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ABSTRACT

Several consumer products look enticing due to colors and there has been a demand for colors for various applications 
ever since human civilization started. Although in the primitive days, humans had used natural colors, the wake 
of the industrial revolution saw the excessive use of diverse types of synthetic colors. Although it looked very 
fancy initially, slowly scientists discovered the dangers of large-scale use of these colorants. The current demand 
is for natural colors, and hence, there is a scope for sources of natural colors from biosources. The present study 
involved the isolation of an endophytic fungus, Fusarium solani producing a red pigment from the polluted waters 

Cytotoxicity assays using brine shrimps proved negligible toxicity which is a positive trait for natural colorants for 
safer applications in industries. Media optimization and solid state fermentation were carried out to improve the yield 
of the fungal pigment and also to formulate a cheaper media for fungal multiplication and pigment production. Green 
synthesis of silver nanoparticles was also carried out with the fungal extract and the nanoparticles were characterized. 
Thus, the present study provides an option for the extraction of environment friendly natural colorant from the fungus 
F. solani for potential industrial applications.

1. INTRODUCTION

Due to the modern era’s increased need for natural pigments, fungal 
pigments are gaining much attention due to their wide applications 
in many different industries such as beverages, textiles, cosmetics, 
painting, and pharmaceuticals. Colorants are substances that impart 
color to a substance. There has recently been a greater interest in 
creating colorants from natural sources worldwide as synthetic 
colorants are attributed to safety concerns [1]. Moreover, less synthetic 
colorants are used now due to the greater understanding of their 
toxic effects and long-term harmful effects. A crucial alternative for 
potential hazardous synthetic dyes are natural pigments synthesized 
as microbial metabolites. Microbial pigments are more popular than 
traditional pigments made from plants and animal skin because to their 
accessibility, economical extraction, and efficiency [2]. As a result, 
there is an increasing need for natural colorants, which has led to the 
emergence of investigations to explore the potential sources. Numerous 
studies have shown that the expense of manufacturing natural colorants 
is high because the microbial media is also expensive. Therefore, it is 
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encouraged that exploration on pigment production using domestic 
and agro-industrial wastes as growth media be done as it results in 
cheaper costs and less environmental pollution by effectively utilizing 
waste materials [3].

Fungi belonging to different families, such as Chlorociboriaceae, 
Hyaloscyphaceae, Hymenochaetaceae, Polyporaceae, and 
Ophiostomataceae, are potent pigment producers and they secrete 
different secondary metabolites as pigments [1,4,5]. Secondary 
metabolites are a diverse group of biomolecules with various 
bioactivities. Pigments and other secondary metabolites are not 
involved directly in primary growth of fungus but play a major role 
in protecting the fungi from various adverse environmental factors. 
Numerous secondary metabolites produced by Fusarium spp., 
including gibberellins, carotenoids, and polyketides, have been 
extensively studied [6-8]. Two distinct groups of pigments are produced 
by Fusarium spp.- polyketides (e.g., Naphthoquinones, bikaverin 
and fusarins) and terpenoids (eg. carotenoids) [6]. Naphthoquinones 
are pigments from naphthalene that are members of the quinone 
family. They have a wide range of chemical structures and biological 
functions. Secondary metabolites of these compounds are present in 
higher plants, bacteria, and fungi. Fusarium solani is a broad species 
group that contains numerous saprophytic and endophytic species as 
well as some significant pathogenic fungi that are linked to human 
and animal diseases [9]. Secondary metabolites such as fusarubin 
and its derivatives (hydroxydihydrofusarubin, O-ethylfusarubin, 
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O-ethylhydroxydihydrofusarubin and anhydrofusarubin, and 
javanicin), anthraquinones (e.g., bostrycoidin), aurofusarin, and 
bikaverin are reported in Fusarium solani. Fusarubin and their 
derivatives and bostrycoidin are found to possess several bioactivities 
such as antimicrobial, antitumor, antitubercular, antifungal, anticancer, 
and insecticidal activities [1,10-14]

Endophytic fungi are microorganisms that can live in the tissue of 
a host plant without causing any disease symptoms [15]. De Barry 
coined the word “endophyte” in 1866 to describe microorganisms that 
live within the healthy tissues of plants without producing disease. 
They live in intracellular spaces of host plant, producing bioactive 
natural compounds, medicines, and derivatives without harming or 
infecting their hosts [16]. Several earlier studies have reported that 
the fungal genera belonging to Fusarium, Talaromyces, Monascus, 
Penicillium, Aspergillus, and Trichoderma produce fungal pigments 
with antimicrobial activity against bacteria, fungus, and yeast [17-21]. 
Researchers have also reported that certain fungal pigments have 
shown promising antioxidant properties. Certain fungi such as 
Fusarium spp., Thermomyces spp., Penicillium spp., and Trichoderma 
spp. exhibit good antioxidant properties with promising applications 
in biomedical research [2,22]. Researchers have used a variety of 
techniques to investigate the cytotoxicity of fungal pigments, including 
Artemia lethality bioassay, CCK-8 (Cell counting kit-8) assay, and 
YTT (yeast toxicity test) [23]. The present study was done to screen 
the endophytic fungus, Fusarium solani, isolated from the stem of 
Alternanthera philoxeroides in Madiwala lake for pigment production. 
Green synthesis and characterization of fungal nanoparticles (NPs) 
were also standardized. The fungal pigment from Fusarium solani 
demonstrated good antimicrobial activity against various pathogens 
tested and also exhibited moderate antioxidant activity.

2. MATERIALS AND METHODS

2.1. Isolation of Endophytic Fungus
All the reagents and chemicals used in this study were bought from 
HiMEDIA (India) and are of analytical grade. Endophytic fungi 
were isolated from the plant sample collected from Madiwala Lake, 
Bangalore, India (Lat N 120 54’ 3.492” Long E 770 37’ 4.0044”) 
and was washed with running tap water for 3–4 times. Under sterile 
conditions, the plant was dissected and the stem, leaf, and root were 
separated. The plant parts were then surface sterilized with 70% (v/v) 
ethanol, 1% (v/v) sodium hypochlorite, and sterile distilled water and 
subsequently air dried. Explants were prepared and placed on the 
PDA (Potato Dextrose Agar) media for the isolation of endophytic 
fungi. These cultures were incubated for about 1–2 weeks at room 
temperature (under dark conditions) following which the fungal 
colonies were purified by subculturing on SDA (Sabouraud dextrose 
agar) plates separately under the same parameters. The purified 
cultures were maintained at 4℃ on SDA slants [2,15,16,24,25].

2.2. Molecular Identification and Characterization of 
Endophytic Fungus
The selected isolate’s morphology was studied employing both 
macroscopic and microscopic techniques. The size, growth pattern, 
and color of the colonies were observed to study their characteristics. 
Lactophenol cotton blue staining was used for microscopic analysis 
to determine the size, shape, and arrangement of the spores. The 
fungal isolate was subcultured in SDB (Sabouraud dextrose broth) for 
10 days, following which the fungal DNA was isolated and checked 
for purity and yield using electrophoresis and spectrophotometry. 

Polymerase chain reaction (PCR) was used to amplify the ITS region 
fragment and subsequently, using the ITS1, 4 primers in the ABI 3730xl 
Genetic Analyzer’s BDT v3.1 Cycle sequencing kit, the amplicon was 
sequenced. Consensus sequence of this PCR product was made using 
aligner software and analyzed for nucleotide homology through BLAST 
software using NCBI GenBank. Based on nucleotide homology and 
maximum identity scores using ClustalW multiple alignment tool, 
the first ten sequences were selected and aligned following which the 
phylogenetic tree was constructed using MEGA 10 [26-28].

2.3. Screening for Fungal Pigment Production
A mycelial plug was cut from the 7 day old culture plate using 
sterilized scalpel, inoculated in 200 mL of SDB and incubated for 
14 days. This fungal culture was then utilized subsequently for fungal 
pigment extraction.

2.4. Extraction of Fungal Pigment from Solid Media
For extraction of extracellular fungal pigments, the media (after fungal 
incubation) was cut into small pieces using a sterile blade, added into 
40 mL of different solvents such as distilled water, acetone (99%), 
methanol (99.5%), and chloroform, and incubated at 200 rpm at 38–40°C 
for 1–2 h. It was subsequently filtered using a filter paper into a preweighed 
beaker and the contents were completely vaporized at room temperature 
for 1–2 days. The resultant extract was then dissolved in DMSO and 
kept at 4°C for subsequent studies. For extraction of intracellular fungal 
pigments, the fungal culture after incubation period was filtered using 
Whatman filter paper, washed with sterile distilled water and air-dried. 
The pigment was extracted using various solvents and separated using 
a separating funnel. The crude fungal pigment extract was concentrated 
and stored for further studies [29]. The fungal mycelia obtained after 
incubation was filtered with the aid of pre-weighed Whatman No. 1 
paper. The mycelia were then air dried for 24 h. The estimated dry cell 
weight of the mycelium was then expressed as g/L [30].

2.5. Green Synthesis of Silver Nanoparticles from Fungal 
Culture
The fungal culture was incubated in SDB growth medium at room 
temperature for 15 days (in dark) following which it was filtered to 
obtain fungal biomass and filtrate. Under aseptic conditions, the fungal 
biomass was weighed and sterile water in the ratio of 1:10 (w/v) was 
added to it and kept for incubation for 72 h at 28°C. Subsequently, 
this was filtered and to the cell-free filtrate an equal volume of 1 mM 
of silver nitrate solution was added and kept for incubation at 28°C at 
200 rpm and observed for formation of NP after 24, 48, and 72 h. This 
solution was then centrifuged for 15 min at 10,000 rpm and the pellet 
obtained was washed thrice repeatedly by centrifuging with sterile 
water at 10,000 rpm for 10 min each. The pellet finally obtained was 
dried at 40°C to get the powdered fungal AgNP [31-33].

2.5.1. UV–Visible spectrophotometry and Fourier transform 
infrared (FTIR) spectroscopy of fungal nanoparticles
Green synthesis of AgNP was performed following which they were 
characterized through UV–Visible Spectrophotometry and Fourier 
Transform Infrared (FTIR) Spectroscopy. Preliminary characterization 
of AgNP was performed using UV–Visible Spectrophotometry at 
wavelength between 200 and 800 nm. Biochemical composition of 
AgNP was further characterized using FTIR analysis (using Shimadzu 
IR Spirit with single reflection ATR accessory). This helped probe the 
functional groups, type of bonds, and chemical groups present in these 
AgNP.
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2.5.2. X-ray diffraction (XRD) analysis of fungal nanoparticles
AgNP synthesized from MEFAphS1 were further characterized to 
check the morphological and crystalline nature of these particles using 
XRD with wide ranging Bragg angles 2θ and scanning rate of 30–80 
at 0.041/min with 2 s time constant.

2.5.3. Antimicrobial activity of fungal nanoparticles
Agar well diffusion method was used to examine the antibacterial 
activity of green synthesized AgNP against Gram-negative (Vibrio 
harveyi, Klebsiella spp., E. coli) and Gram-positive (Streptococcus 
spp., Bacillus spp.) bacteria. The overnight culture of the test 
organisms was inoculated in nutrient agar plates and wells were made 
using a sterile gel puncture, into which 40 µL of the green synthesized 
AgNP each were loaded. DMSO and ampicillin were taken as the 
negative and positive controls, respectively. Zone of inhibition (ZOI) 
was measured 24 h after incubation [34,35].

2.6. Optimization of Fungal Pigment Production
2.6.1. Optimization of pH in fungal growth media
The optimum pH for fungal pigment production was determined 
by culturing the fungi in SDA fungal growth media at different 
pH (ranging from pH of 4, 6, 7, 8, and 10) and incubating at room 
temperature (under dark conditions) for about 14–16 days. To 
determine the optimal pH for pigment production, the optical density 
of the culture filtrates was measured. The dry weight of the mycelium 
was also recorded [36].

2.6.2. Optimization of carbon sources in fungal growth media
With a view to study the effect of various carbon sources on the 
production of the pigment, Sabouraud dextrose broth was prepared 
with different carbon sources. By substituting alternative carbon 
sources at the same concentration for dextrose (40 g/L), the impact 
of those sources on pigment synthesis was calculated. The tested 
carbon sources include sucrose, maltose, lactose, and starch [37]. The 
medium containing dextrose was used as a control. Fungal spores were 
inoculated into each flask and incubated for 2 weeks at 30°C at a pH of 
6. The dry weight and optical density values were measured [36-38].

2.6.3. Solid state fermentation
Different substrates such as orange peel, chikku peel, sugarcane 
bagasse, corn cob, and wheat bran substrate were washed thoroughly, 
dried, and powdered. Media comprising 20 g of each substrate 
was mixed with 8 mL of salt solution containing MgSO4.7H2O 
(1g/L), FeSO4.7H2O (0.5g/L), KH2PO4 (2 g/L), NaCl (1 g/L), and 
(NH4)2SO4 (2 g/L) and 70% moisture content with pH 6. 1 mL of 
fungal suspension was added to this media and incubated for 14 days 
at room temperature. After the incubation period, the pigmented 
substrates were completely dried and these dried substrates were finely 
ground and extracted using distilled water in a shaking incubator. The 
contents were then filtered and centrifuged and the supernatant was 
preserved at 4°C for further analysis [39-42].

2.7. Antioxidant Activity
The antioxidant activity was assessed based on the free radical 
scavenging activity of the stable 1,1-diphenyl-2-picrylhydrazyl 
(DPPH). The fungal pigment and fungal AgNPs of varying 
concentrations (25 µg/mL to 200 µg/mL) were taken and made up 
to 1mL using methanol and 1 mL of 1 mM of DPPH solution was 
added. The resulting mixtures were incubated at room temperature 
(under dark conditions) for 30 min followed by recording the 
absorbance at 517 nm to measure the reduction of DPPH. Methanol 

and 1 mM of DPPH reagent served as blank and negative control, 
respectively. Ascorbic acid solutions with the same concentrations 
(25 µg/mL–200 µg/mL) were used as the standard. The percentage 
of DPPH scavenging activity was calculated and expressed as radical 
scavenging activity (RSA) as follows [17,32,43].

 % 10 
 

0  
 

= ×
−Absorbanceof control Absorbanceof sample

Absorbanceof control
RSA

2.8. Cytotoxicity Studies
2.8.1. Antimicrobial activity of fungal pigment
The antimicrobial activity of crude fungal pigment extract was tested 
by agar well diffusion method against Streptococcus sp., Bacillus sp., 
Klebsiella sp., E. coli, and Vibrio harveyi. The nutrient agar plates 
were prepared and the test organisms were inoculated in each plate 
followed by boring of wells in these agar plates using a sterile cork 
borer. Into each of these wells, 40 and 10 µL of the crude fungal 
pigment extract was added. DMSO and ampicillin were taken as the 
negative and positive controls, respectively. The zone of inhibition 
(ZOI) was determined 24 h after incubation at 37°C [44].

2.8.2. Brine shrimp cytotoxicity test
Brine shrimps (Artemia salina) eggs were purchased and kept for 
hatching (3–5 g/L) in salt water at 30 ppt salinity under a constant 
supply of light and aeration for 48 h. Stock solutions of fungal pigment 
extracts of the required concentration were prepared by dissolving them 
in 0.1% (v/v) DMSO. Different concentrations of working solutions 
of the pigment extracts (20–100 µg/mL) were then made from this 
stock solution. 100 µL of each of the working solutions was added to 
each well of a microtiter plate. DMSO and salt water at 30 ppt salinity 
were used as the controls, respectively. Ten Artemia nauplii were 
introduced into each microtiter well using a micropipette and were 
incubated under a light source for 24 h. The number of dead nauplii 
was then counted after incubation and the percentage of mortality was 
calculated [45,46].

3. RESULTS AND DISCUSSION

3.1. Isolation and Identification of Endophytic Fungus
Several endophytic fungal isolates were screened for pigments 
production, of which MEFAphS1 which produced reddish orange 
pigment and isolated from the stem part of the Alternanthera 
philoxeroides was selected for the study. The obtained endophytic 
fungus was cultured in SDA media and subcultured for further 
studies. The colony characteristics of this fungus were white cottony 
in nature. The hyphae obtained were initially hyaline and mycelium 
was yellowish-white, which became reddish-brown after 1–2 weeks. 
There was a characteristic brownish-red appearance in the center 
[Figure 1]. These preliminary characteristics were studied for the 
initial identification of the endophytic fungus. Subsequent fungal 
identification was performed using lactophenol cotton blue staining 
and molecular sequencing of the ITS regions of this endophytic fungus. 
Based on preliminary fungal staining and molecular identification, the 
fungal endophytic culture which was labeled as MEFAphS1 was found 
to be Fusarium solani [Figure 2]. The genetic sequence was submitted 
to NCBI GenBank and can be found under the accession number 
OM866265, labeled as MEFAphS1.

3.2. Extraction of Fungal Pigment
Fungal pigment was extracted from Fusarium solani fungal culture 
14 days after the incubation. The initial verification of fungal pigment 
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production was determined by observing a change in the color of the 
growth media, which shifted from a light yellow hue to a reddish-
brown shade. This broth culture was filtered using Whatman filter 
paper and biomass was dried to estimate its dry weight. The broth 
filtrate containing the extracellular fungal pigment was stored at 4 °C 
for further studies.

3.3. Green Synthesis of Silver Nanoparticles from Fungal 
Culture
In this research, silver NPs were synthesized using the fungus 
Fusarium solani. The formation of AgNP was visualized with a change 
in color from light to dark brown within 24 h of addition of silver 
nitrate. Mahdieh et al. (2012) have reported biosynthesis of crystalline 
AgNP by Spirulina platensis in aqueous system [47]. Clarance et al. 
(2020) have reported the environmentally friendly synthesis of gold 
NPs using an endophytic strain of Fusarium solani ATLOY – 8, which 
was isolated from the plant Chonemorpha fragrans with potential 
anticancer and pharmaceutical applications [48].

3.3.1. UV–visible spectrophotometry and Fourier transform 
infrared (FTIR) spectroscopy of fungal nanoparticles
The UV–Visible spectra of the fungal extract of Fusarium solani 
treated with AgNO3 showed a peak at 419 nm indicating the reduction 
of AgNO3 into AgNP [Figure 3a].

The FTIR spectrum gives the information about the functional groups 
present in the synthesized AgNP, as shown in Figure 3b. The data 
provide the possible biomolecules responsible for the reduction of 
silver and synthesis of AgNP and also stabilizing them [49]. Eleven 
peaks were observed in FTIR spectrum and few were 3258.75 cm–1 

and 1399 cm–1 associated with O-H stretching in carboxylic acid; 
2920.31 cm–1 and 2851.76 cm–1 attributes to C-H stretching in alkane 
and 1636.51 cm–1 band assigned to the N-H bending and carbonyl 
stretching in amide linkage of proteins [50].

3.3.2. X-ray diffraction (XRD) analysis of fungal nanoparticles
The crystallinity of the synthesized AgNP was examined by XRD. 
Figure 3c depicts the XRD pattern of the green synthesized AgNPS 
obtained. The spectrum showed three distinct peaks at 77, 44.6, and 
38.38° attributes to the 311, 200, and 111 planes, respectively. The 
XRD peaks obtained in our study are in good agreement with the 
earlier reports [51]. The AgNPs were found to possess a face centered 
cubic structure when compared to the reference standard of the Joint 
Committee of Powder Diffraction Standard (JCPDS file number 04-
0783). The presence of other peaks observed could possibly be due to 
the presence of organic compounds [52,53].

3.4. Fungal Pigment Production
3.4.1. Optimization of fungal pigment production
After 14 days of incubation, maximum yield of the fungal pigment 
was observed. The fresh weight of biomass was found to be 17 g and 
dry weight after 48 h was found to be 7 g. As depicted in Figure 4, the 
fungal growth was found to be optimum at pH 7, which is reported to 
be favorable for fungal growth and pigment production. For fungal 
growth and pigment production, dextrose was found to be the most 
suitable carbohydrate source [Figure 4]. Fusarium solani was able 
to grow in all carbohydrate sources except lactose possibly due 
to inability of proper lactose utilization. Menezes and coworkers 
conducted optimization studies to enhance the production of red 
pigment production from the fungus Fusarium solani BRM054066. 
They identified that a submerged fermentation system at 200 rpm with 
a glucose concentration of at least 20 g/L resulted in optimal conditions 
red pigment production [9].

3.4.2. Solid state fermentation (SSF)
The SSF of various substrates was performed and the pigmented 
substrates were dried 14 days after incubation, finely powdered to 
increase the surface area, and extracted using water. Orange peel 
showed the highest absorbance followed by wheat bran and sugarcane 
bagasse [Figure 5]. There was no pigment production and decreased 
growth in corn cob substrate possibly due to the presence of non-
starch polysaccharides glucuronoarabinoxylans that are difficult to 
degrade [54]. Sugarcane bagasse also showed least value as it is rich 
in non-starch polysaccharide and has a substantial amount of tannin 
that may prevent fungal growth [54,55]. Statistical value of p < 0.05 
shows that there has been a significant difference between the different 
substrates used.

3.5. Antioxidant Activity
The antioxidant properties of the fungal pigment and the green 
synthesized AgNP from Fusarium solani was determined by DPPH 
assay. The standard ascorbic acid showed highest antioxidant 
properties followed by green synthesized AgNP and fungal pigment, 
as depicted in Figure 6. The IC50 of fungal pigment was observed at 
104.25 µg/mL. RSA of the pigment ranged between 13.11 and 27.33% 
and of AgNP ranged between 67.62 and 77.41%. Menezes et al. (2020) 
have reported that the red pigment produced by Fusarium solani 
BRM054066 showed an antioxidant activity at a concentration of 
24 µg/mL, by scavenging 50% of the DPPH radicals [9]. Khan et al. 
have documented the antioxidant activity of compounds obtained 
from F. solani using the DPPH scavenging method. The findings 

Figure 2: The phylogenetic tree of the isolated strain MEFAphS1 and other 
fungal relatives based on neighbor-joining analysis of ITS sequences.

Figure 1: Fungal culture of Fusarium solani: (a) front view of fungal culture 
on SDA growth media, (b) rear view of fungal culture on SDA growth media, 
and (c and d) lactophenol cotton blue staining depicting the fungal spores and 

mycelium.

dcba
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showed that bostrycoidin displayed considerable antioxidant activity 
(IC50 = 1.6 µg/mL), surpassing the positive control BHA (Butylated 
hydroxyanisole), trolox and ascorbic acid, with IC50 values of 1.2, 
1.3, and 1.5, respectively. Fusarubin and anhydrofusarubin exhibited 
antioxidant activity with IC50 values of 34.8 µg/mL and 12.4 µg/mL, 
respectively [56].

3.6. Cytotoxicity Studies

3.6.1. Antimicrobial activity of fungal pigment and fungal 
nanoparticles
Antibacterial activity of the green synthesized AgNP was probed using 
agar well diffusion assay by testing it against both Gram-positive 
and Gram-negative microorganisms [Table 1]. In this present study, 

Figure 4: pH and carbon source optimization for maximum pigment production by endophytic Fusarium solani.

Figure 5: Absorbance values recorded across different substrates used in SSF 
using Fusarium solani.

Figure 3: Characterization of silver nanoparticles from Fusarium solani: (a) UV–visible Spectrum depicting the peak obtained corresponding to AgNP, (b) FTIR 
spectrum depicting the functional groups detected in AgNP, and (c) XRD analysis of AgNP.

cba

Figure 6: Radical scavenging activity (RSA) of fungal pigment crude extract 
of Fusarium solani.
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mycosynthesized AgNPs exhibited the highest antimicrobial activity 
against both Gram-positive and negative bacterial organisms. The 
highest antibacterial activity was obtained against E. coli (25 mm) 
followed by Bacillus spp., (21 mm) and Vibrio harveyi and Klebsiella 
spp. (20 mm). The lowest activity was observed against Streptococcus 
spp. (14 mm). The force of electrostatic attraction between silver ions 
that are positively charged and the negatively charged bacterial cell 
walls create pores on the membrane increasing AgNP permeability, 
producing reactive oxygen species and inhibiting replication through 
silver ion release [57]. It was observed that AgNP was most effective 
against Gram-negative bacteria that can be attributed to the presence of 
thin cell wall, which is absent in Gram-positive bacteria that reduce the 
AgNP penetration into cells [58]. In a study by Nuanaon et al., LEDs 
synthesized AgNP using fungal pigment had exhibited an antimicrobial 
activity against E. coli and S. aureus [59].

The fungal pigment filtrate, the acetone extract of fungal pigment, and 
fungal AgNP depicted high antimicrobial properties against E. coli, 
Klebsiella spp., Vibrio harveyi, Streptococcus spp., and Bacillus 
spp. [Table 1]. The maximum zone of 28 mm was observed in the 
acetone extract against Vibrio harveyi. The maximum zone of 26 mm 
among the filtrate was shown against E.coli. This indicates that the 
pigment showed better antibacterial properties against the tested 
Gram-negative bacteria. The maximum ZOI was shown against 
E. coli. Negative control and vehicle control DMSO did not exhibit 
any zones of clearance. These results indicate that this fungal pigment 
could be potentially developed as an antibiotic drug. In a study by 

Saravanan and Radhakishnan, the pigment produced by the fungal 
isolate MF5 showed a broad spectrum of antibacterial activity [60]. 
In East Asia, fungal pigments produced by Aspergillus niger and 
Monascus purpureus were employed as natural colorants and food 
additives. Growth and pigment production of the fungus Talaromyces 
verruculosus had been optimized to obtain the highest yield and for its 
potential application as a replacement for synthetic dyes that are also 
hazardous [61].

The Western Ghats region of Southern India is home to a diverse 
group of soil and endophytic fungi which can be tapped more for 
antimicrobial properties [62]. Of late, there has been a lot of exploration 
on the antibacterial and antibiofilm properties of nanoparticles [63,64]. 
The recent years saw the priority being shifted toward the green 
technologies of synthesis of nanoparticles, without the use of harmful 
synthetic chemicals [65]. Fungal endophytes that are potential 
sources of industrially important enzymes [24,66,67] and those with 
antibacterial and antiangiogenic properties have been reported earlier 
too [68].

3.6.2. Brine shrimp cytotoxicity test
It was observed that the mortality rate was gradually increasing along 
with increase in the concentration of the pigment. As depicted in 
Figure 7, the LC50 value obtained from brine shrimp lethality bioassay 
was found to be 78 µg/mL which depicts negligible toxicity. Earlier 
studies defined the toxicity based on LC50 values as: highly toxic if 
LC50 < 1.0 µg/mL, toxic if LC50 = 1.0-10.0 µg/mL, moderately toxic if 
LC50 = 10.0–30.0 µg/mL, mildly toxic if 30 < LC50 < 100 µg/mL, and 
non-toxic if LC50 > 100 µg/mL [69].

4. CONCLUSION

The present study aimed at the optimization of fungal pigment 
production from Fusarium solani. On biochemical analysis, 18 
compounds were identified in the fungal pigment extract. Green 
synthesis of AgNP from Fusarium solani was also standardized. 
Cytotoxic properties of fungal pigment and AgNP were studied and 
it was found that the antimicrobial activity of fungal AgNP was 
significantly higher than that of fungal pigment. Both the fungal 
AgNP and pigment extract showed good antioxidant activity, along 
with negligible lethal effects in brine shrimp cytotoxicity assay. 
These results indicate the potential of fungal pigment and AgNP from 
Fusarium solani to be utilized as an antibacterial and/or antioxidant 
agent that has almost negligible toxic effects. Green synthesis of 
these AgNP highlights the significance of environment friendly 
ways to produce bioactive compounds with numerous applications 
especially as natural dyes that can be a potential replacement for 
synthetic dyes.

Figure 7: Brine shrimp lethality bioassay depicting the cytotoxic activity of 
Fusarium solani fungal pigment extract.

Table 1: Antimicrobial activity of fungal pigment and AgNP Fusarium solani.

Test organisms Diameters of zone of inhibition (in mm)

Acetone extract of fungal pigment Fungal pigment filtrate AgNP

40 µL pigment 
per well

10 µL pigment 
per well

40 µL pigment 
per well

10 µL pigment 
per well

40 µL pigment 
per well

E. coli 25 20 26 15 25

Vibrio harveyi 28 18 18 0 20

Streptococcus sp. 15 7 10 5 14

Klebsiella sp. 18 5 18 5 20

Bacillus sp. 18 5 18 5 21
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