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Abstract: Cynara cardunculus L. inflorescence infusion has been used for several centuries as curd
in traditional cheese making, such as some highly prized Portuguese cheeses. To promote the
sustainable use of all C. cardunculus plants, C. cardunculus extract leaves decoction (CL), inflorescence
decoction (CI), chlorogenic acid (CA) (a compound in the plant leaves), and rosmarinic acid (RA)
(a similar phenolic compound) solutions were tested for antimicrobial activity against bacteria that
may appear on the cheese rind. The antimicrobial activity was evaluated by 15 bacterial strains
using two different methodologies: solid and liquid. The influence of these extracts and the phenolic
compounds on melanin bioproduction by Pseudomonas putida ESACB 191 was also studied. CA and
RA (1 mg/mL) showed antimicrobial activity. CL and CA reduced P. putida ESACB 191 growth in the
liquid assay and melanin bioproduction by 6.20 Log CFU/mL and 50%, respectively. Cynarin, CA,
and its derivates were identified as the main phenolic compounds (52%) of CL, which may justify its
inhibitory action on bacterial growth and melanin bioproduction. Thus, future perspectives include
the application of CL extracts with antimicrobial activity in edible films and/or coatings to applied in
cheese rind to increase the shelf time.

Keywords: cheese; Pseudomonas putida; C. cardunculus; phenolic compounds; antimicrobial activity;
melanin bioproduction

1. Introduction

C. cardunculus L. is a Mediterranean halophyte, commonly designated as cardoon,
belonging to the Asteraceae family [1,2]. It comprises three botanical varieties: var. altilis
DC, var. scolymus (L.) Fiori, and var. sylvestris (Lamk) Fiori [2]. Traditional applications
of C. cardunculus include the use of the blanched leaves and fleshy leaf petioles in soups,
stews, and salads [3]. Flowers of C. cardunculus are rich in proteases, namely cardosins A
and B, and aqueous extracts of C. cardunculus inflorescence have been used for centuries
(particularly in Mediterranean regions) as coagulants in traditional ewes’ milk cheese
making, providing distinctive characteristics of texture and flavor in cheeses. In some
well-known protected designation of origin (PDO) Portuguese cheeses, such as “Serra da
Estrela”, “Castelo Branco”, “Azeitao”, “Evora”, “Niza” and “Serpa”, the C. cardunculus
inflorescences, specifically their stigma, are used for their high content of aspartic proteases
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and high milk-clotting activity [4]. Many studies support the important role of C. carduncu-
Ius in human nutrition, due to its high content of nutraceutical and bio-active compounds
such as inulin and antioxidant phenolics [2,5]. Furthermore, C. cardunculus extracts have
shown hepatoprotective, anti-tumour [6], antibacterial and anti-HIV activity and the ability
to inhibit cholesterol biosynthesis [7] and LDL oxidation [3]. The decoction extracts have
several phenolic acids [8,9] like chlorogenic acid, cynarine and some flavonoids like luteolin
glycosylated [10]. The literature has already described C. cardunculus var. scolymus (L.)
leaves extract as having antimicrobial activity [11], however the use of these extracts on
Gram-negative bacteria requires high concentrations to have an antimicrobial action [12].
The inflorescence of C. cardunculus L. has been the subject of several studies [13,14]. The
literature reports the chemical identification and antimicrobial activities of extracts of
C. cardunculus L. obtained from extractions with organic solvents. Nevertheless, in this
work, we intend to study the antimicrobial activity of extracts of aqueous nature from both
inflorescence and leaves of C. cardunculus L. against bacteria mainly belonging to the genus
Pseudomonas spp. isolated from cheese and/or the cheese making environment.

Brownish pigmentation was described as a problem in cheese made from raw milk
from sheep or goats [15,16]. It has been reported by cheese producers to cause severe
economic losses, since it is difficult to enter in the food market [15,16]. Pseudomonas spp.
have been isolated from the rind of brownish cheese in several environments, producing
extracellular molecules like enzymes [17] and biopigments [18].

The inflorescence of C. cardunculus L. is already used in the traditional production of
cheese as milk coagulant. To contribute to the sustainable use of the C. cardunculus L. plant,
the main purposes of this study are the chemical characterization of aqueous leaves extract
by mass spectrophotometry, the evaluation of the antimicrobial activity of C. cardunculus
L. extracts against bacteria strains isolated in dairy industries, and the evaluation of the
influence of C. cardunculus L. extracts in terms of inhibition of brown pigmentation.

2. Materials and Methods
2.1. Plant Material

C. cardunculus L. (n° LISU266732) (Figure 1A) leaves and inflorescences were used. The
adult leaves were harvested in March 2018, at Global Positioning System (GPS) coordinates
39°45'37.7" N 8°27'49.3"” W, Portugal, and the inflorescences (Figure 1B) were harvested
in July 2019 (end of flowering). The leaves (ripped roughly by hand) and inflorescence
(stigmas) underwent a decoction process and each sample was weighed at a ratioof 10 g
to 100 mL of household water and boiled for 20 min. After cooling, the preparation was
filtered using Whatman® (Sigma, Germany) qualitative filter paper, Grade 1, and the filtrate
was lyophilized.

(B)
Figure 1. Cynara cardunculus (n° LISU266732) morphology of leaves (A) and inflorescence (B).

2.2. C. cardunculus Leaves Extract: Chemical Characterization by LC-HRMS/MS

The chromatographic analysis used to identify the compounds of the C. cardunculus
leaves extract was carried out using liquid chromatography-high resolution tandem mass
spectrometry (LC-HRMS/MS) with an Elute OLE UHPLC system interface coupled to a
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quadrupole time-of-flight (QqToF) Impact II mass spectrometer equipped with an electro-
spray source (ESI) (Bruker DaltoniK GmbH, Bremen, German). The method used was done
according to Guedes et al. 2019 [19].

The acquired data were processed by DataAnalysis 4.1 software (Bruker Daltonik
GmbH, Bremen, Germany). The identifications were made by considering the suggestions
from the DataAnalysis® program version 4.4 from BRUKER and confirmed by using
MS/MS analysis (MassFrag® software from Bruker).

2.3. Screening of Antimicrobial Activity

Antimicrobial susceptibility testing was performed according to the EUCAST disk
diffusion method [20]. Fifteen strains were tested, of which 11 belong to the microbial
culture collection of the Laboratory of Microbiology of Agrarian School of Polytechnic
Institute of Castelo Branco, Portugal. The remaining four were Pseudomonas aeruginosa
ATCC 27853, Pseudomonas fluorescens ATCC 13525, Staphylococcus aureus ATCC 25923, and
Listeria monocytogenes NCTC 11994.

The wild strains came from the dairy factory and their origin is presented in
Section 3.2.1.

The agents tested as inhibitor were C. cardunculus leaves decoction extract (CL) and
inflorescence decoction extract (CI). Chlorogenic acid (CA) and rosmarinic acid (RA) were
used as the standards. In the disk diffusion method, for each white disk (6 mm), 10 puL.
(0.1 mg/mL) of each antimicrobial agent under study was pipetted. As a negative control,
0.1% chloramphenicol was used, which is a broad-spectrum antibiotic used for growth
inhibition control. Sterile distilled water was used as a positive control.

The quantification of Minimum Inhibitory Concentration (MIC) was carried out ac-
cording to Syed et al., (2016) with some modifications. Using a micropipette, 270 uL of
Miieller-Hinton broth (MHB) (OXOID, Basingstoke, Hampshire, England) culture medium
was added to column 1 and 150 puL to columns 2 to 9. Column 10 corresponds to the
positive control containing only 150 pL of medium and 10 pL of inoculum, while column
11 corresponds to the negative control containing 1350 puL of medium, 15 pL of chloram-
phenicol (0.1%) and 10 pL of inoculum. In column 12, only 160 pL of culture medium was
added. In the first column, 30 uL of extract (10 mg/mL) were added. Eight 1:2 serial dilu-
tions were made using pipetting homogenization between each dilution. After inoculation
of 1.5 x 108 UFC/mL (10 pL per well, except for CM), the microplates were placed on a
microplate shaker and placed in an incubator for 24 h at 30 °C. After incubation, 30 uL
of resazurin solution was added to each well, and the microplates were placed back on
the microplate shaker before the previous reading. The addition of resazurin dye acts as a
redox indicator, facilitating the reading of the results, where active bacterial cells reduce
non-fluorescent resazurin (blue) to fluorescent resorufin (pink) giving a correct quantifiable
measure of bacterial metabolic activity. For the determination of the Minimum Bactericidal
Concentration (MBC), Petri dishes with Nutrient Agar culture medium (Lyophilchem,
Roseto degli Abruzzi (TE), Italy) were divided into squares, and each one of the microor-
ganisms under study were duly identified. From each well of the microplate, 5 uL of its
contents were pipetted and placed in the corresponding square. Plates were read 24 h
after incubation at 30 °C. The absence of bacterial growth at the lowest concentration of
antimicrobial agent corresponds to the minimum bactericidal concentration.

2.4. Inhibition of Growth and Melanin Bioproduction

The study of the influence of C. cardunculus extracts in bacteria growth and in melanin
bioproduction was performed according to Ferraz et al. in 2021 [16]. About 2.5 mL
of a bacterial suspension (108 CFU/mL) were inoculated in 22.5 mL of MHB (OXOID,
Basingstoke, Hampshire, UK) supplemented with 1% L-tyrosine (Acrés Organics, NJ, USA)
and 10 mg/mL inhibitory agent.
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2.5. Melanin Extraction, Purification, and Quantification

The extraction and purification of melanin were performed according to Ferraz et al.,
(2021) [16]. To quantify the melanin bioproduction, a reverse-phase high pressure liquid
chromatography using a diode array detector (RP-HPLC-DAD) was used.

The HPLC analysis was carried out using an Elite LaChrom® VWR Hitachi liquid
chromatograph equipped with a L-2300 and L-2300 Diode array detector (Tokyo, Japan).
A column LiChroCART® 100 RP-8 (5 um) LiChrospher® 250-4 was used. The samples
were analyzed by HPLC according to the method used by Guedes et al. in 2019 [19]. A
calibration curve was made for melanin quantification. Several concentrations (0.1 to
1.0 mg/mL) of pure melanin, dissolved in methanol, were used to establish a calibration
curve:

y = 288,641x + 122,937, R? = 0.99.

2.6. Statistical Analysis

All of the assays were done in triplicate and results are presented as the average
value + standard deviation, both calculated using Microsoft® Excel 2016 (Microsoft Office
365, Redmond, Washington, DC, USA). To determine if there were significant differences
between samples, an analysis of variance (ANOVA) was performed with o = 0.05, (95%
confidence level) using Microsoft® Excel 2016 (Microsoft Office 365, Redmond, Washington,
DC, USA).

3. Results and Discussion
3.1. Aqueous Extract from C. cardunculus Leaves: Compound Identification by LC-HRMS/MS

The compounds present in the leaves decoction extract of C. cardunculus (CL) are
shown in Table 1.

Table 1. Characterization of compounds present in leaves decoction extract of C. cardunculus L. by
HPLC-DAD-ESI (Negative mode) HRMS.

Proposed Molecular Form MS/MS Fragment Ions

Retention Time (min) Compound (Error-ppm) [M-H]—m/z [m/z (Intensity %)] Intensities
1.8 Isocitric acid C(G_HZ750)7 191.0196 111.00 (44); }323(524(53); 87.00 (100; 153,408
2.0 Methylmalonic acid C(‘ﬂf’% 117.0195 73.02 (100); 68.95 (12); 56.02 (8) 59,154

o Ci6H1500 191.05 (100) 179.03 (1); 161.02 (2);
3.9 4-caffeoylquinic acid (1.4) 353.0873 109.03 (2); 87.08 (2); 85.02 (8) 56,606
44 5-caffeoylquinic acid Cl"(ng;Oq 353.0878 191.05 ﬂ?f;") 17996 ((5)5); 135.04 247,994
5.1 3-caffeoylquinic acid = Chlorogenic Cl(ﬁ;g?g 353.0880 191.05 (100); 85.02 (23) 303,408
CorHuO 353.09 (5); 272.94 (5); 117.03 (4);
5.6 Chlorogenic derivative 22(0 322) 1 471.1871 101.02 (22); 75.09 (7); 71.04 (44); 28.042
: 59.01 (28)
; CosHp4O12 353.08 (67); 191.05 (100); 179.05
57 Cynarin 0.0 5151195 (63); 135.04 (74); 85.02 (10) 118,826
6.6 Luteolin-7-O-glucoside C“(Ifzé’)o“ 447.0928 285.03 (100);120576(')(13((61)); 133.02(11); 108,168
CoHO 353.08 (89); 191.05 (30); 179.03
6.7 Cynarin isomer 25(2 234) 12 515.1183 (93); 173.04 (100); 135.04 (78); 61,892
: 161.02 (18)
7.0 Luteolin-7-O-(6” malonylglucoside) C248252)Ol4 533.0034 4891 (10028908 (é)z)? 256.08 (5); 109,720
72 Gibberellin A8 C‘G(I(;I§4)O7 363.1449 26111 (1);1%%3650(1((1)3)199.11 @ 117,618
7.6 Coumaric acid-glycosidic Clﬁ(?é‘;oﬁ 307.1184 20012 (1); 4146;91(()1(33; 146.96 (1); 24,658
83 Gibberellin A28 dehydrogenated CZO(B‘;Of‘ 391.1393 273?})9213;)052”2%3}12239((11)05)1898 195,196

The results showed that this extract is composed mainly (52%) of chlorogenic acid
and their derivatives, cynarin, and caffeoylquinic acids. The compound with a reten-
tion time of 5.1 min was identified as chlorogenic acid and showed the highest intensity
(303, 408). Fifteen percent of flavonoid compounds are luteolin glycosylated compounds.
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Several studies [1,13,21] also reported the presence of these compounds in the leaves of
C. cardunculus L.

Two hormones were also detected, gibberellin A8 and A28, which are endogenous
hormone growth regulators [22]. Gibberellines mediate various plant developmental and
growth processes, including seed germination, shoot elongation and flower initiation and
development [23]. The high intensity of gibberellin detected in C. cardunculus leaf extract is
probably due to the growth stage in which the plant C. cardunculus L. was in.

The chemical composition of C. cardunculus leaf extract is similar to the chemical
composition of inflorescence extract already reported in the literature. Cynarin and caf-
feoylquinic acid were generally the main molecules in the aqueous extracts of inflorescence
already studied and were also present in the aqueous C. cardunculus leaf extract studied
here [13].

3.2. Influence of C. cardunculus Extracts on Bacterial Growth
3.2.1. Antimicrobial Activity of C. cardunculus Extracts Using Solid Method

In this study, the inhibitor agents used were C. cardunculus leaves decoction extract
(CL) and inflorescence decoction extract (CI), and chlorogenic acid (CA) to analyze the effect
on several bacteria collected in the dairy factory. For this study, rosmarinic acid was also
added due to its similar chemical structure to chlorogenic acid, both caffeic acid derivatives.

The inflorescence aqueous extract is traditionally used in cheese production, so the
inflorescence decoction extract was included in this study. Eleven wild strains isolated
from the dairy industry and four reference strains from ATCC and NCTC were tested.

The results of the antimicrobial activity of the extracts of C. cardunculus and standard
compounds against the fifteen bacterial cultures are shown in Table 2.

Table 2. Antimicrobial activity of C. cardunculus extracts measured by the inhibition zone (mm) of:
CL—Leaves decoction, CI—Inflorescence decoction, and standard compounds, CA—chlorogenic and
RA—rosmarinic acids; C— is the negative control (0.001 mg/mL chloramphenicol), C+ is the positive
control (distilled and sterilized water). The antimicrobial agents were tested at a concentration of
1 mg/mL. NI—No Inhibition. Different superscript letters in the same line correspond to statistically
different values (p < 0.05).

Zone of Inhibition, mm

Strains Origin

CL CI CA RA C— C+
Pseudomonas fluorescens ESACB 2 Sheep’s raw milk NI NI 815+£0.09* 885+£0.09* 9.08+0.06° NI
Alcaligenes faecalis ESACB 7 Cow’s raw milk NI NI 848 £0.07% 895+0.04P 8280032 NI
Pseudomonas putida ESACB 27 Goat'’s cheese rind NI NI 6.48+0.06° 658 +0.08° 827 4+0.04° NI
Pseudomonas putida ESACB 29 Water NI NI 6.73+£0.05> 728+003% 7.14+004° NI
Pseudomonas fluorescens ESACB 67 Goat’s raw milk NI NI 7.65+0.05% 728+0.03P 7.69+0042 NI
Pseudomonas fluorescens ESACB 137 Washing car NI NI 8.04+0.117 8.03£0.10% 828 +0.03? NI
Pseudomonas putida ESACB 184 Sheep’s raw milk NI NI 7.36 £0.04° 7284+0.03> 9.08+0.062 NI
Pseudomonas putida ESACB 191 Goat'’s cheese rind NI NI 818 +£0.10* 7274008 8.28+0.10? NI
Pseudomonas aeruginosa ESACB 217 Water NI NI 644 +£0.04% 6.67+006% 634+£0212 NI
Pseudomonas aeruginosa ESA 1 Cow’s raw milk NI NI 828 +£0.07% 8.08+0.09% 838+0.072 NI
Pseudomonas aeruginosa ESA 2 Cow’s raw milk NI NI 8.734+0.09° 893+0.03P NI NI
Pseudomonas aeruginosa ATCC 27853 - NI NI 858 £0.06® 879+£0.09* 855+£0.05° NI
Pseudomonas fluorescens ATCC 13525 - NI NI 796 +012% 8.034+0.09%  8.08+0.06? NI
Staphylococcus aureus ATCC 25923 - NI NI NI 812+£0.09% 8234+0.65? NI
Listeria monocytogenes NCTC 11994 - NI NI 773 +£024% 693+065% 8.08+£0.06? NI

CL and CI showed no inhibitory activity on all strains tested. All strains, except
Staphylococcus aureus ATCC 25923, were inhibited by CA and RA. In this case, it was
verified that the standard compounds were better inhibitors then C. cardunculus extracts.
CA and RA showed the same antimicrobial activity as the negative control, for a confidence
level of 95%. For example, Pseudomonas putida ESACB 191 showed similar antimicrobial
activity for CA and a decrease of approximately 1 mm for RA compared to the negative
control (p < 0.05).
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C. cardunculus inflorescence and leaves extracts were described as having antibacterial
activity [13,24,25]. However, these studies used C. cardunculus extracts extracted with
organic solvents such as ethanol and methanol among others. The extracts tested were
extracted with water, so they are complete extracts where several phenolic and flavonoid
compounds are present, as well as mucilage, making the proportion of active compounds
lower than the extracts used in other studies. This is why the results showed antimi-
crobial activity by CA, whereas the main compound of CL (Table 1) and CL showed no
antimicrobial activity.

Considering the results obtained, the study of MIC and MBC using chlorogenic acid
and rosmarinic acid was carried out. All strains showed the same MIC/MBC of 1 mg/mL,
except Pseudomonas putida ESACB 27 and Pseudomonas fluorescens ESACB 67, which showed
lower MIC/MBC values of about 0.5 mg/mL. Matejczyk et al., 2018 also showed RA and
caffeic acid MIC values in Gram+ bacteria of 0.5 mg/mL and 0.25 mg/mL in Gram—
bacteria [26]. CA and RA are phenolic acids that are esters of caffeic acid, so they showed
a similar MIC value. For all the strains tested, the MBC value corresponded to the MIC,
showing that these extracts do not possess an inhibitory but a bactericidal activity. It is
described that several classes of polyphenols such as phenolic acids like chlorogenic acid,
flavonoids and tannins serve as a defense mechanism against microorganisms [21,25].

3.2.2. Antimicrobial Activity of C. cardunculus Extracts Using Liquid Method

P. putida ESACB 191 showed the same response as Alcaligenes faecalis ESACB 7 and
P. fluorescens ESACB 67 against the antimicrobial action of CA and RA. However, this strain
was described by Ferraz et al. in 2021 [16] as producing melanin and was therefore selected
for further testing.

To understand whether the inhibition of P. putida ESACB 191 by phenolic acids, de-
tected in the disk diffusion method described above, is influenced by physicochemical
properties such as the penetration of antimicrobial agents into the disk, colony forming
units (CFU) were used to measure cell viability in the presence of: chlorogenic acid (CA),
rosmarinic acid (RA), CA:RA mixture (50:50), C. cardunculus leaves extract (CL), C. cardun-
culus inflorescence extract (CI) and CL:CI mixture (50:50). To compare the antimicrobial
activity, the same concentration of antimicrobial agents (1 mg/mL) was used in both meth-
ods. The results of the influence of the samples on the growth of P. putida ESACB 191 in a
liquid assay are shown in Figure 2.

«=@==_Control CA RA CA:RA e==@== (| ==@u= (| ==@==CL:C|

=
o

Log CFU/mL
N W DS U1 O N 00 O

0 24 Time (hours) 4o 72

Figure 2. P. putida ESACB 191 growth curves by action of CA—Chlorogenic acid; RA—Rosmarinic
acid; CA:RA—50% Chlorogenic acid + 50% Rosmarinic acid, and C. cardunculus extracts: CL—
Leaves decoction; CI—Inflorescence decoction; CL:CI—50% leaves decoction + 50% inflorescence
decoction. The concentration 1 mg/mL was used for all samples tested in Miiller—Hinton Broth with
1% L-tyrosine.
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Figure 2 shows that all samples reduce the growth of P. putida ESACB 191 compared
to the control at a 95% confidence level, within the first 24 h of incubation time. CL showed
the greatest reduction in bacterial growth at 24 h, followed by CI and CA.

RA and the mixtures CA:RA and CL:CI did not show significant differences between
them, however they were the ones that reduced the growth of P. putida ESACB 191 less
compared with the control, for a confidence level of 95%.

Table 3 shows the reduction of the tested compounds in P. putida ESACB 191 growths
at 24, 48 and 72 h of incubation. None of the tested compounds showed differences between
incubation time periods, but they showed differences between them.

Table 3. Influence of C. cardunculus decoction extracts and standard compounds in P. putida ESACB
191 growth reduction (Log CFU/mL), over the incubation time (24, 48 and 72 h). Different superscript
letters in the same line, correspond to statistically different values (p < 0.05).

Log CFU/mL Reduction
Compounds Tested
24 h 48 h 72 h
Chlorogenic acid (CA) 322 +0.042 2.32+0.052 3.80 £0.05°
Rosmarinic acid (RA) 225+0.14P 1.32 £ 0.13P 1.95+0.13P
Chlorogenic acid:Rosmarinic acid (CA:RA) 50:50 218 + 0.07° 1.31 £0.0° 1.83 +£0.07°
C. cardunculus leaves extract (CL) 620 +045¢ 525+ 0.04°¢ 510+ 0.14 ¢
C. cardunculus inflorescence extract (CI) 3.31+£0.134 3.00 +0.144 298 £0.154
C. cardunculus leaves extract: inflorescence extract 222 40155 1.01 4 0.07° 249 +0.00°

(CL:CI) 50:50

CL showed the most significant decrease in bacterial growth, for a 95% confidence
level, which corresponds to a mean decrease of 60% in the growth of P. putida ESACB 191.
CI decreased bacterial growth by about 33% on average.

CA also showed a mean decrease of 33%, however it was statistically different from
CI at a 95% confidence level. RA, CA:RA and CL:CI did not show significant differences
between them in decreasing the growth of P. putida ESACB 191 over time, however they
were the ones that had less influence on the decrease of bacterial growth.

Contrary to the results obtained in the antimicrobial activity test in solid medium (disk
diffusion method), in the liquid test, the CL and CI extracts were the ones that showed the
greatest influence in reducing the growth of P. putida ESACB 191. These results suggest that
the disk usage decreases the diffusion capacity of the extracts in the culture medium. The
discrepancies between the methods can be explained by the fact that the aqueous extracts
tested are mixtures of compounds, some of them with relatively high molecular weight
compounds, as in the case of CL 533 m/z. Due to their molecular weight and probably to
their poor hydrophilicity, they do not dissolve easily into the agar medium. The compounds
present in the extracts have limited migration into the agar, erroneously leading to their
non activity as bacteria growth inhibitors [27-29].

CL has chlorogenic acid and its derivatives as the major component of its chemical
constitution (Table 1) and presented an antimicrobial action that resulted in a 66% decrease
in the growth of P. putida ESACB 191. This decrease results not only from the presence of
chlorogenic acid that showed less antimicrobial activity than CL, but from the synergistic
effect of all compounds present in this extract. Chlorogenic acid, cynarin, luteolin and
caffeoylquinic acids in general were all responsible for the antibacterial activity detected in
the work of other investigators [21,30].

3.3. Influence of C. cardunculus Extracts in Melanin Bioproduction

The P. putida ESACB 191 strain is responsible for the brownish color observed in the
rind of cheeses, which has been identified as melanin [16].

Therefore, the study of the influence of RA, CA, CA: RA, CL, CI, and CL: CI, on
melanin bioproduction was tested for P. putida ESACB 191 strain (Figure 3).
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Figure 3. Influence of C. cardunculus extracts and phenolic acids in melanin bioproduction by
P. putida ESACB 191. (A). Control; (B). Rosmarinic acid; (C). Chlorogenic acid; (D). 50% Chlorogenic
acid + 50% Rosmarinic acid; (E). Leaf decoction extract; (F). Inflorescence decoction extract; (G).
50% Leaves decoction + 50% Inflorescence decoction. The concentration 1 mg/mL was used for
all samples tested in Miiller-Hinton Broth with 1% of L-tyrosine. Lines represent P. putida ESACB
191 growth curve (Log CFU/mL) and bars represent melanin bioproduction (mg/mL).

Figure 3A corresponds to the control test that had the optimal conditions for P. putida
ESACB 191 to produce melanin as described in the previous study [16]. It was verified, at a
95% confidence level, that there are significant differences in the bioproduction of melanin,
except for the CL:CI mixture (Figure 3G) which showed similar melanin bioproduction
with the Control (Figure 3A) at 72 h. RA (Figure 3B), CA:RA (Figure 3D), CL (Figure 3E)
and CI (Figure 3F) extracts, although they showed differences in the bioproduction of
melanin by P. putida ESACB 191 compared to the control (Figure 3A), did not differ from
each other for a 95% confidence level.

However, the influence of CA (Figure 3C) on melanin bioproduction resulted in
significant differences at 24, 48 and 72 h when compared to the control (Figure 3A). Namely,
at 48 h there was a drop in the bioproduction of melanin by P. putida ESACB 191 of 50%, for
a confidence level of 95%. This tyrosinase inhibitory action by chlorogenic acid agrees with
the literature where it is described that chlorogenic acid affects the production of melanin
through the inhibition of tyrosinase when converted into metabolites in cells [31,32].

The growth curves present in the results of Figure 3 help us understand the biopro-
duction of melanin as a function of the cell viability of P. putida ESACB 191. Thus, it is
possible to verify that in the presence of the CL extract there is a break in bacterial growth,
but it does not affect the bioproduction of melanin. This means that P. putida ESACB 191
secreted tyrosinase into the culture medium during the initial growth of the bacteria [33-36].



Appl. Sci. 2022,12, 3629

9of11

However, tyrosinase activities are induced in the stationary phase, where they are involved
in extracellular melanin production [36]. This explains the reason for melanin production
by P. putida ESACB 191 with less than 6.20 Log CFU/mL of viable cells in the presence of
CL extract.

The effect of all samples tested on melanin bioproduction is presented in Figure 4.

cL:cl

a

[ - T
a
CARA

RA

ca I Y
control | - T,

o

04

o
0
-
[a]
—
[}

Melanin Bioproduction (mg/L/h)

Figure 4. P. putida ESACB 191 melanin bioproduction (mg/L/h) by action of several C. cardunculus
extracts: CL:CI—50% Leaf decoction + 50% Inflorescence decoction. CI—Inflorescence decoction.
CL—Leaves decoction. CA:RA—50% Chlorogenic acid + 50% Rosmarinic acid. RA—Rosmarinic acid.
CA—Chlorogenic acid. The concentration 1 mg/mL was used for all samples tested in Miiller-Hinton
Broth with 1% of L-tyrosine. The a-d letters correspond to statistically different values (p < 0.05).

CA was the phenolic compound with the greatest influence on melanin bioproduction
by P. putida ESACB 191, resulting in a significant decrease of 43% in yield (mg/L/h)
compared to control, for a confidence level of 95% (Figure 4).

The extracts, both from the leaves and from the inflorescence, influence the melanin
production in the same measure, 25%, but the mixture of these extracts caused a smaller
decrease than the individual extracts. A similar effect was seen with phenolic acids, as they
had a better effect on reducing melanin production than when used as a mixture.

The CL and CI extracts, on the other hand, did not show significant differences in
bioproduction between them. However, CL showed a greater reduction (33%) in melanin
bioproduction compared to the control (Figure 4).

Chlorogenic acid showed the greatest reduction in melanin bioproduction, followed
by CL extract. As shown in Table 1, CL extract is mainly composed of chlorogenic acid and
its derivatives, which justifies its inhibitory action on the growth of P. putida ESACB 191
and its melanin bioproduction.

4. Conclusions

This study allowed us to identify the chemical composition of a decoction extract of
C. cardunculus leaves and to evaluate the antimicrobial activity of several extracts of C.
cardunculus as well as their influence on melanin bioproduction. It was found that CL is
mainly composed of chlorogenic acid and its derivatives. The antimicrobial activity in solid
medium and in liquid medium was evaluated for 15 bacterial strains using CA, RA, CL,
CI, CA:RA, CL:CI as antimicrobial agents. RA showed an MBC of 1 mg/mL in 80% of the
strains. In liquid medium, CL showed the greatest reduction in the growth of P. putida
ESACB 191, around 6.20 Log CFU/mL, which corresponded to 66% of bacteria growth on
average. The influence of these extracts and phenolic acids on the bioproduction of melanin
was also studied. Chlorogenic acid showed 50% reduction in melanin bioproduction by
P. putida ESACB 191 in 48 h.
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Chlorogenic acid is one of the main components of phenolic acid derivatives of
C. cardunculus leaves extract (CL), which may justify the inhibitory action on bacterial
growth and melanin bioproduction found with the plant extract. Thus, in the future, the
application of CL extracts with antimicrobial activity in edible films and/or coatings to
cheese rind to increase the shelf time can be studied.
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