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Fig. 1. Image from the pistachio meal protein film
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Fig. 2. Electron microscope images of (a) pistachio meal protein film with 0.3% glycerol, (b) film with 0.5% glycerol,
and (c) film with 0.7% glycerol
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Fig. 3. Shows the effect of glycerol concentration (a), pH (b) and the interaction effect of glycerol concentration,
pH (c) on the tensile strength properties of pistachio meal protein film
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concentration and pH on the Young's modulus of pistachio meal protein film
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Table 1 shows the effect of pH and glycerol concentration on the water vapor permeability of pistachio meal protein films

Film type

Plasticizer amount

Water wapour permeability

(g/gper) (g.mm/kpa.h.m?)

Sample (pH=10) 0.3 145.896+0.0036 @
Sample (pH=10) 0.5 131.95+0.0052 ®
Sample (pH=10) 0.7 172.65+0.0030 °©
Sample (pH=11) 0.3 101.98+0.0051 ¢
Sample (pH=11) 0.5 87.86+0.0032 ¢
Sample (pH=11) 0.7 152.78 £0.0028 ©
Sample (pH=12) 0.3 100.43+0.0060 *
Sample (pH=12) 0.5 87.52+0.0051 ¢
Sample (pH=12) 0.7 153.52+0.0035 ¢

Lowercase letters in the column indicate significant differences at the 5% statistical level (P<0.05)
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Table 2 Demonstration of the effect of pH and glycerol concentration on the oxygen permeability of pistachio meal protein films

Film type Plasticizer amount Oxygen permeability
(g/gper) (cm’.u/cm®.d.Kpa)
Sample (pH=10) 0.3 3.93+0.728 *
Sample (pH=10) 0.5 2.86+0.001 *
Sample (pH=10) 0.7 5.66+0.908 ©
Sample (pH=11) 0.3 2.83+0.761 ¢
Sample (pH=11) 0.5 1.81£0.959 ©
Sample (pH=11) 0.7 4.37+0.154f
Sample (pH=12) 0.3 2.194+0.231 2
Sample (pH=12) 0.5 1.58+0.765 ©
Sample (pH=12) 0.7 3.38+0.9752

Lowercase letters in the column indicate significant differences at the 5% statistical level (P<0.05)
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Pistachio meal constitutes the major part of the by-products of
pistachio oil extraction (more than 60%). Pistachio meal contains
compounds with nutritional value including protein, minerals and
vitamins. Pistachio meal is likely to be a rich source of protein. The
aim of this study was to produce biodegradable film from pistachio
meal protein and the effect of glycerol treatments at three levels (0.3,
0.5 and 0.7) microscopically. The results of mechanical properties
showed that with increasing glycerol concentration, tensile strength
and elongation increased, while elastic modulus decreased (P<0.05).
Increasing pH increased tensile strength, elongation, and elastic
modulus (P<0.05). Investigation of the barrier properties of
biodegradable film samples showed that increasing glycerol
concentration and pH had a significant effect on permeability to
oxygen and water vapor (P<0.05). With increasing glycerol
concentration and pH, permeability to oxygen and water vapor
decreased (P<0.05). In studying the morphology of the structure of
different biodegradable films, the physicochemical properties of the
samples were completely consistent with the obtained micrographs.
Therefore, the optimal film based on pistachio meal protein was
selected at a concentration level of 0.5 g/g protein glycerol and pH of
11.
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