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ABSTRACT 
This work focuses on surface modification of polyethylene films by ammonium persulphate/ferric nitrate 

mixtures and coating of silver nanoparticles on the surface of treated film. For this purpose, the surface ofpolyethylene 
film was treated with ammonium persulphate/ferric nitrate mixtures and then the modified polymeric film was im
mersed in a solution of silver nanoparticles that was synthesized by plant extract reduction of silver salt using mango 
peel extract. The antimicrobial activity of silver/polyethylene nanocomposite was evaluated and then it was used as 
an active package to extend shelf life of strawberry during storage at 4°C. The obtained results showed that, silveri 
polyethylene nanocomposite film has high antimicrobial properties against Listeria monocytogenes, Pseudomonase 
aeroginosa and Fusarium oxysporum_ Finally, the strawberry storage indicated that, strawberry rapped in silver/poly
ethylene nanocomposite had values of weight loss, pH and·total aerobic bacteria count as well as yeast and mold count 
lower than other samples(unwrapped and wrapped in native polyethylene). 

/	 
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INTRODUCTION 
Strawberries are a good source of natural an


tioxidants (Wang & Lin, 2000). In addition to the
 
/ usual nutrients, such as vitamins and minerals,
 

strawberries are also rich in anthocyanins, flavo

noids, and phenolic acids (Heinonen et aI., 1998).
 
Nowadays, consumption of fresh fruits and vegeta

bles has attracted increasing attention due to thcir
 
high nutritional values. Nevertheless, the major
 
problem with fruits and vegetable is their perish
, 
able nature causing a great deal of troubles (Han 

, 
r 

/	 et al., 2004). Thus, there is an urgent nccd to have 
alternative technologies to minimize the undesir
able physicochemical and physiological changes 

./ of strawberries during storage. Many techniques
/ 

have been studied in order to extend the shelf life
./ 

( of fresh produces for example, low temperature 

/ and high relative humidity, controlled and modi
fied atmosphere packaging, etc. However, each has 

./ 
I advantages and disadvantages. 

/ 
-- ,- Active packaging is an innovative area, 
.-/ which causes food products to have better senso
I 

rial features and extended shelf-life, thus ensuring 
( enhanced food quality and safety (Soares et al., 

,-
2009). One of the most modem active packaging 

/ 

(
, 

/ 
/

-J 

systems is polymer/metal nanocomposite matcrials 
(Mbhele et al., 2003)_ Therc are several polymers 
havc been used for the preparation ofpolymer/met
al nanocompositc such as polyethylene (PE) (Deh
navi et al., 2013), ethylene vinyl alcohol (EVOH), 
and polypropylene (PP) (Muricl-Galct et aI., 2012). 
Low-density polyethylenc (LDPE) is a thermoplas
tic polymer that is widely utilized in food packag
ing because of acceptable flexibility, transparency, 
casy process ability, thermal stability, environmen
tal recyclability, and inexpensive propcrties (Park 
& Jin, 2001). 

Two methods have been used traditionally to 
preparc the polymer/metal nanocomposite materi
als, including fillers dispersed in the polymer matrix 
and mctal fillers formed in the polymer matrix from 
a metal complex (Clemenson et al., 2007). Scveral 
compounds have been employed as antibacterial 
agents in fabrication of antibacterial films. Among 
them, silver nanoparticles have widely been used 
as an antimicrobial agent (Chen et al., 2013), due 
to their high thermal stability and long-term antimi
crobial activity against a broad spectrum of bacte
ria, viruses, and fungi. 

Silver is a nontoxic, safe inorganic antibacte
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rial agent that is capable of killing about 650 types 
of diseases causing microorganisms (Jeong et aI., 
2005). The bactericidal effect of silver has been 
attributed to their small size and high surface to 
volume ratio, which allows them to interact closely 
with microbial cell membranes and is not merely 
due to the release ofmetal ions in solution (Rupare
lia et aI., 2008). Synthesis of silver nanoparticles 
was extensively studied employing chemical and 
physical methods, but the development of reliable 
technology to produce nanoparticles is an important 
aspect of nanotechnology (Natarajan et aI., 2010). 
Although existing chemical and physical methods 
have successfully produced well defined silver na
noparticles, these processes are usually costly and 
involve the use oftoxic chemicals. In addition, syn
thesis of silver nanoparticles using chemical meth
ods could still lead to the presence of some toxic 
chemical species being adsorbed onto the surface 
of nanoparticles which may cause adverse effects 
in their applications. The plants or plant extracts, 
which act as reducing and capping agents for na
noparticles synthesis, are more advantageous over 
other biological processes (Valli & Vaseeharan, 
2012), because they eliminate the elaborated pro
cess of culturing and maintaining of the cell, and 
can also be scaled up for large-scale nanoparticle 
synthesis (Saxena et al., 2012). Moreover, plant
mediated nanoparticles synthesis is preferred be
cause it is cost-effective, environmentally friendly, 
a single-step method for biosynthesis process and 
safe for human therapeutic use (Kumar &Yadav, 
2009). Different parts of plant materials such as 
mango peel extract has been studied so far for the 
synthesis of silver nanoparticles in different sizes 
and shapes (Yang &Li, 2013). 

Mango is consumed all over the world. The 
production of this fruit is very high. After consump
tion of the pulp, the peel is generally discarded. In 
the literature there are a few applications of this 
peel (Zainuri et aI., 2012). This study hypothesized 
that the polymers composing mango peel such as 
polysaccharide, lignin, flavonoid, hemicellulose 
and pectin (Wilkinson et at., 2011) could be ap
plied in the synthesis of silver nanoparticles. 

The main goal ofthe present study is to produce 
phyto-nanosilver using mango peel extract in order 
to prepare silver/polyethylene nanocomposite film. 
In addition, the antibacterial properties ofthe nano
composite films against Pseudomonase aeroginosa 
as a model Gram-negative bacterium and Listeria 
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monocytogenes as a model Gram-positive bacteri
um and Fusarium 0xyspol7lm were determined. Fi
nally, evaluation the effect of wrapping strawberry 
by silver/polyethylene nanocomposite films on its 
physicochemical parameters during storage. 

MATERIA~S AND METHODS 

Materials: 

Blown films LDPE having a thickness of 100 
JlDl and a density of 0.92 g/cm3, strawberry and 
mango peels were purchased from local market in 
Kafrelshiekh governorate, Egypt. All microorgan
isms' strains Listeria monocytogenes, Pseudomon
ase aeroginosa and Fusarium 0xyspol7lm were 
kindly provided by the Plant Pathology Depart
ment, Faculty of Agriculture, Kafr El-sheikh Uni
versity. Nutrient agar medium (NAM) and potatoes 
dextrose agar (PDA) used in the microbial tests 
were purchased from Merck Co. Ltd. (Dannstadt, 
Germany). The applied reagents were of the high
est purity available and purchased from the Sigrna

.Aldrich Chemical Company (St. Louis, Mo., USA). 

Preparation of peel extract 

Mango peels were washed thoroughly with 
......distilled water. Such peels (l00 g) were added to 

250 mL distilled water and crushed by a juicer. 
The extract was filtered through a cheese cloth and 
stored at -4°C for further experiments. 

Biosynthesis of silver nanoparticles " 
To optimize the synthesis route for producing
 

the silver nanoparticles (AgNPs), three ml of aque

ous peel extract were added to the 27 ml aqueous
 
solution of 1 mM AgN03. The reduction of silver
 """ 
ions takes place within 30 min at 80°C. The col

\ ...our change of the solution viz., brownish-orange 
colour was observed, indicating the formation of 
silver nanoparticles (Yang & Li, 2013). 

..... 
Modification of LDP plastics \ 

All raw LDP plastics which were cut at the di " .... 
mensions of 4x4xO.I cm (LxWxH) were cleaned .... 
overnight by acetone to remove the oil and impuri

ties on the surface. The LDP was then immersed in ...
 
a solution composed of 0.5 M ammonium persul

phate solution and 1 M ferric nitrate solution at the
 

.....volume ratio I: I. It was then stirred continuously to 
modify the substrate under various time periods at .... 
6 hrs. Modified LDP was immersed in biosynthesis 

....silver nanoparticles solution for 3 hrs. After that, ........
 

'", 

" 
"""'-.......
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LOP was removed and placed in a circular oven 
(controlled at lOO°C) for 20 min (Wu et al., 2012). 

Antimicrobial test 

Antimicrobial efficiency of the silver/polyeth
ylene nanocomposite films against Listeria monocy-. 
togenes and Pseudomonas aeroginosa was carried 
out by agar diffusion method as described by Sad
eghnejad et al (2014). The agar diffusion method 
was performed using nutrient agar medium in case 
of bacteria or potatoes dextrose agar in case of fun
gi. The test was initiated by pouring the media onto 
sterilized Petri dishes and was allowed to solidify. 
I00 ~ of incubated testing microbial solution (108 

CFU/mL) was spread uniformly over thc plate. Each 
film sample of 1.5 cm x 1.5 cm in size was placed on 
the medium surface. The Petri dishes were incubated 
for 1 day at 37°C. The clear zone formed around the 
samples was recorded as an indication of inhibition 
of the microbial species. Control experiments were 
performed with uncoatcd PE. 

Storage experiment 

Strawberry was selected for uniformity, shape, 
colour, and size, and any blemished or diseased 
fruits were discarded. The fruits (::::; 35 g) were ran
domly distributed into three groups. The first one 
was left without rapping, while the second one was 
rapped with native polyethylene and the last one 
was rapped with modified PE at 4°C for 12 days. 
Each three days, some parameters were determined. 

Weight loss, pH value, titratable acidity, total 
microbial count, yeast and mould count were.deter
mined by the methods described in AOAC (2000) . 
Finally, to quantify the silver ion release from the 
coated LOPE films, a sample of 6 cm x 10 cm was 
immersed in 125 mL of de-ionized water at room 
temperature. At a defined period of time, 10 mL of 
the solution was taken and the silver content was 
analyzed by atomic absorption spectroscopy. Final
ly, silver ion release from the coated LOPE films 

was quantified according to the method described 
by Chapman and Pratt (1978) as follow: A sample of 
6 cm x 10 cm ofAg/LOP was placed inside a beak
er and 10 mL 16 M of nitric acid solution was add
ed for digestion purpose. It was then heated at 90°C 
for 10 min and the residual solution after filtration 
was measured by atomic absorption spectroscopy 
(Zeiss FM03) foiquantifying the concentrations of 
silver which can be converted into weight percent
age over LOP. 

Statistical Analysis: 

Each experiment was replicated and each pa
rameter was analyzed in duplicate. The data re
corded were analyzed using SPSS version 17.0 
(SPSS, Chicago, III, and U.S.A). Two way analy
sis ofvariance was applied and the data were tabu
lated. The level of significant effects were tested 
by comparing mean values using the least signifi
cant difference (LSO) test at 1% level (Snedecor & 
Cochran, 1967). 

RESULTS AND DISCUSSION 

Antimicrobial activity 

Modified LOPE by nanosilver possessed no
ticeable inhibitory against Listeria monocytogenes, 
Pseudomonas aefoginosa and activity against fun
gi (Fusarium oxysporum). From the data given in 
Table (1), it is clear that, modified LOPE by na
nosilver gave the highest wide inhibition zones 
(6.l4mm), followed by that of native PE. 

Generally, all tested modified LOPE by nanosil
ver showed effective antimicrobial activity against 
Gram- positive bacteria higher than that of Gram
negative bacteria (Pseudomonas aeroginosa) . 

Weight loss: 

Water is the most abundant nutrient in fruits. 
However, maximum amount ofwater content varies 
between individual fruit of the same types because 

Table 1: Antimicrobial activity of native and surface modified LDPE films 

Inhibition zone(mm) 
TypeofLDPE Listeria monocytogenes Pseudomonas aeroginosa Fusarium oxysporum 

I
/

(G+) (G-)
/ 

Native O.OOAb O.OOAb O.OOAh 
~ 

Modified by nanosilver 6.l4A• 3.57B• 2.39C' 

~ Means with different superscripts (capital letters in the same row and small letters in the same column) differ signifi
/ 

/ 

cantly (P < 0.01). 

./ 

/ 
, 

1 
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of structural difference. It may be also affected by 
cultural conditions, which influence structural dif
ferentiation (Salunkhe et a!., 1991). Weight is con
sidered one of great important properties because it 
can cause fruit shriveling and advance senescence. 
It mostly depends on relative humidity surrounding 
the fruit, but can also be associated with a slight 
reduction in flesh firmness (lshaq et al., 2009). 

Fig. (I) shows that, unwrapped samples had 
the highest weight loss during storage, followed by 
samples wrapped with native PE, while the low
est weight loss was detected in case of samples 
wrapped with modified PE .These results are in 
agreement with those reported by Aharoni et al. 
(2007) who stated that, plastic film materials are 
known to reduce water loss during prolonging 
storage. The reduction in water loss observed in 
the PE bags plays a key role by serving as a tight 
barrier to water evaporation. This explains why 
samples kept unwrapped lost high amount of water 
because they offered less resistance to water loss. 

30 
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It should be also noted from the same Fig. that, 

weight loss ranged from 0.00 to 24 % in unwrapped 
samples, from 0.00 to 18.6% in samples wrapped 
by native PE and from 0.00 to 13.2% in samples 
wrapped by modified PE 

pH value 

As shown in Fig. (2), pH value increased in 
strawberry fruits from 3.40 at zero time to 4.4,4.1 
and 3.8 at the end of experiment in in case of un
wrapped strawberry, strawberry wrapped with na
tive PE sheets and the third ones wrapped with 
modified PE sheets, respectively. Ayala-Zavala et 
a!. (2007) reported that pH values increased during 
storage period in strawberry fruits. The increase in 
pH values seems to be normal during the posthar
vest life of strawberry fruits. 

Titratable acidity 

Titrable acidity is an important factor in main
taining the quality of some fruits and vegetables, 

-+-without wrapping 

__wrappl"d in nalivl" lOP 

....... wr3pped in mrnjified 

LDP 

Fig.l: Effect of wrapping with native and modified PE on strawberry fruits 
weight loss (%) during storage period at 4'C 

_Without wrapping·1.5
 

4
 
___ wr~pped WIlt> ....odifi.:d 

LOP3.5 
-;-wrappedwith nativ lOP3 

2.5 
:I'" 2C;
 
>
 1.5:c =-	 1 

0.5 

0 
0	 .3 6 9 12
 

St(Jt·..g~ p ....·i..cJ p~r d ..~·
 

Fig. 2: Effect of wrapping with native and modified PE on pH value of straw
berry fruits during storage period at 4°C 
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which is directly related to 
the concentration of organic 
acids % in these products. Or
ganic acids exist as free acids, 
anions (malate) or combined 
as salt (potassium bitartarte) 
and esters such as isopentyl 
acetate (Kays, 1991). ..... 

Fig. (3) showed that ti
tratable acidity content de ."'"
creased significantly during 
storage for all investigated 
samples. The results of Tano '
et a!. (2008) are in the same 
line with the results obtained 
in the present study. 

As shown in Fig. (3), ti " 
"' tratable acidity decreasal in 

tr t	 d 1 fr 0 920/ ,,ea e samp es om . /0 

to 0.52, 0.65 and 0.8% at 
,

the end of storage period "

for strawberry samples (un

wrapped, wrapped with na
 ~, 

tive PE sheets and modified
 
PE sheets, respectively). '"
 
These results are in accord

ance with those found by
 

'"""' Ghasemnezhad et al. (2010). 
........
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, 
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Total aerobic bacteria 
1 

Fig. (4) shows that, aero
bic plate count increased sig~ 0.8 
nificantly during storage for .t. 
all investigated samples, the ,.....without wrapping:i 0.6 recorded results agree withl:ol 

e::I 
those reported by Ruiz-Cruz
 

:E 0.4
 
~ 

1- \\Tapped with et at. (2010).
! nalive LDP 

Fig. (4) shows that aerof!..... 0.2 ....... wrapped \\ith bic plate count increased from
 .... 
modified LDP	 3.0 log CFUfg to 8.3 , 6.2 

and 4 log CFUfg at the end 
of experiment period in case 

o 
o	 3 6 9 12 

of unwrapped strawberry,Storage period per day 
strawberry wrapped with na
tive PE sheets and strawberry 

Fig. 3: Effect of wrapping with native and modified PE on titratable acidity wrapped with modified PE 
% of strawberry fruits during storage period at 4°C. sheets, respectively. These 

results agree with those found 9 
by Ediriweera et al. (2014). 8
 

.~ 7
 
CoO Mould and yeast count 
'ti 6=E Fig. (5) shows that, mould -e -!.'l 5.- ;;;) and yeast count increased sigi,- 4 -'-wilhout wrapping 

nificantly during storage for ~ U 3 
_wrapped in native LDP all investigated samples. The ] 2 

received results are in the~ 1 ___ wrapped "1 rnodifi.-d same line with those reported 
o LOP	 

by Ruiz-Cruz et at. (2010).
o	 369 12 

The results in the sameStora2e period per day 
Fig. showed that, mould and 

Fig. (4). Effect of wrapping with native and modified PE on total aerobic bac
yeast count increased in straw

teria (CFU/gm) of strawberry fruits during storage period at 4°C. 
berry from 3.2 log CFUfg to 
8.6, 7.3 and 4.9 log CFUfg at .....Without wrapping 10 
the end ofexperiment period in 9 
case of unwrapped strawberry, ... ...-wrapped with native ;; 8 strawberry wrapped with naLOPg 7 tive PE sheets and wrapped 

......wr.lpped with
 
; CfJ
 
.... E 6 with modified PE sheets, re

modified LOP 
spectively. These results are in
 

~\j~~. • - agreement with those reported
 
by Francis et al. (1999).
 

~? s

= 
~ 2 Silver ion release from 

1 the coated LDPE films: 
o ;;'-~':--"""TI-----r'--• 

The amount of silvero 3 6 9 12 
ion release from the coated 

Storage period per day LDPE films during straw

Fig. 5: Effect of wrapping with native and modified PE on mold and yeast berry storage was measured
 

count (CFU/gm) of strawberry fruits during storage period at 4°C and presented in Fig. (6). It is
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Fig. 6:The amount of silver ion release from the coated LDPE films of straw
berry fruits during storage period at 4°C 

observed that release of silver ion from the coat
ed LDPE films during storage is continued with 
a moderate slope over 12 days. In an aqueous en
vironment, the silver nanoparticles release silver 
ions. Elemental silver particles (Ag(s)) need to be 
oxidized by dissolved oxygen (OZCaq») according to 
the equation below in order to release silver ions 
(Hoskins et al., 2002): 

4Ag Cs)+ 4H30++ OZCaq) -4Agcaq )+ 6HzO. 

Indeed, when the silver loaded films are in con
tact with water, release of silver ion occurs over a 
longer period of time due to the involved process of 
oxidation of the elementary silver nanoparticles to 
silver ions and a subsequent diffusion of the silver 
ions to the sample surface. The amounts ofreleased 
silver ions from the coated films are in a range in 
which an antimicrobial activity has been found ac-' 
cording to Damm et al. (2007). 

CONCLUSIONS 
Ammonium persulphate/ferric nitrate mixed 

solution was used to modify the surface ofPE. Ox
ygen-containing functional groups, including -DH 
and C=O, have been substantially formed and they 
can provide better enhancement on the adhesion of 
nano-silver particles on the LDP substrate. 

silver/polyethylene nanocomposite has a high 
antimicrobial properties which may be used to in
crease strawberry shelf life during storage at 4°C. 
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