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ABSTRACT 

The aim of this study was to improve the edible coatings and films having a high potential to carry active ingredients such as 
nano materials as well as the quality of fruits and vegetables. The substances used in this experiment were Chitosan-
Thyamol/(TPP)Tripolyphosphate(B), Gelatin-Coconut Fiber/titanium dioxide(TiO2) (C), Chitosan-Methyl 
Cellulose/Silica(SiO2) (D), Gelatin–Chitosan/ (Ag/ZnO) (E), and Gelatin- Anthocyanin/kafirin (F) compared with edible 
coating non nano materials (A). The effects of edible coating on quality attributes of fruits including apples, red grapes, 
tomatoes and Sweet green pepper were studied during the storage at (0-2°C) and relative humidity of 90-95% for apples and 
red grapes, and at (8°C) and relative humidity of 90-95% for tomatoes and Sweet green pepper. Rheological properties of 
edible solution and suspensions were studied. Also mechanical properties, particle size distribution, zeta potentioal emulsion, 
X-R diffraction (XRD) films and scanning electron microscopy films were measured. The results demonstrated that the best 
samples were edible coating with nano suspensions (E) followed by samples (F, B, C and D) as compared with non nano 
coating (A) samples. Different analyses as well as microbiological tests were done on coated fruit and vegetables to observe 
weight loss, total soluble solids, firmness, total acidity, and ascorbic acid. The weight loss and microbial count in samples 
coated with (E) were reduced. On the other hand, it was observed that the nano coating apples, red grapes, tomatoes and 
sweet green pepper were kept with higher quality compared to non nano coating. In apples, red grapes, tomatoes and sweet 
green pepper dipped in solution of (E), the weight loss percentage was reduced, and the fruit quality was maintained for 63 
days and 56 days of storage for apples and red grapes, respectively, and for 42 days and 35 days of storage for tomatoes and 
sweet green pepper, respectively.  

Key words: Edible Coating, Fruit and Vegetables, Nano Materials. 

INTRODUCTION 

The active items such as anti-browning agents, colorants, flavours, nutrients, spices and antimicrobial compounds 
that can enhance products’ shelf life and decrease the risk of pathogen growth on food surfaces are potentially 
contained by edible coatings [1]. Natural polysaccharides and proteins as raw materials for edible coatings and films 
have been taken into consideration because of offering an advanced food protection strategy, and fulfilling 
customers’ demand for safe and healthy foods without synthetic agents. Films based on natural polysaccharides and 
proteins fulfill environmental concerns because of being completely biodegradable, and in many cases they can be 
used as an alternative to synthetic packaging [2]. Chitosan is a natural polysaccharide which is composed of a linear 
(1-4) linked 2- amino-2-deoxy-D glucan, can be chemically made from naturally existing chitin by treatment with 
alkali at the increased temperatures. Chitosan is nontoxic, biodegradable and biocompatible polymer. Chitosan 
extensively existing in the nature, has antibacterial effects, and film formability. Chitosan forms viscous solution in 
several organic acids. These viscous solutions have been applied to form functional films used for the development 
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and characterization of chitosan film containing morphology, physical, mechanical and degradation properties. 
Chitosan-based edible coatings showed very good results in deferring the decay and expanding the shelf life of 
several fruits and vegetables. Nanotechnology application of particular characteristics of nanoparticles can be a very 
useful technology in all sciences and industry branches. Recently, a lot of applications of nanotechnology in 
agricultural sciences have been introduced. Considering the extension of horticultural products’ shelf life, 
nanotechnology can aid us in various fields, e.g. controlling growth and development of microorganisms, 
introducing as new generation of packaging coverage's (films) and controlling the influence of gases and the harmful 
rags [3]. Edible nanocoatings could be used on fruits and vegetables, and could provide a barrier to moisture and gas 
exchange, act as a vehicle to deliver colors, flavors, antioxidants, enzymes and antibrowning agents, and could also 
increase the shelf life of manufactured foods, even after the packaging has been opened [4]. Edible coatings and 
films, prepared from polysaccharides, and proteins can serve as a carrier for flavors, colorants, anti-browning agents 
and nutrients to improve food quality. Other active ingredients such as antimicrobial and antioxidant compounds for 
extending products’ shelf life and reducing the risk of pathogen growth could also be achieved. The thickness of the 
coating layer adhered to the surface of fruit and vegetable depended mainly on the type of coating emulsion, and the 
variety of treated fruits and vegetables. Chitosan edible coatings extend the shelf life of the fruits and vegetables by 
minimizing the rate of respiration and reducing the water loss. [1].  According to Xiao et al. (2016), Kafirin is the 
prolamin protein in nanoparticles (100-300) with water over oil wetting preference [5]. Kafirin nanoparticles were 
found to stabilize oil-in-water type pickering emulsion (O/W2) stability. The films were printed with chitosan-
tripolyphosphate (TPP) nanoparticles loaded with thymol. The films were prepared by casting high- viscosity 
chitosan solutions. Most procedures involve the addition of a TPP solution to a chitosan solution. A range of 
chitosan concentrations from 0.5 to 10 mg/ml in acetic acid solution has been studied. The TPP concentration used 
has ranged from o.25 to 1.0 mg/ml. The chitosan/ TPP mass ratio varied from 2 to 8. The phenomena of 
aggregation/particle fusion after preparation and the stability of the nanoparticle suspensions under different storage 
conditions have also been evaluated. These nanoparticles exhibit good loading capacity for different types of active 
ingredients [6]. The titanium dioxide (TiO2) nanoparticles-chitosan composite has several advantages for 
interdisciplinary applications. For example, polluted waste water usually contains multiple hazardous materials such 
as pathogenic bacteria, heavy metals, etc. The TiO2 nanoparticles have an excellent photocatalytic activity that is 
quite effective for the elimination of organic pollutants ; while chitosan possesses very impressing capability for 
heavy metal adsorption. Therefore, the integration of TiO2 and chitosan can complement each other with their own 
advantages, and exert the best effectiveness for the treatment of wastewater pollutants by chemical grafting of 
antioxidant molecules (such as chitosan) directly onto the surface of TiO2 nanoparticle. In literature, chitosan 
composite films with low Ag/TiO2 nanoparticle have been reported to have anticancer and antibacterial effects. In 
addition, the mechanical properties of the TiO2 nanoparticles-chitosan composite films can be effectively reinforced 
[7]. The antibacterial effects of silver (Ag) has been currently used to control bacterial growth in a variety of 
applications, including dental work, catheters, and burn wounds. Silver nitrate solution causes argyria (staining of 
the skin) and a burning sensation on application. Ag ions and Ag-based compounds are highly toxic to 
microorganisms. Other forms of silver are available which do not have the disadvantages of the earlier solutions. 
Chemicals produce silver nanoparticles. Two other used methods included nanoparticle colloid and organic-
inorganic composition film. Hybridation of Ag nanoparticles with amphiphilic hyperbranched macromolecules has 
been shown to exhibit good antimicrobial properties [8]. Films based on a mixture of oppositely charged 
polyelectrolyte natural polymers have been documented.  Lately, it has been demonstrated that Layer-by-layer (LbL) 
electrostatic deposition of oppositely charged biopolymers can be used to provide advanced edible coatings leading 
to significant increase in the coated food quality Poverenov et al. (2014) [9]. Although, its physical characteristics 
like solubility, gelation, and adhesion abilities cannot be easily formulated while forming a standard edible coating. 
Combining chitosan with other hydrocolloids, particularly with proteins have been examined. Abugoch et al. (2011) 
and Hosseini et al. (2013) performed investigations of blended versus bilayered gelatin-chitosan films [10, 11]. 
Blended gelatin-chitosan formulation enriched with essential oils has also been applied as an edible coating in 
published studies on the implementation of the LbL gelatin-chitosan coating on food products. In the food industry, 
packaging is a critical process because it is central to food safety, quality, and product preservation. Mechanical 
properties and permeability of packaging films are essential to establish a good adhesion, ensure good barrier against 
bacteria transport, and allow a good stream of water vapor. Other required properties for packaging materials are 
durability, elasticity, flexibility and stress resistance. The natural nanostructured chitosan films have limited the 
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films to be developed as new flexible materials, therefore, they should be mixed with other polymers. Cellulose 
derivatives, such as methyl cellulose MC, can be chosen because it forms a continuous matrix with excellent film 
properties. Methyl cellulose is soluble in cold water where it forms a gel, and it has been used for different purposes 
for problems related to constipation, as an emulsifier and thickener in cosmetics, and as an additive (E 461) in food 
products because of its edible and nontoxic properties Turhan and Sahbaz (2004), and has different positive 
properties including good solubility and being the oxygen barrier Miller and Krochta (1997) [12, 13].  The coatings 
improve the products’ aspects, reduce spoilage, and control gas exchanges (oxygen, carbon dioxide, and ethylene) 
between food components and the surrounding atmosphere. Different studies have analyzed edible films of methyl 
cellulose combined with lipids, polysaccharides, and polyethylene glycol, as edible packaging materials with good 
barrier properties and their effects on shelf-life of different foods [14].  
Therefore, the purpose of this work was to study the effect of adding nano materials on edible coating 
chitosan/Tripolyphosphate (TPP), Gelatin-Fiber/titanium dioxide(TiO2), chitosan-methyl cellulose/Silica(SiO2), 
Gelatin–Chitosan/ (Ag/ ZnO), Gelatin/kafirin to quality attributes and prolonging the shelf life of fruits and 
vegetables. 

MATERIALS AND METHODS: 

Materials :  

Apples (Anna malus variety) and Red grapes (Flame Seedless Varitey) were harvested at maturity storage in a 
private farm at " wadi elfaregh " at 65Km from Cairo –Alexandria while, vegetables, tomatoes (Lycopersicon 
lycopersicum cv. Suber Strain B’, Variety) and sweet green pepper (Capsicum annuum L. cv. California 
WondeVariety) were obtained from the experimental station of Horticultural Research Institute (Elkalubia 
Governorate, Egypt). Fruits and vegetables were harvested on mid-june, 2017 when fully matured as followed in the 
commercial practice. At Central Lab of Agriculture Res. And Food Tech. Res Institute, Giza, Egypt the effects of 
different postharvest treatments on quality of fruit and vegetables were studied. The substances used in this 
experiment included : gelatin and chitosan which were obtained from Acros-organics Company New Jersey U.S.A; 
Citric acid, sodium citrate and sodium hydroxide which were obtained from (El Nasr Pharmaceutical chemicals 
company, Cairo, Egypt) ; and Glycerin and sodium hypochlorite which were obtained from (El-Gomhouria chemical 
company, Cairo, Egypt). Methylcellulose (MC) powder food grade was obtained from (El-Nour center for trading, 
Cairo, Egypt).  Anthocyanin was obtained from Zhejiang Sliver Elephant Bio-Engineering Co., LTD, China. The 
essential oils (Thyamol) were obtained from (Across Organics, Belgium). Coconut fiber powder was obtained from 
Jenapharm, Germany. Lactic acid and Ethyl alcohol 95% produced by El- Gamhoria Company. Kafirin was 
obtained from Win Lab Company, (U.K). Titanium dioxide (TiO2), Tripolyphosphate (TPP), Silica (SiO2) and (Ag / 
ZnO) were obtained from (Acmatic for Chemicals & Lab. Equipments Company, Cairo, Egypt).   
Preparation of different treatments : 
Fresh fruits and vegetables were immersed for one minute in the disinfectant solution of calcium hypochlorite (0.25 
g\ L distilled water), then air dried. Fresh fruits and vegetables were divided into two groups :  The first group : 
The cleaned fruits and vegetables were dipped in coating for 10 secs (the solution was kept constant in the beaker) 
and the samples were subsequently air dried. 
The second group : The process was started with the other chosen coatings, then the coated and uncoated 
subsequently were air dried. The fruits and vegetables with different edible coatings were divided into two groups : 
Group 1 : Fruits including apples and red grapes were kept in refrigerator and stored at (0-2°C) and relative 
humidity of 90-95% RH. Group 2 : vegetables including tomatoes and sweet green pepper were kept in refrigerator 
and stored at (8 C°) and relative humidity of 90-95% RH. All the samples were wrapped with butter paper, then 
packaged in foam trays that the capacity of each was 6-8 fruits, and then they were stretched with sulfan (0.02mm 
thickness), but the red grapes were packed in foam trays having the capacity of 800 grams, and kept in carton boxes. 
All the samples were kept after packaging. The cooled storage was carried out in the post-harvest research 
department of Horticulture research institute, and Agriculture research center- Giza. During the storage period, the 
samples of investigated fruit and vegetables were periodically withdrawn for the analysis. 
The substances used in this experiment on edible coatings and films were divided into six groups : 
(A) Edible coating non nano materials 

   (B) Chitosan - Thyamol / (TPP)Tripolyphosphate nanoparticales  
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   (C) Gelatin- Coconut fiber powder / titanium dioxide (TiO2) nanoparticales 
   (D) Chitosan-Methyl Cellulose / Silica(SiO2) nanoparticales. 
   (E) Gelatin – Chitosan / (Ag / ZnO) nanoparticales, Layer-by-layer (LbL). 
   (F) Gelatin- Anthocyanin / kafirin nanoparticales 

Preparation of Edible Coating and Film nanoparticales :  
1. Preparatoin of gelatin/ chitosan solution : The solution contained (1.5 %, w/v) was prepared by dissolving 

gelatin in 100 ml of distilled water and 2 g glycerol, and stirred for 2 h while, chitosan solution (1.5 %, 
w/v) was prepared by dissolving chitosan in 100 ml of distilled water in acetic acid solution (1 %, v/v) and 
1g glycerol. The, 200 ml gelatin and chitosan solutions were mixed in a beaker with 200 mL at 80 0C for 15 
min [2]. 

2. A chitosan (0.3%, w/v) solution was dissolved in 0.1 M citric acid and stirred for 24h. 2% 
Tripolyphosphate (TPP) was prepared, and a final concentration of 1.0 mg/ml chitosan solution was added 
dropwise to the TPP solution (1.8ml/min) at a ratio of 2 :1 (v/v), TPP : chitosan with vigorous magnetic 
stirring at room temperature.  The resulting suspension was centrifuged at 14°C for 30min. 1mlThyamol–
loaded chitosan (NPs) nanoparticles, 0.1% (w/v) in citric acid was prepared and added to the previously 
prepared chitosan solution. The chitosan/ Thyamol solution was added dropwise to the TPP solution [6]. 

3. 2g chitosan was dissolved in 2% acetic acid solution and titanium dioxide (TiO2) nanoparticales (NPs) (0.05 g, 
dried powder) were mixed through constant magnetic stirring for10 minutes to obtain the Tio2 (NPs) 
nanoparticles – 2N sodium hydroxids solution (20 wt %) was added to chitosan composite by a mixing 
homogenizer. The solution was blended degassed for 2 hrs, then, 2 grams of coconut fiber powder were 
added. The solution was stirred for 1 h well until it became a homogeneous solution, then it was heated and 
sonicated in a closed vessel at 72±2 °C for 20 min Keng-shiang et al. (2014) and Bhuvaneshwari et al. 
(2010) [7, 15]. 

4. Film preparation of chitosan-methyl cellulose/silica(SiO2), blended formulation :  
Chitosan was dissolved in a solution of lactic acid in water (2% v/v) and stirred at room temperature for 4 
h. Methylcellulose (1% w/v) was obtained by dissolving methylcellulose in a solution of EtOH/H2O 1 :1 
(v/v) and stirred for 12 h. This hydro-alcoholic solution was used to improve the solubility of 
methylcellulose. As obtained solutions of chitosan and methylcellulose were mixed according to different 
proportions (chitosan : methylcellulose 50 :50) stirred for 10 min, 1% or 2% w/v silica (NPs) nanoparticles 
were added to the different solutions. SiO2 NPs solutions were prepared in 2 ways : silica nano-powder in 
EtOH was dissolved until a final concentration of 1% w / was obtained. The final solutions (chitosan, 
methylcellulose and SiO2 NPs) were stirred for an hour, then sonicated in a closed vessel for 20 min, and 
finally centrifuged at 4500 rpm for 10 min at 20 oC. To obtain the final films, 80 mL of each solution was 
poured on Teflon plate (size 20 × 20 cm) and left to dry in a ventilated oven at 60 oC overnight, and stored 
in aluminum foils [16]. 

5. Film preparation of gelatin / chitosan (Ag / ZnO), Layer-by-layer (LbL) 
The film-forming solutions were prepared in two stages : in the first stage, the layer of gelatin solution (1.5 
%, w/v) was prepared by dissolving gelatin in 100 ml of distilled water. The solution was heated to 50±2 
°C and stirred for 2 h. The second chitosan solution (1.5 %, w/v) was prepared by dissolving chitosan in 
100 ml of distilled water in an acetic acid solution (1 %, v/v). The solution was heated to 50±2 °C and 
stirred for 2 h. After achieving homogeneity, gelatin and chitosan solution was added to 5 ml (5%w/v) of 
Ag and 5ml (5%w/v) of ZnO (NPs) nanoparticles, then 5 grams (Ag and ZnO) in 100 ml of distilled water 
was added, and then 5 ml of nano solution was added to the previously prepared. The final solutions 
(gelatin and chitosan (Ag / ZnO) were stirred for an hour, then sonicated in a closed vessel for 20 min. 
Gelatin/chitosan (LbL) portions of the film-forming solutions were poured into Teflon, and dried at 23±2 
°C overnight [2, 17]. 

6. Film preparation emulsions stabilized by utilizing Kafirin nanoparticles : 
Edible colloid particles’ emulsions were stabilized by utilizing Kafirin of inner water phase to oil phase. 
Soybean oil containing 1 %wt solution was prepared by dissolving 1.5 wt% gelatin and 0.05 wt % 
anthocyanin in 0.01 % sodium citrate – citric acid buffer (pH3.4). The external water phase was consisted 
of 1.5% kafirin (NPs) nanoparticales 1%wt. A two-step emulsification method was then added to prepared 
gelatin, soybean oil and water emulsions. The emulsion was prepared by a mixing homogenizer [18]. 
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Physical and mechanical and Rheological properties : 
1. Rheological measurements: Rheological parameters (shear rate and shear stress) of the selected edible 

nano coating and films were measured using a Brookfield Engineering labs DV- III Rheometer at 30°C. 
The samples were placed in a small sample adapter, and a constant temperature water bath was used to 
maintain the desired temperature. The viscometer was operated between 10 and 60 rpm. The sc4-25 spindle 
was selected for the measurement. 

2. Film thickness: The thickness of the prepared edible film from nano materials was measured using a 
digital micrometer (mitutoyo digimatic indicator corporation, model: pk-1012 E, Japan). The film strips 
were placed between the micrometer jaws, and the gaps were slowly reduced until the first contact was 
noted [19]. 

3. Loss of film weight in water: The films specimens were first dried in a desiccator containing dry calcium 
chlorides. Dry film sample of 500mg were immersed in beakers containing 50ml of distilled water at room 
temperature during 24h with a periodical gentle shaker incubator. The films were removed from the water 
and placed back in the desiccator until constant weight. The weight loss in water was reported as a 
percentage of weight loss in water on the dry film basis as follow: 
 % weight loss= initial dry weight -final dry weight ×100/ initial dry weight according to [20]. 

4. Mechanical properties of selected nano materials’ films: The tensile properties (Tensile strength, 
elongation) were measured by a texture analyzer CT3. The films were cut into strips of 3×5cm. These were 
gripped at each end by a jaw, and then the jaws were moved at the controlled speed until the modulus was 
automatically recorded according to [21]. 

5. Zeta sizer nano Company’s name: Malvern, UK. Model: Zeta sizer nano series (Nano ZS). Size range 
(nm):0.6:6000 nm Zeta potential range (mV): (-200:200mV) and XR- Diffraction. Model: XPERT-PRO-
PANalytical-Netherland. 

6. Measurement of prepared edible films using scanning electron microscopy was done by:                           
 INSPECT S- SEM schematic overview – TM 1999-2007 Bwilddate, FEL company Euld number D 8571 
Machine type inspect S [22]. 

7. Determination of Water vapor permeability (WVP) 
The water vapor transmission rate [g/(s.m2)] and water vapor permeability (WVP) through films were 
determined gravimetrically using the ASTM Method E96-95. A circular test cup was used to determine the 
WVP of the film. The film was first cut into circular shape that was larger than the inner diameter of the 
cup, the cup was filled with 50% distilled water and the film was sealed at the top using Paraffin oil, then 
the cups were placed in a desiccators containing calcium chloride. The weights of the cups were recorded 
every hour during 10 hours, and the specimens of each film were tested. Linear regression was used to 
estimate the slope of this line in g/h. The water vapor transmission rate (WVTR) and water vapor 
permeability was determined using the following : 

WVPR=∆𝑚𝑚
∆𝑡𝑡𝑡𝑡

         WVP=WVPR. L/∆𝑅𝑅𝑅𝑅 

Where,∆𝑚𝑚/∆𝑡𝑡 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 ∆𝑅𝑅𝑅𝑅 is the difference in relative humidity (ASTM  E96–95). 

8. Measurement of gas Permeability   
Gas (O2 and CO2) permeability at 30°C was measured in a designed stainless cell using a gas testing 
instrument. The model Witt Oxybaby headspace gas analyzer (O2/CO2) was used following the method 
described by Garcia et al. (2000) [23]. The gas permeability (P) was calculated according to the following 
equation :   

 
P=Q.X /A.t.∆p 

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

9. Physical and chemical properties:   
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1. Weight loss : The weight of the coated fresh fruits and vegetables during cold storage was measured 
by monitoring the weight changes in the periods of storage, the weight loss was calculated as the 
percentage loss of initial weight as reported by [24] using the following equation : - Weight loss%= 
g/wb×100 
Where : g : fruits and vegetables weight. Wb : initial fruits and vegetables weight. 

2. Total soluble solids (TSS %) : Total soluble solids were determined by the refractometric method at 
room temperature using an Abbe refractometer (carlzeiss jena) in juice obtained from a sample of 
slices, according to [25]. 

3. Firmness : The texture was determined by a universal testing machine (cometech, B type, Taiwan) in 
Food Technology Research Institute, Giza, Egypt, provided with the software. An aluminum 25 mm 
diameter cylindrical probe was used in a “Texture Profile Analysis” (TPA). Double compression test 
was done to penetrate to 50% depth, at 1 mm/s speed. The firmness (N) was measured according to 
Bourne (2003) [26]. 

4. Total titratable acidity :  Total titratable acidity was measured for fresh samples as mentioned in the 
official method of the A.O.A.C. (2005) [27]. It was expressed as citric acid using sodium hydroxide 
N/10 and phynol phythaline as the indictor. 

5. Ascorbic acid : Ascorbic acid content was estimated in fresh fruits and vegetables of tested materials 
according to AOAC, (2005) using 2,6 dichlorophenol-indophenols by titratable method [27]. The 
results were expressed as mg ascorbic acid per 100gm samples. 

6. Microbial analysis : 
Total microbiological count was determined according to Marshall, (1992) All the microbiological counts 
were carried out in duplicates [28]. 
    1-Total plate count : The total colonies of bacteria were estimated using plate count agar medium. The 
Plates were incubated at 37ºC for 48 hours.  
    2- Pychrophilic bacterial : The total colonies of bacteria were estimated using plate count agar medium. 
The plates were incubated at 4ºC for 5 days.  
    3-Moulds and yeasts count : The moulds and yeasts were determined using the methods for the 
microbiological examination of foods described by American Bublic Health association (A.P.H.A, 1976) 
[29]. The malt extract agar medium was used. The plates were incubated at 25ºC for 5 days.  

10. Statistical Analysis:   
 The obtained data were subjected to the proper statistical analysis using the MSTAT statistical     software. 
The mean values were compared using LSD method at 5% level. The data were tabulated and statistically 
analyzed using factorial analyses according to the completely randomized design [30]. 

RESULTS AND DISCUSSION 

Evaluation of the effects of the nanomaterials on edible coatings and films : 
Rheological properties of different nano materials - based film and coating emulsions : 
The relation between shear rate and shear stress of nano materials are shown in table (1) and figure (1). The results 
indicated that the samples exhibited non-Newtonian pseudoplastic behavior and fitted well to the following equation   
τ=kγn → (1) Where :  
τ : shear stress, pa γ: shear rate 1/sec, k: consistency index, n: flow behavior index 
As shear rate increased, the shear stress increased at different treatments (A, B, C, D, E and F), while viscosity 
decreased as shear rate increased, as shown in figure (1). Table (1) shows the relation between (k), (n) at different 
particle sizes. The results demonstrated that (k) decreased with different treatments and (n) did not give a trend. The 
results indicated that the behavior of the liquid solution and the type and size of particles, as well as the presence of 
ionized substances and electrolytes are related. Also, the consistency affected by changes in concentrate, and the 
interaction effect was performed with the average value of (k) and (n) for each treatment level, indicating that(n) 
and(k) might be correlated, and absolutely correlated parameters should be eliminated by expressing it as a function 
of others in order to create a one-parameter model to investigate this possibility Suisui Jiang (2016), [31, 32]. The 
best forming solution for the applications of edible films and coatings on fruits and vegetables was observed by 
[33]. 
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Figure 1 : Relation between Shear rate and of (Shear Stress and viscosity) at different nano materials on emulsion 

produced films 

Table 1 : Relation between consistency index (k) and flow behavior index (n) of nano materials on emulsion 
produced films : 

 

                                       
Physical and mechanical properties of prepared edible films by adding nano materials : 
The results are shown in table (2), it can be noticed that the non nano materials coated treatment, had the highest 
thickness value of 53,44,40,42,37and 39 um respectively in films prepared from A, B, C, D, E and F. The thickness 
of film added to nano- composites edible coating (E) was lower than that nano- composites edible coating (F). From 
the results, tensile strength and elongation percentage was investigated using texture analyzer C3, it can be observed 
that the highest values of tensile strength (84.22 N/M2), elongation (47.50%), (Oxygen 17.0 M3.M/M2 X10-7), (CO2 
14.46 M3.M/M2 X10-8), water vapors permeability 0.027 [g/(s.m2)] and solubility (2.6%) were recorded for (E). Also, 
(B, C, D and F) respectively showed higher tensile strength (25.88,29.40,28.19 and 70.63 N/M2), elongation 
(37.75,35.00,17.50 and 38.75%), (Oxygen32.5,24.2,23.0 and 19.9 M3.M/M2 X10-7), (CO 2 13.18, 13.29, 17.45 and 
16.00 M3.M/M2 X10-8), Water vapors permeability [0.85,0.34,0.45 and 0.029 g/(s.m2)] and solubility (11.6,8.4,9.0 
and 7.5%) than those of non nano coated film (A). High film elongation is always a desirable characteristic if the 
film is to be used for food applications [34]. Similar results were reported by Nelson caro et al. (2016) [6].  

Table 2 : The thickness and mechanical properties of the selected nano material films : 

Treatments Thickness 
um 

Tensile 
strength 
(N/M2) 

Elongation (%) 

Oxygen (O2) 
Permeability 

M3.M/M2×10-7 

day.mmHg 

CO2 
Permeability 

M3.M/M2 ×10-8 
day.mmHg 

Water vapors 
Permeability 
[g/m2.24hr] 

"% Solubility" 
loss in weight after 

dipping in water 
and drying 

A 53 17.84 19.86 36.9 57.58 0.36 12.8 
B 44 25.88 37.75 32.5 13.18 0.085 11.6 
C 40 29.40 35.00 24.2 13.29 0.034 8.4 
D 42 28.19 17.50 23.0 17.45 0.045 9.0 
E 37 84.22 47.50 17.0 14.46 0.027 2.6 
F 39 70.63 38.75 19.9 16.00 0.029 7.5 

Determination of particle size distribution and Zeta potential emulsion of produced films and X-R diffraction 
(XRD) films of tested nano materials on based film and coating emulsions formed from them : 

1- partical size distribution . 

Treatments K N R2 
A 0.765 0.306 0.967 
B 0.710 0.310 0.925 
C 0.666 0.308 0.866 
D 0.531 0.342 0.854 
E 0.406 0.362 0.947 
F 0.451 0.329 0.745 
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Table (3) and Figure(2), show the addition of nano materials on the properties of the dispersion of  film and coating 
emulsions evaluated based on the change in size (z-average) and the  z-potential of the nanoparticles relative to the 
film and coating emulsions sample,  poly dispersity index (PdI) in the peak was 0.381, 0.463 , 0.457, 0.690 , 0.602  
and 0.653  for (A), (B) , (C) , (D) , (E) and (F) respectively  as well as the hydrodynamic diameter of the particle 
size in the peak was 345.6 , 337.1 , 160.1, 159.4 , 23.35 and 122.8 for (A), (B) ,(C) ,(D) ,(E) and (F) respectively . 
The results were similar to the findings of  Jie Xiao et al.,(2016) who found that the amounts of nano materials with 
chitosan, polysaccharides, proteins - kafirin and waxy maize starch were, 240nm ,360nm , 340 and 342-825nm, 
respectively [35]. These results were in agreement with Nelson caro et al. (2016) who found that the suspensions 
containing starch nanocrystals range from 200-300nm [6]. 

Table 3 : The Effect of partical size distribution and zeta potential emulsion produced films and X-R 
diffraction(XRD)films of tested nano materials on based films and coating emulsions formed from them : 

Treatments 
partical size distribution(nm) Zeta potentioal(mv) X-R diffraction(XRD) 

[°2Theta] [%] poly dispersity 
index (PdI) 

hydrodynamic 
diameter (nm) z- potentioal z- deviation below above 

A 
B 
C 
D 
E 
F 

0.381 
0.463 
0.457 
0.690 
0.602 
0.653 

345.6 
337.1 
160.1 
159.4 
23.35 
122.8 

3.21 
0.813 
7.06 
-1.60 
18.7 
2.98 

33.7 
12.6 
3.60 
3.69 
3.25 
2.95 

19.95 
18.97 
8.98 
21.52 
11.20 
8.28 

34.90 
37.16 
44.10 
35.92 
50.02 
59.93 

 
 

 

Figure 2 : (A, B, C, D, E, and F) : particle size emulsion of produced films 
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2- zeta potential  
As can be seen in table (3) and figure (3), Zeta potential was measured to determine the stability of nano particles, it 
depends on the particle size, solution, pH and electrical properties. The results showed (A) Zeta potential(mV): 3.21 
and Zeta Deviation (mV): 33.7 , as found in the chracterization of the two peaks of zeta potential  in the first peak -
18.8 (mV) , the area below the curve was 58.4 % and the second peak  was 35.7 (mV) , the area below the curve was 
41.6 % . However, it was found from the chracterization of one peak of zeta potential distribution and Zeta 
Deviation, the area below the curve was 100 %  that the contents of  Zeta potentioal in the peak of different 
tretments  B , C , D , E and  F had zeta potentioal of  0.813, 18.7, -1.60, 7.06, 2.98, respectively,  as well the contents 
of  zeta deviation in the peak of different treatments (B) , (C) , (D) , (E) and (F) had zeta deviation of 12.6, 3.25, 
3.69, 3.60 and 2.95,  respectively .Suisui Jiang et al., (2016) [36] and  Nelson caro et al. (2016) [6]. 

 

Figure 3 : (A, B, C, D, E, and F) : zeta potential emulsion produced films 

3- X-R diffraction(XRD) films 

Table (3) and fig (4), show the X-R diffraction(XRD) Position [°2Theta] [%], pattern of samples A, B, C, D, E and 
F. For samples A and D, the diffractogram exhibits four distinct diffraction peaks A (19.95,21.69,31.03and 34.90) 
which match D (21.52,27.19,29.34 and 35.92), sample B exhibits five distinct diffraction peaks (18.97, 20.92, 24.80, 
30,64, and 37.16) which match the diffraction peaks of C (8.98,12.86,20.50,22.72,25.36,27.72 and 44.10), samples 
E, F exhibit eight distinct diffraction peaks. E exhibits (11.20, 21.89, 27.30, 32.4, 36.75, 40.08, 45.49 and 50.02), 
which match distinct diffraction peaks of F (8.28, 13.00,20.36,21.16, 27.72, 30.19, 32.16, and 59.93). Similar results 
were found by Jie Xiao et al., (2016), Suisui Jiang et al., (2016) [35, 36]. These different peaks are associated with 
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surface deposits in both types of nano material films and the control. The XRD shows an increase in intensity of 
peak at 31.7°corresponding to nano materials [6].                                  
 

Figure 4 : (A, B, C, D, E, and F) : X-R diffraction films 
 
Determination of the microstructure of produced natural films using scanning electron microscopy (SEM) 
Technique : 
The microscopic images of six nano coated and non nano coated samples are presented in figure (5). (A, B, C, D, E, 
and F). The addition of nano materials on edible coating emulsion gave films characterized with smooth surface and 
rough bottom. The film had a homogeneous structure with some micro granules embedded in a continuous matrix. 
However, the addition of nano materials on emulsion film as natural polymer improved the final product films. They 
were characterized with polygonal crystals, spherical morphology, smooth surface and rough hilly bottom fig (5). 
Also, the nano range required for 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 nano. The results also indicated that the particle size had a wide range of shapes and sizes.  
SEM micrographs: The best nano coated treatment image characterization was the average droplet size ranged from 
(1.07-20 um) and the  spherical  morphology followed by F  showed the average droplet size ranged from (1.24-20 
um), the spherical morphology followed by B showed the average droplet size ranged from (1.42- 40um) of  
polygonal crystals, the average droplet size of C ranged from (1.84- 40um) polygonal and ellipsoidal , the average 
droplet size of D ranged from (2.19- 50 um) of polygonal, as compared with non nano coated A image 
characterization average droplet size which ranged from (2.17-50um) polygonal crystals. When a section was taken 
to characterize the nano-sphere, the image was (E 320nm) followed by (F375nm), (B500nm), (C470nm), (D 
450nm), as compared with non nano coated (A was 728nm). Generally, the scanning microscopy study may be 
useful for recognizing the microstructure and morphology of the produced films which can help in choosing the 
proper film formulas for coating and packaging purposes. Also, the color appearance of produced films may be of 
importance because it could affect consumers’ acceptance of coated items. Nelson caro et al. (2016) found that the 
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starch nanocrystals were observed to be spherical in shop, with particle size primarily within the range of 200-
300nm [36]. 

Figure 5 : (A,B,C,D,E, and F) SEM Films  

Application of chosen proper edible coatings to Fresh fruit and vegetables : 
Changes occurred in physico-chemical and microbiological of coated fruit and vegetables during the storage 
period : 
Weight loss percentage :  
The results obtained are presented in Figure (6). In this figure, it can be observed that the weight loss increased with 
increasing the storage period at cold temperature for treatments packaged in nano coated and non-nano coated 
forms. In non-nano coated treatment, a higher weight loss was indicated comparing to the nano coated treatments.  
The results of the study on nano coated treatments showed that the best treatment was E followed by F followed by 
B, C, D, as compared with non-nano coated A which was the least .The apples, red grapes , tomatoes and sweet 
green pepper were kept as follows: 91, 70, 63 and 63 days, as compared to control, the results were 49, 49, 35 and 
35 days, respectively.These results might be obtained due to the nanoparticles which have been found as zigzag in 
the new film, preventing the penetration of oxygens. In other words, the oxygen for entering into the film should 
pass a longer route [4]. Therefore, with limited gas exchange due to the coating barrier, the enzymatic activity, and 
the metabolism involving respiration can be thus affected resulting in lower weight loss [37]. Most likely, edible 
coatings and films’ nano-particles caused reduction of moisture condensation on the fruit surface [38]. Normally, the 
weight loss occurs during the fruit storage due to its respiratory process, the transference of humidity, and some 
processes of oxidation [39]. 
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Figure 6 : The Effect of edible coating on weight loss in fresh fruits and vegetable. (a) Apple [LSD0.05 = 0.1939], (b) 
Red grapes [LSD0.05 = 0.1954], (c) Tomatoes [LSD0.05 = 0.1976], (d) Sweet green pepper [LSD0.05 = 0.1962] 

Total Soluble solids (TSS) :  
Changes occurring in TSS of edible coatings of fresh fruits and vegetables are shown in Figure (7), it could be 
noticed that TSS of nano coated and non nano coated fresh fruits and vegetables gradually increased with increasing 
the storage period at cold temperatures in both samples. The results of the study on nano-coated fruits and 
vegetables showed that the best treatment was E followed by F followed by B, C, D, as compared with non-coated A 
which was the worst. According to El sheikh et al., (1997), the increase in total soluble solids in the fruit at the 
storage period might owe much to the higher rate of moisture loss through transpiration than the rate of dry matter 
loss through respiration [40]. According to [25], the results of the natural metabolic processes occurred in fruits 
during the storage as a result of moisture losses from the fruit and/or hydrolysis of starch (ripening) which led to the 
increase of the total soluble solids. Positive correlation was found between the decrease in fruit firmness and the 
increase in TSS as the fruits continued to lose their resistance to puncture, and TSS continued increasing. In a study 
done by Saleh et al., (2005), the total soluble solids significantly (p<0.05) increased with storage time in all the 
treatments with the exception of the fruits covered with the bilayer films, which had no significant changes with 
time [41]. The foam tray wrapped with PVC film showed a small increase in total soluble solids [42], and had higher 
total soluble solids and slightly advanced starch breakdown. Soluble solid of the stored grapes increased during the 
storage. As it is known, when fruits are stored, the moisture of the stored products decreases during the storage 
period, and consequently the soluble solid amount of the stored product increases [43].                                                                                                                                   

Figure 7. The Effect of edible coating on total soluble solids in fresh fruits and vegetables, (a) Apples [LSD0.05 =   
0.1342], (b) Red grapes [LSD0.05 = 0.1331], (c) Tomatoes [LSD0.05 = 0.1356], (d) Sweet green pepper [LSD0.05 = 

0.1365] 
Color changes : 
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The changes in color of edible coatings of fruits and vegetables are shown in figure (8), it could be noticed that the 
color of nano coated and non-nano coated fresh apples, red grapes, tomatoes and sweet pepper gradually increased 
with increasing the storage period at cold temperatures in both samples. The results of the study on nano-coated 
films showed that the best treatment was E followed by F followed by B, C, D, as compared with non nano coated A 
which was the least. Data in fig (8) showed that there was a marked increase in color change values of nano coated 
compared to the other treatments, for both damaged and non-damaged surfaces, the color differences determined on 
damaged and non-damaged non nano coated surfaces compared to the white standard color variation on damaged 
surfaces was, however, considerably higher than that of non-damaged ones. The color differences among nano-
coated with different coatings were not significant (p <0.05) and remained statistically unaltered throughout the 
storage period for non-damaged surfaces. 
The results of the study showed that the best treatment was E followed by F followed by B, C, D as compared with 
the control A which was the least. The apples, red grapes, tomatoes and sweet green pepper were kept as follows: 
91, 70, 63 and 63 days respectively, as compared to the control, the results were 49, 49, 35 and 35 days, 
respectively. 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 about 30% for control and 10% for coated fruits. 
It has been observed that the uncoated fruits are significantly darker than the coated fruits throughout the storage 
period. The chitosan concentration of the coating solution gave rise to significant differences in the surface color of 
fruits by the end of the storage period [1]. The packaging and storage were good enough to protect the grapes, and 
the change in color of the bunches were acceptable [43].  
 

Figure 8 : The Effect of edible coatings on color (hue-angle (ho) in fresh fruits and vegetables. (a) Apples [LSD0.05 = 
1.225], (b) Red grapes [LSD0.05 = 1.341], (c) Tomatoes [LSD0.05 = 1.211], (d) Sweet green pepper [LSD0.05 = 1.223] 

  
Changes in Firmness of the examined fruits and vegetables during storage :  
The results of the measurements of fresh fruits and vegetables’ firmness are shown in Fig (9), it could be noticed 
that the firmness of non-coated and coated fruits and vegetables (apples, red grapes, tomatoes and sweet pepper) was 
gradually decreased with increasing the storage period at cooled temperatures. The results of the study on nano-
coateds showed that the best treatment was E followed by F followed by B, C, D, as compared with non nano coated 
A which was the least. The apples, red grapes, tomatoes and sweet green pepper were kept as follows: 91, 70, 63 and 
63 days respectively, as compared to non-nano coated ones in which the results were 49, 49, 35 and 35 days, 
respectively.  The firmness of fresh fruits and vegetables as measured by mechanical methods was used to determine 
their maturity and ripeness ; as it is important in handling procedures and is a component of texture influencing 
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sensory perception of fruits and vegetables by consumers. Since, consumers regard texture as a positive quality 
attribute donating freshness of products and contributing to the enjoyment of eating [25]. [44, 45] found that 
increased respiration activated increasing water loss most likely decreased the potential texture depression. The 
decrease in fruits’ firmness most likely occurred due to the gradually breakdown and depression of lower molecular 
weight fraction which were more soluble in water, and this was directly correlated with the rate of softening of the 
fruit [40, 43, 46, 47]. 

Figure 9 : The Effect of edible coatings on firmness in fresh fruits and vegetables. (a) Apples [LSD0.05 = 0.435], (b) 
Red grapes [LSD0.05 = 0.351], (c) Tomatoes [LSD0.05 = 0.234], (d) Sweet green pepper [LSD0.05 = 0. 564] 

 
Total acidity : 
The changes in the total acidity of fresh fruits and vegetables were determined during storage period. The obtained 
results are recorded in fig (10). The results indicated that the total acidity were gradually decreased with increasing 
the storage period for apples, red grapes, tomatoes and sweet green pepper. The results of the study on nano-coated 
ones showed that the best treatment was E followed by F followed by B, C, D, as compared with non nano coated A 
which was the least. The results of this study have been in agreement with those obtained by [44] and [25] who 
found that the titratable acidity of apples was gradually decreased with increasing the storage time. Also, the 
titratable acidity decreased along with increased storage time in both uncoated and coated fruits [24]. However, the 
decrease of acidity during the storage demonstrated fruit senescence. The same authors outlined that coatings may 
be slowed down by the changes in titratable acidity and the fruit senescence can be effectively delayed. This was 
probably because the semi-permeability of coating films formed on the surface of the fruit might have modified the 
internal atmosphere i.e. the endogenous CO2 and O2 concentration of the fruit, thus retarding ripening process. [48] 
found that the reduction of organic acid concentration with decreasing acidity during the period of storage 
demonstrated fruit ripening and senescence. This may be caused by the respiration activities in tomatoes. Artes et al 
(2000) found that the pH value of peppers increased with increasing the storage period to 12 weeks at 5ºC. While, 
the titratable [49].  
Acidity tended to decrease during the storage in all the treatments. The total acidity of the stored grapes increased 
during the storage. As it is known, when fruits are stored, the moisture of the stored products decreases during the 
storage period and consequently the total acidity amount of the stored product. Increases [43]. 
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Figure 10 : The effect of edible coating on total acidity in fresh fruits and vegetables (a) Apples [LSD0.05 = 0.153], 
(b) Red grapes [LSD0.05 = 0164], (c) Tomatoes [LSD0.05 = 0184], (d) Sweet green pepper [LSD0.05 =0.142] 

 
Ascorbic acids : 
The obtained results are recorded in fig (11), the results indicated that the ascorbic acid decreased with increasing 
the storage period for fruits and vegetables. The results of the study on nano coated ones showed that the best 
treatment was E followed by F followed by B, C, D, as compared with non nano coated A which was the least. The 
decrease in ascorbic acid during the storage may be due to the conversion of ascorbic acid to dehydroascorbic acid 
because of the action of ascorbic acid oxidase [50]. According to Greierson and Kader (1986) and El-sheikh (1998), 
the reduction in vitamin C during the period of storage might be due to the higher rate of vitamin C loss through the 
respiration than the water through transpiration [51, 52]. Tomatoes are a rich source of ascorbic acid (vitamin C). On 
the basis of their fresh weight, the average content of vitamin C was about 25 mg/100 g [53] ; however, the values 
varied with the cultivars. The effect of the light on the ascorbic acid content during the growth was well reviewed by 
Hobson and Davis (1971) [54]. It could be concluded that the coating process protected ascorbic acid of vegetables 
and fruits from oxidation and reduced depression attributes of ascorbic acid of pepper. [55] outlined that the vitamin 
C content of fruits was decreased progressively from the harvest to the end of 30 days’ storage period at room 
temperature. According to [56, 57] there was a significant decrease in vitamin C over 10 days of storage period of 
unpacked and packaged vegetables including fresh green pepper. The amount of decrease was about 11% after 10 
days of storage. Also, they found that the packages’ type did not have any significant effects on ascorbic acid 
content of stored pepper. 
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Figure 11 : The effect of edible coatings on ascorbic acids in fresh fruits and vegetables (a) Apples [LSD0.05 = 
0.243], (b) Red grapes [LSD0.05 = 0.253], (c) Tomatoes [LSD0.05 = 0.273], (d) Sweet green pepper [LSD0.05 = 0.321] 

          
           Microbial evaluation of edible coatings on fresh fruits and vegetables 

The changes in total counts, psychrophilic bacteria count, and mould and yeast counts of edible coating and film 
nano-particles in fresh fruits and vegetable were determined during the cold storage period.  
Chitosan edible coatings prolonged the shelf life of the fruits and vegetables by minimizing the rate of respiration 
and decreasing the water loss. Chitosan coating provides a defensive barrier against bacterial contamination and loss 
of moisture from the surface of food products, therefore expanding their shelf life. With a slight increase in the 
concentration of chitosan coating, the beneficial effects of chitosan on postharvest life and quality of the food were 
intensified. [1] 
1-  Total count :  

The obtained results are recorded in Fig (12). The results indicated that the total plate counts gradually increased 
with increasing the storage period at cold temperature in the coated and noncoated forms. Non-coated treatments, 
indicated higher counts than the coated ones. The results of the study on nano coated ones showed that the best 
treatment was E followed by F followed by B, C, D, as compared with non nano coated A which was the least. The 
addition of nano-particle materials as antimicrobial agent to coating emulsion improved the fruit microbial quality 
and decreased the microbial counts [58-60] found that the coating treatment of fruits and vegetables allowed a 
limited gases exchange and respiration, additionally, prevented the occurrence of fermentation process and 
minimized the microbial count. Also, they added that high microbial counts appeared after three weeks in the control 
samples which were stored at room temperature. In addition, it was remarked that the samples treated with non nano 
coating showed higher counts after storage than those treated with nano coating. This may be due to relatively high 
thickness of the wax which prevented the respiration and led to anaerobic conditions and fruit degradation. In 
addition, it could be reported that the edible coating and film nanoparticle materials have remarkable effects on the 
rate of microbial counts during the storage at cooled temperature. Moreover, the addition of nisin as antimicrobial 
agent to coating emulsion improved the vegetables’ microbial quality, and decreased the microbial counts. The 
results were in agreement with [47, 60]. 
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Figure 12 : The effect of edible coating on total count (CFU x 102/ g) in fresh fruits and vegetables (a) Apples 
[LSD0.05 = 0.432], (b) Red grapes [LSD0.05 = 0.456], (c), [LSD0.05 = 0.467], (d) Sweet green pepper [LSD0.05 = 0.475] 
 
2- Psychrophilic bacterial :  

The obtained results are shown in Fig. (13), and indicated that the psychrophilic bacteria count gradually increased 
with increasing storage period at cool temperatures. The results of the study on nano coated showed that the best 
treatment was E followed by F followed by B, C, D, as compared with non nano coated A which was the least. In 
addition, it could be reported that the coating of apples, red grapes, tomatoes and sweet green pepper with nano 
coated and non nano coated had remarkable effects on the rate of psychrophilic bacteria counts during the storage at 
cool temperatures. Moreover, the addition of nano-particle materials as an antimicrobial agent to coating emulsion 
improved the fruit microbial quality and decreased the microbial psychrophilic bacteria counts. [61] and [59] found 
that the coating of apples increased the period of storage and delayed ripening depending on surrounding media in 
combination with cool temperature (4 ºC) and RH (85%) management which exhibited continuous improvement of 
fruit life. [61] found that the increased cooled storage period of tomatoes may cause delayed ripening and 
psychrophilic bacterial counts, depending on the surrounding media which exhibit continuous improvement of the 
fruit life, in combination with the cooled temperature (4 ºC) and RH (85%) management. [62] and [47] found that 
the coating of pepper increased storage period with delayed ripening through conditions surrounding the media for 
the improvement of the fruits’ life, in combination with the cool temperature (4ºC) and RH (85%) management. 

  

  
Figure 13 :  The effect of edible coating on psychrophilic bacterial (CFU x 102/ g) in fresh fruits and vegetables 
(a) Apples [LSD0.05 = 0.412], (b) Red grapes [LSD0.05 = 0.411], (c) Tomatoes [LSD0.05 =0.432], (d) Sweet green 

pepper [LSD0.05 = 0.423] 
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3- Moulds and yeasts : 
The obtained results are shown in Fig (14), and indicated that the mould and yeast counts gradually increased with 
increasing the storage period at cool temperature. The results of the study on nano coated showed that the best 
treatment was E followed by F followed by B, C, D, as compared with non nano coated A which was the least. 
The apples, red grapes, tomatoes and sweet green pepper were kept as follows: 91, 70, 63 and 63 days 
respectively, as compared to non-nano coated in which the results were 49, 49, 35 and 35 days, respectively. The 
addition of nano-particle materials as antimicrobial agent to coating solution improved the fruit microbial quality 
and decreased the microbial mould and yeast counts. This might be due to the increasing of RH in refrigerating 
chamber and the suitability of the refrigerator temperature for yeast growth according to [62]. This might be due to 
the improvement of the post-harvest life, in combination with temperature and relative humidity management [63].  

  

  
Figure 14 : The effect of edible coating on mould and yeast counts (CFU x 102/ g) in fresh fruits and vegetables 
(a) Apples [LSD0.05 = 0.421], (b) Red grapes [LSD0.05 = 0.417], (c) Tomatoes [LSD0.05 = 0.422], (d) Sweet green 

pepper [LSD0.05 = 0.435] 
 
CONCLUSION 
 
The edible coatings as having a high potential to carry active ingredients such as nano-materials maintained weight 
loss, total soluble solids, firmness, total acidity, ascorbic acid, total count, psychrophilic bacteria count and mould & 
yeast quality attributes during the storage at (0-2°C) of fruits including apples and red grapes and at (8±1°C) of 
vegetables including tomatoes and sweet green pepper at relative humidity of 90-95%. The results indicated that the 
best nano coating treatments were (E) followed by (F) followed by other coefficients (B, C, D) as compared with 
non nano coating A which was the least. The nano coated apples, red grapes, tomatoes and sweet green pepper were 
kept as follows: 91, 70, 63 and 63 days respectively, as compared to non nano coated ones for which the results were 
49, 49, 35 and 35 days, respectively. 
Other Physical and chemical properties were studied e.g. rheological properties and particle size distribution 
emulsion, zeta potential emulsion, X-R diffraction(XRD) films, and scanning electron microscopy films. Adding 
nano materials on edible coating to prolong the shelf life of products reduced the risk of pathogen growth and 
improved the quality of fruits and vegetables. 
The results of the analysis of edible coatings and films of nano materials indicated that the best nano coating 
treatment was in (E) followed by (F) followed by other coefficients (B, C, D) as compared with non nano coating A 
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which was the least. In apples, red grapes, tomatoes and Sweet green pepper fruits dipped in solution of (E), the 
weight loss percentage was reduced, and the fruit quality was maintained for 63 days and 56 days of storage for 
apples and red grapes, respectively ; and 42 and 35 days of storage for tomatoes and sweet green pepper, 
respectively. 
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