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Statistical optimization of culture medium for yellow pigment production by
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Abstract: In present study, Thermomyces sp. were able to produce high yield of yellow pigments screened. Pigment
production by Thermomyces sp was optimized by employing factorial design and response surface techniques in
submerged fermentation. The variables evaluated were the concentrations of, sucrose, yeast extract, ammonium
sulphate, magnesium sulphate and dipotassium hydrogen phosphate having as response pigment production. One
factor at-a-time method was employed for the optimization of media components. Response surface methodology
(RSM) optimized these nutrient parameters for maximum yellow pigment production (1387 OD units), which resulted
at 35.5 g/L sucrose 5.5 g/L yeast extract, 2.5 g/L NH;SO,, 0.3 g/L MgSO, and 1.0 g/L K;HPO, in the medium. Response
surface methodology (RSM) was further used to determine the optimum values of process variables for maximum
yellow pigment production. The fit of the quadratic model was found to be significant. A significant increase in yellow
pigment production was achieved using RSM.
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INTRODUCTION methods. In statistical based approaches, resgornsee
methodology (RSM) has been extensively used in
fermentation media optimization (Aet al.,2001).
Response Surface Methodology (RSM) is a collection
of statistical techniques for designing experimgnts
building models, evaluating the effects of factarsl
searching for the optimum conditions (Xiorg al,
2004). It is a statistically designed experimeptatocol

There is an increased interest on natural pigments
replace some currently used synthetic dyes, sinee t
latter have been associated with toxic effectsowds

(Mapari et al, 2009). The pigments from microbial
sources are a good alternative that could easiydmiiced

in high yields and capability of producing diffeten
coloured pigments. Pigment producing microorganisms, \yhich several factors are simultaneously varied.

and micrqalgae are qpite common in nature whidodes RSM, the experimental responses to design of empets
carot_tlino:;js, me'a“'ﬂs' fla_V||ns, .qumohnes and_ more(DOE) are fitted to quadratic function. The numbér
_spde_m |caHy monashcms,_ VIo lacem, p fycocyznlnp OF successful applications of RSM suggests second orde
indigo. However, there is a long way from the Petrl o4iqn 1o reasonably approximate many of thedetation
dish to the market place as only five productiors a systems (Kaliet al.,2008: Sanet al, 2013)

operated on an industrial scale. The red pigmett®f o objective of the present work was to applyissizal
fungusMonascusis .WidEIy used in Asia for C?ntwies method to optimize the medium composition for the
asa food colora_nt (Kiret al, 1998). New food_appllcanons, production of yellow pigment by culturinBhermomyces
like the coloration of sausage, hams, surimi amiato sp. Several important factors such as carbon source,

ketchup, were descrit_)ed (Dufosﬁéal.,ZOQS). - nitrogen source, phosphate, and sulphate wereestudi
The fermentation media need to be optimized faciefit by one factor at-a-time and subsequently by RSM.

utilization of the fermentation technology. Medium
optimization by one-factor-at-a-time method invalve MATERIALSAND METHODS
changing one variable (nutrients, pH, temperatei®)
while fixing the others at a certain arbitrary Is\{&u
et al.,2003; Poorniammadt al, 2011). The conventional
“one-factor-at-a-time”approach is laborious ariche

Microorganians and culture conditions The microorganism
used in this study ihermomycesp which was isolated
from soil. Stock cultures maintained on Potato et
; : . agar slants, which contained potato extract andraiex
consuming, especially for large number of variables . o :
: L nd sub cultivated periodically. The slants weoalirated
Moreover, it seldom guarantees the determination of

o -
optimal conditions. These limitations of a singhetbr at 28 £ 2°C for 7 days. After cultlvat|qr_1 of 5-7 days,

L L spores were collected with 5 mL sterilized water a
optimization process can be overcome by usingsstaii
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the spore suspension corrected was used as inoculugentre points and (2 * 5 = 10) star points leadm@

preparation. 0.5 mL of spores suspension was iatszil

total of 50 experiments were performed. For siatibt

in 50 mL of submerged culture medium in 250 mL calculations, the relation between the coded vadines
Erlenmeyer flasks, whose ingredients include (g/L)actual values are described in table 1.

Yeast extract-5, Sucrose- 30, NaNC3, KCI- 0.5,
K-HPQ-1, and MgS@1. The submerged culture medium
(initial pH 6.0) was cultivated at 28 + 2 °C fof76days

in a incubator.

Optimization of fermentation medium using one-factor
-at-a-time method

Effect of different carbon sources on growth and
pigment production: The effect of different carbon

Mycelium harvesting: The mycelium after growth
was harvested at the end of fermentation by fiirat
using cheesecloth. Cells were washed three timés wi
distilled water to remove the adhering salts. Tioenbss
was dried to constant weight at°@0in laboratory
oven for 8 h to obtain a constant dry weight.

Pigment extraction: To the filtrate, one volume of
95% (v/v) methanol was added and kept on a rotary

sources on the growth and pigment production of theshaker for 30 min at 150 rpm at 35°C and wasitgred at

selected fungi were studied. In the production mexli
D (+) - glucose was substituted with different @arb

5000 rpm for 15 min. The same process was repéated
removal of fungal biomass and the filtrate wasfiéd

sourcesviz. sucrose, fructose, lactose, maltose, glycerolthrough a preweighed What man filter paper (47 mm).

and soluble starch.. All carbon sources were us8f) a
g/l. Sucrose at 25-60 g/l was further studied fadinaum
yellow pigment production.

Effect of different nitrogen sources on growth and
pigment production: The nitrogen source in czapek
yeast broth was replaced with other organic as asll

Next, the absorption spectrum was observed at 410 n
using Hitachi U-2000 spectrometer (Hitachi Ltd. ko,
Japan.) The absorbance values were converteddarcol
units (Lin and Lizuka et al., 1982).

The experimental design based on response surface
methodology for the optimization of chemical partere

inorganic nitrogen sources such as meat peptorsd, be on pigment production is given in the Table 1.

extract, soya peptone, and malt extract and soybeaAccording to central composite rotatable design for
meal. The inorganic nitrogen sources screened weréive independent factors, the total experimentshéo
potassium nitrate, sodium nitrite, ammonium nitrate conducted were found to be fifty. 50 experimentsewe
ammonium chloride and ammonium sulphate. Yeastperformed for five variables with five levels ofcda
extract and ammonium sulphate were further in thevariable which are shown in Table 1. Fifteen experits

range of 3-7.0g/l
Effect of trace metals on growth and pigment
production: The influence of heavy metal like copper,

starting from 1 to 50 were formulated for optimirat
of chemical parameters on pigment production. The
base level treatment from 43- 50 was replicatetiteig

ferrous, zinc, magnesium and manganese on théimes to calculate the reproducibility of the meattemd
growth and pigment production was investigated.the other treatments were replicated thrice. Tharman
Magnesium sulphate was further optimized in theand minimum variable levels were selected on thsisba

range of 0.02-0.9 g/l. for improved pigment proaurct
The effect of phosphate salts such as potassiwdrdien
phosphate, on the production yellow pigment wadietii
in the concentration range of 0.3-2.5 g/I.
Optimization of chemical parameters by response
surface methodology: Once the critical variables were

of preliminary trials. The experiments were randmedi

in order to minimize the effects of unexplainediafaitity

in the observed responses due to extraneous factors
The experiments were conducted with second order
design so that both the first and second order fmode
can be postulated according to the adequacy dfdit.

screened, RSM was performed to optimize theeach combination of the independent variables & th
screened medium components for enhanced pigmergxperimental design, the dependent parameters were

production using the central composite design-unifo
precision (CCD-uniform precision). A full factorial
central composite factorial design of=232 plus 8

found out (Box and Wilson, 1951; Box and Draper,
1987; Yu et al., 1997; Harry et al., 2010).
Statistical modeling of responses. Empirical statistical

Table 1. Natural levels, codes and intervals of variatibtine independent variables in the design of é@xgerts (chemical parameters).

Factors Coded Coded levels Interval of
symbols -a -1 0 +1 a variation
Sucrose S 18.10 25 30 35 41.89 5
Yeast extract Y 3.82 4.5 5.0 5.5 6.18 0.5
Ammonium sulphate A 0.81 15 25 3.5 3.82 1.0
Magnesium sulphate M 0.025 03 05 0.7 0.975 0.2
Dipotassium hydrogen phosphate P 0310 1.0 15 2.0 2.687 0.5
s=(5% ...(38), y= [%’j ----- (39)., a= (%2° @iom=("%2) ... @Gip= (527 ....(3.12)
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modeling was used to develop an appropriate appatixig
model between the respons énd independent variables
(le X, Xa,
In general the relationship is

Y=f (X]_, Xz, X3, (313)
The variablesX;, X5, Xs, ...... X% in the Eqn. 3.13 are
usually called the natural variables, because trey
expressed in OD units and biomass (g / 100 ml pinth
RSM it is convenient to transform the natural Vialeés

to coded variables, %, %, ...... X which are dimensionless
having mean zero and variance equal to 1. In tefmns
the coded variables, the response function (Edrt)3.
will be written as

y =f(x, %, X, (3.14)
The function f' is called the response surface. The
form of the function f is unknown. The termé
represents other sources of variability not accedint
for in ‘f and usually it is treated as statistical erros. A
the form of the response functiofi is unknown, it
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order equation was expressed by the coefficient of
determination R and its statistical significance was
determined by F-test. The significance of the resjon
coefficient was determined by p-value. The coedfits

of the equation were determined by employing Design
Expert software Version 7.1.6. Analysis of variance
(ANOVA) for the final predictive equation was done
using Design Expert software. The response surface
analysis was made keeping one independent va@ble
middle level while changing the other two. The cese
surface equation was used to optimize the independe
variables for the response variables such as pigmen
yield and biomass.

RESULTSAND DISCUSSION

Optimization of chemical par ameters using one-factor
-at-a-time: During the microbial fermentations, the
carbon source not only acts as a major constitfoent
building of cellular material, but also as impottanergy

must be approximated. Polynomials are often choserource.
because they usually offer an adequate approximatio Among the carbon sources evaluated in this study,
of the true response surface. In many cases, either sucrose gave a maximum yield of yellow pigment. It

first order or a second order model as shown bésow

_ used.
y - bOXO + K +e
z b i X
- s (3.15)
= + K K k k
y > bx Shx Y ;% x;
i=1 + i=1 + i=1 = +e
..... (3.16)

The first model (Egn. 3.15) is likely to be appriape
when the experimenter is interested in approxingatin
the true response surface over a relatively sragibn
of the independent variables space in a locatioeravh
there is no curvature irf'! If there is a curvature in
the system, then a polynomial of higher degree sisch
second order model (Eqgn. 3.16) must be used.

To find out the effect of the independent varialides
the dependent variables, the first order linearadqo
(Egn. 3.17) was fitted betweexi and ‘y. For optimization
of the independent variables and to check thecgefity
of the experimental design, the second order nweati

may be due to the fact that sucrose can be easily
assimilated in the metabolic pathway for biosynithes
of pigment production (Kinet al, 1998).

A stimulatory effect of nitrogen source on pigmientnation

has been reported that utilization of differentragien
sources in fermentation had effects on microorganis
growth and pigment production(Cho et al., 2002)hin
present study out of 14 nitrogen sources testedréwth

and pigment production, inorganic nitrogen souroenanium
sulphate and organic nitrogen source yeast exivant
preferred byThermomycesp. Ammonium and peptone
served as good nitrogen sources that yielded lugtierth

and pigmentation dfthermomycesp (Figs 1 and 2).

It has been reported that bio-elements are onéef t
important factors affecting pigment production @veral
micro-organisms (Chen and Johns, 1993). A critical
finding between pigment and metal ions was reported
(Fogarty and Tobin 1996; Gunasekaran and Poornigmma
2008). Thus, in order to investigate the effettiofelements

on mycelial growth and pigment productidmermomyces

regression equation (Eqn. 3.18) was fitted betweersp was cultivated in the above optimized culturelioma.

dependent and independent variables.

y = bo+ DXy + boxo + baxs (3.17)

Y = Do+ biXy + boXo+ DaXg + biaxe” + booXo” + bagXs” +
D1oXiXe + D1gXXs + DagXoXs (3.18)

where,

y is the response variable

bo, by, b,and bs are regression coefficients of linear
terms

b:1, by, and Rzare regression coefficients of quadratic
terms

by, bizand by; are regression coefficients of cross
-product terms

X1, %2, andxzare the coded values of the independentcalcium, iron and manganese.

variablesX, viz., pH (X;), temperatureX,), and incubation
time (X3) respectively. The quality of fit of the second

The maximum pigment production was achieved when
magnesium sulphate (691 OD units) was supplemented
(Fig. 3 and 4). The other bio-elements appearddve

no notable or detrimental effect on either mycei@wth

or pigment production. The negative effect of fego
and cobalt ions on the yellow pigment productioryma
be explained by an indirect contribution of the abetite

to energy production in the cell. In fungal nubfti
magnesium and calcium are noted as macronutrients
and manganese, iron, copper and zinc as micronutrie
but in case of red pigment production Monascus
purpureus magnesium contribution was higher than
However, manganese
contribution was found to be more than calcium and
iron. This may be due to manganese, acting as toofac
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Table 2. Central composite rotatable design matrix of chehpasameters and their independent variables anésmmonding
experimental yields.

Stan- Y east Ammonium Magnesium Dipotassium Pigment OD units
dard Sucrose extract sulphate sugllphate hydrogen Observed  Predicted
phosphate

1 25.00 4.50 1.50 0.30 1.0 248 296
2 35.00 4.50 1.50 0.30 1.0 877 855
3 25.00 5.50 1.50 0.30 1.0 456 511
4 35.00 5.50 1.50 0.30 1.0 1068 1066
5 25.00 4.50 2.50 0.30 1.0 476 522
6 35.00 4.50 2.50 0.30 1.0 1113 1085
7 25.00 5.50 2.50 0.30 1.0 715 742
8 35.00 5.50 2.50 0.30 1.0 1295 1301
9 25.00 4.50 1.50 0.70 1.0 101 144
10 35.00 4.50 1.50 0.70 1.0 722 722
11 25.00 5.50 1.50 0.70 1.0 338 382
12 35.00 5.50 1.50 0.70 1.0 976 955
13 25.00 4.50 2.50 0.70 1.0 319 374
14 35.00 4.50 2.50 0.70 1.0 965 956
15 25.00 5.50 2.50 0.70 1.0 565 617
16 35.00 5.50 2.50 0.70 1.0 1213 1194
17 25.00 4.50 1.50 0.30 2.0 197 252
18 35.00 4.50 1.50 0.30 2.0 832 807
19 25.00 5.50 1.50 0.30 2.0 446 486
20 35.00 5.50 1.50 0.30 2.0 1054 1037
21 25.00 4.50 2.50 0.30 2.0 418 468
22 35.00 4.50 2.50 0.30 2.0 1032 1027
23 25.00 5.50 2.50 0.30 2.0 671 708
24 35.00 5.50 2.50 0.30 2.0 1278 1262
25 25.00 4.50 1.50 0.70 2.0 65 93
26 35.00 4.50 1.50 0.70 2.0 659 667
27 25.00 5.50 1.50 0.70 2.0 289 350
28 35.00 5.50 1.50 0.70 2.0 935 920
29 25.00 4.50 2.50 0.70 2.0 278 313
30 35.00 4.50 2.50 0.70 2.0 915 891
31 25.00 5.50 2.50 0.70 2.0 520 575
32 35.00 5.50 2.50 0.70 2.0 1160 1148
33 18.11 5.00 2.0 0.50 1.50 508 263
34 41.89 5.00 2.0 0.50 1.50 1463 1610
35 30.00 3.81 2.0 0.50 1.50 425 380
36 30.00 6.19 2.0 0.50 1.50 995 942
37 30.00 5.00 0.81 0.50 1.50 444 389
38 30.00 5.00 3.19 0.50 1.50 974 931
39 30.00 5.00 2.0 0.020 1.50 836 794
40 30.00 5.00 2.0 0.980 1.50 533 478
41 30.00 5.00 2.0 0.50 0.31 765 712
42 30.00 5.00 2.0 0.50 2.69 650 605
43 30.00 5.00 2.0 0.50 1.50 704 708
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44 30.00 5.00 2.0 0.50 1.50 693 708
45 30.00 5.00 2.0 0.50 1.50 692 708
46 30.00 5.00 2.0 0.50 1.50 724 708
47 30.00 5.00 2.0 0.50 1.50 746 708
48 30.00 5.00 2.0 0.50 1.50 752 708
49 30.00 5.00 2.0 0.50 1.50 732 708
50 30.00 5.00 2.0 0.50 1.50 689 708

Table 3. Analysis of variance (ANOVA) for optimization of emical parameter for pigment productionTiyermomycesp.

Factor Regression Co efficient Standard error P value
Intercept 708.57 24.82 < 0.0001
A-A 283.03 10.75 <0.0001
B-B 118.15 10.75 0.0001
Cc-C 113.83 10.75 0.0001
D-D -66.41 10.75 0.0001
E-E -22.43 10.75 0.0458

for different enzyme required for pigment biosyrsise  study, A (Sucrose), B (yeast extract), C (Ammonium
(Makhmur and Bibhu, 2014). sulphate), D (MgS¢), E (K:HPQO,), A * B (sucrose *
Optimization of chemical parameters using central yeast extract), A * C (sucrose * ammonium sulphate)
composite designs (CCD): Physical parameters pH, A * D (Sucrose * MgSQ@, A * E ( Sucrose *
temperature and time were optimized using threellev K,HPQy), B * C (yeast extract * Ammonium sulphate),
central composite designs (CCD). The physical patam B * E (yeast extract * KHPQ,) D *E (MgSO*
greatly influences the pigment production. Based onK,HPQ,), C * E (Ammonium sulphate * iPQy), D * E

the results, chemical parameters were optimizedMgSQ, * K,HPQy) are significant model terms. Sucrose,
(Chunget al., 2009; Poorniammaeét al., 2013). To  yeast extract, ammonium sulphate and Mg3P <
examine the combined effect of five different mediu 0.0001) had largest effect on pigment production,
components (independent variables) on pigment ptiody  followed by magnesium sulphate andgHRO,(P <

a central composite design of 50 experiments wisiped. 0.0002). The corresponding second-order response
The five independent variables (sucrose, ammoniunmodel that was found after analysis for the regoass
sulphate, yeast extract, and magnesium sulphate andas,

di-potassium hydrogen phosphate) and their comtiams  Pigment = 708.57 + 283.13 * A+ 118.15 * B +
at different coded and actual levels of the vadabl 113.83 *C-66.41*D -2243*E-0.06 *A*B
employed in the design matrix are shown in Table 1.0.81*A*C+4.62*A*D-094 * A * E +1.25 *
Five level central composite design matrix and theB*C +5.69*B*D +4.75*B*E +0.94 *C * D-
experimental responses of the dependent variable2.50* C *E -1.81 *D *E + 40.41 * A2 - 8.29 *B-
(pigment) are listed in Table 2. Second order pmiyial 8.46 *C2- 12.79*D2 -8.73 *E2

equation was used to correlate the independenégsoc The fit of the model was also expressed by theficaeit
variables, with pigment production. The second orde of determination B which was found to be 0.971,
polynomial coefficient for each term of the equatisas  indicating that 97.10% of the variability in the
determined through multiple regression analysisgisi response could be explained by the model. The rclose
the Design Expert. The results were analyzed hygusi the R value is 1, the better the model is fit to experital
analysis of variance (ANOVA) suitable for the expental  data, the less is the distance between the prediactd
design. The results are shown in tables 3 and 4. Ththe observed values. Accordingly, three-dimensional
Model F-value of 49.77 implies that the model was graphs were generated for the pair-wise combination
significant. Model F-value was calculated as ratfo  of the five factors, while keeping the other twatsir
mean square regression and mean square residuaenter point levels. Graphs are given here to lgghl
Model P-value (Prob > F) was very low (0.0001). Thethe roles played by various factors (Fig 5). Frdma t

P values were used as a tool to check the signifiea central point of the contour plot or from the buwip

of each of the coefficients, which, in turn, weeeessary the 3D plot the optimal composition of medium
to understand the pattern of the mutual interastion components was identified. By keeping another
between the test variables. The smaller the magniiti  variable at its optimal level, three-dimensionaitplof

the P, the more significant was the correspondiefficient. two factors versus pigment production were drawn,
Values of P less than 0.05 indicated that the modebnd the corresponding contour plot was obtaineamFr
terms were significant. the bump of three-dimensional plot or the centahp
The coefficient estimates and the correspondingl&es  of its respective contour plot; the optimal comgiosi
suggested that, among the test variables usedein thof medium components was identified. The optimal
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Fig. 1. Effect of carbon source on yellow pigment production Fig. 2. Effect of inorganic nitrogen source on yellow pagn
by Thermomyces sp. production by Thermomyces sp.

concentrations for the five components as obtainedf M. purpureusfor pigment production employing
from the maximum point of the model were calculated factorial design. The 3 independent variables (Garb
to be as 35.5 g/l, 5.5¢g/l, 2.5 g/l, 0.3 g/l and /I for source, peptone and monosodium glutamate) were
sucrose, yeast extract, ammonium sulphate, magnesiuevaluated having as response to pigment production.
sulphate and ¥HPO4, respectively. By substituting The result clearly showed that peptone concentratio
levels of the factors into the regression equattbe,  were the most significant variable for pigment prcitbn
maximum predictable response for pigment production(Choudhari and Singhal, 2008; Haishesigal, 2009;
was calculated and was experimentally verified. TheGonzalezet al, 2010).

maximum production of yellow pigment obtained Peptone, ammonium nitrate and dipotassium hydrogen
experimentally using the optimized medium was 1301,phosphate as the most significant variables foloyel
which is in correlation with the predicted value of pigment production bjvl.ankain submerged fermentation.
1387 by the RSM regression study (Table 5). The RSM optimized these nutrients for maximum yello
Grape waste as a substrate for submerged fermmantati pigment production (Silveriat al, 2008; Zhouwet al,
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Fig. 3. Effect of organic nitrogen source on yellow pigment

production by Thermomyces sp. Fig. 4. Effect of trace elements on yellow pigment pradoct

by Thermomyces sp.
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2009). According to the fitting equation, experingen number of experiments. The CCD experimental design
under the optimized conditions, the average yellowis the preliminary technique for rapid illustratiohthe
pigment production obtained was 88.14 OD units foreffects of various medium constituents.

flask cultivation and 92.45 OD units for fermentor .

condition. Designing the medium is an open ended,ConcIuson

time-consuming and laborious process involvingéarg |n the present study, the all nutrients were idietias
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Fig. 5. Response surface plots for the yield of yellow piggnchanging components were sucrose and yeastogX#), sucrose
and MgSQ (b), Sucrose and Ammonium sulphate (c), Mg®@d Yeast extract (d),.iKIPO, and yeast extract (e),KIPO,
and sucrose (f), MgSOand Ammonium sulphate (g), Ammonium sulphate @adt¥extract (h) and #1PO, and Ammonium
sulphate (i).

Table 4. Regression coefficient for optimization of chemipatameter for pigment production Biiermomycesp.

Source Sum of Squares Degr ee of Freedom Mean Square F-value Significance-F
Regression 4.983E+ 006 20 2.491E+006 49.77 <0.0001
Residual 1.452E+006 29 5005.33 - -
Total 5.128E+006 49 - - -

Model

R?=0.9717, adjusted’®® 0.9522

Table5. Experiment at the process conditions for maximugmant production as predicted by model.

Depend- Independent variablesyield Pigment OD units

ent vari- Yeast ~Ammonium  Magnesium .
ables Sucrose extract sulphate sulphate K2HPO, Observed Predicted

Pigment 35.00 5.50 2.50 0.30 1.0 1301 1387

(OD units)
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most influencing components for enhancing yellow
pigment production bfhermomycesp.and then their
optimal concentrations were obtained by using Respo
surface methodology. The production of yellow pigine

increased to 37% compared to the unoptimized medium

In recent years, production of natural food colotsa
through microbial fermentation is an extensive aka
investigation, since they overcome concerns ofvorddle
side effects by synthetic colours. The pigment pced
by Thermomyces spndicated its importance in food,
textile, pharmaceutical and nutraceuticals indestri
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