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Flexirubins are the unique type of bacterial pigments
produced by the bacteria from the genus Chryseobac-
terium, which are used in the treatment of chronic skin
disease, eczema etc. and may serve as a chemotaxonom-
ic marker. Chryseobacterium artocarpi CECT 8497, an yel-
lowish-orange pigment producing strain was investigat-
ed for maximum production of pigment by optimizing
medium composition employing response surface meth-
odology (RSM). Culture conditions affecting pigment
production were optimized statistically in shake flask
experiments. Lactose, L-tryptophan and KH,PO, were the
most significant variables affecting pigment production.
Box Behnken design (BBD) and RSM analysis were adopt-
ed to investigate the interactions between variables and
determine the optimal values for maximum pigment
production. Evaluation of the experimental results signi-
fied that the optimum conditions for maximum produc-
tion of pigment (521.64 mg/L) in 50 L bioreactor were
lactose 11.25 g/L, L-tryptophan 6 g/L and KH,PO, 650
ppm. Production under optimized conditions increased
to 7.23 fold comparing to its production prior to optimi-
zation. Results of this study showed that statistical opti-
mization of medium composition and their interaction
effects enable short listing of the significant factors influ-
encing maximum pigment production from Chryseobac-
terium artocarpi CECT 8497. In addition, this is the first
report optimizing the process parameters for flexirubin
type pigment production from Chryseobacterium arto-
carpi CECT 8497.
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INTRODUCTION

Bacterial pigments are receiving increased scientific at-
tention owing to their biodegradability and natural col-
ours for applications in industries such as textile, food,
cosmetics etc. (Venil e al, 2013). Moreover, the present
concerns over the toxicity of synthetic pigments have
also resulted in an increased interest in natural pigments
(Wang ¢f al., 2011). The output of natural colorants is in-
creasing at a rate of 10% every year in the market (Wang
et al, 2000). As a result, gradually natural pigments are
replacing synthetic pigments. Among the natural pig-
ments, bacterial pigments are of traditional use in ori-

ental countries and have been a subject of intense re-
search in the present decades because of their potential
for industrial applications. Most researchers have focused
on the production of yellow, violet and red pigment
from different bacteria (Chen e/ al, 2006; 2013; Wang
et al, 2012). Nevertheless, study of pigment (flexirubin)
from Chryseobacterium sp. has not been documented well.

Flexirubins are the unique type of bacterial pigments
with terminal alkyl substitution consisting of w-phenyl
octaenic acid chromophore esterified with resorcin-
ol and are used in the treatment for chronic skin dis-
ease, eczema, gastric ulcers, etc. (Kim, 2013). Recent
studies of the genus Chryseobacterium have documented
the significance of flexirubin as a biocontrol agent,
antioxidant, sulfobacin A, protease producer (Scheu-
plein e al, 2007; Wang ez al., 2007; Chaudhari 2009; Kim
et al, 2012). These studies demonstrate that the genus
Chryseobacterinm is a novel source of bioactive compounds
deserving depth study and having a great potential for
biotechnological applications. Therefore, it is of great
importance to discover new microorganisms producing
flexirubin effectively with better bioactivity.

The optimal design of the culture medium is very im-
portant for the successful use of microbes in industries,
as medium composition can significantly affect product
yield. It has been reported that pigment production by
bacteria is affected by culture conditions (temperature,
agitation and pH) and by nutrient components (carbon,
nitrogen and inorganic salts) and is regulated by quorum
sensing molecule (Wang ef a/, 2009). In this study, re-
sponse surface methodology (RSM) was employed to ex-
amine the cultivation conditions on pigment production
by Chryseobacterium artocarpi CECT 8497. RSM is a pow-
erful statistical tool that has been successfully applied
to optimize the fermentation parameters and in investi-
gating the interactive effect of process variables and in
building a mathematical model that accurately describes
the overall process (He ef al, 2009). The most common
design, i.c., Box Behnken design (BBD) has been widely
employed for the optimization of bioprocesses variables
such as fermentation media, cultivation and process con-
ditions.

BBD is a spherical, revolving response surface meth-
odology design that consists of three interlocking
2?2 factorial design having points, all lying on the surface
of a sphere surrounding the centre of the design (Kumar
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et al., 2007). This offers essential information for execut-
ing optimization process while simultaneously incorpo-
rating RSM. The objective of this study was to evaluate
the optimum level of medium constituents for the en-
hanced production of pigment from C. artocarpi CECT
8497 by employing experimental design (BBD) as a
statistical problem solving strategy and also to scale up
batch fermentation in 50 L bioreactor based on the op-
timized conditions. To the best of our knowledge, there
are no reports about the optimization of yellowish-or-
ange pigment production from Chryseobacterium sp.

MATERIALS AND METHODS

Bacteria. C. artocarpi CECT 84977 (=KCTC 325097)
isolated from an orchard at Universiti Teknologi Malay-
sia (UTM), Skudai, Malaysia was used in this study (Ve-
nil ef al,, 2014a). The yellowish-orange pigment produced
by this strain was characterized and identified as a flex-
itubin (Venil ez @/, 2014b). The culture was maintained
in Nutrient agar medium at 4°C and subcultured every
month. Nutrient broth (NB) medium was used for the
revival and pre-culture of the strain from a frozen stock.
Chemicals used were all of analytical grade.

Culture conditions. The C. artocarpi CECT 8497 was
cultivated in 20 mLL NB in 100 mL Etlenmeyer flask at
30°C and 200 rpm agitation speed until it reached 1.0
optical density at 600 nm (OD,). Culture (2 mL) was
then transferred as inoculum into 100 mL of the fresh
medium in 500 mL Erlenmeyer flask and incubated at
30°C at a shaking speed of 200 rpm for 24 h. The sam-
ple (5 ml) was withdrawn from the flask to measure the
optical density (ODy,,) using UV-VIS spectrophotometer
(Hach DR 5000) and the remaining sample was extract-
ed and quantified for pigment yield as described below.

Extraction and quantification of pigment. The
culture broth (100 ml) was centrifuged at 8000 rpm for
10 min at 4°C and the supernatant was discarded. The
cell pellet was then rinsed with deionized water, followed
by centrifugation at 8000 rpm for 5 min at 4°C to re-
cover the cells by decanting the supernatant. The recov-
ered cells were extracted using 5% acetone according
to the method of Williams ez a/. (1956). The mixture of
cells and acetone was treated by ultrasonication until the
cells were completely bleached. The pigment was then
separated from the cells by centrifugation at 10000 rpm
for 5 min at 4°C and it was also confirmed that there
was no residual pigment in the cell pellets after the ex-
traction. The optical density of the resulting solution was
measured using UV-Vis spectrophotometer at 450 nm
and the dry weight of the pigment was calculated.

Optimization of process parameters. Experimen-
tal design and optimization by RSM. BBD was used
to optimize the medium constituents for pigment pro-
duction. The effect of physical parameters (pH, tem-
perature, agitation) and medium components (various
carbon source, nitrogen source and inorganic salts) were
screened for enhancing yellowish-orange pigment pro-
duction in our preliminary study.

Process parameters affecting the pigment production
were investigated and validated using (BBD). Three fac-
tors were selected, namely, lactose, L-tryptophan and
KH,PO, and successfully employed using BBD for the
optimization of pigment production (mg/L). Design
factor levels were coded as —1 (low), 0 (central point)
and +1 (high). This RSM was applied to the experimen-
tal data obtained using the statistical software, Design-
Expert 9.0.0.7 (Stat-Ease, trial version). Statistical terms

and their definitions used in the Design-expert software
were well defined elsewhere (Montgomery, 2004). Linear
and second order polynomial were fitted to the experi-
mental data to obtain regression equations. The sequen-
tial F-test, lack-of-fit test and other adequacy measures
were used in selecting the best model (Muthukumar ez
al., 2003). To analyze a process or system including a
response Y, where Y depends on the input factors X,
X,....X,, the relationship between the response and in-
put process parameters were described as:

D (N ) +e )

where f is the real response function whose format is
unknown, and e is the residual error which describes the
differentiation that can be incorporated by the function
f. Since the correlation between the response and the in-
put variables can be described as a response surface of
the x;, x,, .x, coordinates in the graphical sense, the in-
vestigation of these relationships is named as the RSM.
Considering all the linear terms, square terms and the
interaction effects, the quadratic response model can be
described as in Eqn. (2), where 8, is a constant, 3, the
slopes or linear effects of the design factors x; and x;
and §; is the quadratic effects of the interactions.

Y=8+D BX+D BX +D BXX, @)

In the present study, BBD was applied to investigate
and validate the process parameters affecting pigment
production by C. artocarpi CECT 8497.

Batch fermentation in 50 L bioreactor. For batch
fermentation, 100 L stirred bioreactor (Biotron LiFlus
SP 100 L, Korea) was used. Production medium (45 L)
was inoculated with 5 L seed culture in its late exponen-
tial stage. When pH decreased to 6.0, it was maintained
at 7.0 by automatic addition of 4M H,PO, or 4 M KOH
using a computer coupled peristaltic pump. The feeding
substrate, lactose, L-tryptophan and KH,PO, respectively
11.25 g/L, 6 g/L and 650 ppm wete pumped into the
bioreactor using a computer coupled peristaltic pump ac-
cording to the results of the pre-experiments. After 24 h
of incubation, 50 L of the culture was centrifuged in
continuous centrifuge (Hanil J 1250, Korea) and the pel-
let was extracted with 5% acetone and quantified.

Software and data analysis. The results of the ex-
perimental design were analyzed and interpreted using
Design Expert Version 9.0.0.7 statistical software (Stat-
Ease Inc., Minneapolis, Minnesota, USA).

RESULTS AND DISCUSSION

Modification of NB based medium to enhance pigment
production

NB enables better growth of Chryseobacterium sp. than
any other media (Im ez a/, 2011). Nevertheless, the opti-
mal components in this medium affecting pigment pro-
duction have not been determined systematically so far.
To enhance pigment production, the NB medium was
supplemented with various carbon, nitrogen and inor-
ganic salt sources and examined individually for their in-
fluence in pigment production.

Our results and literature data indicate that carbon
source plays a crucial role in enhancing pigment pro-
duction (Giti et al, 2004; Bharmal e al, 2012). From
Fig. 1 it was noted that pigment production increased
with the addition of lactose and sucrose, while other
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Table 1. Effect of different composition in the medium on pigment production by C. artocarpi CECT 8497 (cultivated at pH 7, 30°C

and 200rpm)

. Lactose L-tryptophan KH,PO .
Nutrient Broth (in NB) (in NB) (inZNB)4 RSM 50 L Bioreactor
Pigment production (mg/L) 72.14 123.86 125.64 97.67 504.36 521.64
Increasing fold - 1.72 1.74 135 7 7.23

RSM, response surface methodology

carbon soutrces do not have much effect on enhancing
pigment production. The pigment production increased
to 1.72 fold when supplemented with lactose compared
to the control (NB) and lactose was selected as the ad-
ditional carbon source into the culture medium for op-
timizing pigment production. The medium comprised
of 0.5% L-tryptophan supplementation exhibited 1.74
fold increases in pigment production compared to the
control (Table 1). The result indicated that C. artocarpi
CECT 8497 could utilize lactose and L-tryptophan to
synthesize the pigment and increase it substantially after
8 h of incubation time. The effect of inorganic salt com-
ponent is shown in Fig. 1 and the results indicated that
KH,PO, had a positive effect and exhibited 1.35 fold
increases in the pigment production compared to the
control. Inorganic salts may induce pigment production
due to catabolite repression (Bharmal ez afl, 2012). The
results showed that the pigment production significantly
increased when lactose, L-tryptophan and KH,PO, were
added in NB and the effect of different concentrations
were studied extensively by using RSM.

Box-Behnken design

BBD was employed to evaluate the interaction among
the significant factors iz, lactose, L-tryptophan and
KH,PO, and also to determine their optimal levels. A
set of 17 experiments with six replicates at the center
point was conducted. In the present study, experiments
were planned to obtain a quadratic model. The BBD
experimental design along with predicted and observed
response for each experiment is summarized in Table 2.
It also shows the production of pigment (mg/L) corre-
sponding to the combined effect of all the three com-
ponents in the specific ranges. The optimum levels of
selected variables were obtained by solving the regres-
sion equation and by analyzing the response surface con-
tour and surface plots. The results of the second-order
response surface model fitting in the form of ANOVA
are given in Table 3.

The adequacy of the model was indicated by the de-
termination coefficient (R?=0.9854), which explained
98.54% of the response variability. The high value of ad-
justed R? (0.96606) further supported the accuracy of the
model. A second order polynomial function was fit to
the experimental pigment yield resulting in the following
regression equation:

ZA=4\83\.5\2\+\4.\68A\-\2\8.\74B\-\2\4.\67C\~
\3\.5\7AB\-\7\.3\5AC\-\4\.0\9BC\-\2\07\.5\0.4 — 2

where Y is the response (pigment production) and A,
B and C are the concentrations of lactose, L-tryptophan
and KH,PO,, respectively.

The statistical significance of the second-order model
equation was evaluated by F-test analysis of variance as
shown in Table 3 which exposed that this regression is
statistically highly significant for pigment production. As
shown in Table 3, the model was statistically valid given
an F-test with a low probability value (P__,,<0.0001).

model

The lack of fit value was not significant (P=0.0120), in-
dicating that the equation was adequate for predicting
the pigment production under all conditions. The low
coefficient of variation (CV=7.75%) suggested that the
model was precise and reliable.

The 3-D response surface plots obtained using the
Design Expert software are presented in Fig. 2—4. The
main goal of the response is to track efficiently the op-
timum values of the variables in such a way that the re-
sponse is maximized. By analysing the plots, the best re-
sponse range can be calculated. Fig. 2 showed the inter-
action between lactose and L-tryptophan, which revealed
that both the components have significant effect on the
pigment production (lactose 11.25 g/I; L-tryptophan 6
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Figure 1. The effect of carbon (a), nitrogen (b) and inorganic salt
(c) on pigment production by C. artocarpi CECT 8497
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Table 2. Box-Behnken design matrix along with the experimental and predicted values of pigment production

Yellowish-Orange pigment (mg/L)

Run A: Lactose (g/L)  B: L-Tryptophan (g/L) C:KH,PO, (ppm)
Experimental Predicted

1 12.50 6.00 1000.00 172.22 169.24
2 10.00 4.00 650.00 212.98 224.10
3 11.25 4.00 1000.00 350.18 327.19
4 11.25 6.00 650.00 480.51 478.14
5 11.25 4.00 300.00 3784 333.29
6 11.25 6.00 650.00 501.48 498.15
7 12.50 4.00 650.00 203.46 198.47
8 11.25 6.00 650.00 483.98 490.43
9 10.00 6.00 300.00 199.12 209.05
10 12.50 8.00 650.00 170.39 181.47
1 12.50 6.00 300.00 249.21 255.42
12 10.00 6.00 1000.00 151.53 162.63
13 11.25 6.00 650.00 472.51 467.42
14 11.25 8.00 300.00 297.54 280.51
15 11.25 6.00 650.00 483.11 491.30
16 10.00 8.00 650.00 194.2 197.02
17 11.25 8.00 1000.00 252.95 268.41
A Orange pigment (mg/L) 5

3 i
i H
s
B B
3 i
! !
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Figure 2. Response surface graph showing the interaction effect ~ Figure 3. Response surface graph showing the interaction effect
of lactose and L-tryptophan on pigment production by C. arto- of lactose and KH,PO, on pigment production by C. artocarpi
carpi CECT 8497. CECT 8497.
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Table 3. Analysis of variance (ANOVA) for the fitted quadratic polynomial model

Source Sum of Squares Df Mean square F value p-value Prob>F
Model 2.703E+005 9 30032.17 52.46 < 0.0001
Residual 4007.49 7 572.50

Lack of Fit 3681.95 3 1227.32 15.08 0.0120

Pure Error 325.54 4 81.39

Cor Total 2.743E+005 16

R2 0.9854; Adj R2 0.9666; Pred R? 0.7834; AdeqPrecisior 17.335.

¢/L), while pigment production decteased with further
increasing concentrations of lactose and L-tryptophan.
The effect of interaction between lactose and KH,PO,
(Fig. 3) reveals that the pigment production increased
with an increase in lactose concentration from 10 upto
11.5 g/L, and KH,PO, concentration increased from
300 to 600 ppm and declined when the concentrations
were increased. Figure 4 shows the interaction between
L-tryptophan and KH,PO,. The pigment production de-
creased with increasing concentration of KH,PO,.

Validation of the quadratic model

In order to confirm the above mentioned optimized
medium constitution and conditions, an experiment for
pigment production was carried out in duplicate. Under
the calculated optimal culture conditions, the maximum

Orange pigment (mg/L)

C: KH:POu (ppm)

Orange pigment (mg/L)

%am @
40.
C: KH:PO« (ppm) S B: L-Tryptophan (/L)

Figure 4. Response surface graph showing the interaction effect
of L-tryptophan and KH,PO, on pigment production by C. arto-
carpi CECT 8497.
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Figure 5. Time course profile of C. artocarpi CECT 8497.

pigment production was 504.36 mg/L, that agreed well
with the predicted value (501.16 mg/L), which was 7
folds of that obtained at the original conditions before
optimization. Hence C. artocarpi CECT 8497 used in this
study has higher pigment productivity potential and can
be used in bio-pigment production.

Batch fermentation in 50 L bioreactor

Flexirubin production was scaled up from flasks to
50 L bioreactor. Several culture strategies have been
evaluated to improve the pigment production and the
most widely used system is cultivation of bactetria with
different feeding strategies, i.c., monitoring dissolved
oxygen, pH, aeration rate and agitation speed as feed-
back parameters. The experiments were conducted us-
ing the optimized conditions as this condition promotes
both cell growth and pigment production. The optimal
values of agitation speed, aeration rate and intial pH
were 200 rpm, 2 L/min, and 7.04, respectively. Figure 5
shows time course of cell growth and pigment yield
during cultivation of the strain in 50 L bioreactor. The
OD , reached a maximum svalue of 2.39 at 24 h. The
pigment production was initiated after 6 h of cultivation
and reached the maximum production of 521.64 mg/L
after 24 h of incubation and exhibited 7.23 fold increase
compared to the conditions before the optimization. The
capital and operating costs will decrease if this bioreactor
system is used for the bulk production of pigment.

CONCLUSION

In this study, statistical methods were employed to
minimize time and cost-effective problems associated
with conventional methods. The results of this study
have shown that the pigment production by C. artocarpi
CECT 8497 is largely influenced by chemical compo-
nents: lactose, L-tryptophan and KH,PO,. The results of
the BBD evaluation indicated that optimum conditions
to achieve maximum pigment production were lactose,
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L-tryptophan and KH,PO, were 11.25 g/L, 6 g/L and
650 ppm, respectively. Under optimized conditions, the
maximum pigment produced was 521.64 mg/L in 50 L
bioreactor. This model can be used for economic pro-
duction of flexirubin-type pigment for industrial scale.
Further studies are required for a full characterization
of the pigment particularly assessment of its potential in
food and therapeutic uses.
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