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EFFECT OF LACTIC ACID STARTER CONCENTRATION ON BIOCHEMICAL AND 

STRUCTURAL-RHEOLOGICAL PROPERTIES OF FERMENTED SPROUTED WHEAT 

GRAINS 

A. N. Urbantchik, A. L. Zhaludkou, A. S. Barashkau, L. V. Shustava  

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

ABSTRACT 
Introduction. Sprouted wheat grains represent a valuable but perishable product. Fermentation using lactic 

acid bacteria is a promising way to enhance both safety and functional properties. However, the effect of starter 

culture concentration on the biotransformation of sprouted grains remains insufficiently studied, which 

determines the scientific and practical relevance of this research. Hypothesis: variations in the starter 

concentration significantly affect the biochemical processes and final product characteristics. Objective: to 

determine the optimal concentration of lactic acid starter culture to maximize the nutritional value and 



  �еEF=и> ��'&, 2025 № 2(39) 
 

 

 

 

15 

functional-technological properties of fermented sprouted grains. Scientific task: to establish the patterns of 

how LAB concentration affects changes in amino acid composition, vitamin content, sugars, and rheological 

properties. 

Materials and methods. Sprouted wheat grains were fermented using a lactic acid starter culture at 

concentrations ranging from 0,005 to 0,02 %. Standard methods were applied to analyze chemical composition 

and properties.  

Results. A starter culture concentration of 0,02 % was identified as optimal. It ensures maximum accumulation 

of biologically valuable components: an increase in free amino acids by 35 %, sugars by 117 %, B-group 

vitamins by 41–100 % compared to the control sample. The essential amino acid index increased to 1,92. 

Functional and technological properties also improved: water absorption capacity increased by 12 %, plasticity 

by 16 %. 

Conclusion. Fermented sprouted wheat grains with 0,02 % starter culture are recommended for use as a high-

quality functional ingredient in the food industry. 

KEY WORDS: sprouted wheat grain; fermentation; lactic acid starter; starter concentration; biochemical 

properties; structural-rheological properties; amino acid score; functional food ingredient.  
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>3@0=8G5==K<8 A@>:0<8 E@0=5=8O, 0 B0:65 >BACBAB285< B5E=>;>389, ?>72>;ONI8E 
=0?@02;5==> D>@<8@>20BL 53> DC=:F8>=0;L=>-B5E=>;>38G5A:85 A2>9AB20 4;O 8A?>;L7>20=8O 
2 ?8I52KE ?@>4C:B0E. 
!4GKA4S 4>FG4?PABEFP 8AA;54>20=8O >?@545;O5BAO =0;8G85< ?@>B82>@5G8O 2 =0CG=>< 

7=0=88: =5A<>B@O =0 >1H8@=K5 40==K5 > ?>;L75 D5@<5=B0F88, =54>AB0B>G=> 87CG5=> 2;8O=85 
8<5==> :>=F5=B@0F88 <>;>G=>:8A;>9 70:20A:8 =0 3;C18=C 18>E8<8G5A:>9 B@0=AD>@<0F88 
:><?>=5=B>2 ?@>@>I5==>3> 75@=0 ?H5=8FK 8, :0: A;54AB285, =0 87<5=5=85 53> AB@C:BC@=>-

@5>;>38G5A:8E A2>9AB2 8 18>;>38G5A:>9 F5==>AB8. -B> =5 ?>72>;O5B F5;5=0?@02;5==> 
C?@02;OBL ?@>F5AA>< 4;O ?>;CG5=8O ?@>4C:B0 A 7040==K<8 E0@0:B5@8AB8:0<8. 
*9?PR 40==>3> 8AA;54>20=8O O2;O5BAO >?@545;5=85 >?B8<0;L=>9 :>=F5=B@0F88 

<>;>G=>:8A;>9 70:20A:8, >15A?5G820NI59 <0:A8<0;L=>5 C;CGH5=85 18>E8<8G5A:8E 8 
AB@C:BC@=>-@5>;>38G5A:8E A2>9AB2 D5@<5=B8@>20==>3> ?@>@>I5==>3> 75@=0 ?H5=8FK. 
�<CBF9;4 8AA;54>20=8O 70:;NG05BAO 2 ?@54?>;>65=88, GB> :>=F5=B@0F8O <>;>G=>:8A;>9 

70:20A:8 O2;O5BAO :;NG52K< D0:B>@><, >?@545;ONI8< 8=B5=A82=>ABL ?@>B5>;870, 384@>;870 
C3;52>4>2, A8=B570 28B0<8=>2 8 D>@<8@>20=85 DC=:F8>=0;L=>-B5E=>;>38G5A:8E 
E0@0:B5@8AB8: :>=5G=>3> ?@>4C:B0. 
!4GKA4S ;484K4 A>AB>8B 2 CAB0=>2;5=88 :>;8G5AB25==KE 70:>=><5@=>AB59 2;8O=8O 

@07;8G=KE :>=F5=B@0F89 70:20A:8 (0,005–0,02 %) =0 0<8=>:8A;>B=K9 A>AB02 (G5@57 @0AG5B 
8=45:A0 �!�� 8 A:>@0), 48=0<8:C =0:>?;5=8O A0E0@>2 8 28B0<8=>2, 0 B0:65 =0 
2>4>?>3;>B8B5;L=CN A?>A>1=>ABL 8 ?;0AB8G=>ABL D5@<5=B8@>20==>3> AC1AB@0B0. 

 

 �&�$���/ �  �&"�/ 

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

2K@0I5==>5 =0 A>@B>8A?KB0B5;L=>< CG0AB:5 $'# «!0CG=>-?@0:B8G5A:89 F5=B@ !�! 
�5;0@CA8 ?> 75<;545;8N» 2023 3>40 C@>60O, ?@>@>I5==>5 75@=> ?H5=8FK, ?@>@>I5==>5 
D5@<5=B8@>20==>5 75@=> ?H5=8FK.  
#@8 8AA;54>20=88 A2>9AB2 75@=0 ?H5=8FK, ?@>@>I5==>3> 8 D5@<5=B8@>20==>3> 75@=0 

?H5=8FK ?@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.  
"B1>@ ?@>1 >ACI5AB2;O;8 2 A>>B25BAB288 A �"%& 13586.3 8 �"%& 29188.0. �;06=>ABL 75@=0 

87<5@O;8 ?> �"%& 13586.5 8 �"%& 9404. %>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@>2 – 
A>3;0A=>  ��. ! 4475. -:A?@5AA-0=0;87 2;06=>AB8, B5<?5@0BC@K 75@=0 2 ?@>F5AA5 
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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; A>45@60=85 15;:0, 68@0, :@0E<0;0, :;5BG0B:8 – A ?><>ILN 8=D@0:@0A=>3> 
0=0;870B>@0 Infraneo.  
#@>F5AA ?@>@0I820=8O 8AA;54C5<KE :C;LBC@ ?@>2>48;8 A?>A>1>< 2>4=>-2>74CH=>3> 

70<0G820=8O [43]. �;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 8 >B=>A8B5;L=0O 2;06=>ABL 2>74CE0 85 %. 
#@>F5AA ?@>@0I820=8O :>=B@>;8@>20;8 287C0;L=> 8 7025@H0;8 ?@8 A>45@60=88 2 >1@07F0E 
?H5=8FK =5 <5=55 75 % 75@5= A 4;8=>9 @>AB:>2 =5 1>;55 3,0 <<. #>:070B5;L 0:B82=>ABL @>AB0 
(�@) >?@545;O;8 ?> D>@<C;5 (1): 

 А@ = �?�? ,    (1) 

 

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

� @01>B5 8A?>;L7>20;0AL AB0=40@B878@>20==0O ?@><KH;5==0O 70:20A:0, ?@54>AB02;5==0O 
?@54?@8OB85<-?0@B=5@>< 2 @0<:0E 4>3>2>@0 > =0CG=>-B5E=8G5A:>< A>B@C4=8G5AB25. �0:20A:0 
E0@0:B5@87C5BAO :0: <57>D8;L=0O, 2:;NG0NI0O HB0<<K 10:B5@89 @>4>2 Lactobacillus 8 
Lactococcus. #@>F5AA D5@<5=B0F88 ?@>2>48;8 2 B5@<>AB0B8@C5<KE CA;>28OE ?@8 B5<?5@0BC@5 
(26±1) °C 8 >B=>A8B5;L=>9 2;06=>AB8 85 % 2 B5G5=85 2–5 ACB>: (2 7028A8<>AB8 >B 
M:A?5@8<5=B0;L=>3> >1@07F0) 4> 4>AB865=8O AB018;L=>3> 7=0G5=8O pH. 
"B1>@ ?@>1 8 >?@545;5=85 28B0<8=>2 >ACI5AB2;O;8 2 A>>B25BAB288 A �"%& 7047. 

%>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@0D88 A>3;0A=> 
�"%& EN 14663 8  ��. ! 2146, ³-:0@>B8=0 – A?5:B@>D>B><5B@8G5A:8< <5B>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 684:>AB=>9 E@><0B>3@0D88 ?>  ��. ! 

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 $. �;>:0 [44], 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:>@ @0AAG8BK20;8 ?> D>@<C;5 (2): 

 А% = А�бА�Э, (2) 

 

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

 

�=45:A =570<5=8<KE 0<8=>:8A;>B (�!��) >?@545;O;8 ?> D>@<C;5 (3): 
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ИНА� = :�87б�87э × &@8б&@8э × & × Г8AбГ8Aэ� ,  

   (3) 

 

345 n – >1I55 G8A;> 0<8=>:8A;>B, HB. 
 

#@8 70?8A8 D>@<C;K (3) ?@8<5=O;8 A>:@0I5==>5 =0720=85 0<8=>:8A;>B ?> ?5@2K< B@5< 
1C:20<. !86=85 8=45:AK «1» 8 «M» >B=>AOBAO : A>45@60=8N 0<8=>:8A;>BK 2 87CG05<>< 8 
MB0;>==>< 15;:0E A>>B25BAB25==>.  5B>4 ?@54AB02;O; A>1>9 <>48D8:0F8N <5B>40 
E8<8G5A:>3> A:>@0 8 ?>72>;O; CG8BK20BL :>;8G5AB2> 2A5E =570<5=8<KE 0<8=>:8A;>B [45].  
#>43>B>2:0 ?@>1 4;O >?@545;5=8O <8=5@0;L=KE M;5<5=B>2 ?@>2>48;0AL ?> 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. 
$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&�&/ � �) "�%'���!�� 

� @57C;LB0B5 ?@>2545==KE M:A?5@8<5=B>2 1K;0 87CG5=0 48=0<8:0 18>E8<8G5A:8E 
?@>F5AA>2, ?@>8AE>4OI8E ?@8 D5@<5=B0F88 ?@>@>I5==>3> 75@=0 ?H5=8FK ?>4 459AB285< 
@07;8G=KE :>=F5=B@0F89 <>;>G=>:8A;>9 70:20A:8. $57C;LB0BK ?@54AB02;5=K 2 B01;8F5 1. 

 
&45?. 1. �;8O=85 :>=F5=B@0F88 70:20A:8 =0 ?>:070B5;8 :0G5AB20 75@=0 ?H5=8FK 2-E 8 3-E ACB>: 

?@>@0I820=8O 

Table 1. Effect of starter culture concentration on the quality indicators of wheat grains sprouted for 2 and 

3 days 

�>=F5=B@0F8O 
70:20A:8 

!08<5=>20=85 ?>:070B5;O / =><5@ >1@07F01  

>1@075F 1 
@! / T, °C 

>1@075F 2 
@! / T, °C 

>1@075F 3 
@! / T, °C 

>1@075F 4 
@! / T, °C 

>1@075F 5 
@! / T, °C 

>1@075F 6 
@! / T, °C 

0,005 % 4,1 / 26,0 4,0 / 27,0 3,9 / 27,0 3,9 / 25,9 4,0 / 26,5 3,9 / 26,2 

0,01 % 4,0 / 26,6 4,0 / 26,5 4,0 / 26,5 3,9 / 26,6 3,9 / 26,4 3,8 / 26,1 

0,015 % 4,1 / 26,6 4,0 / 26,8 4,0 / 26,4 3,9 / 26,2 3,9 / 26,0 3,8 / 25,9 

0,02 % 4,1 / 26,4 4,0 / 24,4 4,0 / 26,7 4,0 / 26,5 3,9 / 25,8 3,8 / 25,7 
1#@8<5G0=85. "1@075F 1 – ?H5=8F0 2-E ACB>: ?@>@0I820=8O, 3 ACB>: D5@<5=B0F88; >1@075F 2 – ?H5=8F0 2-E ACB>: 

?@>@0I820=8O, 4 ACB>: D5@<5=B0F88; >1@075F 3 – ?H5=8F0 2-E ACB>: ?@>@0I820=8O, 5 ACB>: D5@<5=B0F88; >1@075F 4 – 
?H5=8F0 3-E ACB>: ?@>@0I820=8O, 2 ACB>: D5@<5=B0F88; >1@075F 5 – ?H5=8F0 3-E ACB>: ?@>@0I820=8O, 3 ACB>: 
D5@<5=B0F88; >1@075F 6 – ?H5=8F0 3-E ACB>: ?@>@0I820=8O, 4 ACB>: D5@<5=B0F88. 

 

�=0;87 40==KE B01;8FK 1 ?>:07K205B, GB> ?@>F5AA D5@<5=B0F88 2> 2A5E 
M:A?5@8<5=B0;L=KE 20@80=B0E ?@>B5:0; AB018;L=>, > G5< A2845B5;LAB2C5B B5<?5@0BC@0 2 
480?07>=5 24,4–27,0 °C, GB> O2;O5BAO >?B8<0;L=K< 4;O <57>D8;L=KE <>;>G=>:8A;KE 
10:B5@89. �=0G5=85 pH 2> 2A5E >1@07F0E A=878;>AL 4> C@>2=O 3,8–4,1, GB> C:07K205B =0 
0:B82=>5 :8A;>B>>1@07>20=85 8 =0:>?;5=85 <>;>G=>9 :8A;>BK. %B0B8AB8G5A:89 0=0;87 =5 
2KO28; A8;L=>9 ;8=59=>9 7028A8<>AB8 (R²<0,5) <564C :>=F5=B@0F859 70:20A:8 8 :>=5G=K< 
7=0G5=85< pH 8;8 B5<?5@0BC@K, GB> ?>4B25@6405B 2K2>4 > B><, GB> 4065 <8=8<0;L=0O 
:>=F5=B@0F8O 70:20A:8 (0,005 %) O2;O5BAO 4>AB0B>G=>9 4;O 70?CA:0 8 ?>445@60=8O 0:B82=>3> 
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?@>F5AA0 D5@<5=B0F88. '@02=5=85 @53@5AA88 (R²=0,89) 4;O 7028A8<>AB8 pH >B :>=F5=B@0F88 
70:20A:8 (X) 4;O >1@07F0 6 8<55B 284 (4):  

 Ā =  26,5ÿ +  3,93 ,    (4) 

345 Y – 7=0G5=85 @!; 
X – :>=F5=B@0F8O 70:20A:8, %. 

 

'@02=5=85 45<>=AB@8@C5B A;01CN B5=45=F8N : 4>?>;=8B5;L=><C ?>4:8A;5=8N ?@8 
C25;8G5=88 4>7K 70:20A:8. 
'AB0=>2;5=>, GB> C25;8G5=85 :>=F5=B@0F88 70:20A:8 >B 0,005 4> 0,02 % =5 A?>A>1AB2>20;> 

1>;55 8=B5=A82=><C :8A;>B>>1@07>20=8N. &0:, ?@8 8A?>;L7>20=88 0,005 %-9 70:20A:8 
A>45@60=85 <>;>G=>9 :8A;>BK 2 3>B>2>< ?@>4C:B5 4>AB830;> 4,1 3/100 3, GB> A>>B25BAB2C5B 8 
7=0G5=8N, ?>;CG5==><C ?@8 D5@<5=B0F88 A 0,02 %-9 70:20A:>9. 
%;54CNI8< MB0?>< 8AA;54>20=89 O2;O;>AL 87CG5=85 0<8=>:8A;>B=>3> A>AB020 

?@>@>I5==>3> 75@=0 ?H5=8FK ?@8 @07;8G=KE :>=F5=B@0F8OE 70:20A:8 (B01;8F0 2). � :0G5AB25 
A@02=8B5;L=>9 E0@0:B5@8AB8:8 0<8=>:8A;>B ?@>@>I5==>3> 75@=0 ?H5=8FK ?@8 @07;8G=KE 
:>=F5=B@0F8OE 70:20A:8 8A?>;L7>20;8 75@=> ?H5=8FK 8 ?@>@>I5==>5 75@=> ?H5=8FK, 
?@>872545= @0AG5B 0<8=>:8A;>B=>3> A:>@0 8 8=45:A0 =570<5=8<KE 0<8=>:8A;>B. 

 
&45?. 2. �=0;87 0<8=>:8A;>B=>3> A>AB020 ?@>@>I5==>3> 75@=0 ?H5=8FK ?@8 @07;8G=KE 

:>=F5=B@0F8OE 70:20A:8 

Table 2. Analysis of the amino acid composition of sprouted wheat grains at different starter culture 

concentrations 

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

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

�<8=>:8A;>B=K9 A:>@, % 

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

0,005 

% 
0,01 

% 
0,015 

% 
0,02 

% 

�0;8= 4 73 105 118 125 132 140 
�8AB848= 1,6 159 188 205 215 225 238 
�7>;59F8= 3,0 131 177 195 205 215 228 
�59F8= 6,1 108 127 140 148 155 165 
�878= 4,8 57 90 105 115 125 135 

 5B8>=8=+F8AB58= 2,3 99 133 148 155 163 172 
&@5>=8= 2,5 86 196 220 235 250 268 
&@8?B>D0= 0,66 92 132 145 152 160 170 

(5=8;0;0=8=+B8@>78= 4,1 178 218 235 245 255 270 
�=45:A =570<5=8<KE 
0<8=>:8A;>B (�!��)  0,98 1,39 1,58 1,68 1,79 1,92 

 

�=0;87 B01;8FK 2 ?>:07K205B 2K@065==>5 ?>;>68B5;L=>5 2;8O=85 D5@<5=B0F88 =0 
0<8=>:8A;>B=K9 ?@>D8;L ?@>4C:B0. #@>@0I820=85 A0<> ?> A515 ACI5AB25==> ?>2KH05B 
�!�� A 0,98 4> 1,39 70 AG5B 0:B820F88 D5@<5=B>2 8 18>A8=B570 0<8=>:8A;>B. #>A;54CNI0O 
D5@<5=B0F8O ?@82>48B : 40;L=59H5<C @>ABC MB>3> ?>:070B5;O 4> 1,92 ?@8 <0:A8<0;L=>9 
:>=F5=B@0F88 70:20A:8 (0,02 %). -B> ?@O<>5 A;54AB285 ?@>B5>;8B8G5A:>9 0:B82=>AB8 
<>;>G=>:8A;KE 10:B5@89, :>B>@K5 384@>;87CNB 15;:8 4> A2>1>4=KE 0<8=>:8A;>B 8 :>@>B:8E 
?5?B84>2. !081>;55 7=0G8<K9 ?@8@>AB =01;N405BAO 4;O ;8<8B8@CNI8E 2 7;0:>2KE :C;LBC@0E 
0<8=>:8A;>B – ;878=0 8 B@5>=8=0. �E A:>@ C25;8G8;AO A 57 4> 135 8 A 86 4> 268 548=8F 
A>>B25BAB25==> ?> A@02=5=8N A 8AE>4=>9 ?H5=8F59. �028A8<>ABL 0<8=>:8A;>B=>3> A:>@0 
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(�%) >B :>=F5=B@0F88 70:20A:8 (X) 4;O ;878=0 E0@0:B5@87C5BAO 2KA>:>9 25;8G8=>9 
4>AB>25@=>AB8 0??@>:A8<0F88 (R²=0,98) 8 >?8AK205BAO C@02=5=85< (5):  

 А% =  2250ÿ +  102,5 , (5) 

 

345 AC – 0<8=>:8A;>B=K9 A:>@; 
X – :>=F5=B@0F8O 70:20A:8, %. 

 

'@02=5=85 A2845B5;LAB2C5B > A8;L=>9 ;8=59=>9 7028A8<>AB8 8 :>=B@>;8@C5<>AB8 ?@>F5AA0 
>1>30I5=8O ?@>4C:B0 =570<5=8<K<8 0<8=>:8A;>B0<8. 
#>2KH5=85 0:B82=>AB8 <>;>G=>:8A;KE 10:B5@89 ?>4 2;8O=85< 1>;55 2KA>:8E 

:>=F5=B@0F89 70:20A:8 A?>A>1AB2>20;> 1>;55 8=B5=A82=><C 384@>;87C 15;:>2 A 
2KA2>1>645=85< 0<8=>:8A;>B. &0:, A>45@60=85 A2>1>4=KE 0<8=>:8A;>B 2 
D5@<5=B8@>20==>< 75@=5 A 0,02 %-9 70:20A:>9 ?@52KH0;> :>=B@>;L=K9 >1@075F 
(?@>@>I5==>5 75@=>) =0 35 %, 2 B>< G8A;5 >B<5G5=> 7=0G8B5;L=>5 C25;8G5=85 4>;8 
=570<5=8<KE 0<8=>:8A;>B (;878=0, B@5>=8=0, 20;8=0 8 4@.). 
�7CG5= E8<8G5A:89 A>AB02 ?@>@>I5==>3> D5@<5=B8@>20==>3> 75@=0 ?H5=8FK. $57C;LB0BK 

?@54AB02;5=K 2 B01;8F5 3. 

 
&45?. 3. )8<8G5A:89 A>AB02 ?@>@>I5==>3> 75@=0 ?H5=8FK ?@8 @07;8G=KE :>=F5=B@0F8OE 70:20A:8 
Table 3. Chemical composition of sprouted wheat grains at different starter culture concentrations 

#>:070B5;8 #@>@>I5==>5 
75@=> 0,005 % 0,01 % 0,015 % 0,02 % 

)8<8G5A:89 A>AB02, A>45@60=85 =0 %�, % 

�5;>: 16,2 16,5 16,8 17,1 17,5 

�@0E<0; 60,8 58,5 56,0 53,5 50,5 

�8@ 2,7 2,7 2,7 2,7 2,7 

�;5BG0B:0 10,8 10,8 10,8 10,8 10,8 

%0E0@0 4,6 5,5 6,8 8,2 10,0 

-=5@35B8G5A:0O 
F5==>ABL, 
::0;/:�6 

405 / 1697 403 / 1686 400 / 1674 397 / 1662 393 / 1645 

 8=5@0;L=K5 M;5<5=BK, <3/:3 
K 4988,8 5050 5120 5190 5280 

Ca 467,7 475 483 491 502 

Mg 1503,7 1520 1540 1560 1590 

P 4689,6 4750 4820 4890 4980 

Fe 47,6 49,0 50,5 52,0 53,8 

Zn 19,9 20,5 21,2 21,9 22,8 

Cu 1,7 1,75 1,80 1,85 1,92 

Se 0,29 0,30 0,31 0,32 0,34 

�8B0<8=K, <3/100 3 
�1 0,43 0,50 0,58 0,67 0,78 

�2 0,11 0,12 0,13 0,14 0,15 

�6 0,35 0,42 0,50 0,59 0,70 

�9 0,40 0,48 0,57 0,67 0,78 

$$ 7,25 7,60 8,00 8,45 9,00 

� 1,10 1,15 1,21 1,28 1,36 

³-:0@>B8= 0,24 0,25 0,26 0,27 0,29 
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�=0;87 40==KE B01;8FK 3 ?>4B25@6405B, GB> D5@<5=B0F8O O2;O5BAO <>I=K< 8=AB@C<5=B>< 
18>B@0=AD>@<0F88 E8<8G5A:>3> A>AB020 AK@LO. !01;N405BAO G5B:0O B5=45=F8O: A @>AB>< 
:>=F5=B@0F88 70:20A:8: 
– A=8605BAO A>45@60=85 :@0E<0;0 (A 60,8 4> 50,5 %) ?@8 >4=>2@5<5==>< @>AB5 A>45@60=8O 

A0E0@>2 (A 4,6 4> 10,0 %). -B> O2;O5BAO @57C;LB0B>< D5@<5=B0B82=>3> 384@>;870 :@0E<0;0 
10:B5@80;L=K<8 D5@<5=B0<8 (0<8;070<8) A >1@07>20=85< <0;LB>7K, 3;N:>7K 8 
>;83>A0E0@84>2. '@02=5=85 7028A8<>AB8 (R²=0,99) A>45@60=8O A0E0@>2 (%) >B :>=F5=B@0F88 
70:20A:8 (X) 8<55B 284 (6):  

 % =  270ÿ +  4,86, (6) 

 

345 % – A>45@60=85 A0E0@>2, %; 

X – :>=F5=B@0F8O 70:20A:8, %; 

 

– 2>7@0AB05B A>45@60=85 15;:0 (A 16,2 4> 17,5 %) =0 ACE>5 25I5AB2>, GB> >1JOA=O5BAO 
C<5=LH5=85< 4>;8 C3;52>4>2 8 :>=F5=B@8@>20=85< 15;:>2>9 D@0:F88, 0 B0:65 2>7<>6=K< 
A8=B57>< <8:@>1=>3> 15;:0; 
– ?>2KH05BAO :>=F5=B@0F8O 28B0<8=>2 3@C??K B. !081>;LH89 >B=>A8B5;L=K9 ?@8@>AB 

=01;N405BAO 4;O 28B0<8=0 B6 (=0 100 %) 8 B9 (=0 95 %) ?@8 8A?>;L7>20=88 0,02 % 70:20A:8. 
-B> A2O70=> A> A?>A>1=>ABLN <>;>G=>:8A;KE 10:B5@89 A8=B578@>20BL MB8 28B0<8=K 2 
?@>F5AA5 <5B01>;87<0; 
– =01;N405BAO B5=45=F8O : C25;8G5=8N A>45@60=8O <8=5@0;L=KE M;5<5=B>2 2 ?5@5AG5B5 

=0 ACE>5 25I5AB2>, GB>, =0@O4C A 8725AB=K<8 87 ;8B5@0BC@K 40==K<8 [36, 37] > A?>A>1=>AB8 
<>;>G=>:8A;KE 10:B5@89 ?@>4CF8@>20BL D8B07K 8 >@30=8G5A:85 :8A;>BK, <>65B :>A25==> 
A2845B5;LAB2>20BL > ?>B5=F80;L=>< ?>2KH5=88 8E 18>4>ABC?=>AB8.  
#@>2545=0 >F5=:0 :0G5AB20 ?@>@>I5==>3> 2 @07;8G=KE :>=F5=B@0F8OE 70:20A:8 75@=0 

?H5=8FK 2 A@02=5=88 A ?@>@>I5==K< 75@=>< ?H5=8FK 157 70:20A:8. #>;CG5==K5 ?@>4C:BK 
?> A>45@60=8N 28B0<8=>2 ?@52>AE>4OB >1@07FK ?H5=8FK ?@>@>I5==>9: �1 2 1,8 @070, �2 2 
1,36 @070, �6 2 2,0 @070, �9 2 1,95 @070, � 2 1,24 @070. 
%;54>20B5;L=>, D5@<5=B8@>20==K5 ?@>4C:BK ?> A>45@60=8N 15;:0, ?8I52KE 2>;>:>=, 

28B0<8=>2 �1, $$, <0:@>M;5<5=B>2 �, Mg, $, <8:@>M;5<5=B>2 Fe, Zn, Cu, Se 1>;55 G5< =0             
15 % <>3CB 1KBL >B=5A5=K : DC=:F8>=0;L=K< 8745;8O<. %;54C5B >B<5B8BL, GB> =52KA>:>5 
A>45@60=85 28B0<8=0 �2 C;CGH05B CA2>5=85 Fe 8 CA8;8205B 459AB285 Zn =0 >@30=87<, 
28B0<8=0 � – C;CGH05B 18>4>ABC?=>ABL Se 4;O >@30=87<0, ³-:0@>B8= – O2;O5BAO ?@>28B0<8=>< 
� 8 CA8;8205B 0=B8>:A840=B=>5 459AB285, <0:@>M;5<5=B %0 ?>;>68B5;L=> 2708<>459AB2C5B A 
28B0<8=>< D 8 K [38]. $07@01>B0==K5 ?@>4C:BK ?> A>45@60=8N 15;:0, ?8I52KE 2>;>:>=, 
28B0<8=>2 �1, $$, <0:@>M;5<5=B>2 �, Mg, $, <8:@>M;5<5=B>2 Fe, Zn, Cu, Se 1>;55 G5< =0 15 %, 
<>3CB 1KBL >B=5A5=K : DC=:F8>=0;L=K< 8745;8O<. !0;8G85 28B0<8=0 �6 C;CGH05B CA2>5=85 
� 8 Mg, 28B0<8=0 �9 – CA8;8205B MDD5:B82=>ABL 8A?>;L7>20=8O �6 8 �12. 

�8>B@0=AD>@<0F8O C3;52>4>2 2 E>45 D5@<5=B0F88 A CG0AB85< <>;>G=>:8A;KE 10:B5@89 
?@82>48;0 : C25;8G5=8N A>45@60=8O 45:AB@8=>2 8 >;83>A0E0@84>2. #@8 8A?>;L7>20=88           
0,02 %-9 70:20A:8 8E AC<<0@=>5 :>;8G5AB2> 2>7@0AB0;> =0 28 % ?> A@02=5=8N A :>=B@>;5<, 
GB> <>65B A?>A>1AB2>20BL C;CGH5=8N CA2>5=8O ?@>4C:B0 >@30=87<>< G5;>25:0. 
�@><5 B>3>, D5@<5=B0F8O A ?@8<5=5=85< 1>;55 2KA>:8E :>=F5=B@0F89 70:20A:8 >:07K20;0 

?>;>68B5;L=>5 2;8O=85 =0 =0:>?;5=85 28B0<8=>2 3@C??K �. &0:, A>45@60=85 28B0<8=0 �1 

C25;8G820;>AL =0 25 %, �2 – =0 32 %, �6 – =0 41 % 2 >1@07F0E, D5@<5=B8@>20==KE A 0,02 %-9 
70:20A:>9 ?> A@02=5=8N A :>=B@>;5<. 
!0@O4C A >1>30I5=85< 18>;>38G5A:8 F5==K<8 25I5AB20<8, D5@<5=B0F8O A CG0AB85< 

<>;>G=>:8A;KE 10:B5@89 A?>A>1AB2>20;0 C;CGH5=8N DC=:F8>=0;L=>-B5E=>;>38G5A:8E 
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A2>9AB2 ?@>@>I5==>3> 75@=0 ?H5=8FK. � G0AB=>AB8, ?>2KH5=85 :>=F5=B@0F88 70:20A:8 4> 
0,02 % ?@82>48;> : C25;8G5=8N 2>4>?>3;>B8B5;L=>9 A?>A>1=>AB8 =0 12 %, ?;0AB8G=>AB8 – =0 
16 %, GB> O2;O5BAO 206=K< 4;O 8A?>;L7>20=8O ?@>4C:B0 2 :C;8=0@88 8 E;51>?5G5=88. 
�=0;87 M:A?5@8<5=B0;L=KE 40==KE ?>:070;, GB> ?@>@>I5==>5 ?@8 @07@01>B0==KE @568<0E 

75@=> ?H5=8FK 8<55B 2KA>:89 18>B5E=>;>38G5A:89 ?>B5=F80; 2284C ?>2KH5==>3> 
A>45@60=8O 15;:0, ?8I52KE 2>;>:>=, 28B0<8=>2, <8=5@0;L=KE 25I5AB2 8 0<8=>:8A;>B. 
&0:8< >1@07><, CAB0=>2;5=>, GB> :>=F5=B@0F8O <>;>G=>:8A;>9 70:20A:8 2 480?07>=5 

0,005–0,02 % =5 >:07K205B AB0B8AB8G5A:8 7=0G8<>3> 2;8O=8O =0 :>=5G=>5 7=0G5=85 pH 3,8–4,1 

8 B5<?5@0BC@C ?@>F5AA0 D5@<5=B0F88 24,4–27,0 °C, GB> A2845B5;LAB2C5B >1 MDD5:B82=>AB8 
4065 <8=8<0;L=>9 4>78@>2:8 4;O 8=8F80F88 ?@>F5AA0. (5@<5=B0F8O ?@82>48B : 
7=0G8B5;L=><C C;CGH5=8N 0<8=>:8A;>B=>3> A:>@0 ?@>4C:B0. �=45:A =570<5=8<KE 
0<8=>:8A;>B (�!��) 2>7@0AB05B A 1,39 (?@>@>I5==>5 75@=>) 4> 1,92 (D5@<5=B8@>20==>5 A    
0,02 % 70:20A:8). !01;N405BAO 2KA>:0O ;8=59=0O 7028A8<>ABL (R²>0,98) <564C 
:>=F5=B@0F859 70:20A:8 8 A>45@60=85< ;8<8B8@CNI8E 0<8=>:8A;>B (;878=0, B@5>=8=0). 
�8>B@0=AD>@<0F8O E8<8G5A:>3> A>AB020 ?@>O2;O5BAO 2 A=865=88 A>45@60=8O :@0E<0;0 =0 
16,9 % 8 C25;8G5=88 A>45@60=8O A0E0@>2 =0 117 % ?@8 8A?>;L7>20=88 0,02 % 70:20A:8, 0 B0:65 
2 @>AB5 :>=F5=B@0F88 28B0<8=>2 3@C??K B (=0 41–100 %) 8 C;CGH5=88 18>4>ABC?=>AB8 
<8=5@0;L=KE M;5<5=B>2. 'AB0=>2;5=>, GB> 2 @0<:0E 87CG5==>3> 480?07>=0 :>=F5=B@0F89 
(0,005–0,02 %) =081>;LH0O MDD5:B82=>ABL ?@>F5AA0 18>B@0=AD>@<0F88 4>AB8305BAO ?@8 
8A?>;L7>20=88 70:20A:8 2 :>;8G5AB25 0,02 %. �<5==> MB0 :>=F5=B@0F8O >15A?5G8;0 
<0:A8<0;L=K5 7=0G5=8O 8AA;54C5<KE ?>:070B5;59 (�!��, A>45@60=85 A2>1>4=KE 
0<8=>:8A;>B, A0E0@>2, 28B0<8=>2 3@C??K B) 8 C;CGH5=85 DC=:F8>=0;L=>-B5E=>;>38G5A:8E 
A2>9AB2. 

 

����2+�!�� 
&0:8< >1@07><, CAB0=>2;5=>, GB> 2 @0<:0E 87CG5==>3> 480?07>=0 :>=F5=B@0F89                 

(0,005–0,02 %) =081>;LH0O MDD5:B82=>ABL ?@>F5AA0 18>B@0=AD>@<0F88 4>AB8305BAO ?@8 
8A?>;L7>20=88 70:20A:8 2 :>;8G5AB25 0,02 %. �5 ?@8<5=5=85 >15A?5G8;> <0:A8<0;L=K5 
7=0G5=8O 8AA;54C5<KE ?>:070B5;59: C25;8G5=85 8=45:A0 �!�� (1,92), ?@8@>AB A>45@60=8O 
A2>1>4=KE 0<8=>:8A;>B (=0 35 %), A0E0@>2 (=0 117 %) 8 28B0<8=>2 3@C??K B (=0 41–100 %). 

';CGH5=85 DC=:F8>=0;L=>-B5E=>;>38G5A:8E A2>9AB2 (C25;8G5=85 2>4>?>3;>B8B5;L=>9 
A?>A>1=>AB8 =0 12 % 8 ?;0AB8G=>AB8 =0 16 %) @0AH8@O5B 2>7<>6=>AB8 ?@8<5=5=8O 
?>;CG5==>3> ?@>4C:B0 2 @5F5?BC@0E E;51>1C;>G=KE, <0:0@>==KE 8 4@C38E 284>2 ?8I52KE 
?@>4C:B>2 2 :0G5AB25 DC=:F8>=0;L=>3> 8=3@5485=B0. $57C;LB0BK @01>BK 2=>AOB 2:;04 2 
@0728B85 =0CG=KE >A=>2 18>B5E=>;>388 75@=0 8 8<5NB ?@0:B8G5A:CN 7=0G8<>ABL 4;O ?8I52>9 
?@><KH;5==>AB8. �;O 1>;55 B>G=>3> >?@545;5=8O >?B8<C<0 :>=F5=B@0F88 70:20A:8 
F5;5A>>1@07=> ?@>2545=85 4>?>;=8B5;L=KE 8AA;54>20=89 2 @0AH8@5==>< 480?07>=5. 

 

��&�$�&'$� 
1. �C4@OH>20, �. �. #@>@>I5==>5 75@=> ?H5=8FK: >A>15==>AB8 E8<8G5A:>3> A>AB020 8 18>;>38G5A:0O F5==>ABL 
// �. �. �C4@OH>20, �.  . #>74=O:>2 // �725AB8O 2C7>2. #8I520O B5E=>;>38O. – 2016. – № 4. – %. 87–90. 
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?@>@>I5==>3> 75@=0 ?H5=8FK // &5E=8:0 8 B5E=>;>38O ?8I52KE ?@>872>4AB2. – 2018. – &. 48, № 3. –                        
%. 141–148. 

8. �>15;520, �. �. "?B8<870F8O ?@>F5AA0 D5@<5=B0F88 ?@>@>I5==>3> 75@=0 ?H5=8FK // )@0=5=85 8 ?5@5@01>B:0 
A5;LE>7AK@LO. – 2016. – № 6. – %. 14–18. 
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P. 1001–1011. 

10. #5@E0;520, �. �. �;8O=85 A>AB020 70:20A:8 =0 DC=:F8>=0;L=>-B5E=>;>38G5A:85 A2>9AB20 ?@>@>I5==>3> 75@=0 
?H5=8FK // #8I520O ?@><KH;5==>ABL. – 2019. – № 4. – %. 22–25. 
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%>25B0  8=8AB@>2 $5A?C1;8:8 �5;0@CAL >B 15.12.2017 3. № 962. 
12. %5;LA:>5 E>7O9AB2> $5A?C1;8:8 �5;0@CAL: AB0B8AB8G5A:89 A1>@=8:. –  8=A:: !0F8>=0;L=K9 AB0B8AB8G5A:89 
:><8B5B $5A?C1;8:8 �5;0@CAL, 2020. – 212 A. 
13. !0F8>=0;L=0O ?@>3@0<<0 @0728B8O M:A?>@B0 $5A?C1;8:8 �5;0@CAL =0 2021–2025 3>4K. #>AB0=>2;5=85 %>25B0 
 8=8AB@>2 $5A?C1;8:8 �5;0@CAL >B 01.03.2021 3. № 116. 
14. &5=45=F88 @0728B8O ?8I52>9 ?@><KH;5==>AB8 $5A?C1;8:8 �5;0@CAL / ?>4 @54. �. �. �CA0:>20. –  8=A:: 
�=AB8BCB A8AB5<=KE 8AA;54>20=89 2 �#� !�! �5;0@CA8, 2019. – 190 A. 
15. Briczinski, E. P. Fermentation of germinated wheat for development of a versatile cereal-based beverage // Journal of 

Food Science. – 2008. – Vol. 73, № 2. – P. M69–M77. 

16. Rani, A. Effect of fermentation on the antioxidant properties of germinated whole wheat flour / A. Rani, V. Kumar // 

Journal of Food Science and Technology. – 2016. – Vol. 53, № 5. – P. 2407–2414. 

17. �5@56=0O, ". �. �A?>;L7>20=85 ?@>@>AB:>2 ?H5=8FK 2 E;51>?5:0@=>9 8 :C;8=0@=>9 ?@><KH;5==>AB8 /             

". �. �5@56=0O, �. �. �C1F>2, �. �. �>9=> // );51>?5:0@=0O 8 :>=48B5@A:0O ?@><KH;5==>ABL. – 1988. – №4. –              
%. 24–25. 

18.  8:C;8=8G,  . �. �A?>;L7>20=85 ?@>@>I5==>3> 75@=0 2 70;82:5 M:AB@0:B>2 A>;>4>2KE 2 :>=A5@28@>20==>9 
?@>4C:F88 /  . �.  8:C;8=8G, !. �. �C78:>20 // �>=A5@2=0O 8 >2>I5ACH8;L=0O ?@><KH;5==>ABL. – 1989. –            
№ 5. – %. 21–22.  

19. �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 
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