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SUSTAINABLE CONSUMPTION: APPLICATION OF NEAR-CRYOSCOPIC 

REFRIGERATION FOR HEAT PRESERVATION OF CULINARY PRODUCTS 

T. M. Rybakova, S. L. Masansky 

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

ABSTRACT   
Introduction. The implementation of the concept of sustainable consumption involves the use of effective 

methods of food preservation at the stages of their life cycle. Methods of thermal preservation by cold that 

will provide increased shelf life and food safety are relevant in organizing social catering. Based on the as-

sumption that near-cryoscopic refrigeration method can be used for this purpose, the scientific task of the 

study is to assess the consumer storage properties of minced meat products that were treated using the above 

mentioned method.  
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Materials and methods. Meatballs in red sauce, cooked according to traditional technology. Thermal pre-

servation and storage under conditions of near-cryoscopic refrigeration (NCR) at a temperature of minus 

(2±0.5) °C for 30 days. 
Results. When stored under near-cryoscopic refrigeration conditions, hydrolytic, oxidative, and microbiolog-

ical processes are significantly slowed down. In particular, in comparison with the traditional storage condi-

tions, the growth rate of microorganisms is more than 10 times lower on the 10th day of storage. It is possi-

ble to prolong the shelf life of minced meat products (meatballs) up to 10 days (taking into account that the 

reserve coefficient is 2), which exceeds the currently specified shelf life by 9.5 days. 

Conclusions. The method of thermal preservation by near-cryoscopic refrigeration is recommended to be 

used in the organization of social catering. It will significantly increase the level of shelf life and food safety 

as well as expand organizational capabilities to reduce wastes as a key condition for sustainable consump-

tion. 

KEY WORDS: near-cryoscopic refrigeration; food system sustainability; culinary products; thermal pre-

servation; quality and safety; social nutrition. 
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=>5 87<5=5=85 ;8?84>2: :8A;>B=>5 G8A;> (�+) ?> �"%& 23392, 15=7848=>2>5 G8A;> (�+)2, 
B8>10@18BC@>2>5 G8A;> (&�+)3, 0 B0: 65 <8:@>18>;>38G5A:85 ?>:070B5;8. 

%>2>:C?=>ABL ?>;CG5==KE @57C;LB0B>2 8AA;54>20=89 E0@0:B5@87>20;8 A@54=50@8D<5B8-
G5A:8< 7=0G5=85<, :>B>@>5 >?@545;O;8 87 B@5E ?0@0;;5;L=KE >?KB>2 ?@8 3-5-:@0B=>< ?>-

                                                           
1 �>20G520, #. !. !>2K5 <5B>4K 8AA;54>20=8O ?@>4C:B>2 2 >1I5AB25==>< ?8B0=88 / #. !. �>20G520, !. $. 'A-
?5=A:0O –  .: -:>=><8:0, 1971 – 95A. 
2 �@CBN=O= !. %.  �01>@0B>@=K9 ?@0:B8:C< ?> E8<88 68@>2: CG51=>5 ?>A>185. –  .: #8I520O ?@><KH;5=-
=>ABL, 1979. – 176 A. 
3 �C@02A:0O, !. �. �AA;54>20=85 8 :>=B@>;L :0G5AB20 <OA0 8 <OA>?@>4C:B>2: CG51. ?>A>185 / !. �. �C@02A:0O, 
�. &. �;5E8=0, �.  . "B@OH5=:>20. –  .: �3@>?@><8740B,1985. – 296 c. 

1 2

3

4

5

6

7

8

9
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2B>@5=88 87<5@5=89. -:A?5@8<5=B0;L=K5 40==K5 >1@010BK20;8AL <5B>4>< <0B5<0B8G5A:>9 
AB0B8AB8:8. 

$��'�0&�&/ � �) "�%'���!�� 
�>=B@>;L >@30=>;5?B8G5A:8E ?>:070B5;59 :0G5AB20 8AA;54C5<KE >1@07F>2 ?@>2>48;AO ?0-

@0;;5;L=> A 8AA;54>20=8O<8 D878:>-E8<8G5A:8E 8 <8:@>18>;>38G5A:8E ?>:070B5;59 2 :>=-
B@>;L=KE B>G:0E: 2 =0G0;5 E@0=5=8O 8 A 8=B5@20;>< 2 5 4=59. 
"@30=>;5?B8G5A:0O >F5=:0 ?@>872>48;0AL ?> 10;;L=>9 H:0;5 A CG5B>< :>MDD8F85=B>2 

25A><>AB8 ?>A;5 @535=5@0F88 8745;89 4> B5<?5@0BC@K ?>40G8 1;N40 – 65 °%1
. $57C;LB0BK 

>F5=:8 >@30=>;5?B8G5A:8E ?>:070B5;59 :0G5AB20 B5DB5;59 A A>CA>< ?@82545=K =0 @8A. 2. 
   

 
 

0) 2 CA;>28OE ��" 1) ?@8 B@048F8>==>< @568<5 E@0=5=8O (4±2) >% 

 

$<E. 2. "@30=>;5?B8G5A:0O >F5=:0 B5DB5;59 A A>CA>< 2 ?@>F5AA5 E@0=5=8O 2 B5G5=85  
30 ACB>: 

Fig. 2. Organoleptic estimation of meatballs in sauce during storage for 30 days 

 

'AB0=>2;5=>, GB> 8745;8O, E@0=OI85AO ?@8 1;87:@8>A:>?8G5A:>9 B5<?5@0BC@5, >AB0NBAO 
?@83>4=K<8 : C?>B@51;5=8N 2 B5G5=85 2A53> A@>:0 E@0=5=8O (30 ACB>:), >4=0:> =0 18–20 AC-
B:8 :0G5AB25==K5 E0@0:B5@8AB8:8 A=860NBAO. � ?@>F5AA5 E@0=5=8O B5DB5;59 ?@8 B@048F8-
>==>9 B5<?5@0BC@5 (4±2) °% C65 =0 ?OBK5 ACB:8 ACI5AB25==> 87<5=O5BAO F25B B5DB5;59 4> 
A25B;>-A5@>3>, C A>CA0 =01;N405BAO @0AA;>5=85, >1@07>20=85 7=0G8B5;L=>3> :>;8G5AB20 ?;5-
=>: =0 ?>25@E=>AB8, B0:65 87<5=O5BAO F25B 8 ?>O2;O5BAO 2K@065==K9 :8A;>20BK9 ?@82:CA 8 
70?0E. #@8 MB>< CEC4H5=85 >@30=>;5?B8G5A:8E ?>:070B5;59 :0G5AB20 =081>;55 8=B5=A82=> 
?@>B5:05B C A>CA0, G5< C B5DB5;59.  
� ?@>F5AA5 E@0=5=8O 2 8AA;54C5<KE >1@07F0E 4;O >F5=:8 A2565AB8 >?@545;O;8 =0:>?;5-

=85 ;5BCG8E 68@=KE :8A;>B, 0<<80G=>3> 07>B0, 0:B82=CN :8A;>B=>ABL (@!), >1ICN :8A;>B-
=>ABL.  
"1I55 :>;8G5AB2> ;5BCG8E 68@=KE :8A;>B <>65B A;C68BL >4=8< 87 ?>:070B5;59 A2565AB8 

<OA=KE 8745;89. $57C;LB0BK 8AA;54>20=8O 87<5=5=8O A>45@60=8O ;5BCG8E 68@=KE :8A;>B 
(���) 2 B5DB5;OE A A>CA>< >B>1@065=K =0 @8A. 3. 

                                                           
1
  OA> 8 <OA=K5 ?@>4C:BK. "@30=>;5?B8G5A:89 0=0;87. �45=B8D8:0F8O 8 2K1>@ 45A:@8?B>@>2 4;O CAB0=>2;5-
=8O >@30=>;5?B8G5A:8E A2>9AB2 ?@8 <=>3>AB>@>==5< ?>4E>45: �"%& 33609-2015. – �254. 01.09.2017, 2016. –  
20 A. 
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0) B5DB5;8 1) A>CA 

 
$<E. 3. �7<5=5=85 A>45@60=8O ;5BCG8E 68@=KE :8A;>B ?@8 E@0=5=88 B5DB5;59 A A>CA>< 

Fig. 3. Changes in the content of volatile fatty acids of meatballs in sauce during storage 

 

#@>2545==K5 8AA;54>20=8O ?>:070;8, GB> =0:>?;5=85 2 ?@>F5AA5 E@0=5=8O ;5BCG8E 68@-
=KE :8A;>B 2 B5DB5;OE 8 A>CA5, E@0=82H8EAO ?@8 1;87:@8>A:>?8G5A:8E B5<?5@0BC@0E 7=0G8-
B5;L=> =865, G5< ?@8 B@048F8>==KE B5<?5@0BC@0E 8 A>>B25BAB2C5B B@51>20=8O< =>@<0B82-
=>9 4>:C<5=B0F88 (=5 1>;55 4 <3 NaOH) 2 B5G5=85 2A53> A@>:0 E@0=5=8O. 'AB0=>2;5=0 2KA>-
:0O :>@@5;OF8>==0O 7028A8<>ABL <564C ?@>4>;68B5;L=>ABLN E@0=5=8O 8 ?>:070B5;5< ;5BC-
G8E 68@=KE :8A;>B. 
�>;8G5AB2> ;5BCG8E 68@=KE :8A;>B =5 <>65B 1KBL ?@8=OB> 2 :0G5AB25 548=AB25==>3> 8 

4>AB0B>G=>3> ?@87=0:0, B0: :0: 7028A8B 8 >B  CA;>289 ?>@G8 8 >B C@>2=O @0728B8O 
3=8;>AB=>3> @0A?040 <OA0. &0: :0: ?@>F5AA 3=8;>AB=>3> @0A?040 15;:>2 A>?@>2>6405BAO 
@07@CH5=85< ?5?B84=KE A2O759 15;:>2KE <>;5:C;, 2  @57C;LB0B5 G53> C25;8G8205BAO 
:>;8G5AB2> A2>1>4=KE :0@1>:A8;L=KE 8 0<8==KE 3@C??. "4=>2@5<5==> ?@>8AE>48B 
4570<8=8@>20=85 0<8=>:8A;>B, A>?@>2>640NI55AO =0:>?;5=85< 0<<80:0 2 2845 53> 
A>548=5=89. %;54>20B5;L=>, ?@54AB02;O;>AL =5>1E>48<K<  87CG8BL ?@>F5AA =0:>?;5=8O 2 
<OA5 07>B0 0<8=>3@C?? 8 0<<80:0 (0<8=>0<<80G=>3> 07>B0). 
#@8 E@0=5=88 B5DB5;59 2 CA;>28OE ��" 2 B5G5=85 30 ACB>: A>45@60=85 0<<80G=>3> 07>B0 

C25;8G8;>AL =0 3,56 <3%, 0 ?@8 B@048F8>==>< @568<5 – =0 20,4 <3%. $57:>5 C25;8G5=85 A>-
45@60=8O 0<<80:0 ?@8 B5<?5@0BC@5 E@0=5=8O (4±2) °% ?@8E>48BAO =0 10-5 ACB:8 8 A>AB02;O5B 
27,08 <3%, GB> ?@52KH05B 4>?CAB8<K5 7=0G5=8O 4;O A25653> ?@>4C:B0 (>B 25 4> 31 <3% 87-
45;8O A><=8B5;L=>9 A2565AB8, A2KH5 31 <3% – 8745;8O =5A25685). %>45@60=8O 0<<80G=>3> 
07>B0 ?@8 ��" =0E>48BAO 2 ?@545;0E =>@<K =0 ?@>BO65=88 2A53> A@>:0 E@0=5=8O (4> 25 <3% 
4;O A2568E 8745;89). 
%B>;L 1KAB@>5 =0:>?;5=85 0<<80:0 ?@8 B@048F8>==>< @568<5 >1CA;>2;8205BAO @0728B8-

5< 2 <OA5 <8:@>>@30=87<>2, GB> A2845B5;LAB2C5B > =0G8=0NI59AO ?>@G5 ?@>4C:B0. !5 A;C-
G09=> =5:>B>@K5 02B>@K AG8B0NB :>;8G5AB25==>5 >?@545;5=8O 0<<80:0 =08;CGH8< A?>A>-
1>< CAB0=>2;5=8O =0G0;L=KE AB0489 ?>@G8 <OA0. #>=865=85 B5<?5@0BC@K E@0=5=8O <OA0 70-
45@68205B @0728B85 <8:@>>@30=87<>2, 8 C25;8G5=85 A>45@60=8O 0<<80:0 ?@>8AE>48B <54-
;5==55. 
&0:65 4;O >F5=:8 AB5?5=8 A2565AB8 2 ?@>F5AA5 E@0=5=8O >?@545;O;0AL >1I0O :8A;>B-

=>ABL. �5;8G8=0 >1I59 :8A;>B=>AB8 C25;8G8205BAO ?@8 >1>8E 8AA;54C5<KE @568<0E E@0=5-
=8O, GB> 2>7<>6=> 2K720=> 384@>;8B8G5A:8<8 ?@>F5AA0<8 8 =0:>?;5=85< ?@>4C:B>2 384@>-
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;870 (>@30=8G5A:8E 8 =5>@30=8G5A:8E :8A;KE A>548=5=89). "4=0:> <0:A8<0;L=0O 25;8G8=0 
>1I59 :8A;>B=>AB8 4;O B5DB5;59, E@0=82H8EAO ?@8 ��", =0E>48BAO 2 ?@545;0E, 4>?CAB8<KE 
4;O 4>1@>:0G5AB25==KE ?@>4C:B>2 2 B5G5=85 20 4=59. �;O B@048F8>==>3> @568<0 E@0=5=8O 
=01;N405BAO >B:;>=5=85 >1I59 :8A;>B=>AB8 >B =>@<K ?>A;5 10-B8 4=59.  
%;54C5B >B<5B8BL, GB> 87<5=5=85 A>45@60=8O 07>B8ABKE 25I5AB2, ;5BCG8E 68@=KE :8A;>B 

8 >1I59 :8A;>B=>AB8, E0@0:B5@87CNI8E ?@>B5>;8B8G5A:85 ?@>F5AAK @0A?040 15;:>2, 1K;8 
=57=0G8B5;L=K C 8745;89, E@0=82H8EAO ?@8 ��", 0 ?@8 B@048F8>==>9 B5<?5@0BC@5 E@0=5=8O 
(4±2) °% ?@52KH5=8O =>@< ?> ?>:070B5;O< A2565AB8 =0G8=0;8AL C65 ?>A;5 5–10 4=59 E@0=5-
=8O. 
�@><5 B>3>, 2 ?@>F5AA5 E@0=5=8O  :>=B@>;8@>20;8  ?>:070B5;L 0:B82=>9 :8A;>B=>AB8 (@!), 

:>B>@K9 >:07K205B ACI5AB25==>5 2;8O=85 =0 B5E=>;>38G5A:85 A2>9AB20  <OA=KE ?>;CD01@8-
:0B>2 8 3>B>2KE :C;8=0@=KE 8745;89, 2 G0AB=>AB8 =0 AB>9:>ABL 2 >B=>H5=88 @0728B8O <8:-
@>>@30=87<>2 8 ?>72>;O5B ?@>3=>78@>20BL 8E A>E@0=O5<>ABL [18, 19]. 'AB0=>2;5=>, GB> 2> 
2@5<O E@0=5=8O 8AA;54C5<KE >1@07F>2 ?@>8AE>48;8 =57=0G8B5;L=K5 A42838 @!. �KO2;5=>, 
GB> ?@8 E@0=5=88 B5DB5;59 ?@8 1;87:@8>A:>?8G5A:>9 B5<?5@0BC@5 25;8G8=0 @! A=8605BAO 
=57=0G8B5;L=> (4> 5,65 4;O B5DB5;59 8 4,61 4;O A>CA0), 0 ?@8 B5<?5@0BC@5 (4±2) °% 0=0;>38G-
=K5 7=0G5=8O 4>AB830NBAO C65 =0 15-5 ACB:8 (@8A. 4).  

 

 
0) B5DB5;8 1) A>CA 

  
$<E. 4. �7<5=5=85 0:B82=>9 :8A;>B=>AB8 (@!) ?@8 E@0=5=88 B5DB5;59 A A>CA>< 

Fig. 4. Changes in active acidity (pH) of meatballs in sauce during storage 

 

!5A<>B@O =0 A42838 @! 2> 2@5<O E@0=5=8O, MB>B ?>:070B5;L 4;O 2A5E 8AA;54C5<KE >1@07-
F>2 1K; 2 8=B5@20;5 5,79–5,50. � 40==>< 480?07>=5 2>7<>65= @>AB 8 @07<=>65=85 =59B@>-
D8;L=KE <8:@>>@30=87<>2 (@! 5,5–7,5). "4=0:> ?>;CG5==K5 7=0G5=8O pH =5 O2;ONBAO >?B8-
<0;L=K<8 4;O 0:B82=>3> @07<=>65=8O B0:8E 1>;57=5B2>@=KE <8:@>>@30=87<>2, :0: E.coli 
(>?B8<C< @>AB0 ?@8 @! 7,2–7,5), Staphilococcus aureus (>?B8<C< @>AB0 ?@8 @! 7,0–7,5), 

Salmonella spp., Listeria monocytogenes, Clostridium perfringens (>?B8<C< @>AB0 ?@8  
@!  7,2–7,4). 

�AA;54>20=8O, ?@>2545==K5 @07;8G=K<8 02B>@0<8, ?>:070;8, GB> >4=8< 87 3;02=KE D0:-
B>@>2, >?@545;ONI8E :0G5AB2> >E;0645==KE <OA=KE ?@>4C:B>2 ?@8 E@0=5=88, O2;O5BAO 87-
<5=5=85 8E 68@>2>3> :><?>=5=B0. �8?84K, A>45@60I85AO 2 ?8I52KE ?@>4C:B0E, <>3CB ?@5-
B5@?520BL >?@545;5==K5 87<5=5=8O: 384@>;87, >:8A;8B5;L=K5 8 18>E8<8G5A:85 ?@>F5AAK. 
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�;O >F5=:8 8=B5=A82=>AB8 >:8A;5=8O 8 384@>;870 68@>2 >?@545;O;8 ?5@5:8A=>5 8  :8A;>B-
=>5 G8A;0. #5@28G=K<8  ?@>4C:B0<8 >:8A;5=8O  O2;ONBAO  ?5@5:8A8,  :>B>@K5  70B5< ?@5-
2@0I0NBAO 2> 2B>@8G=K5 ?@>4C:BK – 0;L45384K, :5B>=K, :8A;>BK. �=B5=A82=>ABL >1@07>20-
=8O 2B>@8G=KE ?@>4C:B>2 >:8A;5=8O >?@545;O;>AL ?> =0:>?;5=8N 2 ?@>4C:B5 :0@1>=8;L=KE 
A>548=5=89, 87<5=5=8N 15=7848=>2>3> (�+) 8 B8>10@18BC@>2>3> G8A5; (&�+). �0==K5 0=0-
;8B8G5A:8E G8A5; ?@54AB02;5=K 2 B01;. 1. 
�@0=8FK ?5@5:8A=KE G8A5; 4;O :C;8=0@=>9 ?@>4C:F88 =5 CAB0=>2;5=K, => ?>:070B5;8 

>:8A;8B5;L=>9 ?>@G8 @53;0<5=B8@CNBAO 4;O 68@>2 682>B=KE �"%& 8285-91 8 4;O ?@>4C:-
B>2 4;8B5;L=>3> E@0=5=8O ?8B0=8O 45B59 A0=8B0@=>-M?845<8>;>38G5A:8<8 ?@028;0<8 8 
=>@<0B820<8 2.3.2.1078-01 «�8385=8G5A:85 B@51>20=8O 157>?0A=>AB8 8 ?8I52>9 F5==>AB8 
?8I52KE ?@>4C:B>2». %2568< AG8B05BAO ?@>4C:B, A>45@60I89 =5 1>;55 0,03 %J2 (8;8 4>  
10 <<>;L (1/2 "2)/:3). 
� A2565?@83>B>2;5==KE 8745;8OE 1K;8 >1=0@C65=K ;8HL A;54K ?5@5:8A=KE A>548=5=89. 

� ?@>F5AA5 40;L=59H53> E@0=5=8O 8E A>45@60=85 =57=0G8B5;L=> C25;8G820;>AL ?@8 ��", =5 
?@52KH0O 4>?CAB8<>3> 4;O A2568E 8745;89 7=0G5=8O. �7<5=5=85 ?5@5:8A=KE G8A5; ?>4-
B25@6405B, GB> A:>@>ABL 18>E8<8G5A:8E ?@>F5AA>2 ?@8 ��" 7=0G8B5;L=> =865, G5< ?@8 =87-
:8E ?>;>68B5;L=KE B5<?5@0BC@0E.  >6=> ?@54?>;>68BL, GB> 2 B5DB5;OE >:8A;8B5;L=K5 
?@>F5AAK 68@0 ?@>B5:0NB <5=55 0:B82=>, G5< 2 A>CA5 70 AG5B 8A:;NG5=8O :>=B0:B0 A :8A;>-
@>4>< 2>74CE0. 

 

&45?. 1. #>:070B5;8 0=0;8B8G5A:8E G8A5; 2 ?@>F5AA5 E@0=5=8O*   

Table. 1. Indicators of analytical numbers in the process of storage* 

$568< E@0=5=8O 
�=8 E@0=5=8O 

0 5 10 15 20 25 30 

#5@5:8A=>5 G8A;>, <<>;P 0:B82=>3> :8A;>@>40/:3 (<<>;P/:3 ½ ") 

&@048F8>==K9  
(4±2) °% 

0,28±0,03 0,79±0,03 1,89±0,05 4,26±0,19 4,90±0,37 8,03±0,07 10,87±0,72 
0,40±0,07 1,09±0,05 2,20±0,07 4,48±0,10 6,73±0,31 10,16±0,10 13,73±0,42 

��"  
(<8=CA 2±0,5) °% 

0,28±0,03 0,50±0,03 0,78±0,04 0,91±0,19 1,98±0,16 4,29±0,23 5,56±0,85 
0,40±0,07 0,94±0,21 1,10±0,07 1,26±0,24 2,77±0,31 5,41±0,10 6,99±0,10 

* � G8A;8B5;5 – 40==K5 4;O B5DB5;59, 2 7=0<5=0B5;5 – 4;O A>CA0 
 

%>3;0A=> 0=0;87C ?>;CG5==KE 40==KE, ?>:070B5;8 :8A;>B=>3> G8A;0 ?>AB5?5==> C25;8G8-
20NBAO, GB> 3>2>@8B > 384@>;875 ;8?84>2, ?@>B5:0NI5< 2 ?@>F5AA5 E@0=5=88 :C;8=0@=>9 
?@>4C:F88 ?@8 4>ABC?5 :8A;>@>40, A>?@>2>640NI5<AO >:8A;5=85<. ' B5DB5;59, E@0=82-
H8EAO ?@8 ��" 8 B@048F8>==>< B5<?5@0BC@=KE @568<0E :8A;>B=K5 G8A;0 4>AB0B>G=> 1;87-
:8 ?> A2>5<C 7=0G5=8N 2 ?5@2K5 ?OBL ACB>: E@0=5=8O. "B<5G5=>, GB> C B5DB5;59, E@0=82-
H8EAO ?@8 ��" :8A;>B=>5 G8A;> 2 B5G5=85 2A53> ?5@8>40 E@0=5=8O 87<5=O5BAO =57=0G8B5;L-
=>: A 2,21 4> 1,97 <3KOH/3, C A>CA0 A 1,15 4> 3,98 <3�"!/3, =5 ?@52KH0O 4>?CAB8<>3> 7=0G5-
=8O (4> 4 <3�"!/3). #@8 B5<?5@0BC@5 E@0=5=8O (4±2) °% C B5DB5;59 8 A>CA0 =01;N405BAO @57-
:>5 C25;8G5=85 :8A;>B=>3> G8A;0 68@0 =0 ?OB=04F0BK5 ACB:8 ?> A@02=5=8N A 45AOBK<8 (=0 
0,91 <3�"! 8 1,64 <3�"! A>>B25BAB25==>) #@8 1;87:@8>A:>?8G5A:>9 B5<?5@0BC@5 @57:8E 
A:0G:>2 =5 1K;> 2KO2;5=>. 
�;O >?@545;5=8O A>45@60=8O 2B>@8G=KE ?@>4C:B>2 >:8A;5=8O – :0@1>=8;L=KE A>548=5-

=89, A2845B5;LAB2CNI8E > AB5?5=8 ?@>3>@:0=8O ;8?84>2, ?@>2>48;>AL >?@545;5=85 B8>10@-
18BC@>2>3> 8 15=7848=>2>3> G8A5;. 
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Fig. 5. Changes in thiobarbituric number (TBN) of meatballs in sauce during storage 
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