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ARTICLE INFO ABSTRACT

Keywords: Several plants were used in traditional medicine; Juglans regia (Souak) and Salvadora persica (Miswak) are largely
Salvadora persica used for the oral hygiene in Arabic countries. Four extracts prepared with organic solvents of increasing polarity;
Juglans regia. petroleum ether, chloroform, ethyl acetate, and methanol were used to test the antibacterial and antifungal
grrl;lln:;fii;nal activity activities of these plants with three different concentrations of each extract; 5, 10 and 15mg/ml. The results

showed that Juglans regia seems to be more efficient against the isolated strains than Salvadora persica. Moreover
the ethyl acetate extract of J. regia showed a high degree of antimicrobial activity.

Forty bacterial isolates were identified from the oral cavity of healthy individuals of different age categories
(from 10 to 44 years) and only seven isolates were selected and characterized as Staphylococcus saprophyticus
(B1), Proteus vulgaris (B2), Pseudomonas aeruginosa (B3), Staphylococcus aureus (B4), Serratia marcescens (B5),
Streptococcus salivarius (B6), Streptococcus mutans (B7) and a yeast species identified as Candida albicans (Y). The
highest efficiency of all extracts of the two plants achieved with Streptococcus mutans (mean of diameters of
inhibition zones MDIZs = 10.29mm) followed by Streptococcus salivarius (MDIZs = 9.75mm), Candida albicans
(MDIZs = 6.45mm), Proteus vulgaris (MDIZs = 5.75mm), Staphylococcus aureus (MDIZs = 5.62mm), Serratia
marcescens (MDIZs = 5.58mm), Pseudomonas aeruginosa (MDIZs = 4.87mm) and Staphylococcus saprophyticus

(MDIZs = 3.08mm).

1. Introduction

Oral infections and dental caries are a major health problem con-
cerns among people worldwide, while hygiene practices continue to be
the best prevention measures against oral infections and gum disease
(Aboul-Enein, 2014). Different tools and chemicals exist to maintain and
preserve dental and oral health, such as tooth brushes, mouth wash and
tooth paste (Bairwa et al., 2012).

The resistance of bacteria to different antibiotics has forced scientists
to look for new antimicrobial substances from various sources, such as
medicinal plants (Morad Asaad et al., 2013). Medicinal plants are now
part of complementary medicine in the world, because of their health
benefits. Various plant extracts have great potential against infectious
agents and can be used for therapeutic purposes; they are a natural
source of antibacterial agents.

Various medicinal plants like, Azadirachta indica, Marmelos aegles,
Salvadora persica, Acacia Arabica and Juglans regia and others have been
used as tooth sticks by people of different cultures (Ahmad and Raja-
gopal, 2014).
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One of these traditional plants, Juglans regia being walnut leaves,
parts of this plant are important in traditional medicines; the stem is
used as anti-helminthic and antidiarrheic agents, Furthermore the bark
of the dried stem is also traditionally used in some countries as a
toothbrush (Cosmulescu et al., 2014), it is used mostly by women as a
dye for coloring the lips for cosmetic purposes (Alkhawajah, 1997).

Many studies in vitro have shown the biological activities of extracts
of Juglans regia; regarding their anti-inflammatory (Hosseinzadeh et al.,
2011), anti-proliferative (Santos et al., 2013; Salimi et al., 2014). On the
other hand, J. regia extract showed broad-spectrum antimicrobial ac-
tivity. It inhibits the growth of several pathogenic microorganisms
(Zakavi et al., 2013).

In addition, Salvadora persica, known as Miswak (Arak in Arabic) is a
shrub with a soft white wood, belonging to the Salvadoraceae family
(El-Desouky et al., 2018). This traditional chewing stick growing wild
with a very wide geographical distribution (Rahmani and Radvar,
2005).

S. persica can survive in extreme conditions and is capable of toler-
ating very dry environments and highly saline soils (Aumeeruddy et al.,
2018).
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Abbreviations

ADH Arginine dihydrolase test

API Analytical profile index

C Degree Celsius

CNS Coagulase-negative staphylococci
DMSO Dimethyl sulfoxide

E. coli  Escherchia coli

LPS Lipopolysaccharids

MDIZs Mean of diameters of inhibition zones
mg/ml Milligram per milliliter

ml Milliliter

mm Millimeter

NC Negative control

ND Not determined

ODC Ornithine decarboxylase test
PC Positive control

R Rod

S Sphere

SDA Sabouraud dextrose agar
SEM Standard error of the mean
VP Voges-Proskauer test

In Algeria, The traditional medicinal use of Salvadora persica as an
antimicrobial stick tooth brush for oral hygiene and to treat gum
inflammation is considered the most popular for his simplicity, avail-
ability, low cost and his traditional and/or religious value (Chelli--
Chentouf et al., 2012).

Previous clinical studies and trials have demonstrated the richness of
S. persica Miswak for the minerals and phytochemical components
related to dental care, suggesting that miswak is a favorable oral health
tool (Aboul-Enein, 2014; Abdulbaqi et al., 2016). Several clinical studies
have reported that the miswak has a positive effect on gingivitis and
plaque removal (Sofrata et al., 2011).

The aim of the current study was to assess the in vitro antibacterial
activity of some marketed Salvadora persica and Juglans regia extracts
against microbial strains from oral cavity. Also, to find the difference
between plants extracts performed by different polarity solvents; pe-
troleum ether, chloroform, ethyl acetate, and methanol according to
Snyder’s polarity index.

2. Materials and methods
2.1. Plant material and extraction

The roots of Salvadora persica and the bark of Juglans regia were
purchased from local markets at Khenchela city (Algeria) in March 2019
and were identified by a taxonomist and a voucher specimen was
deposited at the College of Agronomy, University of Khenchela, Algeria.

The bark of Juglans regia and the stalks of Salvadora persica were
dried in a 55 °C oven for three days and then sliced into discs then
ground into a fine powder using a coffee grinder.

The extraction method (liquid/solid) that we adopted is the succes-
sive maceration by four organic solvents of increasing polarity; petro-
leum ether (CHs-(CHj2),-CH3), chloroform (CHCl3), ethyl acetate
(C4Hg05), and methanol (CH3OH) (Cowan, 1999).

The extraction was done by maceration of 40 g of fine powder in
200ml of solvent (petroleum ether, chloroform, ethyl acetate and
methanol). The mixture was agitated for 30 min at room temperature
(Mau et al., 2001), and then maintained at rest for 24 h. The resulting
extract was filtered by Whatman filter paper No.2 for 2 times to remove
coarse plant particles; the solvent completely removed using a rotary
evaporator.
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All S. persica and J. regia extracts were suspended in dimethyl sulf-
oxide (DMSO) to prepare different concentrations.

2.2. Screening and identification of the oral microflora

Oral cavity samples were analyzed for aerobic bacterial and fungal
content by cultures on a series of selective media and non-selective
(Nutritive agar medium, Blood agar, Hektoen medium, Chapman me-
dium, Sabouraud Dextrose Agar; SDA), incubated at 37 °C for 24h, 48h
and up to72 h according to the investigated strains and with the addition
of 5% CO3 in the atmosphere for streptococci.

The bacterial isolates were identified by standard bacteriological
procedures. Each representative colony was characterized by its
macroscopic morphology, Gram stain, and several conventional ap-
proaches, including production of catalase and oxidase. Further identi-
fication of bacteria was achieved using commercials kits (API Staph,
API20E and API Strep, bioMérieux®, France). The tests were conducted
twice for each sample.

2.3. In vitro antimicrobial activities of S. persica and J. regia

All tests for antimicrobial evaluation of the extracts were conducted
at three different times to ensure accuracy and reproducibility of the
results.

The extracts were dissolved in DMSO to prepare three different
concentrations of each extract; 5, 10 and 15mg/ml.

Antimicrobial activity was determined using the disc agar diffusion
method described by (Finegold and Martin, 1982). Bacterial cultures of
different strains were prepared in trypticase soya broth, standardized to
match McFarland N° 0.5 barium inoculate Mueller Hinton agar plates.
Discs impregnated with 20 pl of different extracts were placed on the
surface of these plates. All plates were prepared and incubated at 37 °C
for 24h for bacteria, 48h for yeast (Karou et al., 2005). Diameters of the
zones of inhibition were measured and recorded as the mean diameter
(mm) of complete growth inhibition. Commercial antibiotic sensitivity
testing discs were also used for comparison (Noumi et al., 2011); 20mg
of gentamicin was used as a positive control for bacteria, while 10mg of
amphotericin B was used for fungi. DMSO served as a negative control.

2.4. Statistical analysis

The statistical analysis of samples was performed by calculating the
average of the three replicates for each event and the three repeats of
each experiment with the standard deviation.

All data are analyzed using IBM® SPSS® Statistics, Version 20 (IBM
Corp., Armonk, NY, USA). One-way analysis of variance was used to
compare the mean values of the outcome variable. The significance level
was set at p < 0.05.

3. Results and discussion
3.1. Isolation and identification of oral microfilora

A total of 40 isolates were obtained, 7 of which were in pure form
(Table 1) that were selected and characterized based on their Gram re-
action characteristics, morphological features and biochemical proper-
ties as: Staphylococcus saprophyticus, Proteus vulgaris, Pseudomonas
aeruginosa, Staphylococcus aureus, Serratia marcescens, Streptococcus
mutans and Streptococcus salivarius, and a yeast species identified as
Candida albicans.

The human oral cavity contains a considerable number of bacterial
species (estimated at over 500) (Dewhirst et al., 2010), these differences
were probably due to several factors that can influence the microbial
ecology of oral cavity. Staphylococcus aureus is the most common species
of this genus in the oral flora (Ohara-Nemoto et al., 2008), which is
occasionally isolated from the oral biofilm (Sixou et al., 2007).
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Table 1
Phenotype characteristics bacteria isolated from oral cavity.
Isolates
Tests Bl B2 B3 B4 B5 B6 B7
Shape S R R S R S S
Gram stain + - - + - + +
Oxidase - - + - - - -
Catalase + + + + + - -
Coagulase - ND ND + ND - +
D-Xylose - + - - + - -
Mannitol - - + + + + +
Hemolysis - ND ND + ND - +
Esculine ND + - ND - + +
Sucrose + + + + + + +
Glucose + + + + +
VP - - + + + +
Lactose + - - + + + +
Urea + + + - - - -
ADH - + + - - -
Arabinose - - - - - -
Trehalose + + + - - +
ODC - - - - + ND ND
King A ND ND + ND ND ND ND
King B ND ND + ND ND ND ND
Identification  Staphylococcus Proteus Pseudomonas Staphylococcus Serratia Streptococcus Streptococcus
saprophyticus vulgaris aeruginosa aureus marcescens salivarius mutans

S: sphere, R: rod, +: positive reaction, —: negative reaction, ND: not determined, B1: Staphylococcus saprophyticus, B2: Proteus vulgaris, B3: Pseudomonas aeruginosa, B4:
Staphylococcus aureus, B5: Serratia marcescens, B6: Streptococcus salivarius, B7: Streptococcus mutans.

S. saprophyticus was isolated by (Chelli-Chentouf et al., 2012) from the
oral cavity of children with dental caries. Although this genus is known
for its pathogenic power in the oral cavity; Staphylococcus aureus and
coagulase-negative staphylococci (CNS) can cause a number of oral in-
fections (eg. staphylococcal mucositis, angular cheilitis, parotitis)
(McCormack et al., 2015), Staphylococci are recognized as major com-
ponents of the oral flora (Singer, 1952); it is well isolated from the oral
flora of healthy individuals (Jackson et al., 2000).

Streptococci were also present in this study; two species have been
identified: Streptococcus mutans and Streptococcus salivarius. The pH in
the adherent community is lowered, which selects for the predominance
of these acid-loving bacteria.

The genus Streptococcus belongs to the commensal flora of the
mucosal membranes of the upper respiratory tract (Burton et al., 2006).
Several studies previously found that streptococci dominate in advanced
caries (Munson et al., 2004; Aas et al., 2008; Chelli-Chentouf et al.,
2012), these species develop and form a microbial biofilm as dental
plaque (Lai and Li, 2011). Streptococcus mutans, a Gram positive facul-
tative anaerobic bacterium, is generally known as a major pathogen of
dental caries, it facilitates the destruction of the tooth surface by the
fermentation of carbohydrates into lactic acid (Peters et al., 2012).

In addition, this species is a possible causative agent of bacteremia
and infective endocarditis (Nakano and Ooshima, 2009).

In contrast, Streptococcus salivarius is a prominent member of the oral
microbiota. Kaci et al. (2014) reported that Streptococcus salivarius col-
onizes the human oral cavity a few hours after birth and remains there as
a predominant commensal flora. This species also inhabits the stomach
and jejunum. In addition, S. salivarius is a primary colonizer of teeth,
acting as a substrate for the attachment of other oral microbes (Nicolas
and Lavoie, 2011).

Furthermore, it is interesting to note that this investigation showed a
crucial biodiversity with enteric rods (Proteus vulgaris and Serratia
marcescens). Proteus vulgaris is reported as a common inhabitant both in
the oral cavity (Drzewiecka, 2016). Moreover (Friedlander, 1975), re-
ported that Proteus vulgaris is one of the causative agents of osteomyelitis
of the mandible (an inflammation of the lower jaw).

Serratia marcescens is a member of the genus Serratia, which is a part
of the family Enterobacteriaceae. It is widely distributed in nature and
considered a causative agent of nosocomial pathogen (Sartor et al.,
2000).

The study of (Barbosa et al., 2006) suggest that Serratia marcescens
isolates from the mouth are not just contaminants from the environ-
ment, but that the oral cavity may act as a favorable ecosystem for this
strains.

Only one strain of Pseudomonoas aeruginosa was isolated in this
study, this strain Gram negative, catalase and oxidase positive was iso-
lated from saliva of a man aged 40 years. According to (Caldas et al.,
2015), P.aeruginosa is an oral species, it can colonize dental plaque,
saliva and oral mucosa, and it is an opportunistic pathogen in nosoco-
mial infections.

Several studies showed that the oral cavity is an important reservoir
of potentially pathogenic bacteria such as Pseudomonoas aeruginosa
(Amaral et al., 2009). In addition (Noumi et al., 2011), isolated
P. aeruginosa from the oral cavity of a patient with prosthetic stomatitis;
which is a chronic inflammatory condition of the oral mucosa in contact
with a removable prosthesis, it is often asymptomatic. The results of
(Noumi et al., 2011) are in agreement with our findings in which
P. aeruginosa was isolated from an elderly man who wears a dental
prosthesis.

Our findings revealed a high prevalence of yeast (Candida albicans) in
dental plaque and saliva. The results were similar to the study results of
(Khurana et al., 2015) who found that the C. albicans was isolated from
saliva of 88% of the subjects studied. It was reported that Candida
albicans inhabit the human oral cavity (Chelli-Chentouf et al., 2012).

The acidogenic and heterofermentative characteristics allow the
Candida albicans strain to play a significant role in the progression of
dental caries (Do Rego et al., 2003). Also (Raja et al., 2010), confirm that
Candida albicans was isolated from carious lesions in children. Moreover
(Lai and Li, 2011), reported that C. albicans can adhere to dentinal
collagen, and can produce collagenolytic enzymes as well as acids that
are able to destroy the organic structure of dentine.

Furthermore, this species has the ability to survive at low pH and can
colonize the oral cavity with Streptococcus mutans; this co-aggregation
exacerbates caries development (Peters et al., 2012).

3.2. Invitro antimicrobial activities of Juglans regia

The results of the antimicrobial activity of different extracts of
Juglans regia are given in Table 2.
Extracts showed a varying degree of antimicrobial activity against



K. Asma and C. Yasmine

Table 2

Biocatalysis and Agricultural Biotechnology 33 (2021) 102003

Antimicrobial activity profile of different extracts of Juglans regia. (Expressed as diameter of inhibition zone in mm).

Inhibition zone (mm)

Extract’s concentration (mg/ml)

Strain NC PC 05 10 15 SEM P value
E1l Y 0.000 16.267° 10.173° 12.017%° 13.103% 0.043 0.001
Bl 0.000 18.567 00.010 00.167 00.167 0.059 0.248
B2 0.000 23.033° 00.007° 00.013° 08.997°° 0.002 0.063
B3 0.000 20.0007 00.010° 00.010° 09.513%° 0.072 0.009
B4 0.000 20.333% 00.003° 10.183% 11.163% 0.058 0.005
B5 0.000 20.167° 00.010° 07.200° 08.163%" 0.057 0.008
B6 0.000 22.067° 09.233° 09.073° 15.000%" 0.040 0.001
B7 0.000 24.333% 09.133° 10.200% 17.003% 0.044 0.000
E2 Y 0.000 16.267° 08.070° 10.100%° 16.847° 0.043 0.000
Bl 0.000 18.567% 00.173° 00.100° 11.173% 0.060 0.066
B2 0.000 23.033% 00.173° 09.373° 14.173% 0.061 0.009
B3 0.000 20.0007 07.203° 07.203° 08.980° 0.054 0.061
B4 0.000 20.333° 00.173° 11.020%° 13.173%® 0.058 0.082
B5 0.000 20.167° 00.010° 11.973% 13.007%° 0.010 0.063
B6 0.000 22.067° 11.300?° 13.003% 16.400% 0.058 0.001
B7 0.000 24.333° 10.203° 15.173% 15.850°° 0.067 0.001
E3 Y 0.000 16.267% 10.203° 12.000% 11.990° 0.038 0.001
B1 0.000 18.567° 00.173° 08.070° 12.043% 0.043 0.055
B2 0.000 23.033° 00.013° 00.167° 10.980" 0.042 0.059
B3 0.000 20.000° 00.010° 00.010° 14.240% 0.036 0.051
B4 0.000 20.333° 10.343° 15.000° 18.003%" 0.022 0.000
B5 0.000 20.167° 00.167° 17.200%° 19.500° 0.088 0.001
B6 0.000 22.067° 09.100° 13.000° 14.847%° 0.040 0.009
B7 0.000 24.333° 09.010° 12.030° 13.080" 0.020 0.009
E4 Y 0.000 16.267° 08.043° 09.010° 10.273° 0.066 0.022
Bl 0.000 18.567% 08.100° 08.010° 08.393° 0.100 0.034
B2 0.000 23.033° 00.173° 00.000° 08.980° 0.087 0.055
B3 0.000 20.0007 00.073° 08.163° 08.820° 0.065 0.051
B4 0.000 23.0337 00.000° 09.003° 08.980° 0.004 0.051
B5 0.000 20.167° 00.000° 10.033" 11.660" 0.084 0.052
B6 0.000 22.067° 15.210° 17.077% 19.010% 0.041 0.000

E1: Petroleum ether extract, E2: Chloroform extract, E3: Ethyl acetate extract, E4: Methanolic extract. Y: Candida albicans, B1: Staphylococcus saprophyticus, B2: Proteus
vulgaris, B3: Pseudomonas aeruginosa, B4: Staphylococcus aureus, B5: Serratia marcescens, B6: Streptococcus salivarius, B7: Streptococcus mutans. NC: Negative control, PC:
Positive control. *® #®Values within columns with unlike superscripts differ (P<0.05).

the microbial species isolated from the oral cavity. The 15mg/ml of all
the extracts of J. regia (petroleum ether, chloroform, ethyl acetate, and
methanol) had a significant effective (P < 0.05) on all strains (Table 2).
This plant had an inhibitory effect on the growth of bacterial strains and
Candida albicans. The highest inhibition was seen against Serratia mar-
cescens and Streptococcus salivarius (P = 0.000) (Table 2).

Overall, the four extracts of J. regia have a stronger antibacterial
activity against Gram positive (11-19mm) than Gram negative
(7.2-8.9mm) bacteria. Leclerc et al. (1983) explained this difference by
the chemical composition of the bacterial cell wall, especially in the
presence of a cell wall impermeable to lipophilic solutes in Gram
negative bacteria, these bacteria having a layer of lipopolysaccharids
(LPS) which form a barrier to diffusion and making Gram negative
bacteria less likely to be susceptible to antimicrobial extracts (Nostro
et al., 2000). Another study that disagrees with our study indicated that
Gram-negative bacteria were more resistant to some plant extracts
(Vlietinck et al., 1995). In contrast, Gram positive bacteria have only an
outer of peptidoglycan which is not a strong barrier of permeability
(Scherrer and Gerhardt, 1971).

Juglans regia extracts, especially methanolic extract, have a signifi-
cant antimicrobial effect against Streptococcus salivarius and Staphylo-
coccus aureus (P < 0.05) (Fig. 1); our findings are in accordance with
other studies; according to (Zakavi et al., 2013), the methanolic extract
of J. regia exerts an antimicrobial effect against Streptococcus sanguis,
S. salivarius and Staphylococcus aureus with significant difference in
contrast to control.

Enterobacteriaceae were also susceptible to the different extracts
(Table 2), but their effectiveness varied between them. At the concen-
tration of 15mg/ml of ethyl acetate extract, Serratia marcescens was the
most sensitive one (19mm), following by Proteus vulgaris in the presence

of 15mg/ml of chloroform extract (14mm).

(Pereira et al., 2007) affirm that the Juglans regia extracts were
screened for their antimicrobial properties against different Enterobac-
teriaceae (E. coli, Proteus vulgaris, Klebsiella pneumonia and Serratia mar-
cescens). Another study showed that J. regia could be used as an easily
available source of natural compounds to inhibit the growth of different
Gram negative bacteria (Sharafati-Chaleshtori et al., 2011).

The results concerning the antibacterial effect of J. regia extracts
against Pseudomonas aeruginosa, a major opportunistic pathogen, also
presented in Table 2. Regarding the results, the Acétate d’éthyle extract
showed a significant higher antibacterial activity against P. aeruginosa
(14mm). Our results are similar to those of (Dolatabadi et al., 2018).
They showed that J. regia extracts had inhibitory effects on biofilm
formation by P. aeruginosa and triggering the antibiotics activities.
However, the study of (Noumi et al., 2011) using walnut extracts against
clinical isolates of P. aeruginosa, revealed positive results; the authors
showed that Gram positive bacteria (P. aeruginosa, E. coli and Klebsiella
pneumoniae) were sensible for some walnut extracts.

Santos et al. (2013) affirm that antimicrobial effects of J. regia
against pathogens come from its chemical composition. J. regia bark
contains ketones like regiolone, juglone, phenolic compounds, flavonoid
and sterol. Juglans regia is rich in flavonoids and naphtoquinones that are
responsible for the antibacterial activity of its derived extracts (Quave
et al., 2008).

Furthermore, several studies showed that the antibacterial effect of
plants may be due to various chemical compositions of extracts such as
tannins, terpenoids, alkaloids and saponins (Tomas-Barberan et al;
Al-bayati & Sulaiman, 2008).

The extracts of Juglans regia were active against fungal strains, of
which diameter of inhibition zone was between 10 and 13mm with
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Fig. 1. Antimicrobial effect of different extracts’ concentrations of Juglans regia on some strains isolated from the oral cavity.
A: Petroleum ether extract, B: Chloroform extract, C: Ethyl acetate extract, D: Methanolic extract. Y: Candida albicans, B1: Staphylococcus saprophyticus, B2: Proteus
vulgaris, B3: Pseudomonas aeruginosa, B4: Staphylococcus aureus, B5: Serratia marcescens, B6: Streptococcus salivarius, B7: Streptococcus mutans.

petroleum ether extract, between 8 and 17mm with chloroform extract,
between 10 and 12mm with ethyl acetate extract and between 08 and
10mm with methanolic extract (Table 2).

The present findings corroborate a previous investigation reporting a
significant reduction in the carriage rate of Candida albicans after using
Juglans regia mouthwash (Sytykiewicz et al., 2015). Also (Oliveira et al.,
2007) affirm that the extract of Juglans regia inhibits in vitro the majority
of oral fungal strains especially Candida albicans.

However, researchers investigated that almost all parts of the plant
had important antifungal activity against different fungal strains tested
with highest activity against Candida albicans (Muzaffer and Paul,
2018).

Overall, the data of this study clearly indicated that all extracts of
Juglans regia bark significantly inhibited the growth of the tested oral
bacteria and yeast.

3.3. In vitro antimicrobial activities of Salvadora persica

Miswak has been used since ancient times for the hygiene of the
mouth (Dutta and Shaikh, 2012), as it plays a role in the protection from
pathogens that enter through the mouth (Khalil, 2006). Those sticks
provide clean teeth (Farooqi and Srivastava, 1967), and they make the
enamel stronger (Akhtar et al., 2011). The results of the antimicrobial
activity of different extracts of Salvadora persica are given in Table 3.

The results showed that Petroleum ether extract had the greatest
effect on the majority of the tested bacteria in all three concentrations
used, where as the methanolic extract showed less effect, especially on
Staphylococcus saprophyticus, Proteus vulgaris, Pseudomonas aeruginosa

and Staphylococcus aureus. Ethyl acetate extract gave the least zone of
inhibition among the four solvents in this study (Table 3).

The Petroleum ether extract of Salvadora persica was active against
the enterobacteria strains, but its effectiveness varied between them. At
the concentration of 15mg/ml, Proteus vulgaris was the most sensitive
one (26mm), following by Serratia marcescens (10mm) (Fig. 2). The
weakest activity of the same plant extract was demonstrated against
Pseudomonas aeruginosa (07mm).

The high values of the inhibition zones of Proteus vulgaris and Serratia
marcescens confirm the results of previous reports showing the effect of
Salvadora persica extracts on Gram-negative bacteria, especially E.coli
and P. vulgaris (Al-Judaibi, 2020). Also (Muzaffer and Paul, 2018),
showed the highest mean zone of inhibition against Proteus vulgaris
(43.12 + 1.8mm). In addition, the acidic pH of S. persica can disturb the
growth of neutrophile flora (Chelli-Chentouf et al., 2012). According to
(Guiraud, 1998), the species of the family Enterobacteriaceae grow easily
in a neutral medium, while an acidic pH make their growth difficult.

A low antibacterial activity was obtained against Staphylococcus
saprophyticus and Staphylococcus aureus with inhibition zones’ value of
9mm and 11, respectively (Table 3), at the concentration of 15mg/ml of
ethyl acetate extract.

These results disagree with previous reports (AbdEIRahman et al.,
2002; Chelli-Chentouf et al., 2012; Abhary and Al-Hazmi, 2016; Salem
et al., 2018); showed that S. persica have a strong antibacterial activity
against Staphylococcus species. Other studies showed that the extracts of
Salvadora persica showed inhibition zones ranged from 10.5mm to
31.5mm against Staphylococcus aureus (Ahmed et al., 2010). This
disagreement may be due to different types of bacteria strains, isolation
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Table 3
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Antimicrobial activity profile of different extracts of Salvadora persica (Expressed as diameter of inhibition zone in mm).

Inhibition zone (mm)

Extract’s concentration (mg/ml)

Strain NC PC 05 10 15 SEM P value
El Y 0.000 16.267 00.011 00.101 00.112 0.066 0.312
Bl 0.000 18.567% 00.023° 00.081° 08.018°" 0.066 0.056
B2 0.000 23.033% 10.012° 16.111% 26.023° 0.080 0.000
B3 0.000 20.000° 00.001° 07.014° 09.003%° 0.062 0.055
B4 0.000 20.333 00.002 00.123 00.008 0.055 0.142
B5 0.000 20.167° 00.012° 09.998°" 10.023% 0.041 0.034
B6 0.000 22.067° 08.036° 07.956° 07.988° 0.042 0.052
B7 0.000 24.333° 11.014° 11.032° 12.013% 0.057 0.022
E2 Y 0.000 16.267° 00.007 00.034 08.023 0.047 0.062
B1 0.000 18.567% 00.012° 00.214° 07.354%° 0.056 0.059
B2 0.000 23.033° 07.032° 08.011° 09.033° 0.064 0.050
B3 0.000 20.000° 09.233° 10.065% 09.998°° 0.040 0.022
B4 0.000 20.333° 00.217° 00.001° 08.000° 0.041 0.058
B5 0.000 20.167° 00.032° 00.111° 07.333° 0.043 0.056
B6 0.000 22.067° 00.0211 00.366 00.000 0.015 0.412
B7 0.000 24.333° 06.025" 07.012° 10.321%° 0.044 0.053
E3 Y 0.000 16.267% 00.022° 07.032° 09.221%° 0.036 0.036
Bl 0.000 18.567% 00.001° 00.011° 09.023%° 0.040 0.055
B2 0.000 23.033° 00.003" 00.103° 10.002%° 0.018 0.058
B3 0.000 20.000° 00.012° 00.321° 09.0112° 0.065 0.054
B4 0.000 20.333° 00.001° 10.023% 11.002%° 0.016 0.026
B5 0.000 20.167° 00.123 00.002 00.002 0.040 0.112
B6 0.000 22.067° 00.362° 07.012° 10.153% 0.016 0.050
B7 0.000 24.333° 08.003° 08.254° 07.988° 0.001 0.051
E4 Y 0.000 16.267° 00.023 00.213 00.111 0.001 0.243
B1 0.000 18.567° 00.111 00.023 00.014 0.009 0.457
B2 0.000 23.033° 00.147 00.123 00.258 0.058 0.325
B3 0.000 20.000% 00.025 00.036 00.001 0.042 0.365
B4 0.000 23.033° 00.000 00.022 00.223 0.040 0.475
B5 0.000 20.167° 00.123° 00.002° 09.4522° 0.051 0.061
B6 0.000 22.067° 10.001° 09.999° 12.013% 0.047 0.023
B7 0.000 24.333° 07.012° 07.222° 08.256" 0.044 0.052

E1: Petroleum ether extract, E2: Chloroform extract, E3: Ethyl acetate extract, E4: Methanolic extract. Y: Candida albicans, B1: Staphylococcus saprophyticus, B2: Proteus
vulgaris, B3: Pseudomonas aeruginosa, B4: Staphylococcus aureus, B5: Serratia marcescens, B6: Streptococcus salivarius, B7: Streptococcus mutans. NC: Negative control,
PC: Positive control. ™ 2Values within columns with unlike superscripts differ (P < 0.05).

area and different methods used.

Based on the findings of the present study, petroleum ether extract,
chloroform extract and ethyl acetate extract of S. persica exhibited
antibacterial activity against P. aeruginosa, which diameter of inhibition
zone was between 07 and 09mm, whereas methanolic extract had no
effect against P. aeruginosa at any of the concentrations used, as shown in
Fig. 2. Abhary and Hazmi’s results which agree with our findings, rec-
ommended that the solubility of antimicrobial agents in different po-
larity solvents had different effects on the growth of the bacterial flora,
they affirm that P. aeruginosa was more susceptible to the water extract
than the methanol or hexane extracts (Abhary and Al-Hazmi, 2016). In
addition (Mammad et al., 2015), affirm that the methanol extract of
S. persica showed less inhibition against P. aeruginosa.

Streptococcus mutans and S. salivarius were selected in this study,
among all Streptococci isolated, as they are most commonly associated
with dental caries (Aas et al., 2008; Chava et al., 2012; Balto et al.,
2017).

The results showed that petroleum ether extract had the greatest
effect on Streptococcus species tested in all three concentrations used,
whereas the ethyl acetate extract showed less inhibition, especially on
Streptococcus salivarius (Table 3). Streptococcus mutans showed less sus-
ceptibility to methanol extract than the other extracts and S. salivarius
was not affected by the chloroform extract at any of the concentrations
used, as shown in Fig. 2.

The antimicrobial activity observed during present study was in
agreement with the findings of earlier investigations where Salvadora
persica exhibited significant antimicrobial activity against streptococci.
Chelli-Chentouf et al. (2012) affirm that the miswak had an inhibitory
effect on the growth of Streptococcus mutans and Staphylococcus species.

Other studies reported that the S. persica extracts showed good antimi-
crobial effects on Streptococcus mutans and S. sanguis (Almas, 2001).
Additionally, other authors investigated the antimicrobial effects of
S. persica and its extract on Streptococcus mutans and Lactobacillus, and it
was found a significant decrease in Streptococcus mutans count (Almas
and Al-Zeid, 2004; Husain and Khan, 2015) suggested that this effect
may be due to the interaction with bacteria, which prevents their
attachment on the tooth surface.

The results of the antifungal activity of different extracts of Salvadora
persica against Candida albicans are given in Table 3.

With the exception of the ethyl acetate extract, all other extracts
failed to show any notable antifungal activity against yeast strains
(Fig. 2). The results showed that ethyl acetate extract had a significant
effect on C. albicans (P < 0.05) (Only the higher concentrations showed
an inhibitory zone of 7mm and 9mm) (Table 3). This observation dis-
agrees with a previous report of (Noumi et al., 2017) as these authors
showed that ethyl acetate extract of S. persica had a poor performance as
an antifungal agent. Less than optimal antifungal activities of S. persica
have also been reported in a number of studies (Al Sadhan and Almas,
1999; Paliwal et al., 2007). Also (Almas, 2001), was seen that even the
alcoholic extracts of Salvadora persica had no inhibitory effect on
C. albicans.

On the other hand, several investigators have demonstrated that the
different extracts of S. persica perform well as an antifungal agent
(Chelli-Chentouf et al., 2012; Balto et al., 2017). In addition (Balto et al.,
2013), affirm that ethyl acetate extract of S. persica was able to induce
significant inhibition of Candida albicans (P < 0.002).
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Fig. 2. Antimicrobial effect of different extracts’ concentrations of Salvadora persica on some strains isolated from the oral cavity.
A: Petroleum ether extract, B: Chloroform extract, C: Ethyl acetate extract, D: Methanolic extract. Y: Candida albicans, B1: Staphylococcus saprophyticus, B2: Proteus
vulgaris, B3: Pseudomonas aeruginosa, B4: Staphylococcus aureus, B5: Serratia marcescens, B6: Streptococcus salivarius, B7: Streptococcus mutans.

4. Conclusion

In the present study, we were able to isolate and identify several oral
bacterial and fungal strains which belonging to streptococci, staphylo-
cocci, enterococci, Pseudomonas and Candida. This work was tested the
effect of different extracts of Juglans regia and Salvadora persica the
isolated strains.

It was demonstrated that walnut bark (largely used in our country to
prevent oral hygiene) seems to be more efficient against several bacte-
rial and fungal strains comparatively to S. persica. These activities may
be correlated to the high tannins and phenolic content in the Juglans
regia extracts.

Moreover, according to the results shown in the present work, the
ethyl acetate extract from Juglans regia presented strong antibacterial
activity against the isolated strains. Interestingly, Streptococcus mutans
was the most sensitive bacteria to all extracts of the two plants tested.

Further phytochemical research is also needed to identify the sub-
stances responsible for the antibacterial and antifungal effects of Sal-
vadora persica and Juglans regia.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements
We gratefully acknowledge LEKMINE Sabrina from (University of

OEB, Algeria) for their technical assistance. We also thank the contri-
butions of the staff members of the educational laboratory, University

Abbes Laghrour, Khenchela, Algeria.

References

Aas, J.A., Griffen, A.L., Dardis, S.R., Lee, A.M., Olsen, 1., Dewhirst, F.E., Leys, E.J.,
Paster, B.J., 2008. Bacteria of dental caries in primary and permanent teeth in
children and young adults. J. Clin. Microbiol. 46, 1407-1417. https://doi.org/
10.1128/JCM.01410-07.

AbdElRahman, H.F., Skaug, N., Francis, G.W., 2002. In vitro antimicrobial effects of
crude plant chewing sticks extracts on oral pathogen. Saudi Dent. J. 14, 26-32.
https://doi.org/10.13005/bbra/1032.

Abdulbagqi, H.R., Himratul-Aznita, W.H., Baharuddin, N.A., 2016. Anti-plaque effect of a
synergistic combination of green tea and Salvadora persica L. against primary
colonizers of dental plaque. Arch. Oral Biol. 70, 117-124. https://doi.org/10.1016/j.
archoralbio.2016.06.011.

Abhary, M., Al-Hazmi, A.-A., 2016. Antibacterial activity of Miswak ( Salvadora persica
L.) extracts on oral hygiene. J. Taibah Univ. Sci. 10, 513-520. https://doi.org/
10.1016/j.jtusci.2015.09.007.

Aboul-Enein, B.H., 2014. The miswak (Salvadora persica L.) chewing stick: cultural
implications in oral health promotion. Saudi J. Dent. Res. https://doi.org/10.1016/].
ksujds.2013.06.002.

Ahmad, H., Rajagopal, K., 2014. Salvadora persica L. (Meswak) in dental hygiene. Saudi
J. Dent. Res. https://doi.org/10.1016/j.5jdr.2014.02.002.

Ahmed, Z., Khan, S.S., Khan, M., Tanveer, A., Lone, Z.A., 2010. Synergistic effect of S
alvadora persica extracts , tetracycline and penicillin against S taphylococcus aureus
department of botany , govt. Science and Commerce Benazeer College 2, 25-29.

Akhtar, J., Siddique, K., Bi, S., Mujeeb, M., 2011. A review on phytochemical and
pharmacological investigations of miswak (Salvadora persica Linn). J. Pharm.
BioAllied Sci. 3, 113-117. https://doi.org/10.4103/0975-7406.76488.

Al-bayati, F.A., Sulaiman, K.D., 2008. Biy-32-1-9-0709-1, vol. 32. Pdf, pp. 57-62.

Al-Judaibi, A.A., 2020. Tamarix arabica and salvadora persica as antibacterial agents.
AIMS Microbiol 6, 121-143. https://doi.org/10.3934/microbiol.2020008.

Al Sadhan, R.I., Almas, K., 1999. Miswak (chewing stick): a cultural and scientific
heritage. Saudi Dent. J. 11, 80-87.

Alkhawajah, A.M., 1997. Studies on the antimicrobial activity of juglans regia. Am. J.
Chin. Med. https://doi.org/10.1142/50192415X97000202.

Almas, K., 2001. The antimicrobial effects of seven different types of Asian chewing
sticks. Odonto-Stomatol. Trop. 24, 17-20.


https://doi.org/10.1128/JCM.01410-07
https://doi.org/10.1128/JCM.01410-07
https://doi.org/10.13005/bbra/1032
https://doi.org/10.1016/j.archoralbio.2016.06.011
https://doi.org/10.1016/j.archoralbio.2016.06.011
https://doi.org/10.1016/j.jtusci.2015.09.007
https://doi.org/10.1016/j.jtusci.2015.09.007
https://doi.org/10.1016/j.ksujds.2013.06.002
https://doi.org/10.1016/j.ksujds.2013.06.002
https://doi.org/10.1016/j.sjdr.2014.02.002
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref7
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref7
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref7
https://doi.org/10.4103/0975-7406.76488
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref9
https://doi.org/10.3934/microbiol.2020008
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref11
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref11
https://doi.org/10.1142/S0192415X97000202
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref13
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref13

K. Asma and C. Yasmine

Almas, K., Al-Zeid, Z., 2004. The immediate antimicrobial effect of a toothbrush and
miswak on cariogenic Bacteria. J. Contemp. Dent. Pract. 5, 1-9.

Amaral, S.M., Cortés, A. de Q., Pires, F.R., 2009. Nosocomial pneumonia: importance of
the oral environment. J. Bras. Pneumol. 35, 1116-1124. https://doi.org/10.1590/
s1806-37132009001100010.

Aumeeruddy, M.Z., Zengin, G., Mahomoodally, M.F., 2018. A review of the traditional
and modern uses of Salvadora persica L. (Miswak): toothbrush tree of Prophet
Muhammad. J. Ethnopharmacol. 213, 409-444. https://doi.org/10.1016/j.
jep.2017.11.030.

Bairwa, R., Gupta, P., Gupta, V.K., Srivastava, B., 2012. Traditional medicinal plants: use
in oral hygiene. Int. J. Pharm. Chem. Sci.

Balto, H., Al-Howiriny, T., Al-Somily, A., Siddiqui, Y.M., Al-Sowygh, Z., Halawany, H.,
Shakoor, Z., Al-Hadlag, S., 2013. Screening for the antimicrobial activity of
Salvadora persica extracts against Enterococcus faecalis and Candida albicans. Int. J.
Phytomed. 5, 486-492.

Balto, H., Al-Sanie, 1., Al-Beshri, S., Aldrees, A., 2017. Effectiveness of Salvadora persica
extracts against common oral pathogens. Saudi Dent. J. 29, 1-6. https://doi.org/
10.1016/j.sdentj.2016.11.001.

Barbosa, F.C.B., Irino, K., Carbonell, G.V., Mayer, M.P.A., 2006. Characterization of
Serratia marcescens isolates from subgingival biofilm, extraoral infections and
environment by prodigiosin production, serotyping, and genotyping. Oral Microbiol.
Immunol. 21, 53-60. https://doi.org/10.1111/j.1399-302X.2005.00254.x.

Burton, J.P., Wescombe, P.A., Moore, C.J., Chilcott, C.N., Tagg, J.R., 2006. Safety
assessment of the oral cavity probiotic Streptococcus salivarius K12. Appl. Environ.
Microbiol. 72, 3050-3053. https://doi.org/10.1128/AEM.72.4.3050-3053.2006.

Caldas, R.R., Le Gall, F., Revert, K., Rault, G., Virmaux, M., Gouriou, S., Héry-Arnaud, G.,
Barbier, G., Boisramé, S., 2015. Pseudomonas aeruginosa and periodontal pathogens
in the oral cavity and lungs of cystic fibrosis patients: a case-control study. J. Clin.
Microbiol. 53, 1898-1907. https://doi.org/10.1128/JCM.00368-15.

Chava, V.R., Manjunath, S.M., Rajanikanth, A.V., Sridevi, N., 2012. The efficacy of neem
extract on four microorganisms responsible for causing dental caries viz
streptococcus mutans, streptococcus salivarius, Streptococcus mitis and
Streptococcus sanguis: an in vitro study. J. Contemp. Dent. Pract. 13, 769-772.
https://doi.org/10.5005/jp-journals-10024-122.

Chelli-Chentouf, N., Tir Touil Meddah, A., Mullié, C., Aoues, A., Meddah, B., 2012. In
vitro and in vivo antimicrobial activity of Algerian Hoggar Salvadora persica L.
extracts against microbial strains from children’s oral cavity. J. Ethnopharmacol.
144, 57-66. https://doi.org/10.1016/j.jep.2012.08.025.

Cosmulescu, S., Trandafir, 1., Nour, V., 2014. Seasonal variation of the main individual
phenolics and juglone in walnut (Juglans regia) leaves. Pharm. Biol. https://doi.org/
10.3109/13880209.2013.853813.

Cowan, M.M., 1999. Plant products as antimicrobial agents. Clin. Microbiol. Rev. 12,
564-582. https://doi.org/10.1128/cmr.12.4.564.

Dewhirst, F.E., Chen, T., Izard, J., Paster, B.J., Tanner, A.C.R., Yu, W.H., Lakshmanan, A.,
Wade, W.G., 2010. The human oral microbiome. J. Bacteriol. 192, 5002-5017.
https://doi.org/10.1128/JB.00542-10.

Do Rego, M.A. do, Koga-Ito, C.Y., Jorge, A.O.C., 2003. Effects of oral environment
stabilization procedures on counts of Candida spp. in children. Pesqui. Odontol. Bras.
17, 332-336. https://doi.org/10.1590/s1517-74912003000400007.

Dolatabadi, S., Moghadam, H.N., Mahdavi-Ourtakand, M., 2018. Evaluating the anti-
biofilm and antibacterial effects of Juglans regia L. extracts against clinical isolates
of Pseudomonas aeruginosa. Microb. Pathog. 118, 285-289. https://doi.org/
10.1016/j.micpath.2018.03.055.

Drzewiecka, D., 2016. Significance and roles of Proteus spp. bacteria in natural
environments. Microb. Ecol. 72, 741-758. https://doi.org/10.1007/500248-015-
0720-6.

Dutta, S., Shaikh, A., 2012. The Active chemical constituent and biological activity of
salvadora persica (Miswak). Int. J. Curr. Pharm. Rev. Res. 3, 1-14.

El-Desouky, S.K., Hawas, U.W., Khemira, H., Kim, Y.K., 2018. Salvastearolide, a new
acyl-glyceride, and other constituents from the seeds of Salvadora persica. Rev. Bras.
Farmacogn. 28, 564-567. https://doi.org/10.1016/].bjp.2018.05.013.

Farooqi, M.I.H., Srivastava, J.G., 1967. The tooth-brush tree (Salvadora persica). Q. J. Of
Crude Drug Res. 8, 1297-1299, 1968, 1297-9J . g .

Finegold, M.-S., Martin, 1982. Diagnostic Microbiology, sixth ed.

Friedlander, A.H., 1975. Proteus vulgaris osteomyelitis of the mandible. Oral Surgery.
Oral Med. Oral Pathol. 40, 39-44. https://doi.org/10.1016/0030-4220(75)90341-2.

Guiraud, J.-P., 1998. Microbiologie Alimentaire, 2eme Editi.

Hosseinzadeh, H., Zarei, H., Taghiabadi, E., 2011. Antinociceptive, anti-inflammatory
and acute toxicity effects of juglans regia 1. leaves in mice. Iran. Red Crescent Med. J.

Husain, A., Khan, S., 2015. Miswak: the miracle twig. Arch. Med. Heal. Sci. 3, 152.
https://doi.org/10.4103/2321-4848.154969.

Jackson, M.S., Bagg, J., Kennedy, H., Michie, J., 2000. Staphylococci in the oral flora of
healthy children and those receiving treatment for malignant disease. Microb. Ecol.
Health Dis. 12, 60-64. https://doi.org/10.1080/089106000435617.

Kaci, G., Goudercourt, D., Dennin, V., Pot, B., Doré, J., Ehrlich, S.D., Renault, P.,
Blottiere, H.M., Daniel, C., Delorme, C., 2014. Anti-inflammatory properties of
Streptococcus salivarius, a commensal bacterium of the oral cavity and digestive
tract. Appl. Environ. Microbiol. 80, 928-934. https://doi.org/10.1128/AEM.03133-
13.

Karou, D., Dicko, M.H., Simpore, J., Traore, A.S., 2005. Antioxidant and antibacterial
activities of polyphenols from ethnomedicinal plants of Burkina Faso. Afr. J.
Biotechnol. 4, 823-828. https://doi.org/10.5897/AJB2005.000-3164.

Khalil, A.T., 2006. Benzylamides from Salvadora persica. Arch Pharm. Res. (Seoul) 29,
952-956. https://doi.org/10.1007/BF02969277.

Biocatalysis and Agricultural Biotechnology 33 (2021) 102003

Khurana, N., Sharma, D.S., Sharma, H., Pathak, A.K., 2015. Oral Candida albicans and its
correlation with caries in children in vivo. J. Pierre Fauchard Acad. (India Sect. 29,
1-4. https://doi.org/10.1016/j.jpfa.2015.06.002.

Lai, G., Li, M., 2011. The possible role of Candida albicans in the progression of dental
caries. Int Res J Microbiol 2, 504-506.

Leclerc, H., Izard, D., Husson, M.O., Wattre, P., Jakubczak, E., 1983. Microbiologie
Générale.

Mammad, Z., Djassinra, T., Kribii, A., Ounine, K., 2015. Evaluation de I’activité
antibactérienne du Salvadora Persicaet leur caractérisation chimique, vol. 18,
pp. 407-416.

Mau, J.L., Chao, G.R., Wu, K.T., 2001. Antioxidant properties of methanolic extracts from
several ear mushrooms. J. Agric. Food Chem. 49, 5461-5467. https://doi.org/
10.1021/jf010637h.

McCormack, M.G., Smith, A.J., Akram, A.N., Jackson, M., Robertson, D., Edwards, G.,
2015. Staphylococcus aureus and the oral cavity: an overlooked source of carriage
and infection? Am. J. Infect. Contr. 43, 35-37. https://doi.org/10.1016/j.
ajic.2014.09.015.

Morad Asaad, A., Zayed Al-Ayed, M.S., Ansar Qureshi, M., 2013. Emergence of unusual
nonfermenting Gram-negative nosocomial pathogens in a Saudi hospital. Jpn. J.
Infect. Dis. 66, 507-511. https://doi.org/10.7883/yoken.66.507.

Munson, M.A., Banerjee, A., Watson, T.F., Wade, W.G., 2004. Molecular analysis of the
microflora associated with dental caries. J. Clin. Microbiol. 42, 3023-3029. https://
doi.org/10.1128/JCM.42.7.3023-3029.2004.

Muzaffer, U., Paul, V.I., 2018. Phytochemical analysis, in vitro antioxidant and
antimicrobial activities of male flower of Juglans regia L. Int. J. Food Prop. 21,
345-356. https://doi.org/10.1080/10942912.2017.1409762.

Nakano, K., Ooshima, T., 2009. Serotype Classification of 891-902.

Nicolas, G.G., Lavoie, M.C., 2011. Streptococcus mutans et les streptocoques buccaux
dans la plaque dentaire. Can. J. Microbiol. 57, 1-20. https://doi.org/10.1139/W10-
095.

Nostro, A., Germano, M.P., D’Angelo, V., Marino, A., Cannatelli, M.A., 2000. Extraction
methods and bioautography for evaluation of medicinal plant antimicrobial activity.
Lett. Appl. Microbiol. 30, 379-384. https://doi.org/10.1046/j.1472-
765x.2000.00731.x.

Noumi, E., Snoussi, M., Trabelsi, N., Hajlaoui, H., Ksouri, R., Valentin, E., Bakhrouf, A.,
2011. Antibacterial, anticandidal and antioxidant activities of Salvadora persica and
Juglans regia L. extracts. J. Med. Plants Res. 5, 4138-4146.

Noumi, E., Snoussi, M., Merghni, A., Nazzaro, F., Quindés, G., Akdamar, G.,

Mastouri, M., Al-Sieni, A., Ceylan, O., 2017. Phytochemical composition, anti-
biofilm and anti-quorum sensing potential of fruit, stem and leaves of Salvadora
persica L. methanolic extracts. Microb. Pathog. 109, 169-176. https://doi.org/
10.1016/j.micpath.2017.05.036.

Ohara-Nemoto, Y., Haraga, H., Kimura, S., Nemoto, T.K., 2008. Occurrence of
staphylococci in the oral cavities of healthy adults and nasal-oral trafficking of the
bacteria. J. Med. Microbiol. 57, 95-99. https://doi.org/10.1099/jmm.0.47561-0.

Oliveira, L., Sousa, A., Valentao, P., Andrade, P.B., Ferreira, I.C.F.R., Ferreres, F.,
Bento, A., Seabra, R., Estevinho, L., Pereira, J.A., 2007. Hazel (Corylus avellana L.)
leaves as source of antimicrobial and antioxidative compounds. Food Chem. 105,
1018-1025. https://doi.org/10.1016/j.foodchem.2007.04.059.

Paliwal, Sarvesh, Chauhan, R., Siddiqui, A.A., Paliwal, Shailendra, Sharma, J., 2007.
Evaluation of antifungal activity of salvadora persica Linn. leaves. Indian J. Nat.
Prod. Resour. 6, 372-374.

Pereira, J.A., Oliveira, 1., Sousa, A., Valentao, P., Andrade, P.B., Ferreira, I.C.F.R.,
Ferreres, F., Bento, A., Seabra, R., Estevinho, L., 2007. Walnut (Juglans regia L.)
leaves: phenolic compounds, antibacterial activity and antioxidant potential of
different cultivars. Food Chem. Toxicol. 45, 2287-2295. https://doi.org/10.1016/].
fct.2007.06.004.

Peters, B.M., Jabra-Rizk, M.A., O’May, G.A., William Costerton, J., Shirtliff, M.E., 2012.
Polymicrobial interactions: impact on pathogenesis and human disease. Clin.
Microbiol. Rev. 25, 193-213. https://doi.org/10.1128/CMR.00013-11.

Quave, C.L., Plano, L.R.W., Pantuso, T., Bennett, B.C., 2008. Effects of extracts from
Italian medicinal plants on planktonic growth, biofilm formation and adherence of
methicillin-resistant Staphylococcus aureus. J. Ethnopharmacol. 118, 418-428.
https://doi.org/10.1016/j.jep.2008.05.005.

Rahmani, M.E., Radvar, M., 2005. The antiplaque effects of Salvadora persica and padina
essential oil solution in comparison to chlorhexidine in human gingival disease; a
randomized placebo-controlled clinical trial. Int. J. Pharmacol. 1, 311-315. https://
doi.org/10.3923/ijp.2005.311.315.

Raja, M., Hannan, A., Ali, K., 2010. Association of oral candidal carriage with dental
caries in children. Caries Res. 44, 196-200. https://doi.org/10.1159/000314675.

Salem, M.Z.M., Behiry, S.I., Salem, A.Z.M., 2018. Effectiveness of root-bark extract from
Salvadora persica against the growth of certain molecularly identified pathogenic
bacteria. Microb. Pathog. 117, 320-326. https://doi.org/10.1016/j.
micpath.2018.02.044.

Salimi, M., Ardestaniyan, M.H., Mostafapour Kandelous, H., Saeidnia, S., Gohari, A.R.,
Amanzadeh, A., Sanati, H., Sepahdar, Z., Ghorbani, S., Salimi, M., 2014. Anti-
proliferative and apoptotic activities of constituents of chloroform extract of Juglans
regia leaves. Cell Prolif 47, 172-179. https://doi.org/10.1111/cpr.12090.

Santos, A., Barros, L., Calhelha, R.C., Duenas, M., Carvalho, A.M., Santos-Buelga, C.,
Ferreira, I.C.F.R., 2013. Leaves and decoction of Juglans regia L.: different
performances regarding bioactive compounds and in vitro antioxidant and antitumor
effects. Ind. Crop. Prod. 51, 430-436. https://doi.org/10.1016/j.
indcrop.2013.10.003.

Sartor, C., Jacomo, V., Duvivier, C., Tissot-Dupont, H., Sambuc, R., Drancourt, M., 2000.
Nosocomial Serratia marcescens infections associated with extrinsic contamination


http://refhub.elsevier.com/S1878-8181(21)00099-2/sref14
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref14
https://doi.org/10.1590/s1806-37132009001100010
https://doi.org/10.1590/s1806-37132009001100010
https://doi.org/10.1016/j.jep.2017.11.030
https://doi.org/10.1016/j.jep.2017.11.030
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref17
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref17
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref18
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref18
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref18
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref18
https://doi.org/10.1016/j.sdentj.2016.11.001
https://doi.org/10.1016/j.sdentj.2016.11.001
https://doi.org/10.1111/j.1399-302X.2005.00254.x
https://doi.org/10.1128/AEM.72.4.3050-3053.2006
https://doi.org/10.1128/JCM.00368-15
https://doi.org/10.5005/jp-journals-10024-122
https://doi.org/10.1016/j.jep.2012.08.025
https://doi.org/10.3109/13880209.2013.853813
https://doi.org/10.3109/13880209.2013.853813
https://doi.org/10.1128/cmr.12.4.564
https://doi.org/10.1128/JB.00542-10
https://doi.org/10.1590/s1517-74912003000400007
https://doi.org/10.1016/j.micpath.2018.03.055
https://doi.org/10.1016/j.micpath.2018.03.055
https://doi.org/10.1007/s00248-015-0720-6
https://doi.org/10.1007/s00248-015-0720-6
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref31
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref31
https://doi.org/10.1016/j.bjp.2018.05.013
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref33
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref33
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref34
https://doi.org/10.1016/0030-4220(75)90341-2
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref36
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref37
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref37
https://doi.org/10.4103/2321-4848.154969
https://doi.org/10.1080/089106000435617
https://doi.org/10.1128/AEM.03133-13
https://doi.org/10.1128/AEM.03133-13
https://doi.org/10.5897/AJB2005.000-3164
https://doi.org/10.1007/BF02969277
https://doi.org/10.1016/j.jpfa.2015.06.002
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref44
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref44
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref45
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref45
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref46
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref46
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref46
https://doi.org/10.1021/jf010637h
https://doi.org/10.1021/jf010637h
https://doi.org/10.1016/j.ajic.2014.09.015
https://doi.org/10.1016/j.ajic.2014.09.015
https://doi.org/10.7883/yoken.66.507
https://doi.org/10.1128/JCM.42.7.3023-3029.2004
https://doi.org/10.1128/JCM.42.7.3023-3029.2004
https://doi.org/10.1080/10942912.2017.1409762
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref52
https://doi.org/10.1139/W10-095
https://doi.org/10.1139/W10-095
https://doi.org/10.1046/j.1472-765x.2000.00731.x
https://doi.org/10.1046/j.1472-765x.2000.00731.x
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref55
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref55
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref55
https://doi.org/10.1016/j.micpath.2017.05.036
https://doi.org/10.1016/j.micpath.2017.05.036
https://doi.org/10.1099/jmm.0.47561-0
https://doi.org/10.1016/j.foodchem.2007.04.059
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref59
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref59
http://refhub.elsevier.com/S1878-8181(21)00099-2/sref59
https://doi.org/10.1016/j.fct.2007.06.004
https://doi.org/10.1016/j.fct.2007.06.004
https://doi.org/10.1128/CMR.00013-11
https://doi.org/10.1016/j.jep.2008.05.005
https://doi.org/10.3923/ijp.2005.311.315
https://doi.org/10.3923/ijp.2005.311.315
https://doi.org/10.1159/000314675
https://doi.org/10.1016/j.micpath.2018.02.044
https://doi.org/10.1016/j.micpath.2018.02.044
https://doi.org/10.1111/cpr.12090
https://doi.org/10.1016/j.indcrop.2013.10.003
https://doi.org/10.1016/j.indcrop.2013.10.003

K. Asma and C. Yasmine

of a liquid nonmedicated soap. Infect. Control Hosp. Epidemiol. 21, 196-199.
https://doi.org/10.1086/501743.

Scherrer, R., Gerhardt, P., 1971. Molecular sieving by the Bacillus megaterium cell wall
and protoplast. J. Bacteriol. 107, 718-735. https://doi.org/10.1128/JB.107.3.718-
735.1971.

Sharafati-Chaleshtori, R., Sharafati-Chaleshtori, F., Rafieian, M., 2011. Biological
characterization of Iranian walnut (Juglans regia) leaves. Turkish J. Biol. 35,
635-639. https://doi.org/10.3906/biy-1005-1.

Singer, A.J., 1952. Salivary bacteria. III. The pathogenicity of oral staphylococci. J. Dent.
Res. 31, 591-597. https://doi.org/10.1177/00220345520310040901.

Sixou, M., Diouf, A., Alvares, D., 2007. Biofilm buccal et pathologies buccodentaires.
Antibiotiques 9, 181-188. https://doi.org/10.1016/51294-5501(07)91377-1.

Sofrata, A., Brito, F., Al-Otaibi, M., Gustafsson, A., 2011. Short term clinical effect of
active and inactive Salvadora persica miswak on dental plaque and gingivitis.

J. Ethnopharmacol. 137, 1130-1134. https://doi.org/10.1016/j.jep.2011.07.034.

Biocatalysis and Agricultural Biotechnology 33 (2021) 102003

Sytykiewicz, H., Chrzanowski, G., Czerniewicz, P., Leszczynski, B., Sprawka, I.,
Krzyzanowski, R., Matok, H., 2015. Antifungal activity of juglans regia (L.) leaf
extracts against candida albicans isolates. Pol. J. Environ. Stud. 24, 1339-1348.
https://doi.org/10.15244/pjoes/34671.

Tomas-Barberan, F., Iniesta-Sanmartin, E., Tomas-Lorente, F., Rumbero, A., 1990.
Antimicrobial phenolic compounds from three Spanish Helichrysum species.
Phytochemistry 29, 1093-1095. https://doi.org/10.1016/0031-9422(90)85410-H.

Vlietinck, A.J., Van Hoof, L., Totté, J., Lasure, A., Berghe, D. Vanden, Rwangabo, P.C.,
Mvukiyumwami, J., 1995. Screening of hundred Rwandese medicinal plants for
antimicrobial and antiviral properties. J. Ethnopharmacol. 46, 31-47. https://doi.
org/10.1016/0378-8741(95)01226-4.

Zakavi, F., Golpasand Hagh, L., Daraeighadikolaei, Arash, Farajzadeh Sheikh, A.,
Daraeighadikolaei, Arsham, Leilavi Shooshtari, Z., 2013. Antibacterial effect of
Juglans regia bark against oral pathologic bacteria. Int. J. Dent. https://doi.org/
10.1155/2013/854765.


https://doi.org/10.1086/501743
https://doi.org/10.1128/JB.107.3.718-735.1971
https://doi.org/10.1128/JB.107.3.718-735.1971
https://doi.org/10.3906/biy-1005-1
https://doi.org/10.1177/00220345520310040901
https://doi.org/10.1016/S1294-5501(07)91377-1
https://doi.org/10.1016/j.jep.2011.07.034
https://doi.org/10.15244/pjoes/34671
https://doi.org/10.1016/0031-9422(90)85410-H
https://doi.org/10.1016/0378-8741(95)01226-4
https://doi.org/10.1016/0378-8741(95)01226-4
https://doi.org/10.1155/2013/854765
https://doi.org/10.1155/2013/854765

	In vitro antimicrobial activity of Salvadora persica and Juglans regia extracts against microbial strains from oral cavity
	1 Introduction
	2 Materials and methods
	2.1 Plant material and extraction
	2.2 Screening and identification of the oral microflora
	2.3 In vitro antimicrobial activities of S. persica and J. regia
	2.4 Statistical analysis

	3 Results and discussion
	3.1 Isolation and identification of oral microflora
	3.2 In vitro antimicrobial activities of Juglans regia
	3.3 In vitro antimicrobial activities of Salvadora persica

	4 Conclusion
	Declaration of competing interest
	Acknowledgements
	References


