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Abstract: The search for rennet substitutes such as microbial rennet has increased fold due to increase in the demand 
for cheese products. Microbial rennet covers about one-third of the cheese consumption worldwide. Hence it is important 
to develop commercially viable and cost efficient method for purification of rennet from microbial sources. Hence the 
present work was focused on the production and purification of microbial rennet from Aspergillus candidus. The rennet 
was purified using a two step purification process involving solvent precipitation and chromatographic separation. The 
purity of the milk clotting enzyme was increased by 7.43 fold by solvent precipitation using equal mixture of 150% (v/v) 
ethanol-acetone. Then the enzyme was further purified using Diethylaminoethyl (DEAE) cellulose chromatography and 
10.45 fold increase in enzyme activity was obtained after purification. The temperature of 35°C and substrate 
concentration of 0.25 mg/ml were found as optimum for maximum enzyme activity. The kinetics of the purified enzyme 
was studied and the Michaelis-Menten parameters such as rate constant (Km) and the maximum reaction rate (Vmax) 
were found as 0.059 mg/ml and 8.59×10-3 mmol/ml/sec respectively.  
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1. INTRODUCTION 

Global consumption of rennet is predicted to be 21 
million tonnes by the year 2015. An increase in 
worldwide demand for rennet coupled with reduced 
supply of calf rennet, has led to a search for microbial 
rennet [1,2]. Microbial rennet has several advantages 
over animal rennet. There are many sources of 
enzymes, ranging from plants, fungi, and microbial 
sources, that will substitute animal rennet. They are 
easy to generate and purify and do not rely on the 
availability of animal material. One-third of the rennet 
used at present for cheese making worldwide is from 
microbial source [3,4]. Aspergillus niger isolate was 
reported for the production of extracellular milk clotting 
enzyme. It was reported that ammonium sulphate was 
unsuitable for precipitation while the other precipitants 
produced sufficient active fractions [5]. 

Penicillium citrinum 805 was reported to produce 
rennin like milk clotting enzyme. The enzyme was 
partially purified using ammonium sulphate, ethanol 
and acetone as precipitating agents. The ammonium 
sulphate and ethanol were reported unsuitable for 
precipitation of enzyme into active fractions. The 
acetone was reported to produce active enzyme 
fractions [6]. The milk clotting enzyme was produced by 
solid state fermentation of Mucor varians pispek using 
wheat bran as substrate and it was reported that 4000 
MKU/g of wheat bran was produced. The crude culture 
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extract was precipitated using ammonium sulphate, 
mixing with ethanol, methanol or acetone [7]. Seven 
fold purification and 22% of final recovery of microbial 
rennet was obtained from culture filtrate of Rhizomucor 
miehei using two step purification process using ion-
exchange and affinity chromatography. The purified 
enzyme was free of brown pigmentation and it was 
stable and active at acidic pH and its thermostability 
was comparable to calf rennet [8].  

Myxococcus xanthus 422 was reported to produce 
extracellular milk-clotting enzyme. The enzyme was 
purified by anion-exchange chromatography into two 
active fractions. The molecular mass of the enzyme 
was reported as 58.2 kDa using SDS-PAGE. The 
purified protein fraction II was reported to exhibit 
significantly higher milk clotting activity [9]. The fruiting 
bodies Pleurotus ostreatus was reported to produce 
milk clotting enzyme. The enzyme was precipitated by 
ammonium sulphate and purified using gel 
chromatography on Sephadex G75, and ion exchange 
chromatography on carboxy methyl cellulose [10].  

The thermophilic fungus Thermomucor indicae-
seudaticae was reported to produce milk clotting 
enzyme [11]. Purification of the milk clotting enzyme 
from Bacillus amyloliquefaciens D4 was reported to 
increase the purity by 17.2 fold with 20% recovery by 
ammonium sulphate precipitation followed by ion-
exchange chromatography separation [12]. Thus the 
purification of milk clotting enzyme from microbial 
source is a complex process involving various unit 
operations and this increase cost of the purified 
enzyme. Therefore it is important to develop a low cost 
purification steps to purify the milk clotting enzyme. 



30     Journal of Chemical Engineering Research Updates, 2014, Vol. 1, No. 1 Baskar et al.  

Thus the present work was focused on the production 
and purification of milk clotting enzyme from 
Aspergillus candidus. 

2. MATERIALS AND METHODS 

2.1. Microorganism 

Aspergillus candidus MTCC 1989 was obtained 
from Microbial Type Culture Collection and Gene Bank, 
Institute of Microbial Technology, Chandigarh, India. 

2.2. Substrate Preparation 

The soybean meal was dried at 98˚C and finely 
powdered. The powdered material was sieved using 
80/120 mesh. The sieved soybean meal flour (SBMF) 
retained in 120 mesh was used as substrate for milk 
clotting enzyme production.  

2.3. Preparation of Stock and Inoculum Culture 

Stock culture of A. candidus MTCC 1989 strain was 
cultivated in yeast extract agar slants at 25˚C for 7 
days, stored at 4˚C and sub cultured periodically. Then 
it was sub cultured in skimmed milk powder-yeast 
extract agar slants at 25˚C for 5 days and used as 
innoculum for milk clotting enzyme production.  

2.4. Production of Milk Clotting Enzyme  

The production media of 150 ml was prepared in 
500 ml flasks. The composition (w/v) of the media was 
yeast extract 1.5%, skimmed milk powder 0.87%, 
SBMF 1%, glucose 0.5%, potassium dihydrogen 
phosphate 0.11%, magnesium sulphate 0.05% and 
Mineral salt solution 150 µl. The initial pH was adjusted 
to 6.1 and autoclaved. The autoclaved fermentation 
media was inoculated with 2% innoculum, incubated in 
a temperature controlled shaker at 30°C and 150 rpm 
for 5 days. The entire fermentation broth was filtered 
using Whatman No. 1 filter paper to obtain the crude 
enzyme and refrigerated at 4˚C for further purification 
and characterization.  

2.5. Precipitation of Milk Clotting Enzyme  

The crude enzyme was precipitated using 
ammonium sulphate, ice cold acetone, ice cold ethanol 
and mixture of ice cold acetone-ethanol. 1 ml of the 
crude enzyme was mixed with ammonium sulphate. 
The mixture was mixed for 30 min and kept at 4°C for 
overnight. The precipitate was collected by 
centrifugation at 4°C and 10,000 rpm. Then the 
precipitate was suspended in 1 ml of 0.01 M phosphate 

buffer (pH-8.5). The milk clotting activity and protein 
concentration were estimated. Then the same 
procedure was repeated independently using 1.5 ml of 
ice cold acetone, 1.5 ml of ice cold ethanol and equal 
mixture 1.5 ml of ice cold acetone and ice cold ethanol.  

2.6. Purification of Milk Clotting Enzyme  

The partially purified milk clotting enzyme obtained 
by precipitation was further purified using ion-exchange 
chromatography on DEAE-cellulose column. The 
column was equilibrated with 50 mM phosphate buffer 
(pH 8.5). The partially purified milk clotting enzyme was 
loaded to the column and the column was washed 
using wash buffer. Then the column was eluted using 
elution buffer with varied concentration of sodium 
chloride (0.05 to 0.5 M). The eluted protein fractions 
were collected and analyzed for its milk clotting activity 
and protein concentration [13].  

2.7. Effect of Temperature and Substrate 
Concentration on Milk Clotting Activity  

The effect of temperature on milk clotting activity of 
the purified enzyme was studied at various 
temperatures from 25 to 50°C with an internal of 5°C 
under standard conditions. The standard skimmed milk 
powder was used as substrate for milk clotting enzyme 
activity. The effect of substrate concentration was 
studied by varying the concentration from 0.05 to 0.3 
mg/ml with an interval of 0.05 mg/ml.  

2.8. Estimation of Milk Clotting Activity 

Calcium chloride-skimmed milk powder solution was 
prepared by dissolving 0.11g of calcium chloride and 
5g of skimmed milk powder in 100 ml of distilled water. 
The Calcium chloride-skimmed milk powder solution 
was pre-incubated for 10 min at 35˚C. 5 ml of CaCl2-
SMP solution was added to 0.5 ml of enzyme and the 
time of clotting of milk was noted. The Milk Clotting 
Activity was determined using the relation, MCA = 
(2400*5D) / (0.5T), where, “D” is the dilution factor and 
“T” is the milk clotting time in second. The unit of milk 
clotting activity was defined in terms of Milk Clotting 
Unit (MKU). One MKU is defined as the amount of 
enzyme required to clot 1 ml of a solution containing 
0.1 g skim milk powder and 0.00111 g calcium chloride 
in 40 min at 35°C [14]. 

2.9. Estimation of Protein by Lowry’s Method  

Lowry’s method for protein estimation is the widely 
accepted method for accurate determination of protein 
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concentration. GENEI’s protein estimation kit, cat # 
KT–18 is based on this method. It is a ready to use 
reagent kit for rapid estimation of protein with ease and 
consistency [15]. 

3. RESULTS AND DISCUSSION 

3.1. Partial Purification of Milk Clotting Enzyme by 
Precipitation 

The produced milk clotting enzyme was precipitated 
using various precipitating agents such as ammonium 
sulphate, ethanol, acetone and the mixture of ethanol 
and acetone. The 150 %(v/v) of ice cold ethanol, 150 
%(v/v) of ice cold acetone, a mixture of 75 %(v/v) ice 
cold ethanol and 75 %(v/v) of ice cold acetone, and 3.9 
g of ammonium sulphate were added to 100 ml the 
crude milk clotting enzyme produced by A. candidus. 
Then the protein was precipitated, pelleted and re-
suspended in phosphate buffer. The concentrations of 
protein in each of the four samples were analyzed 
using Lowry’s method. The milk clotting activity was 
calculated for each of the four fractions of partially 
purified protein and then the specific milk clotting 
activity was calculated. The specific milk clotting 
activity of the different precipitates were compared with 
the specific activity of crude enzyme.  

It was observed that a protein concentration of 
0.008 mg/ml was obtained by ethanol-acetone 
precipitation with milk clotting activity of 117.07 
MCU/ml. The specific milk clotting activity of 7549, 
14466, 15190, 8878 MCU/mg were obtained from 
ethanol, acetone, ethanol and acetone mixture and 
ammonium sulphate precipitates respectively (Table 1). 
It was found that the protein purified by ethanol-
acetone mixture had the highest specific activity of 
15190 MCU/mg of protein (Figure 1). Hence it was 
observed that the 150% (v/v) of ethanol-acetone 
mixture precipitated the crude enzyme with the 

maximum purity. The crude milk clotting enzyme was 
purified by 7.45 fold using ethanol-acetone mixture as 
precipitating agent. It was reported in literature that the 
ammonium sulphate was unsuitable for precipitation of 
extracellular milk clotting enzyme from Aspergillus 
niger isolate [5]. The ammonium sulphate and ethanol 
were reported unsuitable for precipitation of milk 
clotting enzyme from Penicillium citrinum into active 
fractions and the acetone was reported to produce 
active enzyme fractions [6]. Thus the equal mixture of 
ethanol-acetone can be effectively used for milk clotting 
enzyme precipitation.  

 
Figure 1: Specific milk clotting activity of enzyme precipitates 
(1-Ice cold Ethanol; 2-Ice cold Acetone; 3-Equal volume of 
ice cold Ethanol and ice cold Acetone; 4-Ammonium 
sulphate). 

3.2. Purification of Milk Clotting Enzyme using Ion 
Exchange Chromatography 

The partially purified enzyme after ethanol-acetone 
precipitation was further purified using ion exchange 
chromatography using DEAE-cellulose column. All the 
eluted fractions were analyzed for protein concentration 
and milk clotting enzyme activity. The specific milk 
clotting activity of all the fractions were calculated and 

Table 1:  Protein Concentration and Milk Clotting Activity of Precipitated Enzyme 

Sl. 
No. Precipitant 

Protein 
Concentration, 

mg/ml 

Milk Clotting 
Activity, MCU/ml 

Specific Milk Clotting Activity, 
MCU/mg 

Fold 
purification 

1 Ethanol 0.058 436.36 7549.09 3.70 

2 Acetone 0.013 195.12 14466.89 7.10 

3 Ethanol + Acetone 0.008 117.07 15190.24 7.45 

4 Ammonium 
Sulphate 0.029 260.87 8878.12 4.35 

5 Crude enzyme 0.369 750.00 2037.96 - 
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compared. It was observed from the purification results 
that the maximum specific milk clotting activity of 21292 
MCU/mg was obtained in fraction number 5 (Figure 2). 
The enzyme was purified by 10.45 fold after purification 
using ion exchange chromatography when compared 
to the milk clotting activity of the crude enzyme. The 
purity of milk clotting enzyme obtained is comparable 
with seven fold purification of microbial rennet from 
Rhizomucor miehei reported in literature using two step 
purification process using ion-exchange and affinity 
chromatography [8].  

 
Figure 2: Specific milk clotting activity of various enzyme 
fractions after ion exchange chromatographic separation. 

3.3. Effect of Temperature on Milk Clotting Activity 

The effect of temperature on milk clotting activity of 
purified enzyme was studied and reported in Figure 3. 
It was observed that the milk clotting activity of purified 
enzyme was increased with increase in temperature 
upto 35°C. It was observed that the milk clotting activity 
was decreased with increase in temperature from 35°C 
to higher temperature. The maximum milk clotting 
activity of 296.29 MCU/ml was observed at 35 to 50°C. 
Hence the optimum temperature for maximum milk 
clotting activity was found as 35°C. Thus the enzymes 
are found sensitive to temperature, as temperature 
increases the activity is also expected to increase up to 
a particular temperature and enzyme denaturation 
occurs at higher temperature.  

3.4. Effect of Substrate Concentration and Kinetics 
of Milk Clotting Enzyme Activity 

The Michaelis-Menten kinetics for steady state 
enzyme catalyzed reaction is given by eq. (1). 

])[][(max SKSvv
m
+=           (1) 

 
Figure 3: The effect of temperature on purified milk clotting 
enzyme activity. 

where V is the reaction velocity (the reaction rate), Km 
is the Michaelis–Menten constant, Vmax is the maximum 
rate of the reaction, and [S] is the substrate 
concentration. The Lineweaver–Burk plot is a graphical 
representation of the Lineweaver–Burk equation (eq. 2) 
of enzyme kinetics, described by Hans Lineweaver and 
Dean Burk in 1934 [16]. The Lineweaver–Burk plot is a 
useful graphical method of determination of Michaelis–
Menten parameters. 

maxmax 1}][1{1 vSvKv
m

+!=         (2) 

The y-intercept of such a graph is equivalent to the 
inverse of Vmax; the x-intercept of the graph represents 
−1/Km. Lineweaver–Burk plot also gives a quick, visual 
impression of the different forms of enzyme inhibition. 
Lineweaver–Burk plot provides a more precise way to 
determine Vmax and Km. Vmax is determined by the point 
where the line crosses the 1/Vi = 0 axis (so the [S] is 
infinite). Km equals Vmax times the slope. This is easily 
determined from the intercept on the X axis [17,18]. 
The effect of initial substrate concentration on milk 
clotting activity of purified enzyme was studied and 
fitted with the Michaelis-Menten kinetic model as 
shown in Figure 4. The maximum rate of milk clotting 
activity of 7.5 ×10-3 mmol/ml/sec was observed at 0.25 
mg/ml of substrate concentration. The Lineweaver–
Burk plot was constructed using reciprocal of the 
substrate concentratin (X-axis) and reciprocal of the 
rate of enzyme action. The Michaelis–Menten kinetic 
parameters such as maximum rate milk clotting action 
(Vmax) and affinity of substrate (Km) were determined 
from Lineweaver-Burk plot shown in Figure 5. The 
Michaelis–Menten constant of the purified milk clotting 
enzyme was (Km) 0.059 mg/ml and the maximum 
reaction rate of milk clotting enzyme was (Vmax) 
8.59×10-3 mmol/ml/sec.  
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Figure 4: Rate of milk clotting enzyme action at different 
substrate concentration. 

 

 
Figure 5: Lineweaver-Burk plot for the determination 
Michaelis–Menten Parameters. 

4. CONCLUSIONS 

The fungal milk clotting enzyme was produced from 
Aspergillus candidus and was purified using mixed 
solvent precipitation and ion exchange 
chromatography. The crude enzyme was partially 
purified in mixed solvent precipitation to 7.45 fold, 
which has reduced the sample load to the ion 
exchange chromatography for final purification. Finally 
10.45 fold increase purity was obtained using ion 
exchange chromatography with DEAE Cellulose 
column. The purified enzyme has optimal temperature 
of 35°C for maximum milk clotting activity. The 
Michaelis–Menten was parameters were found as (Km) 
0.059 mg/ml and the maximum reaction rate of milk 
clotting enzyme was (Vmax) 8.59×10-3 mmol/ml/sec. The 
lower Michaelis–Menten constant of the purified milk 
clotting shows that the enzyme has higher affinity 
towards the substrate.  
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