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Nanobiotechnology is a fast growing field in which instruments are created by nano size particles of
approximately 1 to 100 nm (1 to 100 nm) of the scale of nanometers. Nanoparticles today have potential
implications for life sciences and human health applications. In this research, silver nanoparticles (AgNPs)
were successfully synthesized using Saussurea costus root aqueous extract and AgNPs have been charac-
terized by the use of UV–Vis, Scanning Electron Microscopes (SEM), and Electromicroscopy of transmis-
sion (TEM) and Energy Dispersive X-ray Spectroscopy (EDXs). The highest number of particles are in the 5
to 15 nm range. AgNPs have been added in saffron dye solution for degradation dye biosynthesizing, and
product analysis using UV/vision spectrophotometer, FTIR and HPLC has been performed. Green-summed
AgNPs effectively degraded the color, with UV/VIS spectrophotometers, around 84.6 percent at 72 h of
exposure time. The decrease in tested dye and presence of multiple new highs in the samples treated
with different retention times (Rt) 2.30, 6.10 and 12.24 min, is positive for the biodegradation compared
to the untreated dye with single high at 10.31 min, respectively. This green chemistry is very advanta-
geous for AgNPs biosynthesis, for example, cost-effectiveness and usability for medicinal, pharmaceutical
and extensive industrial applications. Furthermore, the bio-recovery unit for plant extracts provides a
greater ease of handling, compared to micro-organisms.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Various toxic contaminants are created and considered harmful
to humans and the environment through industrial production.
Synthetic dyes, which are difficult to extract by natural methods,
are the world’s largest chemical category. Therefore, color elimina-
tion is important for human security and ecosystem protection.
Much attention has been paid in recent years to investigating the
degradation of dye contaminants using several methods, such as
photocatalytic degradation (Liu and Zhao, 2000; Vinodgopal and
Kamat, 1995) oxidative processes (Hammami et al., 2007),
biodegradation (Cariasa et al., 2008; Jadhava et al., 2008), but these
methods needed special conditions and time consuming, so it was
important to look for an easy and simple method for degradation.
Nanoparticles have peculiar chemical, mechanical, magnetic and
visual properties because of their small size and large surface area
(Logunov et al., 1997; Hodak et al., 1998). Nanoparticles biodegra-
dation is an environmentally friendly and cost-effective option.
The convergence between the biotechnological and nanotechnol-
ogy technologies leads to the biosynthesis of the nanoparticles as
emerging bio-nanotechnologies. The use of biotechnology such as
plant extracts and microorganisms has become an alternative to
physical and chemical processes through environmentally friendly
methodologies and ecological syntheses (Gardea-Torresdey et al.,
2003). Furthermore, using plant extracts for nanoparticles synthe-
sis could be advantageous over microorganisms because of numer-
ous factors such as easy handling, cell maintenance obstruction, a
large number of plant extracts can be obtained quickly, but the
plant material is the best reduction agent for obtaining excellent
nanoparticle size and shape (Saxena et al., 2012). Nanoparticles
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without contamination and having a given size and morphology
can result from Biosynthesis. Furthermore, by biosynthetic meth-
ods, specified sizes and morphology of nanoparticles can be gener-
ated better than physicochemical (Ravindran and Chandran, 2013).
The plant produces a complex enzyme and numerous chemicals
such as polyphenols, sterols, flavonoids, triterpenes and proteins
that can create metallic nanoparticles, and reducing agents such
as sugar (fructose and glucose) (Bonnia et al., 2016). Lipschitz,
syn Saussuraa Lappa C.B. Saussurea costus (Falc.) Clarke family
Asteraciae, which comprises around 1000 genera, is known in Eng-
lish as costus and has different names for slang in India, as in the
case of the Kur (Bengal), the Kut (Gujrati), the Sepuddy (Malay-
alam), the Kot (Punjabi), and the Postkhai (Punjabi), the Kushta
(Sanskrit). Saussurea costus (S. costus) is a famous and important
medicinal plant widely used for the treatment of various condi-
tions in medicine; traditionally S. Costs are added as an antiseptic,
sedative, carminative, and bronchodilating agent.

In this survey, we recorded silver nanoparticles with Saussurea
costus radical extract biosynthesis, and synthesized AgNPs were
used for environmental degradation of the application of dye
contaminants.
2. Materials and methods

2.1. Preparation of Saussurea costus root aqueous extract

Dried S. Dry. Costus from Al-Riyadh local market. The extract
has been prepared using the Whatman filter (No. 1) by boiling
10 g of costumes in deionized water and boiling it for about
15 min. The extract was centrifuged for 15 min at 5000 rpm after
collecting the overflowing material.
2.2. AgNPs biosynthesis

A shaker with a steady rotation of 27 ± 2� C at room tempera-
ture for 24 h was mixed in 10 mL costal aquatic extract with
100 mL of silver nitrate (1 mM) solution. Silver nitrate solution
of 1 mM was used as monitor, without extract.
2.3. Silver nanoparticles characterization

Some techniques have been used to classify synthesized silver
nanoparticles:
2.3.1. Spectroscopy of UV/vis
The UV–Vis (Model Victoria, Australia) spectrophotometer is

used for characterization of wavelengths between 200 and
1000 nm of synthesis of silver nanoparticles. By the forming of sur-
face Plasmon Resonance Peak (~420 nm) with UV/VIS spec-
troscopy, the reduction of AgNO3 in AGNPs by the addition of
aqueous seed extract was identified.
2.3.2. Scanning electron microscopy
The morphology of AgNPs was studied using SEM a QUANTA

250 instrument fitted with an EDS. The dried silver powder was
placed on a copper-coated carbon grid. EDS research was con-
ducted to assess the atomic composition of AgNPs.
2.3.3. Transmission electron microscopy
A transmission electron microscopy (JEM 1400 plus model, with

an acceleration voltage of 100 kv) was used for the morphology,
sizes, and agglomeration of silver Nanoparticles. Computer Picture J
was used to evaluate images and to measure the particle size.
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2.4. Preparation of solution of saffron dye stock

A 1000 mL of twin distilled water used as a supplying solution
has been added to 10 mg of Safranine-O (3,7-diamino-2,8-dime
thyl-5-phenylphenazinium chloride) colorant (merck, Germany).
2.4.1. Safranin dye catalytic degradation
In 100 mL of Safranine dye solution, approximately 10 mg of

biosynthesized silver nanoparticles were added. A control was also
maintained without addition of silver nanoparticles, then their
action suspension was mixed well by being magnetic stirred for
72 h. at fixed time intervals.
2.5. Biological analyzes of saffron dye

2.5.1. UV–Vis spectrophotometer
The dye concentration was measured with an absorbance value

of 520 nm during degradation. Dye percentage has been deter-
mined as follows (Abd El-Aziz et al., 2018): The following formula:

%Decolourization ¼ 1� At
A0
� 100 where A0 is the initial absor-

bance and at corresponds to the maximum absorbance t at the
wavelength.
2.5.2. Fourier transformed infrared spectroscopy
Biodegradation of saffron thing was measured before and after

degradation by analyzing peak FTIR profiles in degraded color
samples. The FTIR-spectrometer was developed with a 4 cm�1

wave-size resolution of 400–4000 cm�1 on the Nicolet 6700
spectrometer (Thermo Electron Company, USA).
2.5.3. HPLC review
The high-performance liquid chromatography (Model PerkinEl-

mer series 200 UV/VIS) was used to track degraded intermediates
using a 300 mm internal diameter column C18, 3.9 mm internal
column, 4 mm with mobile methanol phases (80 percent) and 20
percent deionized water. The HPLC has a 365 nm arousal and
430 wavelengths of emission UV detectors and fluorescence). Sam-
ple filtration was carried out using a membrane of 0.22 ll and then
analyzed at a flow rate of 1 mL/min.
3. Results

3.1. Characterization of silver nanoparticles

The S add-on. The price (Fig. 1) is shown in. S. Costal ion solu-
tion aqueous root (10–3 mol/L), which reflected the production
of AgNPs, turning color of the solution into greenish-brown.
3.1.1. Spectrometry of UV–Vis
The presence of AgNPs in the solution was confirmed by UV–Vis

spectrophotometry (Fig. 2).
3.1.2. SEM
The image of SEM shows the biosynthesized silver nanoparti-

cles using S. Costus root extracts. Since small nanoparticles were
aggregated (Fig. 3), some of the large nanoparticles were associated
with spherical shape of high-agglomeration nanoparticles. Some
particles were scattered while others were mixed, possibly because
of the longer time after the synthesis for SEM experiment.

In the region of silver 3 keV, the EDS spectrum (Fig. 3b) shows a
clear signal supporting the creation of nanosilver and its basic
nature.



Fig. 1. Dried root of S. costus (a), S. costus root aqueous extract (b) (1), aqueous solution of 10-3 mmol/L AgCl3 (2) and aqueous solution of 10–3 mmol/L AgCl3 with S. costus (3).

Fig. 2. UV–Vis absorbance bands at 533 nm for AuNPs forms S. costus root aqueous extract.

Fig. 3. SEM images of AgNPs (a) and EDS spectrum of AgNPs synthesized using S. costus root aqueous extract (b).
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Fig. 4. TEM image of the AgNPs forms using S. costus root aqueous extract of 120,000� (a) and the histogram of the particle size distribution of the AgNPs (b).
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3.1.3. TEM
The structure and form of TEM nanoparticles determined

(Fig. 4a) suggested the spherical and monodispersed particles
without major agglomeration (shapes distributed evenly). The Par-
ticle Size histogram (Fig. 4b) displays a number of particle sizes
from 5 nm to 25 nm. The maximum particle distribution is
between 5 and 15 nm.
3.2. Catalytic color loss

3.2.1. Spectrometry of UV–Vis
Dye degradation of saffron was performed in the visible region

in the presence of Ag NPs at another time. The absorption spectrum
showed decreased safranine dye peaks at various times in Fig. 6.
Fig. 3. Initially, with the increase in exposure time, absorption
peaks of safranin dye were steadily lowered at 5 20 nm and the
degradation of safranina dye was seen. The overall absorption of
safranine dye has been reduced, while the absorption range of
AgNPs has been increased to 420 nm. The catalytic degradation
of the dye was achieved when the absorption peak approached
the base line and the peak increased for Ag NPs.

The data collected in (Table 1) and (Fig. 7) indicate the percent-
age degradation of saffron dye by AgNPs; the information received
shows that safranine degradation has increased over time.
Fig. 5. Visual observation of color change from red to colorless indicates degrada-
tion of safranin dye at different time intervals (a) initial, (b) and 72 h.

1096
3.2.2. FTIR
Fig. 8 displays the pure dye FTIR spectrum and AgNPs degraded

dye. FTIR analysis was performed on synthesized AgNPs to detect
nanoparticles in the range 400–4000 cm�1 with their related bioac-
tive compounds. At 2205, 75 cm�1, 2181, 63 and 2046, 11 cm�1,
the 3-band absorption of the aromatic C – C in-ring stretching in
the teeth absolutely waned after AgNP treatment. Degrading prod-
ucts are due to the appearance of a new absorption band at
1998.52 cm�1. Moreover, the 3280.19 cm1 peaks of safranin color
were moved to 3283.53 cm�1, 2157.69 m�1 shifting to
2158.04 cm1, 2014.84 cm�1, 2015.62 cm�1, 163521636.48 cm�1,
shows a dye/AgNPs deterioration. Four peaks have been moved
to another wave numbers.

3.2.3. Analysis of HPLC
HPLC tracked the degraded intermediates. During the degrada-

tion of safranin with AgNPs at retention times 2.30, 6.10 and
12.24 min, an examination of untreated safranine dye (Fig. 9a)
showed single maximum retention time 10.31 min while
(Fig. 9b) four distinct intermediates degraded products appeared.

4. Discussion

Changes in color suggest that the proteins present and the
bioactive components are decreased by the silver ions in the herbal
extract (Mahapatra et al., 2018). The surface Plasm Resonance of Ag
NPs (Al-Mashhedy and Al-Kawaz, 2016) has caused the color for-
mation. Several researchers (Govindaraju et al., 2010) found simi-
lar results in the use of Solanium torvum leaf extract to
synthesize Ag np (Rao & Savithramma 2011) when they observed
the color shift to brownish yellow. The results are similar. The
Svensonia hyderabadensis solution for the silver ion complex also
has been reported to start changing color from yellow to dark
brown as silver ions were reduced (Chen et al., 2004). The degree
of color formation in the reaction mix of various plants, such as
Helianthus annuus, Basella alba and Saccharum officinarum (Al-
Othman et al., 2017) demonstrated that, once AgNO3 was added
to the grenade pomegranate extract (Alothman, and Abd-El-Aziz,
2019) the mixture’s color changed between gel and dark brow. It
was also reported that the color changed to dark brown with grow-
ing intensity following AgNO3 applied to banana, fish, orange, man-
darin and kivi peels.

The results of UV–Vis spectrophotometry show a high 420 nm
peak, suggesting the formation of AgNPs. The clear shift was within
72 h (Vanaja et al., 2014; Abd El-Aziz et al., 2018). The findings of



Fig. 6. Absorption spectra of safranin dye treated with 10 mg/L of AgNPs synthesized using S. costus at different time points.

Table 1
Degradation of safranin dye (%) by synthesized silver nanoparticles (10 mg).

Exposure time (h) Amount of degradation of dye (%)

1 2.3 ± 0.32
2 5.1 ± 0.28
3 8.9 ± 0.23
4 10.2 ± 0.37
5 13.1 ± 0.29
24 35.3 ± 0.37
48 62.3 ± 0.27
72 84.6 ± 0.42

± Standard deviation.
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SEM correspond to previous reports (Abd El-Aziz et al., 2018). The
activation of the Plasmon resonance surface Ag NPs has provided
this signal. In the range that corresponds to other elements, impu-
rities from bio-extract molecules such as proteins, enzymes, and
salts were also observed (Gurunathan et al., 2014). In the presence
of AgNPs, the catalytic color shift of the dyes was observed visually
in Fig. 5. The strength of color steadily decreased over time
(Kumari et al., 2016).
Fig. 7. Percentage of safranin degradation by 10 mg/L of syn
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This observation is consistent with previous studies (Vanaja
et al., 2014; Abd El-Aziz et al., 2018). In conjunction with a previ-
ous report, our conclusions were that the best percentage of
safranin-dye decline occurred after 72 h, while degradation effi-
ciency was at most at 84.6% (Vanaja et al., 2014). Sorption on the
AgNPs surfaces may have caused the deterioration (Kim and
Carraway, 2000). Ag NPs depend on their type and scale. Catalytic
function. (Switzerland, 2016; Sen, 2014). A huge surface-to - vol-
ume ratio is presented to present a significant catalytic activity
(Daniel and Astruc, 2003). The degradation in solution of saffron
dye red was due to AgNPs lowering the saffron dye. As the AgNP
is reduced in size and the number of Ag atoms increases, making
it easier to adsorb the catalyst’s surface with saffron dye and sup-
porting similar effects (Vidhu and Philip 2013; Bhakya et al., 2015)
AgNPs synthesizing through the use of Terminalia chebula fruit
extract and their catalytic effect on the reduction of methylene
blue have also been reported.

The increase in the concentration of coloring contributes to the
degradation of colouring. The degradation rate is directly related to
the formation of hydroxy radicals (OH) on the catalyst surface and
the possibility that these radicals will react with coloring molasses
(Nagar and Devra, 2019). As the concentration of color increases,
the generation of OH radicals on the catalyst surface is reduced
thesized AgNPs using S. costus at different time points.



Fig. 8. FTIR spectrum of AgNPs synthesized using S. costus root aqueous extract (a) and safranin dye treated with AgNPs (b).

Fig. 9. HPLC of safranin dye untreated with AgNPs (a) and (b) treated dye by AgNPs after 72 h.
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because the active locations are also covering with color ions and
the photocatalyst surface has less photon, resulting in slow hydro-
xyl radials output (Tang and An, 1995, Kuma et al., 2008). In addi-
tion, when the catalyst is increased to the highest concentration
(120 mg L-1), the degradation value has been increased because
the amount of adsorptions available and the catalysts available
on TiO2 have been increased. The decoloration rate decreases as a
result of an increase in suspension turbidity when TiO2 dosage
has increased above the limiting value (Kuma et al., 2008; El-
Kemary et al., 2011).

Degradation caused by increased catalyst migration of the holes
on the corresponding surface into the AgNP surface (Ansari et al.,
2013). There was a deterioration in the metals surface area, so
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improving the surface area availability would improve the effi-
ciency of the catalyst. Decreasing particle size will increase cat-
alytic activity, but a substantial dimension below indicates that
further declines will interfere with the reaction (Grogger et al.,
2004). The electrons transferred from a donor to an accepter are
helped with metal nanoparticles (Christopher et al., 2011).

The peak expansion observed was due to the formation of
degradation products with a somewhat shifted absorbent band
superimposed on carbonyl and aromatic compound functional
groups (Segal-Rosenheimer, & Dubowski, 2008). The increase in
absorption intensity by 1636,48 cm1 and 3283,53 cm1 may be
caused by the Quinone or phenol oxidation of aromatic rings
(Sibanda et al., 2011).
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The results of HPLC agreement with the findings (Lade et al.,
2015; Atique Ullah et al., 2017; Bankolea et al., 2018) confirms
biodegradation by the decrease in the control color peak and the
introduction of several new peaks at the sample with varying
retention periods in the treatments, compared to the untreated
color with the same peak.
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