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A B S T R A C T   

Nanoparticles have drawn significant attention in recent years, owing to their unique electrical, optical, biocidal, 
and catalytic properties. The present study reports an environment friendly, green approach for silver nano-
particles (AgNPs) synthesis using bacterial yellow color pigment, xanthomonadin (XP) derived from Xantho-
monas sp. After exposing the reaction mixture to sunlight, a visible colour shift and spectrophotometric 
measurement proved that nanosized silver particles (XP-AgNPs) were being synthesized by xanthomonadin. The 
size of XP–AgNPs was in the range between 30 and 100 nm, with the spherical shaped particles. The XP–AgNPs 
showed excellent biocidal activity against representative Gram positive and Gram negative organisms i.e. 
Staphylococcus aureus, B. subtilis and Pseudomonas aeruginosa, Escherichia coli. In addition, using standard assays, 
the photo-protecting/SPF enhancement of commercial sunscreens and DPPH radical scavenging activity of XP, 
and XP-AgNPs were evaluated. As a result, adding 4 % w/w xanthomonadin in commercial sunscreens have 
original SPFs 4 and 10 increases by 271 % and 85.2 %, respectively. XP and XP-AgNPs showed significant 
antioxidant activities with the IC50 values of 46.21 µg/mL and 21.62 µg/mL, respectively. In conclusion, xan-
thomonadin mediated silver nanomaterial with photo protecting, antioxidant and biocidal potential has been 
reported.   

Introduction 

In recent years, the nano sized particles of various metals have drawn 
significant attention owing to their unique properties over the bulk of 
metals. The characteristics, small size, shape, and structural distribution 
of metal particles improve the optical, electrical, and catalytic properties 
[1]. Therefore, nano sized metal particles are utilized mainly in elec-
tronics, medicine, and agriculture. As a result, around 3,862 nano based 
products are available within the market, with an estimated annual 
nanomaterial production rate of up to thousands of tons/year [2,3]. Still, 
the demand for nanomaterials continuously increases year and year 
basis. 

Several methods were successfully used to produce nano-materials to 
meet market demand; chemical and physical methods. However, these 
are considered non eco friendly and potentially hazardous due to uti-
lizing the toxic chemicals and high energy to reduce bulk metal into 
nano-formed. Besides, several carcinogenic and non-biodegradable 
chemicals use in a chemical method as reducing and stabilizing 

agents, which raise potential human and environmental concerns [4,5]. 
Due to the limitations of chemical and physical methods, in recent times, 
researchers have been focused on green approaches to develop simple, 
eco-friendly, non-hazardous procedures consisting of non-toxic chem-
icals as reducing and stabilizing agents [6]. 

Among the various nano sized metal particles, silver and gold 
nanoparticles have gained wide attention in both research and industrial 
platform due to their applications in diverse areas such as textiles, food 
packaging, biosensors, nano composites, nano electronics, nano di-
agnostics, cosmetics, bioremediation, and a biocidal agent [3,7,8]. The 
nano sized silver particles are preferred as an antimicrobial agent in 
biomedical use owing to their high biocidal potential against multi-drug 
resistant bacterial pathogens (Table 1). 

The nano sized silver particles are also utilized in sunscreen prepa-
rations to enhance sun protection and provide better and longer pro-
tection against sunburn [17,18]. Besides these green synthesized nano 
silver was reported as good nano catalyst for oxygen evolving reactions 
and reduction of organic dye pollutant, as electrochemical sensor and 
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for its antibacterial potential [19–22]. The purpose behind ’green’ 
nanomaterial synthesis is to make the process easy i.e. one-step and 
ecofriendly, hence use of reducing natural green materials like enzymes, 
ascorbic acid, flavonoids, phenolics, and pigments and capping agents 
like natural polymers i.e. protein, and starch of plant, bacteria, and algae 
[3,7,8]. Several international regulatory agencies have also suggested a 
“safe by design” approach to minimize the harmful effects of nano-
material and promote their sustainable use in different applications 
[3,23]. 

Among the microbial pigments, bacterial pigments have a unique 
feature of protecting the bacteria from oxidative stress and UV radiation 
and are also involved in quorum sensing. The bacterial strain Xantho-
monas sp. is a Gram negative rod shape bacterium, generally studied for 
its pathogenesis in plants. However, on the other hand, several strains of 
Xanthomonas are important as producers of the exopolysaccharide 
xanthan, utilized in the food and pharmaceutical industries. In addition, 
the Xanthomonas sp. produce yellow membrane bound pigments called 
xanthomonadin (XP), a structurally distinct class of halogenated, aryl- 
polyene, water insoluble pigments. Similar to carotenoid pigments, XP 
structure also consists of the long polyene moiety. Carotenoids’ polyene 
moiety has been speculated to be required for photoprotective action 
[24]. These aforementioned properties of XP grabbed researchers’ 
attention, owing to its unique properties such as pigments that protect 
the bacterium against various stress conditions, solar radiation, and 
photo-oxidative stress [25]. 

In the present study, we employed a green approach for synthesizing 
nano sized silver particles by using XP as a reducing and stabilizing 
agent. The rationale behind using XP is that they are well known 
multifaceted and used as antioxidants and photo-protectants [26]. Based 
on our knowledge, the present study is the novel report of the synthesis 
of nano sized silver particles by using the XP under sunlight energy. The 
pigment and pigment assisted nanomaterial was characterized and were 
evaluated for its the photo protecting potential of with commercially 
available sunscreens, antioxidant activity and antimicrobial activity 

against some Gram positive and negative bacteria. 

Materials and methods 

Chemicals 

Silver nitrate powder (AgNO3) was purchased from sigma-aldrich 
with 99.99 % purity. Solvents; methanol, ethanol and chloroform 
were purchased from Sd-fine chemicals (India). All media were pur-
chased from Hi-Media. Two commercial sunscreens with stated sun 
protection factors (SPFs) of 4 and 10 were purchased from the local store 
in Jalgaon, India. 

Microorganism 

The bacteria was isolated from infected plant leaves and primarily 
identified by morphological and biochemical tests. The further confir-
mation was carried out by molecular sequencing. 

Microbial pigment production 

The Xanthomonas sp. SVP1 cultivated at 28 ◦C on selective growth 
medium plate (Peptone 5 gm/L,Yeast extract 5 gm/L, Glucose 5 gm/L, 
Calcium carbonate 10 gm/L, Agar 30 gm/L) [27]. The isolated single 
colony was inoculated in the nutrient medium broth, which were 
incubated at 28 ◦C for 24h on shaker. After incubation inoculum was 
transferred in fresh 100 mL above mentioned liquid medium for pigment 
production and incubated for  48 h in incubator shaker at 28 ◦C. 

Extraction of pigment 

After 48 h incubation the cell pellets were separated by centrifuga-
tion at 10,000 rpm for 20 min. The supernatant was decanted and the 
biomass was washed two times by sterile physiological saline. The 

Table 1 
Application of bacterial pigment synthesis of silver nanoparticles.  

Sr. 
No. 

Pigment Method UV 
visible 
(nm) 

Colour 
change 

Shape Size 
(nm) 

Reaction 
type 

Application Reference 

1 Actinorhodin AgNO3 solution of 1 mM mixed with 
1mL actinorhodin under sunlight 
for 15 min 

418 Colorless to 
brown  Irregular 

28–50 Sunlight Antibacterial [9] 

2 Prodigiosin A mixture of equal volume of 
culture supernatant and AgNO3 

solution was incubated for 60 ◦C in 
a water bath until color changed 

400–425 Pink to black 
color 

Spherical and 
ellipsoidal 

25.9–34.8 Heated at 
60̊C 

Antibacterial 
Activity 

[10] 

3 Monascus 
pigment 

100 μL solution of red pigment in 
the concentration of 1 mg mL− 1 was 
added to 2.5 mL of 2.0 × 10− 4 M 
silver nitrate (AgNO3) under direct 
sunlight 

445 Light red 
colour to 
dark brown 

Spherical shape 10–40 Sunlight Antibacterial [11] 

4 Carotenoids A mixture of 1 mL pigment and 5 mL 
of 1 mM AgNO3 kept overnight at 
room temperature 

420 Light yellow 
to yellowish 
brown 

– 65 Room 
temperature 

Antioxidants [12] 

5 Flexirubin A mixture of 10 mL of 1 mM AgNO3 

and 1 mL of flexirubin was 
incubated at room temperature for 
30 min 

420 Turn brown 
in colour 

Spherical 49 Room 
temperature 

Anticancer [13] 

6 Fucoxanthin A solution of AgNO3 and 
Fucoxanthin at a final concentration 
of 2 mM AgNO3 under light 

413 Light yellow 
to brown 

Spherical, 
polycrystalline 
spherical 

20–25 Presence of 
light 

Antibacterial [14] 

7 Melanin  1mM AgNO3 with 10 mg melanin 
100 ml− 1 0.1 M KOH at 100 ◦C for 
1h 

410 Yellow to 
dark brown 

Spherical 10-50 Heated at 
100̊C 

Antibacterial [15] 

8 C- 
phycocyanin 

A mixture of C-phycocyanin (5 mg/ 
mL) + 10 mL of 1 mM AgNO3 

incubated at 25 ◦C, pH 7, under cool 
white fluorescent light (50 μM 
photons m− 2 s− 1) for 48 h 

450 and 
400 

Yellow to 
dark brown 

Spherical 50 Fluorescent 
light 

Monitoring 
quality of 
water. 

[16]  
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separated biomass was further subjected for extraction using methanol 
[28,29]. The mixture was incubated for 2–3 h at 140 rpm under dark 
condition. Then mixture was centrifuged at 10,000 rpm for 10 min, 
supernatant was collected and concentrated by vacuum evaporation 
using Rota evaporator (Buchi Rotavapour). XP was extracted in ethyl 
ether from above concentrated methanol extract by solvent solvent 
extraction method. The extracted pigment was dried and stored at 
− 20 ◦C, and used for further purification, characterization and 
applications. 

Purification and characterization of pigment 

The extracted XP was purified by silica gel thin layer chromatog-
raphy (TLC) technique (GF-254) (Merck, India).The chromatogram was 
run with solvent system chloroform:methanol (2:1). The presence of XP 
was confirmed by TLC with slight modification of pervious reported 
method [30]. The yellow colour band from the TLC plate scrapped and 
eluted in methanol. After evaporation the pigment was stored at − 20 ◦C. 
Characterization of XP was carried out with spectroscopic techniques i. 
e. UV–visible, FT-IR and Mass spectroscopy. 

XP mediated synthesis of silver nanoparticles (XP-AgNPs) 

The XP mediated synthesis of AgNPs was carried out as follows: 50 μL 
(1 mg mL− 1) of pigment solution was mixed with 950 μL of silver nitrate 
solution (1 mM AgNO3) (pH-7.0 ± 0.2) in clean, dry glass tubes. The 
tube was then vigorously shaken to ensure appropriate reactant mixing 
and kept in high intensity sunlight (between 12.0 and 2.0 pm). The 
visible colour shift of silver salt in solution was then monitored. 
Simultaneously, AgNO3 (1 mL AgNO3 without pigment) and pigment 
(50 µL pigment in 950 µL water) controls were run under the identical 
conditions [11,31]. 

Characterization of XP mediated silver nanoparticle (XP–AgNPs) 

UV–Vis spectrophotometric analysis 

The pigment assisted nanoparticles were analyzed by scanning 
orange-brown XP–AgNPs solution by UV–Vis spectrophotometer (Shi-
madzu UV 1800i, Japan) in a range of 200–800 nm. 

Field emission scanning electron microscopy (FESEM), High-resolution 
transmission electron microscopy (HR-TEM), and Selective area electron 
diffraction (SAED) analysis 

A field emission scanning electron microscope (FE-SEM Hitachi 
S4800, Japan) was used to project the surface structure of XP-AgNPs. 
High resolution transmission electron microscopy and selected area 
electron diffraction was used to determine the crystal structure and size 
of the crystal. The XP–AgNPs solution was sonicated for 10 min and a 
small volume was loaded on a carbon-coated copper grid. Subsequently, 
the copper grid was placed under infra-red lamp for 15 min to 
completely dry the sample. High resolution images of XP-AgNPs were 
recorded in the bright field using TEM (FEI, USA) operated at 300 kV 
[11]. 

Energy dispersive spectroscopy (EDAX) analysis 

The presence of elemental silver in synthesized XP-AgNPs solution 
was estimated by energy dispersive spectroscopy (Brucker, Germany). 

Dynamic light scattering (DLS) and Zeta potential analysis 

The synthesized nanomaterial was analyzed for it’s nanomaterial 
dispersion by dynamic light scattering and Zeta potential analysis 
(Malvern Instruments, USA). 

X-ray diffraction (XRD) 

X-ray diffraction was used to determine the crystallinity of XP-AgNPs 
(PANalytical Xpert Pro MRD Diffractometer). The spectra was measured 
in the range of 20 to 80◦ range at room temperature, with a scanning rate 
of 0.4◦/min. Silver nanoparticles were analyzed using the Debye- 
Scherrer equation, to determine average grain size as follows [10,32]. 

D =
Kλ

βcosθ  

Where ‘D’ is the crystallite size, ‘K’ is constant (0.94), λ is the wave-
length of the X-ray source (0.15406 nm), β is full width half maximum 
(FWHM), and θ is the diffraction angle. 

Fourier transforms infrared (FT–IR) spectroscopy analysis 

The purified powder of XP and XP-AgNPs were subjected to FT-IR 
spectroscopic analysis. KBr pellets were prepared for XP and XP- 
AgNPs and analyzed on a PerkinElmer instrument with a scanning 
range of 450–4000 cm− 1. 

Antimicrobial assay of XP and XP-AgNPs 

The antibacterial activity of XP-AgNPs was assessed by employing 
the well diffusion method. Four bacterial pathogens were tested as a 
representative of Gram positive and Gram negative viz; Bacillus subtilis, 
Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli. The 
bacterial cultures were grown overnight in Luria Bertani (LB) broth; 
thereafter, 100 µL (105 CFU mL− 1) of culture was spread uniformly on 
agar plates, and wells were punctured (6 mm) by using a sterile well 
borer. Different concentrations of XP-AgNPs, control XP, and standard 
antibiotic (Ampicillin) were loaded in wells. The inoculated plates were 
incubated at 37 ◦C for 24 h. The plates were subjected for determination 
of antibacterial activity by measuring the zone of inhibition [33]. 

Determination of sunscreen protection potential of pigment 

The in vitro spectrophotometric technique was slightly modified to 
assess the sunscreen protection potential of pigment by measuring sun 
protection factor (SPF) of commercial sunscreens (SPF 4 and 10) and 
sunscreens fortified with XP and XP-AgNPs [34–36]. Commercial sun-
screens with labeled SPF of 4 and 10 served as the standard control while 
XP and XP-AgNPs were added to the above mentioned sunscreens at a 
concentration of 4 % as test. The experimental and control sunscreen 
formulations (0.1 g) was mixed with 10 mL of ethanol (in triplicate). All 
samples (both the control and the pigment-supplemented samples) un-
derwent a 5 min ultrasonic treatment before being centrifuged at 
10,000 rpm. The solution for measurement was prepared by adding 2.0 
mL of ethanol in the 0.5 mL aliquots of supernatant [37]. 

Optical density of ethanol serving as a blank and the optical densities 
of test solutions were determined in the UV spectrum between 200 and 
600 nm at intervals of 10 nm. According to Mansur et al. (1986), SPFs 
were computed based on three independent studies using the formula 
below [38]: 

SPF = CF x
∑320

290
EE(λ) × I(λ) × Abs(λ)

Where CF (correction factor) = 10; EE (λ) = erythmogenic effect of ra-
diation with wavelength λ; Abs (λ) = absorbance value of a solution at a 
wavelength λ; and I (λ) = solar intensity spectrum. EE (λ) × I are the 
standard tabular values and determined as per Sayre et al. [39]. 

Antioxidant potential determination by DPPH radical scavenging assay 

Radical scavenging activity of XP-AgNPs was determined by DPPH 
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(1,1-Diphenyl- 2-picrylhydrazyl) assay with a slight modification of 
previously describe method [35]. In brief, 40 μL of XP and XP-AgNPs 
(10 mg mL− 1 in DMSO) was mixed with 2.96 mL DPPH (0.1 mM) so-
lution. The mixture was vigorously shaken and incubated at room 
temperature for 30 min in dark conditions. L-Ascorbic acid (LAA) was 
used as a positive control. The absorbance was measured at 517 nm. The 
scavenging activity rate was calculated using the following formula 
[40], 

% Inhibition =
(Abs Control − Abs Test)

Abs Control
x 100  

Where Abs control is the absorbance of DPPH solution, Abs Test is the 
DPPH + XP/XP-AgNPs. 

Results 

Characterization and identification of XP 

Xanthomonas sp. (SVP 1) was exploited for pigment production and 
further the yellow membrane bound pigment was extracted in methanol 
and purified by TLC. The purified XP show peak at 445 nm in UV–Vis 
spectroscopy [30,41]. Similarly in FT-IR analysis the frequencies at 
3407.64 and 2933.83 cm− 1 show C–H stretching, 2854.55 cm− 1 show 
sp3 C–H stretching, 1634.69 cm− 1 show C––C stretching, 1562.94 cm− 1 

show C––C aromatic stretching, 1409.09, 1377.61, 1240.36, and 
1044.15 cm− 1 for C–H bending and C–O (ether) were present in XP 
[42]. The purified XP m/z 478 Dalton was recorded in mass 
spectroscopy. 

Characterization of XP-AgNPs 

Various analytical methods were used for the characterization of XP- 
AgNPs. 

Visible observation and UV–vis spectroscopic analysis 

A rapid change in color of AgNO3 solution (1 mM) was observed after 
challenging with XP yellow pigment (50 μL) and succeeding exposure to 
sunlight (5 min). The XP added to the silver nitrate solution changed the 
color of silver nitrate from colourless to light yellow which was further 
changed to dark yellow-orange after incubation under sunlight (Fig. 1a). 
The development of the yellow-orange color has confirmed the reduc-
tion of bulk silver nitrate into nanoparticles. Synthesis of XP-AgNPs was 
further monitored and confirmed by UV–vis spectroscopic analysis 
showing the absorption peak at 420 nm (Fig. 1a) due to the surface 
plasmon resonance phenomenon of AgNPs [28,43]. 

The effect of substrate (AgNO3) concentration on XP-AgNPs syn-
thesis was evaluated by challenging increased concentration of AgNO3 
(0.2 mM to 2 mM) to constant XP (50 μL, 1 mg mL− 1 concentration). The 
absorbance at 420 nm was increased by increasing the concentration of 
AgNO3 up to 1 mM and no further increase up to 2 mM (Fig. 1b). 
Similarly, the formation of XP-AgNPs was monitored measuring the 
absorbance at several time intervals with fixed concentrations of AgNO3 
(1 mM) and XPs (50 μL, 1 mg mL− 1). In the case of time dependent 
synthesis, the absorbance of XP-AgNPs at 420 nm was increased with the 
incubation time (Fig. 1c). 

The peak of XP- AgNPs at 420 nm was observed within 30 to 60 s at 

Fig. 1. UV–visible spectrum of Xanthomonadin pigment (XP)-mediated synthesis of silver nanoparticles (XP-AgNPs) (a) effect of initial silver salt concentrations (b) 
and incubation time (1 mM AgNO3) on AgNPs synthesis (c) 
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optimized concentration of AgNO3 (1 mM), however, the XP required 
approximate 10–12 min to complete reduction of AgNO3 into XP-AgNPs 
(Fig. 1c). 

FE-SEM and EDAX analysis 

In FE-SEM study, XP-AgNPs were analyzed for their surface topology 
and morphology. The XP-AgNPs are predominantly spherical and have 
various irregular shapes (Fig. 2a) instead of single-shape (i.e., spherical, 
hexagonal, cube, rods) as synthesized by chemical methods. XP-AgNPs 
size was between 30 and 100 nm (Fig. 2a). Energy dispersive spectros-
copy (EDAX) confirmed the presence of elemental silver in XP-AgNPs 
solution (Fig. 2b). 

HR-TEM and SAED analysis 

The size, shape, and crystalline nature of the XP-AgNPs were further 
confirmed by HR-TEM and SAED analysis, respectively. Fig. 3a depicted 
the well dispersed spherical shape XP-AgNPs with an average size of 58 
nm. Similarly, Fig. 3b shows the apparent and unwavering lattice fringes 
and a diffraction ring with spot patterns in the SAED pattern (inset of 
Fig. 3b), which confirms the crystalline nature of XP-AgNPs. 

DLS and Zeta potential analysis 

The distribution of XP-AgNPs in solution was measured by employ-
ing dynamic light scattering (DLS). Particle size of XP-AgNPs was in the 
range between 30 and 100 nm (Fig. 5a). While, the XP-AgNPs show a 
zeta potential value of − 17 mV, indicating fair stability of XP-AgNPs in 
solution (Fig. 5b). 

X-ray diffraction analysis 

A technique used to characterize the structure of crystalline material 
is X-ray diffraction. This technique can be used to analyze crystal lattice 
parameters, phase, texture, or even stress of samples. In the X-ray dif-
fractogram for the synthesized XP-AgNPs, distinct diffraction peaks 
were observed at angles 24.57◦, 29.88◦, 32.17◦, 33.06◦, 35.76◦, 39.34◦, 
40.34◦, 43.75◦, 46.45◦, 48.02◦, 49.34◦, 49.99◦, 54.06◦, and 56.36◦

indexed (Fig. 4). The calculated value for the XPmediated silver crys-
tallite size was found to be approximately 63.06 nm. 

Possible mechanism of XP-AgNPs synthesis by FT-IR analysis 

FT-IR analysis was used to elucidate the possible mechanism for 
reduction of bulk AgNO3 into AgNPs. XP and AgNO3 reacts in methanol, 
Ag from AgNO3 binds towards the acidic terminal of XP (Fig. 6a). IR 
spectra of AgNO3 indicated absorption at 1384 cm− 1 corresponds to 
significant Ag peak which was retained in XP-Ag complex. The broad 
absorption at 3444.05 cm− 1 corresponds to O-Ag bonding from AgNO3. 
Moreover, as compared to XP the sharp peak at 3407.64 cm− 1 was 
observed in XP-Ag complex due to the interrupted hydrogen bonding 
intervened by AgNPs in acidic functional group. Preferentially the peak 
in XP at 2929.98 cm− 1 originated by C––C-H (C–H) stretching was 
almost vanished in XP-Ag complexation. It was due to the Ag interaction 
at acidic terminal deviated electron flow from the Ag to acidic C––O 
complex. The significant absorption at 1637.02 cm− 1 associated with 
asymmetric and symmetric stretching properties of the CO2 carboxylate 
groups observed both in XP and XP-Ag. Similarly, the peaks at 1121.17 
and 1046.23 cm − 1 were associated with C–O–C stretches of ether 
confirm -O-CH3. The sharpness of peaks at 678.78 cm− 1 and 1637 cm− 1 

in XP decreases in XP-AgNPs may be due the intervening of AgNPs in -O- 
CH3 and Br bonded to aromatic ring. The possible mechanisms of XP- 
AgNPs synthesis was due to the formation of Ag-acid informal 
bonding which was later reduced to silver nitrate in the nanoform par-
ticles. The presence of different redox functional groups and extended 
heteroatoms with aromatic conjugation in azaphylon-type XP (in the 
presence of sunlight) has been implicated in the synthesis of AgNPs in 
ecofriendly (water) systems. FT-IR spectra (XP-AgNPs) show complex-
ation of AgNO3 with acid functional group of XP which was later 
reduced in presence of sunlight to XP-AgNPs (Fig. 6b).The mechanism of 
XP nano synthesis was explained here solely based on FT-IR frequencies 
for reduction of bulk silver into nanoparticles, still it needs to further 
explored. 

Applications of XP-AgNPs 

Photo-protective potential of XP-AgNPs 

The sunlight protecting mechanism was evaluated by measuring the 
sun protecting factor of pigment at different concentration and with 
fortification of standard sunscreen with pigment. The sun protection 
factor (SPF) was calculated by measuring the absorbance within 
290–320 nm [35,44–46]. It was revealed that the two commercial 
sunscreens with claimed SPF values of 4 and 10 empirically showed SPF 

Fig. 2. Field-Emission-Scanning Electron Microscopy of (FE-SEM) (a) and EDAX of AgNPs (b) synthesized using Xanthomonadin pigment.  
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values of 4.60 ± 0.011 and 7.41 ± 0.013, respectively. 
Commercially available sunscreens having 4 and 10 labeled SPF 

showed drastic enhancement in SPF value when combined with XP 
pigment (4 % w/w). Sunscreen (SPF 4.60 ) and sunscreen SPF (7.41) 
fortified with pigment had improved SPF (14.87) i.e. 271.75 % 
enhancement and SPF 18.52 i. e. 85.2 % enhancement respectively 
(Table 2). The pigment mediated silver nanomaterial fortification in 
standard sunscreen also showed significant increase in sun protecting 
factor (Table 2). 

DPPH radical scavenging activity 

Antioxidants are well known for protecting the skin against free 
radicals. In the present study, the potential of XP and XP-AgNPs as an 
antioxidant for protection of skin from free radicals was evaluated by 
antioxidant assay. Several compounds extracted from Xanthomonas are 
known to use in cosmetic preparation for their antioxidant and nutri-
cosmetic potential [35,45,47]. In the present investigation, DPPH 
radical scavenging assay was employed to determine the antioxidant 
potential of XP and XP-AgNPs. As a result, the DPPH assay revealed that 

Fig. 3. High-Resolution Transmission Electron Microscopy (HR-TEM) of XP–AgNPs; TEM images of XP–AgNPs (a) and HR-TEM images with SAED patterns of 
XP–AgNPs shows in the inset (b). 

Fig. 4. XRD analysis of XP-AgNPs  
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both XP and XP-AgNPs have substantial radical scavenging activity 
(Fig. 7). The IC50 values for XP, XP-AgNPs, and L-Ascorbic acid, were 
recorded as 46.21 µg mL− 1, 21.62 µg mL− 1 and 7.44 µg mL− 1 

respectively. 

Antimicrobial activity of XP-AgNPs 

The yellow colour XP was inactive against the tested bacteria how-
ever the XP-AgNPs show excellent antibacterial activity (Table 3 and 
Fig. S1 supplementary). Among the tested bacteria, susceptibility wise 
Gram positive bacteria were more susceptible to XP-AgNPs; 13.33 to 
16.67 mm zone of inhibition was recorded at 20 µg mL− 1concentration. 
While in Gram negative bacteria particularly for E. coli, 60 µg mL− 1 

concentration of XP-AgNPs was required to equivalent the 12.33 mm 
diameter of zone of inhibition. This organism specific activity of XP- 
AgNPs is might be due to the outer cell architecture difference be-
tween the Gram positive and Gram negative bacteria [35]. 

Discussion 

Green approach for synthesizing nanomaterials is always better than 
the existing chemical and physical methods. Biological materials, small 
organisms, and their secondary metabolic products are well known for 
reducing bulk metal salts into nanosized particles. The protein, carbo-
hydrate, flavonoids, aromatic compounds, cyclic and long chains with 

free CH, OH, and C–H–C groups are mainly attributed for the synthesis 
of metal nanoparticles. In the present investigation, we used XP, a yel-
low color membrane bound pigment extracted from a bacterium Xan-
thomonas sp (SVP1), as a reducing and capping agent for the synthesis 
and stabilization of silver nanoparticles. Structurally, XP consists of the 
long polyene moiety with free terminal hydroxyl and carboxyl groups 
that may be accountable for interacting with bulk silver nitrate, and 
succeeding exposure to sunlight may result in the reduction of bulk 
silver nitrate into nanosized particles. Many publications reported a 
similar mechanism for synthesizing silver and other metal nanoparticles 
utilizing microbial pigments under the sunlight [48,49]. Microbial pig-
ments consisting of lactone group with carbonyl and hydroxyl group 
successfully reduced the bulk silver and gold materials into nano-
particles; the opening of the lactone group and formation of carboxylic 
acid was the mechanism behind the reduction and formation of metal 
nanoparticles [11,31]. In contrast, in the present study, we did not 
observe the disappearance or opening of the lactone ring present in the 
structure of XP. Thus, the free carbonyl and hydroxyl groups present in 
XP may be responsible for the synthesis of silver nanoparticles; however, 
further studies merit exploring the mechanism of XP in reducing bulk 
silver nitrate. 

The peculiar characteristics of the XP-AgNPs were thoroughly 
analyzed. First and foremost, the color of the solution of XP mediated 
synthesized AgNPs was rapidly turned from colorless to orange-brown 
and showed a sharp peak at 420 nm in the spectrophotometric 

Fig. 5. Particle size analysis (a) and zeta potential of XP-AgNPs (b)  
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scanning. This indicated the interaction of XP with AgNO3 and rapid 
synthesis of XP-AgNPs under sunlight. Similarly, the results of the high 
resolution microscopy revealed spherical XP-AgNPs with crystalline 
nature, which is as per previous microbial pigments mediated silver 
nanoparticles synthesis [32,50]. The XP-AgNPs showed confined parti-
cle size distribution and negative zeta-potential values, indicating good 
stability in solution. The stability of AgNPs might be due to the capping 
of pigment residues on the surface of XP-AgNPs, which protects them 
from agglomeration.Various residues of the protein, carbohydrate, and 
microbial colour pigments were known to act as capping and stabilizing 
agents for the metal nanoparticles [4]. 

The genesis of free radicals may occur when the skin is exposed to UV 
light [35], which is responsible for permanent skin damage. A variety of 
sunscreens externally applied to the skin, successfully protect it from 
sunburn. The sunscreen does this through the absorption or repulsion of 
UV rays (290–320 nm) with the help of different chemical and physical 

sun protecting molecules added to the sunscreen preparations [35]. 
Many publications demonstrated the photo-protective potential of XP 
[26,51]. In light of that, the photoprotection or enhancement of the sun 
protection factor of commercial sunscreens in the presence of XP and 
anti-oxidant activity was determined. Chemically the long polyene 
structure of XP has the potential to absorb the UV–visible light and 
protect the cell from photodamage. XP may react with different organic 
molecules present in the commercial sunscreen preparations resulting 
into more efficient photoprotection. Likewise, the addition of XP-AgNPs 
increased the SPF of commercial sunscreen as similar to the XP, which 
may be due to the further contribution of AgNPs in the enhancement of 
SPF. Our results are in agreement with Borase et al who reported the 
ability of gold nanoparticles to enhance the SPF of commercial sun-
screens [8]. Although the SPF values are appear slightly increase than 
that pigment but for synthesis of these nanomaterial least amount of 
pigment was used. For a long time, AgNPs have been well documented 
for their biocidal activity against various microbial pathogens [52,53]. 
The present study determined the antibacterial activity of XP-AgNPs 
against four bacterial pathogens. The XP-AgNPs were found to inhibit 
the tested bacterial pathogens substantially. The bactericidal activity of 
XP-AgNPs is mainly driven through the interaction of AgNPs with bac-
terial membrane, pore formation leads to cell death. 

Conclusion 

The yellow pigment from Xanthomonas sp. was extracted, purified 

Fig. 6. FT-IR spectrum of XP, AgNO3 and XP–AgNPs (a) possible mechanism of interactions of XP with AgNO3 for formation and stability of AgNPs (b).  

Table 2 
Sunscreen Protection Factors (SPFs) for commercial sunscreen preparations and 
supplementation with XP  

Commercial 
sunscreen 

SPF Calculated SPF 
for Sunscreens 

SPF XP +
Sunscreens 

SPF XP-AgNPs 
+ sunscreens 

Sunscreen 1 4 4.60 ± 0.011 14.87 ± 0.015 7.32 ± 0.2 
Sunscreen 2 10 7.41 ± 0.013 18.52 ± 0.020 11.44 ± 0.4 

Note: results are the mean of triplicates. 
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and characterized by various techniques such as thin layer chromatog-
raphy, UV visible spectrophotometry, FT-IR and mass spectroscopy as 
carotenoid pigment i.e. xanthomonadin. The purified pigment was 
evaluated for its potential of rapid biogenic synthesis of silver nano-
particles. It was observed that in presence of sunlight, pigment reduces 
silver salt into silver nanomaterial with predominantly spherical shape 
having size in the range of 30 to 100 nm. This green approach makes this 
method environment friendly and also help to reduce the burden of 
pollution in the environment. Pigment was evaluated for its antioxidant 
potential and found efficient free radical scavenging activity. XP-AgNPs 
were proved its antimicrobial activity against Gram positive and Gram 
negative bacteria. The purified pigment also showed its photo- 
protecting potential through enhancement of SPF factor of commercial 
sunscreen. The suitability of extracted xanthomonadin and its assisted 
nanomaterials have the future applicability in various fields like cos-
metics and topical antimicrobial preparations. Overall, the xanthomo-
nadin is a versatile natural pigment and its assisted green silver 
nanoparticles have antioxidant, photo- protecting and biocidal 
potential. 
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