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Abstract: Milk coagulants play a crucial role in defining curd characteristics. The objective of this
study was to compare the coagulation dynamics of two commonly used coagulants in cheesemaking:
cardoon flower extract (Cynara cardunculus L.) and commercial chymosin, using sheep milk from
four different origins in the Baixo Alentejo region of Portugal, as the substrate. Milk composition
was determined using the MilkoScan 133B, while the milk-clotting time (MCT) was measured
following ISO 23058/IDF 199:2006 guidelines with slight modifications and coagulation kinetics, and
technological properties were evaluated using the Optigraph apparatus. The results demonstrate
that the type of coagulant impacts the coagulation properties of sheep milk. Pearson’s correlation
analysis indicated that milk samples with higher protein content exhibited longer coagulation times
but resulted in firmer curds. On the other hand, the use of cardoon flower extract introduced greater
variability compared to chymosin, with a delayed onset of coagulation, reduced curd firmness,
and increased variability in enzymatic kinetics. These results suggest that cardoon extract, while
traditional, introduces greater heterogeneity in curd formation compared to the more consistent
action of chymosin.

Keywords: Cynara cardunculus L.; chymosin; coagulation properties; kinetics; sheep milk

1. Introduction

A ‘food enzyme’ refers to a protein derived from plants, animals, or micro-organisms,
including those obtained via fermentation. It contains one or more enzymes that catalyze
specific biochemical reactions and is added to food for technological purposes during any
stage of production, processing, or storage [1]. Although calf rennet remains the most used
enzyme for milk coagulation, its limited availability and high costs have driven the search
for rennet substitutes over the past fifty years [2]. Historically, vegetable extracts have
served as coagulants in cheesemaking across the Mediterranean, West Africa, and Southern
Europe [3]. Specifically, the use of aqueous extracts from Cynara cardunculus L. is mandatory
in the artisanal production of certain traditional sheep’s cheeses in Portugal and Spain,
under the Protected Designation of Origin (PDO) status [4,5]. Nowadays, the increasing
use of vegetable proteases as a coagulant agent is reported not only for being part of the
traditional cheesemaking heritage [2,4,6] but also for the intrinsic sensory characteristics,
religious restrictions, economic aspects, or part of a specific diet [4,6].

Unlike other plant-derived milk-clotting enzymes used as calf rennet substitutes,
cardosins from cardoon flower exhibit remarkable specificity for cheesemaking [7]. The
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technology of extracting enzymes from cardoon flowers and using these extracts for cheese-
making has been practiced for millennia [7,8]. This traditional method remains the primary
source of human exposure to this food enzyme [8,9]. Portugal has recently made a notable
advancement by applying for the registration of traditional Cynara cardunculus L. crude
flower extract as an enzymatic extract for cheesemaking, aiming to provide a legal frame-
work for its traditional use as a coagulant. This enzyme has now been officially approved
by the European Food Safety Authority (EFSA), which issued a positive opinion on its
safety evaluation [8].

Milk coagulants play a crucial role in defining the characteristics of the curd and
final product. The use of the cardoon flower extracts and calf rennet, as an agent in milk
coagulation, is possible due to the presence of proteolytic enzymes, specifically aspartic
proteases such as cardosins and chymosin, respectively, which are responsible for the
hydrolysis of the main milk protein [9]. These enzymes act specifically on κ-casein, causing
destabilization in the colloidal system [10]. They have low general proteolytic activity
but are particularly active in the hydrolysis of the Phe105–Met106 bond of κ-casein [11].
This initial destabilization is followed by a step of aggregation of casein micelles, which
over time form gel (curd) [10]. The aspartic proteases found in the cardoon flower present
different activities on milk caseins, being more evident between cardosin A and B. Cardosin
A is more specific and less proteolytic than cardosin B in its action on κ-casein; therefore, it
is more like chymosin, the enzyme most used by cheese industry worldwide. On the other
hand, cardosin B is more proteolytic and less specific than cardosin A, and its activity is
more similar to pepsin [12]. Cardosins reveal a more intense secondary proteolytic action
on αs- and β-casein than other coagulants, with an impact on the biochemical and sensorial
properties of cheeses [13–15].

The variety of rennet’s and other milk coagulants available on the market has signifi-
cantly increased over the last three decades. This expansion has heightened the necessity
for a thorough analysis and comparison of the various commercially available products
to ensure optimal milk coagulation properties in cheesemaking processes [4]. When a po-
tential rennet substitute is studied, it is particularly important to evaluate its milk-clotting
activity (MCA); however, different authors have used different methods and units, making
difficult the comparison between different plant coagulants [16,17]. MCA is an important
parameter for cheese producers and can be calculated using milk-clotting time (MCT) using
a well-defined condition [18,19].

Although numerous alternative methods are available to estimate MCT, the standard
approach relies on a human operator to monitor the physicochemical changes during the
coagulation process. An example of this is the Berridge clotting time method included
in IDF standards [19] based on the visual identification of milk flocculation, making it
subjective and dependent on the operator’s experience [18,20].

Advances in non-destructive optical methods and automated monitoring have im-
proved the precision and understanding of milk coagulation processes. These modern
techniques provide valuable insights into gelation and clotting time, enhancing dairy
production efficiency. The Optigraph, developed by the Institut National de la Recherche
Agronomique (INRA) and Alliance Instruments, serves as a contemporary replacement for
the long-used Formagraph, offering improved accuracy in assessing milk renneting proper-
ties [18,21]

The main objective of this study was to compare the coagulation kinetics of two
commonly used coagulants in cheesemaking; a vegetable sample of an ecotype of Cy-
nara cardunculus L. cardoon flower extract and a commercial chymosin, derived from a
genetically modified strain of the lactic yeast of Kluyveromyces lactis. This approach, using
multiple sheep milk samples to compare coagulation kinetics between commercial coagu-
lants and Cynara-based coagulants, enhances the understanding of vegetable coagulants
in dairy science. Additionally, it underscores the future potential of coagulation kinetic
studies employed in non-evasive measurements (curd firmness in volt) to advance online
coagulation monitoring solutions.
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2. Materials and Methods
2.1. Materials
2.1.1. Milk Sampling

Between March and May 2022, raw sheep milk samples were collected from four
distinct cheese factories located in the Baixo Alentejo region of southern Portugal. This
sampling resulted in four milk origins: Al, Ha, Vg, and Ch. Each milk source contributed
six samples, culminating in a total of 24 samples.

The milk samples were collected directly from the bulk tanks at each cheese production
facility. To ensure sample homogeneity, the milk stored in bulk tank was stirred for 10 min
prior to collection. Each sample, measuring 500 mL, was collected at a temperature of 4 ◦C
using a sterile collection container. Immediately after collection, the samples were placed
in a cooler box maintained at 4 ◦C for transport to the laboratory.

Although official IDF protocols do not recommend freezing, this step was necessary
due to the logistical challenges associated with collecting samples from four geographically
dispersed sites. Freezing the samples under the described conditions was implemented as a
precautionary measure to maintain sample integrity and prevent any potential degradation
in quality (milk freshness) during transport and storage. Upon arrival at the laboratory, the
samples were frozen at −80 ◦C until further analysis. Before conducting the coagulation
trials, the milk samples were thawed in a refrigerator at 4 ◦C during a 12 h period.

2.1.2. Preparation of Vegetable Coagulant: Cardoon Flower (Cynara cardunculus L.) Extract

The cardoon flower sample labeled 5MA from 2021 harvest was used for enzyme
extraction in all essays of this study. This genotype originated from a test field in Viseu,
Portugal (GPS coordinates: 40◦42′17.5′′ N, 7◦54′45.8′′ W), where the flowers were harvested
and dried [22].

The milk-clotting activity (MCA) of the flower sample was measured and calculated
according to the International Standard ISO 23058/IDF 199:2006 [19], resulting in 42 inter-
national milk-clotting units (IMCUs g−1). It is important to note that current international
standards for determining milk-clotting activity do not provide specific guidelines for
the extraction methods of plant-based coagulants. Traditionally, extracts are prepared by
manually macerating 2 g of cardoon flower pistils at room temperature, followed by the
addition of sodium acetate buffer at pH 5.5 and filtration through a Whatman No. 40
filter to obtain 50 mL of extract [23]. Regarding this matter, the extraction method was
optimized in a laboratory under controlled conditions to ensure the complete extraction of
the enzymatic content from the flowers. This optimization aimed to enhance the efficacy
and consistency of the MCA measurements.

2.1.3. Preparation of the Commercial Chymosin

A commercial chymosin, derived from a genetically modified strain of the lactic yeast
Kluyveromyces lactis, was used as the coagulant for comparison purposes. This product is
marketed under the trademark Maxiren® 180 liquid coagulant (Dsm-firmenich, Maastricht,
The Netherlands), featuring an MCA of ≥180 IMCU/mL.

To prepare the rennet working solution, 1 mL of the stock solution was diluted with
distilled water to achieve a final volume of 50 mL, resulting in a 1:50 dilution ratio [18].
This standardized solution was then used in the study to ensure consistent coagulation
properties for comparison with the traditional cardoon flower extract.

2.2. Methods
2.2.1. Milk Composition Analysis

The sheep milk samples were heated in a controlled water bath at 20 ◦C, with continu-
ous shaking agitation, on each day of the essays. Milk acidity was determined following the
AOAC 947.05 (1997) standard [24], and pH was measured using a pH meter (Metrohm 713,
Herisau, Switzerland). Milk composition parameters including fat, total protein, lactose,
total solids (TSs), and non-fat solids (NFSs) were determined using the MilkoScan 133B
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(Foss Electric, Hillerød, Denmark). Calibration of the MilkoScan instrument was conducted
using sheep milk samples analyzed by reference methods for fat (ISO 1211/IDF 1:2010) [25]
and total protein (ISO 8968-1/IDF 20-1:2014) [26].

2.2.2. Milk-Clotting Time (MCT) Determination

The MCT was determined following the guidelines of the International Standard ISO
23058/IDF 199:2006 [19] with minor modifications made for the study’s specific experimen-
tal conditions [13]. These modifications were essential as the standard method requires
using reconstituted low-heat skim spray-dried milk powder reconstituted to 11% with a
0.5 g/L CaCl2 solution and a final pH of 6.5, as the substrate, while in this study, sheep milk
was used as the substrate. Given the difference in substrate properties, such adjustments
were necessary to ensure the relevance and accuracy of the results within the context of our
experimental setup.

The MCT determination was performed by using a pipette to add 25 mL of the sheep
milk to a dry flask and pre-heated using a water bath at 32 ◦C for a minimum of 12 min,
not exceeding 20 min. Afterwards, 0.5 mL of the coagulant solution was added to the
substrate using a micropipette, and the stopwatch was started simultaneously. The flask
containing the milk with the coagulant is mixed by swirling, while avoiding the formation of
foam, and immediately attached to the rotary device, set to a rotation speed approximately
0.33–0.67 Hz; however, the operator may make minor adjustments to optimize visualization
of the initial coagulation phase. The temperature of the water bath in which the flask is
immersed must be maintained at 32 ◦C [19]. The MCT was recorded upon observing the
first flocculation on the substrate film adhering to the flask wall, marking the completion
of the determination [18]. This procedure requires an experienced operator to carefully
monitor for signs of clotting, which are indicated by visible changes in texture that signal
curd formation. The clotting time is defined as the duration from the addition of the
coagulant to the first appearance of visible flocculation or gel formation; the operator stops
the timer at this moment and records the time to the nearest second [19].

2.2.3. Monitoring the Enzymatic Coagulation

The enzymatic coagulation properties were assessed using an Optigraph (Alliance,
Frépillon, France), which is based on the measurement of near infrared signal attenuation
caused by micellar aggregation [14]. The Optigraph makes the calculation in real time of
all parameters required for the coagulation process: coagulation time, firmness evolution,
optimum curd cutting time, and organization speed [15]. This device transmits an infrared
beam through a sampling cuvette containing milk. A sensor on the other side measures
the amount of light absorbed by the milk as it coagulates, i.e., infrared signal attenuation,
and the changes are analyzed in real time by a computer that converts these variations into
directly usable data [27].

After setting the milk to equilibrate at clotting temperature (32 ◦C), 1 mL of each
coagulant solution was diluted 1:4 with distilled water and added to each cuvette containing
10 mL of sheep milk [13]. Before each trial, the intensity of the emitted signal was set to
7 Volts (V). All tests ran for 60 min and the studied parameters were as follows: R—clotting
time, in seconds (s); 0K20—speed of micellar aggregation measured as time to reach a
standard clot firmness, in seconds (s); and A20, A40, AR, and A2R—firmness measures,
after 20 or 40 min from the beginning of trial or after two or three times R, respectively, in
V [13]. As no direct calibration with reference methods, such as rheological measurements of
the elastic modulus during coagulation, was performed, it was assumed that the observed
voltage change was solely attributed to micellar aggregation.

2.2.4. Optigraph Coagulation Kinetics

Coagulation kinetics were evaluated using data from the Optigraph apparatus, which
continuously monitors and records changes in curd firmness over time, providing real-time
insights into the coagulation process. This method allowed for a detailed assessment of
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the enzymatic coagulation properties, capturing dynamic changes as they occurred, as
previously described.

The differential coagulation behavior of the samples was assessed by measuring the
coagulation parameters over a 60 min period, comparing results across the four milk origins
(Al, Ha, Vg, and Ch). This new approach generated a total of 32 data points. Measurements
were taken initially at 0, 200, and 500 s. From 800 s onward, additional measurements
were recorded at 100 s intervals, extending up to 1200 s (A20), 2400 s (A40), and, finally,
3600 s (A60). These measurements allowed for the representation of Optigraph outputs in
a coagulation kinetics graph

2.3. Statistical Analysis

The experimental data were obtained from milk samples collected from four different
origins (Al, Ha, Vg, and Ch) across six collection dates per origin (n = 6). All experiments
were conducted in laboratory triplicate. The results were analyzed using STATISTICA
software for Windows (StatSoft, Inc., Tulsa, OK, USA). An analysis of variance (ANOVA)
was performed to compare means, employing the Scheffé test applied to ensure a 95%
confidence level (p < 0.05). The relationship between MCT, milk composition, and the
Optigraph parameters was assessed by the Pearson’s correlation analysis.

3. Results and Discussion
3.1. Milk Composition and Technological Property Evaluation

Table 1 provides a summary of the milk composition results. When comparing the
different milk sources, Vg exhibits slightly lower acidity, fat, protein, lactose, total solid
(TS), and NFS contents. This variation could be due to several factors, including genetic
diversity among sheep, variations in milking and feeding practices, or other environmental
influences [28]. These results are consistent with those reported by Roseiro et al. [3], who
studied sheep milk from dairies in the Baixo Alentejo region, particularly within Serpa PDO
cheese region production, where the dairies in this study are also located. Their findings
reported fat, protein, and acidity values ranging from 6.8 to 7.5; 5.69 to 6.17; and 19.9 to
22.1, respectively.

Table 1. Summary characterization, mean values (standard deviation), of the samples used in the
study for the different milk sources (Al, Ha, Vg, and Ch).

Milk Source

Al Ha Vg Ch

pH 6.64 (0.03) a 6.60 (0.03) a 6.64 (0.03) a 6.65 (0.04) a

Acidity (mL NaOH N/L) 22.09 (1.60) a 21.45 (1.06) a 18.38 (1.25) b 20.28 (0.84) ab

Fat % (w/w) 7.32 (0.43) a 7.31 (0.43) a 6.62 (0.90) a 7.17 (0.58) a

Protein % (w/w) 6.14 (0.54) ab 6.50 (0.30) a 5.46 (0.38) b 6.11 (0.34) ab

Lactose % (w/w) 5.61 (0.28) a 5.60 (0.17) a 4.90 (0.27) b 5.32 (0.37) ab

Total solids % (w/w) 20.07 (0.79) a 20.40 (0.47) a 17.98 (1.06) b 19.60 (0.32) a

Non-fat solids % (w/w) 12.75 (0.79) a 13.09 (0.24) a 11.35 (0.41) b 12.42 (0.53) a

Means in the same row marked with different letters are significantly different (p < 0.05, n = 6, Scheffé test).

Fat content from different origins is not significantly different. On the other hand, the
protein content of milk from Ha was higher compared to that from Vg, with significant
difference, which can be reflected in longer coagulation times (R), as shown in Table 2.
Despite this, the curd firmness was higher, as supported by a lower speed of micellar aggre-
gation, 0K20 values. As noted by Pazzola et al. [29], higher fat content generally improves
coagulation properties, while higher protein content tends to delay rennet coagulation time,
and increased casein content results in firmer curds.
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Table 2. Means (standard deviations) of the technological properties evaluated for the cardoon flower
extract and a commercial chymosin applied to each milk source.

Coagulant Milk Source

Technological Properties

MCT
(s)

R
(s)

AR
(V)

A2R
(V)

A20
(V)

A40
(V)

0K20
(s)

Cardoon
extract

Al 675 (60) a 1049 (31) a 8.76 (0.64) a 12.72 (1.45) a 1.69 (0.41) c 10.93 (0.26) bc 670 (34) ab

Ha 643 (41) a 996 (67) ab 10.72 (0.77) a 14.61(1.63) a 2.60 (1.14) bc 12.86 (0.04) abc 497 (37) ab

Vg 718 (100) a 962 (80) ab 8.15 (0.81) a 12.58 (0.99) a 2.59 (1.00) bc 10.85 (1.98) c 694 (163) a

Ch 690 (43) a 869 (36) ab 8.95 (1.20) a 12.88 (1.60) a 3.96 (0.68) ab 12.46 (0.85) abc 570 (54) ab

Commercial
chymosin

Al 649 (52) a 935 (116) ab 10.72 (1.01) a 14.92 (0.22) a 4.18 (1.26) ab 13.62 (0.91) abc 492 (38) ab

Ha 592 (40) a 908 (50) ab 11.25 (1.09) a 15.63 (1.65) a 4.59 (0.82) ab 14.17 (0.62) ab 438 (30) b

Vg 607 (45) a 884 (53) ab 9.69 (0.88) a 13.87 (1.32) a 4.59 (0.61) ab 13.06 (1.38) abc 501 (86) ab

Ch 604 (41) a 817 (14)b 9.87 (0.70) a 14.99 (1.52) a 5.66 (1.07) a 14.55 (0.92) a 442 (38) b

Means without a common superscript letter in the same column for each parameter differ significantly (p < 0.05,
n = 6, Scheffé test). MCT—milk-clotting time; R—coagulation time; AR and A2R—curd firmness after two and
three times the coagulation time (R) after coagulant addition, respectively; A20 and A40—curd firmness at 20
min and 40 min, respectively, after coagulant addition; 0K20—speed of micellar aggregation, measured as time to
reach a standard clot firmness; s—seconds; V—volts.

From the Optigraph data (Table 2), the clotting time (R), rate of curd firmness (0k20),
and curd firmness measurements after 20 and 40 min (A20 and A40) showed slight but
significant differences (p < 0.05) between milk sources and coagulants used (Table 2).
These differences may be attributed to interactions between the milk composition and the
coagulants, leading to variations in coagulation [30].

On the other hand, results regarding the use of commercial chymosin appear to be more
consistent and follow a clearer pattern compared to those for cardoon, possibly due to the
controlled production process and uniform enzymatic activity of the commercial chymosin.

Milk coagulated with cardoon extract exhibited a delayed onset of flocculation com-
pared to milk coagulated with commercial chymosin. This finding aligns with the study by
Alves et al. [31], which investigated the influence of clotting agents on sheep milk. Their
research demonstrated that cardoon extract also had a slightly slower coagulation time
compared to chymosin. This may be attributed to the lower specificity of cardosin A for
the substrate compared to chymosin [32,33].

As for the remaining variables characterizing the coagulation process, such as the
evolution of curd firmness, there was a clear and expected dependence on the rate of
micellar aggregation [23,34]. Samples exhibiting faster micellar aggregation (indicated
by lower 0K20 values) produced firmer curds, as reflected in higher A40 or A2R mea-
surements [23,34]. This trend was particularly evident with samples coagulated with
commercial chymosin, which yielded firmer curds compared to those coagulated with
cardoon flower extract, as reported by Zikiou et al. [34]; in contrast, cardoon coagulants
generally produced curds with lower firmness and higher 0K20 values. This discrepancy
may be attributed to the lower specificity of cardoon-derived coagulants.

The data presented in Table 3 offer key insights into the relationships between MCT,
milk composition, and the Optigraph parameters.

In the Pearson’s correlation analysis, correlations were considered significant when
0.001 < p < 0.05 and strongly significant when p < 0.001. As expected, a significant positive
correlation was observed between MCT and the Optigraph parameters [30] and a significant
correlation between MCT and A20, meaning that higher values of A20 are linked to
shorter MCTs.
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Table 3. Pearson’s correlation (r) analysis between MCT and milk composition versus Optigraph
parameters (n = 48).

Parameter R AR A2R A20 A40 0K20

MCT 0.42 * −0.01 −0.01 −0.44 * −0.26 0.25
Fat 0.39 * 0.34 * 0.29 * −0.28 0.07 −0.19
Protein 0.35 * 0.74 ** 0.72 ** 0.00 0.62 ** −0.66 **
Lactose 0.12 0.34 * 0.41 * 0.05 0.38 * −0.38 *
Total solids 0.42 * 0.64 ** 0.63 ** −0.14 0.45 * −0.53 **

* Marked significative correlations (0.001 < p < 0.05) and ** strongly significative correlations (p < 0.001).

Protein content exhibited a significant positive correlation with R values and a strongly
significative negative correlation with 0K20, indicating that samples with higher protein
content exhibited a delay in the coagulation time related to a lower rennet micellar aggre-
gation rate, respectively. Similar results were previously observed by Pazzola et al. [29].
On the other hand, protein exhibited a strong positive significative correlation with the
firmness parameters AR, A2R, and A40, indicating that protein is the key component
influencing coagulation firmness [35]. Fat content also caused a delay in the coagulation
time, as indicated by a significant positive correlation with R values, and showed some
influence in coagulation with significant positive correlations observed for AR and A2R
values. However, this influence was not as pronounced as with that of protein, which is
comprehensible given that fat has no direct role in the coagulation process. Total solids
exhibit a behavior consistent with that of protein, with strongly significant correlations. In
other words, they delay coagulation and promote firmer curds, as the Pearson’s correlations
and significance level with the Optigraph parameters are similar.

3.2. Monitoring Coagulation Kinetics

To compare the coagulation kinetics for the milk samples (Figure 1), the analysis was
conducted using detailed data on the enzymatic coagulation properties provided by the
Optigraph, which measured curd firmness over a 60 min trial.

The coagulation kinetics graph demonstrates that chymosin exhibits a faster coagu-
lation dynamic compared to the enzyme extracted from cardoon flower, with chymosin
curves generally shifted to the left. Chymosin provides more consistent and firmer curds
across different milk sources as previously referenced [32,33]. This visual distinction is evi-
dent across the lines of the graph from Figure 1. However, statistically significant differences
in the R values were only observed in the comparison between the Al sample coagulated
with C. cardunculus L. and the Ch sample coagulated with commercial chymosin.

Measuring curd firmness at 30 min, midpoint along the coagulation trial, provides a
key metric for analyzing and interpreting the coagulation behavior reflected in the graph.
At this point, the coagulation kinetics output graph shows that when using chymosin, curd
firmness is consistently similar across all milk samples, measuring approximately 10–10.5 V.
In contrast, while using the cardoon extract, the curd firmness showed higher ranges of
variation depending on the milk source, varying between approximately 7 and 9.5 V. These
results suggest that curd firmness is more influenced by the origin of the milk samples
when cardoon coagulant is used.

Regarding the curd firmness by the end of the coagulation trial, chymosin achieves
higher peak firmness (around 19 V from all milk samples) compared to cardoon extract, with
a higher variability (around 15–19 V). This difference may be due to the chymosin rennet
specifically targeting casein proteins in the milk, leading to more effective coagulation and
a higher final curd firmness [29]. In contrast, cardoon extract exhibits high non-specific
enzymatic activity, which can result in a less homogenous coagulation process and lower
curd firmness. Silva et al. [36] found similar results in their study comparing cardosins
A and B with chymosin. Their research showed that chymosin produced curds with
greater firmness and higher curd formation rates than with cardoon-based coagulants.
Additionally, Alves et al. [31] observed that curds made with cardoon flower extract
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generally exhibited lower firmness values as indicated by lower A20, A40, AR, and A2R
measurements, compared to those made with chymosin. Additionally, the non-specific
proteolytic activity of the coagulant plays a significant role in curd firmness development.
This activity involves the enzyme acting on a variety of milk proteins, not just casein, which
can influence the overall texture and consistency of the curd [37].
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At this point, the coagulation kinetics output graph shows that when using chymosin, 
curd firmness is consistently similar across all milk samples, measuring approximately 
10–10.5 V. In contrast, while using the cardoon extract, the curd firmness showed higher 
ranges of variation depending on the milk source, varying between approximately 7 and 
9.5 V. These results suggest that curd firmness is more influenced by the origin of the milk 
samples when cardoon coagulant is used. 

Regarding the curd firmness by the end of the coagulation trial, chymosin achieves 
higher peak firmness (around 19 V from all milk samples) compared to cardoon extract, 
with a higher variability (around 15–19 V). This difference may be due to the chymosin 
rennet specifically targeting casein proteins in the milk, leading to more effective 

Figure 1. Optigraph coagulation kinetics output comparing Cynara cardunculus L. extract and
commercial chymosin across different milk origins (Al, Vg, Ha, and Ch): curd firmness measurements
(V) versus coagulation time (min). Error bars indicate standard deviation.

As Conceição et al. [4] reported, the type of coagulant is essential in determining
cheese characteristics, particularly its impact on proteolysis. Variations in coagulant action
can influence the levels of α-casein and β-casein, as well as the concentration of degradation
products like γ-caseins and para-αs-caseins, all of which are key to the final properties
of the cheese. In line with this, Liburdi et al. [5] demonstrated that cardoon extracts
show significant potential as a milk-clotting agent in cheesemaking, producing curds with
characteristics comparable to those achieved using commercial chymosin.

4. Conclusions

This study demonstrates that the type of coagulant affects the coagulation properties
of sheep milk, which is crucial for cheesemaking. Cardoon flower extract introduces
greater variability in coagulation properties compared to commercial chymosin rennet. The
Pearson’s analysis suggested that samples with higher protein content exhibited delayed
coagulation times but resulted in firmer curds.
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Specifically, the use of cardoon flower extract introduced a later onset of coagulation,
less firmness, and greater variability in the enzymatic coagulation kinetics profile compared
to curds produced with commercial chymosin. These insights can enable cheesemakers to
optimize the production process. Additionally, this research contributes to expanding the
range of rennet alternatives in the dairy industry, addressing the increasing demand for
plant-based products and ingredients.

Further research is recommended to evaluate the performance of these coagulants
in practical cheesemaking scenarios. Such studies could provide complementary data to
enhance the sensory qualities of cheese, ensuring that the final product meets consumer
acceptability standards.
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