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This work focuses on the search for natural molecules with biological activity that can be used to find
alternatives to synthetic products by studying the chemical composition and evaluating the antioxidant
and antibacterial activity of the extract of Taxus baccata (L.). HPLC-UV chromatography was employed to
determine its chemical composition, while the antioxidant activity was determined using DPPH radical
scavenging method and cyclic voltammetry. The broth dilution method was used to achieve antibacterial

I;eywogds" . activity against in total 14 different foodborne pathogenic bacteria, with 4 being Gram-positive and 10
H‘g‘f’é_u‘i/ccam (L) being Gram-negative.

The results of the analysis of the extract studied by HPLC-UV made it possible to identify about ten phe-
nolic compounds. Salicylic acid (18.8 pg/mg), gallic acid (5.45 pg/mg), quercitin (4.8 pg/mg), rutin
(3.98 pg/mg), hydroxybenzoic acid (3.34 pg/ mg), caffeine (1 pg/mg), caffeic acid (0.267 pg/mg) and
vanillin (0.258 ng/mg). the antioxidant activity showed an interesting antiradical activity, the voltammo-
gram also shows an oxidation peak relating to the oxidation of the phenolic compounds contained in
Taxus baccata (L.). The antibacterial activity results show significant antibacterial properties against
Gram-positive and Gram-negative strains.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
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article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The correlation that exists, from an epidemiological point of
view, between high concentrations of naturally occurring antioxi-
dants and the prevention of degenerative illnesses can be
explained by the free radical scavenging capacity of these com-
pounds (Ruiz-Teran et al., 2008). Among natural antioxidants,
plants, foods, and medicinal plants are the most well-known. In
developing countries, healthcare mainly primarily on medicinal
plants and their commercial value is known to be prolific
(Fioccardi et al., 2022; Chaachouay et al.,, 2019; Zubay et al,,
2021). The drug producing companies have placed a higher value
on medicinal plants in the quest for natural remedies and they
are mainly used in the treat of various diseases (Ivanz, 2018; p B.
Abubakar et al., 2022). The WHO has advised Folk Medicine as a
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reliable treatment for microbial and non-microbial illnesses and
because of the wide variety of chemical compounds in medicinal
plants, it has gained more attention in the last two decades
(Atanasov, 2021). Furthermore, phenols, flavonoids, tannins, alka-
loids, steroids and saponins are the major bio-active components
of the plants and such metabolites differ in their structures as well
as their properties (Nithya et al., 2018; Assaf et al., 2022).

The bioactive substances in plants are responsible for their var-
ious activities, and phytotherapy is considered to be the oldest
health approach available to mankind (Asumang, 2021; Negm
et al., 2022; Ralte et al., 2021). The quality of nutraceuticals and
herbal medicines is usually related to its antioxidant capacity,
which can be determined with spectrophotometric or electro-
chemical techniques (Chevion et al.,, Mar. 2000; Huang et al.,
Mar. 2005). In recent years, plant-based antimicrobials have
received increasing attention as alternatives to antibiotics, due to
their potency and their low propensity to develop resistance in
bacteria. In addition, some natural products are reported to rein-
force the action of common antibiotics with a synergistic action
(Gérniak et al., 2019).

Taxus baccata (L.) is a conifer species belonging to the family
Taxaceae, because of its other substances with high physiological
properties, it is also well known in pharmacology as well as in
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medicine. In the past, leaves have been used in the form of juice
and tea for various medical conditions like asthma, bronchitis,
rheumatism, and epilepsy. The seeds are surrounded by a red fla-
shy structure called arils, which are mostly eaten by birds
(Tabaszewska, 2021). The young shoots and berries are used to
make a homoeopathic remedy. Cystitis, eruptions, headaches,
heart and kidney disorders, rheumatism, and other infections are
all treated with it.

The constituents of the Taxus genus, such as lignans, steroids
and flavonoids and other phenolic constituents, have antibacterial
and antifungal properties (Sharma et al., 2021; Lange and Conner,
2021; Maroso, 2021), enzyme inhibitory and antioxidant activity
(Kucukboyaci et al.,, 2010); antiulcerogenic (Erdemoglu et al.,
2004) and anticancer activity (Hamedi et al., 2022; Hao, 2021).
Taxus baccata (L.) as a source of the anticancer agent paclitaxel
has attracted considerable interest and has been extensively
researched. Currently, it has been used to manufacture drugs to
treat several types of cancer. Paclitaxel is also being clinically
investigated for the treatment of a variety of other types of cancer
in conjunction with other chemotherapeutic products. (Pullaiah
et al., 2022; Saif, 2013).

In 2003, Kiipeli et al. (Kiipeli et al., 2003) used ethanol to extract
toxoids (taxusin, baccatin VI, baccatin III, and 1-hydroxybaccatin I)
and lignin (lariciresinol, taxiresinol, 30-demethylisolaricire sinol-
90-hy droxyisopropylether, isolariciresinol, and 3-
demethylisolariciresinol). T. baccata contain the majority of the
alkaloids and can be isolated in large quantities, Taxine A and B
make up the majority of the alkaloid. This species is also enriched
with flavonoids, an essential component of medical, the composi-
tion of flavonols and biflavones vary with species to species. The
examples of some of the flavonoids are the analogs of Quercetin,
Myricetin, and Kaempferol (Sharma et al., 2021).

The objective of this study was therefore the valorisation of the
plant Taxus baccata (L.), on one hand, study of the chemical compo-
sition and evaluation of the antioxidant power by the DPPH radical
scavenging method and the electrochemical method. On the other
hand, the evaluation of the antimicrobial activity.

2. Materials and methods
2.1. Plant collection

The leaves of Taxus baccata (L.) was collected in the IFRANE for-
est (33° 32’ North, 5° 06’ West) in Morocco.

This is a continuous solid-liquid extraction. 50 g of powder are
introduced into a cellulose cartridge, which is placed in a soxhlet,
topped by a refrigerator, which is connected to a 500 ml flask con-
taining a sufficient quantity of organic solvent (Ethanol). With the
help of a flask heater, the solvent is boiled for 3 h allowing the con-
tinuous extraction of the constituents contained in the powder.

2.2. Analysis by HPLC-UV chromatography

Analyses were performed on a Jasco LC-Net II/ ADC instrument,
consisting of a PU- 2089 plus 2695, a Jasco UV-2070 plus detector,
and a manual injector. An Agilent Zorbax Extend-C18 column
(5 wm, 4.6 mm x 250 mm x 4.6 Col) was used. The extract at a con-
centration of 10 mg/ml was dissolved in ethanol and then filtered.
Mobile phase consisted of two eluents, Formic acid-Ultra pure
water (0.1%) (A) and Acetonitrile (B), elution started with 7% B
and using a graduate to get 18% in 10 min, 20% at 25 min, 30% at
35 min, 50% at 50 min, 80% at 65 min and 100% at 80 min, at a rate
of 0.7 ml/min. UV detection was performed at A = 280 nm and the
volume of injection was 20 pL. After each injection the analytical
system was rinsed 30 min with a MeOH/ Acetonitrile /H,0
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(20/40/40) mixture. The HPLC system is controlled by the HPLC
software ChromNAV 2.0 - JASCO.

Ten phenolic compounds were tested, including 7 phenolic
acids (gallic acid, hydroxybenzoic acid, vanillic acid, caffeic acid,
acetylsalicylic acid, P-coumaric acid and salicylic acid) and 4 flavo-
noids (rutin, quercetin, caffeine, vanillin).

2.3. Antioxidant activities

2.3.1. The DPPH method
To 0.1 ml of the extract 3.9 ml of DPPH (2.4 mg in 100 ml of
methanol) was added, the solutions were incubated in the dark
for 30 min. the reading was taken at 515 nm (Benzidia, 2019).
The DPPH inhibition percentage is calculated from the following
equation:

e — Asi
%Inhibition = rw % 100] (1)
control
Acontrol: Absorption of the solution containing only the DPPH
solution.
Asimple: Absorption of the test sample solution in the presence of
DPPH.

2.3.2. Electrochemical method: Cyclic voltametry

Cyclic voltammetry was performed using a potentiostat-galvano
stat-OGFO1A controlled by Origamaster 5 software. A three-
electrode thermostatised electrolysis cell was used, with a platinum
electrode as the working electrode, a Hg|Hg2Cl2|KClsat electrode as
the reference electrode and a Pt electrode as the counter electrode.
The potential was scanned from 200 to + 1000 mV with a sweep time
of 500 mV/s. Electrolyte solution consisted of phosphate ions (KH,-
PO4 and K;HPO,4 0.1 M, pH = 7). Before each test, the solutions were
deaerated by bubbling nitrogen for a few minutes. The voltammo-
grams presented are the average of 4 to 5 measurements.

The antioxidant capacity of the Taxus baccata (L.) fractions
studied was determined from the current density of the anodic
voltammogram graph. The calibration curve is obtained by plotting
the current density of the anodic voltammogram curve of ascorbic
acid against its concentration (0,05-0,6 g/L).The total antioxidant
activity AAT is calculated from the following relationship:

C
TAA Co (2)

C: Concentration of the extract in the electrochemical cell,

Ceq: Equivalent concentration of ascorbic acid (Benchikha et al.,
2014; Rebiai and Lanez, 2014).

2.4. Antibacterial activity

The antimicrobial activity of Taxus baccata (L.) leaves was car-
ried out at the Laboratory of Food Microbiology of the Department
of Veterinary Sciences of the University of Messina in Italy on a
total of 14 different foodborne pathogenic bacteria (4 Gram-
positive and 10 Gram-negative).

All cultures used were prepared by inoculating a bead of frozen
cryovial stock (—80 °C) in Brain Heart Infusion broth (BHIb; Biolife,
Milan, Italy) and kept at 37 °C for 20 h, except for Aeromonas
strains that were incubated at 30 °C for 20 h (See Table 1).

2.4.1. Determination of the minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) (microdilution
method)

The determination of MIC and BMC was performed according to
the microdilution method in liquid Mueller-Hinton medium (MH)
using microtubes (Bouhdid and Abrini, 2009).
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Table 1
List of all the tested strains.
Gram Strain Abbreviation
Positive Listeria monocytogenes ATCC 13932 L.monocytogenes 13,932

Listeria monocytogenes ATCC 7644
Staphylococcus aureus ATCC 6538
Staphylococcus aureus ATCC 25923
Negative
ATCC 13076

Salmonella enterica subsp. enterica serovar Typhimurium ATCC 14028

Escherichia coliATCC 8739
Escherichia coliATCC 35218
Pseudomonas aeruginosa ATCC 27853
Vibrio parahaemolyticus ATCC 17802

Yersinia enterocolitica subsp. enterocolitica

ATCC 23715

Yersinia enterocolitica subsp. enterocolitica

ATCC 9610
Aeromonas hydrophilaATCC 7966
Aeromonas hydrophilaATCC 35654

Salmonella enterica subsp. enterica serovar Enteritidis

L. monocytogenes 7644
S. aureus 6538
S.aureus 25,923

S. enteritidis 13,076

S. serovar 14,028

E. coli 8739

E. coli 35,218

P. aeruginosa 27,853

V. parahaemolyticus 17,802
Y. enterocolitica 23,715

Y. enterocolitica 9610

A. hydrophila 7966
A. hydrophila 35,654

Indeed, from a stock solution of methanolic extract (10 mg/ml
solubilized in DMSO) a series of dilutions was prepared to obtain
the following concentrations (0.0001 mg/ml, 0.0005 mg/ml,
0.001 mg/ml, 0.005 mg/ml, 0.01 mg/ml, 0. 05 mg/ml, 0.1 mg/ml,
0.5 mg/ml, 1 mg/ml, 1.5 mg/ml, and 2 mg/ml), these were added
aseptically to a series of microtubes containing 140 pL of BHI
and 20 pL of 0.5 Mc farland bacterial suspension broth
(2.106 CFU/ml). For each bacterium and extract tested, a positive
control (without plant extract) and a blank (without bacteria) were
prepared. The inoculated microtubes were closed and kept at 37 °C
during 24 h for all bacteria tested, except for Aeromonas strains
which were incubated at 30 °C for 24 h.

Afterwards, 40 pL of triphenyl-2,3,5-tetrazolium chloride (te-
trazolium red) of concentration 0.2 g/mL was inserted. Subse-
quently, the microtubes were incubated again at 37 °C for
30 min (for Aeromonas strains, the incubation was performed at
30 °C). Four suggestions can be obtained:

1. Clear solution without pink coloration: The bacteria could not
multiply and died.

2. Clear solution with pink coloration: the bacteria could not mul-
tiply but are alive.

3. Cloudy solution without pink coloration: The bacteria could
have multiplied but died.

4. Cloudy solution with pink coloration: Bacteria could have mul-
tiplied and are alive.

3. Results and discussion

3.1. Analysis of the ethanolic extract of Taxus baccata (L.) by (HPLC-
uv)

The chromatographic profiles of the ethanolic extract of Taxus
baccata (L.) analysed is shown in Fig. 1, while the results of analy-
ses are given in Table 2.

Analysis of the spectrum of the Taxus baccata (L.) extract with
those of the different standards made it possible to suspect the
presence of 8 phenolic compounds (Table 2).

The analyses showed the existence of gallic acid (5.45 pg/mg),
hydroxybenzoic acid (3.34 pg/mg), acid caffeic acid (0.267 pg/
mg), acetylsalicylic acid (18.8 pg/mg), rutin (3.98 pg/mg), querce-
tin (4.8 pg/mg), caffeine (1 pg/mg) and vanillin (0.258 pg/mg),
while vanillic acid, P-coumaric acid and salicylic acid are not
detected. Studies have been done on the chemical composition of
Taxus canadensis by LC/MSD have identified six compounds as p-
hydroxybenzoic acid (1), putraflavone (2), sequoiavone (3), 7, 13-

dideacetyl-9, 10-debenzoyltaxchinin C (4), baccatin VI (5) and tax-
umairone A (6) (Park et al., Jun. 2000).

3.2. Antioxidant activity

3.2.1. The DPPH method

Measurements of the inhibition of absorbance of the DPPHe
radical caused by the presence of ascorbic acid (as a powerful nat-
ural antioxidant) or by the presence of Taxus baccata (L.) made it
possible to plot the curves shown in Fig. 2. Table 3 groups the val-
ues of the IC50 indices for ascorbic acid and the extract studied.

The values of the ICsq inhibitory concentrations obtained
(Table 3) make it possible to classify the DPPHe radical scavenging
capacity of the extract tested in relation to ascorbic acid. We found
that extract of Taxus baccata (L.) exhibits significant antioxidant
activity (IC50: 1.17 mg/mL).

The antioxidant power being inversely proportional to the value
of the ICsp inhibitory concentration. Ascorbic acid having an inhibi-
tory concentration ICsq (0.08 mg/mL), then has the greatest anti-
radical activity by comparison with Taxus baccata (L.).

The antioxidant activity of Taxus baccata (L.) has been studied in
a number of works, the results obtained show that they have a sig-
nificant antioxidant potential and can replace synthetic
antioxidants.

Extracts of Taxus baccata (L.) (methanol, acetone and aqueous)
were assayed for their capacity to scavenge free radicals DPPH test.
They observed that all extracts have a strong capacity. In particular,
the methanolic leaf extract showed the greatest DPPH scavenging
activity (78.40%) at 100 pg/mL (Prakash et al., 2018).

A study done on the antioxidant activity of methanolic extracts
(80%) of 26 medicinal plants from northwestern Himalayas. The
results showed that the scavenging efficiency measured by
DPPH- radical scavenging test varied from 0.18 to 7.69 and the
average was 0.56. The greatest free radical scavenging efficiency
was found in Taxus baccata (L.) (IC50 = 0.18 mg/mL) (Guleria
et al., 2013).

There is not a large difference between the IC50 found experi-
mentally and that found in the literature, and this can be explained
by the sampling site, the extraction method, the solvent and the
harvesting period.

3.2.2. Cyclic voltammetry method

In order to express the antioxidant capacity of of Taxus bacccata
(L.) in equivalent terms of antioxidant capacity equivalent to that
of ascorbic acid. The calibration curve was drawn and presented
in supplemental.
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Fig. 1. Chromatographic of Taxus baccata (L.) extract 1: Gallic acid; 2: Hydroxybenzoic acid; 3: Caffeic acid; 6: Acetylsalicylic acid; 8: Rutin; 9: Quercetin; 10: caffeine; 11:

Vanillin.

Table 2
Polyphenol content of Taxus baccata (L.) by HPLC-UV.

Phenolic compounds RT (min) Taxus baccata (L.) (ng/mg)
1 Gallic acid 8.992 5.45
2 Hydroxybenzoic acide 14.8 3.34
3 Caféic acide 20.625 0.267
4 Vanillic acide 19.467 -
5 P-coumaric acide 26.458 -
6 Acétylsalicylic acide 30.7 18.8
7 Salicylique acide 34.858 -
8 Rutin 31.975 3.98
9 Quercétin 49.383 48
10 Caféine 20.233 1
11 Vanillin 25.442 0.258

Under the same previous conditions (pH = 7 and V = 500 mV/s)
applied to ascorbic acid, extract of our plant was treated. The cyclic
voltammogram obtained is shown in Fig. 3.

The total antioxidant activity (AAT) is expressed in (mg/g), this
parameter is used to present the results. It defines the concentra-
tion of phenolic compounds contained in mg in 1 g of dry extract
equivalent as standard (ascorbic acid). Table 4 represents the val-
ues TAA of Taxus baccata (L.).

The results obtained show that the extract of Taxus baccata (L.)
behaves like a reducer (a single “anodic” going peak and absence of
a “cathodic” return peak), and the oxidation of this extract in these
conditions is completely irreversible.

It is clearly noted that the ethanolic extracts of Taxus baccata (L.)
have significant antioxidant activity. The explanation that can be
given in this case is that the extract of Taxus baccata (L.) contains
molecules with the highest concentrations of polyphenols and
flavonoids.

Analysisof the antioxidant capacity of Origanum majorana and
Origanum vulgare was made from electrochemical experiments
(cyclic voltammetry), the results obtained showed that the extract

of 0. majorana has the greater antioxidant capacity (292.97 mg/g)
than O. vulgare (163.64 mg/g) (Benchikha et al., 2014).

TAA of Limoniastrum feei by electrochemical method was stud-
ied, the results showed an irreversible oxidation peak at about
300-320 mV/(Ag/AgCl) and its equivalent capacity of 112.4 + 1.9
7 ug per 1 mg expressed as ascorbic acid equivalent (Keffous
et al., 2016).

3.3. Antibacterial activity of Taxus baccata (L.)

The antimicrobial activity of extract of the leaves of Taxus bac-
cata (L.) was evaluated against Gram positive (L.monocytogenes
13932, L. monocytogenes 7644, S. aureus 6538, S.aureus 25923)
and Gram negative strains. (S. enteritidis 13076, S. serovar
14028, E. coli 8739, E. coli 35218, P. aeruginosa 27853, V. para-
haemolyticus 17802, Y. enterocolitica 23715, Y. enterocolitica
9610, A. hydrophila 7966, A. hydrophila 35654). The results
obtained for the antibacterial activity are grouped in Tables 5
and 6.

The results presented in Tables 5 and 6 clearly showed that all
the strains tested are sensitive to extract, the minimum inhibitory
concentrations obtained vary according to the bacterium treated.
They are around 0.01 mg/mL for gram-positive bacterial strains
and between 0.01 and 0.5 mg/mL for gram-negative bacterial
strains. Moreover, these bacteria were killed at concentrations
ranging from 0.01 and 0.05 mg/mL for gram-positive bacteria, from
0.01 and 1 mg/mL for gram-negative ones.

With regard to the MBC/MIC activity ratio, the extract of Taxus
baccata (L.) tested shows a bactericidal effect against all the bacte-
rial strains except for the strains of S. aureus, Y. enterocolitica and
A. hydrophila which have a bacteriostatic effect.

Researchers worked on ethanolic extracts of several plants,
including Taxus baccata (L.). They showed that Taxus baccata (L.)
was the plant with the best efficacy in inhibiting Candida albicans,
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Fig. 2. Percentage inhibition of ascorbic acid and Taxus baccata (L.).

ICso values of Taxus baccata (L.) and Ascorbic acid.

Table 6
Antibacterial activity of extract of Taxus baccata (L.) against Gram-negative strains.

ICso (mg/ml)

Taxus baccata (L.)
Ascorbic acid

1,17
0,08

Bacterial strains
Gram négative

Taxus baccata (L.)

50
40

30

MIC (mg/mL) MBC (mg/mL) MBC/CIMI
S. enteritidis 13,076 0.01 0.1 10
S. serovar 14,028 0.05 0.1 2
E. coli 8739 0.05 0.05 1
E. coli 35,218 0.05 0.05 1
P. aeruginosa 27,853 0.5 1 2
V. parahaemolyticus 17,802 0.5 1 2
Y. enterocolitica 23,715 0.01 0.01 1
Y. enterocolitica 9610 0.01 0.01 1
A. hydrophila 7966 0.1 0.5 5
A. hydrophila 35,654 0.1 0.5 5

20

-10 -
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T
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Fig. 3. Cyclic voltammograms of Taxus baccata (L.).

Table 4

Total antioxidant activity of the extract of Taxus baccata (L.).

1,0

Taxus baccata (L.)

TAA (mg Eq AAs/g)

197.45

Table 5

Antibacterial activity of extract of Taxus baccata (L.) against Gram-positive strains.

Bacterial strains
Gram positive

Taxus baccata (L.)

MIC (mg/mL) MBC MBC/MIC
(mg/mL)
L.monocytogenes 13,932 0.01 0.01 1
L.monocytogenes 7644 0.01 0.01 1
S. aureus 6538 0.01 0.05 5
S.aureus 25,923 0.01 0.05 5

Bacillus cereus and Pseudomonas aeruginosa (Fazeli-Nasab et al.,
2021).

Another study that was conducted by (Zazharskyi et al., 2019)
on 50 species of plants (seeds, grass, shoots, leaves, compound
fruit, bark). This study analysed the efficacy of these plants on six
bacteria and a fungus. Taxus baccata (L.) showed sensitivity against
E. coli, C. xerosis, C. albicans strains with a wide zone of inhibition
varying between 1.3 and 3.1 mm.

A study carried out on the evaluation of the antimicrobial activ-
ity of the heartwood of Taxus baccata (L.). This activity was tested
against eight bacteria. Taxus baccata (L.) showed significant activity
at a concentration of 2 mg/mL against certain bacteria compared to
ampicillin and tobramycin, determining their zones of inhibition at
7, 5.5 and 8.5 mm respectively, while it showed no activity against
the Gram-positive bacteria tested (Kucukboyaci and Sener, 2010).

4. Conclusion

The results of the qualitative and quantitative analysis of Taxus
baccata (L.) by HPLC-UV made it possible to identify ten phenolic
compounds. Salicylic acid (18.8 pg/ml), gallic acid (5.45 pg/ml),
quercitin (4.8 pg/ml), rutin (3.98 pg/ml), hydroxybenzoic acid
(3.34 pg/ml), caffeine (1 pg/ml), caffeic acid (0.267 pg/ml) and
vanillin (0.258 pg/ml). The antioxidant activity revealed that the
extract of Taxus baccata (L.) can be used as an antioxidant and in
the fields: agri-food and pharmaco-medical. The antimicrobial
activity of Taxus baccata (L.) has been proven to be rich in flavo-
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noids and lignans, suggesting its use as an antibiotic or an alterna-
tive to synthetic molecules.
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Appendix A. Supplementary material

Supplementary data to this article can be found online at
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