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ABSTRACT 
 

Whey was used for preparation of a fungal rennin from a strain of Mucor miehei NRRL3420. Fungal rennin 
was isolated, partial purified and use as adequate calf rennet substitute. So, Mucor miehei NRRL 3420 was 
cultured to produce microbial rennet using two types of media, both with micronutrients, one with glucose and 
another with lactose from deproteinized cheese whey as carbon sources. Milk coagulating enzyme obtained 
from Mucor miehei has a sufficient toxicological data set to support its safety. The extract obtained from the 
filtration of production media was subjected to ammonium sulphate and ethanol precipitations and centrifuged 
to obtain rennet in crude form. To evaluate the results, the following growth conditions were investigated, pH, 
glucose, lactose and casein concentrations. The experiments were carried out in a rotary shaker for up to a 72 h 
fermentation period at 160 rpm and temperature of 30±1°C. The response parameters were cell growth and 
enzyme activity (MEA). Maximum enzyme activity was 1170 Soxhlet Units (S.U.) and 631 S.U., respectively, 
when glucose and lactose were used as carbon sources. The milk-clotting enzyme from Mucor miehei NRRL 
3420 was purified with 54.4% recovery by precipitation in ammonium sulfate, ethanol and fractionated by gel 
filtration on Sephadex G-100 The enzyme was active in the pH range 5.5-7.5 and was inactivated completely by 
heating 5 min at 70°C and30 min at 65°C. The highest level of enzyme activity was obtained at 60°C, pH 5.5. A 
positive and proportional relationship occurred in the presence of CaCl2 in milk, with inhibition which occurred 
in the presence of NaCl. The results revealed that one ml fungal rennin/100 ml milk gave the close properties to 
calf rennet control cheese. Chemical and organoleptic properties of all cheese samples were periodically 
evaluated when fresh and after 15, 30 and 60 days of cold storage. Experimental cheese (E) had higher values of 
soluble nitrogen (SN), total volatile fatty acids (TVFAs) and tyrosine and tryptophan than control cheese. 
Furthermore, experimental cheese seemed to have soft body and smooth texture as well as a desirable taste 
during cold storage at refrigerator temperature (7±2°C) for 2 months. 
 
Key words: Whey, Mucor miehei, milk clotting enzyme, milk-clotting activity, white soft cheese. 

 
Introduction 
 
 Calf rennet as a traditional milk-clotting enzyme is very important in the production of cheese. The 
enzyme clots milk and plays an important role in the process of cheese maturation (Kumar et al. 2005). Calf 
rennet has traditionally been used by the dairy industry for the manufacture of cheese with good flavor and 
texture. The worldwide increase of cheese production coupled with a reduced supply of calf rennet has 
prompted a search for calf rennet substitutes, including microbial and plant rennets (Cavalcantiet al. 2004). 
However, most plant rennets have proved unsuitable because they impart a bitter taste to the cheese. Microbial 
rennet appears to be more promising because its production is cheaper, biochemical diversity is greater and 
genetic modification is easier. Many species of microorganism are known to produce a milk-clotting enzyme 
that can potentially substitute for calf rennet, and Rhizomucor pusillus, Rhizomucor miehei, Endothia parasitica 
and Irpexlactis are used extensively as sources of milk-clotting enzymes in the manufacture of cheese O’Leary 
and Fox (1974) and Kurutahalli et al. (2010). prompted a search for calf rennet substitutes, including microbial 
and plant rennets (Cavalcanti et al. 2004). However, most plant rennets have proved unsuitable because they 
impart a bitter taste to the cheese. Microbial rennet appears to be more promising because its production is 
cheaper, biochemical diversity is greater and genetic modification is easier.  
 Many species of microorganism are known to produce a milk-clotting enzyme that can potentially 
substitute for calf rennet, and Rhizomucor pusillus, Rhizomucor miehei, Endothia parasitica and Irpexlactis are 
used extensively as sources of milk-clotting enzymes in the manufacture of cheese O’Leary and Fox (1974) and 
Kurutahalli et al. (2010). It is well accepted that discharging of whey from dairy industry as waste creates severe 
pollution due to its high biological oxygen demand (BOD) (35-40 g/l) Zayed and Winter, (1995). Annually, 110 
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million metric tons of whey is produced worldwide through cheese manufacture (Briczinski and Roberts 2002). 
About 50 percent of Egypt’s total milk production is utilized in commercial cheese. Cheese production in Egypt 
totaled 480,000 metric tons in 2001 and accounted for 2.9 percent of the world total cheese. In the 1990s, whey 
production in Egypt increased steadily by about six percent annually and the amount produced in 2000 was 
1,452,500,41 metric tons Zhang et al. (2003). 
 Whey fermentation is particularly suitable for the production of fungal enzymes, due to their potential 
advantages in manufacturing products such as high yields, low environmental impact of the process, differential 
expression of metabolites and requirement of less expensive technology and skill. Commercial rennet 
preparations usually contain tertiary (or unspecific) proteolytic activities, which may further degrade curd 
proteins, leading to its dissolution and to the production of bitter peptides. Another striking feature that hinders 
the use of microbial rennet is their high thermal stability which allows them to extend their action on milk 
proteins after coagulation.  
 Although after cheese making only 0 to 15% of the rennet activity added to milk is retained in the curd 
(Sousa et al. 2001), the mentioned characteristics of commercial fungal rennet may cause extensive proteolysis 
resulting in low cheese yields and poor product quality. Particularly, soft and semi-hard cheese varieties are 
affected by extensive proteolytic activities (Hynes et al. 2001). This may allow for limited proteolytic action and 
subsequent rapid destruction of the protease during further manufacturing operations e.g. heating. Aspartic 
proteases produced from, three species, namely Rhizomucor miehei, Rhizomucor pusillus and Cryphonectria 
parasitica have been established for large scale production and have, like calf rennet, less heat stability than 
those from other fungi (Jacob et al. 2011). Commercial preparations based on the filamentous fungus 
Mucormiehei are currently replacing animal rennin in the production of more popular cheeses and already 
represent about 33% of the production process (Neelakantan et al., 2006).White soft cheese is the main Egyptian 
soft cheese is almost applied in all Egyptian factories; they used exported and expensive microbial rennet. 
Therefore, the aim of the present study was to:  
1- Investigate growth conditions of the microorganism Mucor miehei NRRL 3420 in deproteinized cheese whey 
and the production of the milk clotting enzyme using a lactose concentration from cheese whey and glucose as 
carbon sources, and determine carbon sources effect on enzyme synthesis. 
2- Study the biochemical properties of the produced enzyme.  
 
Materials and Methods 
 
1-Raw Materials: 
Casein:  
 Casein soluble in alkali was obtained from Adwic, Milk powder: Spray dried skim milk powder (high-high 
treaded grade) made in the USA was obtained from Ministry of Agriculture, Giza. Fresh buffalo’s milkwas 
obtained from Animal Production Institute, Ministry of Agriculture, Egypt. Calf rennet powder (HALA) had 
enzyme productivity equal 150000 Soxhelt units/g, as well as starter cultures (Lactococcus lactis ssp. Lactis and 
Lactococcus lactis ssp. cremoris) were obtained from Chr. Hansen’s Lab., A/S Copenhagen, Denmark. 
Rhizomucor miehei NRRL 2034 was obtained from Northern Regional Research Lab., Peoria Illinois, USA. The 
fungal culture was periodically subculture and maintained on potato dextrose agar slant medium at pH 4±0.2) at 
4°C until used (DIFCO). 
 
Reference of toxins:  
 Toxins standard of aflatoxins, were obtained from Sigma Chemical Company, USA. And used as a 
reference. 
 
2- Culture:  
 To recover the spores, Erlenmeyer flasks containing 100 ml of potato Dextrose Agar were inoculated at 
37±1°C. After 72 h, the inoculum was obtained by scraping the agar surface in the presence of 200 ml sterile 
water. The spore suspension (108 spores/ml) was transferred to 500 ml Erlenmeyer flasks containing 200 ml 
sterilized (121°C for 15 minutes) growth medium. 
 
Medium used for crude Milk clotting enzyme production:                                   
 Milk clotting enzyme production was carried out in (a) potato Dextrose agar slant as a Standard medium 
and (b) whey as a tested medium. Fresh sweet whey was obtained from Faculty of agriculture, Cairo University, 
Giza., Egypt.  Whey was acidified by lactic acid to pH 6.8 and preheated for 10 min at 90°C to precipitate of 
whey proteins. The precipitate was removed by cheesecloth and filtration through two layers of whatmanNo.1 
paper. The pH was then adjusted to pH 4or4.5with 2 M- NaOH and autoclaved at 121°C for 20 min. The 
composition of the whey medium was as follows: 5% lactose, 0.5% ash, 0.4% fat and 1.1% protein. The flasks 
were incubated on rotary shaker at 30 ±1°C, 160 rpm for 3 days. The cultures were then, harvested by 
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centrifugation at 3000 rpm for15 minutes in a cooling centrifuge (Janetzk, k26 type); the mycelia discarded and 
the resulting supernatant was used as a source of crude enzyme. 
 
The milk Clotting Activity (MCA): 
 The Milk Clotting Activity (MCA) of the enzyme preparation was measured by the method described by 
Otani et al. (1991). A 5 ml portion of the substrate (12% skim milk in 10 mMCaCl2 was incubated for5 min at 
35°C and then 0.5 ml of enzyme extract was added. The length of time starting from the addition of the enzyme 
extract to the formation of the first particles was recorded, and the milk-clotting activity was calculated by 
Kawai and Mukai [1970] as: SU = 2400×5×D/T×0.5 (1), where T is milk-clotting time (s) and D is dilution of 
the enzyme. One Soxhlet unit (SU) of milk-clotting activity was defined as the amount of enzyme required to 
clot 1 ml of substrate within 40 min at 35°C. 
 
The proteolytic activity (PA): 
 The proteolytic activity (PA) of the purified enzyme was determined with light soluble casein as substrate, 
following essentially the technique by Otani et al. (1991). To 2.5 ml of 1% casein solution prepared in 20 mM 
potassium phosphate buffer(pH 6.3), suitably diluted enzyme solution was added. The mixture was incubated at 
35°C for 10 min, before adding 2.5 ml of 0.44 M trichloroacetic acid solution. The mixture was filtered using 
Whatmanno. 1 filter paper. To 1 ml of this filtrate, 2.5 mlof0.55 M sodium carbonate and 1 ml of three times 
diluted Folin reagent is added. This solution was kept at 30°C for 30 min and absorbance values are recorded at 
660 nm. One unit is defined as unit increase in absorbance at 660 nm. Protein concentration was determined by 
Ohnishi and Barr (1978) using bovine serum albumin as standard. 
 
Detectionof Aflatoxins in Fungal Enzyme: 
 Aflatoxins B1, B2, G1, G2, Ochratoxina and Zearalenone were detected in enzyme preparation sample 
according to AOAC (2007). 
 
Milk Clotting Enzyme Application: 
Preliminary Trail: 
  Salted fresh buffalo’s milk (3.0 % NaCl) was heated at 60°Cfor 30 min and cooled to 38°C, then divided 
into five equal portions. One part was calf-renneted at rate of 1mg/100ml milk serve as a control (C). The fungal 
coagulant was added at the rate of 0.5, 1.0, 1.5 and 2.0 ml/100 ml milk to create four treatments. All treatments 
were incubated at 38°C until complete coagulation. Coagulation time, curd syneresis, yield and body properties 
as well as total acceptability were estimated to determine the appropriate concentration of the fungal enzyme 
which will be used to produce the UF-white soft cheese in this study. 
 
White Soft Cheese Manufacture:  
  Soft cheese was made according to the method described by Renner and Abd El-Salam 
(1991).Pasteurized 8 buffalo milk retentate was divided into two equal portions. The first part was renneted 
using calf rennin-coagulate (1g/100 kg) as a control (C). The second part was renneted using the applicable ratio 
of fungal coagulant (1.0 %) as experimental treatment (E). Milk retentate dispensed into plastic bags (500 ml) 
and held at 38°C until a uniform coagulum was formed. All cheese samples were stored at 7±2°C and analyzed 
when fresh and then after 15, 30 and 60 days of storage. Three replicates were done. 
 
Analytical Procedures of Cheese Samples:  
 Total solids (TS), fat, total nitrogen (TN) and soluble nitrogen (SN) contents of cheese samples were 
determined according to AOAC (2007).The pH value was measured using digital pH meter (HANNA, 
Instrument, Portugal) with glass electrode. The spectrophotometric method of Vakaleris and Price (1959) was 
used for measuring tyrosine and tryptophan contents in cheese samples. Total volatile fatty acids (TVFAs) were 
determined as given by Kosikowski (1987). 
 
Sensory Evaluation:  
 The sensory properties of the resultant cheese samples were evaluated periodically by 20 regular-score 
panelists when fresh and after 15, 30 and 60 days of cold storage for flavor (50 points), Body and Texture (40 
points) and Appearance (10 points). All acceptability recorded 100 points. 
 
Statistical Analysis:  
 The obtained data were statistically analysis using SAS (2004), the statistic version 8 Ed Differences 
among means were identified using Duncan multiple range test. 
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Methods: 
Growth Medium and Conditions for crude Milk clotting enzyme production: 
 Erlenmeyer flasks (500 ml) containing 200 ml of sterilized growth medium were inoculated with a spore 
suspension (10% v/v). The flasks were incubated in a rotary shaker (News Brunswick, USA) at 160 rpm for 72 h 
at 30±1°C. The inoculums (4.5×106spores/mL) were 10% (v/v) of the Erlenmeyer flasks medium. The growth 
medium is as follows (in g/L): glucose, 40.0; casein, 4.0; malt extract, 4.0; bacteriological peptone, 4.0 and KH2 
PO4, 2.0. The production media consisted of the same salts used in the growth medium with added glucose (g/L) 
between 20.0 and 50.0; casein (g/L) between4.0 and 8.0; lactose (g/L) between 20.0 and 50.0. After incubation, 
the media were centrifuged at 3000 rpm for 15 min at 4°C and then filtered with whatman filter paper No.4. 
 
Preparation of whey medium: 
 Carbon and nitrogen sources usually play a critical role in the rennet performance production by 
filamentous fungus Mucor miehei NRRL 3420(Fox, 1991, Escobar and Barnett, (2007) and Thakur, Karanth and 
Nand, 1990). To investigate the effects of glucose, lactose, casein and pH on enzyme activity, was used for the 
complete factorial experimental design. The concentration range of the four factors, indicated in data, as well as 
the results indicated in the literature (Bailey, and Siika-Aho, 1988, Lasure, 1980, Escobar, and Barnett, 1995, 
Beyenal, et al. 1999, Seker and Beyenal, (1999). 
 Table (1); shows the Effect of different concentrations of carbon sources, Casein and pH and their 
concentrations on Milk clotting enzyme production. 
 
Table 1: Effect of different concentrations of carbon sources, Casein and pH on Milk clotting enzyme production. 

Component level of media components 
Glucose (g/L) 20.0 40.0 
Lactose (g/L) 20.0 40.0 
Casein (g/L) 4.0 8.0 

pH 4.0 4.5 

 
Extraction of enzyme: 
 After incubation period Mycelial mat was removed from the production media and the whey media 
containing the enzyme is filtered. The filtrate obtained was centrifuged at 4000 rpm for 10 min. The supernatant 
was used as crude enzyme source for milk clotting activity. 
 
Milk Clotting Activity (MCA):  
 MCA was determined according to the method of Greenberg (1957). Two milliliter of skim milk solution 
(12% in 0.01 M CaCl2) was incubated at 35ºC. Then 0.2 ml of enzyme was added and the time for curd 
formation was recorded. Three replicate were examined and an average of these was used in the calculation of 
the enzyme units. The activity of milk clotting enzyme was expressed in Soxhelt units. One milk clotting unit is 
defined as the amount of enzyme preparation which clots 1 ml of skim milk in 40 min at 35oC. 
 
Protease Activity (PA):  
 Protease activity was measured using casein as a substrate. One ml of 1% casein in phosphate buffer (pH 
7) and 0.5 ml of enzyme were incubated at 35°C for 30 min. The reaction was terminated by addition of 2 ml of 
15% trichloroacetic acid solution and was centrifuged at 6000 ×g for 10 min. To 1.0 ml of supernatant, 2.5 ml of 
0.5 mol/l of sodium hydroxide and 0.5 ml of Folin reagent were added, followed by 30 min incubation at room 
temperature. Absorbance was measured at 650 nm. One unit of protease activity was defined as the amount of 
enzyme, which released 1μg of amino acid equivalent to tyrosine under the assay conditions. 
 
Protein Determination: 
 Enzyme protein content was estimated according to Ohnistti and Barr (1978) using bovine serum albumin 
as standard. 
 
Crude enzyme concentration: 
 To concentrate the microbial Crude enzyme, the filtrate of fungal culture were placed separately into 
dialysis bags and dialyzed against polyethelene glycol (PEG) 40% solution for 4h at 5°C. 
 
Detection of Aflatoxins in Fungal Enzyme: 
 Aflatoxins B1, B2, G1, G2, Ochratoxina and Zearalenone were detected in enzyme preparation sample 
according to AOAC (2007).Table (2) shows the molecular absorptivity value for aflatoxins and ochratoxin A. 
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Table 2: Molecular weight and Molecular absorbitivity value for aflatoxins and ochratoxin A. 
Aflatoxin MW  

B1 312 19800 
B2 314 20900 
G1 328 17100 
G2 330 18200 

Ochratoxin A 403 5550 

 
Enzyme Purification: 
 Enzyme purification steps were done at 4°C. The crude enzyme was harvested by centrifugation at 8,000 g 
for 10 min and the supernatant was used for the study. The crude enzyme extract was precipitated with 
ammonium sulfate (40-80% saturation). The precipitate obtained after centrifugation was suspended in 50 mM 
sodium phosphate buffer (pH 6.0) and dialysed overnight against several changes of distilled water to remove 
the salt. Five milliliters of the partially purified enzyme solution were subjected to Gel Sephadex G-100 column 
(30×2.6 cm) pre-equilibrated with 50 mM sodium phosphate buffer (pH 6.0). The column was eluted at a flow 
rate of 0.3 ml/min and 5 ml fractions were collected. The protein content of each fraction was determined by 
measuring the absorbance at 280 nm. The optimum pH for the activity of the purified was pooled, stored frozen 
and used in all subsequent studies. 
 

 
 

1-Production Media2- Ammonium sulphate Precipitate of the Crude Extract 3- Rennet enzyme. 
 
Fig. 1: Extraction of Rennet enzyme from Mucor miehei NRRL 3420. 
 
Enzyme characteristics: 
Effects of temperature and pH on enzyme activity and stability: 
 The optimum temperature for the activity of the purified enzyme was determined by assaying the milk-
clotting activity at intervals of 5°Cfrom 30-85°C. The optimum pH for the activity of the purified enzyme was 
determined by assaying the milk clotting activity in the pH range 5.5-8.5, by adjusting the pH of the substrate 
(skim milk) with 0.1 MHCl or0.1 M NaOH as appropriate. The maximum milk-clotting activity obtained was 
taken to be 100%. To determine the thermal stability, the purified enzyme was incubated at 5°C intervals from 
40-70°C, and the length of the incubation was varied from 0 to 40 min. After incubation, the residual milk-
clotting activity was determined and the activity obtained with an incubation time of 0 min was taken to be 
100%. To determine the pH stability, the enzyme was dispersed (1:1, v/v) in the0.1 M buffer solutions at 
different pH levels (pH 2-9).The MCE produced by Mucor miehei NRRL 3420, held at 30°C for 30 min and the 
residual milk-clotting activity was determined and the maximum activity obtained was taken to be 100%. 
 
Effect of substrate concentration on enzyme activity and stability:  
 The effect of substrate concentration on the milk-clotting activity of the purified enzyme was determined 
by increasing the concentration of the skim milk from 25 to200 g/L. The maximum activity obtained was taken 
to be 100%. 
 
Effect of calcium on milk-clotting activity: 
 To study the effect of calcium on clotting efficiency of the purified enzyme, assay was carried out with 
different concentrations of calcium (0.0, 200, 370, 550, 700, 1100 and 1600 ppm) in the reaction mixture, time 
taken by a total of M.miehei NRRL 3420 for different period namely 3, 6 and 9 days, respectively. 
 
Effect of heat treatment on purified microbial enzyme activity: 
 The purified enzyme was heated for 15 minutes in a water bath set at different temperatures of 40, 45, 50, 
55, 60, and 65°C, then cooled to 35°C before adding to the milk at the renneting temperature of 35°C. 
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Effect of milk temperature on the milk-clotting activity:  
 Reconstituted skim milk (12% in 0.01 M CaCl2 ) was indirectly heated to different renneting temperatures 
of 35,40, 45, 50, 55, 60, 65, 70, and 75°C. Certain amounts of microbial coagulants whether in crude or purified 
form were separately added to the milk. Another treatment was done using the calf rennet to serve as control. 
 
Effect of milk pH on the milk- clotting activity: 
 Reconstituted skim milk (12% in 0.01 M CaCl2) was adjusted with 0.1 N NaOH to various pH values (5, 
5.5, 6, 6.5, 7 and 7.5), then milks were renneted as previously mentioned in the study of effect of milk 
temperature. 
 
Effect of milk NaCl concentration added to the milk-clotting activity: 
 Various concentration of sodium chloride namely 0, 3, 6, 9, 12 and 15%(W/v) were added to reconstituted 
skim milk (12% in 0.01 M CaCl2) before renneting, then different rennets whether  microbial crude or purified 
were individually used. Besides, the control treatment with calf rennet was done. 
 
Effect of milk CaCl2 concentration added to the milk- clotting activity: 
 Various concentration of anhydrousCaCl2namely 0, 0.02, 0.04, 0.06, 0.08 and 0.1% (W/v)were added to 
reconstituted skim milk (12% in 0.01 M CaCl2) to examine the milk- clotting activity of the enzyme. 
 
Effect of substrate concentration: 
 Casein was used as substrate for measuring the enzyme activity. The initial rates of enzyme were 
measured as a function of the casein concentration starting from 0.5, 1, 1.5, 2, and 2.5%. The activity was 
measured 5 times within 30 min. The obtained values were plotted against time and velocity was calculated 
from the slope of the curve. The slope value of the best fit line indicated the ratio of Km/ Vmax and the value of 
the intercept distincted the reciprocal of the Vmax where: Km= Michales and Menten constant and Vmax= 
Maximum velocity. 

 
Analytical Methods: 
Biomass   Measure:  
 Samples from the culture medium (30 ml) were centrifuged at 3000 rpm for 15 min at 4°C and then 
filtered through dry paper filters (a whatman filter paper No.4).The mycelial dry-mass was determined after 
drying at 80°C for 24 h. 
 
Sugar Determination:  
 Total reducing sugars were determinate as glucose standard described by Miller, (1959). 
 
Enzyme Activity:  
 Milk clotting activity (MCA) was determined following the method described by Arima and Iwasaki 
(1970) and expressed in terms of Soxhlet Units (S.U.). 
 
Analytical Procedures of Cheese Samples:  

Total solids (TS), fat, total nitrogen (TN) and soluble nitrogen (SN) contents of cheese samples were 
determined according to AOAC (2007).The pH value was measured using digital pH meter (HANNA, 
Instrument, Portugal) with glass electrode. The spectrophotometric method of Vakaleris and Price (1959) was 
used for measuring tyrosine and tryptophan contents in cheese samples. Total volatile fatty acids (TVFAs) were 
determined as given by Kosikowski(1987). 

 
Sensory Evaluation:  

The sensory properties of the resultant cheese samples were evaluated periodically by 20 regular-score 
panelists when fresh and after 15, 30 and 60 days of cold storage for flavor (50 points), Body and Texture (40 
points) and Appearance (10 points). All acceptability recorded 100 points. 

 
Statistical Analysis:  

The obtained data were statistically analysis using SAS (2004), the statistic version 8 Ed Differences 
among means were identified using Duncan multiple range test. 
 
Results and Discussion 
 
Experiments Performed in Rotary Shaker: 
 The production media was used in all experiments performed in rotary shaker varying the pH and casein, 
glucose and lactose concentrations. 
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Influence of pH on Enzyme Activity: 
 At pH values of4.0, 4.5, 5.0, 6.0 and 8.0 the enzyme activity reached values of 665, 475, 230, 65 and 
40(S.U.) respectively. This study revealed lower milk clotting activity when the pH was increased. At pH values 
above 8.5, the protease becomes unstable. (Bailey, and Siika-Aho, 1988, Escobar and Barnett, 1995 and 
Beyenal, et al.1999) observed the same results. As the fermentation had to take place in an acidic medium in 
order to minimize enzyme activity loss (at pH 5.0), so pH values of 4.0 and 4.5 were chosen. 
 
Influence of Casein Concentration on Enzyme Activity: 
 Maintaining pH at 4.5, the casein concentration was ranged from 4 to 9 (g/L). The enzyme activity results 
(S.U.) were 770, 750, 703 and 665, respectively. Using 4 g/L and 9 g/L of casein resulted in the highest and 
lowest milk enzyme activity, respectively. According to the literature (Escobar, and Barnett, 1995) the use of 
casein above8 g/L does not produce high concentrations of the clotting enzyme. Consequently, seeking the best 
condition for enzyme activity, initial concentrations of 4 g/L and 8 g/L of casein were chosen as the best Casein 
concentration in enzyme production. 
 
Influence of Glucose Concentration on Enzyme Activity: 
 Using glucose concentrations with 20, 30, 40 and 50 g/L the enzyme activity obtained were 1085, 790, 662 
and 455 (S.U.), respectively. These results demonstrate that the amount of glucose in the medium has 
considerable influence on the production of the clotting enzyme and, in lower initial glucose concentrations, 
enzyme activity was higher. According to (Beyenal et al. 1999 and Seker and  Beyenal 1999), a higher glucose 
concentration is a preponderant factor in the inhibition of enzyme activity, as it stimulates biomass production 
rather than rennin synthesis.  
 
Influence of Lactose Concentration and pH on Enzyme Activity:  
 The sweet whey used in this study contains about 5.1% lactose. The filamentous fungus Mucor miehei has 
the ability to break this disaccharide into glucose through the β-galactosidase enzyme. Therefore, the initial 
lactose concentration was calculated according to this ratio to achieve the same initial glucose concentration 
used 20, 30, 40 and 50 g/L. Thus, the cheese whey concentrations (g/L) studied was 25, 38, 50 and 63, 
equivalent to lactose concentrations (g/L) of 20, 30, 40 and 50. The enzyme activity results (S.U.) were 543, 
317, 286 and 270, respectively. 
 A higher initial lactose concentration resulted in lower enzyme activity. The best result was 543 S.U., 
using 20 g/L of initial lactose concentration. Low pH had a positive effect on enzyme production and stability. 
High pH appeared to repress enzyme activity, as observed by Beyenal et al. (1999). The use of 40 g/L of lactose 
and 8 g/L of casein in the medium resulted in lower activity (266 S.U.) and high biomass production, revealing a 
probable metabolic deviation for biomass synthesis in the metabolism. Seker and Beyenal (1999) observed this 
when a high carbon concentration was used. Table (3) shows that the best enzyme activity results were obtained 
when using the lowest casein concentration (maintaining the same pH conditions). This demonstrates that a high 
concentration of amino acids has a negative influence on enzymesynthesis, as observed (Lasure, 1980 and 
Escobar, and Barnett, 1995). It can also be inferred that the low concentration of casein allied to low pH 
contributed positively to enzyme production and stability. 
 
Table 3: Enzyme activity production using Casein as substrate (Casein, Glucose, Enzyme activity, Biomass). 

Experiment pH 
Casein 
(g/L) 

Glucose (g/L) 
Enzyme activity 

(S.U.) 
Biomass (g/L) 

 
T1 4.0 4 20 630 13.0 
T 2 4.5 4 20 510 13.23 
T 3 4.0 8 20 540 13.18 
T 4 4.5 8 20 435 13.06 
T 5 4.0 4 40 367 15.05 
T 6 4.5 4 40 286 14.90 
T 7 4.0 8 40 272 15.43 
T 8 4.5 8 40 263 15.90 

 
Influence of Inoculum Size: 
 Size of inoculum is an important biological factor, which determines biomass production in the 
fermentation process. The results presented in Table 4 showed gradual decrease in milk clotting enzyme 
production with increasing the inoculum size. Maximum enzyme production (250 SU/ml fermented culture) was 
obtained when whey medium was inoculated with 1.8×108 CFU/g. The decrease in milk clotting enzyme with 
larger inoculum size could be due to the shortage of the nutrients available for the larger biomass and faster 
growth of the culture. Hence, a balance between the proliferating biomass and available material is essential to 
yield maximum enzyme production as reported by Hesseltine et al. (1976). It was reported by Sathya et al 
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(2009) that 30% inoculum size was an optimal level for milk clotting enzyme production by Rhizomucor 
circinelloides under SSF after which enzyme yield was reduced. 
 
Table 4: Effect of inoculum Size in Milk-clotting enzyme produced by M. miehei NRRL 2034. 

Inoculum size 
(× 108 CFU /g) 

Final weight (g) Final pH MCA (SU/g) MCA/PA 

1.8 9.4 4.5 3.47 11.13 
3.6 10.8 4.8 6,40 8.7 
5.4 12.0 4.8 21.07 8.8 
7.2 11.4 4.7 225..0 4.3 
9 12.0 4.8 250.40 2 

MCA: milk-clotting activity         PA: Protease Activity 

 
Detectionof Aflatoxins in Fungal Enzyme: 
 Aflatoxins B1, B2, G1, G2, Ochratoxina and Zaralenone were detected in the fungal milk clotting enzyme 
obtained from Rhizomucor miehei NRRL 2034. The data indicated that the sample is toxins free. So it can be 
used with high safety as rennin substitute in coagulation of milk and manufacture of cheese. Milk coagulating 
enzyme obtained from Rhizomucor miehei has a sufficient toxicological data set to support its safety (Health 
Canada’s Food Directorate, 2013). Moreover, this enzyme has safe use in the Canadian food supply in the 
manufacture of cheese. The Joint FAO/WHO Expert Committee for Food Additives (JECFA) in 1974 
established an acceptable daily intake of ‘not specified’ for fungal rennet from Mucor miehei. These substances 
have a very low toxicity and do not pose a health hazard. Milk coagulating enzyme from M. mieheiis already 
permitted for use in Canada as a food enzyme in various types of cheese, sour cream, dairy-based flavoring 
preparations and hydrolyzed animal, milk and vegetable protein safety (Health Canada’s Food Directorate, 
2013). 
 No aflatoxins were detected in the sample; the following figure (2) shows the HPLC chromatogram 
(enzyme from Mucor miehei NRRL 2034). 
 
 

 
 
Fig. 2: HPLC chromatogram (enzyme from Mucor miehei). 
 
Fractionation of microbial crude enzyme by ammonium sulfate precipitation: 
 Table (5) illustrates the milk-clotting activity of fungal rennet as a function of the Fractionation by 
ammonium sulfate precipitation. This data reveal that range of saturation less than 30% was inadequate for 
precipitating the enzyme produced by M. miehei NRRL 2034. On the other hand the saturation ranges of 10-
60% and 80-90% for M. miehei NRRL 2034imparted the highest MCA and MCA/PA ratio. The precipitation 
ranges of 60-80% for M. miehei NRRL 2034was chosen of the clotting enzyme. Somkuti and  Bael (1968) used 
85%saturation of ammonium sulfate to precipitate the enzyme of M. pusillus after filtering it through four layer 
of gauze and then through a 1 inchlayer of Celitic analytical filter. 
 
Fractionation of precipitated enzyme bygel filtration using Sephadex G-100: 
 Data presented in table (6) show the clotting activity and related parameters of fungal milk-clotting 
enzyme as affected by the precipitation with ammonium sulfate at the level of 60-80% for M. miehei. Also, 
eluation by gelfiltration of 5ml out 7ml of reconstituted precipitates through Sephadex G-100. With regard to M. 
miehei, the precipitation led to obtain a yield of 47.36% and a purification factor of 5.31fold. The correspond in 
values obtained after gel filtration were 33.07% and 16.99fold, respectively. This result was of 45 ml filtrate 
drawn from elute number 19-27, which gave the highest clotting activity. 
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Table 5: Milk-clotting activity (MCA) and proteolytic activity (PA) of enzyme from M. miehei NRRL 2034as a function of 

the fractionation by ammonium sulfate precipitation. 
Saturation level of 
ammonium sulfate 

MCT 
min 

MCA 
su/ml 

Protein 
Mg/ml 

PA 
unit 

SP. MCA 
 

SP. PA 
 

Total unit MCA/PA 

 M. miehei 
Crude 12.5 34.98 2.6 2.27 13.44 0.88 3478.00 15.41 
0-10 - - 0.57 1.30 - - - - 

10-20 - - 0.93 1.26 - - - - 
20-30 - - 1.45 1.04 - - - - 
30-40 120.0 3.400 1.93 1.19 2.58 0.9 17.20 2.860 
40-50 80.0 6.850 1.57 1.06 3.92 0.71 29.80 6.460 
50-60 54.0 20.08 1.72 0.96 16.83 0.58 99.30 209.16 
60-70 3.00 220.0 1.39 1.07 155.06 0.85 1040.00 205.61 
70-80 4.00 140.0 1.12 1.09 121.00 0.97 717.30 128.44 
80-90 25.00 18.40 1.17 1.12 14.75 0.95 90.50 16.430 

MCT: milk-clotting time     MCA: milk-clotting activity   PA: proteolytic activity    SP. MCA: specific milk-clotting activity.  SP. PA: specific 
proteolytic activity 

 
Table 6: Milk-clotting activity (MCA) of clotting enzyme produced by M. miehei NRRL 2034as a function of the 

fractionation by ammonium sulfate precipitation and gel filtration. 
Saturation level 
of ammonium 

sulfate 

Volume 
ml 

MCT 
Min 

MCA 
su/ml 

Protein 
Mg/ml 

SP. 
MCA 

 

Total 
activity unit 

Recovery 
% 

Purification 

 M. miehei 
Crude 100.00 11.50 34.78 2.590 13.43 3478.00 100.00 1.00 
0-10 7.00 1.70 235.29 3.300 71.30 1647.03 47.36 5.31 

10-20 45.00 15.65 25.56 0.112 228.21 1150.20 33.07 16.99 
MCT: milk-clotting time                                      MCA: milk-clotting activity    SP. MCA: specific milk-clotting activity          

 
Characterization of Milk Clotting Enzyme: 
Effect of Temperature on Enzyme Activity and Stability: 
 The obtained results indicated that MCA increased progressively with increasing the incubation 
temperature reaching the highest MCA value at 60oC as shown in table 7. At higher incubation temperatures, 
MCA decreased. Milk clotting enzyme was stable up to 50oC (table 7). However, heating the enzyme at 60oCfor 
10 minutes drastically reduced MCA to 40 % and PA to 63% whereas total denaturation of the enzyme was 
evident at higher temperature 
 It was reported that, milk clotting activity of Rhizomucor pusillus was the best at 50oC (Nouani et al. 
2009). Milk clotting enzyme from Aspergillus oryzae had an optimum temperature of 55oC and had a midpoint 
for thermal inactivation of 49°C (Vishwanatha et al., 2010). This coincides with the midpoint of thermal 
inactivation for calf rennet (Martin et al. 1980). Thermo ability is another preferred quality for microbial milk 
clotting enzymes as undesired proteolysis of proteins, beyond normal pasteurization temperature, can be 
avoided. 
 
Table 7: Optimum temperature of milk clotting Enzyme activity produced by M. miehei NRRL 2034 grown in whey. 

Relative activity (%) Temperature oC 
36 30 
37 35 
39 40 
42 45 
52 50 
61 55 
82 60 
98 65 
71 70 

 
Optimum pH: 
 Optimum pH for the maximum MCA was found to be pH 5 (table 8). Further acidification showed acidic 
clotting of milk. At pH values higher than pH 5 MCA decreased to reach 40% at pH 7.  
It was reported that, pH has a profound impact on milk clotting activity by rennet and pH value less than 5 cause 
curdling of the milk. Microbial rennet is reported to have an optimal pH (5.5–7). The optimum pH of calf rennet 
about 6–6.3 as reported by Okigbo et al. 1985. The optimum pH for milk clotting enzyme of Aspergillusoryzae 
was pH 6.3 (Vishwanatha et al., 2010). It was reported that the optimum milk clotting activity was at pH 5.6 and 
6.0 for Rhizomucor miehei and Rhizomucor pusillus, respectively (Jacob et al., 2011).  
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Table 8: Optimum pH of milk clotting Enzyme activity produced by M. miehei NRRL 2034 grown in whey. 

Relative activity (%) pH 
100 5 
60 5.5 
45 6 
41 6.5 
40 7 

 
Effect of Calcium Chloride: 
 The results illustrated in table 9 showed that the coagulation activity of the enzyme was greatly stimulated 
with addition of CaCl2 up to 0.05M. However, higher concentrations resulted in a marked decrease in MCA 
which was reduced to 37.5 % at 0.2M CaCl2.  
 As reported earlier, calcium ions in the reaction mixture decrease the rennet clotting time (Balcones et al. 
1996; Montilla et al. 1995, Kumar et al. 2005). Addition of calcium also reduces pH of the milk solution thereby 
hastening protein aggregation (Gastaldi et al. 1994). Curd firmness, gel strength, aggregation rate, and 
adhesiveness are improved with the addition of calcium ion (Solorza and Bell 1998; Cavalcanti et al. 2004). 
 
Table 9: Effect of  CaCl2 concentration on milk clotting Enzyme activity produced by M. miehei NRRL 2034 grown in whey. 

Relative activity (%) CaCl2concentration (%) 
45 0 
96 0. 05 
78 0.1 
65 0.15 
39 0.2 

 
Effect of Sodium Chloride: 
 The obtained results show a progressive inhibition of the MCA with the increase of the concentration of 
sodium chloride as shown in table 10.  
 Milk is sometimes salted with sodium chloride for protection against spoilage by various microorganisms. 
The amount of salt required to reduce water activity to prevent microbial growth is 4-5%. The sensitivity of milk 
clotting enzyme from various sources to sodium chloride is not the same. Bovine pepsin appears less sensitive to 
sodium chloride than calf rennet, particularly at high salt concentrations (Ramet 2001).  
 
Table 10: Effect of NaCl concentration on milk clotting Enzyme activity produced by M. miehei NRRL 2034 grown in whey. 

Relative activity (%) NaClconcentration (%) 
100 3 
80 5 
50 7.5 
45 10 
50 15 

 
Effect of Skim Milk Concentration: 
 It is clear that the highest MCA was obtained at 9% skim milk as shown in table 11. At more or less skim 
milk concentrations than this level, MCA gradually decreased. 
 
Determination of the Appropriate Fungal Enzyme Concentration for Experimental Cheese:  
 Data presented in Table 12 showed the properties of the preliminary white soft cheese samples. Different 
concentrations of fungal milk clotting enzyme (0.5, 1.0, 1.5 and 2.0 ml/100ml milk) isolated from Rhizomucor 
miehei NRRL 2034 was applied to determine the adequate percent will be used in this study. As shown in Table 
1, it could be concluded that using 1ml milk clotting preparation /100 ml milk was more suitable for 
manufacture of white soft cheese and the properties of the resulted cheese samples was very closed to that 
produced by calf rennin. Total acceptability of the experimental samples was 95% against 92% for calf rennet-
sample. So using 1ml fungal enzyme /100 ml milk was selected in the all subsequent experiments. 
 
Table 11: Effect of Skim Milk concentration on milk clotting Enzyme activity produced by M. miehei NRRL 2034 grown in whey. 

Relative activity (%) Skim Milk concentration (%) 
10 3 
80 8 
97 10 
50 15 
25 18 

 
 



Middle East J. Appl. Sci., 5(4): 1068-1081, 2015 
ISSN 2077-4613 

1078 

Table 12: Properties of white soft cheese samples made with different concentrations of fungal milk clotting enzyme 
isolated from Rhizomucor miehei NRRL 2034. 

 
Coagulants % 

Coagulation time 
(min) 

Cheese yield over 4 hr 
(g/100ml) 

Curd syneresis 
(ml) 

Body and 
Texture 

properties 

Total acceptability 
(100) 

0.5 * 55 34.23 52 very soft 90 
1* 50 29.27 26 soft 95 

1.5* 45 32 57 soft 90 
2* 40 30.41 59 soft 91 

C ** 55 28.011 62 firm 92 
* 1ml / 100 ml milk v/v)   * *1mg/100 ml milk (w/v) 

 

 
(1)                          (2)                             (3)                             (4) 

Fig. 3: Effect of Skim Milk Concentration on milk clotting activity by rennet enzyme.  
(1)Control, (no rennet),  (2)3% skim milk; (3) 8% skim milk ;(4)18% skim milk To three of the tubes, add 1.5 
ml of a 1% rennet solution 
 
Properties of the Adoptive white Soft Cheese:  
 Table 13 reveals the gross chemical composition and some ripening parameters of fresh and stored white 
soft cheese made with fungal rennet-like-enzyme obtained from Rhizomucor miehei NRRL 2034 (E) ; in 
comparison to control cheese made with calf rennet (C) through 60 days of storage at cold storage (7± 2°C). For 
gross composition contents, no pronounced differences were observed in TS, TN and fat percent in both fresh 
and stored cheese samples; where C-samples gained 33.67, 2.65 and 14.5% respectively against 31.77, 2.53 and 
14.0 % for E-samples. These differences had no viable effect upon cheese in the production scale. The changes 
of all data through storage were logically remarkable and accepted as recorded by Abbas et al. (1998) and Ismail 
et al. (2004). 
 
Table 13: Cross chemical composition and some ripening parameters of fresh and stored UF-white soft cheese made by 

fungal rennin-like enzyme from Rhizomucor miehei NRRL 2034 in comparison with control cheese made by calf 
rennet through 60 days of cold storage. 

Treatments Storageperiod 
(days) 

pH T.S % T.N % Fat % TVFA * SN % SN/TN Tyrosie** 
Tryptophan** 

 
Controlcheese (C) 0 5.58A 33.67D 2.65CD 14.5F 14.5E 0.22F 0.083E 39.5E 37.08D 

15 5.51A 33.86D 2.68CD 14.6E 16.2D 0.24E 0.0895DE 45.94D 38.02D 

30 5.36AB 34.9B 2.84AB 14.8D 20.9C 0.27D 0.095D 51.1C 40.90BC 

60 5.10BC 35.1B 2.91A 14.9C 30B 0.31C 0.106C 56.19B 41.92AB 
Experimentalcheese 

(E) 
0 5.10BC 31.77E 2.53D 14.0G 21C 0.28D 0.111C 40.93E 38.15D 

15 5.78C 31.68E 2.7BC 14.0G 22.5C 0.31C 0.115BC 46.6D 39.89C 
30 5.55D 34.44C 2.85AB 15.0B 29.5B 0.35B 0.123B 55.375B 40.45C 
60 5.01E 36.90A 2.91A 16.0A 40.0A 0.42A 0.144A 60.08A 42.07A 

* Expressed as ml 0.1 N NaOH/10 g cheese sample. **Expressed as mg/100 g cheese sample. 
-Each treatment was an average of three replicates -Means with the same capital letters are not significantly different (P=0.05). 

 
 The pH values presented in Table 2 reflected the action of both cheese culture and the additives (calf 
rennet and fungal enzyme). It could be noticed a gradual decreased in pH values during ripening in both cheese 
samples; but the rate of decrease was more pronounced in E-cheese. C-cheese had 5.58, 5.51, 5.36 and 5.10 
when fresh and after 15, 30 and 60 days of ripening versus 5.47, 5.78, 5.55 and 5.01 respectively for E-cheese. 
 Total volatile fatty acids contents (TVFAs) showed great differences in both cheese samples (C and E). 
Control-cheese gained lower content of TVFAs either fresh or during ripening (Table 13). They possessed 14.5, 
16.2, 20.9 and 30.0 ml 0.1N NaOH /10g cheese against 21, 22.5, 29.5 and 40.0 for E-cheese samples at fresh 
and after 15, 30 and 60 days of ripening respectively. These variations could be related by the higher lypolitic 
activity of fungal enzyme. These results are in accordance as mentioned by Abbas et al. (1998) and Abd-Rabou 
and El-Senaity (2006). Reps et al. (2005).mentioned that greater amount of free fatty acids were recorded for 
camembert cheese made by Rhizomucor miehei NRRL 2034 coagulant enzyme. Moreover, a great content of 
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free unsaturated-fatty acids was also observed in E-cheese. Data in Table 2 also illustrated that the contents of 
SN in both cheese samples (C, E) during ripening for 60 days. It could be noticed gradually increased in SN 
contents in both cheese samples as a result of proteolysis. There were obvious differences in the proteolytic 
action of the two coagulants. Fungal preparation had more proteolytic activity and hydrolyzed more peptides 
bands and liberated more free amino acids and more soluble nitrogen (1998, 2001). Control cheese samples had 
0.22, 0.24, 0.27 and 0.31 % SN contents versus 0.28, 0.31, 0.35 and 0.42 % for E-cheese respectively. Abd-
Rabou and El-Senaity (2005) reported that Edam cheese produced by Rhizomucor miehei milk clotting enzyme 
had more SN and NPN more than control. On the other hand, Reps et al. (2006)indicated that the amount of 
milk N-compounds and fat in whey (obtained by mucor proteinase preparation) was higher than that obtained in 
coagulation with rennin during the manufacture of camembert cheese. After 2 weeks-ripening; the content of N-
compounds in cheese produced by Rhizomucor proteinase was higher than in rennin-cheese. Their obtained 
results explicitly indicate that the protein degradation process is more intense in cheese produced with fugal 
enzyme and thus ripens faster Reps et al. (2006). For tyrosine and tryptophan contents, the same table revealed 
the changes in their values freshly and during storage. E-cheese had higher values through all intervals in 
comparison with C-cheese as the same trend for soluble nitrogen. Fresh C-cheese had 39.5, 37.08 mg/100g 
against 40.93, 38.15, tyrosine and tryptophan for E-cheese. During ripening the differences were more 
pronounced where C-cheese gained 56.19, 41.92 mg/100g after 60 days versus 60.08, 42.06 for tyrosine and 
tryptophan for E-cheese. These results are in accordance with those reported by Abbas et al. (1998)and Abd–
Rabou and El-Senaity (2005). 

Table (14) reflects the sensory properties of white soft cheese samples prepared by calf and fungal 
coagulants. Data revealed the acceptability of E-cheese samples compared with C-cheese samples. Fresh C-
cheese seemed to be firm with acceptable body and texture and clean flavor. While, E-cheese samples had a soft 
spreadable body and pronounced flavor with more acceptability. No flavor defects or no bitter tastes were 
observed in both E and C-cheeses during all intervals of ripening. Generally, ripening period improved all the 
organoleptic properties of both C-and E-cheese samples for the proteolytic and lypolitic actions. For flavor 
assessment; C-cheese samples possessed 42.8, 41.8, 45.10 and 46.6 points when fresh and after 15, 30 and 60 
days against 45.4, 43.3, 45.9 and 47 points for E-cheese samples respectively. On the other side, body and 
texture data showed that C-cheese samples gained 35.7, 33.8, 35.7 and 37.5 points Vs 36.7, 34.4, 36.6 and 37.7 
for E-cheese samples respectively. Total acceptability of C-cheese samples after 60 days was 93.1 points and 94 
points for E-cheese. Abbas et al. (1998) confirmed these data. In the production of Camembert, Edam and 
Cheddar cheeses the curd obtained with Rhizomucor proteinase was slightly less firm than that obtained with 
rennin preparation Reps et al. (2006). 
 
Table 14: Organoleptic properties of fresh and stored UF- white soft cheese made with fungal rennin-like enzyme from 

Rhizomucor miehei NRRL 2034 in comparison with control cheese made by calf rennet through 60 days of cold 
storage. 

Treatments 
Storage period 

(days) 
Flavor 
(50 p) 

Body and Texture 
(40p) 

Appearance 
(10p) 

Total acceptability 
(100) 

 
Control cheese (C) 0 42.80CD 35.7 AB 9.2 AB 87.7 

15 41.80D 33.80 B 8.3 AB 83.9 

30 45.10 AB 35.70 AB 8.2 B 89 

60 46.60AB 37.50 A 9.0 AB 93.1 
Experimental cheese (E) 0 45.40 ABCD 36.70 AB 9.2 AB 91.3 

15 43.30 BCD 34.40 B 8.5 AB 86.2 
30 45.90 ABC 36.60 AB 8.6 AB 91.1 
60 47.0 A 37.70A 9.3 A 94 

-Means with the same capital letters are not significantly different (P=0.05)  

  
Conclusion 
          It could be concluded that dairy companies wastes (sweet whey resulting from Mozzarella cheese 
manufacture) could be used as a cheap source of the milk clotting enzyme as a whole medium for growth Mucor 
miehei NRRL 3420 in addition to preserving the environment.  

It was studied the effects of the carbon sources on enzyme synthesis. The greatest enzyme activity was 
1170 S.U., obtained with the combination of 20 g/L of glucose, 4 g/L of casein and at pH 4. The high level of 
milk-clotting activity (MCA) coupled with a low level of thermal stability suggested that the milk-clotting 
enzyme (MCE) from Mucor miehei NRRL - 3420 should be considered as a potential substitute for calf rennet. 
In this study, it can be successfully applied the enzyme preparation obtained from Rhizomucor miehei NRRL 
2034;produced by whey fermentation technique; in the production of  white soft cheese at commercial 
production scale in Egyptian factories; in spite of the exported expensive enzyme preparations. 
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