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Abstract

In the production of some traditional cheeses from vegetable rennet, raw extracts of Cynara cardunculus flowers 
are used as the coagulant. During the preparation of this rennet, there are many factors that can influence its 
coagulation activity. We studied the flowers of Cynara cardunculus var. altilis to evaluate the effects of some of 
these factors: ripening stage of the flower at harvest, type of drying, part of the flower subjected to drying, toasting 
of the pistils, and maceration time of the pistils. The results show that it is possible to improve the coagulation 
activity of the traditional preparation of Cynara cardunculus flowers through some practices such as the rapid 
drying of the flowers/pistils at a controlled temperature, the toasting treatment of the pistils carried out after the 
slow drying of the flowers, and the extension of the extraction time to 24 h.

Keywords: clotting activity; Cynara cardunculus; drying process; maceration time

Introduction

The use of vegetable rennet in cheese production is lim-
ited to a few cheeses. The excessive proteolytic nature of 
plant coagulants can negatively affect the cheese-making 
process and favor a reduction in the cheese yield and the 
presence of some defects in flavor and texture. This may 
have limited the diffusion of vegetable rennet (Lo Piero 
et al., 2002).

An exception to this general rule is represented by the 
aqueous extract of Cynara cardunculus flowers, which is 
the most common vegetable rennet in the Mediterranean 
region (Barros et al., 2001).

The milk-clotting activity of this plant extract has been 
known for centuries and has been successfully used to 
produce cheeses from ovine and caprine milk (Silva et al., 
2003), which are highly appreciated.

These cheeses are widespread mainly in Spain and 
Portugal, where in many cases only the raw extract of 
dried Cynara cardunculus flowers is used as a coagulant 
(Almeida and Simões, 2018). Furthermore, some of them 
(Ibores, Flor de Guia, La Serena, Torta del Casar, Azeitao, 
Castelo Branco, Evora, Nisa, Serpa, Serra da Estrela) 
have been recognized as Protected Designation of Origin 
(PDO), as evidence of their close link with origin area 
and traditional practices of cheese-making. In Italy, only 
a few traditional ovine cheeses are made with vegetable 
rennet (Caciofiore, Casoperuto).

Cheeses produced with Cynara cardunculus differ from 
those produced with animal rennet due to their softer 
texture, more intense odor, and flavor, including the bit-
ter taste (Alavi and Momen, 2020; Barbosa et al., 1981). 
It has been observed that the formation of bitter taste 
peptides is caused by a strong proteolytic activity of this-
tle enzymes (Agboola et al., 2004; Alavi and Momen, 
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thistle aspartic proteases cut the same peptide bond as 
chymosin, their proteolytic activity is more extensive. 
According to Conceição et al. (2018), cardosins reveal a 
more intense secondary proteolytic action on cheese αs- 
and β-casein than other coagulants, with impact on the 
cheeses’ biochemical and sensory properties. In addition, 
three cyprosins from dried flowers of Cynara carduncu-
lus, which were isolated, purified, and characterized by 
Heimgartner et al. (1990), have milk-clotting activity.

Generally, vegetable rennet enzymes have been obtained 
by aqueous extraction of various plant organs, such as 
flowers, seeds, roots, and leaves. There are several dif-
ferent ways to prepare aqueous extracts of plant material 
(Sousa and Malcata, 1996).

In one method, dried whole or crushed cardoon flowers 
are soaked in water at room temperature for a variable 
time. Then, the filtrate is collected, and this crude extract 
is used to coagulate milk (Roseiro et al., 2003). An alter-
native method of extraction is grinding the dried flow-
ers with crude kitchen salt, laying the paste on a cotton 
cloth, and solubilizing the enzymes by percolation with 
warm milk (Sousa and Malcata, 2002). The crude extract 
can also be further purified to obtain partially purified 
enzyme or pure enzyme depending upon the degree of 
purification (Shah et al., 2014). Milk-clotting proteases 
have also been produced by in vitro techniques (Shah 
et al., 2014).

The activity of the plant extract (Almeida and Simões, 
2018) depends on numerous factors, such as the thistle 
flower ecotype, the part of the flower used, its stage of 
maturity, the drying time, the final moisture content, 
the pH of the buffer, the salt concentration of the buf-
fer, and the homogenization time (Correia et al., 2016; 
Folgado and Abranches, 2020; Guiné et al., 2016; Sousa 
and Malcata, 1996). In particular, the different profiles 
of aspartic proteases found among flowers of different 
genotypes further increase the variability of the flower 
extracts and their clotting time (Folgado and Abranches, 
2020). This results in cardoon extract preparations that 
may vary in terms of clotting and proteolytic activities, 
and may influence the yield and final characteristics of 
cheese (Sousa and Malcata, 2002).

For all these reasons, the objective of this paper was to 
evaluate the effects of some factors influencing the milk 
clotting activity of cardoon rennet to reduce its variabil-
ity. Two kinds of drying methods for cardoon flowers 
were compared: the slow drying method adopted by a 
farm and an experimental fast drying method. Second, 
the effects of the stage of the flower on harvesting and 
the part of the flower subjected to drying were estimated. 
Finally, the effect of the extraction time of the crude 
extract was assessed in all samples.

2020). In sheep and goat cheeses produced with Cynara 
cardunculus extracts, a slightly bitter taste was detected 
(Conceição et al., 2018; Roseiro et al., 2003). Cheeses 
made with cow’s milk tend to develop a bitter taste (Alavi 
and Momen, 2020; Barbosa et al., 1981).

It was found that ovine caseins are less likely than bovine 
caseins to form hydrophobic bitter peptides follow-
ing proteolytic action (Pelissier and Manchon, 1976). 
According to Macedo et al. (1996), the bitter taste of 
the ovine cheese could be due to the formation of sev-
eral peptides identifiable in the digests of isolated bovine 
alfa-s and beta-casein from ovine milk. The concentra-
tion of bitter peptides (those with a molecular size of 
165–6500 g·mol−1) was the lowest in ovine cheese made 
from calf rennet; however, cheese made from cardoon 
coagulant was perceived to be less bitter by a sensory 
panel (Agboola et al., 2004).

Cynara cardunculus flowers produce cardosins and 
cyprosins, aspartic proteases that accumulate in mature 
flowers; in fact, the concentration of the aspartic prote-
ases in the fresh flower is lower (Cordeiro et al., 1994).

To date, nine different aspartic proteases have been 
found at the protein level: six cardosins and three cypros-
ins (Folgado and Abranches, 2020).

Cardosins A and B were extracted from the stigmae and 
stylets of dried flowers of Cynara cardunculus (Silva 
et al., 2003). Cardosins A and B are among the aspartic 
proteases that are found in many varieties of plant spe-
cies. Aspartic proteases are involved in protein degra-
dation during the plant development process, protein 
storage mechanisms, responses to stress and pathogens, 
reproduction, and plant senescence (Cordeiro et  al., 
1994; González-Rábadea et al., 2011; Pissarra et al., 
2007). Cardosin B is more proteolytic than cardosin A. 
In terms of activity and specificity, cardosin A is sim-
ilar to chymosin as it cleaves the same peptide bond 
(Phe105-Met106) of κ-casein. Cardosin B is similar to 
pepsin; in ovine caseins, as1-casein is cleaved by cardosin 
B at bonds Leu156-Asp157 and Trp164-Tyr165, whereas 
β-casein is cleaved at peptide bonds Leu127-Thr128, 
Leu165-Ser166, and Leu190-Tyr191 (Macedo et al., 1993; 
Silva and Malcata, 1999; Silva et al., 2006; Veríssimo 
et al., 1995).

Cardosin A is often highlighted as being more suitable 
for promoting milk clotting due to its higher specificity 
and lower proteolytic activity than cardosin B. However, 
the amount of cardosin A needed for milk clotting is 
10-fold higher than that of cardosin B, i.e., the specific 
activity of cardosin A is lower than that of cardosin B 
(Silva et al., 2003). According to some authors (Silva 
and Malcata, 1998, 1999; Silva et al., 2003), although 
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collected from the same farm both in the pre-ripening 
phase (not fully violet) and in the maturity stage (fully vio-
let). All samples were subjected to fast drying of both the 
whole flowers and the pistils. In the first case, the pistils 
were separated after drying; in the second case, they were 
separated from the flower before drying and immedi-
ately after being collected. Fast drying was carried out at 
a temperature of 35°C with a dryer prototype, which was 
created by “Evoluzione Natura®” company for withering, 
drying, dehydration, and sanitizing of plant material. The 
system was based on controlled forced ventilation, dehu-
midification, and emission of ultraviolet radiation. Water 
activity (aw) was measured before, during, and at the end 
of drying by Aqualab 4te Meter Group, Inc., USA. The 
experimental drying lasted about 60 h for the whole flow-
ers and about 12 h for the pistils. During the preliminary 
tests, it was found that these were the times required to 
reach an average aw of less than 0.500. In the end, all pistils 
were vacuum-packed and kept at room temperature.

Rennet extraction

To prepare the raw extracts, 2.5 g of pistils was soaked in 
100 mL of tap water. The amount of pistils was the same 
as that used on the farm to prepare a rennet solution for 
traditional vegetable rennet cheese.

The pistils were kept in tap water for three maceration 
times: 2, 15, and 24 h at a temperature of 15°C. In total, 
12 raw extracts were prepared for each sample and were 
analyzed in duplicate for a total of 24 raw extracts.

At the end of the extraction, the extracts were filtered, 
and the pH was determined. The samples were then fro-
zen at −20 °C and maintained until analysis.

Milk coagulation properties

The milk clotting properties were determined by the 
Zannoni and Annibaldi (1981) method using the 

Materials and Methods

Plant materials

The flowers of Cynara cardunculus var. altilis were 
harvested from plants grown on a farm near Rome 
(Agricoltura Nuova Cooperative; Rome, Italy) in 2019. 
On this farm, for some years, vegetable rennet has been 
produced from Cynara cardunculus. This rennet, used to 
produce certain sheep farm cheeses, is prepared as illus-
trated in Figure 1. The flowers of Cynara  cardunculus 
var. altilis, collected in the maturity stage, were dried 
in a cool and dry room for approximately 3 weeks (slow 
drying method), and then the pistils were separated from 
the flowers and subjected to heat treatment at 120°C for 
15 min (toasting treatment).

Samples of flowers of Cynara cardunculus var. alti-
lis intended for the experimental trial (Figure 2) were 

Full ripening

Whole flowers

Slow drying

Separating pistils from dried flowers

Toasting treatment

Figure 1. Method used by the farm for the preparation of 
rennet from Cynara cardunculus flowers.

Full ripening Pre-ripening

Fast drying of whole flowers

Separating pistils from dried flowers

Full ripening Pre-ripening

Fast drying of pistils

Seperating pistils from dried flowers

Figure 2. Experimental design for the preparation of rennet from Cynara cardunculus flowers.
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where Y is the dependent variable; μ is the overall mean; 
T represents the treatments; and e is the residual error.

Statistical analysis was performed using the General 
Linear Model (GLM) procedure in SAS software (SAS 
Institute, 2011) version 9.3. The level of significance was 
set at P < 0.05.

The effect of aw on clotting time was analyzed. The rela-
tionship between these factors was shown by performing 
the Boxplot procedure (SAS software) on the mean data 
of groups. In fact, the aw in the experimental method was 
used as a threshold value (below 0.500) to fix the end of 
drying. In the farm, the end of drying carried out in a 
cool and dry room is determined by time (3 weeks) and 
the average final aw values were higher than 0.500.

Results

Table 1 compares the effects of the two drying methods 
on the coagulation properties of the crude extracts. For 
these two samples, we started from fully ripened whole 
flowers being submitted to the farm method (slow dry-
ing) and then to the experimental method (fast drying). 
After both kind of drying, the pistils were separated 
from the other parts of the flower and only in the farm 
method the pistils were toasted. Then, to prepare the raw 
extracts, the toasted pistils and pistils from the fast dried 
flowers were used.

All the crude extracts were subjected to the three mac-
eration times and the data shown in the tables are the 
results of all the maceration times.

The raw extracts prepared with farm and experimental 
methods reach the lowest value of curd firmness after 60 
min from the addition of the rennet and the highest at 90 
min. The samples produced by the experimental method 
showed a lower curd firming time (11.89 vs 13.88 min) 
and higher curd firmness at 90 min after rennet addition 
(44.18 vs 41.27 mm).

In general, better rennet capability is characterized by a 
brief clotting and curd firming time and an elevated curd 
firmness. The fast-drying rennet, named experimental 
method, had a better clotting ability than the rennet pro-
duced by using the slow drying method.

In Table 2, we evaluated the clotting activity of samples 
subjected to slow drying. Both samples were from fully 
mature, whole flowers. After the flowers were dried, the 
pistils were separated. The pistils of the sample prepared 
according to the farm method were toasted, while the 
pistils of the second sample were not toasted, in order to 
evaluate the specific effect of the toasting treatment.

FORMAGRAPH instrument (Maspres, Firenze, Italy). 
Measurement is based on the movement of small 
pendulums immersed in linearly oscillating samples 
of milk. Minute forces are applied to the pendulums 
because of the formation of a gel in the moving milk 
sample. The result is the registration of the coagulation 
properties of the milk (McMahon and Brown, 1982). 
The Formagraph parameters are milk clotting time 
(r,  min), curd firming time (k20, min), and curd firm-
ness (a, mm). The parameter r measures the time from 
the addition of the rennet to the milk up to the point 
where the baseline starts to increase in width (Bittante, 
2011). Repeatability values within laboratories of milk 
clotting time were 96% (Duranti et al., 2003). The 
parameter k20 is the interval from the start of gel devel-
opment until an oscillation width of 20 mm is attained. 
The curd firmness is the width of the graph at a definite 
time from rennet addition (Bittante, 2011). This last 
parameter is measured 30 min after rennet addition 
or at twice the clotting time (a2r) (Delacroix-Buchet et 
al., 1994). To better estimate the curd firmness of our 
samples, which coagulate more slowly than those using 
animal rennet (Liburdi et al., 2019), we measured this 
parameter at 60, 75, and 90 min (a60, a75, a90) after 
adding the rennet.

The amount of pistils (50 g/100 L of milk) used to eval-
uate the milk clotting activity was the same as used on 
the farm dairy to prepare rennet solution to produce 
traditional vegetable rennet cheese. For each batch of 
samples analysis, two reference commercial coagu-
lants were used. First: animal rennet (Hansen standard 
160  IMCU/mL, 80% chymosin and 20% pepsin) used 
according to Formagraph method (200 µl of 1.6% rennet 
solution for 10 mL of milk). Second: commercial vegeta-
ble rennet (Galium, Prodor) used according to the dose 
indicated on the label (100 g of rennet/100 L of milk). All 
samples were analyzed in duplicate.

Standardized milk powder used as substrate was pre-
pared according to ISO 23058 IDF 199: 2006. Then, 110 
g of low-heat, low-fat, and spray-dried milk powder was 
added to 1 l of CaCl2 solution (0.5 g/L). The final pH of 
substrate was approximately 6.5. The temperature during 
pre-heating and analysis of the milk samples was 35 °C.

Statistical analysis

The effects of the drying method: slow method applied in 
farm and experimental fast method, toasting treatment 
applied in farm, ripening phase, part of the flower, and 
maceration time were analyzed using the following linear 
model:

 Y = μ + T + e
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22.42  mm), 75 (38.79 vs 33.16 mm and 39.66 vs 32.28 
mm), and 90 min after rennet addition (45.15 vs 41.31 
mm and 46.14 vs 40.33 mm).

The effects of the maceration times of the raw extracts at 
2, 15, and 24 h are shown in Table 4. The evaluation of the 
maceration time was carried out on all the samples and 
included all the treatments (pre-ripening and ripening 
phase, whole flowers and pistils, farm and experimental 
drying, toasting or not). For all parameters, the results 
obtained at the three maceration times were significantly 
different. The best coagulation aptitude was obtained 
after 24 h of maceration: clotting and curd firming times 
of crude extracts were lower, and curd firmness at 60, 
75, and 90 min was higher. pH values decreased with 
increasing extraction time.

The correlation coefficients among the Formagraph 
parameters were analyzed for all samples. We found that 
all correlation coefficients were significant (P < 0.0001): 
+0.70 between r and k20; −0.73, −0.86, −0.90 between 

Table 1. Effect of drying method on milk coagulation properties.

Method of drying

Farm method Experimental method

No. of  samples 24 24

r (min) 40.19 42.83

K20 (min) 13.88a 11.89b

A60 (mm) 25.37 26.09

A75 (mm) 35.79 37.41

A90 (mm) 41.27b 44.18a

Different letters within the same row indicate a significant difference 
(P < 0.05).

Table 2. Effect of toasting treatment included in the farm method 
on milk coagulation properties.

Toasting treatment

Yes No

No. of  samples 24 24

r (min) 40.19b 59.53a

K20 (min) 13.88 14.62

A60 (mm) 25.37a 13.26b

A75 (mm) 35.79a 21.02b

A90 (mm) 41.27a 32.96b

Different letters within the same row indicate a significant difference 
(P < 0.05).

Table 3. Effect of ripening phase and part of the flower submitted 
to experimental fast drying on milk coagulation properties.

Experimental fast-drying method

Ripening phase Part of the flower

Pre Full Whole Pistils

No. of  samples 48 48 48 48

r (min) 46.85a 39.96b 47.03a 39.77b

K20 (min) 12.24a 11.11b 12.73a 10.62b

A60 (mm) 22.50b 30.47a 22.42b 30.55a

A75 (mm) 33.16b 38.79a 32.28b 39.66a

A90 (mm) 41.31b 45.15a 40.33b 46.14a

Different letters within the same row indicate a significant difference 
(P < 0.05).

The characteristics evaluated were significantly differ-
ent for the two types of treatments, except for the curd 
firming time. The coagulation time was reduced by 32% 
(40.19 vs 59.53 min) in the toasted samples. The curd 
firmness measured after 60, 75, and 90 min was signifi-
cantly higher in flowers subjected to the toasting treat-
ment (25.37 vs 13.26 mm; 35.79 vs 21.02 mm; 41.27 vs 
32.96 mm). Therefore, according to our results, toasting 
of the pistils after traditional slow drying of the flowers 
improves the coagulation characteristics of the thistle 
rennet.

Table 3 shows the effects on the crude extract character-
istics of both the ripening phase and the part of flower 
in the samples subjected to experimental fast-drying. 
Significantly, lower milk coagulation times were achieved 
with flowers in the complete ripening phase compared 
to pre-ripened flowers and using directly dried pistils 
compared to whole dried flowers (39.96 vs 46.85 min 
and 39.77 vs 47.03 min, respectively). The firming time 
values had the same tendency as the clotting time values 
and were lower in the complete phase and in the pistils 
(11.11 vs 12.24 min and 10.62 vs 12.73 min). In the pistils 
and in complete phase samples, the higher curd firmness 
values were found: 60 (30.47 vs 22.50 mm and 30.55 vs 

Table 4. Effect of maceration time of the crude extracts on milk 
coagulation properties.

Hours

2 h 15 h 24 h

No. of  samples 64 64 64

pH 5.97a 5.76ab 5.66b

r (min) 48.71a 44.82b 40.67c

K20 13.62a 12.11b 11.03c

A60 (mm) 22.10b 25.05ab 28.17a

A75 (mm) 29.27c 34.13b 39.11a

A90 (mm) 37.20c 41.80b 45.80a

Different letters within the same row indicate a significant difference 
(P < 0.05).
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These samples came from whole flowers collected at a 
pre-ripening stage and quickly dried (PR-WF-FD) (aw 
= 0.623) and from whole flowers slowly dried and not 
toasted (FR-WF-SD-NT) (0.557). The other samples 
had lower aw and faster clotting times. These included 
FR-WF-SD-T slowly dried and toasted samples (0.457); 
PR-P-FD pistils quickly dried from premature (0.401) 
and FR-P-FD mature flowers (0.324); and FR-WF-FD 
whole flowers dried quickly and collected when fully ripe 
(0.323).

Discussion

According to the classification of the milk coagulation 
properties with animal rennet by the method of Zannoni 
and Annibaldi (1981), good-quality cow milk has a clot-
ting time between 11:30 and 18:00 min.

The results obtained from the raw extracts showed very 
long milk coagulation times: from 40.19 min with the 
farm method to 42.83 min with the experimental method, 
compared to 14.52 min with reference animal rennet. 
Regarding curd firmness, 90 min after adding the rennet 
(A90), it ranged from 41.27 mm (farm method) to 44.18 
mm (experimental method). These values are comparable 

k20 and a60, a75, a90, respectively; −0.94, −0.95, −0.88 
between r and a60, a75, a90, respectively. Formagraph 
parameters from raw extracts were highly correlated, i.e., 
clotting time and curd firming time were positively cor-
related, and both were negatively correlated with curd 
firmness. In raw extracts and standard rennet, when the 
coagulation time is longer, the time necessary to firm 
the curd is extended. The greater the curd firmness, the 
more the milk coagulates in a short time. The coagulation 
activity is good when the coagulation time is shorter, and 
the curd consistency is greater.

Similarly, the correlation coefficients (P < 0.0001) found 
for cow milk coagulated with animal rennet (Mariani 
et al., 1997) were +0.58 between r and k20; −0.80 between 
k20 and a30; and −0.89 between r and a30.

All samples during Formagraph analysis were compared 
with the reference coagulants, i.e., animal and commer-
cial vegetable rennet whose average data were, respec-
tively: r 14.52 and 11.38 min; k20 2.79 and 2.23 min; A30 
44.70 and 50.30 mm; A2r 44.52 and 44.20.

Figure 3 shows the box plot of the distribution of clot-
ting time according to aw classes. We observed that the 
two samples with higher aw had higher coagulation time. 
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Figure 3. Box Plot of distribution of clotting time according to aw classes. FR: full ripening; WF: whole flower; FD: fast drying 
(experimental method); P: pistils; PR: pre-ripened; SD: slow dried; T: toasted; NT: not toasted.
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the senescence process (Cordeiro et al., 1994). Clotting 
times decreased as flower development progressed due to 
increased enzymatic activities in the extracts (Cordeiro 
et al., 1994).

According to Martins et al. (1996), the drying time of 
thistle flowers subjected to the traditional method gave 
the following results. The aw decreased from fresh (aw 
0.866) to medially dried (1 day): 0.674 and dried (30 
days): 0.592. Better clotting activity was observed in 
medially dried flowers on a wet and dry matter basis. In 
contrast, Ordiales et al. (2012) investigated the milk-clot-
ting activity of Cynara cardunculus at three ripening 
stages: opening of flower, flower fully open, and flower 
beginning to dry out. Milk clotting activities of aqueous 
extracts after maceration for 1 and 24 h did not vary sig-
nificantly according to the ripening stages.

On the other hand, Cynara cardunculus, including its 
variety altilis (Ramos et al., 2014), is a source of pheno-
lic compounds. The content of phenolic compounds was 
highest in the early stages of maturation and decreased 
as the maturity stage progressed (Mandim et al., 2020). 
Phenolic compounds could have a role in the clotting 
activity of flowers. Protein–polyphenol interactions 
were reported to modify the functional properties of 
foods (Yildirim-Elikoglu and Erdem, 2018). Phenolic 
compounds are easily oxidized to form pigments. These 
pigments attach to proteins, including native enzymes, 
leading to inactivation of these enzymes (Barros et al., 
2001). The interactions between casein micelles and 
polyphenols decrease the enzymatic gelation properties 
at both the first and second stages of the renneting pro-
cess (Haratifar and Corredig, 2014).

Considering that the crude extract is often contaminated 
by other floral compounds, such as phenolic compounds 
(Conceição et al., 2018), it can be assumed that the best 
performance of mature flowers could be due to both the 
greater content of proteases and to the lower content of 
polyphenols.

Among the different treatments used to prepare vegeta-
ble rennet from Cynara cardunculus flowers, the toasting 
treatment was very effective at improving clotting activ-
ity. Some hypotheses can be made to explain this posi-
tive effect. In a study (Wang et al., 2008) on bitter gourd, 
it was shown that aspartic protease was activated by 
heating treatment. Only few APs of the plant have been 
functionally characterized. For most APs of the plant, a 
definitive role was not assigned (Wang et al., 2008).

The results obtained with the different maceration times 
indicate that the longer the extraction time, the greater 
the coagulating activity of the raw extract. The same 
trend was observed in Cynara cardunculus flowers by 

with those obtained 30 min after the addition of the ani-
mal rennet (44.70 mm). These results suggest that, by 
coagulating cow’s milk with raw extracts prepared both 
with the farm and experimental methods, it is possible to 
obtain curd firmness similar to that obtained with animal 
rennet by extending the total coagulation time by 1 h.

Similar results were found by Liburdi et al. (2019) for 
samples of cow’s milk coagulated with Cynara cardun-
culus and analyzed by Formagraph: coagulation time of 
42.30 min and firmness of the curd after 60 min equal to 
29.45 mm.

In cheese from animal rennet, the parameters of milk 
clotting activity are related to cheese yield; it was demon-
strated that a faster coagulation time and firmer curd 
were positively correlated with cheese yield (Aleandri et 
al., 1989; Johnson et al., 2001; Ng-Kwai-Hang et al., 1989; 
Okigbo et al., 1985; Pretto et al., 2012). Moreover, the 
reduction in coagulation time is an undoubted advan-
tage, as it contributes to decreasing the duration of the 
process.

In a recent paper, Ben Amira et al. (2017) studied the 
technological properties of milk gels produced by chy-
mosin and wild cardoon rennet (C. cardunculus var. 
sylvestris). Higher curd firmness, similar to chymo-
sin values, was obtained following the optimization of 
extraction conditions of wild cardoon rennet. It would be 
interesting to evaluate the effects of different coagulating 
activities of the raw extracts of Cynara cardunculus on 
the yield and characteristics of the cheese. Regardless, 
the effects of any changes in the preparation of vegetable 
rennet on the characteristics of traditional cheese should 
not be overlooked.

The results of the correlation between the aw of the flow-
ers/pistils and the clotting time suggest that the aw should 
be less than 0.45 so that the clotting time is less than 45 
min. In traditional practice, which always starts from 
fully ripe flowers, the addition of toasting of the pistils, 
which follows the slow drying of the flowers, is very effec-
tive in reducing the aw and the clotting time. If fast dry-
ing is performed, the factors that favor the reduction of 
aw are the collection of flowers at the fully ripe stage and 
the direct drying of the pistils. The best result, in terms 
of clotting time, was obtained from the pistils obtained 
from the ripe flowers and dried directly. However, sep-
aration of the pistils from the flowers before drying is 
time-consuming, which means higher costs to produce 
vegetable rennet.

In the flowers, the quantity of enzyme increased during 
development and was mainly present in the purple parts 
of styles and corollas. The maximum activity of enzymes 
observed in mature flowers may indicate involvement in 
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milk-clotting in Serra da Estrela cheese. Nutrition Food Science 
46: 458–475. https://doi.org/10.1108/NFS-12-2015-0157

Delacroix-Buchet, A., Barillet, F. and Lagriffoul, G., 1994. 
Caractérisation de l’aptitude fromagère des laits de brebis 
Lacaune à l’aide d’un Formagraph. Lait 74: 173–186. https://doi.
org/10.1051/lait:1994315

Duranti, E., Bolla, P., Caroli, A., Chiofalo, L., Di Stasio, L., Fortina, R., 
Martini, M., Piccolo, V. and Zullo, A., 2003. Problems concern-
ing ovine milk clotting aptitude. Italian Journal Animal Science 
2: 89–95. https://doi.org/10.4081/ijas.2003.89

Folgado, A. and Abranches, R., 2020. Plant aspartic proteases for 
industrial applications: thistle get better. Plants (Basel) 9: 147–
156. https://doi.org/10.3390/plants9020147

González-Rábadea, N., Badillo-Corona, J.A., Aranda-Barradas, J.S. 
and Oliver-Salvador, M.d.C., 2011. Production of plant proteases 
in vivo and in vitro – a review. Biotechnology Advances 29: 983–
996. https://doi.org/10.1016/j.biotechadv.2011.08.017

Guiné, R.P.F., Tenreiro, M.I.C. and Correia, A.C., 2016. Analysis of 
factors influencing the physical, chemical and sensorial prop-
erties of Serra da Estrela cheeses. Food Measure 10: 643–657. 
https://doi.org/10.1007/s11694-016-9348-6

Haratifar, S. and Corredig, M., 2014. Interactions between tea cat-
echins and casein micelles and their impact on renneting func-
tionality. Food Chemistry 143: 27–32. https://doi.org/10.1016/j.
foodchem.2013.07.092

Heimgartner, U., Pietrzak, M., Geertsen, R., Brodelius, P., da 
Silva Figueiredo, A.C. and Pais, M.S.S., 1990. Purification and 

Ordiales et al. (2012), who reported better results after 
24 h than after 1 h of maceration. Ben Amira et al. (2017), 
studying a model based on four variables to optimize the 
extraction conditions of Cynara cardunculus, found that 
the best extraction time was 50 min compared to 145 and 
240 min.

Conclusions

The results indicate that it is possible to improve the 
coagulating activity of the crude extract of Cynara car-
dunculus by modifying the rennet preparation process. 
The most effective innovations compared to the tradi-
tional process were the toasting treatment following 
the slow drying of the flowers and the fast drying of the 
flowers/pistils at a controlled temperature. Extending 
the extraction time can further improve clotting activity. 
During the production of typical cheeses, it is necessary 
to evaluate whether innovations in the preparation of 
vegetal rennet can lead to changes in the characteristics 
of the cheese.
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