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ABSTRACT

β-lactamase inhibitors are potent synergistic drugs to reverse the drug resistant populations to sensitive ones. 
The production of such commercially important compounds needs much consideration on its production from 
the source organism. In the present study, a marine Streptomyces derived β-lactamase inhibitory compound 
kalafungin was optimized under solid state fermentation conditions. This study intended to facilitate the 
production of β-lactamase inhibitor by applying statistical methods of optimizing the culturing process variables 
for secondary metabolite biosynthesis. The initial optimization revealed starch as a main carbon source played 
a vital role in kalafungin production at 0.1% NaCl concentration by one-factor-at-a-time method. Further it 
was carried forward to maximize the productivity of kalafungin through fractional factorial design and the 
optimum medium composition by Response Surface Methodology (RSM). Plackett–Burman design and Box–
Behnken design experiments have given the maximum production of 51.4 mg/L of kalafungin at 29°C for 8 
days of incubation which is 25.06% more than the unoptimized conditions. The experimental values are closer 
to predicted values and it has strongly supported the use of RSM in fermentation condition optimization for 
kalafungin production.

1. INTRODUCTION

β-lactamases are the type of macromolecular enzymes that hydrolyze 
the β-lactam ring of most β-lactam antibiotics which can inactivate the 
antibiotic and confer resistance. The increasing prevalence of multidrug-
resistant bacterial infections could be diminished by the development 
of new antibiotics and β-lactamase inhibitors. Streptomyces genus 
is recognized as an extraordinary natural source of antibiotics and 
β-lactamase inhibitors such as clavulanic acid, which is extensively 
applied in clinical practice [1-3]. The introduction of β-lactamase 
inhibitors introduced new ways to reverse antibiotic resistance through 
its unique mechanism [4]. Clavulanic acid was first isolated from 
Streptomyces clavuligerus, later on few other Streptomyces, namely, 
S. jumonjinensis and S. katsurahamanus also reported to produce 
clavulanic acid. Diversity of Streptomyces strains showed the ability to 
produce clavam metabolites with similar structures to clavulanic acid 
such as valclavam, clavaminic acid, and clavamycins [5]. Many research 
programs have focused on isolation of marine natural products and their 
derivatives for medicinal applications including β-lactamase inhibitors 
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[6,7]. In a recent study, our group has reported a β-lactamase inhibitor 
molecule kalafungin from marine Streptomyces sp. SBRK1 [8].

The intracellular mechanisms of these actinomycetes control the 
accumulation of bioactive metabolites, types of nutrients, their 
concentrations in cellular level, and physiological conditions in the 
fermentation medium. The selection of appropriate fermentation 
medium components is particularly important to ensure correct 
productivity with economically low costs of the production method and 
to obtain the final product at the highest level of purity and yield [9,10]. 
It is well known that cell free extracts containing secondary metabolites 
are significantly influenced by major medium compositions, especially 
with carbon and nitrogen sources [11,12], salts composition [13], and 
pH value [14]. Various statistical and non-statistical methods can be 
used to influence the fermentation process [15]. In the initial stages of 
classical media optimization process the easy and convenience method, 
one-factor-at-a- time (OFAT) analysis has been employed, whereas 
only single component is varied at a time while other variables keeping 
constant [16,17] However, the regular methods often fail to identify the 
optimal production conditions because molecular interactions among 
the factors are neglected. Moreover, they involve an extensive amount 
of work and time [18]. To overcome these disadvantages, nowadays an 
effective Response Surface Methodology (RSM) is widely preferred 
for the optimization of target metabolites production  [19]. It can 
also be used to evaluate the relative significance of several variables 
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simultaneously [20]. Placket–Burman Design (PBD) is a two-level 
design useful for economically detecting the major effects of all the 
other interactions are negligible when comparing the important effects, 
that is, when there are no interactions, the observed effect of a factor 
can be superior or under estimated by other factors [21]. Optimization 
of fermentation medium is very complex because any substances 
that enhance microbial growth and metabolite production can be 
considered as key variable [22].

The main objective of the present work was to apply the statistical 
Plackett–Burman Design, Box–Behnken design and non-statistical 
OFAT methods to optimize the medium composition for the maximum 
production of β-lactamase inhibitor kalafungin from Streptomyces sp. 
SBRK1.

2. MATERIALS AND METHODS

2.1. Production and Extraction of β- lactamase Inhibitor
Kalafungin producing strain Streptomyces sp. SBRK1 was isolated from 
marine sponge Spirostella sp. and cultured in Actinomycetes Isolation 
Medium (AIM) (GeneBank: KX151717). Agar plate fermentation 
was employed for secondary metabolite production in AIM medium 
comprised soluble starch 20 g, KNO3 1 g, NaCl 0.5 g, K2HPO4 0.5 g, 
MgSO4 0.5 g, FeSO4 20 µM, and distilled water 1000 ml at 28°C for 
7 days. 1 × 107 CFU/mL of spore suspension was used as inoculum in 
the agar plate fermentation and the metabolites were extracted with 
ethyl acetate by cold percolation method described earlier by Iniyan 
et al. [23]. β-lactamase inhibition was assessed spectrophotometrically 
by the hydrolysis of nitrocefin (Merck), a chromogenic substrate using 
microplate assay method [24].

2.2. Determination of Kalafungin Production by HPLC
The aerial mycelia was collected from the fermentation plates and dried 
at 60°C. The dried mycelia were weighed to determine the growth of 
biomass. The collected biomass was extracted using ethyl acetate. The 
crude extract was filtered and concentrated in a vacuum concentrator 
(Eppendorf 5301) at 30°C. Kalafungin production in optimization 
process was quantified with a standard graph by analytical HPLC and 
the fraction was eluted up to 1 mg. The peak of the compounds was 
detected at 275 nm. Regression equations and R2 values were calculated 
from the standard plot to quantify the presence of kalafungin. Twenty 
microliters of the sample extracted from each optimization step were 
injected into the chromatographic column. The growth in terms of 
mycelial biomass formation and kalafungin production was expressed 
as mg/L of the culture medium.

2.3. Media Optimization by OFAT
Kalafungin yield and biomass production were assessed by substituting 
the soluble starch in the production medium with different carbon 
sources such as glucose, sucrose, fructose, galactose, lactose, dextrose, 
maltose and glycerol. Yeast extract, beef extract, malt extract, sodium 
nitrate, ammonium nitrate, peptone, ammonium sulfate, and sodium 
nitrate are the different nitrogen sources used in this study [25]. Tolerance 
of the strain to NaCl was studied using different concentrations such as 
0%, 0.1%, 0.5%, 1%, 2%, 3%, 5%, and 10%, respectively, in the AIM 
media for 7 days incubation at 28°C. Different incubation period such 
as 3, 5, 7, 9, 14, and 21 days were used to study the mycelial growth 
and kalafungin production. To find the optimum pH, the AIM media 
was adjusted with different pH such as 4, 5, 6, 7, 8, and 9 separately 
and the culture was inoculated. The strain Streptomyces sp. SBRK1 
was incubated in different temperatures (24°C, 28°C, 37°C, and 45°C) 

and observed for the growth and production of kalafungin using AIM 
media for 7 days incubation.

2.4. Screening of Medium Ingredients by Plackett–Burman 
Design (PBD)
Plackett–Burman Design (PBD) was used to screen the ingredients in 
media for their influence on kalafungin production by Streptomyces 
sp. SBRK1 [26]. Using the PBD, 9 medium components including 
chemical and physical parameters (independent variables) were 
screened by representing them at two levels [Table  1], low (−) and 
high (+) in 16 trials [Table 2]. All the experiments were carried out 
in triplicate and the average activity were taken as the response (R1). 
The high confidence level showing variables were considered to have 
a significant kalafungin production. 

2.5. Optimization of Selected Ingredients by RSM
2.5.1. Box–Behnken design
Box–Behnken design was used to improve the kalafungin production 
by Streptomyces sp. SBRK1. The design expert trial package (version 
11) was used to design the experiment and regression analysis of the 
obtained data. The three medium conditions that is starch, incubation, 
and temperature (independent variables) were selected as major input 
variables at three different levels for low (−), intermediate (0), and 
high (+) concentrations [Table  3]. The concentrations of the other 
ingredients and conditions were fixed unchanged at zero level. The 
experiment were carried out with 20 trials as shown in Table 4 with 
five replicates at the center point and the results taken with the mean 
values. Further to predict the optimal value, a second order model was 
built-in to compare the relationship between the selected variables and 
response. For the three factors, the equation is

Y = β0+β1 X1+β2 X2+β3 X3+β12 X1 X2+β13 X1 X3+β23 X2 X3+β11 X12+β22 
X22+β33 X32

Where Y is the predicted response, β0 model constant; X1, X2, and X3 
are independent variables; β1, β2, and β3 are linear coefficients; β12, 
β13, and β23 are cross product coefficients; and β11, β22, and β33 are the 
quadratic coefficients [27]. The Box–Behnken designs were further 
subjected to first order and second order multiple regression analysis 
by least-square regression analysis to obtain the mathematical model 
parameters. Significance of experimental values was derived from the 
software results from model coefficients, R2 values, and F values.

Finally, the combination of different optimized variables identified 
from the response was experimentally validated by culturing 

Table 1: Low and high levels of each variable used in Plackett–Burman 
design.

Variables Components in the media Unit -values + values

X1 Starch g/L 10 30

X2 KNO3 g/L 0.5 1.5

X3 NaCl g/L 0.3 0.7

X4 K2HPO4 g/L 0.3 0.7

X5 MgSO4 g/L 0.3 0.7

X6 FeSO4 µM 10 30

X7 Incubation period Days 5 9

X8 Temperature °C 24 32

X9 pH pH 5.5 7.5
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Streptomyces sp. SBRK1 in optimized and unoptimized fermentation 
medium and the production was quantified.

3. RESULTS AND DISCUSSION

3.1. Media Optimization by OFAT
Based on the biomass production and inhibition property, the solid state 
fermentation with AIM media was utilized for further optimization and 
production of β-lactamase inhibitor kalafungin from marine sponge 
symbiotic Streptomyces sp. SBRK1. Initially, the mycelial biomass and 
kalafungin production was optimized with multiple carbon and nitrogen 
sources by non-statistical method [28]. In general, the addition of 
various carbon sources to media may influence cell growth and favors 
secondary metabolite production [29]. Highest yield of kalafungin was 
achieved with starch (2%) as a carbon source which gives 28% higher 
production when compared to other carbon sources tested in the media 
whereas the growth and active metabolite production was suppressed 
the media contain dextrose and glucose. In a previous study reported 
that [30] starch favored for maximum antibiotic production. Glucose 
has a different role in influencing the antibiotic production by altering 
the enzymes that are required for metabolite production [31]. Likewise, 
in this study, it was confirmed that glucose plays the negative effects 
in kalafungin production. Nitrogen sources (organic and inorganic) 
always play a vital role in biosynthesis pathway for biologically active 
compounds production. By this line numerous nitrogen sources such 
as yeast extract, malt extract, beef extract, sodium nitrate, peptone, 

ammonium nitrate, ammonium sulfate, and sodium nitrate were tested 
for improved kalafungin production. Peptone and malt extract were 
proved as the best nitrogen sources for biomass production, at the same 
time peptone influences greater production of kalafungin compared 
to malt extract. S. albovinaceus strain no. 10/2 produces highest ratio 
of antibacterial metabolite while the basal media was supplemented 
with malt extract as the nitrogen source [32]. Media supplemented 
with other organic and inorganic nitrogen source does not favored 
best growth as well as inhibitor production. Although, it is a marine 
derived Streptomyces 0.1% NaCl concentration is most suitable for 
higher yield. While considering pH of the medium, the hydrogen or 
hydroxyl ion concentration can have a direct effect on cell growth 
or metabolism in the fermentation medium [33]. The influence of 
initial medium pH results indicates that the kalafungin production was 
decreased with decrease in pH of the medium from 4.0 to 6.0; and pH 
7.0 was found to be suitable for higher (38.37 ± 0.67 mg/L) kalafungin 
production. Most of the commercially used Streptomyces species 
showed optimum pH range from 7 to 8 [34]. The increase in kalafungin 
production was observed with increase in the incubation time from 
day 9 to day 14. Due to nutritional depletion and the accumulation of 
toxic products, the viable cell count and compound production was 
decreased at 21 days of incubation, the same was reported earlier in 
the antibacterial metabolite production [35]. The growth and inhibition 
property was high at 28°C and the growth was arrested at 45°C. The 
fact of extreme pH and temperature are unfavorable for growth and 
production is confirmed from the present observations. It is evident 
that different physiological characteristics are influencing the growth 
and active biomolecules production of actinomycetes [36]. The effect 
of a range of selected optimized parameters for biomass production 
and kalafungin was illustrated in Figure  1. It was observed that 
production of kalafungin was equivalent with the biomass produced in 
the fermentation medium.

3.2. Optimization for Essential Medium Ingredients using PBD
Fractional factorial method was used to overcome single-dimensional 
optimization which is laborious and time consuming. Plackett–Burman 

Table 3: Low, intermediate, and high levels of three independent variables 
used in RSM.

Variables Range and level(g/L)

- 0 +

A-starch 10 20 30

G-Incubation period 5 7 9

H-temperature 24 28 32

Table 2: Plackett–Burman design and experimental response obtained for the production of kalafungin.

Run Variables Kalafungin 
production mg/L

Inhibition (%)

X1 X2 X3 X4 X5 X6 X7 X8 X9

1 − + + − + − + + + 43.4 69

2 − − − − + + − − − 22.0 27.3

3 + + + + − − + + + 26.8 31.5

4 − − − + + − − − + 19.0 20.1

5 − + + + − + + − − 18.0 19

6 + + − + + + + − − 10.2 17.3

7 − − + − − + + + + 24.0 30

8 + − − − − + − + + 18.8 21

9 − + − + − + + + + 33.6 49.6

10 − − + + + + − − − 17.4 20

11 − + − − + − + + + 16.6 18

12 + − + + + − − − − 39.2 58.5

13 + + + + − − + − − 37.0 55.0

14 − + + + + − − − − 37.8 57.1

15 + − + − + − + − + 23.8 26.4

16 − + + + − − − − + 22.5 25.0
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design was employed to find the influence of nine different factors on 
kalafungin production in solid state fermentation. Variation in kalafungin 
production ranges from 16.6 to 43.4 mg/L in the 16 run and the data 
obtained from the design were subjected to statistical analysis including 
regression and analysis of variance (ANOVA). The commercially 
available β-lactamase inhibitor clavulanic acid production from 
Streptomyces clavuligerus and Streptomyces sp. DAUFPE 3060 [7] was 
optimized by this method, based on the same three nutrients their optimal 

concentrations were obtained using response surface methodology 
which we have followed here. The ANOVA results revealed that the 
first order model for kalafungin production was satisfactory and the 
following model was established by regression:

Kalafungin (R1) = 48.3232 + 7.11002 * A + 11.8306 * G + 7.23366 * H 

Where A is starch, G is incubation period and H is temperature. 
In this study, the model is significant with the p value 0.024. 

Table 4: Box–Behnken experimental design and responses for the production of kalafungin by Streptomyces sp. SBRK1.

Runs Variables and coded values Kalafungin production (mg/L) Residual

Starch (g/L) Incubation period 
(days)

Temperature (°C) Experimental Predicted

1 10 (−) 5(−) 24 (−) 50.7 47.8 2.9

2 30 (+) 5(−) 24 (−) 31.5 36.3 −4.8

3 10 (−) 9(+) 24 (−) 29.8 31.4 −1.6

4 30 (+) 9(+) 24 (−) 46.8 37.1 9.7

5 10 (−) 5(−) 32 (+) 53.2 47.1 6.1

6 30 (+) 5 (−) 32 (+) 26.4 31.4 −5

7 10 (−) 9 (+) 32 (+) 36.3 37.1 −0.8

8 30 (+) 9 (+) 32 (+) 32.7 31.4 1.3

9 20 7 (0) 28 (0) 40.0 37.9 2.1

10 20 7 (0) 28 (0) 35.6 44.1 −8.5

11 20 7 (0) 28 (0) 31.9 31.4 05

12 20 7 (0) 28 (0) 40.8 43.2 −2.4

13 3.18207 (−) 7 (0) 28 (0) 28.7 34.4 −5.7

14 36.8179 (+) 7 (0) 28 (0) 48.5 49.8 −1.3

15 20 (0) 3.63641 (−) 28 (0) 29.0 32.4 −3.4

16 20 (0) 10.3636 (+) 28 (0) 43.6 39.6 4.0

17 20 (0) 7 (0) 21.2728 (−) 41.1 32.4 8.7

18 20 (0) 7 (0) 34.7272 (+) 50.5 41.8 8.7

19 20 (0) 7 (0) 28 (0) 34.5 45.0 −10.5

20 20 (0) 7 (0) 28 (0) 39.6 40.0 −0.4

0

4

8

12

16

20

0

5

10

15

20

25

30

35

40

45

50

Starch Peptone 0.1 % NaCl pH 7 Temp 28 C Days 9

K
al

af
un

gi
n 

pr
od

uc
tio

n 
(m

g/
L)

B
io

m
as

s 
(g

/L
)

Media components

Figure 1: The effects of kalafungin production by OFAT method (a) Biomass production and (b) of various selected components in optimized media.
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Values based on ANOVA, the model of regression was found to be 
significant (P = 0.024), and p-value for starch, incubation period and 
temperature also found to be significant and shown in Table 5. Based 
on coefficient estimate of factors, Pareto chart [Figure 2] shows the 
ranking of chemical or physical factors which influences the growth 
and kalafungin production. It confirms that the most important factors 
determining kalafungin production were starch, incubation period, 
temperature, NaCl, and FeSO4, whereas KNO3, K2HPO4, MgSO4, and 
pH showed negative effects. From these effects, the high coefficient 
estimate variables such as starch, incubation period, and temperature 
were selected to optimize further. The other factors were set as zero 
level and the negative effects showing sources were excluded for 
further optimization process. 

3.3. Media Optimization for Culture Conditions by 
Box–Behnken Design
Box–Behnken, a typical Design (BBD) most commonly used RSM 
analysis, is chosen for optimization process to achieve maximum 
production of kalafungin. BBD with 20 experiments were performed 
for three selected factors including starch, incubation period, and 

temperature at three levels for optimizing kalafungin production 
in agar plate fermentation. Table  4 shows the design and obtained 
experimental responses from PBD and the runs produced considerably 
improved results for kalafungin production. The effects of extraction 
parameters and production of antimicrobial metabolites from 
Micromonospora and relative yield was assessed by a three-level three-
factor Box–Behnken design and reported [37]. Yang et al. optimized 
the effective culture conditions of amoxicillin degrading bacteria using 
RSM [38]. Then, the polynomial model with quadratic process order 
to describe the correlation between the kalafungin production and the 
three variable equations as follows:

Kalafungin = 0.0319341 + 0.00155663 * A + −0.00291194 * B + 
0.000943945 * C + 0.000175 * AB + −0.0017 * AC + −0.002275 * BC 
+ 0.00162116 * A2 + 0.00441423 * B2 + 0.00386623 * C2

In this test, the obtained model was statistically significant (P <0.0001) 
based on ANOVA [Table 5]. 

The lack of fit F-value of this improved model is 0.83 which is 
not significant when compared to the pure error; hence, it is the 
required parameter for the improved production of kalafungin. 
The adjusted R2 value was 0.0659, again this value supports that 
the experimental data are as predicted positive response. The same 
enhanced production was also observed and recorded by Chen et al., 
in the macrolide compound obtained from a marine bacterium [39]. 
The coefficient estimate was tabulated in Table 6 when all remaining 
factors are held constant the expected change was observed in factor 
value of response per unit change. The overall average response 
for all the runs is the cutoff in an orthogonal design. The variance 
inflation factor (VIF) is 1; when the factors are orthogonal, the VIFs 
show multicollinearity when the value is >1, the increase in VIFs is 
directly proportional to the correlation of factors, the VIFs up to 10 
is tolerable. In aid of particular values of the variables along with 
kalafungin production, that is, response Y a regression model is used 
to predict future observations.

The error term in Box–Behnken design of kalafungin production 
was verified by linear patterns, the normal plot of residuals is 
shown in Figure 3a, as the significant diagnostic model, the normal 
probability plot of the residuals, came up by default. A linear pattern 
indicated no signs of any mix-up in the analysis. Plot of observed 

Table 5: ANOVA of regression model.

Media components df f-value p-value

A-starch 1 0.4939 0.0500

B-Incubation period 1 1.73 0.0221

C-temperature 1 0.1816 0.0680

AB 1 0.0037 0.9531

AC 1 0.3451 0.0571

BC 1 0.6180 0.0452

A² 1 0.5648 0.0471

B² 1 4.19 0.0171

C² 1 3.21 0.0106

Residual 9

Lack of fit 5 0.83 0.0955

Pure error 4

Cor total 19

Figure 2: Pareto chart shows the ranking of factors which influences the 
production of kalafungin, a beta lactamase inhibitor.
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versus predicted response is shown in Figure 3b. In this analysis, 
the observed range of variables in kalafungin production is directly 
proportional to predicted values. Figure  3c showed the plot of 
externally studentized residuals versus predicted values, this is done 
to rule out constant error. The random scattering of residuals proved 
the variance of the original observation was constant and found 
satisfactory. From all these data, we can infer the verifiable model 
is efficient to detail the production of kalafungin through response 
surface. The same prediction within the range of selected variable 
for clavulanic acid production from Streptomyces clavuligerus 
MTCC 1142 was found to be suitable, it gives valid evidence to our 
data [40].

3.4. Response Surface Analysis
In the experimental data to predict the model adequacy and to 
clarify the signs of any problems, a series of diagnostic plots can be 
drawn [41]. In the regression equation, the 2D contour plot and the 3D 
response surface curve are the graphical representation, incorporating 
two variables which represent the effect on the production of 
kalafungin while keeping other variables at zero. There is negligible 
interaction made by the circular plots of response surfaces with 
the earlier variables. The elliptical or saddle nature of the contour 
plots confirms the significant interaction between the independent 
variables. It is clear from Figure  4a-c that there was a significant 
interaction between starch with incubation period (AB), starch with 

Table 6: Estimated regression coefficients of the second-order polynomial model.

Factor Coefficient estimate Standard error 95%CI Low 95%CI High VIF

Intercept 0.0319 0.0034 0.0243 0.0396

A-starch 0.0016 0.0022 −0.0035 0.0066 1.0000

B-Incubation period −0.0029 0.0022 −0.0079 0.0021 1.0000

C-temperature 0.0009 0.0022 −0.0041 0.0060 1.0000

AB 0.0002 0.0029 −0.0064 0.0067 1.0000

AC −0.0017 0.0029 −0.0082 0.0048 1.0000

BC −0.0023 0.0029 −0.0088 0.0043 1.0000

A² 0.0016 0.0022 −0.0033 0.0065 1.02

B² 0.0044 0.0022 −0.0005 0.0093 1.02

C² 0.0039 0.0022 −0.0010 0.0087 1.02

Figure 3: Residual diagnostics of the quadratic model. (a) Normal probability plot of the externally studentized residuals; (b) the predicted versus observed 
kalafungin production; (c) plot of internally studentized residuals versus predicted responses.

c

ba
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Table 7: Kalafungin production from Streptomyces sp SBRK1 based on the combined effect of variables under optimized and unoptimized condition.

Variables Level (g/L) Kalafungin production (mg/L)

Unoptimized Optimized Unoptimized Optimized (Predicted) Optimized (Experimental)

A-starch 20 (g/L) 22.621 41.1 50.2 51.4

B-Incubation period 7 (days) 8

C-temperature 28(°C) 29

temperature (AC), and incubation period with temperature (BC). 
From the three variables starch, incubation period, and temperature, 
the 3D surface plots will illustrate the pairwise combination, whereas 
the remaining variable will be held at middle level in the 3D plot 
which gives the understanding about the interaction effects of these 
three variables. Increase in incubation period with increase in starch 
concentration leads to moderate production of kalafungin Figure 4d. 
Optimum temperature with minimum starch concentration gives more 
production (4e); the optimum temperature with less days of incubation 
increases the production, while high temperature affects the metabolite 
production (4f). The ratio of starch and incubation was not decisive, 
and it also shows less interaction and had no complementary effects 
in promoting the production of kalafungin. Moreover, as a typical 
secondary metabolite, kalafungin mainly accumulated after the 
rapid growth phase, and starch concentration suitable for growth of 
Streptomyces sp. SBRK1. The temperature plays an important role in 
the kalafungin production. This analysis also proved that temperature 
had significant effect on kalafungin production.

3.5. Experimental Validation
The predicted results obtained from the second order polynomial 
equation, experimental rechecking was carried out using optimized 
fermentation conditions with triplicate. Under the optimal conditions 
[Table  7], the maximum kalafungin production was obtained at 
51.4 mg/L and the result was concordant with the predicted value of 
50.2 mg/L. Hence, 25.06% increased yield of kalafungin was achieved 
with 22.621 g/L starch in fermentation media and incubated at 29°C 
for 8 days which suggests that the RSM model was valid to predict 
kalafungin production.

3.6. Quality Checking of Kalafungin by RP-HPLC
Finally, the extracted beta lactamase inhibitor kalafungin from 
Streptomyces sp. SBRK1 by RSM was assessed spectrophotometrically 
for its inhibition property and analyzed by RP-HPLC. The mobile 
phase was used as linear gradient with the following chromatographic 
parameters: Detection – PDA (200–800 nm); mobile phase solvents 

Figure 4: ContourPlot and response surface plots showing interactive effects of selected variables (a and d) the interaction of starch and incubation period; 
(b and e) the interaction of starch and temperature; (c and f) the interaction effect of incubation period and temperature; on kalafungin production by Streptomyces 

sp. SBRK1.
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A – Water and B – methanol; Gradient: 0–2 min 70% A–30% B, 
2–10 min 10% A-90% B, 10–20 min 50% A-50% B, and 20-30 min 
70% A-30% B with the flow rate of 1 ml/min. The experimentally 
optimized kalafungin showed 71% inhibition and purity was detected 
through HPLC isolation with retention time of 28.515 [Figure 5]. It 
revealed that the production was regulated under optimized condition.

4. CONCLUSION

RSM designs for optimizing the process parameters have been 
employed successfully in microbial fermentation for enhanced 
growth and production of kalafungin. The regular methods used for 
optimization was inappropriate and failed to consider the interactions 
between the growth factors. Non-statistical one factor-at-a-time 
approach gave the betterment of suitable carbon, nitrogen sources, and 
other physical parameters (pH, temperature, and incubation period) 
for growth and secondary metabolite production. In this investigation, 
production of β-lactamase inhibitor kalafungin was enhanced by 
optimized nutritional and physical growth factors. The maximum 
kalafungin production of 51.4 mg/L was obtained under optimized 
conditions than the unoptimized (41.1 mg/L) media with the following 
optimized factors; starch 22.621 g/L, incubation period of 8 days and 
temperature at 29°C which is 25.06% more than the unoptimized 
conditions. The analysis was apparent that PBD and RSM were 
found more satisfactory for identifying the most significant medium 

composites with feasible number of experimental trials. Further this 
study may be useful to develop any large scale fermentation process for 
the proficient production of targeted metabolite(s) from Streptomyces.
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