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ABSTRACT
Introduction: The procedure to synthesize silver nanoparticles (SNPs) from Prunus cerasoides leaf
extract and their effect on vase life and flower quality of cut carnation were investigated. Meth-
ods: SNPs were bio-synthesized from Prunus cerasoides leaf extract and characterized by using UV-
Vis technique, TEM, and SEM images. The postharvest responses of carnation cut flowers to the
biosynthesis SNPs were evaluated through vase life, relative fresh weight, vase solution uptake,
flower diameter of cut carnation. Results: SNPs were synthesized under optimum conditions, in-
cluding using the extract of leaf heating at 60oC in 30 min, 4 mM of silver nitrate, pH of 11, and
180 min of reaction time. SNPs exhibited antimicrobial activity and then alleviated the bacterial
development in the preservative solution. All treatments with SNPs had improved the vase life and
quality of cut carnation compared to the control. A vase solution containing 2% sucrose enhanced
the carnation cut flowers. Conclusions: The preservative solution containing 25 ppm SNPs and
2% sucrose showed the best effect. SNPs could be used as a promising antibacterial agent applied
in the preservative solution for cut carnation flowers.
Key words: antibacterial, leaf extract, Prunus cerasoides, silver nanoparticles

INTRODUCTION
Carnation (Dianthus caryophyllus L.) is one of the
popular ornamental crops in the world1. Carnation
has long been sold as cut flowers owning the excellent
quality, a wide range of colors, forms, ability to with-
stand long-distance transportation and rehydrate af-
ter continuous shipping2. The short vase life andwilt-
ing are the main problems of cut flowers. The vase life
of carnation is under the influence of the synthesis of
ethylene and vascular blockage3. Stem end blockage
causes the imbalance between water uptake and wa-
ter loss, therefore affects the longevity of cut flowers4.
Microbial contaminations at the stem end and in the
vase solution associated with the xylem blockage of
carnation, and then abbreviated the vase life5.
In recent years, metal nanoparticles have long been
recognized in diverse applications in various indus-
tries such as health, environment, energy, chemistry,
agriculture, food industry, and cosmetics 6. Among
metal nanoparticles, silver nanoparticles (SNPs) are
the most commonly studied for biosystems7. SNPs
have a high surface area and a high fraction of surface
atoms as compared to the bulk silver. They are stable
and well dispersed in aqueous solutions. Their high
surface area to volume ratio leads to good contact with
microorganism8. SNPs attach to the cell and disrupt
the outer membrane of target cells or penetrate into

the bacterial cells and alter cellular respiration and cell
division9.
Many methods have been used for SNPs synthe-
sis, including physical method such as attrition and
pyrolysis, chemical reduction, or photochemical re-
duction. Contamination, energy consumption, or
high expense are the drawbacks of the above meth-
ods10. Currently, SNPs can be bio-synthesized bymi-
croorganisms, enzymes, fungi, and plant11–14. Bio-
synthesis of SNPs by using plants is advantageous over
other biological processes in terms of environmental
favorable, less time consuming, large-scaled up, low
cost, and elaborate processes of maintaining micro-
bial cultures15. Plants have flavonoids, alkaloids, and
polyphenolic compounds, which play a role in reduc-
ing or stabilizing agents16.
Prunus cerasoides is a deciduous tree of the fam-
ily Rosaceae. The tree has a wide range of uses in
edible fruit, seed, and gum, various medicinal ap-
plications, timber, dye-stuff, tannins, and beads17.
Phytoconstituents from the extract of plants con-
sist of flavonoids, terpenoids, glycosides, alkaloids,
saponins, phenolics, and tanins18. Leaf extract of P
runus cerasoides contains three different fractions of
methanolic that are used against prostate and urine
disorder17. This study was designed to investigate the
green synthesis of SNPs using Prunus cerasoides leaf
extract and their potential in preserving cut carnation
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in order to suggest a promising method in prolonging
the vase life and enhancing the quality of carnation
cut flowers.

MATERIALS ANDMETHODS
MATERIALS
The healthy Prunus cerasoides leaves were collected in
Dalat, Lamdong, Vietnam. The leaves were washed
3 times with tap water and twice with sterile water,
dried up, and finally ground for synthesis SNPs. The
voucher specimen is available from the resource unit
Herbarium of Dalat University, Lamdong, Vietnam.
Silver nitrate was obtained from Merck, Germany.
Carnation (Dianthus caryophyllus L.) were purchased
from a local greenhouse at their optimum develop-
mental stage with the uniformity size, color, and lack
of defects. Flowers were placed immediately in a ster-
ile water bucket, coveredwith a plastic film, and trans-
ported to the laboratory. Stems were re-trimmed to a
length of 20 cm (under de-ionized water). The exper-
iments were carried out at the same day.

Synthesis of SNPs
15g of ground leaves were placed in 200ml of distilled
water and then boiled for 60oC with continuous stir-
ring at the heating duration of 5, 10, 15, 20, 25, and
30 min. The mixture was cooled down and then fil-
tered with the Whatman paper number 1. The filtrate
was collected. The varying initial concentrations of
AgNO3 (1, 2, 3, 4 mM) were prepared in distilled wa-
ter. The efficiency of the synthesis was also studied
under various conditions, including reaction time (5,
30, 60, 90 120, 150, and 180 min), the pH (1, 3, 5, 7,
9, 11), and temperature of the reaction (5, 20, 30, 40,
and 50oC). The reduction of silver ions to SNPs can
be observed by the gradual change in the color of the
solution. The final reaction solution was purified by
centrifugation at 9000 rpm for 30 min. Supernatants
were discarded, and the pellet was redispersed in de-
ionized water to eliminate any contaminating plant
materials before centrifuging twice at 9000 rpm for 60
min. The pellet was dried at 37oC for 24h to deter-
mine the dry mass of SNPs for further experiments.

Characterization of SNPs
The reduction of SNPs was confirmed using a UV-
Vis spectrophotometer (Specord 200 plus–jena, Ger-
many). The absorbance spectrum of the sample was
obtained in the range of 400 –700 nmwavelength, us-
ing a UV–Vis spectrometer with distilled water as a
reference. The morphology of SNPs was determined
with a JEOL JEM-1010, USA, operating at 100 kV.The

TEM grid was prepared by placing a drop of the bio-
reduced diluted solution on a carbon-coated copper
grid and followed by drying it under a lamp.

Effect of SNPs on vase life
Experiments were conducted in the postharvest labo-
ratory of Dalat University at 20± 2 oC, 50± 10% rel-
ative humidity under the daily 12h photoperiod pro-
vided by 1100 lux fluorescent lights. The individual
cut carnation stem was placed in the bottle contain-
ing 100 ml of either water or water with SNPs or/and
2% sucrose. Mouths of the bottles were covered with
non-absorption cotton to minimize evaporation loss
and prevent contamination. The solution contains the
following treatments and remains until the end of vase
life: the treatments included: SNPs of 5, 15, 25, 35
ppm, SNPs of 5, 15, 25, 35 ppm + sucrose 2%, alter
(filtered through the membrane filter with the pore
size of 0.2 µm) – the control, water (filtered through
the membrane filter with the pore size of 0.2 µm) +
sucrose 2%. All experiments were carried out in trip-
licate.
Vase Life: Vase life was considered to have ended
when visible of 30% petal color fading
Vase solution uptake: Average daily vase solution up-
take was calculated in the vase containing 100 ml of
solution in 10 days by the formula 19:

VSU (g/stem/day) = ∑10
1
(St−1 −St)

10× IFW

Where St is the weight of vase of solution (g) at t day
= 1, 2, 3,…, St−1 is the weight of vase of solution (g)
on the previous day, IFW is the initial fresh weight of
stems.
Relative fresh weight: The relative freshwater (RFW)
of cut flowers was calculated using the following for-
mula: RFW (%) = (FWt /FW0)× 100.
Where FWt is the fresh weight of stem (g) at t = days
0, 1, 2, etc., and FW0 is the fresh weight of stem (g) at
t = day 0.
Flower diameter: The outer diameter of opened flow-
ers was measured by a caliper in millimeters as an in-
dex for blossom expanding rate.
Bacterial counts: Bacterial solution populations were
determined by spread the aliquots of vase solutions
on nutrient agar and incubated at 30oC for 48 hours
to count the total colony. Long stem-end segments
of 2.5 cm were trimmed, washed with distilled water
twice, and chopped into small pieces with sterile seca-
teurs to investigate bacterial population in the stem-
end. These pieces were placed in the sterilized tube
containing 1 ml of sterile 0.9% saline and vortexed
in 40 seconds. An aliquot of the extracts was spread
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onto nutrient agar plates. The plates were incubated
at 30oC for 48 hours. For all tested samples, triplicate
plate counts were made.

Statistical analysis
One-way analysis of variance (ANOVA) and t-test
were performed using Excel 2011 statistical tools. A
P-value < 0.05 was used as a criterion for the signifi-
cance level. ANOVA was used to determine whether
the bactericidal activity of SNPs and preservative abil-
ity from the different conditions (concentrations and
with/without sucrose) are statistically different.

RESULTS
Mechanism of SNPs synthesis
The color of the solution changed from yellowish to
dark brown (Figure 1). The color changes indicated
that the bioreduction of silver ions to SNPs in the
leaf extract of Prunus cerasoides . The formation of
colloidal SNPs was monitored by measuring the UV-
Vis spectrum that showed strong evidence of colloidal
metal particle formation, and the productivity growth
in the synthesis medium was indicated by the gradual
increase in the absorbance values. Figure 2a shows
the effect of heating duration at 60oC to prepare leaf
extracts were optimized for biosynthesizing SNPs, in-
cluding 5, 10, 15, 20, 25, and 30 min (Figure 2a). The
absorption intensity demonstrated that the heat treat-
ments at 60oC in 30 min yielded a larger amount of
SNPs. The effect of pH conditions on the formation
of nanoparticles was depicted in Figure 2b. The dif-
ferent reaction time was also characterized by biosyn-
thesis (Figure 2c). All the spectra except for 5 and 30
min reaction had an intense peak (436 – 437 nm). As
the concentrations of AgNO3 increasing from 1mM
to 4mM, a gradual increase in the absorption intensity
was observed in Figure 2d. The optimum conditions
for the synthesis of these SNPs from Prunus cera-
soides leaf extracts are using the extract of leaf heating
at 60oC in 30 min, 4 mM of silver nitrate, pH of 11,
and 180 min of reaction time.

Morphology of SNPs
Scanning electron microscopy (SEM) was used to
TEM image (Figure 3a) visualized the size and mor-
phology of the synthesized SNPs through leaf ex-
tracts of Prunus cerasoides under optimum condi-
tions. SNPs predominated with spherical and oblong
shape with size ranging from 5 to 70 nmwith an aver-
age size of 43.15 nm (Figure 4). On the other hand,
SEM image (Figure 3b ) indicated that SNPs were
spherical and oblong in shape and were in cluster, as
well.

Figure 1: Procedure of SNPs green synthesis.

Relative fresh weight and vase solution up-
take
The fresh weight (FW) increased every day in the first
3 days for all treatments and peaking between the 3rd

day to 7th day (Figure 5). The FW of the control treat-
ment remained until the 6th and started to decrease.
All FW of other treatments remained above 100% till
day 10. In treatments with SNPs without sucrose, the
maximum fresh weight was observed in 25 ppm SNPs
treatment at the 5 days and significantly greater than
those in control. Sucrose alone and sucrose with SNPs
had significant effects (P > 0.05) on the relative fresh
weight of cut carnation. The highest FWwas obtained
in the treatment by SNPs at 25ppm with 2% sucrose
at the 7 day and remained almost constant in the rest
days. In parallel with the FW, solution uptake in all
treatments was significantly higher than the control
(Figure 6). Themaximum rate was shown in the treat-
ment at 25 ppmof SNPswith 2% sucrose. The solution
uptake of cut carnation was significantly different be-
tween each SNPs concentration and the next higher
concentration (P < 0.05) in both combinations with-
out and with sucrose.

Vase life
The vase life of cut carnation was prolonged under
SNPs treatments with and without 2% sucrose (P
£0.05). The vase life of the flowers keeping in the vase
solution containing SNPs from 5, 15, 25, and 35 ppm
was terminated on day 13,4 ± 0.3, 14.4 ± 0.1, 15.2 ±
0.3, 13.8 ± 0.2, respectively, compared with 9 ± 0.3
days in the control (Figure 6). The increase of SNPs
concentration from 5 to 25ppm extended the vase life.
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Figure 2: Effect of synthesis conditions on SNPs formation using UV-Vis spectroscopy measurement, (a) heating
duration, (b) pH, (c) reaction time, (d) concentrations of AgNO3.

Figure 3: Morphology of SNPs: (a) TEM image; (b) SEM image.

However, the vase life was shorter in 35 ppm solution.
Treatment with 2% sucrose in the solution promoted
the longevity of cut carnation. The cut flowers’ vase
life has been shown to retard until 11 ± 0.1 days in
the filtered water applied 2% sucrose. Keeping the
cut carnation in the solution containing SNPs and 2%
sucrose extended the vase life up to 19,8 ± 0.3 days,
more twice the time comparing to the control (filtered
water). A similar trend was observed in the treatment

of 2% sucrose and 35 ppm SNPs that the longevity of
cut flowers decreased comparing to the treatment of
2% sucrose and 25 ppm SNPs (Figure 6).

Flower diameter

The effect of the SNPs on the flower diameter of the
carnation cut flower was significant (p ≤ 0.05) as
compared to the control (Figure 7). In the treatments
without sucrose, the flower diameter of the control af-
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Figure 4: Particle size distribution histogram of bio-synthesized SNPs

Figure 5: Relative fresh weight variation after 10 days of carnation vase life of the control (filtered water), the
filtered water added SNPs (5, 15, 25, and 35 ppm), and the filtered water added SNPs (5, 15, 25, and 35 ppm) with
2% sucrose.

ter 10 days was 4 to 8 cm smaller than the SNPs treat-
ments. It was observed that an increase in the SNPs
concentrations from 5 to 25 ppm led to an increase in
the flower diameter. When the concentration of SNPs
at 35 ppm, the diameter decreased compared with the
previous lower concentration. SNPs could inhibit the
bacteria development that interfereswithwatermove-
ment in the xylem. However, SNPs of 35 ppm could
block the stem on their own as well.

Bacterial counts
The number of bacteria in the preservation solution
and in the stem was measured after 10 days. Bacteria
count number associated inversely with the vase life,
relative fresh weight, vase solution uptake, and flower
diameter (Figure 8). SNPs inhibited bacterial devel-
opment in both stem and solution. In the solution
with 2% sucrose without SNPs, log10 of bacteria was
more than 10 compared to 9 in the filtrated water. The
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Figure 6: The effect of the different preservative solution on vase life and water uptake of carnation cut flowers:
C: control (filtered water), I: 5 ppm SNPs, II: 15 ppm SNPs, III: 25 ppm SNPs, IV: 35 ppm SNPs, V: 2% sucrose, VI: 5
ppm SNPs + 2% Sucrose, VII: 15 ppm SNPs + 2% Sucrose, VIII: 25 ppm SNPs + 2% Sucrose, IX: 35 ppm SNPs + 2%
Sucrose. * indicates P≤ 0.05; ** indicates P≤ 0.01; *** indicates P≤ 0.001.

Figure 7: The effect of the different preservative solution on flower diameter of carnation cut flowers: C: control
(filtered water), I: 5 ppm SNPs, II: 15 ppm SNPs, III: 25 ppm SNPs, IV: 35 ppm SNPs, V: 2% sucrose, VI: 5 ppm SNPs
+ 2% Sucrose, VII: 15 ppm SNPs + 2% Sucrose, VIII: 25 ppm SNPs + 2% Sucrose, IX: 35 ppm SNPs + 2% Sucrose. *
indicates≤ 0.05; ** indicates≤ 0.01; *** indicates≤ 0.001.
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number of bacteria in the solution added SNPs with
and without sucrose dropped down dramatically. A
similar trend was observed in the stem. The stems
right after the harvest had a clear appearance (Fig-
ure 9). After 10 days, biofilm formation was in xylem
vessels of the control and 2% sucrose treatment while
xylem vessel obstructionswere not observed clearly in
the stems held in 25 ppm SNPs with and without 2%
sucrose.

DISCUSSION
SNPs’ formation was verified by the absorption rang-
ing from 430 to 436 nm, which is between typical
surface plasmon resonance bands of metal nanopar-
ticles with a size of less than 100 nm 20. Heat duration
time led to increased denaturation of capping agents,
thereby influencing the nucleation of Ag+ species and
growth proficiency. Shifting pH from acidic to al-
kaline conditions was associated with the rise in ab-
sorption intensity, suggesting increasing SNPs’ num-
ber was synthesis. Alkaline conditions enhance elec-
tron transfer in bio-reduction silver ions due to the
conversation of phenolic groups to negatively charged
phenolate ion21. The higher reduction of silver ions
to nano form was enhanced with an increase in con-
tacting time. It has been shown in Figure 2d that
SNPs formation was strongly influenced by metal ion
concentration. The intensity of the plasmon peak in-
creased with the increasing concentration of SNPs7.
The increase in ion concentrations may induce a re-
action of the substrate and Ag+ species and then en-
hance the SNPs formation. Round and oblong shape
SNPs were observed by TEM and SEM images. The
availability of different quantities and types of capping
agents in the leaf extract may lead to the variation in
SNPs’ size and distinctive shape.
SNPs had a significant effect on bacteria in the stem
of carnations cut flowers. Vascular occlusion was in-
duced by bacteria and their decay product in vase wa-
ter and then shortened the vase life22. Bacteria may
accelerate secrete pectic enzymes, toxic compounds,
or ethylene, thereby prolonging the quality of cut
flowers22. It was assumed that SNPs inhibited mi-
croorganism contamination and then promoted the
vase life relative to fresh weight, vase solution uptake,
and flower diameter.
The short vase life of cut flowers is associated with
many reasons. One is the low water transporting in
stems due to the stem blockage. Many studies indi-
cated that vascular blockage of the cut flower is due
to microorganism development. Therefore, the exit-
ing of antibacterial materials may enhance the posi-
tive effect on the cut flowers. At the concentrations

of tested, SNPs had the effect on the carnation cut
flowers in terms of relative fresh weight, vase solution
uptake, vase life, flower diameter, and a number of
bacteria in stem and preservative solution. SNPs in-
hibited the bacterial development and then alleviated
the clogging stems. Thereby, water could be transport
from the basal end up to leave and flowers. The high
solution uptake during storage and the clean vascular
stem could lead to the increment of the fresh weight
in the initial period 23,24.
The microbial contamination led to unable to uptake
water because of the xylem tubes clogging. That could
be the reason for ending vase life25. SNPs, an antibac-
terial agent, could inhibit the microbial development,
keep the xylem clear, increase the water uptake, and
then enhance the fresh weight and vase life. The data
also indicated that flower diameter also improved in
the treatment with SNPs. However, at the treatments
of 35 ppm SNPs, the vase life decreased. The higher
concentration of SNPs may block the vascular system
and inhibit water transportation in the stems by them-
selves.
Sucrose, one carbohydrate, plays an important role
in respiration, cell wall synthesis, and water balance
maintaining26. SNPs inhibited the antibacterial and
therefore supported the metabolic activity of sucrose.
SNPs exhibited antibacterial activity while sucrose
sustained the metabolic activity of cut flowers. Vase
life can be shortened by lowering the carbohydrate
levels in stems. Sucrose is one sugar that can trans-
port to the flower buds and prolong the vase life. Su-
crose provides energy regulates osmotic 26; therefore,
this carbohydrate influences the flower vase life. A so-
lution containing SNPs plus sucrose significantly pro-
moted the vase life because of increasing hydraulic
conductance related to the high leaf water content27.
Additionally, sucrose effectively increased the flower
diameter on cut carnations compared to the treat-
ments without sucrose.
It has been proved that P runus cerasoides leaf extract
can be used to synthesize SNPs. The green SNPs have
a potential role in inhibiting bacteria in vase solution.
Many chemicals are used to prolong the vase life of
cut flowers, but most of these chemicals don’t exhibit
antibacterial activity clearly. In addition, SNPs com-
bined with sucrose improved the quality of cut flow-
ers. An energy source – sucrose and regulation of wa-
ter - SNPs probably contributed to this effect. As far
as we know, this is the first time the green synthesized
SNPs from Prunus cerasoides leaf extract could be ap-
plied as an antibacterial agent in vasewater to enhance
the quality of cut carnation flowers. This suggests that
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Figure 8: Changes in number of bacteria after 10 days in the stem end and vase solutions: * indicates ≤ 0.05; **
indicates≤ 0.01; *** indicates≤ 0.001.

Figure 9: Morphology of the cut flower stem surface of carnation: red arrows show the biofilm in the vascular
system.

a combination of sucrose and SNPs promises posthar-
vest technology in promoting the quality of carnation
cut flowers.

CONCLUSIONS
In conclusion, a rapid procedure for the biosynthesis
of SNPs using leaf extract of Prunus cerasoideswas es-
tablished. Nanoparticles were characterized by UV-
Vis, SEM, and TEM. The size of SNPs was 5 to 70
nm with spherical and oblong in shape. Vase solution
containing SNPs inhibited the growth of bacteria and
vascular clogging, then enhanced the vase life and de-

layed senescence. This study also showed that 2% su-
crose in holding solution prolonged the vase life and
the bacterial development aswell. Using the combina-
tion of SNPs and 2% sucrose in the solution extended
the vase life, relative fresh weight, vase solution up-
take, flower diameter, and restrained bacteria from
thriving. The best effect was observed at the combi-
nation of 25 ppm SNPs and 2% sucrose. These results
suggested that SNPs can be used as a promising an-
tibacterial agent to take full advantage of sucrose in a
preservative solution for carnation cut flowers.
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LIST OF ABBREVIATIONS
IFW: Initial fresh weight
RFW: Relative fresh water
SEM: Scanning electron microscopy
SNPs: Silver nanoparticles
TEM: Transmission electron microscopy
Uv-Vis: Ultraviolet-visible
VSU: Vase solution uptake
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