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Nanoparticles play an important role in pharma-
ceutical, industrial and biotechnological applica-

tions. In particular, silver nanoparticles are proved to
have antibacterial, antifungal, antiplasmodial and lar-
vicidal properties [1–2]. Silver ion is highly toxic to
bacteria such as Escherichia coli B (E. coli) and
Staphylococcus aureus but has a low toxicity to ani-
mal cells. Linens and clothing can provide a suitable
environment for many bacteria, fungi and viruses to
grow when in contact with the human body, allowing
transmission of infectious disease. Silver nanoparti-
cle is one of the most antibacterial agents which are
preferred to apply in textile industry [3]. Antibacterial
efficacy on textile fabrics can easily be achieved by
applying nanosized silver colloids to the fabrics [4–6].
Among different methods to synthesize silver nano -
particles, the biological method has been extensively
investigated. Biosynthesis provides advancement
over chemical and physical method as it is cost effec-
tive, environment friendly, easily scaled up for large
scale synthesis and in this method there is no need 

to use high pressure, energy, temperature and toxic
chemicals. From recent results, researchers inspired
on biological systems to develop benign nanoparti-
cles using microorganisms, yeast and plant or plant
extracts termed as green chemistry approaches [7].
Silver nanoparticles being extensively synthesized
using various plant leaf extracts such as Geranium
[8], Neem [9], Ocimum [10], Cassia auriculata [11],
Mahogany [12], Chenopodium album [13], Cassia fis-
tula [14] and Avicennia marina [15]. Weld (Reseda
Luteola L.) is a plant which produces a yellow colour
from its foliage and flowers. Luteolin and apigenin are
the two main flavonoids present in the Weld [16].
Since prehistoric times, natural dyes have been used
for coloring natural fibers such wool, cotton and silk.
They also served to color cosmetic products and to
produce inks, watercolors and artist’s paints. This
paper reports a facile and rapid biosynthesis of silver
nanoparticles from Weld as a natural dye. The aque-
ous extract of the dye was used as reducing agent to
silver nanoparticles synthesis from silver nitrate. 

REZUMAT – ABSTRACT

Biosinteza nanoparticulelor de argint pe bază de Reseda Luteola L.
şi activitatea antimicrobiană a acestora

Dintre diferitele metode sinteză a nanoparticulelor de argint, cea mai mult utilizată a fost metoda biologică. În cadrul
acestui articol este prezentată o metodă facilă şi rapidă pentru biosinteza nanoparticulelor de argint, care se bazează
pe folosirea unui colorant natural extras din rezeda de câmp (Reseda Luteola L.). Extractul apos de colorant a fost
folosit ca agent de reducere a ionilor de argint. Caracterizarea acestor nanoparticule s-a efectuat prin diverse tehnici.
S-a analizat atât formarea şi dezvoltarea nanoparticulelor, cu ajutorul spectroscopiei de absorbţie UV-VIS, cât şi forma,
dimensiunea şi morfologia acestora prin microscopie electronică de transmisie (TEM). De asemenea, a fost evaluată
influenţa cantităţii de colorant asupra procentului de argint şi a timpului de contact, pentru a descoperi efectele acestora
asupra eficacităţii sintezei nanoparticulelor de argint. Distribuţia dimensiunii nanoparticulelor de argint a fost evaluată
prin tehnica DLS. De asemenea, a fost investigat şi potenţialul antibacterian al nanoparticulelor de argint biosintetizate.
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Biosynthesis of silver nanoparticles using Reseda Luteola L. and their antimicrobial activity

Among different methods to synthesize silver nanoparticles (SNPs), the biological method has been the most exten -
sively investigated. This study presents a facile and rapid method for biosynthesis of silver nanoparticles from Weld
(Reseda Luteola L.) as a natural dye. An aqueous extract of the dye was used as a reducing agent for silver ions. The
evaluation of these nanoparticles was made by various methods. The formation and growth of the nanoparticles were
studied using UV-Vis absorption spectroscopy, while their shape, size and morphologies were monitored by trans -
mission electron microscopy (TEM). Moreover, the influence of the dye amount to silver ratio and contact time were
evaluated to find their effects on synthesis’ efficacy. Size distribution of SNPs were evaluated by means of Dynamic light
scattering (DLS) measurements. Antibacterial potential of biosynthesized SNPs was investigated.
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EXPERIMENTAL PART

Materials and chemicals
Weld (Reseda Luteola L.) was collected during the
flowering period (May/June 2008) in Iran. The foliage
and flowers parts of plant collected and after drying,
were grounded in a laboratory mill. Silver nitrate was
obtained from Merck (Germany). High salt Luria Bertani
Broth (LB) was purchased from Sigma Aldrich. All the
chemicals and reagents used in this study were of
analytical grade. pH was adjusted to the required
value with a 0.1 N NaOH aqueous solution. 

Extraction of dye
10 grams of dried Weld was weighed in a round bot-
tom flask. A magnetic stirring-bar and 400 mL of
methanol–water 8:2 (v/v) were added to the flask.
The flasks were placed on a heater with a stirrer and
refluxed for 15 minutes at boiling temperature. The
extracts were then filtered (Whatman no. 541, 22 µm)
and put in a Petri dish into an oven at 45°C for 24
hours for a powder state. The powder was kept in a
refrigerator and used for further experiments.

Synthesis of silver nanoparticles

The broth used for reduction of Ag+ ions to Ag0 was
prepared by taking 0.5 g of extracted dye with 100 mL
of deionized water and then stirring the mixture for
5 minutes at room temperature. After stirring, the solu -
tion was filtered using a HPLC syringe filter (0.45 µm,
25 mm). A required dye amount of the broth was
mixed with pure water to adjust the final volume of
5 mL. At last step, 5 mL of a 100 ppm aqueous
AgNO3 was added drop wise to the dye solution at

room temperature, while vigorously stirring for 1 hour.
Water, silver solution and dye solution was separate-
ly adjusted to pH = 8 before mixing together. In this
paper the amount of K represents the dye to silver
concentration ratio.

Characterization of silver nanoparticles

The bio reduction of Ag+ ions in solutions was moni-
tored by measuring UV-Vis spectra of the solution
after a specific time and several times dilution with
deionized water. UV-VIS spectral analysis was per-
formed using a Cary 100 Bio UV/Vis spectropho-
tometer (Varian). The dye solution without AgNO3 at

the same concentration of each sample was used
for the baseline correction. Transmission Electron
Microscopy (TEM) measurements were performed
using a Libra 200 (Carl Zeiss SMT). Samples were
prepared by placing solution droplets of a 2 µL vol-
ume on the carbon-coated copper TEM grids and fol-
lowed by slowly evaporating at room temperature.
The size distribution of particles was characterized by
dynamic light scattering (DLS) using a Zetasizer
Nano HPPSv420 (Malvern Instruments, UK).

Qualitative antibacterial testing 
In this method antibacterial activity is defined as the
antibacterial agent that inhibited the growth of tested

bacteria in around. In order to determine antibacteri-
al activity of synthesized SNPs, qualitative bacterio-
static tests against E. coli (ATCC 8739) were used by
the agar-based test method and expressed in term of
the size of inhibition zone (in mm). Surfaces of Petri
dishes, containing 25 mL of Mueller-Hinton agar,
were seeded individually with bacterial suspensions
(equivalent to 0.5 McFarland standard, 1.5 × 108

CFU/mL), using a sterile cotton swab. Wells were
done by punching a stainless-steel cylinder (80 mm
in diameter) onto the agar plates and removing the
agar. 80 μL aliquots of each prepared sample were
placed individually in the wells. The Petri dishes were
incubated at 37°C for 24 hours, thereafter, the zones
of inhibition were determined.

Quantitative antibacterial test method
The antibacterial properties were quantitatively eval-
uated against E. coli, according to test method
FC-TM-19-2001, which was designed by laboratory
accord for exact antibacterial evaluation of colloidal
solutions. 10 µl of bacteria was added to 10 ml fresh
LB medium and grown in 37°C till the amount of bac-
teria reach 108 CFU/ml. This solution was diluted
using LB medium to 107 CFU/ml. 0.1 ml of the solu-
tion was added to 40 mL of synthesized SNPs and
biological serum as a control and after inoculation for
24 hours in 37°C was diluted in test tubes with the
biological serum solution at 101, 102, 103 and 104

times. 0.1 mL of solution from each test tube was
placed on agar plates and incubated for 24 hours.
Finally, the average number of colonies was calculat-
ed from 3 repeating. 

RESULTS AND DISCUSSIONS

Reduction of AgNO3 solution

Figure 1 shows the UV-Vis spectrum for the 50 ppm
silver ions containing solution and extract of Weld at
pH 8 with K = 10. Upon stirring at room temperature
(25°C) for 1 hour, a prominent peak appeared at
450 nm, which could be attributed to the Surface
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Fig. 1. UV-Vis spectra of synthesized SNPs after 1 hour
in solution with K = 10 and pH = 8



Plasmon Resonance band of SNPs [17]. TEM images
confirmed existence of SNPs in solution (fig. 2). 
Chemical constituents in the dye extract may act as
a biological reducing agent. The main biomolecules
responsible for nanoparticle synthesis are polyphenols
or flavonoids, which are present in the comparable
amount concentrations in Weld. Oxidation-reduction
abilities are primarily owing to phenolic anti oxidant
compounds, i.e. their ability to act as reducing agents,
hydrogen donors and singlet oxygen quenchers [18].
Luteolin and Apigenin are two major polyphenols pre-
sent in Weld [19]. Molecular structure of Luteolin is
presented in formula (1) and of Apigenin in formula (2).

(1)

(2)

Polyphenols which have two ortho or para-dihydroxy
group in their phenolic ring can easily be oxidized to
related quinones [20]. Therefore, Luteolin is the most
important polyphenol acting as a reducing agent in
SNPs synthesis. Tentative mechanism of SNPs syn-
thesis in the present of Luteolin is illustrated in for-
mula (3).
It can be seen, that one molecule of Luteolin can
cause a reduction of two silver ions to SNPs. In this
mechanism, Luteolin is oxidized to α, β-unsaturated
carbonyl groups. Resulted Quinone is not stable and
is rapidly hydrated to unreactive species [21].

Effect of dye extracts quantity on synthesis
of silver nanoparticles 
Figure 3 shows the UV-Vis spectra for synthesized
SNPs with several different silver to dye ratio after
one hour in pH = 8. Increasing ratio of dye extract up
to K =15 led to an increase in absorbance intensity at
450 nm corresponded to SNPs formation. With K = 20,
the sharpness of absorption peak was less than
K = 15. At low amount of K, the number of dye
molecules may be not enough to reduce all silver
ions to SNPs. An increase of the dye amount could
cause a complete reduction of any silver ions to
SNPs and therefore an increase in absorption inten-
sity at 450 nm. A decrease in UV-Vis absorbance
intensity with K = 20 could be due to surrounding of
SNPs by extra dye molecules. It seems, after achieve-
ment the required amount of dye molecules as a
reducing agent, a reaction between extra dyes and
synthesized SNPs can happen and lead to surround-
ing of SNPs by dye molecules. A small pick at 368 nm
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Fig. 2. TEM image of synthesized SNPs after 1 hour
in solution with K = 10 and pH = 8

Fig. 3. UV-Vis spectra for synthesized SNPs with several
different silver to dye ratio after one hour in pH = 8

(3)



is related to presence of some unreacted dyes that
can be observed in in UV-Vis spectra for samples
with K larger than 10. 
The mean value of hydrodynamic diameter (Z-aver-
age) and polydispersity indices of silver nanoparticles
for K 1, 10 and 20 are summarized in table 1. The
Z-average for nanoparticles was reduced by increas-
ing dye to silver ratio up to K = 10. An increase of K
up to 20 caused an increase in the particle hydrody-
namic diameter. It is probably because of dye
molecules attachment to SNPs in a high concentra-
tion of dye in solution.

The lowest value of polydispersity indices of pro-
duced nanoparticles led to a narrow size distribution.
An increased amount of dye to silver ratio from 1 to
10 led to an increase in polydispersity indices of

SNPs. This indicated that a more difference in size of
synthesized SNPs will be by a higher concentration
of the dye. Weld is made of different flavonoids able
to reduce silver ions to SNPs. Different reducing
agent with different redox potential could cause syn-
thesis of SNPs in different size. 
A correlation between K and the size of synthesized
SNPs can be noted by TEM images depicted in fig-
ure 4. With an increase of K from 1 to 20, a decrease
in the particle size was revealed. An increase of K up
to 20 resulted in a smaller SNPs size. It is due to that
dye acts as a reduction agent and any increase of
reduction agent will lead to a smaller SNPs.

Stability of silver nanoparticles
The effect of dye extracts quantity on synthesis time
and stability of SNPs in an aqueous solution was
evaluated at different dye to silver ratio using UV-VIS
spectroscopy and the zeta size analyzer. UV-Vis
spectroscopy results indicated that at a low ratio of
dye-to-silver, even after one day, an increase in max-
imum absorbance intensity was revealed (fig. 5). With
an increase of K to 10, no increase in peak intensity
was noticed after one day. It can be concluded that
with an increase of dye concentration, less time was
needed to achieve a maximum of UV-Vis absorption
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Table 1

Fig. 4. TEM images of the synthesized SNPs after 1 hour in solution with pH = 8 and: 
a) K = 1; b) K = 10; c) K = 20

a                                                          b                                                          c

Fig. 5. UV-Vis absorption spectra of solution of synthesized SNPs in different time in solution with pH = 8 and: 
a) K = 1; b) K = 10; c) K = 20

a                                                          b                                                          c

EFFECT OF K ON Z AVERAGE AND POLYDISPERSITY
INDEX OF SNPs AFTER 6 HOURS

K 1 10 20

Z average, nm 30.8 12.1 20.6

Polydispersity index 0.207 0.545 0.512



intensity at 450 nm. It is due to that dye acts as a
reduction agent and any increase of reduction agent
will lead to a faster synthesis of SNPs. However, an
increase of the dye-to-silver ratio up to 20, caused less
stability in UV-Vis absorption spectra. A decrease in
UV-Vis absorbance in the range of 350 – 400 is
because of a decrease in dye concentration in solu-
tion and can be explained by dye aggregation. At
high dye concentrations, molecules have tendency
for attach to each other to larger particles. At k = 20,
some of SNPs might be surrounded by the dye and
therefore were agglomerate accompanied by dye
aggregation. 
A comparison of DLS results shown in tables 1 and 2
revealed that stability in all cases is sufficient. When
amount of the dye-to-silver ratio is 20, the hydrody-
namic diameter of particles was reached to a double
size after one month. It can confirm that stability of the
particles at this concentration of dye was decreased.

Results on antibacterial activity
An antibacterial is an agent that inhibits bacterial
growth or kills bacteria [22]. The results of qualitative
antibacterial assay are presented in table 3. The best
antibacterial properties, leading to the larger inhibi-
tion zone of bacterial growth, were achieved with
K = 1. With an increase of the dye amount to K = 10,
a small decrease in the inhibition zone diameter was
observed The SNPs prepared by using dye to silver
ratio 20 gave the smallest inhibition zones. It could
be because of the surrounding and encapsulation of
synthesized SNPs with dye so, there are less free to
diffuse on the agar plate and inhibits growth of bacteria.
In quantitative antimicrobial method, the antimicrobial
activity was evaluated by calculating the percent
reduction of bacteria after incubation with SNPs using
equation (4):

Ma  – MbR (%) = ———— ⋅ 100    (4)
Ma

where:
R is percentage of the bacteria reduction; 
Ma – average number of bacterial colonies on the

agar plate including the diluted solution of the
control after 24 hours incubation; 

Mb – average number of bacterial colonies on the

agar plate including the diluted solution of bac-
teria containing SNPs after 24 hours incubation.

Results in table 4 show that in all cases synthesized
SNPs could kill all of the bacteria. It means that syn-
thesized SNPs show excellent bactericidal properties
in quantitative test. Comparison between qualitative

and quantitative tests shows encapsulated SNPs can
separate from dye molecules in liquid phase and kill
all of bacteria. It means complex between dye and
SNPs was not too strength to cause the loss of anti -
microbial activity of synthesized SNPs.

CONCLUSIONS
The biosynthesis of silver nanoparticles from Weld
(Reseda Luteola. L) as a natural dye was investigat-
ed. The aqueous extract of the dye was used as a
reducing agent for silver nanoparticles synthesis from
silver nitrate. The amount of dye-to-silver ratio was
the decisive factor for size, polydispersity, stability and
antibacterial properties of synthesized nanoparticles.
Synthesized SNPs showed an excellent antimicrobial
activity in liquid phase by the quantitative antimicro-
bial test. From a technological point of view, this
method may have potential applications to obtain
antibacterial properties of textiles, especially which
can be dyed with natural dyes. 
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Table 2

Table 3

Table 4

EFFECT OF K ON Z AVERAGE AND POLYDISPERSI-
TY INDEX OF SNPs AFTER 30 DAYS

K 1 10 20

Z average, nm 36.92 17.73 41.88

Polydispersity index 0.298 0.446 0.435

THE DIAMETER OF GROWTH INHIBITION ZONE
IN QUALITATIVE METHOD FOR SYNTHESIZED SNPs

AT DIFFERENT AMOUNTS OF K

K 1 10 20

Inhibition zone diameter, mm 18.18 17.45 10.36

RESULTS OF QUANTITATIVE ANTIBACTERIAL TEST
FOR SYNTHESIZED SNPs

AT DIFFERENT AMOUNT OF DYE TO SILVER RATIO

K 1 10 20
Ma 1 × 107 1 × 107 1 × 107

Mb 0 0 0

Percent reduction of bacteria 100 100 100

BIBLIOGRAPHY

[1] Saxena, A., Tripathi, R. M., Singh, R. P. Biological synthesis of silver nanoparticles by using onion (Allium Cepa) extract
and their antibacterial activity. In: Digest Journal of Nanomaterials & Biostructures, 2010, vol. 5, issue 2, p. 427

[2] Elumalai, E. K., Prasad, T., Hemachandran, J., Therasa, S. V., Thirumalai, T., David, E. Extracellular synthesis of
silver nanoparticles using leaves of Euphorbia hirta and their antibacterial activities. In: Journal of Pharmaceutical
Sciences and Research, 2010, vol. 2, issue 9, p. 549



128industria textila 2013, vol. 64, nr. 3˘

[3] Dast jerd i ,  R. ,  Montazer,  M. A review on the application of inorganic nano-structured materials in the
modification of textiles: Focus on anti-microbial properties. In: Colloids and Surfaces B: Biointerfaces, 2010, vol. 79,
issue 1, p. 5

[4] Lee,  H.  J . ,  Yeo,  S.  Y. ,  Jeong,  S.  H. Antibacterial effect of nanosized silver colloidal solution on textile fabrics.
In: Journal of Material Science, 2003, vol. 38, p. 2 199

[5] Lee H.  J . ,  Jeong,  S.  H.  Bacteriostasis of nanosized colloidal silver on polyester nonwovens. In: Textile
Research Journal, 2004, vol. 74, p. 442

[6] Durán,  N. ,  Marcato,  P.  D. ,  De Souza,  G.  I .  H. ,  A lves,  O.  L . ,  Esposi to ,  E. Antibacterial effect of silver
nanoparticles produced by fungal process on textile fabrics and their effluent treatment. In: Journal of Biomedical
Nanotechnology, 2007, vol. 3, p. 203

[7] Ghorbani, H. R., Safekordi, A. A., Attar, H., Sorkhabadi, S. M. Biological and non-biological methods for
Silver nanoparticles synthesis. In: Chemical and Biochemical Engineering Quarterly, 2011, vol. 25, issue 3, p. 317

[8] Shankar,  S.  S. ,  Ahmad,  A. ,  Sast ry,  M. Geranium leaf assisted biosynthesis of silver nanoparticles. In:
Biotechnology progress, 2003, vol. 19, issue 6, p. 226

[9] Shankar,  S.  S. ,  Rai ,  A. ,  Ahmad,  A. ,  Sast ry ,  M. Rapid synthesis of Au, Ag, and bimetallic Au core–Ag shell
nanoparticles using Neem (Azadirachtaindica) leaf broth, In: Journal of Colloid and Interface Science, 2004, vol.
275, issue 2, p. 496

[10] Mal ikar juna,  K. ,  D i l l ip ,  G.  R. ,  Praveen,  B. ,  Shreedhar,  B. ,  Lakshmi ,  C.  S. ,  Reddy,  B.  V.  S.  P. ,
Raju,  B. D. P. Green synthesis of silver nanoparticles using Ocimum leaf extract and their characterization. In:
Digest Journal of Nanomaterials and Biostructures, 2011, vol. 6, issue 1, p. 181

[11] Udayasooian, C., Kumar, K., Jayabalakrishnan, R. M. Extracellular synthesis of silver nanoparticles using
leaf extract of Cassia auriculata. In: Digest Journal of Nanomaterials and Biostructures, 2011, vol. 6,  issue 1, p. 279

[12] Mondal ,  S. ,  Roy,  N. ,  Laskar,  RA,  SK,  I . ,  Basu,  S. ,  Mandal ,  D. ,  Beguma,  N. A. Biogenic synthesis
of Ag, Au and bimetallic Au/Ag alloy nanoparticles using aqueous extract of mahogany (Swieteniamahogani JACQ.)
leaves. In: Colloids and Surfaces B: Biointerfaces, 2011, vol. 82, p. 497

[13] Dwivedi ,  A.  D. ,  Gopal ,  K. Biosynthesis of silver and gold nanoparticles using Chenopodium album leaf extract.
In: Colloids and Surfaces A: Physicochemical and Engineering Aspects, 2010, vol. 369, p. 27

[14] L in ,  L . ,  Wang,  W. ,  Huang,  J . ,  L i ,  Q. ,  Snu,  D. ,  Yang,  X. ,  Wang,  H. ,  He,  N. ,  Wang,  Y. Nature
factory of silver nanowires: Plant-mediated synthesis using broth of Cassia fistula leaf. In: Chemical Engineering
Journal, 2010, vol. 162, p. 852

[15] Gnanades igan ,  M . ,  Anand ,  M . ,  Rav i kumar,  S . ,  Maru thupandy,  M . ,  V i j ayakumar,  V. ,
Kumaraguru,  A. K. Antibacterial potential of biosynthesised silver nanoparticles using Avicennia marina
mangrove plant. In: Applied Nanoscience, 2012, vol. 2, issue 2, p. 143

[16] Cr is tea,  D. ,  Bareau,  I . ,  Vi larem, G. Identification and quantitative HPLC analysis of the main flavonoids
present in weld (Reseda luteola L.). In: Dyes and Pigments, 2003, vol. 57, p. 267

[17] Gr i ja lva,  A.  S. ,  Urb ina,  R.  H,  S i lva. ,  J .  F.  R. ,  Bor ja ,  M.  A. ,  Barraza,  F. F. Assessment of growth of
silver nanoparticles synthesized from an ethylene glycol-silver nitrate-polyvinyl pyrrolidine solution. In: Physica E,
2005, vol. 25, p. 439

[18] Leopold in i ,  M. ,  P i tarch,  I .  P,  Russo,  N. ,  Toscano,  M. Structure, conformation, and electronic properties
of Apigenin, Luteolin, and Taxifolin antioxidants, a first principle theoretical study. In: Journal of Physical Chemistry,
A, 2004, vol. 108, issue 1, p. 92

[19] Cr is tea,  D.  Bareau,  I . ,  Vi larem, G. Identification and quantitative HPLC analysis of the main flavonoids
present in weld (Reseda luteola L.). In: Dyes and Pigments, 2003, vol. 57, p. 267

[20] Roy, N., Mondal, S., Laskar, R. A, Basu, S., Mandal, D., Begum, N. A. Biogenic synthesis of Au and Ag
nanoparticles by Indian propolis and its constituents, In: Colloids and Surfaces B: Biointerfaces, 2010, vol. 76, p. 317

[21] Tu,  T. ,  Gib l in ,  D. ,  Gross,  M. L. Structural Determinant of Chemical Reactivity and Potential Health Effects of
Quinones from Natural Products. In: Chemical Research in Toxicology, 2011, vol. 24, issue 9, p. 1 527

[22] Barani ,  H. ,  Montazer,  M. ,  Samadi ,  N. ,  To lyat ,  T. Nano silver entrapped in phospholipids membrane:
Synthesis, characteristics and antibacterial kinetics. In: Molecular Membrane Biology, 2011, vol. 28, issue 4, p. 206

Authors:

MAJID NASIRI BOROUMAND
MAJID  MONTAZER

Department of Textile Engineering
Amirkabir University of Technology

Tehran, Iran

VICTORIA DUTSCHK
Engineering Technology (CTW)

University of Twente
Enschede, The Netherlands

Corresponding author:

MAJID  MONTAZER
e-mail: tex5mm@aut.ac.ir




