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ABSTRACT

Objective: The present study was aimed to identify the fungal isolate from soil and to understand the different optimized parameters better to
facilitate the pigment production that has high yield and stability.

Methods: Aspergillus sp. was isolated from Western Ghats soil by the conventional serial dilution technique and assessed as a potential pigment
producer. Different broth medium such as potato dextrose broth (PDB), czapek-dox broth (CDB), malt extract broth (MEB), rose bengal broth (RBB),
sabouraud dextrose broth (SDB), yeast malt extract broth (YEMB), pH (3-9), temperature (24, 27, 30, 33, 37 and 40 °C), carbon
(lactose,glucose,sucrose, maltose, galactose and fructose) and nitrogen source (peptone, yeast extract, urea and inorganic nitrogen sources like
potassium nitrate, ammonium chloride and sodium nitrate), mineral salts such as sodium dihydrogen phosphate (NazH2Po4), magnesium sulphate
(Mg2So4), calcium chloride (CaClz), copper sulphate (CuzSos), potassium dihydrogen phosphate (KH:Pos) and manganese sulphate (Mn:Sos) and
inoculum age (2-7 d) of the medium related to high pigment production were analysed.

Results: Aspergillus terreus KMBF1501 was identified by ribosomal DNA sequencing showing 99% similarity with other Aspergillus terreus and the
accession number (KX113516) was assigned. The optimum culture conditions for pigment production by Aspergillus terreus KMBF1501 was achieved at
pH 5 (0.563£0.012 nm), temperature of 27 °C (0.382+0.001 nm) with glucose (0.501+0.002 nm) as carbon source, peptone (2.147+0.004 nm) as
nitrogen source, Mg2S04 (0.401+0.001 nm) as mineral salt and 4 d (0.324+0.001 nm) of inoculum age in PDB (0.761+0.006 nm).

Conclusion: Aspergillus terreus KMBF1501 produced maximum pigment when cultured in modified PDB than in common PDB medium. The high
concentration of the pigment can be used for various industrial purposes.
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INTRODUCTION

Diverse group of fungi are known to harbor in soil and the Western
Ghats are considered to be the hot spot location for the biodiversity
including microorganisms [1]. Among the microorganisms in the soil, the
fungi are metabolically active to produce many substances including
pigments [2]. Fungi produce an inspiring array of secondary metabolites
[3] and the benefits range like the beneficial bioactive compounds such
as antibiotics, anticancer, antimicrobial and antioxidants. The
discoveries of these secondary metabolites have more interest for the
pharmaceutical and agrochemical industries [4]. The regulation of
several secondary metabolites are influenced by various environmental
stimuli such as carbon and nitrogen sources, temperature, light, pH,
amino acids, reactive oxygen species and iron availability. The effects of
the environmental factors such as physical and chemical factors on the
growth of fungi are generally less definite and controlled than the effect
of the secondary metabolite production. Hence, it is reported that the
fungal growth depends on the composition of the growth medium, pH,
temperature, light and the surrounding atmospheric gas mixture [5].
Pigments derived from the natural sources are increased due to the
disquiet of the potential toxicity of several synthetic dyes [6] which are
used extensively in the food, cosmetics and pharmaceutical industries
[7]. Mostly the pigment production in submerged culture is affected by
several environmental factors. It is mostly affected by the nitrogen
source and pH of the medium [8]. The pigments commonly produced by
the fungi belong to the aromatic polyketide groups such as melanins,
quinines [9], flavins, ankaflavin, anthraquinone and naphthoquinone
[10]. It is known that the fungi isolated from the soil the produce
pigments which are used for various industrial applications. The uses of
fungal pigments are gaining accessibility in textile dyeing, food colorant,
antimicrobial, and anticancer activities. Incidentally, the fungal pigments
are natural without creating undesirable effects when they enter the
environment. Considering the toxic effects of the synthetic dyes, the

natural dyes are eco-friendly and easily degradable since they cause no
detrimental effects [11].

Aspergillus sp. are filamentous fungus belongs to Trichocomaceae
family, changes in the metabolism known as secondary metabolism
when the organism enters a period of slower growth and the
morphological alteration under the conditions of the nutrient
limitation such as deficiency of the assimilated carbon, nitrogen or
phosphorus sources [12]. Aspergillus sp. is known to produce
metabolites which are fast growing and are easily obtained from
various substrates. Moreover, there are many studies that reveal about
the natural chemistry of Aspergillus metabolites, in particular,
Aspergillus terreus are abundant producers of secondary metabolites.
The pigment anthraquinone from Aspergillus strain is reported to have
a commercial importance [13]. In general, the pigments produced by
Aspergillus sp. have antibacterial activity, antifungal activity [14] and
were also used in the textile dyeing [15]. Moreover, the most active
extracts obtained from Aspergillus sp. are subjected to the phytotoxic
and herbicidal activities [16]. The compounds produced by Aspergillus
terreus include aspulvinone, an active natural product capable of
inhibiting influenza An H1N1 virus [12, 17] and asterriquinone, a
metabolite of Aspergillus terreus found to have antitumor activity [18].
In this work, the fungi Aspergillus terreus KMBF1501 was isolated and
screened from the soil samples to provide the information about the
optimised fermentation conditions in order to know its ability to
produce pigments with more yield and stability.

MATERIALS AND METHODS

Isolation, purification and identification of pigment-producing
fungi

Soil samples were collected from the surface (1-3 cm depth) of the
interior areas of Idukki district, biodiversity in the Western Ghats
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Kerala, India. The collected samples were packed in the sterile
polyethene bags and carefully transported to the laboratory. The
isolation of the fungi from soil was done by transferring 1g of soil to
a tube containing 9 ml of distilled water from 10-2to 10-5g/ml. 0.1 ml
of soil sample was inoculated in PDA and performed in triplicates
amended with chloramphenicol (50 mg) (to control bacterial
growth). The plates were incubated at room temperature (25+2 °C)
for five days. Fungal pigments which were attractive and bright
colored were transferred to fresh PDA medium and confirmed for its
color production. The pigment producing fungal isolates were
purified by single hyphal tip method using PDA medium. Colonies
that grew in the incubation period of 5 d in room temperature (25+2
°C) were observed for fungal colonies producing pigments. The
purified colonies were transferred to PDA slants and stored for the
further study. The fungi which released pigment in the flask
containing PDB medium was visualized after 14 d of fermentation
and identified. The morphological features of the selected fungi were
identified macroscopically and microscopically using Nikon Eclipse
E200 series, Japan at the magnification of 40X. This is done with
mycelia of the selected fungal isolate using lactophenol cotton blue
test [19]. Further, the species level of the selected fungi was
confirmed and identified at the Mycology and Plant Pathology
Laboratory, Agharkar Research Institute, Pune.

Optimization of the fermentation parameters on pigment
production by Aspergillus terreus KMBF1501

On the basis of high pigment production, the different broth medium
and parameters which influence the pigment production like pH,
temperature, carbon and nitrogen source, mineral salts and
inoculum age were investigated.

Pigment production in various broth medium

Different broth media such as potato dextrose broth (PDB), czapek-
dox broth (CDB), malt extract broth (MEB), rose bengal broth (RBB),
sabouraud dextrose broth (SDB), yeast malt extract broth (YEMB)
(Hi media) were used for the growth and pigment production of the
selected fungal culture Aspergillus terreus KMBF1501. Sterilized
broth medium was dispensed in each flask and inoculated with the
fungal mycelial disc, for seven days incubation time at 25+2 °C. The
growth of the fungal colony and pigment production in the different
broth medium were visually observed and examined [20]. The
medium which produced maximum pigment production was used
for the further study.

Cultivation in submerged fermentation

The optimization studies of various parameters were carried out to
examine the fungal growth and pigment production. With slight
modification, the culture medium was composed with different
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carbon and nitrogen source (2 % w/v), mineral salts (2 % w/v), pH,
temperature and inoculum age. Temperature (24, 27, 30, 33, 37 and
40 °C), pH (3-9), inoculum age (2-7 d) and the carbon sources
(lactose, glucose, sucrose, maltose, galactose and fructose) were
used. Nitrogen sources were studied by using different organic
nitrogen sources including peptone, yeast extract, urea and inorganic
nitrogen sources like potassium nitrate, ammonium chloride and
sodium nitrate. Different mineral salts such as sodium dihydrogen
phosphate (NaHzPo4), magnesium sulphate (Mg:So4), calcium chloride
(CaClz), copper sulphate (CuzSos), potassium dihydrogen phosphate
(K2HPo4) and manganese sulphate (Mn:Sos) were investigated. The
experiments were performed in an Erlenmeyer flask containing
sterilized medium with the components, after inoculation they were
maintained in the darkness for 14 d at the room temperature (25+2
°(C) in a static condition [21].

Analysis of dry cell weight and extracellular pigment

After the fermentation period, the samples were collected aseptically,
centrifuged and filtered through no. 1 Whatman filter paper. The
mycelial mat was washed twice with distilled water, dried at 50 °C for
48 h and the resulting biomass was weighed [22]. The extracellular
yellow pigment production was estimated by the spectrophotometric
method at 500 nm. The uninoculated medium was used as a blank.

RESULTS
Isolation and identification of Aspergillus terreus KMBF1501

Soil samples collected from the Western Ghats ecosystem of Idukki
district, Kerala were focused for the enumeration of total fungal
colonies by the serial dilution technique plated on PDA medium. The
isolated colonies were subjected for the pigment production and
following to it screening among the soil samples collected,
Aspergillus sp. showed the maximum yield by producing a yellow
color pigment that had the high diffusing ability in both the solid and
liquid medium (fig. 1a andb) respectively. The morphological
characters of the culture demonstrated was sand brown in color
with a yellow reverse and the microscopic observation (fig. 1c)
showed vegetative hyphae, conidial heads globose to loosely radiate,
vesicles globose to subglobose, sterigmata one to two series, conidia
cylindrical with conidiphores. The molecular identification of the
fungal isolate was confirmed by the ribosomal DNA sequencing at
the Mycology and Plant Pathology Laboratory, Agharkar Research
Institute, Pune. Based on it, the screened Aspergillus sp. KMBF1501
was confirmed as Aspergillus terreus showing 99 % similarity with
Aspergillus terreus (table 1). After submitting the sequence in NCBI,
(GenBank Accession no. KX113516) the phylogenetic tree of
Aspergillus terreus KMBF1501 was constructed in comparison with
other Aspergillus terreus (fig. 2).

Table 1: Sequences producing significant alignments

Description Max Total Query E Max Accession
score score cover value identity  no.

Aspergillus terreus strain 1z11 18S ribosomal RNA gene, partial 1122 1122 95% 0.0 99% KT803070.1

sequence

Aspergillus sp. BAB-3258 18S ribosomal RNA gene, partial sequence 1177 1177 100% 0.0 99% KU504311.1

Aspergillus sp. BAB-3312 18S ribosomal RNA gene, partial sequence 1170 1170 99% 0.0 99% KU504316.1

Aspergillus terreus isolate 1 18S ribosomal RNA gene, partial sequence 1114 1114 94% 0.0 99% KT360948.1

Aspergillus terreus isolate H15 18S ribosomal RNA gene, partial 1120 1120 95% 0.0 99% AY939788.1

sequence

Aspergillus terreus isolate A8 18S ribosomal RNA gene, partial sequence 1118 1118 95% 0.0 99% JN129182.1

Aspergillus terreus strain LCF17 18S ribosomal RNA gene, partial 1116 1116 100% 0.0 99% FJ867934.1

sequence

Aspergillus terreus strain AML02 18S ribosomal RNA gene, partial 1146 1146 97% 0.0 99% KC354516.1

sequence

Aspergillus terreus 18S ribosomal RNA gene, partial sequence 1171 1171 100% 0.0 99% KM491895.1
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Fig. 1: (a) Aspergillus terreus KMBF1501 grown on potato dextrose agar (b) Pigment production on potato dextrose broth (c)
Microscopically identified conidial head of Aspergillus terreus KMBF1501

cil65306731|gh|AY939788.1| Aspergillus terreusisolate H15 185 ribosomal RNA gene
oi|341941807|gb|JN129182.1| Aspergillus terreus isolate A8 188 ribosomal RNA gene
gi|727347292| gh| KN1491895.1| Aspergillus terreus 185 ribosomal RNA gene
oi|268639711|gb|FJ867934.1| Aspergillus terreus strain LCF17 188 ribosomal RNA gene
gi|966913669|gh|KT360948.1| Aspergillus terreusisolate 1 185 rbosomal RNA gene
gi|973966904|gh| KU504316.1] Aspergillus sp. BAB-3312 185 ribosomal RNA gene

gil973966899|gh| KU504311.1] Aspergillus sp. BAB-3258 188 ribosomal RNA gene
£i|054333371|gb|KT803070.1| Aspergillus terreus strain 211 188 ribosomal RNA gene
i|538280701|gh|KC354516.1| Aspergillus terreus strain AMLO02 18S ribosomal RNA gene
gi1911901|gb|KX113516| Aspergillus terreus KMBEF1501 188 ribosomal RNA gene

Fig. 2: Phylogenetic tree of Aspergillus sp

Optimization of different parameters on biomass and pigment
production cultivated in submerged fermentation

Pigment production in the various broth medium

Various broth media (PDA, CDB, MEB, RBB, SDB, YMEB) were used
to study their influence on the biomass and pigment production of
the selected Aspergillus sp. measured at 500 nm aborbance. Among
the broth media used, PDB, gave the best results for the biomass and
pigment production of Aspergillus terreus KMBF1501 (fig. 3).
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Fig. 3: Influence on six liquid medium for pigment production by
Aspergillus terreus KMBF1501; n = 6, mean+SD (0.761+0.006 nm)

Effect of medium pH and temperature

To study the pigment production, the selected fungi were grown in
the PDB medium at varying pH (3, 4, 5, 6, 7, 8, 9) and temperature
(24, 27, 30, 33, 37, 40 °C). A maximum pigment production and high
biomass concentration were observed at pH 5 (fig. 4) and the
incubation temperature of 27 °C was measured by the absorbance
for the extracellular pigments (fig. 5). In the case of pH 3, 4, 8, 9
pigment production was very less. Generally, fungi prefer acidic pH
for good growth and activity. High temperature reduced the pigment
production and biomass yield.
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Fig. 4: Effect of pH on biomass and pigment production of
Aspergillus terreus KMBF1501; n = 6, mean+SD (0.563+0.012 nm)
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Fig. 5: Effect of temperature (°C) on biomass and pigment
production of Aspergillus terreus KMBF1501; n = 6, mean+SD
(0.382+0.001 nm)
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Effect of carbon and nitrogen source

The carbon sources (lactose, glucose, sucrose, maltose, galactose and
fructose) in the culture medium for the biomass production and
pigment production in 2 % w/v concentration was used in the study.
Among the carbon sources used, the maximum absorbance at 500
nm was achieved when glucose was used (fig. 6). Different organic
nitrogen sources such as peptone, yeast extract and inorganic
nitrogen sources such as urea, potassium nitrate, sodium nitrate and
ammonium chloride were used for the biomass and pigment
production. Among the organic nitrogen sources, peptone gave the
highest yield of pigment production and mycelial growth. By using
the inorganic nitrogen sources, sodium nitrate gave a total mycelium
growth as well as pigment production (fig. 7). In general, all the
nitrogen sources support the pigment production. Among these,
organic nitrogen sources were found to be better than inorganic
nitrogen sources for increased pigment production.
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Fig. 6: Effect of carbon source on biomass and pigment
production of Aspergillus terreus KMBF1501; n = 6, mean+SD
(0.501+0.002 nm)
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Fig. 7: Effect of nitrogen source on biomass and pigment
production of Aspergillus terreus KMBF1501; n = 6, mean+SD
(2.147+£0.004 nm)

Effect of mineral salts and inoculum age

The influence of mineral salts such as NaH2Po4, MgzSo4,CaClz, CuSos,
KHzPos and MnSo4 on biomass and pigment production was studied.
Among the mineral salts used, the maximum absorbance at 500 nm
was attained when MgzSoswas used in the fermentation medium,
whereas minimum pigment production and mycelial growth were
observed in CuSos (fig. 8). Different inoculum age (2-7) of Aspergillus
terreus KMBF1501grown in the medium showed maximal pigment
and biomass production in the inoculum age of 4 that allowed the
greater absorbance at the analyzed wavelength 500 nm. In addition,
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with an increase in the inoculum age, there was a slight decrease in
the biomass and pigment production and the least amount of pigment
production was observed in the second day of the inoculum age (fig. 9).
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Fig. 8: Effect of mineral salts on biomass and pigment
production of Aspergillus terreus KMBF1501; n = 6, mean+SD
(0.401+0.001 nm)
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Fig. 9: Effect of inoculum age on biomass and pigment
production of Aspergillus terreus KMBF1501; n = 6, mean+SD
(0.324+0.001 nm)

DISCUSSION

The present study was carried out to identify the fungal species
producing pigments and their various optimal growth conditions.
The soil samples were collected from the Western Ghats ecosystem
of Kerala. The reason of selecting different soil samples was to
investigate the biodiversity of the pigment-producing fungi. The
number of pigment-producing fungi are considered to be high in the
forest soils compared to other sources. Even if many species of fungi
are capable of producing pigments in nature, screening was
necessary to recognize the potent pigment producers. Some of the
fungal isolates produced pigments under the specific growth
conditions, but Aspergillus terreus KMBF1501 was found to produce
high quantity of pigment which excreted intense yellow color.
Celestino et al. (2014) [23] investigated that Aspergillus calidoustus
4BV13 sp. from the Amazon soil synthesised intensively coloured
pigment which had the potential for a new source of natural dye.
Filamentous fungi isolated from the Western Ghats ecosystem which
produced a water soluble pigment that was used as an alternate for
the leather dyeing as a natural dye. Moreover, that fungal pigment in
dyeing process was found to enhance the availability of new
possibility for the eco-friendly dyeing process and possess
enormous efficiency as medicinally important products [24, 25].

In general, there are two forms of growth, the filamentous form and
the pelleted form, mostly found in the fungal fermentation, the
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pelleted form is less viscous than the filamentous form [26]. Even
though the fungal morphology is influenced by a variety of factors
such as medium composition, agitation intensity and oxygen
intensity, still it is difficult to relate the broth rheology to every
aspects of the microbial morphology [27]. As the growth of the
microorganism is influenced by various factors, pH of the culture
medium and temperature of the incubation plays a significant role,
as well as each microorganism, has a specific pH tolerance range for
the growth and pigment production [28]. From the results, it was
observed that the temperature (27 °C) and pH (5) appeared to be
optimum for the growth and pigment production of Aspergillus
terreus KMBF1501. The pH of the medium varies for both the
mycelial growth and pigment production. The optimum pH and
temperature of the fungal strain were 6.0, 25+2 °C observed for
growth and secondary metabolite production. Hence at the alkaline
range, the growth and pigment production have been reduced
indicating that the increase in the pH might result in a decrease of
the pigment production and extraction rate [29, 30]. Dufosse et al.
(2005) [10] reported that the pH (5.6-6.2) was in the optimum
culture condition to perform the fungal synthesis and generally,
fungi prefer acidic pH for good growth and activity. Geweely (2011)
[31] investigated that Aspergillus nidulans showed a positive effect
on high biomass, intracellular and extracellular pigments when
influenced at pH 7 and temperature of 30 °C.

The results indicate that the glucose and peptone gave better
biomass and pigment yield under submerged fermentation.
Likewise, Aspergillus nidulans showed higher pigment production
when peptone was used as the nitrogen source. Whereas for the
carbon source, fructose was relatively favorable for the growth, but
the pigment production was found to be low. In the case of carbon
and nitrogen source, the mycelial growth and biosynthesis of many
secondary metabolites were obtained when glucose was used as a
carbon source [32], peptone and yeast extract as a suitable organic
nitrogen source for the mycelial growth and pigment production
[23]. Goudar et al. (1999) [27] reported that the carbon sources such
as sucrose and glucose influenced the growth, while maltose
influenced high pigment production in fungi.

Moreover, once this carbon source was completely utilized the
biomass concentration stabilize indicating the onset of endogenous
respiration. The literature describes that the nitrogen sources used
by the fungus were influenced for the regulation of the several
secondary metabolite gene clusters [5]. Juzlova et al. (1996) [33]
reported that the pigment production is possible in submerged
cultures by utilizing nitrogen sources. Sodium nitrate is known to
support the sporulation, but the limited growth and gave an
intermediate yield of the pigment production, while ammonium
chloride enhanced the repression of the conidiation and the sexual
cycle gives the best pigment yield. In addition, peptone gave better
growth and pigment amounts when compared to the sodium nitrate
and ammonium chloride [8]. Also, monosodium glutamate was the
most favourable nitrogen source for the formation of the red
pigments in MOPS-buffered (3-(N-morpholino) propane sulfonic
acid) culture [34].

Many reports have suggested that the presence of metal ions such as
zinc, iron and copper influence the fungal growth and metabolic
synthesis, including a regulatory effect at the cellular and molecular
levels. Moreover, this mainly depends upon the concentration of the
metal ions and also the ligands in the substrate [35]. Medentsev and
Akimenko (1998) [36] suggested the mineral salts Mg?*, FeZ*and
Zn2* played an important role in the increase of naphthoquinone
pigment formation. Similarly, Boonyapranai et al. (2008) [20]
investigated that the media added with the mineral salts increased
the pigment production than those obtained without the addition of
salts. Naphthoquinone production showed high yield in the addition
of K*, Na*, Mn*, and Mg*while there was a decrease in the pigment
production when mineral salt Zn?*was used in the increased
concentration. As there are a number of fungal physiological
properties, normally the inoculum age plays an important role in the
fungal development [37, 38]. The results show a maximal pigment
production at the fourth day, and similarly, Geweely (2011) [31]
reported that the optimal culture condition of the inoculum age was
4 d for extracellular pigment production by Aspergillus nidulans.
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CONCLUSION

In conclusion, Aspergillus terreus KMBF1501 isolated from the
Western Ghats soil produced yellow color pigment was regulated by
various factors in the culture medium. Among the six broth medium
used, PDB was good for the pigment production. The optimum
conditions of different parameters used in work had an effect on the
pigment production when Aspergillus terreus KMBF1501 was able to
utilize the glucose as a carbon source and peptone as a nitrogen
source. There was an immense benefit in adding the Mg2Sos to the
medium and inoculum age in the fourth day to enhance the pigment
production, as well as the mycelial growth. Pigment production was
favored at the pH 5 and temperature of 27 °C. The highest pigment
production by Aspergillus terreus KMBF1501 was achieved when it
was cultured in the modified PDB than in the common PDB medium.
The high concentration of the pigment produced by Aspergillus
terreus KMBF1501 may be used for various industrial purposes.
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