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ABSTRACT 
Introduction. The proposed non-alcoholic beverages are characterized by a scientifically substantiated 
balance of a vitamin-minerals complex derived from fruit juices and medicinal herbs, natural sweeteners, 
dietary fiber, and pectin. These beverages can be recommended for individuals with diabetes mellitus. A 
product range with a low glycaemic index is being developed. The primary scientific objective is to validate 
the development of natural sugar-free beverages based on plant extracts containing components that either do 
not cause glucose spikes or help to reduce blood glucose levels. 
Materials and methods. The plant raw materials (herbs) used belong to the category of medicinal plant 
materials approved by the Ministry of Health of the Republic of Belarus for use in the food industry: 
peppermint, aniseed hyssop, their aqueous extracts, fruit and berry juices, and the developed specialized 
beverages. Standard research methods were applied to study the physicochemical and organoleptic properties. 
Results. Data were obtained on the chemical composition of the food plant raw materials for extract 
formulation. The impact of ratios of different types of plant raw materials on the micronutrient composition of 
the extracts was established. The effects of technological parameters of plant raw material extraction 
(hydromodulus, temperature and duration of extraction) on the values of the micronutrient composition were 
determined. Scientifically substantiated beverage formulations were selected and optimized to create a product 
line that either prevents blood glucose spikes or promotes glucose reduction in blood, specifically targeted at 
individuals with diabetes mellitus. The physicochemical and organoleptic characteristics were investigated. 
Conclusions. Based on the research findings, recommendations have been developed for the production of 
new juice containing specialized non-alcoholic beverages based on plant raw materials, as well as scientific 
and practical principles for their formulation have been established. 
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@8A:8 @0728B8O 1>;57=59, 70@>640NI8EAO 87-70 >:8A;8B5;L=>3> AB@5AA0, 2 8E G8A;> 2E>48B 8 
A0E0@=K9 48015B 2-3> B8?0, MB8 25I5AB20 <>3CB ?@54>B2@0I0BL 8;8 A=860BL >:8A;8B5;L=>5 
?>2@5645=85 :;5B>G=>9 AB@C:BC@K. �E @>;L 8<55B @5H0NI55 7=0G5=85 4;O ?@54>B2@0I5=8O 
@0728B8O E@>=8G5A:8E 701>;520=89, 2 B>< G8A;5 A0E0@=>3> 48015B0 [14–17]. 

*5;L 8AA;54>20=8O – @07@01>B:0 B5E=>;>388 8 @5F5?BC@ =>2KE 284>2 1570;:>3>;L=KE 
=0?8B:>2 =0 >A=>25 M:AB@0:B>2 ;5:0@AB25==>3> @0AB8B5;L=>3> AK@LO 8 D@C:B>2>-O3>4=KE 
A>:>2, E0@0:B5@87CNI8EAO =87:8< 3;8:5<8G5A:8< 8=45:A><.  
"1I0O =0CG=0O 7040G0 70:;NG0;0AL 2 >1>A=>20=88 @5F5?BC@=KE :><?>78F89 8 

>?B8<870F88 B5E=>;>38G5A:8E ?0@0<5B@>2 M:AB@0:F88, >15A?5G820NI8E 7040==K9 
<8:@>=CB@85=B=K9 A>AB02. 

 

 �&�$���/ �  �&"�/ 

"1J5:B0<8 8AA;54>20=89 O2;O;8AL B@02K, >B=>AOI85AO : 3@C??5 ;5:0@AB25==>3> 
@0AB8B5;L=>3> AK@LO 8 2:;NG5==K5 2 ?5@5G5=L @0AB5=89, @07@5H5==KE  8=74@02>< 4;O 
?@8<5=5=8O 2 ?8I52>9 ?@><KH;5==>AB8: <OB0 ?5@5G=0O, ;>D0=B 0=8A>2K9, 2K@0I5==K5 2                            
2022–2024 33. 2 F5=B@0;L=>< 1>B0=8G5A:>< A04C 3.  8=A:0, 0 B0:65 D@C:B>2>-O3>4=K5 A>:8. 
"1J5:B0<8 8AA;54>20=89 B0:65 O2;O;8AL 2>4=K5 M:AB@0:BK ;5:0@AB25==KE B@02, ?>;CG5==K5 
2 ;01>@0B>@=KE CA;>28OE CG@5645=8O >1@07>20=8O «�5;>@CAA:89 3>AC40@AB25==K9 
C=825@A8B5B ?8I52KE 8 E8<8G5A:8E B5E=>;>389» 8 >B=5A5==K5 : 3@C??5 684:8E M:AB@0:B>2, 
AC?5@=0B0=B AB5288 2 :0G5AB25 70<5=8B5;O A0E0@=>3> A8@>?0 [18, 19] 8 A?5F80;878@>20==K5 
=0?8B:8 =0 =0BC@0;L=>9 >A=>25.   
#@8 2K?>;=5=88 ;8B5@0BC@=>3> >17>@0 ?@8<5=O;AO 3;02=K< >1@07>< 0=0;8B8G5A:89 <5B>4 

87CG5=8O ;8B5@0BC@=KE 8AB>G=8:>2 ?@8 >?8A0=88 B>20@>254=KE E0@0:B5@8AB8: 
A?5F80;878@>20==KE =0?8B:>2, A>AB>O=8O @K=:0 8 87CG5=88 ?5@A?5:B82=KE =0?@02;5=89 2 8E 
@07@01>B:5.  5B>4 0=0;8B8G5A:8E B01;8F ?@8<5=O;AO 2 @01>B5 ?@8 ?>AB@>5=88 B01;8F 4;O 
>1@01>B:8 40==KE, 8E A8AB5<0B870F88, =03;O4=>3> ?@54AB02;5=8O [20]. "B1>@ ?@>1 8 
?>43>B>2:C : 8A?KB0=8O< ?@>2>48;8 ?> AB0=40@B=K< <5B>48:0< [21, 22].  
�AA;54>20=85 ?@>F5AA0 M:AB@0:F88 @0AB8B5;L=>3> AK@LO ?@>2>48;8 2 ;01>@0B>@=KE 

CA;>28OE <5B>4>< 4@>1=>9 <0F5@0F88 [23, 24]. 
% ?><>ILN D878:>-E8<8G5A:8E 8AA;54>20=89 AK@LO 8 3>B>2>9 ?@>4C:F88 87CG0;8AL 

A;54CNI85 ?>:070B5;8: A>45@60=85 ACE8E 25I5AB2 2 3>B>2>9 ?@>4C:F88 ?> �"%& 6687.2-90 

@5D@0:B><5B@8G5A:8< <5B>4>< [25]; :8A;>B=>ABL =0?8B:>2 ?>B5=F8><5B@8G5A:8< 
B8B@>20=85< ?> �"%& 6687.4-86 [26]; <0AA>2CN 4>;N 7>;K ?> �"%& 24027.2-80 [27]; 

2;06=>ABL ?> �"%& 24027.2-80 [27]. "@30=>;5?B8G5A:85 ?>:070B5;8 =>2KE 284>2 ?@>4C:F88 
>?@545;O;8 ?> A;54CNI8< ?>:070B5;O<: 2=5H=89 284, ?@>7@0G=>ABL, =0;8G85 ?>AB>@>==8E 

2:;NG5=89 [28]. %5=A>@=CN >F5=:C =0?8B:>2 ?@>2>48;8 A 8A?>;L7>20=85< >?8A0B5;L=>3> 
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<5B>40 (<5B>4 45A:@8?B>@=>3> 0=0;870) ?> ISO %&� �%" 6564-2007 [29].  0@:5B8=3>2>5 
8AA;54>20=85 >ACI5AB2;O;>AL <5B>4>< >?@>A0 A 8A?>;L7>20=85< Google D>@< [30, 31]. 

 

$��'�0&�&/ � �) "�%'���!�� 

!0 >A=>25 ?@>2545==KE <0@:5B8=3>2KE 8AA;54>20=89 CAB0=>2;5=>, GB> 1>;LH8=AB2> 
?>B@518B5;59 AG8B0NB ?@8G8=>9 701>;520=8O A0E0@=K< 48015B>< =5?@028;L=>5 ?8B0=85 8 
=54>AB0B>G=>5 8A?>;L7>20=85 A?5F80;878@>20==KE ?@>4C:B>2. #>B@518B5;8 65;0;8 1K 
?@8>1@5B0BL 1>;LH5 ?@>4C:B>2 48015B8G5A:>3> =07=0G5=8O, :>B>@KE =0 A53>4=OH=89 45=L =0 
>B5G5AB25==>< @K=:5 O2=> =54>AB0B>G=>. 'AB0=>2;5=>, GB> 2 F5;>< >?@>H5==K5, 
1>;LH8=AB2> 87 :>B>@KE – 65=I8=K 2 2>7@0AB5 >B 36 ;5B, 4>AB0B>G=> E>@>H> 7=0:><K A 
@K=:>< 1570;:>3>;L=KE =0?8B:>2, ?@8>1@5B0NB 8E 4>AB0B>G=> G0AB>, 2 A@54=5< @07 2 420 – 
B@8 4=O, ?@54?>G8B0O A>:8 8 A>:>A>45@60I85 =0?8B:8 A F5;LN CB>;5=8O 6064K 8;8 157 
>?@545;5==>9 ?@8G8=K. �=0;87 ?>B@518B5;LA:8E ?@54?>GB5=89 2 >B=>H5=88 1570;:>3>;L=KE 
=0?8B:>2 ?>:070;, GB> 1>;LH8=AB2> @5A?>=45=B>2 ?@8 2K1>@5 =0?8B:0 2 ?5@2CN >G5@54L 
>1@0I0NB 2=8<0=85 =0 53> A>AB02, 70B5< =0 2:CA 8 F5=C, <5=55 2A53> 2=8<0=8O C45;ONB 
?>B@518B5;8 B>@3>2>9 <0@:5 8 C?0:>2:5 =0?8B:>2. �7CG5=85 AB5?5=8 >A254><;5==>AB8 8 
<=5=8O ?>B@518B5;59 =5?>A@54AB25==> > 3@C??5 1570;:>3>;L=KE A?5F80;878@>20==KE 
=0?8B:>2 1K;> =0?@02;5=> =0 3@C??C ?>B@518B5;59, :>B>@K5 8<5NB 2KAB02;5==K9 4803=>7 
«A0E0@=K9 48015B», ?>2KH5==>5 A>45@60=85 3;N:>7K 2 :@>28 8;8 65 O2;ONBAO G;5=0<8 
A5<59, @>4=K<8, 4@C7LO<8 8;8 7=0:><K<8 ;8F, 1>;L=KE A0E0@=K< 48015B><. -B8 
@5A?>=45=BK >B<5B8;8, GB>, ?> 8E <=5=8N, =0?8B:8 A?5F80;878@>20==K5 4>;6=K 
>4=>2@5<5==> 8<5BL >74>@>28B5;L=K9 MDD5:B, CB>;OBL 6064C 8 1KBL ?@8OB=K<8 =0 2:CA. 
!081>;55 7=0G8<> 4;O =8E A>45@60=85 28B0<8=>2 8 <8=5@0;L=KE 25I5AB2 2 =0?8B:0E, 2 
:0G5AB25 >A=>2=>3> AK@LO ?@8 2K1>@5 A?5F80;878@>20==KE =0?8B:>2 @5A?>=45=BK >B<5B8;8 
A>:8 8 ;5:0@AB25==>5 AK@L5. �, =0:>=5F, 90 % @5A?>=45=B>2 >B<5B8;8, GB> =0 15;>@CAA:>< 
@K=:5 =5B 1570;:>3>;L=KE =0?8B:>2 4;O 1>;L=KE A0E0@=K< 48015B><, 8 B>;L:> >:>;> 10 % 

>?@>H5==KE 70B@C4=8;8AL A >B25B><. #>;>28=0 @5A?>=45=B>2 2848B ?CB8 C4>2;5B2>@5=8O 
?>B@51=>AB59 2 48015B8G5A:8E ?@>4C:B0E ?8B0=8O 70 AG5B >@30=870F88 <5AB=>3> ?@>872>4AB20 
A?5F80;878@>20==KE ?@>4C:B>2 ?8B0=8O 8 =0?8B:>2 =0 >A=>25 <5AB=>3> AK@LO.  
#>;CG5==K5 =0CG=K5 40==K5 > E8<8G5A:>< A>AB025 ;>D0=B0 0=8A>2>3> 8 <OBK ?5@5G=>9 

?@54AB02;5=K 2 B01;8F5 1. 
 

&45?. 1. )8<8G5A:89 A>AB02 ;5:0@AB25==>3> AK@LO 

Table 1. Chemical composition of plant materials 

#>:070B5;8 �>D0=B 0=8A>2K9  OB0 ?5@5G=0O 
�;06=>ABL, % 6,80 5,04 

%>45@60=85 @0AB2>@8<KE ACE8E 25I5AB2, % 20,55 22,7 

%>45@60=85 >1I8E A0E0@>2, % 7,20 7,40 

%>45@60=85 @54CF8@CNI8E A0E0@>2, % 3,60 4,02 

%>45@60=85 ?5:B8=>2KE 25I5AB2, % 6,80 5,60 

%>45@60=85 B8B@C5<KE :8A;>B, % 0,88 0,44 

%>45@60=85 ?>;8D5=>;L=KE A>548=5=89, % 2,65 2,40 

%>45@60=85 0=B>F80=>2, % 0,62 0,50 

%>45@60=85 28B0<8=0 %, <3/100 3 15,98 11,40 

%>45@60=85 15;:>2KE 25I5AB2, % 0,46 1,11 

%>45@60=85 <8=5@0;L=KE 25I5AB2, % 2,88 2,06 

 

�0: A;54C5B 87 ?@>2545==KE 8AA;54>20=89, :>;8G5AB2> A0E0@>2 2 8AA;54C5<>< AK@L5, 
>B25G0NI8E 70 A;04:89 2:CA 8 M=5@35B8G5A:CN F5==>ABL, A>AB02;O5B 7,2 8 7,4 % 



  �еEF=и> ��'&, 2025 № 2(39) 
 

 

 

 

85 

A>>B25BAB25==>, A>45@60=85 :8A;>B, >15A?5G820NI8E :8A;K9 2:CA, 0=B8>:A840=B=K5 8 
0A5?B8G5A:85 A2>9AB20 AK@LO A>AB02;ONB 0,44 8 0,88 % A>>B25BAB25==>. "B<5G5=> =0;8G85 2 
8AA;54C5<>< AK@L5 ?5:B8=>2KE 25I5AB2 2 :>;8G5AB25 5,6 8 6,8 %, 8 28B0<8=0 % 2 :>;8G5AB25 
11,4 8 15,98 <3/100 3, :>B>@K5 >1CA;02;820NB 18>;>38G5A:CN 8 ?8I52CN F5==>ABL AK@LO. � 
7=0G8B5;L=>9 AB5?5=8 >15A?5G820NB F5==>ABL AK@LO B0:85 A>AB02;ONI85 E8<8G5A:>3> 
A>AB020, :0: 15;:>2K5 (0,46 8 1,11 %) 8 <8=5@0;L=K5 25I5AB20 (2,06 8 2,88 %). !081>;LH89 
8=B5@5A ?@54AB02;O5B A>45@60=85 ?>;8D5=>;L=KE A>548=5=89 8, 2 G0AB=>AB8, 0=B>F80=>2, 
:>B>@K5 =5 B>;L:> CG0AB2CNB 2 D>@<8@>20=88 2:CA0, >1;040NB 0=B8>:A840=B=>9 0:B82=>ABLN, 
=> 8 E0@0:B5@87CNBAO 0=B8<CB035==K< 8 0=B810:B5@80;L=K< 459AB285<. 'AB0=>2;5=>, GB> 
:>;8G5AB2> ?>;8D5=>;L=KE A>548=5=89 2 87CG5==>< AK@L5 A>AB02;O5B 2,40 8 2,65 %, 0 
0=B>F80=>2 – 0,50 8 0,62 %. &0:8< >1@07><, =0 >A=>20=88 ?@>2545==KE 8AA;54>20=89 
CAB0=>2;5=>, GB> ;>D0=B 0=8A>2K9 8 <OBC ?5@5G=CN F5;5A>>1@07=> 8A?>;L7>20BL ?@8 
@07@01>B:5 =>2KE A?5F80;878@>20==KE =0?8B:>2. �0==>5 AK@L5 E0@0:B5@87C5BAO 1>30BK< 
E8<8G5A:8< A>AB02><, 2 B>< G8A;5 =0;8G85< 18>;>38G5A:8 0:B82=KE 25I5AB2. 
#>;CG5==K5 2 E>45 M:A?5@8<5=B0 40==K5 ?> A>45@60=8N <8:@>=CB@85=B>2 2 2K1@0==>< 

D@C:B>2>-O3>4=>< AK@L5 ?@54AB02;5=K 2 B01;8F5 2. 
 
&45?. 2. %>45@60=85 <8:@>=CB@85=B>2 2 D@C:B>2>-O3>4=>< AK@L5 
Table 2. Micronutrient content in fruit and berry raw materials 

%K@L5 %>45@60=85 <8:@>=CB@85=B>2 
Na, 

<3% 

K, 

<3% 

Ca, 

<3% 

Mg, 

<3% 

P, 

<3% 

B1, 

<3% 

B2, 

<3% 

PP, 

<3% 

C, 

<3% 

�;C1=8:0 18 161 40 18 23 0,03 0,05 0,3 60,0 

+5@=0O A<>@>48=0 32 350 36 31 33 0,03 0,04 0,3 200,0 

�;N:20 21 208 30 29 32 0,01 0,05 0,4 15,0 

/1;>:8 26 278 16 9 11 0,03 0,02 0,3 10,0 

 

�0: C?><8=0;>AL 2KH5, ?@8 A0E0@=>< 48015B5 =5>1E>48<> A=865=85 ?>ABC?;5=8O =0B@8O 
2 >@30=87<, A >4=>2@5<5==K< 53> >1>30I5=85< :0;85< 8 <03=85<. �7 ?@54AB02;5==KE 40==KE 
2 B01;8F5 2 284=>, GB> 2K1@0==>5 AK@L5 A>45@68B 2 =51>;LH>< :>;8G5AB25 =0B@89, 8 2 
7=0G8B5;L=> 1>;LH5< :>;8G5AB25 :0;89.  
#> 70?0A0< 28B0<8=0 % G5@=0O A<>@>48=0 >?5@5605B >AB0;L=K5 A04>2K5 ?;>4K, 100 3 

A<>@>48=K A>45@60B 242 % ACB>G=>9 =>@<K 0A:>@18=>2>9 :8A;>BK. &0:65 4>AB0B>G=>5 
:>;8G5AB2> 28B0<8=0 % A>45@68BAO 2 :;C1=8:5, 2 >AB0;L=KE ?;>40E 8 O3>40E >= A>45@68BAO 2 
<5=LH5< :>;8G5AB25. �8B0<8= �1 A>45@68BAO 2 2K1@0==>< AK@L5 2 =51>;LH>< :>;8G5AB25, => 
B0:65 =5>1E>48< ?@8 A0E0@=>< 48015B5. "= 83@05B :;NG52CN @>;L 2 >15A?5G5=88 
=>@<0;L=>3> ?@>B5:0=8O M=5@35B8G5A:>3> <5B01>;87<0 8 A3>@0=8O 2 >@30=87<5 C3;52>4>2. 
� B01;8F5 3 ?@82545=K M:A?5@8<5=B0;L=K5 40==K5 > D878:>-E8<8G5A:8E ?>:070B5;OE 

87CG05<KE D@C:B>2>-O3>4=KE A>:>2. 
�=0;87 @57C;LB0B>2 8AA;54>20=89 ?>:070;, GB> 2 A>:0E ?;>4>2 8 O3>4 2K1@0==KE A>@B>2 

=081>;LH89 C45;L=K9 25A A@548 @0AB2>@8<KE >@30=8G5A:8E 25I5AB2 8<5NB A0E0@0. �E 
:>;8G5AB2> =0E>48BAO 2 8AA;54C5<KE A>:0E 2 480?07>=5 45–47 3/4<³. !0@O4C A A0E0@0<8, 
:>B>@K5 2E>4OB 2 G8A;> >A=>2=KE :><?>=5=B>2 E8<8G5A:>3> A>AB020 O3>4=>3> AK@LO 8 
>1CA;>2;820NB 8E 2:CA>2K5 :0G5AB20, 206=CN @>;L 2 D>@<8@>20=88 >@30=>;5?B8G5A:8E 
A2>9AB2 83@0NB B8B@C5<K5 :8A;>BK (O1;>G=0O, O=B0@=0O, ;8<>==0O 8 4@.). �8A;>B=>ABL 
8AA;54C5<KE A>:>2 =0E>48BAO 2 ?@545;0E 11,2–24,3 3/4<³. �>;8G5AB2> @0AB2>@8<KE ACE8E 
25I5AB2 2 A>:0E – 10,8–11,8 %.   

#>;CG5==K5 M:A?5@8<5=B0;L=K5 40==K5 :>@@5;8@CNB A @57C;LB0B0<8, >?8A0==K<8 
@07;8G=K<8 02B>@0<8 2 @01>B0E, ?>A2OI5==KE 8AA;54>20=8O< E8<8G5A:>3> A>AB020 
@0AB8B5;L=>3> AK@LO [13, 14, 32–34]. 



Пище6ая Fех=>?>7ия  

 

 

 

 

 

86 

T45?. 3. (878:>-E8<8G5A:85 ?>:070B5;8 D@C:B>2>-O3>4=KE A>:>2 

Table 3. Physicochemical properties of fruit and berry juices 

 

�AA;54C5<K5 ?>:070B5;8 
?> &!#� (0:B8G5A:8 

 
0A
A>
20
O 
4>
;O
 

@0
AB
2>
@8
<K
E 

AC
E8
E 

 2
5I
5A
B2
, %
,  

  
  

  

=5
 <
5=
55

 

%>
45
@6
0=
85
   

 

A0
E0
@0
, 3
/4
<³
,  

=5
 <
5=
55

 

�8
A;
>B
=>
AB
L,

  
  

 

=5
 1
>;
55
, 3
/4
<³

 

 
0A
A>
20
O 
4>
;O
 

@0
AB
2>
@8
<K
E 

AC
E8
E 
25
I
5A
B2
, 

%
 

%>
45
@6
0=
85
   

 

A0
E0
@0
, 3
/4
<³

 

�8
A;
>B
=>
AB
L,
   
   
   
   

=5
 1
>;
55
, 3
/4
<³

 

%>: :;C1=8G=K9 7,0 45 12 10,8 89 11,2 

%>: G5@=>9 A<>@>48=K 7,5 47 25 11,8 80 24,3 

%>: :;N:25==K9 7,2 46 25 11,2 82 25,2 

%>: O1;>G=K9 7,0 47 9 10,6 76 14,6 
 

!0 >A=>20=88 ?@>45;0==>9 @01>BK CAB0=>2;5=>, GB> 2K1@0==K5 A>:8 F5;5A>>1@07=> 
8A?>;L7>20BL ?@8 @07@01>B:5 A?5F80;878@>20==KE =0?8B:>2 4;O ;8F, 1>;L=KE A0E0@=K< 
48015B><.  
� B01;8F5 4 ?@54AB02;5=K 40==K5 3;8:5<8G5A:>3> 8=45:A0 8 :0;>@89=>AB8 2K1@0==>3> 

AK@LO, :>B>@>5 1C45B 8A?>;L7>20BLAO 2 @07@01>B:5 A?5F80;878@>20==KE =0?8B:>2 4;O 1>;L=KE 
A0E0@=K< 48015B><. 
 
&45?. 4. �;8:5<8G5A:85 8=45:AK 8 :0;>@89=>ABL AK@LO 
Table 4. Glycaemic indexes and caloric content of raw materials 

!08<5=>20=85  
?@>4C:B0 

�=0G5=85 3;8:5<8G5A:>3>  
8=45:A0 

�0;>@89=>ABL,  
::0; 

/1;>G=K9 A>: 30 44 

+5@=>A<>@>48=>2K9 A>:   15 38 

�;C1=8G=K9 A>: 32 32 

�;N:25==K9 A>: 45 26 

 OB0 ?5@5G=0O 18* 29 

�>D0=B 0=8A>2K9 12* 22 

#@8<5G0=85. *�0==K5 >@85=B8@>2>G=K5. 
 

#@8 @07@01>B:5 B5E=>;>388 8 @5F5?BC@ =0?8B:>2 206=K< MB0?>< O2;O5BAO 87CG5=85 
@07;8G=KE B5E=>;>38G5A:8E @568<>2 M:AB@0:F88 4;O ;5:0@AB25==>3> AK@LO, 70:>=><5@=>AB59 
?@>F5AA0 8 7=0G8<>AB8 2;8O=8O :064>3> D0:B>@0 =0 2KE>4 ACE8E 25I5AB2. "?@545;ONI8< 
?>:070B5;5< ?@8 2K1>@5 >?B8<0;L=KE @568<>2 M:AB@0:F88 O2;O5BAO :>=F5=B@0F8O 
@0AB2>@8<KE ACE8E 25I5AB2 ?>;CG5==KE ?>;CD01@8:0B>2. � :0G5AB25 M:AB@035=B0 
8A?>;L7>20;0AL 2>40 ?8BL520O, ?>A:>;L:C =081>;55 F5==K5 25I5AB20 87CG05<>3> AK@LO, B0:85 
:0: ?>;8D5=>;L=K5 A>548=5=8O, 28B0<8=K, >@30=8G5A:85 :8A;>BK, A0E0@0 8 4@., O2;ONBAO 
2>4>@0AB2>@8<K<8.  
�7CG0;>AL 2;8O=85 =0 MDD5:B82=>ABL M:AB@0:F88 ;>D0=B0 0=8A>2>3> 8 <OBK ?5@5G=>9 

A;54CNI8E B5E=>;>38G5A:8E ?0@0<5B@>2 M:AB@0:F88: 
– @07;8G=>5 A>>B=>H5=85 AK@LO 8 M:AB@035=B0 (384@><>4C;L): 1:10, 1:20, 1:30; 
– @07;8G=K5 B5<?5@0BC@=K5 @568<K ?@8 M:AB@038@>20=88: 40, 60 8 800%. 
– @07;8G=0O ?@>4>;68B5;L=>ABL ?@>F5AA0 M:AB@038@>20=8O: 30, 40 8 50 <8=CB. 
�;O ?;0=8@>20=8O 8 >?B8<870F88 M:A?5@8<5=B0 8A?>;L7>20;8AL B0:85 8=AB@C<5=BK               
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Microsoft Excel, :0: «�=0;87 40==KE» (@53@5AA8O) 8 «#>8A: @5H5=8O». �K;8 ?@>2545=K 
8AA;54>20=8O 4;O 2KO2;5=8O >?B8<0;L=KE 7=0G5=89 B5E=>;>38G5A:8E ?0@0<5B@>2 ?@8 
?>;CG5=88 M:AB@0:B0 <OBK ?5@5G=>9 8 ;>D0=B0 0=8A>2>3>. 'AB0=>2;5=>, GB> =081>;55 
7=0G8<K<8 D0:B>@0<8 ?;0=8@>20=8O ?@>F5AA0 M:AB@0:F88 O2;ONBAO 384@><>4C;L, 
?@>4>;68B5;L=>ABL M:AB@038@>20=8O 8 B5<?5@0BC@0 M:AB@038@>20=8O. #>;CG5==K5 <>45;8 

<=>3><5@=>9 ;8=59=>9 @53@5AA88 4;O M:AB@0:F88 <OBK ?5@5G=>9 8 ;>D0=B0 0=8A>2>3> 8<5NB 
A;54CNI89 284:  
‒ 4;O M:AB@0:F88 <OBK ?5@5G=>9: Y = 12,55 + 3,70E1 + 4,56E2 + 7,10E3;  

‒ 4;O M:AB@0:F88 ;>D0=B0 0=8A>2>3>: Y = 10,275 + 3,05E1 + 4,91E2 + 5,57E3. 

�7 ?>;CG5==KE 40==KE ?@>25;8 0=0;87 :0G5AB20 ?>;CG5==>9 @53@5AA8>==>9 <>45;8 4;O 
M:AB@0:F88 <OBK ?5@5G=>9: R2 = 0,916, GB> 3>2>@8B > B><, GB> 91,6 % 48A?5@A88 7=0G5=89 
?@>G=>AB8 >1JOA=O5BAO 2;8O=85< D0:B>@>2; 7=0G5=85 F-AB0B8AB8:8 ?@8 5 %-< C@>2=5 
7=0G8<>AB8 @025= 14,66, GB> <5=LH5 B01;8G=>3> 7=0G5=8O F-:@8B5@8O (6,59 4;O 0=0;878@C5<>9 
<>45;8). %>>B25BAB25==>, C@02=5=85 @53@5AA88 AB0B8AB8G5A:8 7=0G8<>, B> 5ABL 8<55BAO 
E>@>H55 A>>B25BAB285 40==K< M:A?5@8<5=B0; :@8B8G5A:>5 7=0G5=85 t-AB0B8AB8:8 t:@ = 2,776 

?@8 C@>2=5 7=0G8<>AB8 α =0,05.  

� A;CG05 A ;>D0=B>< 0=8A>2K< 0=0;87 :0G5AB20 ?>;CG5==>9 @53@5AA8>==>9 <>45;8 8<55B 
A;54CNI85 7=0G5=8O: R2 = 0,899, GB> 3>2>@8B > B><, GB> 89,9 % 48A?5@A88 7=0G5=89 ?@>G=>AB8 
>1JOA=O5BAO 2;8O=85< D0:B>@>2; 7=0G5=85 F-AB0B8AB8:8 ?@8 5 %-< C@>2=5 7=0G8<>AB8 @025= 
11,95, GB> <5=LH5 B01;8G=>3> 7=0G5=8O F-:@8B5@8O (6,59 4;O 0=0;878@C5<>9 <>45;8). 
%>>B25BAB25==>, C@02=5=85 @53@5AA88 AB0B8AB8G5A:8 7=0G8<>, :0: 8 2 A;CG05 A <OB>9 
?5@5G=>9; :@8B8G5A:>5 7=0G5=85 t-AB0B8AB8:8 t:@ = 2,776 ?@8 C@>2=5 7=0G8<>AB8 α=0,05. 
&0:8< >1@07><, 4;O 2A5E ?0@0<5B@>2 <>45;8 @53@5AA88 @0AG5B=>5 7=0G5=85 t-AB0B8AB8:8 

1>;LH5 :@8B8G5A:>3>, GB> 3>2>@8B > B><, GB> 2A5 ?0@0<5B@K <>45;8 @53@5AA88 AB0B8AB8G5A:8 
7=0G8<K. 

#>A;5 @0AG5B0 ?0@0<5B@>2 4;O ?5@5E>40 : =0BC@0;L=K< D0:B>@0< <>45;8 @53@5AA88 2 
=0BC@0;L=KE ?5@5<5==KE ?@8=8<0NB A;54CNI89 284: 
‒ 4;O M:AB@0:F88 <OBK ?5@5G=>9: Y = – 21,56 + 0,37E1 + 0,23E2 + 23,67E3; 

‒ 4;O M:AB@0:F88 ;>D0=B0 0=8A>2>3>: Y = -20,78 + 0,31E1 + 0,25E2 + 18,56E3. 

#>;CG5==K5 C@02=5=8O ?>72>;ONB 2KO28BL 2;8O=85 B5E=>;>38G5A:8E ?0@0<5B@>2 =0 
A>45@60=85 ACE8E 25I5AB2 M:AB@0:B0. �=0G5=8O D0:B>@>2, 2;8ONI8E =0 >?B8<0;L=>5 
A>45@60=85 ACE8E 25I5AB2, ?>;CG5=K A ?><>ILN 8=AB@C<5=B0 «#>8A: @5H5=8O» 2 @57C;LB0B5 
>?B8<870F88 ;8=59=>9 <>45;8 @53@5AA88 2 ?@>F5AA5 M:AB@0:F88 8 ?>72>;ONB 2KO28BL 
>?B8<0;L=K5 ?0@0<5B@K M:AB@038@>20=8O: 
‒ 4;O <OBK ?5@5G=>9: 384@><>4C;L (E1) – 1:10; B5<?5@0BC@0 M:AB@038@>20=8O (E2) ‒ 80°%; 

?@>4>;68B5;L=>ABL M:AB@038@>20=8O (E3) – 35 <8=CB; 
‒ 4;O ;>D0=B0 0=8A>2>3>: 384@><>4C;L (E1) – 1:10; B5<?5@0BC@0 M:AB@038@>20=8O (E2) ‒ 80°%; 

?@>4>;68B5;L=>ABL M:AB@038@>20=8O (E3) – 50 <8=CB. 
'AB0=>2;5==K5 @568<K M:AB@0:F88 <OBK ?5@5G=>9 8 ;>D0=B0 0=8A>2>3> ?>72>;ONB 

4>AB8GL <0:A8<0;L=> 2>7<>6=>3> A>45@60=8O @0AB2>@8<KE ACE8E 25I5AB2 2 M:AB@0:B0E, GB> 
?>:070=> 2 B01;8F5 5. 
�0==K5, ?@54AB02;5==K5 2 B01;8F5 5, ?>:07K20NB, GB> ?@8 B5?;>2>9 >1@01>B:5 

@0AB8B5;L=>3> AK@LO ?@>8AE>48B <O3:89 384@>;87, 2 @57C;LB0B5 :>B>@>3> @07@CH0NBAO 
25I5AB20, =0E>4OI85AO 2 3;8:>784=>9 D>@<5, 8 2KA2>1>640NBAO 25I5AB20 D5=>;L=>9 
?@8@>4K.  
�>?>;=8B5;L=>3> 2=8<0=8O B@51C5B >1>A=>20=85 2K1>@0 B5<?5@0BC@=>3> @568<0 

M:AB@0:F88 (80 °%), 254L 8<5==> B5<?5@0BC@=K9 @568< 8<55B ACI5AB25==>5 7=0G5=85 4;O 
MDD5:B82=>9 M:AB@0:F88. #>2KH5=85 B5<?5@0BC@K CA:>@O5B 48DDC7=K9 ?@>F5AA 70 AG5B 
CA:>@5=8O 42865=8O <>;5:C;, >4=0:> ?>2KH5=85 B5<?5@0BC@K ?@>2>48;>AL A CG5B>< 
B5@<>;018;L=>AB8 18>;>38G5A:8 0:B82=KE 25I5AB2 AK@LO 8 2>7<>6=>AB8 :;59AB5@870F88 8 
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?>A;54CNI59 ?5?B870F88 25I5AB2, 2E>4OI8E 2 A>AB02 AK@LO.  
 

&45?. 5. (878:>-E8<8G5A:85 ?>:070B5;8 ?>;CG5==KE M:AB@0:B>2 

Table 5. Physicochemical properties of the obtained extracts 

#>:070B5;8 :0G5AB20 -:AB@0:B   
<OBK ?5@5G=>9 

-:AB@0:B  
;>D0=B0 0=8A>2>3> 

 0AA>20O 4>;O @0AB2>@8<KE ACE8E 25I5AB2, % 2,8 2,5 

 0AA>20O 4>;O >1I8E A0E0@>2, %   0,88 0,69 

 0AA>20O 4>;O @54CF8@CNI8E A0E0@>2, % 1,40 0,58 

 0AA>20O 4>;O B8B@C5<KE :8A;>B, % 0,066 0,081 

%>45@60=85 ?>;8D5=>;L=KE 25I5AB2, <3/100 3   0,560 0,520 

%>45@60=85 0=B>F80=>2, <3/1003 0,402 0,380 

%>45@60=85 28B0<8=0 %, <3/100 3 3,04 4,40 

 0AA>20O 4>;O ?5:B8=>2KE 25I5AB2, % 0,18 0,25 

 

� @O45 =0CG=KE @01>B ?@8ACBAB2C5B 8=D>@<0F8O, GB> ?>2KH5=85 B5<?5@0BC@K 1>;55 60 °% 
=565;0B5;L=> 2 A2O78 A =5>1@0B8<K<8 @07@CH5=8O<8 18>;>38G5A:8 0:B82=KE 25I5AB2, 
:>B>@K5 2E>4OB 2 A>AB02 M:AB@0:B82=KE 25I5AB2 [33, 34], B>340 :0:, ?> <=5=8N 4@C38E 02B>@>2, 
?@8 B5<?5@0BC@5 M:AB@038@>20=8O 80‒100 °% ?@>8AE>48B <0:A8<0;L=>5 872;5G5=85 
M:AB@0:B82=KE 25I5AB2, 2 B>< G8A;5 18>;>38G5A:8 0:B82=KE, :>B>@K5 ?@840NB M:AB@0:B0< 
;CGH85 2:CA>2K5, 0@><0B8G5A:85 8 DC=:F8>=0;L=K5 A2>9AB20. #> 8AA;54>20=8O< MB8E 
02B>@>2 CAB0=>2;5=>, GB> ?@8 B5<?5@0BC@5 60–80 °% 1>;LH8=AB2> ��� (B5@<>;018;L=K 
28B0<8=K, D5=>;L=K5 25I5AB20, 15;:8, ;5BCG85 :8A;>BK 8 B.4.) ?>425@30NBAO @07@CH5=8N, 
>4=0:> MB8 ?>B5@8 =5 :@8B8G=K, GB> A>>B=>A8BAO A ?>;CG5==K<8 M:A?5@8<5=B0;L=K<8 
40==K<8. �=0G8B5;L=>5 65 A=865=85 A>45@60=8O 18>;>38G5A:8 0:B82=KE 25I5AB2 (>A>15==> 
?>;8D5=>;>2) 2 M:AB@0:B0E >B<5G05BAO CG5=K<8 ?@8 B5<?5@0BC@5 95 °% [23, 24].  

'AB0=>2;5=>, GB> A ?>2KH5=85< B5<?5@0BC@K M:AB@0:F88 4> 80 °% M:AB@0:B82=>ABL 2A5E 
>1@07F>2 M:AB@0:B>2 @0AB8B5;L=>3> AK@LO C25;8G8205BAO 8 4>AB8305B A2>53> <0:A8<C<0, GB> 
<>6=> >1JOA=8BL A=865=85< 2O7:>AB8 2>4K 8 C25;8G5=85< A:>@>AB8 <>;5:C;O@=>9 48DDC788 
70 AG5B ?>2KH5=8O :8=5B8G5A:>9 M=5@388 <>;5:C; [24]. � B> 65 2@5<O <O3:89 384@>;87 
?@82>48B : ?5@5E>4C ?@>B>?5:B8=0 2 @0AB2>@8<CN D>@<C – 384@>?5:B8=, 0 B0:65 : 
<0:A8<0;L=> ?>;=><C ?5@5E>4C 0=B>F80=>2 2 2>4=K9 M:AB@0:B (AB5?5=L 8E M:AB@038@>20=8O 
A>AB02;O5B >:>;> 70 %). � E>45 87CG5=8O E8<8G5A:>3> A>AB020 ?>;CG5==KE M:AB@0:B>2 
CAB0=>2;5=>, GB> >=8 E0@0:B5@87CNBAO H8@>:8< A?5:B@>< 8 4>AB0B>G=> 2KA>:8< 
A>45@60=85< E8<8G5A:8E 25I5AB2-18>0=B8>:A840=B>2, B0:8E :0: 28B0<8= %, >@30=8G5A:85 
:8A;>BK, ?>;8D5=>;L=K5 A>548=5=8O 8 ?5:B8=>2K5 25I5AB20. �0;55 ?@8 87CG5=88 
:0G5AB25==KE ?>:070B5;59 ?>;CG5==KE M:AB@0:B>2 1K;0 ?@>2545=0 8E >@30=>;5?B8G5A:0O 
>F5=:0. �7CG0;8AL B0:85 >@30=>;5?B8G5A:85 ?>:070B5;8, :0: F25B, 0@><0B, 3>@5GL, :8A;8=:0, 
B5@?:>ABL 8 >AB0B>G=>5 ?>A;52:CA85.   
#@8 ?@>5:B8@>20=88 @5F5?BC@ A?5F80;878@>20==KE =0?8B:>2 206=>9 7040G59 O2;O5BAO 

>ACI5AB2;5=85 ?>41>@0 8=3@5485=B>2 8 >?@545;5=85 8E A>>B=>H5=8O B0:8< >1@07><, GB>1K 
>15A?5G8BL 7040==K5 D878:>-E8<8G5A:85 ?>:070B5;8. � ?5@2CN >G5@54L >ACI5AB2;O;AO 
?>41>@ <>45;L=KE (107>2KE) :><?>78F89, :>B>@K5 >15A?5G820NB 10;0=A :><?>=5=B>2 A 
=87:8< 3;8:5<8G5A:8< 8=45:A>< 8 7040==>5 A>45@60=85 ACE8E 25I5AB2. �0B5< =0 >A=>25 
<>45;L=KE :><?>78F89 ?@>5:B8@>20;8AL @5F5?BC@=K5 :><?>78F88 ?>A@54AB2>< 
:C?068@>20=8O A A>:0<8, 2>4>9 8 ?>4A;0AB8B5;5< A CG5B>< ?@82;5:0B5;L=KE 4;O ?>B@518B5;O 
>@30=>;5?B8G5A:8E A2>9AB2. % MB>9 F5;LN ?@>872>48;0AL M:A?5@B=0O >F5=:0 @5F5?BC@=KE 
:><?>78F89 =>2KE =0?8B:>2 <5B>4>< D>:CA-3@C??K, :>B>@0O ?>:070;0, GB> >=8 >1;040NB 
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E>@>H8<8 ?>B@518B5;LA:8<8 A2>9AB20<8, E0@0:B5@87CNBAO ?@8OB=K< 30@<>=8G=K< 2:CA>< 8 
0@><0B>< [30, 31].   

#>4>1=K9 0;3>@8B< ?@>5:B8@>20=8O @5F5?BC@=KE :><?>78F89 =>2KE =0?8B:>2 (=0 >A=>25 
A>740=8O <>45;L=KE :><?>78F89) 8A?>;L7>20;AO =0<8 @0=55, ?@8 ?@>5:B8@>20=88 
A?5F80;878@>20==KE =0?8B:>2 4;O A?>@BA<5=>2 [35], ?>;CG5==K5 @57C;LB0BK =0AB>OI53> 
8AA;54>20=8O ?>4B25@640NB 53> 20;84=>ABL. �@><5 B>3>, F5;5A>>1@07=>ABL 8A?>;L7>20=8O 
D>:CA-3@C??K ?@8 @07@01>B:5 =>2KE =0?8B:>2 ?>4B25@6405BAO @01>B0<8 4@C38E CG5=KE 
[D>:CA-3@C??0], :>B>@K<8 1K;8 ?>;CG5=K E>@>H85 @57C;LB0BK ?@8 @07@01>B:5 @07;8G=KE 
?@>4C:B>2.  
� >A=>25 @07@01>B0==KE @5F5?BC@ A?5F80;878@>20==KE =0?8B:>2 – B>;L:> =0BC@0;L=K5 

:><?>=5=BK: O1;>G=K9, :;N:25==K9, :;C1=8G=K9 8 G5@=>A<>@>48=>2K9 A>:8, 8 M:AB@0:BK 
<OBK ?5@5G=>9 8 ;>D0=B0 0=8A>2>3>: @5F5?BC@=0O :><?>78F8O № 1: O1;>G=K9 A>: – 29 %; 

:;N:25==K9 A>: – 45 %; M:AB@0:B <OBK ?5@5G=>9 – 5 %, AC?5@=0B0=B AB5288 – 10 %, 2>40 
?8BL520O – 11 %; @5F5?BC@=0O :><?>78F8O № 2: :;C1=8G=K9 A>: – 21 %; G5@=>A<>@>48=>2K9 
A>: – 44 %; M:AB@0:B <OBK ?5@5G=>9 – 5 %, AC?5@=0B0=B AB5288 – 10 %, 2>40 ?8BL520O – 20 %; 

@5F5?BC@=0O :><?>78F8O № 3: O1;>G=K9 A>: – 44,9 %; :;N:25==K9 A>: – 30 %; M:AB@0:B 
;>D0=B0 0=8A>2>3> – 1 %, AC?5@=0B0=B AB5288 – 10 %, 2>40 ?8BL520O – 14,1 %; @5F5?BC@=0O 
:><?>78F8O № 4: :;C1=8G=K9 A>: – 39 %; G5@=>A<>@>48=>2K9 A>: –31 %; M:AB@0:B ;>D0=B0 
0=8A>2>3> – 1 %, AC?5@=0B0=B AB5288 – 10 %, 2>40 ?8BL520O – 19 %.  

!5>1E>48<> 4>1028BL, GB> B5>@5B8G5A:85 ?@54?>;>65=8O > =87:>< 3;8:5<8G5A:>< 8=45:A5 
=0?8B:>2 >A=>20=K =0 E0@0:B5@8AB8:0E 8A?>;L7>20==>3> AK@LO, =5A<>B@O =0 MB>, ?@O<>5 
87<5@5=85 3;8:5<8G5A:>3> 8=45:A0 O2;O5BAO ?5@A?5:B82=K< =0?@02;5=85< 4;O 1C4CI8E 
@01>B, :>B>@>5 ?>72>;8B M:A?5@8<5=B0;L=> ?>4B25@48BL MB8 2K2>4K. �;NG52K5 =0?@02;5=8O 
40;L=59H8E 8AA;54>20=89 2:;NG0NB B0:65 >F5=:C 18>4>ABC?=>AB8 =CB@85=B>2 in vivo, 
:;8=8G5A:85 8A?KB0=8O 2;8O=8O =0?8B:>2 =0 3;8:5<8N 8 @0AH8@5=85 ?@>4C:B>2>9 ;8=59:8. 

 

����2+�!�� 

#>;CG5=K =>2K5 =0CG=K5 40==K5, CAB0=02;820NI85 :>;8G5AB25==>5 2;8O=85 
384@><>4C;O, B5<?5@0BC@K 8 2@5<5=8 =0 MDD5:B82=>ABL M:AB@0:F88 18>;>38G5A:8 0:B82=KE 
25I5AB2 (?>;8D5=>;>2, 0=B>F80=>2, 28B0<8=0 %) 87 <OBK ?5@5G=>9 8 ;>D0=B0 0=8A>2>3>, 
>?8A0=K @53@5AA8>==K5 <>45;8 ?@>F5AA0, ?>72>;ONI85 >15A?5G8BL 7040==K5 7=0G5=8O 
3;8:5<8G5A:>3> 8=45:A0 8 <8:@>=CB@85=B=>3> A>AB020 2 =0?8B:0E. "?B8<0;L=K5 @568<K 
M:AB@0:F88: 4;O <OBK ?5@5G=>9 – 384@><>4C;L 1:10, B5<?5@0BC@0 80°C, 2@5<O 35 <8=; 4;O 
;>D0=B0 0=8A>2>3> – 1:10, 80°C, 50 <8=. 
#@0:B8G5A:8< @57C;LB0B>< 8AA;54>20=8O O2;O5BAO @07@01>B:0 ?0:5B0 B5E=8G5A:8E 

=>@<0B82=KE ?@02>2KE 0:B>2 =0 A5@8N 87 G5BK@5E A?5F80;878@>20==KE =0?8B:>2 4;O 
1>;L=KE A0E0@=K< 48015B><. #>;CG5=K =0CG=> >1>A=>20==K5 @5F5?BC@K (№ 1‒4), 

2:;NG0NI85 :><18=0F88 D@C:B>2>-O3>4=KE A>:>2 (O1;>G=>3>, :;N:25==>3>, :;C1=8G=>3>, 
G5@=>A<>@>48=>2>3>), 2>4=KE M:AB@0:B>2 <OBK ?5@5G=>9 8;8 ;>D0=B0 0=8A>2>3> 8 
=0BC@0;L=>3> ?>4A;0AB8B5;O AB5288. !0?8B:8 E0@0:B5@87CNBAO A10;0=A8@>20==K< 
28B0<8==>-<8=5@0;L=K< A>AB02><, A>45@60B ?8I52K5 2>;>:=0, ?5:B8= 8 8<5NB =87:89 
3;8:5<8G5A:89 8=45:A.  
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