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Abstract. Lipases are critical enzymes for industrial applications such as 

in the food and pharmaceutical fields. Therefore, the discovery of new 

lipases with enhanced characteristics are always encouraged. Thus, the 

present study explored the ability of a novel bacterial strain isolated from a 

tropical climate for lipase production. The optimization method using the 

one-variable-at-a-time approach was adopted to obtain increased 

production of lipase. The strain identified as Rhodococcus strain UCC 

0009 was able to generate specific lipase activity of 11.67a ± 0.00 mU/mg 

at optimized conditions of 8 % (v/v) inoculum concentration, 1 % (v/v) 

olive oil as the inducer, and the addition of Ca2+ions. The specific lipase 

activity increased by 162 % when the optimization using a one-variable-at-

a-time approach was adopted compared to that of the non-optimized 

counterpart, signifying this experimental phase's importance. The present 

study's findings revealed the potential of utilizing Rhodococcus strain UCC 

0009 as a green lipase producer for application in bioremediation and 

biotransformation at an industrial scale. Further study concentrating on 

enzyme characterization and improving culture conditions for conducive 

production of lipase via statistical optimization using response surface 

methodology (RSM) will be attempted to elucidate further the superiority 

of lipase obtained from local resources.  

1 Introduction 
Lipases are versatile enzymes, and as a result, they are the third most abundantly used 

enzymes after proteases and amylases [1]. This biocatalyst is widely employed in many 

industries, namely food, pharmaceutical, detergent, leather, textile, cosmetics, and paper 

[2]. Many sources can secrete lipase ubiquitously, namely plants, animals, insects, and 

microorganisms [3]. Among these diverse sources, microbial enzymes are the most 
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appealing due to their valuable attributes such as ease of culture handling, ready 

accessibility, and high suitability for industrial applications. These lipases can tolerate the 

hardy industrial environment [4]. 

 Microbial lipases include fungal, yeast, and bacterial lipases. The classification of 

bacterial lipases, in particular, can be divided into intracellular (glycoproteins) and 

extracellular (lipoproteins), and they are constitutive [5]. Bacterial lipases are reported to be 

more often substrate nonspecific and thermostable in addition to being abundant [3]. 

Bacterial lipases often originate from Streptomyces sp., Alcaligenes sp., Arthrobacter, 

Pseudomonas sp., Chromobacterium, and Achromobacter sp. [5]. Among all these, 

bacterial lipases from Staphylococcus sp. and Pseudomonas sp. are commercially employed 

in high titer [5]. Also, Bacillus performs well as lipase producer due to many exciting 

features, such as surviving in extreme climatic conditions [6]. Since bacterial lipases 

demonstrate excellent prospects for lipase production, the need to screen for more bacterial 

lipases from different genus and isolation sources is in great demand. In line with this, 

Rhodococcus has been discovered as a potential lipase-producing bacterial strain that can 

positively establish the library of bacterial lipases applicable in the industry as green 

biocatalyst [7].  

Being actinobacteria, Rhodococcus is continuously researched to discover new enzyme 

activities since they have a broad spectrum of physiological and metabolic activities and 

genetics [8]. The genus Rhodococcus has diverse catabolic pathways, which in turn enable 

them to function efficiently as biocatalyst for degradation and transformation of a wide 

variety of natural organic and xenobiotic compounds [9]. Rhodococcus can be presented as 

fitting inocula for bioremediation and bioconversion due to their remarkable ability to 

metabolize a broad spectrum of the chemical spectrum, the capability to tolerate toxic 

substrate and solvents, and their persistence to thrive under extreme environmental 

conditions [10]. Besides, Rhodococcus possess attractive property (catabolite repression), 

which enabled them to metabolize pollutants such as hydrocarbons, phenols, and nitriles 

(organic cyanide). However, relatively simpler carbon sources are present in the mixture 

[10]. Realizing the potential of Rhodococcus as a green biocatalyst, the Institute of Bio-IT 

Selangor, Universiti Selangor (Unisel) has embarked on the journey to isolate different 

strains of Rhodococcus from diverse resources in Peninsular Malaysia. To date, the Unisel 

Culture Collection Unit has an extensive collection of 24 Rhodococcus strains. These 

strains are competent to degrade many industrial pollutants, namely textile dyes such as 

methyl orange [11], methyl red [12], and methylene blue [13], phenol [14], and cyanide 

[15]. Besides, these strains were able to transform nitrile into useful by-products for 

industrial applications [16].  

Even though Rhodococcus has been recognized as a good lipase producer, a preliminary 

study has been executed, particularly in Rhodococcus originating from the tropical climate 

for lipase production. Therefore, locally isolated Rhodococcus strain UCC 0009 was 

attempted as the biological tool to produce lipase, which is useful to transform waste 

cooking oil (WCO) to biodiesel and glycerol. The present study explored the prospect of 

enhancing the secretion of lipase through the optimization of inoculum concentration. 

Furthermore, the effect of different types of inducers and metal ions for improved lipase 

production from Rhodococcus strain UCC 0009 was investigated. The authors are hopeful 

that the discovery of the optimum factors for the production of lipase from Rhodococcus 

strain UCC 0009 from the current research will reveal the essential evidence to design the 

methodology for mass production of lipase for industrial applications.  
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2 Method 

2.1 Chemicals 

Sigma (USA), Systerm (Malaysia), Fisher Scientific (Singapore) or Merck (Germany) were 

the suppliers for chemicals employed in this study, which were used without further 

purification. 

2.2 Preparation of inoculum (seed culture) of Rhodococcus strain UCC 0009 

Rhodococcus strain UCC 0009 was routinely sustained on nutrient agar plates (20 g/L) and 

incubated at 30  (MEMMERT 108L Incubator INB500, Germany). After 36 hours of the 

incubation period, a loopful of the strain from the nutrient agar plate was transferred into 

100 mL of nutrient broth (8 g/L) and incubated for 24 hours in an incubator shaker (Jeio 

Tech SI-600R, Korea) at 30  and160 rpm to prepare the seed culture (inoculum).  

2.3 Production of lipase from Rhodococcus strain UCC 0009 

The formulation of the production medium adhered to the following recipe: minimal salt 

medium (MSM) of 0.1 % (w/v) (NH4)2SO4, 0.09 % (w/v) K2HPO4, 0.06 % (w/v) KH2PO4, 

0.02 % (w/v) MgSO4.7H20, 0.01 % (w/v) yeast extract and 1% (v/v) sunflower oil. When 

the seed culture's optical density at 600 nm reached 0.6 to 0.8 (denoting the exponential 

phase of the Rhodococcus strain UCC 0009 growth pattern), 8 % (v/v) of the inoculum was 

transferred into 50 mL production medium. The flasks were left to agitate at 160 rpm for 24 

hours at 30 .  

2.4 Optimization of culture conditions for improved production of lipase from 
Rhodococcus strain UCC 0009 

The effects of operational conditions were varied to examine Rhodococcus strain UCC 

0009 to secrete improved titer of the enzyme lipase. The batch experiments were performed 

in the production medium using the seed culture of Rhodococcus strain UCC 0009 

cultivated in nutrient broth and incubated for 24 hours, as communicated earlier. The 

optimization study was carried out in triplicates, and the min of results was reported. The 

control experiment was duplicated without the addition of the inoculum (seed culture). 

Table 1 summarizes the factors that were optimized in the present study. The rest of the 

factors, namely temperature, pH, and incubation time, were standardized at 30 , pH 7, and 

24 hours. 

Table 1. List of factors for improved production of lipase from Rhodococcus strain UCC 0009. 

No. Factor Range 

1. 

Size of 

inoculum (% 

v/v) 

4, 8, 12, 16 and 20 

2. 

Types of 

inducer (1 % 

(v/v)) 

Olive oil, canola oil, coconut oil, corn oil, sunflower oil, sesame oil, 

mustard oil, composite 1 (sunflower oil + canola oil) and composite 2 

(palm oil + peanut oil + sesame oil) 

3. Metal ions K+, Mg2+, Ca2+, Ba2+ and Co2+ 
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2.5 Lipase extraction from Rh odococcus strain UCC 0009 

The optimization study was terminated once the incubation period reached 24 hours. The 

cells were separated from the production medium through centrifugation (Eppendorf 

5702R, South Asia) at 4400 rpm for 30 minutes. The supernatant was carefully removed, 

and the remaining cell pellet was washed twice with 0.05 M potassium phosphate buffer 

with a pH value of 7. The washed cells were then dissolved in fresh 2 mL of the same 

buffer. For the study involving the effect of types of inducers on lipase secretion, 3 mL of 

0.1 % Triton X-100 was added to cells, vortexed briefly to unstiffen, and solubilize the 

aggregated cells, and incubated for 30 minutes at room temperature. Cryogenic grinding 

was selected as the disruption method to obtain the lipase extract. The cells were placed in a 

pre-chilled mortar, added with liquid nitrogen, and left for 40 seconds before commencing 

the grinding process for an uninterrupted period of 10 minutes. The lysed cells were 

centrifuged at 4400 rpm for 20 minutes to collect the extracted lipase's resulting 

supernatant.  

2.6 Determination of protein content and lipase activity 

The extracted lipase from cryogenic grinding was evaluated for protein content and lipase 

activity following previously published methods [7]. 

2.7 Statistical analysis 

The Excel application was employed to determine the error bars obtained from triplicate 

data for each optimization study. SPSS version 20.0 was used as the software to evaluate 

differences between groups based on a one-way ANOVA test with a 95 % confidence 

interval (p ˂ 0.05 is regarded as statistically significant). Post-hoc analysis using the 

Duncan test was applied to determine the most optimum value for each examined factor. 

 

3 Results and discussion 
There is a massive demand for lipase production, as reflected by the upward trending of 

their applications in industrial and biotechnological domains. Therefore, the discovery of 

novel lipases with enhanced attributes is highly pursued. In the present study, the size of the 

inoculum of Rhodococcus strain UCC 0009 and the effect of inducer (triacylglycerol 

supplement) was evaluated for the enhanced production of lipase activity. 

3.1 Optimization of inoculum size  

Fig. 1 shows the relationship between the size of the inoculum of the locally isolated 

Rhodococcus strain UCC 0009 with lipase yield. Specific lipase activity ranging from 2.09d 

mU/mg ± 0.06 mU/mg to 4.45a ± 0.01 mU/mg was obtained from this optimization study. It 

is clear from Fig. 1 that 8 % (v/v) size of inoculum resulted in the highest specific lipase 

activity of 4.45a ± 0.01 mU/mg.  This might be due to the optimum level of enzyme 

synthesized from an adequate number of cells obtained at this seed culture concentration 

[17]. Similar findings were reported using an 8 % (v/v) seed culture of Rhizopus oryzae for 

optimum production of lipase after four days of incubation period [18]. In contrast, 

Malaysian Rhizopus sp. was found to use an inoculum concentration of 2 % (v/v) for the 
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highest lipase activity of 58.63 U/gram dry solids [19]. This indicated that different 

microorganism requires a different optimum condition to stimulate the production of lipase.  

Increasing the inoculum concentration beyond 8 % (v/v) harmed the production of 

lipase (Figure 1). This may be attributed to the fact that the substrates were utilized for 

growth and impeded lipase synthesis [17]. Also, the inhibitory effect on lipase production 

was observed at higher seed culture concentration due to a lack of oxygen [20]. The 

experimental procedure at 4 % (v/v) resulted in 2.32c ± 0.10 mU/mg of specific lipase 

activity, recording 48 % lower specific lipase activity compared to that of the optimum 

condition at 8 % (v/v). The bacterial biomass could not propagate sufficiently at a lower 

concentration of seed culture, therefore disrupting metabolites' production due to slow 

substrate conversion [18].   

 

Fig. 1. Effect of inoculum concentration on the production of lipase by Rhodococcus strain UCC 

0009. No seed culture was added to the control system. The value of specific lipase activity was 

determined as averages of triplicate samples ± standard errors. Statistically significant differences (p 

< 0.05) were observed among the tested group. Different letters were used to rank the most optimum 

factors to the least optimum (most optimum = a; least optimum = d). 

3.2 Optimization of types of inducer  

The synthesis of lipase is mostly controlled by the presence of carbon chain moiety of the 

fatty acid commonly found in the triacylglycerol [21]. Natural oils, namely olive oil, canola 

oil, coconut oil, corn oil, sunflower oil, sesame oil, and mustard oil, are often utilized as 

inducers for the secretion of the enzyme lipase. A high lipase yield can also be acquired 

from lipidic carbon sources comprising of fats and vegetable oils, which are regarded as 

principal sources of lipidic carbon [22].  

It was interesting to note that the utilization of sesame oil and coconut oil did not induce 

the production of lipase in the locally isolated Rhodococcus strain UCC 0009, and therefore 

no lipase activity was detected in the production medium. Moreover, the addition of corn 

oil as the inducer did not support the secretion of lipase substantially, recording a specific 

lipase activity of 1.39c ± 0.00 mU/mg. No significant difference (p ˂ 0.05) in terms of 

specific lipase activity was observed when canola oil, sunflower oil, mustard oil, composite 
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one and composite two was employed as the inducers, respectively yielding similar specific 

lipase activity between the range of 1.63b ± 0.00 mU/mg to 1.99b ± 0.00 mU/mg.  

As illustrated in Fig. 2, it was relatively straightforward that lipase's highest specific 

activity was observed when olive oil was used as the inducer and sole carbon source in this 

case, resulting in 8.89a ± 0.05 mU/mg. Each oil has different lipid composition, which 

might account for the difference in the specific lipase activity when utilized as the inducer 

[23]. Two factors positively influence lipase production as an inducible enzyme, namely the 

type and concentration of lipid sources in the fermentation media, such as fatty acids [23]. 

Olive oil emerged as the best inducer for lipase production in Rhodococcus strain UCC 009 

since it contains high oleic acid content, which most lipases are specific towards, and low 

linoleic acid content, which have been reported to have a detrimental impact on lipase 

productivity [22]. A couple of studies supported the present research finding, which 

indicated olive oil as the most optimum inducer to aid the secretion of lipase from the local 

isolate. Improved lipase production from Aspergillus niger was observed when 5 % (v/v) 

and 1 % (v/v) olive oil were used as the inducer [22,23], which coincided with the 

outcomes from the present study. However, a study established coconut oil as the inducer 

and sole carbon source in promoting the highest lipase activity from Aspergillus tamarii. 

Nevertheless, natural vegetable oil utilization seems to be the best inducer to support the 

secretion of lipase from microorganisms [24]. 

 

 

Fig. 2. Effect of types of inducers on the production of lipase by Rhodococcus strain UCC 0009. No 

seed culture was added to the control system. The value of specific lipase activity was determined as 

averages of triplicate samples ± standard errors. Statistically significant differences (p < 0.05) were 

observed among the tested group. Different letters were used to rank the most optimum factors to the 

least optimum (most optimum = a; least optimum = d). 
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3.3 Effect of various metal ions  
Most of the time, the cultivation of biomass requires the presence of metal ions as essential 

minor nutrients in the medium [18]. The metal ions can also perform as co-factor for 

several biosynthetic enzymes [18]. In the present investigation, the effect of several metal 

ions on lipase production by Rhodococcus strain UCC 0009 was determined by integrating 

the sources individually in the medium. The specific lipase activity was slightly enhanced 

(around 31 %) in the presence of K+, Mg2+, and Ca2+, whereas Ba2+ and Co2+ hampered 

lipase production by 72 % compared to the control system (Table 2). These findings are 

similar to the study carried out by El-Ghonemy et al. [18]. However, some studies reported 

that lipase activity was severely inhibited in the presence of metal ions, which may be due 

to distorted conformation that impacts the enzyme [25]. 

Table 2. Effect of various metal ions on the production of lipase from Rhodococcus strain UCC 0009. 

No. Metal ions Specific lipase activity (mU/mg) 

1. K+ 
11.19a ± 0.00 

2. Mg2+ 
11.32a ± 0.00 

3. Ca2+ 
11.67a ± 0.00 

4. Ba2+ 
2.53c ± 0.01 

5. Co2+ 
2.81c ± 0.07 

6.  Control 8.90b ± 0.05 

No metal ions were added to the control system. The value of specific lipase activity was determined 

as averages of triplicate samples ± standard errors. Statistically significant differences (p < 0.05) were 

observed among the tested group. Different letters were used to rank the most optimum factors to 

least optimum (most optimum = a; least optimum = d). 

4 Conclusion 
A novel isolate, Rhodococcus strain UCC 009, with high specific lipase activity, was 

discovered for potential application in converting waste cooking oil into biodiesel and 

glycerol, for instance in this study. The optimized conditions subsequently improved lipase 

production by 162 % (4.45 ± 0.01 mU/mg to 11.67 ± 0.00 mU/mg). The optimized growth 

conditions developed in this study can be used for mass production for industrial purposes. 

Further study using response surface methodology (RSM) should be carried out to elucidate 

the interaction between factor for enhanced lipase production by this locally isolated 

bacterium. 
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