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Fig 1 Effect of chitosan coating and packaging type on the firmness of Badami's fresh pistachio samples during
storage (a: Ambient atmospheric condition; b: Active-MAP (A-MAP); c: Passive MAP (P-MAP)) (p<0.05)
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Fig 2 Effect of chitosan coating and packaging type on sensorial properties (a: firmness; and b: overall
acceptance) of Badami's fresh pistachio samples during storage; AAC: Ambient atmospheric condition; A-
MAP: Active-MAP; P-MAP: Passive MAP; CO0, C1, and C1.5: 0%, 1%, and 1.5% chitosan, respectively.
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Table 1 The reduction rate of instrumental and sensorial firmness, k (day) of Badami's fresh
pistachios coated with chitosan under different packaging type during storage (AAC: Ambient
atmospheric condition; A-MAP: Active-MAP; P-MAP: Passive MAP)

Packaging Chitosar} Firmness (kgy) Firmness (sensory evaluation)
concentration N . 12 N . 12

type (%) k R Adj-R® RMSE K R Adj-R®~ RMSE
0 0.0044 0.96 0.94 0.064 0.0071 0.94 0.91 0.174

AAC 1 0.0040 0.97 0.95 0.052 0.0053 0.99 0.99 0.022
1.5 0.0035 0.98 0.97 0.035 0.0038 0.93 0.90 0.100

0 0.0024 0.93 0.90 0.071 0.0043 0.98 0.96 0.064

P-MAP 1 0.0019 0.93 0.90 0.173 0.0031 0.91 0.89 0.170
1.5 0.0013 0.97 0.92 0.105 0.0024 0.90 0.80 0.116

0 0.0120 0.97 0.96 0.041 0.0148 0.99 0.98 0.118

A-MAP 1 0.0011 0.90 0.89 0.140 0.0029 0.92 0.90 0.119
1.5 0.0009 0.93 0.90 0.182 0.0023 0.95 0.90 0.135
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Fig 3 Correlation between the results of instrumental stiffness, sensorial stiffness, and overall acceptance of
Badami's fresh pistachios
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Table 2 First- and second-order reaction kinetic parameters and correlation coefficient for sensory
attributes in Badami's fresh pistachio samples stored at different conditions (AAC: Ambient

atmospheric condition; A-MAP: Active-MAP; P-MAP: Passive MAP)

Xe+0h=X

XEX A=A

a2 B=A

Packaging Chitosan Overall acceptance Firmness

type conc. (%) Model R’ Model R’
0 =-0.0433x + 4.85 0.96 =-0.0290x + 4.64 0.92
AAC 1 y=-0.0293x + 4.76 0.93 y =-0.0220x + 4.67 0.99
1.5 y=-0.0253x + 4.82 0.96 y=-0.0193x + 4.70 0.94
0 =-0.0260x + 4.86 0.92 =-0.0206x + 4.82 0.98
P-MAP 1 y=-0.0233x + 4.85 0.97 y=-0.0173x + 4.77 0.92
1.5 y =-0.0220x + 4.87 0.99 y=-0.0178x + 4.74 0.91
0 =-0.0560x + 4.91 0.98 =-0.0527x + 4.76 0.98
A-MAP 1 y=-0.0193x + 4.86 0.98 y=-0.0151x + 4.73 0.93
1.5 y=-0.0167x + 4.87 0.99 y=-0.0165x + 4.92 0.96
0 y=0.0006x" - 0.0683x +4.97 0.99  y=0.0006x" - 0.0565x +4.77  0.99
AAC 1 y=0.0004x> - 0.0493x +4.86 0.97  y=0.0001x"-0.027x +4.69  0.99
1.5 y=10.0002x> - 0.0353x +4.87 0.98  y=-0.0003x"-0.0038x +4.64  0.99
0 y=0.0006x" - 0.051x +4.98  0.99 =-1E-17x*- 0.0187x +4.82  0.98
P-MAP 1 y=10.0001x"- 0.0283x +4.87 0.98  y=-0.0003x*-0.0007x +4.70  0.99
1.5 y=10.0001x*- 0.027x +4.89  0.99  y=-0.0002x"- 0.0007x +4.69  0.98
0 y=0.0004x* - 0.076x + 5.01  0.99  y=0.0003x"-0.0677x +4.83  0.99
A-MAP 1 y=10.0001x"- 0.0243x +4.88  0.99  y=-0.0002x"-0.0011x+4.69  0.99
1.5 y=0.0001x>- 0.0203x +4.89  0.99  y=-0.0001x*-0.0044x +4.89  0.99
0 y=4.8875¢ 70T 0.98 y = 4.6446¢ 707 0.94
AAC 1 y =4.7703¢07 0.95 y = 4.6819¢ 0% 0.99
1.5 y = 4.8324¢ 00 0.97 y=4.7167¢"°% 0.93
0 y=4.8631¢"0% 0.94 y = 4.8293¢ 000 0.98
P-MAP 1 y = 4.8628¢ 0 0.98 y = 47827000 0.91
1.5 y = 4.8813¢0%x 0.99 y = 4.7451¢"0% 0.90
0 y=15.0078¢"'% 0.99 y = 4.8508¢ 1> 0.99
A-MAP 1 y =4.8681e" 0% 0.99 y=4.7341e"0% 0.92
1.5 y = 4.8746¢ "0 0.99 y=4.9313¢"0 0.96
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Fig 4 Estimated shelf life of Badami's fresh pistachio samples for sensory attributes at different storage
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conditions (AAC: Ambient atmospheric condition; A-MAP: Active-MAP; P-MAP: Passive MAP; C0, C1, and
C1.5: 0%, 1%, and 1.5% chitosan, respectively).
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Shelf life is the amount of time that corresponds to an acceptable reduction in food
quality under certain conditions. This feature depends on various intrinsic and
environmental factors such as the nature of the food, storage processes, coating and
the type of packaging, and it affects the stability of the product. The ability to
estimate shelf life is of considerable commercial value, but there is no reliable
method for this purpose for fresh pistachios. The aim of this study was to create
mathematical models to predict the shelf life of food, using Badami's fresh pistachio
samples coated with chitosan edible coating in different concentrations (0, 1, and
1.5%) under three atmospheres including ambient atmospheric condition, passive
MAP, and active MAP. The shelf life study was performed at 5°C and a multivariate
prediction of instrumental and sensorial firmness was performed through kinetic
models. In this study, fresh pistachios coated with 1.5% chitosan under active MAP
had the highest estimated shelf life (86 days). Also, obtained models were able to
estimate the softening time to the end-point of shelf life in different conditions of
coating and packaging of fresh pistachios.
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