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INFLUENCE OF HYDROTHERMAL TREATMENT REGIMES ON ASH  

CONTENT AND FRACTIONAL DISTRIBUTION  

IN FLOUR FROM SPROUTED BUCKWEAT GROATS 
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ABSTRACT 
Introduction. Sprouted green buckwheat groats are considered a promising raw material for functional 

products, which determined the objective of the research. However, their milling into high-grade flour is 

complicated by the structural characteristics of the grain. The scientific aim was to evaluate the effect of 
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hydrothermal treatment regimes on the weighted average ash content of flour and functional distribution of 

ash content across fractions while using different milling systems, with the assumption that such treatment 

reduces the flour ash content by altering the structural and mechanical properties of the grain's anatomical 

parts. 

Materials and methods. Sprouted buckwheat groats complying with Technical Specifications                          

TU BY 700036448.010-2024 were used as raw material. Trial hydrothermal treatment was performed at a 

groats moisture content of 14–16 % and tempering duration of 2–6 hours. Milling was carried out in a 

laboratory mill; the quality of the products (flour, bran) was assessed based on ash content and moisture 

indicators. Standard and commonly accepted research methods were applied; including Pareto chart diagram 

and significance testing at p<0,05. 

Results. Variation in the hydrothermal treatment regimes showed no statistically significant effect on the 

weighted average ash content of the milled flour; neither individual factors nor their interaction was significant. 

This is explained by the profound structural and biochemical transformations in both endosperm and seed coat 

layers during sprouting, which offset the effect of the prolonged treatment. It was established that short-term 

additional moisturizing by 0,5 % for 20–30 minutes provides the necessary elasticity of the seed coats without 

altering the ash content. 

Conclusions. Prolonged hydrothermal treatment of sprouted buckwheat groats is technologically impractical 

for reducing the ash content of flour. An optimized technology with short-term additional moistening of the 

groats is recommended for practical implementation. 

KEY WORDS: grain; green buckwheat; sprouted buckwheat groats; non-traditional raw materials; 

germination; varietal milling; optimization; ash content; hydrothermal treatment; cold conditioning; 

buckwheat flour; functional ingredient. 

FOR CITATION: Urbanchik, �. N.  Influence of Hydrothermal Treatment Regimes on Ash Content and 

Fractional Distribution in Flour from Sprouted Buckwheat Groats / �. N. Urbanchik, L. V. Shustava,                           

A. I. Kasyanava // Bulletin of the Belarusian State University of Food and Chemical Technologies. – 2025. – 
№. 2 (39). – P. 58‒68. 

 

 

�����!�� 

$5A?C1;8:0 �5;0@CAL 8AB>@8G5A:8 O2;O5BAO 03@0@=>9 AB@0=>9 A <>I=K< 
03@>?@><KH;5==K< :><?;5:A><, 8 @0728B85 40==>3> A5:B>@0 M:>=><8:8 =0E>48BAO 2 G8A;5 
:;NG52KE 3>AC40@AB25==KE ?@8>@8B5B>2. #@57845=B $5A?C1;8:8 �5;0@CAL �. �. �C:0H5=:> 
=5>4=>:@0B=> 0:F5=B8@>20; 2=8<0=85 =0 =5>1E>48<>AB8 =5 B>;L:> =0@0I820=8O >1J5<>2 
?@>872>4AB20 A5;LA:>E>7O9AB25==>9 ?@>4C:F88, => 8, GB> >A>15==> 206=>, 55 3;C1>:>9 
?5@5@01>B:8 A F5;LN C25;8G5=8O 4>102;5==>9 AB>8<>AB8, 8<?>@B>70<5I5=8O 8 2K?CA:0 
:>=:C@5=B>A?>A>1=KE, 2 B>< G8A;5 DC=:F8>=0;L=KE, ?@>4C:B>2 ?8B0=8O [1, 2]. � MB>< 
:>=B5:AB5 8AA;54>20=8O, =0?@02;5==K5 =0 A>25@H5=AB2>20=85 B5E=>;>389 ?5@5@01>B:8 
<5AB=>3> =5B@048F8>==>3> AK@LO, B0:>3> :0: 3@5G8E0, ?@8>1@5B0NB >A>1CN ?@0:B8G5A:CN 
7=0G8<>ABL 4;O 15;>@CAA:>9 ?8I52>9 ?@><KH;5==>AB8. 
�@5G8E0 ?>A52=0O (Fagopyrum esculentum) O2;O5BAO 206=>9 ?A524>75@=>2>9 :C;LBC@>9, =5 

A>45@60I59 3;NB5=0, GB> >1CA;02;8205B 55 2KA>:CN F5==>ABL 4;O 485B8G5A:>3> 8 74>@>2>3> 
?8B0=8O [3]. �5 E8<8G5A:89 A>AB02 1>30B 15;:>< A 1;03>?@8OB=K< 0<8=>:8A;>B=K< ?@>D8;5<, 
?>;8=5=0AKI5==K<8 68@=K<8 :8A;>B0<8, D;02>=>840<8 (@CB8=, :25@F5B8=) 8 ?8I52K<8 
2>;>:=0<8 [4–6]. � ?>A;54=55 45AOB8;5B85 =01;N405BAO CAB>9G82K9 @>AB 8=B5@5A0 : 
?@>4C:B0< 87 =5?@>?0@5==>9 (75;5=>9) 3@5G8E8, B0: :0: ?@>F5AA ?@>?0@820=8O, ?@8<5=O5<K9 
4;O ?@>872>4AB20 O4@8FK, ?@82>48B : G0AB8G=>9 453@040F88 B5@<>;018;L=KE 18>;>38G5A:8 
0:B82=KE 25I5AB2 [7, 8]. "A>1>5 <5AB> 70=8<05B ?@>@>I5==0O 75;5=0O 3@5G8E0, 2 :>B>@>9 2 
@57C;LB0B5 18>E8<8G5A:>9 0:B820F88 C25;8G8205BAO A>45@60=85 28B0<8=>2, 0=B8>:A840=B>2 
8 A=8605BAO C@>25=L 0=B8=CB@85=B>2, B0:8E :0: D8B8=>20O :8A;>B0, GB> ?>2KH05B ?8I52CN 
F5==>ABL ?@>4C:B0 [9, 10]. 

�84@>B5@<8G5A:0O >1@01>B:0 – >48= 87 :;NG52KE MB0?>2 ?>43>B>2:8 75@=0 : ?><>;C, 



Пище6ая Fех=>?>7ия  

 

 

 

 

 

60 

=0?@02;5==K9 =0 87<5=5=85 53> AB@C:BC@=>-<5E0=8G5A:8E A2>9AB2. �;0AA8G5A:85 
8AA;54>20=8O, ?@>2545==K5 =0 ?H5=8F5, ?>:07K20NB, GB> :>@@5:B=> ?>4>1@0==K5 ?0@0<5B@K 
C2;06=5=8O 8 >B2>;06820=8O ?>72>;ONB ?>2KA8BL 2KE>4 <C:8 2KAH8E A>@B>2 8 C;CGH8BL 55 
E;51>?5:0@=K5 :0G5AB20 70 AG5B 1>;55 G8AB>3> >B45;5=8O M=4>A?5@<0 >B >1>;>G5: [11, 12]. 

#@8<5=8B5;L=> : 3@5G8E5 B@048F8>==0O 384@>B5@<8G5A:0O >1@01>B:0 75@=0 87CG0;0AL 
?@58<CI5AB25==> 2 :>=B5:AB5 55 H5;CH5=8O 4;O ?@>872>4AB20 :@C?K. 'AB0=>2;5=>, GB> 
?@5420@8B5;L=>5 C2;06=5=85 8 >B2>;06820=85 75@=0 A ?>A;54CNI59 ACH:>9 ?>2KH05B 
?@>G=>ABL M=4>A?5@<0 8 A=8605B 043578N (AF5?;5=85) ?;>4>2KE >1>;>G5:. -B>, 2 A2>N 
>G5@54L, <8=8<878@C5B 8E 4@>1;5=85 2 ?@>F5AA5 H5;CH5=8O 8 ?>2KH05B 2KE>4 F5;>3> O4@0 
[13, 14]. "4=0:> ?@8 ?@>872>4AB25 <C:8 F5;L 384@>B5@<8G5A:>9 >1@01>B:8 ?@8=F8?80;L=> 
8=0O: =5>1E>48<> 4>18BLAO =5 C?@>G=5=8O, 0 <0:A8<0;L=> G8AB>3> >B45;5=8O E@C?:>3> 
M=4>A?5@<0 >B ?@>G=KE >1>;>G5:, GB>1K <8=8<878@>20BL ?>?040=85 2 <C:C <8=5@0;L=KE 
25I5AB2, GB> =0?@O<CN >B@0605BAO =0 ?>:070B5;5 7>;L=>AB8 [15]. 

#@>@0I820=85 8=8F88@C5B 3;C1>:85 18>E8<8G5A:85 8 D878G5A:85 87<5=5=8O 2 75@=5. 
(5@<5=B0B82=0O 0:B82=>ABL ?@82>48B : <>48D8:0F88 :;5B>G=KE AB5=>: M=4>A?5@<0, 
G0AB8G=><C 384@>;87C :@0E<0;0 8 15;:>2, GB> A=8605B 53> B25@4>ABL [16, 17]. �AA;54>20=8O, 
?@>2545==K5 =0 ?@>@>I5==>9 ?H5=8F5 8 @68, 45<>=AB@8@CNB 87<5=5=85 ?>2545=8O 75@=0 2 
?@>F5AA5 ?><>;0: ?>2KH05BAO E@C?:>ABL M=4>A?5@<0, => ?@8 MB>< <>65B 2>7@0AB0BL ;8?:>ABL, 
GB> A>7405B @8A: =0<07K20=8O =0 20;LF0E [18]. � @01>B0E [19, 20] >B<5G05BAO, GB> 4;O 
?@>@>I5==>3> 75@=0 G0AB> B@51CNBAO <5=55 8=B5=A82=K5 @568<K ?><>;0 ?> A@02=5=8N A 
=0B82=K<. 
�0==KE ?> ?><>;C ?@>@>I5==>9 3@5G8E8 2 =0CG=>9 ;8B5@0BC@5 ?@54AB02;5=> 

=54>AB0B>G=>. �<5NI85AO @01>BK 2 >A=>2=>< ?>A2OI5=K >F5=:5 ?8I52>9 F5==>AB8 [21, 22]. 

-B> A>7405B 7=0G8B5;L=K9 ?@>15; 2 7=0=8OE, ?>A:>;L:C C=8:0;L=K5 @5>;>38G5A:85 A2>9AB20 
?@>@>I5==>3> 75@=0 48:BCNB =5>1E>48<>ABL 040?B0F88 :;0AA8G5A:8E ?0@0<5B@>2 =5 B>;L:> 
?><>;0, => 8 ?@54H5AB2CNI59 5<C 384@>B5@<8G5A:>9 >1@01>B:8. 
�>;L=>ABL O2;O5BAO AB0=40@B878@>20==K< ?>:070B5;5<, :>B>@K9 E0@0:B5@87C5B :0G5AB2> 

<C:8. +5< =865 7>;L=>ABL, B5< 2KH5 A>@B <C:8 8 B5< 15;55 55 F25B [23]. !0 @0A?@545;5=85 
7>;L=>AB8 ?> A8AB5<0< ?><>;0 2;8O5B 0=0B><8G5A:>5 AB@>5=85 75@=0: =081>;55 1>30BK 
<8=5@0;L=K<8 25I5AB20<8 0;59@>=>2K9 A;>9 8 ?;>4>2K5 >1>;>G:8 [24, 25]. %;54>20B5;L=>, 
<C:0 A :>=5G=KE @07<>;L=KE A8AB5<, 345 ?@>8AE>48B 8AB8@0=85 =081>;55 B25@4KE G0AB8F, 
B@048F8>==> 8<55B ?>2KH5==CN 7>;L=>ABL. -DD5:B82=0O 384@>B5@<8G5A:0O >1@01>B:0 75@=0 
4>;6=0 A?>A>1AB2>20BL B><C, GB>1K 40==K5 G0AB8FK >B45;O;8AL 2 2845 >B@C159 =0 @0==8E 
AB048OE ?><>;0 (4@0=KE A8AB5<0E), 0 =5 ?5@5<0;K20;8AL 2 <C:C [26, 27]. 

#@>2545==K9 0=0;87 ;8B5@0BC@K 2KO28;, GB>, =5A<>B@O =0 8=B5@5A : ?@>4C:B0< 87 
?@>@>I5==>9 75;5=>9 3@5G8E8, B5E=>;>38G5A:85 0A?5:BK 55 ?5@5@01>B:8, 2 G0AB=>AB8 2;8O=85 
@568<>2 384@>B5@<8G5A:>9 >1@01>B:8 75@=0 =0 :0G5AB2> A>@B>2>9 <C:8, 87CG5=K :@09=5 
=54>AB0B>G=>. "BACBAB2CNB A8AB5<0B8G5A:85 40==K5 > B><, :0: ?0@0<5B@K C2;06=5=8O 8 
>B2>;06820=8O 2;8ONB =0 MDD5:B82=>ABL @0745;5=8O 0=0B><8G5A:8E G0AB59 ?@>@>I5==>3> 
75@=0 2 ?@>F5AA5 ?><>;0 8, :0: A;54AB285, =0 7>;L=>ABL ?>;CG05<KE D@0:F89 <C:8. 
�8?>B570 8AA;54>20=8O 70:;NG05BAO 2 F5;5A>>1@07=>AB8 ?@>2545=8O ?@>F5AA0 

384@>B5@<8G5A:>9 >1@01>B:8 :@C?K 3@5G=52>9 ?@>@>I5==>9 8 87<5=5=8O AB@C:BC@=>-

<5E0=8G5A:8E A2>9AB2 55 0=0B><8G5A:8E G0AB59, GB> ?>72>;8B ?>;CG8BL A>@B>2CN <C:C A 1>;55 
=87:>9 7>;L=>ABLN. 
*5;L 8AA;54>20=8O – 87CG5=85 2;8O=8O @568<>2 384@>B5@<8G5A:>9 >1@01>B:8 =0 

A@54=52725H5==CN 7>;L=>ABL <C:8 8 @0A?@545;5=85 7>;L=>AB8 ?> D@0:F8O< =0 @07;8G=KE 
A8AB5<0E ?><>;0 :@C?K 3@5G=52>9 ?@>@>I5==>9. 
!0CG=0O 7040G0 – >F5=8BL 2;8O=85 @568<>2 384@>B5@<8G5A:>9 >1@01>B:8 =0 A@54=52725H5==CN 

7>;L=>ABL <C:8 8 @0A?@545;5=85 7>;L=>AB8 ?> D@0:F8O< ?@8 @07;8G=KE A8AB5<0E ?><>;0. 



  �еEF=и> ��'&, 2025 № 2(39) 
 

 

 

 

61 

 �&�$���/ �  �&"�/ 

� :0G5AB25 >1J5:B0 8AA;54>20=8O 8A?>;L7>20;0AL :@C?0 3@5G=520O ?@>@>I5==0O 8 ?@>4C:BK 
?><>;0 =0 55 >A=>25. %K@L5 A>>B25BAB2>20;> B@51>20=8O< &' BY 700036448.010-2024 [28]. 

#@8 8AA;54>20=88 A2>9AB2 :@C?K 3@5G=52>9 ?@>@>I5==>9 ?@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 �"%& 13586.3-2015 «�5@=>. #@028;0 ?@85<:8 8 

<5B>4K >B1>@0 ?@>1».  0AA>20O 4>;O 2;038 >?@545;O;0AL <5B>4>< 2KACH820=8O 2 ACH8;L=>< 
H:0DC EM10 ?> �"%& 13586.5-2015 «�5@=>.  5B>4 >?@545;5=8O 2;06=>AB8». -:A?@5AA-0=0;87 
2;06=>AB8, B5<?5@0BC@K :@C?K 3@5G=52>9 ?@>@>I5==>9 2 ?@>F5AA5 8AA;54>20=8O 
:>=B@>;8@>20;8 A ?><>ILN 2;03><5@0 Wile. �>;L=>ABL <C:8 >?@545;O;0AL ?>                          
�"%& 28418-2002 «�5@=> 8 ?@>4C:BK 53> ?5@5@01>B:8. "?@545;5=85 7>;L=>AB8».  
� A>>B25BAB288 A &�# 293-2010 «#@028;0 >@30=870F88 8 2545=8O B5E=>;>38G5A:>3> 

?@>F5AA0 =0 <C:><>;L=KE 702>40E» [29] 1K;0 ?@8<5=5=0 384@>B5@<8G5A:0O >1@01>B:0 :@C?K 
3@5G=52>9 ?@>@>I5==>9 <5B>4>< E>;>4=>3> :>=48F8>=8@>20=8O. )>;>4=>5 
:>=48F8>=8@>20=85 75@=0 – MB> B5E=>;>38G5A:0O >?5@0F8O ?>43>B>2:8 75@=0 ?5@54 ?><>;><. 
� MB>< A;CG05 :@C?0 3@5G=520O ?@>@>I5==0O C2;06=O5BAO 2>4>9 :><=0B=>9 B5<?5@0BC@K 8 
2K45@68205BAO (>B2>;068205BAO) 2 1C=:5@0E 2 B5G5=85 >?@545;5==>3> 2@5<5=8 4;O 87<5=5=8O 
53> AB@C:BC@=>-<5E0=8G5A:8E 8 18>E8<8G5A:8E A2>9AB2. !5>1E>48<>5 :>;8G5AB2> 2>4K 
>?@545;O;8 @0AG5B=K< ?CB5< ?> D>@<C;5 (1): 

 x = m × a2b1002b,  

        (1) 
 

345 x – =5>1E>48<>5 :>;8G5AB2> 2>4K, <;;  
m – :>;8G5AB2> :@C?K (4> C2;06=5=8O), 3; 
a – :>=5G=0O 2;06=>ABL :@C?K, %; 

b – =0G0;L=0O 2;06=>ABL :@C?K, %. 
 

#><>; :@C?K 3@5G=52>9 ?@>@>I5==>9 ?@>2>48;8 =0 ;01>@0B>@=>9 <5;L=8F5 LabMill 
(Chopin Technologies, (@0=F8O) [30]. �A?>;L7>20;0AL B5E=>;>38G5A:0O AE5<0, 2:;NG0NI0O 425 
4@0=K5 A8AB5<K, >4=C H;8D>20;L=CN 8 425 @07<>;L=K5 A8AB5<K (@8AC=>: 1). 

 

 
$<E. 1. %E5<0 ?><>;0 ;01>@0B>@=>9 <5;L=8FK LabMill (Chopin Technologies, (@0=F8O) 

Fig. 1. Grinding scheme of the LabMill laboratory mill (Chopin Technologies, France) 
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#@8 ?@>2545=88 M:A?5@8<5=B0 ?@8<5=O;8 <0B5<0B8G5A:85 <5B>4K <>45;8@>20=8O 8 
>1@01>B:8 M:A?5@8<5=B0;L=KE 40==KE A ?><>ILN ?@>3@0<<=KE ?@8;>65=89 Excel 8                    
Statgraphics 19.  

%@54=55 0@8D<5B8G5A:>5 7=0G5=85 ?@87=0:0 2K1>@:8 (XA@) 2KG8A;O;8 ?> D>@<C;5 (2): 
 

              XA@ =  х1n1+x2n2+...+xкnкn , (2) 

345 x: – 7=0G5=85 ?@87=0:0; 
  n : – :>;8G5AB2> 87<5@5=89.   

 

�K1>@>G=CN 48A?5@A8N (S2) 2KG8A;O;8 ?> D>@<C;5 (3): 
 

1

1

)(
2

2









n

n

i

XE
S

A@i

, 

 

 

 (3) 

 

345 n – :>;8G5AB2> 87<5@5=89; 
 xi – 7=0G5=85 ?@87=0:0; 
XA@ – A@54=55 0@8D<5B8G5A:>5 7=0G5=85 87<5@5=89.  
 

+5< 2KH5 48A?5@A8O, B5< 1>;LH5 @071@>A 87<5@5=89 >B=>A8B5;L=> A@54=53> 7=0G5=8O XA@. 
�K1>@>G=>5 A@54=55 :204@0B8G=>5 >B:;>=5=85 (S) >?@545;O;8 ?> D>@<C;5 (4): 

 

               S =  :S2
, 

(4) 

 

345 S2 – 2K1>@>G=0O 48A?5@A8O. 
"B=>A8B5;L=CN >H81:C 2K1>@:8 (, ?>:070B5;L B>G=>AB8) >?@545;O;8 ?> D>@<C;5 (5): 

 

               =  εХA@ ⋅ 100 , (5) 

345 ε – ?@545;L=0O >H81:0 2K1>@:8; 
XA@ – E0@0:B5@8AB8:0 2K1>@>G=>9 A>2>:C?=>AB8. 

 

#>:070B5;L B>G=>AB8 >B 1 4> 2 % AG8B05BAO >B;8G=K<, >B 3 4> 5 % – E>@>H8<, >B 5 4> 7 % – 
C4>2;5B2>@8B5;L=K< [31]. 

�>MDD8F85=B :>@@5;OF88 (r) ?>:07K205B AB5?5=L AB0B8AB8G5A:>9 7028A8<>AB8 <564C 42C<O 
G8A;>2K<8 ?5@5<5==K<8 8 2KG8A;O5BAO ?> D>@<C;5 (6): 
 

         r = ∑ (xnni=1 2x�) (yn2y�)nSxSy  , (6) 

 

345 n – :>;8G5AB2> =01;N45=89;  
 x – 2E>4=0O ?5@5<5==0O; 
 y – 2KE>4=0O ?5@5<5==0O.  

 

�=0G5=8O :>MDD8F85=B0 :>@@5;OF88 2A5340 @0A?>;>65=K 2 480?07>=5 >B –1 4> +1 8 
8=B5@?@5B8@>20;8AL A>3;0A=> B01;8F5 1. 
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&45?. 1. �=0G5=8O :>MDD8F85=B>2 :>@@5;OF88 

Table 1. Values of correlation coefficients 

�=0G5=85 �;87>: : 1 �;87>: : –1 �;87:85 : 0 

%B5?5=L 
A2O78 

#>;>68B5;L=0O :>@@5;OF8O. 
"B<5G05BAO 2KA>:0O AB5?5=L A2O78 
2E>4=>9 8 2KE>4=>9 ?5@5<5==KE. 

�A;8 7=0G5=8O 2E>4=>9 
?5@5<5==>9 x 1C4CB 2>7@0AB0BL, 
2KE>4=0O ?5@5<5==0O 1C45B 

C25;8G820BLAO 

"B@8F0B5;L=0O 
:>@@5;OF8O. �KA>:0O 
AB5?5=L A2O78. 

#>2545=85 2KE>4=>9 
?5@5<5==>9 1C45B 
?@>B82>?>;>6=K< 
?>2545=8N 2E>4=>9 

%;010O :>@@5;OF8O.  
!87:0O 7028A8<>ABL. 
#>2545=85 2E>4=>9 
?5@5<5==>9 x =5 
1C45B A>2A5< 2;8OBL 
=0 ?>2545=85 y 

 

$0AG5BK, ?>AB@>5=85 3@0D8:>2 8 4803@0<< >ACI5AB2;O;8 A ?><>ILN ?@8;>65=89 Microsoft 

OffiAe 4;O Windows 11. 
 

$��'�0&�&/ � �) "�%'���!�� 

"ACI5AB2;5=> <0B5<0B8G5A:>5 <>45;8@>20=85 ?@>F5AA0 384@>B5@<8G5A:>9 >1@01>B:8 
:@C?K 3@5G=52>9 ?@>@>I5==>9 (40;55 ?> B5:ABC – :@C?0). �E>4=K<8 ?0@0<5B@0<8 ?@>F5AA0 
A;C68;8: 2;06=>ABL :@C?K (W) >B 14 4> 16 % 8 2@5<O >B2>;06820=8O :@C?K (T) >B 2 4> 6 G. 
�KE>4=K< ?0@0<5B@>< O2;O;0AL 7>;L=>ABL <C:8 (Z). $57C;LB0BK ?@54AB02;5=K 2               
B01;8F5 2. 

 
&45?. 2.  0B5<0B8G5A:>5 <>45;8@>20=85 ?@>F5AA0 384@>B5@<8G5A:>9 >1@01>B:8 :@C?K 3@5G=52>9 

?@>@>I5==>9 

Table 2. Mathematical modeling of the hydrothermal processing of sprouted buckwheat groats 

!><5@ 
M:A?5@8<5=B0 �;06=>ABL :@C?K (W), % �@5<O >B2>;06820=8O (T), G �>;L=>ABL <C:8 (Z), % 

1 15,0 4,0 0,37 

2 14,0 2,0 0,35 

3 14,0 6,0 0,63 

4 16,0 2,0 0,44 

5 16,0 6,0 0,33 

6 15,0 1,17157 0,38 

7 15,0 6,82843 0,23 

8 13,5858 4,0 0,42 

9 16,4142 4,0 0,42 

10 15,0 4,0 0,38 

 

�=0;87 40==KE 45<>=AB@8@C5B >BACBAB285 O2=>9 ;8=59=>9 7028A8<>AB8 <564C 2E>4=K<8 
?0@0<5B@0<8 (W, T) 8 2KE>4=K< ?0@0<5B@>< (Z). !0?@8<5@, ?@8 <8=8<0;L=>< 2@5<5=8 
>B2>;06820=88 (2 G) 7>;L=>ABL 20@L8@>20;0AL >B 0,35 % (>?KB 2) 4> 0,44 % (>?KB 4) 2 
7028A8<>AB8 >B 2;06=>AB8. �=0;>38G=>, ?@8 <0:A8<0;L=>< 2@5<5=8 (6 G) 7=0G5=8O 7>;L=>AB8 
A>AB028;8 0,63 % (>?KB 3) 8 0,33 % (>?KB 5). -B> C:07K205B =0 A;>6=K9, 25@>OB=>, 
M:AB@5<0;L=K9 E0@0:B5@ 2;8O=8O D0:B>@>2 8 =0;8G85 2708<>459AB28O <564C =8<8, GB> 
B@51C5B ?@8<5=5=8O @53@5AA8>==>3> 0=0;870 4;O ?>AB@>5=8O 045:20B=>9 <>45;8. �;O >F5=:8 
AB0B8AB8G5A:>9 7=0G8<>AB8 2;8O=8O D0:B>@>2 1K;0 ?>AB@>5=0 :0@B0 #0@5B>. 
!0 @8AC=:5 2 ?@54AB02;5=0 :0@B0 #0@5B> ?> 2KE>4=><C ?0@0<5B@C «7>;L=>ABL <C:8». 
�=0;87 4803@0<<K #0@5B> ?>4B25@48;, GB> =8 >48= 87 8AA;54C5<KE D0:B>@>2 (2;06=>ABL 

75@=0 W 8 2@5<O >B2>;06820=8O T), 0 B0:65 8E 2708<>459AB285 (WT) =5 ?@52KH05B 3@0=8FK 
AB0B8AB8G5A:>9 7=0G8<>AB8 ?@8 2K1@0==>< C@>2=5 7=0G8<>AB8 (p<0,05). -B> >7=0G05B, GB> 2 
@0<:0E 87CG5==KE 8=B5@20;>2 20@L8@>20=8O (W=14–16 %, T = 2–6 G) 87<5=5=85 2;06=>AB8 8 
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2@5<5=8 >B2>;06820=8O =5 ?@82>48B : AB0B8AB8G5A:8 4>AB>25@=><C A8AB5<0B8G5A:><C 
87<5=5=8N A@54=52725H5==>9 7>;L=>AB8 <C:8. �;NG520O F5;L 384@>B5@<8G5A:>9 >1@01>B:8 
– 87<5=5=85 8AE>4=KE AB@C:BC@=>-<5E0=8G5A:8E, D878:>-E8<8G5A:8E, B5E=>;>38G5A:8E 8 
18>E8<8G5A:8E A2>9AB2 75@=0. �0==>5 O2;5=85 >1CA;>2;5=> =01CE0=85< 15;:>2, G0AB8G=K< 
384@>;87>< C3;52>4>2 8 15;:>2 2A;54AB285 0:B820F88 D5@<5=B=>3> :><?;5:A0, @07@CH5=85< 
8AE>4=>9 ?;>B=>9 AB@C:BC@K M=4>A?5@<0, ?@82>4OI8< : <8:@>B@5I8=0<. � ?@>@>I5==>< 
75@=5 MB8 3;C1>:85 AB@C:BC@=K5 8 18>E8<8G5A:85 ?@5>1@07>20=8O C65 ?@>87>H;8 
5AB5AB25==K< ?CB5< 2 E>45 ?@>@0I820=8O, GB> ?>4B25@6405BAO 8AA;54>20=8O<8 [32, 33]. 

%;54>20B5;L=>, 384@>B5@<8G5A:0O >1@01>B:0 4;O B0:>3> AK@LO =5 O2;O5BAO F5;5A>>1@07=>9.  

 
$<E. 2. �0@B0 #0@5B> ?> 2KE>4=><C ?0@0<5B@C «7>;L=>ABL <C:8» 

Fig. 2. Pareto map for the output parameter «flour ash content» 
 

�06=K< B5E=>;>38G5A:8< 0A?5:B>< O2;O5BAO 87<5=5=85 2;06=>AB8 =0 @07=KE MB0?0E 
?5@5@01>B:8. �AE>4=0O 2;06=>ABL 75@=0 ?5@54 ?><>;>< >B;8G05BAO >B :>=5G=>9 2;06=>AB8 
?@>4C:B>2, GB> >1CA;>2;5=> B5@<>48=0<8G5A:8<8 ?@>F5AA0<8 8 <5E0=8G5A:8< 2>7459AB285< 
2> 2@5<O 4@>1;5=8O 8 87<5;LG5=8O, 254CI8<8 : 5AB5AB25==K< ?>B5@O< 2;038. !0 @8AC=:5 3 
?@54AB02;5=0 D0:B8G5A:0O 2;06=>ABL :@C?K ?5@54 ?><>;>< 8 2;06=>ABL :>=5G=KE ?@>4C:B>2. 
�;06=>ABL <C:8 8 >B@C159 ?>A;5 ?><>;0 2 A@54=5< =0 0,4–0,5 % =865 8AE>4=>9 2;06=>AB8 

75@=0, GB> >1CA;>2;5=> B5E=>;>38G5A:8<8 ?>B5@O<8 2;038 2 ?@>F5AA5 ?><>;0. !081>;LH55 
A=865=85 2;06=>AB8 (4> 1,0 %) =01;N405BAO ?@8 2KA>:>9 8AE>4=>9 2;06=>AB8 75@=0 (A2KH5 
15,8 %) 8 =081>;LH5< 2@5<5=8 >B2>;06820=8O (6 G). �A:;NG5=85< O2;O5BAO M:A?5@8<5=B          
№ 8, 345 2;06=>ABL 75@=0 8 <C:8 >AB0;0AL =587<5==>9 (13,8 %), >4=0:> 2;06=>ABL >B@C159 
O2;O;0AL =87:>9 (12, 3 %). &0:8< >1@07><, ?@54AB02;5==K5 40==K5 ?>4B25@640NB CAB>9G82CN 
B5=45=F8N A=865=8O 2;06=>AB8 ?@>4C:B>2 =0 7025@H0NI59 AB0488 ?5@5@01>B:8 75@=0. 
%;54CNI8< MB0?>< @01>BK O2;O;>AL >?@545;5=85 7>;L=>AB8 <C:8, ?>;CG5==>9 A 

@07;8G=KE A8AB5< ?><>;0 87 :@C?K ?>A;5 55 C2;06=5=8O (384@>B5@<8G5A:>9 >1@01>B:8)             
(B01;8F0 3). 

�=0;87 40==KE B01;8FK 3 2KO28; G5B:CN 70:>=><5@=>ABL 2 @0A?@545;5=88 7>;L=>AB8 ?> 
A8AB5<0< ?><>;0. !081>;LH0O 7>;L=>ABL E0@0:B5@=0 4;O ?@>4C:B>2 2-9 @07<>;L=>9 A8AB5<K, 
345 7=0G5=8O AB018;L=> ?@52KH0NB 1,0 % 2 1>;LH8=AB25 M:A?5@8<5=B>2 (<0:A8<C< 1,43 % 2 
>?KB5 8). -B> >68405<>, B0: :0: =0 7025@H0NI8E AB048OE ?><>;0 ?@>8AE>48B 8AB8@0=85 
=081>;55 1>30BKE <8=5@0;L=K<8 25I5AB20<8 0;59@>=>2>3> A;>O 8 >1>;>G5:, :>B>@K5 
>1;040NB 2KA>:>9 B25@4>ABLN.  C:0 A 1-9 4@0=>9 A8AB5<K B0:65 8<55B ?>2KH5==CN 

0 0,5 1 1,5 2 2,5 3

A:T

AA

B:W

BB

AB
+

-
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7>;L=>ABL (0,40±0,17) % ?> A@02=5=8N A <C:>9 A> 2-9 4@0=>9 8 H;8D>20;L=>9 A8AB5<. 
!08<5=LH0O 7>;L=>ABL =01;N405BAO 2 ?@>4C:B0E, ?>;CG5==KE =0 1 H;8D>20;L=>9 A8AB5<5 
(0,27±0,12) %, GB> C:07K205B =0 ?>;CG5=85 745AL =081>;55 G8AB>3> M=4>A?5@<0.  

 

 
$<E. 3. (0:B8G5A:0O 2;06=>ABL :@C?K ?5@54 ?><>;>< 8 2;06=>ABL :>=5G=KE ?@>4C:B>2 

Fig. 3. Actual moisture content of cereals before grinding and the moisture content of the final products  

 
&45?. 3. �;8O=85 384@>B5@<8G5A:>9 >1@01>B:8 =0 7>;L=>ABL <C:8 87 :@C?K 3@5G=52>9 ?@>@>I5==>9 

A @07;8G=KE A8AB5< ?><>;0 

Table 3. Effect of hydrothermal treatment on the ash content of flour from sprouted buckwheat groats with 

different milling systems  

�>;L=>ABL <C:8, % 
!><5@ M:A?5@8<5=B0 %@54=55 

7=0G5=85 1 2 3 4 5 6 7 8 9 10 

1 4@0=0O A8AB5<0 0,22 0,57 0,69 0,54 0,22 0,43 0,23 0,44 0,40 0,24 0,40±0,17 
2 4@0=0O A8AB5<0 0,11 0,12 0,77 0,32 0,39 0,33 0,21 0,19 0,57 0,12 0,31±0,22 
1 H;8D>20;L=0O 

A8AB5<0 0,46 0,12 0,33 0,33 0,22 0,22 0,11 0,22 0,24 0,45 0,27±0,12 

1 @07<>;L=0O 
A8AB5<0 0,35 0,46 0,69 0,43 0,40 0,43 0,22 0,60 0,47 0,36 0,44±0,13 

2 @07<>;L=0O 
A8AB5<0 1,37 1,26 1,27 0,91 0,96 1,08 1,08 1,43 1,09 1,32 1,18±0,18 

%@54=52725H5==0O 
7>;L=>ABL <C:8, % 

0,37 0,35 0,63 0,44 0,33 0,38 0,23 0,42 0,42 0,38 0,40±0,10 

 

�=0;87 B5E=>;>38G5A:>9 AE5<K ?><>;0, ?@54AB02;5==>9 =0 @8AC=:5 1, ?>:07K205B, GB> 
?><8<> A>@B>2>9 <C:8 4@C38< F5;52K< ?@>4C:B>< ?5@5@01>B:8 O2;ONBAO >B@C18. �E 
872;5G5=85 87 B5E=>;>38G5A:>3> ?>B>:0 >@30=87>20=> =0 =5A:>;L:8E AB048OE ?@>F5AA0: ?>A;5 
2-9 4@0=>9 A8AB5<K, 1-9 H;8D>20;L=>9 A8AB5<K 8 2-9 @07<>;L=>9 A8AB5<K. #>;CG05<K5 
>B@C18 E0@0:B5@87CNBAO ?>2KH5==>9 18>;>38G5A:>9 F5==>ABLN ?> A@02=5=8N A >B@C1O<8 87 
=5?@>@>I5==>3> 75@=0, ?>A:>;L:C 2 =8E 0:B82878@CNBAO D5@<5=B0B82=K5 ?@>F5AAK 8 
C25;8G8205BAO 4>ABC?=>ABL ?8B0B5;L=KE 25I5AB2 [33]. � B01;8F5 4 ?@54AB02;5=K 40==K5 > 
7>;L=>AB8 >B@C159, ?>;CG5==KE =0 @07;8G=KE MB0?0E B5E=>;>38G5A:>3> ?@>F5AA0 ?><>;0. 
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&45?. 4. �>;L=>ABL >B@C159 87 :@C?K 3@5G=52>9 ?@>@>I5==>9 A @07;8G=KE A8AB5< ?><>;0 
Table 4. Ash content of bran from sprouted buckwheat groats with different milling systems 

�>;L=>ABL 
>B@C159, % 

!><5@ M:A?5@8<5=B0 %@54=55 
7=0G5=85 1 2 3 4 5 6 7 8 9 10 

2 4@0=0O A8AB5<0 7,15 7,72 7,37 6,90 7,26 6,85 8,10 7,90 8,02 7,10 7,44±0,46 
1 H;8D>20;L=0O 

A8AB5<0 7,02 6,86 6,25 6,88 6,54 6,78 7,00 6,60 6,52 6,71 6,72±0,24 

2 @07<>;L=0O 
A8AB5<0 6,30 7,25 6,34 6,40 6,60 7,20 6,93 7,25 6,15 6,83 6,73±0,42 

%@54=52725H5==
0O 7>;L=>ABL 
>B@C159, % 

6,84 6,67 6,53 6,77 6,75 6,92 7,25 7,10 6,92 6,85 6,86±0,21 

 

!081>;LH0O 7>;L=>ABL >B@C159 (7,44±0,46) % >B<5G05BAO =0 2-9 4@0=>9 A8AB5<5, GB> =0 
0,71–0,72 % ?@52KH05B ?>:070B5;8 4@C38E A8AB5<. -B> >1JOA=O5BAO B5E=>;>38G5A:8<8 
>A>15==>ABO<8 ?@>F5AA0, 2 G0AB=>AB8, E>@>H8< C2;06=5=85< >1>;>G5: :@C?K, :>B>@>5 
A?>A>1AB2>20;> 1>;55 MDD5:B82=><C >B45;5=8N 0;59@>=>2>3> A;>O 8 ?;>4>2KE >1>;>G5: =0 
=0G0;L=>< MB0?5 ?><>;0. !08<5=LH55 7=0G5=85 7>;L=>AB8 (6,72±0,24) % =01;N405BAO =0 1-9 
H;8D>2>G=>9 A8AB5<5.  

 

����2+�!�� 
�?5@2K5 CAB0=>2;5=>, GB> 20@L8@>20=85 ?0@0<5B@>2 384@>B5@<8G5A:>9 >1@01>B:8 

(2;06=>ABL :@C?K 3@5G=52>9 ?@>@>I5==>9 2 480?07>=5 14–16 % 8 2@5<O >B2>;06820=8O >B 2 
4> 6 G0A>2) =5 >:07K205B AB0B8AB8G5A:8 7=0G8<>3> 2;8O=8O =0 A@54=52725H5==CN 7>;L=>ABL 
A>@B>2>9 <C:8 87 :@C?K 3@5G=52>9 ?@>@>I5==>9. %B0B8AB8G5A:89 0=0;87 (:0@B0 #0@5B>) 
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