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SUBSTANTIATION OF GERMINATION TECHNOLOGY OF WHEAT AND HULLES 

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

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

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

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

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

tial substances; functional ingredient. 
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=>ABLN «�740B5;LA:>-:=83>B>@3>2K9 F5=B@ «�>;>A-A», 2021. – 204 A. 

https://www.belta.by/society/view/reportazh-kak-kosmeticheskaja-industrija-belarusi-preobrazhaetsja-sama-i-preobrazhaet-drugih-363698-2019/
https://www.belta.by/society/view/reportazh-kak-kosmeticheskaja-industrija-belarusi-preobrazhaetsja-sama-i-preobrazhaet-drugih-363698-2019/
https://vak.gov.by/node/1818
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A=8605B @8A: <5;0=><K 8 4@C38E @07=>284=>AB59 @0:0 :>68, ?@54>B2@0I05B ?>O2;5=85 ?83-
<5=B=KE ?OB5= 8 25A=CH5: [50–53].  

 8=5@0;L=K5 25I5AB20 2 :>A<5B8G5A:8E A@54AB20E G0I5 ?@8<5=ONBAO 2 2845 :><?;5:A>2 
8 3@0NB 206=CN @>;L ;5G5=88 45@<0B8B>2, ?83<5=B0F88 :>68 8 0;>?5F88. !0?@8<5@, 65;5-
7>, A5;5=, F8=: 2>7459AB2C5B =0 ?@>F5AAK @535=5@0F88, ?8B0=8O 8 >74>@>2;5=8O :>68 8 >@30-
=87<0 [54–57].  03=89 A?>A>1AB2C5B 1>;55 @02=><5@=><C @0A?@545;5=8N <5;0=8=0 2 :>65 
[58].  *8=: – A?>A>1AB2C5B 1KAB@><C 70682;5=8N @0=, 83@05B =570<5=8<CN @>;L 2 ?@>F5AA0E 
@535=5@0F88 :>68 (?@8=8<05B CG0AB85 2 A8=B575 8 AB018;870F88 �!� 8 $!�), @>AB0 2>;>A 8 
=>3B59;  <54L – CG0AB2C5B 2 B:0=52>< 4KE0=88 8 2 A8=B575 <5;0=8=0, ?>MB><C >B25G05B 70 
?@>F5AAK ?83<5=B0F88, 0 B0:65 8<55B 1>;LH>5 7=0G5=85 4;O ?>445@60=8O M;0AB8G=>9 AB@C:-
BC@K :>68; A5;5= – AB8<C;8@C5B ?@>F5AAK >1<5=0 25I5AB2, CG0AB2C5B 2 ?>AB@>5=88 0=B8>:-
A840=B=KE A>548=5=89, 70I8I0O >@30=87< >B 2@54=KE 25I5AB2, >1@07CNI8EAO ?@8 @0A?045 
B>:A8=>2; >:07K205B ;5G51=K9 MDD5:B ?@8 701>;520=8OE :>68 (0:=5, D>B>45@<0B8B), 83@05B 
1>;LHCN @>;L ?@8 ?@>D8;0:B8:5 7;>:0G5AB25==KE =>2>>1@07>20=89 [59]. 
� A2O78 A 2KH587;>65==K< ?>;CG5=85 ?>;87;0:>2KE ?@>4C:B>2 ?CBP< A>2<5AB=>3> ?@>-

@0I820=8O 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 2 :0G5AB25 DC=:F8>=0;L=>3> 8=3@5485=B0 4;O 
?8I52>9 8 :>A<5B8G5A:>9 >B@0A;59 ?@><KH;5==>AB8 $5A?C1;8:8 �5;0@CAL 8<55B 1>;LH>5 
A>F80;L=>-M:>=><8G5A:>5 7=0G5=85.  
*5;L 8AA;54>20=8O – A>:@0I5=85 @5AC@A>P<:>AB8 B5E=>;>388 ?>;CG5=8O DC=:F8>=0;L=KE 

?@>4C:B>2 87 ?@>@>I5==>3> 75@=0. 
!0CG=0O 7040G0 – >1>A=>20=85 B5E=>;>388 A>2<5AB=>3> ?@>@0I820=8O 75@=0 ?H5=8FK 8 

>2A0 3>;>75@=>3> 4;O ?>;CG5=8O DC=:F8>=0;L=>3> 8=3@5485=B0 =0 8E >A=>25. 
 

 �&�$���/ �  �&"�/ 

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

@07=KE A>@B>2 (%C40@K=O, �0A:0, '74K<) 8 >2A0 3>;>75@=>3> (Avena sativa L.) A>@B>2 (�>H0, 
�>@>;P:, �0=4@>C=i:), 2K@0I5==KE =0 A>@B>8A?KB0B5;L=KE CG0AB:0E $'# «!0CG=>-
?@0:B8G5A:89 F5=B@ !�! �5;0@CA8 ?> 75<;545;8N», ?@>4>2>;LAB25==>5 75@=> 8AA;54C5<KE 
:C;LBC@, 703>B>2;O5<>3> =0 +#&'# «�>@5F:89 M;520B>@»  >38;52A:>9 >1;0AB8 (2014–2018 33. 
C@>6052), ?@>@>I5==>5 75@=> ?H5=8FK, ?@>@>I5==>5 75@=> >2A0 3>;>75@=>3> =0 8E >A=>25,  
0 B0:65 A<5A8 87 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> A>2<5AB=> ?@>@>I5==KE 2 A>>B=>H5=88 
(>B 10 4> 90 %) 2 =0CG=>9 >B@0A;52>9 ;01>@0B>@88 75@=>2KE ?@>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». 
#@8 8AA;54>20=88 A2>9AB2 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3>, 0 B0:65 ?@>@>I5==KE 75@-

=>2KE A<5A59 ?@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 AB0-
B8AB8G5A:>9 >1@01>B:8 40==KE A ?><>ILN ?@>3@0<<=>3> ?@8;>65=8O Statgraphics Plus. 
"B1>@ ?@>1 >ACI5AB2;O;8 2 A>>B25BAB288 A �"%& 13586.3. �;06=>ABL 75@=0 8 75@=>2KE 

A<5A59 ?@>2>48;8 2>74CH=>-B5?;>2K< <5B>4>< ?> �"%& 13586.5 8 �"%& 9404, >?@545;5=85 
=0BC@K 75@=0 – ?> �"%& 10840, <0AAK 1000 75@5= – ?> �"%& 10842, ?;>B=>AB8 75@=0 8 A@54-
=53> >1J5<0 >4=>9 75@=>2:8 – A?5F80;L=K<8 <5B>40<8 >F5=:8 75@=0 2 =0CG=KE CG@5645=8-

OE. %>45@60=85 15;:0 >?@545;O;8 ?> �"%& 26889 8 ?> �"%& 10846, 68@0 – M:AB@0:F8>==>-
25A>2K< <5B>4>< ?> �"%& 29033, :@0E<0;0 – ?>;O@8<5B@8G5A:8< <5B>4>< ?> �"%& 10845, 
:;5BG0B:8 – ?> �"%& 13496.2, A0E0@0 – A>3;0A=>  ��. ! 4475.  
-:A?@5AA-0=0;87 2;06=>AB8, =0BC@K, B5<?5@0BC@K 75@=0 8 75@=>2KE A<5A59 2 ?@>F5AA5 8A-

A;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 – A ?><>ILN 8=D@0:@0A=>3> 0=0;870B>@0 Infraneo. 
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$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. 
#@>F5AA ?@>@0I820=8O 8AA;54C5<KE :C;LBC@ ?@>2>48;8 A?>A>1>< 2>4=>-2>74CH=>3> 70-

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

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

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

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

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

 

$��'�0&�&/ � �) "�%'���!�� 

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

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

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

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

. 

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

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

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

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

#>:070B5;8 

#5@2K9 MB0? 

?@>@0I820=8O 
�B>@>9 MB0? 

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

?0C70, G 
�>74CH=0O 
?0C70, G 

�>4=0O 
?0C70, G 

�>74CH=0O 
?0C70, G 

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

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

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

 

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

;5=> 2 B01;. 2 
 

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

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

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

�;06=>ABL 75@=0, % 

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

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

�B>@0O 2>4=0O  
?0C70, G 

�B>@0O 2>74CH=0O 
?0C70, G 

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

 

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

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

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

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

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

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

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

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

matter) 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

"25A 3>;>75@=K9 

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

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

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

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

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

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

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

� 1,08 0,76 �;0=8= 722,2 1169,1 

�<8=>:8A;>BK: �@38=8= 649,7 551,1 

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

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

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

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

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

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

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

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

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

 

 

 

 

 

 

 

 

 

 

 

 

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

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

of germinated wheat and hulles oats grain 

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

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

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

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

 

0,0

20,0

40,0

60,0
�5;:8, %

�8@K,%

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

%0E0@0, %

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

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

on the duration of germination and growth activity of their mixtures  

 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 

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

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

3
 

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

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

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

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

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

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

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

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

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

by combined germination of wheat and hulles oats in different ratios 

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

�<8=>:8A;>B=K9 A:>@, %  

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

+F8AB58= 

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

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

90/10 86 139 119 79 54 113 160 

80/20 88 138 119 81 55 113 160 

70/30 90 136 120 82 57 113 162 

60/40 97 135 123 85 65 113 167 

50/50 63 113 110 48 55 71 140 

40/60 84 130 115 74 51 110 159 

30/70 83 128 114 73 51 110 159 

20/80 82 126 114 71 50 109 159 

10/90 80 124 113 69 49 109 159 

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

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

. 

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

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

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

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

mineral composition of mixtures (per 100 g of product) 

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

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

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

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

 

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

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

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

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

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

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

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

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

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

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

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

 

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

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

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

 

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

A2>9AB20E ?@>4>2>;LAB25==>3> 8 A>@B>2>3> 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 15;>@CAA:>9 
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2 100 3 15;:0 ?H5=8FK, =0 37,3 % 2 100 3 15;:0 >2A0 3>;>75@=>3>.  
�AA;54>20= A>2<5AB=K9 ?@>F5AA ?@>@0I820=8O 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 2 ?@>-

F5=B=>< A>>B=>H5=88 >B 10 4> 90 % ?> 7=0G5=8O< 8=B53@0;L=>3> 480?07>=0. #@>F5AA ?@>-
@0I820=8O 75@=0 2 A>AB025 A<5A8 ?@8 @07;8G=>< ?@>F5=B=>< A>>B=>H5=88 7028A8B >B B8?0 
53> 2708<>459AB28O. � A@02=5=88 A @0745;L=K< ?@>@0I820=85< 480?07>= 7=0G5=89 0:B82=>-
AB8 @>AB0 A<5A8 @0AH8@8;AO =0 9–12 %. #@8 ?@>@0I820=88 ?@>F5=B=>3> A>>B=>H5=8O 50:50 
=01;N40;AO 0;;5;>?0B8G5A:89 MDD5:B, :>B>@K9 E0@0:B5@87>20;AO =08<5=LH59 0:B82=>ABLN 
@>AB0 A<5A8 (3,3 %×G–1). %8=5@35B8G5A:89 MDD5:B 2708<>459AB28O ?@>O28;AO ?@8 ?@>@0I8-
20=88 A<5A8 60:40 (?H5=8F0/>25A 3>;>75@=K9) 8 E0@0:B5@87>20;AO <8=8<0;L=>9 ?@>4>;68-
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