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ABSTRACT 
Introduction. The relevance of the research is determined by the analysis and assessment of the competitive 

potential of new canned products based on sprouted grains in the corresponding group of products according 

to organoleptic quality indicators. The scientific objective of the study is to predict the competitive potential 

of new canned products based on sprouted grains in comparison with products from the groups of natural 

canned foods and canned fruit desserts. 

Materials and methods. Samples of canned industrial products. Competitive advantages were determined by 

an expert method based on a rating assessment of the quality level of organoleptic indicators using score 

system. 

Results: A list of certain quality indicators is determined and quality criteria and their main acceptable defects 

are described. Weight coefficients for quality indicators are also revealed. A gradation of products according 

to quality levels is presented: 0,99 and above 3 very high quality (standard), 0,9830,95 3 excellent quality, 

0,9430,80 3 good quality, 0,7930,60 3 satisfactory quality, 0,59 and below 3 unsatisfactory, unacceptable 

quality.  
Conclusions: The developed five-point scales make it possible to assay the organoleptic indicators of the 

quality of food products with high objectivity. New canned products based on sprouted grains have a 

competitive advantage in terms of organoleptic indicators in relation to canned products sold in retail chains 

and therefore can gain a certain market segment. 

KEY WORDS: canned products from sprouted grains; organoleptic indicators; scoring method; quality level; 

performance criterion; natural canned products; desserts. 

FOR CITATION: Zenkova, M. L. Analysis of the competitive potential of new canned products based on 

sprouted grains / M. L. Zenkova, A. V. Akulich // Vestnik of the Belarusian State University of Food and 

Chemical Technologies. 3 2023. 3 7. 2(35). 3 P. 3316 (in Russian). 
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(?H5=8F0)» 8 «�5A5@B D@C:B>2K9 A >1;5?8E>9 8 ?@>@>I5==>9 3@5G8E>9», 0 B0:65 >1@07FK 
:>=A5@2>2, @50;87C5<K5 2 @>7=8G=>9 B>@3>2;5. "A=>2=K5 MB0?K >F5=:8 :>=:C@5=B=>3> 
?>B5=F80;0 =>2KE :>=A5@28@>20==KE ?@>4C:B>2 ?@54AB02;5=K =0 @8A. 1.  

"F5=:0 :>=:C@5=B=KE ?@58<CI5AB2 ?@>4C:B0 <>65B ?@>872>48BLAO =0 @07=KE AB048OE 53> 
687=5==>3> F8:;0, ?>MB><C F5;L >F5=:8 <>65B 1KBL @07=>9. #@8 @07@01>B:5 =>2KE 284>2 
?@>4C:F88 8;8 @0AH8@5=88 0AA>@B8<5=B0 206=> ?@>3=>78@>20BL :>=:C@5=B=K9 ?>B5=F80; 
?@>4C:B0 2 3@C??5 >4=>@>4=>9 ?@>4C:F88. 
                                                           
1�:C;8G, �. �.  0@:5B8=3: CG51=8:. 8-5 874., ?5@5@01. 8 4>?.  8=A:: �KHM9H0O H:>;0, 2014. 3 543 A. 
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 0@:5B8=3>2K5 8AA;54>20=8O @K=:0 ?@>2545=K 4;O 2K1>@0 >1J5:B>2 8AA;54>20=8O 87 
>4=>9 3@C??K ?@>4C:B>2.  
�K1>@ =><5=:;0BC@K ?>:070B5;59 87=0G0;L=> ?@>2545= 2 A>>B25BAB288 A 

>@30=>;5?B8G5A:>9 E0@0:B5@8AB8:>9 ?@>4C:B>2. �;O :>=A5@2>2 «�5@=0 ?@>@>I5==K5 
(?H5=8F0)» M:A?5@BK, CG0AB2CNI85 2 @07@01>B:5 10;;L=>9 H:0;K, 2K45;8;8 «2=5H=89 284», 
«F25B 75@5=», «2:CA 8 70?0E», «:>=A8AB5=F8O 75@5=», 0 4;O :>=A5@2>2 «�5A5@B D@C:B>2K9 A 
>1;5?8E>9 8 ?@>@>I5==>9 3@5G8E>9» 3 «2=5H=89 284», «2:CA 8 70?0E», «F25B» 8 
«:>=A8AB5=F8O», :0: MB> 8 CAB0=>2;5=> 2 =>@<0B82=KE 4>:C<5=B0E =0 3>B>2K5 ?@>4C:BK. � 
:>=A5@20E «�5@=0 ?@>@>I5==K5 (?H5=8F0)» M:A?5@BK >1J548=8;8 «2=5H=89 284» 8 «:0G5AB2> 
70;82>G=>9 684:>AB8», 0 2 :>=A5@20E «�5A5@B D@C:B>2K9 A >1;5?8E>9 8 ?@>@>I5==>9 
3@5G8E>9» @0745;8;8 «2:CA 8 70?0E» =0 420 548=8G=KE ?>:070B5;O 3 «70?0E» 8 «2:CA 8 
?>A;52:CA85» 3 2 A2O78 A B5<, GB> 70?0E <>65B 1KBL A;01K9, ?CAB>9 8;8 >157;8G5==K9, 2:CA 
2K@065==K9 8;8 =52K@065==K9, 0 ?>A;52:CA85 =081>;55 O@:> >B@0605B 45D5:BK 8 
?>AB>@>==85 ?@82:CAK. 
#>A;5 2K1>@0 =><5=:;0BC@K ?>:070B5;59 @07@01>B0=0 >?8A0B5;L=0O 5-10;;L=0O H:0;0 4;O 

:064>3> 2840 :>=A5@2>2. )0@0:B5@8AB8:0 ?>:070B5;59 ?@>4C:B>2 >ACI5AB2;O5BAO ?> ?OB8 
:0G5AB25==K< C@>2=O<: 5 10;;>2 3 >B;8G=>; 4 10;;0 3 E>@>H>; 3 10;;0 3 C4>2;5B2>@8B5;L=>, 
2 10;;0 3 =5C4>2;5B2>@8B5;L=> (<>65B 1KBL ?@>4C:B A <=>3>G8A;5==K<8 4>?CAB8<K<8 
>B:;>=5=8O<8); 1 3 >G5=L ?;>E>9 (<>65B 1KBL ?@>4C:B A =54>?CAB8<K<8 >B:;>=5=8O<8). #@8 
@07@01>B:5 10;;L=KE H:0; CG8BK205BAO, GB> 8A?>;L7C5<K5 2 =59 B5@<8=K 4>;6=K 1KBL 
>1I5C?>B@51;O5<K<8 8 A >4=>7=0G=K< ?>=8<0=85<.  #@8 MB>< ?>:070B5;L ?@>4C:B0, 
>F5=8205<K9 =0 5, 4, 3 10;;0, 4>;65= >B25G0BL B@51>20=8O< =>@<0B82=KE 4>:C<5=B>2 8 
4>?CA:0BLAO 2 @50;870F8N.  
"?@545;5=85 25A><>AB8 ?>:070B5;59 :0G5AB20 >ACI5AB2;5=> M:A?5@B0<8 @0=3>2K< 

<5B>4><1 [22]. +8A;> M:A?5@B>2 (:><?5B5=B=KE A?5F80;8AB>2 2 >1;0AB8 ?@>2>48<KE 
8AA;54>20=89) A>AB028;> 5 G5;>25:.  
%B5?5=L A>3;0A>20==>AB8 @57C;LB0B>2 @0=68@>20=8O >F5=8205BAO ?@8 ?><>I8 

:>MDD8F85=B0 :>=:>@40F88 W ?> D>@<C;5 (1):  

                                                                W  = 
12�ÿ2(Ā32Ā) ,                                                                 (1) 

 

345 S 3 AC<<0 :204@0B>2 >B:;>=5=89 >B A@54=53> 7=0G5=8O @0=3>2 ?> ?>:070B5;O< :0G5AB20; 
 m 3 G8A;> M:A?5@B>2; 
 n 3 G8A;> ?>:070B5;59.  
%@54=55 7=0G5=85 @0=3>2 ?> ?>:070B5;O< :0G5AB20 SA@ @0AAG8BK205BAO ?> D>@<C;5 (2): 

 

                                                         SA@ = 
∑ ∑ �ÿĀÿĀ=1Āÿ=1 Ā  ,                                                                    (2) 

 

345 Sij 3 @0=38, ?@8A2>5==K5 M:A?5@B0<8 (i) ?>:070B5;N (j).  
 

%C<<0 :204@0B>2 >B:;>=5=89 S >B A@54=53> 7=0G5=8O @0=3>2 @0AAG8BK205BAO ?>  
D>@<C;5 (3): 

 

                                                           S = ∑ (∑ �ÿĀ ÿĀ=1 − �A@)2Āÿ=1  .                                                    (3) 
 

�>MDD8F85=B :>=:>@40F88 87<5=O5BAO 2 8=B5@20;5 0 f W f 1, ?@8G5< W = 0 >7=0G05B 
                                                           
1�020@>E8=0, !. �. %5=A>@=K9 0=0;87 ?@>4>2>;LAB25==KE B>20@>2 =0 ?@54?@8OB8OE ?8I52>9 ?@><KH;5==>AB8, 
B>@3>2;8 8 >1I5AB25==>3> ?8B0=8O: CG51=8: / !. �. �02>@>E8=0, ". �. �>;C1, �.  . #>7=O:>2A:89. 3  .: �!($�- , 
2017. 3 144 A. 
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>BACBAB285 :0:>3>-;81> A>3;0A8O 2> <=5=8OE M:A?5@B>2, W = 1 >7=0G05B ?>;=>5 A>3;0A85 2A5E 
M:A?5@B>2.  

  

 

$8A. 1.  5B>4>;>38G5A:0O AE5<0 >F5=:8 :>=:C@5=B=>3> ?>B5=F80;0  
=>2KE :>=A5@28@>20==KE ?@>4C:B>2 87 ?@>@>I5==>3> 75@=0 

 
Fig. 1. Methodological scheme for assessing competitive potential  

Of new canned sprouted grain products 

 

-:A?5@B=CN >F5=:C :0G5AB20 ?@>4C:B>2 ?@>2>48;8 M:A?5@BK A 8A?>;L7>20=85< 
@07@01>B0==KE 10;;L=KE H:0; 8 40==K5 70=>A8;8 2 @538AB@0F8>==K9 ;8AB.  
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�;O ?>;CG5=8O >1J5:B82=KE 40==KE A>1;N40;8 ?@>F54C@C >F5=:8 :0G5AB20: 
 3 >1@07FK 1K;8 70:>48@>20=K; 
 3 2> 2@5<O 453CAB0F88 M:A?5@BK =5 >1I0;8AL; 
 3 :064K9 M:A?5@B 8=48284C0;L=> 70?>;=O; 70@0=55 ?>43>B>2;5==K5 1;0=:8 

@538AB@0F8>==KE ;8AB>2; 
 3 M:A?5@B0< ?@54>AB02;O;8 <8=8<C< 8=D>@<0F88 > ?@>4C:B5 (2> 871560=85 

?@5427OB>AB8); 
 3 2 ?5@8>4 453CAB0F88 M:A?5@B =5 C?>B@51;O; G09 8;8 :>D5 (2> 871560=85 A=865=8O 

?>@>30 GC2AB28B5;L=>AB8); 
 3 ?>A;5 453CAB0F88 :064>3> >1@07F0 ?@54CA<>B@5= :>@>B:89 ?5@5@K2 8 =59B@0;870F8O 

@5F5?B>@>2 3;>B:>< 2>4K. 
"F5=:5 :0G5AB20 ?8I52KE ?@>4C:B>2 C45;O5BAO 7=0G8B5;L=>5 2=8<0=85 =0 @07=KE MB0?0E 

B>20@>42865=8O, GB> >15A?5G8205B 8E 157>?0A=>ABL [23]. 

�K1>@ 107>2>3> >1@07F0 >ACI5AB2;O;8 87 >F5=8205<>9 3@C??K ?@>4C:B>2. #@8 >F5=:5 
:>=:C@5=B=>3> ?>B5=F80;0 =>2KE 284>2 ?@>4C:B>2 70 107>2K9 >1@075F ?@8=8<0;8 ?@>4C:B A 
=081>;LH8< 7=0G5=85< :><?;5:A=>3> ?>:070B5;O :0G5AB20.  
$0AG5B :><?;5:A=>3> ?>:070B5;O. �><?;5:A=K9 ?>:070B5;L :0G5AB20 ?@54AB02;O5B A>1>9 

AC<<C ?@>872545=89 A@54=8E 10;;>2 ?> 548=8G=K< ?>:070B5;O< :0G5AB20 =0 
A>>B25BAB2CNI85 :>MDD8F85=BK 25A><>AB8. #@8 AB0B8AB8G5A:>9 >1@01>B:5 @538AB@0F8>==KE 
;8AB>2 =5>1E>48<> 2KG8A;8BL A@54=89 10;; ?> :064><C ?>:070B5;N, 0 B0:65 
A@54=5:204@0B8G=>5 >B:;>=5=85. %@54=89 10;; )A@ ?> 548=8G=><C ?>:070B5;N @0AAG8BK205BAO 
?> D>@<C;5 (4): 

 

                                                                        )A@ =
∑ ХÿĀÿ=1Ā  ,                                                               (4) 

 

345 E 3 >F5=:8 2 10;;0E ?> :064><C ?>:070B5;N; 
 n 3 :>;8G5AB2> M:A?5@B>2. 
 

%@54=89 10;; ()A@) 2K@0605B :>;;5:B82=>5 <=5=85 3@C??K M:A?5@B>2. 
�8A?5@A8O >F5=>: D ?>:07K205B AB5?5=L A>3;0A>20==>AB8 <=5=89 M:A?5@B>2 2 2KAB02;5=88 

10;;>2 8 @0AAG8BK205BAO ?> D>@<C;5 (5): 
 

                                                                  D = 
1Ā ∑(Хÿ − ХA@)².                                                         (5) 

 

%@54=5:204@0B8G=>5 >B:;>=5=85 S >?@545;O5B AB5?5=L @071@>A0 >F5=>: ?> 40==><C 
548=8G=><C ?>:070B5;N 8 @0AAG8BK205BAO ?> D>@<C;5 (6): 

 

                                                                          S = √�.                                                                     (6)  

 

�><?;5:A=K9 ?>:070B5;L :0G5AB20 :>=A5@28@>20==KE ?@>4C:B>2 A CG5B>< :>MDD8F85=B0 
25A><>AB8 ?> :064><C >@30=>;5?B8G5A:><C ?>:070B5;N 2 10;;0E Q:0G @0AAG8BK205BAO ?> 
D>@<C;5 (7): 

 

                                                                 �к4ч = �(ĀA@ ∙ �),                                                            (7) 
 

345 k 3 :>MDD8F85=B 25A><>AB8 548=8G=>3> >@30=>;5?B8G5A:>3> ?>:070B5;O; 
 )A@ 3 A@54=89 10;; ?> 548=8G=><C >@30=>;5?B8G5A:><C ?>:070B5;N. 
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$0AG5B C@>2=59 :0G5AB20 >1@07F>2 �i ?@>2>48;8 ?> >B=>H5=8N : 107>2><C >1@07FC ?> 
D>@<C;5 (8): 

 

                                                                   �i= 
�к4ч ÿ�547   .                                                                      (8) 

 

�K2>4 45;05BAO =0 >A=>20=88 3@040F88 C@>2=O :0G5AB20: 
0,99  8 2KH5 3 >G5=L 2KA>:>5 :0G5AB2> (MB0;>=); 
0,9830,95 3 >B;8G=>5 :0G5AB2>; 
0,9430,80 3 E>@>H55 :0G5AB2>; 
0,7930,60 3 C4>2;5B2>@8B5;L=>5 :0G5AB2>; 
0,59 8 =865 3 =5C4>2;5B2>@8B5;L=>5, =5?@85<;5<>5 :0G5AB2>. 
#@8 � < 1 0=0;878@C5<K9 ?@>4C:B CABC?05B 107>2><C >1@07FC, ?@8 � > 1  3 ?@52>AE>48B 

107>2K9 >1@075F.  
&0:8< >1@07><, 0=0;878@CO @57C;LB0BK 8AA;54>20=89 C@>2=O :0G5AB20 ?@>4C:B0, 87CG0;8 

?>:070B5;8, :>B>@K5 2 1>;LH59 AB5?5=8 2;8ONB =0 :>=5G=K9 @57C;LB0B. �0;55 45;0;8 2K2>4 > 
:>=:C@5=B=>< ?>B5=F80;5 ?@>4C:B0. 

 

$��'�0&�&/ � �) "�%'���!�� 

"F5=820O C@>25=L :0G5AB20 =>2KE 284>2 :>=A5@28@>20==KE ?@>4C:B>2 ?@54?>;0305BAO 
?>;CG8BL >1J5:B82=K5 40==K5 > :0G5AB25 ?@>4C:F88, 55 B5E=8G5A:>< C@>2=5 8 
:>=:C@5=B>A?>A>1=>AB8 =0 MB0?5 55 2=54@5=8O 2 <0AA>2>5 ?@>872>4AB2> [24]. %@02=8B5;L=0O 
>F5=:0 :0G5AB20 :>=A5@2>2 87 ?@>@>I5==>3> 75@=0 8 A0E0@=>9 :C:C@C7K ?@>2>48;0AL @0=55 A 
8A?>;L7>20=85 10;;L=>9 H:0;K [25].  

�;O >F5=:8 :>=:C@5=B=>3> ?>B5=F80;0 =>2KE :>=A5@28@>20==KE ?@>4C:B>2 87 3@C??K 
=0BC@0;L=KE :>=A5@2>2 >B>1@0=K A;54CNI85 >1@07FK: 

3 >1@075F 1 3 :>=A5@2K «�5@=0 ?@>@>I5==K5 (?H5=8F0)» AB5@8;87>20==K5; >?KB=K9 
>1@075F, AB@0=0 873>B>2;5=8O 3 �5;0@CAL; 
3 >1@075F 2 3 :>=A5@2K =0BC@0;L=K5 «�C:C@C70 A;04:0O 2 75@=0E 2 20:CC<=>9 C?0:>2:5», 

?@>4C:B AB5@8;87>20==K9; B>20@=K9 7=0: «Globus», AB@0=0 873>B>2;5=8O 3 $>AA8O; 
3 >1@075F 3 3  :>=A5@2K >2>I=K5 AB5@8;87>20==K5 «�>@>H5: 75;5=K9» 1 A>@B; B>20@=K9 

7=0: «Mikado», AB@0=0 873>B>2;5=8O 3 $>AA8O; 
3 >1@075F 4 3 :>=A5@2K 87 D0A>;8 «(0A>;L 15;0O «�;0AA8G5A:0O»», ?@>4C:B 

AB5@8;87>20==K9; B>20@=K9 7=0: «Bonduelle», AB@0=0 873>B>2;5=8O 3 $>AA8O. 
� :0G5AB25 >1J5:B>2 A@02=5=8O 87 3@C??K 45A5@B>2 >B>1@0=K >1@07FK, =081>;55 1;87:85 ?> 

A>AB02C: 
3 >1@075F 1 3 «�5A5@B D@C:B>2K9 A >1;5?8E>9 8 ?@>@>I5==>9 3@5G8E>9», AB5@8;87>20==K9, 

>?KB=K9 >1@075F, AB@0=0 873>B>2;5=8O 3 �5;0@CAL; 
3 >1@075F 2 3 /3>4=K9 45A5@B 87 =0BC@0;L=KE 8=3@5485=B>2 «"1;5?8E0, ?@>B5@B0O A A0E0@><, 

A ?@>@>I5==K< 75@=><»; B>20@=K9 7=0: «Goldenmix», AB@0=0 873>B>2;5=8O 3 $>AA8O; 
3 >1@075F 3 3 �5A5@B D@C:B>2K9 «�>;C18:0-O1;>:>-G5@=0O A<>@>48=0-10=0=», >1>30I5==K9 

?@518>B8:>< 3C<<80@018: (?8I52>5 2>;>:=> (81@530< �)»; B>20@=K9 7=0: «BioNergy», AB@0=0 
873>B>2;5=8O 3 $>AA8O; 
3 >1@075F 4 3 «#N@5 87 O1;>:, 01@8:>A0 8 G5@=>A;820 A 4>102;5=85< B2>@>30, ;L=O=>9 

:;5BG0B:8, @>AB:>2 ?H5=8FK, M:AB@0:B0 3C0@0=K, >1>30I5==>5 8=C;8=><», 3><>35=878@>20==>5 
AB5@8;87>20==>5; B>20@=K9 7=0: «Fruds», AB@0=0 873>B>2;5=8O 3 �5;0@CAL. 
�;O >F5=:8 :>=:C@5=B=>3> ?>B5=F80;0 2 :064>9 3@C??5 :>=A5@2>2 >?@545;5=K :>MDD8F85=BK 

25A><>AB8 548=8G=KE ?>:070B5;59 :0G5AB20 <5B>4>< @0=68@>20=8O. +8A;> M:A?5@B>2 A>AB028;> 
5 G5;>25:. �064K9 M:A?5@B ?@8A20820; ?>:070B5;O< =><5@0 =0BC@0;L=>3> @O40 2 ?>@O4:5 
C1K20=8O 8E 7=0G8<>AB8 (B01;. 1, 2). 
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&01;. 1. "?@545;5=85 :>MDD8F85=B>2 25A><>AB8 ?>:070B5;59 :0G5AB20 4;O 3@C??K =0BC@0;L=KE 
:>=A5@2>2   

 

Table 1. Determination of weight coefficients of quality indicators for a group of natural canned products 
 

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

         (j) 

$0=38, 2KAB02;5==K5 
M:A?5@B0<8 (i) 

%C<<0 
@0=3>2 

(Sij) 

�>MDD8F85=B 
25A><>AB8, 

k 

$07=8F0 
<564C 
Sij 8 SA@ 

�204@0B 
>B:;>=5=89 

S 1 2 3 4 5 

�=5H=89 284  2 3 4 3 3 15 0,30 2,5 6,25 

*25B 75@5= 4 4 3 4 4 19 0,38 6,5 42,25 

�:CA 8 70?0E 1 1 1 1 1 5 0,10 -7,5 56,25 

�>=A8AB5=F8O 
75@5= 

3 2 2 2 2 11 0,22 -1,5 2,25 

�&"�" 10 10 10 10 10 50 1,0  107,00 

%@54=55 7=0G5=85  
@0=3>2 SA@ 

 
12,5 

   

 

�AE>4O 87 @0AG5B=KE 40==KE (B01;. 1), =081>;55 7=0G8<K<8 ?>:070B5;O<8 4;O 3@C??K 
=0BC@0;L=KE :>=A5@2>2 O2;ONBAO F25B 75@5=, 2=5H=89 284 ?@>4C:B0 8 :>=A8AB5=F8O 75@5=, 0 
=08<5=55 3 2:CA 8 70?0E. 
%B5?5=L A>3;0A>20==>AB8 @57C;LB0B>2 @0=68@>20=8O >F5=8205BAO ?@8 ?><>I8 

:>MDD8F85=B0 :>=:>@40F88 ?> D>@<C;5 (1): 
ÿ =  12  10752 (4324) = 0,856 . 

 

�5;8G8=0 :>MDD8F85=B0 :>=:>@40F88 A>AB02;O5B 0,856, GB> A2845B5;LAB2C5B >1 
C4>2;5B2>@8B5;L=>9 A>3;0A>20==>AB8 <=5=89 M:A?5@B>2. 
�AE>4O 87 40==KE, ?>;CG5==KE 2 B01;. 2, =081>;55 7=0G8<K<8 ?>:070B5;O<8 4;O 3@C??K 

:>=A5@2>2 «�5A5@BK D@C:B>2K5» O2;ONBAO 2=5H=89 284 ?@>4C:B0, 2:CA, ?>A;52:CA85 8 F25B, 
0 =08<5=55 3 70?0E 8 :>=A8AB5=F8O.  
&0:65 @0AAG8B0=0 AB5?5=L A>3;0A>20==>AB8 @57C;LB0B>2 @0=68@>20=8O ?@8 ?><>I8 

:>MDD8F85=B0 :>=:>@40F88 ?> D>@<C;5 (1) 8 ?>;CG5=> B0:>5 65 7=0G5=85, :0: 2 ?@54K4CI8E 
@0AG5B0E. ÿ =  12  21452 (5325) = 0,856 . 

 

&01;. 2. "?@545;5=85 :>MDD8F85=B>2 25A><>AB8 ?>:070B5;59 :0G5AB20 4;O 3@C??K :>=A5@2>2 
«�5A5@BK D@C:B>2K5»   

 

Table 2. Determination of weight coefficients of quality indicators for a group of canned products «Fruit 

desserts» 
 

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

         (j) 

$0=38, 2KAB02;5==K5 
M:A?5@B0<8 (i) 

%C<<0 
@0=3>2 

(Sij) 

�>MDD8F85=B 
25A><>AB8, 

k 

$07=8F0 
<564C 
Sij 8 SA@ 

�204@0B 
>B:;>=5=89 

S 1 2 3 4 5 

�=5H=89 284  5 5 5 5 5 25 0,33 10,0 100,0 

�0?0E 2 2 3 1 2 10 0,13 -5,0 25,0 

�:CA 8 
?>A;52:CA85 3 4 2 4 4 17 0,23 2,0 

4,0 

*25B 4 3 4 3 3 17 0,23 2,0 4,0 

�>=A8AB5=F8O 1 1 1 2 1 6 0,08 -9,0 81,0 

�&"�" 15 15 15 15 15 75 1,0  214,00 

%@54=55 7=0G5=85  
@0=3>2 SA@ 

 
15,0 
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#@>2545=0 >F5=:0 :0G5AB20 >1@07F>2 :>=A5@2>2 ?> @07@01>B0==K< ?OB810;;L=K< H:0;0<. 

� B01;. 3 8 4 ?@54AB02;5=> 45;5=85 :>=A5@28@>20==KE ?@>4C:B>2 ?> C@>2=O< :0G5AB20 2 
A>>B25BAB288 A ?@54;>65==K< >?8A0=85<.  

 

&01;. 3. "?8A0B5;L=0O ?OB810;;L=0O H:0;0 4;O 3@C??K =0BC@0;L=KE :>=A5@2>2 
 

Table 3. Five-point descriptive scale for a group of natural canned products 
 

#>:070B5;8 )0@0:B5@8AB8:0 �>;-2> 
10;;>2 

1 2 3 

�=5H=89 284 F5;K5 75@=0, >4=>@>4=K5 ?> 25;8G8=5, 157 ?@8<5A59 @0AB8B5;L=>3> 
?@>8AE>645=8O 8 4@C38E ?>AB>@>==8E ?@8<5A59; 4;O ?@>@>I5==>3> 75@=0 3 A 
?@87=0:0<8 70@>4KH52>3> :>@5H:0; 4;O :C:C@C7K 3 F5;K5 75@=0 A 
>48=0:>2>9 3;C18=>9 A@57:8; 70;82:0 ?@>7@0G=0O, E0@0:B5@=>3> F25B0 

5 

F5;K5 75@=0, >4=>@>4=K5 ?> 25;8G8=5, 157 ?@8<5A59 @0AB8B5;L=>3> 
?@>8AE>645=8O 8 4@C38E ?>AB>@>==8E ?@8<5A59; 4;O ?@>@>I5==>3> 75@=0 3 A 
?@87=0:0<8 70@>4KH52>3> :>@5H:0; 4;O :C:C@C7K 3 F5;K5 75@=0 A 
=5>48=0:>2>9 3;C18=>9 A@57:8 

4 

?@8ACBAB285 548=8G=KE @0720@5==KE, B@5A=C2H8E 8 18BKE (?>;>28=:8 8;8 
:CA>G:8 75@5=, >1>;>G:8 8 8E G0AB8FK) 75@5=,  70;82:0 A =51>;LH>9 
>?0;5AF5=F859, E0@0:B5@=>3> F25B0, A =51>;LH8< :@0E<0;8ABK< >A04:><; 
4;O :C:C@C7K <>;>G=>3> >BB5=:0 A >?0;5AF5=F859 

4 

F5;K5 75@=0, =5>4=>@>4=K5 ?> 25;8G8=5, 157 ?@8<5A59 @0AB8B5;L=>3> 
?@>8AE>645=8O 8 4@C38E ?>AB>@>==8E ?@8<5A59; 4;O ?@>@>I5==>3> 75@=0 3 A 
?@87=0:0<8 70@>4KH52>3> :>@5H:0, ?@8ACBAB285 548=8G=KE 75@5= 157 
?@87=0:0 70@>4KH52>3> :>@5H:0; 4;O :C:C@C7K 3 F5;K5 75@=0 A =5>48=0:>2>9 
3;C18=>9 A@57:8; 
?@8ACBAB285 @0720@5==KE, B@5A=C2H8E 8 18BKE (?>;>28=:8 8;8 :CA>G:8 
75@5=, >1>;>G:8 8 8E G0AB8FK) 75@5= <5=55 10 %,  70;82:0 A >?0;5AF5=F859, 
E0@0:B5@=>3> F25B0, A =51>;LH8< :>;8G5AB2>< 2725H5==KE G0AB8F, A 
:@0E<0;8ABK< >A04:><, 4>?CA:05BAO <CB=>ABL; 4;O :C:C@C7K 8 ?@>@>I5==>3> 
75@=0 <CB=0O, <>;>G=>3> >BB5=:0 

3 

F5;K5 75@=0, =5>4=>@>4=K5 ?> 25;8G8=5, ?@8ACBAB285 ?@8<5A59 
@0AB8B5;L=>3> ?@>8AE>645=8O 8 4@C38E ?>AB>@>==8E ?@8<5A59; 4;O 
?@>@>I5==>3> 75@=0 3 157 ?@87=0:0 70@>4KH52>3> :>@5H:0; 4;O :C:C@C7K 3 
F5;K5 75@=0 A =5>48=0:>2>9 3;C18=>9 A@57:8; 
?@8ACBAB285 @0720@5==KE, B@5A=C2H8E 8 18BKE (?>;>28=:8 8;8 :CA>G:8 
75@5=, >1>;>G:8 8 8E G0AB8FK) 75@5= 1>;55 10 %,  70;82:0 <CB=0O 

2 

F5;K5 75@=0, =0;8G85 548=8G=KE 75@5=, ?>2@5645==KE 
A5;LA:>E>7O9AB25==K<8 2@548B5;O<8 

1 

*25B 75@5= >4=>@>4=K9 2 548=8F5 C?0:>2:8, E0@0:B5@=K9 4;O AK@LO ?>A;5 B5?;>2>9 
>1@01>B:8 

5 

?@8ACBAB285 548=8G=KE 75@5=, >B;8G0NI8EAO ?> F25BC >B >A=>2=>9 <0AAK 4 

=5>4=>@>4=K9 F25B 75@5=, => E0@0:B5@=K9 4;O AK@LO ?>A;5 B5?;>2>9 
>1@01>B:8 

3 

=0;8G85 ?OB=8ABKE 75@5= 2 

=0;8G85 75@5= B5<=>-:>@8G=52>3> 8;8 1C@>3> F25B0; 4;O D0A>;8 =0;8G85 
D0A>;8 @07=>3> B8?0 

1 

�:CA 8 70?0E ?@8OB=K9, =59B@0;L=K9, A2>9AB25==K9 AK@LN ?>A;5 B5@<8G5A:>9 >1@01>B:8, 
157 ?>AB>@>==53> ?@82:CA0 8 70?0E0  

5 

2K@065==K9 A>;>=>20BK9 8;8 A;04:>20BK9, 157 ?>AB>@>==53> ?@82:CA0 8 
70?0E0 

4 

C<5@5==> A>;5=K9 8;8 A;04:89, A :@0E<0;8ABK< ?@82:CA><, 157 
?>AB>@>==53> 70?0E0 

3 

A8;L=> A>;5=K9 8;8 A;04:89, :@0E<0;8ABK9, A> A;53:0 C;>28<K< :8A;K< 
70?0E>< 

2 

:8A;K9 2:CA 8 70?0E 1 
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#@>4>;65=85 B01;. 3. 
 

1 2 3 

�>=A8AB5=F8O 
75@5= 

<O3:0O, @07;8G8<0 >1>;>G:0 157 G@57<5@=>9 65AB:>AB8 5 

<O3:0O =5>4=>@>4=0O, =0;8G85 ?;>B=KE 75@5= 4 

<O3:0O, =0;8G85 @0720@5==KE 8;8 B25@4KE 75@5= 3 

?;>B=K5 8;8 B25@4K5 75@=0 A 65AB:>9 >1>;>G:>9 2 

:0H8F5>1@07=0O, ?5@520@5==K5 75@=0 1 

 

&01;. 4. "?8A0B5;L=0O ?OB810;;L=0O H:0;0 4;O 3@C??K :>=A5@2>2 «�5A5@BK D@C:B>2K5» 
 

Table 4. Five-point descriptive scale for a group of natural canned products «Fruit desserts» 
 

#>:070B5;8 )0@0:B5@8AB8:0 �>;-2> 
10;;>2 

1 2 3 

�=5H=89 284 >4=>@>4=0O <0AA0 2 2845 ?N@5 8;8 ?N@5 A @02=><5@=> @0A?@545;5==K<8 2 =5< 
F5;K<8 8;8 =0@570==K<8 D@C:B0<8, >@5E0<8, ?@>@>I5==K<8 75@=0<8; 
?@8ACBAB2CNB 548=8G=K5 A5<5=0 >B O3>4; 157 ?@8<5A59 @0AB8B5;L=>3> 
?@>8AE>645=8O 8 4@C38E ?>AB>@>==8E ?@8<5A59 

5 

>4=>@>4=0O <0AA0 2 2845 ?N@5 8;8 ?N@5 A @02=><5@=> @0A?@545;5==K<8 2 =5< 
F5;K<8 8;8 =0@570==K<8 D@C:B0<8, >@5E0<8, ?@>@>I5==K<8 75@=0<8; 
?@8ACBAB2CNB 548=8G=K5 A5<5=0 >B O3>4, G0AB8FK :>68FK, D@C:BK, >@5E8 8;8 
?@>@>I5==K5 75@=0, =5 A>E@0=82H85 D>@<C; 157 ?@8<5A59 @0AB8B5;L=>3> 
?@>8AE>645=8O 8 4@C38E ?>AB>@>==8E ?@8<5A59 

4 

>4=>@>4=0O <0AA0 2 2845 ?N@5 8;8 ?N@5 A @02=><5@=> @0A?@545;5==K<8 2 =5< 
F5;K<8 8;8 =0@570==K<8 D@C:B0<8, >@5E0<8, ?@>@>I5==K<8 75@=0<8; 
?@8ACBAB2CNB A5<5=0 >B O3>4, 3@C1K5 G0AB8FK :>68FK, D@C:BK, >@5E8 8;8 
?@>@>I5==K5 75@=0, =5 A>E@0=82H85 D>@<C, ?@8<5A8 @0AB8B5;L=>3> 
?@>8AE>645=8O, 4@C385 ?>AB>@>==85 ?@8<5A8 >BACBAB2CNB; =01;N405BAO 
=57=0G8B5;L=>5 >B45;5=85 684:>AB8 =0 ?>25@E=>AB8 

3 

=0;8G85 ?@8<5A59 @0AB8B5;L=>3> ?@>8AE>645=8O 8 ?>AB>@>==8E ?@8<5A59; 
7=0G8B5;L=>5 >B45;5=85 684:>AB8 =0 ?>25@E=>AB8 

2 

=0;8G85 <8=5@0;L=KE 8 ?>AB>@>==8E ?@8<5A59 1 

�0?0E =0BC@0;L=K9, ?@8OB=K9, 30@<>=8G=K9, E>@>H> 2K@065==K9, A2>9AB25==K9 
A<5A8 :><?>=5=B>2, 87 :>B>@KE 873>B>2;5= 45A5@B; 157 ?>AB>@>==8E 70?0E>2  

5 

=0BC@0;L=K9, 2K@065==K9, A2>9AB25==K9 A<5A8 :><?>=5=B>2, 87 :>B>@KE 
873>B>2;5= 45A5@B; 157 ?>AB>@>==8E 70?0E>2 

4 

=530@<>=8G=K9 8/8;8 A;01>2K@065==K9, 157 ?>AB>@>==8E 70?0E>2 3 

?CAB>9 8/8;8 A;01>2K@065==K9, ?@83>@5;K9, =5 CAB0=>2;5==K9 ?>AB>@>==89 2 

E8<8G5A:89, =5 A2>9AB25==K9 :><?>=5=B0<, 87 :>B>@KE 873>B>2;5= 45A5@B 1 

�:CA 8 
?>A;52:CA85 

=0BC@0;L=K9, E>@>H> 2K@065==K9, A>>B25BAB2C5B :><?>=5=B0< @5F5?BC@K, >B 
:8A;>-A;04:>3> 4> A;04:>3> ?@8OB=>3>, A >A2560NI8< A;04:>20BK< 
D@C:B>2K< ?>A;52:CA85<; 157 ?>AB>@>==53> ?@82:CA0 

5 

A>>B25BAB2C5B :><?>=5=B0< @5F5?BC@K, A;04:>-:8A;K9, A> A;04:>20BK< 
D@C:B>2K< ?>A;52:CA85<; 157 ?>AB>@>==53> ?@82:CA0 

4 

A>>B25BAB2C5B :><?>=5=B0< @5F5?BC@K, A;04:>-:8A;K9, A :8A;K< 
?>A;52:CA85<; 157 ?>AB>@>==53> ?@82:CA0 

3 

:8A;K9, =530@<>=8G=K9, A ?;5A=525;K< 8/8;8 ?@83>@5;K< ?>A;52:CA85< 2 

3>@L:89 8/8;8 :8A;K9, A E8<8G5A:8< ?>A;52:CA85< 1 

*25B A@54=59 8=B5=A82=>AB8, >4=>@>4=K9 ?> 2A59 <0AA5 ?N@5, A2>9AB25==K9 F25BC 
A<5A8 :><?>=5=B>2 @5F5?BC@K 

5 

A@54=59 8=B5=A82=>AB8, A2>9AB25==K9 F25BC A<5A8 :><?>=5=B>2 @5F5?BC@K; 
=0;8G85 =57=0G8B5;L=>3> ?>B5<=5=8O 25@E=53> A;>O 45A5@B>2, 2 A>AB02 :>B>@KE 
2E>48;8 B5<=>>:@0H5==K5 D@C:BK; =0;8G85  >@0=652>3> :>;LF0 2 25@E=5< 
A;>5 45A5@B>2, 873>B>2;5==KE 87 AK@LO >@0=652>3>/65;B>3> F25B0 

4 

A@54=59 8=B5=A82=>AB8, A2>9AB25==K9 F25BC A<5A8 :><?>=5=B>2 @5F5?BC@K; 
=0;8G85 1C@>3> >BB5=:0 ?N@5 8/8;8 1C@KE ?>;>A 8;8 ?OB5= 

3 
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#@>4>;65=85 B01;. 4. 
 

1 2 3 

 8=B5=A82=K9, =5 A2>9AB25==K9 F25BC A<5A8 :><?>=5=B>2 @5F5?BC@K; 
7=0G8B5;L=>5 ?>B5<=5=85 =0 ?>25@E=>AB8 8 2=CB@8 45A5@B0 

2 

O@:89 =55AB5AB25==K9, =5 A2>9AB25==K9 F25BC A<5A8 :><?>=5=B>2 
@5F5?BC@K; «O4>28BK9» 

1 

�>=A8AB5=F8O ?N@5>1@07=0O, A 2:;NG5=8O<8 F5;KE 8;8 =0@570==KE D@C:B>2, 8;8 >@5E>2, 
8;8 A5<O=, 8;8 ?@>@>I5==>3> 75@=0, 8;8 157 =8E 

5 

3CAB0O, A =57=0G8B5;L=K<8 ?@87=0:0<8 65;8@>20=8O, A 2:;NG5=8O<8 F5;KE 
8;8 =0@570==KE D@C:B>2 8;8 >@5E>2, 8;8 A5<O=, 8;8 ?@>@>I5==>3> 75@=0, 
8;8 157 =8E 

4 

65;5>1@07=0O, A 2:;NG5=8O<8 F5;KE 8;8 =0@570==KE D@C:B>2 8;8 >@5E>2, 
8;8 A5<O=, 8;8 ?@>@>I5==>3> 75@=0, 8;8 157 =8E 

3 

3CAB0O, A 2:;NG5=85< =5 CAB0=>2;5==KE ?;>B=KE 8=3@5485=B>2 8;8 157 =8E 2 

684:0O, A 4>102;5=85< F5;KE 8;8 =0@570==KE D@C:B>2 8;8 >@5E>2, 8;8 
A5<O=, 8;8 ?@>@>I5==>3> 75@=0, 8;8 157 =8E 

1 

 

#5@54 453CAB0F859 M:A?5@BK ?@>E>4OB 8=AB@C:B06 8 8< 2K405BAO @538AB@0F8>==K9 ;8AB. 
$57C;LB0BK M:A?5@B=>9 >F5=:8 8 @0AG5B :><?;5:A=>3> ?>:070B5;O :0G5AB20 =0 ?@8<5@5 >1@07F0 
1 87 3@C??K =0BC@0;L=KE :>=A5@2>2 ?@54AB02;5=K 2 B01;8F5 5. 

 

&01;. 5. "F5=:0 :><?;5:A=>3> ?>:070B5;O :0G5AB20 >1@07F0 1  
 

Table 5. Evaluation of performance criterion of sample 1 
 

-:A?5@BK 

"F5=:0 M:A?5@B>2 ?> >@30=>;5?B8G5A:8< ?>:070B5;O<, 
10;; �><?;5:A=K9 

?>:070B5;L 
:0G5AB20 2=5H=89  

284 
F25B  
75@5= 

2:CA  
8 70?0E 

:>=A8AB5=F8O 
75@5= 

-:A?5@B 1 4 4 5 4  

-:A?5@B 2 3 4 5 4 

-:A?5@B 3 4 5 5 4 

-:A?5@B 4 4 5 5 5 

-:A?5@B 5 4 5 4 4 

%C<<0 10;;>2 19 23 24 21 

%@54=89 10;;, XA@ 3,8 4,6 4,8 4,2 

�8A?5@A8O, D 0,16 0,24 0,16 0,16 

%@54=5:204@0B8G=>5  
>B:;>=5=85, S 

0,40 0,49 0,40 0,40 

�>MDD8F85=B 25A><>AB8, k 0,30 0,38 0,10 0,22 

�><?;5:A=K9 ?>:070B5;L 
:0G5AB20 1,140 1,748 0,480 0,924 4,292 

 

#@>2545=0 AB0B8AB8G5A:0O >1@01>B:0 @538AB@0F8>==KE ;8AB>2: 2KG8A;5= A@54=89 10;; ?> 
548=8G=><C ?>:070B5;N, 0 B0:65 48A?5@A8O 8 A@54=5:204@0B8G=>5 >B:;>=5=85 ?> D>@<C;0< 
(4), (5) 8 (6) A>>B25BAB25==>, :><?;5:A=K9 ?>:070B5;L :0G5AB20 3 ?> (7). %G8B05BAO, GB> 
@57C;LB0B AB0B8AB8G5A:8 7=0G8<, 5A;8 7=0G5=85 A@54=5:204@0B8G=>3> >B:;>=5=8O =5 
?@52KH05B 0,5. �=0;>38G=> ?@>2545=K @0AG5BK ?> 2A5< >1@07F0< 8 @57C;LB0BK @0AG5B>2 
:><?;5:A=>3> ?>:070B5;O :0G5AB20 ?@54AB02;5=K 2 B01;. 6.   

�;O >F5=:8 C@>2=O :0G5AB20 8 :>=:C@5=B=>3> ?>B5=F80;0 >?@545;5=K 107>2K5 >1@07FK 2 
3@C??0E ?@>4C:B>2 ?> =081>;LH5<C @0AG5B=><C 7=0G5=8N :><?;5:A=>3> ?>:070B5;O :0G5AB20. 
#@>2545= @0AG5B C@>2=O :0G5AB20 >F5=8205<KE >1@07F>2 ?> >B=>H5=8N : 107>2><C >1@07FC 
(B01;. 6).  
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&01;. 6. "F5=:0 C@>2=O :0G5AB20 =>2KE 284>2 :>=A5@2>2 =0 >A=>25 ?@>@>I5==>3> 75@=0 
 

Table 6. Evaluation of the quality level of new types of canned products based on sprouted grains 
 

!08<5=>20=85  
>1@07F>2 

%B@0=0  
873>B>28B5;L 

&>20@=K9 

7=0: 
�><?;5:A=K9   
?>:070B5;L 
:0G5AB20 

'@>25=L :0G5AB20 ?> 
>B=>H5=8N : 

107>2><C >1@07FC   
(K) 

"F9=:4 C@>6=я :4G9AB64 =4BC@4;P=OE :>=A9@6>6 
�>=A5@2K «�5@=0 ?@>@>I5==K5 
(?H5=8F0)» AB5@8;87>20==K5 �5;0@CAL  4,292 

0,979 

(>B;8G=>5) 
�>=A5@2K =0BC@0;L=K5 «�C:C@C70 
A;04:0O 2 75@=0E 2 20:CC<=>9 
C?0:>2:5» AB5@8;87>20==K5 

$>AA8O Globus 4,384 107>2K9 >1@075F 

�>=A5@2K >2>I=K5 
AB5@8;87>20==K5 «�>@>H5: 
75;5=K9» 1 A>@B 

$>AA8O Mikado 3,588 
0,818 

(E>@>H55) 

�>=A5@2K 87 D0A>;8 «(0A>;L 15;0O 
«�;0AA8G5A:0O»» AB5@8;87>20==K5 $>AA8O Bonduelle 3,948 

0,901 

(E>@>H55) 
"F9=:4 C@>6=я :4G9AB64 :>=A9@68@>64==OE D@C:B>6OE 89A9@B>6 

«�5A5@B D@C:B>2K9 A >1;5?8E>9 8 
?@>@>I5==>9 3@5G8E>9», 
AB5@8;87>20==K9 

�5;0@CAL  4,494 
0,947 

(>B;8G=>5) 

/3>4=K9 45A5@B 87 =0BC@0;L=KE 
8=3@5485=B>2 «"1;5?8E0, 
?@>B5@B0O A A0E0@><, A 
?@>@>I5==K< 75@=><» 

$>AA8O Goldenmix 3,990 
0,841 

(E>@>H55) 

�5A5@B D@C:B>2K9 «�>;C18:0-
O1;>:>-G5@=0O A<>@>48=0-10=0=», 
>1>30I5==K9 ?@518>B8:>< 
3C<<80@018: (?8I52>5 2>;>:=> 
(81@530< �) 

$>AA8O BioNergy 4,744 107>2K9 >1@075F 

«#N@5 87 O1;>:, 01@8:>A0 8 
G5@=>A;820 A 4>102;5=85< B2>@>30, 
;L=O=>9 :;5BG0B:8, @>AB:>2 
?H5=8FK, M:AB@0:B0 3C0@0=K, 
>1>30I5==>5 8=C;8=><», 
3><>35=878@>20==>5 
AB5@8;87>20==>5 

�5;0@CAL Fruds 3,620 

0,763 

(C4>2;5B2>@8-
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ABSTRACT 

Introduction. The technology of multi-cereal products based on sprouted grains is resource consuming due to 

the need to carry out separate technological operations for various cereal crops. The hypothesis is to find 

integral parameters for the processing of wheat grain and hulless oats by changing sprouting conditions, 

reducing the duration of the process and the number of technological operations and lowering the resource 

intensity of the technology in order to produce sprouted mixtures as a functional and technological ingredient 

for use in industry. The scientific task is to substantiate the production technology of sprouted wheat-oat 

mixtures as a functional and technological ingredient. 

Materials and methods. Wheat grain (Triticum aestivum L.) and hulless oats (Avena sativa), sprouted grains 

of wheat and hulless oats, sprouted wheat-oat mixtures and sprouted wheat-oat mixture products. Standardized 

and generally accepted research methods. 

Results. A technology has been developed for the production of sprouted wheat-oat mixtures, which includes 

separate operations: cleaning grain from impurities and sorting; combined operations: washing, disinfection, 

germination, drying, grinding, packaging and packing. Integrated processing modes for wheat grain and hulless 

oats have been first established, ensuring a reduction in the technological cycle for the production of sprouted 

mixtures by 34 %. The maximum content of vitamins (B1, B2, B6, B9, PP, E, β-carotene), minerals (K, Ca, Mg, 

P, Fe, Zn, Cu, Se) and high biological value proteins were obtained with combined germination of wheat grains 

and hulless oats in a percentage ratio of 60/40 and 70/30. Synergistic and allelopathic types of interaction 

between the crops under study influence the growth activity of mixtures and duration of germination process. 

A method has been developed for disinfection during the germination of wheat and hulless oat grains with 

high microbial contamination (1,5×106 and 8,3×107 CFU/g, respectively), ensuring a reduction in the total 

microbial contamination of sprouted grain by 3,033,3 times. There has been determined the shelf life of the 

mixtures, at which the regulated quality indicators are within acceptable limits –12 months.   

Conclusions. The possibility of using sprouted wheat-oat mixtures as a functional-technological ingredient of 

high quality under technology-based parameters has been proven. 

KEY WORDS: grain; wheat; hulless oats; sprouted wheat-oat mixtures; disinfection, chemical composition; 

biological value; food value; sprouting; optimization; synergetic type; allelopathic type; functional ingredient.  

FOR CITATION: Haldova, M. M. Technological aspects for the production of sprouted wheat-oat mixtures 

and their practical use in industry / M. M. Haldova, A. M. Ourbantchik // Vestnik of the Belarusian State 

University of Food and Chemical Technologies. 3  2023. 3 No. 2(35). 3 P. 17343 (in Russian). 
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;5:0@AB25==KE B@02 8 G5A=>:0 [26], @0AB2>@>< 38?>E;>@8B0 =0B@8O [27], :>B>@K9 ;8HL 
A=8605B C@>25=L <8:@>1=>3> ?>@065=8O A5<O=. %@548 4@C38E @5035=B>2 MDD5:B82=K<8 
                                                           
1Rashidova, S. Synergetics of agricultural seeds capsulation / S. Rashidova, B. Oksengendler, N. Turaeva // FAN 

Tashkent. 3 2013. 3 96 @. 
2�8BG5=:>, &. �. �C;LBC@K MC:0@8>B8G5A:8E :;5B>: (M;5:B@>==K9 CG51=>-<5B>48G5A:89 :><?;5:A ?> CG51=>9 
48AF8?;8=5) / �8BG5=:> &. �. 3  8=A:, 2016. 3 75 A. 
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4578=D5:B0=B0<8 O2;ONBAO 48>:A84 E;>@0, ?5@>:A8:8A;>BK, :0?@8;>2>-:0?@8=>20O 8 
<>;>G=0O :8A;>BK, 3;8F5@>; <>=>;0C@0B [28], C:ACA=0O :8A;>B0 [29], A>;8 E;>@>D8;;8=0 8 8E 
:><?;5:AK A E8B>70=>< [30, 31]. �725AB5= A?>A>1 45:>=B0<8=0F88 ?@>@>I5==>3> 75@=0 
2KA>:>B5<?5@0BC@=>9 >1@01>B:>9, =0?@8<5@, 2 /?>=88 ?@>2>48;8 1;0=H8@>20=85 2 B5G5=85 
30 A5:C=4 2 :8?OI59 2>45 ?@8 98 º%, >4=0:> 40==K9 A?>A>1 A=8605B 687=5A?>A>1=>ABL 75@=0 
[32]. %;54C5B >B<5B8BL, GB> ?@8<5=O5<K5 <5B>4K 4578=D5:F88 ;81> 4>@>3>AB>OI85, ;81> =5 
2A5340 >?@545;5=> 8E 2;8O=85 =0 ?@>F5AA ?@>@0AB0=8O 75@=0 8 A2>9AB20 ?@>@>AB:>2. #>MB><C 
?@8 ?>AB>O==> @0ABCI5< A?@>A5 =0 ?@>@>I5==>5 75@=>, <8:@>18>;>38G5A:0O 157>?0A=>ABL 
?@>@>AB:>2 >15A?5G8205BAO ?>AB>O==K< A>25@H5=AB2>20=85< ACI5AB2CNI8E 8 @07@01>B:>9 
=>2KE A?>A>1>2 >15770@06820=8O.  
�06=59H59 B5E=>;>38G5A:>9 >?5@0F859 ?> ?@82545=8N ?@>@>I5==>3> 75@=0 2 CAB>9G82>5 

?@8 E@0=5=88 A>AB>O=85 O2;O5BAO ACH:0. '40;5=85 871KB>G=>9 2;038 2 ?@>@>I5==>< 75@=5 8 
4>2545=85 53> 4> ACE>3> A>AB>O=8O (2;06=>ABL 4>;6=0 1KBL =865 :@8B8G5A:>9), ?>72>;8B 
A>E@0=8BL 53> 2 B5G5=85 4;8B5;L=>3> 2@5<5=8. %>3;0A=> >D8F80;L=K< 40==K< 8725AB=K 
@07=K5 B8?K 75@=>ACH8;>:, :>B>@K5 @07;8G0NBAO A?>A>10<8 ACH:8 3 :>=25:B82=K9, 
:>=4C:B82=K9; A>@1F8>==0O, @0480F8>==0O, <5E0=8G5A:0O ACH:0; 20:CC<-ACH:0; ACH:0 A 
?><>ILN B>:>2 @07=>9 G0AB>BK; :><18=8@>20==0O 8 ACH:0 8=D@0:@0A=K< 87;CG5=85<  
[33, 34]. �7 8725AB=KE A?>A>1>2 ACH:8 75@=0 =0 ?@54?@8OB8OE 75@=>?5@5@010BK20NI59 
?@><KH;5==>AB8 G0I5 2A53> 8A?>;L7CNB :>=25:B82=CN ACH:C :0: =081>;55 
@0A?@>AB@0=5==CN 8 =5 B@51CNICN D8=0=A>2>9 <>45@=870F88 ?@>872>4AB25==KE ;8=89. 
#>MB><C ?>41>@ @568<>2 ACH:8 O2;O5BAO 0:BC0;L=>9 7040G59 A>E@0=5=8O :0G5AB20 
?@>@>I5==KE A<5A59 8 ?>B@518B5;LA:8E A2>9AB2 ?@>4C:F88 =0 8E >A=>25. #@8 4;8B5;L=>< 
E@0=5=88 75@=>?@>4C:B>2 68@ @0AI5?;O5BAO =0 3;8F5@8= 8 68@=K5 :8A;>BK, A;54AB285< 
:>B>@>3> O2;O5BAO ?>2KH5=85 :8A;>B=>AB8 8 ?>O2;5=85 =5?@8OB=>3> 70?0E0 8 ?@>3>@:;>3> 
2:CA01. #>MB><C 0:BC0;L=>9 7040G59 O2;O5BAO 87CG5=85 A@>:>2 E@0=5=8O ?@>@>I5==KE A<5A59. 

� A2O78 A 2KH587;>65==K< @07@01>B:0 A>2@5<5==>9 B5E=>;>388 ?@>872>4AB20 
?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 :0: DC=:F8>=0;L=>-B5E=>;>38G5A:>3> 8=3@5485=B0 
O2;O5BAO ?5@A?5:B82=K< =0?@02;5=85< 2 75@=>?5@5@010BK20NI59 ?@><KH;5==>AB8.  
*5;L 8AA;54>20=8O 3 ?@>5:B8@>20=85 ?@>872>4AB20 ?H5=8G=>->2AO=KE A<5A59 2 :0G5AB25 

DC=:F8>=0;L=>-B5E=>;>38G5A:>3> 8=3@5485=B0 8 ?@0:B8G5A:>5 8E 8A?>;L7>20=85 2 
?@><KH;5==>AB8.  

!0CG=0O 7040G0 3 >1>A=>20=85 B5E=>;>388 ?@>872>4AB20 ?@>@>I5==KE ?H5=8G=>->2AO=KE 
A<5A59 :0: DC=:F8>=0;L=>-B5E=>;>38G5A:>3> 8=3@5485=B0.  

 

 �&�$���/ �  �&"�/ 

"1J5:B0<8 M:A?5@8<5=B0;L=KE 8AA;54>20=89 O28;8AL 75@=> ?H5=8FK (Triticum 

aestivum L.)  8 >2A0 3>;>75@=>3> (Avena sativa L.) (201432021 33. C@>6052,  >38;52), 
?@>@>I5==>5 75@=> ?H5=8FK, ?@>@>I5==>5 75@=> >2A0 3>;>75@=>3>, 0 B0:65 ?@>@>I5==K5 
A<5A8 8AA;54C5<KE :C;LBC@; ?H5=8G=>->2AO=K5 A<5A8 «BioMix» 8 «BioGrain» 8 ?@>4C:BK =0 
8E >A=>25 3 :>:B59;L 75@=>2>9 «AquaGrain», <0A:0 :>A<5B8G5A:0O «Zerno», <0A:0 
:>A<5B8G5A:0O «BioMixGrain», =0?8B>: H8?CG89 @0AB2>@8<K9 ACE>9 «LARI». 
#@8 8AA;54>20=88 A2>9AB2 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3>, 0 B0:65 ?@>@>I5==KE 

?H5=8G=>->2AO=KE A<5A59 8 ?@>4C:B>2 =0 8E >A=>25 ?@8<5=O;8AL >1I5?@8=OBK5 8 
A?5F80;L=K5 2 ?@><KH;5==>AB8, =0CG=KE CG@5645=8OE @5A?C1;8:8 8 70 @C156>< <5B>4K 
8AA;54>20=89. $0AG5BK, ?>AB@>5=85 3@0D8:>2 8 4803@0<< >ACI5AB2;O;8 A ?><>ILN 
?@8;>65=89 Microsoft OffiAe. #@8 ?;0=8@>20=88 M:A?5@8<5=B0 8 >1@01>B:5 ?>;CG5==KE 
@57C;LB0B>2 ?@>F5AA0 ?@>@0I820=8O ?@8<5=O;8 <5B>4 AB0B8AB8G5A:>9 >1@01>B:8 40==KE A 
                                                           
1�070:>2, �. �. �8>E8<8O 75@=0 8 ?@>4C:B>2 53> ?5@5@01>B:8 / �. �. �070:>2. 3  : �3@>?@><8740B, 1989. 3 368 A. 
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?><>ILN ?@>3@0<<=>3> ?@8;>65=8O Statgraphics Plus. 
"B1>@ ?@>1 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> >ACI5AB2;O;8 2 A>>B25BAB288 A 

�"%& 13586.3, ?@>1 ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain» 3 ?> �"%& 27668, ?@>1 
:>:B59;O 75@=>2>3> «AquaGrain», =0?8B:0 H8?CG53> @0AB2>@8<>3> ACE>3> «LARI» 3 ?> 
�"%& 6687.0, ?@>1 <0A:8 :>A<5B8G5A:>9 «Zerno» 8 <0A:8 :>A<5B8G5A:>9 «BioMixGrain» 3 ?> 
�"%& 29188.0. �;06=>ABL 75@=0 ?@>2>48;8 ?> 3 �"%& 13586.5; ?H5=8G=>->2AO=KE A<5A59 
«BioMix» 8 «BioGrain»  3 ?> �"%& 9404; :>:B59;O 75@=>2>3> «AquaGrain», =0?8B:0 H8?CG53> 
@0AB2>@8<>3> ACE>3> «LARI» 3 ?> �"%& $ 54642; 87<5=5=85 >1J5<0, <0AAK, 2>4>?>3;0I5=8O 
2 ?@>F5AA5 ?@>@0I820=8O 3 A?5F80;L=K<8 <5B>40<8 >F5=:8 75@=0 2 =0CG=KE CG@5645=8OE. 

%>45@60=85 15;:0 >?@545;O;8 ?> �"%& 26889 8 ?> �"%& 10846, 68@0 3 M:AB@0:F8>==>-
25A>2K< <5B>4>< ?> �"%& 29033, :@0E<0;0 3 ?>;O@8<5B@8G5A:8< <5B>4>< ?> �"%& 10845, 
:;5BG0B:8 3 ?> �"%& 13496.2, A0E0@0 3 A>3;0A=>  ��. ! 4475.  -:A?@5AA-0=0;87 2;06=>AB8, 
B5<?5@0BC@K 75@=0 8 A<5A59 2 ?@>F5AA5 8AA;54>20=8O :>=B@>;8@>20;8 A ?><>ILN 0=0;870B>@0 
2;06=>AB8 75@=0 Aqua TR II 8 2;03><5@0 Wile; 15;:0, 68@0, :@0E<0;0, :;5BG0B:8 3 A ?><>ILN 
8=D@0:@0A=>3> 0=0;870B>@0 Infraneo. (5@<5=B0B82=CN 0:B82=>ABL α-0<8;07K 8 β-0<8;07K 
75@=0 8 A<5A59 >?@545;O;8 ?> <5B>4C SKB, ?@>B5>;8B8G5A:CN 0:B82=>ABL 3 ?> A:>@>AB8 
@50:F88 384@>;870 AC1AB@0B0 ?@8 B5<?5@0BC@5 50 °C 8 pH 5,5 4> =87:><>;5:C;O@=KE 
?@>4C:B>2, :>;8G5AB25==>5 A>45@60=85 >?@545;O;8 <5B>4>< �L5;L40;O.  
 8:@>18>;>38G5A:85 ?>:070B5;8 ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain» 

>?@545;O;8 ?> �"%& 26972, �"%& 10444.12, �"%& 10444.15, �"%& 30518, �"%& 30519, 

�"%& 31747; :>:B59;O 75@=>2>3> «AquaGrain», =0?8B:0 H8?CG53> @0AB2>@8<>3> ACE>3> «LARI» 
3 ?> �"%& 30712, �"%& 31659, �"%& 30519, �"%& 31747, �"%& 26670; <0A:8 :>A<5B8G5A:>9 
«Zerno», <0A:8 :>A<5B8G5A:>9 «BioMixGrain» 3 ?> �"%& ISO 21148, �"%& ISO 21149,  

�"%& ISO 18416, �"%& ISO 22717, �"%& ISO 22718, �"%& ISO 21150, �"%& ISO 16212,  

�"%& ISO 18415, �"%& ISO 17516. �8A;>B=>ABL ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 
«BioGrain» >?@545;O;8 ?> �"%& 27493, :>:B59;O 75@=>2>3> «AquaGrain», =0?8B:0 H8?CG53> 
@0AB2>@8<>3> ACE>3> «LARI» 3 ?> �"%& 6687.4; 2>4>@>4=K9 ?>:070B5;L pH <0A:8 
:>A<5B8G5A:>9 «Zerno», <0A:8 :>A<5B8G5A:>9 «BioMixGrain» 3 ?> �"%& 29188.2, ?H5=8G=>-
>2AO=KE A<5A59 «BioMix» 8 «BioGrain» A ?><>ILN ;01>@0B>@=>3> =0AB>;L=>3> pH-<5B@0  
HI 5221-02; :@C?=>ABL ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain», :>:B59;O 75@=>2>3> 
«AquaGrain», =0?8B:0 H8?CG53> @0AB2>@8<>3> ACE>3> «LARI», <0A:8 :>A<5B8G5A:>9 «Zerno», 
<0A:8 :>A<5B8G5A:>9 «BioMixGrain» 3 ?> �"%& 27560; <5B0;;><03=8B=>9 ?@8<5A8 
?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain» 3 ?> �"%& 20239; 70@065==>AB8 8 
703@O7=5==>AB8 2@548B5;O<8 ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain» 3 ?> 
�"%&.27559; >@30=>;5?B8G5A:85 ?>:070B5;8 ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain» 
3 ?> �"%& 27558;  :>:B59;O 75@=>2>3> «AquaGrain», =0?8B:0 H8?CG53> @0AB2>@8<>3> ACE>3> 
«LARI» 3 ?> �"%& 6687.5; <0A:8 :>A<5B8G5A:>9 «Zerno», <0A:8 :>A<5B8G5A:>9 
«BioMixGrain» 3 ?> �"%& 29188.0. &>:A8:>;>38G5A:85 ?>:070B5;8 157>?0A=>AB8: 
>1I5B>:A8G5A:>5 459AB285, :>6=>-@074@060NI55 459AB285, 459AB285 =0 A;878ABK5 <0A:8 
:>A<5B8G5A:>9 «Zerno», <0A:8 :>A<5B8G5A:>9 «BioMixGrain» >?@545;O;8 ?> �"%& 32893 8 ?> 
8=AB@C:F88 7 004-612. �;8=8G5A:85 (:;8=8:>-;01>@0B>@=K5) ?>:070B5;8: @074@060NI55 
459AB285, A5=A818;878@CNI55 459AB285 <0A:8 :>A<5B8G5A:>9 «Zerno», <0A:8 :>A<5B8G5A:>9 
«BioMixGrain» >?@545;O;8 ?> �"%& 33483 8 ?> 8=AB@C:F88 7 004-612.  
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%>45@60=85 B>:A8G=KE M;5<5=B>2 <0A:8 :>A<5B8G5A:>9 «Zerno», <0A:8 :>A<5B8G5A:>9 

«BioMixGrain»: @BCBL, <KHLO:, A28=5F >?@545;O;8 ?> �"%& 26927, �"%& 26930, �"%& 30178, 

�"%& 31676. %>45@60=85 B>:A8G=KE M;5<5=B>2 ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 

«BioGrain»: A28=5F, :04<89, @BCBL, <KHLO: >?@545;O;8 ?>  '� 4.1.986-00, �"%& $ 53183, 
�"%& 31707; @048>=C:;84>2 ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain» 3 ?>  
�"%& 32161,  �� 70-94, ?5AB8F84>2 ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain» 3 ?> 
 ' 2142-80,  ' 1541-76; <8:>B>:A8=>2 ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain» 3 
?> �"%& 30711,  '� 4.1.2204-07,  ��  ! 2479,  ��  ! 2480,  ��  ! 2559.  

#@>F5AA ?@>@0I820=8O 8AA;54C5<KE :C;LBC@ ?@>2>48;8 2>4=>-2>74CH=K< A?>A>1><, 

?@8=F8? :>B>@>3> 70:;NG0;AO 2 G5@54>20=88 2>4=KE 8 2>74CH=KE ?0C7. �;O 70<0G820=8O 
75@=0 8A?>;L7>20;8 2>4>?@>2>4=CN 2>4C A B5<?5@0BC@>9 (10±2) 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=85 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 <<. �;O >?B8<870F88 ?@>F5AA0 ?@>@0I820=8O ?;0=8@>20;8 M:A?5@8<5=B A 
8A?>;L7>20=85< 42CE D0:B>@>2: 4;8B5;L=>ABL 2>4=>9 ?0C7K, 4;8B5;L=>ABL 2>74CH=>9 ?0C7K. 
�KE>4=>9 ?0@0<5B@ 3 0:B82=>ABL @>AB0 (�@) >?@545;O;8 ?> D>@<C;5 (1): 

 А@ = �?�?,                                                                   (1) 

 

345 k? 3 :>;8G5AB2> ?@>@>AH8E 75@5= A 4;8==>9 @>AB:0 =5 1>;55 2 <<, %;  
  Ä? 3 2@5<O ?@>@0AB0=8O 75@=0 (2 <><5=B ?>4AG5B0 :>;8G5AB20 ?@>@>AH8E 75@5=), G. 
 

"B1>@ ?@>1, <5B>4K >?@545;5=8O 28B0<8=>2 >ACI5AB2;O;8 2 A>>B25BAB288 A �"%& 7047355. 

%>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 3 <5B>4>< 2KA>:>MDD5:B82=>9 684:>AB=>9 E@><0B>3@0D88 A>3;0A=> 
�"%& EN 14663 8  ��. ! 2146, β-:0@>B8=0 3 A?5:B@>D>B><5B@8G5A:8< <5B>4>< ?>  
 ��. ! 3239, 28B0<8=0 $$ 3 :>;>@8<5B@8G5A:8< <5B>4>< ?> �"%& 29140, 28B0<8=0 � 3
:>;>@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 3  ��. ! 1363. �8>;>38G5A:CN F5==>ABL 15;:0 >F5=820;8 ?> 
0<8=>:8A;>B=><C A>AB02C ?@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 
(�"/�"�. �;O >?@545;5=8O 18>;>38G5A:>9 F5==>AB8 15;:>2 8A?>;L7>20;8 <5B>4 ).  8BG5;0 
8 $. �;>:01, A>3;0A=> :>B>@><C @0AAG8BK205BAO ?>:070B5;L 0<8=>:8A;>B=>3> A:>@0 (�%). 
�8<8B8@CNICN :8A;>BC 2 8AA;54C5<>< 15;:5 CAB0=02;820;8 ?> =08<5=LH5<C A:>@C. %:>@ 
?@54AB02;O5B A>1>9 >B=>H5=85 A>45@60=8O =570<5=8<>9 0<8=>:8A;>BK (��) 2 8AA;54C5<>< 
15;:5 : 55 :>;8G5AB2C 2 MB0;>==>< 15;:5 8 2K@0605BAO ;81> 2 ?@>F5=B0E, ;81> 157@07<5@=>9 
25;8G8=>9.  
�<8=>:8A;>B=K9 A:>@ <>6=> @0AAG8B0BL ?> D>@<C;5 (2): 

 А% = А�5А�Э,      (2) 

 

345 ��1 3 A>45@60=85 =570<5=8<>9 �� 2 100 3 8AA;54C5<>3> 15;:0, 3; 
  ��- 3 A>45@60=85 =570<5=8<>9 �� 2 100 3 MB0;>==>3> 15;:0, 3. 

                                                           
1!5G052, �. #. #8I520O E8<8O / �. #. !5G052 [8 4@.], %#1.: ��"$�, 2001. 3 672 A. 
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#@8=OB> AG8B0BL, GB> 5A;8 0<8=>:8A;>B=K9 A:>@ 8<55B 7=0G5=85 <5=LH5 100, B> 
D878>;>38G5A:85 ?>B@51=>AB8 >@30=87<0 G5;>25:0 =5 2 ?>;=>9 <5@5 C4>2;5B2>@ONBAO ?> 
@0AAG8BK205<>9 0<8=>:8A;>B5. �A;8 A:>@ 1>;LH5 8;8 @025= 100, B> ?@>4C:B A>45@68B 
4>AB0B>G=>5 :>;8G5AB2> 40==>9 0<8=>:8A;>BK. 
�@C3>9 <5B>4 >?@545;5=8O 18>;>38G5A:>9 F5==>AB8 15;:>2 70:;NG0;AO 2 >?@545;5=88 

8=45:A0 =570<5=8<KE 0<8=>:8A;>B (�!��). #@8 70?8A8 D>@<C;K (3) ?@8<5=O5BAO 
A>:@0I5==>5 =0720=85 0<8=>:8A;>B ?> ?5@2K< B@5< 1C:20<.  5B>4 ?@54AB02;O5B A>1>9 
<>48D8:0F8N <5B>40 E8<8G5A:>3> A:>@0 8 ?>72>;O5B CG8BK20BL :>;8G5AB2> 2A5E 
=570<5=8<KE 0<8=>:8A;>B. $0AG5B 8=45:A0 <>65B 1KBL 2K?>;=5= ?> D>@<C;5 (3): 

 ИНА� = √�875�87э × &@85&@8э × … × Г8A5Г8AэĀ
,     (3) 

 

345 n 3 >1I55 G8A;> 0<8=>:8A;>B, HB.; 
  =86=85 8=45:AK 1 8 Q >B=>AOBAO : A>45@60=8N 0<8=>:8A;>BK 2 87CG05<>< 8 MB0;>==>< 

15;:0E A>>B25BAB25==>, 3. 
 

#>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 3 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 3 0B><=>-01A>@1F8>==K< 
<5B>4>< ?> �"%& 30178, :0;8O 3 ?> �"%& 30504, D>AD>@0 8 :0;LF8O 3 ?>  ��. ! 1792. 
$0AG5B M=5@35B8G5A:>9 F5==>AB8 ?@>872>48;AO ?CB5< C<=>65=8O 7=0G5=89 C45;L=>9 

M=5@35B8G5A:>9 F5==>AB8 15;:>2, 68@>2 8 C3;52>4>2 =0 8E A>45@60=85 2 ?@>4C:B0E: 87 @0AG5B0 
4, 4 8 9 ::0; 8 17, 17 8 37 :�6 A>>B25BAB25==> =0 1 3 C3;52>4>2, 15;:0 8 68@0. 

 

$��'�0&�&/ � �) "�%'���!�� 

�;O CAB0=>2;5=8O 2>7<>6=>AB8 :><?;5:A=>9 ?5@5@01>B:8 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 
?@>2>48;8 8AA;54>20=85 ?@>F5AA0 ?@>@0I820=8O. �;O >?@545;5=8O B5E=>;>38G5A:8E @568<>2, 
>15A?5G820NI8E <0:A8<0;L=K9 2KE>4 ?@>@>I5==>3> 75@=0, ?@8<5=O;8 A?>A>1 >?B8<870F88 
?@>F5AA0 ?@>@0I820=8O 75@=0 =0 >A=>20=88 <0B5<0B8G5A:>3> <>45;8@>20=8O 2>4=>-2>74CH=>3> 
A?>A>10 70<0G820=8O. 
% CG5B>< <5=ONI59AO B5<?5@0BC@K ?@>872>4AB25==KE ?><5I5=89 2 B5G5=85 3>40 

>?B8<870F8O ?@>F5AA0 ?@>@0I820=8O 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> ?@>2545=0 2 480?07>=5 
B5<?5@0BC@ >B 5 4> 30 °% A 8=B5@20;>< 5 °%. � E>45 ?@5420@8B5;L=>3> M:A?5@8<5=B0 CAB0=>2;5=>, 
GB> ?@>@0I820=85 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> ?@8 B5<?5@0BC@5 <5=55  
5 °% ?@52KH05B 5 4=59, GB> ?@82>48B : C25;8G5=8N @5AC@A>5<:>AB8 B5E=>;>388. 
�653>4=> =0 ?@>BO65=88 7-;5B=53> F8:;0 =01;N45=89 2 @07;8G=>5 2@5<O 3>40 ?;0=8@>20;>AL 

24 <0B@8FK M:A?5@8<5=B0 4;O 6 B5<?5@0BC@=KE @568<>2 ?5@2>3> 8 6 B5<?5@0BC@=KE @568<>2 
2B>@>3> MB0?>2 ?@>@0I820=8O A>@B>2>3> 8 ?@>4>2>;LAB25==>3> 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3>. !0 >A=>20=88 0=0;870 :>=BC@=KE 3@0D8:>2 ?>25@E=>AB8 >B:;8:0 CAB0=>28;8 
<0:A8<0;L=CN 8 <8=8<0;L=CN 4;8B5;L=>ABL 2>4=KE 8 2>74CH=KE ?0C7 :064>3> B5<?5@0BC@=>3> 
@568<0 4;O 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3>, 2 :>B>@KE 7=0G5=8O 0:B82=>AB8 @>AB0 (�@) 
O2;ONBAO <0:A8<0;L=K<8. $57C;LB0BK >?@545;5=8O @0F8>=0;L=KE @568<>2 ?@54AB02;5=K (@8A. 
134) =0 ?@8<5@5 B5<?5@0BC@K 2>74CE0 (20±1) °% 3 A@54=55 7=0G5=85 2 B5?;K9 8 E>;>4=K9 ?5@8>4 
3>40 ?@>872>4AB25==KE ?><5I5=89 2 A>>B25BAB288 A =>@<0B82=>9 4>:C<5=B0F859 1.  
                                                           
1%0=8B0@=K5 =>@<K 8 ?@028;0 «&@51>20=8O : <8:@>:;8<0BC @01>G8E <5AB 2 ?@>872>4AB25==KE 8 >D8A=KE 
?><5I5=8OE»: %0=#8! >B 30.04.2013 7 33. 3 �254. 27.05.2013. 3  8=A:. 3 $568< 4>ABC?0: https://energodoc.by 

/document/view?id=2285. 3 �0B0 4>ABC?0: 16.10.2023. 

https://energodoc.by/
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$8A. 1. �@0D8: >?@545;5=8O ?5@2>3> MB0?0 
?@>@0I820=8O 75@=0 ?H5=8FK 

Fig. 1. Fig. 1. Schedule for the first stage of 

wheat germination 

 

 

 

$8A. 2. �@0D8: >?@545;5=8O 2B>@>3> MB0?0 
?@>@0I820=8O ?H5=8FK 

Fig. 2. Fig. 2. Schedule for the second stage of 

wheat germination 

 

 

 

 

 

 

 

 

 

 

 

 
$8A. 3. �@0D8: >?@545;5=8O ?5@2>3> MB0?0 
?@>@0I820=8O 75@=0 >2A0 3>;>75@=>3> 

Fig. 3. Schedule for the first stage of hulless oats 

germination 

 

$8A. 4. �@0D8: >?@545;5=8O 2B>@>3> MB0?0 
?@>@0I820=8O >2A0 3>;>75@=>3> 

Fig. 4. Schedule for the second stage of hulless oats 

germination 

 

#@>@0I820=85 ?@8 B5<?5@0BC@5 A2KH5 25 °% 2545B : A=865=8N 0:B82=>AB8 @>AB0 8 
?>O2;5=8N ?>AB>@>==53> 70?0E0, =5 A2>9AB25==>3> 75@=C, 0 ?@8 30 °% ?@>8AE>48B 8=0:B820F8O 
?@>F5AA0. %;54>20B5;L=>, B5<?5@0BC@=K9 480?07>= 26330 °% 1K; 8A:;NG5= 87 40;L=59H8E 
8AA;54>20=89. 
�?5@2K5 ?>;CG5=K 40==K5 > 7=0G5=8OE 0:B82=>AB8 @>AB0 =0 :064>< MB0?5 ?@>@0I820=8O 

75@=0 2 7028A8<>AB8 >B B5<?5@0BC@K 2>74CE0 5325 º%: 4;O 75@=0 ?H5=8FK ?5@2>3> MB0?0 3 >B 
2,40 4> 3,25 %×G-1, 2B>@>3> MB0?0  3 >B 2,90 4> 3,76 %×G-1; 4;O 75@=0 >2A0 3>;>75@=>3> ?5@2>3> 
MB0?0 3 >B 2,06 4> 3,40 %×G-1, 2B>@>3> MB0?0 3 >B 2,3 4> 3,95 %×G-1.  

!0 >A=>20=88 ?>;CG5==KE >?B8<0;L=KE @568<>2 ?@>@0I820=8O ?>AB@>5=K 3@0D8:8 4;O 
>?@545;5=8O 4;8B5;L=>AB8 2>74CH=>-2>4O=KE ?0C7 ?@>@0I820=8O 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3> ?@8 B5<?5@0BC@=KE @568<0E 5325 º% (@8A. 5, 6). 

$57C;LB0BK >?@545;5=8O @0F8>=0;L=KE @568<>2 ?@54AB02;5=K (@8AC=:8 3
) =0 ?@8<5@5 B5<?5@0BC@K 2>74CE0 20±1 °% 3 A@54=55 7=0G5=85 2 B5?;K9 8 
E>;>4=K9 ?5@8>4 3>40 ?@>872>4AB25==KE ?><5I5=89 2 A>>B25BAB288 A %0=#8!>< 
7 33 >B 30.04.2013.

 
 

 
 
 

 
 

 
 

'AB0=>2;5=>, GB> ?@>@0I820=85 ?@8 B5<?5@0BC@5 2>74CE0 A2KH5 25 °% 2545B : 
A=865=8N 0:B82=>AB8 

$8AC=>: – �@0D8: >?@545;5=8S ?5@2>3> 
QB0?0 ?@>@0I820=8S 75@=0 ?H5=8FO

$8AC=>: – �@0D8: >?@545;5=8S 
2B>@>3> QB0?0 ?@>@0I820=8S ?H5=8FO

$8AC=>: – �@0D8: >?@545;5=8S ?5@2>3> 
QB0?0 ?@>@0I820=8S >2A0 3>;>75@=>3>

$8AC=>: – �@0D8: >?@545;5=8S 2B>@>3> 
QB0?0 ?@>@0I820=8S >2A0 3>;>75@=>3>
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$8AC=>: – �@0D8: >?@545;5=8S ?5@2>3>
QB0?0 ?@>@0I820=8S 75@=0 ?H5=8FO

$8AC=>: – �@0D8: >?@545;5=8S 
2B>@>3> QB0?0 ?@>@0I820=8S ?H5=8FO

$8AC=>: – �@0D8: >?@545;5=8S ?5@2>3> 
QB0?0 ?@>@0I820=8S >2A0 3>;>75@=>3>

$8AC=>: – �@0D8: >?@545;5=8S 2B>@>3> 
QB0?0 ?@>@0I820=8S >2A0 3>;>75@=>3>
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$8A. 5. !><>3@0<<0 >?@545;5=8O ?@>4>;68B5;L=>AB8 2>4=>9 (�) 8 2>74CH=>9 (�) ?0C7 ?5@2>3> 
MB0?0 ?@>@0I820=8O 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 

 

Fig. 5. Chart for determining the duration of water (A) and air (B) pauses of the first stage of 

germination of wheat and hulless oats 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

                                             �                                                                                      �  
$8A. 6. !><>3@0<<0 >?@545;5=8O ?@>4>;68B5;L=>AB8 2>4=>9 (�) 8 2>74CH=>9 (�) ?0C7 2B>@>3> 

MB0?0 ?@>@0I820=8O 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3>  

Fig. 6. Chart for determining the duration of water (A) and air (B) pauses of the second stage of 

germination of wheat and hulless oats 

 

�?5@2K5 CAB0=>2;5=K 8=B53@0;L=K5 @568<K ?@>@0I820=8O 75@=0, ?@54AB02;5==K5 =0  
@8A. 5 8 6,  2 480?07>=5 B5<?5@0BC@ 5325 º% A 8=B5@20;>< 5 º%, :>B>@K5 =0E>4OBAO 2 A5@>9 7>=5 
?5@5:@KB8O 8 A2845B5;LAB2CNB > 2>7<>6=>AB8 A>2<5AB=>3> ?@>@0I820=8O ?H5=8FK 8 >2A0 
3>;>75@=>3> 2 A>AB025 A<5A59. 
!0 >A=>20=88 ?@>2545==KE 8AA;54>20=89 2?5@2K5 ?>;CG5=K 40==K5 <8=8<0;L=>9 8 

<0:A8<0;L=>9 4;8B5;L=>AB8 2>4=>-2>74CH=KE ?0C7 ?5@2>3> 8 2B>@>3> MB0?>2 ?@>@0I820=8O 
75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 2 A>AB025 A<5A59, :>B>@K5 ?>72>;ONB >?5@0B82=> 
A:>@@5:B8@>20BL @568<K 157 ?>B5@L 2KE>40 ?@>@>I5==>3> 75@=0 8 8E A<5A59 2 7028A8<>AB8 
>B B5<?5@0BC@K 2>74CE0 =0 ?@>872>4AB25. 
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% F5;LN <>45;8@>20=8O A>45@60=8O =CB@85=B>2 2 7028A8<>AB8 >B 2K1@0==KE @568<>2 
87CG5=> 2;8O=85 2@5<5=8 ?@>@0I820=8O =0 E8<8G5A:89 A>AB02 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3>, ?@>@>I5==KE ?> @0745;L=>9 B5E=>;>388.  

#@>2545==K5 8AA;54>20=8O ?>72>;8;8 ?>;CG8BL 40==K5 ?> 87<5=5=8N E8<8G5A:>3> 
A>AB020, D5@<5=B0B82=>9 0:B82=>AB8 15;:>2>-?@>B58=07=>3> 8 C3;52>4=>-0<8;07=>3> 
:><?;5:A>2 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 2 7028A8<>AB8 >B 2@5<5=8 ?@>@0I820=8O 
 (>B 0 4> 25 G A 8=B5@20;>< 5 G) ?@8 @07@01>B0==KE @568<0E >?B8<870F88. "1@01>B:0 
M:A?5@8<5=B0;L=KE 40==KE ?>72>;8;0 ?>;CG8BL C@02=5=8O @53@5AA88 ;8=59=>3> 2840  
(B01;. 1), >?8AK20NI85 87<5=5=8O E8<8G5A:>3> A>AB020 8 D5@<5=B0B82=>9 0:B82=>AB8 75@=0 
?H5=8FK 8 >2A0 3>;>75@=>3> ?@8 ?@>@0I820=88, :>B>@K5 <>3CB 1KBL 8A?>;L7>20=K 4;O 
>?5@0B82=>3> C?@02;5=8O ?@>F5AA>< ?@>@0I820=8O. �=0G5=8O :>MDD8F85=B>2 :>@@5;OF88 
;8=59=>9 @53@5AA88 =0E>4OBAO 2 ?@545;0E >B 0,77 4> 0,98 8 E0@0:B5@87C5B 2KA>:CN AB5?5=L 
A>3;0A8O C@02=5=89 A D0:B8G5A:8<8 25;8G8=0<8. 

 
&01;. 1. �028A8<>AB8, >?8AK20NI85 87<5=5=8O E8<8G5A:>3> A>AB020, D5@<5=B0B82=>9 0:B82=>AB8 

75@=0 2 7028A8<>AB8 >B 2@5<5=8 ?@>@0I820=8O 

Table. 1. Dependencies describing changes in the chemical composition and enzymatic activity of grain 

depending on germination time 

#>:070B5;8 
�028A8<>AB8 2840 

C=kx+b 
#>:070B5;8 

�028A8<>AB8 2840 
C=kx+b 

�@0E<0; ?H5=8FK C= 30,28E+69,13 �@0E<0; >2A0 3>;>75@=>3> C= 30,24E+65,23 
�5;>: ?H5=8FK C= 30,02E+15,36 �5;>: >2A0 3>;>75@=>3> C= 30,05E+20,54 
�;5BG0B:0 ?H5=8FK C= 0,11E+10,49 �;5BG0B:0 >2A0 3>;>75@=>3> C= 0,03E+3,28 
%0E0@0 ?H5=8FK C= 0,16E+0,46 %0E0@0 >2A0 3>;>75@=>3> C= 0,25E+2,05 
�8@ ?H5=8FK C= 30,01E+1,71 �8@ >2A0 3>;>75@=>3> C= 30,02E+6,66 

α-0<8;070 ?H5=8FK C= 0,14E30,26 α-0<8;070 >2A0 3>;>75@=>3> C=0,07E30,09 

β-0<8;070 ?H5=8FK C=5,34E+77,70 β-0<8;070 >2A0 3>;>75@=>3> C=0,86E30,96 

#@>B5>;8B8G5A:0O  
0:B82=>ABL ?H5=8FK 

C=0,02E+0,18 #@>B5>;8B8G5A:0O  
0:B82=>ABL >2A0 3>;>75@=>3> C= 0,04E+0,03 

 

%>3;0A=> ?>;CG5==K< 40==K< A>45@60=85 :@0E<0;0, 15;:0, 68@0 A=8605BAO, 2 B> 2@5<O :0: 
A>45@60=85 :;5BG0B:8, A0E0@>2 8 28B0<8=>2 C25;8G8205BAO, 7=0G8B5;L=K5 87<5=5=8O 
D5@<5=B0B82=>9 0:B82=>AB8 2 75@=5 >2A0 3>;>75@=>3> ?@>8AE>4OB A 10 G0A>2, ?H5=8FK 3  
A 15 G0A>2 ?@>@0I820=8O, >1I55 A>45@60=85 =570<5=8<KE 0<8=>:8A;>B 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3> C25;8G8205BAO =0 13,2317,2 % A>>B25BAB25==>, GB> A>3;0AC5BAO A 40==K<8 4@C38E 
CG5=KE1. 

'AB0=>2;5=>, GB> 4;O 75@=0 >2A0 3>;>75@=>3> 8 ?H5=8FK A>45@60=85 �1 C25;8G8205BAO 2 
1,331,6 @07; �9 2 1,531,6 @07; β-:0@>B8= 2 1,4 @070; �6 2 1,2 @070, � 2 1,231,4 @070 A>B25BAB25==>.  
�7<5=5=8O A>45@60=8O <8:@>- 8 <0:@>M;5<5=B>2 4> 4,0 % >1CA;>2;5=K ?5@5E>4>< 2 75@=> 

E8<8G5A:8E 25I5AB2 2>4K A>3;0A=> ;8B5@0BC@=K< 40==K< 2, 3, ?@8G5< :0;LF89 C25;8G8205BAO 
=0 3,834,0 %, <03=89 =0 2,433,4 %, 65;57> =0 1,731,9 %, :0;89, D>AD>@, <54L, F8=:, A5;5= 
?@0:B8G5A:8 =5 87<5=ONBAO.  
�=0;87 M:A?5@8<5=B0;L=KE 40==KE ?>:070;, GB> ?@>@>I5==>5 ?@8 @07@01>B0==KE @568<0E 

                                                           
1�C18=0, &. �. &5E=>;>38O ?@>872>4AB20 <C:8 87 >2A0 3>;>75@=>3>: 48A. ... :0=4. B5E=. =0C:: 05.18.01 /  
&. �. �C18=0. 3  >38;52A:89 3>AC40@AB25==K9 C=825@A8B5B ?@>4>2>;LAB28O. 3  >38;ё2, 2013. 3 233 A. 
2'@10=G8:, �. !. &5E=>;>38O ?@>872>4AB20 E;>?L52 ?>2KH5==>9 ?8I52>9 F5==>AB8 87 ?@>@>I5==>3> 75@=0 3>-
@>E0 / �. !. '@10=G8:, �. �. ,0;NB0. 3  >38;52:  �'#, 2019. 3 158 A.  
3 OG8:>20, !. �. #@>@>I5==K5 A5<5=0 :0: 8AB>G=8: ?8I52KE 8 18>;>38G5A:8 0:B82=KE 25I5AB2 4;O >@30=87<0 
G5;>25:0 / !. �.  OG8:>20 [8 4@.] / %>2@5<5==K5 ?@>1;5<K =0C:8 8 >1@07>20=8O. 3 2012. 3 7 5; [-;5:B@>==K9 
@5AC@A]. 3 $568< 4>ABC?0. 3  URL: https://science-education.ru/ru/article/view?id=70073 �0B0 4>ABC?0: 29.10.2023. 
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75@=> ?H5=8FK 8 >2A0 3>;>75@=>3> 8<55B 2KA>:89 18>B5E=>;>38G5A:89 ?>B5=F80; 2284C 
A>45@60=8O 15;:0, ?8I52KE 2>;>:>=, 28B0<8=>2, <8=5@0;L=KE 25I5AB2 8 0<8=>:8A;>B. 
!0 A;54CNI5< MB0?5 87CG5=> 2;8O=85 ?@>B82><8:@>1=>9 >1@01>B:8 =0 <8:@>1=CN 

>1A5<5=5==>ABL 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3>. �578=D5:F8N 75@=>2>3> AK@LO ?@>2>48;8 
@0AB2>@0<8 ?5@<0=30=0B0 :0;8O, ;8<>==>9 :8A;>BK 8 A<5ALN D5@<5=B=>3> ?@5?0@0B0 
3;N:>7>>:A84070 8 3;N:>70, 0 B0:65 2>4=>-B5?;>2>9 >1@01>B:>9. $57C;LB0BK ?@54AB02;5=K 2 
B01;. 2. 

 
&01;. 2. �;8O=85 ?@>B82><8:@>1=>9 >1@01>B:8 =0 <8:@>1=CN >1A5<5=5==>ABL 75@=0 ?H5=8FK 8 

>2A0 3>;>75@=>3> 
 

Table. 2. Influence of antimicrobial treatment on microbial contamination of wheat grain and hulless oats 

!08<5=>20=85 
>1@01>B:8 

#0@0<5B@K  
>1@01>B:8 

�>;8G5AB2> <57>D8;L=KE 0M@>1=KE  
8 D0:C;LB0B82=>-0=0M@>1=KE <8:@>>@30=87<>2 
#H5=8F0 "25A 3>;>75@=K9 

�"�/3  lg �"�/3 % : :>=B@>;N �"�/3  lg �"�/3 % : :>=B@>;N 

#5@<0=30=0B :0;8O 0,0025 % 8,8×104 4,94 80,1 3,85×105 5,59 70,6 

�8<>==0O :8A;>B0 
0,0025 % 8,4×104 4,92 79,7 3,0×105 5,48 69,2 

0,025 % 7,3×104 4,86 78,8 9,1×104 4,96 62,6 

0,05 % 1,1×104 4,04 65,5 1,3×104 4,11 52,0 

�>4=>-B5?;>20O  
>1@01>B:0 
(Ä min = 30 A5:) 

70 °% 8,0×105 5,90 95,6 5,1×106 6,71 84,7 

80 °% 7,2×104 4,86 78,8 8,0×105 5,90 74,5 

90 °% 4,3×103 3,63 58,8 8,3×103 3,92 49,5 

�;N:>7>>:A84070 + 

3;N:>70 
 

100 54/<; + 

0,05 % 
3,2×106 6,50 105,3 9,8×107 7,99 101,0 

�>=B@>;L (<>9:0 
157 4578=D5:B0=B0) 0 1,5×106 6,17 100 8,3×107 7,92 100 

 

#>:070=>, GB> ?5@<0=30=0B :0;8O (�MnO4), :>B>@K9 B@048F8>==> 8A?>;L7CNB 2 :0G5AB25 
4578=D5:B0=B0 2 B5E=>;>388 ?>;CG5=8O ?@>@>I5==>3> 75@=0, 2 >1I5?@8=OB>9 :>=F5=B@0F88 
(0,0025 %, 25A/>1J5<) A=860; >1A5<5=5==>ABL ?H5=8FK =0 20 %, >2A0 3>;>75@=>3> 3 29 %. 

%E>4=>5 2;8O=85 =0 <8:@>D;>@C 75@=0 2 B0:>< 65 :>;8G5AB25 >:07K20;0 8 ;8<>==0O :8A;>B0, 
?@8G5< A ?>2KH5=85< :>=F5=B@0F88 >1A5<5=5==>ABL A=860;0AL 2 1,231,4 @070 2 A@02=5=88 A 
459AB285< KMnO4 (0,0025 %). � @57C;LB0B5 2>4=>-B5?;>2>9 >1@01>B:8 (90 °%) ?> A@02=5=8N A 
B@048F8>==K< >15770@06820=85< � nO4 (0,0025 %) A=860;0AL 2 1,7 @07 4;O ?H5=8FK 8  
2 2 @070 4;O >2A0 3>;>75@=>3> ?> A@02=5=8N A :>=B@>;5< (157 >1@01>B:8 4578=D5:B0=B><).  
�A?>;L7>20=85 D5@<5=B0B82=>3> (3;N:>7>>:A8407=>3>) A?>A>10 4578=D5:F88, 

MDD5:B82=>ABL :>B>@>3> CAB0=>2;5=0 4;O A5<O= >2>I=KE :C;LBC@1, =5 ?@825;> : 
4>AB>25@=><C A=865=8N <8:@>1=>9 :>=B0<8=0F88 75@=0. !0 >A=>20=88 ?>;CG5==KE 40==KE 
2K1@0=K M:>=><8G5A:8 2K3>4=K5 4578=D5:B0=BK 3 KMnO4 (A = 0,0025 %) 8 2>4=>-B5?;>20O 
>1@01>B:0 (t2>4K = 90 °%, Ä = 30 A). 
%;54CNI8< MB0?>< 8AA;54>20=89 O2;O;>AL >1>A=>20=85 A?>A>10 >15770@06820=8O 75@=0 

?H5=8FK 8 >2A0 3>;>75@=>3> A 2KA>:>9 5AB5AB25==>9 >1A5<5=5==>ABLN (1,10×106 8 

8,3×107 �"�/3 A>>B25BAB25==>). #@>F5AA ?>;CG5=8O ?@>@>I5==>3> 75@=0 A CG5B>< 
>15770@06820=8O ?@>2545= B@5<O A?>A>10<8. �>;8G5AB2> MB0?>2 8 8E ?>A;54>20B5;L=>ABL 
20@L8@>20=8O ?@54AB02;5=0 =0 @8A. 7.  

 

                                                           
1#@8I5?0, �. �. #@8<5=5=85 ?@5?0@0B>2 3;N:>7>>:A8407 4;O ?@54?>A52=>9 >1@01>B:8 A5<O= >2>I=KE :C;LBC@ 
( 5B>48G5A:>5 ?>A>185) / �. �. #@8I5?0 [8 4@.]. 3  8=A:, 2005. 3 8 A. 
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$8A. 7. %?>A>1K >15770@06820=8O ?@>@>I5==>3> 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 

Fig. 7. Methods for disinfection of sprouted grains of wheat and hulless oats 

 

$57C;LB0BK <8:@>1=>9 >1A5<5=5==>AB8 ?@>@>I5==>3> 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 
?@54AB02;5=K =0 @8A. 8. 

 

 

 

 

 

 

 

$8A. 8. �8=0<8:0 >1I59 <8:@>1=>9 >1A5<5=5==>AB8 ?@>@>I5==>3> 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3> 2 7028A8<>AB8 >B A?>A>10 >15770@06820=8O 

Fig. 8. Dynamics of total microbial contamination of sprouted grains of wheat and hulless oats depending 

on the method of disinfection 
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�=0;87 40==KE ?>:070;, GB> 2 @57C;LB0B5 ?>;CG5=8O ?@>@>I5==>3> 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3>, A>3;0A=> A?>A>1C 1, ?>:070B5;L >1I59 <8:@>1=>9 >1A5<5=5==>AB8 A=8605BAO 2 
3,033,2 @070 2 A@02=5=88 A :>=B@>;5<. 

%;54CNI8< MB0?>< @01>BK O2;O;>AL A>2<5AB=>5 ?@>@0I820=85 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3> 2 480?07>=5 B5<?5@0BC@ 5325 º% A 8=B5@20;>< 5 º%. #@>F5AA ?@>@0I820=8O A<5A8 
?@>872>48;AO ?> 7=0G5=8O< CAB0=>2;5==KE 8=B53@0;L=KE @568<>2 4;O ?H5=8FK 8 >2A0 
3>;>75@=>3>. $57C;LB0BK 2;8O=8O A>2<5AB=>3> ?@>F5AA0 ?@>@0I820=8O 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3> 2 A>>B=>H5=88 >B 10 4> 90 % =0 B5E=>;>38G5A:85 ?>:070B5;8 A<5A59 ?>:070=K 2 
B01;. 3. 

 

&01;. 3. �;8O=85 A>2<5AB=>3> ?@>@0I820=8O @07;8G=KE A>>B=>H5=89 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3> =0 B5E=>;>38G5A:85 ?>:070B5;8 A<5A59 

 

Table. 3. Influence of combined germination of different ratios of wheat and hulless oats grains on 

technological parameters of mixtures 

%>>B=>H5=85 AK@LO 
2 A<5A8 
(?H5=8F0/>25A 
3>;>75@=K9), % 

&5<?5@0BC@0 2>74CE0, ᵒ % 

5 10 15 20 25 

�@, 
%×G31 Ä, G �@, 

%×G31 Ä, G �@, 
%×G31 Ä, G �@, 

%×G31 Ä, G �@, 
%×G31 Ä, G 

90/10 2,90 28,5 3,0 27,0 3,20 25,7 3,60 23,6 3,50 22,5 

80/20 3,0 27,7 3,10 25,6 3,30 24,5 3,70 23,2 3,60 22,1 

70/30 3,30 26,8 3,60 24,8 3,70 23,7 3,90 22,5 3,90 20,6 

60/40 3,40 26,0 3,70 24,0 4,0 23,0 4,40 21,0 4,20 20,0 

50/50 2,65 27,5 2,90 25,4 3,10 24,3 3,30 22,3 3,20 21,4 

40/60 2,70 27,8 3,05 25,7 3,20 24,7 3,40 22,6 3,35 21,6 

30/70 2,80 27,9 3,10 25,9 3,25 24,9 3,50 22,8 3,40 21,8 

20/80 2,90 28,5 3,15 26,2 3,30 25,0 3,60 23,0 3,45 21,9 

10/90 3,0 28,7 3,20 26,6 3,35 25,5 3,70 23,4 3,50 22,3 
 

#>:070=>, GB> ?@8 A>>B=>H5=88 60/40 8 70/30 (?H5=8F0/>25A 3>;>75@=K9) =01;N40;AO 
A8=5@35B8G5A:89 (CA8;820NI89) B8?, :>B>@K9 E0@0:B5@87>20;AO <0:A8<0;L=>9 0:B82=>ABLN 
@>AB0 A<5A8 8 <8=8<0;L=>9 ?@>4>;68B5;L=>ABLN ?@>F5AA0 ?@>@0I820=8O 2 A@02=5=88 A 
4@C38<8 <>45;L=K<8 >1@07F0<8 A<5A8. �;;5;>?0B8G5A:89 (C3=5B0NI89) B8? 2708<>459AB28O 
:C;LBC@, :>B>@K9 E0@0:B5@87>20;AO A=865=85< 0:B82=>AB8 @>AB0 A<5A8 8 ?>2KH5=85< 
?@>4>;68B5;L=>AB8 ?@>F5AA0 ?@>@0I820=8O, =01;N40;AO ?@8 >AB0;L=KE A>>B=>H5=8OE.  
%;54>20B5;L=>, A CG5B>< CAB0=>2;5==KE B8?>2 2708<>459AB28O :><?>=5=B>2 A<5A8 8 

8=B5=A8D8:0F88 ?@>F5AA0 ?@>@0I820=8O =081>;55 2K3>4=K< O2;O5BAO ?@>@0I820=85 2 
A>>B=>H5=88 60/40, 70/30 (?H5=8F0/>25A 3>;>75@=K9). #> @57C;LB0B0< ?>;CG5==KE 40==KE, 
?@54AB02;5==KE 2 B01; 3. 4;O 40;L=59H8E 8AA;54>20=89 2K1@0=0 B5<?5@0BC@0 2>74CE0 20 º%, 

:>B>@0O A>>B25BAB2C5B A@54=5<C 7=0G5=8N 2 B5?;K9 8 E>;>4=K9 ?5@8>4 3>40 
?@>872>4AB25==KE ?><5I5=89 2 A>>B25BAB288 A =>@<0B82=>9 4>:C<5=B0F859 1. 
#@0:B8G5A:CN 7=0G8<>ABL 4;O @0F8>=0;L=>3> :>=B@>;O ?@>872>4AB25==KE @5AC@A>2 2 

?@>F5AA5 ?@>@0I820=8O 75@=0 8 A<5A59 8AA;54C5<KE :C;LBC@ ?@54AB02;O5B 87CG5=85 2;8O=8O 
2@5<5=8 ?@>@0I820=8O =0 D878:>-E8<8G5A:85 A2>9AB20 75@=0 3 >1J5<, <0AA0 8 
2>4>?>3;>I5=85.  
�;O 87CG5=8O 2;8O=8O 2@5<5=8 ?@>@0I820=8O =0 87<5=5=85 >1J5<0 75@=0 ?H5=8FK, >2A0 

3>;>75@=>3> 8 ?H5=8G=>->2AO=KE A<5A59 M:A?5@8<5=B ?@>2>48;8 2 <5@=KE F8;8=4@0E 
>1J5<>< 0,5 ;. �7<5@5=8O >1J5<0, 70=8<05<>3> 75@=>< 8 A<5ALN, >?@545;O;8 >B 0 4> 24 G A 
                                                           
1%0=8B0@=K5 =>@<K 8 ?@028;0 «&@51>20=8O : <8:@>:;8<0BC @01>G8E <5AB 2 ?@>872>4AB25==KE 8 >D8A=KE 
?><5I5=8OE»: %0=#8! >B 30.04.2013 7 33. 3 �254. 27.05.2013. 3  8=A:. 3 $568< 4>ABC?0: 
https://energodoc.by/document/view?id=2285. 3 �0B0 4>ABC?0: 16.10.2023. 
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8=B5@20;>< 2 1 G. �;8B5;L=>AB8 2>74CH=>-2>4O=KE ?0C7 8 MB0?>2 ?@>@0I820=8O ?@8 
@07;8G=KE B5<?5@0BC@0E 2>74CE0 (5325 º% A 8=B5@20;>< 5 º%) 7=0G8B5;L=> >B;8G0NBAO, >4=0:> 
=01;N405BAO @02=>5 ?@8@0I5=85 >1J5<0 2 :>=5G=KE B>G:0E ?0C7 ?@>@0I820=8O. �=0G5=8O 
?@8@0I5=8O >1J5<0 75@=0 8 A<5A59 ?@8 B5<?5@0BC@5 2>74CE0 20 º% (@8A. 9) A>>B25BAB2C5B 
A@54=5<C 7=0G5=8N >1J5<0 75@=0 8 A<5A59 ?@8 2A5E 8AA;54C5<KE B5<?5@0BC@0E, ?>MB><C 
8AA;54>20=8O 87<5=5=89 >1J5<0 ?@>2>48;8 ?@8 40==>9 B5<?5@0BC@5. 

 

I, III 3 ?5@20O 8 2B>@0O 2>4=K5 ?0C7K     II, IV 3 ?5@20O 8 2B>@0O 2>74CH=K5 ?0C7K 
 

$8A. 9. �7<5=5=85 >1J5<0 ?@8 ?@>@0I820=88 75@=0 ?H5=8FK, >2A0 3>;>75@=>3>  
8 ?H5=8G=>->2AO=KE A<5A59 

Fig. 9. Changes in volume during germination of wheat, hulless oats grains and wheat-oat mixtures 

 

'25;8G5=85 >1J5<0 75@=0 8 A<5A59 2 ?@>F5AA5 ?@>@0I820=8O ?@>8AE>48B 2 2>4=CN ?0C7C 
?5@2>3> 8 2B>@>3> MB0?>2 ?@>@0I820=8O ?> >B=>H5=8N : 8E 8AE>4=><C >1J5<C.  
� 2>74CH=K5 ?0C7K >1J5< A<5A8 =5 C<5=LH05BAO, GB> ?>72>;O5B A45;0BL 2K2>4 >1 
C45@6820=88 2;038, =5>1E>48<>9 4;O ?@>F5AA0 ?@>@0AB0=8O. 'AB0=>2;5=>, GB> 2 ?@>F5AA5 
?@>@0I820=8O 2 B5G5=85 24 G >1J5< 8 <0AA0 75@=0 ?H5=8FK C25;8G8205BAO 2 1,4 @070 8 2  
1,5 @07, >2A0 3>;>75@=>3> 3 2 1,5 8 1,6 @07 A>>B25BAB25==>. "1J5< 8 <0AA0 ?H5=8G=>->2AO=KE 
A<5A59 C25;8G820NBAO 2 1,4 8 1,5 @07. !081>;LH89 >1J5< A<5A8 =01;N405BAO G5@57 18 G (2> 
2B>@CN 2>4=CN ?0C7C), >4=0:> <0:A8<0;L=>5 7=0G5=85 ?>:070B5;O 0:B82=>AB8 @>AB0 (�@) 
4>AB8305BAO G5@57 21 G (2> 2B>@CN 2>74CH=CN ?0C7C) ?@>@0I820=8O. 
�;O >?@545;5=8O @0F8>=0;L=>3> :>;8G5AB20 2>4K 4;O ?@>@0I820=8O 75@=0 8 A<5A8 

>?@545;O;8 :>;8G5AB2> ?>3;>I5==>9 2>4K 2 2>4=K5 ?0C7K A 8=B5@20;>< 2 1 G 8 2;06=>ABL 
75@=0 8 A<5A59 2 :>=5G=KE B>G:0E M:A?5@8<5=B0. #>;CG5==K5 @57C;LB0BK ?@54AB02;5=K =0 
@8A. 10. 
"?@545;5=0 AB5?5=L 2>4>?>3;>I5=8O, :>B>@0O A>AB02;O5B (113±4) % : =0G0;L=>9 <0AA5 

75@=0 ?H5=8FK 8 (120±4) % : =0G0;L=>9 <0AA5 75@=0 >2A0 3>;>75@=>3>. �;06=>ABL 75@=0 
2;8O5B =0 B5E=>;>38G5A:85 ?@>F5AAK ?5@5@01>B:8 8 A>AB02;O5B: 4;O 75@=0 ?H5=8FK 2 
:>=5G=>9 B>G:5 ?@>@0I820=8O A>AB028;0 (44,5±0,4) %, >2A0 3>;>75@=>3> 3 (45,3±0,3) %. 

%B5?5=L 2>4>?>3;>I5=8O ?H5=8G=>->2AO=KE A<5A59 A>AB02;O5B (115±2) % : =0G0;L=>9 <0AA5 
A<5A59, 2;06=>ABL A<5A59 2 :>=5G=>9 B>G:5 ?@>@0I820=8O (45,7±0,4) %. � @57C;LB0B5 
>1@01>B:8 M:A?5@8<5=B0;L=KE 40==KE ?>;CG5=K ;8=59=K5 C@02=5=8O @53@5AA88, 

?>72>;ONI85 @0AAG8B0BL <8=8<0;L=>5 :>;8G5AB2> 2>4K, =5>1E>48<>9 4;O 70<0G820=8O 
A<5A59 2 A>>B=>H5=8OE 60/40 8 70/30 (?H5=8F0/>25A 3>;>75@=K9) 8 ?@8@0I5=85 >1J5<0 A<5A59 

Ä2V(60/40)= 1,20t + 35,68

R² = 0,87

Ä2V(70/30)= 1,20t + 32,28

R² = 0,87

Ä1V(60/40)= 4,74t + 15,4

R² = 0,98

Ä1V(70/30)= 4,74t + 12

R² = 0,98
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>B 2@5<5=8 ?@>@0I820=8O, :>B>@>5 =5>1E>48<> CG8BK20BL ?@8 2K1>@5 70<>G=KE 5<:>AB59. 
 

 

I, III 3 ?5@20O 8 2B>@0O 2>4=K5 ?0C7K       II, IV 3 ?5@20O 8 2B>@0O 2>74CH=K5 ?0C7K 
 

$8A. 10. �>4>?>3;>I5=85 ?H5=8G=>->2AO=KE A<5A59 ?@8 ?@>@0I820=88 

Fig. 10. Water absorption of wheat-oat mixtures during germination 

 

�;8B5;L=>5 E@0=5=85 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 2>7<>6=> B>;L:> 2 ACE>< 
A>AB>O=88. �7 8725AB=KE A?>A>1>2 ACH:8 1K;0 2K1@0=0 :>=25:B82=0O ACH:0 :0: =081>;55 
@0A?@>AB@0=5==0O 8 =5 B@51CNI0O D8=0=A>2>9 <>45@=870F88 ?@>872>4AB25==KE ;8=89.  
% F5;LN A>E@0=5=8O :0G5AB20 ?@>@>I5==KE A<5A59 8 ?>B@518B5;LA:8E A2>9AB2 ?@>4C:F88 =0 
8E >A=>25 87CG5=K @568<K B5@<><5E0=8G5A:>9 >1@01>B:8, :>B>@0O 2:;NG05B ACH:C 8 
87<5;LG5=85.  
#@>@>I5==K5 A<5A8 ?>425@30;8 B5?;>2>9 >1@01>B:5 >B 40 4> 80 °% A 8=B5@20;>< 10 °% 8 

>?@545;O;8 A>45@60=85 α-0<8;07K, β-0<8;07K, ?@>B5>;8B8G5A:8E D5@<5=B>2, 87<5=5=8O 
:>B>@KE ?@8 B5?;>2>9 >1@01>B:5 <>3CB A2845B5;LAB2>20BL > A=865=88 B5@<>;018;L=KE 
28B0<8=>2 8 0<8=>:8A;>B 8 A>3;0AC5BAO A 40==K<8 4@C38E CG5=KE1. $57C;LB0BK ?@54AB02;5=K 
2 B01;. 4. 

 

&01. 4. �;8O=85 B5<?5@0BC@=KE @568<>2 :>=25:B82=>3> A?>A>10 ACH:8 =0 D5@<5=B0B82=CN 
0:B82=>ABL ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 

 

Table. 4. Influence of temperature conditions of the convective drying method on the enzymatic activity 

of sprouted wheat-oat mixtures 

&5<?5@0
BC@0, °% 

�:B82=>ABL α-0<8;07K �:B82=>ABL β-0<8;07K #@>B5>;8B8G5A:0O 0:B82=>ABL �;8B5;L
=>ABL  
ACH:8, G 
(Wf14,5

%) 

%>45@60=85, 
54/3 

%=865=85, 
 % 

%>45@60=85, 
54/3 

%=865=85,  
% 

%>45@60=85, 
54/3 

%=865=85,  
% 

60/40* 70/30* 60/40 70/30 60/40 70/30 60/40 70/30 60/40 70/30 60/40 70/30 

40 4,35 4,65 3 3 300,0 315,0 3 3 0,60 0,55 3 3 8 

50 4,15 4,45 4,60 4,30 280,0 295,0 6,60 6,30 0,58 0,53 3,30 3,6 7 

60 3,80 4,10 12,60 11,80 250,0 265,0 16,7 15,8 0,57 0,52 5,0 5,4 6 

70 3,10 3,40 28,70 26,90 190,0 205,0 36,7 34,9 0,49 0,46 18,3 16,4 5 

80 2,70 2,90 40,20 37,60 155,0 170,0 48,3 46,0 0,42 0,40 30,0 27,2 4 

*#@8<5G0=85 3 60/40 (?H5=8F0/>25A 3>;>75@=K9); 70/30 (?H5=8F0/>25A 3>;>75@=K9) 
%>3;0A=> ?>;CG5==K< 40==K<, ?@54AB02;5==K< 2 B01;. 4, A>45@60=85 D5@<5=B>2 

                                                           
1'@10=G8:, �. !. &5E=>;>38O ?@>872>4AB20 E;>?L52 ?>2KH5==>9 ?8I52>9 F5==>AB8 87 ?@>@>I5==>3> 75@=0 3>-

@>E0 / �. !. '@10=G8:, �. �. ,0;NB0. 3  >38;52:  �'#, 2019. 3 158 A. 

Ä1WA@ = 8,93t + 35,45

R² = 0,92

Ä3WA@ = 4,39t + 40,31

R² = 0,79
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C<5=LH05BAO =57=0G8B5;L=> 4> 6,6 % ?@8 B5<?5@0BC@5 ACH:8 =5 1>;55 50 °% 8 4;8B5;L=>ABL 
ACH:8 A>AB028;0 738 G0A>2, ?@8 40==KE @568<0E 2;06=>ABL ?@>@>I5==KE A<5A59 A>AB028;0 
10 %, GB> A>>B25BAB2C5B B5<?5@0BC@=><C @568<C ACH:8 4;O A5<5==>3> 75@=01. 

�7<5;LG5=85 ?@>2>48;8 =0 M;5:B@8G5A:>9 65@=>2>9 <5;L=8F5 !�-820 ?CB5< ?@>?CA:0 
?H5=8G=>->2AO=>9 A<5A8 G5@57 @53C;8@C5<K9 707>@ 0,3 <<, :>B>@K9 A>3;0A=> 8=AB@C:F88 
>1>@C4>20=8O A>>B25BAB2C5B :@C?=>AB8 F5;L=>A<>;>B>3> ?@>4C:B0 =5 1>;55 220 <:< 8 
A>>B25BAB2C5B :@C?=>AB8 <C:8 2B>@>3> A>@B02. 

!0 >A=>20=88 ?@>2545==KE 8AA;54>20=89 CAB0=>2;5=K @0F8>=0;L=K5 @568<K 
B5@<><5E0=8G5A:>9 >1@01>B:8 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59: B5<?5@0BC@0 ACH:8 
50 °%, 4;8B5;L=>ABL ACH:8 7 G 4> 2;06=>AB8 =5 1>;55 10 %, 707>@ <564C 65@=>20<8 3 0,3 <<, 

:@C?=>ABL G0AB8F F5;L=>A<>;>B>3> ?@>4C:B0 =5 1>;55 220 <:<. 

!0 >A=>20=88 ?@54AB02;5==KE @57C;LB0B>2 8AA;54>20=89 @07@01>B0=0 B5E=>;>38G5A:0O 
AE5<0 ?@>872>4AB20 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59, :>B>@0O 2:;NG05B @0745;L=K5 
>?5@0F88: >G8AB:0 75@=0 >B ?@8<5A59 8 A>@B8@>20=85; A>2<5AB=K5 >?5@0F88: <>9:0, 
>15770@06820=85, ?@>@0I820=85, ACH:0, 87<5;LG5=85, D0A>2:0 8 C?0:>2:0. � A@02=5=88 A 
B@048F8>==>9 B5E=>;>3859 ?@>@0I820=8O 75@=0 ?@54;0305<0O B5E=>;>38O ?>72>;O5B 
A>:@0B8BL :>;8G5AB2> >?5@0F89 A 15 4> 10, GB> ?>72>;O5B E0@0:B5@87>20BL @07@01>B0==CN 
B5E=>;>38N :0: @5AC@A>A15@530NICN, 70 AG5B >1J548=5=8O B5E=>;>38G5A:8E >?5@0F89 4;O 
42CE :C;LBC@ 3 <>9:0, >15770@06820=85, ?@>@0I820=85, ACH:0, 87<5;LG5=85, D0A>2:0 8 
C?0:>2:0. #@>2545=0 >?KB=>-?@><KH;5==0O ?@>25@:0 @07@01>B0==>9 B5E=>;>388 =0 
�>@5F:>< D8;80;5 "�" «�C;>G=>-:>=48B5@A:0O :><?0=8O «�><>G09» $5A?C1;8:8 �5;0@CAL.  
�AA;54>20=K ?>:070B5;8 :0G5AB20 8 157>?0A=>AB8 M:A?5@8<5=B0;L=KE ?0@B89 

?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59, :>B>@K5 ?@54AB02;5==K 2 B01;. 538. 
 

&01;. 5. #>:070B5;8 :0G5AB20 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 

Table. 5. Quality indicators of sprouted wheat-oat mixtures 

#>:070B5;8 �=0G5=85 #>:070B5;8 �=0G5=85 

�=5H=89 284 
"4=>@>4=0O A<5AL 87<5;LG5==KE 
:><?>=5=B>2, 4>?CA:05BAO :><:>20=85 
?@>4C:B0 

�0@065==>ABL 8 
703@O7=5==>ABL 
2@548B5;O<8 E;51=KE 
70?0A>2 

!5  
>1=0@C65=K 

*25B %5@>20B>-:@5<>2K9 A 2:@0?;5=85< 
G0AB8F 1>;55 B5<=>3> F25B0 

 5B0;;><03=8B=0O 
?@8<5AL, <3/ :3 

!5 
 >1=0@C65=> 

�0?0E 
%2>9AB25==K9 75@=>2><C ?@>4C:BC, 
157 ?>AB>@>==8E 70?0E>2, =5 70BE;K9, 
=5 ?;5A=525;K9 

�8A;>B=>ABL, 3@04 4,4±0,1 

�;06=>ABL, % 9,0±1,0 �=0G5=85 2>4>@>4=>3> 
?>:070B5;O (pH) 5,5±0,5 

 

#@>2545=0 >F5=:0 :0G5AB20 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 2 A@02=5=88 A 
@0745;L=> ?@>@>I5==K<8 ?H5=8F59 8 >2A>< 3>;>75@=K<. #>;CG5==K5 ?@>4C:BK 75@=>2K5 
«BioMix» ?> A>45@60=8N 28B0<8=>2 ?@52>AE>4OB >1@07FK ?H5=8FK ?@>@>I5==>9: �1 2  
2,4 @070, �2 2 1,1 @07, �6 2 2,5 @070, �9 2 2,2 @070, � 2 1,2 @070; >1@07FK >2A0 3>;>75@=>3> 
?@>@>I5==>3>: �1 2 1,2 @070, �6 2 1,3 @070, �9 2 1,5 @070, $$ 2 4,4 @070, � 2 1,7 @070, β-:0@>B8=0 
2 2,6 @07.  

 

                                                           
1,0@HC=>2, �. �. #>A;5C1>@>G=0O >1@01>B:0 8 E@0=5=85 75@=0 8 A5<O=: #>A>185 2 2 G0ABOE / �. �. ,0@HC=>2, 
�. !. '@10=G8:. &>< 1., G0ABL 2. 3  8=A::  8A0=B0, 2014. 3 848 A.  
2 C:0 ?H5=8G=0O. &5E=8G5A:85 CA;>28O: %&� 1666-2006. 3 #5@58740= 01.12.2013.  2  8=A:: �>A. �><8B5B ?> 
AB0=40@B878F88 $5A?C1;8:8 �5;0@CAL: �5;>@CA. 3>A. 8=-B AB0=40@B870F88 8 A5@B8D8:0F88, 2013. 2 15 A. 
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&01;. 6. #>:070B5;8 157>?0A=>AB8 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 

Table. 6. Safety indicators of sprouted wheat-oat mixtures 

#>:070B5;8 �>?CAB8<K5 C@>2=8, =5 1>;55 %>45@60=85  
«BioMix» «BioGrain» 

&>:A8G=K5 M;5<5=BK, 
<3/:3 

%28=5F 0,5 0,17 0,31 

 KHLO: 0,2 0,01 <0,05 

�04<89 0,1 

!5 >1=0@C65=> 

0,01 

$BCBL 0,03 <0,005 

 8:>B>:A8=K, <3/:3 �D;>B>:A8= �1 0,005 <0,001 

&-2 B>:A8= 0,1 <0,05 

"E@0B>:A8= 

"E@0B>:A8= � 

0,05 

0,005 

<0,005 

3 
3 

<0,005 

#5AB8F84K, <3/:3 �)*� (ñ, ò, -87><5@K) 0,5 
!5 >1=0@C65=> ��& 8 53> <5B01>;8BK 0,02 

2,4-� :8A;>B0 !5 4>?CA:05BAO 
'45;L=0O 0:B82=>ABL 
@048>=C:;84>2, �:/:3 *5789-137 

90 

60 

<30,0 

3 
3 

 <5,7 
 

&01;. 7.  8:@>18>;>38G5A:85 ?>:070B5;8 157>?0A=>AB8 ?H5=8G=>->2AO=KE A<5A59 

Table. 7. Microbiological indicators of wheat-oat mixtures safety 

#>:070B5;8 �>?CAB8<K5 C@>2=8 
%>45@60=85 

«BioMix» «BioGrain» 
"1I55 :>;8G5AB2> <57>D8;L=KE 0M@>1=KE 
8 D0:C;LB0B82=>-0=0M@>1=KE 
<8:@>>@30=87<>2 2 1,0 3 (<;) ?@>4C:B0, 
�"�, =5 1>;55 

1,0×103 3,75×102 3,0×102 

Candida albicans 2 0,1 3 8;8 0,1 <; 

=5 4>?CA:05BAO 

=5 >1=0@C65=K 
Escherichia coli 2 0,1 3 8;8 0,1 <; 
Staphylococcus aureus 2 0,1 3 (0,1 <;) 
Pseudomonas aeruginosa 2 0,1 3 (0,1 <;) 
�0:B5@88 3@C??K :8H5G=>9 ?0;>G:8 
(:>;8D>@<K) 2 0,1 3 ?@>4C:B0 =5 >1=0@C65=K #0B>35==K5 <8:@>>@30=87<K, 2 B. G. 
A0;L<>=5;;K, 2 25 3 ?@>4C:B0 
#;5A5=8 2 1,0 3 ?@>4C:B0, �"�, =5 1>;55 100 =5 >1=0@C65=K 

�@>668 2 1,0 3 ?@>4C:B0, �"� =5 @53;0<5=B8@C5BAO =5 >1=0@C65=K 
 

&01;. 8. )8<8G5A:89 A>AB02 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 

Table. 8. Chemical composition of sprouted wheat-oat mixtures 

#>:070B5;8 
%>45@60=85 =0 %�, % #>:070B5;8 

%>45@60=85, <3/:3 
«BioMix» «BioGrain» «BioMix» «BioGrain» 

�5;>: 17,0 16,2 Fe 49,0 47,6 

�@0E<0; 60,2 60,8 Zn 20,6 19,9 

�8@ 3,4 2,7 %u 1,8 1,7 

�;5BG0B:0 11,7 10,8 Se 0,3 0,29 

%0E0@0 5,0 4,6 �8B0<8=K %>45@60=85, <3/100 3 
-=5@35B8G5A:0O  
F5==>ABL, ::0;/:�6 

406/6905 405/6877 
�1 0,55 0,43 

�2 0,12 0,11 

 8=5@0;L=K5 M;5<5=BK %>45@60=85, <3/:3 �6 0,30 0,23 

� 5810,2 4988,8 �9 0,60 0,40 

%0 448,3 467,7 $$ 7,47 7,25 

Mg 1558,5 1503,7 � 1,30 1,10 

$ 4789,6 4689,6 β-:0@>B8= 0,26 0,24 
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#>;CG5==0O A<5AL 75@=>20O «BioGrain» ?> A>45@60=8N 28B0<8=>2 ?@52>AE>48B >1@07FK 
?H5=8FK ?@>@>I5==>9: �1 8 �6 2 1,9 @070, �9 2 1,5 @07; >1@07FK >2A0 3>;>75@=>3> 
?@>@>I5==>3>: $$ 2 4,3 @070, � 2 1,4 @070, β-:0@>B8= 2 2,4 @070.  
%;54CNI8< MB0?>< 8AA;54>20=89 O2;O;>AL 87CG5=85 0<8=>:8A;>B=>3> A>AB020 AK@LO 8 

?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 (B01;. 9). � :0G5AB25 A@02=8B5;L=>9 E0@0:B5@8AB8:8 
0<8=>:8A;>B @07@01>B0==KE A<5A59 A ?@>4>2>;LAB25==K< 75@=>< ?H5=8FK 8 >2A0 
3>;>75@=>3>, 0 B0:65 A ?@>@>I5==K< ?> @0745;L=>9 B5E=>;>388 ?@>872545= @0AG5B 
0<8=>:8A;>B=>3> A:>@0 8 8=45:A0 =570<5=8<KE 0<8=>:8A;>B.  

 

&01;. 9. �=0;87 0<8=>:8A;>B=>3> A>AB020 AK@LO 8 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 

Table. 9. Analysis of the amino acid composition of raw materials and sprouted wheat-oat mixtures 

�=0;87 M:A?5@8<5=B0;L=KE 40==KE ?>:070;, GB> @07@01>B0==K5 ?@>@>I5==K5 ?H5=8G=>-
>2AO=K5 A<5A8 ?@52>AE>4OB ?@>4>2>;LAB25==>5 75@=> ?H5=8FK 8 >2A0 3>;>75@=>3> ?> 8=45:AC 
=570<5=8<KE 0<8=>:8A;>B 2 1,5 @070, 0 ?@>@>I5==>5 75@=> ?H5=8FK 8 >2A0 3>;>75@=>3> =0 
2,1 8 4,9 % A>>B25BAB25==>. �8<8B8@CNI59 0<8=>:8A;>B>9 O2;O5BAO ;878=, GB> A>3;0AC5BAO A 
40==K<8 CG5=KE, 87CG02H8E ?@>@>I5==>5 75@=> ?H5=8FK 8 >2A0 3>;>75@=>3> 15;>@CAA:>9 
A5;5:F88 [16]. 

%>3;0A=> =>@<0B82=>9 4>:C<5=B0F881, 2, @07@01>B0==K5 A<5A8 <>3CB 1KBL >B=5A5=K : 
DC=:F8>=0;L=K< ?@>4C:B0< ?@8 A>45@60=88 2 =8E 15;:0, ?8I52KE 2>;>:>=, 28B0<8=>2, 
<8=5@0;L=KE 25I5AB2 1>;55 15 % >B ACB>G=>9 D878>;>38G5A:>9 ?>B@51=>AB8 G5;>25:0. #>MB><C 
A;54CNI8< MB0?>< @01>BK ?@>872545= @0AG5B ACB>G=>9 ?>B@51=>AB8 4;O =0A5;5=8O >B 18 4> 59 
;5B. 'AB0=>2;5=>, GB> 100 3 ?@>@>I5==>9 ?H5=8G=>->2AO=>9 A<5A8 «BioMix» C4>2;5B2>@O5B 
ACB>G=CN ?>B@51=>ABL 4;O 27@>A;KE >B 18 4> 59 ;5B 2 15;:0E =0 22,7 %, 2 ?8I52KE 2>;>:=0E 3 =0 
39,0 %, 2 28B0<8=5 �1 3 =0 36,7 %, �2 3 =0 6,7 %, 2 28B0<8=5 �6 3 =0 15,0 %, 2 28B0<8=5 �9 3 =0 
15,0 %, 2 28B0<8=5 $$ 3 =0 37,4 %; 2 28B0<8=5 � 3 =0 8,7 %; 2 28B0<8=5 β-:0@>B8= 3 =0 5,2 %, 2 
<0:@>M;5<5=B5 � 3 =0 23,2 %, 2 <0:@>M;5<5=B5 %0 3 =0 4,5 %, 2 <0:@>M;5<5=B5 Mg 3 =0 38,9 %, 2 
<0:@>M;5<5=B5 $ 3  =0 59,9 %, 2 <8:@>M;5<5=B5 Fe 3 =035,0 %, 2 <8:@>M;5<5=B5 Zn 3 =0 17,2 %, 2 

                                                           
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! 7180 >B 
20.11.2019. 3 �254. 01.07.2013,  8=A::  8=8AB5@AB2> 74@02>>E@0=5=8O $5A?C1;8:8 �5;0@CAL, 2012. 3 21 A. 
2&5E=8G5A:89 @53;0<5=B &0<>65==>3> A>N70 «#8I520O ?@>4C:F8O 2 G0AB8 55 <0@:8@>2:8» &$ &% 022/2011. 3 
�254. 01.07.2013 3  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=8O. 2019. 3 18 A. 

!08<5=>20=85 
0<8=>:8A;>BK 

-B0;>==K9 15;>: 
?> 40==K< 
(�"/�"� 
 (2013 3) 

�<8=>:8A;>B=K9 A:>@, % 

#H5=8F0 
"25A  
3>;>75@-
=K9 

#H5=8F0 
?@>@>-
I5==0O 

"25A  
3>;>75@=K9 

?@>@>I5==K9 

«BioMix» «BioGrain» 

�0;8= 4 73 74 105 99 110 108 

�8AB848= 1,6 159 172 188 245 220 215 

�7>;59F8= 3,0 131 121 177 163 168 173 

�59F8= 6,1 108 106 127 129 135 129 

�878= 4,8 57 45 90 78 85 89 

 5B8>=8=+ 

F8AB58= 
2,3 99 91 133 106 130 116 

&@5>=8= 2,5 86 92 196 174 180 189 

&@8?B>D0= 0,66 92 125 132 147 142 145 

(5=8;0;0=8=+ 

B8@>78= 
4,1 178 179 218 232 238 236 

�=45:A =570<5=8<KE 0<8=>:8A;>B 
�!�� 

0,98 0,97 1,39 1,35 1,42 1,42 
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<8:@>M;5<5=B5 Cu 3 =0 18,0 %, 2 <8:@>M;5<5=B5 Se  3 =0 48,0 %; 100 3 @07@01>B0==>9 
?@>@>I5==>9 ?H5=8G=>->2AO=>9 A<5A8 «BioGrain» 3 2 15;:0E =0 22,0 %, 2 ?8I52KE 2>;>:=0E 3 
=0 36,0 %, 2 28B0<8=5 �1 3 =0 28,7 %, �2 3 =0 6,1 %, 2 28B0<8=5 �6 3 =0 1,5 %, 2 28B0<8=5 �9 3 =0 
9,9 %, 2 28B0<8=5 $$ 3 =0 36,3 %; 2 28B0<8=5 � 3 =0 7,0 %; 2 28B0<8=5 β-:0@>B8= 3 =0 4,8 %, 2 
<0:@>M;5<5=B5 � 3 =0 20,0 %, 2 <0:@>M;5<5=B5 %0 3 =0 4,7 %, 2 <0:@>M;5<5=B5 Mg 3 =0 37,6 %, 2 
<0:@>M;5<5=B5 $ 3 =0 58,6 %, 2 <8:@>M;5<5=B5 Fe 3 =0 34,0 %, 2 <8:@>M;5<5=B5 Zn 3 =0 16,6 %, 2 
<8:@>M;5<5=B5 Cu 3 =0 17,0 %, 2 <8:@>M;5<5=B5 Se 3  =0 46,4 %. 
%;54>20B5;L=>, @07@01>B0==0O ?H5=8G=>->2AO=0O A<5AL «BioMix» ?> A>45@60=8N 15;:0, 

?8I52KE 2>;>:>=, 28B0<8=>2 �1, $$, <0:@>M;5<5=B>2 �, Mg, $, <8:@>M;5<5=B>2 Fe, Zn, Cu, Se 
1>;55 G5< =0 15 %, <>65B 1KBL >B=5A5=0 : DC=:F8>=0;L=K< 8745;8O<. %;54C5B >B<5B8BL, GB> 
=52KA>:>5 A>45@60=85 28B0<8=0 �2 C;CGH05B CA2>5=85 Fe 8 CA8;8205B 459AB285 Zn =0 >@30=87<, 
28B0<8=0 � 3 C;CGH05B 18>4>ABC?=>ABL Se 4;O >@30=87<0, β-:0@>B8= 3 O2;O5BAO ?@>28B0<8=>< 
� 8 CA8;8205B 0=B8>:A840=B=>5 459AB285, <0:@>M;5<5=B %0 ?>;>68B5;L=> 2708<>459AB2C5B A 
28B0<8=>< D 8 K [35]. $07@01>B0==0O ?H5=8G=>->2AO=0O A<5AL «BioGrain» ?> A>45@60=8N 15;:0, 
?8I52KE 2>;>:>=, 28B0<8=>2 �1, $$, <0:@>M;5<5=B>2 �, Mg, $, <8:@>M;5<5=B>2 Fe, Zn, Cu, Se 
1>;55 G5< =0 15 %, <>65B 1KBL >B=5A5=0 : DC=:F8>=0;L=K< 8745;8O<. !0;8G85 28B0<8=0 �6 

C;CGH05B CA2>5=85 � 8 Mg, 28B0<8=0 �9 3 CA8;8205B MDD5:B82=>ABL 8A?>;L7>20=8O �6 8 �12. 

&0:8< >1@07><, @07@01>B0==K5 A<5A8 A>45@60B 2 A2>5< A>AB025 D878>;>38G5A:8 
DC=:F8>=0;L=K5 8=3@5485=BK, >1;040NI85 4>:070==>9 MDD5:B82=>ABLN 8 A2>9AB20<8 ?@8 
C?>B@51;5=88 2 ?8IC 8 ?@8<5=5=88 2 45@<0B>;>388. #>MB><C @0F8>=0;L=> 8A?>;L7>20BL 
?@>@>I5==K5 A<5A8 8 ?>;57=K5 25I5AB20, =0E>4OI85AO 2 =8E, =5 B>;L:> 2 ?8I52>9, => 8 4;O 
:>A<5B8G5A:>9 ?@>4C:F88 270<5= 8<?>@B=>3> @0AB8B5;L=>3> AK@LO. 
�040G0 ?5@5@010BK20NI59 ?@><KH;5==>AB8 3 ?@54>AB028BL H8@>:89 0AA>@B8<5=B 

@07=>>1@07=>9 ?@>4C:F88 8 AK@LO 2KA>:>3> :0G5AB20, <0:A8<0;L=> A>E@0=82H59 ?>;57=K5 
25I5AB20. �AA;54>20=8O ?> 87CG5=8N A@>:>2 E@0=5=8O @07@01>B0==KE A<5A59 ?@>2>48;8 =0 
>A=>20=88 87<5=5=8O :8A;>B=>AB8 (@8A. 11) 8 >@30=>;5?B8G5A:>9 E0@0:B5@8AB8:8 A<5A59, B0: :0: 
?@8 E@0=5=88 68@ @0AI5?;O5BAO =0 3;8F5@8= 8 68@=K5 :8A;>BK, 2 @57C;LB0B5 G53> ?@>8AE>48B 
>1@07>20=85 A2>1>4=KE 68@=KE :8A;>B 8 ?>2KH5=85 :8A;>B=>AB8 ?@>4C:B0, 0 B0:65 ?>O2;5=85 
=5?@8OB=>3> 70?0E0 8 ?@>3>@:;>3> 2:CA0.  
"1@01>B:0 M:A?5@8<5=B0;L=KE 40==KE ?>72>;8;0 ?>;CG8BL C@02=5=8O @53@5AA88, 

>?8AK20NI85 87<5=5=8O :8A;>B=>AB8 A<5A59 2 ?@>F5AA5 E@0=5=8O A 4>AB>25@=>ABLN  
93 8 94 %. %>3;0A=> ?@>2545==>9 >@30=>;5?B8G5A:>9 >F5=:5, @07@01>B0==K5 A<5A8, E@0=OI85AO 
>B 1 4> 12 <5AOF52, >1;040;8 70?0E><, A2>9AB25==K< 8A?>;L7C5<><C AK@LN, 157 70BE;>3>, 
?;5A=525;>3> 8 4@C38E ?>AB>@>==8E 70?0E>2; F25B A<5A59 >AB020;AO A5@>20B>-:@5<>2K< A 
2:@0?;5=85< G0AB8F 1>;55 B5<=>3> F25B0. #@>2545==K5 8AA;54>20=8O ?>72>;ONB 70:;NG8BL, GB> 
?@8 A>1;N45=88 CAB0=>2;5==KE @568<>2 E@0=5=8O ?>:070B5;8 :0G5AB20 >AB0NBAO =587<5==K<8 
2 B5G5=85 12 <5AOF52.  
#>?C;O@870F8O 74>@>2>3> >1@070 687=8 >1CA;02;8205B ?>2KH5=85 ?>B@518B5;LA:>3> A?@>A0 

=0 ?@>4C:F8N ?@028;L=>3> ?8B0=8O 8 =0BC@0;L=KE :>A<5B8G5A:8E A@54AB2 =0 >A=>25 
@0AB8B5;L=KE 8=3@5485=B>2 >B5G5AB25==>3> ?@>872>4AB20. #>MB><C @07@01>B:0 0AA>@B8<5=B0 
=>2>9 ?8I52>9 8 :>A<5B8G5A:>9 ?@>4C:F88 =0 >A=>25 ?H5=8G=>->2AO=KE A<5A59 8<55B 
7=0G8<K9 A>F80;L=>-M:>=><8G5A:89 MDD5:B.  
�?5@2K5 @07@01>B0= 8 70@538AB@8@>20= 0AA>@B8<5=B ?8I52>9 8 :>A<5B8G5A:>9 ?@>4C:F88: 

@5F5?BC@0 :>:B59;O 75@=>2>3> «AquaGrain» ($* BY 700036606.280) 8 @5F5?BC@0 <0A:8 
:>A<5B8G5A:>9 «Zerno» ($* �Y 700036606.235) =0 >A=>25 ?@>4C:B0 75@=>2>3> «BioMix»; 
@5F5?BC@0 <0A:8 :>A<5B8G5A:>9 «BioMixGrain» ($* BY 700036606.279) 8 B5E=8G5A:85 CA;>28O 
«!0?8B>: H8?CG89 @0AB2>@8<K9 ACE>9 «LARI» (&' BY 791156149.002) =0 >A=>25 A<5A8 75@=>2>9 
«BioGrain».  
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$8A. 11. �7<5=5=85 :8A;>B=>AB8 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 2 ?@>F5AA5 E@0=5=8O 

Fig. 11. Changes in the acidity of sprouted wheat-oat mixtures during storage 

 

#@>2545=K >?KB=>-?@><KH;5==K5 8A?KB0=8O ?> ?@>872>4AB2C ?8I52>9 8 :>A<5B8G5A:>9 
?@>4C:F88 2 ?@>872>4AB25==KE CA;>28OE !&* «&5E=>AB0@B», """ «%28B46>9» 2 3.  >38;525 
($5A?C1;8:0 �5;0@CAL) 8 =0 M:A?5@8<5=B0;L=>9 ;8=88 �# $C<O=F52 2 3. %0=:B-#5B5@1C@35 
($>AA89A:0O (545@0F8O). �73>B>2;5=K >?KB=K5 ?0@B88 8 >?@545;5=K ?>:070B5;8 :0G5AB20 8 
157>?0A=>AB8 ?8I52>9 8 :>A<5B8G5A:>9 ?@>4C:F88, ?@54AB02;5==K5 2 B01;. 10, 11. 

 

&01;. 10. #>:070B5;8 :0G5AB20 8 157>?0A=>AB8 ?8I52>9 ?@>4C:F88 
 

Table. 10. Indicators of quality and safety of food products 

#>:070B5;8 
�>:B59;L 75@=>2>9 

 «AquaGrain» 
!0?8B>: H8?CG89  

@0AB2>@8<K9 ACE>9 «LARI» 

�=5H=89 284 %K?CG89 ?>@>H>: 157 :><:>2, 157 ?>AB>@>==8E 2:;NG5=89.  
�>?CA:0NBAO =5?;>B=K5 :><>G:8 

*25B %2>9AB25==K9 2:;NG5==K< 2 A>AB02 ?@>4C:F88 :><?>=5=B0< A<5A8, 
15;K9 A 65;BK< >BB5=:>< 

�0?0E %2>9AB25==K9 2:;NG5==K< 2 A>AB02 ?@>4C:F88 :><?>=5=B0<, 157 
?>AB>@>==53> 70?0E0 

�8A;>B=>ABL (?>A;5 @072545=8O 
2>4>9 2 200 <;) 

!5 1>;55 
7,0 

!5 1>;55 
10,0 

�;06=>ABL, =5 1>;55 % 10,0 5,0 

�@C?=>ABL, % 

3 ?@>E>4 G5@57 A8B> 220 <:<  
�>?CA:05BAO 87<5=5=85 ?> A>3;0A>20=8N ?@>872>48B5;O,  

=5 <5=55 90,0 
#>AB>@>==85 ?@8<5A8 !5 4>?CA:0NBAO 
� �(�= , =5 1>;55 1×104 �"�/3 
�@>668 8 ?;5A5=8, =5 1>;55 10 �"�/3 
Escherichia coli  !5 4>?CA:0NBAO 2 1,0 3 
#0B>35==K5 <8:@>>@30=87<K 2 B.G. 
A0;L<>=5;;K 2 25 3 !5 4>?CA:0NBAO 

 

#@>2545=0 >F5=:0 ?>:070B5;59 :0G5AB20 8 157>?0A=>AB8 ?8I52>9 ?@>4C:F88, :>B>@0O 
?>4B25@6405B 8E A>>B25BAB285 B@51>20=8O<, CAB0=>2;5==K< 2 =>@<0B82=>9 4>:C<5=B0F881. 

                                                           
1&5E=8G5A:89 @53;0<5=B &0<>65==>3> A>N70 «" 157>?0A=>AB8 ?8I52>9 ?@>4C:F88» &$ &% 021/2011. 3 �254. 
01.07.2013. 3  8=A:: �5;>@CA. 3>A. 8=-B AB0=40@B870F88 8 A5@B8D8:0F88, ?5@58740=85 2020. 3 143 A. 

yBioGrain = 0,24x + 3,97

R² = 0,93

yBioMix = 0,23x + 3,78

R² = 0,94

4

4,5

5

5,5

6

6,5

7

7,5

8

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

�
8A
;>
B=
>A
BL
, 3
@0
4

#@>4>;68B5;L=>ABL E@0=5=8O, <5A.

#@>4C:BK 75@=>2K5 «BioMix»
%<5AL 75@=>20O «BioGrain»
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&01;. 11. #>:070B5;8 :0G5AB20 8 157>?0A=>AB8 :>A<5B8G5A:>9 ?@>4C:F88 
 

Table. 11. Indicators of quality and safety of cosmetic products 

 

#>:070B5;8 

�=0G5=85 ?>:070B5;59 
?> 

&% &$ 009/2011 

�=0G5=85 ?>:070B5;59 

<0A:8 :>A<5B8G5A:>9 

«Zerno» «BioMixGrain» 
(878:>-E8<8G5A:85 ?>:070B5;8 ?@>4C:F88 

�>4>@>4=K9 ?>:070B5;L (pH) 3,039,0 6,0 5,3±0,2 
&>:A8G=K5 M;5<5=BK 

$BCBL !5 1>;55 1,0 <3/:3  5=55 0,03 0,0781±0,0122 
 KHLO: !5 1>;55 5,0 <3/:3  5=55 0,5 0,3371±0,0403 
%28=5F  5=55 0,1 0,7852±0,1104 

&>:A8:>;>38G5A:85 ?>:070B5;8 157>?0A=>AB8 ?@>4C:F88 

"1I5B>:A8G5A:>5 459AB285, >?@545;O5<>5 
0;LB5@=0B82=K< <5B>4>< in vitro (8=45:A 
B>:A8G=>AB8 3 ;N<8=5AF5=B=K9 10:B5@80;L=K9 
B5AB) 

"BACBAB285 3 
"BACBAB285 

�>6=>-@074@060NI55 459AB285 0 10;;>2 
(>BACBAB2C5B) 

0 10;;>2 
(>BACBAB2C5B) �59AB285 =0 A;878ABK5 

�;8=8G5A:85 (:;8=8:>-;01>@0B>@=K5) ?>:070B5;8 ?@>4C:F88 

$074@060NI55 459AB285 0 10;;>2 
(>BACBAB2C5B) 

0 10;;>2 
(>BACBAB2C5B) 

0 10;;>2 
(>BACBAB2C5B) %5=A818;878@CNI55 459AB285 

 8:@>18>;>38G5A:85 ?>:070B5;8 157>?0A=>AB8 ?@>4C:F88 

� �(�=  !5 1>;55 1×103 �"�/3  5=55 1,0×10  5=55 10 
Candida albicans  !5 4>?CA:05BAO 

2 0,1 3 8;8 

2 0,1 <; 

!5 >1=0@C65=> 
2 0,1 3 

!5 >1=0@C65=> 
2 0,1 <; 

Escherichia coli 

Staphylococcus aureus  

Pseudomonas aeruginosa  

 

#@>2545=0 >F5=:0 ?>:070B5;59 :0G5AB20 8 157>?0A=>AB8 :>A<5B8G5A:>9 ?@>4C:F88, :>B>@0O 
?>4B25@6405B 8E A>>B25BAB285 B@51>20=8O< =>@<0B82=>9 4>:C<5=B0F881. 

#>;CG5=K 45:;0@0F88 > A>>B25BAB288 =0?8B:0 H8?CG53> @0AB2>@8<>3> ACE>3> «LARI» 
(@538AB@0F8>==K9 =><5@ 45:;0@0F88 > A>>B25BAB288 

EA-% 7 BY/112 11.01.  &$ 021 008 05787, 40B0 @538AB@0F88 45:;0@0F88 > A>>B25BAB288 

08.09.2020), <0A:8 :>A<5B8G5A:>9 «Zerno» (@538AB@0F8>==K9 =><5@ 45:;0@0F88 > 
A>>B25BAB288:  
7 &% BY/112 11.01. &$ 009 008 01532, 40B0 @538AB@0F88 45:;0@0F88 > A>>B25BAB288 

09.10.2015) 8 <0A:8 :>A<5B8G5A:>9 «BioMixGrain» (@538AB@0F8>==K9 =><5@ 45:;0@0F88 > 
A>>B25BAB288: EA-% N RU � �Y.!�42.�.12418/20, 40B0  @538AB@0F88 45:;0@0F88 > 
A>>B25BAB288 16.11.2020) B@51>20=8O< B5E=8G5A:8E @53;0<5=B>2 &0<>65==>3> A>N702. 

#>;CG5= ?0B5=B =0 87>1@5B5=85 «%CE0O :>A<5B8G5A:0O <0A:0 8 A?>A>1 55 ?@>872>4AB20» 
(BY 21666 C1 2018.02.28). 

 

����.+�!��  
�?5@2K5 @07@01>B0=0, 0?@>18@>20=0 8 2=54@5=0 2 ?@>872>4AB2> B5E=>;>38O ?@>872>4AB20 

?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 4;O 8A?>;L7>20=8O 2 :0G5AB25 DC=:F8>=0;L=>-
B5E=>;>38G5A:>3> 8=3@5485=B0 2KA>:>3> :0G5AB20 ?@8 ?@>872>4AB25 ?8I52>9 8 
                                                           
1&5E=8G5A:89 @53;0<5=B &0<>65==>3> A>N70 «" 157>?0A=>AB8 ?0@DN<5@=>-:>A<5B8G5A:>9 ?@>4C:F88»: 
&$.&%.009/2011. 3 �254. 23.09.2011 3  8=A:: �5;>@CA. 3>A. 8=-B AB0=40@B870F88 8 A5@B8D8:0F88, ?5@58740=85 
2012. 3 257 A. 
2&5E=8G5A:89 @53;0<5=B &0<>65==>3> A>N70 «" 157>?0A=>AB8 ?8I52>9 ?@>4C:F88» &$ &% 021/2011. 3 �254. 
01.07.2013 3  8=A:: �5;>@CA. 3>A. 8=-B AB0=40@B870F88 8 A5@B8D8:0F88, ?5@58740=85 2020. 3 143 A. 
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:>A<5B8G5A:>9 ?@>4C:F88. #>:070=>, GB> @07@01>B0==0O B5E=>;>38O ?>72>;O5B A>:@0B8BL 
B5E=>;>38G5A:89 F8:; =0 34 % 2 A@02=5=88 A B5E=>;>3859 ?>;87;0:>2KE ?@>4C:B>2 87 
?@>@>I5==>3> 75@=0, GB> >15A?5G8B A=865=85 A515AB>8<>AB8 ?@>4C:F88 =0 8E >A=>25 2284C 
8<?>@B>70<5I5=8O 4>@>3>AB>OI53> AK@LO, ?>2KA8B MDD5:B82=>ABL 8A?>;L7>20=8O 
>B5G5AB25==>3> AK@LO 8 <8=8<878@C5B 7028A8<>ABL 15;>@CAA:8E ?@>872>48B5;59 >B 
?>2KH5=8O F5= 8 87<5=5=8O A8BC0F88 =0 2=5H=8E @K=:0E. 
�AA;54>20= ?@>F5AA ?@>@0I820=8O 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3>. �?5@2K5 ?>;CG5=K 

=>2K5 40==K5 > 7=0G5=8OE 0:B82=>AB8 @>AB0 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> =0 @07;8G=KE 
MB0?0E ?@>@0I820=8O 2 480?07>=5 B5<?5@0BC@ 2>74CE0 5325 º%, E0@0:B5@87CNI85 
<0:A8<0;L=K9 2KE>4 ?@>@>I5==>3> 75@=0 70 <8=8<0;L=>5 2@5<O. 'AB0=>2;5=K 
<0B5<0B8G5A:85 7028A8<>AB8 E8<8G5A:>3> A>AB020, D5@<5=B0B82=>9 0:B82=>AB8 8 D878G5A:>-
E8<8G5A:8E A2>9AB2 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> >B 2@5<5=8 ?@>@0I820=8O, 
?>72>;ONI85 <>45;8@>20BL A>45@60=85 A;>6=KE >@30=8G5A:8E 25I5AB2, <8:@>- 8 
<0:@>=CB@85=B>2 ?@>@>I5==>3> 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 8 ?@>4C:B>2 =0 8E >A=>25.  
�?5@2K5 CAB0=>2;5=K 8=B53@0;L=K5 @568<K ?@>@0I820=8O 75@=0. �>:070=0 2>7<>6=>ABL 

?@>@0I820=8O ?H5=8FK 8 >2A0 3>;>75@=>3> 2 A>AB025 A<5A59. #>:070=>, GB> ?@8 A>>B=>H5=88 
60/40 8 70/30 (?H5=8F0/>25A 3>;>75@=K9) =01;N40;AO A8=5@35B8G5A:89 (CA8;820NI89) B8? 

2708<>459AB28O 8AA;54C5<KE :C;LBC@, :>B>@K9 >?@545;O;AO ?>2KH5==K< A>45@60=85< 
28B0<8==>3> 8 0<8=>:8A;>B=>3> A>AB020 @07@01>B0==KE A<5A59, 0 B0:65 2KA>:>9 0:B82=>ABLN 
@>AB0 ?@8 <8=8<0;L=>9 ?@>4>;68B5;L=>AB8 ?@>F5AA0 ?@>@0I820=8O 2 A@02=5=88 A >1@07F0<8 
8AA;54C5<KE :C;LBC@, ?@>@>I5==KE @0745;L=>. 'AB0=>2;5=K C@02=5=8O @53@5AA88, 
?>72>;ONI85 @0AAG8B0BL :>;8G5AB2> 2>4K, =5>1E>48<>9 4;O ?@>@0I820=8O A<5A59 8 >1J5<K 
70<>G=KE 5<:>AB59.  
�AA;54>20=> 2;8O=85 ?@>B82><8:@>1=>9 >1@01>B:8 =0 <8:@>1=CN >1A5<5=5==>ABL 75@=0 

?H5=8FK 8 >2A0 3>;>75@=>3>. $07@01>B0= A?>A>1 >15770@06820=8O 2 ?@>F5AA5 ?@>@0I820=8O 
75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> A 2KA>:>9 <8:@>1=>9 >1A5<5=5==>ABLN (1,5×106 �"�/3 8 
8,3×107 �"�/3 A>>B25BAB25==>), >15A?5G820NI89 A=865=85 ?>:070B5;O >1I59 <8:@>1=>9 
>1A5<5=5==>AB8 ?@>@>I5==>3> 75@=0 2 3,033,3 @070 2 A@02=5=88 A :>=B@>;5< 8 53> 
A>>B25BAB285 4>?CAB8<K< C@>2=O< <8:@>18>;>38G5A:>9 157>?0A=>AB8 4;O ?8I52>9 
(5×104 �"�/3 ) 8 :>A<5B8G5A:>9 ?@>4C:F88 (1×103 �"�/3). 
�AA;54>20=> 2;8O=85 B5@<8G5A:>9 >1@01>B:8 =0 48=0<8:C D5@<5=B0B82=>9 0:B82=>AB8 

?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59. 'AB0=>2;5=>, GB> A>45@60=85 α-0<8;07K,  
β-0<8;07K, ?@>B5>;8B8G5A:8E D5@<5=B>2 C<5=LH05BAO =57=0G8B5;L=> (4> 6,6 %) ?@8 
B5<?5@0BC@5 ACH:8 4> 50 °%, GB> :>A25==> A2845B5;LAB2C5B > A=865=88 B5@<>;018;L=KE 
28B0<8=>2 8 0<8=>:8A;>B, ?@8 MB>< 4;8B5;L=>ABL ACH:8 A>AB028;0 =5 1>;55 8 G0A>2 4> 
2;06=>AB8 10 %.  
$07@01>B0=0 8 70@538AB@8@>20=0 =>@<0B82=>-B5E=8G5A:0O 4>:C<5=B0F8O =0 ?@>@>I5==K5 

A<5A8 2 ?@>F5=B=>< A>>B=>H5=88 60/40 8 70/30 (?H5=8F0/>25A 3>;>75@=K9): ?@>4C:BK 
75@=>20O «BioMix» (&' �Y 700036606.115) 8 A<5AL 75@=>20O «BioGrain»  
(&' BY 700036606.128). #@>2545=0 >F5=:0 :0G5AB20 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 
2 A@02=5=88 A @0745;L=> ?@>@>I5==K<8 ?H5=8F59 8 >2A>< 3>;>75@=K<.  
$0AAG8B0=0 AB5?5=L C4>2;5B2>@5=8O ACB>G=>9 ?>B@51=>AB8 4;O =0A5;5=8O >B 18 4> 59 ;5B. 

#>:070=>, GB>  ?@8 C?>B@51;5=88 100 3 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8  
«BioGrain» 3 2 15;:0E =0 22,0322,7 %, 2 ?8I52KE 2>;>:=0E =0 36,0339,0 %, 2 28B0<8=5 �1 =0 
28,7336,7 %, �2 =0 6,136,7 %, 2 28B0<8=5 �6 =0 11,5315,0 %, 2 28B0<8=5 �9 =0 9,9315,0 %, 2 
28B0<8=5 $$ =0 36,3337,4 %, 2 28B0<8=5 � =0 7,038,7 %, 2 28B0<8=5 β-:0@>B8= =0 4,835,2 %, 2 
<0:@>M;5<5=B5 � =0 20,0323,2 %, 2 <0:@>M;5<5=B5 %0 =0 4,534,7 %, 2 <0:@>M;5<5=B5 Mg =0 
37,6338,9 %, 2 <0:@>M;5<5=B5 $ =0 58,6359,9 %, 2 <8:@>M;5<5=B5 Fe =0 34,0335,0 %, 2 
<8:@>M;5<5=B5 Zn =0 16,6317,2 %, 2 <8:@>M;5<5=B5 Cu =0 17,0318,0 %, 2 <8:@>M;5<5=B5 Se =0 
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46,4348,0 %. $07@01>B0==K5 ?@>4C:BK >1;040NB 4>AB0B>G=> 2KA>:>9 18>;>38G5A:>9 
F5==>ABLN, 2 A@02=5=88 A ?@>4>2>;LAB25==K< 8 ?@>@>I5==K< ?> @0745;L=>AB8 75@=>< 

?H5=8FK 8 >2A0 3>;>75@=>3>, :>B>@K9 E0@0:B5@87>20;AO 8=45:A>< =570<5=8<KE 0<8=>:8A;>B 
8 A>AB028; 1,42. 
�AA;54>20= ?@>F5AA E@0=5=8O A<5A59. 'AB0=>2;5=>, GB> A@>: E@0=5=8O A<5A59, ?@8 :>B>@>< 

@53;0<5=B8@C5<K5 ?>:070B5;8 :0G5AB20 =0E>4OBAO 2 4>?CAB8<KE ?@545;0E, A>AB02;O5B  
12 <5AOF52 2 D>;L38@>20==>9 C?0:>2:5. 
!0 >A=>20=88 0=0;870 >B5G5AB25==KE 8 70@C156=KE 8AB>G=8:>2 8=D>@<0F88 > ?@8<5=5=88 

?@>@>I5==>3> 75@=0 2 ?@><KH;5==>AB8 2KO2;5=0 =5>1E>48<>ABL ?@0:B8G5A:>3> 
8A?>;L7>20=8O ?>;CG5==KE ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 =5 B>;L:> ?@8 

?@>872>4AB25 ?8I52>9, => 8 :>A<5B8G5A:>9 ?@>4C:F88 =0 8E >A=>25.  
� @57C;LB0B5 8AA;54>20=8O ?>:070B5;59 :0G5AB20 8 157>?0A=>AB8 A<5A59 CAB0=>2;5=> 8E 
A>>B25BAB285 B@51>20=8O<, ?@54JO2;O5<K< : ?@>4>2>;LAB25==><C 8 :>A<5B8G5A:><C AK@LN. 
�?5@2K5 @07@01>B0= 8 70@538AB@8@>20= 0AA>@B8<5=B ?8I52>9 8 :>A<5B8G5A:>9 ?@>4C:F88 =0 
>A=>25 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59. $07@01>B0==0O ?@>4C:F8O 22545=0 2 
>1@0I5=85 =0 @K=:0E $5A?C1;8:8 �5;0@CAL 8 $>AA89A:>9 (545@0F88. 

 

����"��$!"%&� 

�AA;54>20=8O, >?8A0==K5 2 40==>9 AB0BL5, ?@>2>48;8AL 2 @0<:0E 3>AC40@AB25==>9 
?@>3@0<<K =0CG=KE 8AA;54>20=89 «(C=40<5=B0;L=K5 >A=>2K 18>B5E=>;>389» 
?>4?@>3@0<<K  «!>2K5 18>B5E=>;>388» ?> B5<5 «$07@01>B:0 =0CG=KE >A=>2 ?>;CG5=8O 87 
75@=0 ?H5=8FK 8 3>@>E0 ?8I52KE ?@>4C:B>2 A C;CGH5==K<8 ?>B@518B5;LA:8<8 A2>9AB20<8» 
(=><5@ 3>A@538AB@0F88 20141456), 3>AC40@AB25==>9 ?@>3@0<<K =0CG=KE 8AA;54>20=89 

«�0G5AB2> 8 MDD5:B82=>ABL 03@>?@><KH;5==>3> ?@>872>4AB20» ?>4?@>3@0<<K 

«#@>4>2>;LAB25==0O 157>?0A=>ABL» ?> 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> @0AB8B5;L=>3> AK@LO» (=><5@ 3>A@538AB@0F88 20162270), 3>AC40@AB25==>9 
?@>3@0<<K =0CG=KE 8AA;54>20=89 «�8>B5E=>;>388» ?>4?@>3@0<<K « 8:@>1=K5 
18>B5E=>;>388» ?> B5<5 «"1>A=>20=85 MDD5:B82=>AB8 D5@<5=B0B82=>3> ?>;CG5=8O 87 
7;0:>2KE, 75@=>1>1>2KE 8 <0A;8G=KE :C;LBC@ 18>;>38G5A:8 0:B82=>3> AK@LO 4;O 
:>A<5B8G5A:8E F5;59» (=><5@ 3>A@538AB@0F88 20162139); 2 @0<:0E 3@0=B0 <038AB@0=B0 
«$07@01>B:0 B5E=>;>388 ?>;CG5=8O 18>;>38G5A:8 0:B82=>9 75@=>2>9 :><?>78F88 =0 >A=>25 
F5;L=>A<>;>B>3> >2A0 3>;>75@=>3> 4;O ?@>872>4AB20 ACE8E :>A<5B8G5A:8E A<5A59» (=><5@ 
3>A@538AB@0F88 2015734), 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), 3>AC40@AB25==>9 ?@>3@0<<K =0CG=KE 8AA;54>20=89 
«%5;LA:>E>7O9AB25==K5 B5E=>;>388 8 ?@>4>2>;LAB25==0O 157>?0A=>ABL», ?>4?@>3@0<<K 

«#@>4>2>;LAB25==0O 157>?0A=>ABL» ?> B5<5 «!0CG=>5 >1>A=>20=85 A>740=8O ACE8E 
:>=F5=B@0B>2 45B>:A8:0F8>==>3> 459AB28O A 8A?>;L7>20=85< ?5:B8=>A>45@60I8E 
D8B>:><?>78F89» (=><5@ 3>A@538AB@0F88 20211976)  ?@8 D8=0=A>2>9 ?>445@6:5 
 8=8AB5@AB20 >1@07>20=8O $5A?C1;8:8 �5;0@CAL; 0 B0:65 3@0=B0 �5;>@CAA:>3> 
8==>20F8>==>3> D>=40 =0 :><<5@F80;870F8N @57C;LB0B>2 8==>20F8>==>3> ?@>5:B0 
«�>A<5B8G5A:0O M:A?@5AA-<0A:0 0=B82>7@0AB=>9 =0?@02;5==>AB8 =0 >A=>25 18>;>38G5A:8 
0:B82=>3> @0AB8B5;L=>3> AK@LO» (=><5@ 4>3>2>@0 7 8-�" >B 04.03.2019). 

 

  



  �еEF=и> ��'&, 2023 № 2(35) 
 

 

 

 

 

41 

��&�$�&'$� 
1 �0AB@8:>2, �. !. (C=:F8>=0;L=K5 75@=>?@>4C:BK :0: ?CBL @0728B8O >B@0A;8 / �. !. �0AB@8:>2 // 
�==>20F8>==K5 B5E=>;>388 ?@>872>4AB20 8 E@0=5=8O <0B5@80;L=KE F5==>AB59 4;O 3>AC40@AB25==KE =C64. 3 
2018. 3 7 10(10). 3 %. 34341.  

2 #025;78:, �. )0@0:B5@8AB8:0 >2A0 3>;>75@=>3> 8 2>7<>6=>AB8 53> ?5@5@01>B:8 2 ?8I52KE F5;OE /  
�. #025;78: // Mlunsko-Pekarensku prumusi. 3 1987. 3 7 2. 3 %. 1663168. 

3 &>:0@520, �. !>2K5 @07@01>B:8 ?> ?@8<5=5=8N ?H5=8FK 2 DC=:F8>=0;L=KE ?@>4C:B0E / �. &>:0@520,  
�. �. %>@>:8=0, �. �. #0=8=0 //  >;>456=K9 25:B>@ @0728B8O 03@0@=>9 =0C:8: <0B5@80;K 69-9 ABC45=G5A:>9 
=0CG=>9 :>=D5@5=F88, �>@>=56, 01 <0@B0 2018 3>40. &>< III. 3 �>@>=56: �>@>=56A:89 3>AC40@AB25==K9 
03@0@=K9 C=825@A8B5B 8<. �<?5@0B>@0 #5B@0 I, 2018. 3 %. 1023106. 

4 �5>=>20, %. �. �708<>A2O7L B5E=>;>38G5A:8E 8 18>E8<8G5A:8E A2>9AB2 @07;8G=KE A>@B>2 ?H5=8FK 8 8E 
87<5=5=8O 2 ?@>F5AA5 ?5@5@01>B:8 / %. �. �5>=>20 // �5AB=8: �0H:8@A:>3> 3>AC40@AB25==>3> 03@0@=>3> 
C=825@A8B5B0. 3 2007. 3 7 9. 3 %. 14316. 

5 �0=4@>:>2, $. ). $>;L H5;CH5=8O 75@=0 2 B5E=>;>388 ?5@5@01>B:8 B25@4>9 ?H5=8FK / $. ). �0=4@>:>2, 
�. !. #0=:@0B>2 // !0CG=>-8==>20F8>==K5 0A?5:BK E@0=5=8O 8 ?5@5@01>B:8 75@=0: : 85-;5B8N �!' �!��� 
$>AA5;LE>70:045<88: ?>4 @540:F859  5;5H:8=>9 �. #. 3  .: �A5@>AA89A:89 =0CG=>-8AA;54>20B5;LA:89 8=AB8BCB 
75@=0 8 ?@>4C:B>2 53> ?5@5@01>B:8, 2014. 3 %. 76380. 

6 �;5E8=0, !. !. �8>0:B828@>20==>5 75@=> ?H5=8FK :0: 8AB>G=8: DC=:F8>=0;L=KE ?8I52KE 8=3@5485=B>2 / 
!. !. �;5E8=0, �. �. #>=><0@520, �. %. #>6840520 // !>2>5 2 B5E=>;>388 8 B5E=8:5 DC=:F8>=0;L=KE ?@>4C:B>2 
?8B0=8O =0 >A=>25 <548:>-18>;>38G5A:8E 2>77@5=89:  0B5@80;K VI  564C=0@>4=>9 =0CG=>-B5E=8G5A:>9 
:>=D5@5=F88, �>@>=56, 11312 45:01@O 2017 3>40 /  8=8AB5@AB2> >1@07>20=8O 8 =0C:8 $(, (��"' �" 
«�>@>=56A:89 3>AC40@AB25==K9 C=825@A8B5B 8=65=5@=KE B5E=>;>389». 3 �>@>=56: �>@>=56A:89 
3>AC40@AB25==K9 C=825@A8B5B 8=65=5@=KE B5E=>;>389, 2017. 3 %. 2653268. 

7 Peñas, E. Advances in Production, Properties and Applications of Sprouted Seeds/ E. Peñas, C. Martínez-Villaluenga 

// Foods (Basel, Switzerland). 3 2020. 3 vol. 9 (6): 790. 

8 �5;>CA>20, %. �. $07@01>B:0 B5E=>;>388 DC=:F8>=0;L=KE ?@>4C:B>2 =0 >A=>25 ?@>@>I5==>3> 75@=0 /  
%. �. �5;>CA>20,  . �. �0E0@5=:> // �3@>?@><KH;5==><C :><?;5:AC 3 =>2K5 8458 8 @5H5=8O:  0B5@80;K XXI 

�=CB@82C7>2A:>9 =0CG=>-?@0:B8G5A:>9 :>=D5@5=F88, �5<5@>2>, 04 D52@0;O 2022 3>40 / $54:>;;538O:   
�. �. �6<C;:8=0 [8 4@.]. 3 �5<5@>2>: �5<5@>2A:89 3>AC40@AB25==K9 A5;LA:>E>7O9AB25==K9 8=AB8BCB, 2022. 3 
 %. 1083114. 

9 �0;4>20,  . !. "1>A=>20=85 B5E=>;>388 ?@>@0I820=8O ?H5=8FK 8 >2A0 3>;>75@=>3> 2 A>AB025 75@=>2>9 A<5A8 
4;O ?>;CG5=8O DC=:F8>=0;L=>3> 8=3@5485=B0 /  . !. �0;4>20, �. !. '@10=G8: // �5AB=8: �5;>@CAA:>3> 
3>AC40@AB25==>3> C=825@A8B5B0 ?8I52KE 8 E8<8G5A:8E B5E=>;>389. 3 2023. 3 7 1 (34). 3 %. 41361. 

10 Benincasa, P. Sprouted Grains: A Comprehensive Review / P. Benincasa, [et al.]. Galieni Sprouted Grains: // Nutrients. 

3 2019. 3 vol. 11(2):421. 

11 Yu-Wei, Luo Effects of germination on iron, zinc, calcium, manganese, and copper availability from cereals and 

legumes/ Yu-Wei Luo, Wei-Hua Xie, Xiao-Xiao Jin, Qian Wang & Yi-Jian He (2014). 3 CyTA 3 Journal of Food 3 12:1. 

3 $. 22326. 

12 �0@0G52F520, �. %. '?>B@51;5=85 @>AB:>2 ?H5=8FK 2 @0F8>=5 ?8B0=8O: ?>;L70 8 A2>9AB20 / �. %. �0@0G52F520 
// .=>ABL 8 7=0=8O 3 30@0=B8O CA?5E0 32021: %1>@=8: =0CG=KE B@C4>2 8-9  564C=0@>4=>9 <>;>456=>9 =0CG=>9 
:>=D5@5=F88. � 3-E B><0E, �C@A:, 16317 A5=BO1@O 2021 3>40. &>< 2. 3 �C@A:: .3>-�0?04=K9 3>AC40@AB25==K9 
C=825@A8B5B, 2021. 3 %. 2113213. 

13 %0<1C@>2, �.  . #@>@>I5==>5 75@=> :0: @0AB8B5;L=>5 AK@L5 4;O ?@>4C:F88 74>@>2>3> ?8B0=8O /  
�.  . %0<1C@>2, �. �. �@N:>20 // #8I0. -:>;>38O. �0G5AB2>: B@C4K XVII  564C=0@>4=>9 =0CG=>-?@0:B8G5A:>9 
:>=D5@5=F88, !>2>A818@A:, 18319 =>O1@O 2020 3>40. 3 �:0B5@8=1C@3: '@0;LA:89 3>AC40@AB25==K9 
M:>=><8G5A:89 C=825@A8B5B, 2020. 3 %. 5763580.  

14 �5;>CA>20, %. �. $07@01>B:0 B5E=>;>388 DC=:F8>=0;L=KE ?@>4C:B>2 =0 >A=>25 ?@>@>I5==>3> 75@=0 /  
%. �. �5;>CA>20,  . �. �0E0@5=:> // �3@>?@><KH;5==><C :><?;5:AC 3 =>2K5 8458 8 @5H5=8O:  0B5@80;K XXI 
�=CB@82C7>2A:>9 =0CG=>-?@0:B8G5A:>9 :>=D5@5=F88, �5<5@>2>, 04 D52@0;O 2022 3>40 / $54:>;;538O:   
�.�. �6<C;:8=0 [8 4@.]. 3 �5<5@>2>: �5<5@>2A:89 3>AC40@AB25==K9 A5;LA:>E>7O9AB25==K9 8=AB8BCB, 2022. 3  
%. 1083114. 

15 �5@56=0O, ". �. #@>@>AB:8 ?H5=8FK 3 8=3@5485=B 4;O ?@>4C:B>2 ?8B0=8O / ". �. �5@56=0O, �. �. �C1F>2,  
�. �. �>9=> // #8I520O ?@><KH;5==>ABL. 3 2015. 3 7 5. 3 %. 26329.  

16  8:C;8=8G,  . �. &5E=>;>38G5A:85 0A?5:BK ?>;CG5=8O 8 ?>B@518B5;LA:0O >F5=:0 :>=A5@28@>20==>3> 
?@>4C:B0 A 8A?>;L7>20=85< ?@>@>I5==>3> 75@=0 8 M:AB@0:B0 A>;>4>2>3> /  . �.  8:C;8=8G, !. �. �C78:>20 // �5AB=8: 
�5;>@CAA:>3> 3>AC40@AB25==>3> C=825@A8B5B0 ?8I52KE 8 E8<8G5A:8E B5E=>;>389. 3 2022. 3 7 1(32). 3 %. 74391. 



Пище6ая Fех=>?>7ия  

 

 

 

 

 

42 

17 "@;>20, !. �.  5B01>;8G5A:85 87<5=5=8O ?@8 A>2<5AB=>< ?@>@0I820=88 :C;LBC@=KE @0AB5=89 8 A845@0B>2 / 
!. �. "@;>20 [8 4@.] // The Scientific Heritage. 3 2021. 3 7 7534(75). 3 %. 15320. 

18 �5=460520, �. ,. (878>;>3>-18>E8<8G5A:85 ?>:070B5;8 A5<O= ?H5=8FK 8 ;N?8=0 ?@8 A>2<5AB=>< 
?@>@0I820=88 / �. ,. �5=460520 //  >;>4>ABL. �=B5;;5:B. �=8F80B820:  0B5@80;K VIII  564C=0@>4=>9 =0CG=>- 
?@0:B8G5A:>9 :>=D5@5=F88 ABC45=B>2 8 <038AB@0=B>2, �8B51A:, 22 0?@5;O 2020 3>40 / $54:>;;538O: �.  . #@8I5?0 
(3;. @54.) [8 4@.]. 3 �8B51A:: �8B51A:89 3>AC40@AB25==K9 C=825@A8B5B 8<. #.  .  0H5@>20, 2020. 3 %. 56357. 

19 �@40BA:0O,  . �. $>;L ?8I52KE 2>;>:>= 2 :>@@5:F88 =0@CH5=89 <8:@>18>F5=>70 :8H5G=8:0 =0 D>=5 
0=B810:B5@80;L=>9 B5@0?88 /  . �. �@40BA:0O // -DD5:B82=0O D0@<0:>B5@0?8O. 3 2021. 3 &. 17, 7 28. 3 %. 46352. 

20 Robertson, L. J. Microbiological analysis of seed sprouts in Norway / L. J. Robertson [et al.] // Int. J. Food Microbiol. 

3 2002. 3 Vol. 75, No. 132. 3 P. 1193126. 

21 Montville, R. Monte Carlo simulation of pathogen behavior during the sprout production process (Review) /  

R. Montville, D. Schaffner // Appl. Environ. Microbiol. 3 2005. 3 Vol. 71, No. 2. 3 P. 7463753. 

22 Olaimat, A. N. Factors influencing the microbial safety of fresh produce: A review / A. N. Olaimat, R. A. Holley // 

Food Microbiol. 2012. Vol. 32. P. 1319. 

23 �>30BK@520, &. �. %?>A>1K 8 A@54AB20 ?@54>B2@0I5=8O ?;5A=525=8O E;510/ &. �. �>30BK@520 [8 4@.]// 
);51>?5G5=85 $>AA88. 1999. 3 7 3.3  %. 16317. 

24 Kim, S. A. Changes in microbial contamination levels and prevalence of foodborne patho-gens in alfalfa (Medicago 

sativa) and rapeseed (Brassica napus) during sprout production in manu-facturing plants / S. A. Kim, O. M. Kim,  

M. S. Rhee // Lett. Appl. Microbiol. 2013. Vol. 56. P. 30336. 

25 Ding, H.  Microbial contamination in sprouts: how effective is seed disinfection treatment. / H. Ding, T.-J. Fu,  

M. A. Smith // J. Food Sci. 2013. Vol. 78. P. R4953R501. 

26 Pierre, P. M. Inactivation of Escherichia coli O157: H7, Salmonella typhimurium DT104, and Listeria monocytogenes 

on inoculated alfalfa seeds with a fatty acid-based sanitizer / P. M. Pierre, E. T. Ryser // J. Food Prot. 2006. Vol. 69. 

P. 5823590. 

27 �070@52, �.  . #>43>B>2:0 A5<O= >2>I=KE :C;LBC@ / �.  . �070@52 // �0I8B0 8 :0@0=B8= @0AB5=89. 3 2009. 3 
7 1. 3 %. 43344. 

28 Limon, R. I. Role of 421 elicitations on the health-promoting properties of kidney bean sprouts / R. I. Limon  

[et al.]. // LWT 3 Food Sci. Technol. 2014. Vol. 56. P. 3283334. 

29 Kumar, M. Inactivation of Escherichia coli O157: H7 and Salmonella on mung beans, alfalfa, and other seed types 

destined for sprout production by using an oxychloro-based sanitizer / M. Kumar [et al.]   // J. Food Prot. 2006. Vol. 69. 

P. 157131578. 

30 Delaquis, P. J. Disinfection of mung bean seed with gaseous acetic acid / P. J. Delaquis, P. L. Sholberg, K. Stanich // 

J. Food Prot. 1999. Vol. 62. P. 533957. 

31 Luksiene, Z. Novel approach to the microbial decontamination of strawberries: chlorophyllin-based photosensitization 

/ Z. Luksiene, E. Paskeviciute // J. Appl. Microb. 3 2011. 3Vol. 110. 3 P. 127431283. 

32 Buchovec, I. Novel approach to control microbial contamination of germinated wheat sprouts: photoactivated 

chlorophillin-chitosan complex / I. Buchovec, Z. Luksiene // Int. J. Food Proc. Technol. 3 2015. 3 Vol. 2. 3 P. 26330. 

33 Archana, Reduction of polyphenol and phytic acid content of pearl millet grains by malting and blanching. / Archana, 

S. Sehgal, A. Kawatra // Plant Foods Hum. Nutr.31999.3 Vol. 53.3 No 2. P. 93398. 

34 �C@>20, !. ". "A>15==>AB8 ?@>872>4AB20 ACE8E ?@>@>I5==KE 75@5= ?H5=8FK 8 @68/ !. ". �C@>20 [8 4@.]. // 
�5AB=8:  0@89A:. 3>A. C=-B0. %5@. A5;LA:>E>7. =0C:8, M:>=. =0C:8. 2016. 3 &. 2, 7 3(7). %.10315. 

35 ,0@HC=>2, �. �. "?B8<870F8O @568<>2 B5@<><5E0=8G5A:>9 >1@01>B:8 ?@>@>I5==>3> 75@=0 3>@>E0 /  
�. �. ,0@HC=>2, �. !. '@10=G8:, �. �. ,0;NB0 // �5AFі !0FKO=0;L=09 0:04M<іі =02C: �5;0@CAі. %5@KO 03@0@=KE 
=02C:. 3 2014. 3 7 4. 3 %. 1093114. 

 

 

#>ABC?8;0 2 @540:F8R 18.12.2023 3. 
 

 

  



  �еEF=и> ��'&, 2023 № 2(35) 
 

 

 

 

 

43 

"� ��&"$�):  
�0;4>20  0@8=0 !8:>;052=0, =0G0;L=8: F5=B@0 48AB0=F8>==>3> >1CG5=8O �=AB8BCB0 ?>2KH5=8O 8 
?5@5?>43>B>2:8, �5;>@CAA:89 3>AC40@AB25==K9 C=825@A8B5B ?8I52KE 8 E8<8G5A:8E B5E=>;>389,  
e-mail: galdova@mogilev.bgut.by. 

�;5=0 !8:>;052=0 '@10=G8:, :0=4840B B5E=8G5A:8E =0C:, 4>F5=B, 48@5:B>@ �=AB8BCB0 ?>2KH5=8O 
8 ?5@5?>43>B>2:8, �5;>@CAA:89 3>AC40@AB25==K9 C=825@A8B5B ?8I52KE 8 E8<8G5A:8E B5E=>;>389,  
e-mail: urbanchik@mogilev.bgut.by. 

 

ABOUT AUTHORS:  
Maryna M. Haldova, Postgraduate student, Head of the Center for Distance Learning, Belarusian State 

University of Food and Chemical Technologies, e-mail: galdova@mogilev.bgut.by. 

Alena M. Ourbantchik, Ph. D. (Engineering), Associate Professor, Director of the Institute of Advanced 

Studies and Specialists Retraining, Belarusian State University of Food and Chemical Technologies, e-mail: 

urbanchik@mogilev.bgut.by. 

  

mailto:galdova@mogilev.bgut.by


Пище6ая Fех=>?>7ия  

 

 

 

 

 

44 

'�� 642.58:658.5.011 
 

 �)�!��� ("$ �$"��!�/ *��&�  /%�  
� %#"%"�/ ��" $���%&$�*�� 

(>17>@) 

". �. (:45@>61, �. �. $97=8G9=:>2, �.  . '9@=CE43, &. !. �>;4H9=:>4, �. �. �47>68:>644 

1 8=8AB5@AB2> A5;PA:>3> E>7S9AB20 8 ?@>4>2>;PAB28S $5A?C1;8:8 �5;0@CAP, $5A?C1;8:0 �5;0@CAP 

2"�" «%;CF:89 <SA>:><18=0B», $5A?C1;8:0 �5;0@CAP 

3(��!' «(!* ?8I52OE A8AB5< 8<. �. . �>@10B>20» $�!, $>AA89A:0S (545@0F8S 
4�5;>@CAA:89 3>AC40@AB25==O9 C=825@A8B5B ?8I52OE 8 E8<8G5A:8E B5E=>;>389, $5A?C1;8:0 �5;0@CAP 
 

�!!"&�*�/ 
�2545=85. �8>E8<8G5A:85 ?@>F5AAK, 0:B82=> ?@>B5:0NI85 ?>A;5 C1>O, 2;8ONB =0 F25B <OA0 8 <OA=KE 
?@>4C:B>2, :>B>@K9 O2;O5BAO >A=>2=K< ?@87=0:><, ?> :>B>@><C ?>B@518B5;L >F5=8205B 53> :0G5AB2>. 
*25B <OA0 >?@545;O5BAO A;>6=>ABLN 53> A>AB020 8 <8:@>AB@C:BC@K, 0 B0:65 <5E0=8G5A:8<8 
2708<>459AB28O<8 <8>3;>18=0 A <=>65AB2>< M:7>35==KE 8 M=4>35==KE D0:B>@>2. �=0=85 >A=>2=KE 
<>;5:C;O@=KE <5E0=87<>2 F25B>D>@<8@>20=8O <OA0 ?>72>;8B @07@01>B0BL MDD5:B82=K5 AB@0B5388 4;O 
C;CGH5=8O AB018;L=>AB8 F25B0 8 ?@>4;5=8O A@>:>2 E@0=5=8O. *25B><5B@8G5A:89 0=0;87 MDD5:B825= 2 
87CG5=88 ?>A;5C1>9=KE 02B>;8B8G5A:8E 87<5=5=89 8 :;0AA8D8:0F88 <OA=>3> AK@LO ?> AB5?5=8 
02B>;870 4;O 40;L=59H53> 8A?>;L7>20=8O.  
 0B5@80;O 8 <5B>4O. !0CG=K5 AB0BL8, ?0B5=BK =0 87>1@5B5=8O, <>=>3@0D88, 48AA5@B0F88, 
>?C1;8:>20==K5 2 >B:@KB>9 ?5G0B8 70 ?>A;54=85 10 ;5B.  5B>4K A8AB5<=>3> 0=0;870, ;>38G5A:>5 
>1>1I5=85 B5<0B8G5A:>9 8=D>@<0F88, ?@54AB02;5==>9 2 >=;09=-@5AC@A0E Elsevier, ResearchGate, 
PubMed, cyberleninka.ru, findpatent.ru 8 eLIBRARY.RU.  
$57C;PB0BO. #@>0=0;878@>20=K >A=>2=K5 D878:>-E8<8G5A:85 8 <5E0=8G5A:85 <5E0=87<K 
D>@<8@>20=8O F25B0 8 >:@0A:8 <OA0. �K45;5=K =081>;55 ACI5AB25==K5 ?@8G8=K 87<5=5=8O >:@0A:8 
<KH5G=>9 B:0=8 ?@8 E@0=5=88. $0AA<>B@5= 18>E8<8G5A:89 <5E0=87< CEC4H5=8O F25B0, ?>O2;5=8O 
@04C6=>3> >B;820. #@82545=K >A=>2=K5 8=AB@C<5=B0;L=K5 <5B>4K >?@545;5=8O F25B0 8 >:@0A:8 
<OA=>3> AK@LO, 2K45;5=K =54>AB0B:8 8 ?@58<CI5AB20 :064>3> 87 =8E. "A>1>5 2=8<0=85 C45;5=> 
<5B>4C M;5:B@>==>9 A?5:B@>A:>?88, :>B>@K9 ?>72>;O5B AC48BL > 3;C18=5 02B>;8B8G5A:8E ?@>F5AA>2 
=0 C@>2=5 2A5E :><?>=5=B>2 18>;>38G5A:8E B:0=59.   
�O2>4O. �7CG5=85 <>;5:C;O@=KE <5E0=87<>2 F25B>>1@07>20=8O <OA0 ?>A@54AB2>< @07;8G=KE 
8=AB@C<5=B>2 ?>72>;8B @07@01>B0BL ?@028;L=K5 8=65=5@=K5 AB@0B5388 ?> ?>2KH5=8N :0G5AB20 <OA0 
:0: =0 ?@54?@8OB88-873>B>28B5;5, B0: 8 2 @>7=8G=>9 B>@3>2;5. $0728B85 A?5:B@>D>B><5B@8G5A:>3> 
0=0;870 F25B=>AB8 <OA0 ?>72>;8B 3;C165 ?>=OBL 18>E8<8G5A:85 ?@>F5AAK, ?@>B5:0NI85 2 =ё< ?>A;5 
C1>O 8 ?@8 B5E=>;>38G5A:>9 >1@01>B:5, 0 B0:65 02B><0B878@>20BL A>@B8@>2:C <OA0 ?> 53> F25BC 8 
3@C??0< :0G5AB20.  

��.+��/� %�"��: F25B <SA0; A?5:B@>D>B><5B@8G5A:89 0=0;87; <5E0=87<O F25B>>1@07>20=8S 
<SA0; D0:B>@O F25B>>1@07>20=8S; CEC4H5=85 F25B0 <SA0. 

��/ *�&�$"��!�/: ,:01@>2, ". �.  5E0=8:0 D>@<8@>20=8O F25B0 <OA0 8 A?>A>1K 53> 
@538AB@0F88 / ". �. ,:01@>2 [8 4@.] // �5AB=8: �5;>@CAA:>3> 3>AC40@AB25==>3> C=825@A8B5B0 ?8I52KE 
8 E8<8G5A:8E B5E=>;>389. 3 2023. 3 7 2(35). 3 %.443 63.         

 
 

 

MECHANICS OF MEAT COLOR FORMATION AND METHODS 

OF ITS REGISTRATION  

(review) 

". V. Shkabrov1, V. D. Reznichenko2, I. M. Chernukha3, T. N. Bolashenko4, L. V. Lazovikova4 

 



  �еEF=и> ��'&, 2023 № 2(35) 
 

 

 

 

 

45 

1Ministry of Agriculture and Food of the Republic of Belarus, Republic of Belarus 
2OAO "Slutsk Meat Processing Plant", Republic of Belarus 

3FSBNU "FSC Food Systems named after V.M. Gorbatov" RAS, Russian Federation 
4Belarusian State University of Food and Chemical Technologies, Republic of Belarus 

 

ABSTRACT   
Introduction. Biochemical processes that actively occur after slaughter affect the color of meat and meat 

products, which is the main feature by which the consumer evaluates its quality. The color of meat is 

determined by the complexity of its composition and microstructure, as well as by the mechanical interaction 

of myoglobin with many exogenous and endogenous factors. Knowledge of the underlying molecular 

mechanisms of meat color formation will allow us to develop effective strategies for improving color stability 

and extending shelf life. Colorimetric analysis is effective in studying post-slaughter autolytic changes and 

classifying raw meat according to the degree of autolysis for further use. 

Materials and methods. Scientific articles, patents for inventions, monographs, dissertations published in the 

open press over the past 10 years. Methods of system analysis, logical generalization of thematic information 

presented in online resources Elsevier, ResearchGate, PubMed, cyberleninka.ru, findpatent.ru and 

eLIBRARY.RU. 

 Results. The main physicochemical and mechanical mechanisms of meat color formation are analyzed. The 

most significant causes of changes in the color of muscle tissue during storage are identified. The biochemical 

mechanism of color deterioration as well as the appearance of iridescence are considered. The main 

instrumental methods for determining color of meat raw materials are described, and their disadvantages and 

advantages are highlighted. Special attention is paid to electron spectroscopy, which makes it possible to 

consider the depth of autolytic processes at the level of all components of biological tissues. 

Conclusions. The study of the molecular mechanisms of meat color formation using various tools will make 

it possible to develop the right engineering strategies for improving the quality of meat both at the processing 

plant and in retail. The development of spectrophotometric analysis of color will allow us to understand better 

the biochemical processes occurring in meat after slaughter and during technological processing, as well as 

automate meat grading by its color and quality groups.  

KEY WORDS:  meat color; spectrophotometric analysis; meat color formation mechanisms; color formation 

factors; deterioration of the meat color. 

FOR CITATION:     Shkabrov, O. V.  Mechanics of meat color formation and methods of its registration 

(review) / O. V. Shkabrov [et al.]  // Vestnik of the Belarusian State University of Food and Chemical 

Technologies. 3 2023. 3 7 2(35). 3 $. 44363 (in Russian). 
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55 >A>15==>AB59, =0;8G8O 0C:A>E@><=KE 3@C??. % C25;8G5=85< G8A;0 A>?@O65==KE 42>9=KE 
A2O759 2 A8AB5<5 2>7@0AB05B :>MDD8F85=B ?>3;>I5=8O, 0 <0:A8<C< ?>;>AK ?>3;>I5=8O 
A<5I05BAO 2 4;8==>2>;=>2CN AB>@>=C. +0AB8G=> ?@>F5AAK D>@<8@>20=8O F25B=>AB8 
>@30=8G5A:8E 25I5AB2 >1JOA=O5B E@><>D>@=0O B5>@8O.  
%>3;0A=> E@><>D>@=>9 B5>@88 �8BB0, ?>O2;5=85 ?>;>AK ?>3;>I5=8O 2 A?5:B@5 

8AA;54C5<>3> 25I5AB20 >1O70=> E@><>D>@C 3 AB@C:BC@=>9 3@C??5 2 53> A>AB025, :>B>@0O 
>1CA;02;8205B 8718@0B5;L=>5 ?>3;>I5=85 A25B0 2 M;5:B@>==>< A?5:B@5. "1KG=> MB> 3@C??K, 
4;O :>B>@KE E0@0:B5@=K ?5@5E>4K Ã→Ã* 8 n→Ã*, B.5. A>45@60I85 :@0B=K5 A2O78: C=C, C≡C, 
C=O, N=N, N=O, A8AB5<K %=%3%=", 0@><0B8G5A:>5 O4@> 8 B. 4. !0AKI5==0O 3@C??0 2 
>@30=8G5A:>< A>548=5=88 (3N!2, 3O! 8 4@.), ?@8A>548=5=85 :>B>@>9 : E@><>D>@C <>65B 
87<5=OBL ?>;>65=85 (10B>E@><=K9, 38?A>E@><=K9 A42838) 8 8=B5=A82=>ABL (38?5@E@><=K9, 
38?>E@><=K9 MDD5:BK) ?>;>AK ?>3;>I5=8O ?>A;54=53> 2 A?5:B@5, ?>;CG8;0 =0720=85 
0C:A>E@><0 [18].  
�0: >B<5G0NB 02B>@K [19], 4;O =5:>B>@KE ?83<5=B>2 <OA0 E0@0:B5@=K D>B>D878G5A:85 

;N<8=5AF5=B=K5 MDD5:BK, :>B>@K5 <>3CB 1KBL 8A?>;L7>20=K 4;O >F5=:8 :0G5AB20 <OA=>3> 
AK@LO. &0:, CG5=K<8 %5G5=>2A:>3> C=825@A8B5B0 A :>;;530<8 87 �2AB@0;88 ?@54;>65= 1>;55 
1KAB@K9 8 45H52K9 A?>A>1 >F5=:8 :0G5AB20 <OA0, :>B>@K9 >A=>20= =0 2>7459AB288  
'(-87;CG5=8O =0 =51>;LH>9 >1@075F 8 87<5@5=88 A?5:B@0 ;N<8=5AF5=F88 [20]. 

 �N<8=5AF5=F8O 3 A2>9AB2> 25I5AB20 87;CG0BL A25B ?>4 2>7459AB285< 2>71C640NI8E 
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D0:B>@>2, :0: ?@028;>, 157 ?>2KH5=8O B5<?5@0BC@K. #> ?@>4>;68B5;L=>AB8 ;N<8=5AF5=F8N 
?>4@0745;ONB =0 D;N>@5AF5=F8N 8 D>AD>@5AF5=F8N. �0==>5 A2>9AB2> ?>;>65=> 2 >A=>2C 
;N<8=5AF5=B=>3> 0=0;870 4;O A0=8B0@=>9 >F5=:8 :0G5AB20 <OA0.  
�82>B=K5 B:0=8 A?>A>1=K D;C>@5AF8@>20BL 2 @07;8G=KE >1;0ABOE 2848<>3> A?5:B@0: 

A8=59, 75;5=>9 8 :@0A=>9. %8=8< A25B>< =0 λ=460-470 =< D;C>@5AF8@CNB ?8@848==C:;5>B84K 
!��! 8 !��(! (2 <KH5G=>9 B:0=8 D;C>@5AF5=F8O >1CA;>2;5==0O !��(! =57=0G8B5;L=0), 
4;O 55 2>71C645=8O 2 A8;C AB>:A>20 A<5I5=8O =5>1E>48<> >1;CG5=85 C;LB@0D8>;5B>< A λ=365 
=<. ":8A;5=85 !��! A>?@>2>6405BAO ?>B5@59 A?>A>1=>AB8 D;C>@5AF8@>20BL. ":8A;5==K5 
D;02>?@>B584K ((#) D;C>@5AF8@CNB 2 75;5=>9 >1;0AB8 =0 λ=520-530 =<, 4;O :>B>@>3> B0:65 
=5>1E>48<> >1;CG5=85 C;LB@0D8>;5B>< A λ=365 =< 8;8 A8=8< A25B><. �>AAB0=>2;5==K5 (# 
CB@0G820NB A?>A>1=>ABL D;C>@5AF8@>20BL.  
&0:8< >1@07><, A?5:B@ O2;O5BAO 8=48284C0;L=>9 E0@0:B5@8AB8:>9 25I5AB20. #>;>65=85 

;8=89 2 A?5:B@5 O2;O5BAO >A=>2>9 :0G5AB25==>3> 0=0;870, ?> 8=B5=A82=>AB8 ;8=89 <>6=> 
?@>2>48BL :>;8G5AB25==K9 0=0;87 A>45@60=8O 25I5AB20 A B>9 8;8 8=>9 AB5?5=LN B>G=>AB8. 
�;8S=85 18>E@><>2 =0 >:@0A:C <SA0 
"1@07>20=85 F25B0 A25653> <OA0 3 4>2>;L=> A;>6=K9 ?@>F5AA, >1CA;>2;5==K9 CG0AB85< 

<>;5:C;O@=>3> :8A;>@>40, 4-45=B0B=>3> ;830=40 ?>@D8@8=0 A >1H8@=>9 A8AB5<>9 
A>?@O65==KE 42>9=KE A2O759, 8>=0 65;570 Fe+2, A?>A>1=>3> >:8A;OBLAO 8 @O40 4@C38E ?@8G8= 
[19].  

"A=>2=CN 8 =081>;55 206=CN @>;L 2 D>@<8@>20=88 F25B0 <OA0 8 <OA>?@>4C:B>2 83@0NB 
M=4>35==K5 ?83<5=BK (E@><>?@>B584K). $07;8G0NB B@8 >A=>2=K5 3@C??K M=4>35==KE 
?83<5=B>2: 
1) �5<>3;>18=>35==K5 ?83<5=BK (D5@@8B8=, 35<>A845@8=, 18;8@C18=); 
2) #@>B58=>35==K5 ?83<5=BK (<5;0=8=, 04@5=>E@><); 
3) �8?>?83<5=BK (;8?>DCAF8=, F5@>84, ;8?>E@><K). 
�4@5=>E@>< (:>MDD8F85=B M:AB8=:F88 EmM = 4,02 ?@8 480 =<) 3 >48= 87 <5B01>;8B>2 

(?@>4C:B >:8A;5=8O) 04@5=0;8=0. 
�5<>A845@8= 3 MB> ?83<5=B B5<=>-65;B>3> F25B0, ?@54AB02;ONI89 A>1>9 384@>>:8AL 

65;570, A2O70==CN A 15;:0<8, 3;8:>70<8=>3;8:0=0<8 8 ;8?840<8 :;5B:8. "= >1@07C5BAO ?@8 
@0A?045 35<>3;>18=0 =0 35< 8 D5@@8B8=, A ?>A;54CNI59 45=0BC@0F859 8 45?@>B58=870F859 
15;:0 D5@@8B8=0. �5<>A845@8= >1=0@C68205BAO 2 @5B8:C;O@=KE 8 M=4>B5;80;L=KE :;5B:0E 
A5;575=:8, ?5G5=8, :>AB=>3> <>730, ;8<D0B8G5A:8E C7;0E. � <56:;5B>G=>< 25I5AB25 
35<>A845@8= ?>425@305BAO D03>F8B>7C A845@>D030<8. �5<>A845@8= >1@07C5BAO ?@8 
:@>2>87;8O=8OE. � =51>;LH8E :@>2>87;8O=8OE >1=0@C68205BAO B>;L:> 35<>A845@8=, 0 2 
:@C?=KE 3 ?> ?5@8D5@88, A@548 682>9 B:0=8 >1@07C5BAO 35<>A845@8=, 0 2 F5=B@5 3 
:@>2>87;8O=8O, 345 02B>;87 ?@>8AE>48B 157 4>ABC?0 :8A;>@>40 8 CG0AB8O :;5B>:, ?>O2;ONBAO 
:@8AB0;;K 35<0B>848=0. !0:>?;5=85 35<>A845@8=0 2 B:0=OE 8 >@30=0E ?@>8AE>48B ?@8 
@07;8G=KE 701>;520=8OE [21]. 
�8?>DCAF8= 3 6ё;B>-:>@8G=52K9 0CB>D;N>@5AF8@CNI89 ?83<5=B, 2AB@5G0NI89AO 2> 

2A5E B:0=OE 8 >@30=0E. � :;5B:0E >1KG=> :>=F5=B@8@C5BAO 2>:@C3 O4@0 2 ;87>A><0E 2 2845 
>AB0B>G=KE B5;5F. #> @07=K< <=5=8O<, ;8?>DCAF8= >1@07C5BAO 8 =0:0?;8205BAO 2 @57C;LB0B5 
>:8A;5=8O =5=0AKI5==KE 68@>2 8;8 2 A;CG05 ?>2@5645=8O <5<1@0= >@30=5;;, 2 >A>15==>AB8 
87-70 ?>2@5645=8O <8B>E>=4@89 8 ;87>A><. !081>;LH55 A>45@60=85 ;8?>DCAF8=0 >B<5G05BAO 
2 <8B>B8G5A:8 =50:B82=KE :;5B:0E, B0:8E :0: =59@>=K 8 :0@48><8>F8BK [22]. 
� 25B5@8=0@88 ?0B>;>38G5A:CN ?83<5=B0F8N ;8?>DCAF8=><, >A>15==> ?5G5=8, ?>G5:, 

A5@45G=>9 8 A:5;5B=KE <KHF, =5@2=KE :;5B>:, =01;N40NB ?@8 8AB>I0NI8E 1>;57=OE, 
=0?@8<5@, ?@8 C3;52>4=>-15;:>2>9 =54>AB0B>G=>AB8 C :>@>2 A 2KA>:>9 ?@>4C:B82=>ABLN 8;8 
?@8 0B@>D88 ?0@5=E8<0B>7=KE >@30=>2, 2 B>< G8A;5 2 AB0@>AB8. 

 =>3>G8A;5==CN 3@C??C ?83<5=B>2 <OA0 A>AB02;ONB A;>6=K5 15;:8 35<>- 8 
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35<8?@>B58=K. #@>AB5B8G5A:8<8 3@C??0<8 MB8E ?83<5=B>2 O2;ONBAO 35< 8 35<8= (35<0B8=), 0 
B0:65 ?@>4C:BK 8E @0A?040. �5< 8 35<8= ?@54AB02;ONB A>1>9 :><?;5:A=K5 A>548=5=8O 
:0B8>=>2 Fe+2 8 Fe+3, A>>B25BAB25==>, 8 ;830=40 ?>@D8@8=0. ":8A;OOAL, 35< ?@52@0I05BAO 2 
35<8= (Fe+2 → Fe+3). #5@5E>4K <564C 35<>< 8 35<8=>< >?@545;ONBAO =0;8G85< 
2>AAB0=>28B5;59 8;8 >:8A;8B5;59, 8 >=8 2>7<>6=K 2 35<>?@>B58=0E, : :>B>@K< >B=>AOBAO: 
<8>3;>18=, 35<>3;>18=, F8B>E@><K. � F8B>E@><0E ?5@540G0 M;5:B@>=0 A2O70=0 A ?5@5E>4>< 
<564C 42C<O A>AB>O=8O<8 :0B8>=>2 65;570: Fe+2 8 Fe+3. "4=0:> >=8 =5 A?>A>1=K ?>4>1=> 
<8>3;>18=C 8 35<>3;>18=C A2O7K20BL :8A;>@>4 8;8 4@C3>9 ;830=4, B.:. 2 MB8E A>548=5=8OE C 
:0B8>=0 65;570 C65 =0AKI5=K 2A5 H5ABL :>>@48=0F8>==KE A2O759. � 35<8?@>B58=0< 
>B=>AOBAO D5@<5=BK :0B0;070 8 ?5@>:A84070. "A>15==>ABL F8B>E@><>:A8407K 2 B><, GB> >=0 
>4=>2@5<5==> A>45@68B :0B8>=K 65;570 8 <548. 
%B@C:BC@=> 1;87>: : 35<C 28B0<8= �12. "B;8G85 70:;NG05BAO 2 B><, GB> 2 A;CG05 28B0<8=0 

�12 :><?;5:A>>1@07>20B5;5< 2KABC?05B :0B8>= :>10;LB0, 0 E5;0B8@CNI8< ;830=4>< O2;O5BAO 
?>@D8@8=>?>4>1=0O AB@C:BC@0, A>45@60I0O <5=LH55 G8A;> A>?@O65==KE 42>9=KE A2O759, 
G5< 35<>2K9 ?>@D8@8=. -B> 45;05B B0:CN AB@C:BC@C >?B8G5A:8 =5 0:B82=>9 2 2848<>9 
>1;0AB8. #>MB><C :@0A=K9 F25B 28B0<8=0 �12 2>7=8:05B 1;03>40@O :0B8>=C :>10;LB0, 0 =5 
A8AB5<5 A>?@O65==KE 42>9=KE A2O759 ;830=40. �8B0<8= �12 A>45@68BAO ?@58<CI5AB25==> 2 
?5G5=8 8 ?>G:0E.  
� MB>9 65 3@C??5 ?@8<K:0NB ?83<5=BK, O2;ONI85AO ?@>872>4=K<8 35<0. #@8 687=8 

682>B=KE 18>;>38G5A:>5 >:8A;5=85 ?>@D8@8=0 A>?@>2>6405BAO 45F8:;870F859 8 
>1@07>20=85< ;8=59=KE B5B@0?8@@>;>2 3 18;8@C18=>84>2: 18;825@48=0 8 18;8@C18=0. 
�8;825@48= 8<55B 65;BCN >:@0A:C, 0 206=59H89 ?@>4C:B @0A?040 3 18;8@C18= 3 >@0=652CN. 
�7 18;8@C18=0 >1@07C5BAO C@>18;8=, 8<5NI89 >@0=652>-:@0A=K9 F25B. -B8 ?83<5=BK 
A>45@60BAO 2 ?;07<5 :@>28. ":8A;8B5;L=K5 ?@>F5AAK 2 02B>;878@CNI8E <KHF0E B0:65 
?@82>4OB : @07@K2C ?>@D8@8=>2>3> :>;LF0. #5@2>=0G0;L=> ?@8E>48B @07@K2 α-<5B8=>2>3> 
<>AB8:0 8 B0:65 >1@07CNBAO ;8=59=K5 B5B@0?8@@>;K. #@8 1>;55 3;C1>:>< >:8A;5=88 
@07@K20NBAO 4@C385 <5B8=>2K5 <>AB8:8. %>2>:C?=>ABL MB8E ?@>F5AA>2 ?@82>48B : 
>1@07>20=8N ?@>4C:B>2 >:8A;5=8O A @07=>>1@07=>9 >:@0A:>9 (65;B>9, 75;5=>9).  
� ?;07<5 :@>28 682>B=KE <>3CB ?@8ACBAB2>20BL :0@>B8=>84K, A>45@60=85 :>B>@KE 

>?@545;O5BAO >A>15==>ABO<8 ?8B0=8O. #;07<0 :@>28 B@02>O4=KE 682>B=KE <>65B 8<5BL 
65;B>-:@0A=K9 F25B 87-70 1>;LH>3> A>45@60=8O :0@>B8=>2 8 :A0=B>D8;>2. �0@>B8=>84K 3 MB> 
?83<5=BK 65;B>3>, >@0=652>3> 8;8 :@0A=>3> F25B0 A @07;8G=K<8 >BB5=:0<8. ' A28=59 A 8=K< 
@0F8>=>< ?8B0=8O, G5< B@02>O4=K5, ?;07<0 :@>28 8<55B 1;54=>-65;BK9 F25B.  
(;02>?@>B58=K 3 MB> A;>6=K5 15;:8, ?@>AB5B8G5A:85 3@C??K :>B>@KE O2;ONBAO 

?@>872>4=K<8 @81>D;028=0. �5;BK9 F25B ?@8ACI B>;L:> >:8A;5==><C A>AB>O=8N 
@81>D;028=0, 0 2>AAB0=>2;5==0O D>@<0 15AF25B=0.  
$>;P <8>3;>18=0 2 D>@<8@>20=88 F25B0 <SA0 
�=0G8B5;L=CN @>;L 2 D>@<8@>20=88 >:@0A:8 <KH5G=>9 B:0=8 83@0NB 15;:8-

E@><>?@>B584K 3 A>548=5=8O, A>AB>OI85 87 96 % 15;:0 8 :@0AOI53> :><?>=5=B0 3 35<0  
(4 %). �5< ?@54AB02;O5B A>1>9 :><?;5:A=>5 A>548=5=85 8>=0 65;570 A 4-45=B0B=K< ;830=4>< 
?>@D8@8=><. "A=>2=>9 :@0AOI59 35<>2>9 3@C??>9 O2;O5BAO ?@>B>?>@D8@8=, G5BK@5 
?8@>;L=KE :>;LF0 :>B>@>3> >1J548=5=K 2 <>;5:C;C :>;LF52>9 D>@<K.  
� 35<5 2>7<>6=K 420 2840 M;5:B@>==KE ?5@5E>4>2, ?@82>4OI8E : >1@07>20=8N F25B0.  

�>-?5@2KE, 2848<K9 A25B ?>3;>I05BAO 2 ?5@5E>40E Ã-M;5:B@>=>2 87 >A=>2=>3> A>AB>O=8O 2 
2>71C645==>5 (Ã→Ã*) 2 ?@>B>?>@D8@8=5 I), :>>@48=8@>20==>< A 8>=>< 65;570 8 
A>45@60I8< ?@>BO65==CN, 70<:=CBCN A8AB5<C A>?@O65==KE 42>9=KE A2O759. �>-2B>@KE, 
?>3;>I5=85 A25B0 <>65B ?@>8AE>48BL 2 M;5:B@>==KE ?5@5E>40E <564C >?@545;5==K<8 
>@18B0;O<8 2 8>=0E 65;570. %;54>20B5;L=>, F25B 35<>2>9 3@C??K >4=>2@5<5==> 7028A8B >B 
?>@D8@8=>2>3> :>;LF0 8 8>=0 <5B0;;0 :><?;5:A>>1@07>20B5;O [23]. 
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� >A=>2=K< E@><>?@>B5840< <OA0 >B=>AOBAO <8>3;>18= ( b) 90395 % 8 35<>3;>18= (Hb) 
235 %.  8>3;>18= 3 MB> A0@:>?;07<0B8G5A:89 15;>:, :>B>@K9 A>AB>8B 87 >4=>9 
?>;8?5?B84=>9 F5?8, A>45@60I59 153 0<8=>:8A;>B=KE >AB0B:0, :>B>@0O C;>65=0 2 ?;>B=CN 
3;>1C;C @07<5@>< 4,5 E 2,5 =< (@8A. 1). �;>18=>20O F5?L A>AB>8B 87 2>AL<8 A?8@0;L=KE 
A53<5=B>2, >1@07CNI8E A?8@0;L=CN AB@C:BC@C, :>B>@K5 >E20BK20NB 35<, @0A?>;>65==K9 2 
35<>2>< :0@<0=5. � A2>N >G5@54L 35< >1CA;02;8205B A?>A>1=>ABL Mb A2O7K20BL :8A;>@>4 [24, 
25].  

*25B  b >?@545;O5BAO 20;5=B=>ABLN 65;570 (II 8;8 III).  b 8 Hb 8<5NB ?>4>1=K5 35<>2K5 
3@C??K, ?>MB><C 2;8O=85 @07;8G=KE CA;>289 =0 8E >:@0A:C ?@8<5@=> >48=0:>2>5. � 
7028A8<>AB8 >B >:8A;8B5;L=>-2>AAB0=>28B5;L=KE D>@< =0 ?>25@E=>AB8 A25653> <OA0 8 
A2O70==>3> ;830=40 <8>3;>18= <>65B ACI5AB2>20BL 2 2845 457>:A8<8>3;>18=0, 
>:A8<8>3;>18=0, <5B<8>3;>18=0 8 :0@1>:A8<8>3;>18=0.  �0640O >:8A;8B5;L=>-
2>AAB0=>28B5;L=0O D>@<0 <>65B ?@84020BL C=8:0;L=K5 A?5:B@K ?>3;>I5=8O 8 >B@065=8O 8 
A2O70==K5 A =8<8 ?8:8/<0:A8<C<K 4;8= 2>;= (B01;. 1). &0:8< >1@07><, 2 4>?>;=5=85 : 
AB@C:BC@5 <KH5G=KE 2>;>:>=, D>@<K <8>3;>18=0 B0:65 <>3CB 2;8OBL =0 8=B5=A82=>ABL 
?>:@0A=5=8O (=0AKI5==>ABL) F25B0 <OA0. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
$8A. 1. &@5E<5@=0O AB@C:BC@0 <8>3;>18=0 A28=8=K: 044C:B8@>20==K9 @50:F8>==>A?>A>1=K<8  

0;L453840<8 38AB848= (:@0A=K9 HIS); =5044CF8@>20==K5 38AB848=K (75;5=K9 HIS)  
8 35<>20O 3@C??0 (>@0=652K9) 

 

Fig. 1. Three-dimensional structure of pork myoglobin: histidine adducted by reactive aldehydes (red); 

unadducted histidines (green) and heme group (orange) 
 

 

&01;. 1. )0@0:B5@8AB8:8 @07;8G=KE D>@< <8>3;>18=0  

Table 1. Characteristics of different myoglobin forms 

(>@<0 <8>3;>18=0 #8: 
%>@5, (=<) 

 0:A8<C< 
?>3;>I5=8O, 

(=<) 

 0:A8<C< 
>B@065=8O, 
(=<) 

"B@060B5;L=0O 
A?>A>1=>ABL, (%) #>3;>I5=85 

�57>:A8<8>3;>18= 430 503 474 12,0 1,07 

":A8<8>3;>18= 420 582 610 15,9 0,95 

 5B<8>3;>18= 410 503 572 14,7 1,04 

�0@1>:A8<8>3;>18= 420 543 610 16,1 1,07 
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%B@C:BC@0 Mb @07;8G=KE 284>2 4><0H=53> A:>B0 8 ?B8FK 8<55B =5:>B>@K5 @07;8G8O 2 
0<8=>:8A;>B=>9 ?>A;54>20B5;L=>AB8 8 20@L8@C5B 2 ?@545;0E >B 0 4> 30,7 %.  >;5:C;O@=0O 
<0AA0 <8>3;>18=0 C @07;8G=KE 284>2 A:>B0 :>;51;5BAO 2 ?@545;0E >B 16,824 �0 (2 :>7;OB8=5) 
4> 17,380 �0 (2 AB@0CAOB8=5). #@8<5G0B5;L=>, GB> Mb @K1K =0 3003400 �0 BO65;55, G5< Mb 
:@0A=>3> <OA0 (3>2O48=0). -B> >1CA;>2;5=> B5<, GB> <0;K5 >AB0B:8 0<8=>:8A;>B 70<5=5=K 
1>;55 :@C?=K<8.  
)8<8G5A:85 A2>9AB20 8 DC=:F88 Mb 2 682KE B:0=OE 8 <OA5 <>3CB 1KBL @07;8G=K<8.  

� 682>9 <KHF5  b A2O7K205B :8A;>@>4 8 4>AB02;O5B 53> 2 <8B>E>=4@88, ?>72>;OO B:0=O< 
?>445@6820BL 8E D878>;>38G5A:85 DC=:F88. � <OA5 Mb O2;O5BAO >A=>2=K< ?83<5=B><, 
>B25G0NI8< 70 53> :@0A=K9 F25B. 
(C=:F8O <8>3;>18=0 70?0A0BL "2 2 <KHF0E ?@8 53> 871KB:5 8 >A2>1>640BL ?@8 =54>AB0B:5 

>A=>20=0 =0 A?>A>1=>AB8 8>=0 Fe2+ >1@0B8<> A2O7K20BL <>;5:C;C "2 A >1@07>20=85< 
>:A8<8>3;>18=0. �KA2>1>645=85 87 >:A8<8>3;>18=0 <>;5:C;K "2, =5>1E>48<>3> 
@01>B0NI59 <KHF5, ?@>8AE>48B 2 <><5=B 5ё A>:@0I5=8O, :>340 2 @57C;LB0B5 A60B8O 
:0?8;;O@>2 ?0@F80;L=>5 402;5=85 "2 @57:> ?0405B. �5;>: 2K?>;=O5B @>;L 2>4>@0AB2>@8<>3> 
=>A8B5;O 35<0, ?@54>E@0=ONI53> Fe2+ >B >:8A;5=8O ?@8 53> 2708<>459AB288 A "2 8 @53C;8@C5B 
25;8G8=C A@>4AB20 : "2.  

%2O7L Mb A :8A;>@>4>< >ACI5AB2;O5BAO 70 AGёB :>>@48=0F8>==>9 A2O78 <564C 0B><>< 
65;570 8 0B><0<8 07>B-38AB848=0 2 ?>;8?5?B84=>9 F5?8. �;>18=>20O F5?L ?@8405B 35<>2>9 
3@C??5 @0AB2>@8<>ABL 2 2>45 8 70I8I05B 35<>2>5 65;57> >B 2=5H=59 A@54K 8 >:8A;5=8O, B0: 
GB> 15;>: <>65B A>E@0=OBL A2>N DC=:F8>=0;L=>ABL. $57>=0=A=0O AB@C:BC@0 A>?@O65==KE 
42>9=KE A2O759 2 35<>2>9 3@C??5 >B25G05B 70 A?>A>1=>ABL Mb ?>3;>I0BL 2848<K9 A25B 8, 
B0:8< >1@07><, 2K?>;=OBL DC=:F8N ?83<5=B0. �5<>20O 3@C??0 A>45@68B 0B>< 65;570, 
:>B>@K9 <>65B ACI5AB2>20BL :0: 2 2>AAB0=>2;5==>9 (Fe2+), B0: 8 2 >:8A;5==>9 (Fe3+) D>@<5. 
&0:65 2K45;ONB G5BK@5 A>AB>O=8O, 2 :>B>@KE <>65B =0E>48BLAO 35<>2>5 65;57>: 2 
D5@@>A>AB>O=88 (457>:A8<8>3;>18=, Fe2+), 2 D5@@8A>AB>O=88 (<5B<8>3;>18=, Fe3+, 6-9 ;830=4 
!2") 8 2 =87:>A?8=>2KE D5@@>- 8 D5@@8A>AB>O=8OE (A>>B25BAB25==> Fe2+ 8 Fe3+)  

(@8A. 2) [26]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$8A. 2. (>@<K <8>3;>18=0 

Fig. 2. Myoglobin forms 
 

�5;57> <>65B ?@8=OBL H5ABL M;5:B@>=>2 =0 A2>59 2=5H=59 >@18B0;8 8, B0:8< >1@07><, 
<>65B >1@07>20BL H5ABL :>>@48=0F8>==KE A2O759. %2O7K20=85 ;830=4>2 A>?@>2>6405BAO 
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:>=D>@<0F8>==K<8 87<5=5=8O<8 15;:0, 8, =0>1>@>B, :>=D>@<0F8>==K5 87<5=5=8O 21;878 
35<0 87<5=ONB 53> M;5:B@>==>5 A>AB>O=85 8 @50:F8>==CN A?>A>1=>ABL. +5BK@5 A2O78 A2O70=K 
A ?8@@>;L=K<8 3@C??0<8 35<>?>@D8@8=>2>3> :>;LF0, 0 >4=0 3 A ?@>:A8<0;L=K< 38AB848=>< 
(?>;>65=85 93 2 F5?8 3;>18=0), :>B>@K9 A2O7K205B 35< A F5?LN 3;>18=0. �I5 >48= >AB0B>: 
38AB848=0 (48AB0;L=K9 38AB848= 2 ?>;>65=88 64 2 3;>18=>2>9 F5?8) =0E>48BAO 21;878 35<0, 
=> =5 A2O70= A 35<><. ,5AB0O :>>@48=0F8>==0O A2O7L 65;570 ?@54=07=0G5=0 4;O 
?@8A>548=5=8O :8A;>@>40 (A >1@07>20=85< >:A8<8>3;>18=0) 8;8 4@C38E ;830=4>2: %", 
F80=84>2 8 4@. #@>AB@0=AB25==>5 @0A?>;>65=85 48AB0;L=>3> 38AB848=0 8 35<0 >3@0=8G8205B 
@07<5@ ;830=4>2, 70=8<0NI8E H5ABCN :>>@48=0F8>==CN A2O7L 2 =0B82=>< Mb, 8 70I8I05B 
35< >B 2708<>459AB28O A 1>;LH8<8 18><>;5:C;0<8. 
#5@28G=0O AB@C:BC@0 Mb >?@545;O5B 53> B@5B8G=CN AB@C:BC@C, :>B>@0O, 2 A2>N >G5@54L, 

2;8O5B =0 2708<>459AB285 15;:0 A 18><>;5:C;0<8 8, 2 :>=5G=>< 8B>35, 2;8O5B =0 F25B <OA0. 
�@><5 B>3>, E>@>H> 87CG5=> [27], GB> ?5@28G=0O AB@C:BC@0 Mb 2;8O5B =0 53> DC=:F8>=0;L=K5 
A2>9AB20 :0: :8A;>@>4>=>A8B5;O 8 ?83<5=B0 2 682KE <KH5G=KE B:0=OE.  
Mb A25653> <OA0 <>65B ACI5AB2>20BL 2 ;N1>< 87 G5BK@5E >:8A;8B5;L=>-

2>AAB0=>28B5;L=KE A>AB>O=89, 0 8<5==>: 457>:A8<8>3;>18= ( b), >:A8<8>3;>18= ( b"2), 

:0@1>:A8<8>3;>18= (COMb), :>B>@K5 =0E>4OBAO 2 42CE20;5=B=>< A>AB>O=88 8 <5B<8>3;>18= 
(MetMb) 3 2 B@5E20;5=B=><.  b"2 8 COMb ?@840NB <OAC O@:89 28H=52>-:@0A=K9 F25B, 
>4=0:> F25B MB8E 42CE >:8A;8B5;L=>-2>AAB0=>28B5;L=KE D>@< =5@07;8G8< G5;>25G5A:8< 
3;07><. �57>:A8<8>3;>18= 8<55B ?C@?C@=>-:@0A=K9 F25B. � <>;5:C;5  b"2 H5AB0O 
:>>@48=0F8>==0O A2O7L 65;570 70=OB0 :8A;>@>4><, 2 COMb 3 CO, B>340 :0: 2  b =8 >48= 
;830=4 =5 A2O70= A 35<>2K< 65;57><. !0AKI5=85 Mb :8A;>@>4>< ?@8405B <OAC 
?@82;5:0B5;L=K9 28H=52>-:@0A=K9 F25B 1;03>40@O >1@07>20=8N  b"2. Mb 8<55B 1>;LH55 
A@>4AB2> : %", G5< : :8A;>@>4C, 2 @57C;LB0B5 G53> F25B>AB018;L=>ABL COMb 2KH5, G5< C 
 b"2. "1@07>20=85 :>@8G=52>3> MetMb ?@>8AE>48B 2 @57C;LB0B5 >:8A;5=8O 42CE20;5=B=>3> 
65;570 4> B@5E20;5=B=>3>. � <>;5:C;5 MetMb : H5AB>9 :>>@48=0F8>==>9 A2O78 
?@8A>548=O5BAO <>;5:C;0 2>4K, GB> =5 405B 2>7<>6=>AB8 A2O7K20BL :8A;>@>4. 
 8>3;>18= 8 35<>3;>18= A?>A>1=K : >1@07>20=8N CAB>9G82KE ?83<5=B>2 8 A 4@C38<8 

;830=40<8, ?@8G5< =5>1O70B5;L=> :@0A=>3> F25B0. !0?@8<5@, 75;5=K9 ?83<5=B 
AC;LD<8>3;>18= >1@07C5BAO 2 @57C;LB0B5 2708<>459AB28O A H2S.  

&0:8< >1@07><, F25B>2K5 ?5@5E>4K <564C D>@<0<8 <8>3;>18=0 A2O70=K A 42C<O 
?@>F5AA0<8: >:8A;5=85</2>AAB0=>2;5=85< 8>=0 :><?;5:A>>1@07>20B5;O 8 87<5=5=85< 53> 
;830=48@>20=8O. 
�A5 G5BK@5 D>@<K Mb ;53:> @0AB2>@8<K 2 2>45 8 1CD5@=KE @0AB2>@0E A =87:>9 8>==>9 

A8;>9. %?5:B@K ?>3;>I5=8O >:8A;8B5;L=>-2>AAB0=>28B5;L=KE D>@< 4>AB0B>G=> @07;8G=K 
(<564C 500 8 600 =<). �57>:A8<8>3;>18= 45<>=AB@8@C5B <0:A8<C< ?>3;>I5=8O ?@8 4;8=5 
2>;=K 557 =<, B>340 :0: MetMb 45<>=AB@8@C5B ?8: ?@8 503 =<.  b"2 8<55B 1>;LH85 42>9=K5 
?8:8 ?@8 542 8 582 =<. �=B5@5A=>, COMb B0:65 8<55B 420 ?8:0 ?>3;>I5=8O ?@8 543 8 581 =<, 
GB> 45;05B A?5:B@K ?>3;>I5=8O COMb 8  b"2 ?@0:B8G5A:8 845=B8G=K<8. &5< =5 <5=55, 
ACI5AB2CNB =5:>B>@K5 >A>15==>AB8: B0:, ?8: =081>;LH59 25;8G8=K =01;N405BAO 2 >1;0AB8 
580 =< 2  b"2, B>340 :0: 2 COMb ?8: A =081>;LH59 25;8G8=>9 =0E>48BAO 2 >1;0AB8 540 =<. 
%?5:B@K ?>3;>I5=8O G5BK@5E >:8A;8B5;L=>-2>AAB0=>28B5;L=KE D>@< ?5@5A5:0NBAO 
(87>15AB8G5A:0O B>G:0) ?@8 525 =<, 0 A?5:B@>D>B><5B@8G5A:>5 ?>3;>I5=85 ?@8 4;8=5 2>;=K 
525 =< 8A?>;L7C5BAO 4;O >F5=:8 >1I59 :>=F5=B@0F88 Mb 2 @0AB2>@0E, 0 B0:65 2 M:AB@0:B0E 
A25653> <OA0. 
(0:B>@O, 2;8SRI85 =0 >:@0A:C A25653> <SA0 

�5A><0O @>;L 35<>2KE 15;:>2 2 D>@<8@>20=88 F25B0 <OA0 1K;0 >B<5G5=0 02B>@0<8 
[28].  '40;5=85 2>4>@0AB2>@8<KE E@><>D>@>2 <=>3>:@0B=K< ?@><K20=85< C25;8G8;> 
>B@060B5;L=CN A?>A>1=>ABL 87-70 >BACBAB28O <>;5:C;, ?>3;>I0NI8E A25B. "4=0:>, =0 
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>?B8G5A:85 A2>9AB20 <OA0 <>3CB 2;8OBL B0:85 D0:B>@K, :0: A:>@>ABL A=865=8O @! ?>A;5 C1>O, 
:>=5G=K9 C@>25=L @! 2 <OA5 8 B5E=>;>38O E>;>48;L=>9 >1@01>B:8, ?5@5@01>B:8 8 C?0:>2:8. 
�2B>@0<8 [27, 29] >B<5G5=>, GB> 2 F25B>D>@<8@>20=88 <OA0, ?><8<> ?83<5=B>2, 206=CN 

@>;L 83@0NB B@8 :;NG52KE <5E0=87<0:  
1) 20@80F88 @0AAB>O=8O <564C @5H5B:0<8 <8>D8;0<5=B>2, :>B>@0O 87<5=O5BAO 2 @07<5@5 

70 AG5B >A<>B8G5A:>3> =01CE0=8O 8;8 A>:@0I5=8O, 8;8 70 AG5B 87<5=5=8O 4;8=K A0@:><5@0 
<KHFK [30], :0: A;54AB285, 87<5=OO 480<5B@ <8>D81@8;; 8 <KH5G=KE 2>;>:>=. '25;8G5=85 
7=0G5=8O A25B;>BK (7=0G5=85 L*) <KHF A>?@>2>6405BAO 87<5=5=85< 480<5B@0 <KH5G=KE 
2>;>:>=; 
2) 20@80F88 4;8=K A0@:><5@>2, 5A;8 MB> A2O70=> A 87<5=5=8O<8 480<5B@0 <8>D8;0<5=B>2 

8 <8>D81@8;;; 
3) 20@80F88 2 @0A?@545;5=88 A0@:>?;07<0B8G5A:8E 15;:>2. 
 KH5G=K5 2>;>:=0 ?>A;5 C1>O 8<5NB C=8:0;L=CN AB@C:BC@C-<0B@8FC, :>B>@0O ?>72>;O5B 

A25BC ?>3;>I0BLAO, @0AA5820BLAO, >B@060BLAO 8 ?5@54020BLAO.  
 

 

 

 

 

 

 

 

 

$8A. 3. %E5<0B8G5A:>5 87>1@065=85 A25B>2KE A2>9AB2 <KH5G=>3> 2>;>:=0 ?@8 ?@>E>645=88 G5@57 
=53> A25B0: (0) ?>3;>I5=85; (b) >B@065=85; (c) @0AA5820=85; (d) ?@5;><;5=85 

 

Fig. 3. Schematic representation of light properties when light passes through a muscle fiber. (a) absorption; 

(b) reflectance; (c) scattering; (d) refraction 

 

�0: 284=> 87 @8A. 3 ?@8 ?@>E>645=88 A25B0 G5@57 <KH5G=>5 2>;>:=> <>6=> =01;N40BL 
G5BK@5 2840 2708<>459AB28O A25B0 A 53> AB@C:BC@0<8. !0 @8A. 3 (0) 284=>, GB> A25B ?>3;>I05BAO 
@07;8G=K<8 :><?>=5=B0<8 <OA0, 2 B>< G8A;5 35<>2K<8 15;:0<8. #@8 >B@065=88 (@8A. 3 (b)), 
2>7=8:0NI5< =0 3;04:>9 ?>25@E=>AB8, ?040NI89 A25B ?5@5=0?@02;O5BAO, C3>; ?045=8O A25B0 
@025= C3;C >B@065=8O. $0AA5820=85 (@8A. 3 (c)), B0:65 =07K205<>5 48DDC7=K< >B@065=85<, 
2>7=8:05B =0 =5@>2=>9 ?>25@E=>AB8 A@570, :>340 ?040NI89 A25B @0AA58205BAO 8;8 >B@0605BAO 
2 4@C3>< =0?@02;5=88. #@8 ?@5;><;5=88 (@8A. 3 (d)) ?@>8AE>48B 8A:@82;5=85 A25B>2KE 2>;= 
?@8 ?5@5E>45 A25B0 87 >4=>9 A@54K 2 4@C3CN.  
&0:8< >1@07><, C;LB@0AB@C:BC@0 <KH5G=KE 2>;>:>= >:07K205B 1>;LH>5 2;8O=85 =0 

@0AA5820=85 A25B0 8 ?>3;>I5=85 ?83<5=B0<8 <OA0 >?@545;5==KE 4;8= 2>;=. !0?@8<5@, 
=0;8G85 35<>?@>B58=>2, B0:8E :0: <8>3;>18=, 35<>3;>18= 8 F8B>E@><K, ?>72>;O5B <OAC 
?>3;>I0BL A25B 2 >1;0AB8 %>@5 (4003440 =<) 8 >B@060BL A25B, >A>15==> 2 :@0A=>9 >1;0AB8 
(6353700 =<). 
�8>E8<8G5A:85 <5E0=87<K 682>9 <KH5G=>9 B:0=8 =5>1@0B8<> =0@CH0NBAO ?>A;5 C1>O 

682>B=>3>, GB> ?@82>48B : A=865=8N :>=F5=B@0F88 :8A;>@>40 8 A4283C <5B01>;87<0 
<KH5G=>9 B:0=8 A 0M@>1=>3> =0 0=0M@>1=K9 [31]. � @57C;LB0B5 ?@5>1;040=8O 
3;8:>;8B8G5A:>3> <5B01>;87<0 ?@>8AE>48B 70:8A;5=85 <OA0 ?>A;5 C1>O. %=865=85 25;8G8=K 
@! A D878>;>38G5A:8E 7,2 4> 5,6 8 A:>@>ABL 5ё 87<5=5=8O >:07K20NB A8;L=>5 2;8O=85 =0 F25B 
8 4@C385 D878:>-E8<8G5A:85 E0@0:B5@8AB8:8 <OA0.  
�N1>5 87<5=5=85 A:>@>AB8 A=865=8O 8;8 >:>=G0B5;L=>3> 7=0G5=8O pH <OA0 ?>A;5 C1>O 

<>65B 2;8OBL :0: =0 18>E8<8G5A:CN 0:B82=>ABL, B0: 8 =0 AB@C:BC@C <KHF, GB> 2 A2>N >G5@54L 
2;8O5B =0 D>@<8@>20=85 ?@54?>G8B05<>3> ?>B@518B5;5< O@:>-:@0A=>3> F25B0.  
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�AA;54>20B5;O<8 87 �5?0@B0<5=B0 =0C: > 682>B=KE 8 ?8I52KE ?@>4C:B0E C=825@A8B5B0 
HB0B0 ":;0E><0 [32] CAB0=>2;5=>, GB> >1@01>B:0 NOR <OA0 ;0:B0B>< ?@8405B 5<C 1>;55 
B5<=K9 O@:>-:@0A=K9 F25B 87-70 1>;LH>9 D5@<5=B0B82=>9 :>=:C@5=F88 70 :8A;>@>4 70 AG5B 
A<5I5=8O pH 2 I5;>G=CN AB>@>=C. #>2KH5==>5 7=0G5=85 @! <OA0 ?>2KH05B >B@8F0B5;L=K9 
70@O4 <KH5G=>3> <0B@8:A0 8 C25;8G8205B ?@>AB@0=AB2> 2=CB@8 8 <564C <8>D81@8;;0<8 
<KH5G=>9 B:0=8, GB> ?@82>48B : =01CE0=8N 8 1>;LH59 A?>A>1=>AB8 : C45@60=8N 
2=CB@8:;5B>G=>9 2>4K. � A2>N >G5@54L, MB>B MDD5:B ?@82>48B : C<5=LH5=8N <562>;>:>==KE 
?@>AB@0=AB2 8 A2>1>4=>9 ?>25@E=>AB=>9 2>4K, C25;8G820O B5< A0<K< ?>3;>I5=85 A25B0 8 
A=860O :>MDD8F85=B >B@065=8O. 
�8AB>;>38G5A:85 A@57K <KH5G=>9 B:0=8 A =>@<0;L=K< @! 8<5NB 1>;LH55 <562>;>:>==>5 

?@>AB@0=AB2>, 2 B> 2@5<O :0: 1>;LH0O 2;03>C45@6820NI0O A?>A>1=>ABL <KHF A 2KA>:8< @! 
?@82>48B : C<5=LH5=8N <562>;>:>==>3> ?@>AB@0=AB20. '25;8G5=85 pH <OA0 ?@82>48B : 
1>;55 ?;>B=><C @0A?>;>65=8N <KH5G=KE ?CG:>2 8 A=865=8N :>MDD8F85=B0 >B@065=8O. � 
@57C;LB0B5 B0:8E AB@C:BC@=KE 87<5=5=89 <KH5G=>9 B:0=8 C25;8G8205BAO 4;8=0 ?CB8 A25B0 
G5@57 <KH5G=>5 2>;>:=>, GB> ?@82>48B : 1>;LH5<C ?>3;>I5=8N 8 <5=LH5<C @0AA5820=8N.  
&0:8< >1@07><, 87<5=5=8N 25;8G8=K pH A>?CBAB2C5B 87<5=5=85 @0AA5820=8O A25B0 2=CB@8 

AB@C:BC@K <KH5G=>3> 2>;>:=0. '25;8G5=85 @0AA5820=8O A25B0 >1JOA=O5B, ?>G5<C 
?>25@E=>ABL PSE <OA0 :065BAO 1;54=55, 0 DFD 3 B5<=55.  
�B<>AD5@=K9 :8A;>@>4 8;8 :8A;>@>4, ?@8ACBAB2CNI89 2 C?0:>2:5 8;8 2 A>AB025  �%, 

0:B82=> ?>B@51;ONBAO <8>3;>18=><, D5@<5=B0<8 8 <8B>E>=4@8O<8. %;54>20B5;L=>, 
<8>3;>18=, <8B>E>=4@88 8 D5@<5=BK, ?>B@51;ONI85 :8A;>@>4, O2;ONBAO >A=>2=K<8 
:>=:C@5=B0<8 70 =53>.  
(C=:F88 <8>3;>18=0 8 <8B>E>=4@89 B5A=> A2O70=K <564C A>1>9. � 682KE B:0=OE Mb 

2K?>;=O5B @>;L ?5@5=>AG8:0 :8A;>@>40 4;O <8B>E>=4@89. "4=0:> <8B>E>=4@88 ?@>4>;60NB 
<5B01>;878@>20BL :8A;>@>4 2 A:5;5B=KE <KHF0E 8 2 A>AB>O=88 post mortem. &0:, 8=B0:B=K5 
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Fig. 4. Electronic absorption spectra of restructured pork muscle tissue:  

1 3 intact muscle tissue; 2 3 after water extraction (particle size 3 4,0 mm) 
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CHARACTERISTICS OF QUALITY INDICATORS, PROTEIN-MINERAL AND 

VITAMIN COMPOSITION OF BUN WITH THE ADDED RAPESEED CAKE FLOUR  

Z. V. Vasilenko1, Sh. N. Atakhanov2, T. N. Bolashenko1, E. N. Kucherova1, T. V. Trofimenko1 

1Belarusian State University of Food and Chemical Technologies, the Republic of Belarus 
2Namangan State University, Republic of Uzbekistan 

 

ABSTRACT 
Introduction. Raw materials of plant origin are increasingly used as additives in bakery products. Rapeseed 

is such a raw material in the Republic of Belarus. When rapeseed oil being produced rapeseed cake and meal 

are obtained as secondary products. They are currently being used in the production of animal feed. The study 

relevance is due to the possibility of using rapeseed meal flour in the production of bakery products. The 

scientific objective of the study is to substantiate the use of rapeseed meal flour in the production of bakery 

products. 

Materials and methods. The objects of research were buns baked with the addition of rapeseed meal flour. 

Flour quality and finished products indicators were determined by standard methods and techniques. The 

quality of the bun with added rapeseed meal flour was compared with the control sample «School bun», recipe 

No. 333 of the collection of recipes and confectionery products. 

Results. The effect of adding rapeseed meal flour in an amount from 1 to 10% on the organoleptic 

characteristics and bakery products nutritional value has been studied. It has been established that in order to 

obtain baked goods that meet the quality requirements of the standard it is possible to use rapeseed flour in an 

amount of 5 %. 

The rapeseed meal flour different concentrations influence on the organoleptic (appearance, color, taste and 

smell; surface, fracture appearance), physico-chemical (humidity, acidity, porosity) quality indicators of the 

resulting bun has been shown. It has been established that the bun with the addition of rapeseed meal flour 

meets the requirements of the current standard in all respects. The mineral and vitamin composition of the 

«Shkolnaya» (control sample) and «Nemanskaya» buns is presented. It has been shown that the addition of 

rapeseed meal flour in an amount of 5 % makes it possible to enrich the developed bun with minerals such as 

Ca, K, Mn, Mg, Fe, as well as vitamins B and E. The amino acid compositions of the proteins of «Shkolnaya» 
buns (control sample) and «Nemanskaya» were studied. It was shown that the amino acid composition of the 
developed bun exceeds the amino acid composition of the control sample. In terms of amino acid balance, the 

developed bun proteins are close to the «ideal protein» of the FAO/WHO. In the laboratory of the Department 

of Technology of Food processing and Meat Products a bun was developed with the addition of rapeseed cake 

flour in an amount of 5 % to wheat flour. 

Conclusions. It has been established that in order to obtain bakery products that meet the quality requirements 

of the standard it is possible to use rapeseed cake flour mixed with wheat flour in an amount of 5%. It makes 

finished products cheaper and the use of domestic raw materials more efficient. 

KEYWORDS: bakery products; rapeseed cake flour; quality indicators; amino acid; vitamin; mineral 

composition. 
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State University of Food and Chemical Technologies. 3 2023. 3 7 2(35). 3 P. 64374 (in Russian). 

 

 

�����!��  

� =0AB>OI55 2@5<O ?@>1;5<5 74>@>2>3> ?8B0=8O G5;>25:0 C45;O5BAO 2A5 1>;LH55 2=8<0=85, 
2 A2O78 A G5< =0E>4OB H8@>:>5 @0A?@>AB@0=5=85 ?@>4C:BK ?8B0=8O 4;O 74>@>2>3> >1@070 
687=8. "4=8<8 87 B0:8E ?@>4C:B>2 O2;ONBAO 1C;>G=K5 8745;8O, ?@54=07=0G5==K5 4;O 
74>@>2>3> ?8B0=8O. �0==0O 3@C??0 =5 >1;0405B >A>1K<8 ?@>D8;0:B8G5A:8<8 A2>9AB20<8, => 
>B;8G05BAO @07=>>1@0785< AK@LO. �<5AB5 A B5< =0 ?@>BO65=88 45AOB8;5B89 25A><CN 4>;N =0 
>B5G5AB25==>< @K=:5 ?8I52KE 8=3@5485=B>2 ?@>G=> C45@6820NB >1>30B8B5;L=K5 4>102:8 8 



Пище6ая Fех=>?>7ия  

 

 

 

 

 

66 

E;51>?5:0@=K5 A<5A8 70@C156=>3> ?@>872>4AB20. "4=0:>, B5E=8G5A:0O >A=0I5==>ABL 
?8I52KE ?@54?@8OB89 =0H59 @5A?C1;8:8 =0 A>2@5<5==>< MB0?5 ?>72>;O5B ?>;CG0BL 
2KA>:>:0G5AB25==K5 >B5G5AB25==K5 ?8I52K5 8=3@5485=BK 87 =0BC@0;L=>3> AK@LO 2KA>:>9 
?8I52>9 F5==>AB8. #>MB><C ?>8A: =>2KE 284>2 >B5G5AB25==KE AK@L52KE @5AC@A>2 
@0AB8B5;L=>3> 8 682>B=>3> ?@>8AE>645=8O 8 F5;5=0?@02;5==>5 8E 8A?>;L7>20=85 4;O 
>1>30I5=8O ?8I52KE ?@>4C:B>2 O2;O5BAO >4=8< 87 ?5@A?5:B82=KE =0?@02;5=89. �06=> =09B8 
MDD5:B82=K5 A?>A>1K ?5@5@01>B:8 AK@LO A F5;LN A>E@0=5=8O 8 ?>2KH5=8O 8E 18>;>38G5A:8 
0:B82=KE A2>9AB2 [1, 2]. 

#@>872>4AB2> 1C;>G=KE 8745;89 O2;O5BAO >4=8< 87 =081>;55 @0728BKE A5:B>@>2 
?@>4>2>;LAB25==>3> @K=:0 $5A?C1;8:8 �5;0@CAL. �C;>G=K5 8745;8O 2K?5:0NB 87 ?H5=8G=>9 
<C:8 <0AA>9 <5=55 500 3. � =8< >B=>AOB 10B>=K, ?;5B5=K5 8745;8O, 1C;:8, A09:8, A4>1=K5 
1C;>G=K5 8745;8O. );51>1C;>G=K5 8745;8O O2;ONBAO >A=>2=K< ?@>4C:B>< ?8B0=8O 8 83@0NB 
206=CN @>;L 2 >15A?5G5=88 ?@>4>2>;LAB25==>9 157>?0A=>AB8 AB@0=K. %B@0B538G5A:>9 8 
A>F80;L=> 7=0G8<>9 7040G59 E;51>?5G5=8O O2;O5BAO 30@0=B8@>20==>5 A=0165=85 2A5E A;>52 
=0A5;5=8O AB@0=K 157>?0A=K<8 8 :0G5AB25==K<8 E;51>1C;>G=K<8 8745;8O<8 [2, 3]. !0 
AB@C:BC@C 15;>@CAA:>3> @K=:0 E;51>?@>4C:B>2 2A5 1>;LH5 2;8ONB ?@8=F8?K 74>@>2>3> 
?8B0=8O. 
#>B@518B5;8 2A5 G0I5 >1@0I0NB 2=8<0=85 =0 74>@>2K9 >1@07 687=8, ?>445@60=85 

:>B>@>3> =52>7<>6=> 157 ?>;=>F5==>3> ?8B0=8O. #>?C;O@=>ABL «=>@<0;L=>3>» ?H5=8G=>3> 
8 @60=>3> E;510 A@548 =0A5;5=8O A=8605BAO, 2 B> 2@5<O :0: ?>B@51;5=85 =87:>:0;>@89=>3> 
>1>30I5==>3> E;510, 0 B0:65 485B8G5A:>3> 8 48015B8G5A:>3> @0AB5B. #>B@518B5;8 2A5 
1>;LH89 8=B5@5A ?@54JO2;ONB : =>2K< 8 ?>;57=K< 1C;>G=K< 8745;8O<, >B;8G0NI8<AO 
2KA>:8< A>45@60=85< 28B0<8=>2 8 <8=5@0;>2, ?8I52KE 2>;>:>=, ?>;57=KE 68@=KE :8A;>B, 
15;:>2 [3, 4].  

� :0G5AB25 4>102>: ?@8 2K?5G:5 E;51>1C;>G=KE 8745;89 ?@8<5=ONB 2A5 G0I5 AK@L5 
@0AB8B5;L=>3> ?@>8AE>645=8O. �;O MB8E F5;59 8A?>;L7CNBAO 87<5;LG5==K5 4> 
?>@>H:>>1@07=>3> A>AB>O=8O, ?@5420@8B5;L=> 2KACH5==K5 ;5:0@AB25==K5 @0AB5=8O, 8E 
?;>4K, ;8ABLO; :><?>=5=BK 87 ?H5=8FK, @68, >2A0, :C:C@C7K, OG<5=O, ?8I52KE A>@B>2 
;N?8=0 8 4@C38E :C;LBC@, 0 B0:65 87 2B>@8G=KE AK@L52KE @5AC@A>2 3 ?H5=8G=KE >B@C159, 
70@>4KH59, ?82=>9 4@>18=K 8 4@. [5]. 
"?@545;5==K9 8=B5@5A ?@54AB02;O5B ?5@A?5:B820 ?@8<5=5=8O <C:8 87 6<KE0 @0?A0 4;O 

873>B>2;5=8O A4>1=>9 1C;>G:8 87 ?H5=8G=>9 <C:8. 
 C:0 87 6<KE0 @0?A0 O2;O5BAO E>@>H8< 8AB>G=8:>< <8=5@0;L=KE 25I5AB2, 1>30B0 68@>- 

8 2>4>@0AB2>@8<K<8 28B0<8=0<8: B>:>D5@>;><, @5B8=>;><, @81>D;028=><, E>;8=><, 
18>B8=><, 0 ?> A>45@60=8N :0;LF8O, D>AD>@0, <03=8O, <548 8 <0@30=F0 ?@52>AE>48B A>52K9 
6<KE [6]. *5==> B>, GB> MB>B ?@>4C:B O2;O5BAO 8AB>G=8:>< =570<5=8<KE 68@=KE :8A;>B 
A5<59AB20 ><530-9 (>;58=>20O :8A;>B0), ><530-6 (;8=>;520O :8A;>B0) 8 ><530-3 (;8=>;5=>20O 
:8A;>B0), :>B>@K5 A?>A>1AB2CNB C:@5?;5=8N AB5=>: A>AC4>2 8 A=865=8N C@>2=O E>;5AB5@8=0 
2 :@>28. #@8<5G0B5;L=>, GB> <C:0  6<KE0 @0?A>2>3> A>45@68B 2 10 @07 1>;LH5 "<530-3, G5< 
>;82:>2K9 [639]. 

�5;>: <C:8 87 6<KE0 @0?A0 A>45@68B ?>;=K9 ?5@5G5=L =570<5=8<KE 0<8=>:8A;>B, GB> 
3>2>@8B > 53> 2KA>:>9 18>;>38G5A:>9 F5==>AB8. �=0G8B5;L=>5 A>45@60=85 ?8I52KE 2>;>:>=, 
>:07K205B ?>78B82=>5 2>7459AB285 =0 65;C4>G=>-:8H5G=K9 B@0:B, C;CGH0O 53> 42830B5;L=CN 
0:B82=>ABL 8 A?>A>1=>ABL 04A>@18@>20BL 8 2K2>48BL 87 >@30=87<0 A>;8 BO65;KE <5B0;;>2, 
@048>=C:;84>2 8 4@C385 B>:A8G5A:85 25I5AB20 [7, 9311]. �A5 MB> ?>4B25@6405B 
F5;5A>>1@07=>ABL 8A?>;L7>20=8O <C:8 87 6<KE0 @0?A0 2 A>AB025 ?@>4C:B>2 ?8B0=8O 4;O 
?>2KH5=8O 8E ?8I52>9 8 18>;>38G5A:>9 F5==>AB8, 0 B0:65 4;O @0AH8@5=8O 0AA>@B8<5=B0 
DC=:F8>=0;L=KE ?@>4C:B>2 ?8B0=8O. 

 



  �еEF=и> ��'&, 2023 № 2(35) 
 

 

 

 

 

67 

#@54;>65=8O ?> 8A?>;L7>20=8N 6<KE0 @0?A>2>3> 2 ?@>872>4AB25 ?@>4C:B>2 ?8B0=8O 
8<5NBAO. &0:, 02B>@0<8 [637] ?>;CG5=K ?>;>68B5;L=K5 @57C;LB0BK ?@8 ?@8<5=5=88 6<KE0 
87 A5<O= @0?A0 ?@8 ?@>872>4AB25 A>CA0 4;O ?8B0=8O A?>@BA<5=>2, ?5G5=LO. -B8 8745;8O 
>1;040NB 2KA>:>9 ?8I52>9 8 M=5@35B8G5A:>9 F5==>ABLN, H8@>:8< =01>@>< 28B0<8=>2, 
<8=5@0;L=KE 25I5AB2. 
'G8BK20O E8<8G5A:89 A>AB02  <C:8 87 6<KE0 @0?A0, <>6=> ?@54?>;>68BL, GB> 1C;>G:0 A 

4>102;5=85< <C:8 87 =53> 1C45B >1>30I5=0 28B0<8=0<8 (3@C??K �, �), <8=5@0;L=K<8 
25I5AB20<8 (:0;89, :0;LF89, <03=89, <0@30=5F, 65;57>) 8 ?8I52K<8 2>;>:=0<8 (:;5BG0B:0). 
"4=0:> 2 ;8B5@0BC@5 B0:8E 40==KE =0<8 >1=0@C65=> =5 1K;>, GB> >1CA;02;8205B 0:BC0;L=>ABL 
40==>3> 8AA;54>20=8O.  
*5;L 8AA;54>20=8O 3 2KO2;5=85 2>7<>6=>AB8 8A?>;L7>20=8O <C:8 87 6<KE0 @0?A0 2 

?@>872>4AB25 1C;>G:8 «!5<0=A:0O». !0CG=0O 7040G0 3 >1>A=>20=85 ?@8<5=5=8O <C:8 87 
6<KE0 @0?A0 ?@8 ?@>872>4AB25 E;51>1C;>G=KE 8745;89. 

 

 �&�$���/ �  �&"�/ 

"1J5:B0<8 8AA;54>20=89 O2;O;0AL 1C;>G:0 «!5<0=A:0O» 87 4@>6652>3> B5AB0, ?>;CG5==0O 
A 4>102;5=85< <C:8 87 6<KE0 @0?A0. �A?>;L7>20;8 <C:C 87 6<KE0 @0?A0, ?@>872>48<CN ?> 
&' BY 700036606.136 3 2023 (48A?5@A=>ABL <C:8 2 ?@545;0E 0,3330,6 <<). 
)0@0:B5@8AB8:0 6<KE0 @0?A>2>3> 15;>@CAA:>9 A5;5:F88 ?>4@>1=> 8AA;54>20=0 =0<8 8 

87;>65=0 2 [10]. 
#@8 ?@83>B>2;5=88 1C;>G=KE 8745;89 8A?>;L7>20;8 C=8D8F8@>20==CN @5F5?BC@C 

(?H5=8G=0O <C:0 2KAH53> A>@B0 <0@:8   54-25, <C:0 87 6<KE0 @0?A0 2 :>;8G5AB25  
1310 %, <>;>:>, A0E0@, A>;L, <0A;>, 4@>668, <5;0=6) 8 AB0=40@B=CN <5B>48:C ?@83>B>2;5=8O 
1C;>G:8 «,:>;L=0O». � ;01>@0B>@=KE CA;>28OE >ACI5AB2;O;8 70<5A B5AB0, D>@<>20=85 
?@>872>48;8 2@CG=CN, 2K?5:0;8 2 ?0@>:>=25:B><0B5. 
�0G5AB2> 3>B>2KE E;51>1C;>G=KE 8745;89 >?@545;O;8 ?> %&� 2160-2011. � ?>;CG5==KE 

8745;8OE >?@545;O;8 >@30=>;5?B8G5A:85 (2=5H=89 284, F25B, 2:CA 8 70?0E, ?>25@E=>ABL, 
D>@<C 8745;89), E8<8G5A:85 (2;06=>ABL 8 :8A;>B=>ABL) ?>:070B5;8. �>B>2K5 8745;8O 
>F5=820;8 ?> 2=5H=5<C 284C 8 >@30=>;5?B8G5A:8< E0@0:B5@8AB8:0<. 
%>45@60=85 15;:0 >?@545;O;8 ?> <5B>4C �L5;L40;O ?> �"%& 26889. %>45@60=85 

0<8=>:8A;>B 2 1C;>G=KE 8745;8OE >?@545;O;8 A ?><>ILN 2KA>:>MDD5:B82=>9 684:>AB=>9 
E@><0B>3@0D88 A>3;0A=>  ��  ! 1363-2000.  

%>45@60=85 65;570 >?@545;O;8 ?> �"%& 30178-96, :0;8O, :0;LF8O, <0@30=F0 8 <03=8O  3  ?> 
�"%& 31870-2012, ?.5; 28B0<8= � 3 �"%& EN 12822-2020; 28B0<8= �1 3  ��.  ! 2052-2004, 

28B0<8= �12  3 %&� 2454-2019. 

 

$��'�0&�&/ � �) "�%'���!�/ 

� ;01>@0B>@=KE CA;>28OE :0D54@K B5E=>;>388 ?@>4C:F88 >1I5AB25==>3> ?8B0=8O 8 
<OA>?@>4C:B>2 CG@5645=8O >1@07>20=8O «�5;>@CAA:89 3>AC40@AB25==K9 C=825@A8B5B 
?8I52KE 8 E8<8G5A:8E B5E=>;>389» 1K;8 873>B>2;5=K A4>1=K5 1C;>G:8 A 4>102;5=85< <C:8 
87 6<KE0 @0?A0.  
�C;>G:8 1K;8 ?@83>B>2;5=K ?> @5F5?BC@5 7 333 8 B5E=>;>38G5A:>9 AE5<5 A>3;0A=> 

A1>@=8:C @5F5?BC@ [12].  
�;O 8AA;54C5<KE >1@07F>2 1K;8 >?@545;5=K >@30=>;5?B8G5A:85 8 D878:>-E8<8G5A:85 

?>:070B5;8 :0G5AB20 2 A@02=5=88 A :>=B@>;L=K< >1@07F><, :>B>@K5 ?@54AB02;5=K 2 B01;.1. 
 

  



Пище6ая Fех=>?>7ия  

 

 

 

 

 

68 

&01;. 1.  �;8O=85 <C:8 87 6<KE0 @0?A0 =0 D878:>-E8<8G5A:85 ?>:070B5;8 :0G5AB20 A4>1=>9 
1C;>G:8 87 4@>6652>3> B5AB0 

Table 1. The rapeseed cake flour effect on the physico-chemical quality indicators of yeast dough bun 

 

#>:070B5;8 

 

�>=B@>;L 
%>45@60=85  �$, % : <0AA5 <C:8 

1 3 5 7 10 

2 384@0B8@>20==>< 2845 
     

 0AA0 75,5 76,3 78,1 78,7 79,9 80,4 

&5<=>-
:>@8G=52K9 

*25B %25B;>-
:>@8G-
=52K9 

%25B;>-
:>@8G=52K9 

%25B;>-
:>@8G=52K9 A 
2:@0?;5=85< 
G0AB8F <C:8 

�$ 

�>;55 
2K@065=K 
2:@0?;5=8O 
 �$, 

:>@8G=520-
BK9 

�>;55 
2K@065=K 
2:@0?;5=8O 
 �$, 

:>@8G=520-
BK9 

#>25@E=>ABL �;04:0O, <0B>20O �<5NBAO @07@K2K, <0B>20O 
(>@<0 #@028;L=0O, >:@C3;0O, =5 @0A?;K20NI0OAO 
�84 =0 
87;><5 

$>2=K9, 157 A;54>2 =5?@><5A0 �0<8=0N-

I89AO, 284=K 
A;54K 

=5?@><5A0 
�0?0E �K@065==K9, ?@8OB=K9 �>@G8FK 

�:CA %2>9AB25==K9, ?@8OB=K9 �@><0B=K9, 
A> 2:CA>< 
60@5=>3> 
>@5E0 

"ICI5=85 
?>A;52:CA8O 
3>@5G8 

/@:> 
2K@065= 
:8A;>20B>-
3>@L:89 

�8A;>B=>ABL,
 &ͦ 

2,03 2,06 2,19 2,21 2,35 2,49 

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

7,5 7,7 8,0 8,2 8,4 8,6 

 0AA>20O 
4>;O >1I53> 
A0E0@0, %  

15,76 15,78 15,81 15,85 15,89 15,91 

�;06=>ABL, 
% 

24,9 26,51 27,11 28,6 29,01 31,2 

72,7 

#>@8AB>ABL, 
% 

68,1 68,7 69,1 70,7 72,2 

"1L5<, A<3 2,03 2,1 2,20 2,31 2,46 2,49 

0,70 (>@<>CAB>9
G82>ABL 

0,694 0,696 0,699 0,701 0,721 

  

�7 ?@54AB02;5==KE 40==KE A;54C5B, GB> ?> >@30=>;5?B8G5A:8< ?>:070B5;O< A>>B25BAB2C5B 
B@51>20=8O< =>@<0B82=KE 4>:C<5=B>2 [13], 2:CA AB0=>28BAO 1>;55 A;04:8<, 0 F25B 
?@8>1@5B05B A5@>20BK9 >BB5=>:. 
'25;8G5=85 2KE>40 A4>1=KE 1C;>G5: 87 4@>6652>3> B5AB0 A 8A?>;L7>20=85< <C:8 87 

6<KE0 @0?A0 A 75,5 4> 80,4 >1CA;>2;5=> ?>;>68B5;L=K< 2;8O=85< 4>102:8 =0 
2>4>C45@6820NICN A?>A>1=>ABL <C:8 [10, 11]. 

#>2KH5=85 :8A;>B=>AB8 3>B>2KE 8745;89 A 2,03 4> 2,3 C 1C;>G:8 «!5<0=A:0O» >1CA;>2;5=> 
1>;55 0:B82=K< :8A;>B>>1@07>20=85< 2 ?@>F5AA5 1@>65=8O [10, 11], GB> A2O70=> A C;CGH5=85< 
CA;>289 4;O @0728B8O 4@>6652KE :;5B>: =0 =0G0;L=>< MB0?5 1@>65=8O. � B5AB5 A <C:>9 87 
6<KE0 @0?A0 A>45@68BAO 1>;LH5 <>=>A0E0@84>2. '25;8G5=85 2;06=>AB8 <O:8H0 ?> 
A@02=5=8N : :>=B@>;L=><C >1@07FC 4> 31, 2 % 2> <=>3>< >1CA;>2;5=> 459AB285< 2E>4OI8E 2 
A>AB02 <C:8 87 6<KE0 @0?A0 15;:>2  8 ?8I52KE 2>;>:>=, :>B>@K5 ?@>G=> C45@6820NB 2;03C 
2 ?@>F5AA5 2K?5G:8. 
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#>;CG5==K5 2 E>45 8AA;54>20=89 40==K5 A2845B5;LAB2CNB, GB> 2:;NG5=85 2 A>AB02 
@5F5?BC@K A4>1=>9 1C;>G:8 87 4@>6652>3> B5AB0 <C:8 87 6<KE0 @0?A0 C25;8G8205B 
?>@8AB>ABL, C45;L=K9 >1J5< 8 D>@<>CAB>9G82>ABL 3>B>2KE 8745;89. % C25;8G5=85< 
A>45@60=8O <C:8 87 6<KE0 @0?A0 2 1C;>G:0E ?>@8AB>ABL C25;8G8205BAO  4> 72,7 %, 0 C45;L=K9 
>1J5< 3 A 2,03 4> 2,49 A<3/3 A>>B25BAB25==>. #>:070B5;L, E0@0:B5@87CNI89  
D>@<>CAB>9G82>ABL 8745;89 87 4@>6652>3> B5AB0, 2>7@0AB05B A 0,694 4> 0,70 [12, 14316].  

�0==K5 B01;. 1 A2845B5;LAB2CNB > B><, GB> 2=5A5=85 <C:8 87 6<KE0 @0?A0 >:07K205B 
2;8O=85 =0 >@30=>;5?B8G5A:85 A2>9AB20 1C;>G:8 (F25B, 2:CA). (878:>-E8<8G5A:85 ?>:070B5;8 
:0G5AB20 =0E>4OBAO =0 C@>2=5, 4>?CAB8<>< AB0=40@B>< %&�-1045 (2;06=>ABL 3  =5 1>;55 38 %, 
?>@8AB>ABL  =5 1>;55 68372 %) [13]. 

�;O E0@0:B5@8AB8:8 18>;>38G5A:>9 F5==>AB8 15;:>2 1C;>G:8 A <C:>9 87 6<KE0 @0?A0 
8AA;54>20;8 0<8=>:8A;>B=K9 A>AB02 2 A@02=5=88 A :>=B@>;L=K< >1@07F><. $57C;LB0BK 
8AA;54>20=89 ?@54AB02;5=K =0 @8A. 1 8 2. 

 

 

 
 

$8A. 1.  %>45@60=85 =570<5=8<KE 0<8=>:8A;>B 2 15;:0E A4>1=KE 1C;>G5:, 3/100 3 15;:0 
 

Fig. 1. Essential amino acids content in the proteins of bun, g/100 g protein 

 

 

�7 ?@54AB02;5==KE =0 @8A. 1. 40==KE 284=>, GB> 15;:8 1C;>G:8 87 <C:8 87 6<KE0 @0?A0 
?@52>AE>4OB :>=B@>;L=K9 >1@075F ?> A>45@60=8N B0:8E =570<5=8<KE 0<8=>:8A;>B, :0: 
87>;59F8=, ;59F8=, ;878=, D5=8;0;0=8=+B8@>78=. #> AC<<0@=><C A>45@60=8N =570<5=8<KE 
0<8=>:8A;>B 15;:8 1C;>G:8 A 8A?>;L7>20=85< <C:8 87 6<KE0 @0?A0 ?@52>AE>4OB 15;:8 
:>=B@>;L=>3> >1@07F0 =0 16,21 %. �5;:8 1C;>G:8 A 8A?>;L7>20=85< <C:8 87 6<KE0 @0?A0 8 
:>=B@>;L=>3> >1@07F0 ?> A>45@60=8N B@5>=8=0, 20;8=0 8 <5B8>=8=0+F8AB58=0 ?@0:B8G5A:8 
8<5NB >48=0:>2>5 7=0G5=85.  
�AE>4O 87 40==KE, ?@54AB02;5==KE =0 @8A. 2, 284=>, GB> 15;:8 1C;>G:8 A <C:>9 87 6<KE0 

@0?A0 ?@52>AE>4OB :>=B@>;L=K9 >1@075F ?> A>45@60=8N =5:>B>@KE 70<5=8<KE 0<8=>:8A;>B: 
0A?0@038=>2>9 :8A;>B5, 3;NB0<8=>2>9 :8A;>B5, 38AB848=C. #> 0;0=8=C, 3;8F8=C, A5@8=C, 
0@38=8=C, ?@>;8=C 15;:8 :>=B@>;L=>3> >1@07F0 =57=0G8B5;L=> ?@52>AE>4OB 15;:8 1C;>G:8 A 
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<C:>9 87 6<KE0 @0?A0. %C<<0@=>5 A>45@60=85 70<5=8<KE 0<8=>:8A;>B 15;:>2 1C;>G:8 A 
<C:>9 87 6<KE0 @0?A0 ?@52>AE>48B 15;:8 :>=B@>;L=>3> >1@07F0. 

 

 

 
 

$8A. 2. %>45@60=85 70<5=8<KE 0<8=>:8A;>B 2 15;:0E A4>1=KE 1C;>G5:, 3/100 3 15;:0 
 

Fig. 2. Nonessential amino acids content in the proteins of bun, g/100 g protein 

 

 

+B>1K >E0@0:B5@87>20BL A10;0=A8@>20==>ABL =570<5=8<KE 0<8=>:8A;>B ?> >B=>H5=8N : 
«8450;L=><C» 15;:C, 0 B0:65 4;O 1>;55 ?>;=>3> ?@54AB02;5=8O > 18>;>38G5A:>9 F5==>AB8 
15;:>2 1C;>G:8 A 8A?>;L7>20=85< <C:8 87 6<KE0 @0?A0 1K;8 @0AAG8B0=K 0<8=>:8A;>B=K9 
A:>@ (��) 8 ?>:070B5;L CB8;8B0@=>AB8.  

�;O E0@0:B5@8AB8:8 18>;>38G5A:>9 F5==>AB8 15;:>2 1C;>G:8 A 8A?>;L7>20=85< <C:8 87 
6<KE0 @0?A0 8 :>=B@>;L=>3> >1@07F0 ?@>2>48;8 A@02=5=85 A �� A>AB02>< «8450;L=>3>» 15;:0 
?> H:0;5 (�"/�"�. �� A:>@ :064>9 =570<5=8<>9 0<8=>:8A;>BK 2 «8450;L=><» 15;:5 ?@8=OB 
70 100 %. $57C;LB0BK >?@545;5=8O �� A:>@0 =570<5=8<KE 0<8=>:8A;>B 15;:>2 1C;>G:8 
?@54AB02;5=K 2 B01;. 2. 

�7 ?@54AB02;5==KE 40==KE 284=>, GB> 4;O 8AA;54C5<KE >1@07F>2 1C;>G=KE 8745;89 
E0@0:B5@5= �� A:>@ A2KH5 100 %. #> A>45@60=8N B0:8E 0<8=>:8A;>B :0: 87>;59F8=, ;59F8=, 
<5B8>=8=+F8AB58=, D5=8;0;0=8=+B8@>78=, 20;8= 8 B@8?B>D0= 0<8=>:8A;>B=K9 A:>@ 15;:>2 
@07@01>B0==>9 1C;>G:8 ?@52KH05B 0<8=>:8A;>B=K9 A:>@ :>=B@>;L=>3> >1@07F0 =0  
94, 56, 34, 28, 3 8 22 %. "4=0:> ?> A>45@60=8N B@5>=8=0 0<8=>:8A;>B=K9 A:>@ 15;:>2 
:>=B@>;L=>3> >1@07F0 ?@52KH05B @07@01>B0==K9 >1@075F =0 6 %.  
�8<8B8@CNI59 0<8=>:8A;>B>9 15;:>2 40==KE 1C;>G=KE 8745;89 O2;O5BAO ;878=, A:>@ 

:>B>@KE 4;O 15;:>2 1C;>G:8 157 <C:8 87 6<KE0 @0?A0 A>AB02;O5B 38,71 %, 0 4;O 15;:>2 
@07@01>B0==>9 1C;>G:8 A 8A?>;L7>20=85< <C:8 87 6<KE0 @0?A0 3 40,59 %.  

%@02=820;8 0<8=>:8A;>B=K9 A:>@ 15;:>2 1C;>G:8 A 8A?>;L7>20=85< <C:8 87 6<KE0 @0?A0 
8 :>=B@>;L=>3> >1@07F0 ?@54AB02;5=K =0 @8A. 3. 
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&01. 2.  �<8=>:8A;>B=K9 A:>@ 15;:>2 A4>1=KE 1C;>G5: 

Table 2. Amino acid fast proteins in bun 
 

!08<5=>20=85 
0<8=>:8A;>BK 

«�450;L=K9» 
15;>: 

(�"/�"�, 
3/100 3 15;:0 

�>=B@>;L=K9 >1@075F 

�C;>G:0 «,:>;L=0O» 
�C;>G:0 «!5<0=A:0O» 

%>45@60=85 
0<8=>:8A;>BK 2 
15;:0E, 3/100 3 

15;:0 

�<8=>-
:8A;>B=K9 
A:>@, % 

%>45@60=85 
0<8=>:8A;>BK 
2 15;:0E, 3/100 
3 15;:0 

�<8=>- 
:8A;>B=K9 
A:>@, % 

�7>;59F8= (�;5) 3,0 2,91 97,03 5,66 188,67 

�59F8= (�59) 6,1 5,68 93,07 8,86 145,21 

�878= (�87) 4,8 1,86 38,71 1,95 40,59 

 5B8>=8=+F8AB58= 
( 5B+*8A) 

2,3 

 2,29 99,76 3,08 134,07 

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

4,1 

7,09 173,04 9,13 222,67 

&@5>=8= (&@5) 2,5 9,25 369,89 8,69 347,67 

�0;8= (�0;) 4,0 11,34 283,38 11,71 292,71 

&@8?B>D0= (&@?) 0,66 1,35 204,75 1,65 249,55 

 

 

 

 
$8A. 3. #>:070B5;L CB8;8B0@=>AB8 =570<5=8<KE 0<8=>:8A;>B 15;:>2 A4>1=KE 1C;>G5: 

Fig. 3.  Indicator of the usefulness of essential amino acid in the proteins of bun  

 

�7 ?@54AB02;5==KE =0 @8A. 3. 40==KE A;54C5B, GB> =08<5=LH8< ?>:070B5;5< CB8;8B0@=>AB8 
=570<5=8<KE 0<8=>:8A;>B :0: 2 15;:0E :>=B@>;L=>3> >1@07F0, B0: 8 2 @07@01>B0==>9 1C;>G:5 
A 8A?>;L7>20=85< <C:8 87 6<KE0 @0?A0, >1;0405B B@5>=8=. � =081>;LH59 AB5?5=8 2 15;:0E 
8AA;54C5<KE >1@07F>2 1C;>G=KE 8745;89 CA208205BAO ;878=. �<5AB5 A B5< <>6=> >B<5B8BL, 
GB> ?>:070B5;L CB8;8B0@=>AB8 ?> B0:8< =570<5=8<K< 0<8=>:8A;>B0< :0: 20;8= 8 B@5>=8=, 
15;:8 @07@01>B0==KE 1C;>G=KE 8745;89 ?@52KH0NB 15;:8 :>=B@>;L=>3> >1@07F0 =0  
0,2 8  0,2 % A>>B25BAB25==>.  
�I5 =5 <5=55 206=K< ?>:070B5;5< O2;O5BAO 0<8=>:8A;>B=0O A10;0=A8@>20==>ABL 15;:>2 2 

?@>4C:B5. �0==K5 ?> 0<8=>:8A;>B=>9 A10;0=A8@>20==>AB8 15;:>2 ?@82545=K 2 B01;. 3. 
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&01;. 3.   �<8=>:8A;>B=0O  A10;0=A8@>20==>ABL 15;:>2 A4>1=KE 1C;>G5: 

&able 3.  Amino acid protein balance in bun 

!08<5=>20=85 ?>:070B5;O «�450;L=K9» 
15;>: (�"/�"� 

�5;:8 1C;>G:8 
«,:>;L=0O» 

�5;:8 1C;>G:8 
«!5<0=A:0O»  

�>MDD8F85=B CB8;8B0@=>AB8 
0<8=>:8A;>B=>3> A>AB020, U 

4,50 3,72 4,64 

#>:070B5;L 871KB>G=>AB8 
A>45@60=8O =570<5=8<KE 
0<8=>:8A;>B, Ã?, 3 

0 1,26 1,09 

#>:070B5;L A>?>AB028<>9 
871KB>G=>AB8, ÃA 

0 0,013 0,008 

 

�AE>4O 87 40==KE, ?@54AB02;5==KE 2 B01;. 3., A;54C5B, GB> 15;:8 >1@07F>2 1C;>G=KE 
8745;89 >B;8G0NBAO >B «8450;L=>3>» 15;:0 (�"/�"�. &0:, ?> 25;8G8=0< :>MDD8F85=B0 
CB8;8B0@=>AB8 0<8=>:8A;>B=>3> A>AB020 15;:8 1C;>G:8 A 8A?>;L7>20=85< <C:8 87 6<KE0 
@0?A0 =57=0G8B5;L=> CABC?0NB :>=B@>;L=><C >1@07FC 8 A>AB02;ONB 3,72 8 4,64 
A>>B25BAB25==>. #> ?>:070B5;N 871KB>G=>AB8 A>45@60=8O =570<5=8<KE 0<8=>:8A;>B, 
?>:070B5;N A>?>AB028<>9 871KB>G=>AB8 8 8=45:AC =570<5=8<KE 0<8=>:8A;>B 15;:8 
@07@01>B0==>9 1C;>G:8 1;87:8 : 15;:0< :>=B@>;L=>3> >1@07F0. #> ?>:070B5;N 871KB>G=>AB8 
A>45@60=8O =570<5=8<KE 0<8=>:8A;>B 8 ?>:070B5;N A>?>AB028<>9 871KB>G=>AB8 15;:8 
@07@01>B0==>9 1C;>G:8 1;865 : «8450;L=><C» 15;:C, G5< 15;:8 :>=B@>;L=>3> >1@07F0.  
� E>45 @01>BK 1K; B0:65 8AA;54>20= 8 ?@>0=0;878@>20= <8=5@0;L=K9 8 28B0<8==K9 

A>AB02 1C;>G5:. $57C;LB0BK ?@54AB02;5=K 2 B01;. 4. 

&01;. 4.  8=5@0;L=K9 8 28B0<8==K9 A>AB02 1C;>G:8 «!5<0=A:0O» 8 1C;>G:8 «,:>;L=0O» 

Table 4. Mineral and vitamin composition of the «Nemanskaya» bun and the «School» bun 

#>:070B5;L �48=8FK 
87<5@5=8O 

�C;>G:0 «,:>;L=0O» �C;>G:0 «!5<0=A:0O» 

�5;57> <3/1003 0,53 0,76 

�0;LF89 <3/:3 293 456 

�0;89 <3/:3 1132 1552 

 0@30=5F <3/:3 2,37 3,41 

 03=89 <3/:3 114 216 

�8B0<8= � <3/1003 1,1 1,5 

�8B0<8= �1 <3/1003 0,05 0,08 

�8B0<8= �4 <3/1003 77,81 93,10 

�8B0<8= �12 <3/1003 0,340 1,260 

 

�7 @57C;LB0B>2, ?@54AB02;5==KE 2 B01;. 4, A;54C5B, GB> :>;8G5AB25==K9 0=0;87 
<8=5@0;L=>3> A>AB020 1C;>G:8 A 4>102;5=85< <C:8 87 6<KE0 @0?A0 E0@0:B5@87C5BAO 
?>2KH5==K< A>45@60=85< %0, �, Mn, Mg. �>;55 2KA>:8< A>45@60=85< :0;LF8O >B;8G05BAO 
1C;>G:0 «!5<0=A:0O», A>45@60=85 :>B>@>3> =0 55 % ?@52KH05B A>45@60=85 2 1C;>G:5 
«,:>;L=0O», A>45@60=85 :0;8O ?@52KH05B =0 37 %, <03=8O =0 89 %, <0@30=F0 =0 43 % 
A>>B25BAB25==>.  
%;54C5B >B<5B8BL B0:65 C25;8G5=85 A>45@60=8O 28B0<8=>2 3@C??K � 8 �. &0:8< >1@07><, 

<>6=> AG8B0BL, GB> 1C;>G:0 «!5<0=A:0O» O2;O5BAO >1>30I5==K< ?@>4C:B><. 
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����.+�!��  
�AA;54>20=> 2;8O=85 =0 >@30=>;5?B8G5A:85 ?>:070B5;8 8 ?8I52CN F5==>ABL 1C;>G=KE 

8745;89 4>102;5=8O <C:8 87 6<KE0 @0?A0 2 :>;8G5AB25 >B 1 4> 10 %. 'AB0=>2;5=>, 4;O 
?>;CG5=8O E;51>1C;>G=KE 8745;89, A>>B25BAB2CNI8E :0G5AB2C B@51>20=8O< AB0=40@B0, 
2>7<>6=> 8A?>;L7>20=85 <C:8 87 6<KE0 @0?A0 2 :>;8G5AB25 5 %.        
#>:070=> 2;8O=85 @07=KE :>=F5=B@0F89 <C:8 87 6<KE0 @0?A0 =0 >@30=>;5?B8G5A:85 

(2=5H=89 284, F25B, 2:CA 8 70?0E; ?>25@E=>ABL, 284 =0 87;><5), D878:>-E8<8G5A:85 
(2;06=>ABL, :8A;>B=>ABL, ?>@8AB>ABL) ?>:070B5;8 :0G5AB20 ?>;CG5==>9 1C;>G:8. 'AB0=>2;5=>, 
GB> 1C;>G:0 A 2=5A5=85< <C:8 87 6<KE0 @0?A0 ?> 2A5< ?>:070B5;O< A>>B25BAB2CNB 
B@51>20=8O< 459AB2CNI53> AB0=40@B0. #@54AB02;5= <8=5@0;L=K9 8 28B0<8==K9 A>AB02 
1C;>G5: «,:>;L=0O» (:>=B@>;L=K9 >1@075F) 8 «!5<0=A:0O». #>:070=>, GB> 2=5A5=85 <C:8 87 
6<KE0 @0?A0 2 :>;8G5AB25 5 % ?>72>;O5B >1>30B8BL @07@01>B0==CN 1C;>G:C B0:8<8 
<8=5@0;L=K<8 25I5AB20<8, :0: Ca, K, Mn, Mg, Fe, 0 B0:65 28B0<8=0<8 3@C??K � 8 �. 
�AA;54>20= 0<8=>:8A;>B=K9 A>AB02 15;:>2 1C;>G5: «,:>;L=0O» (:>=B@>;L=K9 >1@075F) 8 
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ABSTRACT 

Introduction. The «dry hopping» method is a fairly simple technological technique for improving the 

organoleptic characteristics (taste and aroma) of beer, which determined the purpose of the study. However, 

at the same time, the patterns of manifestation of the physicochemical characteristics of beer wort during the 

fermentation process, affecting the taste and aroma properties of beer, have not been sufficiently studied, which 

determined the scientific task of the study. Which is especially important in light of the fierce competition in 

the modern brewing market. The purpose of the research is to study the possibility of replacing imported hops 
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with hops of Belarusian selection, improving the taste and aroma properties of the finished top-fermented beer 

obtained by dry hopping. 

Materials and methods. Granulated hops of three varieties: Tettnanger, Northen Brewer, Perle. The work 

used generally accepted and special physical and chemical methods for assessing and analyzing the properties 

of raw materials, laboratory and hopped wort, and young beer. 

Results. The influence of the method of fractional dry hopping using different amounts of hop varieties 

Tettnanger, Perle and Northen Brewer at the stage of fermentation of beer wort on the physico-chemical 

parameters of the fermentation medium was studied. It has been established that fractional dry hopping at the 

stage of main fermentation allows the fermentation process to be carried out with the same intensity as with 

classical hopping at the stage of boiling the wort with hops. 

Conclusions. It has been established that the use of the method of fractional dry hopping at the stage of main 

fermentation using hops of Belarusian selection in the amount of 30 and 35 g/dal is preferable; the resulting 

experimental samples of young beer had quality indicators that were not inferior in value to the control 

samples, and are also characterized by a pronounced aromatic profile characteristic of the hop variety used. 

KEY WORDS: hops; dry hopping; must fermentation. 

FOR CITATION: Nazarova, Yu. S. The influence of the method of fractional dry hopping on the change in 

quality indicators in the process of fermentation of beer wort // Yu. S. Nazarova, N. A. Shelegova // Vestnik 

of the Belarusian State University of Food and Chemical Technologies. 3 2023. 3 7 2(35). 3 $. 75386 (in 

Russian). 
 

 

�����!�� 

%53>4=O B5E=>;>38O «ACE>3>» >E<5;5=8O =0E>48B 2A5 1>;LH55 ?@8<5=5=85 2 ?82>20@5==>9 
?@><KH;5==>AB8, ?@8G5< 4>102;5=85 E<5;O 8 E<5;5?@>4C:B>2 G0AB> >ACI5AB2;O5BAO =0 MB0?5 
A>7@520=8O 8;8 E@0=5=8O, GB>1K A?>A>1AB2>20BL ?5@5E>4C F5==KE :><?>=5=B>2 E<5;O 2 
?@>4C:B A =08<5=LH8<8 ?>B5@O<8. #@>F5AA «ACE>3>» >E<5;5=8O 8A:;NG05B C40;5=85 ;5BCG8E 
0@><0B8G5A:8E :><?>=5=B>2 87 MD8@=KE <0A5; E<5;O 8 A=8605B 2;8O=85 B@0=AD>@<0F88 
A>548=5=89 2> 2@5<O :8?OG5=8O 8 ?@52@0I5=89 A CG0AB85< D5@<5=B=KE A8AB5< 4@>6652KE 
:;5B>: [1, 2]. 
#5@5=>A :><?>=5=B>2 0@><0B0 8 2:CA0 87 3>@L:>3> E<5;O 2 ACA;> 2 ?@>F5AA5 :8?OG5=8O 

>B;8G05BAO >B ?5@5=>A0 A>548=5=89 2 ?@>F5AA5 ACE>3> >E<5;5=8O [3, 4]. -B> A2O70=> A 
@07;8G85< @0AB2>@8B5;O 8;8 A@54K: 2 A;CG05 :;0AA8G5A:>3> >E<5;5=8O A@54>9 A;C68B 2>4=K9 
@0AB2>@ M:AB@038@C5<KE A>548=5=89 75@=>?@>4C:B>2 ?@8 B5<?5@0BC@5 :8?5=8O; 2 A;CG05 
«ACE>3>» >E<5;5=8O 2 2>4=>-A?8@B>2>9 @0AB2>@ [436]. &0: 65 2;8O=85 >:07K205B 
B5E=>;>38G5A:85 CA;>28O ?@>F5AA0: ?@8 :;0AA8G5A:>< >E<5;5=88 ?@>8AE>48B M:AB@0:F8O 8 
?@52@0I5=8O @0AB2>@8<KE A>548=5=89 E<5;O ?@8 :8?OG5=88, GB> 2;5G5B 70 A>1>9 ?>B5@8 
E<5;52KE ;5BCG8E A>548=5=89 ?@8 8A?0@5=88 684:>AB8, ?@8 «ACE><» >E<5;5=88 B5<?5@0BC@0 
?@>F5AA0 7028A8B >B ?@8<5=O5<KE @0A 4@>6659 8 :>;51;5BAO >B 0 4> 20 °% 8 ?>B5@8 ;5BCG8E 
A>548=5=89 E<5;O 2 >A=>2=>< =5 7=0G8B5;L=K 8 A2O70=K A 04A>@1F859 =0 ?>25@E=>AB8 
?C7K@L:>2 48>:A840 C3;5@>40 8 :;5B>: 4@>6659 [7310].  

(>@<8@>20=85 3>@5G8 =5 O2;O5BAO >A=>2=>9 F5;LN ACE>3> >E<5;5=8O, MB>B ?@>F5AA 
>ACI5AB2;O5BAO 2 >A=>2=>< 4;O CA8;5=8O 2K@065==>3> E<5;52>3> 0@><0B0 ?820. #@>F5AA 
ACE>3> >E<5;5=8O ?@>B5:05B ?@8 >B=>A8B5;L=> =87:8E B5<?5@0BC@0E, GB> 7=0G8B5;L=> A=8605B 
8=B5=A82=>ABL B5@<8G5A:>3> @07;>65=8O 8 8A?0@5=8O 0@><0B8G5A:8E A>548=5=89. -B> 
?@82>48B : 1>;55 2KA>:>9 :>=F5=B@0F88 F5;52KE :><?>=5=B>2 2 :>=5G=>< ?@>4C:B5. 
%?>A>1 «ACE>5» >E<5;5=85 ?@54AB02;O5B A>1>9 4>AB0B>G=> ?@>AB>9 B5E=>;>38G5A:89 ?@85< 

4;O C;CGH5=8O >@30=>;5?B8G5A:8E E0@0:B5@8AB8: (2:CA0 8 0@><0B0) ?820. �;O @50;870F88 
A?>A>10 2 ?82> 2> 2@5<O 1@>65=8O 8;8 A>7@520=8O 2=>AOB >B 0,5 4> 5 3/4<3 E<5;O 2 2845 H8H5: 
8;8 3@0=C; [11]. #@8 MB>< 7040GC 22545=8O E<5;O 2 ?82> <>6=> @50;87>20BL ?@0:B8G5A:8 157 
?5@5<5H820=8O (AB0B8G5A:>5 ACE>5 >E<5;5=85) 8;8 ?@8<5=OO @5F8@:C;OF8N =0A>A>< ;81> A 
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?><>ILN 48>:A840 C3;5@>40 (48=0<8G5A:>5 ACE>5 >E<5;5=85). %CI5AB2C5B 2>7<>6=>ABL 
2=5A5=8O 2 ?82> M:AB@0:B>2 MD8@=KE <0A5; E<5;O 4;O A>740=8O A?5F8D8G=KE 2:CA>-

0@><0B8G5A:8E A2>9AB2, 2 B>< G8A;5 8<8B8@CNI8E 0@><0BK ACE>3> >E<5;5=8O 2 ?825 [12]. 
"4=0:>, =5A<>B@O =0 7=0G8B5;L=K5 4>AB865=8O 2 MB>9 >1;0AB8, ACI5AB2C5B 8 @O4 ?@>1;5<, 

>B @5H5=8O :>B>@KE 1C45B 7028A5BL =5 B>;L:> :0G5AB2> 3>B>2>3> ?@>4C:B0, => 8 M:>=><8G5A:0O 
MDD5:B82=>ABL ?@54?@8OB8O 2 F5;><. "4=>9 87 =8E O2;O5BAO 87CG5=85 2;8O=8O ?@85<0 ACE>3> 
>E<5;5=8O =0 D878:>-E8<8G5A:85 ?>:070B5;8 ?82=>3> ACA;0 2 ?@>F5AA5 A1@06820=8O. -B> 
>A>15==> 206=> 2 A25B5 65AB:>9 :>=:C@5=F88 =0 A>2@5<5==>< @K=:5 ?82>20@5==>9 
?@>4C:F88. 
*5;L @01>BK 3 C;CGH5=85 2:CA>-0@><0B8G5A:8E A2>9AB2 3>B>2>3> ?820 25@E>2>3> 

1@>65=8O, ?>;CG5==>3> <5B>4>< ACE>3> >E<5;5=8O A 8A?>;L7>20=85< E<5;O 15;>@CAA:>9 
A5;5:F88. 
!0CG=0O 7040G0 ‒ CAB0=>2;5=85 70:>=><5@=>AB59 87<5=5=8O D878:>-E8<8G5A:8E 

?>:070B5;59 ?82=>3> ACA;0, 2 ?@>F5AA5 A1@06820=8O A ?@8<5=5=85< <5B>40 ACE>3> >E<5;5=8O, 
2;8ONI8E =0 D>@<8@>20=85 2:CA>-0@><0B8G5A:8E A2>9AB2 ?820. 

 

 �&�$���/ �  �&"�/ 

"1J5:B0<8 8AA;54>20=89 O2;O;AO E<5;L 3@0=C;8@>20==K9 B@5E A>@B>2 3 Tettnanger, Northen 

Brewer, Perle, 2K@0I5==K9 2 �@>4=5=A:>9 >1;0AB8,  0;>@8BA:>< @09>=5 =0 ?@54?@8OB88  
%# «�87>=», 0 B0:65 >1J5:B0<8 8AA;54>20=89 O2;O;8AL >1@07FK ?82=>3> ACA;0 
(;01>@0B>@=>3> 8 >E<5;5==>3>), <>;>4>3> 8 3>B>2>3> ?820, ?>;CG5==K5 2 ;01>@0B>@=KE 
CA;>28OE CG@5645=8O >1@07>20=8O «�5;>@CAA:89 3>AC40@AB25==K9 C=825@A8B5B ?8I52KE 8 
E8<8G5A:8E B5E=>;>389». 
� @01>B5 ?@8<5=5=K >1I5?@8=OBK5 8 A?5F80;L=K5 D878:>-E8<8G5A:85 <5B>4K >F5=:8 8 

0=0;870 A2>9AB2 AK@LO, ;01>@0B>@=>3> 8 >E<5;5==>3> ACA;0, <>;>4>3> ?820. "F5=:C 
>@30=>;5?B8G5A:8E E0@0:B5@8AB8: ?820 ?@>2>48;8 <5B>4>< @0=68@>20=8O, 0 B0:65 8A?>;L7CO 
10;L=CN >F5=:C, ?> @57C;LB0B0< :>B>@>9 AB@>8;8 ?@>D8;>3@0<K 2:CA0. 
"?@545;5=85 :>=F5=B@0F88 A?8@B0 2 A1@068205<>< ACA;5, <>;>4>< 8 3>B>2>< ?825 

?@>2>48;8 48AB8;;OF8>==K< A?>A>1>< [13]. 
"?@545;5=85 α-:8A;>B ?@>2>48;8 <5B>4>< :>=4C:B><5B@8G5A:>3> B8B@>20=8O ?>  

�"%& 21948. #@8 >?@545;5=88 A>45@60=8O 3>@L:8E 25I5AB2 8A?>;L7>20;8 
A?5:B@>D>B><5B@8G5A:89 <5B>4. %>45@60=85 3>@5G8 2 ACA;5 >?@545;O;8 ?CBё< M:AB@0:F88 
3>@L:8E 25I5AB2 87 ACA;0 87>>:B0=>< 8 >?@545;5=8O >?B8G5A:>9 ?;>B=>AB8 87>>:B0=>2>3> 
M:AB@0:B0 =0 A?5:B@>D>B><5B@5 ?@8 4;8=5 2>;=K 255 =<. 

�;O ?>;CG5=8O ?82=>3> ACA;0 8A?>;L7>20;8 100 % A25B;K9 OG<5==K9 A>;>4, 70B8@0=85 
?@>2>48;8 =0AB>9=K< A?>A>1><, ?>MB0?=> 2K45@6820O A;54CNI85 B5<?5@0BC@=K5 ?0C7K:  
42343 °% 3 20 <8=, 52353 °% 3 30 <8=, 62363 °% 30 <8=, 70 °% 2K45@6820;8 4> ?>;=>3> 
>A0E0@820=8O 8 70B5< ?>4>3@520;8 4> 78 °% 8 >B?@02;O;8 =0 D8;LB@>20=85. �>40 4;O 
?@>872>4AB20 ?>ABC?0;0 87 3>@>4A:>3> 2>4>?@>2>40. 
#@>F5AA 3;02=>3> 1@>65=8O 4;O >?KB=KE 8 :>=B@>;L=KE >1@07F>2 25;8 ?@8 B5<?5@0BC@5 

20 °C. �;8B5;L=>ABL 3;02=>3> 1@>65=8O A>AB02;O;0 7 ACB>:. %1@06820;8 ?82=>5 ACA;> A 
A>45@60=85< ACE8E 25I5AB2 11 % 2 AB5:;O==KE 1CBK;OE ё<:>ABLN 750 A<3. �@>668 704020;8 
2 :>;8G5AB25 20 <;=.:;5B>:/A<3. #@>F5AA 4>1@06820=8O <>;>4>3> ?820 >ACI5AB2;O;8 ?@8 
B5<?5@0BC@5 132 °% 2 B5G5=85 21 ACB>:, 2 @57C;LB0B5 ?>;CG0;8 ;01>@0B>@=K5 >1@07FK 3>B>2>3> 
=5D8;LB@>20==>3> ?820.  
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$��'�0&�&/ � �) "�%'���!�� 

� ?@>2>48<KE M:A?5@8<5=B0;L=KE 8AA;54>20=8OE 87CG0;8 2>7<>6=>ABL 70<5=K 
:;0AA8G5A:>3> >E<5;5=8O =0 AB0488 :8?OG5=8O ACA;0 A E<5;5<, =0 ACE>5 >E<5;5=85 =0 AB0488 
A1@06820=8O ?82=>3> ACA;0. "ACI5AB2;O;8 4@>1=>5 >E<5;5=85, B> 5ABL A>2<5I0;8 
:;0AA8G5A:>5 >E<5;5=85 =0 AB0488 :8?OG5=8O ACA;0 A E<5;5<, 0 B0:65 ACE>5 >E<5;5=85 =0 
AB0488 3;02=>3> 1@>65=8O. �>=B@>;5< A;C68;8 >1@07FK, 2 :>B>@KE ?@>F5AA >E<5;5=8O 25;8 
:;0AA8G5A:8< A?>A>1><. $0AGёB=>5 :>;8G5AB2> E<5;O 2=>A8;8 2 420 ?@8ё<0, ?5@2K5 50 %  
G5@57 15 <8=CB >B =0G0;0 ?@>F5AA0 :8?OG5=8O. � 50 % 70 15 <8=CB 4> :>=F0 :8?OG5=8O. 
#@>4>;68B5;L=>ABL ?@>F5AA0 A>AB02;O;0 40350 <8=CB. �>;8G5AB2> 2=>A8<>3> E<5;O 
A>AB02;O;> 30 8 35 3/40; A CGёB>< B>3>, GB> 3>B>2>5 ?82> 4>;6=> 8<5BL AB5?5=L 3>@5G8  
50360 IBU.  

� ?@>F5AA5 A1@06820=8O ?82=>3> ACA;0 :>=B@>;8@>20;8 48=0<8:C @54CF8@CNI8E A0E0@>2, 
0<8==>3> 07>B0, B8B@C5<>9 :8A;>B=>AB8, 2 ?5@2CN >G5@54L MB8;>2>3> A?8@B0.  
�8=0<8:0 =0:>?;5=8O MB8;>2>3> A?8@B0 2 ?@>F5AA5 3;02=>3> 1@>65=8O, ?@54AB02;5==0O =0 

@8A. 1, A2845B5;LAB2C5B > B><, GB> 4;O 42CE A>@B>2 E<5;O (Perle 8 Northen Brewer) 2 >?KB=KE 
>1@07F0E =01;N405BAO =57=0G8B5;L=>5 C25;8G5=85 =0:>?;5=8O MB8;>2>3> A?8@B0, ?> 
A@02=5=8N A :>=B@>;5<. &0:, : A54L<K< ACB:0< A1@06820=8O A>45@60=85 MB8;>2>3> A?8@B0 2 
>?KB=KE >1@07F0E A 4>78@>2:>9 E<5;O 30 8 35 3/40; C25;8G8;>AL =0 4,76 8 5,95 % 
A>>B25BAB25==> 4;O A>@B0 E<5;O Perle, =0 3,22 8 4,15 % A>>B25BAB25==> 4;O A>@B0 E<5;O Northen 

Brewer ?> A@02=5=8N A :>=B@>;5<.  
�;O A>@B0 Tettnanger =081>;LH55 =0:>?;5=8O MB8;>2>3> A?8@B0 ?@8H;>AL =0 A54L<K5 ACB:8, 

2 >?KB=KE >1@07F0E A 2=5A5=85< E<5;O 2 :>;8G5AB25 30 8 35 3/40;, GB> <5=LH5 :>=B@>;L=KE 
?>:070B5;59 =0 2,35 8 1,17 % A>>B25BAB25==>. 

�5@>OB=>, B0:>5 =57=0G8B5;L=>5 =0:>?;5=85 MB8;>2>3> A?8@B0 A2O70=> A 2=5A5=85< 
E<5;O, C3;52>4=K5 :><?>=5=BK :>B>@>3> <>3CB A;C68BL 8AB>G=8:>< ?8B0=8O 4;O 
>ACI5AB2;5=8O ?@>F5AA>2 687=545OB5;L=>AB8 4@>6659. �725AB=>, GB> E<5;L A>45@68B 
?@81;878B5;L=> 2 % <>=>A0E0@84>2 [12], :>B>@K5 ?>B5=F80;L=> <>3CB ?5@5E>48BL 2 ?82> ?@8 
?@>2545=88 ?@>F5AA0 ACE>3> >E<5;5=8O 8 8A?>;L7>20BLAO 4@>660<8 4;O A8=B570 
4>?>;=8B5;L=>3> :>;8G5AB20 MB8;>2>3> A?8@B0. 

#>;CG5==K5 40==K5 > =0:>?;5=88 MB8;>2>3> A?8@B0 2> 2@5<O A1@06820=8O ?82=>3> 
ACA;0 :>@@5;8@CNBAO A 40==K<8 > A>45@60=88 @54CF8@CNI8E A0E0@>2 2 A1@068205<>9 A@545 
(@8A. 2). !0 ?@>BO65=88 2A53> ?5@8>40 3;02=>3> 1@>65=8O A>45@60=85 @54CF8@CNI8E 
A0E0@>2, :0: 2 :>=B@>;L=><, B0: 8 2> 2A5E >?KB=KE >1@07F0E @02=><5@=> A=860;>AL.  

&0:, : 7-K< ACB:0< 3;02=>3> 1@>65=8O A>45@60=85 @54CF8@CNI8E A0E0@>2 2 >?KB=KE 
>1@07F0E A 2=5A5=85< E<5;O A>@B>2 Perle 8 Northen Brewer 2 :>;8G5AB25 30 8 35 3/40; 1K;> 
<5=LH5 2 1,28; 1,32; 8 1,58; 1,60 @070 A>>B25BAB25==>, ?> A@02=5=8N A :>=B@>;L=K< >1@07F><. 

�;O A>@B0 Tettnanger =081>;LH55 A=865=85 @54CF8@CNI8E A0E0@>2 ?@8H;>AL =0 
A54L<K5 ACB:8, 2 >?KB=KE >1@07F0E A 2=5A5=85< E<5;O 2 :>;8G5AB25 30 8 35 3/40;, GB> 1>;LH5 
:>=B@>;L=KE ?>:070B5;59 2 1,28 8 1,32 @070 A>>B25BAB25==>. 
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0) 

 

 
1) 

 
2) 

 

$8A. 1. �7<5=5=85 A>45@60=8O A?8@B0 2 ?@>F5AA5 3;02=>3> 1@>65=8O ?@8 4@>1=>< ACE>< 
>E<5;5=88: 0) Northen Brewer; 1) Tettnanger; 2) Perle 

 

Fig. 1. Changes in alcohol content during main fermentation with fractional dry hopping:  

a) Northen Brewer; b) Tettnanger; c) Perle 
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0) 
 

 
1) 

 
2) 

$8A. 2. �7<5=5=85 A>45@60=8O @54CF8@CNI8E A0E0@>2 2 ?@>F5AA5 3;02=>3> 1@>65=8O ?@8 
4@>1=>< ACE>< >E<5;5=88: 0) Northen Brewer; 1) Tettnanger; 2) Perle 

 

Fig. 2. Changes in the content of reducing sugars during main fermentation with fractional dry 

hopping: 0) Northen Brewer; 1) Tettnanger; 2) Perle 

 
�8=0<8:0 ?>B@51;5=8O 0<8==>3> 07>B0 2 ?@>F5AA5 3;02=>3> 1@>65=8O, ?@54AB02;5==0O =0 

@8A. 3, A2845B5;LAB2C5B > B><, GB> 4;O 2A5E >?KB=KE >1@07F>2 <>;>4>3> ?820 =5 7028A8<> >B 
2=>A8<>3> A>@B0 E<5;O =01;N405BAO =57=0G8B5;L=>5 C25;8G5=85 :>;8G5AB20 0<8==>3> 07>B0, 
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?> A@02=5=8N A :>=B@>;5<. &0:, : A54L<K< ACB:0< A1@06820=8O A>45@60=85 0<8==>3> 07>B0 2 
>?KB=KE >1@07F0E A 4>78@>2:>9 E<5;O A>@B0 E<5;O Perle 30 8 35 3/40; 2 1,08 8 1,11 @070 1>;LH5, 
G5< 2 :>=B@>;L=>< >1@07F5; 4;O A>@B0 E<5;O Northen Brewer 2 1,07 @070 4;O >1>8E >?KB=KE 
>1@07F>2; 4;O A>@B0 E<5;O Tettnanger 2 1,05 8 1,06 @070 A>>B25BAB25==>.  

 
0) 
 

 
1) 

 
2) 

 
$8A. 3. �7<5=5=85 A>45@60=8O 0<8==>3> 07>B0 2 ?@>F5AA5 3;02=>3> 1@>65=8O ?@8 4@>1=>< ACE>< 

>E<5;5=88: 0) Northen Brewer; 1) Tettnanger; 2) Perle 

 

Fig. 3. Change in amine nitrogen content during main fermentation with fractional dry hopping: 0) 
Northen Brewer; 1) Tettnanger; 2) Perle 

 

%;54C5B >B<5B8BL, GB> 25;8G8=0 B8B@C5<>9 :8A;>B=>AB8 (@8A. 4) 2> 2A5E >?KB=KE >1@07F0E 
1K;0 =57=0G8B5;L=> 2KH5, G5< 2 :>=B@>;L=>< >1@07F5, 8 2 A@54=5< >B;8G0;0AL =0 25;8G8=C 
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0,130,3. � @57C;LB0B5 G53> =01;N40;>AL C<5@5==>5 2>7@0AB0=85 :8A;>B=>AB8, :>B>@>5 
=0E>48;>AL 2 ?@545;0E =>@<K, A2845B5;LAB2CNI59 > ?@028;L=>AB8 8 G8AB>B5 ?@>B5:0=8O 
?@>F5AA0 3;02=>3> 1@>65=8O. 

 
0) 
 

 
1) 

 
2) 

$8A. 4. �7<5=5=85 A>45@60=8O B8B@C5<>9 :8A;>B=>AB8 2 ?@>F5AA5 3;02=>3> 1@>65=8O ?@8 
4@>1=>< ACE>< >E<5;5=88: 0) Northen Brewer; 1) Tettnanger; 2) Perle 

 

Fig. 4. Change in titratable acidity content during main fermentation with fractional dry hopping:  

0) Northen Brewer; 1) Tettnanger; 2) Perle 
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#> >:>=G0=8N ?@>F5AA0 3;02=>3> 1@>65=8O >?KB=K5 8 :>=B@>;L=K5 >1@07FK <>;>4>3> 
?820, 2 :>B>@KE >A=>2=0O 4@>66520O <0AA0 >A5;0 =0 4=> 1@>48;L=>9 5<:>AB8, A=8<0;8 A 
>A04:0, 8 =0?@02;O;8 =0 4>1@06820=85 2 B5G5=85 21 ACB>: ?@8 B5<?5@0BC@5 032 º%. � >1@07F0E 
3>B>2>3> =5D8;LB@>20==>3> ?820 >?@545;O;8 :0G5AB25==K5 ?>:070B5;8. %2>4=K5 40==K5 ?> 
?>;CG5==K< D878:>-E8<8G5A:8< ?>:070B5;O< 8AA;54C5<KE >1@07F>2 ?@82545=K 2 B01;. 1. 

&01;. 1. �0G5AB25==K5 ?>:070B5;8 >1@07F>2 3>B>2>3> ?820 

Tab. 1. Quality indicators of finished beer samples 

#>:070B5;L )<5;L A>@B0 Tettnanger )<5;L A>@B0 Perle 
)<5;L A>@B0  

Northen Brewer 

:>=B@>;L 30 

3/40; 
40 

3/40; 
:>=B@>;L 30 

3/40; 
40 

3/40; 
:>=B@>;L 30 

3/40; 
40 

3/40; 
-:AB@0:B82=>ABL 
=0G0;L=>3> ACA;0, 
% 

11,0 ± 
0,01 

10,9 ± 
0,01 

10,8 

± 
0,02 

10,9 ± 
0,02 

11,0 

± 
0,02 

11,0 

± 
0,01 

11,0 ± 0,02 10,9 

± 
0,01 

10,9 

± 
0,02 

"1J5<=0O 4>;O 
MB8;>2>3> A?8@B0, 
% >1. 

4,26 ± 
0,01 

4,20 

 ± 0,1 
4,20 

± 
0,01 

4,25 ± 
0,02 

4,44 

± 
0,01 

4,45 

± 
0,01 

4,30  ± 
0,01 

4,50 

± 
0,01 

4,55 

± 
0,02 

@! 4,32 ± 
0,01 

4,24 ± 
0,01 

4,20 

± 
0,01 

4,30 ± 
0,01 

4,22 

± 
0,02 

4,20 

± 
0,01 

4,35 ± 0,02 4,18 

± 
0,01 

4,15 

± 
0,01 

�>@5GL, (2 
548=8F0E 3>@5G8 
BU) 

29,48 ± 
0,03 

33,585 

± 0,01 
35,63  

± 
0,01 

31,79± 
0,01 

35,48 

± 
0,03 

38,70 

± 
0,02 

28,79 ± 
0,01 

32,34  

± 
0,01 

33,70  

± 
0,01 

%>45@60=85 
87>3C<C;>=0, 3/4<3 

25,55 ± 
0,02 

29,03 

± 0,01 

30,05 

± 
0,01 

28,85 ± 
0,01 

33,13 

± 
0,02 

34,63 

± 
0,01 

27,57 ± 
0,02 

31,71 

± 
0,01 

32,90 

± 
0,01 
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Fig. 5. Organoleptic profile of finished beer with fractional dry hopping at the stage of main fermentation 

with hop varieties: 0) Northen Brewer; 1) Tettnanger 
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Fig. 6. Organoleptic profile of finished beer with fractional dry hopping at the stage of main fermentation 

with hop variety Perle 
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INCREASE IN KEEPING QUALITY OF SCALDED BREAD DUE TO 

STABILIZATION OF ITS PROPERTIES WITH THERMO REVERSIBLE PECTIN 

T. Samuylenko, T. Gurinova, E. Guschenko, M. Litvinchuk 

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

ABSTRACT 
Introduction. The expansion of the range of products with long shelf life, scalded bread in particular, is 

relevant for baking industry of the Republic of Belarus, thus determining the purpose of the study. The 

scientific task of the study is to substantiate the use of thermo reversible pectin for stabilizing consumer 

properties of scalded bread made from a mixture of rye and wheat flour and produced from frozen half-baked 

semi-finished product. 

Materials and methods. Thermo reversible pectin NH was used in a baking formula. Experimental studies 

were carried out in the laboratory of the Department of Grain Products Technology of the Belarusian State 

University of Food and Chemical Technologies and at OAO «Vitebskkhlebprom». 
Results. Regression equations adequately describing the effect of pectin on porosity and bound moisture 

content in bread were obtained, thus allowing us to ensure bread freshness after 48 and 72 h of storage. 

Moreover, in terms of organoleptic and physico-chemical parameters bread meets the requirements of TNPA. 
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Optimal content of pectin in a baking formula amounts to 0,06 %.  

Conclusions. It is recommended to use thermo revisable pectin NH for prolonging shelf life (up to 96 hours) 

of unpackaged scalded bread made from a mixture of rye and wheat flour as well as from frozen half-baked 

semi-finished products. 

KEY WORDS: scalded bread; frozen half-baked semi-finished products; keeping quality; pectin; consumer 

properties. 
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A>AB02>< >B B@048F8>==>3> ?5:B8=0 B5<, GB> 2 53> A>AB02 4>?>;=8B5;L=> 4>102;5=K A<5A8 87 
1CD5@=KE A>;59, :>B>@K5 ?@540NB 5<C 4@C385 @5>;>38G5A:85 A2>9AB20 (B5@<>>1@0B8<>ABL). 
&0:65 ?5:B8=0 NH ?@>O2;O5BAO A2>8 A2>9AB20 A <8=8<0;L=K< :>;8G5AB2>< ACE8E 25I5AB2 (>B 
20,0 %), <8=8<0;L=K<8 B5<?5@0BC@0<8 0:B820F88 80385 º% 8 2 ?@0:B8G5A:8 >15AA0E0@5==KE 
A<5AOE.  
� :0G5AB25 >?KB=KE >1@07F>2 1K;8 8A?>;L7>20=K A;54CNI85: 
3 "1@075F 1 3 2=5A5=85 ?5:B8=0 NH 2 :>;8G5AB25 0,01 %; 
3 "1@075F 2 3 2=5A5=85 ?5:B8=0 NH 2 :>;8G5AB25 0,03 %; 
3 "1@075F 3 3 2=5A5=85 ?5:B8=0 NH 2 :>;8G5AB25 0,06 %. 
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&5AB> =0 A1@>665=>9 7020@:5 70<5H820;8 2 B5AB><5A8;L=>9 <0H8=5 ?>@F8>==>3> 459AB28O 
A ?>A;54CNI8< 1@>65=85<. �;06=>ABL B5AB0 A>AB028;0 48350 %, :>=5G=0O :8A;>B=>ABL B5AB0 
3 8,0 3@04. #>A;5 1@>65=8O B5AB>2K5 703>B>2:8 ?><5I0;8 2 D>@<K 8 =0?@02;O;8 2 @0AAB>9=K9 
H:0D 4;O @0AAB>9:8 ?@8 B5<?5@0BC@5 38 °% 8 >B=>A8B5;L=>9 2;06=>AB8 2>74CE0 85 %. 

#@>4>;68B5;L=>ABL @0AAB>9:8 A>AB028;0 55360 <8=. �K?5G:C ?@>872>48;8 2 B>==5;L=>9 ?5G8 
A @0A?@545;5=85< B5<?5@0BC@ =0 B@8 7>=K: I 3 205 °%, II 3 225 °%, III 3 210 °% 2 B5G5=85 33 <8=. 
"E;0645=85 4> B5<?5@0BC@K 2 <O:8H5 35 °% ?@>872>48;8 2 CA;>28OE F5E0. #>A;5 G53> 
?>;CD01@8:0B ?>425@3;8 H>:>2><C 70<>@06820=8N 4> B5<?5@0BC@K 2 <O:8H5 <8=CA 15 °% 8 
E@0=8;8 2 B5G5=85 B@ёE ACB>: ?@8 B5<?5@0BC@5 <8=CA 20 °%. #>A;5 E@0=5=8O 2 70<>@>65==>< 
2845 >1@07FK @07<>@06820;8 2 45D@>AB0B>@5 ?@8 B5<?5@0BC@5 38 °% 8 >B=>A8B5;L=>9 
2;06=>AB8 2>74CE0 65 % 4> B5<?5@0BC@K 2 <O:8H5 E;510 ?;NA 7 °%. �>?5:0=85 ?@>2>48;8 2 
@>B0F8>==>9 ?5G8. #>A;5 ?@>F5AA0 4>?5:0=8O 8745;8O E@0=8;8AL 2 =5C?0:>20==>< 8 
C?0:>20==>< 2845. �;O >F5=:8 :0G5AB20 7020@=>3> @60=>-?H5=8G=>3> E;510 8A?>;L7>20;8 
>1I5?@8=OBK5 <5B>4K >?@545;5=8O >@30=>;5?B8G5A:8E 8 D878:>-E8<8G5A:8E ?>:070B5;59. 
#>@8AB>ABL E;51>1C;>G=KE 8745;89 >?@545;O;8 ?> �"%& 5669396. �KG8A;5=8O ?@>2>48;8 A 
B>G=>ABLN 4> 1 %. "?@545;5=85 A>45@60=8O A2O70==>9 2;038 2 E;51>1C;>G=KE 8745;8OE 
?@>2>48;>AL ?> <5B>4C �. �CHC: 8 �.  5@>B@0 [26328]. 

 

$��'�0&�&/ � �) "�%'���!�� 
#>@8AB>ABL O2;O5BAO D878:>-E8<8G5A:8< ?>:070B5;O< :0G5AB20 E;51>1C;>G=KE 8745;89 8 

2K@0605B >B=>H5=85 >1J5<0 ?>@ : >1I5<C >1J5<C <O:8H0 2 ?@>F5=B0E. �;O E;510 87 A<5A8 
@60=>9 E;51>?5:0@=>9 8 ?H5=8G=>9 <C:8 2 A>>B25BAB288 A %&� 639395 MB>B ?>:070B5;L 
4>;65= 1KBL =5 <5=55 46 %. #>@8AB>ABL D>@<8@C5BAO 70 AG5B 2K45;5=8O 307>2 (2 >A=>2=>< 
%"2) 2 @57C;LB0B5 <>;>G=>:8A;>3> 8 A?8@B>2>3> 1@>65=8O, :>B>@>5 ?@>8AE>48B ?@8 
A>7@520=88 B5AB0 ?>4 2;8O=85< <>;>G=>:8A;KE 10:B5@89 8 4@>6652KE :;5B>:. )>@>H89 E;51 
8<55B AB@C:BC@C 70ABK2H59 ?5=K. );51 A @02=><5@=>9 <5;:>9 B>=:>AB5==>9 ?>@8AB>ABLN, 
E>@>H> @07@KE;5==K9 ;CGH5 ?@>?8BK205BAO ?8I520@8B5;L=K<8 A>;O<8 8 ?>MB><C E>@>H> 
CA208205BAO [29]. 
$57C;LB0BK 0=0;870 ?>@8AB>AB8 =5C?0:>20==KE 8 C?0:>20==KE >1@07F>2 ?@54AB02;5=K =0 

@8A. 1 8 @8A. 2. 
�=0;878@CO @57C;LB0BK 8AA;54>20=8O ?>:070B5;O ?>@8AB>AB8 =5C?0:>20==KE 8 

C?0:>20==KE >1@07F>2 A @07;8G=K< A>45@60=85< ?5:B8=0, <>6=> >B<5B8BL, GB> 2 E>45 
E@0=5=8O ?>@8AB>ABL ?;0=><5@=> C<5=LH0;0AL. � =5C?0:>20==KE >1@07F0E >=0 C<5=LH0;0AL 
1>;55 8=B5=A82=>, G5< 2 C?0:>20==KE. &0:65 AB>8B 70<5B8BL, GB> ?>:070B5;L ?>@8AB>AB8 A 
B5G5=85< 2@5<5=8 2 :>=B@>;L=>< >1@07F5 (157 2=5A5=8O ?5:B8=0) :0: 2 =5C?0:>20==><, B0: 8 
2 C?0:>20==>< 2845 C<5=LH0;AO 1>;55 8=B5=A82=> ?> A@02=5=8N A 4@C38<8 >1@07F0<8.  
�;O =5C?0:>20==KE 8745;89 157 ?5:B8=0 ?>:070B5;L ?>@8AB>AB8 =5 A>>B25BAB2C5B &!#� 

C65 G5@57 48 G. �A5 8AA;54C5<K5 >1@07FK A 2=5A5=85< ?5:B8=0 ?> ?>:070B5;N ?>@8AB>AB8 
A>>B25BAB2CNB &!#� 2 B5G5=85 48 G 8 >1@07FK A ?5:B8=>< 2 :>;8G5AB25 0,03 8 0,06 % 2 B5G5=85 
72 G. 
'?0:>20==K5 8745;8O 2 A>>B25BAB288 A &!#� ?>A;5 @07<>@06820=8O 4>;6=K A>E@0=OBL 

A2565ABL 2 B5G5=85 96 G, >4=0:> C 8745;89 ?>A;5 4>?5:0=8O 157 ?5:B8=0 (:>=B@>;L) C65 G5@57 
72 G ?>:070B5;L ?>@8AB>ABL CEC4H05BAO. 
$57C;LB0BK 0=0;870 :>;8G5AB20 A2O70==>9 2;038 =5C?0:>20==KE 8 C?0:>20==KE >1@07F>2 

?@54AB02;5=K =0 @8A. 3 8 @8A. 4. 
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$8A. 1. �7<5=5=85 ?>:070B5;O ?>@8AB>AB8 (%) =5C?0:>20==KE >1@07F>2 2 ?@>F5AA5 E@0=5=8O 

Fig. 1. Changes in porosity index (%) of unpacked samples during storage 

 

 
$8A. 2. �7<5=5=85 ?>:070B5;O ?>@8AB>AB8 (%) C?0:>20==KE >1@07F>2 2 ?@>F5AA5 E@0=5=8O 

Fig. 2. Changes in porosity index (%) of packed samples during storage 
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$8A. 3. �7<5=5=85 :>;8G5AB20 A2O70==>9 2>4K (3/3 ACE8E 25I5AB2) 
2 ?@>F5AA5 E@0=5=8O 2 =5C?0:>20==KE >1@07F0E 

Fig. 3. Changes in the amount of bound water (g/g of dry matters) during storage in unpacked samples 

 

 
 

$8A. 4. �7<5=5=85 :>;8G5AB20 A2O70==>9 2>4K (3/3 ACE8E 25I5AB2) 
2 ?@>F5AA5 E@0=5=8O 2 C?0:>20==KE >1@07F0E 

Fig. 4. Changes in the amount of bound water (g/g of dry matters) during storage in unpacked samples 

 

%B5?5=L A2565AB8 E;510 E0@0:B5@87C5BAO 87<5=5=85< 384@>D8;L=KE A2>9AB2 :>;;>84>2 
<O:8H0 ?@8 E@0=5=88. #@8 E@0=5=88 E;510 A=8605BAO A?>A>1=>ABL <O:8H0 : =01CE0=8N 8 
?>3;>I5=8N 2>4K, C<5=LH05BAO 2O7:>ABL ACA?5=788 <O:8H0, 0 B0:65 A?>A>1=>ABL <O:8H0 
A2O7K20BL 2>4C.  
'AB0=>2;5==0O 48=0<8:0 87<5=5=8O :>;8G5AB20 A2O70==>9 2>4K ?>4B25@6405B 2;8O=85 

?5:B8=0 =0 ?@>F5AA G5@AB25=8O 7020@=>3> @60=>-?H5=8G=>3> E;510. � ?@>F5AA5 2A53> ?5@8>40 
E@0=5=8O =5C?0:>20==KE 8745;89 25;8G8=0 40==>3> ?>:070B5;O A=8605BAO. "4=0:> 
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:>;8G5AB2> A2O70==>9 2>4K 2 >?KB=KE >1@07F0E (A ?5:B8=><) =5A:>;L:> 2KH5, G5< 2 
:>=B@>;L=>< (157 ?5:B8=0) 8 A=865=85 ?@>8AE>48B 1>;55 ?;02=>. &0:0O B5=45=F8O 
A>E@0=O5BAO 2 B5G5=85 A53> 8AA;54C5<>3> ?5@8>40. #>A;5 48 G E@0=5=8O 2 >1@07F0E A 
4>102;5=85< ?5:B8=0 A2O70==>9 2;038 =0 50 % 1>;LH5, G5< 2 :>=B@>;L=>< >1@07F5, 0 G5@57  
72 G E@0=5=8O 3 =0 60367 % 1>;LH5, G5< 2 :>=B@>;L=>< >1@07F5. 
�;O C?0:>20==KE 8745;89 2 ?5@2K5 24 G =01;N405BAO C25;8G5=85 A2O70==>9 2>4K 2 

8AA;54C5<KE >1@07F0E 25@>OB=55 2A53> 70 AG5B :>=45=A0F88 2;038 87 >:@C60NI59 A@54K =0 
?>25@E=>AB8 8745;89. � :>=B@>;L=>< >1@07F5 A>45@60=85 A2O70==>9 2>4K 0,46 3/3 ACE8E 
25I5AB2, 0 2 >1@07F0E A A>45@60=85< ?5:B8=0 0,5530,71 3/3 ACE8E 25I5AB2. #>A;5 96 G E@0=5=8O 
:>=B@>;L=K9 >1@075F B5@O5B 24 % A2O70==>9 2>4K 8 MB>B ?>:070B5;L @025= 0,35 3/3 ACE8E 
25I5AB2, GB> =0 27330 % <5=LH5, G5< ?>:070B5;L A2O70==>9 2>4K C >1@07F>2 A ?5:B8=><  
(0,4830,5 3/3 ACE8E 25I5AB2). !08;CGH8<8 ?>:070B5;O<8, E0@0:B5@87CNI8<8 A2565ABL 
?@>4C:B0, >1;040; >1@075F A 2=5A5=85< 2 @5F5?BC@C 0,06 % ?5:B8=0. #@>0=0;878@>20=K 
7028A8<>AB8 2;8O=8O :>;8G5AB20 ?5:B8=0 =0 ?>:070B5;8 A2565AB8 7020@=>3> =5C?0:>20==>3> 
@60=>-?H5=8G=>3> E;510 (@8A. 5). 

 

 
0) 

 
1) 

$8A. 5. �;8O=85 :>;8G5AB20 ?5:B8=0 =0 ?>:070B5;8 A2565AB8 7020@=>3> =5C?0:>20==>3> 
@60=>-?H5=8G=>3> E;510: 0) 87<5=5=85 :>;8G5AB20 A2O70==>9 2>4K (3/3 %�); 

1) 87<5=5=85 ?>:070B5;O ?>@8AB>AB8 (%) 

Fig. 5. Effect of the amount of pectin on the freshness of scalded unpacked rye-wheat bread: 

a) changes in the amount of bound water (g/g of dry matters); b) changes in the porosity index (%) 
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-:A?5@8<5=B0;L=K5 8AA;54>20=8O ?@>2545=K A ?OB8:@0B=>9 ?>2B>@=>ABLN >?KB>2, >H81:0 
>?KB0 A>AB028;0 5,0 %. !0 3@0D8:0E ?@54AB02;5=K A@54=85 7=0G5=8O. "1@01>B:0 
M:A?5@8<5=B0;L=KE @57C;LB0B>2 ?@>2545=0 A 8A?>;L7>20=85< ?@>3@0<<=>3> >15A?5G5=8O 
Statgraphics Plus 5.0 Manugistics company. � @57C;LB0B5 >1@01>B:8 M:A?5@8<5=B0;L=KE 40==KE 
?>;CG5=K C@02=5=8O @53@5AA88, 045:20B=> >?8AK20NI85 7028A8<>AB8 2=5A5=8O ?5:B8=0 2 
@5F5?BC@C 7020@=>3> @60=>-?H5=8G=>3> E;510, ?>;CG5==>3> 87 70<>@>65==>3> 
=54>?5G5==>3> ?>;CD01@8:0B0, =0 ?>:070B5;8 ?>@8AB>AB8 8 A>45@60=8O A2O70==>9 2;038, 
:>B>@K5 ?>72>;ONB ?@>3=>78@>20BL A2565ABL E;510 G5@57 48 8 72 G E@0=5=8O. !08;CGH85 
@57C;LB0BK ?>;CG5=K A 8A?>;L7>20=85 ?5:B8=0 NH 2 4>78@>2:5 0,06 %, :>B>@0O ?>72>;O5B =5 
B>;L:> C25;8G8BL :>;8G5AB2> A2O70==>9 2;038, => 8 >4=>2@5<5==> >15A?5G8BL 2KA>:89 
?>:070B5;L ?>@8AB>AB8 7020@=>3> E;510. 

 

����.+�!�� 
� E>45 0=0;870 ?@8<5=5=8O B5E=>;>388 70<>@06820=8O 2 ?@>872>4AB25 7020@=>3> @60=>-

?H5=8G=>3> E;510 2KO2;5=>, GB> 8745;8O, ?>;CG5==K5 87 70<>@>65==>3> =54>?5G5==>3> 
?>;CD01@8:0B0, ?@>O2;ONB ?@87=0:8 C25;8G5=8O A:>@>AB8 G5@AB25=8O. 
� @57C;LB0B5 8AA;54>20=89 CAB0=>2;5=>, GB> 2=5A5=85 2 A>AB02 @5F5?BC@K 7020@=>3> @60=>-

?H5=8G=>3> E;510 ?5:B8=0 NH 2 :>;8G5AB25 0,06 % ?>72>;O5B C25;8G8BL :>;8G5AB2> 
A2O70==>9 2;038, A>E@0=8BL 2KA>:CN ?>@8AB>ABL 7020@=>3> E;510 8 ?@>4;8BL A@>:8 53> 
A2565AB8 ?>A;5 4>?5:0=8O 4> 96 G 4065 2 =5C?0:>20==>< 2845 8 ?>;CG8BL 8745;8O, :>B>@K5 ?> 
>@30=>;5?B8G5A:8< 8 D878:>-E8<8G5A:8< ?>:070B5;O< A>>B25BAB2C5B &!#�. 

 
��&�$�&'$� 

1 �CM@<0=, �. /. &5E=>;>38O E;51>?5:0@=>3> ?@>872>4AB20: CG51=8: 4;O ABC45=B>2 2C7>2 / �. /. �CM@<0=. 3 9-5 
874., ?5@5@01. 8 4>?. 3 %#1.: #@>D5AA8O, 2005. 3 415 A. 
2 �>A>20=, �. #. %1>@=8: A>2@5<5==KE B5E=>;>389 E;51>1C;>G=KE 8745;89 / �. #. �>A>20= //  .: �!' �"%!�� 
E;51>?5:0@=>9 ?@><KH;5==>AB8. 3 2008. 3 268 A. 
3 �C7=5F>20 �. �. #@>872>4AB2> 7020@=KE A>@B>2 E;510 A 8A?>;L7>20=85< @60=>9 <C:8: <>=>3@0D8O /  
�. �. �C7=5F>20 [8 4@.] 3 %#1.: �>A!��)#, 2003. 3 298 A. 
4 �;5E8=0, !. !. �0<>@>65==K5 ?>;CD01@8:0BK 3 ?5@A?5:B82=K9 A53<5=B @K=:0 E;51>1C;>G=KE 8745;89 /  
!. !. �;5E8=0 [8 4@.] //  0B5@80;K IX  564C=0@. =0CG.-?@0:. :>=D. «&5E=>;>388 8 ?@>4C:BK 74>@>2>3> ?8B0=8O». 
3 %0@0B>2: %0@0B>2A:89 ��', 2015. 3 %. 739. 

5 �>30BK@520, &. �. &5E=>;>388 ?8I52KE ?@>4C:B>2 A 4;8B5;L=K<8 A@>:0<8 E@0=5=8O / &. �. �>30BK@520,  
!. �. �01CB8=0. //  .: #@>D5AA8O. 3 2013. 3 %. 175.  
6 �5@0A8<>20, -. ". �@8>35==K5 B5E=>;>388 2 E;51>?5G5=88/ -. ". �5@0A8<>20, !. �. �01CB8=0 // �725AB8O 2C7>2. 
#8I520O B5E=>;>38O. 3 2019. 3 71 (367). 3 %. 639. 

7 !8:8B8=0, !. �. $>AA89A:89 @K=>: 70<>@>65==KE E;51>1C;>G=KE 8 :>=48B5@A:8E 8745;89 / !. �. !8:8B8=0, 
!. %. �D0=0AL520 // Science of Europe. 3 2018. 3 7 27. 3 %. 336.  

8 �@0CA, %. �;C1>:0O 70<>@>7:0 3 ?5@A?5:B82=0O B5E=>;>38O 2 E;51>?5G5=88 / %. �@0CA, �. �:6838B>2,  
�. �N=8=0 // );51>?@>4C:BK. 3 2005. 3 7 7. 3 %. 38339. 

9 $>3>2, �. �. �>=A5@28@>20=85 ?8I52KE ?@>4C:B>2 E>;>4>< (B5?;>D878G5A:85 >A=>2K) / �. �. $>3>2 [8 4@.] 3  
3-5 874., ?5@5@01. 8 4>?. 3  .: �>;>A, 2002. 3 184 A. 
10 �>;5A=8:>20, !. �. !0CG=K5 ?@8=F8?K :>=AB@C8@>20=8O :><18=8@>20==KE ?@>4C:B>2 ?8B0=8O /  
!. �. �>;5A=8:>20 [8 4@.] 3 ';0=-'4M: �74-2> �>AB>G=>%818@A:89 3>A. B5E=>;. C=-B5B, 2005. 3 44 A. 
11 �0:C;8=0, ". !. #@>4C:BK 384@>;870 :@0E<0;0 :0: ?8I52K5 4>102:8 / ". !. �0:C;8=0 // #8I52K5 
8=3@5485=BK. %K@L5 8 4>102:8, 2003. 3 7 2. 3 %. 51352. 

12 �C@8=>20, &. �. (>@<8@>20=85 :0G5AB20 =54>?5G5==KE 70<>@>65==KE @60=>-?H5=8G=KE E;51>1C;>G=KE 
8745;89 / &. �. �C@8=>20, �. �. �CI5=:>, �. !. ,C2K:8=0 // %1>@=8: <0B5@80;>2 VIII  564C=0@>4=>9 =0CG=>-
B5E=8G5A:>9 :>=D5@5=F88 «�==>20F8>==K5 B5E=>;>388 2 ?8I52>9 ?@><KH;5==>AB8: =0C:0, >1@07>20=85 8 
?@>872>4AB2>». 3 �>@>=56. 3>A. C=-B 8=6. B5E=>;., ��'�&, 2023. 3 388 A. 
13 'A5=O, .. %. &5E=>;>38O 873>B>2;5=8O 70<>@>65==KE E;51>1C;>G=KE 8745;89 8 ?>;CD01@8:0B>2 /  
.. %. 'A5=O, �. �. �0:>20 // #8I520O ?@><KH;5==>ABL: =0C:0 8 B5E=>;>388. 3 2012. 3 7 2(16). 3 %. 46350. 

14 �25B=K9, (.  . " 70<>@06820=88 E;51>1C;>G=KE 8745;89 / (.  . �25B=K9,  . .. .@:>, �. �. �08:8=0 // 
);51>?5G5=85 $>AA88. 3 2006. 3 7 1. 3 %. 22323.  



Пище6ая Fех=>?>7ия  

 

 

 

 

 

96 

15 Bárcenas, M. E. Effect of frozen storage time on the bread crumb and aging of par-baked bread M. E. Bárcenas,  
C. M. Rosell. // Food Chem. 3 2006. 3 95. 3 P. 4383445.  

16 Bárcenas, M. E. Different approaches for increasing the shelf life of partially baked bread: low temperatures and 
hydrocolloid addition / M. E. Bárcenas, C. M. Rosell. // Food Chem. 3 2007. 3 100. 3 $. 159431601.  

17 Ben Aissa. Stresses and Cracking in Freezing Part-Baked Bread: a Numerical Model/ Ben Aissa, M. Fadhil, Q. Tuan 

Pham, J.Y. Monteau, A. le Bail. // International Society for Horticultural Science (ISHS). 3 Leuven, Belgium. 3 2008. 3 
P. 1333140.  

18 Hamdami, N. Two-stage freezing of part baked breads: application and optimization / N. Hamdami, Q. T. Pham,  

A. Le-Bail, J.-Y. Monteau // J. Food Eng. 3 2007. 3 7 82(4). 3 P. 4183426. 

19 Mohsen, D. I. Review on identification, underlying mechanisms and evaluation of freezing damage / Dalvi-Isfahan, 

Mohsen; Jha, Piyush Kumar; Tavakoli, Javad; et al. // Journal of food engineering. 3 August, 2019. 3 $. 50360. 

20 �>40 2 ?8I52KE ?@>4C:B0E. / #>4 @540:F859 $. �. �0:C>@B0. 3 #5@52>4 A 0=3;. 3  .: #8I520O ?@><KH;5==>ABL, 
1980. 3 376 A. 
21 �5=897, !. �. &5E=>;>38O 70<>@>65==KE ?>;CD01@8:0B>2 A ?@8<5=5=85< :@8>?@>B5:B>@>2 / !. �. �5=897,  
!. �. %>:>;. 3 %00@1@N::5=: Palar u AcademicPudlishing, 2014. 3 129 A.  EDN: SNPRNX. 

22 �>340=>2, �. �. �@8>?@>B5:B>@K 2 E>;>48;L=KE B5E=>;>38OE ?@>4C:B>2 ?8B0=8O / �. �. �>340=>2,  
�. �. #0=:8=0 // &@C4K �!�$" 3 &. 191. 3 2023. 3 %. 1423155. 

23 �>=G5=:>, �. �. #5:B8=: >A=>2=K5 A2>9AB20, ?@>872>4AB2> 8 ?@8<5=5=85 / �. �. �>=G5=:>, �. �. (8@A>2. 3  .: 
�5�8?@8=B, 2007. 3 276 A. 
24 �>G5B:>20, �. �. #5:B8=. " <=>38E 3@0=OE >4=>3> 8=3@5485=B0 / �. �. �>G5B:>20, �. �. �?0B>20 // #8I52K5 
8=3@5485=BK. %K@L5 8 4>102:8. 3 2009. 3 7 1. 3 %. 34338. 

25 %?@02>G=8: ?> 384@>:>;;>840< / #>4 @54. �. ". (8;8?A, #. �. �8;LO<A; #5@. A 0=3;. ?>4 @54.  
�. �. �>G5B:>2>9, �. �. %0@0D0=>2>9. 3 %#1.: ��"$�, 2006. 3 536 A. 
26  #CG:>20, �. �. �01>@0B>@=K9 ?@0:B8:C< ?> B5E=>;>388 E;51>?5:0@=>3> ?@>872>4AB20 / �. �. #CG:>20. 3 4-5 
874., ?5@5@01. 8 4>?. 3 %#1.: ��"$�, 2004. 3 264 A.  
27 �>@OG:8=0, %. �.  5B>4K 8AA;54>20=8O A2>9AB2 AK@LO, ?>;CD01@8:0B>2 8 3>B>2>9 ?@>4C:F88.  5B>4K 
8AA;54>20=8O A2>9AB2 ?>;CD01@8:0B>2 E;51>?5:0@=>3> ?@>872>4AB20 / %. �. �>@OG:8=0, !. �. �5@578=0,  
�. �. )<5;520 // 'G51=>-<5B>48G5A:>5 ?>A>185. 3 "@5;: (�"' �#" «�>AC=825@A8B5B 3 '!#�», 2011. 3 49 A.  
28 �>@OG520, �. (. %>E@0=5=85 A2565AB8 E;510 / �. (. �>@OG520, $. �. �C7L<8=A:89 3  .: �53:0O 8 ?8I520O 
?@><KH;5==>ABL, 1983. 3 243 A. 
29 %&� 639-95 );51 87 @60=>9, A<5A8 @60=>9 8 ?H5=8G=>9 <C:8. "1I85 B5E=8G5A:85 CA;>28O. 3  8=A:: 
�5;��%%, 2019. 3 20 A. 
 

#>ABC?8;0 2 @540:F8R 20.11.2023 3. 
 

"� ��&"$�):  
&0BPS=0 �<8B@852=0 %0<C9;5=:>, :0=4840B B5E=8G5A:8E =0C:, 4>F5=B, 70<5AB8B5;L 45:0=0 E8<8:>-
B5E=>;>38G5A:>3> D0:C;LB5B0, �5;>@CAA:89 3>AC40@AB25==K9 C=825@A8B5B ?8I52KE 8 E8<8G5A:8E 
B5E=>;>389 (��'&), e-mail: TataSam@tut.by. 

&0BPS=0 �;5:A0=4@>2=0 �C@8=>20, :0=4840B B5E=8G5A:8E =0C:, 4>F5=B, 4>F5=B :0D54@K B5E=>;>388 
E;51>?@>4C:B>2, �5;>@CAA:89 3>AC40@AB25==K9 C=825@A8B5B ?8I52KE 8 E8<8G5A:8E B5E=>;>389 

(��'&), e-mail:  gurinova09@tut.by. 

�:0B5@8=0 �;048<8@>2=0 �CI5=:>, 0A?8@0=B, �5;>@CAA:89 3>AC40@AB25==K9 C=825@A8B5B ?8I52KE 
8 E8<8G5A:8E B5E=>;>389 
 0@8=0 �;5:A0=4@>2=0 �8B28=GC:, ABC45=B, �5;>@CAA:89 3>AC40@AB25==K9 C=825@A8B5B ?8I52KE 
8 E8<8G5A:8E B5E=>;>389 

 

ABOUT AUTHORS:  

Tatyana D. Samuylenko, Candidate of Technical Sciences, Associate Professor, Deputy Dean of the Faculty 

of Chemistry and Technology, Belarusian State University of Food and Chemical Technologies, e-mail: 

TataSam@tut.by. 

Tatyana Gurinova, Candidate of Technical Sciences, Associate Professor, Assistant Professor of the 

Department of Grain Products Technology, Belarusian State University of Food and Chemical Technologies, 

e-mail: gurinova09@tut.by. 

Ekaterina V. Gushchenko, PhD student, Belarusian State University of Food and Chemical Technologies. 

MarinaA. Litvinchuk, student, Belarusian State University of Food and Chemical Technologies. 

mailto:TataSam@tut.by
mailto:gurinova09@tut.by
mailto:TataSam@tut.by
mailto:gurinova09@tut.by


  �еEF=и> ��'&, 2023 № 2(35) 
 

 

 

 

 

97 

'�� 665.117.2: 664.641.12:664.642.1  
 

���/!��  '�� �� � /)� $�#%� !� ��+�%&�" �����"��!/ 
#,�!�+!"�  '�� � #"�.� !'. %��' �$"���� 

�. �. �4A8;9=:>1, (. !. �B4E4=>62,  &. �. &@>D8<9=:>1 

1�5;>@CAA:89 3>AC40@AB25==O9 C=825@A8B5B ?8I52OE 8 E8<8G5A:8E B5E=>;>389, $5A?C1;8:0 �5;0@CAP 
2!0<0=30=A:89 3>AC40@AB25==O9 C=825@A8B5B, $5A?C1;8:0 '715:8AB0= 

 
�!!"&�*�/ 

�2545=85. ';CGH5=85 ?8I52>9 F5==>AB8 E;51>1C;>G=KE 8745;89 O2;O5BAO >4=>9 87 0:BC0;L=KE 7040G 
4;O E;51>?5:0@=>9 ?@><KH;5==>AB8. -B> 4>AB8305BAO ?CB5< 22545=8O 2 @5F5?BC@C @0AB8B5;L=KE 
4>102>: ?@8@>4=>3> ?@>8AE>645=8O. #5@A?5:B82=K< @0AB8B5;L=K< AK@L5< 4;O $5A?C1;8:8 �5;0@CAL, 
A?>A>1=K< ?>2KA8BL ?8I52CN F5==>ABL ?@>4C:B>2 ?8B0=8O ?>2A54=52=>3> A?@>A0, O2;O5BAO 6<KE 
@0?A>2K9. #>MB><C 8AA;54>20=85 2>7<>6=>AB8 8A?>;L7>20=8O <C:8 87 6<KE0 @0?A0 2 E;51>?5:0@=>< 
?@>872>4AB25 O2;O5BAO 0:BC0;L=K<.  
!0CG=0O 7040G0 8AA;54>20=8O 3 87CG5=85 2;8O=8O <C:8 87 6<KE0 @0?A0 =0 :0G5AB2> :;59:>28=K 
?H5=8G=>9 <C:8 8 ?>4J5<=CN A8;C 4@>6659. 
 0B5@80;O 8 <5B>4O. "1J5:B>< 8AA;54>20=89 O2;O;>AL 4@>6652>5 B5AB> 87 ?H5=8G=>9 <C:8 
2KAH53> A>@B0 <0@:8   54-25, ?>;CG5==>5 A 4>102;5=85< : ?H5=8G=>9 <C:5 <C:8 87 6<KE0 @0?A0. 
#>:070B5;8 :0G5AB20 <C:8 >?@545;O;8AL AB0=40@B=K<8 <5B>40<8 8 <5B>48:0<8. �A?>;L7>20;8 <C:C 
87 6<KE0 @0?A0, ?@>872>48<CN ?> &' BY 700036606.13632023 (48A?5@A=>ABL <C:8 2 ?@545;0E >B 0,333
0,6 <<). 
$57C;PB0BO.  �AA;54>20=> 2;8O=85 <C:8 87 6<KE0 @0?A0 =0 :>;8G5AB2> 8 :0G5AB2> :;59:>28=K 
?H5=8G=>9 <C:8. 'AB0=>2;5=>, GB> ?@8 5 % 2=5A5=88 <C:8 87 6<KE0 @0?A0 270<5= ?H5=8G=>9 <C:8, 
:>;8G5AB2> :;59:>28=K C<5=LH0;>AL 2 1,07 @070, 0 55 :0G5AB2> C;CGH0;>AL =0 8,6 %. �7CG5=> 2;8O=85 
<C:8 87 6<KE0 @0?A0 =0 ?>4J5<=CN A8;C 4@>6659. #>4J5<=0O A8;0 E;51>?5:0@=KE 4@>6659 A 
2=5A5=85< <C:8 87 6<KE0 @0?A0 C25;8G8;0AL ?> A@02=5=8N A :>=B@>;5< =0  
2 <8= 15 A, GB>, ?>-2848<><C, A2O70=> A =0;8G85< 1>;LH>3> :>;8G5AB20 ?8B0B5;L=KE 25I5AB2  
(28B0<8=>2 3@C??K �, A0E0@>2, <8=5@0;L=KE 25I5AB2 8 4@.) 2 <C:5 87 6<KE0 @0?A0. 'AB0=>2;5=> 
2;8O=85 <C:8 87 6<KE0 @0?A0 =0 687=5A?>A>1=>ABL :;5B>: 4@>6659.  
�O2>4O. 'AB0=>2;5=>, GB> 4;O ?>;CG5=8O E;51>1C;>G=KE 8745;89, A>>B25BAB2CNI8E :0G5AB2C 
B@51>20=89 AB0=40@B0, 2>7<>6=> 8A?>;L7>20=85 2 A<5A8 A ?H5=8G=>9 <C:>9 <C:8 87 6<KE0 @0?A0 2 
:>;8G5AB25 5 %, ?@8 2=5A5=88 1>;LH53> :>;8G5AB20 ?>O2;O5BAO ?@82:CA. '25;8G5=85 ?>4J5<=>9 A8;K 
4@>6659 A 2=5A5=85< <C:8 87 6<KE0 @0?A0 A2845B5;LAB2C5B >1 CA:>@5==>< ?@>F5AA5 1@>65=8O, GB> 
A?>A>1AB2C5B 1>;55 1KAB@><C ?@83>B>2;5=8N 8745;89. 

��.+��/� %�"��: 4@>6652>5 B5AB>; :0G5AB2> :;59:>28=O; <C:0 87 6<OE0 @0?A0; ?>:070B5;8 
:0G5AB20. 

��/ *�&�$"��!�/: �0A8;5=:>, �. �. �;8O=85 <C:8 87 6<KE0 @0?A0 =0 :0G5AB2> :;59:>28=K 
?H5=8G=>9 <C:8 8 ?>4J5<=CN A8;C 4@>6659 / �. �. �0A8;5=:>, ,. !. �B0E0=>2,  
&. �. &@>D8<5=:> // �5AB=8: �5;>@CAA:>3> 3>AC40@AB25==>3> C=825@A8B5B0 ?8I52KE 8 E8<8G5A:8E 
B5E=>;>389. 3 2023. 3  7 2(35). 3 %. 973104. 

 

 

THE EFFECT OF RAPESEED CAKE FLOUR ON THE WHEAT FLOUR GLUTEN 

QUALITY AND THE YEAST RAISING POWER 

Z. V. Vasilenko1, Sh. N. Atakhanov2, T. V. Trofimenko1 

1Belarusian State University of Food and Chemical Technologies, the Republic of Belarus 
2Namangan State University, Republic of Uzbekistan 

 



Пище6ая Fех=>?>7ия  

 

 

 

 

 

98 

ABSTRACT   
Introduction. The bakery products nutritional value improving is one of the urgent tasks for the bakery 

industry. It is achieved by introducing natural origin herbal additives into the formulation. Rapeseed cake is a 

promising plant raw material for the Republic of Belarus capable of increasing the everyday food products 

nutritional value. Therefore, the study of the possibility of using rapeseed cake flour in bakery production is 

relevant. The scientific objective of the study is to study the rapeseed cake flour effect on the wheat flour 

gluten quality and the yeast raising power. 

Materials and methods. The object of research was yeast dough made from M 54-25 high grade wheat flour 

with the added rapeseed cake flour. Flour quality indicators were determined by standard methods and 

techniques. Rapeseed cake flour produced according to TU BY 700036606.13632023 was used (flour 

dispersion ranging from 0,3330,6 mm). 

Results.  The rapeseed cake flour effect on the quantity and quality of gluten in wheat flour has been studied. 

It was found that with the rapeseed cake flour application in amount of  5 % instead of wheat flour, the amount 

of gluten is decreased by 1.07 times, and its quality is improved by 8,6 %. The effect of rapeseed cake flour 

on the yeast raising power has been studied. The raising power of baking yeast with the added rapeseed cake 

flour increased compared to the control by 2 min 15 s which is apparently due to the presence of a large amount 

of nutrients (B vitamins, sugars, minerals, etc.) in rapeseed cake flour. The effect of rapeseed cake flour on the 

viability of yeast cells has been established.  

Conclusions. It has been established that in order to obtain bakery products that meet the quality requirements 

of the standard, it is possible to use rapeseed cake flour mixed with wheat flour in an amount of 5 %. When it 

is added more the taste is changed. An increase in the yeast raising power with the added rapeseed cake flour 

indicates an accelerated fermentation process which contributes to faster preparation of products. 

KEY WORDS: yeast dough; gluten quality; rapeseed cake flour; quality indicators. 
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Fig. 1. Dependence of the amount of gluten in wheat flour on the amount of added rapeseed cake flour  
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Fig. 2. Dependence of the gluten quality of wheat flour on the amount of added rapeseed cake flour   
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Table 1. Effect of rapeseed cake flour on yeast raising power  
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Pic. 3. Dependence of viable yeast cells on the period of fermentation 
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USE OF DISTILLERY STILLAGE IN THE PRODUCTION OF RYE-WHEAT BREAD 

A. V. Pokrashinskaya1, L. V. Rukshan2 

1Grodno State Agrarian University, Republic of Belarus 
2Belarusian State University of Food and Chemical Technologies, Republic of Belarus 

 

ABSTRACT   
Introduction. Reduced bread production cycle is of utmost importance now, thus determining the purpose of 

the study. The hypothesis about the possibility of using distillery stillage (waste product of alcohol production) 

instead of sourdough was put forward. However, there is no scientific data available on this issue. 

Materials and methods. The objects of the study are liquid stillage, semi-finished products and rye-wheat 

bread made with the addition of stillage. Quality was assessed by standard methods and techniques. 

Results. The effect of stillage on the gas-forming ability of flour has been studied. The process of dough 

maturation with the addition of different amounts of alcohol stillage has been considered. The influence of 

different dosages of distillery stillage on the organoleptic and physico-chemical indicators of the quality of 

dough and finished products has been determined.  

Conclusions. It has been found out that to obtain rye-wheat bread that meets the quality requirements standard 

it is possible to use 70 % alcohol stillage instead of sourdough. 
 
KEY WORDS: distillery stillage; sourdough; dough; bread; quality. 
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Table 1. Organoleptic and physico-chemical indicators of the quality of distillery stillage 
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B5AB0 >B 26 4> 35 °% 8=B5=A82=>ABL 307>>1@07>20=8O 2>7@0AB05B 2 2 @070. �=B5=A82=K9 70<5A 
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$8A. 1. �028A8<>ABL :>;8G5AB20 =0:>?82H53>AO C3;5:8A;>3> 3070 70 5 G0A>2 1@>65=8O  
>B :>;8G5AB20 2=>A8<>9 A?8@B>2>9 10@4K 

Fig. 1. Dependence of the amount of accumulated carbon dioxide for 5 hours  

of fermentation on the amount of added distillery stillage 
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?@52KH05B 7=0G5=85 :8A;>B=>AB8 4;O :>=B@>;L=>3> >1@07F0. 
 

&01;. 2. #>:070B5;8 :0G5AB20 ?>;CD01@8:0B>2 :>=B@>;L=KE 8 >?KB=KE >1@07F>2   

Table 2. Quality indicators of semi-finished products of reference and test samples 
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Fig. 2. Dependence of changes in dough acidity during fermentation on the amount  

of added distillery stillage 
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Table 3. Organoleptic quality indicators of rye-wheat bread with the addition of distillery stillage 
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?>;CG5=8N E;510 ?> :0G5AB2C =5 A>>B25BAB2CNI53> B@51>20=8O< AB0=40@B>2. 
 
&01;. 4. (878:>-E8<8G5A:85 ?>:070B5;8 :0G5AB20 @60=>-?H5=8G=>3> E;510 A 4>102;5=85< 

A?8@B>2>9 10@4K  

Table 4. Physico-chemical indicators of the quality of rye-wheat bread with the addition of distillery stillage 

#>:070B5;8 

%>45@60=85 A?8@B>2>9 10@4K, % : <0AA5 <C:8 

�>=B- 
@>;L 10 20 30 40 50 60 70 80 90 100 

�;06=>ABL, % 43,5 43,5 44,0 42,5 43,0 43,5 44,0 44,0 44,5 45,5 45,5 

�8A;>B=>ABL, 3@04 7,8 6,5 7,0 7,5 8,5 8,4 8,5 8,7 9,0 9,2 9,5 

#>@8AB>ABL, % 43 39 40 40 40 41 42 44 40 39 37 

(>@<>CAB>9-

G82>ABL,H/D 
0,57 0,38 0,45 0,50 0,53 0,56 0,57 0,62 0,50 0,38 0,31 

�0;;L=0O >F5=:0, 
10;; 72,5 63,5 63,5 67,0 67,0 71,0 75,5 79,0 70,5 66,0 62,5 
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Fig. 3. Appearance and cross-section of rye-wheat bread 
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TECHNOLOGICAL ASPECTS OF SOUR CREAM PRODUCTION  

FROM CREAM AND BUTTERMILK MIXTURE 

O. I. Kuptsova, Yu. Yu. Chekanowa 

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

ABSTRACT  
Introduction. The use of buttermilk, a secondary product of cream production, in the composition of sour 
cream will increase its competitiveness. At the same time, the optimal quantitative content of raw materials in 
the composition of the cream-buttermilk mixture is important. The general scientific task is to establish the 
influence of the quantitative ratio of raw materials in the composition of cream-buttermilk mixture on 
organoleptic, physicochemical indicators, structural and mechanical properties and biological value of sour 
cream.  
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Materials and methods. Sour cream with mass fraction of fat 10, 15 and 20 %  on the basis of cream, mixture 
of cream and buttermilk produced by churning cream, mixture of cream and fat-free milk with quantitative 
content of raw materials of buttermilk/fat-free milk in the mixture composition in an amount of from  
10 to 50 %.  
Results.  Dependencies of organoleptic, physical and chemical indices, structural and mechanical properties 
as well as biological value of sour cream on the quantitative ratio of raw materials components in cream-
buttermilk mixture were determined, thus making it possible to substitute completely fat-free milk in cream 
mixture with buttermilk in the amount of up to 40 % and to obtain a product with high quality indices and 
complete amino acids. 
Conclusions.  In the technology of sour cream the use of buttermilk obtained by churning cream is 
recommended in an amount of up to 40 % of the mass of the mixture, the most rational content being as high 
as 20 %. This approach allows us to obtain a product with high digestibility, balanced essential amino acids 
with respect to the FAO/WHO reference protein and absence of limiting protein components, as well as having 
pronounced organoleptic indices, acceptable structural-mechanical and stable physical-chemical properties 
during storage. 

KEY WORDS: sour cream; buttermilk; raw material source; quantitative ratio; cream and buttermilk 
mixtures; nutritional and biological value; organoleptic, physical and chemical parameters; structural and 
mechanical properties. 
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=570<5=8<KE 0<8=>:8A;>B, >1;040NI8E 2K@065==K<8 ;8?>B@>?=K<8 A2>9AB20<81. �@><5 
B>3>, ?0EB0 O2;O5BAO 8AB>G=8:>< D>AD>;8?84>2. �725AB=>, GB> «D>AD>;8?84K >1;040NB 
2K@065==K<8 18>;>38G5A:8<8 A2>9AB20<8 8 83@0NB 206=CN @>;L 2 =>@<0;870F88 68@>2>3> 
8 E>;5AB5@8=>2>3> >1<5=0, 7045@6820NB @0728B85 1>;57=8 �;LF359<5@0, ?>402;ONB @0728B85 
?0B>35==KE <8:@>>@30=87<>2 2 :8H5G=8:5» [2, 3]. "A=>2=0O @>;L C3;52>4>2 ?0EBK 
70:;NG05BAO 2 =>@<0;870F88 2 :8H5G=8:5 ?@>F5AA>2 1@>65=8O 8 ?@54C?@5645=88 
8=B5=A82=>3> @0728B8O 3=8;>AB=KE ?@>F5AA>2.  8=5@0;L=K9 A>AB02 ?0EBK A>45@68B >:>;>  
75 % <8=5@0;L=KE 25I5AB2 <>;>:0, :>B>@K5 =5>1E>48<K 4;O G5;>25:0, ?>A:>;L:C ?@8 
=54>AB0B:5 8E 2 @0F8>=5 ?8B0=8O A=8605BAO 45OB5;L=>ABL >@30=87<0 27@>A;KE 8 45B59, 0 B0:65 
A>?@>B82;O5<>ABL 8 A?>A>1=>ABL : 040?B0F88 [4]. �8B0<8==K9 A>AB02 ?0EBK 2 1>;LH59 
AB5?5=8 ?@54AB02;5= 2>4>@0AB2>@8<K<8 28B0<8=0<8, :>B>@K5 83@0NB 206=CN @>;L 2 
D>@<8@>20=88 ?8I52KE A2>9AB2 ?@>4C:F88. "A>1>5 <5AB> 2K45;5=> 28B0<8=>?>4>1=><C 
07>BA>45@60I5<C A>548=5=8N 3 E>;8=C, :>B>@K9 >1;0405B 2K@065==K<8 
0=B8A:;5@>B8G5A:8<8 A2>9AB20<8. 
� $5A?C1;8:5 �5;0@CAL 8 $>AA89A:>9 (545@0F88 8725AB=K A?>A>1K ?@><KH;5==>9 

?5@5@01>B:8 ?0EBK 4;O ?>;CG5=8O @07;8G=KE <>;>G=KE ?@>4C:B>2: ?0EB0 ?8BL520O 
?0AB5@87>20==0O, <>;>:> ?8BL52>5, 684:85 :8A;><>;>G=K5 =0?8B:8, 15;:>2K5 ?@>4C:BK, 
<>@>65=>5. �@><5 B>3>, @>AA89A:85 CG5=K5 0:B82=> 70=8<0NBAO A>740=85< :8A;><>;>G=>9 
?@>4C:F88 =0 >A=>25 ACE>9 8 :>=F5=B@8@>20==>9 ?0EBK, ?>;CG5==>9 <5B>40<8 C;LB@0- 8 
=0=>D8;LB@0F88 8 >1@0B=K< >A<>A>< [5312]. 

� �5;>@CAA:>< 3>AC40@AB25==>< C=825@A8B5B5 ?8I52KE 8 E8<8G5A:8E B5E=>;>389 
?@>2>4OBAO A>1AB25==K5 8AA;54>20=8O ?> ?@8<5=5=8N ?0EBK ?@8 ?>;CG5=88 A<5B0=K  
[13, 14], ?> @57C;LB0B0< :>B>@KE =0CG=> >1>A=>20=0 2>7<>6=>ABL ?@8<5=5=8O ?0EBK 2 A>AB025 
A;82>G=>9 A<5A8 2 B5E=>;>388 ?@>872>4AB20 A<5B0=K 2KA>:>3> :0G5AB20. "4=0:>, AB>8B 
>B<5B8BL, GB> 4;O ?>;CG5=8O :>=:C@5=B>A?>A>1=>3> ?@>4C:B0 A 2KA>:>9 ?8I52>9 F5==>ABLN 
?><8<> 8A?>;L7>20=8O 2KA>:>:0G5AB25==>3> <>;>G=>3> AK@LO, B0:65 206=K< O2;O5BAO 
>?B8<0;L=>5 :>;8G5AB25==>5 A>45@60=85 AK@L52KE :><?>=5=B>2 2 A>AB025 A;82>G=>9 A<5A8. 
#>MB><C ?@54AB02;O;> 8=B5@5A CAB0=>28BL >?B8<0;L=K5 A>>B=>H5=8O AK@L52KE :><?>=5=B>2 
A;82>: 8 ?0EBK 2 A>AB025 A<5A8 2 B5E=>;>388 ?@>872>4AB20 A<5B0=K. 
*5;L @01>BK 3 @07@01>B0BL @0F8>=0;L=K5 B5E=>;>38G5A:85 ?0@0<5B@K ?@>872>4AB20 

A<5B0=K A 2KA>:>9 ?8I52>9 F5==>ABLN 87 A;82>G=>-?0EB>2KE A<5A59. 
"1I0O =0CG=0O 7040G0 3 CAB0=>28BL 2;8O=85 :>;8G5AB25==>3> A>>B=>H5=8O AK@L52KE 

:><?>=5=B>2 2 A>AB025 A;82>G=>-?0EB>2>9 A<5A8 =0 >@30=>;5?B8G5A:85, D878:>-E8<8G5A:85 
?>:070B5;8, AB@C:BC@=>-<5E0=8G5A:85 A2>9AB20 8 18>;>38G5A:CN F5==>ABL A<5B0=K. 
 

 �&�$���/ �  �&"�/ 

"1J5:B0<8 8AA;54>20=89 2 @01>B5 O28;8AL @07;8G=K5 284K A<5B0=K ?> <0AA>2>9 4>;5 68@0 
(40;55 <.4.6.) 3 10, 15 8 20 %, :0: =081>;55 H8@>:> 2>AB@51>20==K5 A@548 ?>B@518B5;59 
@07;8G=KE 2>7@0AB=KE :0B53>@89.  
&@048F8>==0O B5E=>;>38O ?@>872>4AB20 A<5B0=K, @50;87C5<0O A53>4=O =0 ?@54?@8OB8OE 

<>;>G=>9 ?@><KH;5==>AB8 $5A?C1;8:8 �5;0@CAL, ?@54CA<0B@8205B ?@8<5=5=85 2 :0G5AB25 
<>;>G=>3> AK@LO A;82>: =0BC@0;L=KE, 8;8 =>@<0;87>20==KE A<5H5=85< 8;8 2 ?>B>:5 
>15768@5==K< <>;>:>< (40;55 "� ) 2 :>;8G5AB25 4> 40 % >B <0AAK A<5A8. #>MB><C 2 
:0G5AB25 >?KB=KE >1@07F>2 A<5B0=K 2KABC?0;8 >1@07FK 87 A;82>G=>-?0EB>2>9 A<5A8 A 
?@8<5=5=85< ?0EBK, ?>;CG5==>9 A?>A>1>< A1820=8O A;82>: (?0EB0-AK@L5 !%%). � :0G5AB25 

                                                           
1�>1@>20 �. �. $07@01>B:0 B5E=>;>388 DC=:F8>=0;L=KE :8A;><>;>G=KE ?@>4C:B>2 =0 >A=>25 :>=F5=B@0B>2 
?0EBK 8 <>;>G=>9 AK2>@>B:8, ?>;CG5==KE =0=>D8;LB@0F859: 48A. ... :0=4. B5E=. =0C:: 05.18.04. 3 �>;>340-
 >;>G=>5, 2019. 3 182 A. 
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:>=B@>;L=KE >1@07F>2 2KABC?0;0 A<5B0=0 87 A;82>: =0BC@0;L=KE 8 =>@<0;87>20==KE "� . 
%>3;0A=> ?@5420@8B5;L=K< 8AA;54>20=8O<, 1K;> CAB0=>2;5=>, GB> ?@8<5=5=85 ?0EBK-AK@LO 

!%% 2 :>;8G5AB25 4> 10 % >B <0AAK A;82>G=>9 A<5A8 A?>A>1AB2C5B ?>;CG5=8N ?@>4C:B0 A 
=52K@065==K<8 2:CA>2K<8 8 0@><0B8G5A:8<8 ?>:070B5;O<8. #>MB><C 4;O 8AA;54>20=89 1K;> 
2K1@0=> A;54CNI55 :>;8G5AB25==>5 A>45@60=85 ?0EBK-AK@LO !%%/"�  2 A>AB025 A;82>G=>9 
A<5A8 >?KB=KE 8 :>=B@>;L=KE >1@07F>2 A<5B0=K: 10, 20, 30 8 40 %, 0 B0:65 4;O 1>;55 H8@>:>3> 
0=0;870 :0G5AB25==KE ?>:070B5;59 ?@>4C:B0 3 50 % >B <0AAK A;82>G=>9 A<5A8. 
�;O ?@>872>4AB20 A<5B0=K 87 A;82>G=>-?0EB>2KE A<5A59 ?@8<5=O;8 ?@><KH;5==CN 

B5E=>;>38N ?>;CG5=8O ?@>4C:B0 87 =0BC@0;L=KE A;82>: B5@<>AB0B=K< A?>A>1><, 040?B8@>20==CN 
: ;01>@0B>@=K< CA;>28O< ?> B5E=>;>38G5A:>9 8=AB@C:F88 &� �Y 192762412.066-2022 =0 A<5B0=C 
«!0 74>@>2L5». &5E=>;>38G5A:89 ?@>F5AA 2:;NG05B 2K?>;=5=85 A;54CNI8E >?5@0F89: 
?5@2>=0G0;L=> >ACI5AB2;O;8 A>AB02;5=85 A<5A59 87 A;82>: 8 ?0EBK-AK@LO !%%/"� . �0;55 
?@>2>48;8 ?@>F5AA 3><>35=870F88 =0BC@0;L=KE A;82>: 8;8 A<5A59 ?@8 B5<?5@0BC@5 50370 °% 8 
402;5=88 12315  ?0, ?>A;5 G53> 8AA;54C5<K5 >1@07FK ?>425@30;8 B5?;>2>9 >1@01>B:5 ?@8 
B5<?5@0BC@5 90392 °% A 2K45@6:>9 15320 A, 70B5< >E;0640;8 4> B5<?5@0BC@K A:20H820=8O  
30333 °% 8 2=>A8;8 10:B5@80;L=CN 70:20A:C ;8>D8;878@>20==CN :>=F5=B@8@>20==CN 
15;>@CAA:>3> ?@>872>4AB20 $'# «�=AB8BCB <OA>-<>;>G=>9 ?@><KH;5==>AB8» % - &2 
(Lactococcus lactis ssp. lactis, Lactococcus lactis ssp. Aremoris, Lactococcus lactis subsp. lactis biovar 
diacetylactis, Streptococcus salivarius ssp. thermophilus) ?@O<K< A?>A>1>< =5?>A@54AB25==> 2 A<5AL 
87 @0AG5B0 10 �. �. =0 1000 :3 A<5A8. �0;55 70:20H5==K5 A;82>G=>-?0EB>2K5 A<5A8 @0AD0A>2K20;8 
2 ?>B@518B5;LA:CN B0@C 8 ?@>2>48;8 ?@>F5AA A:20H820=8O ?@8 B5<?5@0BC@5 30333 °% 2 B5G5=85  
10312 G A>3;0A=> @5:><5=40F8O< ?@>872>48B5;O. #> 4>AB865=88 0:B82=>9 :8A;>B=>AB8 A3CAB:0 
4,734,8 54. @! ?@>F5AA A:20H820=8O AG8B0;8 70:>=G5==K<. �0B5< >1@07FK, A:20H5==K5 2 C?0:>2:5, 
>E;0640;8 4> (17±1) °% 2 E;04>AB0B=>9 :0<5@5, ?>A;5 G53> 8E =0?@02;O;8 2 E>;>48;L=CN :0<5@C A 
B5<?5@0BC@>9 (4±2) °% 4;O A>7@520=8O A<5B0=K 2 B5G5=85 6312 G. 
#@8 ?@>2545=88 M:A?5@8<5=B0 4;O 2A5E 8AA;54C5<KE >1@07F>2 AK2>@>B:8 >B1>@ ?@>1 8 

?>43>B>2:C 8E : 0=0;87C >ACI5AB2;O;8 ?> �"%& 26809.132014, MDD5:B82=CN 2O7:>ABL 3 A 
?@8<5=5=85< @>B0F8>==>3> 28A:>78<5B@0; 2;03>C45@6820NICN A?>A>1=>ABL 3 <5B>4>< 
F5=B@8DC38@>20=8O; >@30=>;5?B8G5A:85 ?>:070B5;8 3 A5=A>@=K< <5B>4><; B8B@C5<CN :8A;>B=>ABL 
3 ?> �"%& 3624-92; 18>;>38G5A:CN F5==>ABL 3 @0AG5B=K< <5B>4>< ?> :@8B5@8O<, @07@01>B0==K<8 
0:045<8:0<8 !. !. �8?0B>2K< 8 �. �. $>3>2K<, >A=>20==KE =0 @0728B88 ?@8=F8?0  8BG5;;0 3 
�;>:0 [15]. 

 

$��'�0&�&/ � �) "�%'���!�� 

�7<5=5=85 MDD5:B82=>9 2O7:>AB8 =5@07@CH5==KE A3CAB:>2 A<5B0=K A <.4.6. 10, 15 8 20 % 87 
AK@LO @07=>3> :><?>=5=B=>3> A>AB020 A B5<?5@0BC@>9 (4±2) °% 2 ?@>F5AA5 E@0=5=8O 2 B5G5=85  
14-B8 ACB>: ?@8 AB0=40@B=>9 B5<?5@0BC@5 4> 6 °% ?@54AB02;5=> =0 @8A. 1. 
�=0;878@CO ?@54AB02;5==K5 40==K5 =0 @8A. 1, CAB0=>2;5=>, GB> 2A5 8AA;54C5<K5 >1@07FK 

A<5B0=K @07;8G=>9 68@=>AB8, =57028A8<> >B :><?>=5=B=>3> A>AB020, E0@0:B5@87>20;8AL 
C25;8G5=85< ?>:070B5;59 MDD5:B82=>9 2O7:>AB8 2 ?@>F5AA5 E@0=5=8O 2 B5G5=85 14-B8 ACB>: ?@8 
B5<?5@0BC@5 (4±2) °%, GB> A2O70=> A >B25@4520=85< 8 :@8AB0;;870F859 <>;>G=>3> 68@0, 
>1@07>20=85< =>2KE 68@>2KE A:>?;5=89 2 ?@>F5AA5 A>7@520=8O 8 E@0=5=8O ?@>4C:B0, 0 B0:65 A 
15;:0<8, :>B>@K5, 1;03>40@O A2>59 A?>A>1=>AB8 A2O7K20BL 2;03C, B0:65 C;CGH0NB :>=A8AB5=F8N 
A3CAB:>21.  

� 7028A8<>AB8 >B 68@=>AB8 >?KB=KE 8 :>=B@>;L=KE >1@07F>2 A<5B0=K >B<5G5=>, GB> A 
C25;8G5=85< <.4.6. ?@>4C:B0 >B 10 4> 20 % ?>:070B5;8 MDD5:B82=>9 2O7:>AB8 
?@>?>@F8>=0;L=> 2>7@0AB0;8. 
                                                           
1)8<8O 8 D878:0 <>;>:0 8 <>;>G=KE ?@>4C:B>2 / �. �. �>@10B>20, #. �. �C=L:>203 %#1.: ��"$�, 2012. 3 336 A. 
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� 7028A8<>AB8 >B AK@L52>3> A>AB020 A;82>G=KE A<5A59, 2 B>< G8A;5 :>;8G5AB25==>3> 
A>>B=>H5=8O AK@L52KE :><?>=5=B>2 A<5B0=K A <.4.6. 10, 15 8 20 % CAB0=>2;5=>, GB> ?> <5@5 
C25;8G5=8O :>;8G5AB20 ?0EBK-AK@LO !%% 8;8 "�  4> 50 % 2 A>AB025 ?@>4C:B0 =01;N40;>AL 
A=865=85 ?>:070B5;59 MDD5:B82=>9 2O7:>AB8 =5@07@CH5==KE A3CAB:>2. #@8 MB>< 
8A?>;L7>20=85 ?0EBK-AK@LO !%% 2 :>;8G5AB25 4> 40 % >B <0AAK A<5A8 ?>72>;8;> ?>;CG8BL 
?@>4C:B, E0@0:B5@87CNI89AO ?@85<;5<>9 :>=A8AB5=F859 2 ?@>F5AA5 E@0=5=8O 2 B5G5=85  
14-B8 ACB>: ?@8 B5<?5@0BC@5 (4±2) °%, =5 CABC?0NI59 A<5B0=5 =0 >A=>25 =0BC@0;L=KE A;82>: 
8 A<5A8 A;82>: 8 "� . #@8 MB>< =081>;55 ?@81;865==K<8 ?> ?>:070B5;O< MDD5:B82=>9 
2O7:>AB8 A<5B0=5 87 B@048F8>==>3> AK@LO, 0 B0:65 O@:> 2K@065==K<8 2:CA>2K<8 8 
0@><0B8G5A:8<8 E0@0:B5@8AB8:0<8 >1;040;8 >1@07FK A<5B0=K 87 A;82>: 8 ?0EBK-AK@LO !%% 
2 :>;8G5AB25 20 % >B <0AAK A<5A8. !0?@>B82, 8A?>;L7>20=85 ?0EBK 2 :>;8G5AB25 50 % 2 
A>AB025 A<5A8 A?>A>1AB2>20;> D>@<8@>20=8N 684:>9 :>=A8AB5=F88 A3CAB:>2. 
�7<5=5=85 2;03>C45@6820NI59 A?>A>1=>AB8 A<5B0=K A <.4.6. 10, 15 8 20 % 87 AK@LO 

@07=>3> :><?>=5=B=>3> A>AB020 2 ?@>F5AA5 E@0=5=8O 2 B5G5=85 14-B8 ACB>: ?@8 B5<?5@0BC@5 
(4±2) °% ?@54AB02;5=> =0 @8A. 2.  

%>3;0A=> ?@54AB02;5==K< 40==K< =0 @8A. 2, >B<5G5=0 B5=45=F8O C;CGH5=8O 
2;03>C45@6820NI59 A?>A>1=>AB8 2A5E 8AA;54C5<KE >1@07F>2 A<5B0=K @07;8G=>9 68@=>AB8, 
=57028A8<> >B :><?>=5=B=>3> A>AB020, 2 ?@>F5AA5 E@0=5=8O 2 B5G5=85 14-B8 ACB>: ?@8 
B5<?5@0BC@5 (4±2) °%, GB> A2O70=> A 40;L=59H8< >B25@4520=85< <>;>G=>3> 68@0 8 
C?;>B=5=85< AB@C:BC@K ?@>4C:B0.   
� 7028A8<>AB8 >B <0AA>2>9 4>;8 68@0 3>B>2>3> ?@>4C:B0 CAB0=>2;5=>, GB> A C25;8G5=85< 

68@=>AB8 A<5B0=K >B 10 4> 20 % :>;8G5AB2> 2K45;82H59AO AK2>@>B:8 2 8AA;54C5<KE 
>?KB=KE 8 :>=B@>;L=KE >1@07F0E 2 ?@>F5AA5 F5=B@8DC38@>20=8O C25;8G820;>AL. 
� 7028A8<>AB8 >B :><?>=5=B=>3> A>AB020 8 :>;8G5AB25==KE A>>B=>H5=89 AK@L52KE 

:><?>=5=B>2 A;82>G=KE A<5A59 A<5B0=K A <.4.6. 10, 15 8 20 % >?@545;5=>, GB> >?KB=K5 
>1@07FK A<5B0=K 87 A;82>G=>-?0EB>2KE A<5A59, =57028A8<> >B :>;8G5AB25==>3> A>45@60=8O 
?0EBK-AK@LO !%% 2 A>AB025 ?@>4C:B0, E0@0:B5@87>20;0AL ;CGH59 2;03>C45@6820NI59 
A?>A>1=>ABLN ?> A@02=5=8N A :>=B@>;L=K<8 >1@07F0<8 87 =0BC@0;L=KE A;82>: 8 A;82>:, 
=>@<0;87>20==KE "�  A A>>B25BAB2CNI8< A>>B=>H5=85< <>;>G=>3> AK@LO. 
#@8 MB>< >?KB=K5 >1@07FK A<5B0=K 87 A;82>: 8 ?0EBK-AK@LO !%% 2 :>;8G5AB25 4> 40 % >B 

<0AAK A<5A8 E0@0:B5@87>20;8AL 2;03>C45@6820NI59 A?>A>1=>ABLN 2 A@54=5< =0 334 % 2KH5 
?> A@02=5=8N A :>=B@>;L=K<8 >1@07F0<8 ?@>4C:B0 87 B@048F8>==>3> <>;>G=>3> AK@LO, 0 2 
:>;8G5AB25 50 % >B <0AAK A<5A8 3 =0?@>B82, 2 A@54=5< =865 =0 15 %. 
#>;CG5==K5 40==K5 @5>;>38G5A:8E 8 A8=5@5B8G5A:8E A2>9AB2 A<5B0=K A <.4.6.  

10, 15 8 20 % 87 AK@LO @07=>3> :><?>=5=B=>3> A>AB020 <>6=> >1JOA=8BL <5;:>48A?5@A=>ABLN 
68@>2KE H0@8:>2 ?0EBK-AK@LO !%%, GB> >B@065=> =0 @8A. 3. 

%>3;0A=> @57C;LB0B0< <8:@>A:>?8@>20=8O 8AA;54C5<KE >1@07F>2 (@8A. 3), 68@>2K5 
H0@8:8 3><>35=878@>20==KE A;82>G=>-?0EB>2KE A<5A59 <5;:>48A?5@38@>20=K, >A=>2=0O 
<0AA0 :>B>@KE =5 ?@52KH05B @07<5@K 1,0 <:<. #@8 MB>< 2 3><>35=878@>20==>9 A;82>G=>9 
A<5A8 8 A<5A8 87 A;82>:, =>@<0;87>20==KE "� , 480<5B@ 68@>2KE H0@8:>2 2 A@54=5< 
1>;LH5 2 1,532 @070 ?> A@02=5=8N A >1@07F0<8 87 A;82>: 8 ?0EBK-AK@LO !%%. 
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A<5B0=0 A <.4.6. 10 % 

 

 
A<5B0=0 A <.4.6. 15 % 

 
A<5B0=0 A <.4.6. 20 % 

$8A. 1. �028A8<>ABL MDD5:B82=>9 2O7:>AB8 A<5B0=K >B :>;8G5AB25==>3> A>45@60=8O AK@L52KE 
:><?>=5=B>2 2 A>AB025 A;82>G=>9 A<5A8 

Fig. 1. Dependence of the effective viscosity of sour cream on the quantitative content of raw components 

in the composition of cream mixture 
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A<5B0=0 A <.4.6. 10 % 

 
A<5B0=0 A <.4.6. 15 % 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

A<5B0=0 A <.4.6. 20 % 

$8A. 2. �028A8<>ABL 2;03>C45@6820NI59 A?>A>1=>AB8 A<5B0=K >B :>;8G5AB25==>3> 
A>45@60=8O AK@L52KE :><?>=5=B>2 2 A>AB025 A;82>G=>9 A<5A8 

Fig. 2. Dependence of sour cream water retention capacity on the quantitative content of raw components 

in the composition of cream mixture   
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0) A<5AL 87 =0BC@0;L=KE 

A;82>: 
1) A<5AL 87 A;82>:, 
=>@<0;87>20==KE "�  

2) A;82>G=>-?0EB>20O A<5AL  

 

$8A. 3.  8:@>A:>?8G5A:85 :0@B8=K A<5A59 =0 >A=>25 AK@LO @07=>3> :><?>=5=B=>3> A>AB020 

Fig. 3. Microscopic images of mixtures based on raw materials with different component composition 
 

 

�7<5=5=85 B8B@C5<>9 8 0:B82=>9 :8A;>B=>AB8 A<5B0=K A <.4.6. 10, 15 8 20 % 87 AK@LO 
@07=>3> :><?>=5=B=>3> A>AB020 2 ?@>F5AA5 E@0=5=8O 2 B5G5=85 14-B8 ACB>: ?@8 B5<?5@0BC@5 
(4±2) >% ?@54AB02;5=> =0 @8A. 4. 

'AB0=>2;5=> (@8A. 4), GB> 2 B5G5=85 14-B8 ACB>: E@0=5=8O ?@8 B5<?5@0BC@5 (4±2) °% 
?>:070B5;8 B8B@C5<>9 :8A;>B=>AB8 2A5E 8AA;54C5<KE >1@07F>2 A<5B0=K A <.4.6.  
10 ,15 8 20 % 2>7@0AB0;8 8 =5 ?@52KH0;8 =>@<0B82=K5 7=0G5=8O 903100 >& A>3;0A=>  
&!#�.  
� 7028A8<>AB8 >B 68@=>AB8 A<5B0=K 87 AK@LO @07=>3> :><?>=5=B=>3> A>AB020 >B<5G5=>, 

GB> A C25;8G5=85< <.4.6. 8AA;54C5<KE >1@07F>2 >B 10 4> 20 % ?>:070B5;8 B8B@C5<>9 
:8A;>B=>AB8 AB0=>28;8AL =5A:>;L:> =865. 
'AB0=>2;5=>, GB> >?KB=K5 >1@07FK A<5B0=K 87 A;82>: 8 ?0EBK-AK@LO !%%, =57028A8<> >B 

:>;8G5AB25==>3> A>45@60=8O AK@L52KE :><?>=5=B>2 2 A>AB025 A;82>G=>9 A<5A8, =5 8<5;8 
ACI5AB25==KE >B;8G89 2 48=0<8:5 87<5=5=8O B8B@C5<>9 :8A;>B=>AB8 2 ?@>F5AA5 E@0=5=8O ?> 
A@02=5=8N A :>=B@>;L=K<8 >1@07F0<8 87 B@048F8>==>3> <>;>G=>3> AK@LO. 
"4=8< 87 =081>;55 7=0G8<KE ?>:070B5;59, >:07K20NI8E 2;8O=85 =0 ?>B@518B5;LA:85 

E0@0:B5@8AB8:8 A<5B0=K, O2;O5BAO >@30=>;5?B8G5A:0O >F5=:0 2:CA0 8 70?0E0, :>=A8AB5=F88 8 
2=5H=53> 2840 3>B>2>3> ?@>4C:B0.  
'AB0=>2;5=>, GB> C25;8G5=85 :>;8G5AB20 ?0EBK-AK@LO !%% 2 A>AB025 A;82>G=>9 A<5A8 

A?>A>1AB2>20;> CA8;5=8N A;82>G=>3> 8 :8A;><>;>G=>3> 2:CA0 8 0@><0B0, >4=0:> 
:>=A8AB5=F8O ?@>4C:B0 AB0=>28;0AL <5=55 2O7:>9. � A2>N >G5@54L, :>=B@>;L=K5 >1@07FK 
A<5B0=K 87 =0BC@0;L=KE A;82>: 8 A;82>:, =>@<0;87>20==KE "� , ?@58<CI5AB25==> 
E0@0:B5@87>20;8AL :8A;><>;>G=K< 2:CA>< 8 0@><0B><. !081>;55 O@:> 2K@065==K<8 
2:CA>2K<8 8 0@><0B8G5A:8<8 E0@0:B5@8AB8:0<8 >1;040;8 >?KB=K5 >1@07FK A<5B0=K 87 
A;82>G=>-?0EB>2>9 A<5A8 A A>45@60=85< ?0EBK-AK@LO !%% 2 :>;8G5AB25 20 % >B <0AAK A<5A8. 
'25;8G5=85 A>45@60=8O ?0EBK-AK@LO !%% 8;8 "�  :0: 2 >?KB=KE, B0: 8 :>=B@>;L=KE 
>1@07F0E, A>>B25BAB25==>, 4> 50 % >B <0AAK A<5A8 A?>A>1AB2>20;> D>@<8@>20=8N 684:>9 
:>=A8AB5=F88 A3CAB:>2, GB> >B@8F0B5;L=> A:070;>AL =0 ?>B@518B5;LA:8E E0@0:B5@8AB8:0E 
3>B>2>9 ?@>4C:F88 8 ?>4B25@645=> @0=55 ?@54AB02;5==K<8 @57C;LB0B0<8 MDD5:B82=>9 
2O7:>AB8 A<5B0=K. 
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%<5B0=0 A <.4.6. 10 % 

 
%<5B0=0 A <.4.6. 15 % 

 
%<5B0=0 A <.4.6. 20 % 

 

$8A. 4. �028A8<>ABL B8B@C5<>9 :8A;>B=>AB8 A<5B0=K >B :>;8G5AB25==>3> A>45@60=8O 
AK@L52KE :><?>=5=B>2 2 A>AB025 A;82>G=>9 A<5A8 

Fig. 4. Dependence of titrated sour cream on the quantitative content of raw components in the 

composition of the cream mixture 
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% CG5B>< 2KH5?@54AB02;5==KE 8AA;54>20=89 AB@C:BC@=>-<5E0=8G5A:8E, >@30=>;5?B8G5A:8E 
8 D878:>-E8<8G5A:8E ?>:070B5;59 @0F8>=0;L=K< O2;O5BAO ?@8<5=5=85 ?0EBK-AK@LO !%% 2 
A>AB025 A;82>G=>9 A<5A8 ?@8 ?@>872>4AB25 A<5B0=K 2 :>;8G5AB25 4> 40 % >B <0AAK A<5A8. 
"A>1>5 7=0G5=85 2 >1;0AB8 74>@>2>3> ?8B0=8O 83@05B 18>;>38G5A:0O F5==>ABL ?@>4C:B>2, 0 

8<5==> =0;8G85 =570<5=8<KE 0<8=>:8A;>B. %10;0=A8@>20==0O 8 ?>;=>F5==0O ?> 
0<8=>:8A;>B=><C A>AB02C <>;>G=0O ?@>4C:F8O 1C45B >:07K20BL ?>;>68B5;L=>5 2>7459AB285 
=0 DC=:F8>=8@>20=85 >@30=87<0 G5;>25:0. #@8 MB>< 8A:;NG5=85 87 @0F8>=0 E>BO 1K >4=>9 
0<8=>:8A;>BK ?>2;5G5B 70 A>1>9 =0@CH5=85 ?@>F5AA>2 <5B01>;87<0 [16]. 
�AA;54>20=8O 18>;>38G5A:>9 F5==>AB8 A<5B0=K 87 A;82>G=>-?0EB>2KE A<5A59 

?@54AB02;5=K =0 ?@8<5@5 =87:>68@=KE 284>2 ?@>4C:B0 A <.4.6. 15 %, ?>A:>;L:C >=0 O2;O5BAO 
1>;55 485B8G5A:>9 8 ?@54?>GB8B5;L=0 4;O ;N459 ?>68;>3> 2>7@0AB0. 
%>45@60=85 =570<5=8<KE 0<8=>:8A;>B 2 A<5B0=5 =0 >A=>25 AK@LO @07=>3> :><?>=5=B=>3> 

A>AB020 8 >B=>H5=85 : 15;:>2><C MB0=>;C ?@54AB02;5=> 2 B01;. 1. 

 

&01;. 1. �<8=>:8A;>B=K9 A>AB02 A<5B0=K =0 >A=>25 A;82>G=>-?0EB>2KE A<5A59 

Table 1. Amino acid composition of sour cream based on cream-buttermilk mixtures 

!08<5=>20=85 
0<8=>:8A;>BK (��) 
 

-B0;>==K9 
15;>: 

(�"/�"�, 
3/1003 
15;:0 

%<5B0=0 87 
A;82>: 8 
"�  

(2 ?>B>:5) 

%<5B0=0 =0 >A=>25 A;82>: 8 ?0EBK 2 
A>>B=>H5=88 (%), A>>B25BAB25==>: 

90:10 80:20 70:30 60:40 

��, 3/1003 
15;:0 

��, 
3/1003 
15;:0 

��, 
3/1003 
15;:0 

��, 
3/1003 
15;:0 

��, 
3/1003 
15;:0 

�0;8= 4 7,07 7,03 6,65 6,26 5,87 

�7>;59F8= 3 6,36 5,95 5,62 5,30 4,98 

�59F8= 6,1 9,75 9,43 9,10 8,77 8,43 

�878= 4,8 6,64 7,50 7,28 7,05 6,82 

 5B8>=8=+F8AB58= 2,3 2,43 2,67 2,58 2,48 2,38 

&@5>=8= 2,5 4,54 4,73 4,58 4,42 4,27 

&@8?B>D0= 0,66 1,43 2,00 2,45 2,91 3,37 

(5=8;0;0=8=+B8@>78= 4,1 4,82 5,30 5,41 5,52 5,62 

�B>3>: 27,46 43,04 44,62 43,66 42,70 41,75 

 

%>3;0A=> @57C;LB0B0<, ?@54AB02;5==K< 2 B01;. 1, A C25;8G5=85< :>;8G5AB20 ?0EBK 2 
A>AB025 A;82>G=KE A<5A59 ?@8 ?@>872>4AB25 A<5B0=K =01;N405BAO A=865=85 A>45@60=8O 
=570<5=8<KE �� 2 ?@>4C:B5. #@8 MB>< AC<<0@=K9 C45;L=K9 25A =570<5=8<KE �� 2 A<5B0=5 
87 A;82>G=>-?0EB>2KE A<5A59 A A>45@60=85< ?0EBK-AK@LO !%% 10 % >B <0AAK A<5A8 A>AB028; 
44,62 3/100 3 15;:0, 20 % >B <0AAK A<5A8 3 43,66 3/100 3 15;:0, GB> =5A:>;L:> 2KH5 ?> 
A@02=5=8N A B@048F8>==>9 A<5B0=>9 87 A;82>:, =>@<0;87>20==KE "� , A>45@60=85 
15;:>2KE A>AB02;ONI8E 2 :>B>@>9 =0E>48BAO 2 :>;8G5AB25 43,04 3/100 3 15;:0. � >1@07F0E 
A<5B0=K A 8A?>;L7>20=85< ?0EBK-AK@LO !%% 2 :>;8G5AB25 30 8 40 % >B <0AAK A<5A8 
A>45@60=85 =570<5=8<KE 0<8=>:8A;>B =5A:>;L:> =865 ?> A@02=5=8N A> A<5B0=>9 87 
B@048F8>==>3> AK@LO 8 A>AB02;O5B 42,70 8 41,75 3/100 3 15;:0 A>>B25BAB25==>. #@8G5< 2A5 
8AA;54C5<K5 >1@07FK ?> =0;8G8N 15;:>2KE A>AB02;ONI8E ?@52KA8;8 8E :>;8G5AB2> 2 
MB0;>==>< 15;:5 (�"/�"�, GB> <>65B A2845B5;LAB2>20BL > 18>;>38G5A:>9 ?>;=>F5==>AB8 
15;:>2 A<5B0=K 87 A;82>G=>-?0EB>2KE A<5A59. 

'A2>5=85 >@30=87<>< G5;>25:0 =570<5=8<KE �� =0?@O<CN 7028A8B >B ?>:070B5;O 
<8=8<0;L=>3> A:>@0 >4=>9 87 =8E, 2 A2O78 A G5< 1K; ?@>872545= @0AG5B ?>:070B5;O 
CB8;8B0@=>AB8 =570<5=8<KE ��.  
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$0AG5B=K5 25;8G8=K ?>:070B5;59 CB8;8B0@=>AB8 =570<5=8<KE 0<8=>:8A;>B 15;:>2 
A<5B0=K 15 % 87 A;82>G=>-?0EB>2KE A<5A59 87>1@065=K =0 @8A. 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$8A. 5. #>:070B5;8 CB8;8B0@=>AB8 =570<5=8<KE �� A<5B0=K 15 %  

87 A;82>G=>-?0EB>2KE A<5A59 

Fig. 5. Utility indicators of essential amino acids of sour cream 15 %  

from creamy buttermilk mixtures 
 

�0: A2845B5;LAB2CNB 40==K5, ?@54AB02;5==K5 =0 @8A. 5, =08<5=LH8< ?>:070B5;5< 
CB8;8B0@=>AB8 =570<5=8<KE �� 2 15;:5 8AA;54C5<KE >1@07F>2 A<5B0=K 15 % 87 A;82>G=>-
?0EB>2KE A<5A59 >1;0405B B@8?B>D0=. -B> A2845B5;LAB2C5B > B><, GB> 8<5==> MB0 =570<5=8<0O 
�� 1C45B 8A?>;L7>20BLAO >@30=87<>< G5;>25:0 =08<5=55 @0F8>=0;L=>, GB>, 2 A2>N >G5@54L, 
O2;O5BAO =5A><=5==K< ?;NA><, ?>A:>;L:C «?@8 55 871KB>G=>< A>45@60=88 2 ?8I5 ?>4 
2;8O=85< <8:@>1=KE D5@<5=B>2 2 :8H5G=8:5 >1@07CNBAO O4>28BK5 25I5AB20, 8<5NI85 2 
A2>5< AB@>5=88 0@><0B8G5A:>5 :>;LF>: D5=>;, A:0B>;, 8=4>;» [16]. $57C;LB0BK @0AG5B>2 
0=0;8B8G5A:8E :>MDD8F85=B>2, E0@0:B5@87CNI8E CA2>O5<>ABL 15;:>2 A<5B0=K A <.4.6. 15 % 
87 A;82>G=>-?0EB>2KE A<5A59, ?@54AB02;5=K 2 B01;. 2. 

!0 >A=>20=88 ?>;CG5==KE @57C;LB0B>2 A10;0=A8@>20==>AB8 8 @0710;0=A8@>20==>AB8 
0<8=>:8A;>B=>3> A>AB020, :>B>@K5 ?> >B=>H5=8N : D878>;>38G5A:8 =5>1E>48<>9 =>@<5 8 
4;O MB0;>==>3> 15;:0 (�"/�"� 4>;6=K A>AB02;OBL 1 8 0 54., <>6=> 70:;NG8BL, GB> 1>;55 
@0F8>=0;L=K< 8A?>;L7>20=85< 15;:>2KE A>AB02;ONI8E 1C45B >1;040BL A<5B0=0 87 A;82>: 8 
?0EBK-AK@LO !%% ?> A@02=5=8N A> A<5B0=>9 87 B@048F8>==>3> <>;>G=>3> AK@LO.  
#> 7=0G5=8N A>?>AB028<>9 871KB>G=>AB8, :>B>@0O O2;O5BAO 8=D>@<0B82=K< ?>:070B5;5< 

A10;0=A8@>20==>AB8 A>AB020 =570<5=8<KE �� 2 15;:5 8 4;O «8450;L=>3>» 15;:0 (�"/�"� 
A>AB02;O5B 0, 2A5 8AA;54C5<K5 >1@07FK A<5B0=K 87 A;82>G=>-?0EB>2KE A<5A59 =0E>4OBAO =0 
>48=0:>2>< C@>2=5 2 480?07>=5 0,1130,13 %. 

#> ?>:070B5;N CA2>O5<>AB8 2A5 8AA;54C5<K5 >1@07FK A<5B0=K 87 A;82>G=>-?0EB>2KE 
A<5A59 <0:A8<0;L=> ?@81;865=K : «8450;L=><C» 15;:C (�"/�"�, GB> <>65B 
A2845B5;LAB2>20BL > ?>;=>9 <5@5 C4>2;5B2>@5=8O ?>B@51=>AB8 >@30=87<0 G5;>25:0 2 
=570<5=8<KE ��. 'AB0=>2;5=>, GB> 2A5 8AA;54C5<K5 >1@07FK A<5B0=K 87 A;82>G=>-?0EB>2KE 
A<5A59 E0@0:B5@87CNBAO 2KA>:>9 18>;>38G5A:>9 F5==>ABLN, > G5< A2845B5;LAB2CNB 
?@81;865==K5 : MB0;>=C 7=0G5=8O 8=45:A0 =570<5=8<KE �� (�!��), :>B>@K5 =0E>4OBAO 
?@81;878B5;L=> =0 >48=0:>2>< C@>2=5. 
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&01;. 2. �<8=>:8A;>B=0O A10;0=A8@>20==>ABL 15;:>2 A<5B0=K 87 A;82>G=>-?0EB>2KE A<5A59  

Table 2. Amino acid balance of sour cream proteins from cream-buttermilk mixtures 

!08<5=>20=85 ?>:070B5;O -B0;>==K9 
15;>: 

(�"/�"� 

%<5B0=0 87 
A;82>: 8 
"�  

(2 ?>B>:5) 

%<5B0=0 =0 >A=>25 A;82>: 8 ?0EBK 
!%% 2 A>>B=>H5=88 (%), 

A>>B25BAB25==>: 
10 20 30 40 

�>MDD8F85=B 
A10;0=A8@>20==>AB8 
0<8=>:8A;>B=>3> A>AB020 
�%�% (u), 54. 

1 0,67 0,72 0,70 0,69 0,68 

�>MDD8F85=B 
@0710;0=A8@>20==>AB8 
0<8=>:8A;>B=>3> A>AB020 
�$�% (R), 54.  

0 0,33 0,28 0,30 0,31 0,32 

#>:070B5;L A>?>AB028<>9 
871KB>G=>AB8 ÃA, % 

0 0,13 0,11 0,12 0,12 0,13 

'A2>O5<>ABL (U), % 100 99,87 99,89 99,88 99,88 99,87 

�=45:A =570<5=8<KE 
0<8=>:8A;>B �!�� 

1 1,38 1,39 1,40 1,40 1,40 

 

#@82545==K5 8AA;54>20=8O A2845B5;LAB2CNB > 2KA>:>9 18>;>38G5A:>9 F5==>AB8 A<5B0=K 
87 A;82>G=>-?0EB>2KE A<5A59, ?>A:>;L:C ?@>4C:B E0@0:B5@87CNBAO 2KA>:>9 CA2>O5<>ABLN, 
A10;0=A8@>20==>ABLN =570<5=8<KE 0<8=>:8A;>B ?> >B=>H5=8N : MB0;>==><C 15;:C 
(�"/�"� 8 >BACBAB285< ;8<8B8@CNI8E 15;:>2KE A>AB02;ONI8E. #@8 MB>< ?@8<5=5=85 
?0EBK-AK@LO !%% 2 A>AB025 A;82>G=>9 A<5A8 4> 20 % ?> A>45@60=8N =570<5=8<KE �� 
=5A:>;L:> ?@52KH05B 8E :>;8G5AB2> 2 >1@07F5 87 A;82>:, =>@<0;87>20==KE "� , 0 2 
:>;8G5AB25 30 8 40 % 3 =0E>4OBAO ?@0:B8G5A:8 =0 >48=0:>2>< C@>2=5. 
&0:8< >1@07><, @5:><5=4>20=> ?@8 ?@>872>4AB25 A<5B0=K @07;8G=>9 68@=>AB8 

8A?>;L7>20BL ?0EBC-AK@L5 !%% 2 :>;8G5AB25 4> 40 % >B <0AAK A<5A8, 0 =081>;55 
@0F8>=0;L=K< O28;>AL A>45@60=85 20 % 2 A>AB025 ?@>4C:B0, GB> >1>A=>20=> 2:CA>2K<8 8 
0@><0B8G5A:8<8 ?>:070B5;O<8, :>=A8AB5=F859 8 0<8=>:8A;>B=K< A>AB02>< ?@>4C:B0. 
 

����.+�!�� 
�KO2;5=K 7028A8<>AB8, E0@0:B5@87CNI85 2;8O=85 :>;8G5AB25==>3> A>>B=>H5=8O 

AK@L52KE :><?>=5=B>2 2 A>AB025 A;82>G=>-?0EB>2>9 A<5A8 =0 >@30=>;5?B8G5A:85, D878:>-
E8<8G5A:85 ?>:070B5;8, AB@C:BC@=>-<5E0=8G5A:85 A2>9AB20 8 18>;>38G5A:CN F5==>ABL 
A<5B0=K. 
"?@545;5=K >?B8<0;L=K5 :>;8G5AB25==K5 A>>B=>H5=8O AK@L52KE :><?>=5=B>2 A;82>: 8 

?0EBK, ?>;CG5==>9 A?>A>1>< A1820=8O >B A;04:>A;82>G=>3> <0A;0, ?@8 ?@>872>4AB25 A<5B0=K 
87 A;82>G=>-?0EB>2KE A<5A59.  
#>:070=>, GB> ?@8<5=5=85 ?0EBK 2 :>;8G5AB25 4> 40 % 2 A>AB025 A;82>G=>9 A<5A8 ?>72>;O5B 

?>;CG8BL ?@>4C:B, E0@0:B5@87CNI89AO 2K@065==K<8 2:CA>2K<8 8 0@><0B8G5A:8<8 
E0@0:B5@8AB8:0<8, >4=>@>4=>9, =56=>9 :>=A8AB5=F859, AB018;L=K< :8A;>B>>1@07>20=85< 8 

2KA>:>9 2;03>C45@6820NI59 A?>A>1=>ABLN, 0 B0:65 A10;0=A8@>20==>9 ?> 0<8=>:8A;>B=><C 
A>AB02C, A 2KA>:>9 CA2>O5<>ABLN 8 >BACBAB285< ;8<8B8@CNI8E 15;:>2KE A>AB02;ONI8E, GB> 
=5 CABC?05B A<5B0=5 87 B@048F8>==>3> <>;>G=>3> AK@LO. %<5B0=0 87 A;82>: 8 ?0EBK 2 
:>;8G5AB25 4> 20 % ?> A>45@60=8N =570<5=8<KE 0<8=>:8A;>B =5A:>;L:> ?@52KH05B 8E 
:>;8G5AB2> 2 >1@07F5 87 =0BC@0;L=KE A;82>:, 0 ?@8 8A?>;L7>20=88 ?0EBK 2 :>;8G5AB25  
30 8 40 % >B <0AAK A<5A8 =0E>4OBAO ?@0:B8G5A:8 =0 >4=>< C@>2=5. #@8 MB>< =081>;55 



Пище6ая Fех=>?>7ия  

 

 

 

 

 

126 

@0F8>=0;L=K< O28;>AL ?@8<5=5=85 ?0EBK 4;O ?>;CG5=8O A<5B0=K 2 :>;8G5AB25 20 %, GB> 
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STUDY OF HYDRAULIC RESISTANCE AND COLLECTION EFFICIENCY OF  

A TWO-STAGE CYCLONE-VORTEX COUNTERFLOW DUST COLLECTOR SYSTEM 

A. V. Akulich1, V. M. Lustenkov1, V. M. Akulich2, L. A. Gostinshchikova1 

1Belarusian State University of Food and Chemical Technologies, Republic of Belarus 
2Belarusian-Russian University, Republic of Belarus 

ABSTRACT 
Introduction. Increasing the efficiency of dust and gas flows cleaning using two-stage dust collection sys-

tems is an urgent task. Therefore, from a scientific point of view, it is important to establish patterns and de-

pendencies when studying the hydraulic resistance and the efficiency of collection fine solid particles in a 

two-stage dust collection system cyclone–vortex counterflow dust collector. 

Materials and methods. A two-stage developed installation cyclone-vortex countercurrent dust collector, 

equipped with instrumentation and control devices was used. Hydrodynamic studies were carried out using 

standard methods. 

Results. Experimental studies of the hydraulic resistance and efficiency of flour dust collection in a two-

stage dust collection system cyclone-vortex counterflow dust collector were carried out and new data were 

obtained. The experimental results were processed and equations were obtained to calculate the hydraulic 

resistance of the first stage-cyclone *!-24 (ΔP1), the section of the air duct connecting the cyclone and the 

vortex counterflow dust collector (ΔP2), the second stage - the vortex counterflow dust collector (ΔP3) and 

the two-stage dust collection system (ΔP0 ), as well as the overall efficiency of flour dust collection (wheat 

flour) at the first stage (ηI), the second stage (ηII) and the two-stage dust collection system (η0) on the flow 

rate and relative volumetric air flow. 

Conclusions. A pattern has been established with a change in the flow rates multiplicity of the existence of 

the domain of greatest collection efficiency in fine solid particles in a two-stage dust collection system  

cyclone-vortex counterflow dust collector with its lowest hydraulic resistance. New dependences of the  

hydraulic resistance and the efficiency of flour dust collection in a two-stage dust collection system and in its 

stages on the flow rate and volumetric air flow rate were obtained. 

KEY WORDS: two-stage dust collection system; cyclone; vortex counterflow dust collector; multiplicity of 

flow rates; hydraulic resistance; collection efficiency. 

FOR CITATION: Akulich, A. V. Study of hydraulic resistance and collection efficiency of a two-stage cy-

clone-vortex counterflow dust collector system / A. V. Akulich [et al.] // Vestnik of the Belarusian State 

University of Food and Chemical Technologies. – 2023. – №. 2(35). – P. 128–136 (in Russian). 
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>DGCAB8<EC9DEAOI K4EF<J, 8BEF<74S EF9C9A< BK<EF>< A9 5B?99 70 %. � QFB@ E?GK49 J<>?BA 
S6?S9FES EFGC9APR 8?S «D4;7DG;><» CBE?98GRM97B 4CC4D4F4.  
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&9IA<K9E>4S :9 D94?<;4J<S 6FBDB= EFGC9A<, CBE?9 >BFBDB= QHH9>F<6ABEFP BK<EF>< CB6O-
L49FES 8B 95 % < 5B?99, @B:9F 5OFP D4;ABB5D4;A4: EFDG=AO= CO?9G?B6<F9?P 69AF<?SJ<BAAB-
7B F<C4 [5]; E>DG559D 54D5BF4:AB7B F<C4 [6]; H<?PFD FBA>B= BK<EF>< 8?S G?46?<64A<S  
E>BA89AE<DB646L<IES ?9FGK<I EB?9= FS:9?OI @9F4??B6 [7]; J<>?BAO E D4;?<KAB= 79B@9FD<-
K9E>B= @B8<H<>4J<9= CO?9E5BDA<>4, 6CGE>AB7B < 6OCGE>AB7B C4FDG5>B6 [8]; 45EBD59DO  
D4;?<KAOI >BAEFDG>J<= [9–11]. &4>:9 6B;@B:AB CD<@9A9A<9 @9I4A<;@4 EB6@9EFAB7B EGIB7B 

< @B>DB7B CO?9G?46?<64A<S, CD<K9@ G69?<K9A<9 QHH9>F<6ABEF< CO?9G?46?<64A<S A4 EGIB= 
EF48<< CDB<EIB8<F ;4 EK9F G69?<K9A<S J9AFDB59:AB= E<?O, 4 A4 @B>DB= – ;4 EK9F 6<ID96B7B 
8DB5?9A<S :<8>BEF< 6 ;BA9 EBC?4 BDBL4RM97B GEFDB=EF64 [12]. �OEB>4S EF9C9AP BK<EF>< 
@B:9F 5OFP F4>:9 8BEF<7AGF4 E CB@BMPR 6<ID96OI CO?9G?B6<F9?9= EB 6EFD9KAB-

;4>DGK9AAO@< CBFB>4@<. #B6OL9A<9 QHH9>F<6ABEF< G?46?<64A<S 6 F4><I GEFDB=EF64I  
@B:9F 5OFP B59EC9K9AB, A4CD<@9D: CGF9@ GEF4AB6>< 69DF<>4?PAOI CDBD9;9= 6 J<?<A8D<K9-
E>B@ >BDCGE9 6 ;BA9 >B:GI4 8?S <E>?RK9A<S 6FBD<KAB7B CO?9GABE4 [13]; CGF9@ GEF4AB6>< 

A<;>BE>BDBEFAB= FDG5O �9AFGD< E HBDEGA>B=, >BFBD4S BDBL49F CBEFGC4RM<= CO?974;B6O= 
CBFB>, KFB 6 E6BR BK9D98P CD<6B8<F > B5D4;B64A<R 5B?99 >DGCAOI 47?B@9D4FB6 < CD9CSF-
EF6G9F BFE>B>G K4EF<J CO?< [14]. %?98G9F BF@9F<FP, KFB CD<@9A9A<9 @B>DB7B CO?9G?46?<64-
A<S A9<;59:AB CD<6B8<F > G6?4:A9A<R BFIB8SM<I 74;B6, 4 F4>:9 FD95G9F ;A4K<F9?PAOI  
B5N9@B6 BDBL4RM9= :<8>BEF< < GEF4AB6>< 8BCB?A<F9?PAB7B B5BDG8B64A<S 8?S 99 CBE?98G-
RM9= BK<EF><.  

"8A<@ <; D4J<BA4?PAOI F9IA<K9E><I D9L9A<= 8?S D94?<;4J<< 86GIEFGC9AK4FB= E<EF9@O 

BK<EF>< 74;B6 S6?S9FES 6C9D6O9 CD98?4749@4S E<EF9@4 J<>?BA-6<ID96B= CDBF<6BFBKAO= CO-
?9G?B6<F9?P E GCD46?S9@B= 7<8DB8<A4@<>B= 6;4<@B89=EF6<S 86GI ;4>DGK9AAOI CBFB>B6 74-
;B6;69E<. 

*9?P D45BFO – BCD989?9A<9 D9:<@AOI C4D4@9FDB6, CD< >BFBDOI 8BEF<749FES A4<5B?PL4S 
QHH9>F<6ABEFP G?46?<64A<S @9?>B8<EC9DEAOI F69D8OI K4EF<J CD< A4<@9APL9@ 7<8D46?<K9-
E>B@ EBCDBF<6?9A<< 6 86GIEFGC9AK4FB= E<EF9@9 CO?9G?46?<64A<S J<>?BA-6<ID96B= CDBF<-
6BFBKAO= CO?9G?B6<F9?P. 

!4GKA4S ;484K4 – GEF4AB6?9A<9 ;4>BAB@9DABEF< < ;46<E<@BEF9= CD< <EE?98B64A<< 7<8D46-
?<K9E>B7B EBCDBF<6?9A<S < QHH9>F<6ABEF< G?46?<64A<S @9?>B8<EC9DEAOI F69D8OI K4EF<J 6 
86GIEFGC9AK4FB= E<EF9@9 CO?9G?46?<64A<S J<>?BA-6<ID96B= CDBF<6BFBKAO= CO?9G?B6<-
F9?P. 

 

 �&�$���/ �  �&"�/ 
�?S CDB6989A<S Q>EC9D<@9AF4?PAOI <EE?98B64A<= EB;84A4 ?45BD4FBDA4S GEF4AB6>4 86GIEFG-

C9AK4FB= E<EF9@O CO?9G?46?<64A<S J<>?BA-6<ID96B= CDBF<6BFBKAO= CO?9G?B6<F9?P [15]. 
#D<ASF <AF9D64? B5M97B B5N9@AB7B D4EIB84 6B;8GI4 Q0=280÷380 @3/K < >D4FABEF< D4EIB-

8B6 (BFABL9A<9 B5N9@AB7B D4EIB84 6B;8GI4, CB84649@B7B 6 C9D<H9D<=AO= 6IB8AB= C4FDG5B> 
> B5M9@G B5N9@AB@G D4EIB8G 6B;8GI4) k=0,4÷0,8. � >4K9EF69 8<EC9DEAB7B @4F9D<4?4 <ECB?P-
;B64A4 @GKA4S CO?P (@G>4 CL9A<KA4S). 

(D4>J<BAAO= EBEF46 CDB5 @GKAB= CO?< BCD989?9A E CB@BMPR ?4;9DAB7B 8<HD4>FB@9FD4 
LS–100Q.  

 

$��'�0&�&/ � �) "�%'���!�� 

� IB89 CDB6989A<S Q>EC9D<@9AF4?PAOI <EE?98B64A<= QHH9>F<6ABEF< G?46?<64A<S 86GI-
EFGC9AK4FB= E<EF9@O CO?9G?46?<64A<S J<>?BA-6<ID96B= CDBF<6BFBKAO= CO?9G?B6<F9?P 6 
EBBF69FEF6<< E 6O5D4AAB= @4FD<J9= 86GIH4>FBDAB7B Q>EC9D<@9AF4 CB C?4AG 32 8?S @4F9@4-
F<K9E>B7B C?4A<DB64A<S Q>EC9D<@9AF4 BFB5D4AO CDB5O @9?>B8<EC9DEAB7B @4F9D<4?4, 4 
<@9AAB @GKAB= CO?< (@G>< CL9A<KAB=), CD< B5N9@AOI D4EIB84I 6B;8GI4 Q0 = 280 @3/K;  
330 @3/K; 380 @3/K < >D4FABEF< D4EIB8B6 k = 0,4; 0,6; 0,8, 4 F4>:9 CDB5O <EIB8AB7B @4F9D<4?4. 
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"EGM9EF6?9A4 B5D45BF>4 Q>EC9D<@9AF4?PAOI 84AAOI, CB?GK9AAOI 6 D9;G?PF4F9 <EE?98B-
64A<= 86GIEFGC9AK4FB= E<EF9@O CO?9G?46?<64A<S J<>?BA-6<ID96B= CDBF<6BFBKAO= CO?9-
G?B6<F9?P CB 86GIH4>FBDAB@G C?4AG 32. 

#B?GK9AO AB6O9 ;46<E<@BEF< 7<8D46?<K9E>B7B EBCDBF<6?9A<S C9D6B= EFGC9A< – J<>?BA4 
*!-24 (ΔP1), GK4EF>4 6B;8GIB6B84, EB98<ASRM97B J<>?BA < 6<ID96B= CDBF<6BFBKAO= CO?9G?B-
6<F9?P (ΔP2), 6FBDB= EFGC9A< – 6<ID96B7B CDBF<6BFBKAB7B CO?9G?B6<F9?S (ΔP3) < 86GIEFGC9A-
K4FB= E<EF9@O CO?9G?46?<64A<S (ΔP0) BF >D4FABEF< D4EIB8B6 (k) CD< CBEFBSAAOI B5M<I B5N-
9@AOI D4EIB84I 6B;8GI4 Q0=280 @3/K; 330 @3/K; 380 @3/K (D<E. 1).  

"CD989?9AB 6?<SA<9 >4:8B= EFGC9A< A4 B5M99 7<8D46?<K9E>B9 EBCDBF<6?9A<9 86GIEFGC9A-
K4FB= E<EF9@O. &4>, CD< Q0=330 @3/K 6 <AF9D64?9 k=0,5÷0,65 7<8D46?<K9E>B9 EBCDBF<6?9A<9 
A4<@9APL99 < 8?S C9D6B= EFGC9A< – J<>?BA4 *!-24 EBEF46?S9F ΔP1=300÷350 #4, GK4EF>4 6B;-
8GIB6B84, EB98<ASRM97B J<>?BA < 6<ID96B= CDBF<6BFBKAO= CO?9G?B6<F9?P ΔP2=520÷600 #4, 
6FBDB= EFGC9A< – 6<ID96B7B CDBF<6BFBKAB7B CO?9G?B6<F9?S ΔP3=1100÷1250 #4 < 86GIEFGC9A-
K4FB= E<EF9@O CO?9G?46?<64A<S 6 J9?B@ ΔP0=2000÷2100 #4. 

 

 

 

 

 

 

 

 

 

 

 

1 – J<>?BA; 2 – 6B;8GIB6B8, EB98<ASRM<= J<>?BA < 6<ID96B= CDBF<6BFBKAO= CO?9G?B6<F9?P;  
3 – 6<ID96B= CDBF<6BFBKAO= CO?9G?B6<F9?P; 4 – 86GIEFGC9AK4F4S E<EF9@4 CO?9G?46?<64A<S 

 
$8E. 1. �46<E<@BEF< 7<8D46?<K9E>B7B EBCDBF<6?9A<S 86GIEFGC9AK4FB= E<EF9@O CO?9G?46?<64A<S 
J<>?BA-6<ID96B= CDBF<6BFBKAO= CO?9G?B6<F9?P BF >D4FABEF< D4EIB8B6 k CD< B5M9@ B5Nё@AB@ 

D4EIB89 6B;8GI4 Q0=330 @3/K 
 

Fig. 1. Dependence of the hydraulic resistance of a two-stage dust collection system cyclone-vortex  

counterflow dust collector on the flow rate k at a total volumetric air flow Q0=330 m3/h 

'EF4AB6?9AB, KFB 8?S 86GIEFGC9AK4FB= E<EF9@O CO?9G?46?<64A<S B5M99 7<8D46?<K9E>B9 
EBCDBF<6?9A<9 A4<@9APL99 6 <AF9D64?9 k=0,5÷0,65 < CD< Q0=280 @3/K EBEF46?S9F 
ΔP0=1500÷1650 #4; Q0=330 @3/K, ΔP0=2000÷2100 #4; Q0=380 @3/K, ΔP0=2700÷2900 #4. 

#B?GK9AO AB6O9 GD46A9A<S (1–4) 8?S D4EK9F4 7<8D46?<K9E>B7B EBCDBF<6?9A<S C9D6B= 
EFGC9A< – J<>?BA4 *!-24 (ΔP1), GK4EF>4 6B;8GIB6B84, EB98<ASRM97B J<>?BA < 6<ID96B= CDB-
F<6BFBKAO= CO?9G?B6<F9?P (ΔP2), 6FBDB= EFGC9A< – 6<ID96B7B CDBF<6BFBKAB7B CO?9G?B6<-
F9?S (ΔP3) < 86GIEFGC9AK4FB= E<EF9@O CO?9G?46?<64A<S (ΔP0): 

 

ΔP, #4 

 

k 
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ΔP0 = 6860 - 874,2  - 24224ˑk + 2483ˑ  + 1407ˑ ˑk + 19804ˑk2,              (1) 

    ΔP1 = 78,03 - 386,2ˑ  + 157ˑk + 550,6ˑ  + 84,33ˑ  ˑk - 180,2ˑ k2,        (2) 

ΔP2 = 2849 + 2234ˑ  - 14024ˑk - 125,6ˑ  - 899,6ˑ  ˑk + 12215ˑ k2,       (3) 

ΔP3 = 4164 -2573 ˑ  - 11685ˑk + 2033ˑ  + 2223ˑ  ˑk + 8876ˑ k2.               (4) 

 

#B?GK9AO AB6O9 ;46<E<@BEF< B5M9= QHH9>F<6ABEF< G?46?<64A<S @GKAB= CO?< (@G>< 
CL9A<KAB=) A4 C9D6B= EFGC9A< (η1), 6FBDB= EFGC9A< (η2) < 86GIEFGC9AK4FB= E<EF9@O CO?9-
G?46?<64A<S (η0) BF >D4FABEF< D4EIB8B6 (k) CD< CBEFBSAAOI B5M<I B5N9@AOI D4EIB84I 6B;-
8GI4 Q0=280 @3/K; 330 @3/K; 380 @3/K (D<E. 2).  

 

 

 

 

 

 

 

 

1 – J<>?BA; 2 – 6<ID96B= CDBF<6BFBKAO= CO?9G?B6<F9?P; 
3 – 86GIEFGC9AK4F4S E<EF9@4 CO?9G?46?<64A<S 

 

$8E. 2. �46<E<@BEF< QHH9>F<6ABEF< G?46?<64A<S @GKAB= CO?< 6 86GIEFGC9AK4FB= E<EF9@9 
CO?9G?46?<64A<S J<>?BA-6<ID96B= CDBF<6BFBKAO= CO?9G?B6<F9?P BF >D4FABEF< D4EIB8B6 k  

CD< B5M9@ B5N9@AB@ D4EIB89 6B;8GI4 Q0=330 @3/K  
 

Fig. 2. Dependence of the efficiency of flour dust collection in a two-stage dust collection system  

cyclone-vortex counterflow dust collector on the flow rate k at a total volumetric air flow Q0=330 m3/h 

 
#B?GK9AO AB6O9 GD46A9A<S (5–7) 8?S D4EK9F4 B5M9= QHH9>F<6ABEF< G?46?<64A<S @GKAB= 

CO?< (@G>< CL9A<KAB=) A4 C9D6B= EFGC9A< (η1), 6FBDB= EFGC9A< (η2) < 86GIEFGC9AK4FB= E<-
EF9@O CO?9G?46?<64A<S (η0) BF >D4FABEF< D4EIB8B6 < BFABE<F9?PAB7B B5N9@AB7B D4EIB84 
6B;8GI4: 

η0 = 79,96 + 28,87ˑ  + 15,25ˑk - 11,85ˑ  - 10,83ˑ  ˑk - 2,92ˑ k2, (5) 

η1 = 78,11 + 40,99ˑ  - 14,16ˑk - 29,11ˑ  + 35,25ˑ  ˑk - 19,38ˑ k2, (6) 

η2 = -537,6 + 1075ˑ  + 283,6ˑk - 539,7ˑ  - 20,75ˑ  ˑk - 212,6ˑ k2. (7) 
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% <ECB?P;B64A<9@ C4>9F4 CD<>?48AOI CDB7D4@@ 8?S @4F9@4F<K9E>B7B < EF4F<EF<K9E>B7B 
4A4?<;4 84AAOI STATGRAPHICS Centurion XVI.I 6 FD9I@9DAB@ CDBEFD4AEF69 CBEFDB9AO ;46<E<-
@BEF< 7<8D46?<K9E>B7B EBCDBF<6?9A<S (D<E. 3) < B5M9= QHH9>F<6ABEF< G?46?<64A<S @GKAB= 
CO?< (D<E. 4) CB EFGC9AS@ 86GIEFGC9AK4FB= E<EF9@O 6 ;46<E<@BEF< BF >D4FABEF< D4EIB8B6 6 <A-
F9D64?9 k =0,4÷0,8 < BFABE<F9?PAB7B B5N9@AB7B D4EIB84 6B;8GI4 Q0/QD4EK = 0,85÷1,15 CD< 
Q0=280 @3/K; 330 @3/K; 380 @3/K < QD4EK=330 @3/K. 

#DB6989A4 BJ9A>4 GDB6AS ;A4K<@BEF< H4>FBDB6 64DP<DB64A<S CD< <EE?98B64A<< 7<8D46-
?<K9E>B7B EBCDBF<6?9A<S < B5M9= QHH9>F<6ABEF< G?46?<64A<S @GKAB= CO?< A4 BEAB64A<< 
>4DFO #4D9FB EB EF4A84DFAB= 69?<K<AB= 5 %. 'EF4AB6?9A4 ;4>BAB@9DABEFP, BCD989?SRM4S 
B5?4EFP A4<5B?PL9= QHH9>F<6ABEF< G?46?<64A<S @9?>B8<EC9DEAOI F69D8OI K4EF<J 6 86GI-
EFGC9AK4FB= E<EF9@9 CO?9G?46?<64A<S J<>?BA-6<ID96B= CDBF<6BFBKAO= CO?9G?B6<F9?P CD< 
A4<@9APL9@ 99 7<8D46?<K9E>B@ EBCDBF<6?9A<< E <;@9A9A<9@ >D4FABEF< D4EIB8B6. 'EF4AB6-
?9AB, KFB A4<5B?PL4S B5M4S QHH9>F<6ABEFP G?46?<64A<S @GKAB= CO?< B59EC9K<649FES 6 <A-
F9D64?9 k=0,5÷0,7 < 8?S C9D6B= EFGC9A< – J<>?BA4 *!-24 EBEF46?S9F η1=92÷95 %, 6FBDB= 
EFGC9A< – 6<ID96B7B CDBF<6BFBKAB7B CO?9G?B6<F9?S η2=64÷78 % < 86GIEFGC9AK4FB= E<EF9@O 
CO?9G?46?<64A<S η0=98÷99 %. 

 

 

$8E. 3. �46<E<@BEFP 7<8D46?<K9E>B7B EBCDBF<6?9A<S 86GIEFGC9AK4FB= E<EF9@O CO?9G?46?<64A<S  
J<>?BA-6<ID96B= CDBF<6BFBKAO= CO?9G?B6<F9?P BF >D4FABEF< D4EIB8B6 k < BFABE<F9?PAB7B  

B5N9@AB7B D4EIB84 6B;8GI4 Q0/QD4EK 

Fig. 3. Dependence of the hydraulic resistance of a two-stage dust collection system cyclone-vortex 

counterflow dust collector on the flow rate k and the relative volumetric air flow Q0/Qcalc  

"5D45BF4AO D9;G?PF4FO <EE?98B64A<= A4 ?4;9DAB@ 8<HD4>FB@9FD9 LS–100Q 8<EC9DEAB-
7B EBEF464 CDB5 @GKAB= CO?< (@G>< CL9A<KAB=). #B?GK9AO 8<HH9D9AJ<4?PAO9 < <AF9-
7D4?PAO9 >D<6O9 8<EC9DEAB7B EBEF464 @GKAB= CO?< (@G>< CL9A<KAB=), G?B6?9AAB= CB EFG-
C9AS@ 86GIEFGC9AK4FB= E<EF9@O CO?9G?46?<64A<S J<>?BA-6<ID96B= CDBF<6BFBKAO= CO?9-
G?B6<F9?P, 4 F4>:9 CDB5O <EIB8AB= @GKAB= CO?<. 'EF4AB6?9A E?98GRM<= HD4>J<BAAO= 
EBEF46 CDB5O <EIB8AB7B @4F9D<4?4: d10

<EI
 =4,72 @>@, d50

<EI
 =18,42 @>@, d90

<EI
 =108,7 @>@. 

�4A ED46A<F9?PAO= 4A4?<; HD4>J<BAAB7B D4ECD989?9A<S <EIB8AB= @GKAB= CO?< < G?B6-
?9AAB= CD< B5M9@ B5N9@AB@ D4EIB89 6B;8GI4 Q0= 330 @3/K < >D4FABEF< D4EIB8B6 k= 0,6 A4 
C9D6B= EFGC9A< 6 J<>?BA9 < A4 6FBDB= EFGC9A< 6 6<ID96B@ CDBF<6BFBKAB@ CO?9G?B6<F9?9.  
'EF4AB6?9AB, KFB d50 (@98<4A4) G@9APL49FES < EBEF46?S9F: d50

<EI
 =18,42 @>@,  

d50
J

 =17,21 @>@, d50
��#

 =10,9 @>@. -FB CB8F69D:849F, KFB E G@9APL9A<9@ D4;@9D4 @9?>B8<E-
C9DEAOI K4EF<J d50  < G69?<K9A<9@ B5M97B B5N9@AB7B D4EIB84 6B;8GI4 Q0, CB84649@OI 6 
86GIEFGC9AK4FGR E<EF9@G CO?9G?46?<64A<S, QHH9>F<6ABEFP G?46?<64A<S  6<ID96B7B CDB-
F<6BFBKAB7B CO?9G?B6<F9?S 6OL9, K9@ J<>?BA4.  
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$8E. 4. �46<E<@BEFP B5M9= QHH9>F<6ABEF< G?46?<64A<S @GKAB= CO?< 6 86GIEFGC9AK4FB= E<EF9@9  
CO?9G?46?<64A<S J<>?BA-6<ID96B= CDBF<6BFBKAO= CO?9G?B6<F9?P BF >D4FABEF< D4EIB8B6 k  

< BFABE<F9?PAB7B B5N9@AB7B D4EIB84 6B;8GI4 Q0/QD4EK 

Fig. 4. Dependence of the overall efficiency of flour dust collection in a two-stage dust collection system 

cyclone-vortex counterflow dust collector on the flow rate k and the relative volumetric air flow Q0/Qcalc 

 

#B?GK9AO <AF97D4?PAO9 >D<6O9 D4ECD989?9A<S 8<EC9DEAB7B EBEF464 @GKAB= CO?< (@G>< 
CL9A<KAB=), G?B6?9AAB= A4 I < II EFGC9ASI 86GIEFGC9AK4FB= E<EF9@O CO?9G?46?<64A<S J<>-
?BA-6<ID96B= CDBF<6BFBKAO= CO?9G?B6<F9?P (D<E. 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

$8E. 5. �AF97D4?PAO9 >D<6O9 D4ECD989?9A<S 8<EC9DEAB7B EBEF464 @GKAB= CO?<, G?B6?9AAB=  
A4 I < II EFGC9ASI 86GIEFGC9AK4FB= E<EF9@O CO?9G?46?<64A<S J<>?BA–6<ID96B=  

CDBF<6BFBKAO= CO?9G?B6<F9?P CD< B5M9@ B5N9@AB@ D4EIB89 74;4 Q0= 330 @3/K < >D4FABEF<  
D4EIB8B6 k =0,6 < CDB5O <EIB8AB7B @4F9D<4?4 

Fig. 5. Integral distribution curves of the dispersed composition of flour dust collected at stages I and II of  

a two-stage dust collection system cyclone-vortex counterflow dust collector with a total volumetric gas flow 

rate Q0= 330 m3/h and flow rate k = 0,6 and source material samples 

�A4?<;<DGS D4ECD989?9A<9 8<EC9DEAB7B EBEF464 CB EFGC9AS@ < CDB5O <EIB8AB7B @4F9D<4-
?4 GEF4AB6?9AB, KFB EB89D:4A<9 K4EF<J BCD989?ёAAB7B D4;@9D4 6 CDB54I G69?<K<649FES A4 
6FBDB= EFGC9A<. &4> EB89D:4A<9 K4EF<J @GKAB= CO?< (@G>< CL9A<KAB=) 8<4@9FDB@ 10 @>@ 
EBEF46?S9F 6 <EIB8AB= CDB59 31 %, CBE?9 J<>?BA4 – 34 %, CBE?9 6<ID96B7B CDBF<6BFBKAB7B 
CO?9G?B6<F9?S – 47 %. 
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SCIENTIFIC BACKGROUND FOR THE FORMATION OF THE CATEGORY 

«FINANCIAL POTENTIAL» 
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ABSTRACT 
The article concludes that the modern category of «financial potential» goes back to ancient times and has 

been evolutionarily formed over centuries of economic thought development. Well-known directions of 

world economic doctrines (classical, Marxist, Keynesian, institutional, liberal, etc.) operate with fundamental 

categories (money, wealth, income, profit, activity, etc.), the economic content of which serves as the source 

for the formation of the category «financial potential». 
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Based on retrospective analysis there were identified the following scientific prerequisites for the formation 

of the category «financial potential»: the relationship of financial potential with the category of wealth (in-

come); the relationship between financial potential and activities (economic activity, labor activity, entrepre-

neurship); the relationship between financial potential and money (money relations, cash flows). 

KEY WORDS: financial potential; wealth; money; income; capital; profit; economic doctrines; scientific 

background. 

 FOR CITATION: Bogatyreva, A. V. Scientific background for the formation of the category «financial 

potential» / A. V. Bogatyreva, M. P. Samokhovets // Vestnik of the Belarusian State University of Food and 

Chemical Technologies. – 2023. – № 2(35). – $. 137–144 (in Russian). 
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Abstract: Specific historical facts show the consequences of the tragedy of the Great Patriotic War, the 

countless sacrifices of our compatriots, the process of restoring the destroyed national economy in the repub-
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23 A5=BO1@O 1943 3>40 1K; >A2>1>64ё= ?5@2K9 @09>==K9 F5=B@ �%%$ – 3>@>4 �><0@8= 
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A:>9, �><5;LA:>9 8 #>;5AA:>9 >1;0AB59 [1, A. 266].  
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4>@>6=8:>2, 0 =0 A5;5 3 871K-G8B0;L=8. !>2K9 CG51=K9 3>4  =0G0;8 8 A@54=8E, 7 =5?>;=KE 
A@54=8E 8 40 =0G0;L=KE H:>;, 2 :>B>@KE @01>B0;8 248 CG8B5;59, 70 ?0@BK A5;8 1063 CG0-
I8EAO [6, A. 463]. 
#>;>65=85 :@5ABLO=, ?5@5682H8E >::C?0F8N, 1K;> ?;0G52=K<. �>9=0 BO65;> >B@078;0AL 

=0 >@30=870F88 :>;E>7=>9 687=8. "BAB020;0 682>B=>2>4G5A:0O >B@0A;L >B 4>2>5==>3> C@>2-
=O, 7=0G8B5;L=> C<5=LH8;>AL 2  &% :>;8G5AB2> A5;LA:>E>7O9AB25==>9 B5E=8:8. �@C?=>3> 
@>30B>3> A:>B0 AB0;> <5=LH5 =0 66 ?@>F5=B>2, <5;:>3> – =0 78, ;>H0459 – =0 61 ?@>F5=B.  
� 45@52=OE �8B51A:>9 >1;0AB8 =0 <><5=B >A2>1>645=8O =5 >AB0;>AL =8:0:>3> A:>B0. �>AC-
40@AB2> >A2>1>48;> :>;E>7=>5 :@5ABLO=AB2> =0 ?5@8>4 2>7@>645=8O >B C?;0BK 2A5E =0;>3>2. 
#5@2K5 >A2>1>645==K5 @09>=K =0 4>;3>5 2@5<O AB0;8 ?@8D@>=B>2>9 7>=>9, 0 <=>385 45@52-
=8 AB0;8 7>=>9 D@>=B>2KE 459AB289, ?>AB>O==> ?>425@30;8AL 1><156:5 8 0@B>1AB@5;0<. 
�>AAB0=>2;5=85 >A=>2 A8AB5<K A>25BA:>3> C?@02;5=8O =0 A5;5 H;> ?0@0;;5;L=> A >A2>1>6-
45=85< B5@@8B>@88. � :064>< :>;E>75 8 A5;LA>25B5 1K;8 =07=0G5=K ?@54A540B5;8. !0 @C:>-
2>4OI8E ?>AB0E 2 A5;5 =01;N40;0AL B5:CG:0 :04@>2, 0 B0:65 =54>AB0B>G=>5 :>;8G5AB2> B5E, 
:B> >1;040; A>>B25BAB2CNI8<8 =02K:0<8 8 8<5; >?KB @C:>2>4OI59 @01>BK. � D52@0;5 1945 
3>40 =0 #;5=C<5 *� �#(1)� >B<5G0;>AL, GB> 2  8=A:>9 >1;0AB8 87 226 ?@54A540B5;59 A5;L-
A>25B>2 ?@5>1;040NI55 1>;LH8=AB2> 8<5;8 =87H55 >1@07>20=85, 154 G5;>25:0 @01>B0;8 
2?5@2K5, >AB0;L=K5 8<5;8 >?KB @01>BK 4> 3>40. �7 1582 ?@54A540B5;59 :>;E>7>2 A> A@54=8< 
>1@07>20=85< 1K;> B>;L:> 50, >AB0;L=K5 A =0G0;L=K<, 0 3 ?@54A540B5;O 1K;8 <0;>3@0<>B-
=K5 [15, A. 89]. 
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#>E>60O :0@B8=0 A:;04K20;0AL 2> 2A5E 4@C38E >1;0ABOE. !5 >1>H;>AL 157 ?5@5381>2 8 
>H81>: 04<8=8AB@8@>20=8O A> AB>@>=K 2;0AB59. �06=CN @>;L 2 MB>< ?@>F5AA5 2 :064>< 
:>=:@5B=>< A;CG05 83@0;0 ;8G=>ABL @C:>2>48B5;O, =0G8=0O >B ?@54A540B5;O :>;E>70 8 70:0=-
G820O ?@54A540B5;5< @098A?>;:><0. #@54AB>O;0 35@>8G5A:0O @01>B0 ?> 2>AAB0=>2;5=8N 
=>@<0;L=>9 687=8 =0 A5;5. 
*� ��#(1) 2 ?>AB0=>2;5=88 >B 20.01.1945 3>40 «" ?>;8B8G5A:>9 @01>B5 ?0@B89=KE >@30-

=870F89 A@548 =0A5;5=8O 70?04=KE >1;0AB59 �%%$» >1O70; *� ��#(1)� 4>18BLAO :>@5==>3> 
C;CGH5=8O @01>BK A@548 =0A5;5=8O 70?04=KE >1;0AB59 @5A?C1;8:8. "A5=LN 1945 3>40 #>-
;8B1N@> *� ��#(1) >B<5B8;>, GB> 2KH5C:070==>5 ?>AB0=>2;5=85 2K?>;=5=> =5C4>2;5B2>-
@8B5;L=>: =5 254ёBAO =5>1E>48<0O ?>;8B8G5A:0O @01>B0 A@548 =0A5;5=8O ?> @07>1;0G5=8N 
2@06451=KE ?@>B82=8:>2, =5 ?@8=8<05BAO @5H8B5;L=K5 <5@K ?> ;8:2840F88 =0F8>=0;8AB8-
G5A:8E 10=4 8 >AB0B:>2 1C@6C07=>-=0F8>=0;L=>3> ?>4?>;LO. *� �><?0@B88 �5;>@CAA88 =5 
2K?>;=8; 2>AAB0=>2;5=85 :>;E>7>2 2 70?04=KE >1;0ABOE. �59AB28B5;L=>, 87 1115 >@30=87>-
20==KE 2 1939–1940 3>40E :>;E>7>2 : 1 <0O 1946 3>40 1K;> 2>AAB0=>2;5=>  127 A 75<5;L=>9 
?;>I04LN 36 BKA. 35:B0@>2 [9, A.182–183].  

&5@=8ABK9 ?CBL : 2>7@>645=8N 2 70?04=KE >1;0ABOE �5;0@CA8 >1;0ABOE CA;>6=O;AO 2>-
>@C65==>9 1>@L1>9 A >AB0B:0<8 ?>;LA:8E 2>>@C65==KE D>@<8@>20=89 1K2H59 �@<88 �@0-
52>9. -B> ?>4?>;L=>5 2>5==>5 D>@<8@>20=85 1K;> A>740=> 2 D52@0;5 1942 3>40 8 2>520;> 
:0: A =5<5F:8<8 70E20BG8:0<8, B0: 8 A A>25BA:8<8 ?0@B870=0<8. #>A;5 >A2>1>645=8O 70?04-
=KE >1;0AB59 �%%$ >=>  ?@>B82>459AB2>20;> 2>AAB0=>2;5=8N %>25BA:>9 2;0AB8. #>381;> 
<=>3> 2>8=>2 �@0A=>9 �@<88, A>B@C4=8:>2 ?@02>>E@0=8B5;L=KE >@30=>2 8 @C:>2>4OI53> 
0:B820 <5AB=KE >@30=>2. #> =5?>;=K< 40==K< A 28 8N;O ?> 31 45:01@O 1944 3>40 1K;> C18-
B> 277 8 @0=5=> 94 1>9F0 8 >D8F5@0 �@0A=>9 �@<88, 0 A  1 O=20@O ?> 30 <0O 1945 3>40 C18B> 
317 8 @0=5=> 125 1>9F>2 8 :><0=48@>2. �>:C<5=BK A2845B5;LAB2CNB: «� �2L52A:>< @09>=5 2 
2>AL<8 A5;LA:8E A>25B0E 10=48BK ;8:2848@>20;8 <5AB=K5 >@30=K 8 =5ACB ?0B@C;L=CN A;C6-
1C, 2 45@52=OE C18;8 42CE ?@54A540B5;59 8 42CE A5:@5B0@59 A5;LA>25B>2» [1, A. 258–259]. �>-
>@C65==>5 ?@>B82>AB>O=85 2 70?04=KE @09>=0E @5A?C1;8:8 ?@>4>;60;>AL 5I5 =5A:>;L:>  
?>A;52>5==KE ;5B. 
%>25@H5=AB2>20;0AL AB@C:BC@0 >@30=>2 2;0AB8 8 C?@02;5=8O @5A?C1;8:8. � 1944–1945 3>-

40E ?@8 ?@028B5;LAB25 �%%$ 1K; A>740= @O4 =>2KE C?@02;5=89, :><8B5B>2 8 1N@>: C?@02;5-
=85 ?> 3>AC40@AB25==><C >15A?5G5=8N 8 1KB>2><C CAB@>9AB2C A5<59 2>5==>A;C60I8E 8 
?0@B870=, 3;02=>5 C?@02;5=85 ?> ;5A>E8<8G5A:>9 ?@><KH;5==>AB8,  :><8B5B ?> 45;0< :C;L-
BC@=>-?@>A25B8B5;L=KE CG@5645=89, C?@02;5=85 ?> B@0=A?>@B=><C >A2>5=8N <0;KE @5:, 
3;02=>5 M=5@35B8G5A:>5 C?@02;5=85, 1N@> ?> CGёBC 8 @0A?@545;5=8N @01>G59 A8;K 8 4@C385.  
�>52K<8 ?><>I=8:0<8 ?0@B89=KE :><8B5B>2 AB0;8 :><A><>;LA:85 :04@K. � *� ��% � 

?>A;5 >A2>1>645=8O @01>B0;8  . �. �8<O=8=, �. � �C738=, �. � �825=F52, �. &.  07C@>2,  
�. �. (8;8??>20. "4=0:> 745AL >AB@> >1>7=0G8;0AL :04@>20O ?@>1;5<0. #> 2>A?><8=0=8O< 
�. &.  07C@>20 2 15;>@CAA:>< :><A><>;5 >AB0;>AL =5<=>3> 1>;55 20 BKAOG G5;>25:.  
�7 58 A5:@5B0@59 >1:><>2 :><A><>;0 B>;L:> 28 8<5;8 2KAH55 8 =5?>;=>5 2KAH55 >1@07>20-
=85. �7 196 ?5@2KE A5:@5B0@59 @09:><>2 8 3>@:><>2 :><A><>;0 A 2KAH8< 8 A@54=8< >1@07>-
20=85< 1K;> 2A53> 53 G5;>25:0. �  8=A:5 >B:@K;8 42CE;5B=NN ?0@B89=CN H:>;C, 345 3>B>-
28;8 @575@2 @C:>2>4OI8E :04@>2 4;O @5A?C1;8:8, 2 B>< G8A;5 8 :><A><>;LA:8E @01>B=8:>2. 
� :>=FC 1944 3>40 2 @57C;LB0B5 >@30=870F8>==>9 @01>BK C65 =0AG8BK20;>AL >:>;> 70 BKAOG 
0:B82=KE :><A><>;LF52 [10, A. 47–48; 15, A. 362–363]. "6828;0AL @01>B0 A <>;>456LN. 
!0?@8<5@, :><A><>;LFK 15;K=8GA:>9 @09>==>9 >@30=870F88 A>740;8 C40@=K5 :><A><>;L-
A:85 1@8304K, 2>AAB0=02;820;8 682>B=>2>4G5A:85 D5@<K, H:>;K, @5<>=B8@>20;8 4>@>38, 
2>72>48;8 68;K5 ?>AB@>9:8. #>445@602 8=8F80B82C :><A><>;LF52 +5@25=LA:>3> @09>=0, 
:><A><>;  >38;52I8=K >@30=87>20; A1>@ A@54AB2 =0 AB@>8B5;LAB2> B0=:>2>9 :>;>==K 

[16, A. 280; 13, A. 497]. �K2H89 @C:>2>48B5;L �><?0@B88 �5;>@CAA88 �. &.  07C@>2 2A?><8-
=0;: «�=5< >1KG=> 345-B> 5748HL, ?>B><C GB> MB> 3>4K ?>A;52>5==K5, @07@CE0, 2A5 2@5<O 
=04> 1K;> C3>20@820BL ;N459 B@C48BLAO, >A>15==> 2 A5;5, ?>GB8 15A?;0B=>.  
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-B> 1K;0 35@>8G5A:0O @01>B0, >A>15==> 2 �5;>@CAA88, 1C:20;L=> =0 @0720;8=0E. � ;N459 
>G5=L <0;>. �K;8 @09>=K, 345 2A53> 45AOB:8 G5;>25: >AB020;8AL =0 F5;K9 @09>=, 8 >=8 @01>-
B0;8» [17, A. 3]. #0@B89=K5, A>25BA:85, E>7O9AB25==K5 8 :><A><>;LA:85 :04@K :064>4=52=> 
@5H0;8 =0ACI=K5 ?@>1;5<K, 2 3>@>40E 8 @09>=0E 2AB@5G0;8AL A ;N4L<8, 2>>4CH52;O;8 8 
>@30=87>20;8 8E =0 35@>8G5A:85 A25@H5=8O.  

  

����.+�!��. 
&0:8< >1@07><, �5;0@CAL  2 1943–1945 3>40E 2>7@>640;0AL >B AB@0H=KE ?>A;54AB289 D0-

H8AB:>9 >::C?0F88, =0;06820;0 <8@=CN A>7840B5;L=CN 687=L.  �>AAB0=>2;5=85 @5A?C1;8-
:8 ?>A;5 >A2>1>645=8O 2 7=0G8B5;L=>9 AB5?5=8 7028A5;> >B >@30=870B>@A:8E CA8;89 >@30=>2 
2;0AB8 8 C?@02;5=8O. -BC 7040GC >=8 2K?>;=8;8, >?8@0OAL =0 A0<>>B25@65==K9 B@C4 B@C4O-
I8EAO @5A?C1;8:8 8 A ?><>ILN 1@0BA:8E @5A?C1;8: %%%$. "1I8<8  CA8;8O<8 C40;>AL 
?@>45;0BL B8B0=8G5A:89 B@C4, GB>1K 2K25AB8 M:>=><8:C =0 4>2>5==K9 C@>25=L. #>;=>5 2>A-
AB0=>2;5=85 @07@CH5==>3> =0@>4=>3> E>7O9AB20 ?>B@51>20;> 1>;LH8E A8; 8 2@5<5=8 8 70-
25@H8;>AL  C65 2 :>=F5 1940-E – 1950-E 3>4>2. �:BC0;L=>ABL B5<K  A>AB>8B 2 B><, GB> 8=B5-
@5A : 8AB>@88 �5;8:>9 "B5G5AB25==>9 2>9=K  8 ?>A;52>5==>3> 2>7@>645=8O =5 >A;015205B. 
�>AB>9=0O 2>AE8I5=8O  35@>8G5A:0O 8 B@038G5A:0O 8AB>@8O =5 4>;6=0 ?@54020BLAO 70125=8N. 
#@>4>;60NBAO ?>?KB:8 ?5@5A<>B@0 8B>3>2 #>154K A>25BA:>3> =0@>40, ?>425@30NBAO D0;L-
A8D8:0F88 459AB28O >@30=>2 2;0AB8, 2 B>< G8A;5 @C:>2>48B5;59 2A5E C@>2=59 �%%$, :>B>@K5 
2>73;02;O;8 1>@L1C A 70E20BG8:0<8, 2>7@>640;8 @07@CH5==CN @5A?C1;8:C ?>A;5 55 >A2>-
1>645=8O. �5;>@CAA:89 =0@>4 E@0=8B 2 ?0<OB8 8<5=0 >A2>1>48B5;59 �5;0@CA8, 2>8=>2-
75<;O:>2, ?>381H8E =0 D@>=B0E 2>9=K.  =>3>B><=K5 8AB>@8:>-4>:C<5=B0;L=K5 E@>=8:8 
3>@>4>2 8 @09>=>2 «#0<OBL» 70D8:A8@>20;8 8E 8<5=0, 0 B0:65 ?><5AB8;8 <0@B8@>;>3 65@B2 
D0H8ABA:>3> 35=>F840 2> 2@5<O >::C?0F88. �ABL  =045640, GB> 8AA;54>20B5;O< �5;0@CA8 2 
40;L=59H5< AB0=CB 1>;LH5 8725AB=K 0@E82=K5 4>:C<5=BK, CA8;8O<8 4@C38E CG5=KE-
8AB>@8:>2, ?C1;8F8AB>2 8 :@05254>2 40==0O B5<0 ?>;CG8B =>2>5 @0AH8@5==>5 >A25I5=85.  
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