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An outstanding parameter in cheese making is the type of
coagulant, which greatly influences the characteristics
of the final products. Proteolysis is the most important set
of biochemical changes during ripening of most cheeses,
and is carried out, in different magnitude, by proteolytic
agents originated in milk, rennet (or rennet substitute), and
starter and non-starter micro-organisms (Silva & Malcata,
2000). The demand for alternative sources of milk coagu-
lants, to replace the expensive and limited natural rennet
supplies, has increased (Esteves et al. 2001). All commer-
cial enzymes employed as milk coagulant are aspartic
proteinases, which are most active at acidic pH and pre-
ferentially cleave peptide bonds between residues with
hydrophobic side-chains (Silva & Malcata, 1999).

Because of the presence of aspartic proteinases, aque-
ous crude extracts from flowers of Cynara cardunculus
(Verı́ssimo et al. 1995, 1996), Cynara humilis, and/or
Cynara scolymus are traditionally employed in the Iberian
Peninsula as vegetable rennet for cheesemaking (Reis et al.
2000). Milk clotting activity was also proved in flowers
of Centaurea calcitrapa and Onopordum turcicum (Tamer,
1993; Domingos et al. 1998). All these species are in-
cluded within the Asteraceae family and furthermore in the
same tribe: Cardueae Cass.=Cynareae Less. (Ariza Espinar
& Delucchi, 1998).

When a potential rennet substitute is studied, it is par-
ticularly important to evaluate adequately the degradation
patterns of the caseins because of their effects on yield,
consistency, and flavour of the final cheese (Fox, 1989). It
is important to guarantee a well-balanced breakdown
of curd proteins (caseins) in order to avoid formation of
undesired attributes in cheese such as low viscosity and
high bitterness (Visser, 1993).

One of the most frequently used methods to monitor
proteolytic processes on caseins is urea-polyacrylamide
gel electrophoresis. On the other hand, tricine-SDS poly-
acrylamide gel electrophoresis improves the separation,
identification and quantification of casein hydrolysates

because it allows the visualization of large and small
peptides (Pardo & Natalucci, 2001), with the additional
advantage of allowing the estimation of molecular masses.
Both methods are then suitable to characterize the per-
formance of vegetable rennet in different ways.

This preliminary study had the following objectives: the
partial characterization of (i) the aspartic proteolytic
activity present in flowers of Silybum marianum (L.)
Gaertn. (Asteraceae) ; and (ii) the hydrolytic profile of
bovine caseins.

Materials and Methods

Enzyme extract preparation

Fresh flowers of Silybum marianum (L.) Gaertn. were
ground in a mortar under liquid nitrogen, homogenised in
0.1 M-citric acid-0.1 M-sodium citrate buffer (pH 3.0) con-
taining 1.0 mM-EDTA (1 g per 3 ml), stirred for 30 min and
centrifuged at 5000 g for 20 min at 4 8C. Ten ml of super-
natant was applied to a Pharmacia K 15/30 column
packed with Sephadex G-25 Fine (Amersham Biosciences,
SE-751 84 Uppsala, Sweden) equilibrated with 50 mM-cit-
ric acid-50 mM-sodium citrate buffer (pH 3.0). Elution was
performed with the same buffer at 0.45 ml/min flow rate
and the enzyme extract (EE) was obtained.

Protein content was measured following the method
of Bradford (1976), using bovine serum albumin (Sigma
Chemical Co., St. Louis, MO 63178, USA) as standard.

Milk clotting activity

Milk clotting activity (MCA) was measured following the
procedure described by the International Dairy Federation,
1992. Skim milk powder, (San Regim, SanCor, Sunchales,
2322, Argentina) was reconstituted by dissolving 12 g in
100 ml of 10 mM-CaCl2 (pH 6.5). EE (100 ml) was added to
1 ml milk at 30 8C and the clotting time was measured.
One rennet unit (RU) is the amount of enzyme that coagu-
lates 10 ml milk at 30 8C in 100 s (Barros et al. 2001).*For correspondence; e-mail : priolo@biol.unlp.edu.ar
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Stability at 37 8C of MCA was tested by incubation of
EE in a thermostatized chamber for 0, 14, 30, and 60 min.
The reaction was stopped at 0 8C and the residual MCA
was measured as described above.

MCA was measured with increasing quantities of NaCl
(0.0–1.0 M) to determine the effect of salt.

The effect of CaCl2 on MCA was determined on 120 g
skim milk powder/l reconstituted with increasing concen-
tration of calcium chloride solution (0.0–0.1 M).

The EE was preincubated for 30 min at 37 8C in the pres-
ence of the following inhibitors : 1 mM PMSF (phenyl methyl
sulphonyl fluoride), 0.1 mM E-64 (trans-epoxysuccinyl-L-
leucylamido-(4-guanidino) butane), and 100, 50, 10 and
2 mM pepstatin A, in separate aliquots. The remaining MCA
was determined. A control assay was done without in-
hibitors and the resulting activity was taken as 100%. The
inhibitors were purchased from Sigma Chemical Co.

Proteolytic activity

Denatured haemoglobin (Hb) was prepared by stirring
20 ml of a 25 g Hb/l (Sigma) suspension with 2.5 ml 0.6 M-
HCl during 30 min. The pH was adjusted to 4.0 with 0.5
M-NaOH and final concentration was 20 g/l. The solution
was centrifuged to eliminate any precipitate. The reaction
mixture was prepared by mixing 0.1 ml of the EE with 0.5 ml
Hb. The reaction was carried out at 37 8C and stopped with
1 ml 50 g trichloroacetic acid/l (TCA). Initial velocities were
taken. Test tubes were centrifuged at 5000 g for 20 min
and the absorbance of the supernatant was measured at
280 nm (Anson, 1938). Blanks were made by addition of
TCA prior to the EE. One unit of enzyme activity (EA) was
defined as the amount of enzyme required to cause an
increase of one unit in absorbance at 280 nm per minute,
under the assay conditions.

The effect of pH on the proteolytic activity was measured
at different pH values.

Enzymatic caseins hydrolysis

Whole bovine casein was prepared via isoelectric precipi-
tation of bovine skim milk and freeze-dried (Souza &
Malcata, 1998). The caseinate was dissolved to a final
concentration of 10 g/l in 0.1 mM-monobasic sodium
phosphate-0.1 M-dibasic sodium phosphate buffer (pH 6.5)
containing 1 g NaN3/l to prevent protein degradation by
adventitious microflora, and stabilized at 30 8C. The reaction
was started by addition of 450 ml of the caseinate to 45 ml
of the EE (44±4 mg protein/l). The reaction was quenched
at different times by addition of 500 ml TCA (50 g/l). The
samples were left to precipitate overnight at 4 8C and then
centrifuged at 10 000 g. The precipitates were redissolved
in 450 ml of two different sample buffers: (a) for urea-
PAGE, 0.062 M-Tris-0.1 M-HCl, pH 7.6, 8 M-urea, 2 ml 2-
mercaptoethanol/l and 0.02 g bromophenol blue/l, the
pH was adjusted with 1 M-NaOH and then samples were
vortexed four times for 30 s; (b) for tricine-SDS-PAGE,

0.0625 M-Tris-0.1 M-HCl pH 6.8, 20 g SDS/l, 5 ml 2-mer-
captoethanol/l, 0.02 g bromophenol blue/l and 100 g gly-
cerol/l, the pH was adjusted with 1 M-NaOH and heated at
100 8C for 5 min.

Controls containing sodium caseinate and sodium azide
at the same concentrations without addition of enzyme
were also sampled.

Hydrolitic profile

Electrophoresis was performed using a Mini Protean III cell
(Bio-Rad). Urea-PAGE was performed according to Shalabi
& Fox (1987). The gels were pre-run at 50 mA for 10 min.
After sample loaded, the power supplied was set at 100 V
at the stacking gel and then increased to 200 V at the res-
olution gel. Tricine-SDS-PAGE was done following the
method of Schägger & von Jagow (1987). This electro-
phoresis was performed at 30 V in the stacking gel, then
it was increased 15 V per min for 4 times, finally it was
maintained constant (90–100 V). Gels were stained with
Coomassie Blue G-250 (Bio-Rad Bulletin, 2003). Quanti-
fication of intact caseins and polypeptides was done by
gel scanning and densitograms were performed with the
software Scion Image Beta 4.02 for Windows (Scion
Corporation, Frederick, Maryland 21701, USA).

Results and discussion

Proteins with milk clotting activity were obtained with
buffer at pH 3.0 from fresh flowers of S. marianum. Gel
filtration of crude extract on Sephadex G-25 was needed
to remove lower molecular weight compounds such as
phenolic pigments. Proteolytic and MCA were retrieved in
the void volume: protein content was 264±4 mg/l, clot-
ting activity was 0.083±0.003 RU/ml, and proteolytic
activity was 0.128±0.002 EA/ml.

To elucidate the nature of the proteolytic activity in-
volved in MCA the effect of a set of inhibitors (PMSF a
serine protease inhibitor, E-64 a cysteine protease inhibi-
tor, and pepstatin A an aspartic protease inhibitor) was
tested, though inhibition was only promoted (100% of in-
hibition) by pepstatin A at every concentration assayed.
Pepstatin is one of the most specific inhibitors known in
enzymology and is highly selective for the aspartic pepti-
dases (Dunn, 2001). Thus, this behaviour indicated that
the MCA present in the partially purified preparation was
due to aspartic peptidase activity.

In the presence of 50 mM-NaCl clotting activity de-
creased 53±2% with respect to clotting activity without
salt. Additional increments of NaCl decreased enzyme
activity even more, reaching zero when NaCl concen-
tration was 250 mM (Fig. 1A). The same behaviour is
observed for milk clotting enzymes isolated from seeds
and flowers of Onopordum turcicum (Tamer, 1993).

On the other hand, MCA rose when the CaCl2 content
was increased up to 30 mM (Fig. 1B). This result was
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Fig. 1. (A) Effect of NaCl on milk clotting activity. (B) Effect of CaCl2 on milk clotting activity at pH 6.5. (C) Residual milk-clotting
activity measured after incubation of the enzyme preparation at 37 8C. (D) pH profile of the proteolytic enzyme preparation using
haemoglobin as substrate. All assays were performed by triplicate, vertical bars are the standard deviation.
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Fig. 2. (A) Urea-PAGE electrophoretogram (resolution gel was T=12.5% and C=4%, pH 8.9, overlaid by a T=4%, C=3%, pH 7.6
stacking gel) shows the degradation patterns of bovine caseins. Lane 1–7: caseins after incubation for 0, 30 min, 1, 3, 6, 12, and
24 h, respectively. (B) Tricine SDS-PAGE electrophoretogram (resolution gel was T=14.5%, C=3%, overlaid by a T=10%, C=3%
separating gel, and then by a T=4%, C=3% stacking gel) showing the degradation patterns of bovine caseins. Lane 1: polypeptide
molecular weight markers (Bio-Rad): bacitracin (1.4 kDa), insulin b chain, oxidized (3.5 kDa), aprotinin (6.5 kDa), a-lactalbumin
(14.4 kDa), myoglobin (17.0 kDa), and triosephosphate isomerase (26.6 kDa). Lanes 2: intact casein. Lanes 3–5: whole casein after 6,
12, and 24 h of digestion, respectively. In both cases proteins were stained with Coomasie Blue G.
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consistent with those found for several clotting enzymes
on different milk types (de Kruif, 1999; Castillo et al.
2002). Most authors believe that the main effect of CaCl2
addition is on aggregation (Castillo et al. 2002). Clotting
activity fell with concentrations of CaCl2 higher than
30 mM (Fig. 1B) probably due to the increment of the ionic
strength; a similar behaviour is also found by Famelart et
al. (1999) for renneted milk; the effect of CaCl2 increase is
typically biphasic, with an initial decrease and a following
increase in rennet clotting times.

To study the effect due to instability of the enzymatic
preparation itself the sample was exposed to 37 8C for
different periods of time (Fig. 1C). The EE lost 28±4%
of the residual MCA after 15 min incubation. Only
23±1% of initial activity was retained after 60 min at
37 8C.

The effect of pH on the hydrolysis of acid-denatured
haemoglobin is shown in Fig. 1D. Optimum proteolysis
was achieved around pH 3.8, as observed for other aspar-
tic proteinases such as calf, pig and lamb chymosins
(Foltmann & Szecsi, 1998). Proteinases extracted from
Centaurea calcitrapa flowers express maximum activity
between pH 4.0 and 5.0 (Domingos et al. 1998), while
cardosins A and B isolated from flowers of Cynara car-
dunculus, exhibit maximal activity at a less acidic pH
range, between 5.0 and 5.5 (Faro et al. 1995).

The degradation pattern of the whole caseinate hydro-
lysed at different times is shown in urea-PAGE and tricine
SDS-PAGE electrophoretograms (Figs. 2A and 2B, re-
spectively). Two main groups of caseins were identified
(as-caseins region and b-casein region) in urea-PAGE.
Breakdown of either b-casein and as-caseins were ob-
served after 3 h incubation (45% and 65% hydrolysis,
respectively). These results are concordant with those ob-
tained by other authors who report that b-casein of bovine
milk is less susceptible than as-caseins to proteolysis by
extracts of Centaurea calcitrapa (Tavaria et al. 1997) and
Cynara cardunculus (Silva et al. 2002). The rate of hydro-
lysis was maximum for the first 3 h of reaction, especially
for the as-caseins region. Afterwards the hydrolytic rate
slowed down. Even though the degradation of as-caseins
was faster than b-casein at the beginning of the reaction,
they were degraded to approximately the same extent after
24 h incubation (28% and 34% respectively).

In tricine SDS-PAGE method, as2-, as1-, b- and k-caseins
could be visualized. The k-casein was the casein fraction
with highest mobility. The b-casein showed a medial mo-
bility, whereas that with lowest mobility was the as-caseins
region (Pardo & Natalucci, 2001). Also in this electro-
phoresis casein bands tended to disappear as incubation
progressed. Bands with lower molecular mass than caseins
appeared after 6 h (about 15.0, 8.0, and 6.7 kDa) and 12 h
(around 24.0, 5.0, and 3.0 kDa). The intensity of these
bands increased up to 24 h incubation, by which time a
further three new bands (about 21.5, 17.0 and 13.0 kDa)
had appeared. A band of around 10.0 kDa, present at the
start intensified throughout the 24 h incubation.

The goal of this work was to find a new source of veg-
etable rennet with distinctive characteristics that could be
useful in the dairy industry. From a technological point of
view, the enzymes could be used both for milk clotting,
as an alternative or in addition to calf rennet, or for the
acceleration of cheese ripening in order to reduce time
and costs of cheese storage.
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