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Abstract
The present work is a report on phytosynthesis of silver nanoparticles (AgNPs) carried out using an aqueous extract of 
the tuber of Eulophia herbacea Lindl. (Orchidaceae) and evaluation of its antimicrobial and catalytic potential. The extract 
efficiently reduced aqueous silver ions and generated stable and bioactive nanoparticles. The maximum reduction of 
AgNO3 was achieved when 1 mM AgNO3 was incubated with 2% w/v extract for 5 h. The biosynthesized AgNPs exhibited 
surface plasma resonance at 447 nm. The zeta potential was − 15 mV. Scanning electron microscopy study showed that 
the average particle size of the AgNPs was 11.70 ± 2.43 nm and that they were non-agglomerated. An Energy Dispersive 
X-ray study provided support for the presence of elemental silver. X-ray diffraction studies confirmed that the AgNPs were 
crystalline and had a face-centered cubic geometry. The AgNPs showed excellent antibacterial and antifungal activity 
against common human pathogens. This activity was comparable with that of standard antibiotics. The catalytic potential 
of the AgNPs was studied through the reduction of methylene blue and congo red. The results showed that the AgNPs 
synthesized using the present method are biologically and catalytically active.

Keywords  Eulophia herbacea · Silver nanoparticles · Antimicrobial activity · Antifungal activity · Synergistic effect · Dye 
reduction

1  Introduction

There is growing interest in greener synthesis of metal 
nanoparticles. Plant extracts have been used for nano-
particles synthesis as the process involved is simple, 
eco-friendly and cost-effective. Moreover, this process is 
reproducible and easily scaled up [1]. In comparison with 
microbial synthesis, phytosynthesis is rapid. It does not 
require aseptic conditions, and it yields stable nanopar-
ticles [2, 3].

Indian traditional systems of medicine recommend the 
use of medicinal and aromatic plants for curing various 
human illnesses. Plant extracts containing phytoconstitu-
ents are biologically and pharmacologically active. Plant 
metabolites are known to be excellent reducing and 

capping agents that can be used to synthesize nanoparti-
cles effectively within a short time [4–6].

The tubers of Curcuma longa [4, 7], sweet potato [8], 
Dioscorea bulbifera, Dioscorea batatas, Dioscorea oppositi-
folia, etc. are rich with different reducing and capping 
agents that generate stable metal nanoparticles [9–11].

Silver is known for its antimicrobial and medicinal prop-
erties [12, 13]. However, the antimicrobial effect of silver 
ions and its salts is limited and of short duration. These 
limitations can be overcome by using silver nanoforms, 
which are inert, stable and act as antimicrobial agents 
effectively [9, 14, 15].

Numerous mechanisms are involved in the microbicidal 
effect of silver nanoparticles (AgNPs) [16]: (a) AgNPs produce 
structural changes in the cell membrane by deposition on it 
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[17]; (b) AgNPs form free radicals [18]; (c) AgNPs release silver 
ions [19], which can interact with and inactivate the thiol 
groups of several active enzymes [20]; (d) Ag is a soft acid, 
whereas cells are considered as soft bases (soft acids react 
with soft bases) [21]; (e) AgNPs destroy the DNA of cells as 
DNA consist of sulfur and phosphorus, which are considered 
soft bases. AgNPs modulate signal transduction in bacte-
ria [22]. Moreover, in combination with AgNPs, antibiotics 
have increased bactericidal effect [9, 23]. Organic synthetic 
dyes are widely used in the textile, paper, paint, plastic and 
pharma industries are pollutants that are harmful to the 
environment [24]. Biosynthesized nanoparticles can degrade 
organic dyes effectively [25–28].

In the current work, we are for the first time, reporting 
the bioreduction capability of E. herbacea tuber extract 
for biosynthesis of AgNPs. Eulophia herbacea Lindl. (family 
Orchidaceae) is also known as kukkadkand or kutrikand [29]. 
It is terrestrial herb with fleshy subglobose tubers. Qualita-
tive phytochemical tests have shown that carbohydrates, 
amino acids, mucilage, tannins, steroids and triterpenoids 
present in the tubers [30]. A decoction of the tuber has been 
used in the treatment of spermatorrhoea and urinary com-
plaints and to provide relief during menses [31]. Tradition-
ally, the tubers of the plant have been used in the treatment 
of tumors of the scrofulous glands of the neck and cardiac 
problems. They have also been used as an aphrodisiac and 
an appetizer. They possess antioxidant effects [32]. The 
tubers contain glucomannan (50–60%), which is responsi-
ble for their hypolipidemic and hypoglycemic activity [33, 
34]. The tubers of Eulophia herbacea are used to make salep, 
a well-known Turkish drink [35, 36]. However, to the best of 
our knowledge, no reports are available on AgNPs biosyn-
thesis potential of E. herbacea tubers.

Many researcher reported plant-mediated biosynthe-
sis of metal nanoparticles, but lacking attention towards 
mechanistic approach. In this study, the phytoconstituents 
of tuber extract responsible for biosynthesis were quanti-
fied. Moreover, the present method of AgNPs synthesis is 
simple, rapid, cost-effective and can be operated at room 
temperature. The process parameters for AgNP biosynthe-
sis were optimized. The AgNPs were characterized using 
UV–visible spectrophotometry, FT-IR spectroscopy, XRD, 
EDX and SEM. The AgNPs were evaluated for their antimi-
crobial (antibacterial and antifungal) and catalytic activity 
(dye reduction activity).

2 � Materials and methods

2.1 � Materials

The silver nitrate (AgNO3), sodium borohydride (NaBH4), 
methylene blue (MB), congo red (CR) and solvents used 

were of analytical grade and were obtained from SD Fine 
Chemicals, Mumbai, and Loba, Mumbai. All the solutions 
and reagents were prepared using double-distilled water. 
The microorganisms used to study the antimicrobial activ-
ity, such as Staphylococcus aureus (NCIM-2079), Escherichia 
coli (NCIM-2065), Bacillus subtilis (NCIM-2063) and Pseu-
domonas aeuroginosa (NCIM-2200), and the fungi Asper-
gillus niger (NCIM-1196) and Fusarium moniliforme (NFCCI-
2949) were obtained from the culture depository of the 
Department of Microbiology, R. C. Patel Arts, Commerce 
and Science College, Shirpur, Maharashtra, India.

2.2 � Methods

2.2.1 � Plant material collection and extract preparation

Tubers of E. herbaceawere collected from the Toranmal 
forest (latitude 21.545645° N, longitude 74.467531° E), 
Nandurbar District, Maharashtra, India, in July and August. 
They were collected using sterile polythene bags accord-
ing to standard procedures and identified by an expert 
taxonomist. Mature tubers were sliced thinly and shade-
dried for 2 weeks. The dried material was ground to make 
a coarse powder of uniform particle size. An extract of the 
tuber powder (2 g) was produced by boiling it in 100 ml of 
double-distilled water for 10 min. The extract was filtered 
through Whatman filter paper No. 1. The filtrate was used 
in the subsequent experiments. Qualitative phytochemical 
screening of the extract was performed using methods 
described previously [37, 38].

2.2.2 � Biosynthesis of AgNPs and optimization

The aqueous extract of the E. herbacea tubers was used 
as a reducing agent in the biosynthesis of AgNPs. In 
brief, 2.5 ml of the aqueous extract was added to 10 ml 
of 1 mM AgNO3 in an Erlenmeyer flask. The reaction mix-
ture was kept at room temperature for 5 h. The reaction 
was monitored by absorbance scanning (200–800 nm) at 
1-h intervals using a UV–visible spectrophotometer (UV-
1700, Shimadzu, Japan). After incubation, the test samples 
were centrifuged at 10,000 rpm for 20 min at room tem-
perature. The process of centrifugation and redispersion in 
double-distilled water was repeated thrice to ensure bet-
ter separation of nanoparticles. The pellet of nanoparticles 
was dried, and the powdered residue was used for further 
experimentation [9, 39].

The AgNP biosynthesis was optimized using varying 
concentrations of AgNO3 and tuber extract with respect 
to time. In brief, different amounts of the aqueous extract 
of E. herbacea tubers (0.5 ml, 1.0 ml, 2.0 ml, 2.5 ml, 3.0 ml, 
4.0 ml) and different concentrations of AgNO3 (0.1 mM, 
1 mM, 2 mM, 5 mM, 10 mM) were used, keeping all the 
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other experimental parameters constant. The samples 
were scanned in the UV–visible range upto 5 h.

3 � Instrumentation

The surface plasma resonance of the synthesized AgNPs 
in the range 200–800 nm was recorded using a double-
beam UV–visible spectrophotometer (Shimadzu 1700, 
Japan). An FT-IR study was performed using an FT-IR 
spectrometer (IRAffinity-1, Shimadzu, Japan). The diffuse 
reflectance scan (DRS) sampling method was used in the 
4000–400 cm−1 range.

The dynamic light scattering (DLS) method was used 
to obtain polydispersity index (PDI), particle size and zeta 
potential measurements of the AgNPs and the AgNO3 
solution. A Zetasizer ZS 90 (Malvern Instruments Ltd., Mal-
vern, UK) was used in making the measurements.

A scanning electron microscope (JEOL JSM-5600, USA) 
with a resolution of 3.5 nm and an accelerating voltage in 
the range from 0.5 to 30 kV was used to study the surface 
morphology of the nanoparticles and determine their size.

Conductive tape (double-sided carbon tape) was affixed 
on a polished aluminum surface. The AgNPs were placed 
at the center of the carbon tape. Pressure was applied, 
and excess free particles were removed by blowing. The 
samples were held in a vacuum chamber for 1 h and were 
loaded on the SEM instrument. The specifications of the 
BrukerD8 X-ray diffractometer were the following: voltage, 
40 kV; current, 30 mA; and CuKα wavelength, 1.54 Å for 
X-ray diffraction pattern of AgNPs.

4 � Biological and catalytic activity of AgNPs

4.1 � Antimicrobial activity

The antibacterial potential of the synthesized AgNPs 
was evaluated using the agar well diffusion method [40, 
41]. An aliquot of about 0.1 ml of bacterial suspension 
(10 × 106 CFU/ml approximately) of the test organisms 
(E. coli, S. aureus, P. aeuroginosa, B. subtilis) was aseptically 
spread on a nutrient agar plate. The wells were prepared 
on nutrient agar plate using a sterile (6 mm diameter) cork 
borer. The well filled with 50 µl of biosynthesized AgNPs 
(20 µg/ml), 1 mM AgNO3, plant tuber extract (2% w/v) and 
a standard antibiotic, streptomycin (30 µg/ml) (positive 
control). The plates were incubated at 37 °C for 24 h. The 
antibacterial activity was evaluated by measuring the zone 
of inhibition (in millimeters) [39]. The minimum inhibitory 
concentration (MIC) of the AgNPs against the test organ-
isms E. coli, S. aureus, P. aruginosaginosa, and B. subtilis, was 
determined using the agar well diffusion method [40, 41]. 

The lowest concentration of AgNPs that had a zone of inhi-
bition was measured [42, 43].

The antifungal activity of the synthesized AgNPs was 
evaluated using the agar well diffusion method [44]. A 
spore suspension of the test fungi (approximately 7 × 106 
spores/ml) was aseptically spread on the surface of potato 
dextrose agar plate. Wells were prepared using a sterile 
(6 mm diameter) cork borer. The wells were filled asepti-
cally with 50 µl of AgNPs (25 µg/ml), 1 mM AgNO3, plant 
tuber extract (2% w/v) and a standard antibiotic, ampho-
tericin B (30 µg/ml) (positive control). These plates were 
incubated at 28 °C for 48 h. The antifungal activity was 
evaluated by measuring the zone of inhibition.

4.2 � Synergistic effect of AgNPs with antibiotic

The effect of the biosynthesized AgNPs in combination 
with standard antibiotics, streptomycin and chloram-
phenicol, against Gram-positive and Gram-negative bac-
terial strains was tested using the well diffusion method. 
0.1 ml of a 24-h old culture of the test organism (E. coli, S. 
aureus, P. aeuroginosa, B. subtilis) was aseptically spread on 
a nutrient agar plate. The prepared wells were aseptically 
filled with AgNPs with a standard antibiotic to obtain a 
final concentration of 30 µg/ml. The plates were then incu-
bated at 37 °C for 24 h [9]. The antimicrobial activity was 
determined by measuring the zone of inhibition against 
the test organisms. Next, the diameters of the inhibition 
zones of the AgNPs, the antibiotic and the AgNPs with the 
antibiotic were determined by subtracting the diameter 
of the well from the diameters of the total inhibition zone. 
The synergistic effect was calculated using the following 
equation [9, 45]:

where A = Zone of Inhibition (ZOI) of the antibiotic, B = ZOI 
of the combination of the AgNPs and the antibiotic.

4.3 � Catalytic activity

The catalytic activity of the biosynthesized AgNPs was 
studied by evaluating their ability to reduce dyes such as 
methylene blue (MB) and Congo red (CR) in the presence 
of sodium borohydride [25, 46].

About 10.0 ml of MB (10 mM) was mixed with 2.0 ml 
of the AgNPs (7 µg/ml) and 1.0 ml of a 0.5 M ethanolic 
solution of sodium borohydride to determine the MB 
reduction activity. About 10.0 ml of a 1 mM solution of 
CR was added to 1 ml of an ethanolic borohydride solu-
tion and 1.0 ml of the AgNPs (7 µg/ml). The solution was 
mixed. From each of these solutions, 3.0 ml was drawn for 
UV–visible spectroscopic analysis. The MB and CR samples 

Synergistic effect =
(

B
2−A2

)

∕A2,
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were scanned in the UV–visible region with the respec-
tive blanks. UV–visible absorption spectra were obtained 
at 5–min intervals to record the changes in absorbance 
until the solution became completely colorless.

5 � Results and discussion

The main aim of this work was to explore the use of a bio-
material, i.e. the tuber of E. herbacea, in the synthesis of 
AgNPs. AgNPs were synthesized by bioreduction of AgNO3 
using an aqueous extract of E. herbacea tubers. Process 
parameters such as the concentration of AgNO3, the con-
centration of the tuber extract and reaction time were 
optimized. The synthesized AgNPs were characterized 
using sophisticated analytical methods and evaluated for 
antimicrobial and catalytic activity.

5.1 � Biosynthesis of AgNPs and characterization

5.1.1 � Visual observation and UV–visible spectroscopy 
study

A colorless solution turning brown is the visual observa-
tion that confirms the reduction of the silver salt and the 
synthesis of AgNPs. The synthesis of the AgNPs (bioreduc-
tion of Ag+ to Ag0) was monitored by studying UV–visible 
absorption spectra of the test sample with respect to time. 
The increase in absorbance and the color change of the 
solution with time were noted. The AgNPs absorbance was 
measured at wavelength 447 nm (Fig. 1). The UV–visible 
absorption spectra of the AgNO3 solution and the E. her-
bacea tuber extract do not show any absorption at 447 nm 
(Fig. 1).

The brown coloration was due to surface plasma reso-
nance vibration excitation of the AgNPs [39]. The AgNP 
solution had a yellowish-brown color with a surface 
plasma resonance (SPR) absorption maximum at 447 nm, 
which is the spectral characteristic of AgNPs [47]. There 
was a red shift in the surface plasma resonance of the 
AgNPs relative to 420 nm due to adsorption of phytocon-
stituents of the tuber extract that may act as capping and 
stabilizing agents of nanoparticles. This confirms the capa-
bility of the aqueous extract of the tuber of E. herbacea to 
reduce silver ions to zero-valent silver in the nano form.

5.1.2 � Optimization study

An AgNO3 concentration of 1 mM and an E. herbaceaaque-
ous tuber extract of 2.5  ml produced the maximum 
absorption at 447 nm (Fig. 2).

5.1.2.1  Optimized synthesis of  AgNPs  AgNPs were syn-
thesized by adding 2.5 ml of E. Herbacea aqueous tuber 
extract (2% w/v) to 1 mM AgNO3 (10 ml) for 5 h (Fig. 1). 
This method requires lesser time as compared to earlier 
reports on AgNPs synthesis using plant extracts [4, 7, 8, 
25–27]. Different phytoconstituents were found in the 
tuber extract (Table 1). The UV–visible spectrum of the 
resulting AgNP solution was recorded at intervals of 1 h 
up to 5  h. The maximum absorption was obtained at 
about 5 h. Different concentrations of AgNO3 with and 
the extract were scanned in the UV–visible region to 
optimize the AgNO3 concentration. The deviation in the 
absorption was studied as a function of the concentra-
tion of AgNO3 in the UV–visible region.

With high concentrations of AgNO3 (5 mM, 10 mM) 
and high extract quantities (3.0 ml, 4.0 ml), the resulting 
solution had broad peaks of lower intensities. This may 
be due to agglomeration of nanoparticles, which leads 
to slow rates of bioreduction [5, 9]. The concentration of 
AgNO3 has a significant effect on the synthesis of AgNPs. 
With a tuber extract quantity of 0.5–2.5 ml, an increase 
in absorption of the resulting nanoparticle solution was 
observed. This may be due to the different phytocon-
stituents present in the tuber extract (Table 1).

The phytoconstituents present in the plant extract 
directly or indirectly influence the reaction kinetics 
of the AgNP biosynthesis [5]. The phytochemical are 
responsible for the fast reduction of metal salts [13]. Car-
bohydrates, flavonoids, saponins, tannins-phenol, and 
proteins were among the phytoconstituents present in 

Fig. 1   UV–visible absorption spectra of a AgNO3 solution. b Eulo-
phia herbacea tuber extract. c synthesized AgNPs with absorption 
maxima at 447 nm
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the E. herbacea extract (Table 1), which is consistent with 
previous reports. The progress of the AgNP synthesis 

(bioreduction of Ag+ to Ag0) was monitored by study-
ing UV–visible spectra with respect to time.

5.1.3 � FT‑IR analysis

The functional groups responsible for the biosynthesis of 
the AgNPs were qualitatively determined through FT-IR 
analysis. The IR peaks of the E. herbacea tuber extract 
were at 521, 814, 877, 908, 956, 1030, 1062, 1093, 1149, 
1246, 1377, 1426, 1646, 1728, 2191, 2891, 2947 and 
3353  cm−1 (Fig.  3a). The observed FT-IR peaks can be 
assigned to different functional groups: 877 cm−1,–C–N 
stretching; 1030  cm−1, –C–O–C stretching; 1149  cm−1, 
Ar–O–C stretching; 1377 and 1426 cm−1, –C–H bending; 
1646 cm−1, C=C stretching, presence of an unsaturated 
system; 1728 cm−1,–C=O stretching; 2891 and 2947 cm−1, 
C–H stretching; 3353 cm−1, –NH stretching or bonded –OH. 
The functional groups determined as being present in the 
extract were in accordance with the presence of carbohy-
drates, proteins, saponins and flavonoids in the E. herbacea 
tuber extract as determined by phytochemical testing.

IR peaks of the AgNPs (after bioreduction of AgNO3) 
were found at 610, 1091, 1240, 1384, 1557, 1656, 2932 
and 3324 cm−1 (Fig. 3b). The broad peak at 610 cm−1 
is related to AgNPs bonding with oxygen from the 
hydroxyl groups of the E. herbacea tuber extract. The 
decrease in peak intensity at 2891 and 2947 cm−1 (–C–H 
stretching) and the absence of a peak at 1728 cm−1 (car-
bonyl stretching) confirm the reduction caused by the 

Fig. 2   a UV–visible spectra with different concentrations of AgNO3 with E. herbecea tuber extract. b UV–visible spectra of different quantity 
of E. herbecea tuber extract solution with 1 mM AgNO3

Table 1   Phytochemical screening results of Eulophia herbacea 
tuber extract

−, Absent; +, present at low concentration; ++, present at moder-
ately concentration; +++, present at high concentration

Phytochemicals Chemical tests E. herbacea tuber 
aqueous extract 

Carbohydrate Molish test +++
Fehling test +++
Benedict’s test +++

Flavonoids Shinoda test +
Zinc HCL test +

Glycoside Borntrager’s test −
Steroids Salkowski test −
Saponins Froth formation test +
Tannins Ferric chloride test ++

Gelatin test ++
Proteins Biuret +

Million’s test +
Ninhydrin test +

Alkaloid Mayer’s −
Wagner’s −
Dragendorff’s −
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extract. The FT-IR peak at 1557 cm−1 was assigned to 
C–C stretching, and the 1384 cm−1 peak was assigned 
to C–N stretching. These peaks confirm the presence of 
biomolecules in the AgNPs. Similar peaks are observed 
with carbohydrates and proteins, and so the presence of 
these in the AgNPs is indicated. The phytoconstituents 
act as reducing agents as well as stabilizing and cap-
ping agents in the biosynthesis of the nanoparticles. 
The FT-IR study reveals that the biomolecules present 
in the E. herbacea tuber extract were responsible for 
reduction and capping in the biosynthesis of the AgNPs.

5.1.4 � Particle size analysis and zeta potential

The zeta potential of the AgNPs was found to be 
− 15.2  mV. The mean particle size of the AgNPs was 
37.82 (d nm), with a PdI value of 0.284.

The zeta potential was determined to understand the 
surface charge of the AgNPs. The negative zeta potential 
indicates that the AgNPs are fairly stable due to electro-
static repulsion [48, 49]. The size distribution and the 
average particle size of the nanoparticles were obtained 
by particle size analysis. The dynamic light scattering 
(DLS) method, based on laser diffraction with multiple 
scattering, is used in particle size measurement, and the 
PdI was determined.

5.1.5 � SEM, EDX and X‑ray diffraction analysis of AgNPs

The SEM study revealed that the average particle size of 
the synthesized AgNPs was 11.70 ± 2.43 nm. The AgNPs 
were not agglomerated (Fig. 4). The EDX spectrum of the 
synthesized AgNPs shows the intense peaks of Ag, Cl and 
O (Fig. 5). The reduction of the silver ion to elemental sil-
ver was confirmed by the EDX spectrum. The elemental 
composition of the material (i.e., the inorganic ions present 
in the samples) was determined using EDX spectroscopy. 
The Ag signal at 3 keV in the EDX spectrum confirms the 

Fig. 3   FT-IR spectra of a Plant tuber extract before reduction. b AgNPs after bioreduction

Fig. 4   SEM of synthesized AgNPs
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presence of silver atoms in the AgNPs. This signal is due to 
surface plasmon resonance [50].

X-ray diffraction peaks were obtained at 2θ values of 
37.24°, 45.37°, 63.7° and 76.05°. The peaks were assigned to 
the planes (111), (200), (220) and (311) corresponds to the 
face-centered cubic geometry of the synthesized AgNPs 
(Fig. 6). The X-ray diffraction study confirms the crystal-
line nature of the synthesized AgNPs. SEM scanning was 
performed to understand the morphology of the AgNPs. 

The X-ray data are in good agreement with Joint Commit-
tee for Powder Diffraction Set (JCPDS) Card No. 04-0783.

5.2 � Biological and catalytic activity of AgNPs

5.2.1 � Antimicrobial activity of Ag nanoparticles

The antimicrobial activity of the synthesized AgNPs was 
evaluated by measuring the zone of inhibition against the 

Fig. 5   EDX spectra of synthe-
sized AgNPs

Fig. 6   Xrd pattern of AgNPs
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test organisms: Gram-positive bacteria (S. aureus, B. subtilis) 
and Gram-negative bacteria (E. coli, P. aeuroginosa) (Fig. 7, 
Table 2). The synthesized AgNPs were found to exhibit 
potent antibacterial activity against both Gram-positive 
bacteria and Gram-negative bacteria. The synthesized 
AgNPs exhibited stronger antibacterial activity compared 
with the corresponding silver nitrate solution and the E. 
herbacea tuber extract. The plant tuber extract (2% w/v) 
did not show any antibacterial activity against the test 
organisms. The zones of inhibition of the Gram-positive 
bacteria (B. subtilis and S. aureus) were larger compared 
with those of the Gram-negative bacteria (E. coli and P. 
aeruginosa).

The minimum inhibitory concentration (MIC) results 
obtained from the plate assay are shown in Table 2. The 
antimicrobial MIC values of the AgNPs were found to be 

10 µg/ml for E. coli, 10 µg/ml for S. aureus, 10 µg/ml for P. 
aeuroginosa and 12.5 µg/ml for B. subtilis.

The AgNPs were shown to be an effective bactericide 
against Gram-positive and Gram-negative bacteria [48]. 
The AgNPs get attached to the bacterial cell wall, causing 
structural changes in the cell membrane and leading to 
death [17]. The Gram-positive bacteria (B. subtilis and S. 
aureus) may have had larger zones of inhibition compared 
with the Gram-negative bacteria (E. coli and P. aeruginosa) 
(Fig. 7) due to differences in the composition of the cell 
wall. The cell walls of Gram-positive bacteria contain more 
peptidoglycon than do those of Gram-negative bacteria 
[51, 52].

5.2.2 � Antifungal activity

The results of the antifungal activity study are presented 
in Fig. 8 and Table 3. The AgNPs exhibited better antifun-
gal activity against F. moniliforme compared with A. niger. 
AgNPs penetrate the cell and bind to the DNA of fungi, 
forming a complex, which leads to inhibition of DNA repli-
cation [53, 54]. Several researchers have demonstrated the 
antibacterial activity of the metal nanoparticles [23–27]. 
However, a very few reports are available on antifungal 
activity of the AgNPs.

5.2.3 � Synergistic effect of AgNPs with antibiotics

The results of the study of the synergistic activity of the 
AgNPs along with the antibiotics streptomycin and chlo-
ramphenicol are shown in Fig. 9.

The synergistic activity of AgNPs with streptomycin was 
found to 0.9-fold against E. coli, 0.3-fold against S. aureus, 
0.4-fold against P. Aeuroginosa and 0.08-fold against B. sub-
tilis. The best synergist activity with streptomycin (0.9-fold) 
was found against E. coli.

The synergistic activity of AgNPs with chloram-
phenicol was found to 8.61-fold against E. coli, 2.24-
fold against S. aureus, 0.30-fold against P. aeuroginosa 
and 10.11-fold against B. subtilis. The best synergist 
activity with chloramphenicol (10.11-fold) was against 

Fig. 7   a Inhibition zones against B. subtilus by synthesized AgNPs. 
b Inhibition zones against P. aeurogenosa by AgNPs. c Inhibition 
zones against S. aureus by AgNPs d Inhibition zones against E. coli 
by AgNPs

Table 2   Antibacterial activity of biosynthesized AgNPs

NI no inhibition

Microorganisms Zone of inhibition (mm) ± SD

Silver nitrate (1 mM) Eulophia herbaceaaqueous 
extract (2% w/v)

Silver nanoparticles 
(20 µg/ml)

Positive control (strepto-
mycin 30 µg/ml)

MIC (µg/ml)

B. subtilus 11 ± 0.37 NI 16 ± 0.20 10 ± 0.61 10
S. aureus 12 ± 0.57 NI 14 ± 0.50 09 ± 0.29 10
E. coli 10 ± 0.30 NI 12 ± 0.13 18 ± 0.57 10
P. aeurogenosa 12 ± 0.48 NI 13 ± 0.41 17 ± 0.70 12.5
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B. subtilis. These findings are in good agreement with 
those of earlier studies [55]. The synergistic effect of syn-
thesized AgNPs with commercial antibiotics is reported 
here which is promising in treatment of drug-resistant 
bacteria.

5.2.4 � Catalytic activity of AgNPs by reduction of organic 
dyes

A kinetic study of the reduction of dyes (MB and CR) by 
NaBH4 was performed in the presence and absence of 
AgNPs as shown in Fig. 10.

Fig. 8   Antifungal activity of 
AgNPs a against Aspergillus 
niger. b Against Fusarium 
moniliforme 

Table 3   Antifungal activity of 
AgNPs

NI no inhibition

Microorganisms Zone of inhibition (mm) ± Standard Deviation

AgNO3 (1 mM) Eulophia herbecea 
tuber extract (2% 
w/v)

Ag Nanoparti-
cles (25 µg/ml)

Positive control 
(Amphotericin B, 
30 µg/ml)

A. niger 9 ± 0.28 NI 11 ± 0.40 13 ± 0.44
Fusarium moniliforme 8 ± 0.31 NI 14 ± 0.55 10 ± 0.31

Fig. 9   Synergistic activity of 
AgNPs with standard antibiot-
ics
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The capability of the synthesized AgNPs to reduce MB 
and CR was assessed at varying time intervals through the 
absorption in the UV–visible region. The maximum absorp-
tion of MB in the UV–visible region was at a wavelength 
of 664 nm and that of CR was at 338 mm and 498 nm. In 
the absence of AgNPs, the rates of reduction of MB and 
CR by NaBH4 are very slow and the reaction was never 
completed. NaBH4 and the AgNPs were individually not 
capable of degrading the dyes.

In the presence of AgNPs (7 µg/ml), NaBH4 was capa-
ble of reducing the dyes. The absorption of the dyes was 
decreased gradually against time due to interaction with 
the AgNPs. The reduction reaction rate was increased and 
the reaction was close to completion after 30 min. The 
synthesized AgNPs by E. Herbacea tuber extract acted as a 
catalyst, increasing the rate of reduction of methylene blue 
and Congo red. The earlier methods of AgNPs synthesis 
by tubers were limited to biological activities and does 
not explored dye reduction studies [4, 7, 8]. The maximum 

absorption of MB (a thiazine dye) in the UV–visible region 
was at a wavelength of 664 nm and that of CR (an azo dye) 
was at 338 mm and 498 nm. MB and CR are non-biode-
gradable. Azo dyes are mostly used in the dye industry 
and are one of the sources of water pollution. The catalytic 
reduction of MB and CR was investigated by using NaBH4 
as a reducing agent in the presence of an AgNP catalyst. 
At high concentrations of NaBH4 compared with the dye 
concentration, the degradation of BH−

4
 ions was retarded 

due increase in pH of reaction mixture which hinder aer-
ial oxidation of reduced dyes products. In the presence 
of AgNPs, the transfer of electrons from the BH−

4
 species 

(electron donor species) to dyes (MB and CR, i.e., electron 
acceptor species) was carried out effectively, leading to a 
decrease in the activation energy and stabilization of the 
system. The rate of the reduction reaction was assumed to 
be independent of the NaBH4 concentration as much more 
of it was present compared with the dyes. For AgNPs, the 
BH−

4
 ions (as nucleophilic) whereas dyes as electrophilic in 

Fig. 10   Dye reduction activity a UV–Vis spectrum of MB reduction 
by NaBH4 in the absence of AgNPs for a period of 60 min in 5 min 
interval. b UV–Vis spectrum of MB catalytic reduction by NaBH4 
in the presence of AgNPs for a period of 30 min in 5 min interval. 

c UV–Vis spectrum of CR reduction by NaBH4 in the absence of 
AgNPs for a period of 60 min in 5 min interval. d UV–Vis spectrum 
of CR reduction by NaBH4 in the presence of AgNPs for a period of 
60 min in 5 min interval
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nature. In the presence of NaBH4, the AgNPs help transfer 
the electrons from BH−

4
 ions to the azo bonds in the dyes. 

This study indicates the role of AgNPs as a catalyst in the 
process of reduction of dyes as compared to earlier reports 
of tuber [4, 7]. So AgNPs biosynthesized from an extract of 
the tuber of E. herbecea can be used to remove MB and CR 
from wastewater.

6 � Conclusion

Simple, cost-effective and eco-friendly phytochemi-
cal synthesis of AgNPs using E. herbacea tuber extract 
was reported. The phytochemicals present in the tuber 
extract played a significant role in the bioreduction and 
stabilization of the synthesized AgNPs. The synthesized 
AgNPs were characterized by UV–Vis, FT-IR, SEM, EDX and 
X-ray diffraction spectroscopy. The SEM study revealed 
that the average particle size of the synthesized AgNPs 
was 11.70 ± 2.43 nm and that the nanoparticles were non-
agglomerated. The synthesized AgNPs displayed antibac-
terial activity (against both Gram-negative and Gram-posi-
tive bacteria) and antifungal activity. The AgNPs displayed 
synergistic activity in combination with antibiotics. The 
synthesized AgNPs were capable of reducing organic dyes 
such as MB and CR within 60 min, and this indicates their 
catalytic activity.
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