Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online)
An Online International Journal Available at http://www.cibtech.org/jls.htm
2012 Vol. 2 (4) October-December, pp.54-60/ Prajapati et al.

Research Article

OPTIMIZATION OF MEDIUM COMPONENTS FOR POTASSIUM
SOLUBILIZING FUNGUS - ASPERGILLUS TERREUS (KSF 1) BY
RESPONSE SURFACE METHODOLOGY

“Kalavati Prajapati', M.C. Sharma* and H.A. Modi?
'Department of Biotechnology, Kadi Sarva Vishwavidyalaya, Gandhinagar
’Life Science Department, School of Sciences, Gujarat University, Ahmadabad
“Author for Correspondence

ABSTRACT

Response surface methodology was employed to optimize the composition of medium for potassium
solubilization by Aspergillus terreus (KSF-1), which is less well known as potassium solubilizing plant-
associated bacteria. Feldspar (rock potassium), yeast extract and FeCl; were found to have significant
effects on potassium solubilization by the Plackett-Burman design. The response surface method was
used to access the optimal region of the medium composition. The analysis revealed that the optimum
values of the tested variables were Yeast extract 0.6 g%, Feldspar 2.5 g% and FeCl; 0.0006 g%
Potassium solubilization of 4.0 mg%, which was in agreement with the prediction.
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INTRODUCTION

Potassium (K) is one of the major plant nutrients limiting plant growth. Most agricultural soils contain
large reserves of Potassium, a considerable part of which has accumulated as a consequence of regular
applications of K fertilizers (Richardson et al., 1994). However, a large portion of soluble inorganic
Phosphorus and potassium applied to soil as chemical fertilizer is rapidly immobilized soon after
application and becomes unavailable to plants (Dey, 1988). Thus, the release of insoluble and fixed forms
of K is an important aspect of increasing soil K availability. On the other hand, Potassium solubilizing
microorganisms are able to total solubilize rock K mineral powder, such as micas, illite and available K,
through production and excretion of organic acids (Friedrich, 1991 and Ullman, 1996). Silicate
solubilizing bacteria were found to resolve potassium, silicon and aluminum from insoluble minerals
(Aleksandrov et al., 1967; Barker et al., 1998 and Sheng et al., 2003). Silicate solubilizing bacteria exert
beneficial effects upon plant growth. Their uses as biofertilizers or control agents for agriculture
improvement and environmental protection have been a focus of recent research (Glick, 1995). The
occurrence of bacterially promoted potassium release suggests that a similar effect should also come
about in fungus- mineral interactions (Blum et al., 2002; Weiner and Dove, 2003). A strain of
thermophilic fungus Aspergillus fumigatus was cultured with K-bearing minerals to determine if
microbe—mineral interactions enhance the release of mineral potassium (Lian et al., 2008). Accelerated
potassium release from aluminosilicate minerals by fungi was observed as well (Wallander and Tonie,
1999; Yuan et al., 2000; Glowa et al., 2003; Yuan et al., 2004). Various kinds of bacteria have been
isolated and characterized for their ability to solubilize unavailable reduced Potassium to available forms.
This work was to apply the Plackett-Burman design, followed by response surface methodology to
optimize the culture medium composition for Potassium solubilization by Aspergillus terreus (KSF-1).

MATERIALS AND METHODS

Microorganism and Medium

Fungal strain selected in this study was the higher potassium solubilizer from the all isolated potassium
solubilizers from ceramic industry soil of Gujarat, India. The medium used for the isolation and screening
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of the potassium solubilizers was Aleksandrov agar medium constituted 1% glucose, 0.5% Yeast extract,
0.05% MgSo,.7H,0, 0.0005% FeCls;, 0.01% CaCOs, 0.2% CaPo, and 0.5% Feldspar, 3 % agar and pH-
4.5 (P. Sugumaran and B. Janartham; 2007) The selected fungal strain was identified as Aspergillus
terreus (KSF-1) using standard cultural, morphological and biochemical methodology, but its identity
was re-evaluated by 18 S rRNA gene sequence analysis.

Analytical Method

Solubilization of K Aspergillus terreus (KSF-1) were estimated using Feldspar as an insoluble potassium
source. The composition of the medium was 1% Glucose, 0.05% yeast extract, 0.5% feldspar, 100 ml
distilled water, pH-6.0. 1x 10° spores were transferred to 250 ml Erlenmeyer flask containing 100 ml of
the above medium and incubated on shaking condition at 30° C on 120 rpm for 7 days by using two
insoluble source of potassium feldspar. After each 24 hours the potassium released were determined by
using Sodium cobaltinitrite and Folin-Ciocalteu Phenol reagent (Abul Fadl, 1948). The pH was
determined with pH meter.

Experimental Designs

Plackett-Burman Design

Plackett-Burman design, a rapid screening multifactor to find the most significant independent factors
(Plackett and Burman, 1946; Wang et al., 2007; Xiao et al., 2007), was used in the present study to screen
the important variables that significantly influenced potassium solubilization. In this study, a 12-run
Plackett-Burman design (Table 1) with a first-order polynomial equation was applied to evaluate seven
factors (including four dummy variables). Each variable was examined at two levels: -1 for the low level
and +1 for the high level. The fitted first-order model is

Y=B0+Zfixi -----m-m-me (1)

Y is the predicted response, 0 and i are constant coefficients, and xi is the coded independent factors.

Table 1: The Placket-Burman design variables (in coded levels) with soluble potassium as response

Glucose Yeast extract Feldspar MgSo, FeCl; CaCo; CaPo,

Run %, X, sohar Mgpos P B T8 K Solubilization (mg %)
1 -1 +1 -1 +1 o+ A +1 11.56
2 +1 +1 1 +1 0+ o+l 1 15.81
3 +1 -1 +1 +1 o+ A -1 225
4 + -1 -1 -1 +1 -1 +1 15.67
5 -1 -1 -1 +1 -1 +1 +1 10.89
6 +1 +1 -1 -1 -1 +1 -1 18.14
7 1 1 1 1 4 - 1 13.29
& 1 +1 S A 19.36
9 1 +1 +1 T | 5 -1 15.14
10 -1 -1 +1 -1 +1 +1 -1 23.66
11 +1 1 +1 1 a4+ 41 14.05
12 +1 +1 +1 -1 -1 -1 +1 22 34

Response surface methodology

A central composite design (CCD) of RSM was employed to optimize the three most significant factors
(Feldspar, Yeast extract, FeCls) for enhancing K solubilization by Aspergillus terreus screened by
Plackett-Burman design. The three independent factors were investigated at five different coded levels (-
1.682, -1, 0, +1, +1.682) and the experimental design used for study is shown in
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Table 2: The variables were coded as in Equation 2:

xi=(Xi-m)li,i=12,..., K----------- 2

Where Xi is the real value of the independent variable; xi is the coded value; mi is the value of Xi at the
center point and li is the step change value. The potassium solubilization was fitted using a second-order
polynomial equation and a multiple regression of the data was carried out for obtaining an empirical
model related to the most significant factors. The general form of the second-order polynomial equation
is:

Y = 0 + X Bi xi + 2 Biixi® + 2 Sij xi xj----mmmmmmo- (3)

Where Y is the predicted response, xi and xj are independent factors.

Table 2: Experimental design and results of the central composite design

Run  Feldspar (gm Yeast extract (mg %) FeCl;ug %) K solubilization (mg %)
Coded Actual Coded Actual Coded Actual

1 0 2.25 0 275 0 600 15.2
2 0 2.25 0 275 0 600 20.35
3 -1 0.5 -1 50 +1 1000 19.53
4 -1 0.5 +1 500 -1 200 22.47
5 0 2.25 0 275  -1.682 -72.72 18.65
6 0 2.25 0 275 0 600 19.85
7 0 2.25 0 275 0 600 27.9
8 -1 0.5 +1 500 +1 1000 18

9 +1 4 -1 50 -1 200 14.3
10 0 2.25 0 275 0 600 18.55
11 0 225  -1.682 -103.4 0 600 24.6
12 +1 4 -1 50 +1 1000 25.9
13 -1.682 -0.69 0 275 0 600 26.8
14 +1682 5.19 0 275 0 600 19.5
15 0 225 +1.682 653.4 0 600 15.65
16 +1 4 +1 500 -1 200 14.57
17 0 2.25 0 275 0 600 20.4
18 0 2.25 0 275  +1.682 1272.72 20.73
19 -1 0.5 -1 50 -1 200 19.85
20 +1 4 +1 500 +1 1000 12.25

Statistical Analysis

Statistical analysis of the model was performed to evaluate the analysis of variance (ANOVA). The
quality of the polynomial model equation was judged statistically by the coefficient of determination R2,
and its statistical significance was determined by an F-test.

RESULTS AND DISCUSSION

Plackett-Burman Design

The Plackett-Burman design is a rapid method for screening significant factors. Twelve runs were carried
out to analyze the effect of 7 variables on K solubilization and the results are demonstrated in Table 3.
Analysis of the regression coefficients, t-values and P-values of 7 factors showed that X,, X3 and Xs had
positive effects on potassium solubilization; The Model F-value of 16.93 implies the model is significant.
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There is only a 0.18% chance that a "Model F-Value" this large could occur due to noise.whereas X1, X4,
X6 and X7 had negative effects. The variable with P<0.05 is considered as significant parameter. It was
clear that variables X2, X3 and X5 were the significant factors, while X1, X4, X6, and X7, with P>0.05,
were considered insignificant and were not included in the CCD experiments.

Table 3: ANOVA for selected factorial model for Plackett-Burman design

Mean F p-value
Source Sum of Squares  df Square Value Prob > F
Model 162.34 6 27.06 3.11 0.1168
X2-Yeast Extract 0.44 1 0.44 0.050 0.8315
X3-Feldspar 83.69 1 83.69 9.62 0.0268
X5-Fecl3 18.03 1 18.03 2.07 0.2094
Residual 106.92 6 17.82
Cor Total 1615.3 11

Optimization by Response Surface Methodology

CCD was employed to study the interactions between the significant factors and also to determine their
optimal levels. Data were analysed by using analysis of variance for responce surface quadratic model.
The design matrix of tested variables and the experimental results are represented in Table 4. The Model
F-value of 15.41 implies the model is significant. There is only a 0.01% chance that a "Model F-Value"
this large could occur due to noise.Values of "Prob > F" less than 0.0500 indicate model terms are
significant. In this case A are significant model terms.

Tabled: Analysis of variance (ANOVA) for the fitted quadratic polynomial model for optimization
of K solubilization

Sum of Mean F p-value
Source Squares df Square Value Prob > F
Model 336.76 9 37.42 62.47 < 0.0001
X3-Feldspar 322.55 1 322.55 538.46 < 0.0001
X2-yeast extract 0.94 1 0.94 1.57 0.2391
X5-FeCl3 7.38 1 7.38 12.33 0.0056
X2X3 0.14 1 0.14 0.23 0.6418
X3X5 4.22 1 4.22 7.04 0.0241
X2X5 0.48 1 0.48 0.79 0.3940
X3 0.62 1 0.62 1.03 0.3331
X2° 0.31 1 0.31 0.51 0.4897
X5° 0.027 1 0.027 0.046 0.8347
Residual 5.99 10 0.60
Lack of Fit 3.70 5 0.74 1.61 0.3059
Pure Error 2.29 5 0.46
Cor Total 342.75 19
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Table 5: Various Analysed values for response surface model

Std. Dev. 0.77 R-Squared 0.9825
Mean 19.75 Adj R-Squared 0.9668
CV.% 3.92 Pred R-Squared 0.9083
PRESS 31.42 Adeq Precision 29.869

A P-value of less than 0.05 indicates that the model terms are significant. In this case, Feldspar, yeast
extract, FeCl; had a significant effect on potassium solubilization, as well as the interaction terms. The
"Lack of Fit F-value" of 1.61 implies the Lack of Fit is not significant relative to the pure error. There is
a 30.59 % chance that a "Lack of Fit F-value™ this large could occur due to noise.
The "Pred R-Squared" of 0.6591 is not as close to the "Adj R-Squared" of 0.8722 as one might normally
expect was also satisfactory to confirm the significance of the model.
Final Equation for K solubilization in Terms of Coded Factors is,

Y =+19.74 +486 x X; +026 x X, +0.74 x Xs +0.13 X XoxX3

+0.73 X X3 X X5 +0.24 X X5 X X5 +0.21 X X5 -0.15 x X, -0.044 x Xs*

The response surface curves are plotted to explain the interaction of the variables and to determine the
optimum level of each variable for maximum response. The response surface curves are shown in Figures
1 to 3. Each figure demonstrated the effect of two factors while the other factors were fixed at zero level.
The model predicted the optimal values (coded) of the three most significant variables were X2 =0.6 g%,
X3 =2.5g% and X5 =0.0006 g% correspondingly, the values of Yeast extract, Feldspar and FeCl; were,
and, respectively. The maximum predicted phosphate solubilization was 4.0 mg%.

K-solubilization
K-solubiliz ation

00

8 YeastExtract

Figure 2: Response surface curve for
Potassium solubilization by Aspergillus terreus
showing the interaction between FeCl; and
Feldspar

Figure 1: Response surface curve for Potassium
solubilization by Aspergillus terreus showing the
interaction between yeast extract and Feldspar
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Figure 3: Response surface curve for Potassium solubilization by Aspergillus terreus showing the
interaction between yeast extract and FeCl;

Conclusion

The high adequacy of the model was proven by the good fit between the experimental and predicted
values. Response surface methodology was a better choice to optimize the biological process than that of
a “one-condition-at-a-time” because response surface methodology has factor interaction analysis and
fewer treatments than a full factorial design (Barrington and Kim, 2008). Response surface method had
been proved to be effective on optimizing potassium solubilization by Aspergillus terreus was 1%
glucose, 0.6 % Yeast extract, 0.05% MgSo,4.7H,0, 0.0006% FeCl;, 0.01% CaCOs;, 0.2% CaPo, and 2.25
% Feldspar, 3 % agar and pH-4.5. This resulted in an overall 1.8-fold increase compared with that using
the original medium.
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