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Abstract

Nanoparticles are materials that measure from 1 to 100 nm of length. Currently, the antimicrobial property of silver
nanoparticles is used by industries for the manufacture of beauty products and medicines. Nanoparticles can be synt-
hesized from plants, algae or microorganisms, and they can also be obtained from combustion products. In this study,
extracts of rosemary leaves (Rosmarinus officinalis L.) were used for the synthesis of silver nanoparticles (NPs-Ag) in
order to produce an antimicrobial compound to be used as a fruit preservative. NPs-Ag were characterized qualita-
tively and quantitatively by phytochemical analysis and UV-VIS spectroscopy, showing an absorption in the range
of 389-418 nm, which corresponds to their surface plasmon resonance. Furthermore, Scanning Electronic Microscopy
was used to determine the size and morphology of the NPs-Ag, observing a spherical shape of 10 nm of diameter.
Two bacterial strains were used in the antimicrobial tests, the Gram-negative (Escherichia coli) and the Gram-positive
(Staphylococcus aureus) to verify the antimicrobial activity of the NPs-Ag. For E. coli, a better antibacterial activity was
obtained with an inhibition halo of 3.21 mm. Subsequently, the NPs-Ag were used in apples to determine their use
as a preservative, using beeswax smeared on the surface of the fruit as control, observing that synthesized NPs-Ag
prolonged the maturation time of the fruits.
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Resumen

Las nanoparticulas son materiales que pueden llegar a medir entre 1 a 100 nm de longitud, y en la actualidad la propie-
dad antimicrobiana de las nanoparticulas de plata es aprovechada por las industrias para la fabricacién de productos
de belleza y medicamentos. Las nanoparticulas pueden ser sintetizadas a partir de plantas, algas o microorganismos,
y también pueden ser obtenidas como productos de combustion. En este estudio se utilizaron extractos de las hojas
de romero (Rosmarinus officinalis L.) para la sintesis de nanoparticulas de plata (NPs-Ag) con la finalidad de producir
un compuesto antimicrobiano para usarse como conservante de frutas. Las NPs-Ag se caracterizaron cualitativa y
cuantitativamente mediante analisis fitoquimicos y espectroscopia UV-VIS, presentando una absorcién en el rango de
389-418 nm, que corresponde a la resonancia de su plasmoén superficial. Ademas, se emple6 la microscopia electréni-
ca de barrido para determinar el tamarfio y morfologia de las NPs-Ag, observandose una forma esférica de 10 nm de
diametro. Se emplearon dos cepas bacterianas en los ensayos antimicrobianos realizados, la gramnegativa (Escherichia
coli) y la grampositiva (Staphylococcus aureus) para comprobar la actividad antimicrobiana de las NPs-Ag. Para E. coli
se obtuvo una mejor actividad antibacteriana con un halo de inhibicién de 3,21 mm. Posteriormente se usaron las
NPs-Ag en manzanas para determinar su uso como conservante, usando la cera de abeja como control untada en la
superficie de las frutas, observandose que las nanoparticulas sintetizadas alargaron el tiempo de maduracién de la
frutas.
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Preparation of synthesized silver nanoparticles from extract of rosemary leaves (Rosmarinus

officinalis L.) and its used as a perservative

1 Introduction

Nanoparticles are considered materials with an ap-
proximate length from 1 to 100 nm (Vazquez and
Blandén, 2014). Today the antimicrobial properties
of Ag-NPs and other metals such as gold (Au), pla-
tinum (Pt) and palladium (Pd) are exploited by in-
dustries for ellaborating beauty products such as
soap, shampoo, detergent, toothpastes, medicines,
among other applications within medicine, electro-
nics, polymers and ceramics (Anandalakshmi and
Venugobal, 2017; Vera et al., 2017). Many research
has been carried out on the use of nanotechnology
in the food industry, and the use and application
of nanoparticles has been investigated in the area
of food safety and quality, packaging and develop-
ment of new foods. Nanoparticles have also been
used to prevent microbial contamination in packa-
ged foods, improve the physical properties of foods,
and increase the bioavailability of their components
(Pardo de Santayana, 2018; Thiruvengadam et al.,
2018; Avalos et al., 2013). Currently there is no le-
gislation regulating nanotechnology and nanomate-
rials in food; for this reason, they are included in the
European Chemicals Regulation (REACH). The Eu-
ropean Food Safety Authority in its publication on
guidance for assessing risks posed by the use of na-
notechnology and nanoscience in food recommends
the need for the development, validation of metho-
dologies and improvements in research about toxi-
city and genotoxicity of nanoparticles (Avalos et al.,
2013).

There are various types of metal nanoparticle
synthesis such as chemical synthesis using redox
reaction (reducing agent), electrochemical method,
photochemical reduction and ultraviolet irradia-
tion, and all of these use chemical reagents, con-
sume energy and cause environmental pollution
because a large amount of chemical waste is gene-
rated, having water, soil or air as its final destination
(Vera et al., 2017; Chandran et al., 2006; Rodriguez
et al., 2013; Torres, 2017).

Nanoparticles are currently being synthesized
by green synthesis which produces less pollutant
wastes compared to traditional methods. Nanopar-
ticles are obtained by natural sources through this
synthesis by changing the chemical compounds to
natural extracts of plants, algae or microorganisms,
being this method effective, easy and non-toxic,
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becoming a synthesis technique of ecological and
eco-friendly nanoparticles (Flores, 2014). This non-
conventional technique provides the possibility of
obtaining nanoparticles of noble metals in aqueous
solutions at low temperatures, using plant extracts
that act as a reducing agent found in high concen-
trations in addition to containing natural stabilizers
(Belmares et al., 2015). For this reason, to obtain
nanoparticles from the green synthesis, plants are
mostly used with respect to other natural sources
such as algae, bacteria, yeasts, among others, be-
cause they are less toxic (Vera et al., 2017).

Nanoparticles of silver have been synthesized
from the peels of some fruits or vegetables such
as banana, garlic, aloe vera, basil, matico (Budd-
leja globosa), coriander and rosemary, which have
bioactive components with naturally antimicrobial
content. According to their properties, they are able
to produce a reduction in silver (Madrid, 2017).

Rosemary (Rosmarinus officinalis L.) belongs to
the Lamiaceae family; it is native to the Mediterra-
nean region of Europe and is known as an aromatic
and medicinal plant. This plant presents secondary
metabolites and essential oils such as flavonoids,
terpenes, phenolic acids, among others, and is al-
so used as seasoning and flavoring (Purca, 2013).
Rosemary is used in the food, pharmaceutical, cos-
metic and other industries. According to Briones
(2017), the most important by-products of rosemary
are aqueous extracts and essential oils. In addition,
Avila-Sosa et al. (2011) expressed that plant extracts
extracted from the rosemary leaves possess antioxi-
dant and antimicrobial compounds and properties
that were used in ancient times as ancestral medici-
ne.

The aim of this study was to extract and synt-
hesize silver nanoparticles from the extract of rose-
mary leaves and to evaluate their antimicrobial ac-
tivity in a traditional fruit for its conservation.

2 Materials and Methods

2.1 Obtaining of the natural extract of ro-
semary leaves

The following steps were followed to obtain the
natural extract of the rosemary plant that favors
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the reduction process of silver nitrate and the for-
mation of nanoparticles: first the rosemary plant
was harvested, then the leaves that showed the best
condition were selected. These were washed and
disinfected with a liquid chlorine dioxide solution
at 10 ppm for 10 minutes following Garmendia and
Vero (2006). The reduction of the size of the leaves
was then carried out using a mortar, following the
methodology of Martinez et al. (2013). The extract
obtained was let to boil (100 °C), boiling 100 gr of
leaves with 100 ml of water for 20 to 25 minutes
with constant agitation.

The sample was then filtered on paper (What-
man, 0,45 ym), and 100 gr of additional leaves were
added to the broth to concentrate it to a volume
of 50 ml, repeating the above extraction procedure.
Finally, the final extract was filtered, allowed to co-
ol at room temperature and then stored in a glass
container. To preserve the extract, the extract was
refrigerated at a temperature of 4 °C for 6 days.

The secondary metabolites were then determi-
ned by qualitative and quantitative analysis, using
three types of extract with different solvents each:
distiled water (EA), ethanol (EE) and acidulated
water (EAC), in order to use the extract that presen-
ted the best results by its compounds and chemical
properties for its use as nanoparticle. Each of these
extracts had phytochemical analyses to check whet-
her it contained functional groups with reducing
chemical properties.

The latter was determined by phytochemical
screening, using a successive extraction with sol-
vents of increasing polarity, starting the analysis on
the ethereal extract, followed by the alcoholic ex-
tract and finally the aqueous extract. This techni-
que allowed identifying the secondary metabolites,
using appropriate reagents (Table 1) that resulted in
colored reactions or precipitation of the secondary
metabolites (Amaguana, 2018; Santorum, 2017).

Table 1. Phytochemical analysis of the aqueous, ethanolic and acidified extract of Rosmarinus officinalis L. used reagents and
expected results.

Phyto-chemical essays Reactive or treatment

Positive results

Saponins Agitate

Presence of foam for 2min

Reducing compounds  Fehling Reactive

Red color and presence of reducing disaccharide
sugar

3 drops of ferric chloride

Phenolic compounds solution at 5%.

Red color and presence of phenolic compounds.
Dark green or blue and presence of tanins

1 mlof HCI+ 1 ml H,O

Flavonoids Red to Brown and presence of flavonoids
+ 2ml of alcohol
. 1 drop of hydrochloric acid + 3  Opalescence (+), defined turbidity observed (++),
Alkaloids .
drops of Dragendorff reactive pellet observed (+++).
Resins Distilled water Pellet
1 ml de chloroform + 1ml of
Terpenoids carbon dioxide + 2 to 3 drops Pink, green and dark green indicate positive results

of concentrated H>SO,4

2.2 Synthesis of silver nanoparticles

Silver nitrate (CAS number: 7761-88-8) with a pu-
rity of (95%) was used as a metallic precursor. For
the preparation of aqueous silver nitrate (AgNO3)
0.034 grams of AgNO3 (1 mM) were dissolved in
200 ml of distilled water to prepare the stock so-
lution. The rosemary leaf extract was then used in
volumes of 5ml, 10ml, 20ml, 30ml, 40ml and 50ml
to check the appropriate concentration, keeping the
silver nitrate solution constant (5 ml). The pH of

each of the prepared solutions was adjusted with
sodium hydroxide (NaOH) at 0.1 N to obtain a ba-
sic pH between 8 and 10, measured with a pH meter
(Thermo Scientific ™Qrion Star ™A211). The tem-
perature at which these solutions were maintained
was 65 °C in constant agitation. This solution was
stored at 4 °C Subsequently, the Ag-NPs was cha-
racterized by UV-VIS spectroscopy in a spectral ab-
sorption range between 350-800 nm, corresponding
to the resonance of the surface plasmon of metal na-
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noparticles, using a spectrophotometer (Genesys 10
UV scanning). To determine the size and shape of
the Ag-NPs obtained, these were observed with a
scanning electron microscope (Sdnchez, 2017).

2.3 Effectivity of synthetized silver nano-
particles

The antimicrobial effectiveness of Ag-NPs was mea-
sured using antimicrobial disks against the Gram-
negative E. coli bacteria and the Gram-positive S. au-
reus. For this purpose, the inhibition halo size (mm)
corresponding to the area where antimicrobial ef-
fectiveness was evidenced was considered (Bauer
et al., 1966). In Petri dishes with Mueller-Hinton
culture medium, a cell concentration of 1,5 x 108
UFC/ml of the Gram-positive and Gram-negative
bacteria used was planted. Before inoculation, Pe-
tri dishes were divided into three quadrants whe-
re the pure extract, the silver nitrate solution and
the synthetized nanoparticles were placed in each of
them. The Antimicrobial Susceptibility Disks were
then placed and the plates were incubated at 37 °C
for 24 hours. Finally, bacterial inhibition halos were
measured using a vernier.

2.4 Synthetized silver nanoparticles used in
a fruit

To determine whether the extract of synthetized Ag-
NPs can be used as a preservative, the surface of
a seasonal fruit (red apple) was covered and the
results were compared with bee wax. Twelve red
apples (Red delicious) bought in the market were
used, which were washed and disinfected with wa-
ter containing 10 ppm of chlorine for 5 minutes.
Subsequently, two apples were placed in preserva-
tive boxes that were divided into two cells. The ap-
ples of preservation box 1 were the control (white),
the two apples of preservation box 2 received the
nanoparticle solution with a 5:5 ratio. The two ap-
ples of preservation box 3 received the nanoparticle
solution with a 5:10 ratio, and the two apples of pre-
servation box 4 received beeswax. The two apples
in preservation box 5 received beeswax plus the na-
noparticle solution with a 5:5 ratio and the apples
placed in preservation box 6 received beeswax and
a nanoparticle solution with a 5:10 ratio (Figure 1).
This study was conducted for 30 days, during this
time the weight, color and maturity of the fruit were
monitored.
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Figure 1. Graphical representation of the trial of the Ag-NPs
used as a preservative (Ag-NPs= Silver Nanoparticles, M1=
Apple 1 and M2= Apple 2).

3 Results and Discussion

3.1 Phytochemical characterization of ro-
semary leaf extract

The results obtained from the phytochemical analy-
zes of aqueous, acidulated and ethanolic extracts
are shown in Table 2. The phytochemical charac-
terization showed the presence of the metabolites
present in the chemical composition of this plant,
identifying 2844.0 mg/kg of terpenes and 24 % of
phenols. The presence of saponins was not evident
because there was no foam formation in the sam-
ple, nor were resins observed by the aqueous ex-
tract, but there were phenolic compounds and ter-
penoids, as well as reducing sugar, flavonoids and
alkaloids, which are considered the chemical com-
pounds of the rosemary plant with reducing pro-
perties. This analysis was carried out to corroborate
that rosemary is a plant rich in active principles,
which have been widely studied. These chemical
compounds act in almost all organs of the human
body by possessing high percentages of essential
oils whose active ingredients are flavonoids, phe-
nolic acids, triterpenic acid and triterpenic alcohols.
Rosemary leaves have a high content of Romarisnic
acids and their derived rosalmarin is also present in
carnosic acid, which is characterized by being uns-
table (Avila-Sosa et al., 2011).
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As indicated by Salguero and Pilaquinga (2017),
when silver nanoparticles are synthesized through
the use of plant extracts, the power of the phyto-
chemical and ethnopharmacological properties of
plants is exploited. In this case, rosemary has nu-
merous beneficial properties, along with the bacte-

ricidal property of silver nanoparticles that contri-
butes to increasing its usefulness in the biomedical
and microbiological area, without generating envi-
ronmental pollution. The above may contribute to
the fact that the synthesized Ag-NPs from rosemary
leaf can be useful for fruit conservation.

Table 2. Phytochemical analysis of the aqueous, ethanolic and acidified extract of Rosmarinus officinalis L. leaves

Phytochemical Aqueous Ethanolic Acidified
essays extract extract extract

Saponins Negative  Negative  Negative

Reducing

EFOZ;II;;:;S Positive Positive Positive

reactive)

Phenolic Positive Positive Negative

compounds

Flavonoids Positive Positive Negative

Alkaloids:

(Dragendorff (:::;) (?:-) (+)

trial)

Resins Negative  Negative = Negative

Terpenoids Positive Positive Positive

(+) Opalescence is observed, (++) defined turbidity is
observed, (+++) precipitate is observed

3.2 Synthesis of silver nanoparticles

Rosemary leaf extract was combined with silver
nitrate (AgNO3) for the formation of metal nano-
particles by green routes, resulting in a dark brown
solution with intense spicy odor at a pH 6 and at
a temperature of 65 °C, as shown in Figure 2. Out
of the prepared concentrations (5:5, 5:10, 5:20, 5:30
and 5:40), the best concentration of Ag-NPs was
obtained at day 3, which was when the solutions
turned from yellow to dark brown. These prepared
Ag-NPs solutions were characterized by UV-VIS
spectroscopy and those within the manometric ran-
ge were those with the ratios of 5:5, 5:10 and 5:20, as
shown in Table 3. The ratios of 5:5 and 5:10 showed
the best behavior because the nanosilver solution
showed better stability in less time, and because its
wavelengths were between the ranges of 412-418
nm. The ratio 5:5 showed a wavelength of 418 nm
at day 1 and 405 nm at day 5, while in the ratio 5:10
the wavelength was 409 at day 1 and 412 at day 5.

The results obtained agree with those reported

by Vera et al. (2017), who used the aqueous rose-
mary extract technique and the oxonitrate silver
agent in their research on the synthesis of metal
nanoparticles by green routes (AgNO) for the for-
mation of Ag-NPs, estimating a 30-minute reaction
time, resulting in a yellow color and confirming the
formation of nanoparticles and their application as
an effective antimicrobial agent.

Similarly, Salguero and Pilaquinga (2017) synt-
hesized and characterized silver nanoparticles pre-
pared with aqueous cilantro extract coated with
Drago’s blood, observing a color change from ye-
llow to orange when 10 ml of AgNO; (10 nM) at 60
°C was mixed with 2.2 ml of the cilantro extract.

In the same way, Cardefio and Londofio (2014),
used the garlic extract (Allium sativum) as a redu-
cing agent, and then added an aqueous solution of
AgNOs at a temperature of 50 to 60 °C, a method
that allowed observing the reduction of silver ions
for 30 minutes by changing the color of the solution
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from gold to yellow. The authors performed UV-
visible measurements by using the surface plasmon
resonance method to demonstrate the presence of
the Ag-NPs, finding the best peaks in the prepared

solutions between the bands of 400 and 470 nm, the-
se wavelengths are similar to those reported in the
present study.

Figure 2. Dark Brown colouring of Ag-NPs

As in the study carried out by Amaguafia (2018),
who synthesized silver nanoparticles from the lea-
ves of sensitiva (Mimosa albida), the presence of sil-
ver nanoparticles was evidenced when the colo-
ring of the solution turned from greenish yellow
to brown when the silver nitrate solution was ad-
ded to it, mentioning that this brown coloring is
observed due to the resonance of the superficial
plasmons, which is characterized by the formation
of nanoparticles.

Bijanzadeh et al. (2012) in their study on the
synthesis of silver nanoparticles using chemical

methods and characterizing them by UV-VIS spec-
troscopy observed the plasmon surface for the Ag-
NPs absorption bands at wavelengths between 395
and 425 nm. Santorum (2017), in the study on the
synthesis of Ag-NPs in (Piper adumcun) mentioned
that the presence of Ag-NPs is observed during
peak absorption at 400nm, and also noted that the
size and shape of nanoparticles caused the absor-
ption band to move to larger wavelengths. All these
results agree with those reported in this study, whe-
re plasma resonance values between 405 and 418
were obtained for the proportions of Ag-NPs synt-
hesized with a 5:5 and 5:10 ratio (Table 3).

Table 3. Characterization of the best proportions of Ag-NPs by UV-VIS spectroscopy

Volume Wave Absorption .
. Concentration
ratio Day lenght Absorbance factors
(ml) *) (L/mol.cm) (mg/h)
5.5" 1 418 2.328 2326 2.329 16.98 3421 3427 3425
’ 3 405 2362 2363 2.362 14.12 3472 34775 34.76
5.10* 1 409 2374 2373 2376 12.32 34.61 34.67 34.65
N 3 412 2312 2317 2318 14.54 3450 3452 3452
5:20 1 404 2368 2367 2.367 16.38 3478 3477 34.77
) 3 399 2416 2417 2418 15.03 3484 34.84 34.83

* Better synthesized ratio
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Figure 3 shows that silver nanoparticles on day 1
(pH 10) showed a peak absorbance at a wavelength
of 418 nm with a 5:5 ratio, on day 1 (pH 10) a peak of
maximum wavelength absorbance higher than 409
nm was observed with a 5:10 ratio. On day 3, nano-
particles showed a peak of maximum wavelength

absorbance higher than 405 nm with a 5:5 ratio (pH
10) and a peak of maximum wavelength absorbance
higher than 412 nm was presented with a 5:10 ratio
(pH 10). All absorbance peaks obtained are typical
of Ag-NPs.
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Figure 3. Graphical representation of spectrophotometric analysis during days 1 and 3 in 5-5 and 5-10 ratios

Silver nanoparticles of 5:5 and 5:10 ratios at 3
and 5 days (Figure 4) were observed on the scan-
ning electronic microscope as bright, rounded, whi-
te spots. Ag-NPs was more detected after 3 days
with a size of 10 nm in a 5:5 ratio and in smaller
quantity after 5 days with a size of 10 nm in a 5:10
ratio. As Avalos et al. (2013) the form of Ag-NPs in-
fluences antimicrobial activity. In addition, trunca-
ted triangle forms have been found to be more ef-
fective than spherical and elongated shapes, which
by having more faces tend to be more active against
microorganisms.

3.3 Antimicrobial effectiveness of synthesi-
zed Ag-NPs

The antimicrobial activity of silver nanoparticles for
E.coli and S.aureus. bacteria was analyzed. As in-
dicated in the methodology, petri dishes were di-
vided into three quadrants before being inoculated
with the bacteria mentioned above: one of the qua-
drants was placed with the pure extract, another
with the silver nitrate solution, and the other with
the synthesized nanoparticles. The results obtained
for E. coli were a halo with a 2.88 mm diameter for
the extract, a halo with a 1.55 mm diameter for the
quadrant whose content was AgNOs3, a halo with a
3.21 mm diameter for Ag-NPs. For S. aureus, a ha-
lo of 2.12 mm, 1.30 mm and 2.18 mm was obtained
for the extract, solution of AgNO3 and Ag-NPs, res-
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pectively. E. coli bacteria presented halos with large
diameter compared with S. aureus bacteria (Figure

idEm DRORSS

2dkV MN1.380

5). Observing a greater antibacterial efficacy against
this mmicroorganism

Figure 4. Observation of silver nanoparticles through the scanning electron microscope ratios of 5:5 (3 days (a)), (5 days (b)) and
5:10 (3 days (c)) and (5 days (d))

Monge (2009) said that research carried out to
analyze the antimicrobial activity of silver nanopar-
ticles synthesized for Escherichia coli and Staphylo-
coccus aureus have reported that nanoparticles in-
hibit more efficiently E. coli bacteria. E. coli is a
Gram-negative bacterium with a cell wall layer con-
sisting of phospholipids and lipopolysaccharides, a
cytoplasmic membrane and a thin layer of pepti-
doglycan, unlike Gram-positive bacteria such as S.
aureus, which has a thick layer of peptidoglycan and
plasma membrane that prevents synthesized nano-
particles from entering easily into the membrane
(Villamizar and Monroy, 2015; Cruz-Monterrosa
et al., 2017).In addition, Fernandez (2017) also men-
tions that the antibacterial activity of the Ag-NPs
is associated with the structural difference in the
cell wall of the two bacteria. The above explains
why bacterial inhibition was more efficient against
E. coli compared to S. aureus. It is also important
to state that bioactive compounds in rosemary leaf
extract affect the cell membrane of bacteria, and
cytotoxic activity directly affects the mitotic phase
of Gram-positive and Gram-negative bacteria. Mi-
croorganisms such as E. coli, Listeria monocitogenes,
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Salmonella spp. and S. aureus are sensitive to rose-
mary extract components, where compounds such
as caffeic acid, rosmarinic acid, carnosol, carnosolic
acid and flavonoids prevail (Avila-Sosa et al., 2011;
Centeno et al., 2010).

Other studies state that silver is oligodynamic
because it has the ability to produce a bactericidal
effect at low concentrations, as it is reactive to
substances such as proteins, enzymes, DNA, RNA,
among others (Monge, 2009; Nair and Laurencin,
2007). In addition, Fernandez (2017) indicates that
the antimicrobial activity of Ag-NPs is due to the
action of silver ions that act by interfering the ce-
llular respiration, and once inside the cell they al-
ter their enzyme system by inhibiting their metabo-
lism, causing the microorganism to lose all capacity
to grow and reproduce, hence its death. According
to Anandalakshmi and Venugobal (2017), the bacte-
ricidal action of silver nanoparticles against Gram-
negative bacteria occurs when they have a size bet-
ween 1 and 10 nm. In the current study, the best
synthesized Ag-NPs had a size of 10nm as mentio-
ned above.
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Figure 5. Antimicrobial effectiveness of silver nanoparticles against microorganisms (a) S. aureus and (b) E. coli

3.4 Aplication of silver nanoparticles in ap-
ple

The test carried out to check the effectiveness of
synthesized Ag-NPs used as a preservative in red
apples with bee wax, since this is normally used as
a preservative because it inhibits microbial growth
in fruits, showed a positive result. This is because
Ag-NPs, like bee wax, delayed fruit ripening, pre-
serving its color and initial weight from day 1 until
day 30. As shown in Figure 6, apples that did not

contain any preservatives changed their color, lost
weight, and showed decomposition after 30 days of
testing. Some studies show that nanoparticles could
be applied to protect food by incorporating them in-
to their packaging, although this possibility is still
being investigated because there is no legislation
on the application of Ag-NPs in food. Nanoparti-
cles could be applied to a fruit coating or used for
the manufacture of active packaging materials that
protect food against pathogens (Avalos et al., 2013;
Aguilar, 2009).

Figure 6. A. Preservative boxes with apples at the beginning of the test and B. Preservative box at 30 days (1 control, 2 Ag-NPs
at 5:5, 3 Ag-NPs at 5:10, 4 bee wax, 5 bee wax and Ag-NPs at 5:5 and 6 bee wax and Ag-NPs at 5:10)
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An et al. (2008), evaluated the effects of applying
Ag-NPs coating on post-harvested asparagus. The
coating reduced weight loss, maintained firmness,
reduced chlorophyll loss and ascorbic acid forma-
tion, slowed color changes and inhibited microbial
growth, increasing the post-harvest life of aspara-
gus for 10 days.

Aguilar (2009) synthesized Ag-NPs by chemical
reduction to evaluate the antifungal activity in vitro
and in situ against the fungus Colletrotrichum gloes-
porioides, a fungus that causes the anthracnose of
papaya. In vitro tests showed a fungal effect of 90 %
inhibition, although papayas coated with the film
containing silver nanoparticles had dark sections
on the surface, affecting the appearance of the fruit.

In the study conducted by Villamizar and Mon-
roy (2015), synthesized Ag-NPs of Aspergilus fla-
vus was used for the preservation of tree tomatoes
and golden berry. Fruits were packed in polyethy-
lene bags containing Ag-NPs, and presented redu-
ced growth of yeasts and Gram-positive and Gram-
negative bacteria. In addition, Li et al. (2009) com-
bined silver nanoparticles into a packaging contai-
ning titanium dioxide and kaolin to preserve chi-
nese dates, demonstrating that the materials contai-
ning the packaging maintained longer the quality of
the fruits than the fruits packaged in the standard
container.

4 Conclusions

Silver nanoparticles were synthesized from the
aqueous extract of rosemary leaves, and the quali-
tative and quantitative characterization of the Ag-
NPs obtained by phytochemical analysis showed
the presence of secondary metabolites such as phe-
nolic acids, flavonoids, terpenoids, and reducing
compounds. The color change of the rosemary leaf
extract solution from yellow to dark Brown, and
spicy and intense odor evidenced the formation of
Ag-NPs. The characterization by UV-VIS spectrop-
hotometry showed that ratios 5:5 and 5:10 were
the best because they presented wavelengths bet-
ween 212-418 nm and increased stability over time.
Analysis by scanning electron microscopy showed
spherical nanoparticles of 10 nm diameter. Ag-NPs
showed greater bacterial inhibition against E. coli
Gram-negative compared with bacterial inhibition
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presented against S. aureus. Gram-positive. On the
other hand, Ag-NPs synthesized from rosemary leaf
used as preservative in apples slowed the matura-
tion process, maintained the initial weight, and pre-
vented microbial contamination and fruit decompo-
sition for 30 days.
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