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Background. In this study antimicrobial effect of ethanolic and aqueous extracts of Juglans regia bark in Iran was evaluated on four
different oral bacteria, Streptococcus mutans, Streptococcus salivarius, Streptococcus sanguis, and Staphylococcus aureus. Methods.
Aqueous and ethanol extracts of Juglans regia bark were prepared by using disk diffusion technique and Minimal Inhibitory
Concentration (MIC) methods. Tetracycline 30 g and Erythromycin 15 ug were used as positive control and water as negative
control in disk diffusion and MIC methods. Data were analyzed by ANOVA test. Results. The results showed that S. sanguis and
S. mutans were the most sensitive and the most resistant bacteria against ethanolic and aqueous extracts, respectively. Ethanolic
extract had significant antibacterial effect against all tested bacteria. Aqueous extract did not show antibacterial effect on S. mutans,
in contrast to ethanolic extract. Aqueous extract had significantly antibacterial effect against Staphylococcus aureus, S. salivarius, and
S. sanguis compared to control (P < 0.0001), but it did not show effect on S. mutans when compared with Erythromycin. According
to the obtained MIC values, ethanol extract of Juglans regia bark had the lowest rate. Conclusion. The results may provide the basis

for using natural antimicrobial substance for oral hygiene prophylaxis purposes.

1. Introduction

Oral cavity hygiene has gained significance in recent years.
Antimicrobial agents are usually incorporated into hygiene
products for the treatment and prevention of plaque and
gingivitis [1]. Dental caries is a public oral health problem
and an infectious-contagious disease that implies an imbal-
ance of normal molecular interactions between the tooth
surface/subsurface and the adjacent bacterial biofilm [2]. The
majority of the population may not carry out mechanical
plaque removal adequately. Thus, antimicrobial mouth rinses
that augment daily home care may provide an efficient
income of remove or controlling bacterial plaque to limit
gingivitis and periodontitis [3]. Here is a continuous need

of new antimicrobial components due to rapid appearance of
multiple drug-resistance bacteria [4]. Plants drugs are known
to have protection systems beside pathogenic bacteria [5].
The genus juglans (family Juglandaceae) comprises several
species and is widely dispersed throughout the world. Many
parts of Green walnuts such as shells, kernel and seed,
bark, and leaves are used in the pharmaceutical and beauty
industry [6, 7]. Juglans regia L. bark is used in some countries
as a toothbrush and as a dye for coloring the lips for
makeup purpose [8]. Walnut (Juglans regia L.) bark has been
claimed to own anti-inflammatory, blood purify, anticancer,
depurative, diuretic, and laxative activities. It contains several
therapeutically active constituents, particularly polyphenols

[9].
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Juglans regia stem bark contains chemical constituents,
namely, 3-sitosterol, ascorbic acid5, juglone, folic acid, gallic
acid, regiolone, and quercetin-3-a-L-arabinoside [10, 11].
Antifungal, antibacterial, and antioxidant activities of this
plant have been described [12-16].

Its extract of Juglans regia bark showed a broad spec-
trum antimicrobial activity in a dose-dependent manner. It
inhibited the growth of several pathogenic microorganisms
such as Gram-positive bacteria (Staphylococcus aureus and
Streptococcus mutans), Gram-negative bacteria (Escherichia
coli and Pseudomonas aeruginosa), and pathogenic yeast
(Candida albicans). The extract has either synergistic or
additive act when tested with a broad variety of antibacterial
drugs. Juglans regia also increased the pH of saliva [8]. Rahul
tested the stem bark extracts of J. regia L. for antimicrobial
activity against the microbes present in the saliva specimens
of patients suffering from dental caries. Acetone extract was
found to be more effective of the extracts as antimicrobial
against the oral microflora [4].

Since many of currently used natural products are
either detrimental or ineffective, natural folk medicines with
antimicrobial effects have been under investigation during
the few past decades. Growing emphasis of plant studies in
the field of dentistry is due to the antibiotic-resistant bacteria,
side effects of chemical antibiotics, and their high cost in
developing countries. Antimicrobial activity of Walnut tree
comes from its chemical composition. Juglans regia bark
species have been analyzed chemically adequately in several
studies, and in agreement among most of them, with respect
to the essential oil composition, the major components are
phenolic compounds, terpenoids, alkaloids, flavonoids, and
steroids [17]. It is reported that leaves from J. regia L. contain
monoterpenes and sesquiterpenes, and the bark contains
ketones like juglone, regiolone, sterol, and flavonoid [18].

Juglans regia bark is a medicinal plant used in Iranian folk
medicine as antimicrobial medicine [19, 20].

The aim of the present study was to evaluate the antimi-
crobial activities of ethanolic and aqueous extracts of Juglans
regia bark against four species of oral bacteria.

2. Material and Methods

2.1. Collection and Identification of Plant Samples. The plant
material (stem bark) of the species was collected from local
market from kordestan, Iran, and confirmed at Department
of Botany, School of Agriculture, Shahid Chamran University,
Ahvaz, Iran. Samples were dried at room temperature and
crushed in a grinder.

2.2. Preparation of the Aqueous and Ethanolic Extracts.
Juglans regia bark powdered (100 g) was extracted by 500 mL
of ethanol (for preparing the ethanolic extract) and 500 cc
of water (for preparing the aqueous one) consecutively using
Soxhlet extractor with not exceeding the boiling point of the
solvent. The extracts were filtered by Whatman filter paper
and then concentrated in vacuum at 40°C by means of a
Rotary Evaporator. The residues obtained were stored in a
freezer until future tests [21].
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2.3. Determination of Antibacterial Activities. The bacte-
ria strains were used for antibiogram pattern including
Streptococcus mutans PTCC1683, Streptococcus salivarius
PTCC1448, Streptococcus sanguis PTCC1449, and Staphylo-
coccus aureus PTCC: 1112, were provided by the Iranian
Microbial Type Culture Collection. The strains were inocu-
lated in blood agar and incubated at 37°C at least for 24 h,
until emergent adequate colonies. The bacteria strains were
touching to 4-5 colonies raised from pure microorganism
culture and inoculated at the concentration in order to attain
the Mc. Farland No: 0.5 density and then streptococci species
and Staphylococcus aureus incubated in Muller-Hinton and
blood agar, respectively.

2.4. Disc-Diffusion Assay. Extracts were diluted in water, and
thus 1gr of each extract inoculated in 1 mL distil water and
diluted it to obtain different concentrations as 1000, 500, 250,
125, and 62.5 mg/mL for aqueous and ethanolic extracts. The
blank discs (Padtan Teb Co, Iran) were inoculated with 20 L
of every concentration extracts and placed on the Muller-
Hinton and blood agar were cultivated with bacterial strains.
Negative controls used the same solvents to dissolve the
extracts, and Tetracycline (30 ug) and Erythromycin (15 pug)
were used as positive references. The inoculated plates were
incubated at 37°C for 18 hours. Antimicrobial pattern was
evaluated by measuring the zone of inhibition against the test
bacteria based on millimeters.

2.5. Determination of Minimum Inhibitory Concentration
(MIC) by E Test. The MIC values were read as the antibac-
terial concentration at the point where dense colonial growth
intersected the disc [22, 23]. The assays were performed three
times for each bacterium.

2.6. Statistical Analysis. Analysis of variance (ANOVA) was
used to determine the significance (P < 0.05) of the data
obtained in all tests.

3. Results

The inhibition zones due to aqueous extract, negative con-
trol (water), and positive control (Tetracycline 30 ug, Ery-
thromycine 15 ug) are showed in Table 1. Aqueous extract
had significantly antibacterial effect against Staphylococcus
aureus, S. salivarius (Figure 2), and S. sanguis (Figure 4)
compared to control and was significant (P < 0.0001), but
it did not show effect on S. mutans when compared with
Erythromycin. Also the results were shown that ethanolic
extracts were significant (P < 0.0001) with inhibitory effect
on the growth of four tested bacteria, in contrast to negative
control (Table 2).

The MIC was evaluated for the antimicrobial activity
of ethanolic and aqueous extracts of Juglans regia on bac-
teria and the results were shown in Table 3. According to
the obtained MIC values, ethanol extract of Juglans regia
bark had the lowest MIC of 1.25microg/mL on S. san-
guis (Figure 3). Ethanol extract MIC value for S. salivarius
(Figure 1) and Aqueous extract MIC value for S. Sanguis
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TABLE 1: Average of inhibition zone of aqueous extract on some oral bacteria (mm).

Concentrations (mg/mL)

Positive control (+) Negative control (-) Microorganism
1000 500 250 125 625
32 — 12 2 12 65 — Staphylococcus aureus
17 — 25 15 105 — — Streptococcus sanguis Average zone of inhibition (mm)
26 — 135 11 9 — — Streptococcus salivarius
20 — — - - — — Streptococcus mutans

Negative control: water.
Positive control: Tetracycline (30 pg) against Streptococcus mutans, Streptococcus salivarius and Erithromycin (15 pg) against Streptococcus sanguis.
(—): no inhibition zone.

TABLE 2: Average of inhibition zone of ethanolic extract on bacteria (mm).

Concentrations (mg/mL)

Microorganism Negative control (=)  Positive control (+)
1000 500 250 125 625
Staphylococcus aureus 7 8 15 16 18 32
Average zone of inhibition (mm) Streptococcus sanguis — 875 11 125 14 17
Streptococcus salivarius ~— — — 65 16 18 26
Streptococcus mutans — — — 10 13 20

Negative control: water.
Positive control: Tetracycline (30 pg) against Streptococcus mutans, Streptococcus salivarius and Erithromycin (15 ug) against Streptococcus sanguis.
(—): no inhibition zone.

TaBLE 3: MIC values of etanolic and aqueous extracts of juglans regia
bark against oral Bacteria.

Microorganism PTCC MIC (mg/mL)
Etanolic Aqueous
Staphylococcus aureus 1112 2.00 125
Streptococcus sanguis 1449 1.25 2.50
Streptococcus salivarius 1448 2.50 2.50
Streptococcus mutans 1683 5.00 —

and S. salivarius were similar, 2.50 microg/mL. Antibacterial
activity of the aqueous extract on Staphylococcus aureus
was the least sensitivity with a highest determined MIC of
125 microg/mL, while MIC value for the ethanolic extract was
2.00 microg/mL.

Aqueous extract did not have any inhibitory effect on S.
mutans in terms of antimicrobial activity; however, for the
ethanol extract it was 5.00 microg/mL.

FIGURE I: The effects of ethanolic extracts of juglans regia bark
against S. salivarius.

4. Discussion
in contrast to control. Also we showed that this effect was

The most important cause of gingival inflammation and  dose dependent. We indicated that ethanolic extract exhibited
dental caries is bacterial plaque. Some of people keep away  zones of inhibition against all the tested samples, whereas
from chemical mouth rinse because of the presence of  aqueous extract is active with comparatively smaller zones
alcohol, artificial preservation, or artificial color in mouth  of inhibition (Tables 1 and 2). Deshpande et al. reported
rinses [24]. So, recently, researches for using of medicinal  that the acetone extract of J. regia L was found to be more
plants are increasing. The present study showed that Juglans  effective of the extracts as antimicrobial against the oral
regia are potential antimicrobial agents and can be used in ~ microflora [4]. Sharafati et al. showed that walnut leaves could
oral hygiene products. be used as an easily available source of natural compounds

According to our finding, we indicated that the high  to inhibit the growth of different Gram-positive bacteria
concentrations of ethanolic and aqueous extracts have had  responsible for dental plaques and oral hygiene problems
antimicrobial effects against S. sanguis, S. mutans, S. sali- [25]. Recently, Darmani et al. reported the growth inhibi-
varius, and staphylococcus aureus with significant difference  tion of various cariogenic bacteria (Streptococcus mutans,



FIGURE 2: The effects of aqueous extracts of juglans regia bark against
S. salivarius.

FIGURE 3: The effects of ethanolic extracts of Juglans regia bark
against S. sanguis.

Streptococcus salivarius, Lactobacillus casei, and Actinomyces
viscosus) by walnut aqueous Extract [26].

The data of this study clearly indicated that ethanolic and
aqueous extracts of juglans regia bark significantly inhibited
the growth of the tested oral bacteria, and those reports are
compatible with our finding. The antibacterial property of
the plant material may be due to the presence of phenolic
compounds, terpenoid, alkaloids, flavonoids, and steroids.
The bark of juglone, regiolane, contains ketones, sterol, and
flavonoid [10].

5. Conclusion

Many herbs have preventive or therapeutic potentials. This
study has confirmed the antimicrobial potentials of this kind
of Iranian plant, thus supporting its folklore application as a
preventive remedy for various microbial diseases (caries and
periodontal disease) in the oral cavity in Iran. It provides the
basis for the present rapidly increasing interest for the use of
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FIGURE 4: The effects of aqueous extracts of Juglans regia bark
against S. sanguis.

natural antioxidants and antimicrobials. Further studies are
required to find these effects in order to replace synthetic
medications with natural remedies.

We concluded that Iranian bark of juglone, regiolane, has
the antibacterial effects against the important oral bacteria,
and ethanolic extract was of higher effectivity against tested
bacteria than aqueous extract.
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