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Abstract
Nano packaging is currently one of the

most important topics in food packaging
technologies. The aim of the application of
this technology in food packaging is
increasing shelf life of foods by preventing
internal and external corruption and micro-
bial contaminations. Use of silver nanopar-
ticles in food packaging has recently attract-
ed much attention. The aim of this study
was to investigate the effect of nano-silver
packaging in increasing the shelf life pack-
ages of nuts in an In vitro model. In this
experimental study, the effects of different
nano-silver concentrations (0, 1, 2 and 3
percent) on biological and chemical proper-
ties of 432 samples of nuts including wal-
nuts, hazelnuts, almonds and pistachios
were evaluated during 0, 3, 6, 9, 12, 15, 18,
21 and 24 months. In most samples, differ-
ent concentrations of nano-silver (1, 2 and 3
%) significantly reduced total microbial
count, mold and coliform counts compared
to control group and the 3% nano-silver
concentration was more effective than other
concentrations (P<0.05). Moreover, using
this packaging yielded an antioxidant effect
especially when 2% and 3% nano-silver
concentrations were used. Nano-silver also
prevented growth of mold and so prevented
aflatoxin production in all treatment groups.
Results of chemical and biological tests
showed that the silver nanoparticles had a
significant effect on increasing the shelf life
of nuts. The highest shelf life belonged to
pistachios, almonds, hazelnuts and walnuts
with 20, 19, 18 and 18 months, respectively.
The shelf life was associated with amount
of silver nanoparticles. The highest antimi-

crobial activity was observed when 3%
nano-silver concentration was used in pista-
chios. The shelf life of control groups in
similar storage conditions were calculated
for an average of 13 months. In conclusion,
the results of this study demonstrate the
efficacy of nano-silver packing in increas-
ing shelf life of nuts. Hence, use of nano-sil-
ver packaging in food industry, especially in
food packaging is recommended.

Introduction
One of the main issues in food processing

is the protection against foodborne diseases
which still represents a global problem of
public health (Morris Jr, 2011). Food pack-
aging systems are recently under high
investigation to lower risk of foodborne dis-
eases. Nowadays, the use of nanomaterials
in several fields is growing (Carbone et al.,
2016) and also for food packaging, it is
largely increased over the past decade
(Bumbudsanpharoke and Ko, 2015). In
addition to their higher health safety, mate-
rials produced by nanotechnology have
lower price and higher quality (Rashidi et
al., 2011). Metal nanoparticles with their
potent antimicrobial properties are used as
active packaging. Emerging metal nanopar-
ticles with biocidal properties are Cu, Zn,
Au, Ti, and Ag (Toker et al., 2013). Among
them silver nanoparticles (AgNPs) demon-
strated to have the most effective bacterici-
dal properties against a wide range of path-
ogenic microorganisms, including bacteria,
yeasts, fungi and viruses (Martıńez-Abad et
al., 2012). Thus, besides of increasing shelf
life, this packaging system does not change
the food physical characteristics (Emamifar
et al., 2010).

Some previous studies have investigated
the beneficial effect of nano-silver packag-
ing on food shelf life and quality. Foroughi
et al. in 2011 reported applying coating tita-
nium oxide which covered with nano-silver
on the packaging of meat products.
Emamifar et al. (2010) applied nano-silver
particle plus zinc oxide on the packaging of
orange juice. Sattari et al. (2010) used par-
ticles of clay and silver for the packaging of
volume bread. Antimicrobial effect of nano-
silver packaging is investigated in some
previous studies (Sánchez-Valdes et al.,
2009; Incoronato et al., 2011). Sanchez et
al. (2009) prepared a five-layer film as a
substrate and a thin layer of the silver-poly-
ethylene nanocomposite was deposited over
it. This film had antimicrobial effects
(Sánchez-Valdes et al., 2009). Incoronato et
al. (2011) studied the influence of antimi-
crobial system containing nanoparticles of
montmorillonite-silver for quality of
cheese. This system increased shelf life of

cheese by lowering the microbial count
(Incoronato et al., 2011). The effect of the
active coating containing nanoparticles of
montmorillonite- silver on the shelf life of
fresh carrot slices was investigated by Costa
et al. (2011). They showed that using a
combination of active coating and packag-
ing cause preservation of carrots up to 70
days (Costa et al., 2011).

Although several previous studies have
investigated the effect of nanoparticle coat-
ings in reducing the number of total micro-
bial count, none of them have studied the
efficacy of nano-silver packaging in
increasing the shelf-life and enhancing
quality of nuts. Hence, this study aimed to
assess the effect of using nano-silver pack-
aging on shelf life, microbial and mold load
and also peroxide value of food during 24
months of storage.
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Materials and Methods
This is an experimental and laboratory

study aimed to evaluating effect of nano-sil-
ver particles embedded to polyethylene
composites on microbiological and chemi-
cal status of long-term stored nuts. In this
study, four types of commonly consumed
nuts were selected (Pistachio, Walnut,
Almond and Hazelnut). Four different con-
centrations (0,1,2,3 percent) at different
time intervals (0,3,6,9,12,15,18,21,24
months) were used to evaluate the effect of
Silver nanoparticles according to national
standard [standard NO. 8923-4 of Institute
of Standards and Industrial Research of Iran
(ISIRI)] with triplicate methods. The total
sample size was calculated considering the
number of nuts, different nano-silver con-
centrations, different time periods and the
number of iterations, using the following
formula:

N= 4 × 4 × 9 × 3 = 432

The time intervals between the tests were
determined according to national standard
methods (standard NO. 8923-4 of ISIRI).
Chemical and microbial control tests were
done to determine the shelf life of products.
For preparation of composite films, silver
nanoparticles were chemically synthesized
using AgNO3 as source materials and
according to the detailed protocol reported
by Darroudi et al. (2010). Polyethylene-
nano-silver composite films containing dif-
ferent silver concentrations were produced
through the extrusion method. Fifty grams
of four types of nuts, including pistachios,
walnuts, almonds and hazelnuts was pack-
aged in 0,1,2,3% nano-silver composite
packages. To prevent oxygen entrance or
leave, the packages were vacuumed by a
vacuum pump and then was packaged by
sealing machine and the containers were
stored at room temperature. Non-vacuumed
packages, without nanoparticles, were con-
sidered as control. Biological and chemical
tests were done for stored samples at
months 0, 3, 6, 9, 12, 15, 18, 21 and 24.

Microbial analysis
For total count of microorganisms, 10 g

sample was taken from each sample and
was homogenized in a sterile bag with 90
mL of 0/1% peptone water in Bag mixer
machine for 2 minutes. Then, serial dilu-
tions in 9ml of diluent solution (from -1 to -
5 according to the Iranian National
Standard Organization procedures) were
made. Counting on plates (in case of bacte-
ria and mold between 30-300 and between
25-250 colonies, respectively) was based on
international standards. From every dilu-
tion, 0.1 mL was transferred on BHI agar
and cultured and then was incubated for 24-
48 hours at 35°C. Then, number of colonies,
average and total microbial count was cal-
culated. Logarithmic method was used to
report the results.

Mold count
From every dilution, 0.1 mL was trans-

ferred on DG18 agar and was spread using
a glass rod. Then, plates were incubated for
3-5 days at 25°C and mold counts were cal-
culated by counting number of colonies.
The logarithmic method was used to report
the results.

Coliform count
From every dilution, 1 mL was trans-

ferred on plate and mixed with 10 mL
VRBA agar. Then plates were incubated for
18-24 hours at 35°C and were spread using
a glass rod. Then they were incubated for 3-
5 days at 35°C. Coliform counts were calcu-
lated by counting the number of colonies. 

Measurement of peroxide value
In order to assess oxidative corruption,

peroxide value was measured by titration.
20 g sample with 100 mL of chloroform
completely crushed in a mechanical stirrer
and then the solution passed a filter paper
containing dry sodium sulfate. A certain
volume of the filtered solution transferred
to a balloon and was dried in the oven and
then the amount of fat was calculated. 

To calculate peroxide value, 20 mL of the
filtrate solution was poured in a balloon and
30 mL of acetic acid was added to it and
then it was added to saturated solution of
potassium iodine and was put in darkness
for one minute. Then, 30 mL of distilled
water was added and titration with sodium
thiosulfate 0.1 solution was continued until

a pale yellow color appeared. Next, few
drops of starch indicator was added and the
solution was shaken. The titration was con-
tinued until all released iodine from chloro-
form layer reacted with solution of sodium
thiosulfate and the blue color disappeared.
Peroxide value was calculated according to
the following formula:

Peroxide = ( V1 – V0) N / m× 1000

V0 = The volume of sodium thiosulfate solu-
tion used in the control test according to mL
V1 = The volume of sodium thiosulfate solu-
tion used in the sample test according to mL
m = Fat mass in 20 mL of the filtrated solu-
tion according to g
N = Normality of consumable sodium thio-
sulfate solution 
1000 = Conversion coefficient gr to kg Unit
Peroxide = According to mEq per kg fat
extracted

Measurement of aflatoxin
Measuring aflatoxin accomplished with

high performance liquid chromatography
and immunoaffinity column (HPLC)
method. In this method, 5g NaCl, 120 mL
pure methanol and 100 mL N-hexane were
added to 50 g of kneaded sample and then it
was blended at high speed for 3 minutes.
After the N-hexane phase separation of
extract (20 mL of filtered extract), 120 mL
distilled water was added and then was
passed through filter paper. After
immunoaffinity column reached laboratory
temperature, 10 mL of PBS buffer was
passed through that. Then 70 mL of the
diluted extract from the column was passed
at a rate of one drop per second. Then the
column was washed with 15 mL of distilled
water and was dried through gentle pressure
for 5 to 10 seconds. In order to wash afla-
toxin residues from columns, 1/5 mL of
methanol (MeOH-HPLC) was added to col-
umn and were collected in a vial. Then 1/5
mL of standard solution of HPLC was
added to the vial and after vortexing up
passing through the 45 µm filter, 100 micro
liters of the solution was injected to device.
In order to quantitative estimation of afla-
toxin, standard curve (Aflatoxin mix, Sigma
Aldrich, St. Louis, MO, USA) of different
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Table 1. The presence (+) or absence (-) of aflatoxin in nuts packed with films containing different percentages of silver.

Group                                Pistachio                                     Almond                                     Hazelnut                                      Walnut
                         24 month12 monthDay zero  24 month 12 monthDay zero    24 month12 monthDay zero   24 month12 monthDay zero

Control                            +                  -                  -                       -                     -                   -                        +                 -                  -                         -                  +                 -
1% nano-silver                -                   -                  -                       -                     -                   -                         -                  -                  -                         -                   -                  -
2% nano-silver                -                   -                  -                       -                     -                   -                         -                  -                  -                         -                   -                  -
3% nano-silver                -                   -                  -                       -                     -                   -                         -                  -                  -                         -                   -                  -
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concentrations was used after considering
the dilution coefficient. The data were con-
verted to logarithm and were analyzed
using a random statistical design. Duncan’s
test was used to compare means at a 5%
level of significance.

Statistical analysis
To compare microbial count and also to

analyze the amounts of peroxide value, one-
way ANOVA and tukey’s test were used.
The differences among the mean values
were found to be significant at P≤0.05.
SPSS V.20 and Excel software were used to
draw graphs and table.

Results

Microbial analysis

Total count 
Results of total microbial count of packed

nuts in different concentrations of nano-sil-
ver are depicted in Figure 1. Regarding the
Walnut in control group, a mild increase
was observed in total microbial count dur-
ing the storage time. The logarithm of total
count in this group was increased from 3.6
at the beginning to the 5.6 at 18th month
showing a nearly 2 log increase. However,
after 18 months, no significant change was
observed in total count. In 1% nano-silver
group total microbial count was increased
during storage time and no significant dif-
ference was observed compared to control
group. By increasing nano-silver concentra-
tion to 2%, log of total microbial count was
increased from 3.6 at the beginning of stor-
age time to 4.6 at 12th month. At 3 percent
concentration of nano-silver, no significant
differences in total microbial count was
observed at 24 months compared to begin-
ning of the storage time (Figure 1A).

Results of total microbial counts of
packed hazelnut in different concentrations
of nano-silver are shown in Figure 1B. A
mild increase in total microbial count of
control group was evident during storage
time. Log of total microbial count reached
from 3 at the beginning to 5.5 at 18th month
which shows 2.5 log increase in total count.
However, after 18 months, no significant
changes were observed in total count.
Although total count increased in 1% nano-
silver group, it was significantly about 1 log
lower than control group. Increasing con-
centrations of nano-silver to 2% made no
significant difference in total microbial
count compared to 1% nano-silver group. In
the 3% nano-silver group, total microbial
count increased much lower than other
groups and the final count was about 3.7 log
that showed lower than 1 log increase com-

pared to beginning of storage time. 
Results of total microbial count of packed

pistachio in different concentrations of
nano-silver are shown in Figure 1C. It
seems that this results are similar to that of
walnut. Indeed, 1.8 and 1.5 log increase in
total microbial count was observed in the
control and 1% nano-silver groups after 24
months, respectively. Although a weak sig-
nificant increase in total microbial count
was observed in 2% nano-silver group, it
was significantly lower than that of 1%

nano-silver and control groups. In general,
the 3% nano-silver film inhibits microbial
growth and at the end of the maintenance
period, there was no increase in total count
compared to the first day of study (Figure
1C). Similar results were obtained for pack-
aged almond (Figrue 1D).

Mold count
Results of total mold count of packed

nuts in different concentrations of nano-sil-
ver is depicted in Figure 2. In all studied
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Figure 1. Total microbial count in nuts packed with films containing different percent-
ages of nano-silver: walnut (A), hazelnut (B), pistachio (C), almond (D).

Figure 2. Mold count in nuts packed with films containing different percentages of nano-
silver: walnut (A), hazelnut (B), almond (C), pistachio (D).
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nuts mold count was increased in control
group during the storage time. Nano-silver
films reduced number of molds compared
to control group; moreover, this inhibitory
effect was increased in higher concentra-
tions of nano-silver (Figure 2).

Coliform count
Results of total coliform count of packed

nuts in different concentrations of nano-sil-
ver is depicted in Figure 3. In all nuts, one
log increase in total coliform count was
observed in the control group. Although
coliform count was increased in 1 and 2%
nano-silver groups, this increase was signif-
icantly lower than that in the control group.
In 3% nano-silver group, not only no
increase in coliform count was observed,
but also it was reduced in Pistachio (Figure
3D).

Chemical analysis

Peroxide value
Results of peroxide value of packed nuts

in different concentrations of nano-silver
are depicted in Figure 4. In all nuts, perox-
ide value was increased in the control
group. In 1% nano-silver group, peroxide
value was not significantly different from
the control group. In all studied nuts,
increasing concentrations of nano-silver
reduced peroxide value. While there were
no difference in peroxide value between 2%
and 3% nano-silver groups in pistachio and
almond, the 3% nano-silver group had sig-
nificantly a lower peroxide value compared
to 2% nano-silver group in walnut and
hazelnut.

Aflatoxin detection
Aflatoxin was not found in any of the

nuts except walnut control group at 12th
month and hazelnut and pistachios control
groups at 24th month (Table 1). The detect-
ed aflatoxin in the samples of walnuts,
hazelnuts and Pistachios were 2.1, 4.3, 2.3
ng/g (ppb), respectively; that was lower
than permissible deal, 10 ng/kg based on
international Codex standards. 

Discussion
The purpose of this study was to investi-

gate the effect of nano-silver packaging in
increasing the shelf life of packed nuts. Our
results showed significant effect of using
nano-silver in food packaging on prevent-
ing increase of microbial load and enhanc-
ing shelf life for four types of nuts including
walnuts, hazelnuts, almonds and pistachios.
While a gradual increase was observed in
the total number of bacteria in the control
group (nearly 2-3 log) during 24 months,

samples with 1, 2 and 3% concentration of
nano-silver had significant decrease in total
count of bacteria compared to the control
group. Moreover, the reduction in 3% nano-
silver group, about 7/3 Log (5×103), was
much higher than other groups.

To our knowledge, no previous study has
investigated efficacy of nano-silver parti-
cles in reducing the microbial load of nuts;
however, several studies have proved the
effect of nanoparticle coatings in reducing
the number of bacteria in other foods. In a
study conducted by the Ahari et al. (2013),
effect of nano-silver on shelf life of Iranian
saffron was investigated using nano-coat-
ings SNP 103.3 and reported that 5% nano-

silver, i.e. 4000 ppm, can reduce the micro-
bial load by up to 98% (Ahari et al., 2013).
Fernández et al. (2010), have investigated
the efficacy of cellulosic pads containing
silver nanoparticles in controlling the
microbial flora (mesophilic aerobic psy-
chotropic bacteria, mold and yeast) of pack-
ages containing a food model (Fernández et
al., 2010). These pads increased the lag
phase and reduced microbial load about 3
cycles compared to the control group. The
results of this study is consistent with ours
regarding its effect on microbial load.
Incoronato et al. (2011) studied the effect of
antimicrobial packaging system containing
nano-silver on cheese quality and reported
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Figure 3. Choliform count in nuts packed with films containing different percentages of
nano-silver: walnut (A), hazelnut (B), almond (C), pistachio (D).

Figure 4. Peroxide value in nuts packed with films containing different percentages of
nano-silver: walnut (A), hazelnut (B), almond (C), pistachio (D).
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that while this packaging significantly
increased shelf life of cheese, it had no
undesirable effect on main germs, function-
al dairy and sensory characteristics of the
product (Incoronato et al., 2011). Mahdi et
al. (2012) investigated the effect of using
nano-silver packaging in meat packing and
reported that nano-silver reduced the micro-
bial load and increased the shelf life about
2-7 days.

In this study, nano-silver packaging had a
significant effect on the number of col-
iforms in the walnut, hazelnut, almond and
pistachio compared to the control group;
moreover, in 3% nano-silver group, not
even no increase was observed in the num-
ber of coliforms, but it was reduced in pis-
tachio and in other nuts a significant
decrease in the number of coliforms was
observed compared with the control groups.
Similar results were observed regarding the
mold count of the packaged nuts. These
results are consistent with previous studies
that showed antifungal effects of nano-sil-
ver (Pulit et al., 2013; Mohammadi et al.,
2014; Eslami et al., 2016). For instance,
Mohammadi et al. (2014) investigated use
of packaging containing 3-10% nano-silver
on the shelf life of bread and concluded that
use of nano packaging effectively prevents
mold growth during maintenance for 28
days and by increasing concentrations of
nano-silver, this effect also increases
(Mohammadi et al., 2014). Eslami et al.
(2016) investigated effect of nano-silver
packaging on shelf life of packaged saffron
and found that adding 4000 ppm nano-sil-
ver in the packing causes mold count to
decrease to 4 log during 6 months (Eslami
et al., 2016); these results are consistent
with those of ours which showed an average
3 log reduction in mold count in most
groups when 3% nano-silver was used.
Furthermore, by decreasing mold count in
treated samples, aflatoxin was not found in
none of them in our study which is consis-
tent with a previous study (Mousavi et al.,
2016).

Regarding the peroxide value of pack-
aged nuts, our results showed that it was
increased in control group of all nuts during
maintenance. For example, in the pistachios
and almonds, it increased to 2 mg/kg and in
hazelnut and walnut to 2/5 mg/kg after 24
months. Increasing concentrations of nano-
silver caused a more reduction in peroxide
value in all studied nuts. These effects were
greater at 3% concentration of nano-silver
and resulted a significant decrease in perox-
ide value especially in walnut and hazelnut.
Greater effect of nano-silver on walnut and
hazelnut may be attributable to their more
fat-rich and antioxidant activity compared
to almonds and pistachios. Mousavi et al.

(2016) showed antioxidant properties of 3
and 5% nano-silver packaging and their
beneficial effect on sensory and organolep-
tic quality of Mazafati date within 53 days
of storage and also showed that the use of
nanoparticles causes fixed physical features
including color of fresh pistachio )Mousavi
et al., 2016). The shelf life of nuts in differ-
ent groups was determined based on the
before-mentioned microbial and chemical
analysis. Accordingly, our results showed
that the highest shelf life belongs to pista-
chios, almonds, hazelnuts and walnuts with
20, 19, 18 and 18 months, respectively. The
shelf life of control group in similar storage
conditions were calculated for an average of
13 months. The highest shelf life in each nut
was achieved by using 3% nano-silver con-
centration. The lower shelf life of walnut
compared to other nuts is likely attributable
to its more fat-rich and aw (activated water).
The higher shelf life of treated samples
compared to control samples may be related
to the fact that nanocomposite packaging
prevents penetration of oxygen, carbon
dioxide and humidity into the container and
so increases durability of nutrients. 

Conclusions
In summary, results of this study showed

that using nano-silver significantly decreas-
es molds, coliform and peroxide value in
packaged samples. According to these
results, longest shelf life obtained for pista-
chio, almond, hazelnut and walnut, respec-
tively. While shelf life was 13 months for
control sample, it was 20, 19 and 18 months
for above nuts, respectively, representing a
significant increase in the shelf life of treat-
ment groups compared to the control
groups. However, our results should be
interpreted in the light of some considera-
tions. Although the ability of silver
nanoparticles to migrate from the packaging
material into the food and its effect on
human health is controversial (Rajeshkumar
and Malarkodi, 2014; Martirosyan and
Schneider, 2014), the possible introduction
of silver in nut samples was not investigated
in this study. Hence, extensive research
about application of nano-silver in packag-
ing and its effect on human health is recom-
mended. There is thus a current need to
study the relationships between particle
characteristics, polymer type, food
pH/polarity and environmental conditions
relevant to food production, storage and
packaging (e.g., temperature, pressure,
humidity, light exposure, storage time).
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