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Abstract 
In the present investigation, an attempt was made to test the hypothesis that whether biotic 

elicitor may enhance some secondary metabolites and antioxidants in S. androgynus. For this, 

B.subtilis strain was purchased from MTCC, Chandigarh, India and maintained in LB medium. 

After reaching the log phase, the bacterial culture was centrifuged, and extracellular biomass 

was collected (supernatant) and used for synthesis of AgNPs. Among five concentrations of 

AgNO3, a stable colour change was observed at 3mM concentration in 2:8 ratios (AgNO3 and 

cell filtrate). The visual formation of AgNPs was confirmed by UV-Vis spectrophotometer, XRD 

and SEM analyses. Phytotoxicity analysis was carried out to understand the positive and 

negative effects of synthesized AgNPs on seed germination and also for dose fixation for 

treatment of leaf derived calli of S. androgynus with synthesized AgNPs. It was observed that 

there is no negative effect on germination rate for seeds by treatment with 50 mg/L, 100 mg/L, 

and 150 mg/L AgNPs concentrations, whereas germination percentage was reduced by 

treatment with 200 mg/L and 250 mg/L AgNPs concentrations. For callus induction, MS 

medium was prepared with 2.0 mg/L 2, 4-D, and 0.5 mg/L of BAP along with different 

concentrations of AgNPs such as 50 mg/L, 100 mg/L, 150 mg/L, 200 mg/L and 250 mg/L 

individually and young leaf of S. androgynus were collected from field grown plants. After 

sterilization, the explants were inoculated onto different media. After 30 days of culture 

maintenance, the leaf derived calli were removed and aqueous calli extract was prepared using 

0.5 g tissue and used for determination of some secondary metabolites and antioxidants. It 

was observed that a significant enhanced level of total phenolics and total antioxidant capacity 

compared to control calli. Higher level of free radical scavenging activities such as DPPH and 

FRAP was found in calli treated with AgNPs compared to control calli. This is the first report to 

exhibit an enhancement in these plant components of S. androgynus using extracellular 

biomass of B.subtilis as elicitor. 
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INTRODUCTION 
Many researchers have attempted to increase the 
yield of bioactive compounds through in vitro 
methods such as metabolic engineering, cell 
immobilization, optimization of nutrient medium, 
nutrient manipulations (1), addition of precursors 
and addition of elicitors such as methyl jasmonate 
and salicylic acid (2-3). Elicitors are biotic or abiotic 
origins that are defined as the biofactors or chemical 
molecules which can trigger a stress response as 
similar to the stress induced in the plants. Elicitors 
can modify both physiological and metabolic 
activities in plants by triggering the relevant signal 
transduction pathways which in turn increases the 
secondary metabolites production in plants (4). 
Sauropus androgynus (L.) Merr. is a multivitamin 
plant since it contains many nutritive values such as 
crude fiber, vitamin A, B, C, and K, protein and 
mineral salts.In addition to this, the plant has many 
secondary metabolites and antioxidants (5-6). In 
Tamil it is known as thavasi keerai and it is a green 
leafy perennial underutilized erect shrub belonging 
to the family Phyllanthaceae (7).  
The use of elicitors as an approach for sustainable 
metabolite production which has been successfully 
reported in the formation of sanguinarine in Papaver 
somniferum cultures (8), saponins in ginseng cultures 
(9), tropane in Datura stramonium cultures (10), 
reserpine in Rauwolfia serpentine cultures (11), 
gymnemic acid in Gymnema sylvestre cultures (12) 
and taxol in Taxus chinensis cultures (13). Recently, 
Wee et al. (14) produced somatic embryos S. 
androgynus with increased level of papaverine and 
quercetin after two weeks of elicitation with methyl 
jasmonate and salicylic acid as elicitors. 
Nanobiotechnology is one of the important and 
emerging technological tools for the synthesis of 
nanoscale and materials for the development of eco-
friendly and reliable methodology by using biological 
sources (15). In recent years there are several 
researchers demonstrated the synthesis of metallic 
nanoparticles such as silver, cadmium sulfide, gold, 
tin and Ni using the microbes (16-18). 
Bacillus subtilis are recognized as safe and reliable 
probiotics strains that are non-pathogenic to humans 
and animals. Bacteriocin protein or polypeptide is 
produced during the process of growth and 
reproduction of this bacterium. This substance has a 
high antibacterial activity, broad antibacterial 
spectrum and tremendous thermal stability (19). 
Bacilli are generally used as plant-growth promoting 
rhizobacteria (PGPR) and they are efficient in 
improving seed quality such as seed germination, 

vigour index and nutritional quality such as protein 
content and carbohydrate content of sorghum (20).  
In recent years various bacterial strains have been 
used as elicitors for the enhancement of plant 
secondary metabolites, for example the elicitor 
prepared from B. subtilis for production of 
plumbagin (21) and B. subtilis, Pseudomonas 
aeruginosa, Escherichia coli, Staphylococcus aureus 
and Proteus aureus have been used to enhance the 
forskolin content in Coleus forskohlii (22). 
Extracellular biosynthesis of AgNPs using bacterial 
B.licheniformis has been reported by Kalimuthu et al. 
(23). Despite evidence of success on usage of B. 
subtilis extracellular culture as elicitor in secondary 
metabolite production, the effect of biosynthesis of 
silver nanoparticles on the production of some 
antioxidants and secondary metabolites in S. 
androgynus has not been studied so far. Therefore, 
this study was undertaken to obtain extracellular 
synthesis of silver nanoparticles using B. subtilis and 
also to evaluate the effect of synthesized 
nanoparticles on some secondary metabolites 
contents and in vitro antioxidant activities of S. 
androgynus leaf derived calli. 
 
MATERIALS AND METHODS 
Collection and maintenance of bacterial strain 
B.subtilis strain (MTCC 441) was purchased from 
Microbial Type Culture Collection (MTCC), Institute 
of Microbial technology (IMTECH), Chandigarh, India. 
The subculture of strain was done using Luria Bertani 
(LB) medium. The OD of the broth was measured at 
600 nm and then the culture was used for the further 
research. 
Synthesis of silver nanoparticles using bacterial 
culture (Elicitor preparation) 
To synthesize silver nanoparticles (AgNPs), the grown 
bacterial culture (OD=1) was centrifuged at 5000 rpm 
for 10 minutes at room temperature. After 
centrifugation, the supernatant (extracellular 
biomass) was collected and used for the synthesis of 
AgNPs. Different concentrations of silver nitrate 
solutions (1mM, 2mM, 3mM, 4mM, and 5mM) have 
been prepared and mixed with supernatant to find 
out the optimum concentration for the synthesis of 
AgNPs. Among five concentrations tried, 3mM 
concentration of silver nitrate (AgNO3) was given 
stable colour change i.e pale yellowish to dark brown 
after 12 hours of dark incubation. Therefore, only 
this concentration was used for synthesis of AgNPs. 
To find out optimum ratio, both silver nitrate 
solution and supernatant in ratio were mixed such as 
1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2 and 9:1. Of these, 
2:8 ratio only gave stable colour formation which 
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indicates the formation of AgNPs. So, in further 
studies, 20 mL of AgNO3 (3mM) solution was mixed 
with 80 mL of supernatant. To avoid any 
photochemical reactions during this experiment, the 
prepared solutions were placed and maintained 
under dark condition at room temperature.  
Characterization of synthesized silver nanoparticles  
UV-VIS spectrophotometer analysis  
The formation of AgNPs was primarily confirmed by 
visual colour change. The reduction of pure silver 
ions was observed by monitoring the UV-Vis 
spectrum of the reaction at different time intervals 
taking 1mL of the sample, compared with 1mL of 
distilled water used as blank. 
X-Ray Diffraction analysis (XRD) 
One of the most extensively used techniques for the 
characterization of NPs is X-ray diffraction (XRD). The 
obtained pellet was washed many times and 
redispersed in deionized water. The synthesized 
nanoparticles were coated on XRD grid for the XRD 
studies. The scanning is carried out with 2𝜃  angle 
pattern. The image obtained was compared with the 
Joint Committee on Powder Diffraction Standards 
(JCPDS) for the structure of crystalline.  
SEM analysis 
Scanning electron microscopy (SEM) analysis of 
synthesized silver nanoparticles was done to 
find out structural characters of NPs. 
Phytotoxicity analysis 
Phytotoxicity analysis was carried out to understand 
the positive and negative effects of synthesized silver 
nanoparticles on seed germination and dose fixation 
for treatment of calli with synthesized AgNPs. For 
this, five different concentrations of silver 
nanoparticles (50mg/L, 100mg/L, 150mg/L, 200mg/L 
and 250 mg/L) were added in MS basal medium. 
Seeds of Vigna radiata L. were selected for in vitro 
germination. After, surface sterilization with 70% 
ethanol and the seeds were rinsed with distilled 
water 3-5 times and inoculated onto MS medium 
containing different concentrations of AgNPs. After 
one week of germination, percentage the seed 
germination was calculated. Shoot and root lengths 
were measured after two weeks of growth.  
Treatment of S. androgynus derived calli with 
AgNPs 
For callus induction, MS medium was prepared with 
2.0 mg/L of 2, 4-Dichlorophenoxyacetic acid (2, 4-D), 
and 0.5 mg/L of kinetin and with different 
concentrations of AgNPs such as 50 mg/L, 100 mg/L, 
150 mg/L, 200 mg/L and 250 mg/L individually. After 
media preparation, they were autoclaved at 121oC 
for 20 minutes. For callus induction, young leaf of S. 
androgynus were collected from field grown plants 

and washed with tap water to remove dust particles. 
Then the explants were treated with Tween 20 for 15 
min followed by rinsing with distilled water until the 
Tween 20 is washed out. It was followed by 
sterilization with 0.1% (w/v) mercuric chloride for 10 
min followed by rinsing with double distilled water 
thrice. Finally, the explants were sterilized inside the 
laminar air flow chamber using 70% ethanol for 8 to 
10 min and then washed with sterile distilled water. 
The sterilized leaf explants were trimmed into 5-8 
mm in length and inoculated onto different media 
and all the culture tubes were kept under 24±1°C, 50-
60% relative humidity along with 16h photoperiod.  
Determination of some secondary metabolites and 
in vitro antioxidants 
After 30 days of treatment or callus induction with 
AgNPs, the calli were removed and washed with 
distilled water to remove the medium. Aqueous calli 
extract was prepared using 0.5 g tissue and used for 
determination of some secondary metabolites and 
antioxidants. The total phenol content of the sample 
was determined by following the method of Makkar 
(24). The flavonoid content was determined using 
the aluminum chloride methods with Rutin as a 
reference (25). The scavenging effect of calli extract 
on stable radical 2, 2-diphenypicrylhydrazyl (DPPH) 
was studied, employing the spectrophotometric 
method described by Braca et al. (26). The ferric 
reducing activity of the calli extract was estimated 
based on the ferric reducing ability of plasma (FRAP) 
assay developed by Pulido et al. (27). The antioxidant 
activity of calli extract was evaluated using the green 
phosphor molybdenum complex formation 
according to the method of Prieto et al. (28).  
Statistical Analysis 
Each assay was done three times using the same 
extract in order to determine their reproducibility. 
The data (means of three replicate 
determinations ± standard deviation) were 
subjected to a one-way analysis of variance (ANOVA) 
and Duncan’s new multiple range test was used to 
determine significant differences. The P values <0.05 
was considered as level of significance.  
 
RESULTS AND DISCUSSION 
Through biotic or abiotic elicitation, the enrichment 
of plant secondary metabolites in cell suspension 
cultures or calli culture has become a potential 
biotechnological approach for large-scale and 
commercialized production of bioactive compounds 
(4). The study of effect of bacterial elicitors on the 
cell suspension culture of Coleus forskohlii, enhances 
the focus towards yield increase of forskolin in 
shorter phase of time (22). Keeping this background 
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in mind, in the present investigation, an attempt was 
made to test the hypothesis whether the given biotic 
elicitor enhance some secondary metabolites and in 
vitro antioxidants of S.androgynus or not.  
Microbial synthesis of silver nanoparticles and their 
characterization  
UV-Vis spectroscopy 
In the present study, among various concentrations 
tried for synthesis of AgNPs, 3mM concentration 
gave colour change after 12h incubation at room 
temperature. The colour change from pale yellowish 
to dark brown indicated the formation of AgNPs 
(Fig.1). The colour transform arises because of the 
coherent oscillation of the electrons on the surface 
of nanoparticles resulting in surface Plasmon 
resonance (29). After colour change, the 
development of Plasmon Resonanace Band was 
confirmed by UV-Vis spectroscopy (Fig. 2). 
XRD analysis  
The XRD analysis of silver nanoparticles showed six 
strong intense peaks corresponding to the 32.10, 
46.11, 27.70, 65.02, 38.13 and 44.638 Bragg’s 
reflection based on the fcc (face centered cubic) 
structure of AgNPs (Table 1 and Fig. 3). The 
broadening of Bragg’s peak indicates the 
development of silver nanoparticles. The mean size 
of AgNPs was calculated using Debye-Scherrer’s 
equation (30). The size of the nanoparticles was 
found to be about ~17 nm. Our result is similar to the 
result of Alhussain et al. (31) who synthesized AgNPs 
using B. subtilis. 
SEM analysis 
The SEM image of AgNPs was due to connections of 
hydrogen bond and electrostatic interactins between 
the bioinorganic capping molecules bound to the 
AgNPs. In the present study, the AgNps were found 
to be mondispersed (Fig. 4) and the dispersed 
character of nanoparticles without the formation of 
aggregates indicating stabilisation of nanoparticles 
by a capping agent (32). 
Phytotoxicity analysis 
There are numerous phytoxicity studies who 
reported both positive and negative effects on AgNPs 
on higher plants especially seed germination, root 
elongation, cell division, growth and metabolic 
processes (33-34). In the present study, the reason 
for the incorporation of phytotoxicity analysis is to 
test the hypothesis that the synthesized AgNPs will 
affect the seed germination of Vigna radiata in 
positive or negative manner and also to determine 
the dosage of AgNPs to be used as elicitor on S. 
androgynus leaf callus induction medium. In the 
present investigation, it was found that a significant 
increase in germination rate for seeds as well as for 

root elongation, when treated with 50 mg/L, 100 
mg/L, and 150 mg/L AgNPs concentrations, whereas 
no significant effect on germination percentage and 
root growth was observed with 200 mg/L and 250 
mg/L AgNPs concentration (Fig. 5 and Table 2). This 
observation indicates the positive effect of lower 
concentrations of AgNPs on seed germination and 
root growth. Seed germination and root elongation 
is a rapid and widely used acute phytotoxicity test 
owing to sensitivity, simplicity, low cost and 
suitability for unstable chemicals (35).  
Effect of biotic elicitor on secondary metabolites 
Free radicals are fundamental of any biochemical 
process and represent as an indispensable part of 
aerobic life and metabolism (36). The most common 
reactive oxygen species (ROS) include peroxyl 
radicals, superoxide (O2

-) anion, reactive hydroxyl 
(OH˙) and radical’s hydrogen peroxide. The nitrogen 
derived free radicals are nitric oxide (NO˙) and 
peroxynitrite anion. Majority of the 
diseases/disorders are mainly associated to oxidative 
stress produced due to free radicals (37). Herbal 
drugs containing free radical scavengers are known 
for their therapeutic action (38). Among the 
numerous naturally occurring antioxidants; ascorbic 
acid, carotenoids, flavonoids, and phenolic 
compounds are more efficient (39).  
Total phenolics and total flavonoids 
Phenolics and flavonoids are potent antioxidants 
found in plants that contribute to antioxidative 
mechanisms, including free radical scavenging, lipid 
peroxidation and chelating metal of ions (40). In the 
present investigation, the very important two plant 
secondary metabolites such as total phenolics and 
total flavonoids were quantitatively determined in 
calli grown on medium containing different 
concentrations of extracellularly synthesized silver 
nanoparticles of B. subtilis along with control calli 
(Fig. 6 and 7). Of various concentrations of silver 
nanoparticles containing media, the calli grown on 
media containing 150 mg/L, 200 mg/L and 250 mg/L 
AgNPs (291.90 ± 12.8 mg GAE/g of callus extract, 
200.48 ± 18.86 mg GAE/g of callus extract and 
1175.71 ± 8.92 mg GAE/g of callus extract, 
respectively) showed significant level of total 
phenolics compared to control calli (151.43 ± 7.95 
mg GAE/g of callus extract). The calli grown on media 
containing different concentrations of AgNPs 
showed an enhanced level of flavonoids. However, 
there is no significant variation between the contents 
of control and treated calli. Our observation is in 
agreement with the results of Wee et al. (14) who 
observed increased level of these two metabolites in 
S. androgynus plants under elicitation condition. 
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In vitro antioxidants 
Antioxidant is a molecule that inhibits the oxidation 
of other molecules. Oxidation is a chemical reaction 
that transfers electron or hydrogen from substances 
to an oxidizing agent. Oxidation reactions can 
produce free radicals. In turn, these radicals can 
create chain reactions, when the chain reaction 
occurs in a cell, it can cause damage or death to the 
cell. Antioxidants cease these chain reactions by 
removing free radical intermediates and inhibit other 
oxidative reactions, (41-42). 
Free radical scavenging activity on DPPH 
The DPPH is a stable radical with a maximum 
absorption at 517 nm that can readily undergo 
scavenging by antioxidant (43). It has been 
extensively used to test the ability of compounds as 
free-radical scavengers or hydrogen donors and to 
evaluate the antioxidative activity of plant extracts 
and foods (44-45). DPPH assay was measured based 
on the antioxidant’s ability of crude extracts to 
quench the stable free radical DPPH by donating 
either electron or hydrogen atoms (46), It was noted 
that the calli grown on media containing 150 mg/L, 
200 mg/L and 250 mg/L AgNPs (19.29 ± 7.19 µg/mL, 
18.84 ± 7.84 µg/mL and 16.76 ± 2.0 µg/mL) showed 
significant amount of free radical scavenging activity 
(Fig. 8). This result is accordance with the result of 
Wee et al. (14).  
Ferric reducing antioxidant power (FRAP) 
FRAP result indicates the reducing ability of complex 
ferric ion to the ferrous ion which in turn shows the 
antioxidant capacity of the calli grown on different 
concentrations of AgNPs i.e for 100 mg/L AgNPs 
(469.19 ± 6.97 µMol Fe (II) E/g of callus extract), 150 

mg/L AgNPs (431.92 ± 5.85 µMol Fe (II) E/g of callus 
extract) and 200 mg/L AgNPs (416.06 ± 7.86 µMol Fe 
(II) E/g of callus extract) (Fig. 9). These results were 
in line with wee et al. (14) for tissue of S. 
androgynous and Ghasemzadeh et al. (47) for tissue 
culture of Zingiber officinale. 
Phosphomolybdate or total antioxidant capacity 
(TAC) 
The assay is based on the fact that molybdenum (VI) 
is reduced to molybdenum (V) in the presence of 
reducing agent (antioxidant), forming a green 
phosphomolybdate (V) complex, which can be 
evaluated spectrophotometrically at 765 nm. This 
assay involves an electron transfer mechanism. 
Many natural products, including phenols and 
flavonoids, can cause this reduction. The result 
clearly indicates that the calli grown on nanoparticles 
containing media 50 mg/L AgNPs, 100 mg/L AgNPs, 
150 mg/L AgNPs, 200 mg/L AgNPs and 250 mg/L 
AgNPs (61.10 ± 8.98 mg AAE /g of callus extract, 
70.62 ± 4.03 mg AAE /g of callus extract, 78.80 ± 4.45 
mg AAE /g of callus extract, 72.93 ± 4.36 mg AAE /g 
of callus extract and 69.30 ± 2.98 mg AAE /g of callus 
extract, respectively ) had higher total antioxidant 
capacity when compared to control calli (57.91 ± 
11.66 mg AAE /g of callus extract) (Fig. 10). Plant 
antioxidants are natural products that inhibit the 
adverse effects of Reactive Oxygen Species (ROS) in 
plant cells (48). Antioxidant capacity of calli grown on 
media containing different concentrations of AgNps 
may well be related to the proportion of total 
phenolics (49-50) and total flavonoids (51) that 
constitute it.

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.1 (a) Reaction mixture before colour change (b) Reaction mixture after colour change 
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Fig. 2 UV-VIS spectrophotometer analysis of biosynthesized AgNPs  
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 

Fig.3 XRD of AgNPs 
 

Table 1. Values of XRD 

PEAK NO. 
2 THETA 
(deg) 

d 
(A) 

 FWHM 
 (deg) 

 INTENSITY 
 (counts) 

1 32.1066 2.78558 0.48670 193 
2 46.1150 1.96678 0.51590 117 
3 27.7018 3.21768 0.50940 78 
4 65.0258 1.43314 0.34830 62 
5 38.1333 2.35805 0.93330 57 

6 44.638 2.02837 0.40960 45 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 SEM of silver nanoparticles 
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Fig. 5 AgNPs treated seedlings of Vigna radiate 
 

Table 2. Influence of various concentrations of AgNPs on germination percentage 

Treatment No of seeds taken (N) No of seeds germinated (Gf) Germination (%) 

Control callus(MS basal) 10 10 100 
MS basal+50 mg/L AgNPs 10 9 90 

MS basal+100 mg/L AgNPs 10 10 100 

MS basal+150 mg/L AgNPs 10 9 90 
MS basal+200 mg/L AgNPs 10 4 40 
MS basal+250 mg/L AgNPs 10 4 40 

 
 

Fig. 6 Content of total phenolics 
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Fig. 7 Content of total flavonoids 

Fig. 8 DPPH radical scavenging activity 
 

 

Fig. 9 Ferric reducing antioxidant power (FRAP) 
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Fig.10 Phospho molybdenum activity 

 
CONCLUSION 
In conclusion, this is the first report to exhibit an 
enhancement in some secondary metabolites such as 
total phenolics and total flavonoids and an elevated 
total antioxidant capacity and scavenging activities 
for DPPH and FRAP free radicals in S. androgynus 
when their calli treated with different concentration 
of AgNPs as elicitor. The described protocol will need 
further study to understand its metabolic pathway 
behind this enhancement. 
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