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[bookmark: _Toc517624174]Materials and Methods
1. Moisture content and pH 
The moisture content was determined by drying 5 grams of minced beef meat treatments in air drying oven at 105°C to a constant weight (AOAC, 2003). The pH was determined by blending 1 g minced beef meat sample in 10 mL of deionized distilled water. The mixture was filtrate and measured using a digital pH meter.
[bookmark: _Toc517624176]2. Soluble and total proteins assay 
[bookmark: _Toc517624177]One gram of minced beef meat was homogenized in 4 mL phosphate buffer pH 7.4 and the soluble protein content was determined according to the Lowery and Dalquest method (Lowery and Dalquest, 1951). A protein standard curve generated using BSA and the measurements was done in three triplicates. Three samples of protein content was determined comparing to the standard curve of BSA. In addition, total protein content was determined by the micro Kjeldahl’s method (AOAC, 2003). The total protein content was calculated by multiplying the total nitrogen.
[bookmark: _Toc517624181][bookmark: _Toc517624182]3. Determination of ash content 
Minced beef meat samples (10 g each) were ignited in a muffle furnace at 550°C to constant weights and ash content was determined (AOAC, 2003). 
4. Determination of minced meat color 
 Minced meat color was determined using a HUNTERLAB Colorimeter (Hunter Associates Laboratory Inc., Reston, USA), calibrated to black and white standards. Tristimulus L*a*b* measurement mode was used (Hunter and Harold, 1987). L*(lightness), a*(redness) and b*(yellowness) values were measured and recorded as the mean of these measurements. From the measured values, Chroma [(a*2 + b*2)1/2] and hue (b*/a*) were also calculated.
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Table S1. Moisture content (%) in minced beef meat products treated with chitosan (Ch), chitosan- silver nanoparticles (Ch-AgNPs) after storage for ten days at 4ºC
	Treatment
	Concentration
(ug/g)
	Moisture content (%)
± SE at time (day)
	Average ± SE

	
	
	3
	7
	10
	

	Control +
	0.00
	75.90±0.07
	76.10±0.20
	76.00±0.13
	76.00ea±25.33

	Control -
	0.00
	71.00±0.13
	71.30±0.33
	71.00±0.13
	71.10ba±23.72

	Ch
	1000
	69.40±0.13
	69.50±0.20
	69.50±0.20
	69.47a±23.15

	
	2500
	73.40±0.27
	73.30±0.20
	73.20±0.13
	73.30a±24.45

	Ch-AgNP1
	1000
	72.22±0.13
	71.32±0.33
	71.22±0.13
	71.59b±23.93

	
	2500
	74.40±0.13
	73.80±0.20
	73.70±0.20
	73.97a±24.70

	Ch-AgNP2
	1000
	72.02±0.27
	72.02±0.20
	71.32±0.13
	71.55b±23.89

	
	2500
	74.00±0.07
	73.80±0.13
	73.70±0.13
	73.83a ±24.63

	Ch-AgNP3
	1000
	72.22±0.07
	71.32±0.13
	71.22±0.13
	71.59b±23.93

	
	2500
	74.40±0.20
	73.80±0.20
	73.73±0.13
	73.99a±24.70

	Mean
	72.49a
	72.23a
	72.63a
	Between Treatment for 1000 = 1.12

	LSD 0.05
	Between time = 0.92
	Between Treatment for 2500 = 2.38


Values are mean of three replicates ± standard error (SE)
Before treatment: 75%
Control (+): Minced meat treated with E. coil
Control (-): Minced meat without E. coil
Ch: Chitosan, NP: nanoparticle, Ch-AgNP1 (0.1%), Ch-AgNP2 ( 0.2%), and Ch-AgNP3 (0.3% ).








Table S2. Changes in pH value in minced beef meat products treated with chitosan (Ch), chitosan- silver nanoparticles (Ch Ag NPs) after ten days storage at 4oC
	Treatment
	Concentration
(ug/g)
	pH value ± SE at time (day)
	Average
± SE

	
	
	3
	7
	10
	

	Control +
	0.00
	5.91±0.8
	5.40±0.20
	4.90±010
	5.40ab±0.29

	Control -
	0.00
	6.11±0.49
	5.74±0.35
	5.42±0.18
	5.76b ±0.20

	Ch
	1000
	6.04±0.30
	5.85±0.23
	5.64±0.12
	5.84a ±0.12

	
	2500
	6.17±0.17
	5.87±0.01
	5.83±0.02
	5.91a ±0.06

	Ch-AgNP1
	1000
	6.50±0.39
	6.00±0.15
	5.88±0.07
	6.12ab ±0.19

	
	2500
	6.60±0.29
	6.18±0.07
	6.13±0.03
	6.30b ±0.15

	Ch-AgNP2
	1000
	6.46±0.24
	6.11±0.08
	6.03±0.05
	6.20ab ±0.13

	
	2500
	6.50±0.19
	6.24±0.06
	6.20±0.03
	6.31b ±0.10

	Ch-AgNP3
	1000
	6.30±0.26
	6.05±0.12
	5.96±0.05
	6.10ab ±0.10

	
	2500
	6.37±0.19
	6.19±0.09
	6.12±0.04
	6.23b ±0.08

	Mean
	6.35b
	6.09a
	6.02a
	Between Treatment for 1000 = 0.29

	LSD 0.05
	Between time = 0.12
	Between Treatment for 2500 =0.20


Values are mean of three replicates ± standard error (SE)
Before treatment: 6.4
Control (+): Minced meat treated with E. coil
Control (-): Minced meat without E. coil
Ch: Chitosan, NP: nanoparticle, Ch-AgNP1 (0.1%), Ch-AgNP2 ( 0.2%), and Ch-AgNP3 (0.3% ).





Table S3. Changes in soluble protein (Lowery) in minced beef meat products treated with chitosan (Ch), chitosan- silver nanoparticles (Ch Ag NPs) after ten days storage at 4oC
	Treatment
	Concentration
(ug/g)
	Protein concentration (m/g)
± SE at time (day)
	Average
± SE

	
	
	3
	7
	10
	

	Control +
	0.00
	0.06±0.01
	0.08±0.01
	0.10±0.01
	0.08a ±0.01

	Control -
	0.00
	0.12±0.01
	0.07±0.01
	0.08±0.02
	0.09a ±0.01

	Ch
	1000
	0.11±0.01
	0.12±0.01
	0.13±0.01
	0.12a ±0.01

	
	2500
	0.11±0.02
	0.13±0.01
	0.15±0.01
	0.13a ±0.01

	Ch-AgNP1
	1000
	0.06±0.02
	0.10±0.05
	0.12±0.03
	0.09a ±0.02

	
	2500
	0.07±0.03
	0.12±0.05
	0.15±0.03
	0.11a ±0.02

	Ch-AgNP2
	1000
	0.07±0.03
	0.10±0.03
	0.13±0.03
	0.10a ±0.02

	
	2500
	0.07±0.03
	0.12±0.05
	0.16±0.04
	0.12a ±0.03

	Ch-AgNP3
	1000
	0.06±0.03
	0.11±0.04
	0.15±0.04
	0.11a ±0.03

	
	2500
	0.08±0.03
	0.13±0.05
	0.18±0.04
	0.13a ±0.03

	Mean
	0.09a
	0.10a
	0.13b
	Between Treatment for 1000 = 0.05

	LSD0.05
	Between time = 0.02
	Between Treatment for 2500 = 0.04


Values are mean of three replicates ± standard error (SE)
Before treatment: 
Control (+): Minced meat treated with E. coil
Control (-): Minced meat without E. coil
Ch: Chitosan, NP: nanoparticle, Ch-AgNP1 (0.1%), Ch-AgNP2 ( 0.2%), and Ch-AgNP3 (0.3% ).


[bookmark: _Toc519939056]Table S4. Changes in total protein Kjeldahl’s content (%) in minced beef meat products treated with chitosan (Ch), chitosan- silver nanoparticles (Ch Ag NPs) after ten days storage at 4oC
	Treatment
	Concentration
(ug/g)
	protein content (%) ± SE at time (day)
	Average
± SE

	
	
	3
	7
	10
	

	Control +
	0.00
	22.85*±1.0
	20.96±1.0
	20.07±0.61
	21.29a±0.82

	Control -
	0.00
	24.16±0.49
	22.90±1.22
	22.01±1.74
	23.02a±0.62

	Ch
	1000
	24.54±0.72
	23.28±1.45
	22.39±1.97
	23.40a±0.62

	
	2500
	24.79±0.12
	23.39±1.51
	22.50±2.03
	23.56a±0.66

	Ch-AgNP1
	1000
	25.00±0.25
	23.11±1.35
	22.22±1.86
	23.44a±0.82

	
	2500
	25.49±0.53
	23.60±1.63
	22.71±2.15
	23.93a±0.82

	Ch-AgNP2
	1000
	25.28±0.41
	23.39±1.51
	22.50±2.03
	23.72a±0.82

	
	2500
	25.44±0.50
	23.55±1.60
	22.66±2.12
	23.88a±0.82

	Ch-AgNP3
	1000
	24.89±0.18
	23.00±1.28
	22.11±1.80
	23.33a±0.82

	
	2500
	22.85±1.00
	23.56±1.61
	20.78±2.12
	23.89a±0.82

	Mean
	24.59 c
	22.84 b
	21.44 a
	Between Treatment For 1000 = 1.65

	LSD0.05
	Between time = 1.31
	Between Treatment for 2500 = 2.94


Values are mean of three replicates ± standard error (SE)
Before treatment: 22%
Control (+): Minced meat treated with E. coil
Control (-): Minced meat without E. coil
Ch: Chitosan, NP: nanoparticle, Ch-AgNP1 (0.1%), Ch-AgNP2 ( 0.2%), and Ch-AgNP3 (0.3% ).



Table S5. Ash content (%) in minced beef meat products treated with chitosan (Ch), chitosan- silver nanoparticles (Ch-AgNPs) after storage for ten days at 4ºC

	Treatment

	Concentration
(ug/g)
	Ash content (%) ± SE at time (day)
	Average
± SE

	
	
	
3

	
7

	
10

	

	Control +
	0.00
	1.00±0.02
	1.15±0.11
	0.97±0.01
	1.04a ±0.05
	

	Control -
	0.00
	1.05±0.03
	1.08±0.01
	1.08±0.02
	1.07ab ±0.01
	

	Ch
	1000
	1.18±0.03
	1.07±0.04
	1.09±0.03
	1.11b ±0.03
	

	
	2500
	1.15±0.01
	1.15±0.01
	1.14±0.01
	1.14c ±0.00
	

	Ch-AgNP1
	1000
	1.08±0.01
	1.08±0.01
	1.12±0.01
	1.09ab ±0.01
	

	
	2500
	1.16±0.02
	1.19±0.02
	1.19±0.01
	1.18c ±0.01
	

	Ch-AgNP2
	1000
	1.09±0.01
	1.09±0.01
	1.07±0.01
	1.08ab ±0.01
	

	
	2500
	1.16±0.01
	1.14±0.01
	1.14±0.02
	1.15c ±0.01
	

	Ch-AgNP3
	1000
	1.09±0.05
	1.17±0.03
	1.17±0.02
	1.14b ±0.03
	

	
	2500
	1.16±0.01
	1.18±0.01
	1.18±0.02
	1.17c ±0.01
	

	Mean

	1.07a
	1.1a
	1.08a
	Between treatment  for 1000 = 0.05
	

	LSD0.05
	Between time =   0.04
	Between treatment  for 2500 = 0.09
	

	
	
	


Values are mean of three replicates ± standard error (SE)
Before treatment: 1%
Control (+): Minced meat treated with E. coil
Control (-): Minced meat without E. coil
Ch: Chitosan, NP: nanoparticle, Ch-AgNP1 (0.1%), Ch-AgNP2 ( 0.2%), and Ch-AgNP3 (0.3% ).
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Table S6. Changes in Color parameters (L*, a*, b*,) Chroma in minced beef meat products treated with chitosan (Ch), chitosan- silver nanoparticles (Ch Ag NPs) after storage for ten days at 4ºC
	Treatment
	Concentration
(ug/g)
	Values are mean ± SE at time (day)
	Average
± SE

	
	
	3
	7
	10
	

	
	
	L*
	a*
	b*
	croma
	L*
	a*
	b*
	croma
	L*
	a*
	b*
	croma
	

	Control +
	0.00
	48.65±0.20
	7.69±0.09
	13.04±0.10
	3.56±0.36
	47.15±0.09
	8.25±0.32
	12.80±0.75
	2.89±0.22
	42.08±0.98
	6.47±0.70
	11.50±0.79
	2.86±0.04
	3.10a ±0.23

	Control -
	0.00
	42.63±0.10
	8.83±0.06
	8.36±0.29
	9.11±0.91
	41.40±0.09
	8.16±0.13
	11.16±0.10
	7.39±0.59
	44.39±0.58
	8.98±0.35
	10.99±1.23
	7.32±0.08
	7.94d ±0.59

	Ch
	1000
	50.18±0.09
	6.55±0.10
	13.72±0.28
	5.60±0.56
	48.54±0.15
	5.47±0.21
	15.45±0.72
	4.55±0.35
	52.34±0.73
	5.30±0.30
	16.69±2.00
	4.50±0.06
	4.88b ±0.36

	
	2500
	53.7±20.09
	7.68±0.02
	14.10±0.07
	5.49±0.55
	50.26±0.27
	6.88±0.15
	14.71±0.52
	4.45±0.35
	50.92±0.13
	6.94±0.12
	13.82±0.10
	4.41±0.05
	4.78b ±0.35

	Ch-AgNP1
	1000
	49.66±0.06
	5.56±0.20
	11.09±0.40
	7.27±0.73
	46.80±0.24
	5.01±0.11
	11.64±0.13
	5.90±0.46
	47.76±0.18
	4.45±0.43
	11.87±0.85
	5.84±0.07
	6.34c ±0.47

	
	2500
	52.46±0.07
	6.26±0.10
	14.06±0.38
	8.36±0.84
	49.85±0.21
	5.35±0.17
	12.96±0.32
	6.79±0.51
	51.41±0.30
	3.27±1.38
	13.51±0.05
	6.70±0.09
	7.28d ±0.54

	Ch-AgNP2
	1000
	46.42±0.10
	3.82±0.16
	10.07±0.29
	7.17±0.72
	46.05±0.02
	3.66±0.03
	10.92±0.12
	5.82±0.44
	48.02±0.38
	2.35±0.79
	10.72±0.67
	5.75±0.08
	6.24c ±0.46

	
	2500
	52.49±0.03
	5.75±0.09
	9.20±0.26
	8.23±0.83
	48.76±0.31
	4.85±0.17
	11.26±0.64
	6.67±0.49
	46.43±0.45
	2.87±1.32
	10.15±0.81
	6.59±0.11
	7.16d ±0.53

	Ch-AgNP3
	1000
	47.69±0.04
	4.62±0.16
	9.16±0.20
	6.75±0.67
	47.05±0.06
	4.41±0.04
	11.46±0.44
	5.47±0.43
	50.89±0.74
	3.11±0.79
	10.70±1.09
	5.42±0.06
	5.88c ±0.44

	
	2500
	48.65±0.20
	7.69±0.09
	13.04±0.10
	7.27±0.60
	47.15±0.09
	8.25±0.32
	12.80±0.75
	5.66±0.37
	46.06±0.20
	4.07±0.79
	11.50±0.42
	5.40±0.15
	6.11c ±0.19

	Mean
	6.69 b
	5.50 a
	5.41 a
	Between Treatment for 1000 = 0.77

	LSD0.05
	Between time = 0.39
	Between Treatment for 2500 = 0.81


Values are mean of three replicates ± standard error (SE), 
Before treatment: 8.01
Control (+): Minced meat treated with E. coil
Control (-): Minced meat without E. coil
Ch: Chitosan, NP: nanoparticle, Ch-AgNP1 (0.1%), Ch-AgNP2 ( 0.2%), and Ch-AgNP3 (0.3% ).
L*(lightness), a*(redness) and b*(yellowness)




Table S7. Changes in Color parameters (L*, a*b*,) Hue in minced beef meat products treated with chitosan (Ch), chitosan- silver nanoparticles (Ch Ag NPs) after storage for ten days at 4ºC
	Treatment
	Concentration
(ug/g)
	Values are mean ± SE at time (day)
	Average
± SE

	
	
	3
	7
	10
	

	
	
	L*
	a*
	b*
	Hum
	L*
	a*
	b*
	Hum
	L*
	a*
	b*
	Hum
	

	Control +
	0.00
	48.65±0.20
	7.69±0.09
	13.04±0.10
	1.70±0.01
	47.15±0.09
	8.25±0.32
	12.80±0.75
	1.82±0.14
	42.08±0.98
	6.47±0.70
	11.50±0.79
	1.84±0.05
	1.79abc ±0.05

	Control -
	0.00
	42.63±0.10
	8.83±0.06
	8.36±0.29
	0.95±0.04
	41.40±0.09
	8.16±0.13
	11.16±0.10
	1.39±0.02
	44.39±0.58
	8.98±0.35
	10.99±1.23
	1.33±0.05
	1.22a±0.14

	Ch
	1000
	50.18±0.09
	6.55±0.10
	13.72±0.28
	2.10±0.01
	48.54±0.15
	5.47±0.21
	15.45±0.72
	3.27±0.47
	52.34±0.73
	5.30±0.30
	16.69±2.00
	3.55±0.34
	2.97e ±0.44

	
	2500
	53.7±20.09
	7.68±0.02
	14.10±0.07
	2.84±0.00
	50.26±0.27
	6.88±0.15
	14.71±0.52
	3.18±0.10
	50.92±0.13
	6.94±0.12
	13.82±0.10
	3.50±0.06
	3.03e ±0.10

	Ch-AgNP1
	1000
	49.66±0.06
	5.56±0.20
	11.09±0.40
	2.01±0.15
	46.80±0.24
	5.01±0.11
	11.64±0.13
	2.54±0.19
	47.76±0.18
	4.45±0.43
	11.87±0.85
	2.63±0.15
	2.39c ±0.19

	
	2500
	52.46±0.07
	6.26±0.10
	14.06±0.38
	2.24±0.02
	49.85±0.21
	5.35±0.17
	12.96±0.32
	2.64±0.20
	51.41±0.30
	3.27±1.38
	13.51±0.05
	2.78±0.13
	2.55e ±0.16

	Ch-AgNP2
	1000
	46.42±0.10
	3.82±0.16
	10.07±0.29
	2.65±0.19
	46.05±0.02
	3.66±0.03
	10.92±0.12
	2.92±0.11
	48.02±0.38
	2.35±0.79
	10.72±0.67
	3.03±0.22
	2.87d ±0.11

	
	2500
	52.49±0.03
	5.75±0.09
	9.20±0.26
	1.60±0.07
	48.76±0.31
	4.85±0.17
	11.26±0.64
	2.47±0.12
	46.43±0.45
	2.87±1.32
	10.15±0.81
	2.61±0.20
	2.23d ±0.32

	Ch-AgNP3
	1000
	47.69±0.04
	4.62±0.16
	9.16±0.20
	1.99±0.11
	47.05±0.06
	4.41±0.04
	11.46±0.44
	2.56±0.16
	50.89±0.74
	3.11±0.79
	10.70±1.09
	2.87±0.47
	2.47c ±0.26

	
	2500
	48.65±0.20
	7.69±0.09
	13.04±0.10
	2.05±0.04
	47.15±0.09
	8.25±0.32
	12.80±0.75
	2.37±0.17
	46.06±0.20
	4.07±0.79
	11.50±0.42
	2.63±0.31
	2.35de ±0.17

	Mean
	1.82 a
	2.28 b
	2.38 b
	Between Treatment for 1000 = 0.35

	LSD0.05
	Between time= 0.16
	Between Treatment for 2500 = 0.21


Values are mean of three replicates ± standard error (SE)
Before treatment: 1.2
Control (+): Minced meat treated with E. coil
Control (-): Minced meat without E. coil
Ch: Chitosan, NP: nanoparticle, Ch-AgNP1 (0.1%), Ch-AgNP2 ( 0.2%), and Ch-AgNP3 (0.3% ).
L*(lightness), a*(redness) and b*(yellowness)




