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THE USE OF SUNFLOWER OIL, ENCAPSULATED IN A PROTEIN-

POLYSACCHARIDE COATING, IN GLUTEN-FREE MUFFIN TECHNOLOGY 

�. S. N4v4zhylava, I. A. Mashkova, V. �. Vaskina, A. L. Chalnakova 

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

ABSTRACT 
Introduction. The aim of the research is to develop the technology of gluten-free muffin using sunflower oil. 

There are known methods for forming the consumer properties of such products through the use of emulsifying 

gels based on liquid vegetable oils, encapsulated in protein-polysaccharide coatings. However, there is 

insufficient scientific knowledge regarding the technological properties of protein-polysaccharide mixtures for 
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forming coatings in the case of encapsulating liquid vegetable oils within the structure of the muffin, which 

has defined the overall scientific objective of the study.  

Materials and methods. The objects of the study are the muffins made from buckwheat using a technology 

of leavening agents and sunflower oil encapsulated in a protein-polysaccharide mixture. Commonly accepted 

and specialized methods were used to investigate the properties of raw materials, semi-finished products and 

flour confectionery. 

Results. The technological properties of protein-polysaccharide mixtures, including whey protein concentrate 

and three-component complexes from various combinations of polysaccharides, were studied. An optimal 

composition of protein-polysaccharide mixture was identified, possessing a water-holding capacity of                 

5.81 g/g, a fat-holding capacity of 0.68 g/g, a foaming capacity of 582 %, and an emulsifying capacity of 

100%. Using this mixture, sunflower oil was encapsulated within the structure of an emulsifying gel for gluten-

free muffin. Changes in the technological modes for producing buckwheat flour muffin batter were identified 

when incorporating encapsulated sunflower oil. According to quality indicators, the gluten-free muffin met the 

requirements of the current standard and had an improved nutritional value.  

Conclusion. The technological properties of the protein-polysaccharide mixture, which includes whey protein 

concentrate and a three-component polysaccharide complex made from agar, carboxymethylcellulose, and 

pectin enabled the encapsulation of sunflower oil within the structure of gluten-free buckwheat flour muffin 

and formed the necessary consumer properties of the final product. 

�EY WORDS: gluten-free cake; sunflower oil; buckwheat flour; protein-polysaccharide mixture; 

encapsulation; emulsion gel. 
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"1J5:B0<8 8AA;54>20=8O O2;O;8AL :5:AK 1573;NB5=>2K5 ?> %&� 2265 87 3@5G=52>9 <C:8, 
873>B>2;5==K5 A ?@8<5=5=85< ?>4A>;=5G=>3> <0A;0, 8=:0?AC;8@>20==>3> 2 >1>;>G:8 87 
15;:>2>-?>;8A0E0@84=KE A<5A59, ?> B5E=>;>388 =0 E8<8G5A:8E @07@KE;8B5;OE. � :0G5AB25 
:>=B@>;O @0AA<0B@820;8AL :5:AK ?> �"%& 15052 87 ?H5=8G=>9 <C:8.  
�;O 873>B>2;5=8O :5:A>2 ?@8<5=O;8 ?8I52>5 AK@L5 15;>@CAA:8E 8 @>AA89A:8E 

?@>872>48B5;59: <C:C ?H5=8G=CN 2KAH53> A>@B0  54-28 ?> %&� 1666 >B                                          
"�" «�840E;51>?@>4C:B», <C:C 3@5G=52CN «(5@<5@» ?> &' �Y 19061456.001-2015 >B          
""" «�5@B0;%5@28A», A0E0@ 15;K9 ?> �"%& 33222 >B "�" «%;CF:89 A0E0@>@0D8=04=K9 
:><18=0B», <0A;> A;82>G=>5 ?> %&� 1890 >B "�" «�01CH:8=0 :@K=:0», <0A;> ?>4A>;=5G=>5 
@0D8=8@>20==>5 ?> %&� 1129 >B "�" « 8=A:89 <0@30@8=>2K9 702>4», O9F0 :C@8=K5 
?8I52K5 ?> %&� 254 >B "�" «�3@>:><18=0B �75@68=A:89», 2>4C ?8BL52CN ?> %0=#8!          
10-124, A>;L ?>20@5==CN ?8I52CN ?> &' $� 101191824.6.035 (�"%& 13830) >B                               
"�" « >7K@LA>;L», @07@KE;8B5;L 0<<>=89 C3;5:8A;K9 ?> �"%& 9325 >B "�" «�5;E8<», 
0@><0B870B>@ 20=8;8= ?> &' BY 192340348.003 >B """ «�C@<8=0-#$"». � A>AB025 �#% 
8A?>;L7>20;8 :>=F5=B@0B AK2>@>B>G=K9 15;:>2K9 80 % ?> &' BY 100377914.550 >B                  
"�" « >;>G=K9 <8@», :0@1>:A8<5B8;F5;;N;>7K =0B@852CN A>;L >B """ &� «�01>@0B>@=>5 
>A=0I5=85», F5;;N;>7C <8:@>:@8AB0;;8G5A:CN >B ��" «-20;0@», ?5:B8= O1;>G=K9 1 A>@B0 
?> �"%& 29186 8 030@ 2KAH53> A>@B0 ?> �"%& 16280 >B �" �><?0=8O «#@>:A8<0».  
�>4>C45@6820NICN, 68@>C45@6820NICN 8 M<C;L38@CNICN A?>A>1=>AB8 8AA;54C5<KE 

15;:>2>-?>;8A0E0@84=KE A<5A59 >?@545;O;8 >1I5?@8=OBK<8 <5B>40<8, >A=>20==K<8 =0 
F5=B@8DC38@>20=88 ACA?5=789 8 M<C;LA89 ?@8 1500 <8=-1 2 B5G5=85 15 <8= 8 ?@>F5=B=>< 
8AG8A;5=88 A>45@60=8O 68@>2>9, 2>4=>9 8 B25@4>9 D07 ?>A;5 F5=B@8DC38@>20=8O. �;O 
0=0;870 ?5=>>1@07CNI59 A?>A>1=>AB8 �#% A<5H820;8 A 2>4>9, 2K45@6820;8 2 B5G5=85                 
40 <8= ?@8 B5<?5@0BC@5 (60±5) >% 8 271820;8 (1000 <8=-1) 4> ?>;CG5=8O CAB>9G82>9 ?5=K. 
#5=>>1@07CNICN A?>A>1=>ABL 2K@060;8 :0: >B=>H5=85 ?@8@>AB0 >1J5<0 ?5=K : =0G0;L=><C 
>1J5<C 2>4=>9 A<5A8 (2 ?@>F5=B0E) [42]. 
�;O 8AA;54>20=8O AB@C:BC@K ?5= 8 M<C;LA89 8A?>;L7>20;8 <8:@>A:>? �;LB0<8 B8? «��"-4» 

A F8D@>2>9 :0<5@>9 �;LB0<8 U%MOS05100KPA 8 ?@>3@0<<=K< >15A?5G5=85< Altami Studio. 

�5:A>2>5 B5AB> A<5H820;8 ;01>@0B>@=K< <8:A5@><, D>@<>20;8 2 A8;8:>=>2K5 D>@<K, 
2K?5:0;8 2 ;01>@0B>@=>9 ?5G8 Wiesheu MINIMAT. �;06=>ABL B5AB0 :>=B@>;8@>20;8 

https://bgp.by/ru/slutsk-sakharorafinadny-zavod-ru/
https://bgp.by/ru/slutsk-sakharorafinadny-zavod-ru/
http://entero.ru/item/43985
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M:A?@5AA-<5B>4>< =0 ?@81>@5 �+4. "@30=>;5?B8G5A:85 ?>:070B5;8 :5:A>2 CAB0=02;820;8 ?> 
�"%& 5897, A5=A>@=CN >F5=:C ?@>2>48;8 ?> 3-10;;L=>9 H:0;5 (3 – E>@>H>, 2 – 
C4>2;5B2>@8B5;L=>, 1 ‒ =5C4>2;5B2>@8B5;L=>) A CG0AB85< 10 453CAB0B>@>2.  0AA>2CN 4>;N 
2;038 :5:A>2 >?@545;O;8 ?> �"%& 5900 2KACH820=85< 2 ACH8;L=>< H:0DC, I5;>G=>ABL – ?> 
�"%& 5898, ?;>B=>ABL – >1J5<=>-25A>2K< <5B>4><, >A=>20==>< =0 87<5@5=88 <0AAK 3>B>2KE 
8745;89 8 >1J5<0, 8<8 2KB5A=O5<>3> 87 5<:>AB8 A AK?CG8< =0?>;=8B5;5<; <0AA>2CN 4>;N 
A0E0@0, 68@0 8 ?8I52CN F5==>ABL 8745;89 – @0AG5B=K<8 <5B>40<85. % ?><>ILN 0=0;870B>@0 
B5:ABC@K %&3-4500 Brookfield CAB0=02;820;8 043578>==>5 =0?@O65=85 B5AB06 8 8=45:A 
B25@4>AB8 3>B>2KE 8745;89 [43].  

 

$��'�0&�&/ � �) "�%'���!�� 

#@8 ?>;CG5=88 1573;NB5=>2>3> :5:A0 =0 E8<8G5A:8E @07@KE;8B5;OE 8A?>;L7>20;8 
M<C;LA8>==K9 35;L =0 >A=>25 8=:0?AC;8@>20==>3> ?>4A>;=5G=>3> <0A;0 2 >1>;>G:0E 87 
15;:>2>-?>;8A0E0@84=KE A<5A59 (40;55 – �#%).  
�=0G0;5 87CG0;8 DC=:F8>=0;L=K5 A2>9AB20 �#%. �;O MB>3> 2 A>AB02 �#% 2=>A8;8 

15;:>2K9 :><?>=5=B – :>=F5=B@0B AK2>@>B>G=K9 15;:>2K9 (40;55 – �%�-80), 0 B0:65 
?>;8A0E0@84K – 030@ (A), :0@1>:A8<5B8;F5;;N;>7C (K), <8:@>:@8AB0;;8G5A:CN F5;;N;>7C 
( ), O1;>G=K9 ?5:B8= (P). � B5E=>;>388 >;5>35;8@>20==8O 8 8=:0?AC;8@>20=8O 684:8E <0A5; 
?@54?>GB5=85 >B405BAO 42>9=K< 8;8 B@>9=K< :><18=0F8O< ?8I52KE ?>;8<5@>2, :>B>@K5 
?@>O2;ONB MDD5:B A8=5@387<0 [3, 29, 30, 33]. #>MB><C 87 2KH5?5@5G8A;5==KE ?>;8A0E0@84>2 
1K;8 A>740=K G5BK@5 B@5E:><?>=5=B=KE :><?;5:A0: 1 – (A+�+ ); 2 – (A+�+P); 3 – (A+ +P) 
8 4 – (�+ +P). %>740=85 ?>4>1=KE :><?;5:A>2 >?8A0=> 2 @01>B0E [2, 3, 37‒41], => A 4@C38<8 
:><18=0F8O<8 ?>;8A0E0@84>2 8 4;O 4@C38E 48A?5@A=KE A8AB5<. � :0G5AB25 :>=B@>;O 
@0AA<0B@820;8 12 % 2>4=CN ACA?5=78N �%�-80 157 2=5A5=8O ?>;8A0E0@84>2. �K1>@ �%�-80 

2 :0G5AB25 15;:>2>A>45@60I53> AK@LO 1K; =0<8 >1>A=>20= 2 @57C;LB0B5 @0=55 ?@>2545==KE 
8AA;54>20=89 [44]. 
-:A?5@8<5=B0;L=K5 40==K5 > 2;8O=88 =>2KE ?>;8A0E0@84=KE :><?;5:A>2 =0 

B5E=>;>38G5A:85 A2>9AB20 �#% ?@54AB02;5=K =0 @8AC=:0E 1‒3. 
 

  

$<E. 1. �>4>- 8 68@>C45@6820NI85 A2>9AB20 15;:>2>-?>;8A0E0@84=KE A<5A59 

Fig. 1. Water- and fat-retaining properties of protein-polysaccharide mixtures 

 

�7 @8AC=:0 1 284=>, GB> 87CG05<K5 :><?;5:AK ?> 2;8O=8N =0 2>4>C45@6820NICN 
A?>A>1=>ABL �#% <>6=> 2KAB@>8BL 2 @O4: 2 – (�+�+$) > 3 – (�+ +$) > 4 – (�+ +$) > 1 – 
(�+�+ ). #> 68@>C45@6820NI59 A?>A>1=>AB8 87CG05<K5 �#% >B;8G0;8AL =57=0G8B5;L=>, ?@8 
MB>< 1>;55 2KA>:>5 7=0G5=85 >B<5G5=> ?@8 8A?>;L7>20=88 ?>;8A0E0@84=KE :><?;5:A>2 1, 2, 3. 
                                                           

4 ";59=8:>20, �. /. #@0:B8:C< ?> B5E=>;>388 :>=48B5@A:8E 8745;89: CG51=>5 ?>A>185 4;O 2C7>2 /                          
�. /. ";59=8:>20, �. ".  03><54>2, &. !.  8@>H=8:>20. – %#1.: ��"$�, 2005. – 480 A. 

5 &5E=>;>38O 8 >1>@C4>20=85 4;O ?@>872>4AB20 <CG=KE :>=48B5@A:8E 8745;89: ?>A>185 / �. �. ,0@HC=>2,           
�. �. �0AL:8=0, �. �.  0H:>20 [8 4@.]. –  8=A::  8A0=B0, 2015. – 991 A. – %. 914‒915; 952‒962; 964‒970. 

6  0:A8<>2, �. %. $5>;>38O ?8I52KE ?@>4C:B>2: ;01>@0B>@=K9 ?@0:B8:C< / �. %.  0:A8<>2, �. /. +5@=KE. – 
%#1.: ��"$�, 2006. – 176 A. 
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$<E. 2. #5=>>1@07CNI0O A?>A>1=>ABL 15;:>2>-?>;8A0E0@84=KE A<5A59 

Fig. 2. Foaming capacity of protein-polysaccharide mixtures 

 

�0: 284=> 87 @8AC=:0 2, 87CG05<K5 ?>;8A0E0@84=K5 :><?;5:AK ?> 8E 2;8O=8N =0 
?5=>>1@07CNICN A?>A>1=>ABL �#% <>6=> @0A?>;>68BL 2 B0:>9 65 ?>A;54>20B5;L=>AB8, :0: 
8 4;O 2>4>C45@6820NI59 A?>A>1=>AB8: 2 – (�+�+$) = 3 – (�+ +$) > 4 – (�+ +$) > 1 – 
(�+�+ ). %;54C5B >B<5B8BL, GB> ?>;8A0E0@84=K9 :><?;5:A 2 – (�+�+$) 2 A>AB025 �#% 
D>@<8@>20; ?5==CN <0AAC =5 B>;L:> A 2KA>:>9 ?5=>>1@07CNI59 A?>A>1=>ABLN, => 8 
AB>9:>ABLN ?5=K 2> 2@5<5=8. 
#> 2;8O=8N =0 M<C;L38@CNI85 A2>9AB20 �#% (@8AC=>: 3) ?>;8A0E0@84=K5 :><?;5:AK 

<>6=> ?@54AB028BL 2 2845 @O40: 2 – (�+�+$) = 3 – (�+ +$) > 4 – (�+ +$) > 1 – (�+�+ ). 
�KO2;5=>, GB> ?>;8A0E0@84=K5 :><?;5:AK 2 8 3, 2:;NG0NI85 030@, ?5:B8= 8 � * (8;8 
 �*), 2 A>AB025 �#% >15A?5G820;8 ?>;CG5=85 M<C;LA89 A> 100 %-9 AB>9:>ABLN.  
#>;CG5==K5 @57C;LB0BK E>@>H> A>>B=>AOBAO A 40==K<8 ?> ?5=>>1@07CNI8< 8 

M<C;L38@CNI8< A2>9AB20< �#% A 4@C38< 15;:>2K< 8 ?>;8A0E0@84=K< A>AB02>< [39, 40].  
 

 

$<E. 3. -<C;L38@CNI0O A?>A>1=>ABL 15;:>2>-?>;8A0E0@84=KE A<5A59 

Fig. 3. Emulsifying capacity of protein-polysaccharide mixtures 

 

&0:8< >1@07><, =0 >A=>20=88 ?@>2545==KE 8AA;54>20=89 A>740=0 =>20O 15;:>2>-
?>;8A0E0@84=0O A<5AL =0 >A=>25 <5AB=>3> 8 @538>=0;L=>3> AK@LO – :>=F5=B@0B0 
AK2>@>B>G=>3> 15;:0 �%�-80 8 ?>;8A0E0@84=>3> :><?;5:A0 2 – (�+�+$). -BC �#% 
8A?>;L7>20;8 2 @5F5?BC@5 :5:A0 270<5= :C@8=KE O8F. !0 @8AC=:5 4 ?>:070=0 <8:@>AB@C:BC@0 
48A?5@A=KE A8AB5< (?5=K 8 M<C;LA88) =0 >A=>25 2K1@0==>9 �#%.  
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4 – ?5=0  5 – M<C;LA8O A ?>4A>;=5G=K< <0A;><  

$<E. 4.  8:@>AB@C:BC@0 48A?5@A=KE A8AB5< =0 >A=>25 15;:>2>-?>;8A0E0@84=KE A<5A59 (C25;8G5=85  
2 200 @07) 

Fig. 4. Microstructure of dispersed systems based on protein-polysaccharide mixtures (magnification 200 

times) 

 

!0 @8AC=:5 4 (0) 2 A>AB025 ?5=K 284=K ?C7K@L:8 2>74CE0 @07<5@0<8 >B 10 4> 100 <:<, 
@0A?@545;5==K5 2 15;:>2>-?>;8A0E0@84=>< 35;5, :>B>@K9 70<54;O; 8E A;8O=85 
(:>0;5AF5=F8N). "1J5<=0O :>=F5=B@0F8O 2>74CE0 2 ?5=5 A>AB028;0 >:>;> 55 %, GB> E>@>H> 
A>>B=>A8BAO A @57C;LB0B0<8 >?@545;5=8O ?5=>>1@07CNI59 A?>A>1=>AB8 �#% (@8AC=>: 2).  
#> @8AC=:C 4 (1) <>6=> =01;N40BL, GB> 48A?5@A=CN D07C M<C;LA88 A>AB02;O;8 =5 B>;L:> 

?C7K@L:8 2>74CE0 @07=KE @07<5@>2, => 8 :0?;8 ?>4A>;=5G=>3> <0A;0 480<5B@>< 6‒10 <:<, 
70:;NG5==K5 2 15;:>2>-?>;8A0E0@84=K5 >1>;>G:8 8 @02=><5@=> @0A?@545;5==K5 2 15;:>2>-
?>;8A0E0@84=>< 35;5. "1J5<=0O :>=F5=B@0F8O 2>74CE0 2 M<C;LA88 A>E@0=O;0AL =0 C@>2=5             
50 %, GB> ?>;>68B5;L=> >B@078;>AL =0 AB@C:BC@5 8 ?;>B=>AB8 1C4CI8E 8745;89.  
% ?@8<5=5=85< ?>4A>;=5G=>3> <0A;0, 8=:0?AC;8@>20==>3> 2 >1>;>G:8 87 �#%, 

2:;NG0NI59 �%�-80 8 ?>;8A0E0@84=K9 :><?;5:A 2 – (�+�+$), 3>B>28;8 M:A?5@8<5=B0;L=K5 
>1@07FK :5:A>2 =0 E8<8G5A:8E @07@KE;8B5;OE. &5AB> 4;O >1@07F0 1 70<5H820;8 =0 ?H5=8G=>9 
<C:5, 0 4;O >1@07F0 2 – =0 3@5G=52>9 <C:5. "?KB 8A?>;L7>20=8O 3@5G=52>9 <C:8 2 :>;8G5AB25 
>B 5 4> 100 % 270<5= ?H5=8G=>9, >?8A0==K9 2 ;8B5@0BC@5 [12, 15, 26], ?>72>;O; C;CGH8BL 
?8I52CN F5==>ABL :5:A>2 =0 B25@4KE 68@0E.  
� :0G5AB25 :>=B@>;O 8A?>;L7>20;8 >1@075F, 873>B>2;5==K9 ?> @5F5?BC@5 8 B5E=>;>388 

:5:A0 «%B>;8G=K9»7 87 ?H5=8G=>9 <C:8 2KAH53> A>@B0, =0 A;82>G=>< <0A;5. �0<5=C 
A;82>G=>3> <0A;0 =0 ?>4A>;=5G=>5 ?@>2>48;8, A>E@0=OO <0AA>2CN 4>;N 68@0.  
$57C;LB0BK 8AA;54>20=8O, >B@060NI85 87<5=5=85 B5E=>;>38G5A:8E @568<>2 873>B>2;5=8O 

M:A?5@8<5=B0;L=KE >1@07F>2 :5:A>2 2 A@02=5=88 A :>=B@>;5<, ?>:070=K 2 B01;8F5 1. �0: 
284=>, 8A?>;L7>20=85 �#% ?@825;> : C42>5=8N >1I59 ?@>4>;68B5;L=>AB8 ?@83>B>2;5=8O 
B5AB0 8 2<5AB5 A B5< : ?>2KH5=8N 53> B5<?5@0BC@K =0 5‒8 >%, : A=865=8N 043578>==>3> 
=0?@O65=8O B5AB0 87 ?H5=8G=>9 <C:8 2 1,7 @070, 87 3@5G=52>9 – 2 2,0 @070, GB> ?>;>68B5;L=> 
A:070;>AL ?@8 D>@<>20=88 8745;89. &5E=>;>38G5A:85 @568<K 2K?5G:8 2 M:A?5@8<5=B0;L=KE 
>1@07F0E 8745;89 >AB0;8AL 157 87<5=5=89, GB>, 25@>OB=>, >1CA;>2;5=> =5 AB>;L:> 2;8O=85< 
68@0 8 �#% [30, 39, 40], :0: 4><8=8@>20=85< 2>74CH=>9 D07K 2 :5:A>2>< B5AB5. #>A:>;L:C 
B5<?5@0BC@0 <O:8H0 :5:A>2 2 :>=F5 2K?5G:8 A>AB02;O;0 100‒101 >%, B> 87<5=5=8O 
68@=>:8A;>B=>3> A>AB020 ?>4A>;=5G=>3> <0A;0 1K;8 =5ACI5AB25==K<8 [45]. 

 

                                                           
7 �C7=5F>20, �. %. &5E=>;>38O ?@>872>4AB20 <CG=KE :>=48B5@A:8E 8745;89 / �. %. �C7=5F>20,                           

 . .. %840=>20. – 6-5 874., 8A?@. –  .: �740B5;LA:89 F5=B@ «�:045<8O», 2013. – 400 A.– %.74. 
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&45?. 1. &5E=>;>38G5A:85 @568<K ?>;CG5=8O :5:A>2 =0 E8<8G5A:8E @07@KE;8B5;OE 

Table 1. Technological modes for obtaining muffins using chemical leavening agents 

&5E=>;>38G5A:85 @568<K �>=B@>;L "1@075F 1 "1@075F 2 
&5<?5@0BC@0 B5AB0, >% 20±1 25±2 26±1 

�;06=>ABL B5AB0, % 23,0±0,2 22,9±0,2 21,0±0,2 

"1I0O ?@>4>;68B5;L=>ABL ?@83>B>2;5=8O B5AB0, <8= 24–28 44–52  44–52 

�43578>==>5 =0?@O65=85 B5AB0, :#0  70,3±3,5 41,6±2,0 34,4±1,7 
&5<?5@0BC@0 2K?5G:8, >% 195±5 195±5 195±5 

#@>4>;68B5;L=>ABL 2K?5G:8, <8= 20 20 20 

 

�=5H=89 284 8 @57C;LB0BK >@30=>;5?B8G5A:>9 >F5=:8 :>=B@>;L=>3> 8 M:A?5@8<5=B0;L=KE 
>1@07F>2 :5:A>2 ?@54AB02;5=K =0 @8AC=:0E 5 8 6.  
 

   
4 – :>=B@>;L 5 – >1@075F 1 6 – >1@075F 2 

$<E. 5. �=5H=89 284 :5:A>2 =0 E8<8G5A:8E @07@KE;8B5;OE 

Fig. 5. Appearance of muffins with chemical leavening agents 

 

$57C;LB0BK >@30=>;5?B8G5A:>9 >F5=:8 (@8AC=>: 6) ?>:070;8, GB> :5:A 87 ?H5=8G=>9 <C:8 
A ?@8<5=5=85< 8=:0?AC;8@>20==>3> ?>4A>;=5G=>3> <0A;0 (@8AC=>: 51), ?>;CG8; 1>;55 =87:85 
10;;K, G5< :>=B@>;L (@8AC=>: 50), 87-70 =5?@>?5G5==>AB8 <O:8H0 8 =52K@065==>3> 2:CA0. 
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Fig. 6. Results of organoleptic evaluation of muffins 
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B5<?5@0BC@5 (18 ± 3) °%. � A>>B25BAB288 A �"%& 15052 A@>: E@0=5=8O :5:A>2 =0 E8<8G5A:8E 
@07@KE;8B5;OE A>AB02;O; 7 ACB>:. �7<5=5=85 D878:>-E8<8G5A:8E 8 AB@C:BC@=>-<5E0=8G5A:8E 
?>:070B5;59 :0G5AB20 :>=B@>;L=>3> 8 M:A?5@8<5=B0;L=KE >1@07F>2 :5:A>2 2 ?@>F5AA5 
E@0=5=8O ?@54AB02;5=> 2 B01;8F5 2 8 =0 @8AC=:5 7. 

 

&45?. 2. (878:>-E8<8G5A:85 ?>:070B5;8 :0G5AB20 :5:A>2 

Table 2. Physicochemical quality indicators of muffins 

!08<5=>20=85 ?>:070B5;O �>=B@>;L "1@075F 1 "1@075F 2 
 0AA>20O 4>;O 2;038, % 

2 45=L 873>B>2;5=8O 
2 :>=F5 A@>:0 E@0=5=8O (7 ACB>:) 

 

20,5±0,2 

15,0±0,2 

 

19,2±0,2 

15,4±0,2 

 

19,6±0,2 

15,4±0,2 

-5;>G=>ABL, 3@04 0,03±0,01 0,03±0,01 0,03±0,01 

 

�7 40==KE B01;8FK 2 284=>, GB> 8A?>;L7>20=85 8=:0?AC;8@>20==>3> ?>4A>;=5G=>3> <0A;0 
8 3@5G=52>9 <C:8 2 A@02=5=88 A :>=B@>;L=K< >1@07F>< =5 >B@078;>AL =0 I5;>G=>AB8 :5:A>2, 
=> ?@825;> : 1>;55 =87:>9 2;06=>AB8 8745;89 ?>A;5 2K?5G:8 8 : <5=LH59 ?>B5@5 2;038 ?@8 
E@0=5=88. #@8 MB>< D878:>-E8<8G5A:85 ?>:070B5;8 :0G5AB20 2A5E 8AA;54C5<KE :5:A>2 
A>>B25BAB2>20;8 B@51>20=8O< 459AB2CNI8E AB0=40@B>2 �"%& 15052 8 %&� 2265. 
 

  

4) 5) 

$<E. 7. %B@C:BC@=>-<5E0=8G5A:85 ?>:070B5;8 :0G5AB20 :5:A>2 

Fig. 7. Structural and mechanical quality indicators of muffins 
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8A:;NG5= E>;5AB5@8=. #@8<5=5=85 3@5G=52>9 <C:8 ?@825;> : 87JOB8N 3;NB5=0 87 A>AB020 
?@>4C:B0, : >1>30I5=8N ?8I52K<8 2>;>:=0<8 8 <8=5@0;L=K<8 25I5AB20<8, : C<5=LH5=8N 
4>;8 :@0E<0;0 8 A=865=8N M=5@35B8G5A:>9 F5==>AB8 100 3 :5:A0 =0 28 ::0;.  

 

&45?. 3. #8I520O F5==>ABL 100 3 :5:A>2 

Table 3. Nutritional value of 100 g of muffins 

!08<5=>20=85 ?>:070B5;O �>=B@>;L "1@075F 1 "1@075F 2 
�5;:8, 3 6,7 5,9 6,8 

�8@K, 3, 25,5 23,5 24,4 

2 B>< G8A;5:    

<>=>- 8 ?>;8=5=0AKI5==K5 68@=K5 :8A;>BK, 3 6,7 20,5 20,5 

E>;5AB5@8=, 3 0,13 0 0 

B@0=A87><5@K 68@=KE :8A;>B, 3 1,92 0,23 0,23 

'3;52>4K >1I85, 3 54,8 54,5 52,2 

2 B>< G8A;5:    

:@0E<0;, 3 24,7 24,8 20,4 

<>=>- 8 48A0E0@84K, 3 28,2 28,0 27,9 

#8I52K5 2>;>:=0, 3 0,04 0,16 3,99 

�>;0, 3 0,57 0,30 0,67 

-=5@35B8G5A:0O F5==>ABL, ::0; 461 439 433 

 

$07@01>B0==K9 1573;NB5=>2K9 :5:A ?@54=07=0G5= 4;O 485B8G5A:>3> ?8B0=8O ;N459 A 
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15;>:, 38?5@E>;5AB5@8=5<859 (2KA>:8< C@>2=5< E>;5AB5@8=0) 8 4;O 254CI8E 74>@>2K9 >1@07 
687=8. 
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0,68 3/3, ?5=>>1@07CNI59 A?>A>1=>ABLN 582 % 8 100 %-9 M<C;L38@CNI59 A?>A>1=>ABLN. 
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8=:0?AC;8@>20BL ?>4A>;=5G=>5 <0A;> 2 AB@C:BC@C 1573;NB5=>2>3> :5:A0 87 3@5G=52>9 <C:8 8 
AD>@<8@>20BL =5>1E>48<K5 ?>B@518B5;LA:85 A2>9AB20 3>B>2>3> 8745;8O.  
'AB0=>2;5=>, GB> :5:A 87 3@5G=52>9 <C:8 A>>B25BAB2>20; B@51>20=8O< %&� 2265 ?> 

>@30=>;5?B8G5A:8< 8 D878:>-E8<8G5A:8< ?>:070B5;O<; >1;040; C;CGH5==>9 ?8I52>9 
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