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Introduction
The evolution of reliable process for the installation of silver 

nanoparticles is a remarkable side of influx nanotechnology as the 
most active area of research. Nanomaterial’s such as sliver particles 
has been synthesized by different methods, including hard template 
through using bacteria fungi and plants, which play a significant 
role in the field of medicinal and biological applications due to its 
physiochemical properties, for instance the antimicrobial activity of 
silver nanoparticles toward gram negative bacteria like Escherichia 
coli.1 Antimicrobial edible films are a fast develops technology that 
can be used to control the microbiological degradation of perishable 
food products. Different organic and inorganic active antimicrobial 
agents can be inserted into the film templates to prevent unfavourable 
microbial spoilage revolving during storage of packaged fresh food. 
Although, most films used to preserve food stuff have been produced 
from synthetic polymers; nevertheless, for environmental reasons, 
there is an attention focused lately on natural biopolymers such as 

polysaccharides, proteins and lipids or the combination of these 
components for the preparation of food packaging films. These films 
are usually loaded with antimicrobial agents, who come in contact 
with food stuff, act upon food born microorganisms and inhibit their 
growth.2 Packaging material having antimicrobial activity limits or 
prevents microbial growth by reducing growth rate or extending lag 
phase of microorganisms. Hence, it leads to an extension of the shelf 
life and the improved safety of the product. Because of the increase 
in consumer demand for minimally processed, preservative-free 
products, the preservative agents must be applied to packaging in 
such a way that only low levels of preservatives come into contact 
with the food or natural preservative materials should be used. In 
order to meet this demand, the film or coating technique is considered 
to be more effective for applications.3 The natural antimicrobial 
agent incorporation into a polymeric material for the development 
of antimicrobial food packaging materials is a new subject. Natural 
antimicrobial agents such as spice volatile oils (thyme and garlic), 
organic acids (acetic, citric, lactic acids) nissan are used to produce 
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Abstract

The aim of this study was to produce an edible coating and film from gelatin powder and 
the incorporating it with action of silver AgNo3 with extracts Luria leaves/glacial acetic 
acid and the rheological properties, particle size distribution, zeta potential emulsion, and 
scanning electron microscopy (SEM) of the prepared films were determined. The thickness, 
tensile strength, elongation, % solubility of produced by edible film with silver AgNo3 with 
extracts Luria leaves/glacial acetic acid was the highest, followed by that of gelatin powder-
based film with extracts Luria leaves/glacial acetic acid. Therefore, the addition of silver 
AgNo3 with extracts Luria leaves/glacial acetic acid or extracts Luria leaves/glacial acetic 
acid to gelatin powder films have the potential to provide a safe edible films decreased 
microbial growth and consequently prolonged the shelf life of strawberry, As well as 
improved the physio-chemical changes properties of the strawberry .The substances used 
in this experiment were , film with a 0.25ml , film with b 0.50ml , film with c 0.75 ml , film 
with d 1.0 ml, film with f 0.25 ml, film with g 0.50 ml, film with h 0.75 ml, film with i 1.0 
ml compared film with (e and j) on quality attributes and prolong shelf- life of strawberry 
were studied during storage at 0.5°C and 90-95% relative humidity (RH) for 12 days from 
storage . The results observed that was the best treatment in terms of reduction of microbial 
load followed by treatment (a, b, c and d) followed by treatment (f, g, h and i) until 12days 
of storage as compared to control (e and j) without nanomaterials additives, during the 
manufacture of the films. The levels of decrease in chemical and microbial load in the 
samples from both of the edible films were related good quality strawberry. On the other 
hand observed that coefficients ( a, b, c and d ) gradually increased with increasing the 
concentration of antimicrobials action of extract Luria leaves/acetic acid glacial synthetic 
nanoparticles size 0.25, 0.50, 0.75 and 1.0 the results were as follows 332.3, 407.0, 411.0 
and 577.0 respectively as compared control (e), which was higher than treatments 660.2. It 
was found that the treatments of antimicrobials action of silver nitrate AgNo3 and extract 
Luria leaves/acetic acid glacial synthetic nanoparticles size (f, g, h, i ) gradually decreased 
with increasing concentration of 0.25, 0.50, 0.75 and 1.0 and the results were 17.7, 14.50, 
12.64 and 5.70 as compared the control (J), which was significantly higher than the 
coefficients 71.26. It is clear from this that the concentration of silver nitrate AgNo3 and 
extract Luria leaves in treatments (f, g, h, I and j) was better than other extract luria leaves/
acetic acid glacial (a, b, c, d and e). 

Keywords: strawberries, shelf-life, edible coating and films, gelatin, silver nitrate AgNo3, 
extract luria leaves/acetic acid glacial
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antimicrobial packaging materials. Nowadays, nanoparticles using 
plant extracts have gained attention due to it is a simple and economical 
method. Previous studies reported that the formation of gold and 
silver nanoparticles by living plants attained the biosynthesis of 
metal nanoparticles by plant leaf extracts and explored their potential 
applications.4 The extract yields and resulting antioxidant activities 
of the plant materials are strongly based on the nature of extracting 
solvent, due to the presence of different antioxidant compounds of 
varied chemical characteristics and polarities that may or may not be 
soluble in a particular solvent. Polar solvents are frequently employed 
for the recovery of polyphenols from a plant matrix.5 Gelatin has been 
attracted the attention for the developments of edible films due to its 
abundance and biodegradability to improve the water vapour barrier 
properties of the gelatin films. Gelatin films with strong water vapour 
barrier properties could be an alternative ecofriendly edible film could 
be used to preserve the shelf life of foods, especially those sensitive to 
the quality changes induced by moisture absorption.6 The postharvest 
life of strawberries can be extending by several techniques combined 
with refrigeration. Edible films have long been known to protect 
perishable food products from deterioration. The purpose is to extend 
the shelf life of produce and to provide a barrier against hazards. It may 
retard moisture migration and the loss of volatile compounds, reduce 
the respiration rate, and delay changes in textural properties. Also, it 
displays an excellent barrier to fats and oils, and has a high selective 
gas permeability ratio CO2/O2 as compared to conventional synthetic 
films.7 Strawberries are one of the most popular summer fruits 
worldwide that are characterized with unique and highly desirable 
taste and flavour. They are rich in polyphenols and anthocyanins, 
vitamins and amino acids. The main characteristics related to the 
quality of the ripe strawberries are their texture, flavour (organic 
acids and soluble sugars content) and colour.8,9 The objective of this 
work is extraction silver AgNo3 and extract luria leaves/acetic acid 
glacial synthetic nanoparticles loaded on gelatin films, and physical 
& mechanical, viscosity, vapour, zeta particle size emulsion and SEM 
to select the best edible coating previous check to improve strawberry 
fruit storability under cold storage. Also, it is aimed to minimizing 
decay and microbial growth during the storage period.

Materials and methods
Materials

Luria leaves were obtained from the Rajab Al-attar shops. The 
gelatin powder nanoparticles are used to produce gelatin films. 
Chemicals were experiment, ethyl alcohol 98% and methanol from 
el nasr Chemicals Company, Hydrochloric Sulphuric acid from el-
Gomhouria Company. Glycerol and sodium hydroxide from Acmatic 
company, Cairo, Egypt). Acetic acid glacial, sorbitol, Whitman no: 
1 filter paper and decanter 50 mesh across–organics, Company New 
Jersey USA. Gelatin powder, win Lab Company, (UK) .Tween 80 from 
Company China, Silver nitrate AgNo3 from Jenapharm, Germany.

Prepared crude phenolic compounds extracts from 
luria leaves

The plant material was extracts with solvents ratio (ethanol and 
methanol: water , 80: 20 v/v ) (200 ml ) for 6 hours in an orbital 
shaker in a water bath in separate , the residues filtering through 
Whitman No.1 filter paper.The residues were extracted twice with the 
same fresh solvent and extracts combined. The solvent under reduced 
pressure at 45°C using a rotary evaporator (-40°C) according to Bushra 
et al.,(2009).5 In this part of investigation, we used crude phenolic 

compound extracts are prepared by adding (0.5 to 4.5%) acetic acid 
glacial adhesion the described film formation solution mentioned 
above was modified. Which were acidified with 1-5% acetic acid and 
maceration was conducted for 1h at ambient temperature in a dark 
place according to Nyi Mekar Saptarinil, et al. (2018), Olafsson., et al 
(1993) and Nelson et al., (2016).10,11,12

Characterization of silver nanoparticles

Preparation of Silver nano particles by extract 5 ml extract luria 
leaves was added into 45 ml 0.002 M AgNO3 solution in 100 ml 
conical flasks at room temperature in dark for some period. After one 
hour, formation of silver particles started according to Vankar and 
Shukla (2012).4

Preparation of Film-Forming Solution

Gelatin powder (8g was dissolved in 100 mL of distilled water 
(at room temperature) and the mixture was stirred until the gelatin 
completely dissolved (approximately. 15 min). Add 1.2 grams of 
glycerol and D-sorbitol were then added to the gelatin film-forming 
solution, Solution pH was adjusted to pH 7 using sodium hydroxide 
(2N). Then, the solution was heated to 85°C for 15 min. Then, add 
extract luria leaves / glacial acetic acid (0.5/4.5) and silver AgNo3 
in a ratio of 0.25, 0.50, 0.75 and 1.0 ml to the gelatin solution 
preparation of edible film nanoparticles. To stabilize the emulsion at 
crude phenolic compounds extracts (as antioxidants), Tween-20 was 
also added to the gelatin solution with a ratio of 0.2% of the crude 
phenolic compounds extracts (as antioxidants). Then the film-forming 
solution with crude phenolic compounds extracts (as antioxidants) 
was incorporated and the mixture was homogenized at 6.000 rpm for 
2min and sonication for 15min. After cooling to room temperature, 
the film forming solutions (40ml) were casted on 20×20 cm plates, 
and then dried for 4 days at ambient conditions (27±10C).6

Ten groups were created as follows

The mentioned solutions were modified by adding 0.25, 0.50, 
0.75 and 1.0 ml for (a, b, c and d) respectively and control, e of 
mixing extract luria leaves with glacial acetic acid (0.5/4.5) synthetic 
nanoparticles loaded on gelatin films. While, adding 0.25, 0.50, 0.75 
and 1.0 ml for (f, g, h and i) respectively control, j of mixing action 
silver AgNo3 (1%, w/v) with adding 0.25, 0.50, 0.75 and 1.0 ml from 
extract luria leaves/acetic acid glacial (0.5/4.5) synthetic nanoparticles 
loaded on gelatin films.

Divided into ten equal parts

All treatments were prepared mixing extract of luria leaves with 
glacial acetic acid and or mixing silver AgNo3 with extract luria 
leaves/glacial acetic acid synthetic nanoparticles were loaded on 
gelatin films, and then ten treatments were divided into two groups 
as follow:

a. Formation of antimicrobials mixing extract luria leaves with 
glacial acetic acid add as a ratio treatments (a 0.25, b 0.50 , c 
0.75, d 1.0 ml as compared to control, e) loaded on nanoparticles 
gelatin films.

b. Formation of antimicrobials action of silver AgNo3 with extract 
of luria leaves with glacial acetic acid add as a ratio treatments (f 
0.25, g 0.50, h 0.75,i 1.0 ml as compared to control, j) loaded on 
nanoparticles gelatin films.
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Storage treatments of studied strawberry fruits

Strawberries (Fragaria x ananassa cv. Festival), were grown in a 
local farm on loamy soil (Elkalubia Governorate, Egypt) and received 
the normal agriculture practice during the two successive seasons 
(2019). Uniform strawberry fruits, in size and free from physical 
damage or fungal infection, were harvested at ¾ surface colour stages, 
packed in field box and transported to the lab. Strawberry was stored 
overnight at 0.5ºC. In the next day, the strawberry fruits were washed 
with tap water and then immersed for 2 min. in disinfectant solution 
of calcium hypochlorite (0.25g L - 1). At Central Lab of Agriculture 
Res. and Food Tech. Res. Institute, Giza, Egypt to study the effect of 
different postharvest treatments on quality of fruit.

The different coated groups were dipped for one minute in the 
edible film mixture. Coated strawberry were drained after dipping 
and packaged in plastic trays with approximately 250g. After that, all 
boxes were cold stored at 0.5°C and 90-95% RH for 12 days, and kept 
in carton boxes all samples were kept after packaging. The cooled 
storage was carried out in the post-harvest research department, 
Horticulture research institute, Agriculture research center- Giza. 
During storage period samples of investigated strawberry were 
periodically with drown for analysis.

Physical and mechanical and rheological properties of 
prepared nano technology on edible films

Rheological properties: parameters, shear rate and shear stress to 
choose the best measured solutions on a Brookfield machine labs DV-
III Remoter. The viscometer was operated between 10 and 60 rpm 
.The Sc 4-25 Spindle was selected for the measurement. 

Determination of particles Zeta size: Malvern, United Kingdom, 
Model: Nano size range (nm): 0.6 6000 nm zeta range (mv): (- 200: 
200mv) and XR- Diffraction. Model: XPERT –PRO-P Analytical-
Netherland

Scanning Electron Microscopy: inspect S, TM 1999-2007 B wild 
date, FEL company Auld number D 8571Machine type inspect S.13

Determination of thickness: The thickness film gelatin was measured 
using a digital micrometer (mitutoyo digimatic indicator corporation, 
model: pk- 1012: E, Japan micrometer jaws).14

% Solubility in water: The films nano particles at different treatment 
(a, b, c, d and e) and (f, g, h, i and j). Dry film sample of 0.5g were 
immersed in beakers containing 50ml of distilled water for 24 
hours with periodical gentle shaker incubator. Films were removed 
from the water and placed back in the desiccator until constant 

weight Initial dry weight final dry weight x100
Initia

%WeightLos
l dry we ht

s
ig

−
=

according to Munozetal.,(2004).15

Mechanical properties of prepared nanotechnology on edible 
films: The tensile properties were measured by a texture analyser CT3. 
The films were cut into strips 3x5cm. These were gripped at each end 
by a jaw and then the jaws were moved a part at the controlled speed 
until was automatically recorded to Hernandez, (2004).16

Water vapor permeability (WVP): The water vapour transmission 
rate [g/(s.m2)] and water vapour permeability through films was 
determined gravimetrically using the ASTM method E96-95.

                            

                 

mWVPR WVP WVPR.L / RH
tA
∆

= = ∆
∆

Where, m
t

∆
∆

is the moisture gain weight per time (g/s), A is the 

surface area of the film m2, L is the film thickness (mm) and RH∆ is 
the difference in relative humidity (ASTM E96-95).

Measurement of gas permeability: Gas testing instrument, model 
Witt Oxybaby headspace gas analyser (O2/CO2) following the method 
described by García et al. (2000).

           P Q.X / A.tp=

Where, P is the permeability of gas , (m3/m.day.mm Hg), Q is the 
quantity of gas diffused m3, X is the thickness of film, A area of the 
film, m2, t is the time, day and ∆P is the pressure difference across 
the films 

Physico-chemical and microbiological properties

Weight loss, total soluble solids (TSS%) and acidity: were 
determined according to the methods of AOAC (2010).17

Firmness: Texture was determined by a universal testing machine 
(Cometech, B type, Taiwan) In Food Technology Research Institute, 
Giza, Egypt provided with software. An aluminium 25 mm diameter 
cylindrical probe was used in a “Texture Profile Analysis” (TPA) 
double compression test to penetrate to 50% depth, at 1 mm/s speed 
test Firmness (N).18

Colour measurement: Internal colour measurements L and values 
of strawberry fruits were measured by using Minolta Chroma Meter, 
Model CR - 200. Calibration was done by a white plate before use. 
Colour changes were quantified for L value which refers to the 
lightness, and a value which refers to yellow tonality.19

Microbial analysis

Total microbiological count was determined according to Marshall, 
(1992)20 all the microbiological counts were carried out in duplicates.

Total plate count: The total colonies of bacteria were estimated using 
plate count agar medium. The plates were incubated at 37ºC for 48 
hours.

Moulds and yeasts count: The mould and yeast were determined 
using the methods for the microbiological examination of foods 
described by the American Public Health association (A.P.H.A, 
1976)21 by using malt extract agar medium the plates were incubated 
at 25ºC for 5 days.

Statistical Analysis: The results were analysed statistically on the 
program(MSTAT) using the method LSD at the level of 5%.

Results and discussion
Rheological properties of prepared nanomaterial of 
edible films

The results indicated the rheological properties (a, b, c, d and e ) 
and (f, g, h, i and j) were measured at room temperatures and various 
shear rates ( 9.30,18.60,27.90, 37.20, 46.50, 55.80 1/s ). Figure 1 
shows the relation between shear rate, shear stress on viscosity of 
different treatments .The results observed that the samples exhibited 
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non-Newtonian pseudo plastic behaviour and fits the power low well 
to the following equation 

                                       k nτ = γ → (1) 

Where: τ: shear stress, pa; γ: shear rate 1/sec; k: consistency index, 
n: flow behaviour index. As shear rate increased , the shear stress 
increases at different treatments (a, b ,c, d, e, f, g, h, i and j) ,while 

viscosity decreased as shear rate increased as shown in Figure 1 & 2 
and Table 1 shows the relation between (k),(n) and treatments of nano 
materials .These findings it was possible to predict that during coating 
application more viscous solutions would exhibit higher adherence to 
surfaces than the less viscous ones, which could result in very distinct 
coating thickness among foods if a dipping process is used. 

Effect of shear rate on apparent viscosity

Effect of shear rate – shear stress

Figure 1 Effect of shear rate on apparent viscosity and shear rate- shear stress at different  treatments ( a, b, c, d, e) of edible coating and films nanomaterials.

Effect of shear rate on apparent viscosity 
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Effect of shear rate – shear stress  

Figure 2 Effect of shear rate on apparent viscosity and  shear rate – shear stress  at different  treatments ( f, g, h, i, j ) of edible coating and films nanomaterials.

Table 1 Relation between consistency index (k) and flow behavior index(n) at different (a, b, c, d and e) and (f, g, h,i and j) of nanomaterial’s of edible films 

Formation of antimicrobialsaction ofextractluria leaves / acetic acid glacialsynthetic nanoparticlesloaded on gelatin films

Treatments
viscosity shear stress

k n R2 k n R2

a 0.0204 0.309 0.8648 0.5310 0.5339 0.9539

b 0.0146 0.202 0.9231 0.0109 0.9703 0.9974

c 0.0147 0.216 0.9395 0.0071 0.9437 0.8323

d 0.0121 0.173 0.9363 0.0103 0.9190 0.9056

e 0.017 0.290 0.970 0.0099 0.9278 0.9456

Formation of antimicrobials action of silver Ag No3 and extractluria leaves / acetic acid glacial synthetic nanoparticles 
loaded on gelatin films

f 0.0214 0.404 0.9202 0.1888 0.7019 0.9756

g 0.0229 0.401 0.8957 0.0887 0.8920 0.9408

h 0.0317 0.533 0.9133 0.1380 0.6067 0.9659

i 0.0245 0.428 0.8453 0.0830 0.8267 0.9821

j 0.0229 0.401 0.8957 0.1380 0.6067 0.9639

Enhancement the antibacterial agent of edible coating and films by incorporating it with action of silver Ag No3 with extracts Luria leaves / glacial acetic acid 
add as a ratio treatments (f 0.25, g 0.50, h 0.75,i 1.0 mland j control) while mixing extract of luria leaves /glacial acetic acid synthetic nanoparticles treatments (a 
0.25, b 0.50, c 0.75and d 1.0 ml and e control) loaded onnanoparticles gelatin films.

Rheology concerns with the flow and deformation of substances 
and, in particular, to their behaviour in the transient area between 
solids and fluids. Moreover, rheology attempts to define a relationship 
between the stress acting on a given material and the resulting 
deformation and/or flow that takes place22 Knowledge of the 
rheological properties of food products is important for design and 
process evaluation, process control. In addition, the characterization 
of time-dependent rheological properties of food systems is important 
to establish relationships between structure and flow(Table 2).23,24

Physical and mechanical properties of different 
nanotechnology on edible coating & films

These results are in agreement with (2), It was found that the 
decrease in values was film thickness (i 48, h 50, d 51, c 56 and j 
59 um) , tensile strength( i 125.45, h 127.56, g 130.21, f 135.43 and 

e 139.12 .M.M2) , elongation(i 28.87, h 31.89, g 34.45, f 40.23, j 
44.45 %), (Oxygen i14.57, h18.32, g 20.54 , f 23.64, j25.45 M3.M/
M2 X10-8) , (CO2 i 12.32, h14.54, g22.67, f 27.21, j29.45M3.M/M2 
X10-8) water vapour permeability [ i6.65, j7.67, h8.34, g9.23, f10.87 
[g/m2.24hr] and solubility (i 9.45, j 11.43, h 13.23, g 14.65, f 16.88 
%). While, the values were high in the treatment was film thickness 
(e 60, g 62, b 64, f 70 and a 75 um ) tensile strength (a 176.43, b 
164.92 N.M.M2), elongation (a 75.72,b 68.64 %), Oxygen (d 48.57, 
e 56.45 M3.M/M2 X10-7), CO2 (d40.25,e 59.10 M3.M/M2. X10-8), water 
vapour permeability [d14.60, e15.85 [g/m2.24hr] and solubility (d 
36.73,e 42.60 %). Such results are in agreement with those obtained 
by Danijela Z. Šuput1, et al (2016) and Franciele et al.,(2013). The 
mechanical properties of the edible coating and film Produced from 
the chitosan had an 18.5% increased elongation than the chitosan with 
protein quinoa film and in added to combine the nano particles with 
oil thyme, this reduce the chitosan film.12

https://doi.org/10.15406/mojfpt.2020.08.00246
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Table 2 The thickness, mechanical properties and permeability ofnanotechnology on edible films

Treatments Thickness 
Um

Tensile 
strength 
(N/M2)

Elongation 
(%)

O2 M3.M/M2×10-

7day.mmHg
CO2 M3.M/M2 ×10-

8 day.mmHg

Water 
vapors [g/
m2.24hr]

% Solubility 
in water

Formation of antimicrobialsaction ofextractluria leaves / acetic acid glacial synthetic nanoparticlesloaded on gelatin 
films

a 75 176.43 75.72 28.64 26.45 11.52 24.57

b 64 164.92 68.64 35.24 33.64 13.78 29.56

c 56 156.24 52.75 42.4 37.22 12.98 34.1

d 51 142.53 50.34 48.57 40.25 14.6 36.73

e 60 139.12 46.28 56.45 59.1 15.85 42.6

Formation of antimicrobials action of silver Ag No3 and extractluria leaves / acetic acid glacial synthetic 
nanoparticles loaded on gelatin films

f 70 135.43 40.23 23.64 27.21 10.87 16.88

g 62 130.21 34.45 20.54 22.67 9.23 14.65

h 50 127.56 31.89 18.32 14.54 8.34 13.23

i 48 125.45 28.87 14.57 12.32 6.65 9.45

j 59 140.34 44.45 25.45 29.45 7.67 11.43

Enhancement the antibacterial agent of edible coating and films by incorporating it with action of silver AgNo3 with extracts Luria leaves / glacial acetic acid add 
as a ratio treatments (f 0.25, g 0.50, h 0.75,i 1.0 mland j control) while mixing extract of luria leaves /glacial acetic acid synthetic nanoparticles treatments (a 0.25, 
b 0.50, c 0.75and d 1.0 ml and e control) loaded onnanoparticles gelatin films.

Nanotechnology measurements in solutions in the 
specified proportions

Particle size: The results recorded in the Table 3 and Figure 3, indicate 
that the effect of added nanomaterial’s treatments (a, b, c, d and e) of 
edible solution supplement with nano materials on the properties of 
the definitions of solution evaluated on the change in size and the 
z-potential of the nanoparticles relative to the films nanomaterials, 
polydispersity index (pdI) in the peak was 0.429,0440,0.198,0.224 
and 0.256 for (a, b, c , d and e) respectively as well as diameter of 
particle size in the peak 3 was 332.3,407.0,411.0,577.8 and 660.2 for 
(a, b, c, d and e) respectively. While it was found that the Figure 4 & 5 
(PdI) in the peak was 1.000,0.655,0.983,0.981 and 0.604 for (f, g, h, I 
and j) respectively as well as diameter of particle size in the peak 5was 
17.7, 14.50, 12.64, 5.70 and 71.26 for (f, g, h, I and j) respectively. 
Where he found that the concentration of silver nitrate AgNo3 and 
extract luria leaves in treatments (f, g, h, I and j) was better than 
other extract luria leaves / acetic acid glacial (a, b, c, d and e) Which 
improves the properties of edible coating films by incorporating it 
with green metallic nanoparticles using laurus nobilis leaves. whereas 
synthesized silver nanoparticles measured 20–30nm in size while, the 
control silver nitrate obtained was greater than 1000nm size according 
to Krishnaraj et al (2010).1 It was observed a decrease of about 200 
nm on the bentonite particle size in the aqueous solution, as an effect 
of the undertaken treatment, showing a minimum size of about 450 
nm. The decrease in particle size also reduced the Zeta potential 
value. It is known that the magnitude of such Zeta potential is an 
indication of the potential stability of colloidal systems. All particles 
in suspension with a Zeta potential higher than +30 or lower than -30 
mV, tend to repel each other, being considered stable. But if its Zeta 
potential lies between +30 to -30mV, they tend to attract each other 
and to flocculate.24,25

Zeta potential: It is clear from the results of the study that zeta 
potential and zeta deviation was measured to determine the stability 

of nanoparticle, it depends on the of nanoparticle size of samples (a , b 
, c , d and e) of edible films nanomaterial’s, solution as shown in Table 
3 and Figure 4. The results of zeta potential (mv) and zeta deviation 
were as follows: (13.4,14.5,17.7,15.7and 20.2) respectively and zeta 
deviation: (2.97,3.30,4.06,2.68,and 4.02 ) respectively, whereas found 
that the Figure 6 characterization of the one peak of zeta potential 
and zeta deviation the area below the curve was 100% found that the 
contents of zeta potential in transactions on peak ( f , g , h , i and j) 
had zeta potential (mV) ( 5.58,5.13,6.03,5.65 and 5.48 ) respectively 
, as well as the contents of zeta deviation in transactions on peak ( 
2.68,2.67,3.46,3.35 and 3.11 ) respectively. Zeta potential standard the 
electric charge at the limit of a colloidal particle, and it is an important 
index for its surface charge. Zeta potential determines the electrostatic 
repulsion among them and is accountable for their stability against 
precipitation and it is usually obtained by measuring and converting 
from the electerophoretic mobility of the particles. As recommended 
by Zi Teng et al .,(2013) and American Society for Testing and 
Materials (ASTM,2003),26 zeta potentials with an absolute value of 
higher than 30 mv are indicative for “moderate to good “ stability of 
colloidal systems (ASTM). The higher the zeta potential the better the 
stability of dispersion. A desirable zeta potential Teng et al.,(2015) 
choosing highly charged polymers (e.g., protein or chitosan) as an 
encapsulant . Whereas, when poorly charged materials are employed 
for encapsulation, a second layer of highly charged polymers may be 
introduced to improve the dispersion stability (Zi Teng, et al.(2015). 

Nanotechnology on gelatin films using (SEM) scanning electron 
microscopy: The microscopic images of ten edible nanoparticle films 
are presented in figure (a, b, c, d, e, f, g, h, i and j). The edible films 
give films characterized with flat emerge and clumsy bottom average 
size from 40 to 50 um polygonal crystals spherical and ellipsoidal 
morphology. Also contains films has homogeneous structure with 
some micro granules embedded in a continuous matrix. However, 
the edible films nano particles produced films the characterized with 
a smooth surface Figure 7. It was found that by characterizing the 
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image with nano values it was found to increase with (a332.3nm), 
(b407.0nm), (c411.0nm), (d577.0nm) except for the control much 
higher (e 660.2nm )) and decreases with (f 17.7nm), (g 14.50 nm), (h 
12.64nm), (i5.70nm) except for the control increased (j71.26nm). The 
preparation of spherical particles of uniform size (200nm) has been 
found to be rather narrow, with several other kinds of poly disperse 

aggregates and anisotropic structures being formed above or below 
the optimum pH 6 the particle size have a wide of shapes and size 
according to patricia et al (2010).27 Similar to our study, the SEM 
image the size of the control silver nitrate obtained was greater than 
1000nm size, whereas synthesized silver nanoparticles measured 20–
30nm in size according to Krishnaraj et al (2010).1

Figure 3 Particle size of edible solutions (a, b, c, d and e): formation of antimicrobials  action of  extract luria leaves / acetic acid glacialsynthetic nanoparticles 
loaded on gelatin films.
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Figure 4 Zeta potentialof edible solutions (a, b,c ,d and e): formation of antimicrobials  action of  extract luria leaves / acetic acid glacialsynthetic nanoparticles 
loaded on gelatin films.
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Figure 5 particle size of edible solutions (f, g,h ,i and j): Formation of antimicrobials action of silver Ag No3 and extract luria leaves / acetic acid glacial synthetic 
nanoparticles loaded on gelatin films.
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Figure 6 Zeta potentialof ediblesolutions(f, g,h ,i and j):Formation of antimicrobials action of silver Ag No3 and extract luria leaves / acetic acid glacial synthetic 
nanoparticles loaded on gelatin films.
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Figure 7 (a, b,c, d,e,f,g,h, i and j): SEM micrograph of producing Films.

Enhancement the antibacterial agent of edible coating and films by incorporating it with action of silver Ag No3 with extracts Luria leaves / glacial acetic acid add 
as a ratio treatments (f 0.25, g 0.50, h 0.75,i 1.0 mland j control) while mixing extract ofluria leaves /glacial acetic acid synthetic nanoparticles treatments (a 0.25, 
b 0.50 , c 0.75  and d 1.0 ml and e control) loaded on  nanoparticles gelatin films.
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Table 3 Measured particles size and zeta potential of nanotechnology on edible films formed from it

Treatments particle size distribution(nm) Zeta potential(mv)

poly dispersity index (PdI) hydrodynamic diameter (nm) z- potential z- deviation

a 0.429 332.3 13.4 2.97

b 0.44 407 14.5 3.3

c 0.198 411 17.7 4.06

d 0.224 577.8 15.7 2.68

e 0.256 660.2 20.2 4.02

f 1 17.7 5.58 2.68

g 0.655 14.5 5.13 2.67

h 0.983 12.64 6.03 3.46

i 0.981 5.7 5.65 3.35

j 0.604 71.26 5.48 3.11

Enhancement the antibacterial agent of edible coating and films by incorporating it with action of silver Ag No3 with extracts Luria leaves / glacial acetic acid 
add as a ratio treatments (f 0.25, g 0.50, h 0.75,i 1.0 mland j control) while mixing extract of luria leaves /glacial acetic acid synthetic nanoparticles treatments (a 
0.25, b 0.50, c 0.75 and d 1.0 ml and e control) loaded onnanoparticles gelatin films.

Applications of chosen proper nanomaterial’s of edible 
films to strawberries fruit

Physico-chemical and microbiological of coated strawberries fruit 
during storage period 

Weight loss percentage: The results indicated in Table 4 found that 
the treatments (a , b ,c ,d and e) increase the values of weight loss 
with increasing the storage period at cooled temperatures and also 
found that the increase in the percentage of loss was in the control 
. It was also found that the treatments (f, g, h, I and j) were low in 

the percentage of weight loss compared to other treatments. As noted 
that the values of the losses are increasing gradually treatments (a, b, 
c, d, e, f, g, h, I and j) respectively. The basic mechanism of weight 
loss from fresh fruit and vegetables is by vapour pressure at different 
locations,28 although respiration also causes a weight reduction.29 This 
reduction in weight loss was probably due to the effects of the coating 
as a semi-permeable barrier against O2, CO2, moisture and solute 
movement, thereby reducing respiration, water loss and oxidation 
reaction rates.30,31 In both samples kept in packaged plastic trays and 
with carton boxes and packaged in plastic trays. 

Table 4 Effect of edible coatings on weight loss (%) of strawberries fruit during storage

Treatments 0 2 4 6 8 10 12

Formation of antimicrobials action of extract luria leaves / acetic acid glacial synthetic nanoparticles 
loaded on gelatin films 

e zero 5.2 6.4 8.3 - - -

a zero 3.7 4.6 5.8 6.6 8.4 10.4

b zero 3.9 5.1 6.4 8.9 8.8 8.6

c zero 4.2 5.1 6.3 7.4 8.5 9.1

d zero 4.5 5.7 7.5 8.6 9.2 10.4

Formation of antimicrobials action of silver Ag No3 and extract luria leaves / acetic acid glacial synthetic 
nanoparticles loaded on gelatin films

j zero 5.1 6.3 8.2 - - -

f zero 3 4.2 5.6 6.3 8.3 10.2

g zero 3.4 5 6.2 7.4 8.5 9.2

h zero 3.5 4.5 5.6 6.3 7.8 9.6

i zero 3.8 4.9 6 6.4 7.6 9.1

 L.S.D.    S = 1. 32 T = 1. 93 S&T = 0.14

(-) a spoiled reject samples,e (control), j (control)

LSD Treatments = TLSD Storage period = SLSD (Storage period* Treatments) = T * S

Means within a column showing the same letters are not significantly different (P≥ 0.05).

Enhancement the antibacterial agent of edible coating and films by incorporating it with action of silver Ag No3 with extractsLuria leaves / glacial acetic acid add 
as a ratio treatments (f 0.25, g 0.50, h 0.75,i 1.0 mland j control) while mixing extract of luria leaves /glacial acetic acid synthetic nanoparticles treatments (a 0.25, 
b 0.50, c 0.75and d 1.0 ml and e control) loaded onnanoparticles gelatin films.
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Table 5 Effect of edible coatings on total soluble solids (TSS) of strawberries fruit during storage

Treatments 0 2 4 6 8 10 12

Formation of antimicrobials action of extract luria leaves / acetic acid glacial synthetic nanoparticles 
loaded on gelatin films 

e 4.5 5.6 6.4 7.8 - - -

a 4.6 5.7 6.6 7.9 9.2 9.4 9.9

b 4.7 5.8 6.5 8.1 9.1 9.3 9.5

c 4.8 5.9 6.7 7.9 8.2 8.8 9.1

d 4.9 6 6.8 7.8 8.6 9.2 8.9

Formation of antimicrobials action of silver Ag No3 and extract luria leaves / acetic acid glacial synthetic 
nanoparticles loaded on gelatin films

j 4.5 5.7 6.5 7.9 - - -

f 4.4 5.5 6.3 7.5 8.5 9.2 10.8

g 4.3 5.3 6.0 7.1 8.2 9.0 10.7

h 4.1 5.0 5.7 6.5 7.4 8.2 9.8

i 4.0 4.8 5.5 6.2 7.0 8.0 10.2

 L.S.D.  S = 1. 20  T = 1. 13 S&T = 0.22  

(-) a spoiled reject samples, e (control), j (control) LSD Treatments = T LSD Storage period = S LSD (Storage period* Treatments) = T * S Means within a column 
showing the same letters are not significantly different (P≥ 0.05).

Enhancement the antibacterial agent of edible coating and films by incorporating it with action of silver Ag No3 with extractsLuria leaves / glacial acetic acid add 
as a ratio treatments (f 0.25, g 0.50, h 0.75,i 1.0 mland j control) while mixing extract of luria leaves /glacial acetic acid synthetic nanoparticles treatments (a 0.25, 
b 0.50, c 0.75and d 1.0 ml and e control) loaded onnanoparticles gelatin films.

Table 6 Effect of edible coatings on total acidity (%) of strawberries fruit during storage

Treatments 0 2 4 6 8 10 12

Formation of antimicrobials action of extract luria leaves / acetic acid glacial synthetic nanoparticles 
loaded on gelatin films 

e 0.35 0.32 0.3 0.28 - - -

a 0.34 0.31 0.29 0.26 0.25 0.24 0.23

b 0.33 0.3 0.28 0.25 0.24 0.23 0.22

c 0.32 0.29 0.27 0.24 0.23 0.22 0.21

d 0.3 0.27 0.26 0.23 0.24 0.23 0.22

Formation of antimicrobials action of silver Ag No3 and extract luria leaves / acetic acid glacial synthetic 
nanoparticles loaded on gelatin films

j 0.35 0.33 0.32 0.29 - - -

f 0.34 0.32 0.31 0.3 0.27 0.25 0.24

g 0.32 0.3 0.3 0.28 0.28 0.26 0.23

h 0.34 0.29 0.31 0.29 0.27 0.22 0.2

i 0.33 0.28 0.3 0.28 0.26 0.24 0.23

 L.S.D.    S = 1. 24  T = 1. 62 S&T = 0.20

(-) a spoiled reject samples, e (control), j (control), LSD Treatments = T LSD Storage period = S LSD (Storage period* Treatments) = T * S, Means within a column 
showing the same letters are not significantly different (P≥ 0.05).

Enhancement the antibacterial agent of edible coating and films by incorporating it with action of silver Ag No3 with extractsLuria leaves / glacial acetic acid add 
as a ratio treatments (f 0.25, g 0.50, h 0.75,i 1.0 mland j control) while mixing extract of luria leaves /glacial acetic acid synthetic nanoparticles treatments (a 0.25, 
b 0.50, c 0.75and d 1.0 ml and e control) loaded onnanoparticles gelatin films.
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Total soluble solids (TSS): In general, there was a gradual increase in 
total soluble solids (TSS) during the complete storage period at cooled 
temperatures (Table 5) the TSS was reduction in control as compared 
to other treatments. As noted the values of the increasing gradually 
treatments (a, b, c, d, e, f, g, h, I and j ) respectively. Decreased 
respiration rates also slow down the synthesis and use of metabolites 
resulting in lower (TSS).28 Coating film on the surface of strawberry 
reduced respiration rate and vital process, thus reducing the loss of 
TSS during storage.32 The interaction between treatments and storage 
period was not significant in both seasons.

Total acidity: The changes in total acidity of strawberries were 
determined during storage period at cooled temperatures. The 
obtained results are recorded in Table 6. The results indicated that 
the total acidity gradually decreased with increasing of storage period 
at cooled temperature. It is also considered that coatings reduce the 
rate of respiration and may therefore delay the utilization of organic 
acids.28 Retention of acidity has been reported previously for various 
strawberries fruit treated with edible coatings and films Gomaa et al., 
(2016).33 Acidity retention was reported by Tanada-Palmu and Grosso, 
(2005),32 using strawberry fruits coated with gluten film. Slowing 
down the strawberry respiration rate by means of an edible coating 
could explain the delay in the use of organic acid in the enzymatic 
reactions of respiration Debeaufort., et al (1998).34  

Colour changes: The colour changes was measured recording 
lightness (L*value), Chroma (intensity of colour) and hue angle (hº). 
Lightness of the strawberries was affected by storage time Table 7. 
The results indicated that the strawberries gradually decreased with 
increasing of storage period at cooled temperatures. The lightness 
(L*) gradually decreased during storage in both uncoated and coated 
strawberries. The highest decrease in lightness was observed in 
uncoated (control, e) and (control, j) strawberries. Changes in the 
hue-angle (ho) value of coated fruit with storage time were slight and 
only became significant at the end of the storage period .Chroma was 
reduced by around 30% for control and 10% for coated fruit. The 
coating solution gave rise to significant differences in fruit colour by 
the end of the storage period, surface colour of fruits.35 It is possible 
that Arabic gum provided a thick barrier against ethylene production 
and gas exchange between inner and outer environments and therefore 
delayed the ripening of the fruit during, storage Gomaa et al., 
(2016).33 These results were agreements with those obtained by Colla 
et al (2006),36 they found that strawberry fruits treated with edible 
coating delayed fruits senescence in which the external and internal 
colour was lighter than that of uncoated fruits. Thus, the senescence 
delay, evidenced by the decrease in colour changes, demonstrates the 
effectiveness of this coating. 

Table 7 Effect of edible coatings on color [hue angle (h◦)] of strawberries fruit during storage

Treatments 0 2 4 6 8 10 12

Formation of antimicrobials action of extract luria leaves / acetic acid glacial synthetic nanoparticles 
loaded on gelatin films 

e 95 92 85 81 - - -

a 99 90 86 78 65 45 32

b 97 78 67 55 44 39 30

c 94 94 76 67 56 45 32

d 96 93 96 78 56 67 34

Formation of antimicrobials action of silver Ag No3 and extract luria leaves / acetic acid glacial synthetic 
nanoparticles loaded on gelatin films

j 98 78 67 56 - - -

f 109 103 99 88 78 56 34

g 107 101 87 67 56 53 33

h 105 99 89 78 59 50 30

i 103 99 86 70 65 50 34

 L.S.D.    S = 1. 12 T = 1. 48 S&T = 0.16

(-) a spoiled reject samples,e (control), j (control) LSD Treatments = TLSD Storage period = SLSD (Storage period* Treatments) = T * SMeans within a column 
showing the same letters are not significantly different (P≥ 0.05).

Enhancement the antibacterial agent of edible coating and films by incorporating it with action of silver Ag No3 with extractsLuria leaves / glacial acetic acid add 
as a ratio treatments (f 0.25, g 0.50, h 0.75,i 1.0 mland j control) while mixing extract of luria leaves /glacial acetic acid synthetic nanoparticles treatments (a 0.25, 
b 0.50, c 0.75and d 1.0 ml and e control) loaded onnanoparticles gelatin films.

Firmness: From the results of the study in a Table 8 show the effect 
of using edible coating with nanomaterials on firmness of strawberry 
during refrigerated storage. The results in Table 8 indicate that the 
strawberry fruit decreased with increased period of storage days for 
both treated and control. At the end of storage, control fruit clearly 
showed the lowest firmness. These results are in agreement with 
Tanada-Palmu and Grosso (2005),32 they stated that edible coating 
showed a good result with respect to the retention of fruit firmness 
probably because this coating slowed down metabolism and prolonged 
the storage life. Strawberries treated with CaCl2 carried by soy protein 
or gluten film significantly delayed the loss of fruit firmness compared 

to control. The favourable effect of CaCl2 treatment in reduction 
of firmness loss of strawberries during storage may be due to the 
stabilization of membrane systems and formation of Ca-pectats, which 
increase the rigidity of the middle lamella and cell wall to increase 
resistance for polygalacturonase activity Poovaiah.,(1986).37 The 
interaction between treatments and storage period was significant in 
the two seasons. In this concern, strawberry fruits treated by soy plus 
Ca maintained the fruit firmness for 12 days at 0°C, however untreated 
control maintained the firmness for 6 days from storage, then firmness 
decrease was more rapidly until the storage end McGuire., (1992).38 
It could be responsible for delaying ripening which resulted in the 
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reduction of firmness loss during storage.27 found that increasing 
respiration activates increased water loss and most likely decreased 
potential texture depression.

Total count: The use of edible coating with nanomaterials on which 
have antimicrobial activity extend the shelf-life of strawberry. The 
results are shown in Table 9 shows the changes in total bacterial 
counts of strawberry coated with nanomaterials during storage periods 
at 0.5ºC.The data indicates that total counts gradually increased with 
increasing the cold storage period of strawberry in both (a ,b ,c ,d and 

e) and (f ,g ,h ,i and j) of edible films nanomaterials. The results in 
Table 9 showed that the microbial load increases with the increase 
of storage in all storage treatments and the increase in the control is 
higher than other treatments. Storage lasted only 6 days compared to 
treatments 12 days of storage. It was also found that the treatments 
(f, g, h, I and j) are lower in microbial load than treatments (a, b, c, d 
and e) . The counts reached to 10.89–12×101 CFU/g after 12 days of 
storage for in both coated and uncoated samples , as compared with 
the initial counts 0.35×101 CFU/g. 

Table 8 Effect of edible coatings on Firmness (N) of strawberries fruit during storage

Treatments 0 2 4 6 8 10 12

Formation of antimicrobials action of extract luria leaves / acetic acid glacial synthetic nanoparticles 
loaded on gelatin films 

e 39 30 28 24 - - -

a 40 37 35 30 25 22 20

b 42 42 34 32 30 21 19

c 41 40 36 34 30 28 25

d 40 37 34 32 29 27 25

Formation of antimicrobials action of silver Ag No3 and extract luria leaves / acetic acid glacial synthetic 
nanoparticles loaded on gelatin films

j 39 32 25 24 - - -

f 40 30 28 21 18 16 14

g 41 38 36 32 28 26 24

h 40 35 32 30 24 22 21

i 39 34 33 31 25 21 20

 L.S.D.    S = 1. 20 T = 1. 54 S&T = 0.14

(-) a spoiled reject samples,e (control) , j (control)LSD Treatments = TLSD Storage period = SLSD (Storage period* Treatments) = T * SMeans within a 
column showing the same letters are not significantly different (P≥ 0.05).

Enhancement the antibacterial agent of edible coating and films by incorporating it with action of silver Ag No3 with extractsLuria leaves / glacial acetic acid add 
as a ratio treatments (f 0.25, g 0.50, h 0.75,i 1.0 mland j control) while mixing extract of luria leaves /glacial acetic acid synthetic nanoparticles treatments (a 0.25, 
b 0.50, c 0.75and d 1.0 ml and e control) loaded onnanoparticles gelatin films.

Table 9 Effect of edible coatings on total count of strawberries fruit during storage

Treatments 0 2 4 6 8 10 12

Formation of antimicrobials action of extract luria leaves / acetic acid glacial synthetic nanoparticles 
loaded on gelatin films 

e 0.35 3.67 5.78 7.9 - - -

a 0.35 2.25 4.35 6.5 8.45 9.75 11

b 0.35 2.34 4.46 6.67 8.56 10 11.34

c 0.35 2.4 4.52 6.73 8.9 10.23 11.58

d 0.35 2.45 4.67 6.89 9.14 10.68 12

Formation of antimicrobials action of silver Ag No3 and extract luria leaves / acetic acid glacial synthetic 
nanoparticles loaded on gelatin films

j 0.35 3.65 5.34 7.79 - - -

f 0.35 2.13 4.2 6.34 8.1 9.34 10.89

g 0.35 2.34 4.23 6.21 8.24 9.9 10.95

h 0.35 2.4 4.34 6.23 8.37 10.12 11.23

i 0.35 2.45 4.6 6.89 8.85 10.56 11.45

 L.S.D.    S = 1. 86 T = 1. 48 S&T = 0.39

(-) a spoiled reject samples,e (control) , j (control)LSD Treatments = TLSD Storage period = SLSD (Storage period* Treatments) = T * SMeans within a column 
showing the same letters are not significantly different (P≥ 0.05).

Enhancement the antibacterial agent of edible coating and films by incorporating it with action of silver Ag No3 with extractsLuria leaves / glacial acetic acid add 
as a ratio treatments (f 0.25, g 0.50, h 0.75,i 1.0 mland j control) while mixing extract of luria leaves /glacial acetic acid synthetic nanoparticles treatments (a 0.25, 
b 0.50, c 0.75and d 1.0 ml and e control) loaded onnanoparticles gelatin films.
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The reduction of microorganisms in strawberries treated with 
antimicrobial activity Shelef (1994),39 which provides a protective 
antimicrobial barrier against food borne pathogens in product Weaver 
and Shelef (1993).40 Also, micro flora is usually restricted to fungal 
and lactic acid bacteria when pH was low.41

Moulds and yeast

The changes in moulds and yeast counts of fresh strawberry 
were determined during cold storage. The obtained results are 
shown in Table 10, The results indicated that the moulds and yeast 
counts gradually increased with increasing the storage period at 
cold temperature in both samples packaged in coated and uncoated 

forms. The samples uncoated indicates higher mould and yeast 
counts than coated ones. The moulds and yeast counts reached to 
8.45–9.85×101CFU/g after 12 days of storage for in both coated and 
uncoated samples, as compared with the initial counts 0.12 × 101 
CFU/g. These materials offer the possibility of obtaining thin films 
and coatings to cover fresh or processed foods to extend their shelf 
life. Edible films and coatings offer extra advantages such as edibility, 
biocompatibility, esthetic appearance, barrier to gasses properties, 
non-toxicity, non-polluting and its low cost. In addition, bio-films and 
coatings, by themselves are acting as carriers of foods additives (i.e.: 
antioxidants, antimicrobials), and have been particularly considered 
in food preservation due to their ability to extend the shelf life.42 

Table 10 Effect of edible coatings on moulds andyeastof strawberries fruit during storage

Treatments 0 2 4 6 8 10 12

Formation of antimicrobials action of extract luria leaves / acetic acid glacial synthetic nanoparticles 
loaded on gelatin films 

e 0.12 2.85 4.85 8.56 - - -

a 0.12 1.33 2.15 3.32 6.68 7.23 9

b 0.12 1.45 2.23 4.34 5.78 6.68 8.45

c 0.12 1.7 2.46 4.85 6.9 7.79 9.67

d 0.12 1.85 2.68 3.99 5.1 7.24 9.85

Formation of antimicrobials action of silver Ag No3 and extract luria leaves / acetic acid glacial synthetic 
nanoparticles loaded on gelatin films

j 0.12 1.74 4.75 8.45 - - -

f 0.12 1.45 2.15 3.18 5.12 6.95 9.68

g 0.12 1.23 2.95 4.89 6.9 7.85 9

h 0.12 1.14 2.68 5.65 6.54 7.34 8.75

i 0.12 1.05 2.32 4.25 5.23 6.23 8.24

 L.S.D.    S = 1. 70  T = 1. 34 S&T = 0.25

(-) a spoiled reject samples,e (control) , j (control) LSD Treatments = TLSD Storage period = SLSD (Storage period* Treatments) = T * SMeans within a column 
showing the same letters are not significantly different (P≥ 0.05).

Enhancement the antibacterial agent of edible coating and films by incorporating it with action of silver Ag No3 with extractsLuria leaves / glacial acetic acid add 
as a ratio treatments (f 0.25, g 0.50, h 0.75,i 1.0 mland j control) while mixing extract of luria leaves /glacial acetic acid synthetic nanoparticles treatments (a 0.25, 
b 0.50, c 0.75and d 1.0 ml and e control) loaded onnanoparticles gelatin films.

Conclusion
It could be concluded that gelatin films the best samples treatment 

were AgNo3 nanoparticles action of extract Luria leaves / glacial acetic 
acid loaded on gelatin films treatments (f, g, h and i ) 17.7, 14.50, 12.64 
and 5.70 respectively followed by samples extract of luria leaves /
glacial acetic acid synthetic nanoparticles loaded on gelatin films 
treatments ( a, b, c and d ) 332.3, 407.0, 411.0 and 577.0 respectively 
as compared with control (e 660.2 and j 71.26) were chosen to the 
rheological and mechanical properties , permeability, particle and zeta 
potential emulsion and scanning electron microscopy. He found that 
the control (e and j) was spoiled reject samples after 6 days while 
the remaining of the treatments lasted up to 12 days in strawberries. 
Samples coated with (f, g, h, i) reduced the weight loss and microbial 
count. The effect of adding AgNo3 with extract Luria leaves/glacial 
acetic acid nano materials on gelatin films to prolong extend product 
shelf life and reduce the risk of microorganism’s growth and improved 
quality on strawberries.43–47

Funding
None.

Acknowledgments
None.

Conflicts of interest
The authors declare that there was no conflict of interest.

References
1. Krishnaraj C, Jagan EG, Rajasekar S, et al. Synthesis of silver 

nanoparticles using Acalypha indica leaf extracts and its antibacterial 
activity against water borne pathogens. Colloids and Surfaces B: 
Biointerfaces. 2010;76:50–56 .

2. Chaurasia V, Navinchand, Bajpai SK. Water Sorption Properties and 
Antimicrobial Action of Zinc Oxide Nanoparticles-Loaded Cellulose 
Acetate Films. Journal of Macromolecular Science. 2010;47:309–317.

https://doi.org/10.15406/mojfpt.2020.08.00246
https://pubmed.ncbi.nlm.nih.gov/19896347/
https://pubmed.ncbi.nlm.nih.gov/19896347/
https://pubmed.ncbi.nlm.nih.gov/19896347/
https://pubmed.ncbi.nlm.nih.gov/19896347/
https://www.tandfonline.com/doi/abs/10.1080/10601320903539207
https://www.tandfonline.com/doi/abs/10.1080/10601320903539207
https://www.tandfonline.com/doi/abs/10.1080/10601320903539207


Enhancement the antibacterial agent of edible coating and films by incorporating it with green metallic 
nanoparticles using Luria mobiles leaves

96
Copyright:

©2020 Khafar

Citation: Khafar EA. Enhancement the antibacterial agent of edible coating and films by incorporating it with green metallic nanoparticles using Luria mobiles 
leaves. MOJ Food Process Technol. 2020;8(2):80‒97. DOI: 10.15406/mojfpt.2020.08.00246

3. Appendini P, Hotchkiss JH. Review of antimicrobial food packaging. 
Innovative Food Science and Emerging Technologies. 2002;3(2):113–
126.

4. Vankar P, Shukla D. Biosynthesis of silver nanoparticles using lemon 
leaves extract and its application for antimicrobial finish on fabric. 
Applied Nanoscience. 2012;1-6.

5. Bushra S, Farooq A, Muhammad A. Effect of Extraction Solvent / 
Technique on the Antioxidant Activity of Selected Medicinal Plant 
Extracts. Molecules. 2009;14(6):2167–2180.

6. Yunus A, Taçnur B, Cansu M, et al. The Role of Gelatin-Based Film 
Coating Combined with Orange Peel Essential Oil on the Quality of 
Refrigerated Shrimp. Acta Aquatica Turcica.  2019;15(2):197–212 . 

7. Amal S, El Mogy M, Aboul Anean H, et al. Improving Strawberry 
Fruit Storability by Edible Coating as a Carrier of Thymol or Calcium 
Chloride. Journal of Horticultural Science & Ornamental Plants. 
2010;2(3):88–97.

8. Campaniello D, Bevilacqua A, Sinigaglia M, et al. Chitosan: antimicrobial 
activity and potential applications for preserving minimally processed   
strawberries. Food Microbiology. 2008;25(8):992–1000. 

9. Koyuncu M, Dilmaçünal T. Determination of vitamin C and organic 
acid changes in strawberry by HPLC during cold storage. Notulae 
Botanica Horti Agrobotanici. 2010;38(3).

10. Nyi MS, Irma EH. The effect of acetic acid on total anthocyanins 
content and antioxidant activity of tamarillo (Solanum betaceum Cav). 
Journal of Pharmacy Research. 2018;12(3):398–401 .

11. Olafsson G, Jagerstad M, Oste R, et al. Delamination of polyethylene 
and Aluminum Foil Layers of Laminated packaging Material by Acetic 
Acid. Journal of Food Science. 1993;58(1):215-219 .

12. Nelson Caro, Estefania E, Mario D. Novel active packaging based on 
films of chitosan – tripolyphosphate- thymol nanoparticales via thermal 
ink-jet printing. Food Hydrocolloids. 2016;52:520–532.

13. Sotelo Boy ME, Sotelo Boy G, Valverde Aguilar M. et al. 
Characterization Of Chitosan Nanoparticles Added With Essential Oils: 
In Vitro Effect On Pectobacterium Carotovorum. Revista mexicana de 
ingeniería química. 2015;14(3):589–599.

14. Tien CL, Letendre M, Ispas-Szabo P, et al. Development of biodegradable 
films from whey proteins by cross-linking and entrapment in cellulose. 
J. Agric. Food Chem. 2000;48:5566.

15. Munoz PH, Lopez-Rubio A, Del-Valle V. Mechanical and water barrier 
properties of glutenin films influenced by storage time. J. Agric. Food 
Chem. 2004;52:79–83.

16. Hernandez-Mun P, Villalobos R, Chiralt A. Effect of cross-linking using 
aldehydes on properties of glutenin-rich films. Food Hydrocolloids. 
2004;18(3):403–411.

17. William Horwitz, George W Latimer. Official methods of analysis of 
AOAC International. USA: AOAC International. 2005.

18. Bourne MC. Food texture and viscosity: concept and measurement, 2nd 
edition. USA: Academic press. 2003.

19. Barbagallo RN, Chisari M, Caputa G, et al. Effects of calcium citrate 
and ascorbate as inhibitors of browning and softening in minimally 
processed ‘Birgah’ eggplants. Postharvest Biology and Technology. 
2012;73:107–114.

20. Michael Wehr H, Frank JF. Standard methods for examination of dairy 
products. USA: APHA Press; 1992.

21. Yvonne Salfinger, Mary Lou Tortorello. American Public Health 
Association. Compendium of methods the microbiological examination 
Foods, 5th edition. USA: APHA Press. 1976.

22. Gipsy TM, Gustavo VBC. Rheology for the food industry. Journal of 
Food Engineering. 2005;67:147–156.

23. Figoni PI, Shoemaker CF. Characterization of time dependent flow 
properties of mayonnaise under steady shear. Journal of Texture 
Studies. 1983;14: 431–442.

24. Ortiz-Zarama MA, Jimenez-Aparicio AR, Lourenc RV, et al. Rheological 
characterization of solutions of gelatin with bentonite and tannic acid. 
Revista Mexicana de Ingeniería  Química. 2016;15(3):819–830.

25. Tunc S, Duman O. Preparation and characterization of biodegradable 
methyl cellulose/montmorillonite nanocomposite films. Applied Clay 
Science. 2010;48:414–424.

26. ASTM D882 - 18. Standard Test Methods for Tensile Properties of Thin 
Plastic Sheeting. USA: ASTM International. 2003.

27. Patricia AF, Podaderab G, Paulo JA, et al. Development of films based 
on quinoa (Chenopodium quinoa, Willdenow) starch. Carbohydrate 
Polymers. 2010;81:839–848.

28. Yaman O, Bayoindirli L. Effects of an edible coating and cold storage 
on shelf-life and quality of cherries. LTW Food science and technology. 
2002;35:146–150.

29. Pan J, Bhowmilk S. Shelf-life of mature green tomatoes stored in 
controlled atmosphere and high humidity. J. Food Sci. 1992;57:948–
953.

30. Baldwin E, Burns J, Kazokas W, et al. Effect of two edible coatings with 
different permeability   characteristics on mango (Mangifera indica L.) 
ripening during storage. Postharvest Biol. Technol. 1999;17:215–226.

31. Park H. Development of advanced edible coatings for fruits. Trends 
Food Sci. Technol. 1999;10:254–260.

32. Tanada-Palmu PS, Grosso CRF. Effect of edible wheat gluten-based 
films and coatings on refrigerated strawberry (Fragaria  ananassa) 
quality. Postharvest Biology and Technology. 2005;36:199–208.

33. Gomaa MA, Abdelrasoul EA, Gomaa Maha M. keeping the quality and 
extending shelf-life of strawberries fruit by using arbic gum as edible 
coating. J. Agric. Res. Kafr El-Sheikh Univ. 2016;42(4):53–66. 

34. Debeaufort F, Quezada-Gallo JA, Voilley A. Edible films and coatings: 
Tomorrow’s packagings: a review. Crit. Rev. Food Sci. 1998;38:299–
313.

35. Rayees Ahmad S, Maqsood Ahmad M, Shaeel Ahmed T, et al. Chitosan 
as a Novel Edible Coating for Fresh Fruits. Food Sci. Technol. Res. 
2012;19(2):139–155.

36. Colla E, Sobral PJA, Menegalli FC. Amaranthus cruentus flour edible 
films – influence of   stearic acid addition, plasticizer concentration and 
the emulsion stirring speed on water vapor permeabilty and mechanical 
properties. J. Agric. Food chem. 2006.

37. Poovaiah BW. Role of calcium in prolonging storage life of fruits and 
vegetables. Food Tech. 1986;40:86–89.

38. Mc Guire RG. Reporting of objective color measurements. Hort 
Science. 1992;27:1254–1255.

39. Shelef LA. Antimicrobial effects of lactats: a review. J. Food Prot. 
1994;57:445–450.

40. Weaver RA, Shelef LA. Antilisterial activity of sodium, potassium or 
calcium lactate in pork liver sausage. J. Food Safety. 1993;13:133–146.

41. Luna-Guzman SJ, Barrett DM. Cal comparison of calcium chloride 
and calcium lactate effectiveness in maintaining shelf stability and 
quality of fresh-cut cantaloupe. Postharvest Biology and Technology. 
2000;19:61–72.

42. Sallam KI. Antimicrobial and antioxidant effects of sodium acetate, 

https://doi.org/10.15406/mojfpt.2020.08.00246
https://www.sciencedirect.com/science/article/pii/S1466856402000127
https://www.sciencedirect.com/science/article/pii/S1466856402000127
https://www.sciencedirect.com/science/article/pii/S1466856402000127
https://link.springer.com/article/10.1007/s13204-011-0051-y
https://link.springer.com/article/10.1007/s13204-011-0051-y
https://link.springer.com/article/10.1007/s13204-011-0051-y
https://pubmed.ncbi.nlm.nih.gov/19553890/#:~:text=%3A 10.3390%2Fmolecules14062167.-,Effect of extraction solvent%2Ftechnique on the antioxidant,of selected medicinal plant extracts.&text=Generally higher extract yields%2C phenolic,the respective absolute organi
https://pubmed.ncbi.nlm.nih.gov/19553890/#:~:text=%3A 10.3390%2Fmolecules14062167.-,Effect of extraction solvent%2Ftechnique on the antioxidant,of selected medicinal plant extracts.&text=Generally higher extract yields%2C phenolic,the respective absolute organi
https://pubmed.ncbi.nlm.nih.gov/19553890/#:~:text=%3A 10.3390%2Fmolecules14062167.-,Effect of extraction solvent%2Ftechnique on the antioxidant,of selected medicinal plant extracts.&text=Generally higher extract yields%2C phenolic,the respective absolute organi
https://dergipark.org.tr/en/pub/actaquatr/issue/43483/485132c
https://dergipark.org.tr/en/pub/actaquatr/issue/43483/485132c
https://dergipark.org.tr/en/pub/actaquatr/issue/43483/485132c
http://idosi.org/jhsop/2(3)10/2.pdf
http://idosi.org/jhsop/2(3)10/2.pdf
http://idosi.org/jhsop/2(3)10/2.pdf
http://idosi.org/jhsop/2(3)10/2.pdf
https://pubmed.ncbi.nlm.nih.gov/18954735/
https://pubmed.ncbi.nlm.nih.gov/18954735/
https://pubmed.ncbi.nlm.nih.gov/18954735/
https://www.notulaebotanicae.ro/index.php/nbha/article/view/4819
https://www.notulaebotanicae.ro/index.php/nbha/article/view/4819
https://www.notulaebotanicae.ro/index.php/nbha/article/view/4819
http://jprsolutions.info/files/final-file-5a9aadbb8be506.49556220.pdf
http://jprsolutions.info/files/final-file-5a9aadbb8be506.49556220.pdf
http://jprsolutions.info/files/final-file-5a9aadbb8be506.49556220.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1993.tb03248.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1993.tb03248.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1993.tb03248.x
https://www.sciencedirect.com/science/article/abs/pii/S0268005X15300382
https://www.sciencedirect.com/science/article/abs/pii/S0268005X15300382
https://www.sciencedirect.com/science/article/abs/pii/S0268005X15300382
http://www.scielo.org.mx/scielo.php?script=sci_abstract&pid=S1665-27382015000300003&lng=es&nrm=iso
http://www.scielo.org.mx/scielo.php?script=sci_abstract&pid=S1665-27382015000300003&lng=es&nrm=iso
http://www.scielo.org.mx/scielo.php?script=sci_abstract&pid=S1665-27382015000300003&lng=es&nrm=iso
http://www.scielo.org.mx/scielo.php?script=sci_abstract&pid=S1665-27382015000300003&lng=es&nrm=iso
https://pubmed.ncbi.nlm.nih.gov/11087520/
https://pubmed.ncbi.nlm.nih.gov/11087520/
https://pubmed.ncbi.nlm.nih.gov/11087520/
https://pubs.acs.org/doi/10.1021/jf034763s
https://pubs.acs.org/doi/10.1021/jf034763s
https://pubs.acs.org/doi/10.1021/jf034763s
https://www.sciencedirect.com/science/article/abs/pii/S0268005X03001280
https://www.sciencedirect.com/science/article/abs/pii/S0268005X03001280
https://www.sciencedirect.com/science/article/abs/pii/S0268005X03001280
https://www.worldcat.org/title/official-methods-of-analysis-of-aoac-international/oclc/649275444
https://www.worldcat.org/title/official-methods-of-analysis-of-aoac-international/oclc/649275444
https://www.elsevier.com/books/food-texture-and-viscosity/bourne/978-0-12-119062-0
https://www.elsevier.com/books/food-texture-and-viscosity/bourne/978-0-12-119062-0
https://www.sciencedirect.com/science/article/abs/pii/S0925521412001482
https://www.sciencedirect.com/science/article/abs/pii/S0925521412001482
https://www.sciencedirect.com/science/article/abs/pii/S0925521412001482
https://www.sciencedirect.com/science/article/abs/pii/S0925521412001482
https://ajph.aphapublications.org/doi/abs/10.2105/9780875530024
https://ajph.aphapublications.org/doi/abs/10.2105/9780875530024
https://secure.apha.org/imis/ItemDetail?iProductCode=978-087553-2738&CATEGORY=BK#:~:text=The Fifth edition of the,accuracy%2C relevance%2C and reliability.
https://secure.apha.org/imis/ItemDetail?iProductCode=978-087553-2738&CATEGORY=BK#:~:text=The Fifth edition of the,accuracy%2C relevance%2C and reliability.
https://secure.apha.org/imis/ItemDetail?iProductCode=978-087553-2738&CATEGORY=BK#:~:text=The Fifth edition of the,accuracy%2C relevance%2C and reliability.
https://www.academia.edu/14929877/Rheology_for_the_food_industry
https://www.academia.edu/14929877/Rheology_for_the_food_industry
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4603.1983.tb00360.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4603.1983.tb00360.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4603.1983.tb00360.x
http://rmiq.org/ojs311/index.php/rmiq/article/view/1044
http://rmiq.org/ojs311/index.php/rmiq/article/view/1044
http://rmiq.org/ojs311/index.php/rmiq/article/view/1044
https://www.sciencedirect.com/science/article/abs/pii/S016913171000030X
https://www.sciencedirect.com/science/article/abs/pii/S016913171000030X
https://www.sciencedirect.com/science/article/abs/pii/S016913171000030X
https://www.astm.org/Standards/D882
https://www.astm.org/Standards/D882
https://www.sciencedirect.com/science/article/abs/pii/S0144861710002316
https://www.sciencedirect.com/science/article/abs/pii/S0144861710002316
https://www.sciencedirect.com/science/article/abs/pii/S0144861710002316
https://www.sciencedirect.com/science/article/pii/S0023643801908278#:~:text=The effects of an edible,quality of cherries were studied.&text=The results of this study,without perceptible losses in quality.
https://www.sciencedirect.com/science/article/pii/S0023643801908278#:~:text=The effects of an edible,quality of cherries were studied.&text=The results of this study,without perceptible losses in quality.
https://www.sciencedirect.com/science/article/pii/S0023643801908278#:~:text=The effects of an edible,quality of cherries were studied.&text=The results of this study,without perceptible losses in quality.
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1992.tb14331.x#:~:text=Weight loss was reduced significantly,tomatoes was acceptable after ripening.
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1992.tb14331.x#:~:text=Weight loss was reduced significantly,tomatoes was acceptable after ripening.
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1992.tb14331.x#:~:text=Weight loss was reduced significantly,tomatoes was acceptable after ripening.
https://www.sciencedirect.com/science/article/abs/pii/S0925521499000538
https://www.sciencedirect.com/science/article/abs/pii/S0925521499000538
https://www.sciencedirect.com/science/article/abs/pii/S0925521499000538
https://koreauniv.pure.elsevier.com/en/publications/development-of-advanced-edible-coatings-for-fruits
https://koreauniv.pure.elsevier.com/en/publications/development-of-advanced-edible-coatings-for-fruits
https://www.sciencedirect.com/science/article/abs/pii/S092552140400287X
https://www.sciencedirect.com/science/article/abs/pii/S092552140400287X
https://www.sciencedirect.com/science/article/abs/pii/S092552140400287X
https://pdfs.semanticscholar.org/60f7/68c768c870837e8dfc3bb6a67a60cb01c7ca.pdf
https://pdfs.semanticscholar.org/60f7/68c768c870837e8dfc3bb6a67a60cb01c7ca.pdf
https://pdfs.semanticscholar.org/60f7/68c768c870837e8dfc3bb6a67a60cb01c7ca.pdf
https://pubmed.ncbi.nlm.nih.gov/9626488/
https://pubmed.ncbi.nlm.nih.gov/9626488/
https://pubmed.ncbi.nlm.nih.gov/9626488/
https://www.jstage.jst.go.jp/article/fstr/19/2/19_139/_article
https://www.jstage.jst.go.jp/article/fstr/19/2/19_139/_article
https://www.jstage.jst.go.jp/article/fstr/19/2/19_139/_article
https://pubmed.ncbi.nlm.nih.gov/16939322/
https://pubmed.ncbi.nlm.nih.gov/16939322/
https://pubmed.ncbi.nlm.nih.gov/16939322/
https://pubmed.ncbi.nlm.nih.gov/16939322/
https://www.fcfar.unesp.br/arquivos/link/20140515194941610958.pdf
https://www.fcfar.unesp.br/arquivos/link/20140515194941610958.pdf
https://journals.ashs.org/hortsci/view/journals/hortsci/27/12/article-p1254.xml
https://journals.ashs.org/hortsci/view/journals/hortsci/27/12/article-p1254.xml
https://pubmed.ncbi.nlm.nih.gov/31121747/
https://pubmed.ncbi.nlm.nih.gov/31121747/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4565.1993.tb00101.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4565.1993.tb00101.x
http://ucce.ucdavis.edu/files/datastore/234-371.pdf
http://ucce.ucdavis.edu/files/datastore/234-371.pdf
http://ucce.ucdavis.edu/files/datastore/234-371.pdf
http://ucce.ucdavis.edu/files/datastore/234-371.pdf
https://pubmed.ncbi.nlm.nih.gov/17471315/


Enhancement the antibacterial agent of edible coating and films by incorporating it with green metallic 
nanoparticles using Luria mobiles leaves

97
Copyright:

©2020 Khafar

Citation: Khafar EA. Enhancement the antibacterial agent of edible coating and films by incorporating it with green metallic nanoparticles using Luria mobiles 
leaves. MOJ Food Process Technol. 2020;8(2):80‒97. DOI: 10.15406/mojfpt.2020.08.00246

sodium lactate, and sodium citrate in refrigerated sliced salmon. Food 
Control. 2007;18:566–575.

43. Suisui J, Chenzhen L, Zhongjie H, et al. Evaluation of rheological 
behavior of starch nanocrystals by acid hydrolysis and starch 
nanoparticles by self-assembly: A comparative study. Food 
Hydrocolloids. 2016;52:914–922.

44. John AC. Statistical methods. 7th edition. USA: The Lowa state 
university Press; 1989.

45. Vermeiren L, Devlieghere F, Debevere J. Effectiveness of some recent 
antimicrobial packaging concepts. Food Additives and Contaminants. 
2002;19:163–171.

46. Garcia MA, Martino MN, Zaritzky NE. Lipid addition to improve 
barrier properties of edible starch-based films and coating, J. Food Sci. 
2006.

47. Han JH. Antimicrobial food packaging. Food Technology. 
2000;54(3):56-65.

https://doi.org/10.15406/mojfpt.2020.08.00246
https://pubmed.ncbi.nlm.nih.gov/17471315/
https://pubmed.ncbi.nlm.nih.gov/17471315/
https://www.sciencedirect.com/science/article/abs/pii/S0268005X15300850
https://www.sciencedirect.com/science/article/abs/pii/S0268005X15300850
https://www.sciencedirect.com/science/article/abs/pii/S0268005X15300850
https://www.sciencedirect.com/science/article/abs/pii/S0268005X15300850
https://www.tandfonline.com/doi/abs/10.1080/00401706.1981.10487664?journalCode=utch20
https://www.tandfonline.com/doi/abs/10.1080/00401706.1981.10487664?journalCode=utch20
https://www.tandfonline.com/doi/abs/10.1080/02652030110104852
https://www.tandfonline.com/doi/abs/10.1080/02652030110104852
https://www.tandfonline.com/doi/abs/10.1080/02652030110104852
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.2000.tb09397.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.2000.tb09397.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.2000.tb09397.x

	Title
	Abstract
	Keywords
	Introduction
	Materials and methods 
	Results and discussion 
	Conclusion
	Funding
	Acknowledgments
	Conflicts of interest 
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4 
	Figure 5
	Figure 6
	Figure 7 
	Table 1
	Table 2
	Table 3
	Table 4 
	Table 6 
	Table 7 
	Table 8
	Table 9
	Table 10 

