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ABSTRACT 

Nanotechnology is one of the most recent innovations. Silver nanoparticles (AgNPs) have recently gained 

increasing interests due to their antimicrobial activities in food applications . This study aims to synthesize and 

characterize some features of AgNPs as well as to use such particles in improving the quality of apricot fruits. Silver 

nanoparticles were synthesized by starch as an economic and efficient method. The size and shape of the 

synthesized AgNPs were observed by transmission electron microscopy (TEM) techniques. The antimicrobial and 

antioxidant activities of AgNPs were evaluated. Nanoparticle solutions of Ag were applied as active coatings on 

apricot fruits. Samples were divided into two groups; the first group was kept at ambient temperature (25±3°C) 

and the other group was kept at cold temperature (6±2°C). Results of TEM revealed that AgNPs were nearly 

spherical shapes with a size range of 9.52-26.4nm. The inhibition zones ranged from 20.8 to 24.7mm for investigated 

bacterial strains, while were 17 and 20mm for fungi strains. Also, the results revealed an efficient antioxidant 

activity of AgNPs. During storage at the different temperatures, the samples coated with AgNPs had lower values 

for weight losses, decay, total soluble solids and malondialdehyde concentration, while such samples had higher 

levels of total acidity and total carotenoids compared to control, and consequently lead to preserving their quality 

properties and extending of the shelf life. Based on comprehensive comparison and evaluation, apricots coated by 

AgNPs could be kept in good quality for 8 days at 25±3°C or for 24 days at 6±2°C. 

Keywords: Silver nanoparticles,  electron microscopy, antimicrobial activity, antioxidant activity, shelf-life, apricot.

INTRODUCTION 

Apricot (Prunus armeniaca L.) is a palatable 
stone fruit, rich in nutritional and health 
promoting compounds (Muzzaffar et al., 2018). 
Canino apricots are one of the most important 
cultivars grown in newly reclaimed lands in 
Egypt (Abd-Elwahab, 2015). Egypt is 
considered the 12th largest producer of apricots 
worldwide. In 2018 total apricot production in 
Egypt was 96226 tons according to FAOSTAT 
(2018). Apricots a fragile fruit with a short shelf 
life, as it is prone to rapid ripening and rotting 
after harvest (Mohamed et al., 2019). 
Microbiological spoilage leads to postharvest 
losses about 15 to 50% of fruits and vegetables 
produced worldwide (Swaminathan, 2016). In 
developing countries, the percentages of 
product losses are quite high due to a lack of 
appropriate technologies for postharvest 
storage of fruits and vegetables (Kumar et al., 
2019). During storage, apricots undergo the 
softening and rotting, which largely result in 
the loss of quality, microbial decay, and 
mechanical injury. To date, low‐temperature 
storage is the method most widely used to 
extend the shelf life and maintain the 
postharvest quality of apricots (Wang et al., 
2015). However, long‐term storage at low 
temperatures could cause some physiological 

disorder in apricot fruits such as chilling injury 
(Cui et al., 2019).  

Films and coatings can be used to help the 
preservation of the fruit. The coating may be 
defined as the thin layer of material on food 
surfaces which acts as a hurdle between food 
and the surrounding environment (Majid et al., 
2016). Recently, functional coatings have been 
developed, which not only modify the internal 
environment of fruits but also add value to the 
product. In fresh fruits, these coatings also 
retain the phytochemicals and physicochemical 
properties for a longer period. Coatings also 
save preservation costs in comparison to other 
methods. Therefore, it can be concluded that 
coating is one of the best methods for the 
preservation of fresh fruits (Sharma et al., 2019). 

Now, nanotechnology has been used in the 
improvement of coating technology for the 
preservation of fruits using diverse nano-
systems such as nanocomposites, nanoparticles 
and nano-emulsions (Zambrano-Zaragoza et 
al., 2018). Coatings are employed as matrixes for 
incorporating antimicrobial nanoparticles (Xing 
et al., 2019). Among nanoparticles, silver 
nanoparticles (AgNPs) are the most studied as 
they have shown to be effective against various 
microorganisms and are safe for humans (Aadil 
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et al., 2018 and Onitsuka et al., 2019). As silver 
has long been known to exhibit strong toxicity 
to a wide range of microorganisms, with low 
systemic toxicity toward human it is a great 
advantage to utilize silver-based compounds 
for antimicrobial applications against 
foodborne pathogens as well as antioxidants to 
maintain the food quality. The unique 
physicochemical characteristics of AgNPs have 
attracted attention in various fields of science 
and technology. These advantages are useful 
for improving technologies used in agricultural 
(biopesticides, food preservation) and 
biomedical (wound dressings, catheters, dental 
materials, bone cement and drugs) areas 
(Gordienko et al., 2019). Over the past decades, 
AgNPs have been defined as food additives 
and/or food contact materials in consumer 
products, mostly because of their antimicrobial 
properties (Monge and Moreno-Arribas, 2016). 
Thus, AgNPs have achieved a renewed, 
increasing and interest due to the search for 
new antimicrobial alternatives that could 
replace or complement the action of food 
chemical preservatives (Gil-Sanchez et al., 
2019) . 

In this context, novel and recent applications 
of AgNPs have been introduced to the field of 
the food industry. In particular, AgNPs has 
been proposed as a new alternative to replace 
or complement the antiseptic properties of SO2 
owing to the potential risks of sulfites to human 
health (Garcia-Ruiz et al., 2015). The practical 
application of edible coating with incorporated 
silver nanoparticles has been already tested on 
several foods such as fruit and vegetables, meat, 
and cheese. Nevertheless, so far, the studies 
have been conducted on a laboratory scale 
(Kraśniewska et al., 2020). The beneficial effects 
of AgNPs on the shelf life and quality of food 
have been investigated in some previous 
studies. Bakhy et al. (2018) studied the effect of 
the edible coating containing AgNPs on the 
quality attributes of apples, red grapes, 
tomatoes and sweet green pepper. Their results 
indicated that the application of nano-coating 
led to reduced weight losses percentage and 
extended shelf life . Also, Chandirika et al. (2018) 
applied AgNPs as a coating in the tomato stored 
at room temperature. Results conclude that the 
coated tomato showed a good shelf life period 
from 16 to 21 days when compared with control 
(non-coating) . In addition, Wasiu 
Oluwatofarati et al. (2018) studied the effect of 
coating with a suspension containing AgNPs on 
meat qualities and showed that the qualities of 
meat were positively affected by AgNPs 
treatment. 

In recent studies, Ortiz-Duarte et al. (2019) 
observed the effect of chitosan coating 
containing AgNPs on the quality of the fresh-
cut melon. They found that Ag-chitosan 
nanocomposites extend the shelf-life of fresh-
cut melon up to 13 days. Also, this coating had 
a greater inhibitory effect on the counts of 
psychrophiles, enterobacteria, yeasts and 
molds compared to the uncoated sample. Also, 
Kowsalya et al. (2019) found that the use of 
coating AgNPs and polyvinyl alcohol on 
surface of lemon and strawberries led to extend 
the shelf life of treated fruits up to ten days (the 
coated fruits were acceptable in terms of color, 
appearance, texture and weight) compared to 
the uncoated fruits that were qualified as 
unacceptable after the third storage day. In a 
more recent study, Saravanakumar et al. (2020) 
found that the application of nano-coating 
containing AgNPs and polyvinylpyrrolidone 
extended the shelf life of the red and yellow 
fresh cut bell pepper for 12 days at 4°C without 
causing any harm to cellular or 
physicochemical properties of fresh-cut bell 
pepper. 

In general, the results of previous 
researchers suggested the potential application 
of AgNPs as a preservative agent in the food 
industry to augment the shelf life of fresh food 
for the future. Therefore, this study is one of 
these tries seeking to: synthesize and 
characterize some features of AgNPs as well as 
their use for improving the quality of apricot 
fruits. Also, evaluation of physical and chemical 
changes for treated fruits during storage at 
different temperatures to determine shelf life. 

MATERIALS AND METHODS  

Raw material: 

Fresh apricot fruits (Prunus armeniaca L.) 
"canino" were obtained from a local market at 
Cairo Governorate, Egypt. Where it harvested 
in mid-Jun, 2019. Immediately after they 
arrived at the store, the fruits were transported 
to the laboratory and then they were graded for 
ripe stage (greenish-yellow skin color and firm 
flesh).  

Chemicals: 

Silver nitrate (assay>99.9%, Merck) and 
maize starch was purchased from the Egyptian 
Company for Starch and Glucose manufacture, 
Cairo, Egypt. The other chemicals used for this 
study were purchased from El-Nasr 
Pharmaceutical Chemicals Company, Cairo. 

Microorganism strains : 
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Four bacterial strains representing gram-
negative (Escherichia coli and Salmonella 
typhimurium), gram positive bacteria 
(Staphylococcus aureus and Bacillus subtilis), in 
addition to two fungi strains (Aspergillus niger, 
and Aspergillus flavus) were obtained from 
Chemistry of Natural and Microbial product 
Department, National Research Center, Cairo, 
Egypt. These microorganisms were checked for 
their purity and identity, then finally 
recultivated to obtain active cultures.  

Methods: 

Synthesize of silver nanoparticles:   

Silver nanoparticles were prepared 
according to the method described by El-Rafie 
et al. (2014). Starch was dissolved in alkali 
solution (1 g starch in 80 ml of distilled water 
containing 2 g sodium hydroxide) by using 
high-speed homogenizer. After complete 
dissolution the temperature of the reaction 
medium was raised to the desired degree 
(60∘C). In this moment, 20 ml silver nitrate 
solution (10 mM) was added dropwise. The 
reaction medium was kept under continuous 
stirring for 60 minutes. After complete reaction, 
the solution was allowed to cool down slowly 
to 25∘C. Then the St-AgNPs were precipitated 
using absolute ethyl alcohol under high-speed 
homogenizer. The powder precipitate was 
collected by centrifugation at 4,500  rpm for 15 
min, washed twice with 80/20 ethanol/water to 
remove the unreacted materials and impurities, 
and then finally washed with absolute ethanol. 
The collected powder was dried and identified 
as St-AgNPs using state-of-the-art facilities. 

Characterization studies of the synthesized 
silver nanoparticles: 

Visual inspection:   

The reduction of silver ions was roughly 
monitored by visual inspection of the solution 
as the method described by Anjum et al. (2019).  

Transmission electron microscopic 
measurements:    

The morphological features of AgNPs were 
examined by High-Resolution Transmission 
Electron Microscopy (TEM), which provides 
accurate information about the size and shape 
of the formed nanoparticles. TEM 
characterization is performed using (JEOL, 
JEM-1230, Japan) instrument with an 
acceleration voltage of 120 kV as the method 
described by Hebeish et al. (2016). 

Antimicrobial activity for the synthesized 
silver nanoparticles: 

The antimicrobial activity of the AgNPs (at 
concentrate 100µg/mL) was tested against both 
gram-negative and gram-positive bacteria, as 
well as fungi strains by using the agar well 
diffusion method. The antibacterial activity of 
AgNPs was evaluated according to the method 
of Mokhena and Luyt (2017). While, the 
antifungal activity was evaluated as method 
described by Balouiri et al. (2016). The inhibition 
zones were calculated by measuring the 
diameter of the inhibition zone around the well 
(in mm) including the well diameter.    

Antioxidant activity for the synthesized silver 
nanoparticles: 

The antioxidant activity of AgNPs (at 
different concentrations of 25, 50, 75 and 
100μg/ml) was evaluated by 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical scavenging 
method reported by Sundararajan et al. (2016). 
Compared to ascorbic acid as a standard 
antioxidant at the same concentrations.  

Application of silver nanoparticles as active 
coatings on apricot fruits: 

Preparation of coating solution: 

The coating solutions were prepared by 
adding AgNPs (at concentration 250 or 500 
ppm) and glycerol as a plasticizer (1.5:100 v/v). 
The solution was stirred over a magnetic stirrer 
for 15 min at ambient temperature before use. 

Preparation of coated apricot fruits: 

The apricot fruits were washed with potable 
water and left to aerobic dry then were 
immersed in the coating solutions containing 
AgNPs while the control sample (uncoated) 
was then immersed in distilled water and left to 
dry. Then, the samples were divided into two 
groups: the first kept at ambient temperature 
(25±3°C) and the other group kept at cold 
temperature (6±2°C). The treated apricot 
samples were periodically analyzed every 2 
days for the former or 4 days for the later during 
storage.  

Determination of physical and chemical 
quality criteria for coated fruits: 

Weight loss: 

The weight loss percentage was calculated 
as reported by Qin et al. (2015) by the following 
equation:  

Fruit weight loss (%) = [(initial weight - 
weight at sampling date/initial weight)] x 100. 

Inspection of visual decay: 

The decay rate was used to assess the 
decrease in quality by the percentage of rot 
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fruit. The decay (%) was calculated according to 
the method described by Li et al. (2019). 

Decay (%) = (Number of affected fruits at 
specified storage period/initial number of 
stored fruit) x 100.  

Total soluble solids:  

Total soluble solids (TSS) content (%) was 
determined using a hand refractometer 
according to AOAC. (2016). 

Total titratable acidity:  

Total titratable acidity (%) was assayed 
based on the method described by Hajji et al. 
(2018). It calculated as grams of malic acid per 
100 g of fresh weight.  

Malondialdehyde concentration: 

The malondialdehyde (MDA) concentration 
was analyzed according to the method 
described by Liu et al. (2018).  

Total carotenoids content: 

Total carotenoids in apricot fruits were 
extracted according to the method described by 
Akin et al. (2008). Total carotenoids content was 
measured by a spectrophotometer at 
wavelength of 450 nm. 

Determination of total silver concentration: 

Apricot samples were digested in an acid 
solution using Anton-Paar microwave 
digestion system (Multi wave PRO). Table (1) 
shows the operating conditions for the 
determination of silver ions using the Agilent 
5100 Synchronous Vertical Dual View 
inductively coupled plasma-optical emission 
spectrometry (ICP-OES). All samples were 
digested to have an acceptable matrix for 
measuring silver ions and to provide acceptable 
and consistent recovery compatible with the 
analytical method of APHA et al. (2017).The 
concentration of silver was determined by 
using ICP-OES in National Research Center, 
Giza, Egypt. 

Shelf-life study:  

The shelf life of apricots was calculated by 
counting the days required for them when they 
remained acceptable for marketing according to 
Mondal (2000). 

Statistical analysis: 

The experiment was conducted in a 
completely randomized design with three 
replications. Statistical analysis was performed 
using the Cohort software (Costat, 1986). One-
way ANOVA at the level of significance p<0.05 

using the Duncan test was performed for 
comparison of means. 

RESULTS AND DISCUSSION: 

Synthesize of silver nanoparticles: 

Silver nanoparticles were prepared by alkali 
treated method. In this method, the starch used 
as both reducing and protecting agent, however 
it could be quite simply suggested as follows: 
alkali treatment is supposed to increase the 
solubility of starch by rupturing the granules 
and then degrading starch macro molecules to 
give smaller fragments with higher reducing 
power. Also, it acts in increasing the affinity of 
the free hydroxyl groups of sugars by removing 
the protons which in turns assist the formation 
of silver nanoparticles. 

Generally, for synthesis of AgNPs, the 
accepted mechanism suggests a two-step 
process: In the first step, a portion of metal ions 
in a solution is reduced by the reducing agent 
(starch fragments). In the second step, the 
atoms produced act as nucleation centers and 
catalyze the reduction of the remaining metal 
ions present in the bulk solution. Subsequently, 
the atoms coalesce leading to the formation of 
metal clusters. 

Characterization of produced silver 
nanoparticles: 

Visual inspection of nanoparticles: 

A short time after the addition of AgNo3 
solution into starch solution during the 
synthesis of AgNPs, the reaction medium 
acquired a clear yellow color then changed to 
brown and finally to dark brown color during 
stirring the solution. Along with mirror-like 
illumination on the walls of Erlenmeyer flask 
clearly indicated the formation of AgNPs in the 
reaction mixture as shown in Fig. (1). 

Particle size and morphological properties of 
nanoparticles:  

Transmission electron microscope imaging 
showed the morphological properties and 
surface appearance of AgNPs which have a 
nearly spherical shape and smooth surface. As 
illustrated in Fig. (2), it was observed that the 
prepared nanoparticles were an average 
particle size of 9.52 - 26.4 nm. Furthermore, 
these nanoparticles are well dispersed with no 
sign of aggregation. 

Antimicrobial activity of silver nanoparticles: 

The effect of silver nanoparticles on the 
growth of studied microorganisms was 
presented in Fig. (3). AgNPs showed various 
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degrees of inhibition against the tested 
microorganisms.  

For the antibacterial investigation, the 
inhibition zones of AgNPs were ranged from 
20.8 to 24.7 mm. The highest inhibition zone 
was obtained for E. coli (24.7 mm), while the 
lowest (20.8 mm) was recorded for B. subtilis. 
This high bactericidal activity of AgNPs is 
certainly due to the silver cations released from 
AgNPs that act as reservoirs for the Ag+ 
bactericidal agent (Dakal et al., 2016). In 
addition, Agnihotri et al. (2014) reported that 
the sizes under 30 nm are more active than 
bigger nanoparticles. Generally, AgNPs 
showed higher antibacterial activity against 
gram-negative bacteria (E coli and S. 
typhimurium) than gram-positive bacteria (S. 
aureus and B. subtilis). This result is possible due 
to the difference in the structure of the cell wall 
between gram-positive and gram-negative 
bacteria. The more fortified cell wall of the 
gram-positive bacteria makes it less penetrable 
compared to the cell membrane of the gram-
negative bacteria (Chaloupka et al., 2010).  

For antifungal activity, AgNPs showed 
various degrees of inhibition against the growth 
of A. flavus and A. niger. Where, the inhibition 
zones caused by AgNPs were 17 and 20 mm for 
A. flavus and A. niger, respectively as shown in 
Fig (3). The antifungal mechanism of AgNPs 
has been explained as reported by Holt and 
Bard (2005) and Musa et al. (2018) by the 
following mechanistic pathways: 1) Owing to 
their small size, AgNPs can easily uptake by the 
fungal cells through the disruption of fungal 
cell walls. 2) AgNPs act as a reservoir for 
releasing of Ag+ ion, causing to cease the ATP 
production and to stop DNA replication by 
ROS and hydroxy radicals. As a result, the 
biochemical cycle of fungal cells was ceased to 
induce fugal cells death.  

Antioxidant activity of silver nanoparticles:  

The free radical scavenging activity of silver 
nanoparticles was evaluated on the potency to 
scavenge the synthetic DPPH. The standard 
ascorbic acid was used to compare with 
synthesized AgNPs as shown in Table (2). 

From Table (2), it could be observed that the 
antioxidant activity was increased from 25 to 
59% for AgNPs and from 48 to 71% for ascorbic 
acid with increasing their concentrations from 
25 to 100 µg/ml. Also, the antioxidant activity of 
AgNPs was lower than antioxidant activity of 
ascorbic acid at all concentrations. The 
scavenging effect of AgNPs was close to 
scavenging effect of standard ascorbic acid with 
equivalent efficiency estimated by 83.1% at 

concentration100 µg/ml. In this concern, 
Mohanta et al. (2017) proved that AgNPs to be 
very effective scavengers.  

Generally, the abovementioned data 
exhibited good antioxidant potency and 
suggested the possibility of AgNPs based 
coating could be effectively employed as new 
antioxidant materials for application in food 
processing. 

Effect of coating with silver nanoparticles on 
quality criteria of apricots: 

Weight loss (%):  

Weight loss is mainly associated with 
respiration and moisture evaporation through 
the skin. The thin skin of apricot fruits makes 
them susceptible to rapid loss of water resulting 
in shriveling and deterioration (Wu et al., 2015). 
The effect of coating prepared with 250 and 500 
ppm silver nanoparticles on weight loss of 
apricot fruits during storage at room 
temperature (25±3°C) and cold temperature 
(6±2°C) was presented in Table (3). In general, 
during prolonged storage periods, a gradually 
increase (P≤0.05) in weight loss (%) was 
detected for all tested samples at different 
temperatures, which might be related to the 
continuous movement of water from the fruits 
to the surrounding environment (Duan et al., 
2011). 

During storage at room temperature 
(25±3°C), the weight loss of coated and 
uncoated samples (control sample) showed an 
increasing trend. The weight loss (%) of control 
sample was significantly greater (P≤0.05) than 
coated samples in all stages of storage. After 
two days of storage, the control sample showed 
greatest weight loss (1.88%) compared to coated 
samples with AgNPs at 250 and 500 ppm which 
reached to 1.85 and 1.74%, respectively. After 
six days of storage, the control sample showed 
8.39% loss in weight, meanwhile apricots 
coated by AgNPs at levels 250 and 500 ppm 
were 5.45 and 5.33%, respectively. At the end of 
storage (the 8th day), control sample was 
rejected. While, the weight loss of apricot 
samples coated with 250 and 500 ppm was 6.80 
and 6.62% respectively without significant 
differences (p>0.05) between them.       

Also, weight loss of apricot samples was 
significantly affected by cold storage period at 
6±2°C up to 24 days. The weight loss of all 
apricot samples was significantly increased by 
increasing cold storage periods as shown in 
Table (3). These are in similarity with the 
findings of Mohamed et al. (2019), who found 
that the weight loss (%) increased significantly 
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with the increasing cold storage period for 
apricot fruits. Also, the samples coated with 
AgNPs showed less weight loss (P≤0.05) than 
uncoated sample at all stages of cold, except at 
the 4th day which showed non-significant 
differences between them. At the end of cold 
storage (24 days), surely coating formulas 
significantly reduced (P≤0.05) weight loss in 
coated samples compared with uncoated 
sample. Where uncoated apricot was rejected, 
while apricot samples coated with AgNPs at 
250 and 500 ppm recorded weight loss of 8.87 
and 8.13%, respectively. At any time of cold 
storage there were no significant differences 
(p>0.05) in weight loss between apricot samples 
coated with 250 and 500 ppm except at 20 and 
24 days which showed significant differences 
(P≤0.05) between them.       

Generally, the results were consistent with 
previous studies showing a reduction in weight 
loss was due to the effects of coatings, which 
served as semipermeable barriers against 
oxygen, carbon dioxide and moisture, thus 
reducing respiration, water loss and oxidation 
reactions. In this context, Svagan et al. (2009) 
reported that the nanoparticles are responsible 
for creating a zigzag in the film structure, which 
would hinder the passage of permeates such as 
O2, Co2 and water vapor. 

Total solid soluble (%): 

Total soluble solids (TSS) play an important 
role in affecting fruit quality and consumer 
acceptability. As reported by Yun et al. (2017) 
increasing TSS during storage could be due to 
the conversion of carbohydrates to sugars and 
other soluble compounds that it was occurred 
through metabolic processes and decrease in 
fruit water, which in turn causes an increase in 
soluble solids concentration. TSS content of 
apricot samples as affected by coatings with 
AgNPs during storage at room and cold 
temperature for different periods are presented 
in Table (4).  

Data showed that the apricot samples stored 
at room temperature (25±3°C) recorded higher 
values in Brix percentage than those stored at 
cold temperature (6±2°C). Also, from Table (4), 
no significant differences were recorded in TSS 
content between the control sample and the 
treated samples up to the second day of storage, 
but it differed significantly (P≤0.05) starting 
from the 4th day of storage. At initial storage, the 
TSS content was ranged from 11.52 to 11.54%. 
The fruits with TSS content greater than 10° Brix 
are widely accepted among consumers as 
mentioned by Muzzaffar et al. (2018). Also, it 
could be observed that the TSS content 

increased (P≤0.05) during storage periods at 
different temperatures.  

During storage at room temperature, the 
control sample showed the highest content of 
TSS at the end of each storage period compared 
with the coated samples. Where, the TSS 
content of control sample increased from 11.54 
to 15.80% with incremental rate 36.91% on the 
6th day of storage, compared to 13.96 and 
13.77% for coated samples with AgNPs at 250 
and 500 ppm, which showed lower incremental 
rates (21.18 and 19.43%, respectively) with 
significant differences (P≤0.05) between them at 
the same period. At the end of storage (the 8th 
day), uncoated sample was rejected. While, TSS 
contents were reached to 14.31 and 14.02% for 
apricot samples treated with AgNPs at levels 
250 and 500 ppm, respectively. The increase in 
TSS may be a consequence of cell-wall 
degradation or the degradation of other 
polysaccharides present in the fruit. Another 
elucidation for the observed increase in the TSS 
is the considerable loss of water during storage 
(Gol et al., 2013). However, the coated apricots 
experienced only a very slight increase of TSS 
and coating was effective in retardation of the 
metabolic process and oxygen permeation. 
Also, our results are in agreement with those 
reported by Wani et al. (2019), who found 
(during postharvest storage) apricots undergo 
rise in respiration, which results into an 
increase in TSS by the loss of water as a result of 
dehydration during storage.  

With regard to the storage of apricot 
samples on cold temperature (6±2°C), the data 
in Table (4) showed the same trend in 
increasing TSS from the 4th day onwards. Where 
TSS content of all samples was increased 
(P≤0.05) during storage periods. These results 
are in line with those reported by El-Abbasy et 
al. (2018), who mentioned that TSS contents of 
fruits were continuously increased with the 
progress of cold storage periods. Generally, the 
rate of increased TSS was lower in the coated 
samples compared to the uncoated sample. This 
can also be attributed simultaneously to the 
reduction of respiration. Additionally, they 
prevent the increase in TSS content by slowing 
down the speed of fruit ripening (Gholami et al., 
2017). TSS content of uncoated sample 
increased from 11.54 to 13.68% at the 12th days 
then it spoiled on the 16th day. Also, during 
storage up to the 12th day, it could be observed 
that the TSS content was increased and reached 
13.18 and 12.95% for samples coated with 
AgNPs (at 250 and 500 ppm), respectively. With 
prolonging of storage periods up to the 24th day, 
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the samples coated with AgNPs at 250 and 500 
ppm recorded 13.61 and 13.63%, respectively.   

Titratable acidity content:  

The effect of coating with AgNPs on 
titratable acidity (TA) content for apricot fruits 
are presented in Table (5). The titratable acidity 
ranged from 0.94 to 0.95 g malic acid/100g 
apricot fruits at initial storage. These results 
were in good agreement with previous studies 
that reported TA values of fresh apricots varied 
from 0.70 to 1.0 g malic acid/100g (Muzzaffar et 
al., 2018). In general, during prolonged storage, 
a gradual decrease in titratable acidity was 
detected for fruit samples stored at different 
temperatures. This is may be due to the 
consumption of organic acids in the breathing 
process with a slow decrease observed with 
coated samples (Fagundes et al., 2015).  

During storage on ambient temperature 
(25±3°C), TA content in apricots reduced from 
0.95, 0.94 and 0.94% at the initial day to 0.4, 0.58 
and 0.59% on the 6th day, respectively for 
control and apricots coated with AgNPs 250 
and 500ppm. Also, it could be noticed that no 
significant differences were recorded in 
titratable acidity content between all apricot 
samples, but significant differences (P≤0.05) 
were recorded between uncoated and coated 
apricots on the 6th day. At the end of storage (8 
days), titratable acidity content reached 0.47 
and 0.49% for samples treated with AgNPs at 
250 and 500 ppm. 

With regard to the effect of cold storage at 
cold temperature of 6±2°C, the data showed the 
same trend in TA reduction from the 4th day 
onwards as shown in Table (5). After four days 
of storage, the TA values for control sample 
reduced to 0.8%, against 0.9 and 0.91% for the 
samples coated with AgNPs at levels 250 and 
500 ppm, respectively. Starting from the eighth 
day of storage a significant difference (P≤0.05) 
was observed between coated and uncoated 
apricots. On the 12th day of storage, the TA 
content for uncoated fruits reached 0.47%, 
while the TA content for samples coated with 
AgNPs at 250 and 500 ppm reached to 0.8 and 
0.77%, respectively. On the 16th day, coated 
apricots recorded 0.69 and 0.7% (for samples 
coated with AgNPs at 250 and 500 ppm, 
respectively), while uncoated sample was 
rejected. It is worth noting that at the end of 
cold storage (24th day), the decrement rates in 
TA content were decreased with increasing of 
nanoparticles concentration in treated samples. 
These results indicate that the coatings induce 
retention in TA of the tested samples during the 
storage. 

 Previous studies have suggested that the 
higher acidity loss in uncoated fruits might 
reflect the use of organic acids as substrates for 
respiratory metabolism during storage. Also, 
the results showed that the nano-membrane 
could inhibit the respiration of samples and 
slow down the consumption of acid in the 
physiological metabolic activities of fruits. 
Thus, effectively slowing down the downward 
trend of titratable acid and extending the shelf 
life of the fruits (Zhang et al., 2018). 

Effect of coating with AgNPs on carotenoids 
content:   

Carotenoids are responsible for the apricot 
color and its change plays a key role in the 
degradation of total quality and sensory 
acceptance of fresh fruits (Fratianni et al., 2017). 
The effect of coating with AgNPs on 
carotenoids content for apricots was studied 
and data are presented in Table (6).  

From Table, no significant differences were 
observed between all tested apricots samples at 
preliminary stages of storage at both 6±2°C and 
25±3°C, but it differed significantly (P≤0.05) 
during the remainder of storage periods. The 
carotenoids content of control sample was 
found to be 101 mg/kg, against 100.8 and 100.7 
mg/kg for the treated apricots with AgNPs at 
levels 250 and 500 ppm at initial storage. These 
values were similar to those reported by Le 
Bourvellec et al. (2018). 

At the ambient temperature, from Table (6) 
we noticed that there were significant 
differences (P≤0.05) between the uncoated 
sample and coated apricot samples starting 
from the fourth day of storage. Moreover, the 
carotenoid content increased with extended 
storage periods up to the 4th day in all samples. 
The maximum value was detected in the 
uncoated sample (121.2), against 117.6 and 117 
mg/kg for samples coated with AgNPs at 250 
and 500 ppm, respectively. On the 6th day of 
storage, coated samples continuous in increase 
of carotenoids content while, uncoated sample 
showed a decrease at this period. The 
carotenoid contents for control and samples 
coated with AgNPs at 250 and 500 ppm were 
104, 123.1 and 121.8 mg/kg, respectively. At the 
end of storage (the 8th day), the uncoated 
sample was spoiled, while the apricot samples 
coated with AgNPs at different concentrations 
showed carotenoid contents 123.2 and 123.9 
mg/kg at the end of storage with non-significant 
differences between them as shown in Table (6).  

With regard to the storage on cold 
temperature, from Table (6), it can be observed 
that, up the 24th day, the coated samples with 
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AgNPs 250 and 500ppm were continuous 
progressively increase (P≤0.05) and reached to 
135.1 and 144.8 mg/kg, with significant 
differences (P≤0.05), while uncoated sample 
showed an increase up to the 8th days and 
recorded 113 mg/kg then it showed decrease on 
the 12th day (103.1) then it was spoiled at the 16th 
day. 

Effect of coating with AgNPs on 
malondialdehyde concentration: 

The malondialdehyde (MDA) has been used 
as a direct indicator of cell membrane injury 
and index of cell oxidative damage during 
storage (Gao et al., 2016). The effect of coating 
with AgNPs on MDA concentration in apricots 
is presented in Table (7). From Table (7), no 
differences were observed in MDA 
concentrations at initial storage (MDA 
concentration found to be 0.92 mmol/g), but it 
differed significantly (P≤0.05) during different 
storage periods. Also, it can be concluded that 
the uncoated sample recorded MDA 
concentration higher than (P≤0.05) those for 
coated samples at all storage periods. This 
increment in MDA concentration during 
storage as a consequence of ripening fruits. To 
compare the effect of storage temperatures on 
MDA concentration, the results found that the 
storage at room temperature (25±3°C) led to 
MDA concentration higher than those for the 
storage at cold temperature (6±2°C).  

During storage at room temperature, the 
MDA concentration significantly increased 
(P≤0.05). The control sample showed the 
highest values of MDA at the end of each 
storage period compared with coated samples. 
Where the MDA level for uncoated apricot 
increased from 0.92 to 1.77 mmol/g on 6 days, 
while coated samples were increased by lower 
rates compared to uncoated sample at the same 
previous storage periods with significant 
differences (P≤0.05) between them and reached 
to 1.27 and 1.22 mmol/g at the end of storage 
period for samples coated with AgNPs at 250 
and 500 ppm, respectively with non-significant 
differences between them as shown in Table (7). 
The dramatic increase in MDA concentration in 
uncoated fruits resulted in soft and pale tissues. 
These results are in agreement with the 
previous study by Khalifa et al. (2016), who 
observed these changes in fruits color and 
tissue during storage. Also, they found that the 
coating treatment was improved the membrane 
integrity and increased the keeping quality. 

With regard to the cold storage, Table (7) 
indicated that the changes of MDA at cold 
temperature were slower than those changes at 

room temperature. At cold temperature, due to 
the decrease in respiration trend, chemical 
changes in fruit tissue occur slowly. Generally, 
MDA values of samples were clearly increased 
(P≤0.05) during storage periods. However, 
control sample increased from 0.92 to 1.71 m 
mol/g after 12 days. Moreover, the rate of 
increase MDA values were lower in coated 
samples compared to uncoated sample. These 
results are in line with those reported by Cui et 
al. (2019), who found that the MDA level 
constantly increased during the storage. Also, 
during prolonged storage periods up to the 24th 
day, the MDA level constantly increased and 
reached to 1.41 and 1.34 mmol/g for samples 
treated with AgNPs at 250 and 500 ppm, 
respectively with non-significant differences.  

Finally, according to these results, the 
coating with AgNPs could be effective in 
maintaining lower MDA concentrations during 
room storage or cold storage. These results 
suggest that nano-coatings are a promising tool 
for preventing postharvest oxidative damage 
during storage. 

Effect of coating with AgNPs on visual decay 
(%): 

As fruits have low pH, they are more 
susceptible to fungal attacks than bacterial ones 
(Muzzaffar et al., 2018). Fungal decay is one of 
the key factors responsible for postharvest 
losses. The effect of coating with AgNPs on 
decay percentage for apricot fruits is presented 
in Table (8). In general, there has been a marked 
increase in the number of infected apricots 
during prolonged storage periods for all 
samples. However, the coating treatments 
reduced the decay percentage during storage 
periods compared to the uncoated sample. 
These results are in line with those reported by 
Mohamed et al. (2019).  

During storage at room temperature, the 
visual decay in the control apricots started with 
5% on the 4th day of storage and the infection 
rate increased with increasing storage periods 
while the infection percentage recorded 65% on 
the 6th day and 90% at the 8th days of storage. 
The coated apricot fruits don’t appear any 
infection up to the 4th day. Starting from the 6th 
day we observed decay in coated apricots, 
where the fruits coated with AgNPs at 250 and 
500 ppm recorded decay % 15 and 18%, 
respectively. At the end of storage (the 8th day), 
infection percentages increased and reached to 
38 and 27% for fruits coated with AgNPs at 250 
and 500 ppm, respectively. 

With regard to the storage of apricots on 
cold temperature, Table (8) indicated that the 
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infection rates at cold temperature were slower 
than those at room temperature. This due to the 
slow physiological processes at low-
temperature. Similar results were obtained by 
Cui et al. (2019), who found that the decay rates 
of the apricots stored at cold temperatures were 
lower than those stored at 25°C. 

Generally, up to the 12th day of cold storage, 
no sign of visible decay in coated apricot fruits 
was observed; in contrast, uncoated fruits 
showed signs of decay at the 8th day (15%) and 
reached to 65% infection on the 12th day of 
storage. Starting from the 16th day we observed 
decay in coated apricots, where the fruits 
treated with AgNPs at 250 and 500 ppm 
showed decay 15 and 10%, respectively, 
compared to control which recorded 90% 
infection at this period. These results are in 
similarity with the findings of El-Abbasy et al. 
(2018), who found that the decay incidence 
increased gradually with increasing of the cold 
storage period in apricot fruits. On the 20th day, 
uncoated fruits were completely decayed 
(100%), while apricots coated with AgNPs at 
250 and 500 ppm showed 35 and 20% infection, 
respectively. At the end of storage (the 24th day), 
the infection rates in the coated fruits were 
reached to 64 and 25% for fruits treated with 
AgNPs 250 and 500 ppm, respectively. Finally, 
the better efficiency of AgNPs coating against 
spoilage was probably due to the antimicrobial 
activity of these particles. 

Effect of washing treatment on silver 
concentration in treated fruits: 

With the increasing use of nanotechnology 
in food and consumer products, there is a need 
for accurate and precise detection for 
nanoparticles in complex matrices (Leopold et 
al., 2016). There are emphasized the necessity of 
washing for raw materials, which not only 
removed soil residues, adhering dirt’s, dusts 
and lowering microbial loads; but also had 
efficient role in the removal of some metallic 
residual. Silver concentration was quantified by 
inductively coupled plasma-optical emission 
spectrometry (ICP-OES) in apricots fruit treated 
with AgNPs solutions before and after the 
washing process by running water as shown in 
Fig (4).  

From Fig (4), it was verified that the silver 
concentrations were 3.15 and 4.26 mg Ag kg-1 
for apricot samples coated with 250 and 500 
ppm AgNPs, respectively, at initial storage. 
These concentrations reduced after the end 
storage period at room temperature to 2.87 and 
4.13 mg Ag kg-1 in the unwashed samples (with 
reduction ratios 8.89 and 3.05%, respectively) . 

Also, these initial concentrations reduced to 
2.94 and 3.99 mg Ag kg-1 in the unwashed 
samples (with reduction ratios 6.76 and 6.33%, 
respectively) after 24 days of cold storage. This 
result may be explained by the conversion of 
metallic silver (Ag0) into ionic silver (Ag+) 
which was then released from nanoparticles 
(Damm and Münstedt, 2008; Kumar-Krishnan 
et al., 2015 and Marchiore et al., 2017).   

With regard to the effect of the washing 
process, Figs (4) and (5) showed the effect of 
washing process by running water on the silver 
concentration of apricot samples coated with 
AgNPs at different levels. As a general trend, 
the washing process of coated apricot fruits 
after storing them at previously mentioned 
periods led to almost complete removal for 
silver particles by rates ranged from 99.10 to 
99.29%. 

From Figs (4) and (5), it can be concluded 
that the silver concentrations of fruits stored for 
8 days at room temperature were decreased 
from 2.87 and 4.13 mg Ag kg-1 to 0.026 and 0.035 
mg Ag kg-1 after washing (with reduction ratios 
99.1 and 99.15%) for samples coated with 250 
and 500 ppm AgNPs, respectively. While, the 
silver concentrations of fruits stored for 24 days 
at cold temperature were decreased from 2.94 
and 3.99 mg Ag kg-1 to 0.021 and 0.029 mg Ag 
kg-1 after washing (with reduction ratios 99.29 
and 99.28%) for samples coated with 250 and 
500 ppm AgNPs, respectively.  

Generally, short or long-term dietary 
investigations with AgNPs are not available, 
28-90-day gavage dosing studies with 
nanosilver indicate No Observed Adverse 
Effect Levels for traditional toxicological 
endpoints ranges from 0.5-~500 mg Ag/kg/d 
(ToxConsult 2016). Also, the levels detected in 
coated apricot samples after washing treatment 
were below the oral reference dose for silver in 
human of 0.005 mg/kg/d equivalent 0.35 mg Ag 
per person (70 kg) /day (WHO 2011).  

Effect of coating with AgNPs on the apricots 
shelf-life: 

The most important advantage of any 
antimicrobial technology is the ability to extend 
the shelf life of the food system (Moradinezhad 
and Jahani 2019). In general, the shelf life 
qualities of fruits stored at cold temperature 
(6±2°C) were better than that stored at room 
temperature (25±3°C). Data presented in Fig. (6) 
revealed that the coating treatment of apricot 
fruits can modify their spoilage profile and 
extend the shelf-life. The shelf life of apricots 
was evaluated visually from the surface color 
changes and infected spots. For instance, the 
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control sample (uncoated fruits) spoiled after 4 
days of storage at room temperature and after 8 
days of storage at cold temperature. While, both 
treated samples with AgNPs at 250 and 500 
ppm extended their shelf life to eight days at 
room temperature. It is worth noting that the 
coating treatment led to increasing the shelf life 
of fruits coated with AgNPs at 250 and 500 ppm 
to 20 and 24 days, respectively at cold 
temperature as shown in Fig (6). These results 
are important economically and have very 
promising effects for apricot producers.  

CONCLUSION 

Coatings represent one of the most 
important methods being used for preserving 
the quality of fruits and vegetables. Nanoscale 
materials have emerged as novel antimicrobial 
agents, where nanoparticles of silver were 
effective against tested pathogenic 
microorganisms. The application of AgNPs 
appears to be highly promising in the field of 
food processing for extending the shelf life of 
apricots during storage. Based on 
comprehensive comparison and evaluation, 
apricots coated by AgNPs could be kept in good 
quality for 24 days at 6°C and for 8 days at 25°C. 
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Table 1. The operating conditions for the determination of silver ions using ICP-OES . 
 

 

 

 

 

 

 

 

 

 

Table 2. DPPH-free radical scavenging activity (%) of synthesized AgNPs compared to ascorbic acid: 

Concentration (μg/mL) AgNPs Ascorbic acid Equivalent efficiency (%) 

25 25 48 52.08 

50 41 56 73.21 

75 50 63 79.36 

100 59 71 83.10 

 

Table 3. Effect of coating with AgNPs on weight loss (%) of apricots during storage at ambient 

temperature (25±3°C) and cold temperature (6±2°C): 

Means values in the same row (as a capital letter) or column (as a small letter) with different letters are significantly 

different (p ≤ 0.05).                      ND: Not determined                AgNPs: silver nanoparticles.  

 

  

Operating conditions Silver ions 

Wave length 328.068 

Intensity 82675 

Radio Frequency (RF) Plasma Torches power 

kW 

1.2 

Nebulizer flow (L/min) 0.7 

Plasma flow (L/min) 12 

Viewing mode Axial 

Background Correction Fitted 

Correlation Coefficient 0.98 

Calibration error 10% 

Calibration Fit Rational 

Limit of quantification (ug/dl) 5 

Treatment 
Storage (day) at 25±3°C Storage (day) at 6±2°C 

2 4 6 8 4 8 12 16 20 24 

Control 1.88Ca 4.65Ba 8.39Aa ND 1.20Ca 3.98Ba 6.50Aa ND ND ND 

AgNPs 

ppm 

250 1.85Da 3.48Cb 5.45Bb 6.80Aa 1.13Fa 2.83Eb 4.01Db 5.37Ca 6.51Ba 8.87Aa 

500 1.74Da 3.41Cb 5.33Bb 6.62Aa 1.16Fa 2.81Eb 3.94Db 5.20Ca 6.29Bb 8.13Ab 
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Table 4. Effect of coating with AgNPs on total soluble solids (%) for apricots during storage at ambient 

temperature (25±3°C) and cold temperature (6±2°C): 

Means values in the same row (as a capital letter) or column (as a small letter) with different letters are significantly 

different (p ≤ 0.05).                      ND: Not determined                AgNPs: silver nanoparticles.  

 

Table 5. Effect of coating with AgNPs on total acidity (g malic acid/100g) for apricots during storage at 

ambient temperature (25±3°C) and cold temperature (6±2°C): 

Means values in the same row (as a capital letter) or column (as a small letter) with different letters are significantly 

different (p ≤ 0.05).                      ND: Not determined                AgNPs: silver nanoparticles.  

 

Table 6. Effect of coating with AgNPs on the total carotenoids content (mg/kg FM) during storage at 

ambient temperature (25±3°C) and cold temperature (6±2°C): 

Means values in the same row (as a capital letter) or column (as a small letter) with different letters are significantly 

different (p ≤ 0.05).                      ND: Not determined                AgNPs: silver nanoparticles. 

 

Table 7. Effect of coating with AgNPs on the malondialdehyde concentration (mmol/g) of apricots 

during storage at ambient temperature (25±3°C) and cold temperature (6±2°C): 

Means values in the same row (as a capital letter) or column (as a small letter) with different letters are significantly 

different (p ≤ 0.05).                      ND: Not determined                AgNPs: silver nanoparticles.  

 

Treatment 
Storage (day) at 25±3°C Storage (day) at 6±2°C 

0 2 4 6 8 0 4 8 12 16 20 24 

Control 11.54Da 13.11Ca 14.87Ba 15.80Aa ND 11.54Ca 12.28Ba 13.23Aa 13.68Aa ND ND ND 

AgNPs  

Ppm 

250 11.52Ca 12.92Ba 13.41ABb 13.96Ab 14.31Aa 11.52Ca 12.11BCa 12.77ABa 13.18Aa 13.45Aa 13.49Aa 13.61Aa 

500 11.53Ca 12.80Ba 13.38ABb 13.77Ab 14.02Aa 11.53Da 12.08CDa 12.51BCa 12.95ABa 13.21Aa 13.62Aa 13.63Aa 

Treatment 

Storage (day) at 25±3°C Storage (day) at 6±2°C 

0 2 4 6 8 0 4 8 12 16 20 24 

Control 0.95Aa 0.76Ba 0.62Ba 0.40Cb ND 0.95Aa 0.80Aa 0.62Bb 0.47Bb ND ND ND 

AgNPs 

Ppm 

250 0.94Aa 0.81ABa 0.70BCa 0.58CDa 0.47Da 0.94Aa 0.90Aa 0.84ABa 0.80ABa 0.69BCa 0.57Ca 0.45Da 

500 0.94Aa 0.80ABa 0.71BCa 0.59CDa 0.49Da 0.94Aa 0.91Aa 0.86ABa 0.77ABCa 0.70BCa 0.61CDa 0.49Da 

Treatment 
Storage (day) at 25±3°C Storage (day) at 6±2°C 

0 2 4 6 8 0 4 8 12 16 20 24 

Control Ca101.0 Ba107.2 Aa121.2 BCb104.0 ND Ca101.0 Ba105.3 Aa113.0 BCb103.1 ND ND ND 

AgNPs  

Ppm 

250 Da100.8 Ca105.6 Bab117.6 Aa123.1 Aa123.2 Ea100.8 Ea103.8 Db107.7 Ca116.6 Ba127.4 Aa134.2 135.1Ab 

500 Da100.7 Ca105.3 Bb117.0 Aa121.8 Aa123.9 Fa100.7 EFa104.0 Eb107.5 Da114.9 Ca125.0 Ba133.4 Aa144.8 

Treatment 

Storage (day) at 25±3°C Storage (day) at 6±2°C 

0 2 4 6 8 0 4 8 12 16 20 24 

Control 0.92Da 0.99Ca 1.28Ba 1.77Aa ND 0.92Ca 0.96Ca 1.25Ba 1.71Aa ND ND ND 

AgNPs 

Ppm 

250 0.92Ba 0.95Ba 1.02ABb 1.13ABb 1.27Aa 0.92Ca 0.93Ca 0.99BCb 1.08BCb 1.19Aa 1.38Aa 1.41Aa 

500 0.92Ba 0.92Ba 0.98Bb 1.09ABb 1.22Aa 0.92Ca 0.92Ca 0.95Cb 1.01BCb 1.08BCa 1.17Aa 1.34Aa 
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Table 8. Effect of coating with AgNPs on visual decay (%) for apricots during storage at room 

temperature (25±3°C) and cold temperature (6±2°C): 

 

 

 

(A)      (B) 

Fig. 1. (A) AgNO3 solution with starch and NaOH before reduction  (B) Final silver dispersion formed 

after reduction 

Treatment 
Storage (day) at 25±3°C Storage (day) at 6±2°C 

0 2 4 6 8 0 4 8 12 16 20 24 

Control ND 0 5 65 90 ND 0 15 65 90 100 ND 

AgNPs 

ppm 

250 ND 0 0 15 38 ND 0 0 0 15 35 64 

500 ND 0 0 18 27 ND 0 0 0 10 20 25 
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Fig. 2. Transmission electron microscopy micrograph of AgNPs 

 

 

 

Fig. 3. Effect of AgNPs on inhibition growth of tested microorganisms 
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Fig. 4. Silver concentration (mg/kg) in coated apricots. 

 
Fig. 5. Reduction (%) of silver particles in washed apricot samples 

 

Fig. 6. Shelf-life periods of apricot samples 
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