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Abstract. 

To get the potential of lalcat acid bacteria isolate to produce Milk Clotting Enzyme 

(MCE), it is necessary to screen milk clotting activity both quantitatively and 

qualitatively. Through qualitative observation, the characteristics of the curd 

resulting from enzyme activity can be obtained. MCE is a protease that has the 

characteristics of milking. Based on the results of this observational research, the 

curd characteristic produced can be used as a benchmark to determine the length of 

time of fermentation and optimization of the determination of ammonium sulfate 

precipitation concentration. Isolate BAL shows the results of a compact curd at a 

fermentation time of 25 hours at 37 ℃ and the optimization results of the deposition 

of ammonium sulfate which shows the characteristics of a compact curd by 45% 

ammonium sulfate. 
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1. INTRODUCTION 

Rennin is an enzyme needed in the process of making cheese. Rennin is able to 

clot milk by breaking peptide bonds between phenylalanine and methionine (105th to 

106th sequences) from casein polypeptides, producing para-k-casein and macropeptides 

[9,4]. The macropeptide produced from the cutting is water soluble, while the casein 

will settle. Casein instability occurs due to the breaking of the bonds of Phe and Met so 

that the other casein fraction settles. 

There are several proteases produced by some extracellular microbes which 

have the capability of having milk clotting activity. Protease with milk clotting activity 

is known as Milk Clotting Enzyme (MCE). Microbes that produce MCE include 

Mucor pusillus [2], Mucor bacilliformis [6], Mucor circinelloides [3]. 
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In an effort to obtain potential bacterial isolates to produce MCE, isolation and 

screening stages were carried out. Extracellular proteinases excreted by BAL isolates 

hydrolyze the casein (skim) substrate into smaller pieces of peptides so that they look 

clear around the bacterial colony. The screening of proteolytic activity used MRSA 

media which had been added by 3% skim milk [10,1,8].  BAL isolates showed clear 

zones around the colonies indicating that BAL isolates had the ability to produce 

extracellular proteases. 

To measure enzyme activity, it can be done quantitatively, which is through 

Milk Clotting Activity (MCA). In MCA testing, the factor that becomes a measure is 

the clotting speed (t) in second (seconds). If we compare the characteristics of 

clumping due to the activity of RLP (b and c), it is different from clumping caused by 

acid (a). One Unit (SU) is 1 Soxhlet Unit (SU) = the amount of enzyme needed to 

coagulate 1 ml of substrate for 40 minutes at 35ºC. Besides that, it can also be done 

qualitatively by testing the resulting curd characteristics. This study aimed to 

determine that the characteristics of the curd resulting from the milk coagulation 

process can be used as a benchmark in determining the fermentation period and 

optimization of ammonium sulfate to produce MCE from local BAL isolates. 

 

II. METHODS  

1.1.  BAL Isolate Screening with Proteolytic Activity 

LAB isolation was obtained from Bakasam (beef fermentation) and Etawa goat 

milk using MRS media so that it was added by 3% of skim. BAL colonies showed 

clear zones around the colonies were proteolytic BAL isolates with the ability to 

excrete extracellular protease enzymes. 

 

2.2.   Screening of MCA Activity using Modified Skim Milk Agar (SMA)  

         Method  

To obtain proteolytic BAL isolates with indication of clotting activity in milk, an 

observation of of BAL isolates character on MRSA media contained a 3% skim was 

conducted. LAB isolates that showed skim digestion in the media were proteolytic 

BAL isolates which had a casein (skim) clumping activity. Quantification of the ability 

to agglomerate casein was then screened with a modification of the Skim Milk Agar 

method by making an agar block. 

 

2.3.    Agar Block Method [12] 

Efforts to quantify the MCA activity on MRSA media were modified using Agar 

Block media. In preparing media A, potential isolates (positive high school) were 

cultured evenly (swab) on the respective media (BAL: MRSA) and then was incubated 

(BAL: 37ºC, 24 hours). Media B prepared was MRSA (BAL) which had been added 
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with 2-3 percent substrate (casein) and made a plug hole. A plug was made on Media 

A that has been overgrown with BAL evenly and was moved to the plug hole on Media 

B such as installing Block. It was then continued by incubation and measurement of 

the resulting clear zone or clotting zone (cm). 

 

2.4.    Milk Clotting Activity (MCA) Testing 

LAB isolates with proteolytic activity and clotting zones were selected on the 

modified high school media and then were tested for MCA activity (SU/mL) 

quantification. LAB isolates were grown in 5 ml MRS broth and incubated at 37 ºC for 

24 hours. Then, centrifugation was carried out at a speed of 10,000 g, for 30 minutes, 

at 4 ºC. Supernatant which is crude enzyme was separated in sterile eppendorf and 

MCA testing [7]. Furthermore, the curd formed was observed. Observation of curd 

characteristics was derived from: 1) MCE samples used were isolated during the 

growth of BAL isolates with various fermentation period of 20, 25, 30, 35, 40, 45, and 

50. 2) MCE samples from ammonium sulfate precipitation with concentrations of 40%, 

45%, 50%, 55%, and 60%. 

 

III. RESULT AND DISCUSSION  

3.1.    Characteristics of Screening Skim Milk Agar (SMA) 

The purity of proteolytic BAL isolates which had been confirmed for purity based on 

microscopic observations, were further cultivated in MRSA containing 3% skim milk. 

At the stage of isolation and proteolytic screening, the character of the clotting 

formation (clotting zone) or precipitation zone around the colony was not obtained yet. 

 

 

 

  

 

                  Fig. 1. Isolate LAB at MRSA + skim 3%. (A)  Isolate LAB.1 and LAB. 2 

 

The characteristics of clotting around the LAB colony is an indication that the 

proteases produced have the ability to agglomerate the skim. Therefore, the indication 

of the existence of a clotting zone around the LAB colony provides a strong initial 

indication that the bacterial isolate is capable of producing extracellular proteases 

which have the activity of agglomerating milk. Furthermore, LAB isolates that showed 

clotting zone characteristics were further tested to observe these activities with 

modifications to the SMA (Skim Milk Agar) method. Clotting characteristics of each 

A B 
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isolate (Figure 1) can be divided into two characters,; (1) Clotting/ precipitating 

character around the colony and a clear zone pattern formed, and (2) is a character that 

shows clotting (precipitation) but there is no clear zone formed around the colony. 

When we compared it with isolates with high adequate proteolytic activity in 

yeasts and molds which are able to hydrolyze casein well, it showed a wide clear zone 

(clear zone) (large) (Figure 2). However, the three isolates in the MCA test did not 

coagulate the milk (casein). This showed that there were specific microbial isolates that 

were able to produce MCE. 

 

   
 
 Fig. 2.   Extracellular proteolytic activity in Skim Milk Agar (SMA). LAB isolate  

                               (A); yeasts isolates (B); mold isolates (C) 

 

High proteolytic activity will hydrolyze casein (skim) completely, so that no 

casein clumps or a clotting zone were obtained. Therefore, in the initial stages of 

screening, the clotting characteristics in SMA can be used as an initial indication of the 

potential of microbial isolates producing MCE. 

 

3.2.    Curd Characteristics on Agar Block 

The SMA method was modified by using Block in order to provide an initial overview 

of the potential of BAL isolates in producing MCE. The large diameter of the clotting 

zone gave an indication that the generated MCE had a high clotting activity. Therefore, 

the modification of this method can be used as an approach in screening the potential 

for microbes to produce MCE and an early indication of MCA activity. Figure 3 shows 

that isolate BAL.1. has clumping characteristics around the clotting zone colony with a 

diameter of 1.5 cm and clear zone. 

 

 

 

                                                

 

  Fig. 3. Curd Characteristics on Agar Block 

 

A B C 
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3.3.    Characteristics of Curd during Fermentation 

In determining the right fermentation period in MCE production, in addition to the 

analysis of MCA, PA, and the percentage of curd in this study, qualitative curd 

characteristics formed are presented in Figure 4. This is a form of confirmation of the 

results of the generated MCA activity. At the 20th hour visual fermentation, a compact 

curd or low level of cohesiveness (bad) (+) (1) was not formed yet. However, the curd 

characteristics with good cohesiveness (+++) were seen at the 25th hour fermentation 

time (2). 

 

 

  

 

 

 

 

 

  

Fig. 4. The curd characteristics that are formed from MCE produced at the time fermentation of  

           Isolate LAB. : 20th hour (1) with low level of curd compactness (+); 25th hour (2) (good:  

          +++); 30th hour (3) (moderate: ++); 35th hour (4) (moderate: ++); 40th hour (5) (moderate:  

          ++), 45th hour (6) (moderate: ++); 50th hour (7) (moderate: ++). 

 

 

The optimization of growth time also shows that the 25th hour is the optimum 

time to produce MCE. Casein is in the form of casein calcium, which is a complex 

compound of calcium phosphate and presents in the form of complex colloidal 

particles called micelles. The casein contained in the raw material has a pH sensitive 

1 3 2 

4 5 6 

7 
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nature. A decrease in pH of up to 4.6 will cause casein to become unbalanced and then 

denaturation will occur. Denatured proteins will decrease their solubility, the 

hydrophobic inner protein molecule layer turns outward while the hydrophilic outer 

part folds into folding or reversal occurs at an isoelectric pH of 4.6-4.7. Eventually, the 

protein will coagulate and settle, which in turn increases viscosity because the protein 

molecule expands and becomes asymmetric, so the optical rotation angle of the protein 

solution will increase as well [11]. 

 

3.4.    Characteristics of Curd in Optimization of Precipitated Ammonium Sulfate 

Precipitation using salt is based on the solubility of proteins that interact polar with 

water molecules, the ionic interactions of proteins with salt, and the repulsion of 

rejecting proteins with the same charge. Protein solubility (at certain pH and 

temperature) increases as the salt concentration increases. An increase in solubility of 

the protein will increase the strength of the ionic solution. The addition of certain salts 

will cause protein solubility to decrease (salting out). Water molecules that bind to 

many salt ions eventually cause the withdrawal of the water casing that surrounds the 

surface of the protein, thereby causing the proteins to interact, aggregate, and then 

settle. Ammonium sulfate is the salt most often used to precipitate proteins because it 

has high solubility in water and is relatively inexpensive [13]. 

In determining the concentration of the use of ammonium sulfate, the best 

product also considers the activity of enzyme. In this case, the percentage and 

characteristics of the curd produced. The curd formed from the use of MCE as a result 

of the deposition of 45% ammonium sulfate showed a compact curd characteristic as 

can be seen in Fig.5.B when compared to the level of use of ammonium sulfate at 

another level. 

 

     

 
Fig. 5.  The characteristics of the curd produced in depositional optimization ammonium sulfate 

(A) 40% with compactness level curd (low: +) , (B) 45% (moderate: ++), (C) 50% 

(low: +), (D) 55% (low: +) and (E) 60% (low: +) 

The optimization of the use of ammonium sulfate is needed to get the best 

concentration so that it produces MCE with the highest activity. Ammonium sulfate is 

a salt that is commonly used because it has several advantages, including high 
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solubility in water, relatively inexpensive, and stable protein in a solution of 

ammonium sulfate (2M - 3M) that lasts for years (Scopes 1987). Purification of MCE 

produced by Paenibacillus spp.BD3526 using deposition of ammonium sulfate with a 

concentration of 60% increased purity by 4.29 times with a yield of 43.02% [5].   

 

IV. CONCLUSION  

Curd characteristics can be used to determine the fermentation time and optimization 

of ammonium sulphate loading from MCE isolate BAL.1. MCE was produced in 25 

hours, while the 45% ammonium sulphate concentration resulted in a compact curd 

characteristic. 
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