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ABSTRACT
In the present study, Lepidium draba root was used to fabricate silver nanoparticles (Ag NPs). The
NPs produced with different amounts of this weed root extract were analyzed by Fourier
transform-IR spectroscopy. X-ray diffraction analysis and FE-SEM and TEM techniques were also
used to morphologically investigate the particles’ crystal structure. Staphyloccocus aureus, Bacillus
cereus, Salmonella typhimurium, and Escherichia coli were then utilized to evaluate the
antibacterial activity of the Ag NPs. SEM showed the formation of Ag NPs dispersed within the
size range of 20–80 nm. X-ray diffraction analysis showed that the average crystalline size of
synthesized Ag NPs was 24 nm. The results indicated that by increasing the concentrations of
the root extract of L. draba, one can obtain smaller sized Ag NPs. The antimicrobial activity
of those Ag NPs that had undergone green synthesis was more effective than that of
corresponding silver ions.
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1. Introduction

Owing to the wide application of silver nanoparticles (Ag
NPs) in some fields, such as medicine, catalysis, solar
energy, and water disinfection, the literature has
focused on the synthesis of Ag NPs with minimum
hazards and maximum advantage. However, the
known chemical, photochemical, electrochemical, radi-
ation, and physical methods are expensive to undertake
and associated with risks relating to the natural ecosys-
tem and organisms (1–4). Usually, these methods are
toxic and are carried out in several steps. Thus, a
process providing benefits such as non-toxicity, fast
pace, and eco-friendliness is proposed.

Methods that use biological materials, such as fungi,
biomolecules, bacteria, and extracted plants, have been
abundantly utilized for Ag NP synthesis (5–8). Among

these methods, the use of plant extracts has experienced
a rapid advance in the last decade because of advan-
tages such as rapid preparation, eco-friendliness, non-
pathogenic effects, non-toxicity, economically feasible
procedures, and provision of natural reducing agents of
plant extracts for the stabilization of Ag NPs (8–16). Con-
sisting of biomolecules like proteins, amino acids,
enzymes, polysaccharides, alkaloids, tannins, phenolics,
saponins, terpinoids, and vitamins, plant extracts have
been used as reducing and stabilizing agents for convert-
ing Ag ions to Ag NPs via a method known as “green syn-
thesis.” The NPs synthesized using the plant system can
also be utilized for different commercial applications like
pharmaceuticals, drugs, therapeutics, and so on (17).
Extracts of different parts of plants such as roots,
flowers, seeds, leaves, fruits, latexes, and peels have
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been used for the biosynthesis of metallic NPs (9, 12, 15,
18). The aqueous extract of Xanthium strumarium (19),
Croton bonplandianum (20), and Erigeron bonariensis
(21) have been used for the biosynthesis of stable Ag
NPs. Ahmed et al. (22) have reviewed the literature
released from 2006 to 2015 to demonstrate how extracts
of different plants have been applied to fabricate Ag NPs.
Since then, more studies have been done on this subject
– for example, Allafchian et al. (23) have applied Phlomis
extracts to form Ag NPs.

Researchers have explained that metallic-green NPs
exhibit antibacterial property (24, 25) – for example, Ag
NPs with antibacterial properties were synthesized
using apple extracts (26). Sedaghat and Afshar (27) have
applied Ziziphora tenuior L. water extracts to construct
Ag NPs (21). In addition, the green synthesis of Ag NPs
using the extract of Clerodendron infortunatum as a redu-
cing and stabilizing agent has been studied (28).

Lepidium draba (L). Link (Brassicaceae; syn. Cardaria
draba), commonly known as whitetop or hoary cress, is
a perennial herb of the Brassicaceae family that is repro-
duced by seeds and horizontal creeping roots (29). It is
native to Western Asia including Iran, Armenia, Turkey,
Israel, Syria, and Iraq Cripps. Chopra et al. (30) have
reported that L. draba is antiscorbutic, and the seeds
have been used as a cure for flatulence and fish
poison. It is an invasive species and has been introduced
by contaminated seeds to every continent (31). This wild-
growing weed is extensively found in roadsides,
meadows, and fields (32). It can be found in most parts
of Iran as a weed plant alongside winter crops in orch-
ards and vegetable fields; it can cause a serious
problem (33). Thus, it is very important to see we can
use this unwanted plant as a useful plant. The aerial
parts of L. draba show the presence of alkaloids, terpe-
noids, tannins, saponins, Leuco anthocyanins, triter-
penoids, and flavonoids. Three known flavonoid
glycosides, rhamnocitrin-3-O-β D-glucoside, complanatu-
side, and genkwanin-4′-O-β D-glucoside were isolated
from the all parts of L. draba (34).

In a previous study on L. draba, some organic com-
pounds, such as alkaloids, terpenoids, tannins, saponins,
Leuco anthocyanin, triterpenoids, and flavonoids, were
recognized (35) that were necessary for reducing and sta-
bilizing Ag ions to Ag NPs. The vegetative and reproduc-
tive tissues of L. draba also contain two major types of
glucosinolates, namely glucoraphanin and glucosinalbin
(36). An important type of isothiocyanate (4-[methylsulfi-
nyl] butyl isothiocyanate) can be produced through glu-
coraphanin hydrolysis via myrosinase activity (37). This
isothiocyanate has antioxidant properties (38) and anti-
bacterial effects on Helicobacter pylori (39). Until now,
there has been no report on the biosynthesis of Ag

NPs from L. draba. In this paper, we used different
amounts of the L. draba root extract to prepare Ag NPs.
The bio-prepared Ag NPs characteristics and morpho-
logical structures were investigated by Fourier transform
infrared (FT-IR) spectroscopy, X-ray diffraction analysis,
and FE-SEM and TEM techniques. Furthermore, the anti-
bacterial activity of Ag NPs was tested against Staphyloc-
cocus aureus and Bacillus cereus as gram-positive
bacteria, while it was tested against Salmonella typhimur-
ium and Escherichia coli as gram-negative bacteria by
applying the disk diffusion assay.

2. Materials and methods

2.1. Materials

AgNO3 was obtained from Merck Co. All the glassworks
were washed with double-distilled water and then desic-
cated in the oven at 80°C. Whatman filter paper No. 1 was
used for filtration. The L. draba root of a known identity
was available in the herbarium of the Department of
Natural Resources, Isfahan University of Technology,
Iran, and its taxonomic identity was identified.

2.2. Preparation of the extract

The root parts of L. draba were washed and cleaned
several times with normal and then distilled water to
remove any contamination. As much as 20 g of the
root parts of the plant were boiled in 100 mL of distilled
water for 10 min. This mixture was filtered through a
normal filter and then through Whatman filter paper
No. 1. In this way, the L. draba root extract was separated
and stored in the refrigerator at 4°C. This extract was
applied as a reducing agent for the synthesis of Ag NPs.

2.3. Apparatus

The FT-IR spectra of various amounts of the L. draba root
extract in the presence of AgNO3 for Ag NPs formation
were acquired by a JASCO FTIR 680 Plus (Japan) on KBr
pellets within a range of 3000–400 cm–1. A Philips-
X’Pert Pro MPD with Cu kα radiation (λ = 1.54 Å) was
applied to record the XRD patterns of Ag NPs within
the 2θ range of 10–80° at a step size of 0.02° at 40 kV
and 30 mA. In addition, the Ag NPs were morphologically
studied by TEM (CM30-Philips) and SEM techniques
(HITACHI S-4160).

2.4. Preparing Ag NPs

As much as 120 mL of the aqueous solution of AgNO3

0.01 M was equally spilled into four backer flasks
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(30 mL in each backer). Consequently, 2.0, 2.5, 3.0, and
3.5 mL of the prepared L. draba root extract was dec-
anted to each breaker, separately at room temperature.
The synthesis of NPs using plants can be visually
observed because of the change in coloration from
light-green to dark-brown (40). After 15 min, the for-
mation of Ag NPs was confirmed by observing the
dark-brown color of the mixed solution. In order to dis-
perse the NPs, the ultrasonic homogenizer (Develop-
ment of Ultrasonic Technology Co., Iran) was used.

2.5. Antibacterial activity assay

The antibacterial activity of the green-synthesized Ag
NPs was evaluated following the disk diffusion pro-
cedure (13). The antimicrobial effect of Ag NPs was
assessed on different pathogenic bacteria such as S.
aureus (ATCC 29213), B. cereus (ATCC 14579), E. coli
(ATCC35218), and S. typhimurium (ATCC 14028). The
inoculum of bacteria was advanced by growing the
organism overnight in the Mueller-Hinton medium
at 37°C and then sub-cultured in Mueller-Hinton
agar overnight. The bacteria colonies were suspended
in 2 mL of sterile saline, and the bacterial suspension’s
turbidity was adjusted to 0.5 McFarland standards by
diluting the sterile saline. The sterile swabs were
dipped into the inoculum tubes. The Mueller-Hinton

agar plates were inoculated with bacteria by streaking
the swabs. The suspension of Ag NPs, AgNO3, and dis-
tilled water as negative control were localized into the
disks and incubated for 24 h at 37°C. All the disks
were used for the antimicrobial activity evaluation
against cited bacterial strains on Mueller-Hinton agar
plates. The antibacterial activity of Ag NPs was
measured by the standard zone of the inhibition
assay.

3. Results and discussion

3.1. XRD characterization of bio-prepared Ag NPs

The XRD pattern of the bio-prepared Ag NPs in different
amounts of the L. draba root extract is plotted in Figure 1.
The peaks at 2θ values of 38.08°, 44.27°, 64.44°, and
77.62° correspond to the lattice planes of the face-cen-
tered cubic crystal structure of Ag NPs at (111), (200),
(220), and (311), respectively; these are observed for all
amounts of the root extract. These results are in agree-
ment with the Joint Committee on 250 Powder Diffrac-
tion Standards file No. 04-0783. By using the Scherrer
equation, the average size of bio-prepared Ag NPs was
obtained to be 124 nm.

D=Kλ/βcosθ, where K is a constant equal 1, λ is the X-
ray source wavelength (1.54 Å), β is the full width half
maximum, θ is the corresponding diffraction angle to
the lattice plane (111), and finally, D denotes the diam-
eter of Ag NPs.

Figure 1. The XRD profile of bio-synthesized Ag NPs at different
values of L. draba root extract: (a) 2.0 mL, (b) 2.5 mL, (c) 3.0 mL
and (d) 4.0 mL.

Figure 2. The FT-IR spectra of different values of L. draba root
extract in the presence of Ag solution for Ag NPs making: (a)
2.0 mL, (b) 2.5 mL, (c) 3.0 mL and (d) 4.0 mL.
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3.2. FT-IR results

Figure 2 shows the FT-IR spectra of various concen-
trations of the L. draba root extract in the presence of
the AgNO3 solution for Ag NPs fabrication. A phytochem-
ical analysis of the L. draba root extract indicated flavo-
noids, phenolics, alkaloids, and tannins (35). The
L. draba root contains glucoraphanin and glucosinalbin.
Glucoraphanin is a group of chemically related com-
pounds known as glucosinolates, which are sulfur- and
nitrogen-containing compounds (41).

In this figure, peaks are observed at 800–600, 915–
810, 1200–1000, 1420, 1612, 1760, and 2900 cm−1. The
small band around 2900 cm−1 is attributed to the C−H
stretching and bending vibrations. The carbonyl stretch
vibration in carboxylic acids, ketones, and aldehydes is
observed at around 1760 cm−1 (42–44). The absorption
peak at about 1612 cm−1 can be attributed to the asym-
metric stretching vibration of COO−, while the band at
1420 cm−1 is a result of the symmetric stretching
vibration of COO− and the stretching vibration of C−O
(44–46). Moreover, the band within 1200–1000 cm−1 is
dominated by ring vibrations overlapped with stretching
vibrations of (C−O−H) side groups and the (C−O−C) gly-
coside band vibration. Further, the band within 810–
915 cm−1 is attributed to the presence of polysaccharide.
The bands within the range of 800–600 cm−1 are attrib-
uted to the C–H out-of-the-plane bend of aromatic
phenols. These results show that aldehydes, glycoside,
phenolic, and carboxylic acids of the L. draba root
extract are mainly involved in the construction of Ag

NPs. The presence of protective and reductive biomole-
cules in the plants can be a major factor for the synthesis
of NPs (40).

3.3. The FE-SEM and TEM analysis results

The morphology and crystalline structures of bio-pre-
pared Ag NPs were studied via FE-SEM and TEM
methods. In Figure 3, the spherical NPs were evidently
recognized and dispersed within the size range of 20–
80 nm. It is interesting that with increases in the
amount of the root extract, the SEM and TEM images
of Ag NPs vary. Therefore, it is significant that the
shapes and sizes of Ag NPs depend on the plant
extract concentration, which changes the optical and
electronic property of NPs (47).

Figure 3. The FE-SEM patterns of bio-synthesized Ag NPs at different values of L. draba root extract: (a) 2.0 mL, (b) 2.5 mL, (c) 3.0 mL
and (d) 4.0 mL. The inserted figures are related to TEM images.

Figure 4. The histogram of bio-synthesized Ag NPs size by using
of different values of L. draba root extract.
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Continuing with this research, the sizes of Ag NPs
were measured by Digimizer Software where the corre-
sponding histogram was plotted (Figure 4). Applying
2.0, 2.5, 3.0, and 4.0 mL of the plant root extract as a redu-
cing agent, the average particle sizes for Ag NPs were
obtained to be 42.5, 37.7, 34.4, and 32.5 nm, respectively.
The results indicated that the amount of the plant extract
is related inversely to the sizes of Ag NPs so that an
increase in the amount of the plant extract decreases
the sizes of Ag NPs. The metal-reductive process was
invigorated in the presence of the larger amounts of bio-
molecules in such a way that Ag NPs of smaller sizes were
obtained.

The synthesis of NPs using plants is relatively fast
compared with the other systems and can be visually
observed because of the change in coloration from
light-green to dark-brown. The shapes and sizes of the
NPs can be modulated by a slight change in the pH
and temperature of the NPs (48).

3.4. Antibacterial activity results

In Figure 5, the disc diffusion results of Ag NPs, the
AgNO3 solution, and the distilled water (as negative
control) are shown, with the corresponding zone of inhi-
bition presented in Table 1 against gram-positive (S.
aureus and B. cereus) and gram-negative (S. typhimurium
and E. coli) bacteria. Regarding these results, it can be
concluded that the bio-synthesized Ag NPs by the
L. draba root extract (4 mL) have higher antimicrobial
activity than AgNO3, as measured against all the cited
bacteria. This may be because of the bacterial cell
death due to accumulation of metallic NPs inside the
cell membrane and the release of cellular compounds

Figure 5. The antibacterial activity of Ag NPs against microorganisms: (1) Ag NPs, (2) distilled water and (3) AgNO3.

Table 1. The zone of inhibition (mm) of Ag NPs, AgNO3 and
distilled water against tested bacteria.

Compound

Zone inhibition

S. typhimurium E. coli B. cereus S. aureus

Distilled water 6.4 6.4 6.4 6.4
AgNO3 9.9 9.2 9.6 9.9
Ag NPs 10.4 10.8 10.8 10.8
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(24). Since smaller sized NPs had a larger surface area for
interaction with bacteria, their antibacterial activity was
higher than that of larger sized NPs (49).

4. Conclusion

This study demonstrated a green synthesis procedure for
Ag NPs by applying the L. draba root extract as a redu-
cing agent. By using XRD, FT-IR, FE-SEM, and TEM tech-
niques, the fabrication, structure, and morphology of
Ag NPs were investigated. Corresponding FT-IR to the
functional groups of carbonyl (–C9O), glyosidic (C–O–
C), and carboxylic acid (–COO) showed that aldehydes,
carboxylic acids, glycosidic, and phenolics-components
of the L. draba root extract play an important role in
Ag NPs fabrication. In the XRD pattern of Ag NPs, four
characteristic peaks were detected and their spherical
shape was obviously observed in SEM and TEM images.
The size distribution with different amounts of the
L. draba root extract showed that the smallest Ag NPs
were achieved by applying the highest amount of the
plant extract. The zone inhibition results showed that
in comparison with Ag ions, the Ag NPs have a larger
potential in terms of antimicrobial activity. The demon-
strated fast synthesizing method and superior antimicro-
bial activity of the bio-synthesized Ag NPs may suggest
the use of plant extracts for the preparation of Ag NPs.
This outcome could be used as an application of the
unwanted plants, especially in crop fields, to produce
eco-friendly NPs.
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