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PREFACE 

Makassar city, the capital of South Sulawesi province known as one of the biggest 

cities in Indonesia and also having Hasanuddin University, the biggest university in 

eastern part of Indonesia, has plenty of natural resources and human resources. 

Having a strategic position at the center point of Indonesia, Makassar has been 

developing very rapidly, and has been contributing to the regional, national and 

even international economic development. Given this, science can play important 

roles and therefore is needed to support rapid development in various sectors.  

With regard to this, cooperates with Ministry of Environment Indonesia, 

Atmospheric and Ocean Research Institute (AORI) Japan, University of Kebangsaan 

Malaysia (UKM), Alfred Wagener Institute (AWI) Germany, Queensland University 

of Technology (QUT) and Flinders University Australia, Faculty of Mathematics 

and Natural Sciences Hasanuddin University carried out “The First International 

Conference on Science (ICOS-1)” on November 19-20, 2014, in Hotel Clarion 

Makassar. The theme of ICOS-1 is “Science Enhancement for Developing 

Countries”. The conference attended by two hundred participants and came from 

Asia (Japan, Malaysia, Indonesia), Australia, and Europe.  

There are approximately 97 research articles for oral presentations and 16 poster 

presentations, ranging from Biology, Statistics, Mathematics, Chemistry, Physics, 

Geophysics, Computer Science and Environmental Science. Of the 113 papers, 

there are approximately 79 papers were selected to be published in the proceedings 

of the ICOS-1 through the peer review process. 

With regard to the delivery of the ICOS-1 in 2014 and the completion of the 

proceedings ICOS-1, 2014, allow us to thanks to: the authors for providing the 

content of the program, the conference participants who came from several public 

and private universities, the program committee and the senior program committee, 

who worked very hard in reviewing papers and providing feedback  for authors to be 

included in the Proceedings of ICOS-1, 2014, the hosting organisation Hasanuddin 

University, our keynote and invited talk presentations  including  Ir. Muh Ilham 

Malik M.Sc, from Ministry of Environment Indonesia, Prof Koji Inoue  from AORI 

Japan, Prof Mohammad B Kassim  from UKM Malaysia, Dr.rer.nat Dominik Kneer  

from AWI Germany, Prof Dadang A. Suriamihardja and Prof Alfian Noor from 

Hasanuddin University, Prof Kerrie Mengersen from QUT and Dr. Darfiana Nur 

from Flinders University, Australia. 

 

Hopefully is of benefit to all readers. 

 

Yours faithfuly, 

Prof Dr. Hanapi Usman M.S 

Dean of Faculty Mathematics and Natural Sciences 

Hasanuddin University 
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EXPLORATION OF LIPOLYTIC ENZYMES MICROBES 

FROM LEMO SUSU HOT SPRING, PINRANG, SOUTH 

SULAWESI, INDONESIA 

Isran Asnawi*1, Hasnah Natsir3, and Nunuk Hariani3    
1,2,3

Chemistry Department, Faculty of Mathematics and Natural Sciences, Hasanuddin University  

Jl. Perintis Kemerdekaan Km 10 Tamalanrea, Makassar, South Sulawesi, Indonesia  90245  

*Email : izran.asnawi@gmail.com  

  

Abstrak 

Lipase (EC 3.1.1.3) is one of a class of hydrolase enzymes that can hydrolyze triglycerides into fatty 

acids and glycerol. This study aims to explore the lipolytic enzyme-producing microbes from hot 

springs Lemo Susu, Pinrang South Sulawesi, by identify microbes generated and determine the 

optimum time conditions of enzyme production. Production is done by growing microbes on the 

substrate medium olive oil. Produced lipase activity was tested by titrimetric method. The results 

obtained showed that the microbial isolates from hot springs Lemo Susu Pinrang, has identified as 

Bacillus sp. LS3B and Bacillus sp. LS4B. The optimum conditions of production lipolytic Bacillus sp. 

LS3B and Bacillus sp. LS4B are obtained at fermentation time of 48 hours with successive activity of 

0,5310 U/mL and 1,3171 U mL with an optimum temperature of 45 °C and optimum pH 7.  

 

Keywords: Bacillus sp., Olive Oil, Lipase, Enzymes, Lipolytic  

  

1. INTRODUCTION  

Enzyme industry has been growing rapidly and occupies an important position in 

the world of industry. Higher public awareness of the environment makes the 

enzyme technology as an alternative to replace chemical processes in industry 

(Falch, 1991). According to WHO, Indonesia is among the countries with abunandt 

natural resources for production use a variety of basic chemicals and enzymes.   

Enzymes are generally produced from living organisms, either from animals, plants, 

and microorganisms. Enzymes which derived from plants and animals have a lot of 

problems. Those problems include seasonal variations, low concentration, and high 

process costs, as well as a limited supply (Godfrey and Reichelt, 1983). According 

to Smith (1985), the problem gives a new problem for the eligibility requirements of 

the present enzyme and future. Therefore, the increase in enzyme sources which has 

mostly done now is the isolation of enzymes from microbes.   

Gains derived from microbial enzymes, among others, the use of an enzyme are 

easier, as well as increased specification catalytic activity are can be regulated. 

Beside that, the production does not require an expensive cell destruction 

techniques, while it can be produced in a relatively pure form of liquid culture.  

One of enzyme which has an important role in the development of biotechnology is 

lipase. Lipase has a wide range of applications in biotechnology such as the 
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production of pesticides, sewage treatment, food industry (manufacture of bread and 

cheese), biosensors, detergents, leather industry, paper making, and industrial 

oleochemicals (Handy et al., 2006).   

Enzymes in biotechnological applications has been increasingly demand that the 

enzyme product are produced in the form of friendly to the environment. The main 

factor which most destruct enzymes is temperature, so that one of effort as an 

alternative to solve are producing the thermostable enzymes from thermophilic 

microbes. Thermophilic microbes are microbes that can survive at temperatures of 

40 - 80 °C (Pelczar, 1986). One resource that has potential of thermophilic microbes 

which can produce enzymes are hot springs (Smith, 1985). South Sulawesi province 

in Indonesia are also has a lot of potential hot springs, such as Lemo Susu hot spring 

which is located in Pinrang, South Sulawesi. Thus research on the exploration of 

microbial lipolytic in a hot spring Lemo Susu, Pinrang, South Sulawesi.  

2. METHODS  

2.1 Materials  

The materials used were samples of hot water, yeast extract, bacto agar, NaCl, 

bacto peptone, olive oil, KH2PO4, MgSO4.7H2O, CaCl2, Rhodamine B, distilled 

water, 70% alcohol, citrate buffer, phosphate buffer (NaH2PO4 and Na2HPO4), 

phenolphthalein 1%, 0,03 N NaOH, and acetone.  

Stages of the research consisted of the isolation and purification of microbial 

lipolytic, microbial characterization, determination of optimum production time of 

lipolytic enzyme, lipolytic enzyme production, lipolytic enzyme activity assay, 

protein levels of the enzyme measurement, and determination of the optimum 

temperature and pH of lipolytic enzymes.  

2.2 Isolation of Lipolytic Enzymes Microbes  

Samples of water is poured on the surface of enrichment medium (yeast extract 

0,1%, NaCl 0,1%, peptone 0,1%) and shaked using a shaker for 24 hours. After that, 

200 mL was inoculated into a petridish containing solid growth medium (0,05% 

yeast extract, 0,1% NaCl, 0,01% peptone, 1.5% bacto agar) and incubated for 1-2 

days at a temperature of 40 oC.   

Microbial colonies that grow was inoculated into a media supplement (yeast extract 

0,1%, NaCl 0,1%, 1,5% bacto agar, peptone 0,1%, KH2PO4 0,01%, 0,01 % 

MgSO4.7H2O, 0,01% CaCl2), and incubated for 1-2 days at 40 °C. Isolation is done 

repeatedly until a single isolates (pure culture) for each of the colonies on media 

supplements.  

The colonies of pure microbes was inoculated into a substrate medium containing 

olive oil. Substrate media was incubated for 1-2 days at 40 °C. Indications that the 

bacteria can degrade the olive oil through the isolates were shown to grow well and 

form an orange complex around the colonies on the substrate media with rhodamine 

B.  
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2.3 Characterization of Lipolytic Enzymes Microbes  

Microbial isolates producing lipolytic enzymes that have been purified to the media 

morphologic substrate characterized by some observations on the morphology of the 

isolates. Observations were conducted on the basis of microscopic observations, 

macroscopic, and conventional biochemical tests.  

2.4 Determination of Optimum Production Time of Lipolytic Enzymes.  

Pure microbial isolates suspended in the inoculum medium as much as 2-3 loop and 

incubated in a shaker incubator at 40 ° C for 18-24 hours with agitation speed of 

200 rpm. Furthermore, as many as 10% were inoculated into the fermentation 

medium and incubated for 1-5 days. Every 12 hours of sampling were done for the 

determination of the optimum conditions of enzyme production in the form of 

microbial growth observation (DO).   

2.5 Production of Lipolytic Enzymes  
Once the optimum conditions are known, it is done on a large scale enzyme 

production of about 500 mL. Production media was centrifuged to separate between 

filtrate and cells with a speed of 4000 rpm for 20 minutes. The filtrate is an enzyme 

crude extract. For further enzyme crude extract werw analyzed of its protein content 

by the Lowry method, testing lipolytic activity, and determination of the optimum 

temperature and pH.   

2.6 Activity Test of Lipolytic Enzymes  
Lipolytic enzyme activity was determined by using the Lindfield method et al., 

(1984). A total of 2 mL of olive oil pipetted into Erlenmeyer. After that, 1 mL of 

enzyme crude extract and 4 mL of phosphate buffer pH 7.5 were added. The 

mixture was incubated at 40 °C for 1 hour. Then 10 mL of acetone-alcohol (1: 1) 

was added and stirred until homogeneous. Solution was added of 2-3 drops PP 

indicator (phenolphthalein) and titrated using 0,05 N KOH until the color of 

solution become pink. Blank solution prepared in the same method with the sample, 

but the solution of acetone-alcohol (1: 1) was added at the 0 hour. Lipolytic activity 

was calculated by the following equation:  

 

 Remarks:  

A = mL of KOH to titrate the sample  

B = mL of KOH to titrate the blank  

1000 = conversion from mmol to mol  

VE = volume of enzyme  

60 = reaction time (1 hour = 60 minutes)  

One unit (U) of enzyme activity is equivalent to 1 mol of free fatty acids produced 

during one minute at optimum conditions.  

 

Lipolytic Activity   ( U/mL) =    
( A − B ) 

  x   N 
  NaOH 

  x   1000 
VE 

  x   60   
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2.7 Determination of Protein Content  

A total of 1 mL of sample (lipolytic enzyme crude extract), 1 mL of the standard 

solution, and 1 mL of distilled water as a blank, each of it were added of 2,75 mL of 

Lowry B reagent and then the mixture was homogenized and allowed to stand for 

10-15 minutes. The mixture was then added 0,25 mL of Lowry reagent A, and then 

allowed to stand for 30 minutes. The absorbans were measured at the maximum 

wave length.  

2.8 Determination of Optimum Temperature and pH  

Optimum temperature and pH of lipolytic enzymes crude extract determined by 

incubating the mixture (enzyme: substrate: buffer) at various of temperatures and 

pH. 1 mL of enzyme mixture, 1 mL of substrate and 1 mL of phosphate buffer pH 7 

was incubated for 60 minutes at temperature variation of 30 °C, 35 oC, 40 oC, 45 oC, 

50 oC, 55 oC and 60 oC. Then, lipolytic activity at any temperature variations were 

testing in order to obtain optimum lipolytic activity at a specific temperature. 

Determination of optimum pH was done in the same method on the variation of pH, 

i.e pH 4, 5, 6, 7, and 8 then incubated at the optimum temperature.  

 

3. RESULTS AND DISCUSSION  

 

3.1 Isolation of Lipolytic Enzymes Microbes  

Isolation of microbial lipolytic enzyme which growth on olive oil medium, produces 

two types of isolates with good condition, the isolates are LS3B and LS4B. This is 

because these isolates were able to adapt with the environment where it grows. Two 

types of these isolates was continued to observation of qualitative test of lipolytic 

enzymes which are growth on a substrate medium containing Rhodamine B. The 

results indicated the presence of orange-colored luminescence around colonies of 

microbes under exposed of UV light (Figure 1). Luminescence is formed by a 

complex between fatty acid ions which produced in the reaction of enzymatic 

hydrolysis by lipase with Rhodamine B cation (Kouker and Jaeger, 1987). This 

suggests that the two isolates are able to produce lipase.  
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Figure 1. Qualitative Test Observations Lipolytic 

3.2 Microbial under UV light  

The results of macroscopic observation of LS4B and LS3B isolates showed an 

identic character to the type of bacteria. Macroscopic character of isolates LS3B and 

LS4B showed rounded colonies, wavy edges, spreading growth, small, and thin. 

While microscopically, microbial LS3B and LS4B showed that these isolates are 

gram-positive bacteria because it produces a purplish blue color after a few drops of 

Lugol's. Isolates LS3B and LS4B are bacil shaped bacteria and have spores that 

have made these microbes can survive in extreme environments such as 

temperature. It is observed on a microscope with 1000x magnification.  

Conventional biochemical test results against two isolates showed positive results in 

the methyl red test and catalase test. Methyl red test for both isolates showed 

positive results indicating that the bacteria produce acids. The change of color in the 

media of a brownish red color to a yellow color indicates that the isolates are 

produced acid. Furthermore, catalase test shows a positive result indicating that 

there were catalase enzyme produced by a bacteria to break down H2O2 into H2O 

and O2. The positive results of the catalase test is indicated by the presenceof O2 gas 

bubbles.  

Based on the results of the morphological characteristics and simple biochemical of 

lipolytic microbes isolates from hot springs Lemo Susu, Pinrang, South Sulawesi is 

known that these isolates have characteristics that lead to the bacterial genus of 

Bacillus sp. Therefore, these isolates expressed as isolates of Bacillus sp. LS3B and 

Bacillus sp. LS4B.  

3.3 Microbial Growth and Lipolytic Enzyme Activity  
Observational data bacterial growth was measured using the spectrophotometric 

UV/VIS at wavelength 660 nm (optical density). Research data bacterial growth 

curve can be seen in Figures 2a and 2b.  

Isolates of Bacillus sp. LS3B and Bacillus sp. LS4B are grew in a process to 

produce lipolytic enzymes and reaching a peak at a certain time and after that 

O range   Luminescene   
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growth will decline. From Figure 2a and 2b, bacterial growth data showed that the 

production of lipolytic enzymes from isolates of Bacillus sp. LS3B and Bacillus sp. 

LS4B are identic with the pattern of the growth curve of bacteria (growth phase), 

but the stationary phase is faster than the appropriate conditions.  

Crude extract lipolytic enzyme activity was measured by titrimetric method 

(Linfield, et al., 1984). Lipolytic enzyme activity is indicated by a color change of 

titration with PP indicator from colorless became pink due to changes of pH in the 

solution. The pink color appears when NaOH is no longer able to bind to fatty 

acids, thus providing alkalinity to the solution and cause the color pink as an 

indication of changes in pH of solution (Paskevicius, 2001, in Mercy, 2011). 

 

 

Figure 2. Growth Bacteria Curve and Lipolytic Enzyme Activity (a) isolate Bacillus sp. LS3B ; (b) isolate Bacillus sp. LS4B 

Research data (Figure 2a and 2b) showed that the lipolytic enzyme activity of both 

isolates are greatest at the 48 hour. The results of lipolytic activity test in this study 

showed an increase in activity trough increasing of fermentation time. Lipolytic 

enzyme activity at optimum fermentation time of 48th hours from isolates of 

Bacillus sp. LS3B and Bacillus sp. LS4B are valued of 0,531 U/mL and 1,3175 

U/mL. Once the optimum activity is reached, a decline in activity. This occured due 

to the decreasing ability of bacteriain order to produce lipolytic enzymes that 

hydrolyze olive oil into fatty acids is reduced. In addition, the decrease in enzyme 

activity is also caused to the reduced amount of substrate or the amount of enzyme 

product that inhibits the formation of complex of enzyme substrate (Hasnunidah and 

Sumardi, 2009).  

Based on research data in Figure 2a and 2b, it can be concluded that the highest 

enzyme activity can be generated at the time of the bacteria that is experiencing 

exponential phase at 48 hours.  

Measurement of Protein Content of Lipolytic Enzymes  
The results of highest protein content measurements of the of Bacillus sp. LS3B 

isolates is contained in the 72 hour of 5,1238 mg/mL, while for isolates of Bacillus 
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sp. LS4B protein content is highest at the 60 hour of 2,4266 mg/mL. High protein 

content does not conclusively demonstrate that higher levels of the enzyme. To 

determine the protein as  lipase, the enzyme activity needs to be known. Figures 3a 

and 3b converting the protein content and the ratio of enzyme activity to determine 

the specific activity of the enzyme.  

The highest activity of lipolytic enzymes from isolates of Bacillus sp. LS3B and 

Bacillus sp. LS4B are row contained in the 48 hour of 0,5310 U/mL and 1,3717 U / 

mL. The relationship between the activity of lipase and the resulting protein is 

expressed by a specific activity. The higher specific activity of an enzyme are 

expressed a higher purity of the enzyme (Yuneta and Son, 2010). The highest 

specific activity of isolates of Bacillus sp. LS3B and Bacillus sp. LS4B are row 

contained at the 48 hour of 0,2581 U/mg and 0,7251 U/mg, so the timing of the 

optimum production of lipolytic enzymes can refer to the fermentation time.  

 

Table 1. Specific Activity Data of Lipolytic Enzyme from Isolates of Bacillus sp. LS3B and Bacillus sp. LS4B   

 
LS3B  LS4B  
 Fermentation  Lipolytic  Enzyme  Lipolytic  Enzyme  
 No.  Time  Protein  Enzyme  Specific  Protein  Enzyme  Specific  

 (Hours)  Concentration  Activity  Activity  Concentration  Activity  Activity  
 (mg/mL)  (mg/mL)  

 1 

 12  2,1605  1,5963  

2 24  2,2706  0,3982  0,1753  1,8953  1,2832  0,6670  

3 36  2,0688  0,4425  0,2139  1,9220  1,2832  0,6676 4  48  2,0568 

 0,5310  0,2581  1,8915  1,3717  0,7252 5  60  2,9678  0,3982  0,1342 

 2,4266  1,0620  0,4376  

 6  72  5,1238  0,3540  0,0691  1,6788  0,7080  0,4217  

 
  

Determination of Optimum Temperature and pH of Lipolytic Enzymes  
Research data showed that the crude extract of lipolytic enzymes of isolate Bacillus 

sp. LS3B and Bacillus sp. LS4B continue to rise until it reaches the optimum 

temperature of 45 °C with successive activity of 0,8407 U/mL and 0,8850 U/mL 

(Figure 3a).  

  

( ) U/mL   ( ) U/mg   U/mL ) (   U/mg ) (   
0,2212   0,1024   1,2390   0,7761   
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(a)                                                                    (b)  

Figure 3. (a) Effect of Temperature against Lipolytic Activity ; (b) Effect of pH against Lipolytic Activity 

 

That's because as the temperature increases, the kinetic energy of the reacting 

molecules are increases, so the molecules are react more and resulting a greater 

product. These enzymes undergo proteins denaturation which change the 

conformation so that the molecular structure of the enzyme loses its nature 

characteristic. At high temperatures, the substrate can also undergo a 

conformational change in order the reactive groups experience barriers in entering 

the active site of the enzyme (Suhartono, 1989).  

The optimum temperature lipolytic enzyme of Bacillus sp. LS3B isolates and 

Bacillus sp. LS4B isolates are 45 oC. These results are supported by Reetz et al. 

(2006) which states that the optimal temperature range of lipases to catalyze the 

reaction is between 20-60 oC. The optimum temperature is consistent with the 

results of research on the characterization of lipolytic enzymes of microbial Bacillus 

subtilis conducted by Yuneta and Son (2009) who obtained the optimum 

temperature 45 °C.  

Research data obtained showed that the crude extract of lipolytic enzymes to isolate 

Bacillus sp. LS3B and Bacillus sp. LS4B continue to rise until it reaches the 

optimum pH 7 with consecutive activity of 1,3275 U / mL and 1,5045 U / mL.  

According Putranto et al (2006), the environmental conditions where the enzyme 

can catalyze substrate is at the optimum pH. pH which far from optimum conditions 

are causes inactivation enzyme and damage protein structure so that its activity is 

reduced and even becomes inactive (Figure 3b).  

Effect of pH on lipolytic activity has been carried out by previous researchers to 

isolate the enzyme lipase from hot springs. Research by Kamaruzaman (2008) 

showed that the lipolytic enzyme has optimum activity at pH 7 in the amount of 
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4,58 U/mL. Research conducted by Mercy (2011), to obtain the optimum pH 7 at 

5,9593 U/mL. Research by Rohmatillah (2012), which isolate the enzyme lipase 

from hot springs Cangar, Malang has an optimum pH of 7 with the activity of 0,16 

U/mL. Some results of these studies are not much different from the optimum pH 

and enzyme activity obtained from this study.  

4. CONCLUSION  
Based on the research that has been done, it can be concluded :  

1. Characteristics of a lipolytic enzyme microbes in Lemo Susu hot spring, 

Pinrang, South Sulawesi, Indonesia identified as isolates of Bacillus sp. LS3B 

and Bacillus sp. LS4B.  

2. The optimum conditions of production of lipolytic enzymes from Bacillus sp. 

LS3B and Bacillus sp. LS4B obtained at fermentation time of 48 hours and a 

temperature of 40 °C with successive activity of 0,5310 U/mL and 1,3171 

U/mL.  
3. Temperature and pH optimum lipolytic enzyme of Bacillus sp. LS3B and 

Bacillus sp. LS4B is 45 °C and pH 7.  
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