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Abstract

The aim of this study was to improve the quality of Al Hulwah” and Soukari dates by using edible coatings and films that have a high 
potential to carry active ingredients such as nano materials. The substances used in this experiment were: control: without treatment, 
T1: AgNO3/ZnONPs at 0.5% (0.015%) and 0.03 wt% of chitosan/gelatin, T2: 0.5% (0.015%)/(0.03) wt% chitosan/gelatin chitosan/
gelatin combined with phenolic compound active Luria leaves extract LLE (0.15%). T3: AgNO3/ZnONPs 0.5% (0.015%)/0.03 wt% 
chitosan/gelatin combined with active phenolic compound Thyme Leaves Extract TLE (0.15%). T4: AgNO3/ZnONPs 0.5% (0.015%) 
or (0.03) chitosan/gelatin weight percent combined with phenolic compound active Green Coffee Extract GCE, 5% (0.15%). The 
effect of edible coating on fruit quality attributes, including alhulwuh and soukari dates, was investigated during storage at 2 - 4°C 
and 70 - 75% relative humidity. The rheological properties of edible solutions and suspensions were studied. Mechanical proper-
ties, particle size distribution, zeta potential emulsions, and scanning electron microscopy films were also measured. The results 
observed that the best samples were edible coatings with nanosuspensions (T2), followed by samples (T3 and T4 as nano materials 
on quality of Al Hulwah” and Soukari dates. The effect of edible coating on quality attributes of fruits, including alhulwuh and soukari 
dates, was studied during storage at 2 - 4°C. The rheological properties of edible solutions and suspensions were studied. Different 
analyses period were determined on coated dates, such as weight loss, total soluble solids, total acidity, microbiological testing, and 
sensory evaluation tests. In contrast, the nanocoated Al Hulwah and Soukari dates were found to be of high quality when compared 
to the control and T1. Al Hulwah and Soukari dates dipped in (T2, T3, and T4) solutions reduced weight loss percentage and fruit 
quality for 6 weeks of storage.

Keywords: Edible Coating; Physical and Mechanical Properties; Al Hulwah” and Soukari Dates; Nano Materials and Sensory Evaluation

Introduction 

Date palms (Phoenix dactylifera L., family Arecaceae) are plants of enormous nutritional, medicinal, and economic value. They are 
one of the most important crops in arid and semiarid regions of the world, mainly in the Arabian Peninsula, Middle East, and North Af-
rica, where Al Hulwah and Soukari dates are two of the most important date cultivars Peninsula, Middle East, and North Africa, where 
Al Hulwah and Soukari dates are two of the most important date cultivars. In 2012, cumulative world date fruit production amounted to 
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7,548,918 metric tonnes (mt). Egypt (1,470,000), Iran (1,066,000), Saudi Arabia (1,050,000), Algeria (789,357), and Iraq (650,000), with 
Medjool, Deglet Noor, Ajwa, and Barhi varieties leading the international market and already being marketed at higher prices due to their 
unique qualities [1]. In this study, chitosan and gelatin nanofibers were produced using the electrospinning method, which is a promising 
method for large-scale manufacturing. Nanoemulsions are colloidal systems that consist of an oil phase dispersed in an aqueous phase, 
such that each drop of oil is surrounded by a thin interfacial layer made up of emulsifying molecules. The particle size of nanoemulsions 
ranges from 50 to 500 nm. Two kinds of nanoemulsions are available, depending on the phases: oil/water (o/w) or water/oil (w/o). 
However, o/w systems are preferred for producing edible coatings since they allow the incorporation of different lipophilic substances 
with antioxidant and antimicrobial effects into a hydrophilic polymeric matrix. Nanoemulsions are thermodynamically unstable but ki-
netically stable [2]. Chitosan (CS), a polysaccharide generated by the deacetylation of chitin due to its good film formation, antibacterial 
activity, antioxidant activity, and degradability, is widely used in food packaging. However, as the production process needs to add acetic 
acid to dissolve chitosan, the cost of such packaging materials becomes high, leading to a low practical application value. Therefore, we can 
modify chitosan using carboxymethyl. Carboxymethyl chitosan (CMCS) is a water-soluble chitosan derivative. It can compensate for the 
poor water solubility of chitosan. CMCS is also an amphoteric polysaccharide due to its good solubility in acidic or alkaline environments. 
CMCS has been widely studied in biomedicine, food packaging, cosmetics, and other fields due to its film-forming properties, water solu-
bility, and antibacterial [3]. However, better water solubility is not conducive to its application in the field of food packaging. It is necessary 
to improve the water insolubility of CMCS in specific potential applications to expand its application fields. Nanoencapsulation technol-
ogy is currently being studied extensively. Compared with traditional packaging, nano-packaging technology can improve the stability of 
materials in terms of such things as thermal stability, specific surface area, and mechanical properties. It also has a high specific surface 
area, good chemical stability, and is nontoxic. by adding nanometer-sized zinc oxide to biopolymeric materials. The water insolubility and 
mechanical properties of the composite film can be improved. Therefore, nanozinc oxide has been widely used to prepare new, effective, 
and affordable nano-packaging materials with biological polymers such as chitosan and fish skin gelatin [4]. Because of their ability to 
survive in harsh environments, zinc particles, particularly zinc oxide (ZnO), are being widely proposed to be used as antimicrobial agents 
with a broad range of other applications due to their broad spectrum of other uses. The antimicrobial activity of zinc oxide (ZnO) particles 
was proposed due to the emission of zinc ions (Zn2+), which are able to penetrate the bacteria’s cell wall and affect the cytoplasmic content 
in the cell, leading to the death of bacteria. The incorporation of zinc oxide nanoparticles into gelatin was observed by [5]. which revealed 
that the film showed a higher inhibitory effect against gram-negative bacteria (Pseudomonas aeruginosa) than gram-positive (Enterococ-
cus faecalis) bacteria. The findings supported the hypothesis that ZnO induced a photocatalytic mechanism due to its semi-conductive 
properties, resulting in the formation of reactive oxygen species (ROS) and H2O2, which damage the cell wall structure of bacteria [6]. The 
objectives of this study were: Study the applications of nano edibles films to improve quality attribute to prolong shelf life of some variet-
ies of date palm Al Hulwah and Soukari by use of treatments control, T1, T2, T3 and T4 have been done to them the as an edible film of 
prepared chitosan/gelatin- nano edible coating and films in retardation of deterioration of date palm Al Hulwah and Soukari by extending 
postharvest life. Examine the change in weight loss, total soluble solids (TSS%), acidity, total sugars, reducing sugars, sensory evaluation, 
microbial count of coated Al Hulwah and Soukari with storage time. Develop a mathematical model for moisture of Al Hulwah and Soukari 
during storage.

Materials and Methods

Materials

This study was conducted during the growing season of 2021, where a comparison was made between two local Arab date palm cul-
tivars, “Al Hulwah” and “Soukari,” which were obtained from the Tabuk market in the Kingdom of Saudi Arabia. These date palms were 
physicochemically analysed by the researchers of the Department of Nutrition and Food Sciences, College of Home Economics, University 
of Tabuk, Kingdom of Saudi Arabia. The effect of different post-harvest treatments on the quality of fruits was studied. Preparation of 
Thyme Leaf Extract TLE, Green Coffee Bean Extract GCE, and Laurea Leaf Extract: The plant material (20g for each sample) was soaked 
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for 6 hours in solvents (ethanol and methanol: water, 80:20 v/v) (200 mL) with tropical shaking in a separate water bath, then Filter the 
residue through Whitman No. 1 filter paper and re-extract the residue twice with the same fresh solvent and compound extracts. Solvents 
were removed under reduced pressure at 45°C using a rotary evaporator. (0.5 ml) is extracted from the crude phenolic compound extract 
and mixed with (4.5%) glacial acetic acid before being soaked for an hour at room temperature in a dark place at [7]. The substances used 
in this experiment were chitosan and calcium hypochlorite, obtained from El Nasr Pharmaceutical Chemical Company, Cairo, Egypt. Glyc-
erol, glacial acetic acid gelatin, ZnONPs, and AgNO3NPs were obtained from Arkan Development Co., Ltd., Riyadh, Kingdom of Saudi Arabia.

Preparation of different treatments

Al Hulwah and Soukari date palms were stored overnight at 2 - 4°C and 70 - 75% RH. On the next day, the fruits of date palms Al Hulwah 
and Soukari were washed with tap water and then immersed for 1 minute in a disinfectant solution of calcium hypochlorite (0.25 g/L 
distilled water) and air dried. The fruits were divided into five treatments as follows:

•	 Control: Without treatment. 

•	 T1: AgNO3/ZnONPs 0.5% (0.015%)/(0.03) wt% of chitosan/gelatin.

•	 T2: AgNO3/ZnONPs 0.5% (0.015%)/(0.03) wt% of chitosan/gelatin combined with phenolic compound active Luria leaves extract 
LLE (0.15%).

•	 T3: AgNO3/ZnONPs 0.5% (0.015%)/0.03 wt% of chitosan/gelatin combined with phenolic compound active Thyme Leaves Extract 
TLE (0.15%).

•	 T4: AgNO3/ZnONPs 0.5% (0.015%)/(0.03) wt% of chitosan/gelatin combined with phenolic compound active Green Coffee Extract 
GCE, 5% (0.15%).

The dipping period for each treatment was one minute. Date palm Al Hulwah and Soukari were dried after dipping and packaged in 
plastic trays, with approximately 1 kg of Al Hulwah and Soukari per tray. Each treatment contained 8 trays, and each tray was considered 
one replicate. Each treatment (500 gram/ trays) was packed in one cartoon box. After that, all boxes were stored at 2 - 4°C and 70 - 75% 
RH for 45 days and kept in carton boxes, where all samples were kept after packaging. The cooled storage was carried out in the post-
harvest at the Department of Nutrition and Food Sciences-College of Home Economics-University of Tabuk, Kingdom of Saudi Arabia. 
During the storage period, samples of the investigated fruit date palms, Al Hulwah and Soukari, were periodically withheld for analysis.

Preparation of the edible composite film nanoparticles

Preparation of coating solutions of chitosan and gelatin, respectively. Chitosan powder was added in 1.5%/2% (w/v) acetic acid with 
constant blending at room temperature to obtain a uniform 1% (w/v) chitosan solution. 1.5% (w/v) gelatin solution was prepared by 
dissolving gelatin in distilled water. The gelatin solution was allowed to swell completely by blending at 7°C for 15 minutes and warmed 
to 55°C for 30 minutes. Four groups of coating solutions were formulated. The chitosan and gelatin solutions were blended mixing and 
homogenizer together with constant agitating at 60°C for 10 minutes. Subsequently, AgNO3/ZnONPs with phenolic compound active 
Luria leaves Extract LLE, Thyme Leaves Extract TLE, and Green Coffee Extract GCE at a level of 5% (0.15%) (v/v), was added to the 
cooled coating solution and completely blended. The eventual coating solution was obtained by adjusting its pH to 5.6 ± 0.1 using sodium 
bicarbonate. The homogenised mixture was ultrasonicated for 20 minutes to remove air bubbles formed during agitation. Film-forming 
solutions were poured into a plates. All of the films were dried at 50°C [8]. The substances used in this experiment on edible natural films 
were divided into four groups for the modification of matrix composition of the studied edible natural films: In this trial, the described 
film formation solution mentioned above was modified by adding and dividing into four equal parts: One part was film-forming on based 
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T1: AgNO3/ZnONPs 0.5% (0.015%)/(0.03) wt% of chitosan/gelatin, second part was film-forming T2: AgNO3/ZnONPs 0.5% (0.015%)/
(0.03) wt% of chitosan/gelatin combined with phenolic compound active Luria leaves Extract LLE, 5% (0.15%), and the third part was 
film-forming T3: AgNO3/ZnONPs 0.5% (0.015%)/(0.03) wt% of chitosan/Gelatin combined with phenolic compound active thyme leaves 
extract TLE, 5% (0.15%), four part was film-forming based on T4: AgNO3/ZnONPs 0.5% (0.015%)/(0.03) wt% of chitosan/Gelatin com-
bined with phenolic compound active green coffee extract GCE, 5% (0.15%).

Films components %
Film code Chitosan/Gelatin Glacial acetic acid Glycerol 5% (0.15%) Film cod AgNO3/ZnONPs

Control: Without Treatment
T1 1.5%/1.5% 1.5 ml 0.9 - 0.5% (0.015%)
T2 1.5%/1.5% 1.5 ml 0.9 Luria leaves Extract (0.15%) 0.5% (0.015%)
T3 1.5%/1.5% 1.5 ml 0.9 Thyme Leaves Extract (0.15%) 0.5% (0.015%)
T4 1.5%/1.5% 1.5 ml 0.9 Green Coffee Extract (0.15%) 0.5% (0.015%)

Table 1: Show up the formulas for nano edible coating & film of prepared chitosan/gelatin combined with AgNO3/ZnONPs and phenolic 
compound active to produce edible coating and films.

Control: Without treatment. 
T1: AgNO3/ZnONPs 0.5% (0.015%)/(0.03) wt% of chitosan/gelatin.
T2: AgNO3/ZnONPs 0.5% (0.015%)/(0.03) wt% of chitosan/gelatin combined with phenolic compound active Luria leaves extract LLE 
(0.15%).
T3: AgNO3/ZnONPs 0.5% (0.015%)/0.03 wt% of chitosan/gelatin combined with phenolic compound active Thyme Leaves Extract TLE 
(0.15%).
T4: AgNO3/ZnONPs 0.5% (0.015%)/(0.03) wt% of chitosan/gelatin combined with phenolic compound active Green Coffee Extract GCE, 5% 
(0.15%).

Prepared nanotechnology physical, mechanical, and rheological properties on edible films:

1. Rheological measurements: The rheological parameters (shear rate and shear stress) of the selected edible natural films were 
measured using a Brookfield Engineering labs DV-III Rheometer solutions at room temperature. 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 oper-
ated between 10 and 60 rpm. The sc4-25 spindle was selected for the measurement.

2. Zeta-sizer nano Company name: Malvern, UK. Zeta Sizer Nano Series (Nano ZS) model. The size range (nm) is 0.6 to 6000 nm. 
XR-Diffraction. Model:XPERT-PRO-PANalytical-Netherland. 

3. Scanning electron microscopy measurements of prepared edible films by: INSPECT S- SEM schematic overview-TM 1999-
2007 Bwildate, FEL company Euld number D 8571, Machine type inspect S [9].

4. Film thickness: The thickness of the prepared edible natural films from chitosan/gelatin nano particles T1, T2, T3 and T4 was 
measured using a digital micrometer (mitutoyo digimatic indicator corporation, model: pk-1012 E, Japan). Film strips were placed 
between the micrometer jaws and gap and was slowly reduced until the first contact was noted [10].

5. % solubility in water: The film nanoparticles at different treatments T1, T2, T3, and T4 specimens were first dried in a desicca-
tor containing dry calcium chloride. Dry film samples of 500 mg were immersed in beakers containing 50 ml of distilled water at 
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room temperature for 24 hours with a periodic gentle shaker incubator. Films were removed from the water and placed back in the 
desiccator until a constant weight was achieved. Loss of weight in water was reported as a percentage of weight loss in water on a 
dry film basis as follows: According to [11]. % weight loss = initial dry weight - final dry weight *100/initial dry weight. according 
to Hernandez (2004).

6. Mechanical properties of prepared nanotechnology on edible films: Measurement of T1, T2, T3, and T4 nanoparticle films: the 
tensile properties (tensile strength, elongation) were measured by a texture analyzer CT3. The films’ nanoparticles received differ-
ent treatments (T1, T2, T3, and T4) and were cut into 35-cm-long strips. These were gripped at each end by a jaw, and the jaws were 
moved at a controlled speed until the young’s modulus was automatically recorded, as described in [12].

7. Measurements of water vapour permeability (WVP): The ASTM Method E96-95 was used to determine the gravimetric water 
vapour transmission rate [g/(s.m2)] and water vapour permeability through films. A circular test cup was used to determine the 
WVP of the films’ nanoparticles at different treatments (T1, T2, T3, and T4). The film was first cut into a 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 par-
affin oil. Then the cups were placed in a desiccator containing calcium chloride. The weights of the cups were recorded every hour 
for 10 hours, and specimens of each film were tested. Linear regression was used to estimate the slope of this line in g/h. The water 
vapour transmission rate (WVTR) and water vapour permeability were determined using the following: WVPR = WVP = WVPR/L 
Where is the moisture gain weight per time unit (g/s), A is the surface area of the film (m2), L is the film thickness (mm), and 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), following the method described by Garcia., et al. 
(2000). 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 per m3, X is the thickness of the film, m2 is the area of the film, t is the time 
of day, and p is the pressure difference across the film nanoparticles at different treatment levels (T1, T2, T3, and T4).

9. IR ATR-FTIR measurements: Were taken with a Bruker VERTEX 80 (Germany) combined Platinum Diamond ATR, which includes 
a diamond disc as an internal reflector in the range. 4000 - 400 cm-1 with a resolution of 4 cm-1 and a refractive index of 2.4.

Physical and chemical properties:

1. Chemical analysis: Weight loss, total soluble solids (TSS%), acidity, total sugars, and reducing sugars were determined according 
to the methods of the [13].

2. Color measurement: Internal colour measurements L and A value of the film nanoparticles at different Treatments T1, T2, T3, and 
T4 were measured using a Minolta chroma metre, Model CR - 200. Calibration was done on a white plate before use. Color changes 
were quantified for the L value, which refers to the lightness, and the A value, which refers to the yellow [14].

3. Microbial analysis: The total microbiological count was determined according to [15]. All the microbiological counts were carried 
out in duplicate:

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

2. Psychrophilic bacterial: The total colonies of bacteria were estimated using plate count agar medium. The plates were 
incubated at 4ºC for 5 days.
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3. 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 [16] by using malt extract agar medium. The plates were incu-
bated at 25ºC for 5 days.

4. Sensory evaluation: Different products of alhulwuh and Soukari dates preserve were sensory evaluation as reported by [17]. 
The products were presented to well trained ten members of staff from the Department of Nutrition and Food Sciences-College of 
Home Economics-University of Tabuk, Kingdom of Saudi Arabia for sensory evaluation. The panelists were a skid for their decision 
concerning, color, texture, taste and overall acceptability. The following scale was applied for samples under investigation 9 - 10 
equal excellent, 6 - 8 equal good 3 - 5 equal poor and 0 - 2 equal refused. So the score 6 was considered as the limit of acceptability.

5. Statistical analysis: The collected data were subjected to statistical analysis with the MSTAT statistical software. The mean values 
were compared using the LSD method at a 5% level. The data were tabulated and statistically analysed using completely random 
factorial analyses [18].

Results and Discussion

Rheological properties of prepared chitosan/gelatin nanoedible coating and film solutions incorporated with AgNO3/ZnONPs 
and phenolic compound actives to produce edible coating and films

The study prepared measurements of rheological properties such as shear rate, shear stress, and viscosity of samples on chitosan/
gelatin nanoedible films and coatings at different treatments T1, T2, T3, and T4 and different shear rates (13.2, 26.4, 39.6, 52.8,52.8 66.00, 
and 79.2 1/s. Figure 1 and 2 and table 2). The results show that the forming solution exhibits a trend of non-Newtonian pseudoplastic 
behaviour at different treatments (T1, T2, T3, and T4) and fits the power law equation τ=kγn → (1) Where: τ: shear stress, Pa γ: shear rate 
1/sec, k: consistency index n: flow behavior index. The results in the table and figure indicated a relationship between shear rate, appar-
ent viscosity, and shear stress for different samples. Explains why the k (consistency index) for T1, T2, T3, and T4 is the same. With the 
exception of T4 (0.152), all samples exhibited pseudoplastic behavior. Moreover, it was found that the n 1 flow behaviour index indicated 
that the fluid had the pseudoplastic behaviour of nanoscale AgNO3/ZnONPs edible films and coatings. Treatments T2, T3, and T4 all pro-
duce edible film and coatings to create edible film-forming suspension solutions, and their consistency index is higher than that of sample 
T1, which had a consistency index of 0.1335. The flow behaviour index increased with increasing concentration, except for the decreased 
T4 (0.406) of nanoscale AgNO3/ZnONPs edible films and coatings. It shows that all samples behave as non-Newtonian pseudoplastic, and 
constitutive equations are necessary to provide the required material parameters by controlling the process, rate of shear stress, and 
properties of mixtures of chitosan components and to determine the relationship between shear time and viscosity for mixing compo-
nents. Because materials and time depend on mixing, the viscosity decreases continuously over time, which means that when the material 
is cut, it causes disruption of the collected particles and therefore provides less resistance to flow and decreases the viscosity over time 
until the values are stable. Occured results worked on data for the decomposition of shear stress in different treatments and with different 
concentrations of nanomaterials with chitosan, where it was found that the shear stress variation with shear time was fitted [19]. 

Treatments Viscosity Shear stress
K N R2 K N R2

Produced edible film of prepared chitosan/gelatin nano edible coating and films solution com-
bined with AgNO3/ZnONPs to produce edible coating and films

T1 0.1335 0.316 0.8852 0.1076 0.8014 0.9778
T2 0.1398 0.416 0.904 0.1205 0.7288 0.9832
T3 0.175 0.514 0.9859 0.0277 0.9633 0.9941
T4 0.152 0.406 0.8969 0.1205 0.7288 0.9832

Table 2: Relationship between flow behavior index (n) and consistency index (k) at different treatments preparation of prepared 
chitosan/gelatin nano films solution combined with AgNO3/ZnONPs and phenolic compound active to produce edible film-forming  

suspension solution.
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Figure 1: Shear rate and viscosity of nanoedible film to produce edible film-forming suspension solution at different treatments (T1, T2, T3, 
and T4). Preparation of prepared chitosan/gelatin nanofilm solutions combined with AgNO3/ZnONPs and phenolic compound actives to 

produce edible film-forming suspension solution.

Figure 2: Shear rate and shear stress of nanoedible film in the production of edible film-forming suspension solution at various  
treatments (T1, T2, T3, and T4). chitosan/gelatin nanofilm solution combined with AgNO3/ZnONPs and phenolic compound active to pro-

duce edible film-forming suspension solution.

Novel in Nano-Edible Films Applications in the Production of High-Quality Dates Al Hulwah and Soukari for Export

10

Physical and mechanical properties of films

The results shown in table 3 show that the thickness values of chitosan/gelatin nanoedible coatings and films combined with AgNO3/
ZnONPs and phenolic compound actives were 174, 125, 129, and 128 um for T1, T2, T3, and T4, respectively. The results indicated that 
treatment T1 had the highest thickness value, while treatment T4 had the lowest thickness value. Also, it could be observed that the 
lowest values of tensile strength (58.45 N), elongation (25.62%), oxygen (27.25 M3/M2/X10-7), CO2 (20.12 M3/M2/X10-8), water vapour 
transmission rate (18.87 g/hr.m2), water vapour permeability (0.159 g/m2/day.mmHg), and solubility (23.18%) were recorded for treat-
ment T4. It also revealed that the T1, T2, and T3 treatments had the lowest tensile strength (65.43, 61.25, and 54.63 N), elongation (39.25, 
28.43, and 24.56%), oxygen (43.22, 33.24, and 30.40 M3.M/M2 X10-7), CO2 (36.45, 31.65, and 27.68 M3.M/M2 X10-8), water vapour trans-
mission rates (High film elongation is always a desirable characteristic if the film is to be used for food applications. All the main factors 
significantly affected the mechanics of the film, as described below. The chitosan film had an 18% higher elongation than the chitosan film, 
and in addition to the incorporation of thymol, this reduced the chitosan layer [20,21].
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Treatments Particle size distribution(nm) Zeta potential(mv)
Poly Dispersity indexs Pdi Hydrodynamic Diameter nm Z-Potential Z- Devition

Produced edible film of prepared chitosan/gelatin nano edible coating and films solution combined with AgNO3/ZnONPs and pheno-

lic compound active to produce edible coating and films
T1

T2

T3

T4

0.417

0.756

0.758

0. 360

1123

12.52

49.19

191.5

57.7

50.70

7.64

6.98

5.48

6.42

2.90

4.13

Table 4: Measured particles size and zeta potential of nanotechnology of prepared chitosan/gelatin nano edible coating and films solution 
combined with AgNO3/ZnONPs and phenolic compound active to produce edible coating and films solution formed from it.

Determination of particles size and zeta potential of nanotechnology of prepared chitosan/gelatin nano edible coating and films 
solution combined with AgNO3/ZnONPs and phenolic compound active to produce edible coating and films solution formed 
from it:

1. Partical size distribution: The obtained results are presented in table 4 and figure 3. It is shown that the addition of AgNO3 nano-
materials, ZnONPs, and phenolic compounds has an effective effect on the dispersion properties of the film and coating emulsions, 
which were evaluated based on the change in the size distribution of the nanoparticles with respect to the coating and film emulsion 
sample. These values were 0.756, 0.758, and 0.360 for T2, T3, and T4 based on the change in the polydispersion index (suspended 
particles with zeta potentials higher than +30 or less than -30 mV repel each other because they are considered stable, but if the 
potential zeta is between +30 and -30 mV, they tend to attract each other [22,23]. 

2. Zeta potential: From the results of the analysis in table 4 and figure 4, In the treatments T1, T2, T3, and T4 of the zeta potential of 
nanotechnology of prepared chitosan/gelatin nano edible coating and films solution combined with AgNO3/ZnONPs and phenolic 
compound actives to produce edible coating and films solution, it was discovered that the sizes of the active phenolic compounds, 
the oil distribution, and the deviation of the extracted oil and nanoparticles depend on the size of the plant nanoparticles. The zeta 
potential distribution and zeta deviation (mV) for the treatment at the peak were 50.70, 7.64, 6.98, and 6.42, 2.90, and 4.13, re-
spectively, when compared to the initial control samples Tl, 1 zeta potential of 57.7 and zeta deviation (mV) of 5.48 (mV).The zeta 
potential is an important indicator of surface charges because it measures the electric charge at the colloidal particle boundary. The 
higher the zeta potential, the better the dispersion stability. Desirable zeta potentials can be obtained by [24,25].

Treatments Thickness 
Um

Tensile 
strength 

N

Elongation 
%

O2

M3.M/M2×-
10-7day.mmHg

Co2

M3.M/M2×10-

8day.mmHg

Water vapors
Transmission 
rate, g/hr.m2

Water vapors
g.mm/m2.day.

mmHg

Solubility 
in water

%
T1 174 65.43 39.25 43.22 36.45 39.65 0.167 35.30
T2 125 61.25 28.43 33.24 31.65 27.64 0.139 30.23
T3 129 54.63 24.56 30.40 27.68 22.67 0.149 28.34
T4 128 58.45 25.62 27.25 20.12 18.87 0.159 23.18

Table 3: Mechanical properties, permeability and thickness of prepared chitosan/gelatin nano edible coating and films solution combined 
with AgNO3/ZnONPs and phenolic compound active to produce edible coating and films.
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Determination of color apparent and transmittance light transmittance of prepared chitosan/gelatin nano edible coating and 
films combined with AgNO3/ZnONPs and phenolic compound active to produce edible films

The results obtained are presented in table 5 and figure 5 and 6. From the curves illustrated in figure 1, it is clear that the apparent 
colour decreased with increasing concentration (exception b) at different treatments (T1, T2, T3, and T4). It was also observed that treat-
ment T2 was higher than the following treatments, T3 and T4. The treatments also had higher apparent colour values: T1 was 81.48, 8.75, 
12.75, and 3.31 for L, a, b, and E, respectively, while T3 was 79.11, 2.90, 17.34, and 3.39 for L, a, b, and E, respectively, as compared to T1 
for L, a, b, and E of 83.20, 0.74, 7.02, and 9.23.On the other hand, the barrier and transparency of the films were evaluated by measuring 
the percent light transmittance at T550, 430, and 395 nm, respectively. Light transmittance at 550 nm was found to be higher in T2 (86.1), 
followed by T4 (85.1), when compared to T1. While it was found that the light transmittance measured at 430nm was higher in T4 (79.5), 
followed by T177.9, as compared to T1, it was lower at 64.5. It was also observed that the light transmittance measured at 395nm was 
higher in T3 (72.3), followed by T2 (67.7), compared to T1. according to [9,26-28]. 

Figure 4: Zeta potential of prepared nano edible coating and films combined with AgNO3/ZnONPs and phenolic compound active to pro-
duce edible film-forming suspension solution of different treatments. 
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Figure 5: Measured of apparent color (Minolta Chroma) of the edible films prepared nano edible coating and films solution combined with 
AgNO3/ZnONPs and phenolic compound active on edible films at different treatments.

Figure 6: Measured of Light transmittance of the edible films prepared nano edible coating and films solution combined with AgNO3/
ZnONPs and phenolic compound active on edible films at different treatments.

Films L a b ∆E T550 nm T430 nm T395 nm
T1 83.20 0.74 7.02 9.23 77.3 64.5 56.4
T2 81.48 8.75 12.75 3.31 86.1 77.9 67.7
T3 81.12 1.68 12.65 2.31 79.3 72.9 66.1
T4 79.11 2.90 17.34 3.39 85.1 79.5 72.3

Table 5: Measured of color apparent and transmittance light transmittance of prepared chitosan/gelatin nano edible coating and films 
combined with AgNO3/ZnONPs and phenolic compound active to produce edible films.
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Scanning electron microscopy (SEM) microstructure of prepared nano edible coatings and films combined with AgNO3/ZnONPs 
and phenolic compound active to produce edible films

There are four microscopic images of nanoedible coatings and films combined with AgNO3/ZnONPs and phenolic compound actives 
to produce edible films. After taking the cross-section, the morphology of the surface was investigated using SEM images (Figure 7), and 
the surface roughness was estimated using nanoedible coatings and films. The SEM images showed that the edible films were intact and 
smooth without any noticeable delamination on the surface, which was found to rise with increasing concentration upon different treat-
ments. In the figure, prepared nano-edible coatings and films combined with AgNO3/ZnONPs/GCE to produce edible films (T1, T2, T3, 
and T4) are shown. It was found that T1, a 0% treatment, has cracks in the edible film due to poor treatment that does not contain AgNO3/
ZnONPs. In general, the edible film is composed of a homogeneous solution with some compact fine grains and an intact smooth crystal 
morphology in a continuous matrix. It can be concluded that these studies are useful for learning about the microstructure and mem-
brane morphology, which can help in selecting the edible nanofilm formulas for coating and packing. Our results are in agreement with 
those obtained by [29]. SEM images found that the elegant CMC film was smooth and intact without any deformation, and the surface was 
clear. The surface roughness of the films supplemented with grape seed extract was slightly increased, as confirmed by the higher surface 
roughness of the CMC/grape seed extract film compared to the elegant CMC film [3,9].

Figure 7: Microstructure of nano edible coatings and films combined with AgNO3/ZnONPs and phenolic compound active to produce edible 
films using scanning electron microscopy (SEM) technology using scanning electron microscopy (SEM) at different treatments.

FTIR analysis of prepared chitosan/gelatin nano edible coatings and films, which were combined with AgNO3/ZnONPs and phe-

nolic compounds to produce edible films

The FTIR measurements of biosynthesized silver nanoparticles were carried out to identify the possible interaction between AgNO3/
ZnONPs and phenolic compounds active in producing edible films responsible for the formation and stabilisation of nanoparticles. Re-
sults of FTIR measurements showed transmittance peaks located at about 3000 cm-1, 1750 cm-1, and 1050 cm-1 (Figure 8). From the spec-
trum, the major peak was assigned at 3250 cm-1, which indicates OH stretching in alcohols and phenolic compounds [30]. The absorption 
peak at 1700 cm-1 is assigned to the amide I bond of chitosan and gelatin arising due to carbonyl stretch in proteins that are present in leaf 
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extract. The absorption peak at 1750 cm-1 is close to that reported for native proteins. This evidence suggests that chitosan and gelatin are 
interacting with biosynthesized nanoparticles and that their secondary structures were not affected during the reaction with Ag+ ions or 
after binding with Ag nanoparticles [31]. A small peak at 1650 cm-1 is assigned to the NH/Zno stretch mode and was found to be enhanced 
when compared with the FTIR spectrum of leaf extract.

Figure 8: FTIR spectrum of AgNO3/ZnONPs and phenolic compound active to produce edible films.

Physico-chemical and microbiological properties of nano edible film and coated Al Hulwah and Soukari dates during storage 
period

Weight loss percentage

Table 6 shows that the treatments (control, T1, T2, T3, and T4) increased the values of weight loss with increasing the storage period at 
cooled temperatures, and that the percentage of loss increased in the control and T1. It was also found that the treatments T2, T3, and T4 
were low in percentage weight loss compared to other treatments. As noted, the values of the losses are increasing gradually with treat-
ments (control, T1, T2, T3, and T4). Edible coating application results in reducing weight loss because it has semi-permeable properties, 
which led to extending shelf life by reducing moisture and solute migration, respiration, and oxidative reaction rates, as well as suppress-
ing physiological disorders on fresh-cut fruits, as reported by [32].

SoukariAl Hulwah
TreatmentsTreatmentsStorage period week

T4T3T2T1ControlT4T3T2T1Control
0.000.000.000.000.000.000.000.000.000.000
0.710.661.081.180.811.771.321.421.812.361
1.471.231.532.411.532.341.863.642.493.952
2.162.071.883.332.463.392.464.433.795.963
3.052.652.294.532.974.803.334.894.918.044
3.313.423.075.073.435.074.415.225.359.415
3.773.813.735.273.945.405.475.775.8310.756

S = 1.986 T = 1.864 S&T = 0.325S = 1.876 T = 1.805 S&T = 0.264LSD

Table 6: Effect of nano edible film and coatings on weight loss (%) of Al Hulwah and Soukari dates during storage at 2 - 4ºC.
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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 chilled temperatures (Table 
7), but the TSS was reduced in control as compared to other treatments. As noted, the values increased gradually with treatments (control, 
T1, T2, T3, and T4). The total soluble solids significantly (p < 0.05) increased with storage time in all treatments, with the exception of fruit 
covered with the bilayer film, which had no significant change with time. The foam tray wrapped with PVC film showed a small increase 
in total soluble solids and had higher total soluble solids and slightly advanced starch breakdown [33,34]. 

SoukariAl Hulwah
TreatmentsTreatmentsStorage period 

week T4T3T2T1ControlT4T3T2T1Control
49.9051.4050.6049.3048.1036.2036.9036.1036.7036.400
51.2052.6051.7051.2049.5038.5038.2037.6038.3038.101
52.6054.3052.9052.5050.3039.9039.8039.1039.9039.402
54.8055.7054.6053.8051.6041.8041.3040.0040.5040.603
55.7056.8055.1054.7052.9043.7043.5041.8040.2041.504
56.6057.2056.5055.6053.4044.3044.8042.6043.1042.305
57.9057.4056.6056.3054.6045.4045.844.7043.7042.906

S = 1.873 T = 1.764 S&T = 0.194S = 1.731 T = 1.675 S&T = 0.167LSD

Table 7: Effect of nano edible film and coatings on TSS of Al Hulwah and Soukari dates during storage at 2 - 4ºC.

Total acidity

The total acidity of Al Hulwah and Soukari dates changed during storage at cool temperatures. The obtained results are recorded in 
table 8. The results showed that as the storage period at cooled temperature increased, the total acidity decreased gradually. It is also 
considered that coatings reduce the rate of respiration and may therefore delay the utilisation of organic acids [33,35] agree. However, 
the decrease in acidity during storage demonstrated fruit senescence. The same authors outlined that coatings may slow the changes in 
pH and titratable acidity and effectively delay fruit senescence. 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 the ripening process [32].

SoukariAl Hulwah
TreatmentsTreatmentsStorage period 

week T4T3T2T1ControlT4T3T2T1Control
0.210.230.220.210.200.160.170.160.150.140
0.200.220.210.200.190.160.170.160.150.141
0.200.220.210.190.180.150.160.150.140.132
0.190.210.200.190.170.150.160.150.140.123
0.190.210.200.180.160.140.150.150.130.114
0.180.210.200.170.150.140.140.140.120.105
0.180.200.190.160.150.130.130.140.110.096

S = 1.963 T = 1.784 S&T = 0.195S = 1.893 T = 1.643 S&T = 0.172LSD

Table 8: Effect of nano edible film and coatings on acidity of Al Hulwah and Soukari dates during storage at 2 - 4ºC.
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Total sugar and reducing sugar in Al Hulwah and Soukari dates during storage at 2 - 4ºC

The results obtained in table 9. The total sugar gradually increased with the lengthening of the storage period in both samples kept in 
packaged plastic trays and in carton boxes. While reducing sugar gradually decreased with increasing storage period, indicating that cool-
ing temperatures encouraged the inversion of fruit starch to simple sugars and thus increased fruit sweetness. The obtained results are 
consistent with those obtained by Bai., et al. (2003), who reported that the total soluble sugar gradually increased in coated fruits during 
storage temperature; the authors discovered that the total sugar increased with increasing storage [36]. Who found that the total sugar 
content of all coated, packed and control fruit quality significantly increased “ total sugar “ fruits were highest in reducing sugars content 
(47.94%) [32]. This decreasing might be due to consumption of reducing sugars through respiration [35] edible films nanomaterials re-
duced the reducing sugars loss significantly as compared with the edible films. 

Reducing sugar
SoukariAl Hulwah

TreatmentsTreatmentsStorage period 
week T4T3T2T1ControlT4T3T2T1Control

48.3648.1147.4949.2148.5641.6843.0945.1044.6142.170
47.4147.2446.7148.5748.1041.2342.5144.8343.7041.611
45.3645.8945.2347.1947.2340.7641.8943.2942.8140.862
44.7944.3144.6945.9845.8939.5741.0742.7641.6339.983
43.0943.6243.5944.5344.2338.1340.3641.8940.9838.214
42.8142.9142.1043.2143.8937.9739.1141.0739.4237.485
42.3642.0041.5642.9941.3237.6838.9340.2939.0936.176

S = 1.689 T = 1.572 S&T = 0.189S = 1.489 T = 1.479 S&T = 0.172L.S.D
Total sugar

57.8059.1358.2457.8156.1748.5447.7349.2748.3145.630
58.1760.2459.0358.3757.2449.1648.2750.4349.2746.411
59.0160.8159.8459.0158.4149.9149.3351.1950.6147.392
59.7561.4960.1759.8758.9350.3950.4951.8751.4948.973
60.3461.9260.8760.6359.7551.6551.2952.6352.8449.674
60.9762.4561.0961.9760.8352.0951.8652.9153.2450.655
61.6063.1361.6462.4161.6752.6452.2353.0753.6151.736

S = 1.562 T = 1.491 S&T = 0.147S = 1.841 T = 1.764 S&T = 0.169L.S.D

Table 9: Effect of nano edible film and coatings reducing sugar and total sugar in Al Hulwah and Soukari dates during storage at 2 - 4ºC.

Total count

The results in table 10 showed that the microbial load increased with the increase in storage in all storage treatments, but that the in-
crease in control and T1 was higher than in other treatments. It was also found that the treatments (control, T1, T2, T3, and T4) are lower 
in microbial load than the treatments (T2, T3, and T4). The counts reached 101 CFU/g after 12 days of storage in both coated and uncoated 
samples, as compared with the initial counts ease in control and T1 was higher than in other treatments. It was also found that the treat-
ments (control, T1, T2, T3, and T4) are lower in microbial load than the treatments (T2, T3, and T4). The counts reached 10.89 - 12.0 101 
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CFU/g after 12 days of storage in both coated and uncoated samples, as compared with the initial counts. 0.35 10-1 CFU/g: this shows the 
changes in total bacterial counts of Al Hulwah and Soukari coated with nanomaterials during storage periods at 2 - 4°C. The data show 
that total counts of different edible films nanomaterial treatments (control, T1, T2, T3, and T4) gradually increased with increasing cold 
storage period in both Al Hulwah and Soukari. Bacterial counts reached 17.23 and 17.39 x 10-1 CFU/g for control and T1 of Al Hulwah and 
Soukari, respectively, while bacterial counts of Al Hulwah and Soukari coated recorded 12.26 and 12.83 x 10-1 CFU/g with T4 and T4 of 
cold storage, respectively, as compared to the initial counts (2.68 and 1.34 x 10-1 CFU/g) of Al Hulwah and Soukari after 6 weeks. which 
prevents respiration and leads to anaerobic conditions and fruit degradation. Furthermore, the edible coating and film nanoparticle mate-
rial may have a significant effect on the rate of microbial counts during cooled storage [37]. 

SoukariAl Hulwah
TreatmentsTreatmentsStorage period 

week T4T3T2T1ControlT4T3T2T1Control
1.341.531.972.514.672.682.853.383.204.890
2.812.192.393.935.423.253.563.954.166.571
3.273.523.854.656.844.424.694.865.298.292
5.315.375.277.239.917.097.187.728.1710.633
7.616.296.799.8411.518.219.059.2610.8613.454
9.468.288.9212.2513.7411.7411.6312.5713.4314.655

12.8312.2912.6414.6517.3912.2612.8214.4916.2417.236
S = 2.310 T = 2.176 S&T = 0.549S = 1.982 T = 1.743 S&T = 0.846LSD

Table 10: Effect of nano edible film and coatings on total count of Al Hulwah and Soukari dates during storage at 2 - 4ºC.

Psychrophilic bacterial

Table 11 shows the changes in total bacterial counts of Al Hulwah and Soukari coated with nanomaterials during storage periods at 
2 - 4°C. The data show that psychrophilic bacteria increased gradually as the cold storage period was increased in both Al Hulwah and 
Soukari of different edible films nanomaterial treatments (control, T1, T2, T3, and T4). Bacterial counts reached 10.26 and 11.83 x 10-1 
CFU/g for control and T1 of Al Hulwah and Soukari, respectively, while bacterial counts of Al Hulwah and Soukari coated with T4 and T4 
of cold storage recorded 12.26 and 12.83 x 10-1 CFU/g, respectively, as compared to the initial counts (1.23 and 0.39 x 10-1 CFU/g) after 
6 weeks [37].

SoukariAl Hulwah
TreatmentsTreatmentsStorage period 

week T4T3T2T1ControlT4T3T2T1Control
0.380.310.260.390.870.460.590.630.751.230
1.201.521.491.321.790.670.830.961.251.861
2.981.751.941.872.862.452.982.652.813.202
3.962.342.613.114.693.843.983.113.364.973
4.194.203.874.656.754.004.934.174.735.534
5.896.345.766.329.475.875.645.635.997.625
6.727.186.616.7311.836.976.896.357.2410.266

S = 1.229 T = 1.135 S&T = 0.119S = 1.895 T = 1.796 S&T = 0.168LSD

Table 11: Effect of nano edible film and coatings on Psychrophilic bacterial of Al Hulwah and Soukari dates during storage at 2-4ºC.
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Moulds and yeast

The changes in mould and yeast counts of fresh Al Hulwah and Soukari were determined during cold storage. Table 12 displays the ob-
tained results. The results showed that the mould and yeast counts gradually increased with increasing storage time at a cold temperature 
in both coated and uncoated samples. Mold and yeast counts are higher in uncoated samples than in coated samples. The mould and yeast 
counts reached 11.83 and 9.83.85 101 CFU/g after 6 weeks of storage in both the control and T1 samples, as compared with the initial 
counts of 0.12 101 CFU/g. In addition, bio-films and coatings, by themselves, are acting as carriers of food additives (i.e. antioxidants and 
antimicrobials) and have been particularly considered in food preservation due to their ability to extend the shelf life [37].

SoukariAl Hulwah
TreatmentsTreatmentsStorage period 

week T4T3T2T1ControlT4T3T2T1Control
0.490.620.430.571.420.820.930.870.972.360
1.651.231.371.162.171.611.491.911.634.791
2.892.562.482.634.572.892.172.562.986.232
4.063.873.653.106.724.023.523.793.167.933
4.934.694.234.817.195.734.695.234.299.624
5.295.835.625.278.277.296.697.376.8110.455
6.026.206.176.539.838.787.678.968.2311.836

S = 1.986 T = 2.137 S&T = 0.219S = 1.935 T = 2.056 S&T = 0.264LSD

Table 12: Effect of nano edible film and coatings on molds and yeast of Al Hulwah and Soukari dates during storage at 2 - 4ºC.

Sensory evaluation of nano edible film and coatings fresh Al Hulwah and Soukari 

The mean scores of the sensory properties (texture, odour, taste, color, and general acceptance) of fresh Al Hulwah and Soukari are 
shown in figure 9 and 10. Fresh AlHulwah and Soukari had a high palatability for panellists and were generally well accepted on the first 
day. Control treatment was rejected after one week of storage, while coated treatment continued with the nanoedible coating for six 
weeks. On the other hand, the results of the statistical analysis showed that treatments (T3 and T4) had the best appearance, followed by 
treatment (T2). T3 and T4 treatments had the highest taste and texture values, followed by T1 and T2 treatments throughout the storage 
period. In terms of overall acceptance, all treatments were well received when stored for the first time, but not after 6 weeks. Generally, 
it could be concluded that the alginate coating of fresh Alhulwuh and Soukari prolonged its shelf life, freshness, and eating quality upon 
storage at a cold temperature. However, storage of the coated Also, packaging with a nanoedible coating had a large effect on the keeping 
quality and shelf life of the examined samples. Based on the results obtained in this study, it can be concluded that these results may be 
useful for application in the field of the dating industry and its products.
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Figure 9: Sensory evaluation of nano edible film and coatings Fresh Al Hulwah during cold storage (4 ± 1oC). Color [LSD0.05 = S = 0.440, 
T = 0.443, S*T = 0.761], Taste [LSD0.05 = S = 0.312, T = 0.372, S*T = 0.542], Texture [LSD0.05 = S = 0.358, T = 0.354, S*T = 0.619], Odor 

[LSD0.05 = S = 0.372, T = 0.375, S*T = 0.645] General acceptance [LSD0.05 = S = 0.361, T = 0.362, S*T = 0.625].
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Figure 10: Sensory evaluation of nano edible film and coatings Fresh Soukari during cold storage (4 ± 1oC). Color [LSD0.05 = S = 0.258, T = 
0.256, S*T = 0.447], Taste [LSD0.05 = S = 0.266, T = 0.255, S*T = 0.461], Texture [LSD0.05 = S = 0.243, T = 0.240, S*T = 0.422], Odor [LSD0.05 

= S = 0.235, T = 0.237, S*T = 0.405] General acceptance [LSD0.05 = S = 0.232, T = 0.230, S*T = 0.402].

Conclusion

It could be concluded that T2 films the best samples of treatment (T4 and T3) as compared with control and T1. Other methods in-
clude rheological and mechanical properties, permeability, particle and zeta potential emulsions, and scanning electron microscopy. In 
alhulwuh and alsukraa dates, he discovered that the control and T1 samples were rejected after 6 and 15 days, respectively, whereas the 
remaining treatments lasted up to 6 weeks. T2, T3, and T4 coatings reduced weight loss and microbial count. The effect of combining 
AgNO3/ZnONPs with Luria leaf extract nanomaterials on chitosan/gelatin films to prolong and extend product shelf life, reduce the risk of 
microorganism growth, and improve quality on alhulwuh and alsukraa dates. and sensory evaluation. 

Funding Support

The authors would like to thank the Saudi Arabia Ministry of Environment, Water, and Agriculture for providing financial, techni-
cal, and administrative support to fund this work through the agricultural “Applied Research Project in the Field of Palm and Dates No. 
2200011540”.

Acknowledgements

The authors extend their appreciation to the Deanship of Scientific Research and thank the Saudi Arabia Ministry of Environment, 
Water, and Agriculture for funding this research through the Large Groups Project, grant number RGP 2200011540.

1. Mahmud IA., et al. “Nutrients depictions of Barhi date palm (Phoenix dactylifera L.) kernels”. International Food Research Journal 24 
(2017): S325-S334. 

2. Maria-Loana Socaciu and Melinda Fogarasi. “Formulation and Characterization of Antimicrobial Edible Films Based on Whey Protein 
Isolate and Tarragon Essential Oil”. Polymers 1.21 (2020): 12.

3. Goupy P., et al. “Antioxidant composition and activity of barley (Hordeum vulgare) and malt extracts and of isolated phenolic com-
pounds”. Journal of the Science of Food and Agriculture 79 (1999): 1625-1634.

4. Jian Chen Lichun Luo., et al. “The nano antibacterial composite film carboxymethyl chitosan/gelatin/ nano ZnO improves the me-
chanical strength of food packaging Jian Chen”. International Journal of Biological Macromolecules 220 (2022): 462-471. 

Bibliography

https://www.researchgate.net/publication/324154027_Nutrients_depictions_of_Barhi_date_palm_Phoenix_dactylifera_L_kernels
https://www.researchgate.net/publication/324154027_Nutrients_depictions_of_Barhi_date_palm_Phoenix_dactylifera_L_kernels
https://www.mdpi.com/2073-4360/12/8/1748
https://www.mdpi.com/2073-4360/12/8/1748
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291097-0010%28199909%2979%3A12%3C1625%3A%3AAID-JSFA411%3E3.0.CO%3B2-8
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291097-0010%28199909%2979%3A12%3C1625%3A%3AAID-JSFA411%3E3.0.CO%3B2-8
https://www.sciencedirect.com/science/article/abs/pii/S0141813022016981
https://www.sciencedirect.com/science/article/abs/pii/S0141813022016981


Citation: Hosam El Din Aboul Anean., et al. “Novel in Nano-Edible Films Applications in the Production of High-Quality Dates Al Hulwah 
and Soukari for Export”. EC Nutrition 18.2 (2023): 04-24.

Novel in Nano-Edible Films Applications in the Production of High-Quality Dates Al Hulwah and Soukari for Export

23

5. Divya M., et al. “Biopolymer gelatin-coated zinc oxide nanoparticles showed high antibacterial, antibio film and anti-angiogenic activ-
ity”. Journal of Photochemistry and Photobiology, B: Biology 178 (2018): 211-218.

6. Pasquet J., et al. “Antimicrobial activity of zinc oxide particles on five micro-organisms of the challenge tests related to their physico-
chemical properties”. International Journal of Pharmaceutics 460 (2014): 92-100. 

7. Aboul Anean H. “Using quinoa protein and starch nano particles to produce edible films”. Journal of Nutritional Health and Food En-
gineering 8.4 (2018).

8. Huiyun Zhang., et al. “Effect of chitosan- gelatin coating containing nano-encapsulated tarragon essential oil on the preservation of 
pork slices”. Meat Science 166 (2020): 108137.

9. Sotelo-Boy ME Sotelo-Boy., et al. “Characterization of Chitosan Nanoparticles Added with Essential Oils. In Vitro Effect on Pectobacte-
rium Carotovorum”. 14.3 (2015): 589-599.

10. Tien CL., et al. “Development of biodegradable films from whey proteins by cross-linking and entrapment in cellulose”. Journal of 
Agricultural and Food Chemistry 48 (2000): 5566. 

11. Munoz PH., et al. “Mechanical and water barrier properties of glutenin films influenced by storage time”. Journal of Agricultural and 
Food Chemistry 52 (2004): 79-83.

12. Hernandez-Mun P., et al. “Effect of cross-linking using aldehydes on properties of glutenin-rich films”. Food Hydrocolloids 18 (2004): 
403.

13. AOAC. “Official Methods of Analysis”. 17th Edition. OF the Association of Official Analytical Chemists. Gaithersburg, Maryland, USA 
(2010).

14. Barbagallo RN., et al. “Effects of calcium citrate and ascorbate as inhibitors of browning and softening in minimally processed ‘Birgah’ 
eggplants”. Postharvest Biology and Technology 73 (2012): 107-114.

15. Marshall S. Standard methods for examination of dairy products American public Health Association (ABHA). Washington DC, USA 
(1992).

16. APHA. Public Health Association. Compendium of methods the microbiological examination Foods, Washington. U.S.A (1976).

17. Chen MJ., et al. “Edible coating as preservative carriers to inhibit yeast on Taiwanese-style fruit preserves”. Journal of Food Safety 19 
(1999): 89-96.

18. Snedecor GW and WG Cochran. “Statistical methods”. 7th Edition. The Iowa State Univ., Press Amer, lowa – USA (1989): 50.

19. Suisui Jiang., et al. “Evaluation of rheological behavior of starch nanocrystals by acid hydrolysis and starch nanoparticles by self-
assembly: a comparative study”. Food Hydrocolloids 52 (2016): 914-922.

20. Nelson Caro., et al. “Novel active packaging based on films of chitosan – tripolyphosphate- thymol nanoparticales via thermal ink-jet 
printing”. Food Hydrocolloids 52 (2016): 520-532.

21. American Society for Testing and Materials (ASTM). “Standard Test Methods for Tensile Properties of Thin Plastic Sheeting”. Standard 
Designation: D882. In Annual Book of American Standards Testing Methods; ASTM: Philadelphia, PA, USA. Potential Zeta from Col-
loids in Water and Waste water, at: ASTM Standard D, American Society for Testing and Materials (1985): 4187-4182.

22. Tunc S and Duman O. “Preparation and characterization of biodegradable methyl cellulose/montmorillonite nanocomposite films”. 
Applied Clay Science 48 (2010): 414-424.

https://www.sciencedirect.com/science/article/abs/pii/S1011134417312216
https://www.sciencedirect.com/science/article/abs/pii/S1011134417312216
https://www.sciencedirect.com/science/article/abs/pii/S0378517313009174
https://www.sciencedirect.com/science/article/abs/pii/S0378517313009174
https://medcraveonline.com/JNHFE/using-quinoa-protein-and-starch-nano-particles-to-produce-edible-natural-films.html
https://medcraveonline.com/JNHFE/using-quinoa-protein-and-starch-nano-particles-to-produce-edible-natural-films.html
https://www.sciencedirect.com/science/article/abs/pii/S0309174020301297
https://www.sciencedirect.com/science/article/abs/pii/S0309174020301297
http://rmiq.org/ojs311/index.php/rmiq/article/view/1273
http://rmiq.org/ojs311/index.php/rmiq/article/view/1273
https://pubs.acs.org/doi/10.1021/jf0002241
https://pubs.acs.org/doi/10.1021/jf0002241
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://law.resource.org/pub/us/cfr/ibr/002/aoac.methods.1.1990.pdf
https://law.resource.org/pub/us/cfr/ibr/002/aoac.methods.1.1990.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0925521412001482
https://www.sciencedirect.com/science/article/abs/pii/S0925521412001482
https://secure.apha.org/imis/ItemDetail?iProductCode=978-087553-0215&CATEGORY=BK
https://secure.apha.org/imis/ItemDetail?iProductCode=978-087553-0215&CATEGORY=BK
https://ajph.aphapublications.org/doi/book/10.2105/MBEF.0222
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4565.1999.tb00236.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4565.1999.tb00236.x
https://sccn.ucsd.edu/~arno/mypapers/statistics.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0268005X15300850
https://www.sciencedirect.com/science/article/abs/pii/S0268005X15300850
https://www.sciencedirect.com/science/article/pii/S0268005X15300382
https://www.sciencedirect.com/science/article/pii/S0268005X15300382
https://petro-pack.com/wp-content/uploads/ASTM-D882_2010_513100089384.pdf
https://petro-pack.com/wp-content/uploads/ASTM-D882_2010_513100089384.pdf
https://petro-pack.com/wp-content/uploads/ASTM-D882_2010_513100089384.pdf
https://www.sciencedirect.com/science/article/pii/S016913171000030X
https://www.sciencedirect.com/science/article/pii/S016913171000030X


Citation: Hosam El Din Aboul Anean., et al. “Novel in Nano-Edible Films Applications in the Production of High-Quality Dates Al Hulwah 
and Soukari for Export”. EC Nutrition 18.2 (2023): 04-24.

Novel in Nano-Edible Films Applications in the Production of High-Quality Dates Al Hulwah and Soukari for Export

24

Volume 18 Issue 2 February 2023
©All rights reserved by Eman A Abdel Khafar and Hosam El Din Aboul Anean., et al.

23. Ortiz-Zarama MA., et al. “Rheological characterization of solutions of gelatin with bentonite and tannic acid caracterizacio´ n reolo´ 
gica de soluciones de gelatina con bentonita y a´ cido ta´ nico Ingeniería de alimentos”. Revista Mexicana de Ingeniería Química 15.3 
(2016): 819-830.

24. Roy JW and Rhim L Jaiswal. “Bioactive agar-based functional composite film incorporated with copper sulfide nanoparticles”. Food 
Hydrocolloids 93 (2019): 156-166.

25. Rajabi HR., et al. “Green synthesis of zinc sulfide nanophotocatalysts using aqueous extract of Ficus Johannis plant for efficient pho-
todegradation of some pollutants”. Journal of Materials Research and Technology 9.6 (2020): 15638-15647.

26. Swarup Roy and Jong-Whan Rhim. “Preparation of pectin/agar-based functional films integrated with zinc sulfide nano petals for 
active packaging applications”. Colloids and Surfaces B: Biointerfaces 207 (2021): 111999.

27. Li JHJ Miao., et al. “Preparation and characterization of active gelatin-based films incorporated with natural antioxidants”. Food Hy-
drocolloids 37 (2014): 166-173.  

28. Munir SY Hu., et al. “Enhanced properties of silver carp surimi-based edible films incorporated with pomegranate peel and grape 
seed extracts under acidic condition”. Food Packaging and Shelf Life 19 (2019): 114-120.

29. Priyadarshi RHJ Kim and JW Rhim. “Effect of sulfur nanoparticles on properties of alginate-based films for active food packaging ap-
plications”. Food Hydrocolloids 110 (2021): 106155.

30. Praphulla R., et al. “Biosynthesis of silver nanoparticles using Lemon Extract and its Antibacterial activity”. International Journal of 
Multidisciplinary and Current Research 2 (2014): 165-169. 

31. Fayaz AM., et al. “FTIR measurements of biosynthesized silver nanoparticles”. Nanomedicine: Nanotechnology, Biology and Medicine 
6 (2010): 103-109.

32. Bellaouchi R., et al. “Physical, chemical and microbial properties of undervalued dates and date derivatives manufactured in Mo-
rocco”. International Food Research Journal 24.3 (2017): 963-969. 

33. Omaima M Hafez., et al. “Use Pre-Harvest Treatments to Keeping Quality and Long Shelf Life of Some Date Palm Cultivars M”. Selçuk 
Tarım ve Gıda Bilimleri Dergisi 25.1 (2011): 65-74.

34. Omaima M Hafez., et al. “Quality Improvement and Storability of Some Date Palm Cultivars by Safe Postharvest Treatments”. Austra-
lian Journal of Basic and Applied Sciences 6.3 (2012): 542-550.

35. Esam AMM., et al. “Effects of Application Commercial Product Rates and Times on Yield and Fruit Quality of CV. Medjool Date Palms”. 
International Journal of Chem Tech Research (USA): IJCRGG 9.04 (2016): 43-50.

36. Patricia S., et al. “Effect of edible wheat gluten-based films and coatings on refrigerated strawberry quality”. Postharvest Biology 
Technology 36 (2005): 199-208.

37. Sallam KI. “Antimicrobial and antioxidant effects of sodium acetate, sodium lactate, and sodium citrate in refrigerated sliced salmon”. 
Food Control 18 (2007): 566-575.

https://www.redalyc.org/pdf/620/62048168013.pdf
https://www.redalyc.org/pdf/620/62048168013.pdf
https://www.redalyc.org/pdf/620/62048168013.pdf
https://www.sciencedirect.com/science/article/pii/S0268005X18320630
https://www.sciencedirect.com/science/article/pii/S0268005X18320630
https://www.sciencedirect.com/science/article/pii/S2238785420319839
https://www.sciencedirect.com/science/article/pii/S2238785420319839
https://www.sciencedirect.com/science/article/abs/pii/S0927776521004434
https://www.sciencedirect.com/science/article/abs/pii/S0927776521004434
https://www.researchgate.net/publication/259123350_Preparation_and_characterization_of_active_gelatin-based_films_incorporated_with_natural_antioxidants
https://www.researchgate.net/publication/259123350_Preparation_and_characterization_of_active_gelatin-based_films_incorporated_with_natural_antioxidants
https://www.sciencedirect.com/science/article/abs/pii/S221428941830190X
https://www.sciencedirect.com/science/article/abs/pii/S221428941830190X
https://www.sciencedirect.com/science/article/pii/S0268005X20310390
https://www.sciencedirect.com/science/article/pii/S0268005X20310390
https://link.springer.com/article/10.1007/s13204-011-0051-y
https://link.springer.com/article/10.1007/s13204-011-0051-y
https://www.researchgate.net/figure/FTIR-spectrum-of-biosynthesized-silver-nanoparticles_fig1_326913496
https://www.researchgate.net/figure/FTIR-spectrum-of-biosynthesized-silver-nanoparticles_fig1_326913496
http://www.ifrj.upm.edu.my/24%20(03)%202017/(9).pdf
http://www.ifrj.upm.edu.my/24%20(03)%202017/(9).pdf
http://sjafs.selcuk.edu.tr/sjafs/article/view/188
http://sjafs.selcuk.edu.tr/sjafs/article/view/188
https://www.researchgate.net/publication/286164821_Quality_improvement_and_storability_of_some_date_palm_cultivars_by_safe_postharvest_treatments
https://www.researchgate.net/publication/286164821_Quality_improvement_and_storability_of_some_date_palm_cultivars_by_safe_postharvest_treatments
https://www.researchgate.net/publication/303789925_Effects_of_application_commercial_product_rates_and_times_on_yield_and_fruit_quality_of_CV_Medjool_date_palms
https://www.researchgate.net/publication/303789925_Effects_of_application_commercial_product_rates_and_times_on_yield_and_fruit_quality_of_CV_Medjool_date_palms
https://www.academia.edu/28595943/Effect_of_edible_wheat_gluten_based_films_and_coatings_on_refrigerated_strawberry_Fragaria_ananassa_quality
https://www.academia.edu/28595943/Effect_of_edible_wheat_gluten_based_films_and_coatings_on_refrigerated_strawberry_Fragaria_ananassa_quality
https://pubmed.ncbi.nlm.nih.gov/17471315/
https://pubmed.ncbi.nlm.nih.gov/17471315/

