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#$"$"-�!!/) ��$�! #,�!�*/ � $�� 

�. �. ,4DHGAB6, �. %. �4D4H>B6, &. %. �5D4@B64 
�5;>@CAA:89 3>AC40@AB25==O9 C=825@A8B5B ?8I52OE 8 E8<8G5A:8E B5E=>;>389,  5A?C1;8:0 �5;0@CAP  

�!!"&�*�3 
�6989A<9. (5@<5=B8@>20==K5 ?@>@>I5==K5 75@=0 ?H5=8FK 8 @68 O2;ONBAO ?5@A?5:B82=K<8 
DC=:F8>=0;L=K<8 8=3@5485=B0<8. "4=0:> 8E 2KA>:0O 2;06=>ABL 8 18>E8<8G5A:0O 0:B82=>ABL 
B@51CNB >1>A=>20==KE ?>4E>4>2 : C25;8G5=8N A@>:>2 3>4=>AB8. �8?>B570 8AA;54>20=8O – I04OI0O 
B5@<>>1@01>B:0 Sous-Vide ?>72>;O5B 7=0G8B5;L=> ?@>4;8BL A>E@0==>ABL ?@>4C:B0 157 ?>B5@8 
?>B@518B5;LA:8E A2>9AB2. *5;L – CAB0=>2;5=85 @53;0<5=B8@>20==KE A@>:>2 3>4=>AB8 
D5@<5=B8@>20==KE ?@>@>I5==KE 75@5= ?H5=8FK 8 @68 4;O ?@><KH;5==>3> 2K?CA:0 
DC=:F8>=0;L=KE ?@>4C:B>2. !0CG=0O 7040G0 – =0CG=>5 >1>A=>20=85 A@>:>2 3>4=>AB8 =0 >A=>25 
2KO2;5==KE 70:>=><5@=>AB59 87<5=5=8O pH, 0:B82=>AB8 2>4K 8 >@30=>;5?B8G5A:8E A2>9AB2.  
 4F9D<4?O < @9FB8O. "1J5:B0<8 A;C68;8 ?@>@>I5==K5 75@=0 ?H5=8FK 8 @68, D5@<5=B8@>20==K5 
<>;>G=>:8A;>9 70:20A:>9, ?@>H54H85 >1@01>B:C Sous-Vide. )@0=5=85 >ACI5AB2;O;8 ?@8 
B5<?5@0BC@0E +(4±1) °C 8 +(25±2) °C 2 B5G5=85 6 <5AOF52. �A?>;L7>20;8 AB0=40@B=K5 
<8:@>18>;>38G5A:85, D878:>-E8<8G5A:85 (>?@545;5=85 pH, 2;06=>AB8, B8B@C5<>9 :8A;>B=>AB8, 
0:B82=>AB8 2>4K) 8 >@30=>;5?B8G5A:85 <5B>4K 0=0;870. 
$9;G?PF4FO. 'AB0=>2;5=>, GB> ;8<8B8@CNI8< D0:B>@>< O2;ONBAO >@30=>;5?B8G5A:85 87<5=5=8O 
(?>B5<=5=85, ?>O2;5=85 «;560;>3>» 70?0E0 8 3>@5G8), B>340 :0: <8:@>18>;>38G5A:85 ?>:070B5;8 
>AB020;8AL 2 ?@545;0E =>@<0B82>2 &$ &% 021/2011 =0 ?@>BO65=88 2A53> M:A?5@8<5=B0. #>:070=0 
2KA>:0O >B@8F0B5;L=0O :>@@5;OF8O <564C @>AB>< pH 8 A=865=85< ?@85<;5<>AB8 2:CA0 (R² = 0,94). 
�8=0<8:0 0:B82=>AB8 2>4K (aw) =0E>48;0AL 2 480?07>=5 0,875–0,965, GB> E0@0:B5@=> 4;O 2;06=KE 
75@=>2KE ?@>4C:B>2 8 :>@@5;8@C5B A 87<5=5=85< 2;06=>AB8. !0CG=> >1>A=>20=K A@>:8 3>4=>AB8:       
60 ACB>: ?@8 +2&+4 °C 8 30 ACB>: ?@8 B5<?5@0BC@5 =5 2KH5 +25 °C. (5@<5=B8@>20==0O @>6L 
E0@0:B5@87C5BAO 1>;55 8=B5=A82=>9 48=0<8:>9 >@30=>;5?B8G5A:>9 ?>@G8 ?> A@02=5=8N A ?H5=8F59. 
�4>?NG9A<9. �>:070=>, GB> ?@8<5=5=85 B5E=>;>388 Sous-Vide 2 A>G5B0=88 A D5@<5=B0F859 
>15A?5G8205B <8:@>18>;>38G5A:CN 157>?0A=>ABL ?@>@>I5==KE 75@5= ?H5=8FK 8 @68 2 B5G5=85 6 
<5AOF52, ?@8 MB>< ;8<8B8@CNI8< D0:B>@>< A@>:0 3>4=>AB8 O2;O5BAO >@30=>;5?B8G5A:0O 453@040F8O. 
"1>A=>20=K 48DD5@5=F8@>20==K5 A@>:8 3>4=>AB8 ?@>4C:F88: 60 ACB>: ?@8 B5<?5@0BC@5 +2&+4 °C 8 
30 ACB>: ?@8 B5<?5@0BC@5 4> +25 °C. 
��2+��/� %�"��: ?@>@>I5==>5 75@=>; D5@<5=B0F8S; ?H5=8F0; @>6P; A@>: 3>4=>AB8; 
0:B82=>ABP 2>4O; Sous-Vide; DC=:F8>=0;P=O9 ?8I52>9 ?@>4C:B. 

��3 *�&�$"��!�3: ,0@HC=>2, �. �. �;8O=85 CA;>289 E@0=5=8O =0 AB018;L=>ABL 
D5@<5=B8@>20==KE ?@>@>I5==KE 75@5= ?H5=8FK 8 @68 / �. �. ,0@HC=>2, �. %. �0@0H:>2, &. %. 
�1@0<>20 // �5AB=8: �5;>@CAA:>3> 3>AC40@AB25==>3> C=825@A8B5B0 ?8I52KE 8 E8<8G5A:8E 
B5E=>;>389. – 2026. – № 1 (40). – %. 3‒14. 
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EFFECT OF STORAGE CONDITIONS ON THE STABILITY OF FERMENTED 

SPROUTED WHEAT AND RYE GRAINS 

V. A. Sharshunov, A. S. Barashkau, T. S. Abramava  

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

ABSTRACT 
Introduction. Fermented sprouted wheat and rye grains are promising functional ingredients. However, their 

high moisture content and biochemical activity necessitate evidence-based strategies for shelf life extension. 

The research hypothesis is that gentle Sous-Vide heat treatment allows for a significant extension of the 

product preservation without compromising consumer properties. The objective was to establish regulated 

shelf life requirements for fermented sprouted wheat and rye grains for industrial production of functional 

foods. The scientific task was to provide scientific substantiation of regulatory guidelines for shelf life based 

on the identified patterns of changes in pH, water activity, and organoleptic properties. 

Materials and methods. The objects of study were sprouted wheat and rye grains, fermented with a lactic 

acid starter, and subjected to Sous-Vide treatment. The samples were stored at temperatures of +(4±1) °C and 
+(25±2) °C for 6 months. Standard microbiological, physicochemical (determination of pH, moisture content, 

titratable acidity, water activity), and organoleptic methods of analysis were used.  

Results. It has been found that the limiting factor is organoleptic changes (darkening, appearance of "stale" 

odor and bitterness), whereas microbiological parameters remained within the standards of TR CU 021/2011 

throughout the experiment. A high negative correlation between the increase in pH and the decrease in taste 

acceptability (R² = 0,94) has been shown. The dynamics of water activity (aw) is in the range from 0,875 to 

0,965, which is typical for high-moisture grain products and correlates with changes in moisture content. Shelf 

life periods have been scientifically substantiated: 60 days at +2...+4 °C and 30 days at temperatures not 
exceeding +25 °C. Fermented rye is characterized by a more intense dynamics of organoleptic spoilage 
compared to wheat. 

Conclusion. The use of Sous-Vide technology combined with fermentation has been proven to ensure the 

microbiological safety of sprouted wheat and rye grains for 6 months, with organoleptic degradation being the 

limiting factor for shelf life. Differentiated shelf life periods have been established: 60 days at +2&+4 °C and 
30 days at up to +25 °C. 

KEY WORDS: sprouted grain; fermentation; wheat; rye; shelf life; water activity; Sous-Vide; functional 

food product.  

FOR CITATION: Sharshunov, V. A. Effect of storage conditions on the stability of fermented sprouted wheat 

and rye grains / V. A. Sharshunov, A. S. Barashkau, T. S. Abramava // Bulletin of the Belarusian State 

University of Food and Chemical Technologies. – 2026. – № 1 (40). – P. 3‒14. 

 

 

�����!�� 
� ?>A;54=85 45AOB8;5B8O =01;N405BAO CAB>9G82K9 @>AB 8=B5@5A0 : ?@>4C:B0< ?8B0=8O, 

>1;040NI8< =5 B>;L:> 2KA>:>9 ?8I52>9 F5==>ABLN, => 8 DC=:F8>=0;L=K<8 A2>9AB20<8, 
A?>A>1AB2CNI8<8 ?>445@60=8N 74>@>2LO 8 ?@>D8;0:B8:5 0;8<5=B0@=>-7028A8<KE 
701>;520=89 [1, 2]. �5@=>2K5 :C;LBC@K, O2;ONI85AO >A=>2>9 @0F8>=0 G5;>25:0, ?@54AB02;ONB 
A>1>9 8450;L=CN >A=>2C 4;O A>740=8O B0:8E ?@>4C:B>2. "4=0:> B@048F8>==K5 A?>A>1K 
?5@5@01>B:8 75@=0 70G0ABCN ?@82>4OB : 7=0G8B5;L=K< ?>B5@O< 18>;>38G5A:8 0:B82=KE 
25I5AB2 8 =5 2 ?>;=>9 <5@5 @0A:@K20NB 8E ?>B5=F80;. 
#5@A?5:B82=K< =0?@02;5=85< O2;O5BAO :><18=8@>20==0O 18>B5E=>;>38G5A:0O 

<>48D8:0F8O, 2:;NG0NI0O ?@>@0I820=85 8 ?>A;54CNICN D5@<5=B0F8N <>;>G=>:8A;K<8 
10:B5@8O<8 [3, 4]. �0: ?>:070=> 2 @01>B0E [5–7], MB8 ?@>F5AAK ?>72>;ONB 7=0G8B5;L=> 
?>2KA8BL A>45@60=85 28B0<8=>2 3@C??K B, ´-0<8=><0A;O=>9 :8A;>BK, C;CGH8BL 
0<8=>:8A;>B=K9 A>AB02 15;:0 8 A=878BL C@>25=L 0=B8?8B0B5;L=KE A>548=5=89, B0:8E :0: 
D8B8=>20O :8A;>B0. "4=0:> 2KA>:0O 2;06=>ABL 8 0:B82=>ABL D5@<5=B>2 2 B0:8E ?@>4C:B0E 
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A>740NB 1;03>?@8OB=CN A@54C 4;O @0728B8O <8:@>>@30=87<>2, GB> 45;05B ?@>1;5<C 
>15A?5G5=8O 8E 4;8B5;L=>9 A>E@0==>AB8 >A>15==> 206=>9. 
�;O @5H5=8O MB>9 7040G8 ?@8<5=ONB I04OICN B5@<8G5A:CN >1@01>B:C ?> B5E=>;>388 

Sous-Vide, :>B>@0O ?>72>;O5B 8=0:B828@>20BL 2535B0B82=K5 D>@<K <8:@>>@30=87<>2 8 
D5@<5=BK ?@8 <8=8<0;L=>< 2>7459AB288 =0 ?8I52CN F5==>ABL ?@>4C:B0 [8–10]. �K1>@ 
B5<?5@0BC@=>-2@5<5==KE @568<>2 4>;65= 1KBL 040?B8@>20= : :>=:@5B=><C 284C AK@LO, 
?>A:>;L:C ?H5=8F0 8 @>6L @07;8G0NBAO ?> E8<8G5A:><C A>AB02C, 0:B82=>AB8 D5@<5=B>2 8 
2;03>A2O7K20NI59 A?>A>1=>AB8. �06=K< :@8B5@85<, >?@545;ONI8< AB018;L=>ABL ?@>4C:B0 
?@8 E@0=5=88, O2;O5BAO 0:B82=>ABL 2>4K (aw), :>B>@0O E0@0:B5@87C5B 4>ABC?=>ABL 2;038 4;O 
<8:@>>@30=87<>2 8 ?@>B5:0=8O 18>E8<8G5A:8E @50:F89. %=865=85 aw 4> >?@545;ё==>3> 
C@>2=O ?>72>;O5B 70<54;8BL >:8A;8B5;L=K5 8 D5@<5=B0B82=K5 ?@>F5AAK, B5< A0<K< 
?@>4;520O A@>: 3>4=>AB8 ?@>4C:B0. 
!5A<>B@O =0 7=0G8B5;L=K9 >1J5< 8AA;54>20=89 2 >1;0AB8 ?@>872>4AB20 

D5@<5=B8@>20==KE 75@=>2KE ?@>4C:B>2, 2>?@>AK 8E A8AB5<0B8G5A:>3> 8AA;54>20=8O 2 
?@>F5AA5 4;8B5;L=>3> E@0=5=8O, >A>15==> A CG5B>< B@51>20=89 &$ &% 021/2011, >AB0NBAO 
=54>AB0B>G=> 87CG5==K<8. � G0AB=>AB8, >BACBAB2CNB =0CG=> >1>A=>20==K5 40==K5 > 
:8=5B8:5 87<5=5=8O >@30=>;5?B8G5A:8E, D878:>-E8<8G5A:8E ?>:070B5;59 (2:;NG0O 
0:B82=>ABL 2>4K) 2 7028A8<>AB8 >B 2840 75@=0 8 B5<?5@0BC@K E@0=5=8O. 
#@0:B8G5A:0O 0:BC0;L=>ABL >1CA;>2;5=0 =5>1E>48<>ABLN @07@01>B:8 B5E=>;>388 

?@>872>4AB20 D5@<5=B8@>20==KE ?@>@>I5==KE 75@=>2KE ?@>4C:B>2 A 4;8B5;L=K<8 A@>:0<8 
3>4=>AB8, GB> ?>72>;8B @0AH8@8BL 0AA>@B8<5=B DC=:F8>=0;L=KE ?@>4C:B>2 ?8B0=8O 8 
>15A?5G8BL 8E 4>ABC?=>ABL 4;O ?>B@518B5;59. 
!0CG=0O 0:BC0;L=>ABL 8AA;54>20=8O >?@545;O5BAO =54>AB0B>G=K< 87CG5=85< 

70:>=><5@=>AB59 87<5=5=8O :0G5AB20 D5@<5=B8@>20==KE 75@=>2KE ?@>4C:B>2 2 ?@>F5AA5 
4;8B5;L=>3> E@0=5=8O 2 7028A8<>AB8 >B 2840 AK@LO, B5<?5@0BC@=KE CA;>289 8 0:B82=>AB8 
2>4K, :>B>@0O O2;O5BAO >4=8< 87 :;NG52KE D0:B>@>2, >?@545;ONI8E <8:@>18>;>38G5A:CN 
AB018;L=>ABL 8 A:>@>ABL >:8A;8B5;L=KE ?@>F5AA>2. -B> =5 ?>72>;O5B =0CG=> >1>A=>20BL A@>:8 
3>4=>AB8 8 @07@01>B0BL @5:><5=40F88 ?> >?B8<870F88 CA;>289 E@0=5=8O. 
*5;LN 40==>3> 8AA;54>20=8O O2;O5BAO =0CG=>5 >1>A=>20=85 A@>:>2 3>4=>AB8 

D5@<5=B8@>20==KE ?@>@>I5==KE 75@5= ?H5=8FK 8 @68 =0 >A=>25 :><?;5:A=>3> 0=0;870 
48=0<8:8 <8:@>18>;>38G5A:8E, D878:>-E8<8G5A:8E (2:;NG0O 0:B82=>ABL 2>4K) 8 
>@30=>;5?B8G5A:8E ?>:070B5;59 2 ?@>F5AA5 E@0=5=8O. 
�8?>B570 8AA;54>20=8O 70:;NG05BAO 2 ?@54?>;>65=88, GB> I04OI0O B5@<>>1@01>B:0 ?> 

B5E=>;>388 Sous-Vide ?>72>;O5B 7=0G8B5;L=> ?@>4;8BL A>E@0==>ABL D5@<5=B8@>20==KE 
?@>@>I5==KE 75@5= ?H5=8FK 8 @68 70 AGёB 8=0:B820F88 2535B0B82=KE D>@< 
<8:@>>@30=87<>2 8 D5@<5=B>2, ?@8 MB>< ;8<8B8@CNI8< D0:B>@><, >?@545;ONI8< A@>: 
3>4=>AB8, 1C4CB O2;OBLAO >@30=>;5?B8G5A:85 87<5=5=8O (?>B5<=5=85, ?>O2;5=85 «;560;>3>» 
70?0E0 8 3>@5G8), 0 =5 <8:@>18>;>38G5A:0O ?>@G0, ?@8 CA;>288 ?>445@60=8O 0:B82=>AB8 2>4K 
=0 C@>2=5, >15A?5G820NI5< AB018;L=>ABL ?@>4C:B0. 
!0CG=0O 7040G0 A>AB>8B 2 CAB0=>2;5=88 :>;8G5AB25==KE 70:>=><5@=>AB59 87<5=5=8O 

<8:@>18>;>38G5A:8E ?>:070B5;59 (� �(�= ), D878:>-E8<8G5A:8E E0@0:B5@8AB8: (pH, 
2;06=>ABL, B8B@C5<0O :8A;>B=>ABL, 0:B82=>ABL 2>4K, A>E@0==>ABL 28B0<8=0 B¡ 8 
0=B8>:A840=B=>9 0:B82=>AB8) 8 >@30=>;5?B8G5A:8E A2>9AB2 D5@<5=B8@>20==KE ?@>@>I5==KE 
75@5= ?H5=8FK 8 @68 2 ?@>F5AA5 E@0=5=8O ?@8 @07;8G=KE B5<?5@0BC@0E. 

 

 �&�$���/ �  �&"�/ 

"1J5:BK 8AA;54>20=8O. � :0G5AB25 >1J5:B>2 8AA;54>20=8O 8A?>;L7>20;8 
D5@<5=B8@>20==K5 ?@>@>I5==K5 75@=0 ?H5=8FK <O3:>9 (Triticum aestivum L.) 8 @68 ?>A52=>9 
(Secale cereale L.). �5@=> 1K;> 2K@0I5=> =0 A>@B>8A?KB0B5;L=KE CG0AB:0E $5A?C1;8:8 
�5;0@CAL 8 ?>;CG5=> 2 A>>B25BAB288 A B@51>20=8O<8 AB0=40@B>2. #>;CG5=85 ?@>4C:B>2 
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>ACI5AB2;O;8 ?> :><18=8@>20==>9 B5E=>;>388, 2:;NG0NI59 ?@>@0I820=85 (30 G ?@8             
18–20 °C), D5@<5=B0F8N <>;>G=>:8A;>9 70:20A:>9 (Lactobacillus acidophilus 8 Streptococcus 

thermophilus) 8 >1@01>B:C Sous-Vide (?H5=8F0: 90 °C, 20 <8=; @>6L: 85 °C, 22 <8=) A>3;0A=> 
@0=55 @07@01>B0==K< >?B8<0;L=K< @568<0< [8]. �>B>2K5 ?@>4C:BK @0AD0A>2K20;8 ?> 100 3 
2 A?5F80;L=CN B5@<>AB>9:CN <=>3>A;>9=CN ?;5=:C %&-90 =0 20:CC<-C?0:>2I8:5 4> 
>AB0B>G=>3> 402;5=8O 1–2 %. 

'A;>28O E@0=5=8O. )@0=5=85 >ACI5AB2;O;8 ?@8 42CE B5<?5@0BC@=KE @568<0E: 
@5:><5=4C5<>< (2 E>;>48;L=>9 :0<5@5 ?@8 +(4±1) °C) 8 CA:>@5==>< (2 B5@<>AB0B5 ?@8             
+(25±2) °C) 2 A>>B25BAB288 A <5B>48G5A:8<8 C:070=8O<8 ?> >?@545;5=8N A@>:>2 3>4=>AB8 
[11]. �>=B@>;L ?>:070B5;59 ?@>2>48;8 2 =0G0;5 M:A?5@8<5=B0 (0 <5A) 8 40;55 565<5AOG=> 2 
B5G5=85 6 <5AOF52. 
 5B>4K 8AA;54>20=89. "B1>@ ?@>1 >ACI5AB2;O;8 2 A>>B25BAB288 A �"%& 13586.3 [12]. 

 8:@>18>;>38G5A:85 ?>:070B5;8: � �(�=  >?@545;O;8 ?> �"%& 10444.15 [13], =0;8G85 
���# – ?> �"%& 31747 [14], ?;5A5=8 8 4@>668 – ?> �"%& 10444.12 [15], ?0B>35==K5 
<8:@>>@30=87<K (2 B.G. Salmonella) – ?> �"%& 30519 [16]. (878:>-E8<8G5A:85 ?>:070B5;8: 
2;06=>ABL – ?> �"%& 13586.5 [17], pH – ?>B5=F8><5B@8G5A:8< <5B>4>< =0 pH-<5B@5 HI 5221-
02 (?> �"%& 29188.2) [18], B8B@C5<CN :8A;>B=>ABL – ?> �"%& 27493 [19], A>E@0==>ABL 
28B0<8=0 B¡ – <5B>4>< 2KA>:>MDD5:B82=>9 684:>AB=>9 E@><0B>3@0D88 A>3;0A=>  ��. ! 
2052 [20], 0=B8>:A840=B=CN 0:B82=>ABL – ?@8 ?><>I8 684:>AB=>3> E@><0B>3@0D0 [21]. 
�:B82=>ABL 2>4K 87<5@O;8 A 8A?>;L7>20=85< 87<5@8B5;O 0:B82=>AB8 2>4K AwLab Plus 2 
A>>B25BAB288 A @C:>2>4AB2>< ?> M:A?;C0B0F88 ?@81>@0. "@30=>;5?B8G5A:85 ?>:070B5;8 (F25B, 
70?0E, 2:CA) >F5=820;8 ?> 5-10;;L=>9 H:0;5, 345 5 – >B;8G=>, 4 – E>@>H>, 3 – 
C4>2;5B2>@8B5;L=> (?@545; ?@85<;5<>AB8), 2 – =5C4>2;5B2>@8B5;L=>, 1 – =5?@85<;5<>. 
!5?@85<;5<K< AG8B0;AO >1@075F A> A@54=8< 10;;>< =865 3,5 ?> ;N1><C 87 :;NG52KE 
?@87=0:>2. 
%B0B8AB8G5A:0O >1@01>B:0. -:A?5@8<5=BK ?@>2>48;8 2 3-:@0B=>9 ?>2B>@=>AB8. $57C;LB0BK 

?@54AB02;5=K :0: A@54=55 0@8D<5B8G5A:>5 ± AB0=40@B=>5 >B:;>=5=85 (x̄ ± σ). �>AB>25@=>ABL 
@07;8G89 >F5=820;8 A ?><>ILN t-:@8B5@8O %BLN45=B0 ?@8 C@>2=5 7=0G8<>AB8 p f 0,05. 
�>@@5;OF8>==K9 0=0;87 ?@>2>48;8 A 2KG8A;5=85< :>MDD8F85=B0 45B5@<8=0F88 R². 
"1@01>B:C 40==KE >ACI5AB2;O;8 2 ?@>3@0<<5 Microsoft Excel. 

 

$��'�0&�&/ � �) "�%'���!�� 

� @57C;LB0B5 ?@>2545==KE M:A?5@8<5=B>2 1K;0 87CG5=0 48=0<8:0 <8:@>18>;>38G5A:8E, 
D878:>-E8<8G5A:8E 8 >@30=>;5?B8G5A:8E ?>:070B5;59 D5@<5=B8@>20==KE ?@>@>I5==KE 
75@5= ?H5=8FK 8 @68 2 ?@>F5AA5 E@0=5=8O ?@8 @07;8G=KE B5<?5@0BC@0E. 
�8=0<8:0 <8:@>18>;>38G5A:8E ?>:070B5;59. "A=>2=K< :@8B5@85< 157>?0A=>AB8 ?8I52KE 

?@>4C:B>2 O2;O5BAO >BACBAB285 ?0B>35==>9 8 CA;>2=>-?0B>35==>9 <8:@>D;>@K. � B5G5=85 6-
<5AOG=>3> ?5@8>40 E@0=5=8O 2> 2A5E >1@07F0E >BACBAB2>20;8 ���#, E. coli, S. 0ureus 8 
?0B>35==K5 <8:@>>@30=87<K, 2:;NG0O Salmonella. �>;8G5AB2> ?;5A5=59 8 4@>6659 
>AB020;>AL AB018;L=> =87:8< (< 10 �"�/3), GB> 7=0G8B5;L=> =865 4>?CAB8<KE C@>2=59 (50 8 
100 �"�/3 A>>B25BAB25==> ?> &$ &% 021/2011). 
!081>;55 8=D>@<0B82=K< ?>:070B5;5< <8:@>18>;>38G5A:>9 48=0<8:8 O2;O5BAO 

87<5=5=85 � �(�= . $57C;LB0BK ?@54AB02;5=K =0 @8AC=:5 1. 
�=0;87 40==KE, ?@54AB02;5==KE =0 @8AC=:5 1, ?>:07K205B 70:>=><5@=>5 A=865=85                     

� �(�=  2> 2A5E >1@07F0E, :>B>@>5 ?@>8AE>48B B5< 8=B5=A82=55, G5< 2KH5 B5<?5@0BC@0 
E@0=5=8O. &0:, 2 >1@07F0E ?H5=8FK ?@8 E@0=5=88 2 B5G5=85 6 <5AOF52 ?@8 +4 °C :>;8G5AB2> 
� �(�=  A=878;>AL A 8,7 4> 7,7 log¡  �"�/3 (A 5,0×10x 4> 5,0×10w �"�/3), 0 ?@8 +25 °C – A 
8,7 4> 6,7 log¡  �"�/3 (A 5,0×10x 4> 4,8×10v �"�/3). �=0;>38G=0O B5=45=F8O =01;N405BAO 8 4;O 
@68: ?@8 +4 °C 7=0G5=85 � �(�=  A=878;>AL A 8,6 4> 7,6 log¡  �"�/3, ?@8 +25 °C – A 8,6 4> 
6,8 log¡  �"�/3. �0==K9 D5=><5= A2O70= A ?>AB5?5==K< >B<8@0=85< :;5B>: <>;>G=>:8A;KE 
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10:B5@89 2 CA;>28OE =87:>3> pH (3,7–4,1) 8 8AG5@?0=8O 4>ABC?=KE ?8B0B5;L=KE AC1AB@0B>2, 
GB> A>3;0AC5BAO A 40==K<8 [22–24]. %;54C5B >B<5B8BL, GB> 2KA>:85 01A>;NB=K5 7=0G5=8O 
� �(�=  (10w–10x �"�/3) =0 =0G0;L=KE MB0?0E E@0=5=8O >1CA;>2;5=K ?@8ACBAB285< 
687=5A?>A>1=KE :;5B>: F5;52>9 <>;>G=>:8A;>9 70:20A:8, GB> O2;O5BAO B5E=>;>38G5A:>9 
=>@<>9 4;O D5@<5=B8@>20==KE ?@>4C:B>2 8 =5 @0AA<0B@8205BAO :0: ?>:070B5;L 
<8:@>18>;>38G5A:>9 ?>@G8. % <8:@>18>;>38G5A:>9 B>G:8 7@5=8O, >10 ?@>4C:B0 >AB020;8AL 
157>?0A=K<8 =0 ?@>BO65=88 2A53> M:A?5@8<5=B0. 

 

 
 

$<E. 1. �8=0<8:0 87<5=5=8O :>;8G5AB20 <57>D8;L=KE 0M@>1=KE 8 D0:C;LB0B82=>-0=0M@>1=KE 
<8:@>>@30=87<>2 (� �(�= ) 2 D5@<5=B8@>20==KE ?@>@>I5==KE 75@=0E ?H5=8FK 8 @68 ?@8 

E@0=5=88 2 7028A8<>AB8 >B B5<?5@0BC@K 

Fig. 1. Dynamics of the number of mesophilic aerobic and facultatively anaerobic microorganisms 

(QMAFAnM) in fermented sprouted wheat and rye grains during storage as a function of temperature 

 

�8=0<8:0 D878:>-E8<8G5A:8E ?>:070B5;59 8 A>E@0==>ABL =CB@85=B>2. )>BO 
<8:@>18>;>38G5A:85 ?>:070B5;8 >AB020;8AL 2 =>@<5, :0G5AB2> ?@>4C:B>2 ?@5B5@?520;> 
87<5=5=8O, >A>15==> ?@8 E@0=5=88 2 =5@5:><5=4C5<KE CA;>28OE. �8=0<8:0 >A=>2=KE 
?>:070B5;59 4;O ?H5=8FK 8 @68 ?@54AB02;5=0 2 B01;8F0E 1, 2. 
�=0;87 40==KE, ?@54AB02;5==KE 2 B01;8F0E 1 8 2, ?>:07K205B, GB> ?@8 E@0=5=88 ?@8             

+25 °C 453@040F8O D878:>-E8<8G5A:8E 8 >@30=>;5?B8G5A:8E ?>:070B5;59 ?@>8AE>48B 
7=0G8B5;L=> 8=B5=A82=55, G5< ?@8 +4 °C. '65 : :>=FC 2-3> <5AOF0 E@0=5=8O C ?H5=8FK 8 @68 
>B<5G05BAO =57=0G8B5;L=>5 ?>B5<=5=85, ?>O2;5=85 A;01>3> «;560;>3>» >BB5=:0 70?0E0 8 
;53:>9 3>@5G8, GB> A>>B25BAB2C5B A=865=8N >@30=>;5?B8G5A:>9 >F5=:8 4> 4 10;;>2.  
� 3-<C <5AOFC MB8 87<5=5=8O AB0=>2OBAO 2K@065==K<8 (>F5=:0 3 10;;0), 0 : 5-<C <5AOFC 

?@>4C:B AB0=>28BAO =5?@85<;5<K< ?> 2A5< >@30=>;5?B8G5A:8< ?>:070B5;O< (>F5=:0 1 10;;). 
%;54C5B >B<5B8BL, GB> C @68 =530B82=K5 87<5=5=8O =0ABC?0NB =0 0,5–1 <5AOF @0=LH5, G5< C 
?H5=8FK, GB> ?>4B25@6405B 5ё 1>;55 =87:CN AB018;L=>ABL ?@8 ?>2KH5==KE B5<?5@0BC@0E 
E@0=5=8O. #>;CG5==K5 40==K5 A2845B5;LAB2CNB > B><, GB> ?@545;L=K9 A@>: E@0=5=8O ?@8            
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+25 °C =5 4>;65= ?@52KH0BL 30 ACB>:, B>340 :0: ?@8 +4 °C ?@>4C:B A>E@0=O5B ?@85<;5<>5 
:0G5AB2> 2 B5G5=85 60 ACB>:. 

 
&45?. 1. �8=0<8:0 D878:>-E8<8G5A:8E 8 >@30=>;5?B8G5A:8E ?>:070B5;59 D5@<5=B8@>20==>9 

?@>@>I5==>9 ?H5=8FK 8 @68 ?@8 E@0=5=88 ?@8 + (4 ± 1) °C (n = 3, p f 0,05) 

Table 1. Dynamics of physicochemical and organoleptic parameters of fermented sprouted wheat and rye 

during storage at + (4 ± 1) °C (n = 3, p f 0,05) 

 5AOF �C;LBC@0 �;06=>ABL, 
% 

pH 
�8A;>B=>ABL, 

°& 
*25B¹ �0?0E² �:CA³ 

0 #H5=8F0 45,0 ± 0,8 3,80 ± 0,02 95 ± 3 5 5 5 

 $>6L 46,5 ± 0,9 3,70 ± 0,04 110 ± 4 5 5 5 

1 #H5=8F0 44,8 ± 0,8 3,80 ± 0,05 93 ± 3 5 5 5 

 $>6L 46,2 ± 0,9 3,70 ± 0,05 108 ± 4 5 5 5 

2 #H5=8F0 44,5 ± 0,8 3,90 ± 0,03 90 ± 3 5 5 5 

 $>6L 45,8 ± 0,9 3,80 ± 0,06 105 ± 4 5 5 5 

3 #H5=8F0 44,0 ± 0,8 3,90 ± 0,08 88 ± 4 5 5 5 

 $>6L 45,2 ± 1,0 3,80 ± 0,05 100 ± 4 5 5 5 

4 #H5=8F0 43,5 ± 0,9 4,00 ± 0,07 85 ± 4 4 4 4 

 $>6L 44,5 ± 1,0 3,90 ± 0,05 95 ± 5 4 4 4 

5 #H5=8F0 43,0 ± 1,0 4,00 ± 0,08 82 ± 5 3 3 3 

 $>6L 43,8 ± 1,2 4,00 ± 0,04 88 ± 5 3 3 3 

6 #H5=8F0 42,5 ± 1,2 4,10 ± 0,07 78 ± 5 2 1 1 

 $>6L 43,0 ± 1,3 4,10 ± 0,06 80 ± 5 2 1 1 

�@8<5G0=85. ¹ *25B: 5 – 157 87<5=5=89, 4 – =57=0G8B5;L=>5 ?>B5<=5=85, 3 – ;53:>5 ?>B5<=5=85, 2 – 70<5B=>5 ?>B5<=5=85 
(4;O @68 – A8;L=>5), 1 – =5?@85<;5<K9. ² �0?0E: 5 – G8ABK9, :8A;><>;>G=K9; 4 – A;01K9 «;560;K9» 70?0E; 3 – 2K@065==K9 
«;560;K9» 70?0E; 1 – =5?@85<;5<K9. ³ �:CA: 5 – G8ABK9, :8A;K9; 4 – ?>O2;5=85 ;53:>9 3>@5G8; 3 – 2K@065==0O 3>@L:>20B>ABL; 
1 – =5?@85<;5<K9. 

&45?. 2. �8=0<8:0 D878:>-E8<8G5A:8E 8 >@30=>;5?B8G5A:8E ?>:070B5;59 D5@<5=B8@>20==>9 
?@>@>I5==>9 ?H5=8FK 8 @68 ?@8 E@0=5=88 ?@8 + (25 ± 2) °C (n = 3, p f 0,05) 

Table 2. Dynamics of physicochemical and organoleptic parameters of fermented sprouted wheat and rye 

during storage at + (25 ± 2) °C (n = 3, p f 0.05) 

 5AOF �C;LBC@0 �;06=>ABL, 
% 

pH 
�8A;>B=>ABL, 

°& 
*25B¹ �0?0E² �:CA³ 

0 #H5=8F0 45,0 ± 0,8 3,80 ± 0,02 95 ± 3 5 5 5 
 $>6L 46,5 ± 0,9 3,70 ± 0,04 110 ± 4 5 5 5 

1 #H5=8F0 44,5 ± 0,9 3,90 ± 0,03 92 ± 4 5 5 5 
 $>6L 46,0 ± 1,0 3,80 ± 0,05 107 ± 5 5 5 5 

2 #H5=8F0 43,8 ± 1,0 4,00 ± 0,04 87 ± 5 4 4 4 
 $>6L 45,2 ± 1,1 3,90 ± 0,05 100 ± 5 4 4 4 

3 #H5=8F0 43,0 ± 1,1 4,10 ± 0,05 82 ± 5 3 3 3 
 $>6L 44,5 ± 1,2 4,00 ± 0,06 95 ± 5 3 3 3 

4 #H5=8F0 42,0 ± 1,2 4,20 ± 0,05 76 ± 6 2 2 2 
 $>6L 43,5 ± 1,3 4,10 ± 0,06 88 ± 6 2 2 2 

5 #H5=8F0 41,0 ± 1,3 4,30 ± 0,06 70 ± 6 1 1 1 
 $>6L 42,5 ± 1,4 4,20 ± 0,07 80 ± 6 1 1 1 

6 #H5=8F0 40,0 ± 1,4 4,40 ± 0,07 65 ± 7 1 1 1 
 $>6L 41,5 ± 1,5 4,30 ± 0,08 75 ± 7 1 1 1 

�@8<5G0=85. ¹ *25B: 5 – 157 87<5=5=89, 4 – =57=0G8B5;L=>5 ?>B5<=5=85, 3 – ;53:>5 ?>B5<=5=85, 2 – 70<5B=>5 ?>B5<=5=85 
(4;O @68 – A8;L=>5), 1 – =5?@85<;5<K9. ² �0?0E: 5 – G8ABK9, :8A;><>;>G=K9; 4 – A;01K9 «;560;K9» 70?0E; 3 – 2K@065==K9 
«;560;K9» 70?0E; 1 – =5?@85<;5<K9. ³ �:CA: 5 – G8ABK9, :8A;K9; 4 – ?>O2;5=85 ;53:>9 3>@5G8; 3 – 2K@065==0O 3>@L:>20B>ABL; 
2 – @57:0O 3>@5GL; 1 – =5?@85<;5<K9. 
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!081>;55 206=K< A B>G:8 7@5=8O DC=:F8>=0;L=>9 F5==>AB8 O2;O5BAO A>E@0==>ABL 
18>;>38G5A:8 0:B82=KE A>548=5=89. !0 @8AC=:5 2 ?@54AB02;5=0 4803@0<<0, ?>:07K20NI0O 
48=0<8:C A>E@0==>AB8 28B0<8=0 B¡ 8 0=B8>:A840=B=>9 0:B82=>AB8 (�"�) 2 
D5@<5=B8@>20==KE ?@>@>I5==KE 75@=0E ?H5=8FK 8 @68 2 B5G5=85 6 <5AOF52 E@0=5=8O ?@8 
B5<?5@0BC@5 +4 °C. �0==K5 4;O B5<?5@0BC@K +25 °C ?@82545=K 2 B01;8F5 3. %>E@0==>ABL 
28B0<8=0 B¡ 8 0=B8>:A840=B=>9 0:B82=>AB8 >F5=820;8 ?> >B=>H5=8N : 8AE>4=><C C@>2=N         
(0 <5A.), ?@8=OB><C 70 100 %.  

 

 

$<E. 2. �;8O=85 B5<?5@0BC@K 8 2@5<5=8 E@0=5=8O =0 A>E@0==>ABL 28B0<8=0 B¡ 8 0=B8>:A840=B=>9 
0:B82=>AB8 (�"�) 2 D5@<5=B8@>20==KE ?@>@>I5==KE 75@=0E ?H5=8FK 8 @68 ?@8 E@0=5=88 ?@8                  

+4 °C 2 B5G5=85 6 <5AOF52 

Fig. 2. Effect of storage temperature and time on the retention of vitamin B¡ and antioxidant activity (AOA) 
in fermented sprouted wheat and rye grains during storage at +4 °C over 6 months 

 

�0: 284=> 87 @8AC=:0 2, ?@8 E@0=5=88 ?@8 +4 °C A>E@0==>ABL 28B0<8=0 B¡ 8 
0=B8>:A840=B=>9 0:B82=>AB8 G5@57 6 <5AOF52 A>AB02;O5B 90–95 % 4;O ?H5=8FK 8 87–92 % 4;O 
@68. #@8 MB>< =01;N405BAO 1>;55 8=B5=A82=>5 A=865=85 0=B8>:A840=B=>9 0:B82=>AB8 ?> 
A@02=5=8N A 28B0<8=>< B¡ 2 >1>8E >1@07F0E, GB> <>65B 1KBL A2O70=> A 1>;55 2KA>:>9 
A:>@>ABLN >:8A;8B5;L=KE ?@>F5AA>2, 70B@03820NI8E D5=>;L=K5 A>548=5=8O 8 4@C385 
0=B8>:A840=BK. 
#@8 E@0=5=88 ?@8 +25 °C (B01;8F0 3) 453@040F8O B5@<>;018;L=KE :><?>=5=B>2 ?@>8AE>48B 

7=0G8B5;L=> 8=B5=A82=55: C65 : 3-<C <5AOFC A>E@0==>ABL 28B0<8=0 B¡ 8 �"� A=8605BAO 4> 
70–76 %, 0 : 6-<C <5AOFC – 4> 58–65 %. � F5;><, 2> 2A5E 8AA;54>20==KE >1@07F0E =01;N405BAO 
1>;55 8=B5=A82=>5 A=865=85 0=B8>:A840=B=>9 0:B82=>AB8 ?> A@02=5=8N A 28B0<8=>< B¡. 
#>;CG5==K5 40==K5 ?>4B25@640NB, GB> ?>2KH5==0O B5<?5@0BC@0 E@0=5=8O O2;O5BAO 
:@8B8G5A:8< D0:B>@><, CA:>@ONI8< >:8A;8B5;L=K5 ?@>F5AAK 8 A=860NI8< 
DC=:F8>=0;L=CN F5==>ABL D5@<5=B8@>20==KE ?@>@>I5==KE 75@=>2KE ?@>4C:B>2. 
�>@@5;OF8O <564C 87<5=5=85< pH 8 >@30=>;5?B8G5A:>9 ?@85<;5<>ABLN. 

"@30=>;5?B8G5A:85 ?>:070B5;8 >:070;8AL =081>;55 GC2AB28B5;L=K<8 : E@0=5=8N. �;O 
CAB0=>2;5=8O >1J5:B82=>3> :@8B5@8O ?@85<;5<>AB8 1K; ?@>2545= :>@@5;OF8>==K9 0=0;87 
<564C @>AB>< pH 8 A=865=85< 453CAB0F8>==>9 >F5=:8 2:CA0 (@8AC=>: 3). 
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&45?. 3. %>E@0==>ABL 28B0<8=0 B¡ 8 0=B8>:A840=B=>9 0:B82=>AB8 (�"�) 2 D5@<5=B8@>20==KE 
?@>@>I5==KE 75@=0E ?H5=8FK 8 @68 ?@8 E@0=5=88 ?@8 +25 °C, % >B 8AE>4=>3> 7=0G5=8O (n = 3,                      
p f 0,05) 

Table 3. Retention of vitamin B¡ and antioxidant activity (AOA) in fermented sprouted wheat and rye 
grains during storage at +25 °C, % of initial value (n = 3, p f 0,05) 

�C;LBC@0 #>:070B5;L 0 <5A. 1 <5A. 2 <5A. 3 <5A. 4 <5A. 5 <5A. 6 <5A. 

#H5=8F0 �8B0<8= B¡ 100 92 ± 2 84 ± 3 76 ± 3 68 ± 4 62 ± 4 58 ± 5 
�"� 100 90 ± 3 80 ± 4 70 ± 4 62 ± 5 56 ± 5 50 ± 6 

$>6L �8B0<8= B¡ 100 90 ± 3 82 ± 3 72 ± 4 64 ± 4 58 ± 5 54 ± 5 
�"� 100 88 ± 3 76 ± 4 66 ± 5 58 ± 5 50 ± 6 44 ± 6 

 

 
 
$<E. 3. �>@@5;OF8O <564C pH 8 >F5=:>9 2:CA0 D5@<5=B8@>20==>3> ?@>@>I5==>3> 75@=0 ?@8              

E@0=5=88 

Fig. 3. Correlation between pH and taste evaluation of fermented sprouted grain during storage 

#@54AB02;5==0O =0 @8AC=:5 3 :>@@5;OF8O (R² = 0,94) 45<>=AB@8@C5B 2KA>:CN 
>B@8F0B5;L=CN A2O7L <564C @>AB>< pH 8 CEC4H5=85< 2:CA0. #@8 MB>< CAB0=>2;5=>, GB> 
:@8B8G5A:>5 7=0G5=85 pH = 4,0 4>AB8305BAO ?@8 +25 °C C65 : :>=FC 2-3> <5AOF0 E@0=5=8O 
(B01;8F0 2), GB> :>@@5;8@C5B A ?>O2;5=85< ?5@2KE ?@87=0:>2 >@30=>;5?B8G5A:>9 453@040F88 
(A=865=85 >F5=:8 2:CA0 4> 4 10;;>2). #@8 +4 °C 0=0;>38G=>5 7=0G5=85 pH D8:A8@C5BAO ;8HL 
: 4-<C <5AOFC E@0=5=8O (B01;8F0 1). &0:8< >1@07><, pH = 4,0 O2;O5BAO C=825@A0;L=K< 
8=AB@C<5=B0;L=K< :@8B5@85<, ?>72>;ONI8< ?@>3=>78@>20BL >@30=>;5?B8G5A:CN 
?@85<;5<>ABL ?@>4C:B0 =57028A8<> >B B5<?5@0BC@K E@0=5=8O, 0 53> 4>AB865=85 A;C68B 
A83=0;>< > ?@81;865=88 :>=F0 A@>:0 3>4=>AB8. 
"@30=>;5?B8G5A:89 ?@>D8;L ?@>4C:B>2 2 :>=F5 A@>:0 3>4=>AB8. �;O 287C0;870F88 

@07;8G89 2 AB018;L=>AB8 ?H5=8FK 8 @68 1K;0 ?>AB@>5=0 ?>;O@=0O 4803@0<<0 
>@30=>;5?B8G5A:8E ?>:070B5;59 ?>A;5 60 ACB>: E@0=5=8O 2 @5:><5=4C5<KE CA;>28OE (+4 °C) 

(@8AC=>: 4). 
�=0;87 ?@>D8;O (@8AC=>: 4) ?>:07K205B, GB> C @68 2A5 >@30=>;5?B8G5A:85 ?>:070B5;8 

=865, G5< C ?H5=8FK, >A>15==> A8;L=> A=865= 10;; 70 70?0E. -B> ?>4B25@6405B 2K2>4 > B><, 
GB> @>6L O2;O5BAO <5=55 AB018;L=>9 ?@8 E@0=5=88 – ?@>F5AA ?>O2;5=8O «;560;>3>» 70?0E0 8 
3>@5G8 C =55 ?@>B5:05B 8=B5=A82=55, GB> <>65B 1KBL A2O70=> A 1>;55 2KA>:8< A>45@60=85< 
=5=0AKI5==KE 68@=KE :8A;>B. 
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$<E. 4. "@30=>;5?B8G5A:89 ?@>D8;L D5@<5=B8@>20==KE ?@>@>I5==KE 75@5= ?H5=8FK 8 @68 
?>A;5 60 ACB>: E@0=5=8O 2 @5:><5=4C5<KE CA;>28OE (+ 4 °C) 

Fig. 4. Organoleptic profile of fermented sprouted wheat and rye grains after 60 days of storage under 

recommended conditions (+ 4 °C) 

 

�8=0<8:0 0:B82=>AB8 2>4K (aw) ?@54AB02;5=0 2 B01;8F5 4. !081>;LH55 A=865=85 aw 

=01;N40;>AL ?@8 E@0=5=88 ?@8 +25 °C, GB> :>@@5;8@C5B A ?>B5@59 2;038 8 C?;>B=5=85< 
AB@C:BC@K ?@>4C:B0. 

 
&45?. 4. �:B82=>ABL 2>4K (aw) D5@<5=B8@>20==KE ?@>@>I5==KE 75@5= ?H5=8FK 8 @68 2 ?@>F5AA5 

E@0=5=8O (n = 3, p f 0,05) 

Table 4. Water activity (aw) of fermented sprouted wheat and rye grains during storage (n = 3, p f 0,05) 

�C;LBC@0 &5<?5@0BC@0, °C 0 <5A. 3 <5A. 6 <5A. 

#H9A<F4 + (4 ± 1) 0,960 ± 0,005 0,945 ± 0,005 0,930 ± 0,007 
+ (25 ± 2) 0,960 ± 0,008 0,920 ± 0,007 0,875 ± 0,010 

$B:P + (4 ± 1) 0,965 ± 0,010 0,950 ± 0,006 0,935 ± 0,008 
+ (25 ± 2) 0,965 ± 0,009 0,922 ± 0,007 0,880 ± 0,012 

�=0;87 48=0<8:8 0:B82=>AB8 2>4K (aw) ?>:07K205B, GB> 8AE>4=>5 7=0G5=85 4;O 
D5@<5=B8@>20==>9 ?@>@>I5==>9 @68 (0,965) =57=0G8B5;L=> ?@52KH05B A>>B25BAB2CNI89 
?>:070B5;L 4;O ?H5=8FK (0,960), GB> >1CA;>2;5=> 1>;55 2KA>:>9 383@>A:>?8G=>ABLN @68 8 
?>2KH5==K< A>45@60=85< 2 =59 ?5=B>70=>2, >1;040NI8E 2K@065==>9 2;03>A2O7K20NI59 
A?>A>1=>ABLN. � ?@>F5AA5 E@0=5=8O >B<5G5=> 70:>=><5@=>5 A=865=85 aw 2> 2A5E >1@07F0E, 
?@8 MB>< =081>;55 8=B5=A82=>5 C<5=LH5=85 =01;N40;>AL ?@8 B5<?5@0BC@5 +25 °C, GB> 
>1JOA=O5BAO CA:>@5==K< 8A?0@5=85< 2;038 G5@57 C?0:>2>G=K9 <0B5@80;, 0 B0:65 
A2O7K20=85< A2>1>4=>9 2>4K 2 @57C;LB0B5 ?@>B5:0=8O >AB0B>G=KE 18>E8<8G5A:8E @50:F89.    
� 6-<C <5AOFC E@0=5=8O ?@8 +25 °C 7=0G5=85 aw A=8605BAO 4> 0,875–0,880, GB> ?@81;8605BAO 
: =86=59 3@0=8F5 480?07>=0, ?@8 :>B>@>9 =0G8=0NB 70<54;OBLAO D5@<5=B0B82=K5 ?@>F5AAK, 
>4=0:> ?@>4C:B ?@8 MB>< 5Iё A>E@0=O5B ?@85<;5<CN :>=A8AB5=F8N. �A5 ?>;CG5==K5 
7=0G5=8O aw (0,875–0,965) =0E>4OBAO 2 ?@545;0E, E0@0:B5@=KE 4;O 2;06=KE 75@=>2KE 
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?@>4C:B>2 (0,85–0,97), 8 E>@>H> :>@@5;8@CNB A 48=0<8:>9 2;06=>AB8. �;O ?H5=8FK 
>B<5G5=> 5ё ?;02=>5 A=865=85 A 45,0 4> 42,5 %, 4;O @68 – A 46,5 4> 43,0 % 70 6 <5AOF52 
E@0=5=8O. #@8 MB>< A;54C5B ?>4G5@:=CBL, GB> 7=0G5=8O aw 2 8AA;54>20==>< 480?07>=5 =5 
O2;ONBAO ;8<8B8@CNI8< D0:B>@><, >?@545;ONI8< A@>: 3>4=>AB8 ?@>4C:B>2. 
 8:@>18>;>38G5A:0O AB018;L=>ABL >15A?5G8205BAO :><?;5:A=K< 459AB285< B5E=>;>38G5A:8E 
D0:B>@>2 – 8=0:B820F859 <8:@>>@30=87<>2 ?@8 B5@<8G5A:>9 >1@01>B:5, ?>402;5=85< @>AB0 
?0B>35==>9 <8:@>D;>@K 70 AGёB =87:>3> 7=0G5=8O pH (3,7–4,1), 0 B0:65 8A?>;L7>20=85< 
20:CC<=>9 C?0:>2:8, ?@5?OBAB2CNI59 @0728B8N 0M@>1=>9 <8:@>D;>@K. &0:8< >1@07><, 
8<5==> >@30=>;5?B8G5A:85 87<5=5=8O, 0 =5 ?>:070B5;L aw, >?@545;ONB ?@545;L=K9 A@>: 
E@0=5=8O D5@<5=B8@>20==KE ?@>@>I5==KE 75@=>2KE ?@>4C:B>2. 
'AB0=>2;5=85 A@>:>2 3>4=>AB8. !0 >A=>20=88 :><?;5:A=>3> 0=0;870 48=0<8:8 2A5E 

?>:070B5;59 1K;8 CAB0=>2;5=K A@>:8 3>4=>AB8 (B01;8F0 5). �;NG52K< :@8B5@85< O2;O;0AL 
A>E@0==>ABL >@30=>;5?B8G5A:8E A2>9AB2 (A@54=89 10;; =5 =865 3,5) A 30@0=B89=K< 70?0A>< 2 
1 <5AOF 4> =0G0;0 8E CEC4H5=8O. 

 
&45?. 5. $5:><5=4C5<K5 A@>:8 3>4=>AB8 D5@<5=B8@>20==KE ?@>@>I5==KE 75@=>2KE ?@>4C:B>2 
Table 5. Recommended shelf life of fermented sprouted grain products 

!08<5=>20=85 ?@>4C:B0 $5:><5=4C5<K5 CA;>28O 
E@0=5=8O: + 2 ... + 4 °C 

�>?CAB8<K5 CA;>28O E@0=5=8O: 
=5 2KH5 + 25 °C 

(5@<5=B8@>20==0O 
?@>@>I5==0O ?H5=8F0 60 ACB>: (2 <5AOF0) 30 ACB>: (1 <5AOF) 

(5@<5=B8@>20==0O 
?@>@>I5==0O @>6L 60 ACB>: (2 <5AOF0) 30 ACB>: (1 <5AOF) 

 

�;O >1>8E ?@>4C:B>2 @5:><5=4>20==K9 A@>: 3>4=>AB8 ?@8 +2&+4 °C A>AB02;O5B 60 ACB>: 
(2 <5AOF0). #@8 =0@CH5=88 B5<?5@0BC@=>3> @568<0 (E@0=5=85 ?@8 B5<?5@0BC@5 =5 2KH5                
+25 °C) A@>: 3>4=>AB8 A>:@0I05BAO 4> 30 ACB>: (1 <5AOF). 
�;O >1>8E 284>2 ?@>4C:B>2 @5:><5=4>20==K5 A@>:8 8 CA;>28O E@0=5=8O O2;ONBAO 

>1O70B5;L=K<8. #@8 MB>< D5@<5=B8@>20==0O @>6L E0@0:B5@87C5BAO 1>;55 1KAB@>9 
>@30=>;5?B8G5A:>9 453@040F859, ?>MB><C 2 ?@>F5AA5 E@0=5=8O @60=>3> ?@>4C:B0 =5>1E>48< 
1>;55 AB@>389 :>=B@>;L >@30=>;5?B8G5A:8E ?>:070B5;59. #@8 >1=0@C65=88 ?5@2KE ?@87=0:>2 
?>AB>@>==8E 70?0E>2 8;8 87<5=5=8O F25B0 ?@>4C:B ?>4;568B =5<54;5==><C 8A:;NG5=8N 87 
@50;870F88 =57028A8<> >B 2840 75@=0. 

 

����2+�!�� 

&0:8< >1@07><, D5@<5=B8@>20==K5 ?@>@>I5==K5 75@=0 ?H5=8FK 8 @68, C?0:>20==K5 2 
20:CC<=CN C?0:>2:C 8 ?0AB5@87>20==K5 ?> I04OI5<C @568<C Sous-Vide, A>E@0=ONB 
<8:@>18>;>38G5A:CN 157>?0A=>ABL 2 B5G5=85 6 <5AOF52 E@0=5=8O ?@8 B5<?5@0BC@0E +4 °C 8           
+25 °C, ?>;=>ABLN A>>B25BAB2CO B@51>20=8O< &$ &% 021/2011. #0B>35==K5 <8:@>>@30=87<K 
>BACBAB2CNB, :>;8G5AB2> ?;5A5=59 8 4@>6659 AB018;L=> =865 =>@<0B82>2. 
�8<8B8@CNI8< D0:B>@><, >?@545;ONI8< A@>: 3>4=>AB8 40==KE ?@>4C:B>2, O2;O5BAO 

87<5=5=85 >@30=>;5?B8G5A:8E E0@0:B5@8AB8: (?>O2;5=85 «;560;>3>» 70?0E0, 3>@5G8, 
?>B5<=5=85), 0 =5 <8:@>18>;>38G5A:0O ?>@G0. &5@<8G5A:0O >1@01>B:0 MDD5:B82=> ?>402;O5B 
@0728B85 <8:@>D;>@K, => =5 ?>;=>ABLN >AB0=02;8205B >:8A;8B5;L=K5 8 D5@<5=B0B82=K5 
?@>F5AAK. 
'AB0=>2;5=0 2KA>:0O >B@8F0B5;L=0O :>@@5;OF8O (R² = 0,94) <564C @>AB>< pH 8 A=865=85< 

>@30=>;5?B8G5A:>9 ?@85<;5<>AB8. �=0G5=85 pH = 4,0 ?@54;>65=> 2 :0G5AB25 >1J5:B82=>3> 
8=AB@C<5=B0;L=>3> :@8B5@8O 4;O M:A?@5AA->F5=:8 :0G5AB20 ?@8 E@0=5=88. �>?>;=8B5;L=K< 
?>4B25@645=85< A>E@0==>AB8 ?@>4C:B0 A;C68B 48=0<8:0 0:B82=>AB8 2>4K (aw). � B5G5=85 
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2A53> A@>:0 E@0=5=8O 7=0G5=8O aw =0E>48;8AL 2 480?07>=5 0,875–0,965, GB> E0@0:B5@=> 4;O 
2;06=KE 75@=>2KE ?@>4C:B>2 8 :>@@5;8@C5B A ?;02=K< A=865=85< 2;06=>AB8 70 6 <5AOF52 
E@0=5=8O ?@8 +4 °C: 4;O ?H5=8FK – A 45,0 4> 42,5 %, 4;O @68 – A 46,5 4> 43,0 %. #@8 E@0=5=88 
?@8 +25 °C =01;N40;>AL 1>;55 8=B5=A82=>5 A=865=85 aw (4> 0,875–0,880 : 6-<C <5AOFC), GB> 
>1CA;>2;5=> CA:>@5==K< 8A?0@5=85< 2;038 8 A2O7K20=85< 2>4K 2 >AB0B>G=KE 18>E8<8G5A:8E 
@50:F8OE, >4=0:> ?@>4C:B ?@8 MB>< A>E@0=O; ?@85<;5<CN :>=A8AB5=F8N. 
(5@<5=B8@>20==0O @>6L E0@0:B5@87C5BAO 1>;55 8=B5=A82=>9 48=0<8:>9 

>@30=>;5?B8G5A:>9 ?>@G8 ?> A@02=5=8N A ?H5=8F59, GB> ?@>O2;O5BAO 2 1>;55 @0==5< 
?>O2;5=88 «;560;>3>» 70?0E0 8 A=865=88 453CAB0F8>==KE >F5=>:. -B> B@51C5B CA8;5==>3> 
:>=B@>;O >@30=>;5?B8G5A:8E ?>:070B5;59 2 ?@>F5AA5 E@0=5=8O @60=>3> ?@>4C:B0, >4=0:> 
>1O70B5;L=>ABL A>1;N45=8O CAB0=>2;5==KE A@>:>2 8 CA;>289 E@0=5=8O O2;O5BAO 548=>9 4;O 
>1>8E 284>2 ?@>4C:B>2. 
!0CG=> >1>A=>20=K 8 @5:><5=4>20=K A;54CNI85 A@>:8 3>4=>AB8: ?@8 B5<?5@0BC@5 

E@0=5=8O +2&+4 °C – 60 ACB>:; ?@8 B5<?5@0BC@5 =5 2KH5 +25 °C – 30 ACB>:. #>;CG5==K5 
@57C;LB0BK O2;ONBAO >A=>2>9 4;O @07@01>B:8 =>@<0B82=>-B5E=8G5A:>9 4>:C<5=B0F88 8 
?@><KH;5==>3> 2=54@5=8O B5E=>;>388 ?@>872>4AB20 D5@<5=B8@>20==KE ?@>@>I5==KE 
75@=>2KE ?@>4C:B>2 4;8B5;L=>3> E@0=5=8O. 
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