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® Tensile strength (TS) 2 Elongation at break (EB)
* Water Vapor Permeability (WVP)

3 Young’s Modulus (YM)

® Weight Loss (WL) ® Haugh Unit (HU)
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Table 1- Effect of treatments on thickness (mm), and tensile strength (MPa), elongation at break (%), young’s
modulus (MPa) of films

Mechanical Properties
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Treatment Thickness (mm) YM (MPa) EB (%) TS (MPa)
P 0.14+0.00° 0.11+0.00° 75.54+1.16° 23.58+1.20°

PC 0.15+0.02° 0.10+0.04° 94.52+2.21° 21.88+3.15°

PCM 0.17+0.00? 0.13+0.072 64.5145.12° 29.10+2.15°
PCM+AV2% 0.17+0.022 0.14+0.05° 65.52+3.47% 31.50+1.86°
PCM+Av4% 0.17+0.012 0.14+0.03? 71.75+2.14° 30.10+1.13°

Values are presented as Mean+SD, n=3. Means with different superscripts indicate significant differences in column
(P<0.05), P: poly(vinyl alcohol), C: Chitosan, M: Montmorillonite, Av: thyme extract, TS: Tensile Strength, EB: Elongation

at Break, YM: Young’s Modulus

L Yolk Index (Y1)
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Table 2- Effect of treatments on water vapor permeability (gmm/m? h Pa) and opacity of films

Treatment P PC PCM PCM+Av2% PCM+Av4%
WVP (gmm/m? h Pa) 6.85+1.61° 6.00+1.30° 4.70+£0.94° 4.10+0.85° 3.90+1.55
Opacity 0.84+0.14° 1.25+0.55° 2.91+0.80° 3.12+1.10° 3.15+1.10°

Values are presented as Mean+SD, n=3. Means with different superscripts indicate significant differences in rows (P<0.05),
P: poly(vinyl alcohol), C: Chitosan, M: Montmorillonite, Av: thyme extract, WVP: Water Vapor Permeability
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Figure 1- The mean of an inhibitory zone (mm) against Staphylococcus aureus and Escherichia coli in films
Means with different superscripts indicate significant differences in column (P<0.05).
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Table 3- Effect of coatings on Weight Loss (%), Haugh Unit and Yolk Index of egg during storage (week)
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Storage Duration (Week)
Treatments 0 1 > 3 7
Weight Loss (%)
cl - 1.30+0.30%®° 3.25+0.60% 4.50+0.80% 6.40+1.00%"
PC - 0.90+0.25°° 2.50+0.35"C 3.30+0.65" 5.00+1.10°*
PCM - 0.65+0.20C 1.90+0.25%® 2.30+0.55 3.70+0.85%
PCM/AV2% - 0.70+0.15C 2.05+0.30°® 2.25+0.30°® 3.75+0.70°
PCM/Av4% - 0.70+0.20C 1.90+0.20°® 2.20+0.45% 3.90+0.80%"
Haugh Unit
ctl 84.75+0.00™ 61.50+0.55°° 43.75+0.80°" 31.45+1.05™ 27.90+0.85™
PC 84.75+0.007 75.70+0.60%° 70.20+0.75% 60.50+0.80°° 55.00+1.00%
PCM 84.75+0.007 80.10+0.50" 72.00+0.50% 66.50+0.75° 61.00+0.90%"
PCM/AV2% 84.75+0.007 81.20+0.90" 73.10+0.70% 71.00+0.55% 68.60+0.80%
PCM/Av4% 84.75+0.007 81.40+0.60" 74.85+0.655 72.50+0.60% 70.00+0.90%
Yolk Index

ctl 0.49+0.00™ 0.40+0.05%" 0.33+0.08%° 0.27+0.03"¢ 0.25+0.04™
PC 0.49+0.00% 0.42+0.035¢° 0.40+0.05°° 0.37+0.05™ 0.36+0.05°¢
PCM 0.49+0.00%2 0.45+0.055C 0.43+0.04%%® 0.42+0.07°P2 0.40+0.06™
PCM/AV2% 0.49+0.00™ 0.4620.0652 0.44+0.085%¢ 0.43+0.038¢2 0.42+0.06%
PCM/Av4% 0.49+0.00™® 0.4620.0452 0.45+0.05%¢2 0.44+0.05%% 0.43+0.00%

Values are presented as mean+SD, n=3. Means with different superscripts (a-d) in columns and (A-D) in rows indicate
significant differences respectively (P<0.05), Crl: control, P: poly (vinyl alcohol), C: Chitosan, M: Montmorillonite, Av:

thyme extract
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Figure 2- Effect of coatings on thiobarbituric acid (mg MDA/Kg)
Crl: control, P: poly (vinyl alcohol), C: Chitosan, M: Montmorillonite, Av: thyme extract
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Figure 3- Effect of coatings on eggshell thickness (mm) and shell strength (Kg)
Means with different superscripts (a-c: Thickness and x-z: Shell Strength) indicate significant differences in column
(P<0.05). Crl: control, P: poly(vinyl alcohol), C: Chitosan, M: Montmorillonite, Av: thyme extract
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Figure 4- Effect of coatings on eggshell Total Viable Count (Log cfu/ml) during storage
Means with different superscripts indicate significant differences (P<0.05). Crl: control, P: poly(vinyl
alcohol), C: Chitosan, M: Montmorillonite, Av: thyme extract
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Abstract

Introduction: Eggs are one of the low-cost sources of protein with balanced nutritional
quality and at the same time they are perishable. Maintaining its quality during storage period
is a challenge that needs to be overcome by using technologies that guarantee the product's
safety. The present research was carried out to prepare, describe and evaluate the
effectiveness of multi-component nano-coating on the physicochemical and microbial
changes of eggs during the storage period of 4 weeks.

Materials and Methods: internal and shell quality indicators of uncoated eggs (control) and
eggs treated with two-components polyvinyl alcohol/chitosan (PC) coating, three-components
Polyvinyl alcohol/chitosan/montmorillonite  (PCM), and PCM films containing at
concentrations of 2% and 4% of thyme extract were evaluated in 5 treatments and three
replicate orders in a completely randomized design.

Results: Thyme extract at a concentration of 4% had a strong antimicrobial effect against
Staphylococcus aureus and moderate to strong against Escherichia coli. Three-components
active PCM films had higher thickness, tensile strength, elasticity modulus, opacity, lower
strain, and permeability (p<0.05). At the end of 4 weeks of storage, the eggs coated with
three-component active PCM, had thicker (0.400 mm), stronger (3.100 kg) eggshells, less
weight loss (about 4 %), higher haugh unit (70.00) and yolk index (0.43) and less total viable
count (log cfu/ml 4.00).

Conclusion: Therefore, it is possible to use PCM three-components nanofilm and coating
containing 4% of thyme extract as a biodegradable packaging of food products including eggs
to maintain the quality and extend its storage time in ambient temperature.

Keywords: Egg, Montmorillonite, Nanocomposite, Shelf life, Thyme (Zataria multiflora
Boiss).

3% 1P 6 arriv] g @ (o3 [ e Feen 6 ¥ [ e (

* Corresponding Author: dkhademi@gmail.com





