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Abstract

Melanins are indolic polymers produced by many genera included among plants, animals and microorganisms and
targeted mainly for their wide range of applications in cosmetics, agriculture and medicine. An approach to analyse
the cumulative effect of parameters for enhanced melanin production was carried out using response surface meth-
odology. In this present study, optimization of media and process parameters for melanin production from Aspergillus
fumigatus AFGRD105 (GenBank: JX041523; NFCCl accession number: 3826) was carried out by an initial univariate
approach followed by statistical response surface methodology. The univariate approach was used to standardise the
parameters that can be used for the 12-run Plackett-Burman design that is used for screening for critical parameters.
Further optimization of parameters was analysed using Box—Behnken design. The optimum conditions observed were
temperature, moisture and sodium dihydrogen phosphate concentration. The yield of every run of both designs were
confirmed to be melanin by laboratory tests of analysis in the presence of acids, base and water. This is the first report

confirming an increase in melanin production A. fumigatus AFGRD105 without the addition of costly additives.
Keywords: Melanin, Response-surface methodology, Plackett—-Burman design, Aspergillus fumigatus

Introduction

Melanin has been reported to be produced by various
bacteria (Lagunas-Munoz et al. 2006), fungi and many
members of the plant kingdom. Biosynthesis of melanin
in microorganisms has been largely associated with its
prospects of being associated with UV protection, bind-
ing to antibiotics, resistance studies in pathogenic bac-
teria and its pathways have been targeted for potential
targets for drugs in antimicrobial therapy. Wide uses of
melanin have been previously reported in the field of cos-
metics, protective agents in eye wear, as insecticidal crys-
tals and photo protective creams (Zhang et al. 2007).

The production cost of any biotechnological process
can be considerably reduced by optimization of the pro-
cess (Sangkharak and Prasertsan 2007). The use of mul-
tivariate experimental design technique is becoming
increasingly wide spread in applied biotechnology as it
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and indicate if changes were made.

allows the simultaneous study of several control vari-
ables resulting in faster implementation and more cost
effective approach than traditional univariate approaches
(Nikel et al. 2005). The statistical method is a versatile
technique for investigating multiple process variables
because it makes the process easily optimized with fewer
experimental trials (Bajaj et al. 2009).

Several experimental design models could be employed
to reduce the number of experiments under different
conditions. Plackett—Burman and Box—Behnken designs
are among the most widely used statistical techniques for
optimization of biological processes. The Plackett—Bur-
man experimental design is a two-level factorial design,
which identifies the critical physicochemical parameters
by screening N variables in N + 1 experiments (Plackett
and Burman 1946), but it does not consider the interac-
tion effect among the variables. The variables that are
found significant in this initial screening can be fur-
ther optimized using response surface methodology
(RSM) which is a collection of statistical techniques that
uses design of experiments (DoE) for building models,
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evaluating the effects of factors and predicting optimum
conditions (Abdel-Nabi et al. 1998). Now it is extensively
applied in the optimization of medium composition, con-
ditions of enzymatic hydrolysis, fermentation and food
manufacturing processes. RSM which results from using
Box—Behnken design was used for further study of the
influences of major factors and interaction between them
on the response value, which is based on the results of
sole-experiment and Plackett—Burman (PB) design.

For this study, an initial standardization, optimizing the
age of A. fumigatus AFGRD105 for maximum melanin
production using standard media without any substitu-
tions of other carbon or nitrogen sources was carried out.
Application of statistical experimental methods to screen
the significant medium components affecting melanin
production and to evaluate the optimal levels of the sig-
nificant variables has also been conducted by standard-
izing the parameters for study by an initial univariate
approach followed by the use of statistical designs.

Materials and Methods
Microorganism
The identified strain A. fumigatus AFGRDI105

(GenBank:JX041523) was grown on Sabourauds dex-
trose agar plates and slants at incubated for 5 days at
45 °C, followed which they were maintained at 4 °C for
further subculturing. The entire set of experiments was
performed using freshly subcultured strains. As major
(wild-type) strains used in a study must be deposited
in a publicly accessible culture collection the strain was
deposited at National Facility for Culture Collection of
Fungi (NFCCI -WDCM 932), Pune, India and the NFCCI
accession number 3826 was obtained.

Univariate approach confirming the optimum age, carbon
and nitrogen source by submerged fermentation

Age: The strain was grown on Sabourauds Dextrose Agar
(Dextrose 20 g, Peptone 10 g, Agar 15 g, Distilled Water
1000 mL) for a period of 10 days and checked for growth
and melanization of the conidia present in the culture.
Once the greying of the conidial samples was found, mel-
anin isolation was repeated for each day till the tenth day.
The lyophilized samples of melanin were weighed and
plotted for comparison.

Optimization of carbon sources: A. fumigatus
AFGRD105 was grown on medium substituted with
various carbon sources (Dextrose, Galactose, Sucrose,
Mannitol and Sorbitol) at the same concentration of
Dextrose mentioned in the composition of the Sab-
ourauds Dextrose Agar medium. Further, the optimum
carbon source obtained was added in a range of 0.5, 1.0,
1.5, 2.0, 2.5, 3.0 g/100 mL and dry weight of the samples
was measured at the optimized age of the culture and
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concentration of melanin was determined by isolating it
from each sample.

Optimization of nitrogen sources: Medium with vary-
ing concentrations of Peptone and Yeast Extract (0.25,
0.5, 0.75, 1.0, 1.5 and 2.0 g/100 mL) was substituted in
Sabourauds Dextrose Agar medium composition and the
selected strain was inoculated for the optimized number
of days. Dry weight of the fungus grown on each substi-
tuted media was measured. Melanin was isolated and the
amount of melanin was determined.

C:N ratio utilization: For determining the C:N ratio,
250 mL shake flasks were used containing dextrose as the
carbon source and peptone as the nitrogen source. Sus-
pension of 5 x 10° spores/ml were standardised in 500pL
and inoculated into 100 mL of media and placed in a
rotary shaker for a period of 10 days. Further addition
of dextrose was carried out from the 6th day. In addition
to dextrose and peptone, NaH,PO,, KH,PO,, MgSO,,
CaCl, and FeSO, were added and pH was adjusted to
seven prior to sterilization. The equivalent ratio of car-
bon and nitrogen with the amount of dextrose added is
given in Table 1.

Multivariate approach

The optimum conditions for the age of the culture (time
required for optimum production), carbon source and
nitrogen source were subjected to other parameters using
statistical package. The concentration of these sources
was then subjected to high and low values averaging the
optimum value. All the data were treated with the aid of
design expert from Stat-Ease (8.0.7.1).

Plackett Burman Experimental Design: The Plack-
ett—-Burman (PB) design, an efficient technique for
medium-component optimization (Yong et al. 2011),
was used to pick factors that significantly influenced
melanin production from A. fumigatus AFGRD105.
PB design is one special type of a two-level fractional
factorial design based on the incomplete equilibrium
piece principle. It can pick up the main factors from
a list of candidate factors with the least number of
experiments. Total number of trials to be carried out
according to the Plackett—Burman is n + 1, where n
is number of variables (medium components). Each

Table 1 Media composition for determination of C:N ratio

Initial con- Peptone Initial C:N  Additional Equivalent
centration (g/L) peptone CN
of dextrose added (g/L)
2.66 7.2:1 16 25.25:1
266 16.2:1 12 25.25:1
16 2.66 20.65:1 4 25.25:1
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variable is represented at two levels, high and low,
which are denoted by (+1) and (—1), respectively.
Eleven process parameters including pH, temperature,
inoculum volume, incubation time, substrate, moisture
content, NaH,PO,, KH,PO,, MgSO,, CaCl, and FeSO,
were added in two levels of +1 and —1. This design is
used for the characterization of the model that results
in the significant variable where there is no interaction
among the factors (Plackett and Burman 1946). The sta-
tistical significance of this model was given by Fischer’s
test and ANOVA. The lists of the factors involved in
the experimental design are given in Table 1 and the
design parameters are given in Table 2.

Table 2 Experimental variables at different levels used
for production of Melanin

Factors Variable Units Experimental values
Low (—1)  High (41)

1 pH 5 9

2 Temperature °C 40 50

3 Inoculum volume CFU/MI 0.5 1.5

4 Incubation time Days 3 7

5 Substrate g 3 7

6 Moisture content % 10 25

7 Sodium dihydrogen g 10 14
phosphate

8 Potassium dihydrogen g 1 3
phosphate

9 Magnesium sulphate g 0.1 0.5

10 Calcium chloride g 0.5 1.0

11 Ferrous sulphate g 0.1 1
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Optimization of growth parameters for Box Behnken
design: Independent positive variables obtained after PB
design was optimized by Response surface methodol-
ogy (Table 3). In general, response surface methodology
contains Box—Behnken (BB) design and Central Compos-
ite Design (CCD). CCD is a five-level fractional factorial
design which is tensely dependent on the accuracy of the
central point. Based on the results of the PB design, the BB
design was conducted to gain the optimal levels of the main
factors picked out by PB experiment. Each variable was
studied at three different levels of low, intermediate and
high (—1, 0, +1). Experimental design included 17 flasks
for the strain with three factors (Table 4). Response surface
graphs were obtained to understand the effect of the vari-
ables, individually and in combination, and to determine
their optimum levels for maximum melanin production.
The data obtained from 17 experiments, were used to find
out the optimum point of the process parameters by using
Box—Behnken Design in Response surface methodology.

Extraction of melanin from A. fumigatus AFGRD105

Conidia were collected from A. fumigatus AFGRD105,
grown for 5 days on SDA slants or plates, by adding 5 mL
of sterile Phosphate Buffered Saline (PBS) of 1X con-
centration (8 g NaCl, 0.2 g KCl, 1.44 g Na,HPO,, 0.24 g
of KH,PO,, pH 7.4, Distilled Water 1000 mL) and cen-
trifuged at 8000 g for 30 min followed by washing in
PBS thrice. A final wash was done using 1 M Sorbitol
and 0.1 M Sodium Citrate (pH 5.5). 5 pL. Macerozyme
(10 mg/mL), as the cell lysing enzyme (Himedia; from
Rhizopus spp), was added and incubated overnight at
30 °C to generate protoplasts. The protoplasts were col-
lected by centrifugation and washed thrice by PBS and

Table 3 Twelve trial Plackett Burman design matrix for the experimental variables with coded values for melanin

production
Runs Experimental parameter Response
(mg/L)
1 2 3 4 5 6 7 8 9 10 1

1 -1 —1 +1 —1 +1 +1 —1 +1 +1 +1 -1 156

2 -1 -1 -1 +1 —1 +1 +1 —1 +1 +1 +1 16.7

3 —1 +1 +1 -1 +1 +1 +1 —1 —1 —1 +1 17.5

4 +1 —1 +1 +1 +1 -1 -1 —1 +1 —1 +1 11.8

5 —1 —1 —1 -1 —1 -1 -1 -1 —1 —1 —1 19.8

6 +1 +1 —1 +1 +1 +1 —1 -1 -1 +1 —1 176

7 +1 -1 +1 +1 —1 +1 +1 +1 -1 —1 -1 16.7

8 +1 —1 —1 —1 +1 —1 +1 +1 —1 +1 +1 123

9 +1 +1 +1 -1 -1 —1 +1 —1 +1 +1 —1 14.5
10 —1 +1 —1 +1 +1 -1 +1 +1 +1 —1 —1 189
11 +1 +1 —1 —1 -1 +1 -1 +1 +1 —1 +1 14.9
12 —1 +1 +1 +1 —1 -1 —1 +1 -1 +1 +1 12.3
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Table 4 Experimental variables for RSM at different levels
used for production of Melanin

Factors Variables Units  Experimental
values
-1 0 +1
Temperature °C 40 45 50
B Sodium dihydrogen phosphate g 10 12 14
Moisture % 10 175 25

left overnight in 4.0 M Guanidine Thiocyanate (Himedia)
at room temperature. The dark particles collected by cen-
trifugation at 5000 g for 10 min were subjected to three
washes using PBS followed by treatment using Reaction
Buffer (10.0 mM Tris, 1.0 mM CaCl, and 0.5 % SDS, pH
7.8) with 10 pL of 10 mg/mL Proteinase K and incubated
at 37 °C. The debris obtained were boiled in 6.0 M HCl
for 90 min.After treatment by boiling in acid, the melanin
particles were collected by filtration through Whatmann
paper and washed extensively with distilled water at 2 h
intervals until a neutral pH was obtained. The pH of dis-
tilled water that is used to wash the crude melanin was
checked using methyl orange for the pH comes close to
seven indicating complete removal of the acid and lyo-
philized as required.

Analysis of melanin and its biomass trend

The lyophilized particles was checked for colour; solu-
bility in inorganic solvents (distilled water (pH 7), 1 N
NaOH and 1 N HCI); solubility in organic solvents (eth-
anol, warm chloroform, warm acetone, benzene and
phenol); precipitation (1 % ferric chloride, 1 N HCl and
1 N H,SO,); oxidation (6 % sodium hypochlorite, 30 %
H,0,); and reduction (H,S and 5 % sodium hydrosul-
phite). Tests were carried out in parallel with Synthetic
Melanin (Myko Teck Pvt Ltd, Goa) for comparison. For
further validation of the results obtained using RSM, a
comparative analysis was carried out on melanin produc-
tion before and after optimization.

Results

Aspergillus fumigatus has been exploited as a major
source of secondary metabolites with potential commer-
cial applications in the field of enzymes, pharmaceuticals,
cosmetics and agriculture. This current study on optimi-
zation of melanin production plays a vital role in the cost
effectiveness of melanin production.

The direct dry weight measurement of the A. fumigatus
AFGRD105 grown on supplemented media resulted in
typical sigmoid pattern. It was therefore observed in the
present study that the dry matter weight of the substrate
gradually decreased as the growth progressed in the case
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of A. fumigatus AFGRD105. The optimized time for
growth was set at 5 days for optimizing the carbon and
nitrogen sources as the melanin production is the same
after day 5 and the conidial samples tend to become a dry
mass of spores (Fig. 1).

Of the carbon sources tested, it is found that Dextrose,
which is the standard sugar used in Sabourauds Dextrose
Agar medium, is the best carbon source for the growth
of A. fumigatus AFGRD105 and also for melanin pro-
duction. The other sources glucose, sucrose, and sorbi-
tol show a descending increase in the dry weight of the
fungus on the 5th day with mannitol being the lowest.
The same feature is also observed for melanin produc-
tion although the melanin production found least with
mannitol can be attributed to the low dry weight of the
mycelium. A gradient increase was however found as the
amount of dextrose in the medium was increased (Fig. 2).

The effect of nitrogen source on both mycelial growth
and melanin production was observed with the high-
est mycelial biomass achieved in the medium containing
1.0 g/100 mL of peptone for A. fumigatus AFGRD105.
It is interesting to note that higher concentration of the
nitrogen source is essentially not needed for mycelial
growth which is opposite to the results for the carbon
source (Fig. 2). Therefore, A. fumigatus AFGRD105 dem-
onstrated enhanced production of mycelial biomass and
melanin when cultured in media containing the unsub-
stituted SDA.

For the initial values of C:N ratios of 7.2, 16.2 and 20.6,
the amount of peptone as nitrogen source was held at the
same level (Table 1) whereas the concentration of dex-
trose varied; thus the limiting source int his experiment
was the nitrogen source. The production profile of mela-
nin was showed in Fig. 3 confirming that the produc-
tion of melanin in Aspergillus fumigatus is sources from
spores unlike other metabolites that can be sourced from
both hyphae and conidia. Addition of dextrose on day 6
was undertaken to maintain the final equivalent ratio of
carbon and nitrogen sources added as 25.25 at all cases
(Table 1). Figure 3 suggests that addition of dextrose did
not affect the production of melanin due to limitation of
nitrogen source but the presence excess dextrose from
day 6 enhanced the rate of production of melanin.

The levels of the variables for the PB design were
selected (Table 3) according to the previous single-fac-
tor experiments. Based on the selection, a 12-run PB
experiment was chosen to pick up the main factors in
the fermentative process for the production of mela-
nin. Pareto chart showed that the values of temperature,
moisture and Sodium dihydrogen phosphate was above
the Bonferroni limit indicating significance of these fac-
tors. The main factors were picked up at the confidence
level of 95 % based on their effects. According to the ¢
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Fig. 1 Variation in the production of dry weight and melanin production of the A. fumigatus AFGRD105 over a period of 10 days

test results, temperature, moisture and sodium dihy-
drogen phosphate were considered as the three major
factors affecting the production. The rest of the factors
level was below 90 % therefore considered insignificant.
Experimental runs and their respective melanin yields
are presented in Table 3. The adequacy of the model
was checked using analysis of variance (ANOVA) which
was tested using Fisher’s statistical analysis. The model F
value of 5.05 implied that the model was significant and
also showed that there was 0.25 % chance that the model
F value could occur due to noise. The p values denotes
the significance of the coefficients and also important
in understanding the pattern of the mutual interactions
between the variables.

The major factors including temperature, moisture and
sodium dihydrogen phosphate were selected for further
optimization by using BB. Based on the results of PB
experiment, the BB experiment was designed and con-
ducted, as is shown in Tables 3 and 5. Each of the three
major factors (temperature, moisture and sodium dihy-
drogen phosphate) was designed in three levels (Table 4).
The BB experiment results were submitted to ANOVA
using the Design Expert software (version 8.0, Stat-
Ease Inc., Minneapolis, USA), and the regression model
was given as mentioned below which indicated that the
experimental results of BB could be fitted into the final
equation of factors as second order regression.

R1(Yield) = 0.055135 — 0.00359 * A + 0.002987 « B
+ 0.001471 % C — 0.93 « AB
— 0.0019 x* AC — 0.00011 « BC

+ 0.0041A2% — 0.0025B% — 0.0035C?
where R1 is the yield of melanin obtained and A, B and

C are the coded values for temperature, moisture and
Sodium dihydrogen phosphate respectively.

The ANOVA of the quadratic regression model dem-
onstrated the above mentioned equation is highly signifi-
cant. It was in reasonable agreement with the predicted
R? of 0.8212. The lack-of-fit value for regression was
not significant (0.1010), indicating that the model equa-
tion was adequate for predicting the melanin production
under any combination of values of the variables.

The present analysis carried out statistically using
PB design showed the critical parameters that affected
melanin production followed by further optimiza-
tion using BB design determined the production was
predominantly influenced by the amount of tempera-
ture, moisture and Sodium dihydrogen phosphate. The
graphical representation provides a method to visualize
the relationship between the response and experimen-
tal levels of each variable and the type of interactions
between test variables in order to deduce the optimum
conditions. The contour plots show the region of the
desirability for the production of protein content with
the point prediction from the analysis of variable for
response surface cubic model for the production of mel-
anin (Fig. 4).

The interaction effects and optimal levels of the vari-
ables were determined by plotting the three-dimensional
(3D) response surface curves. The most efficient and eco-
nomical conditions were to use the lowest concentrations
of all the parameters for an optimal response. By using
the response surface methodology, an attempt was made
to understand the important variables to obtain an effi-
cient response for maximum yield of melanin.

The pigment could not be dissolved in water, acid, etha-
nol, warm chloroform, warm acetone or benzene. The
pigment was soluble in a concentrated alkaline solution
or in phenol. The dissolved, extracted black pigment was
lightened by the oxidizing agents NaClO and H,0,, as
well as by the reducing agents H,S and Na,S,0, (sodium
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laboratory conditions. These process parameters were
considered after the fungus was allowed to form green-
ish-grey conidia confirming the presence of melanin
essentially after 4th day on an hourly basis. Optimiza-
tion of melanin indicated the increase in the production
of melanin from 3.4 mg/L to 6.6 mg/L resulting in a two
fold increase after optimization. The biomass trend also
indicates that the production of melanin is constant after
a period of 5 days similar to the results obtained in Fig. 1.
This production of melanin by A. fumigatus AFGRD105
without any the addition of any precursors and with the
use of minimum medium components indicates a cost
effective alternative.

Discussion

Temperature and moisture have largely been associated
with the fungal populations in aiding their growth even
under lesser influential conditions (Nielsen et al. 2004;
McGinnis 2007); whereas phosphates have largely been
targeted in melanin related studies as an element in every
composition of media (Alviano et al. 1991). The potential
positive correlation of factors like temperature, mois-
ture and phosphates may also be attributed to the results
obtained on the direct dependency of growth of fungus
with melanin production.

The production of melanin with respect to C:N utiliza-
tion in the medium by fungi is the first to be undertaken
in this study. Although various other fungi have been
subjected production of biotechnologically prominent
metabolites, this study pertains and confirms the produc-
tion of melanin by the conidia of Aspergillus fumigatus as
no melanin was obtained from the hyphae. With respect
to these results, it can be confirmed that the yield of mel-
anin can be improved by carbon although the growth has
been arrested by nitrogen sources.

Statistical designs are effective tools that can be used to
account for the main as well as the interactive influences
of fermentation parameters on the process performance.
Among them, RSM is a collection of certain statistical
techniques for designing experiments, building models,
evaluating the effect of the factors and searching for opti-
mal conditions for desirable responses. Therefore, during
the past decades, RSM has been extensively applied in
the optimization of medium composition, fermentation
conditions and food manufacturing processes (Vazquez
and Martin 1997; Park et al. 2005).

Statistical designs has aided in analysing the important
factors with minimum labour and low time consump-
tion and also proved to be useful in optimizing medium
composition for melanin production from A. fumigatus
AFGRDI105. Optimising the media conditions revealed a
positive correlation in higher yield was influenced by tem-
perature, moisture and Sodium dihydrogen phosphate.
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In this present study, the statistical methodology, com-
bination of the PB design and the Box—Behnken design,
is demonstrated to be effective and reliable in selecting
the statistically significant factors and finding the opti-
mal concentration of those factors in the fermentation
medium for melanin production (Bajaj and Singhal 2009;
Yong et al. 2011). The interaction effects and optimal
levels of the variables were determined by plotting the
three-dimensional (3D) response surface curves. The
shape of the response surface curves showed strong posi-
tive interaction between these tested variables.

Melanin production has also been detailed in Escheri-
chia coli, Kleibsiella sp., Bacillus thuringiensis and B. cereus
(Lagunas-Munoz et al. 2006; Shrishailnath et al. 2010;
Chen et al. 2004; Zhang et al. 2007). The significant varia-
bles were quite different from this study and it may be due
the fungal source of melanin in this study. Studies under-
taken using Brevundimonas sp. SG] showed increased
yield of melanin with pH 5.31, tryptone 1.440 g/L, L-tyros-
ine 1.872 g/L and CuSO, 0.0366 g/L. On comparision
with the present study, use of RSM resulted in a 3.05-fold
increase in melanin production (Surwase et al. 2013).

In this work, the process parameters—tempera-
ture, moisture and sodium dihydrogen phosphate were
selected and optimized to produce melanin. Design
Expert from Stat-Ease was used to develop the design of
the experiment and BB design in RSM was used to opti-
mize the process condition. Thus it has been concluded
that the point prediction from the analysis of variable for
response surface cubic model is used as basic tool for the
production of melanin from A. fumigatus AFGRD105.
This enhanced production of melanin can be further used
in platforms of research in cosmetics and dyes.
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