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ABSTRACT
Increasing the storage life and enhancing quality of peach fruits [Prunus persica (L.) Bastch.]
"cv. Desert Red" was investigated using nano-chitosan. A Chitosan nano particle was prepared by
using high energy ball milling. The full mature peach fruits was harvested then coated with one of
these concentrations (0.2, 0.4 and 0.8%) and control. The fruits stored at 0±1°C and 90-95% relative
humidity for 28 days. The quality parameters were taken in weekly intervals after 7, 14, 21 and 28
days. The results of the two successive seasons 2015 / 16 indicated that the nano-chitosan 0.4%
treatment gave the lowest fruit decay percentage (FD %) and TSS/acid ratio compared with other
treatments in both seasons. The Highest concentration of nano-chitosan reduced fruit weight losses
(FWL) and maintained fruit pulp firmness (FPF). In the advance of cold storage period, FWL, FD%
and TSS/acid ratio were gradually increased. While, FPF, TSS and acidity were decreased. The best
qualities of peach fruits were obtained from the 0.4% nano-chitosan treatment after 28 days of cold
storage, while 0.8% nano-chitosan treatment increased FD%.
Key words: Nano-chitosan, Edible coating, Peach, Desert Red, Storage period and Fruit quality.
Introduction
Peach is an agriculturally important deciduous fruits of global significance. It is widespread in
the newly reclaimed areas in Egypt in the last decade (El-Badawy, 2012). Recently, the production
and commercialization of stone fruits especially peaches have increased quickly throughout the world
because of its high nutrient level and pleasant flavor. Furthermore, peach fruits are rich with ascorbic
acid, carotenoids (pro-vitamin A), phenolic compounds and considered a prime source for
antioxidants (Byrne, 2001; Tomás-Barberán et al., 2001). Peach [Prunus persica (L.) Bastch.] "cv.
Desert Red " is an early ripening cultivar under the Egyptian conditions.
Nowadays, using the nanoparticles of chemical substances has a great scientific interest as they
are effectively connect between bulk materials and atomic or molecular structures. A bulk material
should have constant physical properties regardless of its size, but at the nanoscale, size-dependent
properties are often observed to be changed. In addition, the percentage of atoms at the surface of a
material becomes significant as compared to the number of atoms in the bulk of the material (Mavani
and Shah, 2013).
Nanoparticles of materials are used for its wide surface area which in role induce high reactivity,
effective catalyst of plant metabolism, better penetration into the cell and increase plant activity
(Raliya et al., 2014).
The consumer demands are increasing day after day not only for high quality but also for a
microbiologically safe food, together along with longer product shelf life. Achieving these goals
together put the scientists in a challenge to develop new food preservative strategies. One of these
strategies is to use the edible films from polysaccharides and lipids that could potentially serve as
edible coating materials (Olivas and Barbosa-Cánovas, 2008; Sothornvit et al., 2007).
Chitosan is a natural carbohydrate polymer derived by deacetylation of chitin [poly-β-(1→4)-Nacetyl-D-glucosamine], which is a major component of the crustacean shells such as crab, shrimp, and
crawfish. Chitosan has three types of relative functional groups such as an amino groups and primary
and secondary hydroxyl group at C-2, C-3 and C-6 positions respectively. (Aranaz et al., 2009)
studied the physic-chemical behavioral and functional properties of chitin and chitosan and also
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studied specific applications in drug delivery, tissue engineering, functional food, food preservative,
biocatalyst, immobilization, waste water treatment, molecular imprinting and metal-nano-composites.
Biopolymer thin layer containing chitosan as antimicrobial agent were using. The films were
characterized using FTIR spectroscopy. FTIR spectra of the pure components reveal strong absorption
bands (Anicuta et al., 2010; Dainelli et al., 2008). It is a high molecular weight cationic
polysaccharide that exhibits the antifungal activity (Ziani et al., 2009a) and has film-forming
properties (Arvanitoyannis, 2008; Sebti et al., 2005). Chitosan-based films have good mechanical
properties and selective gas permeability (CO2 and O2). However, the high water vapor permeability
limits their application (Campos et al., 2011). Chitosan is the polysaccharide most frequently used as
a base material for forming films and coatings in food packaging due to its intrinsic antimicrobial and
edible properties (Chiellini, 2008). Therefore, it was extensively used to protect, improve quality and
extend the shelf life of fresh foods (Campos et al., 2011). In this respect, chitosan coating was safe
and effective method for extending shelf life of strawberry fruits (Vargas et al., 2006). In addition, it
maintained the total postharvest quality of tomatoes (Mustafa et al., 2012). Furthermore chitosan
resulted in better control of postharvest rots in apple fruits (de Capdeville et al., 2002a) sweet cherries
(Romanazzi et al., 2003a) citrus fruits (El-Ghaouth et al., 2000) papaya fruits (Bautista-Baños et al.,
2003) and carrots (Molloy et al., 2004).
In order to improve chitosan’s performance, a mechanical treatment using high-energy ball
milling was performed in order to minimize the particle size to enter the range of nanometer.
Therefore, the aim of the present study is to investigate the effect of chitosan nanoparticles coating on
the storage life and quality of peach fruits.
Materials and Methods
Sample preparation:
Chitosan nano crystallite powder was synthesized by high-energy ball milling. Powder mixture
was conducted in a planetary ball mill to 40 h using ball to powder mass ratio of (8:1).
Structural and spectral measurement:
The chitosan samples were examined by X-ray diffraction using a Philips model (PW-1729)
diffract meter equipped with Cu Kα radiation source (λ = 1.541178 Å). Infrared spectra (FTIR) for
the chitosan samples were carried out at room temperature by using a PERKIN-ELMER-1430
recording infrared spectra in the range 200 to 4000 cm-1 (at Tanta University, Central lab. The
microstructure of the sintered samples examined using High Resolution Transmission Electron
Microscope (HRTEM) model JOEL EM 2-100).
Plant materials:
Desert red, a peach cultivar (Prunus persica L.) was used in this experiment during the both
2015 / 16 seasons. The experiment was carried out at the post-harvest laboratory of Horticulture
Department, Faculty of Agriculture, and Zagazig University, Egypt. The fruits of this cultivar were
obtained from a private orchard at El-Tahrer north district, El-Bihira Governorate, Egypt. The chosen
trees were similar, aged six years old, grafted on nemaguard rootstock, grown in sandy soil at 5×5
meters apart.
Fruits were picked at the first of June using small clippers then packed in carton boxes and
directly transferred to the lab. The harvested fruits were mature (at the optimal commercial fresh
market flavor development). Chosen fruits were healthy and free of physiological and pathological
disorders. Finally, it was washed using tap water then air-dried before treatment. The characteristics
of the chosen fruits expressed as average are shown in Table 1.
The experimental design was factorial (4×4) in a complete randomized design, in three replicate
and each replicate contained 30 uniform fruits. The main factor was nano-chitosan coating
applications (0.0, 0.2, 0.4 and 0.8%) and the sub-main factor was cold storage periods (7, 14, 21 and
28 days).
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Table 1: Characteristics of the used fruits storage treatments:
Parameter
1st season
Pulp firmness (g/ cm2)
1443
TSS (Brix°)
10.4
Acidity (%)
1.07
TSS/Acidity Ratio
9.72

2nd season
1317
11.2
1.24
9.03

Nano-chitosan treated fruits were air-dried, while in the control treatment water were used
instead of the nano-chitosan. All treated and untreated fruits were then packed in perforated (0.06% of
area) 20 micron thickness low density polyethylene (LDPE) bags then stored at 0±1°C and 90-95%
relative humidity for 28 days. The quality parameters were recorded after 7, 14, 21 and 28 days.
Data recorded:
A sample of thirty fruits for each treatment was randomly taken after the tested cold storage
periods of each treatment were used for determinations.
Fruit weight losses (FWL) (%):
The fruits were weighed before cold storage to obtain the initial weight, and then weighed after
each period of cold storage. FWL % were calculated according to the following equation:
Wi  Ws
FWL % 
 100 .
Wi
Where, Wi = fruit weight at initial date, Ws = fruit weight at sampling date (Hazali et al., 2013)
(Ibrahim and Gad, 2015).
Fruit decay percentage (FD %): It was determined as percentage of rotted fruits by various fungi.
Fruit pulp firmness (FPF): For determining fruit pulp, firmness five fruits per replicate were used. It
was measured using a Push Pull dynamometer (Model FD 101) and the results were expressed as
gram (g/cm2) (Ibrahim and Gad, 2015).
4. Total acidity (TA) (%): It was determined using the titration method (Hazali et al., 2013).
Total soluble solids percentage (TSS): It was determined using a hand refractometer and the results
were expressed as Brix° (Hazali et al., 2013).
TSS / acid ratio: (Ibrahim and Gad, 2015).
Statistical analysis:
Statistical analyses were conducted for all collected data using the Statistic 9 (2008) according to
the methodology given by (Snedecor and Cochran, 1989) and the least significant difference test (P <
0.05) was used to investigate the significant differences among the treatments for all tested
parameters. The figures were drawn using the GraphPad Prism version 6.00 for Windows, (Prism,
2014).
Results
1- Structural and spectral analysis:
FTIR analysis:
The characteristic absorption of the chitosan is the band at 1559.17 cm-1, which is assigned to the
stretching vibration of amino group of chitosan and 1333.5 cm-1 assigned to vibration of C-H2. 1650.95 was
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due to C=O stretching (amide I). Another band at 3367.1 is due to amine NH symmetric vibration or
indicates symmetric stretching vibration of O-H. The peak of 2927.41 cm-1 is typical C-H stretch vibration.
The peaks around 896.73 and 1154.19 cm-1 correspond to saccharide structure of chitosan. The broad peak at
1021 and 1080.91 indicates C-O stretching vibration. The broad peak at 1080.91, which indicates C-O
stretching vibration in the spectrum of chitosan (Fernandes et al., 2011). The sharp peak at 1384 cm-1 was
assigned to CH3 in amide group [32]. The absorption bands at 1151 cm-1 was assigned to the anti-symmetric
stretching of C-O-C bridge, and 1098 and 1021 cm-1 were assigned to the skeletal vibrations involving the
C-O stretching (Silva et al., 2012).
Chitosan was characterized in terms of N-acetylation degree and average molecular weight. The degree
of N-acetylation (DA) was determined by FT-IR spectroscopy. The amide-I band (ν = 1655 cm−1) was used
as the analytical band and the hydroxyl band (ν = 3450 cm−1) as the internal reference band. The DA was
calculated according to the method proposed by (Amaral et al., 2005; Baxter et al., 1992), as follows: DA
(%) = (A1655/A3450) × 115
The degree of deacetylation (DD) serves as a diagnostic to classify the biopolymer as chitin or
chitosan .In the present study the value of degree of deacetylation (DD) = 65%.
There are three characterization peaks of chitosan at 3424 cm−1 of ν (O-H), 1092 cm−1 of ν(C- O -C)
and 1610 cm−1 of ν (N-H2). The spectrum of chitosan after milling (Fig. 2A) is different from that of
chitosan. In chitosan nanoparticles the peak of 3424 cm−1 becomes wider, indicating that hydrogen bonding
is enhanced and shifted to 3445. In chitosan nanoparticles, the 1610 cm−1 peak of NH2 bending vibration
shifts to 1532 cm−1 and a new sharp peak 1640 cm−1 appears.
X-Ray analysis:
Figure shows the X-ray diffraction pattern of pure Chitosan. The XRD analysis was used to study the
crystallinity of the chitosan samples. The peaks at 2θ=10° and 20.09° for pure chitosan confirms the semi
crystalline nature. The less broad peaks appeared after milling indicates that the sample is going from
amorphous to crystalline nature (Martínez-Camacho et al., 2010; Monteiro and Airoldi, 1999). It is well
known that the rigid crystalline structure of pure Chitosan is stabilized mainly by intra and intermolecular
Hydrogen bonds (Vijayalakshmi et al., 2014; Wan et al., 2004). The distinct crystalline peaks at around 2θ
values 100 and 200 are due the presence of plenty of –OH and –NH2 groups in the chitosan structure, which
could form stronger inter and intermolecular hydrogen bonds (Wanule et al., 2014).
The XRD of the prepared chitosan after milling shows shift in 2θ value also the nature of the peak is
different compared with the XRD of pure chitosan before milling, confirms the change in crystallite particles
size and its physical properties. The particle size of the chitosan after ball milling was calculated using sheerer
equation.

t

0.9
B cos 

Where B is the full width at half maximum (FWHM) in radian. The estimated value of particle size was
about 50 nm.
TEM analysis:
Transmission electron microscope (TEM) imaging showed a spherical, smooth and almost homogenous
structure for nanoparticles. In the present study, TEM images (Photo 1) have shown the morphological
properties and surface appearance of nanoparticles, which have nearly spherical shape, smooth surface and
size range of about 50-35 nm, which confirm the result of XRD. The size of chitosan nanoparticles, as
evident from the TEM images was found to be 50 nm. .TEM analysis of chitosan nanoparticles showed
uniform size distribution in nanometer range. The average particle size was found to be 43 nm (Manchanda
and Nimesh, 2010). The tem image for chitosan before exposed to milling process, illustrates that the particle
size was in the µm range.
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Photo 1: TEM images
2. Effect of treatments on fruits attributes:
Data in Table. 1 indicates that nano-chitosan treatments significantly maintained quality of “Desert
Red” peach fruits. Higher concentrations of nano-chitosan reduced FWL and maintained FPF, while
increased FD%. The nano-chitosan 0.4% treatment gave the lowest FD% and TSS/acid ratio
compared with other treatments in both seasons. The nano-chitosan 0.4 and 0.8% increased TA
compared with control and 0.2% in the first season only.
Table 1: Effect of nano chitosan concentrations on fruit weight losses percentage, fruit decay percentage, fruit pulp
firmness, total soluble solids, total acidity percentage and TSS/acid ratio in 2015 and 2016 seasons.
Fruit
Fruit pulp
Total soluble
Fruit decay
Total acidity
TSS/Acid
weight
firmness
solids
(%)
(%)
ratio
Treatments
losses (%)
(g/cm2)
(Brix°)
st
1 Season
Chitosan 0.0 %
1.26 a
32.50 a
279.17 b
10.17 a
0.56 b
20.54 a
Chitosan 0.2 %
0.90 b
12.92 b
276.42 b
9.79 a
0.55 b
20.30 a
Chitosan 0.4 %
0.84 b
4.17 b
332.50 a
10.08 a
0.65 a
16.32 b
Chitosan 0.8 %
0.93 b
27.92 a
353.30 a
10.00 a
0.62 a
17.99 b
2nd Season
Chitosan 0.0 %
1.18 a
30.83 a
269.86 b
10.54 a
0.58 a
20.34 a
Chitosan 0.2 %
1.01 b
12.08 b
277.78 b
9.96 b
0.54 a
20.35 a
Chitosan 0.4 %
0.78 c
5.83 b
354.72 a
10.25 ab
0.65 a
16.77 b
Chitosan 0.8 %
0.84 c
27.5 a
348.33 a
10.21 ab
0.58 a
20.22 a

3. Effect of cold storage period on fruits attributes:
In order to investigate the effect of cold storage for different periods (7, 14, 21, 28 days), the fruit quality
characters were determined (Fig. 1). FWL, FD% and TSS/acid ratio were gradually increased with the
advance in cold storage period. The highest values were recorded in fruits stored for 28 days. On the other
hand, the highest values for FPF, TSS and acidity were obtained after seven days of cold storage, then
decreased gradually afterwards. As shown in Fig 1 B, there was no fruit decay during the first two weeks,
while, after 2 weeks the fruit decay started to increase and reached to the highest value at 28 days. At 7 days,
the TSS was 10.73 and 10.63 Brix°at the first and second seasons, respectively, which were the highest
values then stared to decrease slightly at 14 and 21 days and finally decreased significantly to reach to the
lowest values at 28 days.
4. Effect of interaction treatments on fruits attributes:
The effect of the interaction between Nano-chitosan concentrations and cold storage period on fruit
quality characteristics are presented in Figs 2 and 3. It is clear from Fig 2 that the lowest value of FWL and
FD% was obtained in the fruits coated with 0.4% nano-chitosan after storing for seven days and 28 days,
respectively, in both seasons. Although the highest nano-chitosan concentration (0.8%) increased FD% and
gave high FPF in the first week then decreased as compared with 0.4% in both seasons. Storing fruits for 28
days gave significantly the lowest TSS, acidity in all treatments, whereas the highest TSS/acid ratio in all
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treatments in the two seasons as shown in figs. 2 and 3. Fruits didn’t have decay till 14 days with all
interaction treatments, and then the fruit decay appeared after 14 days and increased till giving the highest
fruit decay at 28 days. As clear from Fig 4 a & b that TSS didn’t affected significantly with the cold storage
durations interacted with different Nano-chitosan concentrations.

Fig. 1: Effect of cold storage period on fruit weight losses percentage (A), fruit decay percentage (B), fruit
pulp firmness (C), total soluble solids (D), total acidity percentage (E) and TSS/acid ratio (F) in 2015
and 2016 seasons.
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Fig. 2: Effect of the interaction between nano chitosan concentrations and cold storage period on fruit weight
losses percentage (A and B), fruit decay percentage (C and D) and fruit pulp firmness (E and F) in
2015 and 2016 seasons, respectively.
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Fig. 3: Effect of the interaction between nano chitosan concentrations and cold storage period on total soluble
solids (A and B), total acidity percentage (C and D) and TSS/acid ratio (E and F) in 2015 and 2016
seasons, respectively.
Discussion
Due to the good film-forming capacity of chitosan, it was extensively used to protect, improve quality
and extend the shelf life of fresh foods (Fan et al., 2009). Chitosan coatings can extend the storage life of
fruits and vegetables. It forms a semipermeable film on the fruit surface, which would modify the gas
exchange between the outer atmosphere and the internal gas composition (Li and Yu, 2001), and
reduces transpiration, water loses and slowed the fruit ripening (Bautista-Baños et al., 2006). The
water vapor transmission rate of the chitosan-coated films decreased gradually as the concentration of
chitosan coating solution increased (Chiellini, 2008). Chitosan in combination with modified
atmosphere packaging maintained fruits quality (Simões et al., 2009). Water loss can be one of the main
causes of deterioration, since it not only resulted in direct quantities losses, but also causes losses in
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appearance (due to wilting and shriveling) and nutritional quality (Kader, 1986). The weight loss is a result of
water loss from the fruit tissues and partially of the respiration process (Hussein et al., 1998).
The reduction of water loss resulted from using chitosan has been reported for numerous horticultural
commodities such as tomatoes, longan, apples, mangoes, bananas, bell peppers, Peach, strawberries, etc. (Du
et al., 1997; Du et al., 1998; El-Badawy, 2012; Eshghi et al., 2014; Ghaouth et al., 1991b; Jiang and Li, 2001;
Kittur et al., 2001).
The loss of firmness of the chitosan-treated fruits was delayed, suggesting that peach fruit ripening
delayed, hence resulting in firmer fruit (Bautista-Baños et al., 2003). According to (Hussein et al., 1998) rate
of insoluble protopectins degradation to simple pectins was increased with the progress of storage period.
Also, Pectinesterase activity is expected to increase progressively during storage and as a result decrease
hardiness of fruit peel and pulp during storage, as reported by (Ponomarev, 1986) on pear. The loss of
firmness is related to the degradation of the cellular wall by poligacturonasis and pectinametilesterasis
enzymes and to the loss of water (Kays, 1991).
The reduction in fruit firmness with increasing cold storage period is agreed with the results obtained by
(Viskelis et al., 2011) on apples. several examples indicated that in strawberries, raspberries, tomatoes,
peaches, papayas and others was delayed during the storage period and various reports indicate that the
treated fruit was firmer at the end of storage (Bautista-Baños et al., 2003; El-Badawy, 2012; El Ghaouth et
al., 1992a; El Ghaouth et al., 1992b; Ghaouth et al., 1991a; Li and Yu, 2001).
The acidity was slowly reduced in the chitosan-treated fruits at the end of the storage period, associating
this decrease with loss of eating quality (El Ghaouth et al., 1992b; Jiang and Li, 2001; Li and Yu, 2001;
Srinivasa et al., 2002). Decreasing TA during storage period might be due to destruction of organic acids
through oxidation and their consumption in respiration processes within fruit tissues. Progress of storage
period was found to raise respiration rate of the fresh fruits (Hussein et al., 1998).
Chitosan creates a coating film, recorded that chitosan coating often inhibits CO2 production;
consequently ethylene production of the commodity. The inhibitory effect of chitosan on decay derives from
the combination of its antifungal and eliciting properties. Indeed, chitosan inhibits the in vitro growth of many
fungi, including some species causing decay on fruits and vegetables. Also, chitosan coating protecting fruit
skin from mechanical injuries and sealing small wounds (Ribeiro et al., 2007). Chitosan can reduce disease
severity, possibly by increasing the activity of PAL and PPO, lignification resulting from increased
biosynthesis of phenolic compounds or induced secondary metabolites and SAR (Apiradee et al., 2007).
The antimicrobial activity of chitosan is linked to its positively charged amino group which interacts
with negatively charged microbial cell membrane promoting an increase in their permeability and causing
disruptions that lead to cell death (Ziani et al., 2009b). It was demonstrated that chitosan inhibited the growth
of many spoilage and pathogenic bacteria and also yeast and molds (No et al., 2007; Roller, 2003).
Antimicrobial activity depends on the type of chitosan, degree of acetylation, molecular weight, the target
microorganism, the pH of the medium, and presence of other additives or food components (Aider, 2010).
Increasing FD% in 0.8% nano-chitosan appeared as spoilage and darkening in the fruit skin but no rots
were observed. So, the high concentrations of nano-particle materials may cause bad effects especially soft
fruits as peaches. The inhibitory effect of chitosan on decay was in line with (de Capdeville et al., 2002b) on
apple; (Romanazzi et al., 2003b) on sweet cherries, table grapes and oranges; (Bautista-Baños et al., 2003) on
papaya and (El-Badawy, 2012) on peach.
Generally, at the end of the storage period, numerous studies reported that TA was increased on the
chitosan-treated commodity (strawberries, tomatoes, and peaches), while in other crops such as mangoes and
longan, acidity was slowly reduced, associating this decrease with loss of eating quality (El Ghaouth et al.,
1992b; Jiang and Li, 2001; Li and Yu, 2001; Srinivasa et al., 2002). After storage, TSS of chitosan-treated
fruits differed according to the commodity. Lower TSS that control fruit were reported in mangoes and
bananas coated with chitosan while higher values were reported on treated peaches. However, other studies
reported that TSS of chitosan-dipped papayas and zucchinis were the same as the untreated fruit (BautistaBaños et al., 2003; Constantino et al., 2001; Du et al., 1997; Kittur et al., 2001; Srinivasa et al., 2002). The
content of ascorbic acid was also evaluated in chitosan-treated mango and peaches (Li and Yu, 2001;
Srinivasa et al., 2002). In those studies, the content of this vitamin in the treated mango gradually decreased
during the storage period and was lower than in untreated fruit. However, for peaches, the content of ascorbic
acid was higher in chitosan-treated fruit when compared within untreated.
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