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INTRODUCTION 

 

Microbial enzymes have always been more promising then plant or animal origin 

enzymes due to their vigorous nature. Lipases (EC 3.1.1.3), from hydrolases class 

of enzymes with a broad array of biological functions, have been the thrust area 
for research (Thompson et al., 1999).  Microbial lipases are unique as they 

catalyze hydrolysis, interesterification, esterification, alcoholysis, acidolysis and 

aminolysis reactions in aqueous and non-aqueous media (Vaisee et al., 2016; 

Javed et al., 2018; Tailor and Gadhvi, 2023; Tailor et al., 2024). Looking at the 

plethora of applications of bacterial lipase, especially those with thermo-, alkali- 
or halophilic nature, in detergent formulations and biodiesel synthesis (Saraswat 

et al., 2017; Javed et al., 2018), potential new sources of such lipases are in 

demand.  
Many bacterial and fungal species are known production of high activity lipase, 

but Bacillus species have gained enormous attention due to its extracellular lipase 

production. Furthermore, Bacillus lipases display high activity over a wide range 
which extends to highly alkaline pH upto 10 (Saensenga et al., 2016) & 11.5 

(Dhumri and Bayomi, 2019) and temperature upto 600C (Kumar et al., 2012) & 

700C (Dhumri and Bayomi, 2019; Janssen et al., 1994) under submerged 
conditions (SmF) (Lee et al., 2015). Among vast number of Bacillus species which 

are reported to produce extracellular lipase, includes Bacillus subtilis (Lesuisse et 

al., 1993; Eggert et al., 2003; Ahmed et al., 2010), Bacillus aryabhattai 
(Adetunji and Olaniran, 2018), Bacillus pumilus (Sangeetha et al., 2008), 

Bacillus cereus (Vaisee et al., 2016), Bacillus megaterium (Rani and Kaur, 

2015), Bacillus licheniformis (Sahoo et al., 2018) and Bacillus stratosphaericus 
(Gricajeva et al., 2016). Production of bacterial metabolites involves an 

imperative industrial bioprocess of submerged fermentation (SmF). Additionally, 

the technique is advantageous due to completely homogenous media composition. 
Therefore, approximately 90% of all industrial enzymes are produced by SmF 

(Colla et al., 2010).  

Diverse media parameters, including physico-chemical parameters such as 
temperature, pH, inoculum size, agitation; and carbon and nitrogen source, inducer 

substances and their concentrations influence production of extracellular lipase by 

bacterial strains (Adetunji and Olaniran, 2018). It is decisive to have optimized 
fermentation conditions to obtain significant yields maintaining the process 

economics. Due to laborious, time-consuming and expensive working out of one-

factor-at-a-time (OFAT) approach, statistical experimental designs of Plackett 

Burman design (PBD) and Response Surface Methodology (RSM) are preferred 

(Hasan et al., 2006; Gururaj et al., 2016; Tailor et al., 2024).  
In the present study, a native Bacillus subtilis strain C-1, obtained by screening and 

isolation procedures from a local water body of Vapi, Gujarat, was used for testing 

its potential for production of extremophilic lipase. In continuation with the 
objective, media parameter optimization was worked out using the statistical 

methods of PBD and RSM, applied for production of an extracellular lipase 

production. Eight media constituents from previous literature were first subjected 
to PBD optimization to find out the significant factors. The variables with 

significant contribution were further subjected to RSM optimization to determine 
their optimum concentrations. The data was analyzed, model validation was 

established and the potential of the Bacillus subtilis, as an extracellular lipase 

producer was evaluated.  
 

MATERIALS AND METHODS  

 

Chemicals used  

 

All analytical grade chemicals were used in various experiments. Hi-media 
Laboratories Pvt. Ltd., Mumbai, India was the source for all media ingredients. 

Para-nitrophenyl palmitate and para-nitrophenol were purchased from Sigma-

Aldrich, US.  
 

Isolation and Screening of thermos-alkliphilic lipolytic bacteria  

 
Various soil and water samples across regions of Silvassa, Dadra & Nagar Haveli, 

(UT of DNH & DD), India; and Vapi, Gujarat State, India, were collected at 

different time intervals. The collected samples were further analyzed for cultivable 
lipolytic bacterial strains diversity. The media used for screening lipase producers 

included Rhodamine B agar with composition as given by Kouker and Jaeger: 

Rhodamine B, 0.001%(w/v); nutrient broth, 0.8%(w/v), NaCl, 0.4%(w/v), agar, 
1%(w/v) and olive oil 3%(v/v), in distilled water, with pH of 6.5-7.0 (Kouker and 

Jaeger, 1987).  Those bacterial isolates producing fluorescent orange halos around 

the colonies, indicating lipolytic activity were further studied. Selected isolates 
were then subjected to quantitative screening by carrying out lipase assays. 

 

 

 

Our study reports thermo-alkaliphilic bacterial isolate C-1, with lipolytic potential, obtained from a local water body, located in Kocahrva 
village, Vapi, Gujarat, India, loaded with industrial effluents, identified as Bacillus subtilis, based on biochemical and molecular 

characterization (GenBank Accession no. MN068818). The present study is directed towards media parameters optimization for Bacillus 

subtilis C-1 lipase productio, using Plackett-Burman Design and response surface methodology. Various media variables viz., glucose, 
olive oil, MgSO4, ammonium chloride, KH2PO4, peptone, tryptone, and CaCl2 were tested using 16 runs design. In accordance with the 

Pareto chart, glucose, peptone, MgSO4 and CaCl2 were significant factors. The maximum lipase activity obtained was 21.48 Enzyme Units 

(EU)/ml. These significant media variables were further optimized for concentration, using randomized Central Composite Design, 
prepared using Design Expert (v.12.0.1). The lipolytic activity increased to 32.1 EU/ml, which was 1.49 times greater, with 3 gm% 

glucose, 3.5 gm/L peptone and 0.5 gm/L MgSO4. Biochemical characterization of partially purified C-1 lipase, demonstrated optimum 

pH 10.0 and optimum temperature for 55oC. Hence, it was accomplished that Bacillus subtilis C-1 strain can be a prospective lipase source 

for large scale production. 
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Quantitative screening for the most potential isolate    

 

The positive lipolytic isolates were inoculated in production media with 

composition (gm/L): Yeast extract, 5.0; K2HPO4, 1.0; MgSO4.7H2O, 0.5; NaCl, 

0.38; KNO3, 3.54; FeSO4.7H2O, 0.01; Olive oil, 10 ml; with final pH adjusted to 

9±0.5 (Bisht, 2011). The production media was incubated at 550C for 24-48 hours 
and then lipase activity was determined for each of the selected isolate.  

 

Lipase assay   

 

Crude enzyme, i.e. culture supernatant was used to assess the activity of bacterial 
lipase. The assay involved use of para-nitrophenyl palmitate (pNPP). The method 

for lipase assay was as developed by Winkler and Stuckman, with slight 

modifications as per Bussamara (Winkler and Stuckmann, 1979; Bussamara et 

al., 2010). A stock solution (50 mM) of pNPP was prepared in isopropyl alcohol. 

Reaction mixture further consisted of 200 μl stock solution, added with 20 μl crude 

enzyme and 1.8 ml 0.1 M Tris buffer (pH 8.0). It was then incubated at 350C for 
30 minutes. Amount of para-nitrophenol released was measured at 405 nm. One 

unit of lipase activity was defined as micromoles of pNP released mL-1min-1 under 

standard assay conditions.  
 

Identification of the most potential isolate  

 
Morphological, cultural and biochemical characteristics, based on Bergey’s 

Manual of Determinative Bacteriology, VIII edition, were further used to identify 

the most potent isolate C-1. Even molecular characterization methods, involving 
16S rDNA homology, was used to identify C-1 isolate.   

 

16S rDNA homology characterization 

 

Genomic DNA isolation kit was utilized for extraction of C-1 genomic DNA. It 

was further amplified using Polymerase Chain Reaction (PCR) with the help of 
16S rDNA Universal Primers (Turner et al., 2007).  

Primer 8F (5’-→3’) AGAGTTTGATCCTGGTCAG.  

The PCR product quality was assessed by agarose gel electrophoresis (1% 
agarose). It was further subjected to sequence analysis using ABI 3730Xl (Applied 

Biosystems) Genetic Analyzer and BigDye Terminator (v3.1) cycle sequencing 

kit, with 11 nucleotide sequences. NCBI Basic Local Alignment Search Tools 

(BLASTn) program was used for sequence alignment. Weighbor software was 

used for phylogenetic tree construction, with 4 alphabet size and 1000 length size. 

Sequence deposition at GenBank, NCBI was done and an accession number was 
assigned to the submission.  

 

Optimization of production media 

 

Statistical approach was used for optimizing media parameters to maximize lipase 

production. Initial significant factors screening was done using Plackett Burman 
design (PBD) (Plackett and Burman, 1946). The optimum concentration of 

individual factors was further determined by subjecting to Response Surface 

Methodology (RSM).  
 

Plackett Burman Design (PBD) 

 
A set of 16 experiments was constructed using Design Expert (v.12.0.1) software 

(Stat-Ease Corporation, USA), for eight components: carbon sources including 

glucose and olive oil; nitrogen sources including ammonium chloride, peptone and 

tryptone; and inorganic salts including MgSO4 and CaCl2 and KH2PO4. Each 

component was tested at two concentration levels: low (-1) and high (+1). The 

concentration for each of the component tested was: glucose (1 & 3 gm%); olive 
oil (1 & 3 %v/v); ammonium chloride (0.5 & 2.5 gm/L); peptone (0.5 & 2.5 gm/L); 

tryptone (0.5 & 2.5 gm/L); MgSO4 (0 & 0.5 gm/L); CaCl2 (0 & 0.001 gm/L) and 

KH2PO4 (0 & 1 gm/L). Concentration levels were decided on the basis of 
experimental evaluation of each parameter at different concentrations as per 

previous literature. The shake flask studies were carried out in Erlenmeyer flasks 
(150 ml) with 50 ml media, incubated at 500C. Lipase activity was measured as 

response in periodically withdrawn samples (Ruchi et al., 2008) and analyzed for 

their effects based on the formula:  
 

E = (Total response at high level) – (Total response at low level)/ N,  

 
Where N = Total number of experiments (16 in this case) (Mehta et al., 2019).   

 

Response Surface Methodology (RSM) 

 

A Central Composite Design (CCD) (2n factorial) was developed using software 

Design Expert (v.12.0.1), for optimization of concentrations of glucose, peptone 
and MgSO4, compliant for a 20 experiments set. Low concentration values for the 

remaining factors were maintained throughout. Ammonium chloride and tryptone 

were omitted from the medium as these were showing negative regression 
coefficient. The shake flask studies were carried out in Erlenmeyer flasks (150 ml) 

with 50 ml media (pH 10.0), prepared as per the design. Inoculum size of 6% (v/v) 

was used for all sets, followed by incubation at 500C, recording lipase activity at 

the end of 24 hours. Response data was analyzed in the software to generate 2D 

contour plots and 3D response surface graphs.  

 

Validation of the model 

 

Validity of the quadratic model was evaluated by conducting experiments as per 

the Design Expert software (v.12.0.1), point prediction feature. Lipase activity was 
assessed by comparing predicted value and obtained value, to statistically validate 

the results. All the experiments were done in triplicate and variation was within 
±5%.  

 

RESULTS AND DISCUSSION 

 

Isolation and Screening of thermos-alkliphilic lipolytic bacteria  

 
Out of 5 soil samples and 7 water samples, a total of 5 potential lipolytic bacterial 

isolates were isolated, as indicated by orange halos on Rhodamine B agar plates, 

at 350 nm, utilized for further studies. Secondary screening demonstrated that 
highest lipolytic activity (6.87 EU/ml) was given by C-1 isolate, and hence was 

selected for further studies.  

 

 
Figure 1 Evolutionary relationship of C-1 isolate  

 

 
Figure 2 Phylogenetic tree for Bacillus subtilis C-1 isolate  

 

Table 1 Characterization of the most efficient isolate C-1 

Isolates  C-1 

Morphological Characteristics 

Size 
Shape 

Arrangement 

Gram reactivity 

Long  
Rods  

Single/pairs 

Positive 

Cultural Characteristics 

Size  Large  
Margin  Irregular  

Elevation  Flat  

Opacity  Opaque  
Pigmentation Nil  

Consistency  Soft  

Biochemical Characteristics 

Sugar fermentation 
     Glucose  

     Galactose  

     Fructose  
     Lactose  

     Ribose  

     Sucrose  
     Mannose  

     Mannitol  

 
- 

- 

- 
- 

- 

- 
- 

- 

Nitrate reduction + 
Oxidative sugar utilization  

         Oxid 

          Ferm 

 

+ 

- 
Indole test - 

Oxidase test  + 

Citrate utilization + 
Growth at  

            4 ͦ C 

            25 ͦ C 
            40 ͦ C 

            55 ͦ C 

 

- 

+ 
++ 

++ 

Catalase  +++ 

Key: + = Positive reaction, - = Negative reaction, d = variable reaction, (+) = acid 

and gas production, +++ = strong positive reaction 
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Characterization of the most potential isolate  

 

C-1 isolate was tentatively identified as Bacillus species, based on biochemical 

characteristics (Table 1). C-1was then confirmed to be Bacillus subtilis strain, 

based on 16S rDNA characterization. Evolutionary relationship showed that C-1 

was having more than 99% sequence identity with Bacillus subtilis strain IAM 
16118 (Fig 1). Neighbor joining method was used to construct Phylogenetic tree, 

which is displayed in Fig 2. The sequence information is available with NCBI gene 

database, provided with gene accession number MN068818 
(https://www.ncbi.nlm.nih.gov/nuccore/MN068818.1/). 

C-1, the most potent lipolytic bacterial isolate, was identified as Bacillus subtilis. 
Many species of Bacillus have been reported to produce extracellular lipase 

enzyme previously (Sangeetha et al., 2008; Vaisee et al., 2016; Adetunji and 

Olaniran, 2018; Sahoo et al., 2018), including thermophilic lipases from Bacillus 
species and other bacterial isolates (Castro-Ochoa et al., 2005; Saraswat et al., 

2017; Tailor and Gadhvi, 2023). Many researchers have reported highly active 

extracellular lipase production by Bacillus subtilis (Lesuisse et al., 1993; Eggert 

et al., 2003; Ahmed et al., 2010). Thus, Bacillus subtilis C-1 strain is likely to be 

a promising candidate for large scale production and application of lipase.   

 

Optimization using Plackett Burman Design (PBD) 

 

The PBD for 16 trials with two levels of concentration for eight different variables 
was carried out according to the experimental matrix as per Table No. 2. Maximum 

lipase activity (21.48 EU/ml) was observed in Run no. 3 and minimum lipase 

activity (1.58 EU/ml) was obtained with Run no. 7. The effect of media 
components on lipase production was reputed by means of E value and Pareto 

chart. Table no. 3 lists the E-values and ranks for the eight parameters tested. 

Although ammonium chloride was ranked 2, due to the negative value it was not 
significant. Hence, from the analysis, it was clear that glucose, peptone, MgSO4 

and CaCl2 were significant factors. The significance of the variables is confirmed 

in Pareto Chart as shown in Figure 3. Both the observations led to common 
significant parameters including glucose, peptone, MgSO4 and CaCl2 were found 

to have significant effect on lipase production. Thus, the high (+1) concentration 

of each significant variable, i.e. 3 gm% glucose, 3.5 gm/L peptone and 0.5 gm/L 

MgSO4, and hence selected for response surface optimization. 

PBD optimization showed glucose as a significant factor in contrast to olive oil. 

This finding is in contradiction with many of the previous reports, stating olive oil 

and other vegetable oils induce lipases (Shirazi et l., 1998; Kulkarni and Gadre, 

1999). Glucose turned out as a significant factor, which was concurrent with 

previous studies which demonstrated maximum lipase production with 

carbohydrates (Gupta et al., 2004). It was even reported that oils can be used in 
combination with saccharides for efficient lipase production (Verma et al., 2012). 

Also, enzyme activity of Bacillus lipases has been shown to increase with glucose 
as carbon source (Guncheva and Zhirakoya, 2011; Vasiee et al., 2016). 

However, some other agro-based products should be analyzed from the economic 

standpoint for industrial production.  
For nitrogen source, being the second important constituent of media for bacterial 

cultivation, peptone and tryptone were tested as organic nitrogen sources, while 

ammonium chloride was tested among inorganic nitrogen source. Peptone gave 
maximum lipase production at higher value of 3.5 gm/L. These results are in 

contradiction with previous reports which shows yeast extract giving maximum 

lipase production and peptone had a negative effect on lipase production (Verma 

et al., 2012). Peptone, being a complex nitrogenous source, containing co-factors 

and amino acids is well documented to promote lipase production (Eltaweel et al., 

2005; Shariff et al., 2007; Dutta and Ray, 2009; Dhumri and Bayoumi, 2019). 
Tryptone also being a complex organic nitrogenous compound, has been reported 

to have negative effects on lipase production (Guncheva and Zhirakoya, 2011).  

Investigation of effect of metal ions has always been useful in media optimization, 
as metal ions are shown to be involved in bacterial growth as well as lipase 

production (Vasiee et al., 2016). Current study showed prominent effect of MgSO4 

and CaCl2 on lipase production, in both PBD optimization, and then concentration 
optimization gave value of 3.5 gm/L MgSO4 during RSM optimization. Similar 

findings were reported earlier, where Mg2+, Ca2+ and Na+ were influencing lipase 

production to a higher extent.  
 

 

Table 2 PBD for eight variables and response generated  

Run  

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Response 1 

A: Glucose B: Olive oil C: NH4Cl D: Tryptone E: Peptone F: MgSO4 G: CaCl2 H: KH2PO4 Lipase Activity 

gm% % v/v gm/L gm/L gm/L gm/L gm/L gm/L EU/mL 

1 3 2 1 2.5 0.5 0 0 1 6.82 

2 0.5 0.5 1 0.5 0.5 0 0 0 1.54 
3 3 0.5 1 2.5 3.5 0.5 0 0 21.48 

4 3 0.5 3.5 0.5 0.5 0.5 0 1 9.85 

5 3 0.5 1 0.5 3.5 0 0.001 1 19.85 
6 0.5 2 3.5 2.5 0.5 0.5 0 0 5.85 

7 0.5 2 3.5 0.5 0.5 0 0.001 1 1.53 

8 3 0.5 3.5 2.5 0.5 0 0.001 0 3.76 
9 0.5 0.5 3.5 2.5 3.5 0 0 1 3.65 

10 0.5 2 1 0.5 3.5 0.5 0 1 2.64 

11 3 2 3.5 0.5 3.5 0 0 0 12.43 
12 0.5 0.5 3.5 0.5 3.5 0.5 0.001 0 8.45 

13 3 2 3.5 2.5 3.5 0.5 0.001 1 15.64 

14 3 2 1 0.5 0.5 0.5 0.001 0 18.27 
15 0.5 0.5 1 2.5 0.5 0.5 0.001 1 6.56 

16 0.5 2 1 2.5 3.5 0 0.001 0 6.89 

 

Table 3 Variable Screening and significance ranks based on PBD performance  

Sample No.  Parameter 
Lipase Production 

E value Rank 

1 Glucose  4.437 1 

2 Olive oil  -0.317 8 
3 Ammonium chloride  -2.512 2 

4 Tryptone  -0.61 7 
5 Peptone  2.295 3 

6 MgSO4 2.017 4 

7 CaCl2 1.043 5 
8 KH2PO4 -0.758 6 

 

The studies reported possible reason for influence of Mg can be traced to formation 

of ionized fatty acid complex, thereby altering the properties of cell membrane 
(Vasiee et al., 2016). Influence of Mg2+ on lipase production has been documented 

as early as 1994 by Janssen et al. (1994) and more recently by Vasiee et al. (2016) 

and Mazhar et al. (2017) (Janessen et al., 1994; Vasiee et al., 2016; Mazhar et 

al., 2017). Hence influence of MgSO4 on lipase production by Bacillus subtilis C-

1 is justifiable.  

 

 
Figure 3 Pareto chart prepared in Design Expert software showing significant 

variables  

https://www.ncbi.nlm.nih.gov/nuccore/MN068818.1/
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RSM Optimization  

 

As per the Pareto chart, significant factors, glucose, peptone and MgsO4 were 

further subjected to concentration optimization using CCD. Table 4 shows CCD 

details for 20 run design and the response generated in the form of lipase activity. 

ANOVA analysis (Table 5) established the significance of the model, at 99% 
confidence level, as it had a p-value of <0.001. Final equation in terms of coded 

factors was obtained, which indicates that all the factors tested had a positive effect 

on LA.  
 

R1 (Lipase Activity) = 13.88 + 2.15A + 3.84B + 3.36 C + 2.07AB + 1.90AC + 
3.62 BC + 0.5227A2 + 0.06 B2 + 0.5737C2  

 

Where, A = glucose, B = peptone and C = MgSO4  

RSM optimization of media parameters was done for determining optimal 

conditions for lipase production, due to laborious and time-consuming feature of 

one-factor-at-a-time (OFAT) method (Hasan et al., 2006; Gururaj et al., 2016). 
As shown in the ANOVA analysis table (Table 5), the generated model was 

statistically significant with a p-value of <0.001, indicated that the model can very 

well describe lipase activity. The lack of fit value is used to measure the model 
unfitness for representing the data within experimental region. Hence, the non-

significant lack-of-fit (p= 0.0696) indicates that the model is fit and significant 

(Sifour et al., 2010), and that a suitable equation was established for lipase 
production simulation with any possible combination of these three variables. 

Detailing the observation, positive interaction was found amongst all the three 

factors selected. From the above equation it is evident that all the three factors have 
positive effect with peptone is highly influential (3.84), followed by MgSO4 

(3.36). Also, the interaction between peptone and MgSO4 has the most significant 

effect (3.62), as compared with the other two combinations of glucose with peptone 
or glucose with MgSO4.  

The 2D contour plots and 3D response surface graphically represent the regression 

equation. Model regression equation forms the basis for these plots, which helps 
in evaluation of interaction among the tested variables for the determination of 

optimum level of each of the glucose, peptone and MgSO4 for maximum lipase 

production. In contour plots and 3-D response surface generated by the 
experimental results are depicted in Figure 4a- 4c. These plots are constructed 

considering two factors at a time, while keeping the third one at fixed level.  Fig 

4a shows interaction graphs for glucose and peptone. It is observed that an increase 

in peptone concentration, keeping glucose concentration at high level, results in 

increase in LA. The same is not observed with low concentration of glucose. 

Similar pattern of interaction was evident with glucose and MgSO4, as shown in 
Fig 3b. 

 

Table 4 CCD for RSM optimization with response generated  

Run 

Factor 1 Factor 2 Factor 3 Response 1: Lipase Activity 

A: 

Glucose 

B: 

Peptone 

C: 

MgSO4 
Experimental Predicted 

gm% gm/L gm/L EU/ml EU/ml 

1 1.75 2 
-

0.170448 
10 9.86 

2 3 0.5 0 9.6 9.63 

3 
-

0.352241 
2 0.25 11.2 11.75 

4 1.75 2 0.25 14.5 13.88 

5 1.75 2 0.25 14.2 13.88 
6 1.75 4.52269 0.5 30.5 30.53 

7 1.75 2 0.25 13.8 13.88 

8 3.85224 2 0.25 19.5 18.98 
9 1.75 2 0.25 12.6 13.88 

10 0.5 0.5 0 13.2 13.28 

11 3 3.5 0 13.7 14.23 
12 1.75 2 0.670448 21 21.16 

13 1.75 2 0.25 14 13.88 
14 3 0.5 0.5 12.5 12.91 

15 1.75 2 0.25 14.2 13.88 

16 0.5 3.5 0.5 19.8 19.73 
17 0.5 0.5 0.5 9.5 8.96 

18 0.5 3.5 0 10 9.58 

19 3 3.5 0.5 32.1 31.98 

20 1.75 
-

0.522689 
0.25 7.6 7.59 

 

However, in Fig 4c, which depicts the interaction between peptone and MgSO4, 
keeping glucose constant. Surprisingly, a drastic increase in LA was observed by 

increasing either of the variable, keeping the other at high level concentration. This 

establishes a strong relationship between peptone and MgSO4 at their high 
concentrations. The optimum concentrations of the three factors for maximum 

lipase production were found out by studying responses in detail for all possible 

combinations using point prediction feature of the software. It was found that 
optimum concentration of the variables were, glucose, 3 gm%; peptone, 3.5 gm/L 

and MgSO4, 0.5 gm/L. Thus, RSM optimization of media parameters for Bacillus 

subtilis C-1, gave 1.49 fold increase in lipase production. 

 

Table 5 ANOVA for quadratic model  

Source Sum of 

Squares 
df 

Mean 

Square 

F-

value 

p-

value 
 

Model 
807.05 9 89.67 235.58 

< 
0.0001 

significant 

A-

Glucose 
63.11 1 63.11 165.81 

< 

0.0001 
 

B-

Peptone 
184.64 1 184.64 485.09 

< 

0.0001 
 

C-

MgSO4 
158.10 1 158.10 415.35 

< 

0.0001 
 

AB 
34.44 1 34.44 90.49 

< 
0.0001 

 

AC 
28.88 1 28.88 75.87 

< 

0.0001 
 

BC 
119.52 1 119.52 314.00 

< 

0.0001 
 

A² 3.88 1 3.88 10.19 0.0096  

B² 0.0472 1 0.0472 0.1240 0.7321  

C² 4.52 1 4.52 11.88 0.0063  

Residual 3.81 10 0.3806    

Lack of 
Fit 

1.56 5 0.3116 0.6930 0.6514 
not 

significant 

Pure 

Error 
2.25 5 0.4497    

Cor 

Total 
810.86 19     

 

 

 
(a) 
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(b) 

 

 
(c) 

Figure 4 Contour plots and 3-D graphs showing effect of variable combinations 

4a: Effect of glucose and Peptone; 4b: Effect of Glucose and MgSO4 and 4c: 
Effect of Glucose and Peptone 

 

Table 6 Fit statistics  

Std. Dev. 0.6170 
 

R² 0.9953 

Mean 15.18 
 

Adjusted R² 0.9911 

C.V. % 4.07 
 

Predicted R² 0.9772    
Adeq Precision 55.9091 

  

The value of adjusted R2 (0.9911) and predicted R2 (0.9772), as evaluated in fit 

statistics (Table 6) were in accordance with each other, further supporting use of 
this regression model to describe the response trends (Lo et al., 2012). The ratio 

of signal-to-noise was measured as adequate precision was 55.9091 (higher than 

4), to affirm the sufficiency of the model (Shabbiri and Adnan, 2011; Lo et al., 

2012). The regression analysis showed R2 value of 0.9953, during concentration 

optimization of significant factors using RSM, with central composite design. This 

was very close to predicted R2 value of 0.9772, in reasonable agreement with 
adjusted R2 of 0.9911, thus validating the model for media optimization. 

 
Figure 5 Predicted vs. Actual plot for RSM model   

 

Predicted versus Actual values indicate that there is not much deviation from the 
fitted line indicating the satisfactoriness of the plot. The model F-value of 235.58 

implies that model is significant. There is only 0.01% chance that an F-value this 

large could occur due to noise. Further, experimental value of highest lipase 
activity, 32.1 EU/ml is very close to predicted value of 31.96 EU/ml, indicating the 

competence of the model. This indicates satisfactoriness of the model to navigate 

design space. 
The optimum concentrations of significant factors, glucose, peptone and MgSO4, 

were determined to be 3 gm%, 3.5 gm/L and 0.5gm/L. Thus, the studies proved 

the satisfactoriness of the RSM model for navigation of design space. Mehta et al. 

(2019) reported 1.8 gm% peptone as optimum concentration for maximum lipase 

production based on RSM optimization, using Aspergillus fumigates (Mehta et al., 

2019). In contrast, present RSM optimization results for Bacillus subtilis C-1, 

reveals much lower concentration (3.5 gm/L) as optimum for maximum lipase 

production. Also, Suci et al. (2018) reported 4.6 EU/ml lipase by Bacillus subtilis, 

whereas this strain is giving much higher activity of 32.1 EU/ml after RSM 
optimization (Suci et al., 2018; Prabha et al., 2019). This establishes the 

promising production at cost-effective prices, owing to less amount of raw material 

required, to attain maximum lipase production.  
 

Validation of the model  

 
On comparing experimental data and predicted values (Table 4), the 

satisfactoriness of the RSM model was established, which was additionally 

confirmed by a fitted line plot. Fig 5 shows predicted versus actual response plot 
for lipase production by Bacillus subtilis C-1. It confirms an acceptable correlation 

between experimental and predicted values. The point clustering around the 

diagonal line indicates a good fit of the model. Fit statistics (Table 6) indicates that 
model is fir for navigation of design space. Maximum LA obtained was 32.1 

EU/ml, higher than the predicted value of 31.96 U/ml, thus validating the model 

on statistical grounds. 

 

CONCLUSION 

 
In conclusion, this study has culminated in the isolation of potential thermos-

alkaliphilic bacterial strain, Bacillus subtilis strain C-1, from local water body in 

Kocharva villege, Vapi, Gujarat, India, which exhibited prominent lipolytic 
activity. To achieve media optimization with minimum number of experiments and 
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low chemical usage, statistical designs, such as PBD and RSM were applied. The 

results of PBD demonstrated glucose, peptone, MgSO4 and CaCl2 as significant 

factors, giving 3.19 fold increase in lipase activity. The R2 value of 0.9 showed a 

good model of experimental data. The maximum lipase activity of 32.1 U/ml was 

obtained under optimum conditions of 3 gm% glucose, 3.5 gm/L peptone and 0.5 

gm/L MgSO4, with incubation at 500C for 24 hours. This resulted in 1.46 fold 
increase in lipase production, giving 32.1 EU/ml. Thus, the present work identified 

optimum culture conditions for maximum LA using statistical methods and 

validation of models used. Also, candidature of Bacillus subtilis strain C1 was 
recognized as a prospective source of extracellular lipase.  
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