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Fig. 1. Structure of the research 
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 Table 1 
 

Characteristics of conventional packaging materials used in experiments 
 

 
Packaging 
material 

 
Characteristics and composition 

 

Thickness 
 

Packed 
product 

  
Single layer, transparent OPP  Sherbet, 

marshmallow 

Multibarrier  
60 HFP Transparent laminate, 

APA/TIE/PA/EVOH/PA/TIE/PE/PE  

 Sherbet, 
marshmallow 

BIALON 50 
HFP 

  
Frosty white, laminate, BOPA/PE   Sherbet 

BIALON 65 
HFP Transparent laminate, BOPA/PE    

Sherbet 

PP  
Single layer, transparent PP  

 
Sherbet, 

marshmallow 

BOPET/PE 

 
Metallised 

laminate BOPET/ALU/PE  
 

 
Sherbet, 

marshmallow 

Aluthen  
Metallised laminate PET/ALU/PE  Sherbet 

 



 

 Table 2 
  

Characteristics of biodegradable packaging materials used in experiments 
 

 
Packaging 
material 

 
Characteristics and composition 

 

Thickness 
 Packed product 

BIO NVS Single layer, transparent, 
cellophane based biodegradable 

NVS film 

 Sherbet 

Ceramis®-
PLA 

  – 
 

PLA coated with SiOx High barrier 
properties 

 
 

Sherbet, 
marshmallow 

met. 
NatureFlex 

23NM 

a  
 

Metallised surface/ 
coating/transparent cellulose 

film/coating 

 Sherbet 

NativiaTM 
NTSS-30 

 
Transparent BOPLA   Sherbet 

NativiaTM 
NZSS-20 

 
Metallised BOPLA film  Sherbet 

ECOLEAN  
Single layer, white, 40% Ca/60% PE  Sherbet 
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 Table 3 
 

Determination methods of physical and chemical parameters 
 

 
  

No Parameters 
 

Test methods Analysed 
product 

 Colour CIE  
CIE L*a*b* colour system 

 
Sherbet 

 Water activity (aw)  
 

Sherbet, 
marshmallow 

  Density,  
-  Gravimetry Marshmallow 

 / 
Mass losses,  

 
Method of weighing 

 
Sherbet 

 Moisture content,  
 

Method of weighing 
 

Sherbet 

   
Hardness, N 

 
Texture analyser TA.XT.plus. 

 
Sherbet 

  
-  

 
Atomic absorption method 
 

 

 
Sherbet, 

marshmallow, 
bee pollen 

 

(MAFAM) koloniju 
 – 

– -  
 

MS Excel SPSS 16 
  . 
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Fig. 6. The dynamics of sherbet hardness during the storage time in air 
ambience 

 
1-G – cardboard box 2-G – 3-G – Multibarrier 60 HFP 4-G – BIALON 50 HFP  
5-G – BIALON 65 HFP 6-G – ECOLEAN 7-G – 8-G – BIO NVS. 
 
           Sensory estimated maximum hardness level 
             Initial hardness of sherbet 55.80 2.96 N 
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Fig. 8. The dynamics of sherbet hardness Multibarrier 60 HFP material in 

during the storage time 
 

 – cardboard box G – air ambience  
 –  

-1 – N  -2 – N  -3 –  
-3- –   oxygen absorber. 

 
           Sensory estimated maximum hardness level 
             Initial hardness of sherbet 55.80 2.96 N 
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Fig. 9. Correlation of the hardness and moisture content of sherbet 
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 Table 4 
 

The recommended shelf life of sherbet 
 

 
 

Packaging material 

 
Packaging technology 

 
 A

ir
 a

m
bi

en
ce

  
 V

ac
uu

m
 

MAP 

2 
2 

2 
2 

2 Active 
packaging 

2 + 

oxygen 
absorber 

Storage time, weeks 

Cardboard box  - - - - - 

    -   - 
Multibarrier 60 HFP  -      16* 
BIALON 50 HFP   -     - 
BIALON 65 HFP    -    - 
PP       - 

 - - - - 16* 16* 
Aluthen  - - - - 16* 16* 

BIO NVS       - 
Ceramis®-PLA   - - - -  -  

NatureFlex 23NM   - - -   
NativiaTM NTSS-30  - - - -   
NativiaTM NZSS-20  - - - -   
ECOLEAN   -     - 

 

* / 
after 16 weeks of storage the hardness level 300 N is not reached 
 

  ir -  -

   

                                                 
- 

-
Enactment date of sanitary and epidemiological rules and regulations „Hygienic Requirements for 
Safety and Nutrition Value of Food Products. Sanitary Rules and Regulations (SanPin) 2.3.2.1078-
01” (01.07.2002.) 
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 Table 5 
 

TPC in the sherbet samples after 16 weeks storage 
 

 
 

Packaging material 

 
Packaging technology 

Gaisa 
 

 

MAP 

2 

 
2 

  
 active packaging 

(100% CO2 + oxygen 
absorber) 

-  TPC log cfu g-1* 
 

Cardboard box  - - 

   - 
PP    - 
Multibarrier 60 HFP     
Ceramis®-PLA  -   

NatureFlex23NM  -   
 -   

 Aluthen  -   
 

-  admissible level of TPC less than 4.0 log cfu g-1 
 

-
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Fig. 10. The dynamics of classical sherbet hardness during the storage time 

 
3-G – Multibarrier 60 HFP air ambience 3- – Multibarrier 60 HFP   
3- - – Multibarrier 60 HFP  oxygen absorber   
9- – Ceramis®-PLA  
9- - – Ceramis®-PLA  oxygen absorber   
13-  –   
13- - –    oxygen absorber   
14- – Aluthen   
14- - – Aluthen  oxygen absorber). 
 
            Sensory estimated maximum hardness level 
              Initial hardness of sherbet 62.54 4.82 N 
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Fig. 11. The dynamics of hardness of bee pollen enriched sherbet  

during the storage time  
 

3-G – Multibarrier 60 HFP air ambience 3- – Multibarrier 60 HFP   
3- - – Multibarrier 60 HFP  oxygen absorber   
9- – Ceramis®-PLA   
9- - – Ceramis®-PLA  oxygen absorber   
13-  –   
13- - –    oxygen absorber   
14- – Aluthen   
14- - – Aluthen  oxygen absorber). 
 
            Sensory estimated maximum hardness level 
              Initial hardness of sherbet 62.54 4.82 N 

 

 

 

  

 
 



 

Table 6 

 
  b * significance level of classical (A) and bee pollen enriched (B) 

sherbet depending on the packaging technology 
 

Colour component 

 
Packaging technology 

MAP  
2 

 2 
  

 Active packaging  
( 100% CO2+oxygen absorber) 

 B  B 
     

a*     
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Fig. 12. 
enriched sherbet the during storage time  

 
3-G – Multibarrier 60 HFP air ambience 3- – Multibarrier 60 HFP   
3- - – Multibarrier 60 HFP  oxygen absorber   
9- – Ceramis®-   
9- - – Ceramis®-   oxygen absorber   
13-  –   
13- - –    oxygen absorber   
14- – Aluthen   
14- - – Aluthen  oxygen absorber). 
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Fig. 13. Star diagrams of the intensity of classical (A) and bee pollen enriched 

(B) sherbet properties during the storage time in 
 

– cardboard box;  
3-G – Multibarrier 60 HFP air ambience  
3- – Multibarrier 60 HFP   
3- - – Multibarrier 60 HFP  oxygen absorber   
9- – Ceramis®-PLA  
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Fig. 14. The dynamics of classical (A) and bee pollen enriched (B) 

marshmallow density during the storage in air ambience 
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Fig. 15. The density dynamics of classical (A) and bee pollen enriched (B) 

marshmallow during the storage in active packaging 
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Fig. 16. The TPC dynamics in classical (A) and bee pollen enriched (B) 

marshmallow samples during the storage time in air ambiance 
 

2-G – 3-G – Multibarrier 60 HFP 7-G – 9-G – Ceramis®-PLA 13-G –   
           -  admissible level of TPC less than 3 log cfu g-1 
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Fig. 17. The TPC dynamics in classical (A) and bee pollen enriched (B) 

marshmallow samples during the storage time in active packaging 
 

2-G – 3-G – Multibarrier 60 HFP 7-G – 9-G – Ceramis®-PLA 13-G –   
           -  admissible level of TPC less than 3 log cfu g-1 
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