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ABSTRA CT 

Three protease fractions were obtained by purification of  a th&tle extract 
with ammonium sulfate. The optimum pH and temperature on the proteolytic 
activity of  the crude extract was found to be 5.7 and 37°C, respectively. The 
crude extract had a lower clotting activity and a stronger proteolytic activity 
t,~an commercial rennets. However, the protease fractions showed a sharp 
hwrease in clotting activity and a decrease in proteolytic activity compared to 
t,~e extract, indicating the proportion of the extract proteolytic activity within 
t~e fractions. Therefore, the ammonium sulfate fractionation gives clotting 
activity and proteolytic activity in a ratio close to a commercial fungal rennet 
extracted from Mucor miehei. The electrophoretic pattern of the fractions 
s,~owed qualitative differences in the number and intensity of  bands. However, 
the major differences were detected in the 50% ammonium sulfate fraction, 
which also had the highest milk-clotting activity. Therefore, correlations 
between the specific milk-clotting activity and the number and intensity of  the 
e,!ectrophoretic bands of the 50% fraction were established. 

I N T R O D U C T I O N  

RenrLet extract from the a b o m a s a  of milk-fed calves  has  been the tradi t ional  
c o a g u l a n t  for cheese-making. However, an acute shortage of  rennet during 
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recent years has stimulated a search for new protease sources (Green, 1972; 
Chen & Zall, 1986b). Microbial rennets extracted from some bacteria and 
mold cells have been found to be appropriate substitutes for calf rennets 
(Richardson et al., 1967; Vanderpoorten & Weckx, 1972; Yamamoto,  1975). 
Other researchers have investigated the use of vegetable proteases for 
cheese-making (Whitaker, 1959; Vieira de Sa & Barbosa, 1972; Ogundiwin 
& Oke, 1983; Iturbe & Lopez, 1986). 

Kosikowsky (1977) and Badia and Canut (1983) reported the use of wild 
thistle as the rennet source for the elaboration of Mato and Serra cheeses, 
both produced in certain rural areas of Spain and Portugal. Vieira de Sa and 
Barbosa (1972) and Barbosa et al. (1981) found that curd properties and 
ripening behavior of French- and Italian-type cheeses were affected by the 
use of thistle rennet. However, little information about  chemical 
characterization of the enzyme is available. 

Thistle, or 'cardo de Castilla', is a wild vegetable grown extensively in the 
arid regions of Chile and Argentina. The main agricultural activity in these 
regions is goat's cheese production. Thistle can be used for clotting goat's 
milk, but the characterization of the coagulant must be known in order to 
design the cheese-making process. Therefore, the aims of this study were to 
evaluate the factors that affect the enzymatic activity of thistle extract and to 
carry out the chemical characterization of the coagulant. 

MATERIALS AND METHODS 

Coagulant  standards 

Freeze-dried calf rennet and fungal coagulant of Mucor miehei, purchased 
from Hansen, Copenhagen, Denmark, were used as control rennets. 

Coagulant  extract  

Thistle flowers were collected at the end of the flowering period and frozen at 
- 20°C until used. Flowers were blended with de-ionized and distilled water 
at 7% in a Waring blender for 2min at 0°C, filtered through gauze and 
centrifuged at 450g for 5 min. The supernatant, with a pH range of 5"5 to 5"7, 
corresponded to the crude extract, which was purified by saturation with 40, 
50 and 80% solid ammonium sulfate until noticeable precipitates were 
formed. The purification started with the crude extract, and each 
supernatant was used for the next precipitation. Final precipitates were 
dissolved in water and analyzed for protein and enzymatic activity 
determination. 
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Protein determination 

Protein was determined by a modification of the Lowry method described 
by Albro (1975). 

Enzymatic activity 

Proteolytic activity was determined by the casein digestion method at 37°C 
and pH 8"0, according to Arnon (1970), but without cystine and EDTA. A 
unit of enzyme activity was defined as that which caused an increase of one 
absorbance unit at 280 nm/min. To determine the opt imum temperature for 
proteolytic activity, increasing protein concentrations (50, 70, 100, and 
200/~1) of the thistle extract were incubated in Tris (50mM, pH 8-0), at 
temperatures of 22-38°C for 10 min, and using casein as the substrate. The 
reaction was stopped with trichloroacetic acid (5%). pH stability was 
deter~rnined by incubating increasing protein concentrations of the extract in 
sodium acetate (50 mM for pH values under 5.7) and in Tris (50 mM sodium 
chloride, 25 mM, for pH values over 6"0) at 37°C for 10 rain with 1% casein 
substrate. The pH values were in the range of 3.9-8.0. 

Milk-clotting activity was determined at 37°C, based on the method of 
Balls and Hoover (1937). A medium containing 5 ml pasteurized cow's milk, 
0.251~al calcium chloride (10mM), and thistle protein dissolved in 0-5ml 
sodium acetate (1.25 M, pH 5-7), was used. One unit of enzyme was defined as 
the concentration of protein able to clot 1 ml of cow's milk in 1 min, under 
the a,;say conditions. Results were expressed as a linear regression between 
clotting time reciprocal and the respective protein concentration. Milk- 
clotting activity corresponded to the slope of the curve, while the number of 
enzymatic units was represented by the time reciprocal. Standards for 
comparison were calf and microbial rennets. 

Opt imum temperature for clotting activity was measured at milk pH and 
at a constant protein concentration of 0" 12 mg/ml. Temperature range was 
21-80°C. 

Polyacrilamide gel electrophoresis 

Protein electrophoresis was done in a polyacrilamide gel on a gradient 
(11-14%). Buffer stock of the electrode formed by Tris (1-2%), glycine 
(5"76%, pH 8"3), was four times diluted, and SDS, from a 20% stock, added 
up to a final concentration of 0" 1%. Sample solubilization buffer was formed 
by 2.5ml of Tris (6.1%)-SDS (0-4%) (pH 6.8) solution, 2-5ml SDS (20%), 
0.1 m]i EDTA (0"1 M), dissolved with distilled water. An aliquot of the 
solubilization buffer was blended with 0.05 ml fl-mercapto-ethanol and 
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0.1% bromophenol.  The sample was added and the mixture placed in a 
boiling bath for 1 min. Fixing solution was 50% methanol: 10% acetic acid. 
Gels were stained with coomassie blue R-250 and destained by 10% 
methanol: 7% acetic acid. Electrophoresis was done for 2 h at 150 V, samples 
containing 15/zg protein per slot. Fixation time corresponded to 12 h, while 
staining was done for 1 h. Gel destaining was carried out under agitation at 
55°C (Zingales, 1983). 

RESULTS A N D  DISCUSSION 

Effect of temperature and pH on the enzymatic activity of thistle extract 

The effect of  temperature on the proteolytic activity is described in Fig. l(a), 
showing the change of  the initial reaction rate as a result of  temperature 
increase. Each point of  the curve corresponded to the slope of  a curve where 
proteolytic activity of  the crude extract was plotted at increased protein 
concentrations and at the same temperature. Each point represents an 
average value of  five experimental determinations. As is shown in this figure, 
increasing incubation temperature has a positive effect on the proteolytic 
activity of  thistle extract, with a peak at 37°C. The temperature dependence 
is a typical behavior of  many enzymes, but this is modified when 
temperatures are related to milk clotting activity. Figure 2 illustrates the 
effect of  incubation temperature on milk clotting time. Protein con- 
centration of  0.12mg/ml was maintained against increased temperatures. 
Milk-clotting time decreased at increased temperatures, showing an increase 
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in the reaction rate. This trend was observed in the temperature range of 40- 
60°C. However, milk-clotting rate decreased at temperatures over 70°C, 
indicating a probable protein denaturation. 

The initial reaction rates, which are related to different pH values of the 
thistle extract, are plotted in Fig. l(b). It was found that the clotting activity 
of the vegetable coagulant was pH-dependent, showing an opt imum milko 
clotting rate at pH 5.7. According to Le Jaouen (1982), this acidity condition 
must be created to make some types of soft cheeses. Therefore, modifications 
of temperature and pH in the traditional cheese-making process must be 
made in order to attain an appropriate clotting activity of the thistle extract 
in ~c-casein. 

Enzymatic activity of thistle extract and purified protease fractions 

Figure 3 illustrates the comparative characteristics of milk-clotting time of 
ammonium sulfate fractions, thistle crude extract and commercial rennets. 
Calf and fungal rennets had specific clotting activities of 18.7 units/mg and 
9.91 units/mg, respectively, which were higher than that of thistle crude 
extract. Effectively, Table 1 shows that the crude extract had a milk clotting 
activity of 0.57 units/mg. However, this was lower than the ammonium 
sulfate purified fractions. Although the 50% fraction had the lowest yield, its 
specific clotting activity was stronger than the other fractions. Besides the 
economic and simplistic advantages of the ammonium sulfate fractionation 
process, our results indicate that clotting activity significantly increased in 
the separate fractions. In fact, the purification procedure resulted in an 



94 Rolando Campos et al. 

0 . 9 -  A 
J h  

O.B - , ~ B  

/ /  
E 0.7 

UJ 
m 0 . 6  

P 0 . 5  

z_ 0 . 4  
LIJ 

o 0 . 3  ev 
a. 

0 . 2 - -  

OA 

Fig. 3. 

E F 

D 

I °  I I I i I i i i  I I I I I I I I 
0 . I  0 .2  0 . 3  0 . 4  0.,5 0 . 6  4 ,,5 6 7 8 9 I 0  II 12 

ENZYMATIC UNITS / TUBE 
Milk clotting activity of thistle extract (A), protease 40% (B), protease 50% (D), and 

protease 80% (C), as compared to fungal (E) and calf (F) rennets. 

increase of clotting activity of  8-fold and 4.6-fold in 50 and 80% ammonium 
sulfate fractions, respectively. 

As is shown in Table 1, there was an inverse relationship between clotting 
and proteolytic activity of the ammonium sulfate fractions. Fractionation 
caused a significant decrease of  the proteolytic activity of  the crude extract. 
Therefore, the ammonium sulfate purification process causes a rearrange- 
ment of  the original proteolytic activity of the extract within the fractions. 
These results agree with Chen and Zall (1986a, b), who applied an ethanol 
fractionation to a clam viscera extract and found an increased clotting 
activity in one fraction as a result of the purification process. On the other 
hand, Aworh and Nakai (1986) determined a decrease of  the total proteolytic 
activity in the fractions of  sodom apple extract. 

TABLE 1 
Enzymatic Activity of Ammonium Sulfate Fractions as compared to Thistle Crude Extract 

Thistle coagulant Yield (%) Specific activity (units/rag) Ratio (a)/(b) 

Clotting (a) Proteolytic (b) 

Crude extract 100-00 0-57 0.11 0.02 
Fraction 40% 44.25 0.68 0-03 0.08 
Fraction 50% 12.88 5.00 0-04 0.43 
Fraction 80% 30.00 2'60 0-07 0.14 
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According to Green (1972) and Chen and Zall (1986b), the relative ratio of 
clotting activity to proteolytic activity is a useful indicator of the protease 
efficiency to be used as a coagulant for cheese-making. Based on an arbitrary 
ratio of i for calf rennet, Table 1 shows the relative ratio of clotting activity 
to proteolytic activity of the extract and its fractions. Ammonium sulfate 
fractionation caused an increase of this ratio in the separate fractions, as 
compared to that of the crude extract. However, the highest increase was 
experienced by the 50% ammonium sulfate fraction which attained a ratio 
closer to fungal rennet. The latter had a relative ratio of clotting activity to 
proteolytic activity of 0.43. 

Most substitutes are significantly more proteolytic and less active for 
clotting milk than calf rennet. It is well known that these defects not only 
lower the cheese yield and retention of protein and fat by curd but also affect 
the ripening of the product and some sensory attributes. Clotting activity is 
related to the enzyme's ability to split x-casein in the region of the Phe (105)- 
Met (106) peptide bond which is specific for cheese-making. According to 
our data, thistle extract shows a broader specificity and attacks several 
peptide bonds; that means it presented a low ratio of relative clotting activity 
to proteolytic activity. Therefore, modification in pH and temperature 
should be done in order to improve clotting conditions during cheese- 
making. Moreover, comparative experiments with the crude extract and the 
purified fractions should be carried out in order to establish the best process 
for the production of cheese made with thistle rennet. 

It has been established that a further proteolytic activity is developed 
during ripening of cheeses made with vegetable proteases. According to the 
temperature curve of this study, a slower proteolytic activity of thistle 
protease should be expected during cheese ripening and would be visible if 
the enzyme acts jointly with an appropriate starter. 

Electrophoretie pattern 

Band resolution was carried out in a 10% polyacrilamide gel, with 15/tg/slot 
as the best level for an appropriate detection. Figure 4 shows that the gel 
electrophoresis yielded bands with a specific mobility and intensity. Each 
protease fraction had a different number of bands, explaining their specific 
clotting properties in casein. Proteins with molecular weights of 32000, 
15 000, and 60 000 were qualitatively similar. 

We postulate that the procedure used for the purification contributed to 
obtaining proteins structured as oligomers with different numbers of 
monomer units. This gives support to the possibility of fractionation by 
precipitation, and to our finding of different band intensities. The best milk- 
clotting activity was obtained with fraction 50%, while the highest intensity 
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of  its protein bands showed the best specific activity. Correlations of  milk- 
clotting activity with the electrophoretic pattern indicate that the bands of 
the 50% ammonium sulfate fraction show qualitative differences in relation 
to the other fractions. In fact, that fraction shows two slight bands with 
molecular weights ranging from 23 000 to 24 000 d, while the other bands 
present a higher colour intensity than those of similar Rf of the other 
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Fig. 4. SDS-PAGE in purified fractions of a crude thistle extract by ammonium sulfate 
precipitation. Fraction 80% (A); fraction 50% (B); fraction 40% (C); crude extract (D). 
molecular weight standards were: bovine albumin (66000); egg albumin (45000); pepsin 

(34 700); trypsinogen (24 000);//-lactoglobulin (18 400); lysosyme (14 300). 

fractions. Direct evidence about the polypeptide responsible for milk- 
clotting phenomena is not available, because of  the denaturing effect of  
electrophoresis on the native protein of the extract. However, even though 
the electrophoretic band of  38000d was apparently different in colour 
intensity between fractions (50% > 80% > 40%), it is related to the specific 
clotting activity of each fraction. Therefore, we conclude that the specific 
clotting activity is a function of  the polypeptide numbers contained in the 
fraction, as well as of  the concentration of  these peptides. 
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