC1?@>4C:B>2, 0:BC0;L=KE 4;O A>2@5<5==>3> C@>2=O 
@0728B8O B5E=>;>389 <OA=>9 ?@>4C:F88 8 B@51>20=89 : 8E :0G5AB2C. 

 

 �&�$���/ �  �&"�/  
� :0G5AB25 >1J5:B>2 8AA;54>20=89 8A?>;L7>20;8AL AC1?@>4C:BK FK?;OB-1@>9;5@>2 – ?5-

G5=L, A5@4F5, <KH5G=K9 65;C4>:, 0 B0:65 A F5;LN >ACI5AB2;5=8O A@02=8B5;L=>3> 0=0;870 – 
<OA> FK?;OB-1@>9;5@>2 (<O:>BL 154@0), >B>1@0==K5 87 CA@54=5==>9 ?0@B88, ?>;CG5==>9 2 
?@><KH;5==KE CA;>28OE =0 ?B8F5?5@5@010BK20NI5< ?@54?@8OB88 $5A?C1;8:8 �5;0@CAL. 
#@>2545=85 ;01>@0B>@=KE 8A?KB0=89 >ACI5AB2;O;8 A 8A?>;L7>20=85< A;54CNI8E <5B>-

4>2 8AA;54>20=89: 
- <0AA>20O 4>;O 15;:0 ?> �"%& 25011-2017; 

- <0AA>20O 4>;O 68@0 ?> �"%& 23042-2015; 

- <0AA>20O 4>;O 2;038 ?> �"%& 9793-2016; 

- 0<8=>:8A;>B=K9 A>AB02 A ?><>ILN 2KA>:>MDD5:B82=>9 684:>AB=>9 E@><0B>3@0D88 ?> 
 ��. ! 1363-2000. 

"?@545;5=85 :0;>@89=>AB8, 0<8=>:8A;>B=>3> A:>@0 – <5B>4>< @0AG5B0 =0 >A=>20=88 @5-
7C;LB0B>2 ;01>@0B>@=KE 8AA;54>20=89 ?> D>@<C;0<, 87;>65==K< 2 [8]. 
"?@545;5=85 2;03>A2O7K20NI59 A?>A>1=>AB8 (�%%) <5B>4>< ?@5AA>20=8O ?> <5B>4C �@0C 

8 )0<<0 2 <>48D8:0F88 �>;>28=A:>9, >?@545;5=85 2;03>C45@6820NI59 A?>A>1=>AB8 (�'%) 
8 >?@545;5=85 68@>C45@6820NI59 A?>A>1=>AB8 (�'%) >ACI5AB2;O;8 ?> <5B>48:0<, 87;>-
65==K< 2 [9].  
�7CG5=85 AB@C:BC@=>-<5E0=8G5A:8E (@5>;>38G5A:8E) A2>9AB2 AC1?@>4C:B>2 ?@>2>48;8 

<5B>4>< 0=0;870 ?@>D8;O B5:ABC@K (&$�) =0 A?5F80;L=>< ?@81>@5 – 0=0;870B>@ B5:ABC@K 
«Brookfield %&3» (Brookfield, %,�) ?> <5B>48:5, ?@82545==>9 2 [10]. �A?KB0=8O ?@>2>48-
;8AL 2 B@5E:@0B=>9 ?>2B>@=>AB8 ?> :064><C =08<5=>20=8N >1@07F0 A 2KG8A;5=85< A@54=53> 
7=0G5=8O. 
"?@545;5=85 ?@545;L=>3> =0?@O65=8O A42830 ?@>2>48;8 ?@8 A;54CNI8E ?0@0<5B@0E 8A-

?KB0=8O: CA8;85 :0A0=8O F�=1 3, A:>@>ABL =03@C65=8O (42865=8O) 845=B>@0 V=1 <</A, 3;C-
18=0 2=54@5=8O 845=B>@0 H=10 <<, =0;8G85 @525@A8>==>3> 42865=8O A 0=0;>38G=K<8 E0@0:-
B5@8AB8:0<8. � :0G5AB25 845=B>@0 (87<5@8B5;L=>3> 8=AB@C<5=B0) 8A?>;L7>20;8 :>=CA A C3-
;>< ?@8 25@H8=5 α =60>. 
"?@545;5=85 CA8;8O @570=8O ?@>2>48;8 ?@8 A;54CNI8E ?0@0<5B@0E 8A?KB0=8O: CA8;85 

:0A0=8O F�=10 3, A:>@>ABL =03@C65=8O (42865=8O) 845=B>@0 V=0,5 <</A, 3;C18=0 2=54@5=8O 
845=B>@0 H=10 <<. � :0G5AB25 845=B>@0 8A?>;L7>20;8 <5B0;;8G5A:89 =>6 4;8=>9 70 << 8 
B>;I8=>9 C >A=>20=8O 0,15 <<. 
�43578>==>5 =0?@O65=85 >?@545;O;8 ?CB5< 87<5@5=8O CA8;8O >B@K20 8=45=B>@0 >B 8A-

A;54C5<>3> >1@07F0 ?@8 A;54CNI8E ?0@0<5B@0E 8A?KB0=8O: CA8;85 :0A0=8O F�=10 3, A:>-
@>ABL =03@C65=8O (42865=8O) 845=B>@0 V=0,5 <</A, 4;8B5;L=>ABL AB018;870F88 τ = 10 A, 3;C-
18=0 2=54@5=8O 845=B>@0 H=10 <<. � :0G5AB25 845=B>@0 8A?>;L7>20;8 F8;8=4@ M1>=8B>2K9 
480<5B@>< 12,7 <<. 
 >4C;L C?@C3>AB8 >?@545;O;8 ?CB5< A60B8O >1@07F0 ?@8 A;54CNI8E ?0@0<5B@0E 8A?KB0-

=8O: CA8;85 :0A0=8O F�=10 3, A:>@>ABL =03@C65=8O (42865=8O) 845=B>@0 V=1,0 <</A, 3;C18=0 
2=54@5=8O 845=B>@0 H (<<) ?@8=OB0 :0: 1/3 ?5@2>=0G0;L=>9 2KA>BK >1@07F0. � :0G5AB25 
845=B>@0 8A?>;L7>20;8 F8;8=4@8G5A:89 40BG8: (48A:) 480<5B@>< 38,1 <<.  "B=>H5=85 C?@C-
3>9 45D>@<0F88 : ?;0AB8G5A:>9 >?@545;O;8 ?@8 2K?>;=5=88 8AA;54>20=89 =0 A60B85 ?@8 
?0@0<5B@0E 8A?KB0=8O, 0=0;>38G=KE >?@545;5=8N <>4C;O C?@C3>AB8. 
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$��'�0&�&/ � �) "�%'���!��  

#<M964O < 5<B?B7<K9E>4O J9AABEFP. #8I520O F5==>ABL, =0@O4C A 157>?0A=>ABLN, O2;O-
5BAO >A=>2=K< ?@87=0:>< :0G5AB20 ?8I52KE ?@>4C:B>2 8 ?@54AB02;O5B A>1>9 :><?;5:A 
A2>9AB2, >15A?5G820NI8E D878>;>38G5A:85 ?>B@51=>AB8 G5;>25:0 2 =5>1E>48<KE 25I5AB20E 
8 M=5@388. "A=>2=K<8 ?>:070B5;O<8, E0@0:B5@87CNI8<8 ?8I52CN F5==>ABL <OA=>9 ?@>-
4C:F88, B@048F8>==> A;C60B <0AA>20O 4>;O 15;:0 8 <0AA>20O 4>;O 68@0. "4=0:>, =5A<>B@O 
=0 7=0G8<>ABL, >1I55 A>45@60=85 >A=>2=KE <0:@>=CB@85=B>2 =5 405B ?>;=>3> ?@54AB02;5-
=8O > 18>;>38G5A:>9 F5==>AB8 AC1?@>4C:B>2. �;O <OA=>9 ?@>4C:F88 18>;>38G5A:0O F5=-
=>ABL 2 ?5@2CN >G5@54L ?@54AB02;O5B A>1>9 ?>:070B5;L :0G5AB20 15;:>2KE :><?>=5=B>2 8 
>?@545;O5BAO 0<8=>:8A;>B=K< A>AB02>< 15;:0 (2 1>;LH59 AB5?5=8 A>45@60=85< =570<5=8-
<KE 0<8=>:8A;>B) 8 53> A10;0=A8@>20==>ABLN, 0 B0:65 C@>2=5< ?5@520@8205<>AB8 8 0AA8<8-
;OF88 2 >@30=87<5 [8]. 
� B01;. 1. ?@82545=K @57C;LB0BK ;01>@0B>@=KE 8AA;54>20=89 ?> >?@545;5=8N >1I53> E8-

<8G5A:>3> A>AB020 (15;>:, 2;030 8 68@) AC1?@>4C:B>2 8 <OA0 FK?;OB-1@>9;5@>2, 0 B0:65 @5-
7C;LB0BK @0AG5B>2 8E M=5@35B8G5A:>9 F5==>AB8 (:0;>@89=>AB8).  

&45?. 1. "1I89 E8<8G5A:89 A>AB02 AC1?@>4C:B>2 8 <OA0 FK?;OB-1@>9;5@>2 

Table 1. Total chemical composition of broiler chicken meat and by-products  

!08<5=>20=85 ?>:070B5;O  O:>BL 
154@0 #5G5=L %5@4F5  KH5G=K9 

65;C4>: 
 0AA>20O 4>;O 2;038, % 

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

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

-=5@35B8G5A:0O F5==>ABL, ::0;/1003 

70,9 

17,2 

8,7 

147,1 

76,7 

19,5 

4,0 

114,0 

75,3 

17,1 

5,9 

121,5 

73,5 

17,9 

6,6 

131,0 

�AA;54>20=8O E8<8G5A:>3> A>AB020 AC1?@>4C:B>2 FK?;OB-1@>9;5@>2 ?>:070;8, GB> 2 =8E 
A>45@60BAO 7=0G8B5;L=K5 @5AC@AK 682>B=>3> 15;:0 – 17,1–19,5 %, ?@8 MB>< ?> 53> A>45@60-
=8N AC1?@>4C:BK =5 CABC?0NB <O:>B8 154@0. %>45@60=85 68@0 C 2A5E 8AA;54C5<KE AC1?@>-
4C:B>2 =865 ?> A@02=5=8N A <OA>< FK?;OB-1@>9;5@>2 (=0 24–54 %), ?@8G5< =08<5=LH8< 
A>45@60=85< >B;8G05BAO ?5G5=L. %>45@60=85 2;038 2 >1@07F0E AC1?@>4C:B>2 FK?;OB-
1@>9;5@>2 =57=0G8B5;L=> 2KH5 ?> A@02=5=8N A <O:>BLN 154@0 (=0 3,7–8,2 %). 

� G0AB8 :0;>@89=>AB8 <>6=> >B<5B8BL, GB> 2A5 87CG5==K5 =08<5=>20=8O AC1?@>4C:B>2 
FK?;OB-1@>9;5@>2 >B;8G0NBAO =52KA>:>9 :0;>@89=>ABLN (114,0–131,0 ::0;/100 3), 2 B>< 
G8A;5 ?> >B=>H5=8N : <O:>B8 154@0 (147,1 ::0;/1003).   
� B01;. 2 ?@54AB02;5=K @57C;LB0BK ;01>@0B>@=KE 8AA;54>20=89 ?> >?@545;5=8N A>45@-

60=8O =570<5=8<KE 8 70<5=8<KE 0<8=>:8A;>B. 
%@02=8B5;L=K9 0=0;87 A>45@60=8O =570<5=8<KE 0<8=>:8A;>B 2 100 3 <O:>B8 154@0 8 

AC1?@>4C:B>2 ?>:07K205B, GB> ?> A>45@60=8N: 
- 87>;59F8=0 – 8AA;54C5<K5 AC1?@>4C:BK ?@52>AE>4OB <O:>BL 154@0 (A>45@60=85 2KH5 =0 

8–65 %), ?@8 MB>< A0<>5 2KA>:>5 A>45@60=85 E0@0:B5@=> 4;O ?5G5=8; 
- ;59F8=0 – 8AA;54C5<K5 AC1?@>4C:BK ?@52>AE>4OB <O:>BL 154@0 (A>45@60=85 2KH5 =0 

10–68 %), ?@8 MB>< A0<>5 2KA>:>5 A>45@60=85 E0@0:B5@=> B0:65 4;O ?5G5=8; 
- ;878=0 – =081>;55 ?@81;865=0 : <O:>B8 154@0 ?5G5=L (@07;8G85 <5=55 1 %), =5<=>3> CA-

BC?05B <KH5G=K9 65;C4>: (=0 16 %). � A5@4F5 A>45@60=85 ;878=0 ACI5AB25==> =865, G5< 2 
<O:>B8 154@0 – 2 1,8 @070; 

- <5B8>=8=0 8 F8AB58=0 (A5@>A>45@60I8E 0<8=>:8A;>B) – ?5G5=L 8 <KH5G=K9 65;C4>: 
?@52>AE>4OB <O:>BL 154@0 (=0 6 8 13 % A>>B25BAB25==>), A5@4F5 65 CABC?05B <O:>B8 154@0 
(A>45@60=85 =865 2 1,6 @070); 
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- D5=8;0;0=8=0 8 B8@>78=0 – 2A5 8AA;54C5<K5 AC1?@>4C:BK ?@52>AE>4OB <O:>BL 154@0 (=0 
18–36 %);  

- B@5>=8=0 – =081>;55 A>?>AB028<K A <O:>BLN 154@0 B0:85 AC1?@>4C:BK, :0: ?5G5=L (2K-
H5 =0 18 %) 8 <KH5G=K9 65;C4>: (2KH5 =0 0,4 %). %5@4F5 E0@0:B5@87C5BAO 1>;55 =87:8< 
C@>2=5< A>45@60=8O B@5>=8=0 (=865 =0 18 % ?> A@02=5=8N A <O:>BLN 154@0); 

- 20;8=0 – ?5G5=L ACI5AB25==> ?@52>AE>48B <O:>BL 154@0 (2KH5 =0 43 %), >AB0;L=K5 >1-
@07FK B0:65 ?@52>AE>4OB, => 2 <5=LH59 AB5?5=8 (2 ?@545;0E 8 %); 

- 38AB848=0 – 8AA;54C5<K5 AC1?@>4C:BK ?@52>AE>4OB <O:>BL 154@0 =0 23–76 %; 

- B@8?B>D0=0 – 8AA;54C5<K5 AC1?@>4C:BK FK?;OB-1@>9;5@>2 CABC?0NB <O:>B8 154@0 =0 
6–21 %, ?@8G5< =08<5=LH55 A>45@60=85 E0@0:B5@=> 4;O ?5G5=8. 
%@02=8B5;L=K9 0=0;87 A>45@60=8O 70<5=8<KE 0<8=>:8A;>B (���) ?>:07K205B, GB> 8E :>-

;8G5AB2> =57=0G8B5;L=> 20@L8@C5BAO ?> >B=>H5=8N : <O:>B8 154@0 – @07;8G85 2 ?@545;0E  
12 % 2 7028A8<>AB8 >B =08<5=>20=8O AC1?@>4C:B0. 

&45?. 2. �<8=>:8A;>B=K9 A>AB02 AC1?@>4C:B>2 8 <OA0 FK?;OB-1@>9;5@>2 

Table 2. Amino acid composition of broiler chicken meat and by-products  

!08<5=>20=85 ?>:070B5;O  O:>BL  
154@0 #5G5=L %5@4F5  KH5G=K9 

65;C4>: 
%>45@60=85 =570<5=8<KE 0<8=>:8A;>B (!��), <3/100 3 ?@>4C:B0 
�7>;59F8= 
�59F8= 

765,7 

1235,2 

1265,1 

2077,0 

828,7 

1360,1 

929,2 

1583,8 

�878= 

 5B8>=8= + F8AB58=* 
(5=8;0;0=8= + B8@>78=* 
&@5>=8= 
�0;8= 
�8AB848= 

1563,2 

448,5 

1312,9 

784,0 

854,8 

341,6 

1557,5 

475,1 

1791,6 

891,5 

1218,9 

601,5 

854,7 

275,0 

1544,4 

642,3 

921,0 

501,6 

1309,1 

507,2 

1631,3 

787,2 

896,4 

418,5 

&@8?B>D0=** 222,0 176,0 199,0 208,0 

%>45@60=85 70<5=8<KE 0<8=>:8A;>B (���), <3/100 3 ?@>4C:B0 
�A?0@038=>20O :8A;>B0 
�;NB0<8=>20O :8A;>B0 
%5@8= 
�;8F8= 
�@38=8= 
�;0=8= 
#@>;8= 

1291,3 

2450,4 

738,3 

918,7 

1059,5 

1428,3 

968,4 

1615,5 

2609,3 

829,3 

918,5 

1228,5 

996,5 

1248,0 

1264,3 

2044,0 

641,8 

834,1 

1180,4 

834,1 

1030,9 

1535,0 

2834,0 

787,1 

1160,4 

1008,8 

1094,4 

1120,0 

* %>45@60=85 40==KE 0<8=>:8A;>B >?@545;O5BAO 2 AC<<5, B0: :0: >@30=87< G5;>25:0 <>65B ?>;CG0BL 87 <5-
B8>=8=0 – F8AB58=, 87 D5=8;0;0=8=0 – B8@>78=. #>MB><C ?@8 =54>AB0B>G=>< A>45@60=88 2 ?>B@51;O5<>< 
15;:5 F8AB58=0 [B8@>78=0] ?>B@51=>ABL >@30=87<0 2 <5B8>=8=5 [D5=8;0;0=8=5] C25;8G8205BAO, 0 ?@8 =54>A-
B0B>G=>< A>45@60=88 – 7=0G8B5;L=> C<5=LH05BAO. *8AB58= 8 B8@>78= O2;ONBAO 70<5=8<K<8 ;8HL ?@8 CA-
;>288 4>AB0B>G=>3> ?>ABC?;5=8O A ?8I59 <5B8>=8=0 8 D5=8;0;0=8=0 A>>B25BAB25==> [11].   
** %>45@60=85 B@8?B>D0=0 – ?> [12]. 

 

�8>;>38G5A:0O F5==>ABL 15;:>2 7028A8B =5 B>;L:> >B A>45@60=8O 2 =8E !��, => 8 >B 8E 
A>>B=>H5=8O.  �<8=>:8A;>BK 4>;6=K ?>ABC?0BL 2 >@30=87< 2 >?@545;5==KE A>>B=>H5=8OE 
<564C A>1>9, B0: :0: 0<8=>:8A;>B=K9 48A10;0=A <>65B ?@>O2;OBLAO 2 =0@CH5=88 ?@>F5AA>2 
<5B01>;87<0.  
!081>;55 G0AB> ?@8<5=O5<>9 <5B>48:>9 >F5=:8 18>;>38G5A:>9 F5==>AB8 15;:0 O2;O5BAO 

@0AG5B 0<8=>:8A;>B=>3> A:>@0 (�%), :>B>@K9 ?@54CA<0B@8205B >F5=:C ?CBP< A@02=5=8O 
0<8=>:8A;>B=>3> A>AB020 8AA;54C5<>3> ?@>4C:B0 8 MB0;>==>3> 15;:0. -B0;>==K9 15;>: 
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?@54AB02;O5B A>1>9 B5>@5B8G5A:89 15;>:, 8450;L=> A10;0=A8@>20==K9 ?> 0<8=>:8A;>B=><C 
A>AB02C, :>B>@K9 ?>;=>ABLN C4>2;5B2>@O5B ?>B@51=>AB8 G5;>25:0 2 =570<5=8<KE 0<8=>:8A-
;>B0E. �<8=>:8A;>B=CN D>@<C;C MB0;>==>3> 15;:0 ?5@8>48G5A:8 ?5@5A<0B@820NB =0 <56-
4C=0@>4=KE A>1@0=8OE M:A?5@B>2 (�"/�"� A CG5B>< A>25@H5=AB2>20=8O <548:>-
18>;>38G5A:8E 8AA;54>20=89, =0:>?;5=8O AB0B8AB8G5A:>3> <0B5@80;0 8 @0728B8O =CB@8F8>-
;>388. !081>;55 0:BC0;L=K5 40==K5 ?@82545=K 2 4>:;045 :>=AC;LB0F88 M:A?5@B>2 (�" 
(#@>4>2>;LAB25==0O 8 A5;LA:>E>7O9AB25==0O >@30=870F8O ""!) 70 2011 3>4, >?C1;8:>20=-
=>< 2 2013 3>4C [13–15]. 

� B01;. 3 ?@54AB02;5=K: 0<8=>:8A;>B=K9 A>AB02 MB0;>==>3> 15;:0, @57C;LB0BK ;01>@0B>@-
=KE 8AA;54>20=89 ?> A>45@60=8N =570<5=8<KE 0<8=>:8A;>B 2 ?5@5AG5B5 =0 100 3 15;:0 8 
@57C;LB0BK @0AG5B>2 0<8=>:8A;>B=KE A:>@>2 =570<5=8<KE 0<8=>:8A;>B @07;8G=KE AC1?@>-
4C:B>2 8 <O:>B8 154@0 FK?;OB-1@>9;5@>2. 
&45?. 3. �<8=>:8A;>B=0O A10;0=A8@>20==>ABL AC1?@>4C:B>2 8 <OA0 FK?;OB-1@>9;5@>2 

Table 3. Amino acid balance of broiler chicken meat and by-products 

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

-B0;>=, @5:>-
<5=4C5<K9 
(�" 4;O 

27@>A;KE, 2011 
[13, 14] 

 O:>BL 
154@0 

#5G5=L %5@4F5  KH5G=K9 
65;C4>: 

�7>;59F8= 
<3/ 100 3 15;:0 3 4,45 6,49 4,85 5,19 

%:>@, % – 148,4 216,3 161,5 173 

�59F8= <3/ 100 3 15;:0 6,1 7,18 10,65 7,95 8,85 

%:>@, % – 117,7 174,6 130,4 145 

�878= 
<3/ 1003 15;:0 4,8 9,09 7,99 5,00 7,31 

%:>@, % – 189,3 166,4 104,1 152,4 

 5B8>=8= + 
F8AB58= 

<3/ 1003 15;:0 2,3 2,61 2,44 1,61 2,83 

%:>@, % – 113,4 105,9 69,9 123,2 

(5=8;0;0=8= 
+ B8@>78= 

<3/ 1003 15;:0 4,1 7,63 9,19 9,03 9,11 

%:>@, % – 186,2 224,1 220,3 222,3 

&@5>=8= 
<3/ 1003 15;:0 2,5 4,56 4,57 3,76 4,40 

%:>@, % – 182,3 182,9 150,2 175,9 

�0;8= 
<3/ 1003 15;:0 4 4,97 6,25 5,39 5,01 

%:>@, % – 124,2 156,3 134,6 125,2 

�8AB848= <3/ 1003 15;:0 1,6 1,99 3,08 2,93 2,34 

%:>@, % – 124,1 192,8 183,3 146,1 

&@8?B>D0= <3/ 1003 15;:0 0,66 1,29 0,90 1,16 1,16 

%:>@, % – 195,6 136,8 176,3 176,1 

%C<<0 !��, <3/1003 15;:0 29,06 43,77 51,56 41,68 46,21 

�8<8B8@CNI0O !�� 

 (1-O), A:>@, % 
– – – 

 5B8>=8= 
+ F8AB5-
8=, 69,9 

– 

 

�AE>4O 87 ?>;CG5==KE @57C;LB0B>2 (B01;. 3) >?@545;5=>, GB> AC<<0 =570<5=8<KE 0<8=>-
:8A;>B 2 100 3 15;:0 2A5E >1@07F>2 AC1?@>4C:B>2 ?@52KH05B 8E AC<<C 2 100 3 MB0;>==>3> 
15;:0 =0  43–77 %. 

'AB0=>2;5=>, GB> 0<8=>:8A;>B=K9 A:>@: 
- 4;O ?5G5=8, A5@4F0 8 <KH5G=>3> 65;C4:0 – =5 ;8<8B8@>20=, B.5. >BACBAB2CNB =570<5=8-

<K5 0<8=>:8A;>BK, ;8<8B8@CNI85 18>;>38G5A:CN F5==>ABL; 



Пище6ая Fех=>?>7ия  

 

 

 

 

 

84 

- 4;O A5@4F0 – ;8<8B8@>20= ?> AC<<5 A5@>A>45@60I8E 0<8=>:8A;>B <5B8>=8=0 8 F8AB58-
=0 (69,9 %). 
&0:8< >1@07>< >?@545;5=>, GB> ?> 0<8=>:8A;>B=>9 A10;0=A8@>20==>AB8 15;:0 ;CGH8<8 

?>:070B5;O<8, =5 CABC?0NI8<8 <O:>B8 154@0, E0@0:B5@87CNBAO ?5G5=L 8 <KH5G=K9 65;C-
4>:. %5@4F5 CABC?05B <O:>B8 154@0, GB> A2O70=> A 1>;55 =87:8< A>45@60=85< 2 53> 15;:5 A5-
@>A>45@60I8E 0<8=>:8A;>B.  
(GA>J<BA4?PAB-F9IAB?B7<K9E><9 E6B=EF64 ((&%). #>4 (&% <OA=>3> AK@LO ?>=8<0NB 

:><?;5:A ?>:070B5;59, :>B>@K5 E0@0:B5@87CNB 53> A?>A>1=>ABL A2O7K20BL 8 C45@6820BL 2;0-
3C 8 68@, D>@<8@>20BL AB018;L=K5 M<C;LA88 8 B.4. (&% >?@545;ONB A?>A>1=>ABL :>=:@5B=>-
3> ?8I52>3> 8=3@5485=B0 2K?>;=OBL B5 8;8 8=K5 AB@C:BC@=K5 DC=:F88 2 ?8I52KE A8AB5<0E. 
� =0AB>OI59 @01>B5 87CG5=K B0:85 (&% AC1?@>4C:B>2 FK?;OB-1@>9;5@>2, :0: 2;03>A2O-

7K20NI0O (�%%), 2;03>C45@6820NI0O (�'%) 8 68@>C45@6820NI0O (�'%) A?>A>1=>AB8. 
%?>A>1=>AB8 <OA=>3> AK@LO A2O7K20BL 8 C45@6820BL 2;03C 8 68@ <>3CB >:07K20BL 2;8O=85 
=0 B0:85 E0@0:B5@8AB8:8 <OA=KE ?@>4C:B>2, :0: A>G=>ABL, =56=>ABL, B>20@=K9 284, ?>B5@8 
?@8 B5@<8G5A:>9 >1@01>B:5 8 B.4. 
!0 @8A. 1 ?@82545=K @57C;LB0BK 87CG5=8O (&% AC1?@>4C:B>2 8 <O:>B8 154@0 FK?;OB-

1@>9;5@>2. 

 

$<E. 1. (C=:F8>=0;L=>-B5E=>;>38G5A:85 A2>9AB20 AC1?@>4C:B>2 8 <OA0 FK?;OB-1@>9;5@>2 

Fig. 1. Functional and technological properties of broiler chicken meat and by-products 

%>3;0A=> ?>;CG5==K< 40==K<, ?> 25;8G8=5 �%% ?5G5=L 8 <KH5G=K9 65;C4>: ?@52>AE>-
4OB <O:>BL 154@0 =0 8,7 % 8 5,5 % A>>B25BAB25==>, 0 A5@4F5 =5<=>3> CABC?05B – =0 4,0 %.  
#> 25;8G8=5 �'% 1>;LH59 25;8G8=>9 ?> >B=>H5=8N : <O:>B8 154@0 E0@0:B5@87>20;0AL 

B>;L:> ?5G5=L (2KH5 =0 11,5 %). 'ABC?0;> <O:>B8 154@0 2 <5=LH59 AB5?5=8 A5@4F5 (=865 =0 
10,3 %), 2 1>;LH59 AB5?5=8 <KH5G=K9 65;C4>: (=865 =0 34,8 %). #@8=8<0O 2> 2=8<0=85 
4>AB0B>G=> 2KA>:85 ?>B5@8 2;038 ?@8 B5?;>2>9 >1@01>B:5 4;O 1>;LH8=AB20 AC1?@>4C:B>2, 
:>B>@K5 <>3CB ?@825AB8 : A=865=8N :0G5AB20 3>B>2>3> ?@>4C:B0 (>1@07>20=8N 1C;L>==KE 
>B5:>2, @KE;>9, ACE>9 :>=A8AB5=F88), A F5;LN ?>2KH5=8O �'% <OA=>9 A8AB5<K ?@8 A>AB02-
;5=88 @5F5?BC@ F5;5A>>1@07=> ?@54CA<0B@820BL ?@8<5=5=85 DC=:F8>=0;L=KE 8=3@5485=B>2, 
2 B.G. AK@LO @0AB8B5;L=>3> ?@>8AE>645=8O. 
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#> 25;8G8=5 �'% 1>;LH59 25;8G8=>9 ?> >B=>H5=8N : <O:>B8 154@0 E0@0:B5@87>20;>AL 
B>;L:> A5@4F5 (=0 24,2 %), >AB0;L=K5 =08<5=>20=8O CABC?0;8 – ?5G5=L =0 24,2 %, <KH5G=K9 
65;C4>: =0 75,0 %. �KA>:85 ?>B5@8 68@0 ?@8 B5@<>>1@01>B:5 <>3CB ?@82>48BL : A=865=8N 
:0G5AB20 3>B>2>3> ?@>4C:B0 (>1@07>20=8N 1C;L>==>-68@>2KE >B5:>2, =0?;K2>2 68@0 ?>4 
>1>;>G:>9), GB> A;54C5B CG8BK20BL ?@8 A>AB02;5=88 @5F5?BC@.    
%FDG>FGDAB-@9I4A<K9E><9 (D9B?B7<K9E><9) E6B=EF64. $5>;>38G5A:8<8 8;8 AB@C:BC@=>-

<5E0=8G5A:8<8 =07K20NBAO <5E0=8G5A:85 A2>9AB20 <0B5@80;>2, ?@>O2;ONI85AO 2 ?@>F5AA5 
8E 45D>@<0F88, B5G5=8O 8 @07@CH5=8O.  
#@545;L=>5 =0?@O65=85 A42830. #@545;L=K< =0?@O65=85< A42830 =07K205BAO <8=8<0;L-

=>5 =0?@O65=85, ?@8 :>B>@>< ?@>8AE>48B ?;0AB8G5A:>5 8;8 2O7:>5 B5G5=85 <0B5@80;0. #@5-
45;L=>5 =0?@O65=85 A42830 >?@545;O5B A?>A>1=>ABL <0B5@80;0 A>E@0=OBL A2>N D>@<C ?>4 
459AB285< A8; BO65AB8 8 40==K9 ?>:070B5;L, :0: A4283>2>5 @5>;>38G5A:>5 A2>9AB2>, ?@8=OB> 
AG8B0BL >A=>2=K<. % 53> ?><>ILN >F5=820NB :0G5AB2> ?@>4C:B0, >1>A=>2K20NB >?B8<0;L-
=K5 B5E=>;>38G5A:85 CA;>28O ?@>F5AA>2. 
!0 @8A. 2 ?@54AB02;5=K ?>;CG5==K5 @57C;LB0BK, >B@060NI85 7028A8<>ABL ?@8;0305<>9 

A8;K >B 3;C18=K ?>3@C65=8O :>=CA0 2 8A?KBC5<K5 >1@07FK, 0 B0:65 @0AG5BK ?> >?@545;5-
=8N ?@545;L=>3> =0?@O65=8O A42830 AC1?@>4C:B>2 8 <O:>B8 154@0 FK?;OB-1@>9;5@>2. 

 

$<E. 2. �028A8<>ABL A8;K, ?@8;>65==>9 24>;L 845=B>@0 (:>=CA0), >B 3;C18=K ?>3@C65=8O 845=B>@0 8 
?@545;L=>5 =0?@O65=85 A42830 AC1?@>4C:B>2 8 <OA0 FK?;OB-1@>9;5@>2  

Fig. 2. Dependence of the force applied along the indenter (cone) on the immersion depth of the indenter 

and ultimate shear stress of broiler chicken meat and by-products 

�=0;87 ?>;CG5==KE @57C;LB0B>2 (@8A. 2) ?>:070;, GB> 1>;LH8<8 ?@>G=>AB=K<8 A2>9AB20-
<8 2 A@02=5=88 A <O:>BLN 154@0 E0@0:B5@87CNBAO <KH5G=K9 65;C4>: 8 A5@4F5. &0:, ?@8 ?>-
3@C65=88 :>=CA0 2 >1@075F <KH5G=>3> 65;C4:0 ?@8;0305<0O A8;0 2 2,9 @070 ?@52KH05B A8;C 
?@8 ?>3@C65=88 2 >1@075F <O:>B8 154@0 =0 0=0;>38G=CN 3;C18=C, 2 >1@075F A5@4F0 – 2  
2,6 @070. #5G5=L E0@0:B5@87C5BAO =57=0G8B5;L=> <5=LH8<8 ?@>G=>AB=K<8 A2>9AB20<8  
(F=94 3) 2 A@02=5=88 A <O:>BLN 154@0 (F=118 3).  
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&0:8< >1@07><, @57C;LB0BK @0AG5B>2 ?@545;L=>3> =0?@O65=8O A42830 AC1?@>4C:B>2 FK?-
;OB-1@>9;5@>2, ?>;CG5==K5 ?@8 ?@>2545=88 8A?KB0=89, <>6=> @0A?>;>68BL 2 A;54CNI59 
?>A;54>20B5;L=>AB8 2 ?>@O4:5 C1K20=8O – <KH5G=K9 65;C4>: (13,9 :#0), A5@4F5 (12,3 :#0), 
?5G5=L (3,8 :#0). 
$570=85. $570=85 >B=>A8BAO : 206=59H8< B5E=>;>38G5A:8< >?5@0F8O< ?@8 ?@>872>4AB25 

?8I52KE ?@>4C:B>2. "A=>2=K< ?>:070B5;5<, E0@0:B5@87CNI8< ?@>F5AA @570=8O, O2;O5BAO 
CA8;85 @570=8O, :>B>@>5 7028A8B :0: >B D878:>-<5E0=8G5A:8E A2>9AB2 <0B5@80;0, B0: 8 >B 
D>@<K 8 @07<5@>2 ?@8<5=O5<>3> 8=AB@C<5=B0. 
!0 @8A. 3 ?@54AB02;5=K ?>;CG5==K5 @57C;LB0BK, >B@060NI85 7028A8<>ABL ?@8;0305<>9 

A8;K >B 3;C18=K ?>3@C65=8O =>60 2 8A?KBC5<K5 >1@07FK, 0 B0:65 @0AG5BK ?> >?@545;5=8N 
C45;L=>3> CA8;8O @570=8O AC1?@>4C:B>2 8 <O:>B8 154@0 FK?;OB-1@>9;5@>2.  

 

$<E. 3. �028A8<>ABL A8;K @570=8O >B 3;C18=K ?>3@C65=8O 845=B>@0 (=>60) 8 C45;L=>5 CA8;85  
@570=8O AC1?@>4C:B>2 8 <OA0 FK?;OB-1@>9;5@>2 

Fig. 3. Dependence of the cutting force on the immersion depth of the indenter (knife) and the specific  

cutting force of broiler chicken meat and by-products 

�=0;87 40==KE, ?@54AB02;5==KE =0 3@0D8:5 (@8A. 3), ?>:07K205B 7028A8<>ABL CA8;8O @5-
70=8O 8AA;54C5<>3> AK@LO >B =0;8G8O 2 53> A>AB025 A>548=8B5;L=>9 B:0=8. �>;LH8< CA8;85< 
@570=8O 2 A@02=5=88 A <O:>BLN 154@0 (614,7 !/<) E0@0:B5@87CNBAO A5@4F5 (667,2 !/<) 8 <K-
H5G=K9 65;C4>: (707,7 !/<), GB> >1CA;>2;5=> 2 ?5@2CN >G5@54L 8E <>@D>;>38G5A:8< 
AB@>5=85<, ?@54AB02;5==K< ?;>B=>9 8 C?@C3>9 <KH5G=>9 B:0=LN C A5@4F0 8 ?;>B=K<8, 
B5A=> ?5@5?;5B5==K<8 <564C A>1>9 <KH5G=K<8 2>;>:=0<8, ?>:@KBK<8 C?@C3>9, 65AB:>9 
A>548=8B5;L=>-B:0==>9 >1>;>G:>9 (:CB8:C;>9) C <KH5G=>3> 65;C4:0. #5G5=L 2 A@02=5=88 A 
<O:>BLN 154@0 E0@0:B5@87CNBAO <5=LH59 25;8G8=>9 CA8;8O @570=8O – 551,6 !/<. 
�43578O. �06=>9 @5>;>38G5A:>9 E0@0:B5@8AB8:>9 <OA=>3> AK@LO 8 <OA=KE A8AB5< O2;O5B-

AO ?>:070B5;L 0435788 (;8?:>AB8), :>B>@K9 >?@545;O5B A2O7=>ABL AB@C:BC@K 3>B>2>3> ?@>-
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4C:B0. �5;8G8=0 0435788, :0: ?>25@E=>AB=>3> A2>9AB20, G0AB8G=> <>65B E0@0:B5@87>20BL 
:>=A8AB5=F8N ?@>4C:B0. �43578O >1=0@C68205BAO ?@8 @0745;5=88 @07=>@>4=KE B5;, A>?@8-
:0A0NI8EAO A2>8<8 ?>25@E=>ABO<8, :0: CA8;85, ?@>B82>459AB2CNI55 @0745;5=8N (>B@K2C).  
!0 @8A. 4 ?@82545=K @57C;LB0BK ;01>@0B>@=KE 8AA;54>20=89 8 @0AG5B>2 ?> >?@545;5=8N 

043578>==>3> =0?@O65=8O AC1?@>4C:B>2 8 <O:>B8 154@0 FK?;OB-1@>9;5@>2.  

 

$<E. 4. �43578>==>5 =0?@O65=85 AC1?@>4C:B>2 8 <O:>B8 154@0 FK?;OB-1@>9;5@>2 

Fig. 4. Adhesion tension of broiler boneless chicken thigh and chicken by-products 

�AE>4O 87 ?>;CG5==KE @57C;LB0B>2, AC1?@>4C:BK FK?;OB-1@>9;5@>2 ?> A2>8< 043578>=-
=K< A2>9AB20< E0@0:B5@87CNBAO 4>AB0B>G=> =87:8<8 ?>:070B5;O<8  8 ACI5AB25==> CABC?0NB 
<O:>B8 154@0 (1,2 :#0): A5@4F5 – 2 2 @070 (0,6 :#0), <KH5G=>9 65;C4>: – 2 2,4 @070 (0,5 :#0), 
?5G5=L – 2 4 @070 (0,3 :#0).  
'?@C3>-?;0AB8G5A:85 A2>9AB20. �>;LH8=AB2> ?8I52KE <0B5@80;>2 ?@>O2;ONB :0: C?@C-

385, B0: 8 ?;0AB8G5A:85 A2>9AB20. '?@C3>ABL – MB> A?>A>1=>ABL B5;0 2>AAB0=02;820BL D>@<C 8 
@07<5@K ?>A;5 A=OB8O =03@C7:8. �A;8 B5;> 2>72@0I05BAO : 8AE>4=K< @07<5@0< 8 D>@<5 ?>-
A;5 B>3>, :0: 2=5H=55 CA8;85 ?@5:@0I05B A2>5 2>7459AB285, B> 53> =07K20NB C?@C38<, 0 53> 
45D>@<0F8N AG8B0NB C?@C3>9. �;O ;N1>3> B5;0 ACI5AB2C5B ?@545; ?@8;>65==>3> CA8;8O, 
?>A;5 :>B>@>3> 45D>@<0F8O ?5@5AB05B 1KBL C?@C3>9, B5;> =5 2>72@0I05BAO 2 8AE>4=CN D>@-
<C 8 : 8AE>4=K< @07<5@0<, 0 >AB05BAO 2 45D>@<8@>20==>< A>AB>O=88 8;8 @07@CH05BAO, B0-
:CN 45D>@<0F8N AG8B0NB ?;0AB8G5A:>9. 
�;O >F5=:8 C?@C3>-?;0AB8G5A:8E A2>9AB2 AC1?@>4C:B>2 8A?>;L7>20;8 B0:85 E0@0:B5@8-

AB8:8, :0: <>4C;L C?@C3>AB8, 0 B0:65 >B=>H5=85 C?@C3>9 45D>@<0F88 : ?;0AB8G5A:>9. 
� @57C;LB0B5 ?@>2545==KE 8A?KB0=89 87CG5=K 45D>@<0F8>==K5 E0@0:B5@8AB8:8 8AA;5-

4C5<KE >1@07F>2 AC1?@>4C:B>2. � B01;. 4 ?@82545=K ?>;CG5==K5 40==K5 ?> 25;8G8=5 <>4C-
;O C?@C3>AB8, A>>B=>H5=8O C?@C3>9 8 ?;0AB8G5A:>9 45D>@<0F88 AC1?@>4C:B>2 8 <O:>B8 
154@0 FK?;OB-1@>9;5@>2, GB> ?>72>;8B >?@545;8BL, :0:>9 284 45D>@<0F88 ?@5>1;0405B 2 
40==KE 2840E AK@LO 8 :>A25==> >F5=8BL 8E C?@C385 A2>9AB20. 
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&45?. 4. �5D>@<0F8>==K5 E0@0:B5@8AB8:8 AC1?@>4C:B>2 8 <O:>B8 154@0 FK?;OB-1@>9;5@>2  

Table 4. Deformation characteristics of broiler boneless chicken thigh and chicken by-products 

!08<5=>20=85 <OA-
=>3> AK@LO 

%@54=55 0@8D<5B8G5A:>5 
8AA;54C5<>3> 7=0G5=8O 

(=0 ?@81>@5) 

 >4C;L 
C?@C3>AB8, 

� 

"B=>H5=85 C?@C3>9 45D>@<0F88 : 
?;0AB8G5A:>9 45D>@<0F88, 

hC?@./h?;. 

 O:>BL 154@0 F=. = 761 3,  
h>1@.= 10 <<, &h = 4 << 

16,4 :#0 1,39<</2,61<< = 0,53 

#5G5=L F=. = 359 3,  
h>1@.= 10 <<, &h = 4 << 

7,7 :#0 1,63<</2,37<< = 0,69 

%5@4F5 F=. = 600 3,  
h>1@.= 10 <<, &h = 4 << 

12,9 :#0 1,61<</2,39<< = 0,67 

 KH5G=K9 65;C4>: F=. = 229 3,  
h>1@.= 10 <<, &h = 4 << 

4,9 :#0 2,03<</1,97<< = 1,03 

�=0;87 @57C;LB0B>2 87CG5=8O 45D>@<0F8>==KE E0@0:B5@8AB8: A2845B5;LAB2C5B > ?@5>1;0-
40=88 ?;0AB8G5A:8E A2>9AB2 4;O B0:8E AC1?@>4C:B>2 FK?;OB-1@>9;5@>2, :0: A5@4F5 8 ?5G5=L, 
?@8 MB>< ?> 25;8G8=5 ?;0AB8G5A:>9 45D>@<0F88 >=8 =5<=>3> CABC?0NB <O:>B8 154@0. �;O 
<KH5G=>3> 65;C4:0 FK?;OB-1@>9;5@>2 C?@C30O 8 ?;0AB8G5A:0O 45D>@<0F88 ?@8ACBAB2CNB 
?@8<5@=> 2 @02=>< A>>B=>H5=88, GB> >1CA;>2;5=> ?@5645 2A53> =0;8G85< 2 53> A>AB025 
<KH5G=>9 B:0=8, ?>:@KB>9 C?@C3>9 8 65AB:>9 A>548=8B5;L=>-B:0==>9 >1>;>G:>9. %;54C5B 
B0:65 >B<5B8BL, GB> 2A5 =08<5=>20=8O AC1?@>4C:B>2 FK?;OB-1@>9;5@>2 E0@0:B5@87CNBAO 
1>;LH8<8 C?@C38<8 A2>9AB20<8 2 A@02=5=88 A <O:>BLN 154@0.  

 

����2+�!��  
#@>2545==K5 8AA;54>20=8O AC1?@>4C:B>2 FK?;OB-1@>9;5@>2 2 G0AB8 8E 0<8=>:8A;>B=>3> 

A>AB020 8 A10;0=A8@>20==>AB8 A2845B5;LAB2CNB > H8@>:8E 2>7<>6=>ABOE 8A?>;L7>20=8O 
AC1?@>4C:B>2 2 ?@>872>4AB25 <OA=>9 ?@>4C:F88, >1;040NI59 2KA>:>9 18>;>38G5A:>9 F5=-
=>ABLN 8 >B=>A8B5;L=> =52KA>:>9 A515AB>8<>ABLN, ?@8 A>1;N45=88 ?@8=F8?>2 2708<>A10-
;0=A8@>20=8O 8 :><18=8@>20=8O @5F5?BC@=KE :><?>=5=B>2. 
#>;CG5==K5 @57C;LB0BK 8AA;54>20=89 DC=:F8>=0;L=>-B5E=>;>38G5A:8E 8 AB@C:BC@=>-

<5E0=8G5A:8E AC1?@>4C:B>2 FK?;OB-1@>9;5@>2 ?@54>AB02OB 2>7<>6=>ABL >1J5:B82=> >F5-
=8BL B5E=>;>38G5A:85 2>7<>6=>AB8 40==KE 284>2 AK@LO A CG5B>< 53> 40;L=59H53> 8A?>;L-
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SUSTAINABLE CONSUMPTION: APPLICATION OF NEAR-CRYOSCOPIC 

REFRIGERATION FOR HEAT PRESERVATION OF CULINARY PRODUCTS 

T. M. Rybakova, S. L. Masansky 

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

ABSTRACT   
Introduction. The implementation of the concept of sustainable consumption involves the use of effective 

methods of food preservation at the stages of their life cycle. Methods of thermal preservation by cold that 

will provide increased shelf life and food safety are relevant in organizing social catering. Based on the as-

sumption that near-cryoscopic refrigeration method can be used for this purpose, the scientific task of the 

study is to assess the consumer storage properties of minced meat products that were treated using the above 

mentioned method.  
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Materials and methods. Meatballs in red sauce, cooked according to traditional technology. Thermal pre-

servation and storage under conditions of near-cryoscopic refrigeration (NCR) at a temperature of minus 

(2±0.5) °C for 30 days. 
Results. When stored under near-cryoscopic refrigeration conditions, hydrolytic, oxidative, and microbiolog-

ical processes are significantly slowed down. In particular, in comparison with the traditional storage condi-

tions, the growth rate of microorganisms is more than 10 times lower on the 10th day of storage. It is possi-

ble to prolong the shelf life of minced meat products (meatballs) up to 10 days (taking into account that the 

reserve coefficient is 2), which exceeds the currently specified shelf life by 9.5 days. 

Conclusions. The method of thermal preservation by near-cryoscopic refrigeration is recommended to be 

used in the organization of social catering. It will significantly increase the level of shelf life and food safety 

as well as expand organizational capabilities to reduce wastes as a key condition for sustainable consump-

tion. 

KEY WORDS: near-cryoscopic refrigeration; food system sustainability; culinary products; thermal pre-

servation; quality and safety; social nutrition. 
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40==> 2KA>:8E ?@8 A>2@5<5==>< C@>2=5 @0728B8O =0C:8 8 B5E=8:8 70B@0B 1N465B0.  
"4=0 87 ?@8G8= – >@30=870F8O B5E=>;>38G5A:>3> ?@>F5AA0 ?@>872>4AB20 ?> ?>;=><C 

F8:;C >B AK@LO 4> 3>B>2>9 ?@>4C:F88 ?> ?@8=F8?C «745AL 8 A59G0A». -B> B@51C5B 
?@8=OB8O <5@ ?@>B82 ?>B5@L 8 ?>@G8 ?8I52>9 ?@>4C:F88, >A>15==> 2 A25B5 8E 
M:>;>38G5A:8E, AB>8<>AB=KE 8 A>F80;L=KE ?>A;54AB289.  
�725AB=>, GB> >@30=870F8O ?8B0=8O =0 >A=>25 8=4CAB@80;L=KE <5B>4>2 

?@>872>4AB20 :C;8=0@=>9 ?@>4C:F88 ACI5AB25==> 1>;55 M:>=><8G=0O [17]. "4=0:>, 
8=4CAB@80;L=K5 <5B>4K ?@54CA<0B@820NB @07@K2 2> 2@5<5=8 8 ?@>AB@0=AB25 
?@>872>4AB25==>3> ?@>F5AA0, 0 A;54>20B5;L=>, :>=A5@20F8N ?8I8 =0 MB0?0E 
?@>872>4AB20 8 ?>B@51;5=8O.  
&0:8< >1@07><, O2;O5BAO 0:BC0;L=K< 8AA;54>20=85, =0?@02;5==>5 =0 >15A?5G5=85 1>;55 

2KA>:>3> C@>2=O A>E@0=O5<>AB8 :C;8=0@=>9 ?@>4C:F88 70 AG5B 55 B5@<>:>=A5@20F88 
E>;>4>< 2 @568<5 >E;0645=8O. � :0G5AB25 38?>B57K 8AA;54>20=8O 2K428=CB> 
?@54?>;>65=85, GB> ?@>1;5<0 <>65B 1KBL @5H5=0 70 AG5B 8A?>;L7>20=8O <5B>40 
:>=A5@20F88 2 CA;>28OE 1;87:@8>A:>?8G5A:8E B5<?5@0BC@. -B>B <5B>4 8725AB5= 2 G0AB=>AB8 
?@8 :>=A5@20F88 ?8I52>3> AK@LO (A2568E >2>I59, <OA0, ?B8FK, @K1K), >4=0:> 
?>B@518B5;LA:85 A2>9AB20 :C;8=0@=>9 ?@>4C:F88 ?@8 E@0=5=88 2 MB8E CA;>28OE @0=55 =5 
87CG0;8AL. 
*5;L =0AB>OI59 @01>BK – ?>2KH5=8O C@>2=O A>E@0=O5<>AB8 8 157>?0A=>AB8 

B5@<>:>=A5@28@>20==>9 :C;8=0@=>9 ?@>4C:F88 ?@8 >@30=870F88 A>F80;L=>3> ?8B0=8O. 
!0CG=0O 7040G0 – >F5=:0 ?>B@518B5;LA:8E A2>9AB2 A>E@0=O5<>AB8 <OA=KE @C1;5=KE 

8745;89, B5@<>:>=A5@28@>20==KE <5B>4>< 1;87:@8>A:>?8G5A:>3> >E;0645=8O. 

 �&�$���/ �  �&"�/ 
#@54<5B>< 8AA;54>20=8O O2;O;8AL ?>B@518B5;LA:85 A2>9AB20 A>E@0=O5<>AB8 8 157>?0A=>-

AB8 <OA=KE @C1;5=KE 8745;89, B5@<>:>=A5@28@>20==KE <5B>4>< 1;87:@8>A:>?8G5A:>3> >E-
;0645=8O. �K1>@ <OA=KE @C1;5=KE :C;8=0@=KE 8745;89 2 :0G5AB25 >1J5:B0 M:A?5@8<5=-
B0;L=>3> 8AA;54>20=8O >1CA;>2;5= B5<, GB> >=8 O2;ONBAO =5 B>;L:> F5==K< 8AB>G=8:>< 
15;:0, => 8 >B=>AOBAO : ?@>4C:B0< <0AA>2>3> ?>B@51;5=8O, 4>ABC?=K< 4;O 2A5E 3@C?? 45B-
A:>3> 8 27@>A;>3> =0A5;5=8O 8 @53C;O@=> 8A?>;L7C5<KE 2 ?>2A54=52=>< ?8B0=88. "1J5:B>< 
M:A?5@8<5=B0;L=>3> 8AA;54>20=8O O2;O;8AL B5DB5;8, ?@83>B>2;5==K5 ?> B@048F8>==>9 @5-
F5?BC@5 (A A>CA>< :@0A=K< >A=>2=K<)1, 4;8B5;L=>ABL E@0=5=8O :>B>@KE, A>3;0A=> 459AB-
2CNI59 4>:C<5=B0F882, >3@0=8G8205BAO 2A53> 12 G0A0<8 ?@8 B@048F8>==>9 B5<?5@0BC@5 >E-
;0645=8O (4±2) °%.  
&5DB5;8 <OA=K5, 873>B02;820;8 ?> B@048F8>==>9 @5F5?BC@5 8 3>B>28;8AL 2 

?0@>:>=25:B><0B5 A ?@8<5=5=85< 42CEABC?5=G0B>3> @568<0. "1J5:B82=K< ?>:070B5;5< 

                                                           
1
 %1>@=8: B5E=>;>38G5A:8E :0@B 1;N4 8 8745;89 4;O ?8B0=8O CG0I8EAO CG@5645=89, >15A?5G820NI8E ?>;C-
G5=85 >1I53> A@54=53> 8 ?@>D5AA8>=0;L=>-B5E=8G5A:>3> >1@07>20=8O, CB25@645==K9 ?>AB0=>2;5=85<  8=8-
AB5@AB20 B>@3>2;8 $5A?C1;8:8 �5;0@CAL >B 11 8N;O 2006 3. № 21. 
2
 %0=8B0@=K5 =>@<K, ?@028;0 8 38385=8G5A:85 =>@<0B82K «�>AC40@AB25==0O A0=8B0@=>-38385=8G5A:0O M:A?5@-
B870 A@>:>2 3>4=>AB8 (E@0=5=8O) 8 CA;>289 E@0=5=8O ?@>4>2>;LAB25==>3> AK@LO 8 ?8I52KE ?@>4C:B>2, >B;8-
G0NI8EAO >B CAB0=>2;5==KE 2 459AB2CNI8E B5E=8G5A:8E =>@<0B82=KE ?@02>2KE 0:B0E 2 >1;0AB8 B5E=8G5A:>3> 
=>@<8@>20=8O 8 AB0=40@B870F88»: %0=#8! >B 01.09.2010 № 119. �254.: 23.09.2010. - �' «$*�-8"�», 2010. – 
44. A. 

https://tnpa.by/#!/DocumentCard/253480/351147
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3>B>2=>AB8 8745;89 O2;O;0AL B5<?5@0BC@0 2 F5=B@5 8745;8O, :>B>@0O : :>=FC ?@83>B>2;5=8O 
4>;6=0 A>AB02;OBL 85˚%. &5<?5@0BC@C 2 8745;88 :>=B@>;8@>20;8 A ?><>ILN E@><5;L – 
0;N<5;52KE B5@<>M;5:B@8G5A:8E ?@5>1@07>20B5;59, ?>4:;NG5==KE : 87<5@8B5;N – 
@53C;OB>@C «%>A=0-004» (!# """ «-=5@3>?@81>@» 3.  8=A:).  
#>A;5 7025@H5=8O B5?;>2>9 >1@01>B:8 3>B>20O :C;8=0@=0O ?@>4C:F8O 2 30AB@>5<:>ABOE 

8=B5=A82=> >E;0640;0AL 2 B5G5=85 1,5–2 G0A>2 4> B5<?5@0BC@K =5 1>;55 3°%. "E;0645=85 
?@>2>48;>AL ?@8 :>=B@>;5 MDD5:B82=>9 B5<?5@0BC@K ?@>4C:B0 2> 2@5<O F8:;0 >E;0645=8O. 
&5DB5;8 A A>CA>< E@0=8;8 2 70:@KB>9 B0@5, 2 CA;>28OE >E;0645=8O (?@8 42CE B5<?5@0BC@=KE 
@568<0E) 2 B5G5=85 30 ACB>: (GB> ?>72>;8;> A>1;NAB8 ?@8=F8? 033@020F88, B.5. E@0=5=85 >E-
;0645==>9 ?@>4C:F88 2 ?5@8>4 8A?KB0=89 ?@8 B5<?5@0BC@5, ?@52KH0NI59 @53;0<5=B8@C5-
<K9 =0 50,0 %). #@8<5=O;8AL 420 @568<0 E>;>48;L=>3> E@0=5=8O: ?5@2K9 – B@048F8>==K9 
(4±2) °%, 2B>@>9 – 1;87:@8>A:>?8G5A:89 (<8=CA 2±0,5) °%. 
�;O E@0=5=8O 8745;89 2 CA;>28OE ��" 8A?>;L7>20;0AL ;01>@0B>@=0O CAB0=>2:0 (@8A. 

1), >15A?5G820NI0O ?>445@60=85 B5<?5@0BC@K 2 7040==>< 480?07>=5.  
 

 

1 – B5@<>87>;8@>20==K9 :>=B59=5@;  
2 – 25AK M;5:B@>==K5 ;01>@0B>@=K5 SC 4010;  

3 – 87<5@8B5;L-@53C;OB>@ «%>A=0-004»;  
4 – AG5BG8: B@5ED07=K9 0:B82=>9 M;5:B@8G5A:>9 
M=5@388 *-6803�,;  
5 – ?8@><5B@ Centr-350;  

6 – AG5BG8:-A5:C=4><5@ M;5:B@>==K9;  
7 – ?@5>1@07>20B5;L B5@<>M;5:B@8G5A:89 &)�(�)-
1199;  

8 – ?CA:0B5;L <03=8B=K9 # �;  
9 – ?8I52>9 ?@>4C:B 2 30AB@>5<:>AB8. 
 

 

 

 

$<E. 1. %E5<0 M:A?5@8<5=B0;L=>9 CAB0=>2:8 

Fig. 1. The scheme of the experimental facility 

#@8 8AA;54>20=88 >A=>2=KE ?>:070B5;59 :0G5AB20 8 4;O >?@545;5=8O >?B8<0;L=KE A@>:>2 
E@0=5=8O B5DB5;59 A A>CA>< 87CG0;8 87<5=5=85 8E >@30=>;5?B8G5A:8E ?>:070B5;59; =0:>?-
;5=85 ;5BCG8E 68@=KE :8A;>B ?> �"%& 23392, 0<<8:0 (0<<80G=>3> 07>B0)1, ?>:070B5;8 0:-
B82=>9 :8A;>B=>AB8 (@!) ?> �"%& 26188-84, >1I59 :8A;>B=>AB8 ?> �"%& 4288; :0G5AB25=-
=>5 87<5=5=85 ;8?84>2: :8A;>B=>5 G8A;> (�+) ?> �"%& 23392, 15=7848=>2>5 G8A;> (�+)2, 
B8>10@18BC@>2>5 G8A;> (&�+)3, 0 B0: 65 <8:@>18>;>38G5A:85 ?>:070B5;8. 

%>2>:C?=>ABL ?>;CG5==KE @57C;LB0B>2 8AA;54>20=89 E0@0:B5@87>20;8 A@54=50@8D<5B8-
G5A:8< 7=0G5=85<, :>B>@>5 >?@545;O;8 87 B@5E ?0@0;;5;L=KE >?KB>2 ?@8 3-5-:@0B=>< ?>-

                                                           
1 �>20G520, #. !. !>2K5 <5B>4K 8AA;54>20=8O ?@>4C:B>2 2 >1I5AB25==>< ?8B0=88 / #. !. �>20G520, !. $. 'A-
?5=A:0O –  .: -:>=><8:0, 1971 – 95A. 
2 �@CBN=O= !. %.  �01>@0B>@=K9 ?@0:B8:C< ?> E8<88 68@>2: CG51=>5 ?>A>185. –  .: #8I520O ?@><KH;5=-
=>ABL, 1979. – 176 A. 
3 �C@02A:0O, !. �. �AA;54>20=85 8 :>=B@>;L :0G5AB20 <OA0 8 <OA>?@>4C:B>2: CG51. ?>A>185 / !. �. �C@02A:0O, 
�. &. �;5E8=0, �.  . "B@OH5=:>20. –  .: �3@>?@><8740B,1985. – 296 c. 

1 2
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2B>@5=88 87<5@5=89. -:A?5@8<5=B0;L=K5 40==K5 >1@010BK20;8AL <5B>4>< <0B5<0B8G5A:>9 
AB0B8AB8:8. 

$��'�0&�&/ � �) "�%'���!�� 
�>=B@>;L >@30=>;5?B8G5A:8E ?>:070B5;59 :0G5AB20 8AA;54C5<KE >1@07F>2 ?@>2>48;AO ?0-

@0;;5;L=> A 8AA;54>20=8O<8 D878:>-E8<8G5A:8E 8 <8:@>18>;>38G5A:8E ?>:070B5;59 2 :>=-
B@>;L=KE B>G:0E: 2 =0G0;5 E@0=5=8O 8 A 8=B5@20;>< 2 5 4=59. 
"@30=>;5?B8G5A:0O >F5=:0 ?@>872>48;0AL ?> 10;;L=>9 H:0;5 A CG5B>< :>MDD8F85=B>2 

25A><>AB8 ?>A;5 @535=5@0F88 8745;89 4> B5<?5@0BC@K ?>40G8 1;N40 – 65 °%1
. $57C;LB0BK 

>F5=:8 >@30=>;5?B8G5A:8E ?>:070B5;59 :0G5AB20 B5DB5;59 A A>CA>< ?@82545=K =0 @8A. 2. 
   

 
 

0) 2 CA;>28OE ��" 1) ?@8 B@048F8>==>< @568<5 E@0=5=8O (4±2) >% 

 

$<E. 2. "@30=>;5?B8G5A:0O >F5=:0 B5DB5;59 A A>CA>< 2 ?@>F5AA5 E@0=5=8O 2 B5G5=85  
30 ACB>: 

Fig. 2. Organoleptic estimation of meatballs in sauce during storage for 30 days 

 

'AB0=>2;5=>, GB> 8745;8O, E@0=OI85AO ?@8 1;87:@8>A:>?8G5A:>9 B5<?5@0BC@5, >AB0NBAO 
?@83>4=K<8 : C?>B@51;5=8N 2 B5G5=85 2A53> A@>:0 E@0=5=8O (30 ACB>:), >4=0:> =0 18–20 AC-
B:8 :0G5AB25==K5 E0@0:B5@8AB8:8 A=860NBAO. � ?@>F5AA5 E@0=5=8O B5DB5;59 ?@8 B@048F8-
>==>9 B5<?5@0BC@5 (4±2) °% C65 =0 ?OBK5 ACB:8 ACI5AB25==> 87<5=O5BAO F25B B5DB5;59 4> 
A25B;>-A5@>3>, C A>CA0 =01;N405BAO @0AA;>5=85, >1@07>20=85 7=0G8B5;L=>3> :>;8G5AB20 ?;5-
=>: =0 ?>25@E=>AB8, B0:65 87<5=O5BAO F25B 8 ?>O2;O5BAO 2K@065==K9 :8A;>20BK9 ?@82:CA 8 
70?0E. #@8 MB>< CEC4H5=85 >@30=>;5?B8G5A:8E ?>:070B5;59 :0G5AB20 =081>;55 8=B5=A82=> 
?@>B5:05B C A>CA0, G5< C B5DB5;59.  
� ?@>F5AA5 E@0=5=8O 2 8AA;54C5<KE >1@07F0E 4;O >F5=:8 A2565AB8 >?@545;O;8 =0:>?;5-

=85 ;5BCG8E 68@=KE :8A;>B, 0<<80G=>3> 07>B0, 0:B82=CN :8A;>B=>ABL (@!), >1ICN :8A;>B-
=>ABL.  
"1I55 :>;8G5AB2> ;5BCG8E 68@=KE :8A;>B <>65B A;C68BL >4=8< 87 ?>:070B5;59 A2565AB8 

<OA=KE 8745;89. $57C;LB0BK 8AA;54>20=8O 87<5=5=8O A>45@60=8O ;5BCG8E 68@=KE :8A;>B 
(���) 2 B5DB5;OE A A>CA>< >B>1@065=K =0 @8A. 3. 

                                                           
1
  OA> 8 <OA=K5 ?@>4C:BK. "@30=>;5?B8G5A:89 0=0;87. �45=B8D8:0F8O 8 2K1>@ 45A:@8?B>@>2 4;O CAB0=>2;5-
=8O >@30=>;5?B8G5A:8E A2>9AB2 ?@8 <=>3>AB>@>==5< ?>4E>45: �"%& 33609-2015. – �254. 01.09.2017, 2016. –  
20 A. 
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0) B5DB5;8 1) A>CA 

 
$<E. 3. �7<5=5=85 A>45@60=8O ;5BCG8E 68@=KE :8A;>B ?@8 E@0=5=88 B5DB5;59 A A>CA>< 

Fig. 3. Changes in the content of volatile fatty acids of meatballs in sauce during storage 

 

#@>2545==K5 8AA;54>20=8O ?>:070;8, GB> =0:>?;5=85 2 ?@>F5AA5 E@0=5=8O ;5BCG8E 68@-
=KE :8A;>B 2 B5DB5;OE 8 A>CA5, E@0=82H8EAO ?@8 1;87:@8>A:>?8G5A:8E B5<?5@0BC@0E 7=0G8-
B5;L=> =865, G5< ?@8 B@048F8>==KE B5<?5@0BC@0E 8 A>>B25BAB2C5B B@51>20=8O< =>@<0B82-
=>9 4>:C<5=B0F88 (=5 1>;55 4 <3 NaOH) 2 B5G5=85 2A53> A@>:0 E@0=5=8O. 'AB0=>2;5=0 2KA>-
:0O :>@@5;OF8>==0O 7028A8<>ABL <564C ?@>4>;68B5;L=>ABLN E@0=5=8O 8 ?>:070B5;5< ;5BC-
G8E 68@=KE :8A;>B. 
�>;8G5AB2> ;5BCG8E 68@=KE :8A;>B =5 <>65B 1KBL ?@8=OB> 2 :0G5AB25 548=AB25==>3> 8 

4>AB0B>G=>3> ?@87=0:0, B0: :0: 7028A8B 8 >B  CA;>289 ?>@G8 8 >B C@>2=O @0728B8O 
3=8;>AB=>3> @0A?040 <OA0. &0: :0: ?@>F5AA 3=8;>AB=>3> @0A?040 15;:>2 A>?@>2>6405BAO 
@07@CH5=85< ?5?B84=KE A2O759 15;:>2KE <>;5:C;, 2  @57C;LB0B5 G53> C25;8G8205BAO 
:>;8G5AB2> A2>1>4=KE :0@1>:A8;L=KE 8 0<8==KE 3@C??. "4=>2@5<5==> ?@>8AE>48B 
4570<8=8@>20=85 0<8=>:8A;>B, A>?@>2>640NI55AO =0:>?;5=85< 0<<80:0 2 2845 53> 
A>548=5=89. %;54>20B5;L=>, ?@54AB02;O;>AL =5>1E>48<K<  87CG8BL ?@>F5AA =0:>?;5=8O 2 
<OA5 07>B0 0<8=>3@C?? 8 0<<80:0 (0<8=>0<<80G=>3> 07>B0). 
#@8 E@0=5=88 B5DB5;59 2 CA;>28OE ��" 2 B5G5=85 30 ACB>: A>45@60=85 0<<80G=>3> 07>B0 

C25;8G8;>AL =0 3,56 <3%, 0 ?@8 B@048F8>==>< @568<5 – =0 20,4 <3%. $57:>5 C25;8G5=85 A>-
45@60=8O 0<<80:0 ?@8 B5<?5@0BC@5 E@0=5=8O (4±2) °% ?@8E>48BAO =0 10-5 ACB:8 8 A>AB02;O5B 
27,08 <3%, GB> ?@52KH05B 4>?CAB8<K5 7=0G5=8O 4;O A25653> ?@>4C:B0 (>B 25 4> 31 <3% 87-
45;8O A><=8B5;L=>9 A2565AB8, A2KH5 31 <3% – 8745;8O =5A25685). %>45@60=8O 0<<80G=>3> 
07>B0 ?@8 ��" =0E>48BAO 2 ?@545;0E =>@<K =0 ?@>BO65=88 2A53> A@>:0 E@0=5=8O (4> 25 <3% 
4;O A2568E 8745;89). 
%B>;L 1KAB@>5 =0:>?;5=85 0<<80:0 ?@8 B@048F8>==>< @568<5 >1CA;>2;8205BAO @0728B8-

5< 2 <OA5 <8:@>>@30=87<>2, GB> A2845B5;LAB2C5B > =0G8=0NI59AO ?>@G5 ?@>4C:B0. !5 A;C-
G09=> =5:>B>@K5 02B>@K AG8B0NB :>;8G5AB25==>5 >?@545;5=8O 0<<80:0 =08;CGH8< A?>A>-
1>< CAB0=>2;5=8O =0G0;L=KE AB0489 ?>@G8 <OA0. #>=865=85 B5<?5@0BC@K E@0=5=8O <OA0 70-
45@68205B @0728B85 <8:@>>@30=87<>2, 8 C25;8G5=85 A>45@60=8O 0<<80:0 ?@>8AE>48B <54-
;5==55. 
&0:65 4;O >F5=:8 AB5?5=8 A2565AB8 2 ?@>F5AA5 E@0=5=8O >?@545;O;0AL >1I0O :8A;>B-

=>ABL. �5;8G8=0 >1I59 :8A;>B=>AB8 C25;8G8205BAO ?@8 >1>8E 8AA;54C5<KE @568<0E E@0=5-
=8O, GB> 2>7<>6=> 2K720=> 384@>;8B8G5A:8<8 ?@>F5AA0<8 8 =0:>?;5=85< ?@>4C:B>2 384@>-



Пище6ая Fех=>?>7ия  

 

 

 

 

 

96 

;870 (>@30=8G5A:8E 8 =5>@30=8G5A:8E :8A;KE A>548=5=89). "4=0:> <0:A8<0;L=0O 25;8G8=0 
>1I59 :8A;>B=>AB8 4;O B5DB5;59, E@0=82H8EAO ?@8 ��", =0E>48BAO 2 ?@545;0E, 4>?CAB8<KE 
4;O 4>1@>:0G5AB25==KE ?@>4C:B>2 2 B5G5=85 20 4=59. �;O B@048F8>==>3> @568<0 E@0=5=8O 
=01;N405BAO >B:;>=5=85 >1I59 :8A;>B=>AB8 >B =>@<K ?>A;5 10-B8 4=59.  
%;54C5B >B<5B8BL, GB> 87<5=5=85 A>45@60=8O 07>B8ABKE 25I5AB2, ;5BCG8E 68@=KE :8A;>B 

8 >1I59 :8A;>B=>AB8, E0@0:B5@87CNI8E ?@>B5>;8B8G5A:85 ?@>F5AAK @0A?040 15;:>2, 1K;8 
=57=0G8B5;L=K C 8745;89, E@0=82H8EAO ?@8 ��", 0 ?@8 B@048F8>==>9 B5<?5@0BC@5 E@0=5=8O 
(4±2) °% ?@52KH5=8O =>@< ?> ?>:070B5;O< A2565AB8 =0G8=0;8AL C65 ?>A;5 5–10 4=59 E@0=5-
=8O. 
�@><5 B>3>, 2 ?@>F5AA5 E@0=5=8O  :>=B@>;8@>20;8  ?>:070B5;L 0:B82=>9 :8A;>B=>AB8 (@!), 

:>B>@K9 >:07K205B ACI5AB25==>5 2;8O=85 =0 B5E=>;>38G5A:85 A2>9AB20  <OA=KE ?>;CD01@8-
:0B>2 8 3>B>2KE :C;8=0@=KE 8745;89, 2 G0AB=>AB8 =0 AB>9:>ABL 2 >B=>H5=88 @0728B8O <8:-
@>>@30=87<>2 8 ?>72>;O5B ?@>3=>78@>20BL 8E A>E@0=O5<>ABL [18, 19]. 'AB0=>2;5=>, GB> 2> 
2@5<O E@0=5=8O 8AA;54C5<KE >1@07F>2 ?@>8AE>48;8 =57=0G8B5;L=K5 A42838 @!. �KO2;5=>, 
GB> ?@8 E@0=5=88 B5DB5;59 ?@8 1;87:@8>A:>?8G5A:>9 B5<?5@0BC@5 25;8G8=0 @! A=8605BAO 
=57=0G8B5;L=> (4> 5,65 4;O B5DB5;59 8 4,61 4;O A>CA0), 0 ?@8 B5<?5@0BC@5 (4±2) °% 0=0;>38G-
=K5 7=0G5=8O 4>AB830NBAO C65 =0 15-5 ACB:8 (@8A. 4).  

 

 
0) B5DB5;8 1) A>CA 

  
$<E. 4. �7<5=5=85 0:B82=>9 :8A;>B=>AB8 (@!) ?@8 E@0=5=88 B5DB5;59 A A>CA>< 

Fig. 4. Changes in active acidity (pH) of meatballs in sauce during storage 

 

!5A<>B@O =0 A42838 @! 2> 2@5<O E@0=5=8O, MB>B ?>:070B5;L 4;O 2A5E 8AA;54C5<KE >1@07-
F>2 1K; 2 8=B5@20;5 5,79–5,50. � 40==>< 480?07>=5 2>7<>65= @>AB 8 @07<=>65=85 =59B@>-
D8;L=KE <8:@>>@30=87<>2 (@! 5,5–7,5). "4=0:> ?>;CG5==K5 7=0G5=8O pH =5 O2;ONBAO >?B8-
<0;L=K<8 4;O 0:B82=>3> @07<=>65=8O B0:8E 1>;57=5B2>@=KE <8:@>>@30=87<>2, :0: E.coli 
(>?B8<C< @>AB0 ?@8 @! 7,2–7,5), Staphilococcus aureus (>?B8<C< @>AB0 ?@8 @! 7,0–7,5), 

Salmonella spp., Listeria monocytogenes, Clostridium perfringens (>?B8<C< @>AB0 ?@8  
@!  7,2–7,4). 

�AA;54>20=8O, ?@>2545==K5 @07;8G=K<8 02B>@0<8, ?>:070;8, GB> >4=8< 87 3;02=KE D0:-
B>@>2, >?@545;ONI8E :0G5AB2> >E;0645==KE <OA=KE ?@>4C:B>2 ?@8 E@0=5=88, O2;O5BAO 87-
<5=5=85 8E 68@>2>3> :><?>=5=B0. �8?84K, A>45@60I85AO 2 ?8I52KE ?@>4C:B0E, <>3CB ?@5-
B5@?520BL >?@545;5==K5 87<5=5=8O: 384@>;87, >:8A;8B5;L=K5 8 18>E8<8G5A:85 ?@>F5AAK. 
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�;O >F5=:8 8=B5=A82=>AB8 >:8A;5=8O 8 384@>;870 68@>2 >?@545;O;8 ?5@5:8A=>5 8  :8A;>B-
=>5 G8A;0. #5@28G=K<8  ?@>4C:B0<8 >:8A;5=8O  O2;ONBAO  ?5@5:8A8,  :>B>@K5  70B5< ?@5-
2@0I0NBAO 2> 2B>@8G=K5 ?@>4C:BK – 0;L45384K, :5B>=K, :8A;>BK. �=B5=A82=>ABL >1@07>20-
=8O 2B>@8G=KE ?@>4C:B>2 >:8A;5=8O >?@545;O;>AL ?> =0:>?;5=8N 2 ?@>4C:B5 :0@1>=8;L=KE 
A>548=5=89, 87<5=5=8N 15=7848=>2>3> (�+) 8 B8>10@18BC@>2>3> G8A5; (&�+). �0==K5 0=0-
;8B8G5A:8E G8A5; ?@54AB02;5=K 2 B01;. 1. 
�@0=8FK ?5@5:8A=KE G8A5; 4;O :C;8=0@=>9 ?@>4C:F88 =5 CAB0=>2;5=K, => ?>:070B5;8 

>:8A;8B5;L=>9 ?>@G8 @53;0<5=B8@CNBAO 4;O 68@>2 682>B=KE �"%& 8285-91 8 4;O ?@>4C:-
B>2 4;8B5;L=>3> E@0=5=8O ?8B0=8O 45B59 A0=8B0@=>-M?845<8>;>38G5A:8<8 ?@028;0<8 8 
=>@<0B820<8 2.3.2.1078-01 «�8385=8G5A:85 B@51>20=8O 157>?0A=>AB8 8 ?8I52>9 F5==>AB8 
?8I52KE ?@>4C:B>2». %2568< AG8B05BAO ?@>4C:B, A>45@60I89 =5 1>;55 0,03 %J2 (8;8 4>  
10 <<>;L (1/2 "2)/:3). 
� A2565?@83>B>2;5==KE 8745;8OE 1K;8 >1=0@C65=K ;8HL A;54K ?5@5:8A=KE A>548=5=89. 

� ?@>F5AA5 40;L=59H53> E@0=5=8O 8E A>45@60=85 =57=0G8B5;L=> C25;8G820;>AL ?@8 ��", =5 
?@52KH0O 4>?CAB8<>3> 4;O A2568E 8745;89 7=0G5=8O. �7<5=5=85 ?5@5:8A=KE G8A5; ?>4-
B25@6405B, GB> A:>@>ABL 18>E8<8G5A:8E ?@>F5AA>2 ?@8 ��" 7=0G8B5;L=> =865, G5< ?@8 =87-
:8E ?>;>68B5;L=KE B5<?5@0BC@0E.  >6=> ?@54?>;>68BL, GB> 2 B5DB5;OE >:8A;8B5;L=K5 
?@>F5AAK 68@0 ?@>B5:0NB <5=55 0:B82=>, G5< 2 A>CA5 70 AG5B 8A:;NG5=8O :>=B0:B0 A :8A;>-
@>4>< 2>74CE0. 

 

&45?. 1. #>:070B5;8 0=0;8B8G5A:8E G8A5; 2 ?@>F5AA5 E@0=5=8O*   

Table. 1. Indicators of analytical numbers in the process of storage* 

$568< E@0=5=8O 
�=8 E@0=5=8O 

0 5 10 15 20 25 30 

#5@5:8A=>5 G8A;>, <<>;P 0:B82=>3> :8A;>@>40/:3 (<<>;P/:3 ½ ") 

&@048F8>==K9  
(4±2) °% 

0,28±0,03 0,79±0,03 1,89±0,05 4,26±0,19 4,90±0,37 8,03±0,07 10,87±0,72 
0,40±0,07 1,09±0,05 2,20±0,07 4,48±0,10 6,73±0,31 10,16±0,10 13,73±0,42 

��"  
(<8=CA 2±0,5) °% 

0,28±0,03 0,50±0,03 0,78±0,04 0,91±0,19 1,98±0,16 4,29±0,23 5,56±0,85 
0,40±0,07 0,94±0,21 1,10±0,07 1,26±0,24 2,77±0,31 5,41±0,10 6,99±0,10 

* � G8A;8B5;5 – 40==K5 4;O B5DB5;59, 2 7=0<5=0B5;5 – 4;O A>CA0 
 

%>3;0A=> 0=0;87C ?>;CG5==KE 40==KE, ?>:070B5;8 :8A;>B=>3> G8A;0 ?>AB5?5==> C25;8G8-
20NBAO, GB> 3>2>@8B > 384@>;875 ;8?84>2, ?@>B5:0NI5< 2 ?@>F5AA5 E@0=5=88 :C;8=0@=>9 
?@>4C:F88 ?@8 4>ABC?5 :8A;>@>40, A>?@>2>640NI5<AO >:8A;5=85<. ' B5DB5;59, E@0=82-
H8EAO ?@8 ��" 8 B@048F8>==>< B5<?5@0BC@=KE @568<0E :8A;>B=K5 G8A;0 4>AB0B>G=> 1;87-
:8 ?> A2>5<C 7=0G5=8N 2 ?5@2K5 ?OBL ACB>: E@0=5=8O. "B<5G5=>, GB> C B5DB5;59, E@0=82-
H8EAO ?@8 ��" :8A;>B=>5 G8A;> 2 B5G5=85 2A53> ?5@8>40 E@0=5=8O 87<5=O5BAO =57=0G8B5;L-
=>: A 2,21 4> 1,97 <3KOH/3, C A>CA0 A 1,15 4> 3,98 <3�"!/3, =5 ?@52KH0O 4>?CAB8<>3> 7=0G5-
=8O (4> 4 <3�"!/3). #@8 B5<?5@0BC@5 E@0=5=8O (4±2) °% C B5DB5;59 8 A>CA0 =01;N405BAO @57-
:>5 C25;8G5=85 :8A;>B=>3> G8A;0 68@0 =0 ?OB=04F0BK5 ACB:8 ?> A@02=5=8N A 45AOBK<8 (=0 
0,91 <3�"! 8 1,64 <3�"! A>>B25BAB25==>) #@8 1;87:@8>A:>?8G5A:>9 B5<?5@0BC@5 @57:8E 
A:0G:>2 =5 1K;> 2KO2;5=>. 
�;O >?@545;5=8O A>45@60=8O 2B>@8G=KE ?@>4C:B>2 >:8A;5=8O – :0@1>=8;L=KE A>548=5-

=89, A2845B5;LAB2CNI8E > AB5?5=8 ?@>3>@:0=8O ;8?84>2, ?@>2>48;>AL >?@545;5=85 B8>10@-
18BC@>2>3> 8 15=7848=>2>3> G8A5;. 



Пище6ая Fех=>?>7ия  
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)0@0:B5@ 87<5=5=8O �+ ?@8 8AA;54C5<KE @568<0E E@0=5=8O 8<55B AE>689 E0@0:B5@ 8 >B-
;8G05BAO B>;L:> A:>@>ABLN =0:>?;5=8O :0@1>=8;L=KE A>548=5=89. #@8 ��" ?>A;5 =57=0G8-
B5;L=>3> C25;8G5=8O A>45@60=8O :0@1>=8;L=KE A>548=5=89 >B<5G05BAO 4>2>;L=> 4;8B5;L-
=K9 ?5@8>4 AB018;870F88, :>340 A>45@60=85 8E >AB05BAO ?@8<5@=> >48=0:>2K< 2?;>BL 4> 25 
ACB>: E@0=5=8O. #> 0=0;>388 A ?@>F5AA>< =0:>?;5=8O ?5@5:8A=KE A>548=5=89 MB>B ?5@8>4 
<>6=> =0720BL 8=4C:F8>==K<. �0B5< A>45@60=85 :0@1>=8;L=KE A>548=5=89 @57:> 2>7@0AB0-
5B 4> 13,903 <3% :>@8G=>3> 0;L453840 =0 30 ACB:8 E@0=5=8O. #@8 B@048F8>==>< @568<5 
E@0=5=8O 1;87:>5 7=0G5=85 >B<5G0;>AL =0 10 ACB:8 E@0=5=8O (12,431 <3% :>@8G=>3> 0;L45-
3840). 
&8>10@18BC@>2>5 G8A;> (&�+) E0@0:B5@87C5B A>45@60=85 480;L45384>2 8 <0;>=480;L45-

3840 (MDA) [20] 8 O2;O5BAO =081>;55 ?@>ABK< 8 045:20B=K< A?>A>1>< >F5=:8 ?>2KH5==>3> 
C@>2=O 2B>@8G=KE ?@>4C:B>2 >:8A;5=8O, ?@8 MB>< >A=>2=K< A>548=5=85<, @5038@CNI8< A 
B8>10@18BC@>2>9 :8A;>B>9, O2;O5BAO <0;>=>2K9 0;L45384 (MDA), >1@07CNI89AO ?@8 >:8A-
;5=88 ?>;8=5=0AKI5==KE 68@=KE :8A;>B, 8<5NI8E 2–3 42>9=K5 485=>2K5 A2O78 @8A. 5. 

 
0) B5DB5;8 1) A>CA 

$<E. 5. �7<5=5=85 B8>10@18BC@>2>3> G8A;0 (&�+) ?@8 E@0=5=88 B5DB5;59 A A>CA>< 

Fig. 5. Changes in thiobarbituric number (TBN) of meatballs in sauce during storage 

 

�0==K5 8AA;54>20=8O ?>:07K20NB, GB> 87<5=5=85 B8>10@18BC@>2>3> G8A;0 ?@8 @07=KE 
@568<0E E@0=5=8O <OA=KE @C1;5=KE 8745;89 8<55B 0=0;>38G=K9 E0@0:B5@: 2 =0G0;5 =01;N-
405BAO 1>;55 8=B5=A82=K9 @>AB (4> 10 ACB>: E@0=5=8O), 0 70B5< – 70<54;5=85 ?@>F5AA0, GB> 
<>65B 1KBL >1JOA=5=> A2O7K20=85< <0;>=>2>3> 0;L453840 A >4=>2@5<5==> =0:0?;820NI8-
<8AO A2>1>4=K<8 0<8=>:8A;>B0<8 8 =87:><>;5:C;O@=K<8 ?>;8?5?B840<8. 
'25;8G5=85 :>;8G5AB20 2B>@8G=KE ?@>4C:B>2 >:8A;5=8O ;8?84>2 2 8AA;54C5<KE >1@07F0E 

?@>8AE>48;> =0 ?@>BO65=88 2A53> A@>:0 ?@8 >1>8E @568<0E E@0=5=8O. !0 10-5 ACB:8 A>45@-
60=85 <0;>=>2>3> 480;L453840 ?@8 ��" 4>AB83;> 2 B5DB5;OE – (0,228±0,008) <3  D�/:3, 2 
A>CA5 – (0,337±0,011)  <3  D�/:3, 0 ?@8 B@048F8>==>< @568<5 0,269±0,010 <3  D�/:3 8 
(0,452±0,007) <3  D�/:3 A>>B25BAB25==>. %>45@60=85 480;L45384>2 8 <0;>=480;L453840 
(MDA) 2 8AA;54C5<KE >1@07F0E ?@8 1;87:@8>A:>?8G5A:>< @568<5 C25;8G8205BAO ?> 2@5<5-
=8 E@0=5=8O A <5=LH59 A:>@>ABLN, G5< ?@8 B@048F8>==KE B5<?5@0BC@0E E@0=5=8O 8 =865 2 
A@54=5< =0 15 % 2?;>BL 4> 15 ACB>: E@0=5=8O. #@8 40;L=59H5< E@0=5=88 =01;N405BAO 1>;55 
7=0G8B5;L=0O @07=8F0 7=0G5=89 &�+. "1@07>20=85 <0;>=>2>3> 480;L453840 2 A>CA5 ?@>8AE>-
48;> 1>;55 8=B5=A82=>, ?> A@02=5=8N A B5DB5;O<8. 
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%;54C5B >B<5B8BL, GB> E0@0:B5@ 87<5=5=8O A>45@60=8O A2>1>4=KE 68@=KE :8A;>B, ?5@5-
:8A=KE 8 :0@1>=8;L=KE A>548=5=89 845=B8G5= ?@8 E@0=5=88 :C;8=0@=>9 ?@>4C:F88 :0: 
?@8 B@048F8>==>< @568<5, B0: 8 ?@8 ��" 8 >B;8G05BAO ;8HL A:>@>ABLN ?@>B5:0=8O ?@>F5A-
A>2. #>=865=85 B5<?5@0BC@K E@0=5=8O 4> 1;87:@8>A:>?8G5A:>9 B>@<>78B 384@>;8B8G5A:85 
8 >:8A;8B5;L=K5 ?@>F5AAK, ?>72>;OO B5< A0<K< C25;8G8BL 4;8B5;L=>ABL E@0=5=8O :C;8=0@-
=>9 ?@>4C:F88. 
'@>25=L 157>?0A=>AB8 ?8I52KE ?@>4C:B>2 =0 MB0?5 E@0=5=8O 7028A8B, 2 B>< G8A;5, >B 

?@8ACBAB28O 8 :>;8G5AB25==>3> A>45@60=8O ?0B>35==KE 8 =5?0B>35==KE <8:@>>@30=87<>2, 
=0;8G8O ?@>4CF8@C5<KE 8<8 B>:A8=>2 [21]. �;O 53> >F5=:8 2 8AA;54C5<KE >1@07F0E >?@545-
;O;8 :>;8G5AB2> <57>D8;L=KE 0M@>1=KE 8 D0:C;LB0B82=>-0=0M@>1=KE <8:@>>@30=87<>2 
(� �(�= ), 10:B5@89 3@C??K :8H5G=>9 ?0;>G:8 (���#), Staphylococcus aureus, 10:B5@89 
@>40 Salmonella 8 10:B5@89 @>40 Proteus, ?;5A5=59 8 4@>6659. �0==K5 A@02=820;8 A <8:@>-
18>;>38G5A:8<8 =>@<0B820<8 ?@>4C:F88, 2K@010BK205<>9 >1J5:B0<8 >1I5AB25==>3> ?8B0-
=8O, 2 A>>B25BAB288 A B5E=8G5A:8< @53;0<5=B>< &0<>65==>3> A>N70 «" 157>?0A=>AB8 ?8I5-
2>9 ?@>4C:F88» (&$ &% 021/2011)1 8 �8385=8G5A:8< =>@<0B82>< «#>:070B5;8 157>?0A=>AB8 
8 1572@54=>AB8 4;O G5;>25:0 ?@>4>2>;LAB25==>3> AK@LO 8 ?8I52KE ?@>4C:B>2»2

. 

�0: ?>:070;8 8AA;54>20=8O, ?@8 B@048F8>==>< @568<5 E@0=5=8O 7=0G8B5;L=> 2>7@0AB05B 
� �(�=  ?@>4C:B0, ?@52KH0O 4>?CAB8<K5 7=0G5=8O ?>A;5 5 ACB>: E@0=5=8O, 4>AB830O 
A2>53> <0:A8<0;L=>3> 7=0G5=8O =0 ?OB=04F0BK5–4204F0BK5 ACB:8. #>A;5 G53> ?@>8AE>48B 
?>AB5?5==>5 A=865=85 :>;8G5AB20 <8:@>>@30=87<>2, GB> 2>7<>6=> >1CA;>2;5=> 87<5=5=8O-
<8 @50:F88 A@54K 2 :8A;CN AB>@>=C. %=865=85 25;8G8=K @! >:07K205B >?@545;5==>5 2;8O-
=85 8 =0 284>2>9 A>AB02 <8:@>D;>@K 8 A?>A>1AB2C5B @0728B8N :>::>2KE <8:@>>@30=87<>2. 
#@8 25;8G8=5 @! 5–5,5 2>7<>6=> @0728B85 0F84>D8;L=KE <8:@>>@30=87<>2, @>AB :>B>@KE 
?@82>48B : 87<5=5=8N >@30=>;5?B8G5A:8E ?>:070B5;59 :0G5AB20. #@>4C:BK ?@8>1@5B0NB =5-
E0@0:B5@=K9 :8A;K9  2:CA 8 70?0E, GB> 8 1K;> >B<5G5=> ?@8 B@048F8>==>< @568<5 E@0=5-
=8O. �@><5 B>3>, =0 10–15 ACB:8 1K; 2KO2;5= @>AB ?;5A=52KE 3@81>2.  
� ?@>F5AA5 E@0=5=8O ?@8 ��" =01;N405BAO =57=0G8B5;L=>5 @0728B85 <57>D8;L=KE 0M@>1-

=KE 8 D0:C;LB0B82=>-0=0M@>1=KE <8:@>>@30=87<>2 2 4>?CAB8<KE :>;8G5AB20E (A 0,6×10
3
 4> 

1,5×10
3
 4;O B5DB5;59 8 A 0,5×10

3 4> 
4,5×10

3 4;O A>CA0). � A@02=5=88 A B@048F8>==K< @568-
<>< E@0=5=8O B5<? @>AB0 <8:@>>@30=87<>2 =865 1>;55 G5< 2 10 @07 C65 =0 10 ACB:8 E@0=5-
=8O. #0B>35==K5 <8:@>>@30=87<K, 4@>668, ?;5A5=8, ���#, Proteus 8 Staphylococcus aureus 
=5 >1=0@C65=K, GB> B0:65 A>>B25BAB2C5B A0=8B0@=>-M?845<8>;>38G5A:8< ?@028;0<. %;54>-
20B5;L=>, 8=B5=A82=>5 >E;0645=85 3>B>2KE 8745;89 ?>A;5 B5?;>2>9 >1@01>B:8 A?>A>1AB2C5B 
?@54C?@5645=8N 2B>@8G=>9 <8:@>1=>9 >1A5<5=5==>AB8.  
'AB0=>2;5==K5 7028A8<>AB8 2;8O=8O 1;87:@8>A:>?8G5A:>3> >E;0645=8O =0 ?>:070B5;8 

157>?0A=>AB8 8 A>E@0=O5<>AB8 :C;8=0@=>9 ?@>4C:F88 2?5@2K5 ?>;CG5=K 4;O <OA=KE :C;8-
=0@=KE 8745;89 2 2845 B5DB5;59 A A>CA>< :@0A=K< >A=>2=K<.  

����2+�!�� 
!0 >A=>25 8AA;54>20=8O 48=0<8:8 87<5=5=8O D878:>-E8<8G5A:8E ?>:070B5;59, ?5@5:8A-

=>3>, :8A;>B=>3>, 15=7848=>2>3>, B8>10@18BC@>2>3> G8A5;, <8:@>18>;>38G5A:8E, >@30=>;5?-
B8G5A:8< ?>:070B5;59 CAB0=>2;5=>, GB> <OA=K5 @C1;5=K5 :C;8=0@=K5 8745;8O (B5DB5;8), 
E@0=OI85AO 2 CA;>28OE ��" >AB0NBAO ?@83>4=K<8 : C?>B@51;5=8N 2 B5G5=85 2A53> A@>:0 
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ABSTRACT   

Introduction. A promising direction for the development of the alcoholic beverages industry of the Republic 

of Belarus is the production of "elite" spirits, and, in particular, whisky. The traditional quality of whisky 

depends on the type and quality of the raw materials used – barley malt, unmalted grain products, as well as 

the technology for obtaining distillates from them, which form the basis of the finished drink. The purpose of 

the study is to obtain distillates for whisky based on grain raw materials of Belarusian selection at national 

enterprises. The scientific task is to assess the influence of various technological factors on the quality indi-

cators of distillates and their flavor and aroma profile. 

Materials and methods. "Antos" variety triticale of Belarusian selection, enzyme preparations: Viscoferm 

(Certificate Number BY.70.06.01.009), Liquaflo (Certificate Number BY.70.06.01.009); Saczyme Plus 2x 

(SanPiN 2.3.2.1078). Dry alcoholic yeast Saccharomyces cerevisiae in accordance with TU RB 

100104781.010-2005. Generally accepted in alcohol production research methods. 

Results. It is established that the combination of technological factors such as the size of the grinding par-

ticles, hydromodule and modes of hydrothermal processing of the batch are decisive for obtaining whiskey 

distillates with specified quality indicators. The best organoleptic characteristics – bright cereal tones com-

bined with light floral notes – were observed in the whisky distillate obtained from the triticale of  "Antos" 

variety of Belarusian selection under the following technological modes – the size of the grinding particles is 

1.2 mm, hydromodule is 1:3, water-heat treatment of the batch was carried out by the "rigid scheme" mode. 

Hydrothermal processing of the batch by mechanical-enzymatic scheme ("soft scheme") also allows us to 

obtain a whisky distillate with high organoleptic indices, but requires additional selection of enzyme prepara-

tions and regulation of time-temperature parameters. 

Conclusions. The use of Antos" variety triticale of Belarusian selection makes it possible to obtain distillate 

for whisky in terms of quality that is not inferior to the traditional one. The results of the study expand the 

area of scientific and practical knowledge about the technology of obtaining whisky from local raw materials 

for the production of Belarusian alcoholic beverages related to the line of world brands. 

 

KEY WORDS: whisky; technology; distillate; triticale; grinding particle sizes; hydromodule; modes of wa-

ter-heat treatment of batch. 
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%>2@5<5==0O 15;>@CAA:0O 0;:>3>;L=0O ?@>4C:F8O 1;03>40@O A2>5<C 2KA>:><C :0G5AB2C 8 
4>ABC?=>9 F5=5 ?>;L7C5BAO 1>;LH>9 ?>?C;O@=>ABLN A@548 :0: >B5G5AB25==KE, B0: 8 70@C-
156=KE ?>B@518B5;59. #@8G5< >A>1>5 2=8<0=85 >B5G5AB25==K5 ?@>872>48B5;8 2 =0AB>OI55 
2@5<O C45;ONB 2K?CA:C «M;8B=>3> 0;:>3>;O», : :>B>@><C >B=>A8BAO B0:0O ?@>4C:F8O :0: 
28A:8, :>=LO:, @><, B5:8;0, >B;8G0NI85AO ?@8<5=O5<K< AK@L5< (75@=>?@>4C:BK, 28=>3@04, 
B@>AB=8:>2K9 A0E0@) 8 >A>15==>ABO<8 >@30=>;5?B8G5A:8E A2>9AB2. "4=0:> 2>7<>6=>ABL 8A-
?>;L7>20=8O <5AB=>3> @0AB8B5;L=>3> AK@LO 4;O 40==>9 :0B53>@88 =0?8B:>2 25AL<0 >3@0=8-
G5=0. 'G8BK20O, GB> ?>G25==>-:;8<0B8G5A:85 CA;>28O $5A?C1;8:8 �5;0@CAL =081>;55 1;03>-
?@8OB=K 4;O 2K@0I820=8O >?@545;5==KE 75@=>2KE :C;LBC@, B> A MB>9 B>G:8 7@5=8O =081>;55 
?5@A?5:B82=K< O2;O5BAO ?@>872>4AB2> 28A:8 2 A@02=5=88 A ?@>872>4AB2>< :>=LO:0 8;8 @>-
<0. �AE>4O 87 MB>3>, ?@54?@8OB8O $5A?C1;8:8 �5;0@CAL – """ «�8=>:C@=O !0@>GL» 8 4@C-
385 >B5G5AB25==K5 ?@>872>48B5;8 =0G0;8 >A20820BL ?@>872>4AB2> 28A:8. 
"1I58725AB=> [1–5], GB> >A=>2=K5 @07=>284=>AB8 28A:8 AD>@<8@>20=K 8AE>4O 87 AK@L5-

2>3> :><?>=5=B0, 8A?>;L7C5<>3> 4;O ?@>872>4AB20 =0?8B:0: Malt whisky – G8AB> A>;>4>2>5 
28A:8, 873>B>2;5==>5 87 OG<5==>3> A>;>40 (@565 – @60=>3>), :>B>@>5 2 A2>N >G5@54L ?>4@07-
45;O5BAO =0: >4=>A>;>4>2>5 (single malt) 28A:8, ?@>87254P==>5 >4=>9 28=>:C@=59 A 2K45@6-
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:>9 >B 8 4> 15 ;5B; 1>G:>2>5 (Vatted Malt, @565 Pure Malt) – A<5AL >4=>A>;>4>2KE 28A:8, 
?@>872545==KE =0 @07=KE 28=>:C@=OE; >4=>1>G:>2>5 (single cask) – A>;>4>2>5 28A:8, 27OB>5 
87 >4=>9 1>G:8, @07102;5==>5 2>4>9 4> AB0=40@B0 (40% >1.); 28A:8 5AB5AB25==>9 :@5?>AB8 
(Cask Strenght), A=8782H59AO ;8HL 70 AG5B 8A?0@5=8O A?8@B0 2 E>45 2K45@6:8, 157 @07102;5-
=8O 2>4>9.  
�@C38< =0?@02;5=85< ?@>872>4AB20 28A:8 A CG5B>< AK@L52>3> :><?>=5=B0 O2;O5BAO Grain 

whisky [6]. -B> 28A:8, 873>B>2;5==K5 87 4@C38E 284>2 =5A>;>65==KE 75@=>?@>4C:B>2 A ?>-
A;54CNI8< 8E >A0E0@820=85< OG<5==K< A>;>4><. %K@L5< 4;O MB>3> B8?0 28A:8 A;C60B 
?@0:B8G5A:8 2A5 284K 75@=>?@>4C:B>2 – OG<5=L, ?H5=8F0, @>6L, :C:C@C70, >25A 8 4@. �5@=>-
2>5 28A:8 A>7@5205B 1KAB@55 A>;>4>2>3>, 4>AB830O 7@5;>AB8 C65 G5@57 B@8 3>40 2K45@6:8. 
"4=0:> 4;O ?>;CG5=8O M;8B=KE :C?0659 =0?8B>: 2K45@6820NB 2 1>G:0E ?> 12 8 1>;55 ;5B, 
B0: :0: 2>7@0AB =0?8B:0 >?@545;O5BAO ?> A0<><C <>;>4><C 28A:8. $07;8G0NB: Single Grain – 
75@=>2>5 28A:8, ?@>872545==K9 =0 >4=>< 28=>:C@5==>< 702>45; Pure (Vatted) Grain – :><18-
=0F8O =5A:>;L:8E 75@=>2KE 28A:8 @07=KE 28=>:C@5==KE 702>4>2; Grain Single Barrel – «>4-
=>1>G:>2>5» 75@=>2>5 28A:8. 

�@><5 B>3>, =0 @K=:0E H8@>:> ?@54AB02;5=> 28A:8 Blended whisky, ?@54AB02;ONI55 A>1>9 

A<5H0==>5 28A:8, ?>;CG5==>5 ?CB5< :C?068@>20=8O A>;>4>2>3> 28A:8 A 75@=>2K<. %>>B=>-
H5=85 A>;>4>2>3> 8 75@=>2>3> 28A:8 2 @07;8G=KE B8?0E =0?8B:>2 20@L8@C5B >B 10 4> 90 %. 

+5< 2KH5 ?@>F5=B A>;>4>2>3> 28A:8 2 :C?065, B5< >=> :0G5AB25==55 8 4>@>65. "A=>2=0O 
F5;L :C?068@>20=8O A>AB>8B 2 B><, GB>1K 70 AG5B @07=KE ?> 2:CAC A>@B>2 A>;>4>2>3> 8 75@-
=>2>3> 28A:8 AD>@<8@>20BL 30@<>=8G=K9 =0?8B>: [7–9]. 

%;54C5B B0:65 >B<5B8BL, GB> ACI5AB2CNB A2>8 @07;8G=K5 =0F8>=0;L=K5 >A>15==>AB8 2 
?@8<5=5=88 AK@LO 8 B5E=>;>38G5A:8E >A>15==>AB59 ?@>872>4AB20 28A:8 (AB5?5=L 48AB8;;O-
F88, ?@>4>;68B5;L=>ABL 2K45@6:8, B8? 1>G5:, 8A?>;L7C5<KE 4;O 2K45@6:8 =0?8B:0, @07=>-
>1@0785 AB0488 :C?068@>20=8O), GB> ?>A;C68;> 2 2K45;5=88 ?OB8 >A=>2=KE B8?>2 28A:8 2 
7028A8<>AB8 >B AB@0=K-?@>872>48B5;O – H>B;0=4A:89, 8@;0=4A:89, 0<5@8:0=A:89, :0=04A:89 
8 O?>=A:89 [2].  

#@>872>4AB2> ,>B;0=4A:>3> 28A:8 @53C;8@C5B =>@<0B82=K9 4>:C<5=B «The Scotch 
Whisky Regulations 2009» [10], A>3;0A=> :>B>@><C 28A:8 ?@>872>4OB B>;L:> 87 OG<5==>3> A>-
;>40 (Scotch Whisky) 8 A ?@8<5=5=85< B@048F8>==KE <5B>4>2 – 42>9=>9 (@565 B@>9=>9) 48A-
B8;;OF88, 2 <54=KE :C1>2KE 0??0@0B0E, A ?>A;54CNI59 2K45@6:>9 48AB8;;OB0 2 4C1>2KE 
1>G:0E =5 <5=55 B@5E ;5B. �;O ACH:8 A>;>40 2 :0G5AB25 B>?;820 8A?>;L7CNB B>@D, :>B>@K9 
?@8405B A>;>4C >A>1K5 3>@5;K5 B>=0 [11]. ,>B;0=4A:>5 A>;>4>2>5 28A:8 ?>4@0745;O5BAO =0 
=5A:>;L:> B8?>2 – Single malt (>4=>A>;>4>2>5 28A:8, ?@>872545==>5 >4=>9 28=>:C@=59, 2>7-
<>65= :C?06 @07=KE ;5B 2K45@6:8), Vatted malt (A<5AL =5A:>;L:8E >4=>A>;>4>2KE 28A:8), 
Single cask (>4=>A>;>4>2>5 28A:8 87 >4=>9 1>G:8), Cask strength (28A:8 1>G:>2>9 :@5?>AB8 >B 
56 4> 65 % >1). 
�C?068@>20==>5 28A:8, ?> :;0AA8D8:0F88 Scotch Whisky Association (�AA>F80F88 H>B-

;0=4A:>3> 28A:8), ?>4@0745;O5BAO =0 Standard blend (AB0=40@B=K9 :C?06), De luxe blend (:C-
?06 45 ;N:A) 8 Premium (?@5<8C<) [11]. � :C?065 Standard 2A5 8=48284C0;L=K5 A?8@BK 2K-
45@60=K =5 <5=55 B@5E ;5B, GB> B@51CNB =>@<0B82=K5 4>:C<5=BK. � :C?060E De luxe 2A5 
A?8@BK 2K45@60=K =5 <5=55 12 ;5B. "B :C?0659 4@C3>3> :;0AA0 8E >B;8G05B 1>;55 2KA>:89 
?@>F5=B A>;>4>2>3> 28A:8, 2 A@54=5<, =5 <5=55 35 %. Premium :C?06 – 2A5 8=48284C0;L=K5 
A?8@BK 2K45@60=K 1>;55 12 ;5B, ?@8G5< A>45@60=85 A>;>4>2>3> 28A:8 <>65B 4>AB830BL  
60 % 8 1>;55. 
�@;0=4A:>5 28A:8 >B;8G05BAO >B H>B;0=4A:>3> :0: =0?8A0=85< A;>20 «28A:8» – Whiskey, 

2<5AB> Whisky, B0: 8 B5E=>;>3859 ?>;CG5=8O =0?8B:0 [12]. �;02=>9 >B;8G8B5;L=>9 >A>15==>-
ABLN 8@;0=4A:>3> 28A:8 O2;O5BAO >BACBAB285 2 =5< 4K<=>3> ?@82:CA0, 2 @57C;LB0B5 G53> =0-
?8B>: E0@0:B5@87C5BAO >BACBAB285< 87;8H=59 @57:>AB8 8 A82CH=>3> B>=0. � :0G5AB25 AK@L5-
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2>9 >A=>2K 8A?>;L7CNB A<5AL OG<5==>3> A>;>40 8 @68, ?@8G5< ?5@53>=:0 1@06:8 >ACI5AB2-
;O5BAO =5 <5=55 B@5E @07, 2 B> 2@5<O :0: 2 B5E=>;>388 H>B;0=4A:>3> 28A:8 ?@8<5=ONB 42C-
:@0B=CN ?5@53>=:C. $07;8G0NB A;54CNI85 B8?K 8@;0=4A:>3> 28A:8: Single malt – 28A:8 87 
OG<5==>3> A>;>40, ?@>872545==>3> =0 >4=>< ?@54?@8OB88; Pure malt – A<5AL @07=KE A>@B>2 
single malt, ?@>872545==KE =0 @07=KE 28=>:C@5==KE 702>40E; Pot still – B@048F8>==>5 8@-
;0=4A:>5 28A:8 87 A<5A8 A>;>65==>3> (>B 20 4> 50%) 8 =5A>;>65==>3> OG<5=O A 4>102:0<8 
@68, ?H5=8FK, :C:C@C7K 8 >2A0. � >B;8G85 >B H>B;0=4A:>3> 75@=>2>3> 28A:8 ?5@53>=O5BAO 
B>;L:> =0 :C1>2KE ?5@53>==KE 0??0@0B0E; Grain – 75@=>2>5 28A:8 87 =5A>;>65=KE :C:C@C7K 
8 OG<5=O A >A0E0@820=85< OG<5==K< A>;>4><. �A?>;L7C5BAO 4;O :C?068@>20=8O 8 873>B02-
;8205BAO =0 ?5@53>==KE 0??0@0B0E =5?@5@K2=>3> 459AB28O (@5:B8D8:0F8>==KE :>;>==0E); 
Blend – A<5AL @07=KE A>@B>2 A>;>4>2>3> 28A:8 8 75@=>2>3> [12–13].  

�<5@8:0=A:>5 28A:8 (American Whiskey) >1KG=> 8<55B 8@;0=4A:89 20@80=B =0?8A0=8O – 
Whiskey, ?@8G5< 2 70:>=>40B5;L=KE 0:B0E 8A?>;L7C5BAO 8 B5@<8= «Whisky» [12–15]. #@8 ?@>-
872>4AB25 0<5@8:0=A:>3> 28A:8 8A?>;L7C5BAO :C:C@C70 8 @>6L, ?@8G5< G0AB> >=8 8A?>;L7C-
NBAO 157 A>;>65=8O A 8A?>;L7>20=85< >A0E0@820=8O OG<5==K< A>;>4><. 
&5E=>;>38O 0<5@8:0=A:>3> 28A:8 >B;8G05BAO >B B@048F8>==>3> H>B;0=4A:>3> =0?8B:0 >B-

ACBAB285< ACH:8 A>;>40 A 8A?>;L7>20=85< 4K<0 (:0: 2 B5E=>;>388  8@;0=4A:>3> 28A:8), 8 
2K45@6:>9 B>;L:> 2 =>2KE >1C3;5==KE 4C1>2KE 1>G:0E. �8A:8 8<55B A;04:>20BK9 ?@82:CA 8 
7>;>B8ABK9 >BB5=>:. %CI5AB2C5B 7=0G8B5;L=>5 :>;8G5AB2> B8?>2 0<5@8:0=A:>3> 28A:8, >4-
=0:> ?@8=F8?80;L=> 2K45;ONB A;54CNI85 B8?K. #@>AB>5 28A:8 (Straight Whiskey) ?>;CG0NB 
?CB5< ?5@53>=:8 >A0E0@5==>3> A A1@>65==>3> 75@=>2>3> ACA;0, A>AB>OI53> =0 51 % 70AK?8 
87 >4=>3> 7;0:0 8 49 % 87 4@C38E 7;0:>2KE [15].   >65B @07102;OBLAO 2>4>9 4;O :>@@5:B8-
@>2:8 :@5?>AB8 =5 2KH5 62,5 % >1., 8 2K45@68205BAO =5 <5=55 2 ;5B 2 =>2KE >1>665==KE 
4C1>2KE 1>G:0E. #@>872>4OBAO =0 >4=>< ?@54?@8OB88. �;O A>E@0=5=8O 2:CA>-0@><0B8G5A:8E 
A2>9AB2 AK@LO ?@>AB>5 28A:8 4>;6=> 8<5BL :@5?>ABL =5 1>;55 80 % >1. 8 @07;8B> 2 1CBK;:8 
?@8 :@5?>AB8 =5 =865 40% >1. !5 4>?CA:05BAO 8A?>;L7>20=85 @5:B8D8:>20==>3> A?8@B0 8 
:0:8E-;81> 4>102>:. �<5@8:0=A:>3> 28A:8 8<5NB A;54CNI85 284K: �C@1>= (Bourbon) – A0-
<>5 8725AB=>5 8 AB0@>5 0<5@8:0=A:>5 28A:8, :>B>@>5 ?@>872>4OB 87 70AK?8 75@=>?@>4C:B>2, 
A>45@60I59 =5 <5=55 51 % :C:C@C7K. %CI5AB2C5B =5A:>;L:> @07=>284=>AB59 1C@1>=0: 
Standart Bourbon – A<5AL 48AB8;;OB>2 87 @07=KE 1>G5:, 2 B>< G8A;5 @07;8G=KE A@>:>2 2K-
45@6:8; Small mash Bourbon – A<5AL A?5F80;L=> >B>1@0==KE 28A:8 87 =51>;LH>3> :>;8G5AB-
20 1>G5:; Single barrel Bourbon – «>4=>1>G:>2K9» 1C@1>=. 
�C:C@C7=>5 28A:8 (Corns whiskey) – 873>B02;8205BAO 87 ACA;0 A A>45@60=85< :C:C@C7K 

A2KH5 80 %. � B5E=>;>388 ?>;CG5=8O 40==>3> B8?0 28A:8 >BACBAB2C5B AB048O 2K45@6:8, 
8<55B @57:89 8 3@C1>20BK9 ?@82:CA. $60=>5 28A:8 (Ryese whiskey) – ?>;CG0NB ?CB5< ?5@5-
3>=:8 ACA;0 87 70AK?8 75@=>?@>4C:B>2, A>45@60I59 =5 <5=55 51 % @68. $>6L ?@8405B 28A:8 
?@O=K9 0@><0B A >BB5=:>< <OBK 8 0=8A0, 0 B0:65 =0AKI5==K9 2:CA A E0@0:B5@=>9 3>@G8=-
:>9. #H5=8G=>5 28A:8 (Wheat whiskey) – ?@>872>48BAO 87 70AK?8 75@=>?@>4C:B>2, A>45@60-
I59 =5 <5=55 51 % ?H5=8FK. �C?068@>20==>5 28A:8 (Blended Whiskey), 2 A>AB025 :>B>@>3> 
20 % straight whiskey, 8 >AB02H85AO 80 % <>3CB A>45@60BL 4@C385 A>@B0 28A:8 8;8 48AB8;;O-
B>2. %25B;>5 28A:8 (Lightss Whiskey), >A>15==>ABLN :>B>@>3> O2;O5BAO 48AB8;;OF8O ?@8 2K-
A>:8E B5<?5@0BC@0E 4> :@5?>AB8 80 % >1. 8 :@0B:>2@5<5==> =0AB0820=85 2 =>2KE 8;8 @0=55 
8A?>;L7>20==KE 4C1>2KE 1>G:0E, GB> 45;05B =0?8B>: A25B;>3> F25B0 157 >A>15==>3> 2:CA0 8 
?>GB8 157 0@><0B0. �5AF25B=K9 48AB8;;OB :C1>2>9 ?5@53>=:8 A@07C @07;8205BAO 2 AB5:;O=-
=CN B0@C. Malt whisky – A>;>4>2>5 28A:8, :>B>@>5 ?@>872545=> 2 %,� ?> H>B;0=4A:><C B8-
?C.  Sour Mash Whiskey – MB> 28A:8 =0 :8A;>< ACA;5, 4;O ?>;CG5=8O :>B>@>3> 8A?>;L7CNB <5-
B>4 «70:20A:8». %CBL 40==>3> <5B>40 A>AB>8B 2 B><, GB> >:>;> G5B25@B8 >BD8;LB@>20==>3> 
:C1>2>3> >AB0B:0 4>102;ONB 2 ACA;> =0 AB0488 70B8@0=8O, GB> ?>72>;O5B A>E@0=8BL ?>AB>O=-
=K< 2:CA>-0@><0B8G5A:89 ?@>D8;L 3>B>2>3> =0?8B:0. Sweet Mash Whiskey – MB> 28A:8 =0 157 
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4>102;5=8O :C1>2>3> >AB0B:0, B.5. 4;O 70B8@0=8O 75@=>?@>4C:B>2 8A?>;L7C5BAO B>;L:> A2560O 
2>40. Tennessee Whiskey – 28A:8 87 &5==5A8, >A>15==>ABLN 873>B>2;5=8O :>B>@>3> O2;O5BAO 
?@5420@8B5;L=0O D8;LB@0F8O 48AB8;;OB0 G5@57 3-<5B@>2K5 D8;LB@K, =0?>;=5==K5 :;5=>2K< 
C3;5<. &0:>5 ?@>872>4AB2> ?@8<5=ONB B>;L:> 2 HB0B5 &5==5A8, GB> =0H;> >B@065=85 2 =0-
720=85 28A:8. 
�0=04A:85 28A:8 (Canadian Whiskey) >1;040NB CB>=G5==K<, ;53:8<, D@C:B>2K<, 3>@L:>-

20BK< 2:CA>< [9]. "B;8G85 B5E=>;>388 :0=04A:>3> 28A:8 70:;NG05BAO 2 B><, GB> 7@5;0O 
1@06:0 87 @07;8G=KE A>@B>2 75@=0 @0745;L=> ?>425@305BAO =5?@5@K2=>9 ?5@53>=:5 2 0??0@0-
B5 �>DD8, A>AB>OI8< 87 42CE @0A?>;>65==KE @O4>< @5:B8D8:0F8>==KE :>;>==. #>A;5 ?5-
@53>=:8 48AB8;;OBK A<5H820NB 8 2K45@6820NB, B.5. :C?06, 2 >B;8G85 >B B5E=>;>389 4@C38E 
AB@0=, 873>B02;8205BAO 4> 2K45@6:8. #> 70:>=0< �0=04K, 28A:8 4>;6=> 1KBL ?>;CG5=> 87 
@07;8G=KE 75@=>2KE :C;LBC@, 2K@0I5==KE 2 �0=045, 8 2K45@60= 2 =>2KE 8;8 C65 8A?>;L7>-
20==KE 4C1>2KE 1>G:0E >1J5<>< =5 1>;55 680 ;8B@>2 =5 <5=55 B@5E ;5B. � 53> A>AB02 @07@5-
H05BAO 4>102;OBL 4> 9 % ?>AB>@>==8E :><?>=5=B>2 – 0@><0B870B>@>2, 28=, A?8@B>2, ?@>87-
2545==KE 2=5 �0=04K [16, 17].  
$07;8G0NB Base whisky – 107>2>5 28A:8, :>B>@>5 1572:CA=> 8 >1;0405B A;01K< 0@><0B>< 8 

Flavoring whisky – 28A:8-0@><0B870B>@. Flavoring whisky ?@>872>4OB 87 @60=>3> A>;>40 A ?>-
A;54CNI59 @5:B8D8:0F859 2 :>;>==0E =5?@5@K2=>3> 459AB28O, 2 B> 2@5<O :0: 107>2>5 28A:8 
3>B>2OB 87 75@=>2>9 A<5A8, 2 :>B>@>9 <>65B 1KBL 4> 98 % :C:C@C7K 8 2 % OG<5==>3> A>;>40. 
"1KG=> 2 107>2>< =0?8B:5 8A?>;L7CNB 1>;LH5 OG<5==>3> 8 @60=>3> A>;>40 – 4>  
10 %. !0 =5:>B>@KE ?@>872>4AB20E 4;O 28A:8-0@><0B870B>@0 ?@8<5=ONB B@048F8>==CN 
42>9=CN ?5@53>=:C 2 <54=KE :C10E, ?@8G5< 45;0NB 53> 87 100 % @60=>3> A>;>40. �<5==> 
@60=0O A>AB02;ONI0O ?@8405B :0=04A:><C 28A:8 E0@0:B5@=K9 >AB@>20B>-?@O=K9 0@><0B. 
+5< 1>;LH5 ?@>F5=B @68, B5< A8;L=55 ?@O=K9 B>= 8 E0@0:B5@ =0?8B:0. �8A:8-0@><0B870B>@ 
B0:65 ?@>872>4OB 2 :>;>==0E =5?@5@K2=>3> 459AB28O 4> :@5?>AB8 65 % >1., GB> ?>72>;O5B 
A>E@0=OBL 2 48AB8;;OB5 2B>@8G=K5 0@><0B8G5A:85 8 2:CA>2K5 :><?>=5=BK [16, 17]. �07>2>5 
28A:8 48AB8;;8@CNB 4> :@5?>AB8 96 % >1., ?@8 MB>< A?8@B ?>;CG05BAO >G5=L G8ABK<, GB> 
A@02=8< ?> :0G5AB2C A> A?8@B>< 4;O ?@83>B>2;5=8O =5:>B>@KE 2>4>:. �0=04A:>5 28A:8 2K-
45@6820NB 2 4C1>2KE 1>G:0E 4–8 ;5B (4> 20 ;5B), => =5 <5=55 B@5E ;5B.  
&0:8< >1@07><, CG8BK20O B5=45=F88 8 @07=>>1@0785 B5E=>;>38G5A:8E @5H5=89, ?@8<5-

=O5<KE ?@8 ?@>872>4AB25 70@C156=KE A>@B>2 28A:8, F5;LN 40==>3> 8AA;54>20=8O O2;O;0AL 
@07@01>B:0 B5E=>;>388 ?@>872>4AB20 28A:>2KE 48AB8;;OB>2, A>AB02;ONI8E >A=>2C 3>B>2>3> 
28A:8, 2 CA;>28OE >B5G5AB25==KE ?@54?@8OB89 A 8A?>;L7>20=85< 75@=>2>3> AK@LO 15;>@CA-
A:>9 A5;5:F88. !0CG=0O 7040G0 – >F5=:0 2;8O=8O @07;8G=KE B5E=>;>38G5A:8E D0:B>@>2 =0 
?>:070B5;8 :0G5AB20 48AB8;;OB>2 8 8E 2:CA>-0@><0B8G5A:89 ?@>D8;L. 

 

 �&�$���/  �  �&"�/ 

!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: 
B@8B8:0;5 @07=KE A>@B>2 15;>@CAA:>9 A5;5:F88 (�"%& 34023), D5@<5=B=K5 ?@5?0@0BK: �8A-
:>D5@< (=><5@ A2845B5;LAB20 BY.70.06.01.009), �8:20D;> (=><5@ A2845B5;LAB20 
BY.70.06.01.009); %0E709< #;NA 2X (%0=#8! 2.3.2.1078). �@>668 ACE85 A?8@B>2K5 
Saccharomyces cerevisiae 2 A>>B25BAB288 A &' $� 100104781.010-2005.  

� @01>B5 1K;8 8A?>;L7>20=K :><?;5:A=K5 D878:>-E8<8G5A:85, <8:@>18>;>38G5A:85 8 
18>E8<8G5A:85 <5B>4K 8AA;54>20=89 >1I5?@8=OBK5 2 A?8@B>2>9 >B@0A;8. %>45@60=85 
:@0E<0;0 2 75@=5 >?@545;O;8 ?> �"%& 10845, 01A>;NB=CN <0AAC 75@=0 – ?> �"%& ISO 520 
[18], =0BC@C 75@=0 – ?> �"%& 10840 [19], B8B@C5<CN :8A;>B=>ABL 75@=0 – ?> �"%& 10844 
[20], 2;06=>ABL 75@=0 – ?> �"%& 13586.5 [21], 70A>@5==>ABL 75@=0 – ?> �"%& 13586.2 [22], 



  �еEF=и> ��'&, 2023 № 1(34) 
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A>45@60=85 15;:0 <5B>4>< �5;L40;O – ?> �"%& 26889 [23], >@30=>;5?B8G5A:85 ?>:070B5;8 
?> �"%& 10967 [24], A>45@60=85 68@0 – ?> �"%& 31700 [25], 7>;L=>ABL – ?> �"%& 26226 
[26], M=5@38N ?@>@0AB0=8O 8 A?>A>1=>ABL ?@>@0AB0=8O – ?> �"%& 10968 [27], A>45@60=85 35-
<8F5;;N;>7K, A>45@60=85 ?5=B>70=>2 ?> <5B>48:0< [28]. "?@545;5=85 A>45@60=8O :@0E<0-
;0 – ?> �"%& 12136 [29], >?@545;5=85 :>=F5=B@0F88 MB8;>2>3> A?8@B0, A>45@60=85 459AB28-
B5;L=>9 :>=F5=B@0F88 ACE8E 25I5AB2 2 7@5;>9 1@06:5 – ?> �"%& 32095 [30], >1I55 A>45@-
60=85 @0AB2>@8<KE A1@068205<KE C3;52>4>2 2 ACA;5 8 =5A1@>65==KE C3;52>4>2 2 7@5;>9 
1@06:5 ?> �"%& 31683 [31], 0<8;>;8B8G5A:CN 0:B82=>ABL – <5B>4>< �8=48H0-�>;L10E0 
[32], A>45@60=85 0<8==>3> 07>B0 <5B>4>< [32], A>45@60=85 @54CF8@CNI8E 25I5AB2 <5B>4>< 
�5@B@0=0 [32], B8B@C5<CN :8A;>B=>ABL, >1I55 :>;8G5AB2> 4@>6652KE :;5B>:, A>45@60=85 
<5@B2KE :;5B>:, 3;8:>35=0 8 ?>G:CNI8EAO :;5B>: ?> >1I5?@8=OBK< 2 A?8@B>2>< ?@>872>4-
AB25 <5B>48:0< [32]. %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 A>740=8O =0F8>=0;L=>3> =0?8B:0, >B=>AOI53>AO : B8?C 28A:8, 1K;0 2K1@0=0 75@=>20O 
:C;LBC@0 B@8B8:0;5, ?@54AB02;ONI0O A>1>9 ?H5=8G=>-@60=>9 381@84, 2 :>B>@>< A>G5B0NBAO 
2KA>:0O ?;0AB8G=>ABL 8 C@>609=>ABL @68, 8 :0G5AB2> ?H5=8FK. &@8B8:0;5 E>@>H> 040?B8-
@>20=0 : ?>G25==>-:;8<0B8G5A:8< CA;>28O< $5A?C1;8:8 �5;0@CAL 8 E0@0:B5@87C5BAO 2KA>-
:>9 C@>609=>ABLN (2 A@54=5< >B 37,7 4> 43,4 F/30). "4=0:>, A ?>78F88 ?@>872>4AB20 28A:8 
40==0O :C;LBC@0 87CG5=0 =54>AB0B>G=>, 2 A2O78 A G5< B@51C5BAO ?@>2545=85 :><?;5:A=KE 8A-
A;54>20=89, =0?@02;5==KE =0 2KO2;5=85 B5E=>;>38G5A:8E 4>AB>8=AB2 40==>9 ?5@A?5:B82=>9 
75@=>2>9 :C;LBC@K 4;O A>740=8O 8 ?@>872>4AB20 >B5G5AB25==>3> 28A:8.  
�=0G0;5 @01>BK 1K;0 ?@>2545=0 B5E=>;>38G5A:0O >F5=:0 :0G5AB20 ?OB8 A>@B>2 B@8B8:0;5 

15;>@CAA:>9 A5;5:F88 – A>AB>O=85, F25B, 70?0E, =0BC@0, 2;06=>ABL, <0AA>20O 4>;O A>@=>9 
?@8<5A8, A>45@60=85 :@0E<0;0, 0<8==>3> 07>B0, 35<8F5;;N;>7 8 ?5=B>70=>2, 7>;L=>ABL 8 
4@., :>B>@K5 ?>72>;8;8 >?@545;8BL =081>;55 ?5@A?5:B82=K5 A>@B0 B@8B8:0;5 15;>@CAA:>9 
A5;5:F88 A B>G:8 7@5=8O ?>;CG5=8O 28A:>2>3> ACA;0 (B01;.1).  

 

&45?. 1.   (878:>-E8<8G5A:85 8 D878>;>38G5A:85 ?>:070B5;8 :0G5AB20 B@8B8:0;5 15;>@CAA:>9  
A5;5:F88 

Table 1. Physico-chemical and physiological quality indicators of Belarusian selection triticale 

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

%>@B0 B@8B8:0;5 
«�=B>AL» «�0ABCAL» «�C1@020» «�<?C;LA» «#@><5B59» 

�1A>;NB=0O <0AA0, 3 47,4±0,6 34,4±0,6 39,3±0,5 42,6±0,6 37,3±0,5 
%>45@60=85 :@0E<0;0, % 63,80±0,12 52,53±0,11 60,04±0,12 62,61±0,11 58,35±0,11 
$54CF8@CNI85 A0E0@0,  
3/100 A<3

 
0,59±0,01 0,39±0,01 0,52±0,01 0,57±0,01 0,47±0,01 

%>45@60=85 15;:0, % 12,72±0,23 12,64±0,23 12,42±0,22 11,65±0,21 11,85±0,22 
�<8==K9 07>B, <3/100 A<3

 11,49±0,57 11,35±0,57 10,44±0,52 10,27±0,51 11,28±0,56 
%>45@60=85 68@0, % 2,91±0,21 2,83±0,21 2,43±0,17 2,61±0,19 3,15±0,23 
�>;L=>ABL, % 1,95±0,02 1,78±0,02 1,83±0,02 1,94±0,02 1,85±0,02 
&8B@C5<0O :8A;>B=>ABL, 3@04. 1,3±0,1 2,0±0,1 1,8±0,1 2,2±0,1 2,0±0,1 
-=5@38O ?@>@0AB0=8O, % 94±2,3 93±2,2 93±2,3 91±2,2 91±2,3 
%?>A>1=>ABL ?@>@0AB0=8O, % 98±2,4 97±2,4 96±2,3 95±2,2 96±2,4 
%>45@60=85 35<8F5;;N;>7K, 
% 

6,9±0,6 7,2±0,7 7,6±0,7 7,4±0,6 8,0±0,6 

%>45@60=85 ?5=B>70=>2, % 4,8±0,2 6,9±0,2 5,7±0,2 5,4±0,2 6,2±0,2 



Пище6ая Fех=>?>7ия  

 

 

 

 

 

108 

'AB0=>2;5=>, GB> =081>;55 2KA>:8<8 D878:>-E8<8G5A:8<8 8 D878>;>38G5A:8<8 ?>:070B5-
;O<8 :0G5AB20 E0@0:B5@87>20;>AL B@8B8:0;5 A>@B0 «�=B>AL», 0 8<5==>, A>G5B0=85< 2KA>:>3> 
A>45@60=8O :@0E<0;0, 01A>;NB=>9 <0AAK, 0<8==>3> 07>B0 8 4@., 8 ?>=865==>3> A>45@60=8O 
35<8F5;;N;>7 8 ?5=B>70=>2. &0:8< >1@07><, 40==K9 A>@B 1K; 2K1@0= 4;O 40;L=59H53> 8A-
?>;L7>20=8O ?@8 ?@>2545=88 8AA;54>20=89. %@02=8B5;L=K9 0=0;87 ?>:070B5;59 :0G5AB20 
C:070==>3> A>@B0 B@8B8:0;5 =0 A>>B25BAB285 =>@<0B82=K< B@51>20=8O< ?@54AB02;5= 2 
B01;. 2. 

 
&45?. 2.  #>:070B5;8 :0G5AB20 B@8B8:0;5 A>@B0 «�=B>AL» 15;>@CAA:>9 A5;5:F88 

Table 2. Quality indicators of "Antos" variety triticale of Belarusian selection 

 

#>:070B5;8 
&@8B8:0;5 

&@51>20=8O �"%& 34023 &@8B8:0;5 A>@B0 «�=B>AL» 

%>AB>O=85 � 74>@>2><, =53@5NI5<AO  
A>AB>O=88 

� 74>@>2><, =53@5NI5<AO  
A>AB>O=88 

*25B 
%2>9AB25==K9 =>@<0;L=><C 75@=C 
B@8B8:0;5, 4>?CA:05BAO ;N10O 
AB5?5=L >15AF25G5==>AB8 

%2>9AB25==K9 =>@<0;L=><C 
75@=C B@8B8:0;5 

�0?0E %2>9AB25==K9 74>@>2><C 75@=C 
B@8B8:0;5 

%2>9AB25==K9 74>@>2><C  
75@=C B@8B8:0;5 

!0BC@0, 3/4<3, =5 <5=55 680–700 699,4 

 0AA>20O 4>;O 2;038, %, =5 1>;55 14,0 10,7 

 0AA>20O 4>;O A>@=>9 ?@8<5A8, %, =5 
1>;55 2,0–5,0 0,5 

�5@=>20O ?@8<5AL, %, =5 1>;55 5,0–15,0 1,8 

�1A>;NB=0O <0AA0, 3 – 47,4 

%>45@60=85 :@0E<0;0, % – 63,8 

�>;L=>ABL, % – 1,9 

�8A;>B=>ABL, 3@04. – 1,3 

 
�0: A;54C5B 87 ?>;CG5==KE M:A?5@8<5=B0;L=KE 40==KE, ?>:070B5;8 :0G5AB20 8AA;54C5<>-

3> B@8B8:0;5 A>@B0 «�=B>AL» A>>B25BAB2>20;8 CAB0=>2;5==K< =>@<0B82=K< B@51>20=8O< 8 
40==>5 AK@L5 2>7<>6=> 8A?>;L7>20BL 4;O ?>;CG5=8O 28A:>2>3> ACA;0. 
#@54AB02;O;> 8=B5@5A 8AA;54>20BL 2;8O=85 B5E=>;>38G5A:8E D0:B>@>2 =0 ?>:070B5;8 :0-

G5AB20 28A:>2>3> ACA;0, 7@5;>9 1@06:8 8 48AB8;;OB0, ?>;CG5==KE 87 B@8B8:0;5 15;>@CAA:>9 
A5;5:F88. (0:B>@0<8 8AA;54>20=8O 1K;8 2K1@0=K: 25;8G8=0 G0AB8F ?><>;0 75@=>?@>4C:B>2 
(( 1), A>>B=>H5=85 2>4K 8 75@=>?@>4C:B>2 2 70<5A5 (384@><>4C;L) (( 2), @568<K 2>4=>-
B5?;>2>9 >1@01>B:8 70<5A0 (( 3). �7CG5=85 2;8O=8O 2KH5C:070==KE D0:B>@>2 2:;NG0;> 2 
A51O 8AA;54>20=85 70:>=><5@=>AB59 ?@>B5:0=8O D878:>-E8<8G5A:8E 8 18>E8<8G5A:8E ?@>-
F5AA>2 ?@8 ?>;CG5=88 28A:>2>3> ACA;0 8 ?>A;54CNI53> 53> A1@06820=8O. �@><5 B>3>, 8AA;5-
4>20;8 2708<>A2O7L 2KH5C:070==KE D0:B>@>2 =0 D@0:F8>==K9 A>AB02 ;5BCG8E :><?>=5=B>2 
48AB8;;OB>2 42>9=>9 ?5@53>=:8 8 8E >@30=>;5?B8G5A:85 A2>9AB20.  
�7CG5=85 2;8O=8O D0:B>@0 (( 1) 25;8G8=K G0AB8F ?><>;0 75@=>?@>4C:B>2 2 70<5A5 >AC-

I5AB2;O;8 2 >1@07F0E ACA;0 A 8A?>;L7>20=85< B@5E @07<5@>2 G0AB8F 4@>1;5=>3> AK@LO: 
– ?><>; A @07<5@0<8 G0AB8F 2 << (>1@075F № 1); 

– ?><>; A @07<5@0<8 G0AB8F 1,5 << (>1@075F № 2); 

– ?><>; A @07<5@0<8 G0AB8F 1,2 << (>1@075F № 3). 

�8A:>2>5 ACA;> 3>B>28;8 ?> A;54CNI8< B5E=>;>38G5A:8< @568<0< 2>4=>-B5?;>2>9 >1@0-
1>B:8. �@>1;5=>5 75@=> A<5H820;8 A 2>4>9 2 A>>B=>H5=88 1:3,5. #>;CG5==K9 70<5A ?>4>3-
@520;8 4> B5<?5@0BC@K 50–55 °%, 2=>A8;8 D5@<5=B=K5 ?@5?0@0BK �8A:>D5@< F5;;N;>;8B8-



  �еEF=и> ��'&, 2023 № 1(34) 
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G5A:>3> A?5:B@0 459AB28O 87 @0AG5B0 0,22 54/B ACE8E 25I5AB2 8 �8:20D;> 0<8;>;8B8G5A:>3> 
A?5:B@0 459AB28O 87 @0AG5B0 2 54/3 CA;>2=>3> :@0E<0;0, 8 2K45@6820;8 ?@8 MB>9 B5<?5@0BC@5 
2 B5G5=88 60 <8=. �0B5< B5<?5@0BC@C 70<5A0 ?>2KH0;8 4> 7=0G5=8O 65–70 

>% 8 2K45@6820-
;8 2 B5G5=88 60 <8=. #>A;5 MB>3> 70<5A =03@520;8 4> B5<?5@0BC@K 90 °%, ?@>4>;68B5;L-
=>ABL 2K45@6:8 A>AB02;O;0 60 <8=. �0B5< @0720@5==CN <0AAC >E;0640;8 4> B5<?5@0BC@K  
56–58 °% 8 >ACI5AB2;O;8 >A0E0@820=85 D5@<5=B=K< ?@5?0@0B>< 3;N:>0<8;07=>3> A?5:B@0 
459AB28O %0E709< ?;NA 2E 87 @0AG5B0 8 54/3, ?@>4>;68B5;L=>ABL 2K45@6:8 A>AB02;O;0 30 
<8=. #>;=>BC >A0E0@820=8O >?@545;O;8 ?> 9>4=>9 ?@>15. � ?>;CG5==KE >1@07F0E >?@545;O-
;8: A>45@60=85 ACE8E 25I5AB2 (%�), <0AA>2CN :>=F5=B@0F8N @0AB2>@8<KE C3;52>4>2 ($'), 
A>45@60=85 0<8=>3> 07>B0 (��), B8B@C5<CN :8A;>B=>ABL (&�). #>;CG5==K5 @57C;LB0BK 
?@54AB02;5=K =0 @8A.1. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

$<E. 1. #>:070B5;8 :0G5AB20 28A:>2>3> ACA;0 2 7028A8<>AB8 >B @07<5@0 G0AB8F 70<5A0 

Fig. 1. Quality indicators of whisky wort depending on the size of batch particles 

 

�0: A;54C5B 87 ?>;CG5==KE M:A?5@8<5=B0;L=KE 40==KE, AB5?5=L ?><>;0 8A?>;L7C5<KE 
75@=>?@>4C:B>2 >:07K205B ACI5AB25==>5 2;8O=85 =0 ?>:070B5;8 :0G5AB20 ?>;CG05<>3> ACA;0. 
'AB0=>2;5=>, GB> A C25;8G5=85< @07<5@0 G0AB8F ?><>;0 =01;N40;>AL ?@O<>;8=59=>5 A=8-
65=85 2A5E 2>4>@0AB2>@8<KE 25I5AB2: A>45@60=8O ACE8E 25I5AB2 A=860;>AL =0 2,9–7,8 %, 

@0AB2>@8<KE A1@068205<KE 25I5AB2 – =0 3,7–10,7 %, 0<8==>3> 07>B0 – =0 2–6 %. !0 B8B@C5-
<CN :8A;>B=>ABL ACA;0 AB5?5=L 4@>1;5=8O 75@=>?@>4C:B>2 2;8O=8O =5 >:07K20;0, 7=0G5=85 
B0:>2>9 >AB020;0AL =0 >4=>< C@>2=5. &0:8< >1@07><, C25;8G5=85 @07<5@0 G0AB8F 2 70<5A5 
?@82>48B : A=865=8N AB5?5=8 M:AB@0:B0 ?>;CG05<>3> ACA;0. 
�AA;54>20=8O ?> >?@545;5=8N 2;8O=8O 384@><>4C;O ((2) =0 ?>:070B5;8 :0G5AB20 ACA;0, 

2:;NG0;8 2 A51O 420 ?0@0<5B@0:  
– 384@><>4C;L 1:3 (>1@075F № 4): 4@>1;5=>5 AK@L5 A<5H820;8 A 2>4>9 2 A>>B=>H5=88 1:3 

8 40;55 >ACI5AB2;O;8 ?>;CG5=85 ACA;0 ?> 2KH5 C:070==K< @568<0<; 
– 384@><>4C;L 1:3,5 (>1@075F № 5). �@>1;5=>5 AK@L5 A<5H8205BAO A 2>4>9 2 A>>B=>H5=88 

1:3,5 8 40;55 >ACI5AB2;O;8 ?>;CG5=85 ACA;0 ?> 2KH5 C:070==K< @568<0<.   
� ?>;CG5==KE >1@07F0E ACA;0 >?@545;O;8 ?>:070B5;8 :0G5AB20 0=0;>38G=> ?@54K4CI59 

A5@88 >?KB>2. #>;CG5==K5 @57C;LB0BK ?@54AB02;5=K =0 @8A. 2. 
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$<E. 2. #>:070B5;8 :0G5AB20 28A:>2>3> ACA;0 2 7028A8<>AB8 >B 384@><>4C;O 70<5A0 

Fig. 2. Quality indicators of whisky wort depending on batch hydromodule 

 

�0: A;54C5B 87 ?>;CG5==KE M:A?5@8<5=B0;L=KE 40==KE (@8A. 2) 384@><>4C;L 70<5A0 >:0-
7K20; 2;8O=85 =0 ?>:070B5;8 :0G5AB20 ?>;CG05<>3> ACA;0. 'AB0=>2;5=>, GB> A C<5=LH5=85< 
A>>B=>H5=8O 2>4K 8 75@=>?@>4C:B>2 =01;N40;>AL C25;8G5=85 A>45@60=8O ACE8E 25I5AB2 =0 
6,8 % (%�), @0AB2>@8<KE A1@068205<KE 25I5AB2 =0 13,4 % ($'), 0<8==>3> 07>B0 =0 12,9 % 
(�). &8B@C5<0O :8A;>B=>ABL =5A:>;L:> ?>2KA8;0AL ?@8 C<5=LH5=88 384@><>4C;O. &0:8< >1-
@07><, =0 >A=>20=88 @57C;LB0B>2 ?@>2545==KE M:A?5@8<5=B0;L=KE 8AA;54>20=89 >?B8<0;L-
=K< A>>B=>H5=85< 75@=>?@>4C:B>2 8 2>4K 1K; 2K1@0= >1@075F A 384@><>4C;5< – 1:3.  

�;O 2KO2;5=8O 2;8O=8O D0:B>@0 3 – 2;8O=85 @568<>2 @0720@820=8O =0 ?>:070B5;8 :0G5AB-
20 ACA;0, ?>;CG5==>3> 87 B@8B8:0;5 15;>@CAA:>9 A5;5:F88, 1K;8 ?@83>B>2;5=K >1@07FK ACA-
;0 A 8A?>;L7>20=85< 42CE @568<>2 @0720@820=8O: 
– «<O3:89» @568<» (>1@075F № 6): 4@>1;5=>5 75@=> A<5H820;8 A 2>4>9 2 A>>B=>H5=88 

1:3. #>;CG5==K9 70<5A ?>4>3@520;8 4> B5<?5@0BC@K 50–55 °%, 2=>A8;8 2 70<5A D5@<5=B=K5 
?@5?0@0BK �8A:>D5@< F5;;N;>;8B8G5A:>3> A?5:B@0 459AB28O 87 @0AG5B0 0,22 54/B ACE8E 25-
I5AB2 8 �8:20D;> 0<8;>;8B8G5A:>3> A?5:B@0 459AB28O 87 @0AG5B0 2 54/3 CA;>2=>3> :@0E<0;0, 
?@>4>;68B5;L=>ABL 2K45@6:8 A>AB02;O;0 60 <8=. �0B5< B5<?5@0BC@C 70<5A0 ?>2KH0;8 4> 
65–70 

>%, ?@>4>;68B5;L=>ABL 2K45@6:8 A>AB02;O;0 60 <8=. #>A;5 MB>3> 70<5A =03@520;8 4> 
90 °%, ?@>4>;68B5;L=>ABL 2K45@6:8 A>AB02;O;0 60 <8=; ?>A;5 G53> @0720@5==CN <0AAC >E-
;0640;8 4> B5<?5@0BC@K 56–58 °% 8 ?@>2>48;8 >A0E0@820=85 2 B5G5=85 30 <8=, ?@5420@8-
B5;L=> 70402 D5@<5=B 3;N:>0<8;07=>3> A?5:B@0 459AB28O %0E709< ?;NA 2E 87 @0AG5B0 8 54/3 
CA;>2=>3> :@0E<0;0. #>;=>BC >A0E0@820=8O >?@545;O;8 ?> 9>4=>9 ?@>15. 
– «65AB:89» @568<» (>1@075F №7): 4@>1;5=>5 AK@L5 A<5H820;8 A 2>4>9 B5<?5@0BC@>9  

70 °% 2 A>>B=>H5=88 1:3, 4;O A>E@0=5=8O ?>4286=>AB8 70<5A0 2=>A8;8 D5@<5=B=K9 ?@5?0@0B 
0<8;>;8B8G5A:>3> A?5:B@0 459AB28O �8:20D;>, ?@>4>;68B5;L=>ABL 2K45@6:8 A>AB02;O;0  
20 <8=. �0B5< 70<5A =03@520;8 2 02B>:;025 4> B5<?5@0BC@K 105 °% 8 2K45@6820;8 53> ?@8 
MB>9 B5<?5@0BC@5 60 <8=. �0B5< @0720@5==CN <0AAC >E;0640;8 4> B5<?5@0BC@K 56–58 °% 8 
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?@>2>48;8 >A0E0@820=85, ?@5420@8B5;L=> 70402 D5@<5=B=K5 ?@5?0@0BK 0<8;>;8B8G5A:>3> 
A?5:B@0 459AB28O �8:20D;> 87 @0AG5B0 0,2 54/3 CA;>2=>3> :@0E<0;0 8 3;N:>0<8;07=>3> A?5:-
B@0 459AB28O %0E709< ?;NA 2E 87 @0AG5B0 6 54/3 CA;>2=>3> :@0E<0;0. "A0E0@820=85 ?@>2>48-
;8 2 B5G5=85 30 <8=. #>;=>BC >A0E0@820=8O >?@545;O;8 ?> 9>4=>9 ?@>15. � ?>;CG5==KE >1-
@07F0E ACA;0 >?@545;O;8 ?>:070B5;8 :0G5AB20 0=0;>38G=> ?@54K4CI59 A5@88 >?KB>2. #>;C-
G5==K5 @57C;LB0BK ?@54AB02;5=K =0 @8A.3. 

%�, %

$', 3/100 A<3

��, 3/100 A<3

&�, 3@04

 
$<E. 3. #>:070B5;8 :0G5AB20 28A:>2>3> ACA;0 2 7028A8<>AB8  

>B @568<0 2>4=>-B5?;>2>9 >1@01>B:8 70<5A0 

Fig. 3. Quality indicators of whisky wort depending on water-heat treatment of batch 

 

�0: A;54C5B 87 ?>;CG5==KE M:A?5@8<5=B0;L=KE 40==KE, @568< 2>4=>-B5?;>2>9 >1@01>B-
:8 >:07K205B 2;8O=85 =0 ?>:070B5;8 :0G5AB20 ?>;CG05<>3> ACA;0. #@8 @0720@820=88 AK@LO ?> 
«65AB:><C» @568<C 2A5 :>=B@>;8@C5<K5 ?0@0<5B@K C25;8G820;8AL 2 A@02=5=88 A @0720@8-
20=85< ?> «<O3:><C» @568<C: A>45@60=85 ACE8E 25I5AB2 C25;8G820;>AL =0 8,3 % (%�), @0A-
B2>@8<KE A1@068205<KE 25I5AB2 – =0 5,9 % ($'), 0<8==>3> 07>B0 – =0 10,9 % (�), B8B@C5<>9 
:8A;>B=>AB8 – =0 4,2 % (�). "4=0:>, =5>1E>48<> >B<5B8BL, GB> ?@8<5=5=85 «<O3:>3>» @0720-
@820=8O ?>72>;O5B A=878BL B5?;>2CN =03@C7:C =0 ACA;>, B5?;>70B@0BK =0 ?@>872>4AB2> 8 
>15A?5G8205B =0?@02;5==>ABL ?@>F5AA0 1@>65=8O 2 AB>@>=C 87<5=5=8O D@0:F8>==>3> A>AB0-
20 ;5BCG8E ?@8<5A59 ?>;CG05<>3> 48AB8;;OB0. 
&0:8< >1@07><, 2 E>45 ?@>2545==KE 8AA;54>20=89 1K;8 >?@545;5=K >?B8<0;L=K5 B5E=>-

;>38G5A:85 @568<K ?@83>B>2;5=8O 28A:>2>3> ACA;0 87 B@8B8:0;5, >15A?5G820NI8E 2KA>:>5 
A>45@60=85 ACE8E 25I5AB2 (22,0–24,0 %), @0AB2>@8<KE C3;52>4>2 (17,62–18,72 3/100 A<3

), 

0<8==>3> 07>B0 (18,31–20,55 <3/100 A<3
): 

– 1 @568< – «<O3:>5» @0720@820=85, ?><>; A @07<5@0<8 G0AB8F 1,2 <<, 384@><>4C;L 1:3, 
384@>B5@<8G5A:0O >1@01>B:0 (?@8 50–55 °% 60 <8= + (#, ?@8 65–70 ° % 60 <8=, ?@8 90 °% 

60 <8=), >A0E0@820=85 ?@8 56–58 °% 30 <8= + (#; 
– 2 @568< – «65AB:>5» @0720@820=85, ?><>; A @07<5@0<8 G0AB8F 1,2 <<, 384@><>4C;L 1:3, 

384@>B5@<8G5A:0O >1@01>B:0 (?@8 105 °% 60 <8=), >A0E0@820=85 ?@8 56–58 °% 30 <8= + (#.  
� A;54CNI59 A5@88 8AA;54>20=89 ?>;CG5==K5 >1@07FK ACA;0 >E;0640;8 4> B5<?5@0BC@K 
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«A:;04:8», 2=>A8;8 4@>6652CN @072>4:C Saccharomyces cerevisiae 2 :>;8G5AB25 10 % >B >1J-
5<0 ACA;0 8 >ACI5AB2;O;8 ?@>F5AA A1@06820=8O. �@>65=85 25;8 2 B5G5=85 72 G0A>2 ?@8 B5<-
?5@0BC@5 30 °%. #>;CG5==K5 >1@07FK 7@5;KE 1@065: ?>425@30;8 42>9=>9 ?5@53>=:5. �=0G0;5 
>ACI5AB2;O;8 ?5@53>=:C 7@5;>9 1@06:8 A ?>;CG5=85< ?5@2>3> >B3>=0 2 >1J5<5 40 % >B ?5@-
2>=0G0;L=>3> >1J5<0 7@5;>9 1@06:8. �0B5< ?@>2>48;8 2B>@CN ?5@53>=:C ?>;CG5==>3> 48A-
B8;;OB0 A @0745;5=85< 53> ?> D@0:F8O<: 3>;>2=0O, A@54=OO 8 E2>AB>20O. � :064>9 D@0:F88 
>?@545;O;8 :>=F5=B@0F8N MB8;>2>3> A?8@B0 8 >@30=>;5?B8G5A:85 ?>:070B5;8. %@02=8B5;L-
=K9 0=0;87 ?>:070B5;59 :@5?>AB8 ?>;CG5==KE 48AB8;;OB>2 87 7@5;KE 1@065: =0 >A=>25 B@8-
B8:0;52>3> ACA;0 2 7028A8<>AB8 >B B5E=>;>38G5A:8E D0:B>@>2 ?@54AB02;5= 2 B01;. 3.  

 
&45?. 3. #0@0<5B@K 48AB8;;OB>2, ?>;CG5==KE 87 7@5;KE 1@065: =0 >A=>25 ACA;0 87 B@8B8:0;5 

Table 3. Parameters of distillates obtained from fermented wash on the basis of triticale wort 
 
!08<5=>20=85  
>1@07F>2  
48AB8;;OB>2 

�@5?>ABL ?5@-
2>3> >B3>=0, 
% >1. 

�@5?>ABL A@54=59 
D@0:F88 2B>@>3> 
>B3>=0, % >1. 

 

"@30=>;5?B8G5A:0O E0@0:B5@8AB8:0 

"1@075F № 1 ((1) 
(?><>; 2,0 <<) 25,0 59,0 

)0@0:B5@87C5BAO O@:8<8 7;0:>2K<8 
B>=0<8 2 A>G5B0=88 A ?@8ACBAB285< 
;53:8E F25B>G=KE =>B 

"1@075F № 2 ((1)  
(?><>; 1,5 <<) 28,0 60,0 

)0@0:B5@87C5BAO ?@8OB=K< E;51=K< 
0@><0B>< 2 A>G5B0=88 A <O3:8<8  
A82CH=K<8 >BB5=:0<8 

"1@075F № 3 ((1)  

(?><>; 1,2 <<) 30,0 66,0 
)0@0:B5@87C5BAO A;>6=K< A>G5B0=8-
5< A82CH=>3> B>=0 8 7;0:>2KE  
>BB5=:>2 

"1@075F № 4 ((2)  
(384@><>4C;L 1:3) 29,0 58,0 

)0@0:B5@87C5BAO E;51=K<8 B>=0<8  
2 ?@8ACBAB288 =0AKI5==KE F25B>G-
=KE =>B 

"1@075F № 5 ((2) 
(384@><>4C;L 1:3,5) 30,0 67,0 

)0@0:B5@87CNI85AO ?@8OB=K< 
E;51=K< 0@><0B>< 2 A>G5B0=88  
A <O3:8<8 A?8@B>2K<8 >BB5=:0<8 

"1@075F № 6 ((3) 
(«<O3:89» @568< 
@0720@820=8O) 

29,0 68,0 
)0@0:B5@87C5BAO O@:8<8 E;51=K<8 
B>=0<8  

"1@075F № 7 ((3) 
(«65AB:89» @568< 
@0720@820=8O) 

33,0 70,0 
)0@0:B5@87C5BAO C<5@5==K<8 7;0:>-
2K<8 B>=0<8 2 A>G5B0=88 A 2K@0-
65==K< A82CH=K< B>=>< 

 

�0: A;54C5B 87 ?>;CG5==KE M:A?5@8<5=B0;L=KE 40==KE, =081>;55 2KA>:>9 :@5?>ABLN 
A@54=59 D@0:F88 E0@0:B5@87>20;AO >1@075F № 7 – 48AB8;;OB, ?>;CG5==K9 87 7@5;>9 1@06:8 
=0 >A=>25 ACA;0 87 B@8B8:0;5, @0720@5==>3> ?> «65AB:>9» AE5<5. �0==K9 >1@075F >1;040; 
C<5@5==K<8 7;0:>2K<8 B>=0<8 8 E>@>H> 2K@065==K< A82CH=K< B>=><.  
/@:8<8 E;51=K<8 B>=0<8 8 2KA>:>9 :@5?>ABLN A@54=59 D@0:F88 E0@0:B5@87>20;AO B0:65 

>1@075F №6, ?>;CG5==K9 A ?@8<5=5=85< «<O3:>9 AE5<K» 2>4=>-B5?;>2>9 >1@01>B:8.  
%;54C5B >B<5B8BL, GB> >G5=L 8=B5@5A=K5 >@30=>;5?B8G5A:85 E0@0:B5@8AB8:8 D>@<8@CNB-

AO 2 48AB8;;OB5, ?>;CG5==>< 87 B@8B8:0;5 A ?@8<5=5=85< «<O3:>9 AE5<K» 2>4=>-B5?;>2>9 
>1@01>B:8 8 @07<5@>< G0AB8F ?><>;0 2 <<. #@8 8A?>;L7>20=88 40==>9 B5E=>;>38G5A:>9 
AE5<K =5A:>;L:> A=8605BAO 2KE>4 8 :@5?>ABL  ?>;CG05<>3> 48AB8;;OB0, >4=0:> >@30=>;5?-
B8G5A:85 A2>9AB20 ?>;CG05<>3> ?@>4C:B0 4>AB0B>G=> 2KA>:85. �8AB8;;OB E0@0:B5@87>20;AO 
O@:8<8 7;0:>2K<8 B>=0<8 2 A>G5B0=88 A ;53:8<8 F25B>G=K<8 =>B0<8, GB> O2;O5BAO >B;8G8-
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B5;L=K< A2>9AB2>< 2KA>:>:0G5AB25==KE 28A:8. 
 

����2+�!�� 

#@>2545==K5 M:A?5@8<5=B0;L=K5 8AA;54>20=8O ?>72>;8;8 >1>A=>20BL B5E=>;>38G5A:85 
?0@0<5B@K ?>;CG5=8O 28A:>2>3> ACA;0 8 48AB8;;OB0, ?>;CG5==KE =0 >A=>25 B@8B8:0;5 15;>-
@CAA:>9 A5;5:F88. 'AB0=>2;5=>, GB> A>G5B0=85 B0:8E B5E=>;>38G5A:8E ?0@0<5B@>2 :0: @07-
<5@K G0AB8F ?><>;0, 384@><>4C;L, @568<K 384@>B5@<8G5A:>9 >1@01>B:8 70<5A0, O2;ONBAO 
>?@545;ONI8<8 A B>G:8 7@5=8O ?>;CG5=8O 28A:>2KE 48AB8;;OB>2 8 D>@<8@>20=8O 2 =8E 2K-
A>:8E >@30=>;5?B8G5A:8E A2>9AB2. �@><5 B>3>, ?>:070=>, GB> 8A?>;L7>20=85 B@8B8:0;5 A>@B0 
«�=B>AL» 15;>@CAA:>9 A5;5:F88 ?>72>;O5B ?>;CG0BL 48AB8;;OB 4;O 75@=>2>3> 28A:8 2KA>:>-
3> :0G5AB20, =5 CABC?0NI53> B@048F8>==><C. $57C;LB0BK 8AA;54>20=8O @0AH8@ONB >1;0ABL 
=0CG=>-?@0:B8G5A:8E 7=0=89 > B5E=>;>388 ?>;CG5=8O 28A:8 87 >B5G5AB25==>3> AK@LO 4;O 
A>740=8O =0F8>=0;L=KE 0;:>3>;L=KE =0?8B:>2, >B=>AOI89AO : ;8=59:5 <8@>2KE 1@5=4>2. 
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ABSTRACT  

Introduction. The aim of the study is to increase the yield of meat products during heat treatment. The 

scientific task is to assess the loss of moisture from the inner layers of chopped pork and chicken meat prod-

ucts of various formulations and geometric shapes when they are baked in various conditions of a vapor–air 

environment in modern convection apparatuses. 

 Materials and methods. Skinless chicken breast fillet and  shoulder blade of a pork carcass minced in a 

meat grinder with 2.5 mm outlet grind plate holes, and  molded in the form of a cylinder and a plate. It was 

baked in a convection steamer in the temperature range of 160–240 °C in a heated air and steam-air envi-

ronment with a humidity of 80–85 %. 

Results. When baking minced meat products in a steam-air mixture, the absolute humidity of the central 

layer increases by 0,5– 2 %. An increase in the temperature of the heating medium from 160 to 240 °C leads 
to a decrease in the absolute humidity of the central layer by 2– 4 %. For the products in the form of a plate, 

there is a higher humidity of the central layer, but the difference does not exceed 1%.  During heat treatment 

in a steam-air mixture relative moisture losses are reduced by 10– 35 %. An increase in temperature leads to 

an increase in relative moisture losses by 46–61 % when processed in air and by 41–50 % when processed in 

a vapor-air environment. Plate-shaped products are characterized by lower relative moisture losses compared 

to cylindrical ones, the ratio ranging up to 16 %. Minced pork is characterized by a lower outflow of mois-

ture compared to chicken minced meat. The ratio of relative moisture losses for the materials under study 

ranges from 3 to 25 %. The biggest  difference is observed at 160 °C, the smallest – at 240 °C. 
Conclusions. It is recommended to use data on moisture losses from the inner layers of chopped meat prod-

ucts as  reference ones for predicting processing modes that allow increasing the yield of products when bak-

ing in convection apparatuses. 

KEYWORDS: minced meat products; baking; pork; chicken meat; moisture loss; steam-air environment; 

canonical form.  
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=K5 >1@07FK ?><5I0;8AL 2 >4=>A;>9=K9 <0@;52K9 <5H>: 2 2845 F8;8=4@0 60×320 << 8;8 
?;0AB8=K 160×160×32 <<. #@8<5=O;0AL <0@;O ?> &' �Y 390287860.004-2011 A @07<5@0<8 
OG55: 2×1 << ?@8 ?;>B=>AB8 35 3/<2

.  5H>: A <OA=K< D0@H5< ?><5I0;AO 2 :0AA5BC, ?@54-
AB02;ONICN A>1>9 A20@=CN :0@:0A=CN :>=AB@C:F8N 87 B>=:8E <5B0;;8G5A:8E AB5@6=59 2 
2845 F8;8=4@0 8;8 ?;0AB8=K, A 2=CB@5==8<8 @07<5@0<8, @02=K<8 @07<5@0< <5H:0. #@8=O-
BK5 35><5B@8G5A:85 ?0@0<5B@K 8745;8O >15A?5G820NB B5?;>?>42>4 >B ?>25@E=>AB8 : F5=B@C 
2 >4=>< =0?@02;5=88. 
                                                           
1
 )8<8G5A:89 A>AB02 @>AA89A:8E ?8I52KE ?@>4C:B>2: A?@02>G=8: / ?>4 @54. �.  . %:C@8E8=0, �. �. &CB5;LO=0. 
–  .: �5�8 ?@8=B, 2002. – 236 A. 
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#@>4C:B =03@520;AO 2 :0<5@5 ?0@>:>=25:F8>==>3> 0??0@0B0 Unox-203G 4> B5<?5@0BC@K 2 
F5=B@5 85 % (B5<?5@0BC@0 :C;8=0@=>9 3>B>2=>AB8 @C1;5=KE 8745;89). 

� :0G5AB25 3@5NI8E A@54 ?@8<5=O;8AL =03@5BK9 2>74CE 8 ?0@>2>74CH=0O A<5AL 2;06=>-
ABLN 80–85 %.  

!03@520=85 ?@>2>48;>AL ?@8 B5<?5@0BC@0E 3@5NI59 A@54K 160, 200 8 240 º%. &5<?5@0-
BC@=K5 @568<K 2K18@0;8AL, 8AE>4O 87 ?@545;L=KE 7=0G5=89 4;O >?5@0F89 60@:8 8 70?5:0-
=8O 8745;89 87 <OA=>3> D0@H0 [2–4]. &5E=>;>38G5A:85 >?5@0F88 60@:8 8 70?5:0=8O E0@0:B5-
@87CNBAO =081>;LH8<8 8A?0@8B5;L=K<8 ?>B5@O<8 2;038. 
�;06=>ABL 8AE>4=>3> AK@LO 8 3>B>2>3> 8745;8O >?@545;O;8 <5B>4>< 2KACH820=8O 2 AC-

H8;L=>< H:0DC ?@8 B5<?5@0BC@5 105 % 4> ?>AB>O==>9 <0AAK =025A:8. 

 

$��'�0&�&/ � �% "�%'���!�� 

$57C;LB0BK 8AA;54>20=89 2;06=>AB8 3>B>2KE 8745;89 87 :C@8=>3> 8 A28=>3> D0@H0 4;O 
@07;8G=KE 35><5B@8G5A:8E D>@< 8 B5<?5@0BC@=>-2;06=>AB=KE @568<>2 B5?;>2>9 >1@01>B:8 
?@82545=K 2 B01;. 2, 3. 
�0: 284=> 87 40==KE B01;. 2 8 3, ?@8 B5?;>2>9 >1@01>B:5 2 ?0@>2>74CH=>9 A<5A8 01A>-

;NB=0O 2;06=>ABL F5=B@0;L=>3> A;>O ?>2KH05BAO =0 0,5–2 % ?> A@02=5=8N A >1@01>B:>9 2 
=03@5B>< 2>74CE5. #@8 C25;8G5=88 B5<?5@0BC@K 3@5NI59 A@54K =01;N405BAO A=865=85 01-
A>;NB=>9 2;06=>AB8 F5=B@0;L=>3> A;>O =0 2–4 %. �;O 8745;89 2 D>@<5 ?;0AB8=K =01;N40-
5BAO 1>;55 2KA>:0O 2;06=>ABL F5=B@0;L=>3> A;>O ?> A@02=5=8N A 8745;8O<8 2 D>@<5 F8;8=-
4@0, => @07=8F0 >G5=L <0;0 8 =5 ?@52KH05B 1 %. 
�1A>;NB=0O 2;06=>ABL 3>B>2KE 8745;89 O2;O5BAO B5E=>;>38G5A:8< 8 ?>B@518B5;LA:8< 

?>:070B5;5< :0G5AB20, => =5 O2;O5BAO ?>:070B5;5< :>;8G5AB20 ?>B5@O==>9 2;038, B.:. 2;06-
=>ABL 8AE>4=>3> ?>;CD01@8:0B0 @07;8G05BAO 4;O :064>3> 2840 AK@LO, 0 87<5=5=85 2;06=>AB8 
?>;CG05<>9 ?@>4C:F88 ?@8 B5@<8G5A:>9 >1@01>B:5 ?@>8AE>48B A 4>2>;L=> 7=0G8B5;L=K<8 
:>;510=8O<8.  

 
&01?. 2. �;8O=85 @568<=KE ?0@0<5B@>2 B5@<>>1@01>B:8 =0 2;06=>ABL F5=B@0;L=>3> A;>O 3>B>2>9 

?@>4C:F88 87 87<5;LG5==>3> <OA0 :C@8=>3> D8;5  

Table 2. The influence of the regime parameters of heat treatment on the humidity of the central layer  

of finished products made from minced chicken fillet 
 

�5><5B@8G5A:0O 
D>@<0 

&5<?5@0BC@0  
3@5NI59 A@54K, º% 

�;06=>ABL, % 

!03@5BK9 2>74CE #0@>2>74CH=0O A<5AL  

*8;8=4@ 
160 

200 

240 

69,5–70,5 

66,5–68 

65,5–66,5 

70,0–71,0 

69,0–69,5 

67,5–68,5 

#;0AB8=0 
160 

200 

240 

69,5–71,0 

67,0–68,0 

66,0–67,0 

70,5–71,0 

69,0–70,0 

68,0–69,0 

 

�;O 87CG05<>3> ?@>F5AA0 >?@545;O;8 01A>;NB=K5 ?>B5@8 2;038 :0: @07=8FC <564C 8A-
E>4=>9 8 :>=5G=>9 2;06=>ABLN ?@>4C:B0 4;O :064>3> >?KB0: 

 

 ,      (1) 

345 ∆φ – :>;8G5AB2> ?>B5@O==>9 2;038, %; 
 φ= – 2;06=>ABL 8AE>4=>3> ?>;CD01@8:0B0, %; 

φ: – 2;06=>ABL 3>B>2>3> 8745;8O, %. 
�0==K5 ?> ?>B5@O< 2;038 ?@82545=K 2 B01;. 4, 5. 
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&01?. 3. �;8O=85 @568<=KE ?0@0<5B@>2 B5@<>>1@01>B:8 =0 2;06=>ABL F5=B@0;L=>3> A;>O 3>B>2>9 
?@>4C:F88 87 87<5;LG5==>3> <OA0 ;>?0B>G=>9 G0AB8 A28=>9 BCH8  

 

Table 3. The influence of the regime parameters of heat treatment on the humidity of the central layer  

of the finished product made from minced meat of pork carcass shoulder 
 

�5><5B@8G5A:0O 
D>@<0 

&5<?5@0BC@0  
3@5NI59 A@54K, º% 

�;06=>ABL, % 

!03@5BK9 2>74CE #0@>2>74CH=0O A<5AL 

*8;8=4@ 
160 

200 

240 

52,5–53,0 

50,5–52,0 

49,5–50,5 

53,0–53,5 

51,5–52,5 

50,0–51,5 

#;0AB8=0 
160 

200 

240 

53,0–53,5 

50,5–52,5 

49,5–51,0 

53,0–54,0 

51,5–53,0 

50,0–52,0 

 
&01?. 4. �1A>;NB=K5 ?>B5@8 2;038 ∆φ ?@8 70?5:0=88 D0@H0 87 <OA0 :C@8=>3> D8;5 

Table 4. Absolute moisture loss &φ when baking minced meat from chicken fillet 
 

�5><5B@8G5A:0O 
D>@<0 

&5<?5@0BC@0  
3@5NI59 A@54K, º% 

�1A>;NB=K5 ?>B5@8 2;038, % 

!03@5BK9 2>74CE #0@>2>74CH=0O A<5AL  

*8;8=4@ 
160 

200 

240 

3,0–4,0 

5,5–7,0 

7,0–8,0 

2,5–3,5 

4,0–4,5 

5,0–6,0 

#;0AB8=0 
160 

200 

240 

2,5–4,0 

5,5–6,5 

6,5–7,5 

2,5–3,0 

3,5–4,5 

4,5–5,5 

 
&01?. 5. �1A>;NB=K5 ?>B5@8 2;038 ∆φ ?@8 70?5:0=88 D0@H0 87 <OA0 ;>?0B>G=>9 G0AB8 A28=>9  

BCH8 

Table 5. Absolute moisture loss &φ when baking minced meat from pork carcass shoulder 
 

�5><5B@8G5A:0O 
D>@<0 

&5<?5@0BC@0  
3@5NI59 A@54K, º% 

�1A>;NB=K5 ?>B5@8 2;038, % 

!03@5BK9 2>74CE #0@>2>74CH=0O A<5AL 

*8;8=4@ 
160 

200 

240 

2,0–2,5 

3,0–4,5 

4,5–5,5 

1,5–2,0 

2,5–3,5 

3,5–5,0 

#;0AB8=0 
160 

200 

240 

1,5–2,0 

2,5–4,5 

4,0–5,5 

1,0–2,0 

2,0–3,5 

3,0–5,0 

 

�0==K5 B01;. 4, 5 A2845B5;LAB2CNB, GB> ?>B5@8 2;038 ?@8 8A?>;L7>20=88 ?0@>2>74CH=>9 
A<5A8 70<5B=> <5=LH5, G5< ?@8 >1@01>B:5 2 ACE>< 2>74CE5. #@8 MB>< 4;O D0@H0 87 :C@8=>3> 
D8;5 @07=8F0 1>;55 2K@065=0. % @>AB>< B5<?5@0BC@K 3@5NI59 A@54K ?>B5@8 2;038 2K@0A-
B0NB, ?@8G5< 4;O :C@8=>3> D0@H0 1>;55 8=B5=A82=>. 
�;O 8745;89 2 D>@<5 ?;0AB8=K E0@0:B5@=K <5=LH85 ?>B5@8 ?> A@02=5=8N A F8;8=4@8G5-

A:8<8, => @07=8F0 =525;8:0 8 :>;51;5BAO 2 ?@545;0E 0,5 %. 
�;O A28=>3> D0@H0 01A>;NB=K5 ?>B5@8 2;038 7=0G8B5;L=> <5=LH5, G5< 4;O :C@8=>3> 

D0@H0.  
� F5;>< 01A>;NB=K5 ?>B5@8 2;038 =5 ?>:07K20NB ?>;=>9 :0@B8=K E0@0:B5@0 87<5=5=8O 

2;03>A>45@60=8O, ?>A:>;L:C @07=8F0 2 8AE>4=>< A>45@60=88 2>4K 2 87<5;LG5==>< <OA5 :C-
@8=>3> D8;5 157 :>68 8 87<5;LG5==>< <OA5 ;>?0B>G=>9 G0AB8 A28=>9 BCH8 A;8H:>< 25;8:0. 
#>MB><C @57C;LB0BK 8AA;54>20=89 ?@54AB02;O5< 2 2845 >B=>A8B5;L=KE ?>B5@L 2;038 ?@8 
B5@<>>1@01>B:5 2 % : 2;03>A>45@60=8N 2 AK@>< D0@H5 [4]. 
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&01?. 6. "B=>A8B5;L=K5 ?>B5@8 2;038 ?@8 B5@<>>1@01>B:5 2 % : 2;03>A>45@60=8N 2 AK@>< D0@H5 

87 <OA0 :C@8=>3> D8;5  

Table 6. Relative moisture loss during heat treatment in % to moisture content in raw minced chicken  

fillet 
 

�5><5B@8G5A:0O 
D>@<0 

&5<?5@0BC@0  
3@5NI59 A@54K, º% 

"B=>A8B5;L=K5 ?>B5@8 2;038, 
% : 2;03>A>45@60=8N 2 AK@>< D0@H5 

!03@5BK9 2>74CE #0@>2>74CH=0O A<5AL 

*8;8=4@ 
160 

200 

240 

4,1–5,4 

7,5–9,5 

9,5–10,9 

3,4–4,8 

5,4–6,1 

6,8–8,3 

#;0AB8=0 
160 

200 

240 

3,4–5,4 

7,5–8,8 

8,8–10,4 

3,4–4,1 

4,8–6,1 

6,1–7,5 

 
&01?. 7. "B=>A8B5;L=K5 ?>B5@8 2;038 ?@8 B5@<>>1@01>B:5 2 % : 2;03>A>45@60=8N  

2 AK@>< D0@H5 87 <OA0 ;>?0B>G=>9 G0AB8 A28=>9 BCH8 

 

Table. 7. Relative moisture loss during heat treatment in % to moisture content in raw minced meat from 

pork carcass shoulder 
 

�5><5B@8G5A:0O 
D>@<0 

&5<?5@0BC@0  
3@5NI59 A@54K, º% 

"B=>A8B5;L=K5 ?>B5@8 2;038, 
% : 2;03>A>45@60=8N 2 AK@>< D0@H5 

!03@5BK9 2>74CE #0@>2>74CH=0O A<5AL 

*8;8=4@ 
160 

200 

240 

3,6–4,5 

5,8–8,2 

8,2–10,0 

2,7–3,6 

4,5–6,0 

6,4–8,1 

#;0AB8=0 
160 

200 

240 

2,7–3,6 

4,5–8,2 

7,2–10,0 

1,8–3,5 

3,6–5,9 

5,5–7,1 

 

�0: 284=> 87 40==KE B01;. 6, 7, ?@8 B5?;>2>9 >1@01>B:5 2 ?0@>2>74CH=>9 A<5A8 ?> A@02-
=5=8N A >1@01>B:>9 2 ACE>< 2>74CE5 >B=>A8B5;L=K5 ?>B5@8 2;038 2 F5=B@0;L=>< A;>5 A>-
:@0I0NBAO =0 10–35 %.  5=LH85 ?>B5@8 4;O ?0@>2>74CH=>9 A<5A8 <>3CB 1KBL >1JOA=5=K 
>1@07>20=85< :>=45=A0B=>9 ?;5=:8 =0 =0G0;L=>< MB0?5 B5@<>>1@01>B:8, ?@82>4OI59 : A=8-
65=8N 8A?0@8B5;L=>9 A?>A>1=>AB8. 
$>AB B5<?5@0BC@K ?@82>48B : @>ABC ?>B5@L 2;038 =0 46–61 % ?@8 >1@01>B:5 2 2>74CE5 8 =0 

41–50 % ?@8 >1@01>B:5 2 ?0@>2>74CH=>9 A@545. &0:8< >1@07><, B5<?5@0BC@0 2 @01>G59 :0<5@5 
O2;O5BAO =081>;55 7=0G8<K< D0:B>@>< A=865=8O 2;06=>AB8 2=CB@5==8E A;>52 ?@>4C:B0. 
�745;8O 2 D>@<5 ?;0AB8=K E0@0:B5@87CNBAO <5=LH8<8 ?>B5@O<8 2;038 ?> A@02=5=8N A 

F8;8=4@8G5A:8<8, A>>B=>H5=85 :>;51;5BAO 2 ?@545;0E 4> 16 %.  5=LH85 ?>B5@8 4;O 8745-
;89 2 D>@<5 ?;0AB8=K <>3CB 1KBL >1JOA=5=K >A>15==>ABO<8 =03@520=8O :>=:@5B=KE D>@<, 0 
B0:65 <5=LH59 ?;>I04LN 8A?0@5=8O. 
�;O D0@H0 87 ?>;C68@=>9 A28=8=K E0@0:B5@5= <5=LH89 >BB>: 2;038 87 F5=B@0;L=KE A;>-

52 ?> A@02=5=8N A :C@8=K< D0@H5<. %>>B=>H5=8O >B=>A8B5;L=KE ?>B5@L 2;038 4;O 8AA;5-
4C5<KE <0B5@80;>2 :>;51;NBAO >B 3 4> 25 %. !081>;LH0O @07=8F0 =01;N405BAO ?@8 B5<?5-
@0BC@5 3@5NI59 A@54K 160 º%, =08<5=LH0O – ?@8 240 º%.  >6=> ?@54?>;>68BL, GB> B0:0O 
@07=8F0 >1CA;>2;5=0 1>;55 4;8B5;L=>9 B5@<>>1@01>B:>9 ?@8 =87:8E B5<?5@0BC@0E 2545=8O 
?@>F5AA0, :>B>@0O 4;O D0@H0 A :@09=5 <0;K< A>45@60=85< 68@0 ?@82>48B : @0ABO=CBK< 2> 
2@5<5=8 <0AA>>1<5==K< ?@>F5AA0<. � B> 65 2@5<O 4;O ?>;C68@=>3> A28=>3> D0@H0 8=B5=-
A82=>ABL <0AA>>1<5==KE ?@>F5AA>2 B>@<>78BAO 7=0G8B5;L=K< :>;8G5AB2>< @0A?;02;5==>3> 
68@0 (?>@O4:0 30 % >B >1I59 <0AAK ?@>4C:B0) ?@8 =52KA>:>9 2;06=>AB8 <0B5@80;0. 
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����.'�!�� 

#>:070=>, GB> ?@8 70?5:0=88 8745;89 87 <OA=>3> D0@H0 2 ?0@>2>74CH=>9 A<5A8 01A>;NB-
=0O 2;06=>ABL F5=B@0;L=>3> A;>O ?>2KH05BAO =0 0,5–2 % ?> A@02=5=8N A >1@01>B:>9 2 =0-
3@5B>< 2>74CE5. $>AB B5<?5@0BC@K 3@5NI59 A@54K >B 160 4> 240 º% ?@82>48B : A=865=8N 

01A>;NB=>9 2;06=>AB8 F5=B@0;L=>3> A;>O =0 2–4 %. �;O 8745;89 2 D>@<5 ?;0AB8=K =01;N-
405BAO 1>;55 2KA>:0O 2;06=>ABL F5=B@0;L=>3> A;>O ?> A@02=5=8N A 8745;8O<8 2 D>@<5 F8-
;8=4@0, => @07=8F0 >G5=L <0;0 8 =5 ?@52KH05B 1 %. 
�KO2;5=>, GB> 01A>;NB=K5 ?>B5@8 2;038 ?@8 8A?>;L7>20=88 ?0@>2>74CH=>9 A<5A8 70<5B-

=> <5=LH5, G5< ?@8 >1@01>B:5 2 2>74CE5. #@8 MB>< 4;O D0@H0 87 :C@8=>3> D8;5 @07=8F0 1>-
;55 2K@065=0. % @>AB>< B5<?5@0BC@K 3@5NI59 A@54K 01A>;NB=K5 ?>B5@8 2;038 2K@0AB0NB, 
?@8G5< 4;O :C@8=>3> D0@H0 1>;55 2K@065=>. �;O 8745;89 2 D>@<5 ?;0AB8=K E0@0:B5@=K 
<5=LH85 ?>B5@8 ?> A@02=5=8N A F8;8=4@8G5A:8<8, => @07=8F0 =525;8:0 8 :>;51;5BAO 2 ?@5-
45;0E 0,5 %. �;O A28=>3> D0@H0 01A>;NB=K5 ?>B5@8 2;038 7=0G8B5;L=> <5=LH5, G5< 4;O :C-
@8=>3> D0@H0. 
'AB0=>2;5=>, GB> ?@8 B5?;>2>9 >1@01>B:5 2 ?0@>2>74CH=>9 A<5A8 ?> A@02=5=8N A >1@01>B-

:>9 2 ACE>< 2>74CE5 >B=>A8B5;L=K5 ?>B5@8 2;038, 2K@065==K5 2 % : 2;03>A>45@60=8N 2 AK@>< 
D0@H5, 2 F5=B@0;L=>< A;>5 A>:@0I0NBAO =0 10–35 %. $>AB B5<?5@0BC@K ?@82>48B : @>ABC >B=>-
A8B5;L=KE ?>B5@L 2;038 =0 46–61 % ?@8 >1@01>B:5 2 2>74CE5 8 =0 41–50 % ?@8 >1@01>B:5 2 ?0-
@>2>74CH=>9 A@545. �745;8O 2 D>@<5 ?;0AB8=K E0@0:B5@87CNBAO <5=LH8<8 ?>B5@O<8 2;038 ?> 
A@02=5=8N A F8;8=4@8G5A:8<8, A>>B=>H5=85 :>;51;5BAO 2 ?@545;0E 4> 16 %. 
�;O D0@H0 87 ?>;C68@=>9 A28=8=K E0@0:B5@5= <5=LH89 >BB>: 2;038 87 F5=B@0;L=KE A;>-

52 ?> A@02=5=8N A :C@8=K< D0@H5<. %>>B=>H5=85 >B=>A8B5;L=KE ?>B5@L 2;038 4;O 8AA;5-
4C5<KE <0B5@80;>2 :>;51;5BAO >B 3 4> 25 %. !081>;LH0O @07=8F0 =01;N405BAO ?@8 B5<?5@0-
BC@5 3@5NI59 A@54K 160 º%, =08<5=LH0O – ?@8 240 º%. 

 5=LH85 ?>B5@8 2;038 4;O ?0@>2>74CH=>9 A<5A8 A2O70=K A >1@07>20=85< :>=45=A0B=>9 
?;5=:8 =0 =0G0;L=>< MB0?5 B5@<>>1@01>B:8, ?@82>4OI59 : A=865=8N 8A?0@8B5;L=>9 A?>-
A>1=>AB8; <5=LH85 ?>B5@8 4;O 8745;89 2 D>@<5 ?;0AB8=K <>3CB 1KBL >1JOA=5=K >A>15==>-
ABO<8 =03@520=8O :>=:@5B=KE D>@<, 0 B0:65 <5=LH59 ?;>I04LN 8A?0@5=8O; =01;N405<K5 
>A>15==>AB8 2 >B=>A8B5;L=KE ?>B5@OE 2;038 4;O 8AA;54C5<KE >1@07F>2 <>3CB 1KBL A2O70=K 
A 1>;55 4;8B5;L=>9 B5@<>>1@01>B:>9 ?@8 =87:8E B5<?5@0BC@0E 2545=8O ?@>F5AA0 8 =0;8G85< 
7=0G8B5;L=>3> :>;8G5AB20 68@0 2 A28=>< D0@H5. 
#>;CG5==K5 2 @57C;LB0B5 8AA;54>20=8O 40==K5 > ?>B5@OE 2;038 87 2=CB@5==8E A;>52 @C1-

;5=KE <OA=KE 8745;89 @5:><5=4C5BAO 8A?>;L7>20BL 2 :0G5AB25 A?@02>G=KE 4;O ?@>3=>78@>-
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TRAINING OF HIGHLY QUALIFIED BELARUSIAN PERSONNEL IN THE LAST 

DECADES OF SOVIET MODERNIZATION OF SOCIETY 

I. A. Pushkin 

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

Abstract. The purpose of the article is to analyze the training of Belarusian highly qualified personnel for 

industry in the 1970s-1980s. The historical context makes it possible to better understand the changes in the 

relevant system of personnel training in the transitional post-Soviet period and in the modern Republic of 

Belarus. New documentary archival material allowed us to reveal some features of the formation of 

personnel in the industry of the BSSR. As a result, positive and negative patterns of personnel training in the 

Soviet period were revealed. There was a relationship between systematic restructuring of the country's 

leadership system  and economіA and restructuring in the system of training, retraining and advanced training 

of personnel for industry. It has been established that attempts to improve the situation in the economy by 

training highly qualified personnel and introducing various methods to improve the quality and efficiency of 

human resources in the conditions of the existence of the Soviet economic system did not bring the expected 

result. 
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:@0і= ?0 QD5:BOў=0AFі, BQE=іG=O< і BQE=0;03іG=O< C7@>ў=і, 1>;PH0AFі і=HOE ?0:07GO:0ў. 
�і@0ў=іFB20 A025F:09 :@0і=O, :01 A?O=іFP ECB:05 7=і6Q==5 BQ<?0ў Q:0=0<іG=030 @>ABC, 
010?і@0;0AS ў 0A=>ў=O< =0 ?070Q:0=0<іG=OS, 04<і=іAB@0FO9=0-:0<0=4=OS <5B04O.  
' ?0G0B:C 1970-E 33. 7;01047T==09 7040G09 7’S2і;0AS 7015A?SGQ==5 30A?040@G0-:C;PBC@=030 

:><?;5:AC �%%$ :20;іDі:020=O<і :04@0<і. ' ?5@HCR G0@3C =5 E0?0;0 A?5FOS;іAB0ў 7 
2OHQ9H09 і AS@Q4=S9 A?5FOS;P=09 04C:0FOS9, S:іS ?02і==O 1O;і 70<S=іFP =0 2OB2>@G0AFі 
B0: =07O205<OE «?@0:BO:0ў» – @01>B=і:0ў, S:іS ?@0F020;і =0 04:07=OE ?0A040E =5 ў 
04?0254=0AFі 7 0B@O<0=09 04C:0FOS9, 0 2O:;RG=0 47S:CRGO ?@0:BOG=0<C 2>?OBC.  
!S3;547SGO =0 B>5, HB> ў @QA?C1;іFO ?@0F020;і 28 2OHQ9HOE =02CG0;P=OE CAB0=>ў 

(�!') 7 :>;P:0AFR 137,3 BOA. ABC4Q=B0ў, ?0 3QB0<C ?0:07GO:C �%%$ AS@>4 A0R7=OE 
@QA?C1;і: 709<0;0 B>;P:і 11-5 <5AF0. %025F:0S �5;0@CAP 04AB020;0 04 і=HOE @Q3іT=0ў :@0і=O і 
?0 :>;P:0AFі A?5FOS;іAB0ў 7 2OHQ9H09 04C:0FOS9. &0:, =0 BOASGC =0A5;P=іFB20 BCB 
?@OE>47і;0AS 57 A?5FOS;іAB0ў B0:>30 ў7@>ў=R, C B>9 G0A S: ?0 %%%$ 3QBO ?0:07GO: A:;040ў 
65 G0;025:. '2S475==5 =>2OE ?@0<OA;>2OE ?@04?@O5<AB20ў AB20@0;0 4QDіFOB і=6O=5@=OE 
:04@0ў, 0A01;і20 ў 30;і=5 <0HO=01C4020==S, 2O;іG0;P=09 BQE=і:і, 0ўB0<0BO7020=OE AіABQ< 
:і@020==S, ?0B@Q1=0AFP C S:іE 704020;P=S;0AS =0 58 %. ' <0і 1970 3. *� �#� =0:і@020ў C *� 
�#%% ;іAB «�1 AB0=5 @072іFFS =02C:і і 2OHQ9H09 04C:0FOі ў �5;0@CA:09 %%$», 475 
ў74O<0;0AS ?OB0==5 01 =501E>4=0AFі 04:@OFFS ў @QA?C1;іFO HQ@03C 2OHQ9HOE 
=02CG0;P=OE CAB0=>ў [1, A. 469].  
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� 1 ABC475=S 1973 3. =0 1075 BQE=0;03іG=030 D0:C;PBQB0  03і;TўA:030 <0HO=01C40ў=іG030 
і=ABOBCB0 ?0G0ў ?@0F020FP  03і;TўA:і BQE=0;03іG=O і=ABOBCB (AT==S  03і;TўA:і 47S@60ў=O 
ў=і25@AіBQB E0@G>2OE і Eі<іG=OE BQE=0;>3і9). Ё= AB0ў 047і=09 C @QA?C1;іFO 2OHQ9H09 
CAB0=>209, S:0S @0730@=C;0 ?04@OEB>ў:C A?5FOS;іAB0ў 4;S E0@G>209 і ?5@0?@0F>ўG09 30;і= 
03@0?@0<OA;>2030 :><?;5:AC (�#�) і Eі<іG=09 ?@0<OA;>20AFі [6, A. 2–53]. !0 1075 Dі;іS;0 
�5;0@CA:030 BQE=0;03іG=030 і=ABOBCB0 7 1974 3. H<0B?@>Dі;P=CR ?04@OEB>ў:C і=6O=5@0ў 
@0730@=Cў !020?>;0F:і ?0;іBQE=іG=O і=ABOBCB. &>;P:і 70 1981–1985 33. 3QB0S <0;040S 
=02CG0;P=0S ўAB0=>20 ?04@OEB020;0 4200 A?5FOS;іAB0ў, 80 % 7 S:іE ?@0F020;і =0 
?@04?@O5<AB20E і ў 0@30=і70FOSE �5;0@CA:09 %%$. � 1 ABC475=S 1980 3. 2OHQ9H0S H:>;0 
�%%$ ?0?>ў=і;0AS SHGQ 04=>9 =02CG0;P=09 CAB0=>209 – �><5;PA:і< :00?5@0BOў=O< 
і=ABOBCB0<. !0 �!' ўA:;0420;0AS 7040G0 ?04@OEB>ў:і :04@0ў B020@02540ў, Q:0=0<іAB0ў, 
1CE30;B0@0ў 4;S :00?5@0BOў=OE 0@30=і70FO9. ' 2O=і:C ?@O<05<OE <5@ C  
1985/1986 =02CG0;P=O< 3>475 :>;P:0AFP 2OHQ9HOE =02CG0;P=OE CAB0=>ў C �5;0@CA:09 %%$ 
40AS3=C;0 33, 0 :0=BO=35=B ABC4Q=B0ў A:;0ў 181,9 BOA. G0;025: [1, A. 469]. 

!02C:>20-BQE=іG=0S @Q20;RFOS 70?0B@01020;0 =0Sў=0AFі A?5FOS;іAB0ў, S:іS 04?02S40;і 1 
S5 :@OBQ@OS<. &0<C ў 1981–1985 33. C 2OHQ9H09 H:>;5 ?0G0;0AS ?04@OEB>ў:0 і=6O=5@=OE 
:04@0ў ?0 :і@C=:0E: «%іABQ<O 0ўB0<0BO7020=030 ?@05:B020==S», «�ўB0<0BO70FOS і 
:><?;5:A=0S <5E0=і70FOS Eі<і:0-BQE=0;03іG=OE ?@0FQA0ў», «$>10B0BQE=іG=OS AіABQ<O», 
«�C40ў=іFB20 F5?;02OE і 0B0<=OE Q;5:B@0AB0=FO9», «#0ў?@0204=і:>2OS і <і:@0Q;5:B@>==OS 
?@O1>@O» і і=H. �0;і ў 1971 3. :04@O @OEB020;іAS ?0 165 A?5FOS;P=0AFSE, B> ў 1985 3. – ?0 
2056. �0 1981–1984 33. 2O?CA: A?5FOS;іAB0ў C 30;і=5 Q;5:B@>==09 BQE=і:і і 0ўB0<0BO70FOі 
2O@0A =0 27,5 %, :><?;5:A=09 <5E0=і70FOі, <0HO=01C4020==S – =0 45 %, 0ўB0<0BO7020=OE 
AіABQ< :і@020==S – =0 66 %. �>;P:0AFP A?5FOS;іAB0ў ?0 Q:A?;C0B0FOі і =0;04FO AB0=:>ў 7 
?@03@0<=O< :і@020==5< ?02S;іGO;0AS ў 2,4 @070, @0<>=BC і 01A;C3>ў20==R 1OB02>9 
@04OTQ;5:B@>==09 BQE=і:і – C 5,5 @07>ў і 3. 4. [1, A. 470]. 

' 04?0254=0AFі 7 #0AB0=>20R %025B0  і=іAB@0ў (% ) �%%$ № 335 04 12.11.1985 3. 
 і=іABQ@AB20< 2OHQ9H09 і AS@Q4=S9 A?5FOS;P=09 04C:0FOі �%%$ і ?042540<0A=O<і �!' ў 
1987 3. @Q0;і7>ў20;0AS �><?;5:A=0S ?@03@0<0 ?0 ?04@OEB>ўFO і ?5@0?04@OEB>ўFO :04@0ў C 
2>1;0AFі AB20@Q==S і Q:A?;C0B0FOі @>10B0BQE=іG=OE :><?;5:A0ў ($&), 3=CB:іE 2OB2>@GOE 
AіABQ< (��%) і AіABQ< 0ўB0<0BO7020=030 ?@05:B020==S (%�#$). ' 8 �!' �5;0@CAі 
?04@OEB020;і A?5FOS;іAB0ў, 0B@O<0ўHOE ?04@OEB>ў:C ў 30;і=5 $&, ��%, %�#$, C :>;P:0AFі 
1274 (?;0= – 1257) G0;., ?0 A?5FOS;P=0AFS<: <0HO=01C4020==5 і ?@O1>@01C4020==5 –  
628 (675), Q;5:B@>==0S BQE=і:0, Q;5:B@0?@O1>@01C4020==5 і 0ўB0<0BO:0 – 439 (426), 

@04OTBQE=і:0 і AC2S7P – 90 (90), Q:0=><і:0 – 47 (50) A?5FOS;іAB0ў. �:@0<S B03>: C  і=A:і< 
?0;іBQE=іG=O< BQE=і:C<5 ў 1987 3. 041OўAS ?5@HO 2O?CA: BQE=і:0ў ?0 A?5FOS;P=0AFі 
«Э:A?;C0B0FOS ?@0<OA;>2OE @>10B0ў» C :>;P:0AFі 27 G0;., C =0ABC?=OS 304O: 1988 3. – 820, 

C 1989 3. – 846, C 1990 3. – 1108 A?5FOS;іAB0ў [8, 0@:. 132, 133].  

#02OHQ==R ў7@>ў=R ?04@OEB>ў:і і=6O=5@=OE :04@0ў A?@OS;0 =02C:>20-40A;54G0S ?@0F0, 
S:0S 2S;0AS ў 2OHQ9H09 H:>;5. �759=іG0;і ABC4Q=F:іS :0=AB@C:B0@A:іS 1R@>, =02C:>2OS 3C@B:і, 
@0A;0 ?0?C;S@=0AFP =02C:>20-BQE=іG=OE :0=D5@Q=FO9, ABC4Q=F:іS =02C:>2OS 40A;54020==і 
A04759=іG0;і ?0?0ў=5==R B2>@GOE :0;5:BO20ў 2CG>=OE і=ABOBCB0ў. ' �%%$ :>;P:0AFP 
ABC4Q=B0ў, ?@OFS3=CBOE 40 2O:0=0==S 47S@61R46QB=OE =02C:>20-40A;54GOE ?@0F :0D54@, 
40AS3=C;0 ў 1985 3. 34,7 % (1981 3. –  23,1 %) [5, A. 23, 27–28;  1, A. 471]. 
#0B@01020==і BQE=іG=030 ?@03@QAC ў 2OB2>@G0AFі ?0A?@OS;і AB20@Q==R 2CGQ1=OE :0D54@ =0 

2S4CGOE ?@04?@O5<AB20E �%%$. &0:, C ?0G0B:C 1970-E 33. =0  і=A:і< B@0:B0@=O< 702>475 1O;0 
AB2>@0=0 :0D54@0 :0;TA=OE B@0:B0@>ў �5;0@CA:030 ?0;іBQE=іG=030 і=ABOBCB0. 3 25@0A=S 1975 3. 
=0 �5;0@CA:і< 0ўB0<01і;P=O< 702>475 ?0G0;0 4759=іG0FP :0D54@0 2S;і:03@C7=OE 0ўB0<01і;Sў, 
S:CR ў7=0G0;іў 30;>ў=O :0=AB@C:B0@ 4>:B0@ BQE=іG=OE =02C:  . �OA>F:і. ' AS@Q47і=5 1980-E 
33. =0  03і;TўA:і< �� «)і<20;0:=>» 1Oў AB2>@0=O Dі;іS; :0D54@O «)і<іG=09 BQE=0;>3іі 
2OA>:0<0;5:C;S@=OE 7;CGQ==Sў»  03і;TўA:030 BQE=0;03іG=030 і=ABOBCB0 (70304GOE :0D54@O 
4>:B0@ BQE=іG=OE =02C:, ?@0D5A0@ �. �5;;5@) [5, A. 214–215; 1, A. 471].  
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�@30=і70FOS B0:іE 2CGQ1=OE AB@C:BC@ A04759=іG0;0 1>;PH QD5:BOў=0<C 2O:0@OAB0==R 
:20;іDі:020=OE 70204A:іE :04@0ў 4;S =02CG0==S і 2OE020==S 1C4CGOE A?5FOS;іAB0ў, 
71;і6Q==R 2CGQ1=030 ?@0FQAC 7 2OB2>@G0AFR, 1>;PH HO@>:0<C 2O:0@OAB0==R ў 2CGQ1=OE 
<QB0E 2OB2>@G09 107O ?@04?@O5<AB20ў. 
!0 ?04@OEB>ўFO :04@0ў 2OHQ9H09 :20;іDі:0FOі =530BOў=0 041і20;0AS =540AB0B:>205 

Dі=0=A020==5. !5 E0?0;0 ў;0A=OE 2CGQ1=OE ?;>HG0ў. !5:0B>@OS ўAB0=>2O ?@0F020;і ў 
0@Q=4=OE ?0<SH:0==SE. !0?@O:;04,  03і;TўA:і BQE=0;03іG=O і=ABOBCB 0@0=4020ў 
?0<SH:0==і 04@07C ў =5:0;P:і =02CG0;P=OE CAB0=>20E. )@0=іG=09 1O;0 ?@01;5<0 
7015A?SGQ==S ABC4Q=F:09 <>;047і і=BQ@=0B0<і [6, A. 6, 12; 1, A. 473–474]. 

%:;040=0AFі ў 0@30=і70FOі 2CGQ1=030 ?@0FQAC, =і7:0S 70@?;0B0 2O?CA:=і:>ў �!' 7=і60;і 
70Fі:0ў;5=0AFP <>;047і ў =01OFFі 2OHQ9H09 04C:0FOі. �0;і ў 1975 3. C �%%$ 40:C<5=BO =0 
?0ABC?;5==5 ў �!' ?04020ў :>6=O 475ASBO 2O?CA:=і:, B> ў 1981 3. – B>;P:і 420FF0BO, HB> 
=0 G2Q@FP 7<5=HO;0 :>;P:0AFP 01іBC@O5=B0ў. �0 1970–1980 33. :>;P:0AFP 2O?CA:=і:>ў, S:іS 
74020;і Q:70<5=O =0 47T==OS 0447S;5==і 2OHQ9H09 H:>;O, A:0@0Fі;0AS 7 42 40 32 %, 0 ?0 
ўAіE D>@<0E =02CG0==S 7 48 40 36 % [1, A. 473]. 

!S3;547SGO =0 ?@O<05<OS 0@30=і70FO9=OS <5@O, ?@01;5<0 7015A?SGQ==S ?@0<OA;>2030 
:><?;5:AC @QA?C1;і:і :04@0<і 2OHQ9H09 :20;іDі:0FOі 70AB020;0AS =S2O@0H0=09. ' 1985 3. 
=0 ?@04?@O5<AB20E �%%$ :>6=O 4@C3і :і@0ў=і: FQE0 і S3> =0<5A=і:, :>6=O B@QFі 30;>ў=O 
A?5FOS;іAB (:0=AB@C:B0@, BQE=>;03, <5E0=і: і і=H.), ?0;>20 Q:0=0<іAB0ў, :0;S 70% 30;>ў=OE і 
AB0@HOE 1CE30;B0@0ў =5 <5;і 2OHQ9H09 04C:0FOі. ' B>9 60 G0A H<0B 4O?;0<020=OE :04@0ў 
2O:0@OAB>ў20;іAS =5 ?0 A?5FOS;P=0AFі. !0?@O:0=FO 1984 3. 1>;PH 70 111 BOA. 7 іE ?@0F020;і 
=0 ?0A040E, S:іS =5 ?0B@01020;і =і 2OHQ9H09, =і AS@Q4=S9 A?5FOS;P=09 04C:0FOі [9, 0@:.  
25–26; 10, 0@:. 13,15; 11, 0@:. 14–15; 1, A. 471; 12, 0@:. 65]. 
�=0;і7 Q:0=0<іG=030 AB0=C і :04@0209 AіBC0FOі ў ?@0<OA;>2OE 0@30=і70FOSE �%%$ ?0:070ў 

=0Sў=0AFP BCB 40AB0B:>20 AC@’T7=OE ?@01;5<. #5@H 70 ўAT 3QB0 =540E>? 
2OA>:0:20;іDі:020=OE A?5FOS;іAB0ў-40A;54GO:0ў, S:іS <5;і ABC?5=P :0=4O40B0 01> 4>:B0@0 
=02C:. !0 :@0A02і: 1980 3. C �%%$ іE C475;P=0S 2030 ў =02C:>2OE CAB0=>20E ?@0<OA;>20AFі 
A:;040;0 B>;P:і 18 %, 1C40ў=іFB25 – 19 %, ?@O BO<, HB> ў FQ;O< 3QBO ?0:07GO: ?0 �%%$ 
A:;040ў 32 %. '475;P=0S 2030 40:B0@>ў і :0=4O40B0ў C 03C;P=09 :>;P:0AFі @01>B=і:0ў і 
A?5FOS;іAB0ў, 70=SBOE =02C:>209 ?@0F09 ?0 BQE=іG=OE =0?@0<:0E A:;040;0 18,9 %, ?0 Dі7і:0-
<0BQ<0BOG=OE – 23,4 %, ?0 Q:0=0<іG=OE – 32 % [13, 0@:. 85]. %S@>4 іE E0@0:BQ@=O< 1Oў 
25;P<і =і7:і ?@0FQ=B A?5FOS;іAB0ў C =091>;PH ?@04C:FO9=O< 4;S 40A;54020==Sў і 
@0A?@0F>20: C7@>AF5 – 30–49 304>ў, 0 B0:A0<0 =і7:0S 4>;S AS@>4 40A;54GO:0ў <>;047і і 
04=0G0A>20 7=0G=0S ў475;P=0S 2030 0A>1 ?5=Aі9=030 ў7@>ABC. 
' 1986 3. 7 48 <і=іABQ@AB20ў, 0@30=і70FO9 і ?@04?@O5<AB20ў, HB> ?02540<і;і ў �7S@6?;0= 

01 A20іE ?0B@Q10E C =02C:>2OE :04@0E, B>;P:і 16 04@0?0@B020;і 01 04ACB=0AFі ў іE ?0B@Q1 C 
=02C:>2OE :04@0E 2OHQ9H09 :20;іDі:0FOі. �AB0B=і< <і=іABQ@AB20<, 0@30=і70FOS< і 
?@04?@O5<AB20< 1O;> =501E>4=0 3,6 BOA. :0=4O40B0ў =02C:. �0:B0@O =02C: 1O;і 
70?0B@01020=O B>;P:і 8 <і=іABQ@AB20<і і 2540<AB20<і �%%$. �0 1986–1990 33. ?;0=020;і 
?04@OEB020FP 489 40:B0@>ў =02C:, 0 ?0B@Q1=0 1O;> – 513 [14, 0@:. 107–108].  

�A=>ў=OS ?@OGO=O =540E>?C :04@0ў 2OHQ9H09 :20;іDі:0FOі: 04ACB=0AFP <0BO20FOі 7-70 
=52OA>:09 0?;0BO; =і7:і ў7@>25=P 01=0ў;5==S <0BQ@OS;P=0-BQE=іG=09 107O; 04ACB=0AFP 
04?0254=030 і=D0@<0FO9=030 7015A?SGQ==S =02C:>20-BQE=іG=09 4759=0AFі. �QBOS ?@01;5<O ў 
1>;PH0AFі A20T9 =5 <>3;і 1OFP 2O@0H0=O B>;P:і 70 :>HB A@>4:0ў і <03GO<0AF59 A0<іE 
0@30=і70FO9 і ?@04?@O5<AB20ў. %іBC0FOS ў 7=0G=09 <5@O 2O7=0G0;0AS QD5:BOў=0AFR 
03C;P=047S@60ў=09 :04@0209 ?0;іBO:і [3, A. 12–13].  

' 40A;54C5<O ?5@OS4 ?@01;5<C 7015A?SGQ==S =501E>4=O<і :04@0<і C ?Qў=09 ABC?5=і 
40?0<030;0 2O@0HOFP AіABQ<0 ?5@0?04@OEB>ў:і і ?02OHQ==S :20;іDі:0FOі. ' �%%$ A5B:0 
?02OHQ==S :20;іDі:0FOі :і@CRGOE @01>B=і:0ў і A?5FOS;іAB0ў =0@>4=09 30A?040@:і ў:;RG0;0 
=0 1985 3>4 136 2CGQ1=OE FQ=B@0ў, AB2>@0=OE ?@O 34 <і=іABQ@AB20E і 2540<AB20E �%%$, C 
BO< ;і:C 12 і=ABOBCB0ў, 13 D0:C;PBQB0ў, 19 2CGQ1=0-:C@A02OE :0<1і=0B0ў, 59 :C@A0ў і  
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33 і=HOE 2CGQ1=OE FQ=B@0, C S:іE HB>3>4 ?@0E>47і;і 01CGQ==5 :0;S 70 BOA. G0;025:. �:@0<S 
B03> ў �%%$ 1O;і 2CGQ1=OS FQ=B@O ?02OHQ==S :20;іDі:0FOі A0R7=030 ?04?0@04:020==S. #@O 
3QBO< HQ@03 <і=іABQ@AB20ў і 2540<AB20ў =5 701SA?5G20;і ?>ў=05 і S:0A=05 2O:0=0==5 
?0AB0=>2O %  �%%$ (15.06.1981 3. № 210) 01 <5@0E ?0 40;59H0<C ў40A:0=0;5==R AіABQ<O 
?02OHQ==S :20;іDі:0FOі :і@0ў=іF:іE :04@0ў і A?5FOS;іAB0ў =0@>4=09 30A?040@:і. ' 
?@O20B=0AFі =5 1O;і ?@O=SBO <5@O ?0 ?0;S?HQ==R ?;0=020==S ?02OHQ==S :20;іDі:0FOі і 
0@30=і70FOі 2CGQ1=030 ?@0FQA0,  =5 2O:>=20;іAS ?;0=02OS 7040==і і =5 701SA?5G20;0AS 
?5@OS4OG=0AFP ?02OHQ==S :20;іDі:0FOі ( і=іABQ@AB20 <SAF>209 ?@0<OA;>20AFі �%%$, 
 і=іABQ@AB20 E0@G>209 ?@0<OA;>20AFі �%%$,  і=іABQ@AB20 =0@OEB>20: �%%$,  і=іABQ@AB20 
6O;;T20-:0<C=0;P=09 30A?040@:і �%%$,  і=іABQ@AB20 40@>6=030 1C40ў=іFB20 �%%$ і і=H.) 
[15, 0@:. 2–3].  
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�<5=O, S:іS 041O20;іAS ў ?0;іBOG=O< і Q:0=0<іG=O< @072іFFі :@0і=O, 2O:;і:0;і 

=501E>4=0AFP ?5@03;S4C BQ<0BO:і і 7<5ABC =02CG0;P=030 ?@0FQAC. ' 1986–1989 33. 
?@02>47і;0AS 01CGQ==5 ?0 =0ABC?=OE :і@C=:0E: C40A:0=0;5==5 30A?040@G030 <5E0=і7<0 20 
ў<>20E ?5@0E>4C 40 @O=:0209 Q:0=><і:і, 0@30=і70FOS 30A?040@G030 @07;і:C =0 ?@O=FO?0E 
0@Q=4O і ?04@040, ?@O<S=5==5 2O;іG0;P=09 BQE=і:і і =>2OE і=D0@<0FO9=OE BQE=0;>3і9 C 
30A?040@G09 4759=0AFі. ' 1990–1991 33. 0@30=і7020;і =02CG0==5 ?0 :і@C=:0E: 47S@60ў=0-
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2540<AB20ў; ?@01;5<O <5=546<5=B0 і <0@:5BO=30; AB20@Q==5 AC<5A=OE ?@04?@O5<AB20ў  
[16, 0@:. 36–37].  

�0 1988–1989 33. ?@O �!'  і=іABQ@AB20 04C:0FOі �%%$ 1O;і 0@30=і7020=O 2 <і630;і=>2OE 
і=ABOBCB0, 11 D0:C;PBQB0ў і :C@A0ў ?02OHQ==S :20;іDі:0FOі і ?5@0?04@OEB>ў:і :і@CRGOE 
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C AіABQ<5 ?02OHQ==S :20;іDі:0FOі і ?5@0?04@OEB>ў:і :04@0ў  і=іABQ@AB20 04C:0FOі �%%$ 
?@0F020;і ?0 30A?040@G0 @07;і:>209 AіABQ<5. ' 1989 3. C �%%$ ?02OAі;і :20;іDі:0FOR 1>;PH 70 
180 BOA. :і@CRGOE @01>B=і:0ў і A?5FOS;іAB0ў, 7 іE C і=ABOBCB0E –  
44 %, =0 D0:C;PBQB0E – 8 %, =0 :C@A0E – 48 % [17, 0@:. 2].  
�;5 ?0-<і=C;0<C 70AB020;іAS =540E>?O і =5 2O@0H0=OS ?@01;5<O. #02OHQ==5 :20;іDі:0FOі 
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A?5FOS;іAB0ў ?5@0H:0460;і 01=0ў;5==R :04@02030 ?0BQ=FOS;C і @072іFFR Q:0=><і:і �%%$.  
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