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1. Layer-by-layer self-assembly
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2. Burst Resistance (BR)
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4. Minimum Inhibitory Concentration (MIC)
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1. Water Vapor Permeability (WVP)
2. Water Vapor Transmission Rate (WVTR)
3. Air Permeability Resistance (APR)
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Table 1 Determination of grammage, thickness, density and specific surface uncoated and coated
paper, with different layers base on protein

Bulk Densit
Treatments Thickness (mm) Gr(ag/mnrilz?ge @ ) Y @ mmvg:'éﬁ'lea)
Un coated (CK) 0.170 £0.001°¢ 117.8£0.21°¢ 0.692+0.006° 0.01473+0.0015°
ZGET (p1) 0.178+0.001¢ 141.27+0.12° 0.793+0.002° 0.01478+ 0.0018°
ZGET/ ZGET (p2) 0.180+0.001°¢ 1353140.19° 0.751+0.005¢ 0.01386+0.0010°
ZGET/ Z (p3) 0.182+0.001° 142.76+0.10¢ 0.784+0.001° 0.01323+0.0015%
ZGET/WPIGET (p4) 0.194 +0.008* 153.19+0.22% 0.789+0.005° 0.01546+0.0017°¢

Zein with green tea extract (ZGTE) and whey protein isolate with green tea extract (WPIGTE), zein (Z)
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Fig 3 Air transmission time of uncoated and coated
paper, with different layers base on protein.Zein with
green tea extract (ZGTE) and whey protein isolate
with green tea extract (WPIGTE), zein (Z).
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Fig 2 Burst strength of uncoated and coated paper
Kraft, with different layers base on protein
Zein with green tea extract (ZGTE) and whey protein
isolate with green tea extract (WPIGTE), zein (Z)
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Characteristics of kraft papers coated with protein solutions
containing tea extract powder with a layer-by-layer technique
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Layer by layer self- assembly techniqueis one of the newest methods to produce multilayer films relying
on the placement of the liquid layers on solid substance.The purpose of this studies is to manufacture
multilayer kraftbased on protein biopolymers (zein and whey isolate protein) containing of green tea
extract phenolic compounds by utilizing layer by layer self- assembly technique and evaluation
antibacterial, physical-mechanical properties and release of phenolic compounds from coated kraft at
refrigerator temperature inpH of4.5 and 7. The minimum inhibitory concentrationof green tea powder
demonstrates thatEscherichia coli (Smg/ml) compared to Listeria monocytogenes (10mg/ml) is more
sensitive.The results of physical properties ofkrafts coated paper showed that thickness, grammage and
bulk density increased by coating process. Also, the presence of zein in outer layer caused a significant
reduction in WVP and increased air resistance. Evaluation of phenolic compounds release from coated
krafts demonstrated that release rate in acidic food stimulant was more than the neutral one. Also.release
content of kraft paper with zein as outer layers respect to whey isolated protein was higher in the first
days and continued in a longer time. Log reduction value of coated kraft with active bilayer zein against
Escherichia coliandListeria monocytogeneswas 0.25 and0.06 respectively. According to the results of this
study, active zein bilayer kraft is recommended as a carrier of phenolic compounds for the packaging of
food products.

Keywords:Bilayer and multi-layer films, Biopolymers, Release of phenolic compounds
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