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 This study is on the optimization of the medium for solubilization of phosphate based on 

the Box-Behnken design and response surface methodology. Optimization of the liquid 

medium for phosphate solubilization using Serratia marcescens strain AGKT4 was 

carried out by varying the concentrations of 3 ingredients; the fructose, peptone and 

inoculum size of bacteria. A mathematical model derived from the response surface 

methodology was then validated statistically for the target test variables. The highest 

phosphate solubilization in the medium was achieved at the optimal concentrations of 

fructose and peptone at 6% (w/v) and 0.6% (w/v), respectively. The maximum phosphate 

solubilization at these concentrations was 239.12 Õg/mL. Under the same conditions, the 

bacterial growth in the medium was 9 log10 CFU. 
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Introduction  

Many bacteria were reported to solubilize insoluble 

phosphorus resources in soil as phosphates for the uptake 

by crops (Son et al., 2006; Chen et al., 2008; El-Tarabily 

et al., 2008; Chang and Yang, 2009). The phosphate-

solubilizing microorganisms have been widely used in 

agriculture as soil inoculant to improve plant growth and 

yield (Wu et al., 2005; Rudresh et al., 2005; Hameeda et 

al., 2008). Some of the soils used especially in the tropics 

are nutritionally low. It would require regular 

improvement which may involve fertilizer application and 

other best practices for better growth and yield 

performance of many crops (Adekunle, 2014).  

In practice, the diversified bacteria to be utilized as 

phosphate-solubilizing bacteria are applied either in the 

form of dry powder or liquid formulations prepared from 

seed culture. Sufficiently high functionality of viable cells 

in seed cultures is a prerequisite for all successful 

formulations. In previous research efforts, it is common 

that seed cultures for bio-fertilizer formulations are 

prepared using commercially available nutrient broth 

(Ratti et al., 2001), tryptic soy agar (Chabot et al., 1996), 

Luria Bertani or LB (Wu et al., 2005), tryptone soy broth 

(Difco) and tryptone yeast extract medium (Beringer, 

1974). Preparation of seed culture from these ordinary 

media may lead to the generation of phosphate-

solubilizing bacteria of low functionality, as the nutrient 

requirements for the bacteria are not being optimized. 

Exploitation of bacteria in many specific purposes such as 

this was reported to generate greater bacterial 

functionality and growth when nutrients in the media and 

other physical factors were optimized (Ebrahimpour et al., 

2008; Ye et al., 2008; Ryad et al., 2010; Gurkok et al., 

2011).  
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Optimized media are normally formulated using 

response surface methodology involving many 

experimental designs when there are interactions of many 

factors to be considered. The response surface 

methodology is a mathematical tool, which is widely used 

in many fields of research such as in biological sciences, 

engineering, food industry and other research works 

involving various independent input variables to produce 

the optimum outputs (Lai and Shieh, 2000; Zhang and 

Gao, 2007; Dong et al., 2008).  

The interaction between these independent variables 

may provide a desirable multiple response for certain 

outputs of processes or products for the eventual selection 

of the design for optimization. In view of the necessity of 

acquiring suitable media for the preparation of seed 

culture, this approach was exploited as a tool to look into 

the possibility of using the optimized medium for bio-

fertilizer formulation, in particular to enhance the ability 

of the bacteria to solubilize the insoluble phosphate in 

soil. (Solubilization of phosphate in the medium is 

completely different from solubilization of phosphate in 

rhizosphere. There are many recent reports that Phosphae 

Solubilizing Bacteria act through different mechanism to 

create phosphate solubilization. Acidification of 

rhizosphere for the effect is highly unlikely as Bashan et 

al.ôs works indicated. Therefore, in the introduction and 

rest of this manuscript, authors are urged to reconsider 

this. On the other hand, there are also works by Goldstein 

et al. to use the phosphate solubilizing bacteria in 

bioprocessing.). The constituent of macronutrients in the 

medium from glucose and peptone as well as the 

inoculum size of the bacteria at different concentration 

levels were used to optimize the medium for high 

phosphate solubilization. In subsequent study, this 

optimized medium can be used to prepare the bio-

inoculant by mixing with selected carriers from 

agricultural wastes for formulation of bio-fertilizer with 

phosphate-solubilizing properties. Wastes from 

agricultural residues could replace some of the inorganic 

fertilizers (Ashraf et al., 2017).  

 

Materials and Methods  

 

Bacterial Strain and Cultural Conditions 

The bacterial isolate identified as Serratia marcescens 

strain AGKT4 by 16s rDNA sequencing was used in the 

study. (More information is needed, how this was 

isolated? Was this bacterium used in previous research?) 

The bacteria were isolated from soil of groundnut 

rhizosphere. The bacterial culture was cultivated and 

maintained by 2 monthly transfers onto Luria Bertani agar 

slants and stored at -20ÁC with glycerol as protectant in a 

refrigerator. 

Liquid culture was prepared by modification of 

NBRIY medium (Nautiyal, 1999) and used for 

maximizing phosphate solubilization from Serratia 

marcescens strain AGKT4. The medium comprised 

Ca3(PO4)2 5 g, Glucose 10 g, MgSO4.7H20 0.10 g, KCl 

0.2 g, (NH4)2SO4 0.5 g, MnSO4.H2O 0.002 g, 

FeSO4.7H2O 0.002 g, NaCl 0.2 g, 1.0 L distilled water, 

pH 7.0. For glucose and (NH4)2SO4, fructose, and peptone 

were replaced in the medium and 3 levels of 

concentrations were used as proposed in the response 

surface methodology using Box-Behnken factorial design. 

Peptone was purchased from Oxoid Ltd (UK), and 

fructose was purchased from Sigma-Aldrich Co. (USA). 

All other chemicals used were analytical grades and were 

commercially available. Fructose and peptone 

concentrations used were similar the previous study, 

showing that they were the best carbon and nitrogen 

sources to generate high phosphate solubilization in the 

medium by Serratia marcescens strain AGKT4 (Yusoff, 

unpublished). Research also indicated that fructose used 

in the medium containing basal medium with soy bean 

flour for Streptomyces hygroscopicus gave the highest 

antifungal activity or biofungicide as compared to many 

carbon sources such as sucrose, maltose, galactose, 

glycerol, glucose, arabinose, lactose, mannitol and starch 

(Tadijan, 2014). 

Serratia marcescens strain AGKT4 was inoculated in 

the Luria Bertani Broth for 20 h and then transferred to 

the modified NBRIY medium for the optimization. The 3 

levels of inoculation density were used as described in the 

response surface methodology. The inoculum was 

inoculated in a 50 mL of the above medium in 250 ml 

conical flasks and incubated on a rotary shaker (Lab-Line 

Orbit Shaker, Lab-Line Instrument, Inc.) at 70 rpm, 28ÁC 

for a 72h incubation period.  

 

Phosphate Assay and Inoculum Size by Response 

Surface Methodology 

A modified assay for determination of phosphate 

solubilization as described by Subba (1982) was 

performed. From the above media, 5 mL of bacterial 

aliquot grown in a 50 mL of NBRIY liquid medium was 

pipetted after 72 h and centrifuged at 26,920 Ĭ g for 10 

min using a Contifuge Stratos (Heraeus Instruments, 

Germany) refrigerated centrifuge at 10ÁC. The clear 

supernatant from bacterial isolate was taken for the 

determination of phosphate solubilization. To a 3 mL of 

the supernatant, 1.25 mL Bartonôs reagent was added and 

the volume was made up to 50 mL. After 10 min, the 

resultant colour was read in a Spectronic 20 Genesys 

Spectrophotometer at 430 nm wavelength. The 

phosphorus concentration in the samples was calculated 

using the absorbance values from the standards, blank and 

samples. In order to run the selected model, the optimum 

concentrations of fructose, peptone as well as inoculum 

sizes were chosen for higher phosphate solubilization in 

the liquid medium. The response variable of log10 cfu was 

not determined for the optimization as the goal of this 

experiment was to maximize phosphate solubilization in 

the medium. The experimental plan and independent 

variables are shown in Table 2. The variable level A, B 

and C were coded by generating using the Design 

ExpertÈ Version 7.1.5 software at the low and high limit 

with 3 centre points. 

 

Optimization of Concentration of Carbon and 

Nitrogen Sources 

Optimization of the medium composition for 

phosphate solubilization in the liquid culture by Serratia 

marcescens strain AGKT4 was done by Box-Behnken 

where 3 factors comprising carbon source (A), nitrogen 

source (B) and inoculum size (C) were tested. The full 

experimental design with actual and coded value of 
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minimum and maximum ranges of variable factors is 

shown in Table 1. The optimization was performed using 

Box-Behnken factorial design of response surface 

methodology in liquid culture with a set of 15 

experiments to identify the optimized levels of the factors 

for the highest phosphate solubilization in which it was 

used to ensure that the medium compositions should give 

the growth of the bacteria at least 9 log10 cfu/mL. The 

levels of carbon and nitrogen sources as well as inoculum 

sizes were varied in the NBRIY medium. 

 

Table 1 Box-Behnken experimental plan for optimizing the medium for phosphate solubilization by phosphate-

solubilizing bacteria, Serratia marcescens strain AGKT4 

Variable 
Range of variable 

Low (-1) Mid (0) High (+1) 

Fructose (% w/v) - A 0.500 3.250 6.000 

Peptone (% w/v) - B 0.050 0.325 0.500 

Inoculum size (% v/v) - C 1.000 1.875 2.750 

 

Table 2 Box-Behnken design for optimizing the concentrations of fructose, peptone and inoculum size for phosphate 

solubilization in the medium  

Run no 
Fructose 

(% w/v) 

Peptone 

(% w/v) 

Inoculum size 

(% v/v) 

Phosphate solubilization (mg/mL) Log10 

cfu/mL Actual Predicted 

1 0(3.250) 0(0.325) 0(1.875) 123.02 123.58 14.63 

2 0(3.250) +1(0.600) +1(2.750) 165.33 164.74 13.05 

3 +1(6.000) -1(0.050) 0(1.875) 64.75 59.81 14.25 

4 +1(6.000) 0(0.325) +1(2.750) 115.99 105.38 14.56 

5 0(3.250) +1(0.600) -1(1.000) 225.61 209.95 12.93 

6 +1(6.000) +1(0.600) 0(1.875) 239.12 250.42 14.57 

7 0(3.250) 0(0.325) 0(1.875) 131.28 123.58 14.59 

8 -1(0.500) 0(0.325) -1(1.000) 3.80 14.63 14.74 

9 -1(0.500) +1(0.600) 0(1.875) 53.03 57.97 14.31 

10 -1(0.500) 0(0.325) +1(2.750) 6.25 1.79 14.69 

11 0(3.250) -1(0.050) -1(1.000) 75.24 75.83 13.20 

12 -1(0.500) -1(0.050) 0(1.875) 56.37 45.07 14.29 

13 0(3.250) -1(0.050) +1(2.750) 79.71 95.36 12.68 

14 +1(6.000) 0(0.325) -1(1.000) 113.98 118.22 14.67 

15 0(3.250) 0(0.325) 0(1.875) 116.43 123.58 14.42 
Values in parentheses are actual values  

 

Statistical Analysis 

A statistical analysis of the model was carried out to 

evaluate ANOVA using Design ExpertÈ (version 7.1.5 

StatEase, Inc., Minneapolis, USA). The selection of the 

model for three factors studied resulted this mathematical 

equation as follow: 

 
Y = b0+b1A+b2B+b3C+b13AB+b23BC+b11A2+b22B2+b33C2 

 

Where Y is predicted response, b0  is  intercept ; b1, b2, 

b3 are linear coefficients, b13, b23 are interaction 

coefficients, b11,  b22,  b33 are squared coefficients. Also 

standard deviation, R2, mean, adjusted R2, CV %, 

predicted R2, the predicted residual sum of squares 

(PRESS) and adequate precision using the Design 

ExpertÈ Version 7.1.5. The response surface methodology 

(RSM) was used to analyse the experimental design. 

 

Results and Discussion  

 

Based on a previous study in the determination of 

carbon and nitrogen sources, the best carbon and nitrogen 

sources were from fructose and peptone hence they were 

selected in this experiment since a considerable amount of 

phosphate was released from insoluble phosphorus in the 

medium (Yusoff, 2008). The results showed that the 

model of reduced quadratic mathematical equation was 

highly significant. The equations of coded factors and 

actual factors are shown in equation. Final equation in 

terms of actual factors: 

 

Solubilization of phosphate (Õg/mL) = 

-61.08413 

+41.31103 Ĭ Fructose (% w/v) 

-121.34848 Ĭ Peptone (% w/v) 

+89.02165 Ĭ Inoculum size (% v/v) 

+58.75050 Ĭ Fructose (% w/v) Ĭ Peptone (% w/v) 

-67.27003 Ĭ Peptone (% w/v) Ĭ Inoculum size (% v/v) 

-6.39532 Ĭ Fructose (% w/v)2 

+371.61168 Ĭ Peptone (% w/v)2 

-19.86545 Ĭ Inoculum size (% v/v)2 

 

The equation indicates that phosphate solubilization in 

the medium has linear and quadratic relationship with the 

two variables. Table 3 shows that ANOVA using reduced 

quadratic regression model indicated highly significant 

model as the value of the F test with a very low 

probability value [(P model>F) =0.0001]. The model is 

satisfactory when adequate precision that measure the 

signal to noise ratio was greater than 4, which indicated 

an adequate signal. The lack fit of the model must not 

significant at P<0.05 to determine that the model is fitted. 

However, there are 3 variables, interaction between 

peptone and inoculum (BC) and inoculum (C2) in the 



Yusoff et al., / Turkish Journal of Agriculture - Food Science and Technology, 5(12): 1626-1632, 2017 

1629 
 

model that are not significantly important. As a result, the 

final model for the response variable phosphate 

solubilization is concluded as follows:  

Solubilization of phosphate (Õg/mL) = 

-61.08413 

+41.31103 Ĭ Fructose (% w/v) 

-121.34848 Ĭ Peptone (% w/v) 

+58.75050 Ĭ Fructose (% w/v) Ĭ Peptone (% w/v) 

-6.39532 Ĭ Fructose (% w/v)2 

+371.61168 Ĭ Peptone (% w/v)2 

 

The above model was reconstructed as to omit these 

insignificant variables. In this design, the goal is to 

maximize the response variable of phosphate 

solubilization in the medium. The response variable was 

fitted by various models until the satisfactory model is 

achieved when P<0.05, predicted R2 is in agreement with 

the adjusted R2. The lack of fit F-value which is 4.80 

implies the lack of fit is not significant relative to the pure 

error and this indicates that the model is a good fit. Values 

of probability P>F less than 0.0500 indicate model terms 

are significant.  

 

Table 3 ANOVA results for the response surface reduced quadratic model of phosphate solubilization in the culture 

medium 

Source Sum of Squares d.f Mean Square F Value Prob > F 

Model 64550.70 8 8068.84 41.25 0.0001** 

A-Carbon (w/v %) 21463.69 1 21463.69 109.74 < 0.0001** 

B-Nitrogen (w/v %) 20707.68 1 20707.68 105.88 < 0.0001** 

C-Inoculum (% v/v) 329.68 1 329.68 1.69 0.2419À 

AB 7896.12 1 7896.12 40.37 0.0007** 

BC 1048.06 1 1048.06 5.36 0.0599À 

A2 8636.80 1 8636.80 44.16 0.0006** 

B2 2916.13 1 2916.13 14.91 0.0083** 

C2 854.14 1 854.14 4.37 0.0816À 

Residual 1173.51 6 195.58   

Lack of Fit 1062.82 4 265.70 4.80 0.1797À 

Pure Error 110.69 2 55.34   

Cor Total 65724.20 14    
**Statistically significant at 99% of probability level, ÀNot statistically significant.  

 

Table 4 Statistical analysis of the model of phosphate solubilization 

Statistic Value 

Standard deviation 13.98515 

Mean 104.6603 

Coefficient of variation (%) 13.36243 

Predicted residual error sum of squares (PRESS) 14042.85 

R-squared (R2) 0.982145 

Adjusted R-squared  0.958338 

Predicted R-squared 0.786337 

Adequate precision 22.95182 

 

Table 5 Coefficients estimated from the response surface reduced quadratic model of phosphate solubilization  

Factor Coefficient Estimate df Standard Error 95% CI Low 95% CI High VIF 

Intercept 123.58 1 8.07 103.82 143.34  

A-Carbon (% w/v) 51.80 1 4.94 39.70 63.90 1.00 

B-Nitrogen (% w/v) 50.88 1 4.94 38.78 62.98 1.00 

C-Inoculum size (% v/v) -6.42 1 4.94 -18.52 5.68 1.00 

AB 44.43 1 6.99 27.32 61.54 1.00 

BC -16.19 1 6.99 -33.30 0.92 1.00 

A2 -48.36 1 7.28 -66.17 -30.56 1.01 

B2 28.10 1 7.28 10.29 45.91 1.01 

C2 -15.21 1 7.28 -33.02 2.60 1.01 
CI = Confidence Interval, VIF = Variance Inflation Factor  

 

Table 6 Validation of the model from suggested optimum condition by the Design Expert software for phosphate 

solubilization 

Fructose 

(% w/v) 

Peptone 

(% w/v) 

Inoculum size 

(% v/v) 

Phosphate solubilization (mg/mL) 

Actuala Predictedb 

6.000 0.600 1.875 231.84 250.42 
aActual value is a mean of 3 replications which was repeated experimentally. bPredicted value is a point at which the solution of optimization is 
suggested by the model. The desirability of the model is 1. The goal of optimization is to optimize phosphate solubilization as criteria in the selection 

of point for the factors.  
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Peptone and fructose concentrations are significant 
model terms, and they also have significant interaction 
effect on phosphate solubilization in the medium. 
Statistical analysis for adequate precision that measures 
the signal to noise ratio has the value of 22.95 (Table 4). 
This value is greater than 4, indicating that an adequate 
signal of the model was obtained.The predicted R-squared 
of 0.9821 is in reasonable agreement with the adjusted R-
squared of 0.9583 which also indicated that the model 
was good. The analysis of coefficient (Table 5) shows that 
the variance inflation factor (VIF) for all factors that 
measures how much the variance of the model is inflated 
by the lack of orthogonality in the design had the value of 
1.00 which indicated that the factors were orthogonal to 
all the other factors in the model. 

 
RSM Analysis 
Understanding of interaction among tested variables 

can be explained by both responses surface and contour 
plots. Figure 1 (a) and Figure 1 (b) are responses of the 
above regression model to the tested variables on the 
solubilization of phosphate in the liquid medium. 
Response surface curve and contour plot show the 
interaction of two independent variables when another 
variable is ýxed at zero (0). Figure 1(a) shows that the 
response surface curve and contour plot for phosphate 
solubilization in the medium at inoculum size 1.875 % 
(v/v) in which phosphate solubilization increases with 
increasing peptone and fructose concentration from 
0.05% (w/v) to 0.6% (w/v) and 0.5% (w/v) to 6% (w/v), 
respectively. This observation was similar to the finding 
by Voha and Satyanarayana (2002) for phytase 
production in which increasing concentration of carbon 
source from glucose and nitrogen source from beef extract 
increased the phytase production. Guanrong et al. (2008) 
also found that increasing yeast and glucose concentration 
increased protease production in the medium. Figure 1(b) 
shows that phosphate solubilization increases with 
increasing peptone concentration and decreasing 
inoculum size or in moderate inoculum size. Optimization 
at the highest points of phosphate solubilization was 
achieved at a range of 239-255 Õg/mL with the 
combination of fructose, peptone and inoculum size in the 
NBRIY medium at the range of concentration of 5.851-
6.000% (w/v), 0.568-0.600% (w/v) and 1.00-1.875% 
(v/v), respectively. This range of optimized levels was 
chosen as the reasonable points of the optimized condition 
as the C/N ratio was within the value of 10. This value 
was the suitable condition of medium composition 
required by most of the bacterial growth in biofertilizer 
formulation. Figure 2 shows that the actual vs. predicted 
of phosphate solubilization are in close range of the 
predicted and actual values as shown by a linear line 
which means that the model was fit and good.  

 
Validation of The Experimental Model 
Criteria for 3 factors were selected in the optimization 

of the medium where the points gave the highest 
phosphate solubilization. The points where peptone 
0.600% (w/v), fructose 6.00% (w/v) and inoculum size at 
1.875% (w/v) gave the highest phosphate solubilization in 
the medium. Experimental results showed that the actual 
value for the maximum phosphate solubilization was 

231.84 mg/mL whereas the prediction value was 250.42 

mg/mL. The accuracy of phosphate solubilization in the 
culture medium was achieved at nearly 92.6% as shown 
in Table 6. The results of this study clearly indicated that 
response surface methodology is an effective method for 
optimization the medium to obtain highly phosphate 
solubilization by Serratia marcescens strain AGKT4. The 
optimized nutrient constituents with suitable 
concentrations from fructose and peptone resulted in the 
new formulation of the culture medium for Serratia 
marcescens strain AGKT4. The resulted new working 
culture medium comprised fructose 60.0 g, peptone 6.0 g, 
MgSO4.7H20 0.10 g, KCl 0.2 g, MnSO4.H2O 0.002 g, 
FeSO4.7H2O 0.002 g, NaCl 0.2 g, 1.0 L distilled water, 
pH 7.0 would be later used for biofertilizer development. 

 

 

 

 
Figure 1 a-b Response surface and contour plot (base) of 

phosphate solubilization showing the interactions among 

peptone concentration, fructose concentration and inoculum size 

(a) Fixed level: inoculum size, 1.875% (v/v); (b) Fixed level: 

fructose concentration, 3.250% (w/v) 
 

 
Figure 2 Predicted vs. actual plot of the response of the 

phosphate solubilization 


