
IAJPS 2017, 4 (07), 2185-2194                    Gurupavithra. S et al                     ISSN 2349-7750 

 w w w . i a j p s . c o m  

 

Page 2185 

 

  CODEN [USA]: IAJPBB                             ISSN: 2349-7750 

IINNDDOO  AAMMEERRIICCAANN  JJOOUURRNNAALL  OOFF                            

PPHHAARRMMAACCEEUU TTIICCAALL  SSCCIIEENNCCEESS  

http://doi.org/10.5281/zenodo.838155        

 

Available online at: http://www.iajps.com                                Research Article 

 

OPTIMIZATION OF FERMENTATION CONDITIONS FOR RED 

PIGMENT PRODUCTION FROM ASPERGILLUS FLAVUS UNDER 

SUBMERGED CULTIVATION AND ANALYSE ITS ANTIOXIDANT 

PROPERTIES 
Gurupavithra. S, Rajalakshmi. A and Jayachitra. A* 

Department of Plant Biotechnology, School of Biotechnology, Madurai Kamaraj University, 

Madurai-625021. 

Abstract: 

Aspergillus flavus endophytic fungi was isolated from Ocimum sanctum, produced red pigment. A culture medium 

composition was established for the production of red pigment, optimum medium composition and environmental 

conditions were investigated in submerged flask cultures. The optimum carbon, nitrogen sources were determined to 

be 20g/L of [glucose, sucrose, dextrose] and 5g/L of [ammonium nitrate(NH4NO3), yeast, peptone]. The optimal 

temperatures [250C,300C 370C] and pH [pH-4.5,5,5.5,6.5] for pigment production in submerged fermentation. 

Under these conditions peak biomass concentration was 10.7gL-1 in NH4NO3 containing medium in a 15-days 

culture. The highest volumetric productivity of  red pigment was obtained in a batch culture (300C, initial pH-6.5) 

with a defined medium of the following composition (gL-1): dextrose(20) yeast(5). The biomass specific productivity 

of red pigment was analyzed in extracellular pigment. Extracellular pigment shows maximum absorbance at 750nm. 

Pigment was characterized with FT-IR shows strong peak at 3421.283nm of phenol group and HPLC resembles 

62.978% at the retention time of 9.426. Their antioxidative activities were also estimated by an indication of DPPH, 

SO, NO and protein content also analyzed. The cytotoxicity of pigment analyzed using Hep-2 cell line and the IC50 

value shows 50% inhibition at the concentration of 20µg/ml. 
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INTRODUCTION:  
Plant endophytic fungi are colonizing inter or intra-

cellularly living apparently symptomless fungi which 

spend the whole or part of their lifecycle inside the 

healthy tissues of the host plants. These lower 

eukaryotic fungi are important components of plant 

micro-ecosystems [1-3]. Endophytes have proven to 

be rich sources of novel natural compounds with a 

wide-spectrumof biological activities, biocatalysts in 

the biotransformation process of natural products and 

recently several bioactive substances have been 

isolated from these microorganisms [4,5]. Fungi are 

attractive organisms for production of useful proteins 

and biologically active secondary metabolites. 

Natural pigments have potential uses as colorants in 

food and cosmetics [6-8] are extracted from plants, 

animals and microorganisms. Under controlled 

conditions the pigments produced using 

microorganisms has advantages over other sources, 

as microorganisms can grow rapidly. This results in a 

high productivity of the pigments [9,10]. The 

alternative for harmful synthetic colorants used in 

food and pharmaceutical industries are natural 

pigments. The opened pathways for exploring 

pigments from microbes are less availability of 

accessible natural food colorants, serious 

environment and safety problems caused by synthetic 

pigments, and the increasing demand of consumers 

for natural products as compared with synthetic ones 

[11,12]. There is now strong evidence supporting 

secondary metabolites that allow organisms, 

particularly microorganisms, to carve out an 

ecological niche[13,14].The fungi suitable for 

spalting work, those that produce extracellular 

pigment capable of complete wood permeation,are 

known for having pigments that are UV stable [S C 

Robinson, D Tudor]. Potent pigment producing 

microorganisms are fungi [15]. Hamlyn (1995) 

reported the importance of pigments such as 

anthraquinone, anthraquinone carboxylic acids, pre-

anthraquinones extracted from filamentous fungi. 

The important alternative to potentially harmful 

synthetic dyes Natural dyes and pigments [16]. 

Moreover, the total soluble phenolic content of the 

extract and fractions was determined, and the 

quantitative analysis of flavone C-glycosides was 

obtained by an HPLC analytical method [17]. The 

structurally similar pigments are produced by 

Monascus (monascorubrine and 

monascuscorubramine) [18]. Lovastatins or 

monacolins produced by Penicillium, Monascus and 

Aspergillus[19] inhibits cholesterol biosynthesis by 

binding to catalytic site of HMG-CoA reductase, a 

key enzyme in cholesterol biosynthesis [20] and 

scavenged DPPH radicals[21-23]. Penicillenols 

secreted by Penicillium sp showed biological activity  

 

against HL-60 cell lines [24] . In general, compounds 

with antioxidant activity proved to possess 

anticancer, anticardio vascular, anti-inflammation 

and many other activities [25]. In this study, we have 

investigated the endophytic fungal strain Aspergillus 

flavus which was isolated from the leaves of the 

traditional medicinal plant Ocimum sanctum. The 

vast application of this plant is widely reported in 

Indian traditional medicine. In this study Aspergillus 

sp., culture conditions were optimized for red 

pigment production, pigment was extracted and its 

biological characters are analysed.  

 

MATERIALS AND METHODS: 

Plant material 

The Ocimum sanctum plant sample was collected 

from Madurai district and aseptic techniques were 

followed for further procedures. 

 Isolation and identification of endophytic fungi 

The collected plant samples were surface sterilized 

and inoculated in potato dextrose agar (PDA) 

medium for fungal spores. Fungal identification 

methods were based on Scanning Electron 

Microscopy (SEM) morphology of fungal spores.  

Optimization of Fermentation conditions 
In order to optimize the fermentation conditions of 

A.flavus using potato dextrose broth (PDB) medium, 

different sources were used.  The initial pH in the 

PDA medium. The optimum carbon sources were 

determined to be 20g/L of [glucose, sucrose, 

dextrose]and nitrogen sources were 5g/L of 

[ammonium nitrate(NH4NO3), yeast, peptone]. The 

optimal temperatures are [250C, 300C, 370C] and pH 

[pH-4.5,5,5.5,6.5]. During time factor study, the 

flasks were incubated at design temperature in a 

static phase. All experiments were performed in 

triplicates to ensure reproducibility. 

Extraction of pigment 

One-hundred ml fermentation broth was centrifuged 

at 3000 g to remove the mycelium, spore and other 

non-soluble particles. The red supernatant solution 

was vacuum concentrated on a rotary vacuum 

evaporator and extracted with water saturated n-

butanol for several times till the lower layer was free 

of red colour. The organic upper layer was vacuum 

dried and then mixed with 10 ml chloroform. The 

dark orange-colour chloroform layer was discarded 

and the undissolved red residual was dried under 

nitrogen gas before being dissolved in 5 ml n-butanol 

[9]. The n butanol solution was filtered through a 

0.45 μm Millipore® filter and then directly injected 

into the HPLC machine for the determination of red 

pigment.  
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Characterization of extracted fungal pigment 

UV-Visible Spectroscopy  

The extracted pigment were analyzed by using UV-

Visible Spectroscopy (Shimadzu UV 1700). The 

measurements were carried out at a resolution of 

1nm. 

Fourier Transform Infrared (FTIR) Spectroscopy  

FTIR spectroscopic analysis was carried out using a 

Jasco Fourier Transform Infrared Spectrometer 410. 

FTIR spectrophotometer was connected to a photo 

acoustic cell in the spectral range from 4000 to 400 

cm-1. 

Chromatographic system 

HPLC (High Performance Liquid Chromatography) 

of the methanol extract 

HPLC was performed on a Shimadzu model LC 

10AD equipped with a detector SPD10A. The 

methanolic extract (20μL) was subjected to HPLC 

analysis under the following operating conditions. 

Column – C18 LiChroCART-merck (4.6 x 30cm), 

Stationary phase - Octa decyl silane, Mobile phase - 

Methanol: water (60:40, v/v), Flow rate - 1mL/min, 

Injection volume-500 ul, Detector – UV, Wave 

length - 254nm and Flow rate - 1mL/min, Detector – 

UV.The analysis was monitored at 220nm.  

In order to study the effect of pH on elution of birch 

flavonoids. Individual glycosides were isolated by 

repeated injection of combined flavonoids glycoside 

fractions of the polyamide eluate of pigment extract 

on to the analytical column. The solvents were A 

(methanol) and B (water). The elution system was 0-

30min, 10-30% of B in A. the flow- rate was 2ml/min 

and the injection volume 20µl. For most of the 

compounds, the separation was repeated by using 

methanol as solvent system. 

Antioxidant assays 

DPPH photometric assay 

A 0.4mM concentration methanolic solution of 

DPPH was added with different concentrations of 

pigment (1mg/ml) and 0.48ml of methanol, and 

allowed to stand at room temperature for 30 minutes. 

Methanol served as the blank [32]. After 30 minutes, 

the absorbance was measured at 518nm and 

converted into percentage radical scavenging activity 

as follows: 

 

% DPPH radical scavenging = 100 x(Control OD- 

sample OD) / Control OD 

Inhibition of in vitro superoxide generation  

The assay contained with different concentrations of 

pigment samples (1mg/ml) with 0.2ml EDTA, 0.1 ml 

nitroblue tetrazolium, 0.05ml riboflavin and 2.64ml 

phosphate buffer. The control tubes were set up 

without sample, where DMSO was added. The initial 

optical densities of the solutions were recorded at 

560nm and the tubes were illuminated uniformly with 

the fluorescent lamp for 30 minutes. A560 was 

measured again and the difference in O.D was taken 

as the quantum of superoxide production [30]. The 

percentage inhibitions by the samples were calculated 

by comparing with the O.D of the control tubes. 

       % of in vitro superoxide generation=1-OD 

Sample/OD Control x 100 

 

Inhibition of in vitro nitric oxide generation  

The assay containing 0.3ml of sodium nitroprusside, 

2.68ml PBS and different concentrations of pigment 

samples (1mg/ml) was incubated at 25˚C for 15 

minutes. Control tubes (100% generation) were 

prepared without the pigment extracts. After 

incubation, 0.5ml of the Griess reagent was added 

[29]. The absorbance of the chromophore formed, 

indicative of the quantum of NO generated, were read 

at 546 nm. 

% in vitro nitric oxide generation = 100 x(Control 

OD- sample OD) / Control OD 

Determination of hydroxyl radical scavenging 

The hydroxyl radical scavenging activity of the 

pigment extracts was quantified by the method 

reported by [28]. 

The assay mixture (0.1ml) contained 0.1ml of 

deoxyribose, 0.1ml of FeCl3, 0.1ml of EDTA, 0.1ml 

of H2O2, 0.1ml of ascorbate, 0.1ml of KH2PO4-KOH 

buffer and different concentrations of pigment 

samples (1mg/ml)  in a final volume of 1.0ml. The 

reaction mixture was incubated for 1 hour at 37˚C. 

Then 1.0ml of TBA was added and heated in a 

boiling water bath for 20 minutes. The pink colour 

produced was measured at 535 nm in a 

spectrophotometer. Deoxyribose degradation was 

measured as TBARS and the per cent inhibition was 

calculated. 

% hydroxyl radical scavenging = 100 x(Control 

OD- sample OD) / Control OD 

 

MTT assay 

Culturing of cells 

The Hep-2 cells were seeded onto 13-mm glass 

coverslips in a 24-well plate at a density of 1 * 10 

cells per well in 1 ml of complete medium for 24 h. 

After 24 h, medium was removed and the cells were 

washed with phosphate-buffered saline followed by 

viability staining. 
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In-vitro cell viability studies. 

The MTT assay is a simple, nonradioactive 

colorimetric assay to measure cell viability.  

Metabolically active cells are able to convert this dye 

into a water-insoluble dark purple formazan by 

reductive cleavage of the tetrazolium ring. Formazan 

crystals, then, can be dissolved in an organic solvent 

such as dimethyl sulphoxide (DMSO) and quantified 

by measuring the absorbance of the solution at 545 

nm, and the resultant value is related to the number of 

living cells. To determine cell cytotoxicity/viability, 

the cells were plated at a density of 1* 10 cells/well 

in a 96-well plate at 37˚C in 5% CO2 incubator. After 

24 h of culture, the medium in the wells was replaced 

with the fresh medium containing crude pigment in 

varying concentrations. After 24 h, 20 µl of MTT dye 

solution (5 mg/ml in phosphate buffer pH 7.4) was 

added to each well. After 4 h of incubation at 37˚C 

and 5% CO2, the medium was removed and formazan 

crystals were solubilized with 200 µl of DMSO and 

the solution was vigorously mixed to dissolve the 

reacted dye. The absorbance of each well was read on 

a microplate reader at 545 nm. The 

spectrophotometer was calibrated to zero absorbance, 

using culture medium without cells. The relative cell 

viability (%) related to control wells containing 

pigment was calculated by the following formula: 

  % of cell viability = 100 * (Sample 

absorbance / Control absorbance) 

 

RESULTS AND DISCUSSION: 

Isolation and identification [SEM] 

The endophytic fungus was isolated from Ocimum 

sanctum.L medicinal plant. The green coloured 

spores surrounded with whitish matrix. Based on 

spore morphology of scanning electron microscope 

the isolated strain was identified as Aspergillus 

flavus[Figure-1&2]. 

 
Fig 1: Aspergillus flavus 

 

 
Fig 2: SEM image-A.flavus spore 

Note:a-magnification X2000-50µm;b-magnification X6000-10µm 
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Optimization of culture medium 

The PDA broth for submerged cultivation of 

endophytic fungi was optimized with different carbon 

and nitrogen source,  pH and incubation period for 

pigment production. The carbon source containing 

medium shows no pigment production. But the 

medium containing yeast as a nitrogen source with 

dextrose shows pigment production at 300C with the 

pH of 6.5, the red pigment production was observed 

with 15 days culture. It has been reported that various 

nitrogen sources such as yeast [10], peptone 

supported greater pigment production in many kinds 

of pigment-producing fungi [Table-1]. 

 

Table-1: Optimization parameters for pigment 

production 

 
Carbon 

source(20g/L ) 
Nitrogen 

source(5g/L) 
pH Temperature 

glucose NH
4
NO

3
, 4.5 

25
0

C 

sucrose yeast 5.5 
30

0

C 

Dextrose Peptone 6.5 
37

0

C 

 
Extraction of red pigment 

The red coloured mycopigment was extracted from 

the optimized medium. The intracellular and 

extracellular pigments were isolated from the mycelia 

and fermentation broth using methanol extraction 

[Figure-3]. The pigments are brownish red in color 

as well as the extracellular pigments are thick in 

nature but the intracellular pigments are slimy in 

nature. 

 

 
 

Fig 3: Pigment extraction 

Note: a,b-Pigment production; c-Extracted 

pigment 

UV 

The extracellular pigment shows maximum 

absorbance of at 750nm [Figure-4]. The UV-visible 

spectra of pigment extracted from solid-state cultures 

showed λ max at 482-485nm indicated the production 

of a red pigment [26]. 

 
Fig 4: UV spectrum 

 

Fourier Transforms Infra-Red analysis 

The spectrum was recorded in the wavelength region 

between 350 cm-1 to 4000 cm-1. The FT-IR spectrum 

showed single peak at 3421.283 cm-1 which indicates 

the presence of O-H stretching of alcohols and 

phenols [Figure-5]. The peak observed at 1627.97 

cm-1 represents the C=C stretch of olefins. 1.  Further, 

the peaks at 1388.83 cm-1, 1315.50 cm-1, 11120.68 

cm-1 correspond to functional groups.  

 

 
 

 

Fig 5: FT-IR spectrum 
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HPLC 

The result of HPLC analysis of extracted pigment has 

been depicted in the chromatograph shows the 

presence of 7 peaks. The retention time of major peak 

was 9.426 min. all other peaks were tiny and 

appeared insignificant. The percent contributions of 

the area and height of the major peak were 47.411 

and 62.978 respectively [Figure-6].  

The antioxidant characteristics (DPPH, SO, NO, 

Hydrogen radical) of the extracted pigment shows 

good scavenging activity with increasing 

concentration shows increasing antioxidant activity 

[Figure-7,8,9 & 10].  

 

 
 

Fig 6: HPLC Chromatogram 

 

Antioxidant study 

 

 

 
Fig 7: DPPH assay 
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Fig 8: SO generation assay 

 

 
Fig 9: Hydrogen radical scavenging 

 

 
Fig 10: NO generation assay 
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Fig 11: MTT cell viability assay 

 

Cytotoxicity: 

The cytotoxicity was analyzed using fungal pigment 

against Hep-2 cell lines shows effective results. The 

IC50 value shows 50% inhibition at the concentration 

of  20µg/ml [Figure-11].  

 

DISCUSSION: 
In production of the red pigment by submerged batch 

cultivation (30 0C) of Aspergillus flavus, the pigment 

production appeared to be growth associated. A 

carbon-nitrogen mole ratio of 9:1 maximized both the 

biomass growth and pigment development. An initial 

glucose concentration of 10 g L-1 promoted growth 

and pigment production. Yeast  was the best nitrogen 

source. The optimal medium formulation for 

production of the red pigment contained the 

following components (g L-1): glucose (10), yeast 

(5). This medium afforded a peak red pigment 

productivity of 3.042 at 750nm AU L-1 h-1. The UV-

visible spectra of pigment extracted from solid-state 

cultures showed λ max at 482-485 nm indicated the 

production of a red pigment [33]. Consequently, the 

optimal temperature for both mycelia growth and 

pigment production was found to be 30°C. The fungi 

usually require long periods for submerged culture, 

exposing them to contamination risk; which was 

similar to anthroquinone production by P.oxalicum 

[27].  

This can be acceptable by the IR spectrum showing 

broad stretching at 3379 cm-1 for hydroxyl group of 

phenolics. In the IR spectrum stretching frequency 

were also observed at 1643 and 1414 cm-1 assignable 

to C=C and C-H of the aromatic ring respectively 

[31]. The extracts of P. terrestre tested by [26] 

exhibited cytotoxic effects (HL-60, MOLT-4, BEL-

7402, and A-549 cell lines). 
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