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Abstract

Silver nanoparticles (AgNPs) were synthesized using aqueous leaf extract of Trigonella foenum-
graecum as reducing and stabilizing agent. The ultraviolet-visible spectrum showed absorption peak at 480
nm. XRD pattern indicates the formation of face-centered cubic structure of silver nanoparticles. FESEM
images indicate the presence of spherical silver nanoparticles with the particle size of ~90 nm. FTIR indicates
that the participation of different functional groups present in the biomolecules is responsible for both
reducing and stabilizing the formation of nanoparticles. The synthesized AgNPs demonstrated positive
antibacterial activity against two different foodborne pathogenic bacteria (Escherichia coli 0157:H7 ATCC
35150, Staphylococcus aureus ATCC 13565) with zones of inhibition of 9.20 + 0.18 and 9.34 + 0.11,
respectively and MIC and MBC of 100 and >100 pg/ml, respectively. The synthesized AgNPs could serve as
a candidate for development of antibacterial drugs or additive in the food packaging system for its application
in medicine, cosmetics and food sector industries.

Introduction

In recent years, silver nanoparticles (AgNPs) were studied due to their catalytic (Vidhu and
Philip 2014), electronic (McConnell et al. 2000), optical properties (Kassab et al. 2016) and their
significant antimicrobial activities (Ahmed et al. 2015, Bindhu and Umadevi 2015 and Ghaedi
et al. 2015). Size and shape of AgNPs determine its antibacterial activity (Pal et al. 2007). The
proposed mechanism of antibacterial effect of AgNPs is the damage of the bacterial cell wall and
consequently disturbing their enzymatic activities (Ahmed et al. 2016). Various methods have
been adopted for the preparation of AgNPs that includes physical methods (microwave radiation,
ultrasonic radiation, UV radiation and laser radiation) (Arvizo et al. 2012), chemical methods
(chemical reduction and electrochemical synthesis) (Yang et al. 2010) and biological methods
using microorganisms (Du and Yi 2010) and plant extracts (Li et al. 2007, Karuppiah and
Rajmohan 2013, Kumar et al. 2014, Ghaedi et al. 2015 and Rajaram et al. 2015). Among these
methods, chemical reduction was used extensively because it is simple, shape and size can be
controlled easily by varying the pH of the medium. However, this method uses hazardous
reducing agents such as sodium borohydride and sodium citrate which may cause serious
environmental pollution. Hence, preparation of AgNPs using environmentally friendly method is
desirable. Various approaches have been used especially using microorganisms and plant extracts,
but microorganism mediated synthesis needs tedious process of cell culture. Plant extract mediated
synthesis was proved to be environmentally friendly and biocompatible as it does not require any
hazardous chemicals. Various plant extracts were utilized for the preparation of AgNPs (Iravani
2011). Plant extract contains various phytochemicals which contributes to the reduction and
stabilization of silver nanoparticles (Moniruzzaman et al. 2015).
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With the occurrence of a number of multiple resistant microorganisms to various antibiotics,
there is an imperative necessity for development of strong and new antimicrobial agents to tackle
these disease-causing microbes. Many studies have highlighted the potential applications of metal
nanoparticles as antimicrobial drugs (Gade et al. 2008 and Patra and Baek 2016). Nowadays, the
use of silver nanoparticles as antimicrobial drugs has been increasing due to its potent
antimicrobial properties together with the catalytic and high surface to volume ratios properties
(Rai et al. 2014, Yahyaei et al. 2014 and Patra and Baek 2016). Currently, AgNPs is used in
medicine and related applications (Patra and Baek 2016 and Mukherjee et al. 2008).

Trigonella foenum-graecum is an annual plant belongs to the family Fabaceae and cultivated
in different parts of the world (Sadeghzadeh-Ahari et al. 2010). Its seeds and leaves are used as
ingredients in dishes in different parts of the world (Acharya et al. 2006). The main constituents
are flavonoids, alkaloids, vitamins and amino acids (Albasha and El-Saied Azad 2014 and Hasona
et al. 2016).

The biosynthesis of AgNPs by green synthesis method using the ecofriendly, non-toxic and
cost effective Trigonella foenum-graecum extract as the reducing agents followed by its
characterization is reported. The antibacterial activity of AgNPs was studied against the dreadful
food borne pathogenic bacteria such as Escherichia coli O157:H7 ATCC 35150 and
Staphylococcus aureus ATCC 13565.

Materials and Methods

Silver nitrate (AgNO; Analytical Reagent grade) was purchased from S.D. fine chemical Ltd.
(Mumbai, India). Dried leaves of Trigonella foenum-graecum were purchased from local market
Chennai, Tamilnadu, India during July 2017. Dried leaves of Trigonella foenum-graecum were
washed thoroughly with tap water and then washed twice with distilled water and ground with
mortar and pestle. One gram of the powdered leaves was taken in a round bottom flask fitted with
water condenser and boiled for 30 min using 100 ml of double distilled water. It was cooled and
filtered with Whatman No. 1 filter paper. The extract was kept in refrigerator for future use.

For the synthesis of silver nanoparticles (AgNPs), 10 ml of the leaf extract was mixed with
100 ml of 1 mM silver nitrate solution and heated in a water bath, set at 80°C for 5 min (Raja et al.
2017). Change of colour from yellow to dark brown indicates the colloidal AgNPs formation.

Ultraviolet-visible spectrum was measured on a Shimadzu-2450 UV-vis spectrophotometer
operating in the range 200-800 nm. The FTIR spectrum of dried leaf extract and nanoparticle
powder was obtained with Jasco FT-IR 6300 spectrometer using KBr pellet method at a resolution
of 4/cm. SEM investigations were performed using Zeiss Field emission scanning electron
microscope. XRD (X’Pert MRD, PANalytical, Almelo, The Netherlands) of the AgNPs was
measured at the operating voltage of 30 kV and current of 40 mA. Cu Ka radiation was used at an
angle of 28 from 10° to 90° in 0.01 steps at a scan speed of 10°/min.

The antibacterial prospective of AgNPs was determined against three different foodborne
pathogenic bacteria by the standard disc diffusion method (Patra and Baek 2016). Three
pathogenic bacteria (Escherichia coli 0157:H7 ATCC 35150, Staphylococcus aureus ATCC
13565 and Pseudomonas aeruginosa ATCC 27583) were procured from ATCC, Manassas, VA,
USA and streak plated in fresh nutrient agar (NA) plates for 24 hrs at 37°C. Later, only 2-3 well
isolated colonies were collected using an inoculating loop and put into freshly prepared nutrient
broth (NB) media and sub-cultured. Prior to use, the OD value of the cultured bacteria were
recorded at 600 nm and the concentration of the bacterial cells were maintained at 1.5 x 10°
CFU/ml in order to maintain the standard turbidity of the bacterial cells. The culture bacteria were
immediately taken for the antibacterial experiment. Solutions of powdered AgNPs were made at a
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concentration of 1,000 pg/ml in 5% dimethylsulphoxide (DMSQ) with a sonication for 15 min at
30°C to prepare a colloidal solution. Two different concentrations (50 and 100 pg AgNPs/disc) of
paper discs were prepared for the antibacterial screening. The AgNPs impregnated paper discs
were placed on the nutrient agar (NA) plates that were previously uniformly spreaded with
overnight grown pathogen cultures in NB media (1 x 10’ CFU/ml). The plates were then
incubated at 37°C for 24 hrs. The antibacterial activity of the AgNPs were calculated in terms of
their diameters of the zones of inhibition around each paper disc. Antibiotic, gentamycin (10
pg/disc) was taken as positive control and 5% DMSO was taken as the negative control for the
antibacterial experiment. All the tests were carried out in triplicates.

The minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) of the synthesized AgNPs against the three foodborne pathogenic bacteria were
determined by the two-fold dilution method, with minor modifications (Patra and Baek 2016).
Prior to use, different dilutions of the AgNPs in 5% DMSO (100, 50 and 25 pg/ml) were prepared
by two-folds dilution method in NB in a 96 well microplate and to them, 10 pl of the overnight
grown culture of each bacterial strain was inoculated separately. The samples were then incubated
at 37°C for 24 hrs. The lowest concentration of AgNPs with no visible growth of the tested
bacteria was determined to be the MIC value in pg/ml whereas the lowest concentration that
displayed complete absence of the bacterial colonies growth on the surface of NA plates was
designated as the MBC value in pg/ml.

Results and Discussion

AgNPs formation was observed by colour change and ultraviolet-visible spectroscopy. The
colour of the aqueous solution of silver nitrate was changed from pale yellow to dark brown
following by the addition of leaf extract that indicated the formation of AgNPs. It is well known
that AgNO; can be reduced to metallic silver by various phytochemicals exist in the leaf extract
(Moldovan et al. 2016). The colour is due to the characteristic Surface Plasmon Resonance (SPR)
of the silver nanoparticles (Rycenga et al. 2011). UV-visible spectra of the solution showed a
strong absorption peak centered around 480 nm which is the characteristic surface SPR of
spherical AgNPs (Raghunandan et al. 2011, Donda et al. 2013 and Gupta et al. 2014). The
position of SPR depends on various factors such as size, shape and particles formed (Mulvaney
1996). The reduction of silver ions was completed in 2 hrs. After 2 hrs, there is no change in the
intensity of the peak.

The UV-visible spectra of AgNPs formation using silver nitrate concentrations between 0.5
and 3 mM are shown in Fig. 1A. The SPR band intensity increases with increase in the
concentration of silver nitrate from 0.5mM to 2.25 mM. On further increase in concentration of
silver nitrate from 2.25 to 3 mM, the SPR band intensity decreases. The optimum SPR peak
intensity was obtained at 2.25 mM of AgNOs;. These results agree with those reported by Ibrahim
who prepared AgNPs using banana peel extract and found that the maximum SPR peak intensity
was observed at 1.75 mM silver nitrate concentration and on further increasing the concentration
the SPR band intensity decreases (Ibrahim 2015).

Fig. 1B shows the UV-Visible spectra of AgNPs obtained with changing the concentration of
leaf extract from 1 ml to 5 ml keeping silver nitrate concentration (2.25 mM) constant. The
maximum SPR peak intensity was observed for 1 ml extract. It has been observed that increase in
the concentration of leaf extract, i.e. 2 ml, the formation of AgNPs was less. However, on further
increase in the concentration of leaf extract from 3ml to 5 ml there is no formation of AgNPs. This
is probably due to the complete saturation of the silver ions surface by the phytochemicals present
in the extract. Similar results were also reported in the literature (Matos et al. 2011).
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Fig. 1 (A). UV-vis absorption spectra of AgNPs prepared with AgNOs concentrations of (a) 0.5 mM, (b) 0.75
mM, (c) 1 mM, (d) 1.25 mM, (e) 1.5 mM, (f) 1.75 mM, (g) 2 mM, (h) 2.25 mM, (i) 2.5 mM, (j) 2.75
mM, (k) 3 mM using 1 ml of leaf extract at 100°C. (B) UV-vis absorption spectra of AgNPs prepared at
different concentrations of leaf extract and 2.25 mM AgNOj; at 100°C, (a) 1 ml leaf extract, (b) 2 ml leaf
extract, (c) 3 ml leaf extract, (d) 4 ml leaf extract, (e) 5 ml leaf extract; (C) UV-vis absorption spectra of
AgNPs prepared at different temperatures using 1ml of leaf extract and 2.25mM AgNO;, (a) 40°C, (b)
60°C, (c) 80°C, (d) 100°C, (e) 120°C, (D) Fig. 4 UV-vis absorption spectra of AgNPs prepared at
different time using 1ml of leaf extract and 2.25 mM AgNO; at 100 °C, (a) 5 min, (b) 10 min, (c) 20
min, (d) 30 min, (e) 1 hr, (f) 2 hrs, (g) 3 hrs, (h) 4 hrs and (i) 5 hrs.

Fig. 1C shows the UV-visible spectra of AgNPs obtained at different temperatures in the
range of 40-120°C. Formation of AgNPs was increased with the rise in temperature. As the
temperature is increased the absorption maximum slightly blue shifted from 480 to 479 nm. This
indicates that the size of the nanoparticles decreases with increasing temperature. This is in
complete agreement with the study reported previously (Verma and Mehata 2016).
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Fig. 1D shows the UV-Visible spectra of AgNPs obtained at different reaction time intervals.
The rate of silver ions reduction increases slowly up to 30 min. After 30 min, the rate of reduction
was fast. The maximum reduction of silver ions was obtained at 2 hrs. After 2 hrs, the rate of
reduction was constant. As the time is increased the absorption maximum slightly blue shifted
from 480 to 440 nm. This indicates that particle size decreases with time. The increase in intensity
with time can be ascribed to increased formation of silver nanoparticles (Joseph and Mathew
2015). The broad absorption peak indicates broad particle size distribution (Zayed et al. 2012).

Crystal structure of AgNPs was studied by XRD. The XRD pattern of the AgNPs is shown in
Fig 2A. The XRD pattern showed intense peaks at 26 = 38°, 44°, 64° and 77° is due to (111), (200),
(220) and (311) crystal planes of face-centered cubic AgNPs (JCPDS file No. 04-0783). The most
intense peak at 20 = 32° may be due to the presence of mixed phase of Ag/Ag,O (Firdhouse and
Lalitha 2016). The additional peaks observed can be attributed to the crystallization of bioorganic
phases that is attached on the surface of the nanoparticles. This observation is well in agreement
with previous report (Kumara et al. 2012, Ahluwalia et al. 2014, Goudarzi et al. 2016, Patra and
Baek 2016). Size, shape and morphology of the AgNPs was studied by Scanning Electron
Microscopy. Fig. 2B shows SEM images of the AgNPs. SEM studies showed highly aggregated
spherical AgNPs (Govindaranjan et al. 2016). The average particle size was ~ 90 nm. Fig. 2C
shows FTIR spectra of dried Trigonella foenum-graecum leaf extract and synthesized AgNPs.
FTIR analysis of dried Trigonella foenum-graecum leaf extract revealed bands at 3424, 2933,
2169, 1614, 1394, 1114, 620 cm™. The band at 3424 cm™ corresponds to O-H and N-H stretching
vibrations (Sriranjani et al. 2016). Less intense peak at 2933 cm™ is due to C-H stretching
vibration of methylene groups of protein (Bar et al. 2009, Ganesh Kumar and Mamidyala 2011).
The band at 1614 cm™ corresponds to (NH) C=0 stretching vibration (amide | band) of protein
(Bar et al. 2009). The band at 1394 cm™ is due to C-H stretching vibration (Thatoi et al. 2016).
The band at 620 cm™ can be attributed to C-H bend of alkynes (Rastogi and Arunachalam 2011).
FTIR spectra of synthesized AgNPs show band at 3424, 2923, 1610, 1398, 1184, 632 cm™. The
slight shifting of IR peaks between AgNPs and Trigonella foenum-graecum leaf extract indicates
the involvement of these functional groups as reducing and stabilizing agents (Thatoi et al. 2016).

The results of the antibacterial activity of synthesized AgNPs against the three foodborne
pathogenic bacteria is presented in Table 1. AgNPs at 100 pg/disc were active against E. coli
0157:H7 and S. aureus with 9.20 and 9.34 mm diameter of inhibition zone respectively, however
it was not active against P. aeruginosa at any of the tested concentrations. The standard positive
control, kanamycin exhibited diameter of zones of inhibition ranged between 10.95 and 11.65 mm
(Table 1) at 10 pg/disc. The negative control didn’t show any positive activity against all the three
tested bacteria. The MIC values was found out to be 100 pg/ml, and the MBC values were found
to be >100 pg/ml against both the positive bacteria (Table 1).

Since time immoral, the silver metal has been used for a variety of purposes with potential
applications including antimicrobial potentials (Nakkala et al. 2014, Ali et al. 2016). In the present
study, the synthesized AgNPs indicated a broad spectrum of antibacterial action against the tested
bacteria that might have been caused due to the differences in the morphological structures of each
bacteria. From the results, it is evident that the synthesized AgNPs exhibited moderate
antibacterial activity against the tested pathogens, however if they are treated in formulations or in
combination with antibiotics, their activity will increase as a result of the synergistic effects and
the use of chemical components could be minimized. Various literature have suggested that as
compared to AgNPs alone the combination of antibiotic with the AgNPs will be able to release
Ag" at a higher rate and thus the antibacterial activity will be enhanced (Katva et al. 2017).
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Table 1. Antibacterial activity, MIC and MBC of AgNPs against three different foodborne pathogenic

bacteria.
Pathogenic Diameter of zones of Positive Negative MIC in MBC in
bacteria inhibition in mm control control pg/ml pg/ml

50 pg/disc 100 pg/disc 10 pg/disc

E. coli O157:H7 0£0 9.20+0.18* 11.65+0.60* 0£0 100 >100
ATCC 35150
S. aureus ATCC 0£0 9.34+0.11* 10.95+0.47* 0£0 100 >100
13565
P. aeruginosa 0+0 0+0 11.33+0.33* 0+0 - -
ATCC 27583

*values are expressed as the mean value of three independent replications with standard deviation; - : Not
detected; > : Value is greater than; positive control: Gentamycin; negative control: 5% DMSO.
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Fig. 2(A). XRD pattern of biosynthesized AgNPs using 1 ml of leaf extract and 2.25 mM AgNO; at 100°C
for a time duration of 2 hrs; (B) FESEM image of AgNPs; (C) FTIR spectra of (a) pure leaf extract, (b)
Silver nanoparticles; (D) The possible mechanism for the formation of bio-reduced AgNPs.

Though the mechanism of action of AgNP is uncertain in case of the microorganisms (Kim
et al. 2011); however, it is presumed that the AgNPs due to its reduced size, might have entered
inside the cells of the bacteria and could have diminished its respiration process due to diminution
of the energy compounds or by triggering cell membrane damage (Swamy et al. 2015 and Patra
and Baek 2016).

The exact mechanism for the formation of silver nanoparticle using plant extract is not
known. According to the previous literature (Shukla et al. 2008, Iravani 2011), the presence of
polyphenoloic/alcoholic compounds, flavonoids, aldehydes/ketones and proteins are responsible
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for the reduction of AgNO; to silver nanoparticles and their stabilization. The plausible
mechanism is given in Fig. 2D. Fig. 2D, describes that the flavonoid compounds (possibly the
quercetin) present in the aqueous leaf extract of Trigonella foenum-graecum might act as the
reducing agent and react with the silver ions from the AgNO; solution and form the stabilized
AgNPs. The flavonoid compounds (possibly the quercetin) also might have acted as the stabilizing
agents in the synthesis process.

Green synthesis of AgNPs was carried out using aqueous leaf extract of Trigonella foenum-
graecum. This process is cost effective, ecofriendly and alternative approach to conventional
physical and chemical methods. In this method, highly crystalline, spherical shaped AgNPs are
formed. The biomolecules present in the leaf extract were responsible for both reduction and
stabilization of AgNPs. The synthesized AgNPs showed promising antibacterial activity against
Escherichia coli O157:H7 ATCC 35150 and Staphylococcus aureus ATCC 13565. This
antibacterial potential can be used for development of antibacterial drugs and food packaging
system to be applicable in food and pharmaceutical industries.
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