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Abstract

In the present study of solid media conditions for the refamycin B yield by solid state fermentation was
studied and optimized using both classical method and statistical design of experiments). Statistical
analysis of the results of Plackett—Burman showed that the lower level of initial moisture , initial pH,
barbital, glucose and to solid media, or increase in the concentration of xylose in the range tested, results
in significant effect in refamycin B yield of Amycolatopsis rifamycinica MTCC 14 by solid state
fermentation. The effect of change in the levels of initial moisture, initial pH, barbital, glucose and xylose
on the rfefamycin B yield was studied using central composite design methodology. Statistical analysis of
the data showed that all the independent process had significant effect on refamycin B yield. The
interaction between initial moisture and initial pH, between initial moisture and barbital, between initial
moisture and glucose, between initial moisture and xylose, between initial pH and xylose, between
barbital and glucose, between barbital and xylose, and between glucose and xylose were significant when
the response was refamycin B.

Key words: Refamycin B; olive oil cake; solid state fermentation;Amycolatopsis Mediterrane MTCC
14; response surface methodology

1.Introduction

Refamycin B is a less toxic systemic antibacterial antibiotic. This antibiotic is widely employed
for treating a variety of mycobacterial infections. It is used for the treatment of tuberculosis,
leprosy and AIDS-related mycobacterial infections [1]. Refamycin antibiotic was first isolated
from Streptomyces mediterranei [2]. An extensive literature is available on refamycin B
production by Nocardia species [3,4,5,6], but Amycolatopsis mediterranei was found to be the
best strain for refamycin B production.
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Antibiotics production is an increasing field of biotechnology. Most antibiotic manufacturers
produce antibiotics by submerged fermentation (SmF) techniques. However, in the last decades
there has been an increasing trend towards the utilization of the solid-state fermentation (SSF)
technique to produce several antibiotics [4,8]. Solid-state fermentation can be defined as a
fermentation that takes place on a solid or semisolid substrate support [9]. The most fundamental
advantages related with SSF as compared with submerged fermentation (SmF) are improved
product recovery, reduced energy requirements and simplicity of the equipment used
[10].Sunflower oil cake, sesame oil cake, soy bean cake, coconut oil cake, mustard oil cake, palm
kernel cake, groundnut oil cake, cottonseed cake, canola oil cake, olive oil cake, rapeseed cake
are agricultural wastes which are abundant in several countries and can be used as solid substrates
for developing biotechnological process of industrial interest [11]. Olive oil cake is useful source
of protein and energy for livestock. They are normally used in animal feed, especially for
ruminants. Olive oil cake has high nutritional value, as they possess high protein content (6.3%),
crude fiber (40%) and ash (4.2%) [12]. They are economically cheap, stable and dependable
sources available in large quantities throughout the year. For that we selected olive oil cake as a
solid substrate.

Classical methods of optimization of processes involve changing one independent variable while
fixing the others at given levels. This single-dimensional search technique is clear, but often
requires a consequential amount of work and time, and frequently fails to yield optimized
conditions because it does not consider possible interactions among process parameters. Recently,
statistical experimental strategies including Plackett-Burman Design (PBD) and response surface
methodology (RSM) have been well engaged for optimization of SSF [13, 14,15, 16]. These
strategies are particularly appropriate for optimization of SSF because they are generally
subjective to less incidental errors which are often introduced by the complex nature of the solid
components in SSF. In this study, we used both classical method and statistical strategies to
optimize the SSF medium conditions for maximum production of refamycin B by Amycolatopsis
Mediterrane MTCC 14.

2.Materials and method

2.1. Microorganisms and maintenance medium

Amycolatopsis rifamycinica MTCC 14was obtained from the Institute of Microbial Technology,
Chandigarh, India. Amycolatopsis rifamycinica MTCC 14 was maintained on agar slants
containing (g/L) dextrose 20, glycerol 20, yeast extract 5, beef extract 3, casein acid hydrolysate
3, peptone 2.5,malt extract 1, agar 20. The organisms were sub cultured every month and
preserved at 4 + 1°C.

2.1. Preparation of inoculum

The spores from a fully sporulated slant were spread in 10 ml of 0.1% Tween 80 by dislodging
them with a sterile loop under aseptic conditions. The spore suspension was used as inoculum.
Viable spores present in the suspension were determined by serial dilution followed by plate
count (which showed 8 x 10 spores/ml)

2.2 . Preparation of substrate

Olive oil cake was procured as gift from Malaysia. The collected olive oil cake was dried and
mechanically milled with a lab mill (Ultra Centrifugal Mill) and sieved through standard mesh
sieves (200-500 pum) using an electronic sieve shaker to obtain the powder of 200-500 pm
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particle sizes.

2.3. Solid-state fermentation

For SSF under the basal medium condition, 5 g of olive oil cake was placed in a 100-ml conical
flask and autoclaved twice at 120°C for 20 min. The flask was cooled to room temperature, the
flasks were inoculated with 2.0x10° spores/mL under sterile conditions and the following
sterilized solutions were added to supplement the carbon and nitrogen sources, barbital and
adjusted the pH and moisture content. The contents of the flasks were, fully mixed and incubated
at 28+0.5°C for predetermined time period and used for extraction and estimation of rifamycin
B[17].

2.4. Scanning electron microscope

Samples were fixed by 3% glutaraldehyde in 0.1 M phosphate buffer (pH 7.0), dried by a critical
point dryer and placed on brass stub. The samples were then coated with gold in a ion sputter and
investigated on a scanning electron microscope (Model JEOL JSM T-330, Japan).

2.5. Antibiotic extraction

Ten volumes of distilled water were added to each flask. The extraction of the refamycin B was
carried out on a rotary shaker (250 rpm) at 28 + 2°C for 1 h. The slurry was squeezed through
cheese cloth. The extract was clarified by centrifugation at 12,000xg (4°C) for 15 min. The clear
supernatant was used for refamycin B determination.

2.6. Determination of refamycin B

Refamycin B was estimated according to the method of Pasqualucci et al., 1970 [18]. Reaction
mixture contained 0.1 ml of suitably diluted antibiotics + 5 ml of 0.2 M acetate buffer (pH 4.63)
and read the absorbance at 425 nm using UV-Visible spectrophotometer (SHIMADZU UV-
1800), against 0.1 ml of antibiotic solution diluted to 5 ml with acetate buffer, pH 4.63 containing
0.1% NaNO,. Refamycin B production under SSF was expressed as g /kgds dry fermented mass.
Each sample was tested in duplicate.

2.7. Screening of carbon and nitrogen sources, initial pH, initial moisture content
using classical methodology

Before arranging an experimental design with a response surface methodology (RSM), the
effects of process variable tested by classical methodology. The influence of various carbon and
nitrogen sources, barbitol, pH, moisture content was done using classical methodology. Carbon
sources (glucose, maltose, galactose, ribose and xylose) at the concentration of 15% (w/w) were
evaluated. The nitrogen sources (pea nutmeal, beef extract, soyabean meal, ammonium sulphate
and ammonium choloride ) at a concentration of 20% (w/w) were evaluated. The concentration of
the barbital (1%, 2%, 3%, 4% and 5%) were evaluated. The pH (7.0, 7.5, 8.0, 8.5 and 9.0) were
evaluated. The moisture content ( 40%, 45%, 50%, 55% and 60%) were evaluated.

2.8. Statistical Optimization procedure

The statistical optimization of process parameters for refamycin B production by Amycolatopsis
rifamycinica MTCC 14 was carried out in two stages as described below.
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2.9. Identification and selection of important process parameters using Plackett—
Burman design

To identify the independent process variables that were most important for antibiotics production
Plackett—-Burman design (PBD) was used [19]. These critical independent process variable of the
solid medium were selected on the basis of the optimized medium conditions, which were
concluded from the classical variable method. In the present experiment, eleven independent
process variables were selected for the screening in 20 trials. Each independent process variable
was represented at two levels, i.e., high (+1) and low (-1) (Table 1 ). The effect of each
independent process variable was determined by the following equation:

Independent process variables

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X111

Low Level (-1) 15 15 15 15 20 20 20 20 20 7.5 50

High Level (+) 20 20 20 20 25 25 25 25 30 8.5 55

E(X,)= 22, Mi+11v_ LML) )

Where E( X ;) the coefficient of effect of the tested (i) independent process variable.

M, is the refamycin B yield from the trials where the independent process variable was present
at the high level, M, is the refamycin B yield from the trials where the independent process

variable present at the low level, and N is the total number of trials (experiments,
i.e., 20).

Five independent process variables, which were found to be most effective independent process
variables in the refamycin B production on the basis of PBD, were selected to identify the
optimized conditions for the maximum production of refamycin B using the response surface
methodology (RSM) [20].

Table 1. Independent process variable screened in PBD and their real values

X1,Glucose ( % w/w) ; X2, Maltose( % w/w); X3, Ribose( % w/w); X4, Xylose( % w/w) ; X5,
Soyabean Meal( % w/w) ; X6, Peanut Meal( % w/w) ; X7, Ammonium Chloride( % w/w) ; X8,
Ammonium Sulphate( % w/w) ; X9,Babitol( % w/w) ; X10, Initial pH ; X11 Initial moisture (%)
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Table 2. PBD of independent process variable with refamycin B yield as response

Std
Order X1 X2 X3 X4 X5 X X7 X X X X Yield
6 8§ 9 1 1
0 1

17 1 -1r -1 -1 -1 1 -1 1 -1 1 1 197
16 -1 -1 -1 -1 1 -1 1 -1 1 1 1 294
5 1 -1 -1 1 1 -1 1 1 -1 -1 -1 946
10 1 -1 1 1 !l 1 -1 -1 1 1 -1 196
4 -1 -1 1 1 -1 1 1 -1 -1 -1 -1 835
6 1 1 1+ -1 1 1 -1 1 1 -1 -1 1737
18 1 1P 1 -1 -1 -1 1 -1 1 -1 1 278
12 1 -r 1 -1 1 1 1 1 -1 -1 1 326
19 -1 1 -1 -r -1 -1 1 -1 1 -1 732
20 -1-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 937
15 -1 -1 -1 1 -1 1 -1 1 1 1 1 143
13 -1 1 -1 1 -1 1 1 1 1 -1 -1 897

9 -1 1 1 1 -1 -1 1 1 -1 1 785
3 -1 1 -1 1 1 -1 -1 -1 -1 1 367
11 -1 -1 1 1 11 -1 -1 1 1 832
7 1 1 1 -1 -1 1 1 -1 1 1 -1 185
2 1 1 -1 1 !l -1 -1 -1 -1 1 -1 635
1 1 -1 1 ! -r -1 -1 -1 1 -1 1 276
8 1 1 1 1 -1 -1 1 1 -1 1 1 524
14 -1 -1 1 -1 1 -1 1 1 1 1 -1 432

2.10. Optimization of selected process parameters using response surface methodology

To find out the optimum level of the preferred independent process variables (initial moisture,
initial pH , barbital , glucose and xylose).The levels of five independent process variables, viz.
initial moisture (X11), initial pH (X10), barbital (X9), glucose (X1) and xylose (X4) were
optimized by CCD experimental plan using the statistical software package The unscramblar
Trial version 9.7 ( CAMO, Woodbridge, NJ, USA). Each independent process variable in the
design was studied at five different levels (Table 4 ). A 2° factorial design, with ten axial points,
32 cube points and ten replicates at the centre point with a total number of 31 experiments were
employed (Table 5). The action of the system was explained by the following quadratic equation:

Y=08+BX10+5,X9+B,X8+ B, X4+ ,X10° + 5,,X9° + B, X8 + B, X4 +

BBX10X9+ BB, X10X8+ B 5,X10X4+ B,B,X9X8+ B,8,X9X 4+ ,8,X8X4=(2)
Y=08+BX10+5,X9+B,X8+B,X4+[,X10°+ ,,X9" + B, X8 + B, X4 +

BB,X10X9+ B B,X10X8+ ,5,X10X 4+ B,3,X9X8+ B,8,X9X4+ ,5,X8X 4= (2)

where, Y is predicted response, S, is intercept,f;, B fs P+ are linear coefficients,Bi1, B2, Bass

Bas are squared coefficient,B;f,, L83 Pifs BiPsP2B3. Pafs PabPs. Bifa - P3iPs .Pafsare interaction
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coefficients and X10, X9, X8, X4,X10% X9% X8% X4% X5*X11X10, X11X10, X11X9, X11X1,
X11X4, X10X9, X10X1, X10X4, X9X1, X0X4 are interaction independent process variables.

Table 4. Design of independent process variables and there levels Is

Independe Range and Level
Independent nt process .
process variable Units Lowe Low Centr High Highe
variable r r
Name Axial  (1:00) (2000 Axjal
(Coded) (1.50)
(0.31) (2.68)
X11 Initial (%) 36.55 40 42.50 45 48.44
moisture
X10 Initial pH 6.15 3.00 6.75 7.0 7.34
X9 Barbital % 0.15 0.5 0.75 1.0 1.34
(W/w)
X1 Glucose % 1.55 5 7.50 10 13.44
(w/w)
X4 Xylose % 21.55 25 27.50 30 33.44
(W/w)

Table 5. Central composite design with experimental and predicted values of refamycin B yield

Rifamyci Rifamyci
Design Exper X11 X10 X9 X1 X14 nB nB Resid
type iment (g/kgds) (g/kgds ual
al (actual (predicte
Run yield) d Yield)
L:X11-a 1 0.31 150 1.50 1.50 1.50 8.52 8.41 0.11
H:X11-a 2 268 150 1.50 1.50 1.50 9.06 9.06 0.00
L:X10-a 3 1.50 0.31 1.50 1.50 1.50 3.07 2.32 0.75
H:X10-a 4 1.50 2.68 1.50 1.50 1.50 3.76 4.40 0.64
L:X9-a 5 1.50 1.50 0.31 1.50 1.50 6.09 6.25 0.16
H:X9-a 6 1.50 1.50 2.68 1.50 1.50 5.21 4.94 0.27
L:X1-a 7 1.50 1.50 1.50 0.31 1.50 3.97 3.84 0.13
H:X1-a 8 1.50 1.50 1.50 2.68 1.50 1.98 2.01 -0.03
L:X4-a 9 1.50 1.50 1.50 1.50 0.31 7.85 6.14 1.71
H:X4-a 10 1.50 150 1.50 1.50 2.68 3.07 4.67 -1.6
Cube001a 11 1.00 1.00 1.00 1.00 1.00 4.07 5.43 -1.36
Cube002a 12 2.00 1.00 1.00 1.00 1.00 9.10 9.53 -0.43
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Cube003a
Cube004a
Cube005a
Cube006a
Cube007a
Cube008a
Cube009a
Cube010a
CubeOlla
Cube0O12a
Cube0O13a
CubeOl4a
CubeO15a
CubeO16a
CubeOl17a
Cube0O18a
Cube019a
Cube020a
Cube021a
Cube022a
Cube023a
Cube024a
Cube025a
Cube026a
Cube027a
Cube028a
Cube029a
Cube030a
CubeO31a
Cube032a
Cent-a
Cent-b
Cent-c
Cent-d
Cent-e
Cent-f
Cent-g
Cent-h
Cent-i
Cent-j

13
14
15
16
17
18
19
20
21
2
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50

2.00
2.00
1.00
1.00
2.00
2.00
1.00
1.00
2.00
2.00
1.00
1.00
2.00
2.00
1.00
1.00
2.00
2.00
1.00
1.00
2.00
2.00
1.00
1.00
2.00
2.00
1.00
1.00
2.00
2.00
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50

1.00
1.00
2.00
2.00
2.00
2.00
1.00
1.00
1.00
1.00
2.00
2.00
2.00
2.00
1.00
1.00
1.00
1.00
2.00
2.00
2.00
2.00
1.00
1.00
1.00
1.00
2.00
2.00
2.00
2.00
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50

1.00
1.00
1.00
1.00
1.00
1.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50

5.90
7.54
3.54
9.43
6.03
8.02
4.43
2.86
5.46
3.43
4.21
3.65
9.32
5.88
7.23
8.98
6.06
6.09
1.08
5.53
3.03
6.22
6.97
4.78
9.56
4.32
4.34
3.03
8.32
5.32
9.94
9.93
9.93
9.96
9.93
9.94
9.91
9.94
9.92
9.98

5.49
7.29
3.81
9.13
6.04
9.06
4.33
3.02
6.56
2.95
4.51
4.41
8.91
6.52
6.08
9.01
5.72
6.36
1.41
5.57
3.22
5.08
7.08
4.60
8.89
4.12
4.20
2.95
8.19
4.64
9.93
9.93
9.93
9.93
9.93
9.93
9.93
9.93
9.93
9.93

0.41
0.25
-0.27
0.3
-0.01
-1.04
0.1
-0.16
-1.1
0.48
-0.3
-0.76
0.41
-0.64
1.15
-0.03
0.34
-0.27
-0.33
-0.04
-0.19
1.14
-0.11
0.18
0.67
0.2
0.14
0.08
0.13
0.68
0.01
0.00
0.00
0.03
0.00
0.01
-0.02
0.01
-0.01
0.05

2.11. ANOVA and model fitting

Statistical significance of the model and the regression coefficients were estimated by analysis of
variance (ANOV A). Probability p-value of < 0.05 was reasoned as statistically significant. It was
reasoned as significant if the F-value becomes greater and the p-value becomes smaller. Lack of
fit was also determined to check the quality of the model. The accuracy of the model was checked
by the coefficient of determination R* with 95 % confidence limits (¢=0.05), which measures
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“goodness of fit" of the model. When R* approaches unity, the empirical model fits the actual
experimental data. The relationships between the response and the variables were also envisioned
by two-dimensional contour or three-dimensional (3D) response surface plots to see the relative
influence of the independent process variables and predict experimental results for other
combinations as well. The optimal values of the independent process variables were obtained by
solving the regression equation together with analyzing the response 3D surfaces and 2D contour
plots. Subsequently, the experimentally optimized medium was prepared to verify the responses
predicted by the equation, therefore evaluating the validity of the model [21].

2.12 Verification of model

Optimal conditions for the production of refamycin B from solid state fermentation depended on
initial moisture, initial pH , barbital , glucose and xylose were obtained using the predictive
equations of RSM. The experimental and predicted values were compared in order to determine
the validity of the model.

3.0 Results and discussion

3.1. Optimization by classical methods

Although classical methods are tedious, and overlook the interaction between different process
variables, this method was beneficial for the choice of ranges in PBD, making the result more
economical and convincing.

Considering the presence of only 5-7% of carbohydrate in olive oil cake, it was considered
appropriate to supplement ready sugar for better growth and antibiotic production.

Simple and complex carbon sources, viz. glucose maltose, galactose, ribose and xylose, were
used as carbon sources to investigate their effect on refamycin B production (Figure. 1).
Refamycin B production was found to be good with all the five carbon sources tested with
glucose to be the best carbon source increasing the refamycin B production to 6.78 g/kgds at day
eight of incubation period. These results were in agreement with Mahalaxmi et al., 2010 [17],
who affirmed that glucose is optimum as carbon supplementation for maximum refamycin B
production by Amycolatopsis sp. RSP 3 in solid-state fermentation.

Refamyein B (g/legds)

1 H—|_’_I_I_‘ | ‘
o
e

Carbon sources (1806 win) o T ot DS S DE AT @S
=

™ o -
=y

o <

<

Figure 1 Effect of carbon sources on refamycin B production by
Amyvcolatopsis vifamycecinica MTCC 14 in SSF. CL. control; GL,
gluicose; ML, maltose; GA, galactose; RI, ribose; XY, xylose

Generally, the high concentration of nitrogen sources in media is effective in decorative the
20
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production of refamycin B by Amycolatopsis mediterranei [22].Effect of supplementation using
different nitrogen sources on the production of refamycin B is illustrated in Figure 2. Ammonium
sulphate and ammonium chloride as inorganic and peanut meal, beef extract, soyabean meal were
used as complex nitrogen source, for supplementation of additional nitrogen sources. Based on
the results it was found that beef extract, peanut meal, soyabean meal and ammonium sulphate
were the best nitrogen sources and its supplementation led to further increase in refamycin B
production to 6.98, 5.84, 5.43 and 4.97 g/kgds at day eight of incubation period.

Although the oil seed cake contained good amount of crude protein as per composition, the
supplemented nitrogen may be better accessed and utilized leading to better refamycin B

production.

Nitrogen Sources { 20 U w/'w) 6‘3@@&_&-@\ Cp gé-&_&ﬁt Cp ?@&&-@t G %‘-6"(‘}" =

o

Refamycin B (g/lkgds)
[ s

[

-

=

% 2

& & & &

Figure 2. Effect of different nitrogen sources on refamycin B production by
Amyeolatopsis Mediterrane MTCC 14 in S5F. CL control ; PM. peanut meal; BE, beef
extract; M, soyabean meal; AS, ammonium sulphate; AC, ammonium chloride

Generally, the concentration of barbital in media was effective in enhancing the production of
refamycin B by Nocardia sp RSP-3 and Amycolatopsis mediterranei M18 [23,24]. A range of
concentrations of barbital were tested to evaluate their capacity to support Nocardia Mediterrane
MTCC 14 growth and refamycin B production. The supplementation of 3% (w/w) of barbital
gave the highest refamycin B production of 8.45 g/kgds, which contributed to 1.5-fold
enhancement in refamycin B yield compared to the control medium ( 0 % w/w) (Figure.3 ).

The optimum initial pH of the medium was found to be 8.5, up to which there was an increase in
refamycin B production followed by a decrease if further increase in pH (Figure.4 ). Mahalaxmi
et al., 2010 [17] reported an optimum pH of 8.0 for maximum refamycin B production by
Amycolatopsis sp. RSP 3 under SSF.
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Figure 4. Effect of initial pH of the fermentation mediuvm on refamycin B production in SSF.

As shown in Figure 5 , initial moisture content of the either substrate (olive oil cake) has a great
influence on refamycin B production by Amycolatopsis rifamycinica MTCC 14 strain. With an
increase in the initial moisture content of the substrate from 40% to 55% refamycin B production
was concomitantly enhanced, and further increase in the intial moisture content of substrate
resulted in a steady decline in refamycin B yield. Regular embellishment in refamycin B
production was reported by the augmentation in moisture content of fermentation system [17].
The moisture level in the solid-state fermentation greatly affects the process due to its hindrance
in the physical properties of the solid particle.Increased moisture is believed to abbreviate the
porosity of substrate[25], thus limiting the oxygen transfer [26,27].

Refamycin B (g/kgds)
S B & ]
|
[
—
[ ]
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- I
|
I ——|
]
1
- 1

Day 4 Day 6 Day 8 Day 10

Figure 5. Influence of initial moisture (%) content of the substrates on refamycin B
production.

The scanning electron microscope observation of Amycolatopsis rifamycinica MTCC 14 growth
on olive oil cake in solid state fermentation (Figure 6).
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" Figure 6. Scanning electron micrograph of Amycolatopsis rifamycinica MTCC 14 after 8
' days of culture on olive ol cake

3.2. Statistical optimization

In order to find the best functioning independent process variables, two experimental designs
were conducted: the first was a Plackett-Burmrn design for determining the most influencing
independent process variables (Experiments 1 to 20 in Table 2), and the second was a CCD
(Experiments 1 to 52 in Table 5) for determining the response surfaces model for the more
influencing independent process variables and then obtaining the optimal functioning conditions.

3.3. Screening of medium conditions using Plackett—-Burman design

Plackett-Burman design is a well-accepted and extensively used statistical design for the
screening of the medium conditions [28]. Initial experiments were carried out according to the
Plackett-Burmrn design matrix as shown in Table 2. The Amycolatopsis rifamycinica MTCC 14
was cultured under 20 different culture conditions. Refamycin B yield (g/kgds) were taken as the
responses for each run (Table 2). Table 3 shows the resulting effects of the independent process
variables on the responses, and the associated t-values, p valules and significant levels.
Confidence levels were approved only when above 95%. As shown in Table, initial moisture,
initial pH, barbital, glucose and xylose in the tested range had significant effects on refamycin B
yield. The Pareto chart allows one to detect the independent process variables and which are most
important to the process or design optimization study one has to deal with [29]. In this chart (
Figure 7), the lengths of each bars are proportional to the actual value of the estimated effects
[30]. The effects of all studied independent process as can be discussed from the Pareto chart
illustrated by inspection of these results revealed that not all independent process variables effects
are significant for the refamycin B yield. .Based on these results, the independent process
variables having the greatest impacts on the production of refamycin B by Amycolatopsis
rifamycinica MTCC 14 were identified as initial moisture, initial pH, barbital, glucose and
xylose.
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Table 3. Coefficients of independent process variables in PBD refamycin B production and associated
statistical tests

Term Effect Coef SE Coef T P
Constant 5.277 0.3223 16.37 0.000
X1 -1.954 -0.977 0.3223 -3.03 0.016
X2 1.390 0.695 0.3223 2.16 0.063
X3 -1.238 -0.619 0.3223 -1.92 0.091
X4 1.584 0.792 0.3223 2.46 0.039
X5 0.546 0.273 0.3223 0.85 0.422
X6 -1.124 -0.562 0.3223 -1.74 0.119
X7 0.544 0.272 0.3223 0.84 0.423
X8 0.884 0.442 0.3223 1.37 0.207
X9 -2.108 -1.054 0.3223 -3.27 0.011
X10 -2.214 -1.107 0.3223 -3.43 0.009
X11 -2.510 -1.255 0.3223 -3.89 0.005

S=144128 PRESS = 103.864
R-Sq =89.42% R-Sq(pred) = 33.84% R-Sq(adj) = 74.86%

Pareto Chart For standardized effects

15
!
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T 2 2 %= % ¥ 2 £ 2 2 X

Figure 7. Parcto chart of the Plackett-Burman design meodels used for the production of
refamycin B in solid state fermentation by dmivecolatopsis rifamycinica MTCC

>

3.4 Optimization of medium conditions using central composite design

Based on the results of the Plackett-Burmrn design where the five independent process variables
had negative and positive effects within the ranges tested, the central point and range of level for
each independent process variables were chosen (Table 4). The levels of non significant medium
conditions were set at their corresponding low levels in the Plackett-Burmrn design.

The preferred independent process variable variables (initial moisture, initial pH , barbital ,
glucose and xylose) were further optimized by RSM using central composite design (CCD).The
results obtained for refamycin B production were fed into the unscramblar trial version 9.7
software ( CAMO Woodbridge, NJ, USA )and analyzed. The results were analyzed using the
analysis of variance (ANOVA) as applicable to the experimental design used. The range of coded
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as well as actual values of preferred independent process variables are conferred in Table 4. The
calculated regression equation for the optimization of medium conditions showed the refamycin
B production (Y) as a function of dependent variable. By applying multiple regression analysis on
the experimental data, the following equation was found to explain refamycin B production:

Y =9.9326+ 0.1367X11 + 0.4359X10 - 0.2755 X9 - 0.3859 X1- 0.3092X4 - 0.2097X11*X11 -
1.1607X10*X10 - 0.7656 X9*X9 - 1.2385X1*X1 -0.7984X4*X4 - 0.5744X11*X10 +
0.3056X11*X9 - 1.3537X11*X1- 0.2894 X11*X4 + 0.5437 X10*X9 + 0.5444X10*X1-
0.1037X10*X4 +0.4481X9*X1 - 0.7625X9*X4 + 0.5256X1*X4 3)

Where Y, represents the response, i.e., refamycin B yield and X11, X10, X9, X1, X4, X11X11,
X10X10, X9X9, X1X1, X4X4, X11X10, X11X9, X11X1, X11X4, X10X9, X10X1, X10X4,
X9X1, X9X4, and X1X4 are the independent process variables.

Table 5 outlines the design matrix of the central composite design (CCD) and the results obtained
for refamycin B production. The central point was repeated ten times(run 43-52) to check the
experimental errors. The experimental levels of refamycin B production are given in Table 5,
along with the predicted data. The goodness of fit of the regression model was evaluated by a test
for lack of fit at 95% level of significance. The goodness of the model can be checked using
different criteria. Table 6 lists the estimates of coefficients and the associated t-values and
significant levels. In this work, only the estimates with significant levels higher than 90% (P<
0.10) were included in the final model [Eq. (3)]. Thus, the reduced models which describe the
responses as functions of the more significant independent process variables were generated. The
coefficient of determination (R*) was 0.9535 for refamycin B production, which explained
96.60% variability in the model. The R* value should be between 0 and 1. Relatively high values
of R? were obtained for these models. The nearer the R? values is to 1.0, the stronger the model
and better it predicts the response [31]. The adjusted determination coefficient (Adj R?) corrects
the R” value for the sample size and the number of terms in the model. If there are many terms in
the model and the sample size is not very large, the adjusted R> may be noticeably smaller than
the R*. The adjusted R” in this study was 0. 9234 , which was close to R* value . The mean
squares are obtained by dividing the sum of squares of each of the two sources of variation, the
model and the error variance, by the respective degrees of freedom. F-test shows that the models
(Table 7) were authentic because their significant levels were greater than 99% [32]. The model
F-value of 31.76 and values of p >F (<0.0001) indicated that the model is significant. The model
was found to be adequate to the data at the probability level of 95%.

The corresponding analysis of variance values are presented in the Table 6. Among model terms,
X10, X9, XI, X9X9, X1X1, X4X4, X11X10, X11X9, X11X1, X11X4, X10X4, X9X1, X9X4
and X1X4 were significant with a probability of more than 99% confidence level ; X4, was
significant with a probability of more than 95% confidence level. The model terms, X1, X1X1
and X10X9, X10X1, however, had no significant influence on refamycin B yield.

Table 6. Regression coefficients for refamycin B yield

Term Coef SE Coef T P
Constant 9.9326 0.23179 42.852 0.000
X11 0.1367 0.11206 1.220 0.232
X10 0.4359 0.11206 3.890 0.000
X9 -0.2755 0.11206 -2.459 0.020
X1 -0.3859 0.11206 -3.443 0.002
X4 -0.3092 0.11206 -2.759 0.010
X11*X11 -0.2097 0.09640 -2.175 0.037
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X10*X10 -1.1607 0.09640 -12.041 0.000
X9*X9 -0.7656 0.09640 -7.942 0.000
X1#X1 -1.2385 0.09640 -12.848 0.000
X4*X4 -0.7984 0.09640 -8.282 0.000
X11#X10 0.5744 0.13037 ~4.406 0.000
X11*X9 0.3056 0.13037 2.344 0.026
X11*X1 -1.3537 0.13037 -10.384 0.000
X11#X4 -0.2894 0.13037 2.220 0.034
X10*X9 0.5437 0.13037 4.171 0.000
X10*X1 0.5444 0.13037 4.176 0.000
X10%X4 -0.1037 0.13037 -0.796 0.432
X9%X1 0.4481 0.13037 3.437 0.002
X9*X4 -0.7625 0.13037 -5.849 0.000
X1*X4 0.5256 0.13037 4.032 0.000
S =0.737482 PRESS = 68.0545
R-Sq = 95.35% R-Sq(pred) = 81.22% R-Sq(adj) = 92.34%
Table 7. Analysis of variance (ANOVA) for the selected quadratic model
Source DF Seq SS Adj SS Adj MS F P
Regression 20 345.454 345.454 17.2727 31.76 0.000
Linear 5 22.917 22.917 4.5835 8.43 0.000
X11 1 0.809 0.809 0.8093 1.49 0.232
X10 1 8.231 8.231 8.2306 15.13 0.000
X9 1 3.288 3.288 3.2876 6.04 0.020
X1 1 6.449 6.449 6.4489 11.86 0.002
X4 1 4.141 4.141 4.1410 7.61 0.010
Square 5 194.505 194.505 38.9011 71.53 0.000
X11#X11 1 0.216 2.573 2.5733 4.73 0.037
X10*X10 1 54.518 78.854 78.8543 144.98 0.000
X9*X9 1 21.727 34.309 34.3092 63.08 0.000
X1*X1 1 80.741 89.776 89.7764 165.07 0.000
X4*X4 1 37.303 37.303 37.3028 68.59 0.000
Interaction 10 128.031 128.031 12.8031 23.54 0.000
X11*X10 1 10.557 10.557 10.5570 19.41 0.000
X11*¥X9 1 2.989 2.989 2.9890 5.50 0.026
X11#X1 1 58.644 58.644 58.6444 107.83 0.000
X11*X4 1 2.680 2.680 2.6796 4.93 0.034
X10*X9 1 9.461 9.461 9.4613 17.40 0.000
X10*X1 1 9.483 9.483 9.4830 17.44 0.000
X10%X4 1 0.344 0.344 0.3445 0.63 0.432
X9*X1 1 6.426 6.426 6.4261 11.82 0.002
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X9*X4 1 18.605 18.605 18.6050 34.21 0.000
X1*¥X4 1 8.841 8.841 8.8410 16.26 0.000
Residual Error 31 16.860 16.860 0.5439
Lack-of-Fit 22 16.857 16.857 0.7662 1868.80 0.000
Pure Error 9 0.004 0.004 0.0004
Total 51 362.314

SS- sum of squares; DF- degrees of freedom; MS- mean square
3.5. Model diagnostics

Before accepting any model, the appropriateness of the adopted model should be checkered by
the advantageous statistical method. The major diagnostic method is residual (observed minus
predicted) examination as shown in Figres 8-9, supplying diagnostics for residual actions . There
are several residuals graphs to test the model assumptions. The basic analysis is to examine a
normal probability plot of the residuals, that is, the number of standard deviations of the
measured values from their respective predicted values (Figure 8A.). The normal probability plot
is engaged to calculate whether the residuals follow a normal distribution, which is the most
considerable impression for statistical modeling and model appropriateness checking.

The next examination is to appearance at the residuals plotted versus the predicted responses
(Figure 8B.). There should be no systemic pattern in the plot, and the points should fall within a
horizontal band centred at zero. Departure from this may indicate a contravention of the constant
variance impression. The magnitude of the residual should be independent of its predictive value,
which means that the disperse should be about the same across all levels of the predicted values.
Actual versus predicted displays the real response data plotted against the predicted responses
(Figure 9A). Points above or below the diagonal line mean areas of over or under prediction.
Residuals versus sample (run order ) graphs communicate any time-based effects or sequential
component (Figure 9B.) Residuals versus independent process variable graphs also demand to be
examined to see if there might be variance changes (dispersion effect) with any independent
process variable or level of independent process variable.

There were no expressive violations of the model assumptions found in this residual examination
except one outlier as shown in Fig.. This design point seems to be due to extent error rather than
random experimental error. So the modelling could be used for further studies such as medium
formulation, process optimization, independent process variable analysis, or simulation without
any distort.
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Figure 8. Residual diagnostics of crossed model for refamycin B yield: (A) normal probability; (B) residuals vs. predicted
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Figure 8. Residual diagnostics of crossed model for refamyein B yield: (A) normal probability; (B) residuals vs. predicted

3.6. Three-dimensional (3D) response surface and (2D) contour plots

The three-dimensional response surface and two-plots are a function of two factors, maintaining
all other independent process variables at fixed levels, conferred as a solid surface framed in a
three-dimensional space (Figures 10-19). This graphic presentation helps to understand the main
and the interaction effects of those two independent process variable [33, 34]. At the same time,
3D response surfaces and their corresponding contour plots can assist the consistent examination
of the effects of the experimental independent process variables on the responses[35]. In this
work, since the regression model had five independent process variables, three independent
process variables were held constant at the centre level.

3.6.1 Effects of effect of initial moisture and initial pH

An elliptical response surface in the entire region was found from the second order quadratic
equation for the refamycin B production with the interaction of initial moisture level and initial
pH level (Figure 10). The results showed the refamycin B production, which was considerably
affected by varying the level of initial moisture and initial pH. The maximum refamycin B yield
was obtained at the point of intersection of the major and minor axes of the ellipse. The maximum
yield of refamycin B was predicted at given ranges of both initial moisture and initial pH level.
The refamycin B yield decreased at the maximum and minimum values of ranges considered in
both independent process variables. About 9.353 g/kgds was obtained from the response surface
as the maximum refamycin B yield at the initial moisture, initial pH, barbital, glucose and xylose
concentration was about 43% 6.5, 0.75% (w/w), 7.50% (w/w) and 27.50% (w/w), respectively.
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Figure 10. Three-dimensional surface plot (a) and two- dimensional counter plot (b) of refamycin B as a function of X11:initial moisture and X10initial pH (X9:barbital, X1:ghicose
and X4:xylose were kept constant)

3.6.2 Effects of effect of initial moisture and barbital

Figure 11 shows the elliptical response surface plot of refamycin B production as a function of
initial moisture level and barbital concentration. The predicted refamycin B production decreased
at the higher and lower values of ranges for both initial moisture level and barbital concentration.
Maximum refamycin B production was obtained near the center points of the response surface.
The maximum production of refamycin B of about 9.550g/kgds was predicted at the initial
moisture level and barbital concentration level of about 43% and 0.6% (w/w) while initial pH,
glucose and xylose were 5.0,7.50% (w/w) and 27.50% (w/w).
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Figure 11. Three-dimensional surface plot (a) and two- dimensional contour plot (b) of refamycin B as a function of X11:initial moisture and X9-barbital (X10:initial pH, X1:glucose and
X4:xylose were kept constant)

3.6.3 Effects of effect of initial moisture and glucose

Figure 12 is the response surface plot for variation in the refamycin B production, as a function of
initial moisture level and glucose concentration by keeping the level of initial pH, barbital and
xylose at 5.0, 0.75% (w/w) and 27.50% (w/w). The production of refamycin B was affected by
the concentration of initial moisture level and glucose. The production of refamycin B increased
with increasing the level of initial moisture from 46 to 48 %. Similarly, refamycin B yield
increased upon increasing the concentration of glucose from 9 to 12% (w/w).

29



International Journal of Advances in Biology (IJAB) Vol 2. No .1, February 2015

6511 2.872

i85, b
. X1Ghucose (% wiw)D) Response Surface

04
S316 Sag7 —

s S e e o e e
S R S o o S TN S e NS
e

OSITSS e P e szg

7azg.

X1 Liniti is i1
. . . . £ nmaimmsmre' (a)(A
38 40 42 A4 46 48

Figure 12. Thres-dimensional surface plot (2) and two- dimensional contour plot (b) of refamycin B as a function of X1 1:iniial moisture and X1:ghicose(X10:inital pH, X9:barbital and
X4:xylose were kept constant)

3.6.4 Effects of effect of initial moisture and xylose

Figure 13 denotes the three and two dimensional surfaces plots of effect of initial moisture and
xylose on response. As can be seen, enhancing the initial moisture from 40 to 46% could increase
the refamycin B yield, but a further increase in initial moisture would lead to a decline of the
refamycin B yield. Also, the effect of xylose on the refamycin yield was significant. The %
(w/w)increased as the xylose concentration went from 26 to 30 % (w/w), however, the % (W/w)
slightly decreased by further increasing xylose concentration.
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Figure 13. Three-dimensional surface plot (a) and two- dimensional contour plot (b) of refamycin B as a function of X11:initial moisture and X4:xylose (X10:initial pH, X9:barbital

and X1:glucose were kept constant)

3.6.5 Effects of effect of initial pH and barbital

Figure 14 depicts the effect of initial pH and barbital and their interactive effects on the refamycin
B yield. From the analysis of response surface plots, the interaction between initial pH and
barbital was significant. It was observed that at low initial pH (<2), refamycin B yield decreased
with the increase in xylose concentration. Also, refamycin B yield decline was observed at higher
initial pH (>8).
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Tigure 14. Three-dimensional surface plot (a) and two- dimensional contour plot (b) of refamycin B as  function of X10:initial pH and X9:barbital (X10:initial moisture, X1:glicose and
Xd:xylose were kept constant)
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3.6.6 Effects of effect of initial pH and glucose

The effect of initial pH and glucose concentrations on refamycin B yield are shown in Figure 15.
At the middle initial pH range (4 to 6) and middle barbital concentration (6 to 10 % w/w) optimal
refamycin B yield was attained (9.04 g/kgds).
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Figure 15. Thiee-dithefsional surface plot (a) and two- dimensional contour plot (b) of refamycin B as a function of X10nitial pH and X1:glucose (X10:initial moisture, X0:barbital
and X4:xylose were kept constant)

3.6.7 Effects of effect of initial pH and xylose

The initial pH and xylose effects on the response at fixed optimum initial moisture, barbital and
glucose of 42.5%, 0.75% (w/w) and 7.5% (w/w) were illustrated in Figure 16. The refamycin B
yield was remarkably low at low values of initial pH and xylose. Increase in both initial pH and
xylose an increase in the response surface. The response value reached its highest level of initial
pH at 6 while xylose concentration showed a maximum at 28% (w/w).
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Figure 16. Three-dimensional surface plot (a) and two- dimensional contour plot (b) of refamyein B as a function of X10:initial pH and X4:xylose (X10:initial moisture, X9:barbital and
Xl:glucose were kept constant)

3.6.8 Effects of effect of barbital and glucose

The effect of the barbital and the glucose on the response at optimum initial moisture, initial pH
and xylose of 42.5% , 5.0 and 27.5% (w/w) were demonstrated in Figure 17. The response
surface of refamycin B yield showed a net peak of 9.201 g/kgds at 8% (w/w) of glucose and 8 %
(w/w) of barbital, but after 10% (w/w) of glucose and1% (w/w) of barbital the response
decreased.
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Figure 17. Three-dimensional surface plot (a) and two- dimensional contour plot (b) of refamycin B as a function of X9:barbital and X1:glucose (X10:initial moisture, X10:initial pH and
X4:xylose were kept constant)

3.6.9 Effects of effect of barbital and xylose

The effects of barbital % (w/w) and xylose% (w/w) on the response are presented at an optimum
temperature of initial moisture, initial pH and glucose of 42.5% , 5.0 and 7.5 % (w/w) and are
shown in Figure 18. The response surface of initial refamycin B yield showed a peak with 9.232
g/kgds value at barbital 0.8 % (w/w) and 28% (w/w) of xylose.

a) 462 1.705 1'“% . 4.12&.,: - 7045 9962 .., b)
Response Surface . o X4:Xylose { % wiW)E) Response Surface .
] 24y, Q:a
TIT4 w‘-“)g
e
= s
e
S S e
s 27
S %, 2 R .
12 e
~ 10 3 . ou— E
— 0. "'(ﬂ% W/Wi,'.C)‘. 2
06 Ty WY
N a . .
] Yo B bit? .

XO:Barbital (% wiw)C)
, Lt . . Lt - ﬂ!Z ﬂ!d [I!S nfu 1![I 1!1

Figure 18. Three-dimensional surface plot (a) and two- dimensional contour plot (b) of refamycin B as a function of X9:barbital and X4:xylose (X10:initial moisture, X10:initial pH and

Xl:glucose were kept constant)

3.7. Effects of effect of glucose and xylose

Figure 19 illustrates the effects of glucose and xylose concentration on the refamycin B
yield. The response surface plot indicated that the increase of xylose concentration up to
27 % (w/w) enhanced the refamycin B yield. However, the using high concentration of
xylose (>30% (w/w) ) had a negative effect on the refamycin B yield. As shown in Figiure
19. , the refamycin B yield improved with increasing the concentration of glucose.
However, the using high concentration of glucose (>10% (w/w) ) had a negative effect on
the refamycin B yield.
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Figure 19. Three-dimensional surface plot (2) and two- dimensional contour plot (b) of refamycin B as a function of X1:glucose and X4:xylose (X10:initial moisture, X10:initial pH
and X0:barbital were kept constant)
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3.8. Optimization and validation

Based on the second-order polynomial Model presented in Eq.3, the predicted maximum
refamycin B was 9.93 g/kgds at initial moisture 42.50 %, initial pH 6.75, barbital 1.34% (w/w) ,
glucose7.50% (w/w) and xylose 27.50% (w/w). The predicted condition was validated by
duplicate experiments, and the actual refamycin B yield was 9.96 g/kgds. The prediction was
close to validation of actual results, indicating that the model can be used to guide and optimize
the solid culture medium of Amycolatopsis rifamycinica MTCC 14.

4. Conclusions

At first, the classical method was taken. Although it was laborious, inadequate and neglected in
much research, this method was helpful in the choice of range in PBD. We then selected the main
process variables and found the initial proximity of the optimums. Finally the optimal solid
medium was obtained. In the optimal conditions, the refamycin increased one fold.

The statistical method used in this study was scientific, convincing and virtue applying in other
research fields. The results obtained in this study may be useful for a highly effective production
of refamycin B.

The results of Plackett—Burman DOE showed that the increment of initial moisture , initial pH,
barbital and glucose to solid media, or decrease in the concentration of xylose in the range tested,
results in significant effect in refamycin B yield of Amycolatopsis rifamycinica MTCC 14 by
solid state fermentation whereas the supplement of maltose, ribose, soyabean meal, peanut meal,
ammonium chloride and ammonium sulphate to the solid media had no significant effect.

The optimal production condition to produce refamycin B was successfully investigated using
RSM-CCD. The second-order polynomial model gave a acceptable description of the actual data.
An optimized condition for simultaneous maximum production of refamycin B was initial
moisture 42.50 %, initial pH 6.75, barbital 0.75 %(w/w) , glucose7.50% (w/w) and xylose
27.50% (w/w). The obtained values of dependent process variable were close to the predicted
yield values. This study can be useful in the development of industrial production process.
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