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A simple and ecofriendly procedure have been devised for the green synthesis of silver nanoparticles using the aqueous extract of
gum tragacanth (Astragalus gummifer), a renewable, nontoxic natural phyto-exudate. The water soluble components in the gum
act as reductants and stabilizers. The generated nanoparticles were analyzed using UV-visible spectroscopy, transmission electron
microscopy, X-ray diffraction, Fourier transform-infrared spectroscopy, and Raman spectroscopy. The role of gum concentration
and reaction time on the synthesis of nanoparticles was studied. By regulating the reaction conditions, spherical nanoparticles of
13.1 ± 1.0 nm size were produced. Also, the possible functional groups involved in reduction and capping of nanoparticles has
been elucidated. The antibacterial activity of the fabricated nanoparticles was tested on model Gram-negative and Gram-positive
bacterial strains with well-diffusion method. These nanoparticles exhibited considerable antibacterial activity on both the Gram
classes of bacteria, implying their potential biomedical applications.

1. Introduction

Gum tragacanth is a naturally occurring complex, acidic
polysaccharide derived as an exudate from the bark of Astra-
galus gummifer (Fabaceae family), a native tree of western
Asia. Mostly, it is commercially produced in Iran and Turkey.
The name tragacanth is originated from the Greek words
tragos (goat) and akantha (thorn), indicating the curved
shape of the gum [1]. This biopolymer is an arabinogalactan
type of natural gum and its structural, physicochemical,
compositional, solution, thermal, rheological and emulsify-
ing properties have been well characterized and studied [2–
8].This biopolymer is a high-arabinose, protein containing,
acidic heteropolysaccharide, which occurs in nature as
mixed calcium, magnesium, and sodium salts. It has a
molecular weight of ∼8.4 × 105 g/mol. This natural polymer
consists of a mixture of water-soluble (tragacanthin) and
water-swellable (bassorin) polysaccharide fractions [1, 3].

The water soluble tragacanthin constitutes around 30–40%
of the gum, and it is a neutral, highly branched, type
II arabinogalactan comprising (1→ 6)- and (1→ 3)-linked
core chain containing galactose and arabinose and side
groups of (1→ 2)-, (1→ 3)-, and (1→ 5)-linked arabinose
units occurring as monosaccharide or oligosaccharides. The
primary structure of tragacanthin is composed of sugars
such as, L-fucose, L-arabinose, D-xylose, D-mannose, D-
galactose and D-glucose in a molar ratio of 3: 52: 29: 6: 5: 5
[1, 2].

The gum tragacanth with a CAS number 9000-65-1 is
considered as “generally recognized as safe” (GRAS) and ap-
proved as a food ingredient (21CFR184.1351) by the Food
and Drug Administration, USA under the function of emul-
sifier, stabilizer, and thickener. It is also approved as a food
additive within the class of thickeners, stabilizers, emulsifiers,
and gelling agents in European Union and has been accorded
with E413, a European food safety E number [1]. It is
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considered as a food grade additive by the Bureau of Indian
Standards, India under Indian Standard IS 7238: 1997 [9].
Several studies have established that gum tragacanth is
nontoxic, nonmutagenic, nonteratogenic, noncarcinogenic
and has a potential application as a food additive [10–13],
dressing bandage for burn healing [14], immobilizing agent
in viral plaque assay [15], superabsorbent hydrogel [16] and
carrier for controlled release of verapamil hydrochloride, a
water-soluble drug [17]. It is also employed as an adminis-
tration vehicle for insecticide [18], antidepressant [19], and
antilipemic agents [20]. In addition, investigations carried
out with tragacanth fed rats and white leghorn cockerels have
established the hypolipidemic activity of this gum [21, 22].
This hydrocolloid is resistant to gastrointestinal enzymes and
known to be degraded enzymatically only by the specific mic-
roflora of the colon such as Bifidobacterium longum, thereby
aiding in bifidus fermentation [23–25]. Thus, it functions as
a soluble dietary fiber, accelerates the digesta passage, and
acts as a laxative [26].

The attractive features of gum tragacanth prompted us
to use this biopolymer for the synthesis and stabilization of
silver nanoparticles due to its (i) nontoxic nature and GRAS;
(ii) natural availability; (iii) greater resistance to microbial
attacks and long shelf-life [1, 10, 12]. The green synthesis of
silver nanoparticles relies on the implementation of the basic
requirements of green chemistry [27, 28]. In this perspective,
we have devised a simple and green synthetic way for the pro-
duction of silver nanoparticles using a renewable, biodeg-
radable natural plant polymer, gum tragacanth as both the
reducing and stabilizing agent. The synthesis was carried out
in an aqueous medium by autoclaving to produce sterile
silver nanoparticle, free from microbes. The present study
focuses on the production, characterization, capping and
stabilization of silver nanoparticles. We have also established
the antibacterial activity of the fabricated nanoparticles on
Gram-positive and Gram-negative bacteria for their poten-
tial biomedical applications.

2. Materials and Methods

2.1. Synthesis of Silver Nanoparticles. Silver nitrate (AgNO3)
(E. Merck, Mumbai, India) of analytical reagent grade was
used for the synthesis. “Gum tragacanth,” 99% was pur-
chased from Loba Chemie, Mumbai, India. All the solu-
tions were prepared in ultra pure water. A 0.5% (w/v) of
homogenous gum stock solution was prepared by adding this
powder to a reagent bottle containing ultra pure water and
stirring overnight at room temperature. Then, this solution
was centrifuged (5500× g, 10 min) to remove the insoluble
materials, and the supernatant was used for all the experi-
ments. The protein concentration in the aqueous extract was
quantified by Lowry’s method using a Bangalore Genei pro-
tein estimation kit, Cat number 105560 (Bangalore, India).
The silver nanoparticles were synthesized by autoclaving the
silver nitrate solutions containing various concentrations of
gum extract at 121◦C and 15 psi for different durations of
time. The effect of concentration of gum and reaction time
on nanoparticle synthesis was studied.

2.2. Characterization of Synthesized Silver Nanoparticles. In
order to study the formation of silver nanoparticles, the UV-
visible absorption spectra of the prepared colloidal solutions
were recorded using an Elico SL 196 spectrophotometer
(Hyderabad, India), from 250 to 800 nm, against autoclaved
gum blank. The absorption spectra of gum before and after
autoclaving were also recorded against ultra pure water
blank. The size and shape of the nanoparticles were obtained
with Hitachi H 7500 (Tokyo, Japan); JEOL 3010 and JEOL
2100 (Tokyo, Japan) coupled to Oxford Instruments Energy
Dispersive X-ray (EDX) (High Wycombe, UK) transmission
electron microscopes, operating at 80 and 200 kV, respec-
tively. The samples were prepared by depositing a drop of
colloidal solution on a carbon-coated copper grid and drying
at room temperature. The nanoparticles were recovered from
the synthesized solutions by centrifugation and made into
powders using a FTS Systems, Dura-DryTM MP freeze dryer
(NY, USA). The X-ray diffraction analysis was conducted
with a Rigaku, Ultima IV diffractometer (Tokyo, Japan) using
monochromatic Cu Kα radiation (λ = 1.5406 Å) running
at 40 kV and 30 mA. The intensity data for the lyophilized
nanosilver powder was collected over a 2θ range of 35–85◦

with a scan rate of 1◦/min. The IR spectra of the lyophilized
samples were recorded using a Bruker Optics, TENSOR 27
FTIR spectrometer (Ettlingen, Germany); over a spectral
range of 400–4000 cm−1. The Raman spectrum of the syn-
thesized nanoparticles was recorded at room temperature
using the 532 nm line from a SUWTECH, G-SLM diode
laser (Shanghai, China). The scattered light was collected
and detected using a CCD-based monochromator, covering
a spectral range of 150–1700 cm−1. The sample solution was
taken in a standard 1 cm × 1 cm cuvette and placed in the
path of the laser beam.

2.3. Antibacterial Assay. The well-diffusion method was used
to study the antibacterial activity of the synthesized silver
nanoparticles. All the glassware, media, and reagents used
were sterilized in an autoclave at 121◦C for 20 min. Staphy-
lococcus aureus (ATCC 25923); and Escherichia coli (ATCC
25922), E. coli (ATCC 35218) and Pseudomonas aeruginosa
(ATCC 27853) were used as model test strains for Gram-
positive and Gram-negative bacteria, respectively. Bacterial
suspension was prepared by growing a single colony over-
night in nutrient broth and by adjusting the turbidity to 0.5
McFarland standard. Mueller Hinton agar [29] plates were
inoculated with this bacterial suspension, and 5 μg of silver
nanoparticles were added to the center well with a diameter
of 6 mm. The nanoparticles used here were prepared with
0.1% gum solution containing 1 mM AgNO3, autoclaved
for 30 min. Negative control plates were maintained with
wells loaded with autoclaved gum. Culture plates loaded with
discs of antibiotic, erythromycin (15 μg/disc) were included
as positive controls. These plates were incubated at 37◦C for
24 h in a bacteriological incubator, and the zone of inhibition
(ZOI) was measured by subtracting the well/disc diameter
from the total inhibition zone diameter. Three indepen-
dent experiments were carried out with each bacterial
strain.
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Figure 1: The UV-vis absorption spectra of silver nanoparticles
synthesized by autoclaving different concentrations of gum extract
at 1 mM AgNO3 concentration for 30 min; inset plot of Amax versus
gum concentration.

3. Results and Discussion

3.1. UV-visible Spectroscopy (UV-vis). The formation of sil-
ver nanoparticles was recorded by measuring the absorption
spectra of synthesized silver nanoparticles against respective
autoclaved gum blanks. The role of gum concentration on
the synthesis was studied by autoclaving the different con-
centrations (0.1–0.5%) of gum solutions containing 1 mM
of silver nitrate for 30 min (Figure 1). After autoclaving the
silver nitrate containing gum solutions, the appearance of
yellow colour in the reaction mixtures was observed. This is
a clear indication for the formation of silver nanoparticles by
the gum. In the UV-vis spectra strong peaks with maxima
around 418–429 nm were observed, which correspond to
the typical surface plasmon resonance (SPR) of conducting
electrons from the surface of silver nanoparticles. With an
increase in gum concentration, there is an enhancement
in the nanoparticle synthesis. In addition, the SPR band
broadened with a red shift from 418 to 429 nm, indicating
an increase in particle size. The synthesis was also evaluated
by varying the reaction time (20–60 min), and reduction was
studied with 0.1% gum at 1 mM AgNO3 (Figure 2). It was
noticed that the intensity of the absorption increased with
time with no significant difference in peak position or shift
in SPR (418 nm), signifying a continuous reduction of the
silver ions. This also shows the large reduction capability of
the gum.

3.2. Transmission Electron Microscopy. Figure 3 shows the
TEM images of the silver nanoparticles synthesized with
0.1% gum and 1 mM AgNO3, autoclaved for 30 min. It was
noticed that the nanoparticles are spherical in shape and
nearly monodispersed in nature. The size of the particles
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Figure 2: The UV-vis absorption spectra of silver nanoparticles
synthesized with 0.1% (w/v) gum extract at 1 mM AgNO3 concen-
tration for different durations of autoclaving; inset plot of Amax

versus autoclaving time.

ranged from 11.4–14.7 nm, and the average particle size
obtained from the corresponding diameter distribution was
about 13.1± 1.0 nm (Figure 3(f)). The selected-area electron
diffraction (SAED) pattern depicted in Figure 3(e) exhibits
concentric rings with intermittent bright dots, indicating
that these nanoparticles are highly crystalline in nature.
These rings can be attributed to the diffraction from the
(111), (200), (220), and (311) planes of face-centered cubic
(fcc) silver. The crystallinity of the synthesized nanoparticles
was also supported from the observed clear lattice fringes
in high-resolution image (Figure 3(d)). When the concen-
tration of gum was increased from 0.1 to 0.5% at 1 mM
AgNO3 and 30 min of autoclaving, the particle size of the
formed nanoparticles increased (Table 1). These nanoparti-
cles are spherical; polydisperse with sizes from 6.0–90.9 nm,
and the average particle size was about 24.3 ± 17.9 nm.
The increase in average particle size and polydispersity
with increase in concentration of the gum was also evident
from the broadening and red shift in SPR band of UV-vis
spectra (Figure 1). While at 0.1% gum and 1 mM AgNO3

concentration; with an increase in reaction time from 30 to
60 min the size of the spherical particles ranged from 9.3–
48.0 nm. The average particle size was about 28.7 ± 12.4 nm
(Table 1). Based on these results, it can be concluded that the
particle size of the nanoparticles can be controlled by varying
the gum concentration and reaction time.

3.3. X-Ray Diffraction. The XRD technique was used to
determine and confirm the crystal structure of silver
nanoparticles. There were five well-defined characteristic
diffraction peaks at 38.3◦, 44.5◦, 64.7◦, 77.6◦, and 81.8◦

respectively, corresponding to (111), (200), (220), (311),
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Figure 3: TEM images of silver nanoparticles synthesized with 0.1% (w/v) gum and 1 mM AgNO3, autoclaved for 30 min, at (a) 100 nm, (b)
50 nm, (c) 20 nm, and (d) 5 nm scale.(e) corresponding SAED pattern and (f) histogram showing the particle size distribution.

Table 1: Particle diameter distribution and average particle sizes
obtained at different reaction conditions of silver nanoparticle
synthesis.

Reaction condition
Particle range

(nm)

Average
particle size

(nm)

0.1% gum, 1 mM AgNO3, 30 min 11.4–14.7 13.1± 1.0

0.5% gum, 1 mM AgNO3, 30 min 13.0–90.9 24.3± 17.9

0.1% gum, 1 mM AgNO3, 60 min 15.0–48.0 28.7± 12.4

and (222) planes of face-centered cubic (fcc) crystal struc-
ture of metallic silver (Figure 4). The interplanar spacing
(dh k l) values (2.348, 2.034, 1.439, 1.229, and 1.176 Å)
calculated from the XRD spectrum of silver nanoparticles
is in agreement with the standard silver values. Thus, the
XRD pattern, further corroborating the highly crystalline
nature of nanoparticles observed from SAED pattern and
high-resolution TEM image (Figure 3). The lattice constant
calculated from this pattern was 4.070 Å, a value which
is in agreement with the value reported in literature for
silver (JCPDS PDF04-0783). Also, the broadening of the
diffraction peaks was observed owing to the effect of nano-
sized particles. The intensity of the (111) peak was much

higher than the other diffractions. It is important to note
that the ratio of the intensity between (200) and (111) peaks
is lower than the standard value (0.24 versus 0.4) and also
the ratio of (220) and (111) peaks is lower than the standard
value (0.15 versus 0.25). These results clearly demonstrate
that the (111) lattice plane is the preferred orientation for
these silver nanoparticles. These findings are in concurrence
with the observations reported by other researchers [30].

3.4. Fourier Transform-Infrared Spectroscopy (FTIR). The
FTIR spectra were recorded for lyophilized gum extract
and nanoparticles to detect the functional groups of gum
involved in the reduction of silver ions (Figure 5). The
major absorbance bands present in the spectrum of gum
were at 3435, 2926, 2856, 2150, 1740, 1626, 1429, 1379,
1258, 1153, 1076, and 1040 cm−1, respectively. The broad
band observed at 3435 cm−1 could be assigned to stretching
vibrations of O–H groups in the gum. The bands at 2926
and 2856 cm−1 correspond to asymmetric and symmetric
stretching vibrations of methylene groups, respectively. The
broad band at 2150 cm−1 arises from various carbonyl
species of the gum. The sharp peak at 1740 cm−1 could
be assigned to carbonyl stretching vibrations in aldehydes,
ketones and carboxylic acids. The stronger band found at
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Figure 4: X-ray diffraction pattern of lyophilized silver nanoparti-
cles, indicating face-centered cubic (fcc) crystal structure.

1626 cm−1 could be assigned to characteristic asymmetrical
stretch of carboxylate group. The symmetrical stretch of
carboxylate group can be attributed to the bands present
at 1429 and 1379 cm−1. The peaks at 1258 and 1153; 1076
and 1040 cm−1 were due to the C–O stretching vibrations of
polyols, ether and alcoholic groups, respectively. While, the
spectrum of lyophilized nanoparticles showed characteristic
absorbance bands at 3435, 2922, 2856, 2071, 1726, 1630,
1452, 1375, 1261, 1163, and 1028 cm−1, respectively. In the
IR spectrum of nanoparticles, small (1626 to 1630 cm−1 and
1379 to 1375 cm−1) and large (1429 to 1452 cm−1) shifts
in the absorbance peaks with decreased band intensity
were observed, suggesting the binding of silver ions with
carboxylate groups of the gum [31]. It is pertinent to note
that the nanoparticles show a large band shift corresponding
to various carbonyl groups (2150 to 2071 and 1740 to
1726 cm−1) in the FTIR spectra. In addition, a shift in the
polyols (1258 to 1261 cm−1 and 1153 to 1163 cm−1) and
alcoholic groups (1040 to 1028 cm−1) was also observed. This
confirms that the reduction of the silver ions is coupled to
the oxidation of the hydroxyl and carbonyl groups. Based on
these band shifts, it can be inferred that both hydroxyl and
carbonyl groups of gum are involved in the synthesis of silver
nanoparticles [30].

3.5. Raman Spectroscopy. In order to find out the possible
functional groups of capping agents associated in the stabili-
zation of silver nanoparticles, Raman spectrum of the
nanoparticles was recorded (Figure 6). The spectrum shows
a sharp band at 240 cm−1, attributed to the stretching
vibrations of Ag–N [32, 33] and Ag–O bonds [34, 35]. This
peak indicates the formation of a chemical bond between
silver and amino nitrogen [33]; and silver and carboxylate
groups [34, 35] of the gum molecules. It confirms that
the gum is bound to the silver nanoparticle surface either
through amino or carboxylate group or both [30]. The broad
ones at 1365 and 1550 cm−1 correspond to symmetric and
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Figure 5: FTIR spectra of freeze dried (a) aqueous extract of gum
tragacanth and (b) silver nanoparticles.

asymmetric C=O stretching vibrations of carboxylate group,
respectively [33]. The enhancement in the intensity of the
CO2 stretching vibrations suggests the direct binding of the
COO− group with the silver surface [34]. The peaks at 1041,
1123, 1165 and 1301 cm−1 ; and 803 and 828 cm−1 come
from the C–H in plane bending and out of plane wag,
respectively [32] from the saccharide structure of gum.
The features at 465 and 496; 637 and 1444 cm−1 assigned,
respectively, to the stretching vibrations of (C–N–C), (C–
S–C) and phenyl ring [35]. Thus, from the preferential
enhancement of these Raman bands; it can be concluded that
both amino and carboxylate groups of the gum are involved
in the capping of the silver nanoparticles. These results are in
concurrence with earlier biosynthesis of silver nanoparticles
carried out with fungus Trichoderma asperellum [33] and
gum kondagogu [30]. It was reported earlier that the
carboxylate groups of glycoprotein of gum Acacia were
involved in binding/stabilization of silver nanoparticles [31].
It is known that proteins can bind to nanoparticles either
through free amino groups or by electrostatic interaction
of negatively charged carboxylate groups [36]. The gum
tragacanth is known to contain protein, and the protein
content was reported to be in the range of 1.0–3.6% [1].
This observation is further substantiated by the measured
protein concentration of 0.93% for the gum extract and
the UV-vis absorption spectrum of the 0.5% gum extract
against water blank, given in the inset of Figure 6. An
absorption peak at 280 nm is evident and is attributed to
the electronic excitations in tryptophan and tyrosine residues
in the proteins [36], which are present in the gum. Thus,
one can conclude that once the silver ions are reduced to
silver nanoparticles by the gum, proteins present in the gum
subsequently encapsulate and stabilize these particles along
with saccharide molecules. Based on these observations,
these silver nanoparticles can be used as a possible substrate
for SERS. As observed in IR spectra (Figure 5), the gum
is rich in various functional groups; their capping on silver
nanoparticles provides surface reactivity.
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Figure 6: Raman spectrum of aqueous silver nanoparticle solution.
Inset: the UV-vis absorption spectrum of the 0.5% (w/v) gum
extract against water blank.

Table 2: Inhibition zones (mm) observed with different bacterial
culture plates loaded with silver nanoparticles and the antibiotic
erythromycin.

Test
compound
(μg)

S. aureus
25923

E. coli
25922

E. coli
35218

P. aeruginosa
27853

Silver
nanoparticles
(5)

11.5± 0.0 9.5± 0.4 5.5± 0.0 10.5± 0.0

Erythromycin
(15)

23.5± 1.0 7.0± 1.1 9.0± 1.1 11.0± 1.1

3.6. Antibacterial Assay . For checking the antibacterial acti-
vity, silver nanoparticles with an average size of 13.1± 1.0 nm
were used. These nanoparticles were prepared with 0.1%
gum extract containing 1 mM AgNO3, autoclaved for 30 min.
After 24 h of incubation at 37◦C, growth suppression was
observed in plates loaded with 5 μg of silver nanoparticles.
The ZOI of around 11.5 ± 0 mm was observed for the
Gram-positive bacterial strain S. aureus ATCC 25923. In
the case of Gram-negative bacterial strains E. coli ATCC
25922, E. coli ATCC 35218, and P. aeruginosa ATCC 27853;
the detected ZOI were 9.5 ± 0.4, 5.5 ± 0, and 10.5 ± 0 mm,
respectively.Whereas, the negative control plates loaded with
autoclaved gum did not produce any ZOI (Figure 7). In
the case of positive control plates loaded with erythromycin
discs, growth inhibition was noted (Table 2). Based on
these results, it can be concluded that the synthesized silver
nanoparticles had significant antibacterial action on both
Gram classes of bacteria.

4. Conclusion

By autoclaving the metal precursor silver nitrate with aque-
ous extract of gum tragacanth, we have produced spherical

Staphylococcus aureus 25923 Pseudomonas aeruginosa 27853

Figure 7: Bacterial culture plates showing the inhibition zones
around the loaded wells. Left well: autoclaved gum extract and right
well: 5 μg of silver nanoparticles.

silver nanoparticles of around 13.1 nm. The renewable, non-
toxic components of this natural phytoexudate play dual role
of reducing and stabilizing agents for the silver ions. The
abundance of the gum makes this green method amenable
for large-scale production of silver nanoparticles. Based on
Raman spectroscopy studies, these silver nanoparticles can
be used as a possible substrate for SERS. Compared to con-
ventional antibiotics, the development of silver resistance in
microbes is unlikely due to its action on broad spectrum
of targets in cell. As these nanoparticles demonstrated
significant antibacterial activity on both Gram classes of
bacteria; they can have promising biomedical applications
where antibiotic resistance is a major problem. In addition,
these functionalized nanoparticles are useful for various
applications such as targeted biological interactions [37],
drug delivery [38], and biological labels [39].
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