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Cupressus sempervirens (Cupressaceae) “cypress” is a specie native to the Mediterranean
region. It is a medicinal and an aromatic plant. This study was carried out to evaluate the
antibacterial activity of Algerian Cupressus sempervirens leaves extracts against a
phytopathogenic bacteria, Pectobacterium atrosepticum, a causative agent of soft rot on potato
Solanum tuberosum, and three clinical bacterial strains (Staphylococcus aureus, Escherichia coli
and Klebsiella oxytoca), in both cultured media and on potato tubers. Additionally, the
Ethanolic, Acetone, and aqueous extracts were investigated for their phenolic content by using
the Folin—Ciocalteu assay. The results revealed that all extracts possessed varying antibacterial
activities against the tested Gram-positive and Gram-negative bacteria. Pectobacterium
atrosepticum was the most susceptible microorganism to all extracts. Similar result of the
antibacterial activity of the extracts, using extracts on potato tubers, was obtained. A decrease in
soft rot development with almost complete inhibition in presence of extracts was observed. The
total phenolic content of the investigated extracts varied from 8.30 + 0.07 mg GAE / g extract to
27.68 + 1.20 mg GAE / g of extract. The aqueous extract was the richest in total polyphenols
(27.68 £ 1.20mg GAE / g of extract). From the results of this study, it is concluded that the
Algerian cypress can be used as an effective natural antibacterial for treating multiple diseases,
as well as an excellent biological control against the pathogens of potato rots, and natural food
preservative.

Keywords: Phenolic compounds, Antibacterial activity, Biological control, Pectobacterium
atrosepticum, Solanum tuberosum L.

Introduction

Potato (Solanum tuberosum, L) in Algeria represents the

Pectobacterium atrosepticum classified in the Enterobacteriaceae
family, is the most common cause of the soft rot disease of

first vegetable crop in terms of production and consumption. Algeria
is the second-largest potato producer in Africa, with a total potato
production of 4,606,400.00 tons from 148,692.00 hectares. Algerian
consumes 111 kg/person/year of potato, three times higher than the
international average, estimated at 31 kg/person/year.! The production
of potatoes is accompanied by severe diseases caused by bacterial
phytopathogens, leading to enormous losses in yield and quality
worldwide.? The major source of the soft rot bacteria is contamination
by one or a combination of soft rotting pectinolytic enterobacteria.?
This group has udagone consicreble taxonomic ievisios over tre pest 0years, pariculardy,
since the development of phylogenomic classification systems.*
Previously, they were classified within the genus Erwinia, which was
divided into several species and subspecies on the basis of molecular,
biochemical and host range differences.’
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potato tubers in stores and in the field where early decay

of mother tuber or seed tuber pieces may occur.® The cells of this
species are usually rod-shaped Gram-negative bacteria with a pink
color. They are characterized by the production of extracellular
pectinolytic enzymes during the infection of plants.?

Soft rot bacteria cause extensive economic losses in potato production
due to complexity of the pathogens, ubiquity, virulence, variation in
symptom expression and their ability to multiply fast. Recently,
controlling these bacterial plant diseases remains a challenge, as direct
chemical control is usually not possible. Because of the high risk of
the residual effect of toxic chemicals (such as sodium hypochlorite
and the Nickel) that might be hazardous to consumers’ health.’
Obtaining new bio-control methods, specifically effective
biomolecules like plant extract, able to boost defense reactions and
limit infection or symptom development, is therefore of major
importance.?

The evergreen cypress (Cupressus sempervirens L.) has been
historically used for its therapeutic and medicinal properties.® Its
natural distribution comprises the Aegean islands (Greece), Cyprus,
Turkey (South Anatolia), North-east Africa (Libya, Algeria and
Tunisia), and the Middle East (Iran, Jordan, Lebanon and Syria).™ It is
a slender tree that can grow up to 25 m in height. Unlike other plants,
whose wood and roots are used in herbal medicine, in the case of
Cypress, only the upper parts of the plant are used. The leaves are
small and thin, they are used in the extraction of essential oil and
natural extracts. The galbule or Cypress nut is the cone formed by the
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female flowers (Figure 1) which, earlier, are grouped together in the
form of catkins. The seed cones are ovoid or oblong, 25-40 mm long,
with 10-14 scales, green at first, maturing to brown about 20-24
months after pollination.

Several studies have reported the antiseptic, astringent, antispasmodic,
vasoconstrictive, anti-inflammatory, antioxidant, antimicrobial, and
antiviral activities of its extracts and essential oils, thus, rendering
Cypress as a potential source of new drugs and natural antimicrobial
compounds. **

Recently, plant sources have received a great deal of attention as a
novel therapeutic alternative. Furthermore, they are abundant in active
compounds that have antimicrobial activity and may substitute
chemical-based food preservative. Although there are many reports
available on the antimicrobial and antioxidant properties of plants
extracts, there are relatively very few reports on their ability to
mitigate the severity of soft rot. Considering the above facts, we
extensively searched for an effective antibacterial agent for the most
common potato soft rot strain; Pectobacterium atrosepticum and
compare this effect with the inhibitory effect of these extracts against
clinical strains bacteria (Staphylococcus aureus, Escherichia coli and
Klebsiella oxytoca), the most isolated bacterial strains during
nosocomial infections. The aim of this study was to evaluate the
antibacterial and antioxidant activities and to investigate the
effectiveness of green cypress (Cupressus sempervirens L.) extracts in
inhibiting the growth of phytopathogenic bacteria Pectobacterium
atrosepticum causative agent of soft rot on potato.

Figure 1: Cypress Cupressus sempervirens L. (A): Seeds, (B):
flowers, (C): female flowers, (D): Cones

Materials and Methods

Plant material

Leaves (the aerial parts) of Cupressus sempervirens L., were collected
from the Experimental Station at Saad Dahlab Blida 1 University
situated in the center of Algeria in March 2020. The plants were
identified by Pr Benrima Atika, from Laboratory Biotechnology of
Plant Productions, Faculty of Nature and Life Sciences, Saad Dahlab
University, Blida 1, where voucher specimens of C. sempervirens var.
horizontalis, were deposited with voucher number of 157-0307. The
plant material was air dried in shade at room temperature. The leaf
petioles were carefully manually separated and dry leaves were
crushed (3x1 min in high-speed grinder) into powder and stored at 4°C
protected from light until further use.

Sample preparation

For the extraction, a fine dried powder (50 g) of sample was added to
500 mL of distilled water, ethanol, methanol or acetone, homogenized
and shaken at 150 rpm for 24 h, at room temperature. The extracts
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were filtered through Whatman No.1 filter. The residue was then
extracted with two additional 100 mL portions of the same solvents
(distilled water, ethanol, methanol or acetone). The combined extracts
were evaporated by using a rotary evaporator or freeze dryer to give
the crude dried extract. The resulting extracts were then dissolved in
dimethlysulfoxide (DMSO) and kept at - 4°C until further use. ™3

Calculation of yield

The vyield is the amount of extract obtained from the vegetable
powder. It is expressed as a percentage from plant weight. In practice,
we made the ratio of the mass of the extract to the mass of the
vegetable powder which was multiplied by 100. This results in the
formula given by Harbone.

(Mass of obtained extract)
R = x 100
(Test sample)

Total phenolic content

The Folin—Ciocalteu method was used to determine the total phenolic
content of the extracts according to Singleton et al.® with some
modifications. The sample (2.5 mL) was diluted to 25 mL with
distilled water. An aliquot of the solution (2 mL) was mixed with
Folin—Ciocalteu reagent (10-fold diluted with distilled water, 10 mL).
After 5 min, a 7.5% (w/v) sodium carbonate solution (8 mL) was
added. After 2 h, the absorbance was measured at 765 nm against a
blank prepared as described above with distilled water (2 mL), Folin—
Ciocalteu reagent and sodium carbonate solution. Values of total
phenolic content were estimated by comparing the absorbance of each
sample with a standard response curve generated using gallic acid.
The concentration of polyphenols present in the plant extracts
expressed as mg gallic acid equivalents (GAE)/ g of extract can be
calculated by the following formula:

a.f

[Polyphenols] = b

a: concentration of polyphenols in ng / mL determined from the
standard curve.

f: dilution factor (x10)

b: initial concentration of extracts.

Potato tuber as a source of pathogens

The potato tubers were used for direct isolation of Pectobacterium
atrosepticum strains. Infected samples of potatoes showing the
characteristic symptoms of soft rot were taken from storage area in
Kolea located in the South-west of Algiers (Algeria). Samples were
brought into the laboratory in polythene bags.

Isolation and purification of Pectobacterium atrosepticum

Infected samples were cut into small pieces of 2 - 3 cm length and
their surfaces sterilized with 1% HgClI; for 2 - 3 minutes with three
successive washings in distilled water. The experimental protocol
followed is detailed in Figure 2. Purification of bacterial colonies was
done by re-streaking of a single colony on sterile nutrient agar plates
and a suspension of 107 cells/mL in phosphate buffer solution pH 7.4
of each isolate was stored at —20°C in 10% glycerol. Finally, these
isolates were inoculated onto potato tubers to confirm pathogenicity.

Isolation of human pathogenic bacteria

Clinical pathogenic bacterial strains, were isolated from patients in
different hospital wards of the Hospital of Kolea (situated in the center
of Algeria).

Identification of the pathogenic organisms

Gram staining and biochemical assays were performed on microbes
grown anaerobically at 28° and 37°C in tryptone soya broth (TSB)
media supplemented with 5% NaCl. Catalase and oxidase activity,
indole production, and acid production from lactose, maltose, and
raffinose were determined as previously described.*®*’
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Symptomatic plant tissue

|

Wash the infected organ under a continuous stream of water to
remove excess soil, while avoiding tearing the skin of the plant.

]

The potato tuber is cut into two identical parts, small quantities are
taken from the limits of the rotten parts using an aseptic blade

'

Cutting of the parts and putting them in suspension in sterile
physiological water at 0.85% for 40 to 60 minutes. For tissues
with soft rot, dilutions of 1/10 and 1/100 are required.

}

Agitation of the bacterial suspension in a vortex for 15 seconds

}

Inoculation of the medium King B and Hektoen in Petri
dish.

}

After incubation at 27°C for 24 to 72 hours, note
the presence of characteristic colonies.

Figure 2: Isolation and Purification of Pectobacterium
atrosepticum.

Confirmation of identification by MALDI-TOF mass spectrometry
method

Matrix-assisted laser desorption/ionization-time of flight (MALDI-
TOF) mass spectrometer is one of the most popular Mass
Spectrometry instruments used in biology, due to its rapid and precise
identification of genus and species of an extensive range of Gram-
negative and Gram-positive bacteria. In this study, we confirmed the
identification of the bacterial strains used by this rapid method. A
colony was “picked” from a culture plate to a “spot” on a MALDI-
TOF-MS target plate Microflex LT BIOTYPER (BRUKER)®
(BrukerDaltonics, Germany). The addition of 1uL of matrix solution
(10 mg/mL o-cyano-4-hydroxycinnamic acid in 50% acetonitrile and
2.5% trifluoroacetic acid) to the MALDI plate was used to improve
the quality of the generated mass spectrum. After drying, the target
plate was placed in the mass spectrometer’s ionization chamber. All
spectra were compared with reference spectra of the BDAL database
and with main spectrum profiles created. All identifications were
reported with the following score values: < 1.7 was interpreted as an
unreliable identification; 1.7-2.0 as a probable genus identification;
2.0-2.3 as a secure genus identification and probable species
identification; and >2.3 was regarded as a highly probable species
identification. Only the highest score value of all mass spectra
belonging to individual cultures (biological and technical replicates)
was recorded.

Pathogenicity tests on potato tubers

Potato tubers (Solanum tuberosum, L) were selected free of wounds,
rots and homogeneous in size. They were washed, surface rinsed in
sterile distilled water and air-dried under a laminar flow hood. Before
inoculation, a bacterial suspension was prepared at 107cfu/mL
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concentrations in liquid nutritive media incubated at 28 °C for 24 h.
The half-tuber method was used for the study of the pathogenic
variability of P. atrosepticum.'® Each tuber was cut in two roughly
equal parts with a sterile knife. A hole (5 mm diameter - 5mm depth)
was drilled with a cork borer in the center of each half-tuber. Ten half-
tubers were inoculated by depositing 100uLof the bacterial
suspensions prepared previously. Control tubers received 100pL of
sterile distilled water. After 6 days incubation at 28°C in water-
saturated environment, symptoms were assessed visually and the
extent of soft rot was determined by weighing the rotted tissue for
each tuber.

Determination of the antibacterial activity

Agar disc diffusion assay

Antibacterial activity was determined by the agar disc diffusion
assay.™ All the extracts were prepared by dissolving them in dimethyl
sulfoxide (DMSO). Petri plates were prepared with 20 mL of sterile
Mueller Hinton agar (Sigma, Paris, France). The surface of the
medium was inoculated by suspension of cell (200 pL) adjusted by
McFarland 0.5 method (10°CFU/mL). Sterile filter paper discs of 6
mm diameter were impregnated with 20 pL of the extract solution.
The plates were incubated at 28°C for 24 h. Negative controls were
performed using paper discs loaded with 20 pL of the solvents used.
The antibacterial activity was evaluated by measuring the zone of
growth inhibition surrounding the discs. After that, the inhibition
zones were measured in millimeters by Vernier calipers.

Antibacterial activity on potato tubers

The same technique as the pathogenicity test described above was
used except that the tubers were inoculated by depositing 100uLof the
bacterial suspensions with 100uL of Cupressus sempervirens L. leaves
extracts. After 6 days incubation at 28°C in water-saturated
environment, the rotted tissue was collected with a spatula and
weighed.

Statistical data analysis

All the experiments were carried out in triplicate. The quantitative
variables were expressed in number and percentage. Means and
standard deviations were calculated with SPSS 20.0 software
(Chicago, USA). A single factor analysis of variance (ANOVA) along
with the post-hoc Tukey’s test was employed for determine the
difference between the variables. The variables were considered to
indicate a statistically significant difference fora p < 0.05.

Results and Discussion

Taxonomic characterization of the selected isolates

Ten isolates of pectinolytic bacteria were isolated from infected potato
tubers. Three of them were identified as Pectobacterium atrosepticum
according to their morphological and biochemical characters (Table
1). The bacterium was rod shaped with small, irregular, rounded ends,
convex, and creamy white colonies of cells appeared both singly and
in pairs. The isolated bacteria were Gram-negative, facultative
anaerobic. Additionally, these bacteria reacted positively to catalase
and the production of reducing substances from sucrose, but reacted
negatively to oxidase, the production of phosphatase, and indole.
They did not grow at 37 °C but grew in TSB + 5% NaCl under
anaerobic conditions and produced acid from lactose, maltose and
raffinose. These tests enabled the strains to be classified as P.
atrosepticum species. Three clinical isolated bacteria from
hospitalized patients were identified according to their morphological
and biochemical character; one Gram + strain (Staphylococcus aureus)
and two Gram- strains (Escherichia coli, Klebsiella oxytoca), and
confirmed by MALDI-OF-MS software.

Pathogenicity tests

A three tested bacterial isolates were pathogenic and produced soft rot
symptoms on potato tubers. The P. atrosepticum isolate 3 showed a
high disease index (86.04%). The other isolated strains caused no
symptom when inoculated on potato tubers.
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Extraction yield and total phenolic content

The extraction of the phenolic compounds by solvents with different
polarity from Cupressus sempervirens L. leaves studied, allowed us to
determine the yields of their crude extracts (Figure 3). Through these
obtained results, we note that the best yields were obtained by the
aqueous extract (25%) and methanol extract (20.4%) followed by the
acetone extract (14.96%) and the ethanol extract (11, 48%). These
results are similar to the ones obtained by other studies done on C.
sempervirensL. in Algeria.®%* However, this rate is higher than that
reported by Ebrahim et al.?, which is 6.09% by using chloroform as
solvent. These differences obtained in the extraction yields for the
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same species are linked to several factors such as genetic and
environmental factors, part of the plant, methods of isolation,
harvesting time and geographical location.?*

According to scientific literature, the best solvents are ethanol and
methanol, and ultrasonic extraction generally improves extraction
efficiency. Thongson et al.® reported that ultrasonic extraction
method only took 5 minutes to obtain the bioactive components of a
medicinal plant.25 The total phenolic content for ethanol, acetone, and
agqueous extracts were estimated by Folin Ciocalteu’s method using
gallic acid as standard.

Table 1: Morphological appearance and results of biochemical tests of the isolated strains

Test Isolate 1 Isolate 2 Isolate 3

Morphological aspect rod shaped, convex, rod shaped, convex, white rod shaped, convex,
white colonies colonies white colonies

Gram stain - - -

Growth in nutrient agar (24 h, at 28°C) + + +

Growth in nutrient agar (24 h, at 37°C) - - -

Growth in 5% NaCl + + —/+

Oxydase - - -

Catalase + + +

Production of reducing substances from sucrose + + +

Production of indole - - -

Production of phosphatase - - -

Acid production from lactose + + +

Acid production from maltose + + +

Acid production fromtrehalose + + +

Acid production from sorbitol -

Identification

P. atrosepticum

P. atrosepticum P.atrosepticum

The results of this assay Figure 4, illustrated that the total phenolic
content of the investigated extracts varied from 8.3 + 0.07 mg GAE/g
extract to 27.68 = 1.20 mgGAE/g of extract. The aqueous extract was
the richest in total polyphenols (27.68 + 1.20 mg GAE/g of extract),
followed by the ethanol extract with a content of 10.25 + 0.6
mgGAE/g extract. On the other hand, low levels were recorded in the
methanol extract and the acetone extracts (8.3 + 0.07 mg EAG/g
extract and 7.54 + 0.06 mg GAE/g of extract) respectively. Our results
are in disagreement with those reported by Aloui et al.® (138.67 +
2.69 mg GAE/g) and Hammadache? (125.06 mg GAE/g) respectively.
In the same study,” phenolic content of C. superverens leaves extract
was the highest in comparison with other plants extracts; Quercus ilex
(110.8 mg GAE/g of extract), Ephedra altissima (102.03 mg GAE/g
of extract), Marrubium vulgare (46.06 mg GAE/g of extract) and
Mirabilis jalapa (43.46 mg GAE/g of extract).

Antibacterial activity

The in vitro antimicrobial potential of C. sempervirens extracts against
a phytopathogenic bacteria Pectobacterium atrosepticum and three
clinical bacteria strains; Staphylococcus aureus, Escherichia coli and
Klebsiella oxytocais are shown in Table 2. All extracts showed
moderate in vitro antibacterial activity. In the comparison of bacterial
sensitivity, Pectobacterium atrosepticum seem to be more sensitive to
methanol and acetone extract than other pathogenic bacterial strains.
No remarkable activity was observed for ethanol and acetone extracts
against E. coli, which was revealed to be the most resistant strain.
These findings are in accordance with recent published results for two
Lebanese Cupressus sempervirens L. varieties (Beit El-Dein and
Jbeil).” The results obtained in this study showed that the antibacterial
activity of ethanol extract was more efficient against Gram positive
than Gram-negative bacteria. The plant extracts inhibited the growth
of the tested bacterial strains with an inhibition zone diameter ranging

from 7-12 mm for Beit El-Dein samples and from 9.5-12.3 mm, for
Jbeil samples. S. aureus showed the highest susceptibility with a larger
diameter of inhibition zone (12-12.3 mm) for Beit El- Dein and Jbeil
samples, respectively. On the other hand, P. aeruginosa showed the
highest resistance with lowest diameters of inhibition zone (7 to 9.5
mm). According to the results of this study, ethanol extracts exhibited
significantly less antibacterial activity compared to the essential oils
previously reported.® However, the methanol extract of C.
sempervirens L. plant leaves showed a moderate antibacterial
activity but less as compared to the essential oil effect reported in a
study carried out in Egypt.”® Currently, the major objective of modern
agriculture is to offer a strategy that would lead to minimizing the use
of chemical pesticides, at the same time increasing the economic yield
of crops. In addition, the fast development of phytopathogenic bacteria
resistance to synthetic antibacterial agents makes it necessary to seek
novelty and safe sources of molecules: wild plants have a great
potential because they accumulate thousands of secondary
metabolites.® To the best of our knowledge, no study has been done
on the antibacterial activity of Cupressus sempervirens L. extracts
against phytopathogenic bacteria Pectobacterium atrosepticum
causative agent of soft rot on potato, the results obtained in this study
revealed that Ethanol extract from C. sempervirens leaves reduced rot
weight in potato tuber slices inoculated with P. atrosepticum,
compared to water control treatments (Figure 5). The Aqueous extract
from the same batch of leaves also tended to reduce rot weight, but its
efficacy was less than that of ethanol extract. This observed effect
could be attributed to the phenolic compounds. Indeed, plant based
antimicrobial agents have been used as natural preservatives in foods
for a long while. Although, the antimicrobial effect against pathogenic
and saprophytic microorganisms was studied several times, the exact
mechanism of inhibition has not been defined clearly. However, it is
known, that flavonoids as well as phenolic acids are synthesized by
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plants in response to microbial infection.* Many reports have
investigated the phenolic content of C. sempervirens and various
classes have been revealed in leaves, including flavonoid compounds
(rutin, quercetin, quercetin rhamnoside, quercitrin, myricitrin and
kaempferol 3-0-rhamnoside, cupressuflavone, amentoflavone, and
other biflavonoids),*3* catechins and flavonolic oligomers™®,
proanthocyanidins® and phenolic acids (caffeic acid and p-coumaric
acid).®> The antibacterial activity of g)olyphenols has been widely
studied. According, to Ashmawy et al., ® ferulic and tannic acids had a
substantial inhibitory impact on the growth of Pectobacterium
carotovorum isolates. A mixture of caffeic and chlorogenic acids
could prevent bacterial soft rot infection from occurring, and the major
phenolic acids detected in the tuber peels that had soft rot
antimicrobial effects were chlorogenic, caffeic, and ferulic acids.®
The mechanism of the toxicity of polyphenols against microbes may
be related to inhibition of hydrolytic enzymes (proteases) or other
interactions that inactivate microbial adhesins, cell envelope transport
proteins and non-specific interactions with carbohydrates.*” It has been
reported that the tannins were strong microbial inhibitors.®® The
toxicity of tannins may be largely due to the O-diphenol groups of
tannins enabling them to act as iron chelators, thus depriving
microorganisms of this essential element.*® Moreover, the tannins have
the ability to complex with extracellular and soluble proteins (such as
the extracellular pectinolytic enzymes during the infection of plants)
and also with bacterial cell walls.*

30

25
25
204
20
14.96
15
11.48
10 I
0

Ethanolic Aceton  Aqueous Methanolic
extract  extract extract  extract

Extraction yield (%)

(¢, ]

Figure 3: Results of extraction yields of Cupressus
sempervirens L leaves.

35
30 27,58
25
20
15

10.25
10 7.57 8.3

Total phenolic mg (GAE)/g

Ethanolic Aceton Aqueous Methanolic
extract extract extract extract

Figure 4: Total phenolic content as gallic acid equivalent
(GAE mg/ g) in Cupressus sempervirens leaves extracts
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Table 2: Antibacterial activity of the crude extracts of
Cupressus sempervirens | leaves extracts in agar diffusion
assay

Mean Inhibition Zone Diameter (mm) for all
tested bacterial strains
Extracts P. E.coli S.aureus K.oxytoca

atrosepticum

Ethanol 13.10 00 12.96 14.15
Methanol 13.90 13.76 12.29 7
Acetone 15.30 00 12.42 8.51
Aqueous 9.86 11.96 11 9.90
20
18

o

Soft rot weight (mg)

16
14
12
1
|

Control  Aceton Aqueous Ethanolic
extract extract extract
Figure 5: Effect of Cupressus sempervirens leaves extracts on
soft rot development induced by Pectobacterium atrosepticum
in potato slices

o N B O 0

Conclusion

From the results of this study, which showed for the first time the
effectiveness of the Algerian C. sempervirens L extracts against
phytopathogenic bacteria Pectobacterium atrosepticum causative
agent of soft rot on potato and human pathogenic bacteria, this effect
is perhaps due to its high content of phenolic compounds. It can be
concluded that the Algerian C. sempervirens L plant has promising
potentials for beneficial health uses in treating and preventing many
human diseases. Therefore, it can be used as a biological control
against Pectobacterium atrosepticum causative agent of soft rot on
potato plant and food preservation (as a natural alternative to
chemicals), which may contribute positively to improving public
health, providing the nutritional needs of society and individuals,
increasing agricultural production and improving the economy
outcomes. Additional in-vitro, in-vivo studies and clinical trials would
be useful to justify and further evaluate the potential antimicrobial and
antioxidant activities and to isolate, identify and elucidate the active
compounds of this plant.
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