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Green synthesis of different nanoparticles using the plants aqueous extracts has several advantages 
over other methods due to the environmentally favorable nature of plants. Moreover, such approach is also 
cost effective. This work describes the biosynthesis of silver nanoparticles (Ag-NPs) with the use of the aque-
ous extract of dry pericarps of hot chili peppers (Capsicum sp. cv. Teja (S-17) and cv. Carolina Reaper) with 
different levels of pungency and their antibacterial effect on the antibiotic resistant Pseudomonas aeruginosa. 
Phytochemical screening of pericarp tissues showed great distinction in contents of phenolic compounds and 
capsaicinoids as potential reducing agents wich correlated with total antiradical activity as analyzed by re-
duction of DPPH radicals. The biosynthesized Ag-NPs were characterized by UV-vis spectrophotometry and 
scanning electron microscopy (SEM). The average size of the nanoparticles in both samples was less than 
25 nm. Іnitial concentration of both samples of Ag-NPs inhibited P. aeruginosa growth with equal efficiency. 

K e y w o r d s: green synthesis, Ag nanoparticles, Capsicum sp., antibacterial activity. 

Silver nanoparticles (Ag-NPs) show remarkable 
physical, chemical and biological properties, 
which determine their extensive use in various 

fields of optics, electronics, materials science and na-
nomedicine. As metallic nanoparticles, Ag-NPs are 
widely applied in different drug-delivery systems, 
imaging probes and photothermal approaches in an-
ti-tumor therapy. At the same time, Ag-NPs inherit 
widely known antimicrobial properties of silver, 
which leads to the use of silver-based nanomaterials 
in surgery instruments, prosthetic devices, wound 
dressings and antiseptics [1].

The importance of Ag-NPs becomes even more 
evident given their ability to effectively reduce vi-
ability and suppress growth of numerous pathogens. 
Uncontrolled use of antibiotics in both public health-
care and agriculture gives rise to versatile multi-

drug resistant strains of bacteria like Staphylococ-
cus aureus and Pseudomonas aeruginosa, which is 
a serious therapeutic issue even under the controlled 
conditions of medical facilities. At the same time, 
Ag-NPs were proved to have bactericidal effects dis-
regarding the resistance of these organisms to anti-
biotics [2].

The increasing demand for Ag-NPs in both 
industry and medicine raises the question about ef-
fective and safe ways of nanoparticle synthesis. It is 
generally accepted that metallic nanoparticles can be 
obtained through laser ablation, chemical, thermal or 
photo reduction of various compounds and evapo
ration-condensation approach [3]. Still, different 
types of nanomaterials, including Ag-NPs can be 
manufactured through “green synthesis” approach, 
which is considered superior to the abovementioned 
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techniques due to the simplicity and biosafety be-
cause of absence of hazardous materials and toxic 
intermediates [4, 5].

Plant-mediated green synthesis of Ag-NPs in-
cludes the reduction of Ag ions by natural agents 
that can be found in roots, leaves, bark, fruits, seeds 
and flowers of vatious species. These substances 
comprise the natural antioxidative defense system, 
which includes different plant metabolites: alkaloids, 
tannins, saponins, terpenoids, polyphenols and fla-
vonoids [6]. The accumulation of these molecules is 
dedicated to their remarkable antioxidative activity, 
which is used by plants to protect from reactive oxy-
gen species and other free radical species, that can be 
generated both thorough normal cellular metabolic 
processes and action of exogenous compounds [7].

The potentially effective system for green syn-
thesis of Ag-NPs should be based on the plant that 
contains substantial amount of bioreducers and at 
the same time is relatively easy to cultivate. These 
requirements are met in case of peppers (Capsicum 
sp.), which are used as a spice due to their ability 
to store capsaicinoids, along with other antioxidants, 
like phenolic compounds, carotenoids and ascorbic 
acid. The long history of artificial selection of pep-
pers resulted in forms that are able to accumulate 
huge amounts of reducers – a beneficial trait for any 
Ag-NP-producing system [8].

It has also been shown that properties of me-
tallic nanoparticles depend not only on the exact 
composition of nanostructure, but also on the stabi-
lizing agents, which cover surface of nanoparticles 
and prevent their adhesion [9]. In case of plant-me-
diated green synthesis, these stabilizers are the same 
reducers that produce Ag-NPs. Thus, plant-derived 
Ag-NPs, along with their antimicrobial properties, 
can impose defensive or antioxidant action on the 
cells of multicellular organisms [6, 10, 11]. 

Aim of the study – assessment of total phenolic 
compounds and capsaicinoids content in Capsicum 
sp. cv. Teja (S-17) and cv. Carolina Reaper pericarp 
tissues, experimental optimization of operating pa-
rameters needed for biosynthesis of Capsicum sp. 
silver nanoparticles, the characterization and appli-
cation of silver nanoparticles on antibiotic resistant 
Pseudomonas aeruginosa. The novelty of our study 
is in the comparative assessment of nanoparticle-
producing capabilities of two different varieties of 
Capsicum sp., which can further be used to improve 
modern green synthesis approaches.

Materials and Methods

Chemicals. The extraction solvents and rea-
gents were of p.a. grade purity: methanol, acetone, 
dipotassium phosphate (Fisher Chemicals, USA); 
2,2-diphenyl-1-picrylhydrazyl (Sigma–Aldrich, 
Germany). Silver nitrate, Folin-Ciocalteu’s phenol 
reagent, Gibb’s reagent, standard gallic acid were 
purchased from Acros Organics (Belgium). 

Plant material. Healthy and fresh fruits (peri-
carps) of Capsicum sp. cv. Teja (S-17) and cv. Caro-
lina Reaper were washed several times in deionized 
water to remove the soil particles and then air dried 
at 60°C to eliminate the residual moisture. 

Measurement of total phenolic compounds, 
capsaicinoids content and DPPH activity in extracts 
of pepper pericarps. Levels of total phenolic, total 
capsaicinoids and total antiradical activity in ex-
tracts were measured with spectrophotometer UV-
1800 (Shimadzu, Japan). Extraction with methanol 
and acetone was used to demonstrate the maximum 
potential of the content of organic reducing agents – 
phenolic compounds and capsaicinoids.

Total phenolic content analysis was performed 
with Folin–Ciocalteu reagent by the method [12]. We 
used 80% methanol as a solvent and gallic acid as a 
standard to make a calibration curve. Results were 
expressed in mg of gallic acid equivalents (GAE) per 
g of dry weight (DW). Total capsaicinoids content 
analysis (80% acetone was used as a solvent) was 
estimated with Gibbs reagent (2,6-dichloroquinone-
4-chloroimide) by the method [13] with minor modi-
fications. 50 mg of dry pericarp tissues powder was 
transferred to a centrifuge tube with 5 ml acetone 
for extraction at 50°C during 30 min. Total capsai-
cinoids contents were calculated using the molar ex-
tinction coefficient of 2,6-dichlorophenol indophenol 
according to [14] and expressed in mg per g of DW. 
The concentrations of total capsaicinoids (TC) were 
converted into Scoville Heat Units (SHU) with the 
following formula (we used their coefficient of the 
heat value) [8]:

SHU = TCµg × 16.1
DPPH radical scavenging capacity assay was 

used to quantify the ability of reducing components 
of plant extracts to quench the DPPH radical. The 
dark purple color of DPPH will be lost when it is 
reduced to its nonradical form. The color of the reac-
tion mixture changes from purple to yellow with de-
crease of absorbance at 517 nm wavelength. The per-
centage of inhibition was calculated against blank:
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DPPH inhibition% = (Ablank – Asample/Ablank)×100,

where Ablank is the absorbance of the control reac-
tion, containing all reagents except the test extract 
and Asample is the absorbance of the test extract 
[15].

Preparation of aqueous fruit extract and bio-
synthesis of Ag nanoparticles. Dry pericarps with 
removed placenta were cut into small pieces and 
two grams of pericarp tissues were put in a flask 
with flat bottom with 100 ml deionized water and 
boiled for 20 min. The obtained extract was cooled 
at room temperature and filtered with Whatman 
No.1 filter paper. Silver nanoparticles were synthe-
sized by Capsicum sp. filtered extract by addition of 
0.001 M silver nitrate [16]. For the reduction of silver 
ions, 10 ml of fruit extract was mixed with 40 ml of 
AgNO3. The resulting solution was incubated for two 
hours at room temperature for the development of 
silver nanoparticles under light-emitting diode lamp 
(Secret Jardin, 42 W, 6500 K).

Characterization of aqueous fruit extract and 
biosynthesized Ag nanoparticles. UV-vis spectra of 
obtained Ag-NP solutions and pericarp extracts were 
recorded with UV-1800 (Shimadzu, Japan) UV-vis 
spectrophotometer at resolution of 1 nm. After dessi-
cation of the purified silver nanoparticles at 60°C, 
the size distribution was estimated by scanning elec-
tron microscopy (SEM, Tescan Mira 3 MLU). 

Antibacterial activity of aqueous fruit ex-
tract and biosynthesized Ag nanoparticles. The 
antimicrobial activity of test samples against com-
mon pathogenic microbe Pseudomonas aeruginosa 
was evaluated with agar diffusion test method [17]. 
The culture of the test bacteria was grown in nutri-
ent broth (Himedia) and adjusted to 0.5 McFarland 
turbidity standards. 1 ml of 24-hour Pseudomonas 
aeruginosa culture suspension was inoculated on 
the surface of solidified Mueller-Hinton agar in Petri 
plates. Then 5 wells per one plate were made in agar 
with cylindrical metal tube and 100 μl aliquots of 
test samples were added to the wells. Commercially 
available single antibiotic disc impregnated with cef-
triaxone CK30 (Himedia) were aseptically placed on 
the Mueller-Hinton agar plates as a control. Both the 
samples and the control were incubated at 37°C for 
18-24 h and the diameters of zones of inhibition for 
six separate determinations were recorded. 

Statistical analysis. Each experiment was 
performed in at least triplicate. The results were 
expressed as mean ± standard deviation (SD). The 
analysis of variance (ANOVA) followed by Duncan’s 

multiple range test was performed using STATIS-
TICA (StatSoft, USA). A value of P < 0.01 was con-
sidered significant.

Results and Discussion 

The efficiency of capsaicinoids extraction from 
dried plant material by different solvents have previ-
ously showed that acetone-based extraction produces 
significantly greater amounts of total capsaicinoids, 
in contrary to methanol, which extracts total phe-
nolic compounds more efficiently [18]. Furthermore, 
methanol as a solvent is more commonly used for 
determination of total antioxidant potential of plant 
extracts [19].

Total phenolic content in the investigated meth-
anol extracts of Capsicum sp. dry pericarps varied 
from 9.88 (cv. Teja (S-17)) to 32.85 (cv. Carolina 
Reaper) mg GAE/g DW (Fig. 1, A). As illustrated 
in Fig. 1, B acetone extracts of cv. Teja (S-17) fruits 
demonstrated 8-fold lower content of total capsai-
cinoids as compared to the extracts of cv. Carolina 
Reaper fruits, produced with the same solvent – 5.88 
and 41.91 mg/g DW respectively. 

Among capsaicinoid derivatives, capsaicin and 
dihydrocapsaicin account for 80-90% of the capsai-
cinoids in hot chili peppers and are therefore con-
sidered the main determinants of pungency [13]. 
Quantitative identification of total capsicinoids al-
lows transformation of these values into in Scoville 
Heat Units (SHU), a widely used parameter, defined 
by the coefficient of the heat value, to demonstrate 
level of Capsicum sp. pungency. Acetone extracts 
from Carolina Reaper pericarp tissues showed the 
highest values of total capsaicinoids and therefore 
the highest level of pungency – more than 674 thou-
sands SHU (Fig. 1, C). 

Previous studies indicated that the capsaicin-
rich extracts, which contain both aminogroups of 
capsaicin along with other candidate phenolic com-
pounds, played a reducing and controlling role dur-
ing the formation of Ag-NPs in the solutions of green 
C. annuum and C. frutescens fruits [20, 21]. We also 
revealed a strong correlation between the content of 
these compounds and the antioxidative activity of 
extracts, produced by both extracting agents (Fig. 1, 
D). The antioxidant activity of the investigated ex-
tracts, measured with the DPPH method, ranged 
from 3% for acetone extract of cv. Teja (S-17) fruits 
to 27% for methanol extract of cv. Carolina Reaper.

Phytocemical screening of Capsicum sp. fruits 
confirmed the appropriateness of their use for the 
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Fig. 1. Levels of secondary metabolites with reducing activity in extracts of dry pericarp tissues of Capsicum 
sp.: A – total phenolic compounds content in methanol extract, B – total capsaicinoidscontent in acetone 
extract, C – level of pungency of dry pericarp tissues of Capsicum sp. in Scoville Heat Units (SHU), D – anti-
radical activity of methanol and aceton extracts: means labelled by the same letters were not significantly 
different at P < 0.01 according to the Duncan’s multiple range test. Vertical bars indicate standard deviation 
(± SD)
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Ag-NPs synthesis, since this fruit extract contains 
many secondary metabolites (phenolc compounds 
and capsaicinoids), which potentially act as sensible 
reducing and stabilizing agents of the Ag+.

The verification and confirmation of Ag-NPs 
production can be achieved through various ap-
proaches, including visual changing the color of a 
colorless silver nitrate solution to a brown suspen-
sion of silver nanocompounds. The change of color is 
a visible manifestation of the surface plasmon reso-
nance (SPR) effect that is shown at inset to Fig. 2. 

The ultraviolet-visible (UV-vis) spectropho-
tometry assays of prepared Ag-NPs solutions were 
captured after 2 hours of incubation under light ex-
posure and were compared to 0.001 M solution of sil-
ver nitrate and plant extracts spectra, while distilled 
water was used as a blank. As illustrated on Fig. 2, 
the absorbance peaks for biosynthesized Ag nano-

particles were different and recorded as at 430 nm 
for Teja (S-17) Ag-NPs and at 450 nm for Carolina 
Reaper Ag-NPs. A sharp increase in the absorbance 
intensity in the region of 430-450 nm is explained 
by the excitation of SPR in Ag-NPs, which develops 
faster under illumination [22], and consistent with 
present investigations [23, 24, 25], assuming reduc-
tion of silver ions to silver nanoparticles. As SPR 
absorbance profile depends on the shape and size of 
biosynthesized nanoparticles, as well as on the pres-
ence of stabilizing components in reducing solutions 
(plant extracts) [26], we evaluated obtained SPR 
spectra bands. A flatter and wider peak of sample 5 
(Carolina Reaper Ag-NPs) indicates a wider range 
of size distribution for biosynthesized Ag-NPs. The 
sharp characteristic peak in the sample 4 (Teja (S-17) 
Ag-NPs) is associated with increasing uniformity in 
shape and size of the synthesized nanoparticles.

O. E. Smirnov, V. Ye. Kalynovskyi, Yu. M. Yumyna et al.
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Fig. 2. UV-vis absorption spectra of experimental solutions: 1 – 0.001 M silver nitrate, 2 – extract of dry peri-
carp tissues of Capsicum sp. cv. Teja (S-17), 3 – extract of dry pericarp tissues of Capsicum sp. cv. Carolina 
Reaper, 4 – biosynthesised silver nanoparticles in the extract of dry pericarp tissues of Capsicum sp. cv. Teja 
(S-17), 5 – biosynthesised silver nanoparticles in the extract of dry pericarp tissues of Capsicum sp. cv. Caro-
lina Reaper. The inset shows the color change of solutions – visible manifestation of the SPR effect
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The morphology and size range of green syn-
thesized Ag-NPs was evaluated by scanning elec-
tron microscopy. Analysis of SEM images (Fig. 3) 
showed that the biosynthesized Ag-NPs were well-
dispersed with a spherical shape. 

Thus, the optical features of Ag-NPs nanopar-
ticles are mostly influenced by the size distribution 
of nanoparticles [27], which correlates with UV-vis 
data. The morphometrical analysis of the obtained 
SEM images showed that the average size of biosyn-
thesized nanoparticles varied from 13 to 22 nm for 
Teja (S-17) Ag-NPs and from 8 to 22 nm for Carolina 
Reaper Ag-NPs. A similar size distribution between 
10 and 26 nm for small spherical biosynthesized 
nanoparticles, obtained after the use of the extracts 
from Calotropis procera flowers as reducing agents, 
was previously reported by Babu and Prabu [28].

The antimicrobial activity of biosynthesized 
Ag-NPs was assessed against pathogenic microbe 
Pseudomonas aeruginosa. This study was conducted 
using the following samples: 0.001 M AgNO3 (1), 
aqueous extract of Capsicum sp. cv. Teja (S-17) 
fruits (2), aqueous extract of Capsicum sp. cv. Caro-
lina Reaper fruits (3), biosynthesised Ag-NPs in the 
extract of Capsicum sp. cv. Teja (S-17) (4), biosyn-
thesised Ag-NPs in the extract of Capsicum sp. cv. 

Carolina Reaper (5) and ceftriaxone as positive con-
trol (Fig. 4).

The choice of the microorganism was based 
on the fact that Pseudomonas aeruginosa is a rod-
shaped, aerobic, Gram-negative bacterium, allocable 
to the family Pseudomonadaceae – a common cause 
of community-acquired and nosocomial-acquired 
pneumonia. The development of resistant P. aerugi-
nosa strains is increasing globally due to the overuse 
of antibiotics [29]. The wide-spread identification of 
multidrug-resistant P. aeruginosa in humans and 
live-stock animals has led to the World Health Or-
ganization to assess multidrug-resistant P. aerugi-
nosa as global hazard for human health [30].

Antibacterial potential of aqueous extracts of 
Capsicum sp. and biosynthesized Ag-NPs samples 
was evaluated in terms of zone of inhibition of bac-
terial growth and compared with 0.001 M solution of 
silver nitrate. The results of the antibacterial activi-
ties are represented in Table. 

The measurements of growth inhibition zone 
showed the absence of statistically significant dif-
ference between AgNO3 and both biosynthesized 
Ag-NPs samples. Extracts of Capsicum sp. did not 
exhibit any antibacterial activity. 
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Fig. 3. Scanning electron microscopy micrograph images of silver nanoparticles biosynthesized using aque-
ous extracts of Capsicum sp. cv. Teja (S-17) and cv. Carolina Reaper 

cv. Teja (S-17) cv. Carolina Reaper

Fig. 4. Antimicrobial susceptibility agar diffusion 
method against P. aeruginosa: (ZI) – zone of inhi-
bition of 0.001 M silver nitrate (1), extract of dry 
pericarp tissues of Capsicum sp. cv. Teja (S-17) (2), 
extract of dry pericarp tissues of Capsicum sp. cv. 
Carolina Reaper (3), biosynthesised silver nanopar-
ticles in the extract of dry pericarp tissues of Cap-
sicum sp. cv. Teja (S-17) (4), biosynthesised silver 
nanoparticles in the extract of dry pericarp tissues 
of Capsicum sp. cv. Carolina Reaper (5)

Possible bactericidal mechanisms of Ag-NPs 
are still being investigated [31]. Several researches 
proposed that Ag-NPs may adhere to the surface of 
the cell wall and membrane of the bacterial cell, in-
hinit various enzymes within its cytoplasm, increase 
the production of reactive oxygen species and cause 
direct and indirect DNA damage [32, 33]. Deep in-

T a b l e. Mean zone of inhibition (cm) of experimen-
tal solutions against P. aeruginosa: the mean and 
standard deviation (SD) reported for each type of 
experimental solution and with microbial strain 
were based on three biological replicates 

Variant Experimental solution
Mean width 
of inhibition 

zone, cm
1 0.001 M AgNO3 2.26 ± 0.32
2 Extract of Capsicum 

sp. cv. Teja (S-17) N/A*
3 Extract of Capsicum 

sp. cv. Carolina Reaper N/A
4 Ag-NPs Teja (S-17) 2.20 ± 0.35
5 Ag-NPs Carolina 

Reaper 2.23 ± 0.34
* N/A – not available
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vestigation of mechanisms underlying the Ag-NPs 
action would help in the development of safe na-
nomaterials for nanotechnology-based consumer 
products without harmful side effects [34].

Conclusions. We found that extracts from both 
of the analyzed hot chili peppers (Capsicum sp. cv. 
Teja (S-17) and cv. Carolina Reaper) showed signifi-
cant antioxidant activity, combined with high levels 
of total phenolic and capsacinoid contents. Despite 
the difference in amount of accumulated reducing 
compounds, both extract were shown to produce 
Ag-NPs with comparable efficiency and antimi-
crobial activity against Pseudomonas aeruginosa. 
Therefore, aqueos extracts of hot chili peppers can 
be effectively used for green synthesis of biologically 
active silver nanoparticles.
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Зелений синтез 
наночастинок срібла 
за допомогою водного 
екстракту плодів 
гострого перцю чИлі та 
їхня антибактеріальна 
активність проти 
Pseudomonas aeruginosa
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Зелений синтез наночастинок із викорис-
танням водних екстрактів рослин має перевагу 
у порівнянні з іншими методами не тільки че-

рез екологічно сприятливу природу рослин, а 
і тому що синтез є економічно ефективним. У 
роботі описано біосинтез наночастинок срібла 
(Ag НЧ) з використанням водного екстракту су-
хих перикарпів гострого перцю чилі (Capsicum 
sp. сортів Teja (S-17) та Carolina Reaper) з різним 
ступенем гостроти та антибактеріальної дії на  
стійку до антибіотиків Pseudomonas aeruginosa. 
Фітохімічний скринінг тканин перикарпів вия
вив велику різницю у вмісті фенольних сполук 
та капсаїциноїдів як потенційних відновлюваль-
них агентів, що корелювало із загальною анти-
радикальною активністю, проаналізованою за 
відновленням DPPH радикалів. Біосинтезовані 
Ag НЧ було охарактеризовано за допомогою 
УФ-видимої спектрофотометрії і сканувальної 
електронної мікроскопії (SEM). Показано, що 
середній розмір наночастинок в обох зразках 
був менше 25 нм. Вихідна концентрація обох 
зразків Ag НЧ призводила до інгібування росту 
P. aeruginosa з однаковою ефективністю.

К л ю ч о в і  с л о в а: зелений синтез, на-
ночастинки Ag, Capsicum sp., антибактеріальна 
активність.
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