

	Treatment

Shelf 
life (days)
	Total bacterial counts (Log CFU/g)
	Total yeast count (Log CFU/g)
	Total fungi count (Log CFU/g)

	
	NC
	PC
	Polymer concentrations (%)
	MeansA,B
	NC
	PC
	Polymer concentrations (%)
	MeansA,B
	NC
	PC
	Polymer concentrations (%)
	MeansA,B

	
	
	
	5
	10
	15
	20
	
	
	
	5
	10
	15
	20
	
	
	
	5
	10
	15
	20
	

	0
	5.1
	5.1
	5.1
	5.1
	5.1
	5.1
	5.1A
	4.8
	4.8
	4.8
	4.8
	4.8
	4.8
	4.8A
	5.5
	5.5
	5.5
	5.5
	5.5
	5.5
	5.5B

	3
	5.2
	7.0
	4.9
	4.9
	4.1
	4.1
	5.0A
	5.1
	6.0
	4.7
	4.7
	4.6
	4.6
	4.9A
	5.4
	5.7
	NG
	NG
	NG
	NG
	1.8A

	6
	7.8
	7.8
	4.8
	4.7
	4.3
	4.0
	5.5AB
	6.4
	8.1
	5.1
	4.5
	3.6
	3.6
	5.2AB
	5.5
	5.0
	NG
	NG
	NG
	NG
	1.7A

	9
	10.2
	8.0
	5.1
	4.8
	4.7
	4.0
	6.1B
	8.1
	10.0
	6.9
	3.7
	3.6
	3.4
	5.9B
	5.7
	5.3
	NG
	NG
	NG
	NG
	1.8A

	12
	ND
	ND
	6.6
	5.0
	5.0
	4.3
	 5.2A
	ND
	ND
	7.4
	4.9
	4.4
	3.5
	5.05A
	ND
	5.6
	NG
	NG
	NG
	NG
	 1.1A

	Meansa,b
	7.1c
	6.9c
	5.3b
	4.9ab
	4.6ab
	4.3a
	
	6.1b
	7.2c
	5.7b
	4.5a
	4.2a
	3.9a
	
	5.5b
	5.4b
	1.1a
	1.1a
	1.1a
	1.1a
	


Table 5. Effect of different packaging and no-packaging conditions on the number of total bacteria, yeast, and fungi in beef samples during 12 days of storage at 4°C±1. NC, Negative control (without film, without polymer); PC, Positive control (a film without polymer); Concentrations of polymer 5→20 g/100 ml had a film with a polymer; ND, Not detected due to the overgrowth; NG, No growth. A, B Means values with capital letters in the same column followed by different letters are significantly different at p< 0.05 level between shelf life and total counts. a, b Means values with small letters in the same row followed by different letters are significantly different at p< 0.05 level between treatments and total counts. 


	   Treatment

Shelf 
life (days)
	E. coli counts (Log CFU/g)
	Staphylococcus counts (Log CFU/g)
	Bacillus cereus counts (Log CFU/g)

	
	NC
	PC
	Polymer concentrations (%)
	MeansA,B
	NC
	PC
	Polymer concentrations (%)
	MeansA,B
	NC
	PC
	Polymer concentrations (%)
	MeansA,B

	
	
	
	5
	10
	15
	20
	
	
	
	5
	10
	15
	20
	
	
	
	5
	10
	15
	20
	

	[bookmark: _Hlk122086780]0
	5.3
	5.3
	5.3
	5.3
	5.3
	5.3
	5.3A
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9
	3.9A
	ND
	ND
	ND
	ND
	ND
	ND
	

	3
	6.2
	5.3
	5.2
	5.1
	4.3
	3.9
	5.0A
	4.1
	4.2
	4.1
	3.8
	3.6
	3.5
	3.8A
	ND
	ND
	7.3
	7.1
	7
	6.7
	7.0B

	6
	7.4
	7.3
	5.1
	4.8
	4.1
	4.1
	5.4AB
	5.6
	5.2
	5.4
	3.6
	2.8
	2.8
	4.2B
	ND
	ND
	ND
	6.4
	6.3
	6.2
	6.3A

	9
	9.2
	8.2
	6.3
	4.4
	4.1
	3.9
	6.0B
	7.0
	6.1
	5.7
	3.8
	3.3
	3.1
	4.6BC
	ND
	ND
	ND
	6.2
	6.2
	6.1
	6.1A

	12
	ND
	ND
	6.9
	5.3
	4.3
	4.2
	5.1A
	ND
	ND
	6.5
	4.6
	3.8
	3.6
	4.8C
	ND
	ND
	ND
	7.3
	7.3
	6.3
	6.9B

	Meansa,b
	7.0d
	6.5d
	5.7c
	4.9b
	4.4ab
	4.2a
	
	5.1c
	4.8c
	5.1c
	3.9b
	3.4ab
	3.3a
	
	
	
	7.3c
	6.7b
	6.7b
	6.3a
	


Table 6. Effect of different packaging and non-packaging conditions on the number of pathogenic bacteria in beef samples during 12 days of storage at 4°C±1. NC, Negative control (without film, without polymer); PC, Positive control (a film without polymer); Concentrations of polymer 5→20 g/100ml had a film with a polymer; ND, Not detected due to the overgrowth. A, B Means values with capital letters in the same column followed by different letters are significantly different at p< 0.05 level between shelf life and total counts.  a, b Means values with small letters in the same row followed by different letters are significantly different at p< 0.05 level between treatments and total counts. Note: Salmonella spp., Shigella spp., and Pseudomonas spp. we're not found during the shelf life of samples.

