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Abstract Aspergillus niger is one of the most important
microorganisms used in biotechnology sector. This species
is able to produce naphtho-gamma-pyrones (NyPs), which
have excellent antioxidant activity. In the present study,
spores and NyPs production has been investigated through
solid state fermentation (SSF) of A. niger on different
agricultural by-products which, from an economical
perspective, constitute cheaper substrates than the synthetic
ones, in addition of being more eco-friendly. An optimized
NyP yields of 8,12 mg/g dry matter was obtained after 10
days of SSF at 27°C using a mix of sugarcane bagasse,
wheat bran and potatoes flour (50/30/20 (w/w/w)
respectively. Cultures were carried out in ORSTOM
bioreactor using Raimbault glass columns (diameter: 4cm,
length: 20cm) packed with 3g solids. Initial moisture
content was 75% with an initial aeration rate of 60 ml/min
of saturated humid. A significant positive correlation
between ergosterol — specific sterol produced by fungi and
a biomass marker — and NyP contents was observed.
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Introduction: Antioxidants used in the food, cosmetic and
detergent industries are products of great commercial
significance.  Existing technologies of antioxidant
production by microorganisms have opened up alternative
sources of both individual and complex antioxidant
mixtures. In this area, filamentous fungi hold much
promise. Literature reports indicate that A. niger has been
used to produce extracellular enzymes (food industry) and
citric acid (Geiser et al., 2007; Samson et al., 2009 ;
Hawksworth 2011). Today, while more than 60 secondary
metabolites produced by A. niger have been identified, the

2.3. Solid state fermentation: SSF experiments were
carried out using a mix of sugarcane bagasse (SCB), wheat
bran (WB) and potatoes flour (PF) in the ratio 50/30/20
(w/w/w) respectively. Mixed substrates were sterilized at
120°C for 30 min. After, the medium was inoculated by
concentrated spore suspension (2.107 spores/g dry matter)
and then placed in a Raimbault column. The column was
connected to a humidifier which allows a circulation of
moist air in the column at a rate of 60 ml/min.

2.4. Extraction of secondary metabolites: A sample of 1g
fermented substrate was dissolved in 10 ml of ethanol and

NyPs are the most abundant secondary metabolites
produced in this fungus (Choque et al 2014). These natural
compounds  possess  very  important  antioxidant
potentialities (Zhang et al. 2007). As a result, they could
potentially be used in food and cosmetic industries to
substitute some chemical antioxidant additives used in the
agri-food industry and which represent health problems to
the human body (Choque et al 2014). Among the microbial
fermentation possibilities, many articles suggest that SSF
can give higher yields of secondary metabolites than
submerged fermentation (Mienda et al. 2011). Agro-
industrial residues are generally considered the best
substrates for solid-state fermentation process due to their
low cost (Ghosh et al. 2013).

The present study discusses the production of spores and
NyPs by A. niger in potato dextrose agar (PDA) plates and
under SSF, in order to improve the possibility to produce
these metabolites on agricultural waste and the important
yield offered by this type of fermentation compared to
other types of cultures. On the other hand, this research
presents a simplified method for extracting the ergosterol
contained in the A. niger mycelium, grown on solid
substrates.

2. Materials and methods

2.1. Microorganisms and culture conditions: The A. niger
strain G131 was cultivated and conserved on PDA
medium. The strain was activated in sterilized PDA and
inoculated during 5 days at 27°C then conserved at 4°C.

2.2. Inoculum preparation: Erlenmeyer flasks (250 ml)
containing the mycelia fungal strain was cultivated on 25
ml PDA during three days. The mycelia were suspended
into 100 ml of distilled water with tween 0.01%, and 1ml
of this suspension was used to inoculate the cultures.

homogenized for 5 min with an Ultra-Turrax®. The
assembly was passed through an ultrasonic bath BioBlock
Scientific® at frequency of 20 kHz for 60 min. The
ethanolic extract was then filtered on Whatman® filter
paper to remove solid residues before analysis.

2.5. Quantitative analysis of secondary metabolites: NyPs
analysis was performed by High Performance Liquid
Chromatography (HPLC, Agilent®) on reversed phase
(Zorbax C18 column, 15cm x 4.6mm). The eluents used
were water milliQ and acetonitrile at 1 ml/min flow rate,
starting with water/acetonitrile (70:30, v/iv) to 100%
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acetonitrile (45 min). The UV detection (diode array
detector) was at 280 nm. The NyP contents were
determined using rubrofusarine (commercial standard from
BioVitica®) as external standard and are given in mg.I*
expressed in equivalent rubrofusarine.

2.6. Biomass: Fungal growth was determined by ergosterol
analyses. 50 mg of lyophilized fermented substrate in 1 ml
of methanol was stirred and kept overnight at 8°C. After
incubation, the mixture was centrifuged for 10 min at
14000 rpm. The supernatant containing the ergosterol is
recovered. The analysis of ergosterol was carried out by
HPLC (WATERS 1525 system) on reversed phase C18
column. The system was completed with an oven and a
WATERS 2487 UV detector. For each sample, the
supernatant was injected in triplicate with 1 min interval.
The oven was set at a temperature of 40 °C and the
detection was done at 280 nm. The eluent was pure
methanol at a flow rate of 1 mlmin® The peak
corresponding to ergosterol was detected at a retention
time of 16 min.

3. Results

The strain culture on PDA reveals that A. niger has a
powdery appearance and a black coloration (due to the
appearance of the reproductive structures in the mycelium
after 24 hours of culture).The apical growth of A. niger on
PDA at 27°C was 4.02 mm/day. This allows to deduce that
this fungus has an apical growth rate more slowly
compared to Trichoderma (17.99mm /day) which is
considered the fastest in terms of apical growth rate (a petri
dish can be entirely colonized in two days
).

Spores production by A. niger cultivated in SSF: A
sporulation Kinetics based on direct counting of the spores
using the cell
of Malassez was carried out for the A. niger (Table 1)
strain in order to evaluate their
sporulation

The sporulation kinetics of A. niger increases in the range
of 16.6.10%p/g.DM™* and 10.9.10"sp /g.DM™ between 48h
and 120h. In terms of sporulation A. niger is therefore a
very sporulating strain compared to other filamentous
fungi, such as Microdochium dimerum, which exhibits
very weak indices of sporulation which varied generally
between 0.21 sp / g.DM™ and 7.5 sp/g.DM™ (Roussos et al
2008).

Analysis of NyPs in the PDA and SSF of A. niger: The
follow-up of the NGP concentration as a function of time
according to the two cultivation methods investigated
(Figure 1), showed a considerable increase of the latter as a
function of incubation time.
The production of these metabolites
increases with time on both PDA and SSF media and for
both media, the occurrence of NyPs is correlated with the
establishment of secondary metabolism by the fungus
(Calvo et al. 2002). However, there is a marked difference
in the concentration of NyPs in A. niger depending on the
nature of the culture medium. These mean values are 1.6
mg NGPs/g of dry matter obtained on PDA and 8 mg of
NGPs/g of dry matter obtained on solid SSF medium, after
10 days of incubation. This important production of NyPs
in SSF with respect to the synthetic medium can be
explained by this mode of culture (SSF culture). However,
SSF makes it possible to get as close as possible to the
natural conditions of development of the fungus. It
depends on the composition of the environment, especially
which relates to the source of carbon and nitrogen, or the
control of thermodynamic parameters such as temperature
or humidity. Similar results have been described by

for the production of secondary metabolites
using SSF. Moreover, the concentration of all the NyPs
reached a threshold value after 4 to 5
days of culture for the two cultivation methods and then
remains constant throughout the duration.
This may be explained by the fact that the NyPs

Tablel. Evolution of the number of spores during the culture of A. niger on PDA and SSF

Time (hours) Number of spores
(107 sp/g.DM)
PDA SSF
48 16.03 42.01
72 20.01 72.05
96 55.04 96.03
120 109.01 142.03
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Figure. 1: Influence of the medium nature on the production of NGPs by A. niger
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Fig. 2. Evolution of ergosterol and NyPs concentration during the SSF culture of A. niger

production begins after the phase of vegetative
multiplication, concomitantly with the conidiogenesis,
which is a common trait of secondary metabolites

Evolution of ergosterol and NyP concentrations during
the SSF of A. niger: A method for analyzing ergosterol by
HPLC has been developed to estimate the biomass
produced by A. niger grown in SSF. The extraction of
ergosterol was carried out by maceration in pure methanol
using lyophilized-dried samples obtained from 1 to 11 days
of cultureBy comparing the concentration variation of
NyPs and ergosterol, these metabolites evolves
continuously. Then it decreases with respect to the
concentration of ergosterol which remains high. In SSF
analysis of ergosterol extracted from biomass
lyophilisation shows that the concentration of ergosterol in
A. niger cultures has fairly similar values and does not vary
much as a function of incubation time. On the other hand,
there is a clear difference with respect to the NyP
concentrations. These mean values are 4.96 mg ergosterol
/g of dry matter and 8.2 mg of NyPs dry matter. From

ergosterol quantification, it was possible to deduce that the
biomass growth of the strain A. niger G131 on standard
SSF medium (SCB, WB and PF) was faster than on PDA.
Indeed, indirect estimation of fungal biomass using
ergosterol estimation was already used by different
research teams (Durand et al., 1997; Trigos et Franco,
1993; Trigos et al., 1994). However, it is important to keep
in mind that a true estimation of the biomass in SSF and on
PDA was remains a delicate point. Because of the solid
nature of the substrate, fast measurements such as
turbidimetry or nephelometry, commonly used in liquid
fermentations, are impossible to apply in SSF. It is
necessary to carry out a sampling and chemical assays
made difficult by the entanglement existing between the
substrate and the biomass.

Production of spores and NyPs in SSC:

Conidiogenesis and the production of NyPs follow a
similar trend at the beginning of cultivation; the amount of
conidia thereafter tends to decrease while the amount of
NyPs is maintained stable over time.
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Figure3: Spores and NyPs productions using SSF

Conidia are abundantly produced on the environment,
production shows a maximum of spores around day 6, this
value is maintained for about 6 days, and thereafter tends
to decline. This pattern of production is similar to that
found in the literature for similar growing conditions
(Hassouni 2007). The production kinetics curves shows
that production of NyPs begins after the vegetative growth
phase, more or less at the time of conidiogenesis, which is
a common feature of secondary metabolites (Calvo et al.,
2002)

Conclusion: Under the present culture conditions, the
production of spores and NyPs by A. niger in solid medium
is possible and offers very interesting quantitative and
qualitative advantages. Indeed, the molecules are produced
in greater quantity than on the synthetic medium (PDA)
The substrate mixture was chosen because it is
demonstrated that bagasse provides effective culture
support and that wheat bran is a rich source of A. niger
food and allows it to produce a variety of molecules.
Because of the use of agricultural by-products, the SSF is
more economical than liquid media with many advantages.
These include the simplicity of this technology and the cost
of equipment. Moreover, the absence of free water makes
it possible to reduce considerably the wvolume of
fermentation plants and the contamination bacteria.
Applied to lyophilized-dried samples and reduced to fine
powder, the method of extracting ergosterol by macerating
the samples in pure methanol is very effective. The method
of analysis of ergosterol is simple, reliable and
reproducible. It is easy to start and does not require heavy
equipment. Moreover, it is not expensive. Finally, these
secondary antioxidant metabolites can be used in the food
industry as the preservation of aliments through the
antioxidant action and in the cosmetic industry as the
creation of anti-aging skin products.
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