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Influence of the amount of milk clotting enzyme with microbial and camel origin on the 
coagulation time of cow's milk

1 1 1 2P. Panayotov , K. Yoanidu *, P. Boyanova , B. Milenkov

1Department of Milk and Dairy Products, Technological Faculty, University of Food Technologies, 26 Maritza, 4002 Plovdiv, Bulgaria
2Department of Computer Systems and Technologies, Technical Faculty, University of Food Technologies, 26 Maritza, 4002 Plovdiv, Bulgaria

Abstract. 3 -2 -3A study of rennet coagulation of cow's milk was conducted using chymosin of microbial and camel origin in the range 10 to 60 cm .10  dm  with an 
equivalent activity to 1:50000. As a control calf chymosin was used. The monitoring includes heuristic, optical and viscosimetric methods. Significant 
differences in both initial coagulation time, as well as in time of full coagulation of milk were determinated. The data obtained in a research study can be used in 
laboratory and manufacturing practices using chymosin of camel origin, which can mainly be used in cheese making, using stream dosing of the coagulant and 
low impact of the enzyme on the cheese ripening process.
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Introduction suitable for the production of chymosin in the experiments relating to 
gene recombination (Rodriguez, 2013).

The application of the different genetic variants of chymosin The development and growth of industry of cheese making and 
results in changing not only the time of initial coagulation of the milk, reducing the quantity of available sources of milk clotting enzymes 
but also the duration of the different phases of the coagulation causes demand for new alternative sources of chymosin. Such 
process. Significant differences were identified at the time of initial alternative is the use of recombinant enzymes (Rodriguez, 2013). 
coagulation, as well as at the time of complete coagulation of the Although most proteinases may coagulate milk, only a few are used 
milk.successfully as a substitute of calf chymosin. A prerequisite is: the 

Increasing the concentration of milk clotting enzyme to substituent must possess low proteolytic activity, specificity for the 
accelerate the process of enzymatic coagulation, is likely to lead to a connection Phe105-Met106 of k-casein, and the need to pass in the 
pronounced bitterness in the taste profile of the finished product. whey (Fox and McSweeney, 1997). As technology for recombining 
According to Spangler, the optimal concentration of milk clotting DNA, calf chymosin gene was cloned on various microorganisms, 
enzyme for preparing Gouda type cheese concentrate obtained by which allows the preparation of chymosin by fermentation. Such 
ultra filtrated milk is 1/3 of the standard; an increase in the rate of types of preparations are widely used in practice (Fox and 
flocculent added to 2/3 of the standard, leads to significantly bitter McSweeney, 1997).
taste profile (Spangler et al., 1991).The enzymatic properties of camel chymosin obtained by 

The aim of the study was to establish the influence of the type fermentation were compared with those of calf chymosin; camel 
and quantity of rennet on the process of initial and total coagulation.chymosin has 70% higher milk clotting activity per unit of cow milk 

compared to calf chymosin and only 20% of typical calf enzyme 
proteolytic activity, respectively camel chymosin has 7 times higher 

Material and methodsrate of coagulation (Kappeler et al., 2006). There were no significant 
differences in the composition and pH of cheeses produced with 
different coagulants. The extent of proteolysis was significantly In all experiments cow's milk was used collected in the village of 
lower in cheeses produced with camel chymosin than those Dolnoslav, Asenovgrad area. The milk was accepted in accordance 
obtained with bovine milk clotting enzyme. There were considerable with the specific requirements and analysis of the main parameters 
quantitative differences in the peptide profiles of cheeses. However, was conducted. Parameters remained stable during the two days of 
the levels of the amino acids are similar, with the exception of the execution of experiments, there was a very slight change in the 
isoleucine, histidine and lysine (Bansal et al., 2009). Camel pH of the milk on the second day of storage. The parameters of cow's 
chymosin has higher thermal stability than calf chymosin. It was milk (pasteurized at 65°C) were: fat – 3.6% (2.76% after 

-3found that camel milk can not coagulate with the use of calf degreasing); SNF – 8.4%; density of milk – 1.027 kg.dm ; protein – 
chymosin, but with the use of camel chymosin high milk clotting 3.11%, titratable acidity – 16 T; pH = 6.8. Before processing the milk 
activity was observed (Kappeler et al., 2006). was subjected to partial degreasing to reduce the effect of milk fat on 

The most commonly used microorganisms for the preparation the obtained results. 
of recombinant chymosin by microbial origin are fungi, but this For each type of enzyme during the single factor experiment, 18 
enzyme can be prepared also with the use of bacteria. Three of the samples containing 800 ml of cow's milk were prepared. The milk 
most regularly utilized types of microorganisms are Aspergillus was heated to a temperature of 38 ÷ 40°C and then cooled to a 
niger, Kluyveromices lactis and Escherichia coli, which makes them temperature of 36 ÷ 38°C, the optimum temperature for the milk 
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10clotting enzyme activity. The renneted milk, in an amount of 200 ml, microbial origin for the interval of variation are indicated as τic  = 
20 30 40was then divided in three glass containers. The remaining amount of 693.5 ± 32.4; τic  = 407.5 ± 18.8; τic  = 273.5 ± 13.6; τic  = 216.0 ± 

50 60milk was used for “the small sample”, which serves to heuristically 11.3; τic  = 187.0 ± 9.5 and τic  = 172.8 ± 7.8 s, respectively. The 
determine the initial coagulation. The samples were placed in a above data show that the variation of τic is not linear and is described 
water bath at a temperature of 35 ÷ 38°C and were analyzed by the more like hyperbole.
method of penetrometry by measuring the hardness of the gel in 20, After mathematical processing of the data obtained, nonlinear 

th th40 and 60 min. Detection was carried out on the 30  and 60  second, regression model, a type of decreasing hyperbola with two 
respectively. coefficients was prepared, having the following form:

The quantities of the used milk clotting enzymes are from 10 to 
3 -2 -360 cm .10  dm , respectively, and the results were obtained on the f = (a * b) / (b + x) (1)

basis of a quadruplicate experiment.
Camel chymosin of  "Christian Hansen" was used as coagulant According to the correlation coefficient R = 0.9983, the 

under the name "CHY - MAX" ® M ", with milk clotting activity 1000 quadratic coefficient Rsqr = 0.9967 was obtained, and the 
IMCU/ml (or strength of the enzyme 1: 70 000), stored refrigerated at coefficients of significance of the aforementioned values 0.9909003, 
0 ÷ 8°C. the mathematical model that correctly describes the relation studied 

The milk clotting enzyme of microbial origin, produced by "Chr. has the following form:
Hansen", was described as activity (1:50 000) and other indicators in 
the established certificate. For the experiment, the enzyme activity y = (2339 * 4.203) / (4.203 + x) = 9830.817 / (4.203 + x) (2)
of the aforementioned coagulants was reduced to 1:50000. Initial 
coagulation time is determined by the heuristic (Berridge, 1952) and The influence of the quantity of chymosin with camel origin in 

3 -2 -3 3viscometric (Boyanova et al., 2012) methods. the range of variation from 10 to 60 cm .10 .dm  and step 10 cm .  
-2 -3Statistical processing of the data obtained in the course of the 10 .dm  on the time of initial coagulation was studied (τic, s). 

experiment was carried out using specialized mathematical The determination of τic is identical to the previous experiment. 
software – SigmaPlot 11.0. These mathematical analyses are used The data obtained from quadruplicate experience are shown in 
to develop mathematical models (Bethea et al., 1985). Figure 2. The tolerant limits of τic with the use of the coagulant with 

10 20camel origin were within a range of variation τic  = 539,5 ± 26,2; τic  
30 40 50= 328.3 ± 17.1; τic  = 191 ± 10.5; τic = 130.3 ± 6.8; τic  = 91.5 ± 5.6 

60and τic  = 69 ± 4.1 s. Figure 2 shows that the variation of τic is not Results and discussion
linear, but is described similar to a hyperbola. 

The mathematical processing of data leads to formation of Single factor analysis was conducted in order to reveal the 
nonlinear regression model, a type of decreasing hyperbola with two influence of the amount of milk clotting enzyme on time of initial and 
coefficients, similar to that in equation 1. According to the coefficient total coagulation of cow's milk. The main focus of the experiment is 
Rsqr = 0.9967 obtained, mathematical re-processing was needed, related to enzymes of camel and microbial origin compared with calf 
also with the use of non-linear regression procedure, but with a chymosin. The influence of the amount of a microbial enzyme of 10, 

3 -2 -3 decreasing hyperbola with three coefficients of the form:20, 30, 40, 50, and 60 cm .10 .dm  on the time of initial coagulation 
of cow's milk (τic, s) was studied. 

f = y0 + (a * b) / (b + x) (3)The data from quadruplicate experience are shown in Figure 1, 
as successive trials are indicated by the numbers 1, 2, 3, 4, 

According to the correlation coefficient R = 0.9987, Rsqr = respectively. The average sample was also marked on Figure 1 as 
0.9973 was obtained and coefficients of significance of the “microbial ”. Tolerant limits of τic using milk clotting enzyme of av.

aforementioned values, respectively, for Ra = 0.9885396; for Rb = 

Figure 1. Variation of time for initial coagulation of
cow's milk depending on the amount of milk clotting
enzyme of microbial origin
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Figure 2. Variation of time for initial coagulation of
cow's milk depending on the amount of milk clotting
enzyme of camel origin
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0.9958005 and Ry0 = 0.9803295, the mathematical model that describing the functions of the type decreasing hyperbola with three 
correctly describes the relation studied has the following form: coefficients were formed. The equation obtained for variations of τtc 

using different amounts of a microbial enzyme is:
y = -125.5 + 1379 * x / (9.377 + x) (4)

F  = 904.3440 + (6938.3959 * 6.7770) / ( 6.7770 + x) (6)mic

An experiment with the use of bovine chymosin as a control was 
also conducted. Determining τic is analogous to the previous The coefficient of correlation is high (R = 0.9979), and the 
experiments. The data obtained are shown in Figure 3. squared correlation coefficient Rsqr = 0.9958. All three factors are 

The tolerant limits of τic using calf chymosin for the interval of significant, which indicates the correct description of the process of 
10 20 30variation are τic  = 631.5 ± 31.8; τic  = 384.8 ± 18.7; τic  = 265.0 ± equation 6.

40 50 6014.2; τic  = 189.0 ± 10.3; τic  = 147.5 ± 7.2 and τic  = 129.3 ± 6.4 s. Variations of τtc depending of the amount of chymosin with 
camel origin are described by the equation:

F =  607.3132 + (7557.9404 * 4.5226) / (4.5226 + x) (7)cam 

The coefficient of correlation R = 0.9999, and quadratic 
coefficient Rsqr = 0.9997 are significant and equation 7 describes 
the process properly. Control test on τtc is made using calf chymosin. 
The equation obtained is:

F  = 804.7503 + (6248.2814 * 6.7524) / (6.7524 + x) (8)calf

The coefficient of correlation is R = 0, 9998, and Rsqr = 0, 9996. 
These results obtained by analysis show the significance of the 
coefficients, respectively equation 8 describes the process correctly.

The data obtained for variations of the time of initial and total 
coagulation of cow's milk depending on the amount of microbial, 
camel and calf chymosin are shown in Figure 4. From the figure it is 
apparent that the times for total coagulation of milk are shorter when 
camel chymosin is used in comparison to bovine and microbial 
chymosin. 

The ratio time for initial coagulation to total coagulation time 
Figure 3 shows that the variation of τic is not linear and is described 

depending on the amount of enzyme is formed and the results 
as hyperbole. The obtained data were processed statistically, and 

obtained are presented in Figure 5. When microbial and calf 
the result is also a non-linear regression model, a type of decreasing 
hyperbola with two coefficient similar to that in equation 1. The 
coefficient of correlation Rsqr = 0.997307 obtained shows that the 
research process is correctly described.

According to the correlation coefficient R = 0.9987 obtained and 
coefficients of significance of the aforementioned values, 
respectively, for Ra = 0.9909003 and for Rb = 0.9909003, the 
mathematical model that correctly describes the dependence 
investigated is in the form:

y = (2386 * 3.636) / (3.636 + x) = 8675.496 / (3.636 + x) (5)

The resulting equations show similarity in the course of the 
coagulation process carried out by the use of microbial and calf 
chymosin. The equation describing the process of coagulation by 
chymosin from camel origin also shows similarity considering the 
fact that the processing of the data from this experiment confirmed 
the non-linearity of the function, which is also of the type decreasing 
hyperbola, but unlike the previous two versions there are three 
coefficients here. The difference is further comprised in that, while 
the camel chymosin has been actively lowering the times for initial 

3 -2 -3 coagulation of the milk, when amounts higher than 30 cm .10 .dm
are used, the other two enzymes show a tendency to reduce the 
differences between successive τic. 

The time of total coagulation of cow's milk using microbial, 
camel and calf chymosin (τtc, s) is also established during the 
experiment. Mathematical analysis were performed by using the 
data obtained (Figure 4) and non-linear regression equations, 

Figure 3. Variation of time for initial coagulation of
cow's milk depending on the amount of calf chymosin
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Figure 4. Variation of  τic and τtc of cow's milk
depending of the amount of microbial, camel and
calf chymosin

4000

3500

Ti
m

e,
 s

3000

2500

2000

1500

1000

500

3 -2 -3Amount of enzyme, cm .10 .dm

0
10

20
30

40
50

60
1

3

5



342

the first two phases and the relatively slow pace in the next. 
Differences related to ratios using microbial enzyme increased from 
12.7 to 152.1%.

The data on the relationship between τic and τtc using microbial 
and calf enzyme to the time for initial and total coagulation of the 
enzyme of camel origin are shown in Figure 6. The Figure shows that 
differences in the relationship between τic involving microbial 
chymosin were lower than those in the initial coagulation time of calf 
chymosin, while the relationship in τtc is close and there is a 
relatively small change in the range of varying the amount of 
enzyme.

Dependencies on the times of coagulation, obtained using calf 
chymosin are presented in Figure 7. The data shows small variations 
depending on the amount of the enzymes used.

Conclusion

The mathematical models obtained can be used in laboratory 
and manufacturing practice using chymosin of camel origin, 

3 -2 -3incorporated in amounts of 10 ÷ 60 cm .10 .dm , primarily in cheese 
making using streaming coagulant dosing. Mathematical models 
and the resulting relationship between τic and τtc using chymosin of 

3 -2 -3microbial, camel and calf origin in amount of 10 ÷ 60 cm .10 .dm  
can be used in the regulation of syneresis and preparation of 
technological diagrams to obtain different types of cheeses.
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