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ABSTRACT 

 
An infection of the root canal system is a mixed infection with gram-negative and gram-positive bacteria, and the 

three-dimensional dentinal tubular network is usually penetrated by these bacteria, forming an outbreak site for a potential 

reinfection of endodontically treated teeth.  

 Herbal extracts from walnut, sage and echinacea heal infected tissues by having high concentrations of chemicals 

called tannins, which can reduce pain and inflammation. 

The study aimed to highlight the effectiveness of laser beam irradiation of alcoholic and hydroalcoholic plant extracts 

in enhancing their antimicrobial effect. 

The study used 7 plant extracts obtained at the Faculty of Biology, University of Bucharest, 4 preparations of walnut 

fruit (Juglans regia), 2 preparations of sage (Salvia officinalis) and a preparation represented by Echinacea tincture 

(Echinacea purpurea).  

The 7 untreated extracts represented the Control, and the variants analyzed were obtained by treating the plant extracts 

with a 940 nm diode laser beam, in pulsed mode, on the appropriate wavelength, at powers of 3W and 5W, respectively. 

The bacterial strain used in this study was Enterococcus faecalis ATCC 29212 (American Type Culture Collection) 

which was inoculated on Mueller Hinton agar and TSB (tryptone soy broth) at 37˚C. The qualitative assessment of the 

antimicrobial activity and the quantitative determination of the antimicrobial activity of the extracts analyzed were 

performed.  

By laser beam irradiation of the 940 nm diode laser, with the two power variants (3W and 5W) the potentiating action 

of the antimicrobial effect of the solutions used and their possible impact on the root canal dentine was observed, especially 

those irradiated with the 5W power. The most effective extract was that of walnut seed coat, followed by sage, and biofilms 

formed by the Enterococcus faecalis strain were inhibited by the application of extracts obtained from walnut seed coat and 

sage, previously treated with the 5W laser beam. 

The results of this study showed that the 940 nm wavelength laser has a high potential to activate and stimulate plant 

extracts used to reduce bacteria following root canal irrigation. 
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OBJECTIVES 

 

This study aimed to evaluate the 

antimicrobial activity of 7 alcoholic and 

hydroalcoholic plant extracts (from walnut, sage 

and echinacea) that were exposed to laser beams 

emitted by the 940-diode laser at 2 variants of 

output power, 3W and 5W, respectively, from 
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the perspective of effectiveness in endodontic 

treatment, the life of the tooth depending to a 

large extent on the correctness and effectiveness 

of the treatment. 

 

INTRODUCTION 

 

Non-invasive treatment of oral diseases is a 

major objective of modern dentistry. Cleaning 

the root canal system and the adjacent dentin has 

always been a key requirement for successful 

endodontic treatment [1, 2].  

The non-surgical endodontic procedure is 

based on biomechanical instrumentation, canal 

irrigation and medications for the disinfection of 

the root canal system [3, 4]. Various 

instrumentation techniques have proven their 

effectiveness in decreasing the bacterial load 

without achieving total bacterial eradication [5]. 

Intracanal irrigants, such as NaOCl, require 

direct contact along the dentin surface to exert 

their bactericidal effect [6]. Moreover, due to 

surface tension, these solutions fail to penetrate 

dentin at > 100 μm depth, which should be 

compared to the ability of pathogenic 

microorganisms to penetrate dentin at 1,000 μm 

[7, 8]. 

The complex anatomy of the root canal 

system allows bacteria to survive harsh 

conditions [9, 10]. Enterococcus faecalis, a non-

spore-forming gram-positive streptococcal-like 

bacterium that has the ability to form biofilms, 

intra- and extra-radicular, which partially 

protects these bacteria from autoimmune 

defense, endodontic procedures, and medicinal 

products [11-13].  

Enterococci are considered transient 

constituent components of the oral microbiome 

that can cause numerous oral and systemic 

infections [14, 15]. Isolates of Enteroccocus 

faecalis have been evaluated, in particular, for 

virulence attributes, such as their biofilm-

forming potential and antimicrobial 

susceptibility [16, 17]. Data suggest that 

significant reservoirs of quite virulent and 

antibiotic-resistant enterococci may exist in the 

oral cavity, apparently with a high degree of 

carriage especially in adults and the elderly [18]. 

Therefore, clinicians should be aware of this 

outbreak of virulent enterococci that may 

generate nosocomial infections. 

During the preparation of the root canal, the 

removal of the pulp tissue and contaminated 

dentin along with the disinfection of the deep 

dentin and tubular network are crucial for the 

long-term success of endodontic treatment [19, 

20].  

In recent years, different laser systems have 

made a major contribution to this purpose, 

namely Nd: YAG, the 810 nm diode, Er: YAG‐ 

and the Er, Cr: YSGG laser, the 940 nm diode, 

and the investigation of the bactericidal capacity 

of different wavelengths in the root canal dentin 

is of real interest [21, 22]. 

 

MATERIAL AND METHOD: 

 

The study used plant extracts obtained at the 

Faculty of Biology, University of Bucharest, 

prepared from walnut fruit (Juglans regia), from 

sage (Salvia officinalis) and a tincture extract of 

Echinacea (Echinacea purpurea).  

The sage (herb/aerial parts) was cleaned of 

impurities, washed and allowed to dry at room 

temperature, then ground with a laboratory mill 

and mixed with the hydroethanolic solution 

(extract 1:5 in hydroethanolic solution, ethyl 

alcohol ratio 96%/water:35/65). The extraction 

was performed by microwave with an Ethos 

Start D extractor (1 h at 100
0
C). The extracts 

obtained were dried at rotary evaporator and the 

resulting product was reacted in DMSO 

(dimethyl sulfoxide) at a final concentration of 

20 mg/mL.  

4 alcoholic and hydroalcoholic extracts in 

methanol and ethanol (100% methanol and 

water:methanol 1:1 v/v, over which 5 g plant 

was placed) were made of walnut fruit; (100% 

ethanol and water:ethanol 1:1 v/v over which 1 g 

plant was placed) of the following components:  

- pericarp and mesocarp (green bark),  

- endocarp (woody part of the nut),  

- seed coat (the skin that covers the seed) 

- the woody walls inside the seed separating 

the cotyledons and lobes.  

 

The fragments of green bark were freeze-

dried before being used. In obtaining walnut 
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fruit extracts, microwave extraction was also 

used. 

Echinacea tincture contains 20 g of 

Echinacea purpurea and 70% v/v ethyl alcohol 

per 100 g solution.  

 

Encoding: 

N5 – methanol extract of freeze-dried 

pericarp and mesocarp of Juglans regia 

N7 – extract in ethanol of endocarp of 

Juglans regia 

N11 – methanol extract of seed coat of 

Juglans regia 

N19 – extract in water:methanol of pericarp 

and mesocarp of Juglans regia 

N20 – extract in water: methanol from the 

inner wall of the cotyledon of Juglans regia 

S – extract in water: ethyl alcohol of Salvia 

officinalis 

E – Echinacea tincture 

3W – 3W laser beam treated extract 

5W – 5W laser beam treated extract 

 

The 7 untreated extracts represent the 

control, and the variants analyzed were obtained 

by treating the plant extracts with a 940 nm 

diode laser beam, in pulsed mode, at the 

appropriate wavelength, with laser beam output 

powers of 3W and 5W, respectively. 

The bacterial strain used in this study was 

Enterococcus faecalis ATCC 29212 (American 

Type Culture Collection) which was inoculated 

on Mueller Hinton agar and TSB (tryptone soy 

broth) at 37 
0
 C.  

The qualitative assessment of the 

antimicrobial activity was performed by the 

adapted Kirby-Bauer method. A bacterial 

suspension adjusted to the density of 

1.5x10
8
CFU/mL (Colony Forming Units) was 

inoculated onto cloth on Mueller Hinton agar 

plates. The tested extracts were deposited in 

10µL spots. After inoculation, the plates were 

allowed to stand at room temperature to adsorb 

the droplet of solution into the medium, after 

which they were incubated at the thermostat 

(37
o
C) for 24 hours. The antibacterial effect was 

quantified by the appearance of an inhibition 

halo (clear area) around the spot which was 

measured using a ruler (Fig. 1). 

 

 
Fig. 1. Schematic representation of the quantitative assessment of antimicrobial activity 

 

The quantitative determination of the 

antimicrobial activity of the extracts analyzed 

was performed by the serial microdilution 

method in liquid medium (Mueller Hinton), in 

order to determine the minimum inhibitory 

concentration (MIC), i.e. the minimum amount 

of test compound capable of inhibiting the 

growth of microbial cells. For this purpose, 96-
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well plates were used in which binary serial 

dilutions of extracts were made. In the first well, 

90 μl liquid culture medium and 90 μl extract 

were pipetted. From this 90 μl was transferred to 

the second well, and from the second well 90 μl 

was transferred to the third and so on to the last 

well, from which 90 μl was discarded (Fig. 2).   

 
 

Fig.2 Schematic representation of the quantitative assessment of antimicrobial activity 

 

Subsequently the wells were inoculated with 

10 µl of microbial suspension at a density of 10
6
 

CFU/mL each. A microbial culture control (a 

string of wells containing exclusively culture 

medium inoculated with microbial suspension) 

and a medium sterility control were also used 

during each test. After incubation of the plates at 

37
o
C for 24 hours, the results obtained were 

analyzed by macroscopic examination. In the 

growth control well, the medium was turbid as a 

result of microbial growth. The mandatory 

sterility control well did not show any bacterial 

growth while the appearance of the liquid 

remained clear, transparent. The concentration 

of the extract corresponding to the last well in 

which no further culture growth was observed 

was the MIC value for that compound. 

The evaluation of the microbicidal activity 

of the extracts was performed by inoculation of 

10 μL from the wells used for MIC 

determination to determine the minimum 

bactericidal concentration (MBC) expressed as 

the lowest concentration at which the test extract 

showed a lethal effect on the bacteria. 

The study of the influence of the test 

compounds on the growth of microbial 

biofilms on inert substrate was carried out in 

flat-bottom 96-well plates in which binary 

dilutions of extracts were placed into contact 

with a bacterial inoculum with a density of 10
6
 

CFU/mL. After incubation at 37˚C for 24 hours 

the plates were emptied and washed three times 

with physiologically sterile water to remove 

bacteria that did not adhere to the well walls. 

The bacteria adhered to the plate material were 

fixed for 5 minutes with methanol then stained 

with 1% purple crystal alkaline solution for 15 

minutes! The staining solution was then 

removed, and the plates were washed under 

running tap water. After drying at room 

temperature, the microbial biofilms formed on 

the plastic plates were resuspended in 33% 

acetic acid, and the intensity of the stained 

suspension was read spectrophotometrically at 

492 nm. 

 

 

 

 

RESULTS AND DISCUSSIONS 
 



Romanian Journal of Oral Rehabilitation 

Vol. 13, No. 2, April – June 2021 

 

22 
 

The qualitative assessment of antimicrobial 

activity is a method that highlights the 

phenotypic resistance of the tested strains. 

Antimicrobial substances diffuse into the agar 

and inhibit the germination and development of 

the test microorganisms, forming zones of 

inhibition.   

Qualitative assessment of the inhibitory 

effect of walnut, sage and echinacea extracts 

revealed differences between the values of the 

inhibition zones for control and the extracts 

treated with the 3W and 5W laser beam power, 

respectively (Table 1).  

 
Table 1 Diameters of inhibition zones (mm) 

 

 N7 N11 N20 N19 N5 Sage Echinace

a 

 Extract in 

ethanol of 

endocarp 

Extract in 

methanol 

of seed 

coat 

Extract in 

water:methanol 

from the inner 

wall of the 

cotyledon 

Extract in 

water:methanol 

of freeze-dried 

pericarp and 

mesocarp 

Extract in 

methanol 

of freeze-

dried 

pericarp 

and 

mesocarp 

Extract in  

water:ethanol 

of sage 

Echinacea 

tincture 

Control 

extract 

10 8 - - 6 - 7 

3W 

irradiated 

extract 

12 8 - - 7 - 8 

5W 

irradiated 

extract 

10 6 - - 7 - 7 

 

It is observed that irradiating the extracts at 3W resulted in larger diameters compared to untreated 

extracts and extracts irradiated at 5W (Fig.3). 

Aqueous extracts (N19, N20) did not show antimicrobial activity. 
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Fig. 3. Qualitative analysis of the inhibitory effect of extracts on Enterococcus faecalis ATCC 29212 strain 
(C – untreated extract, 3W – 3W laser beam treated extract, 5W - 5W laser beam treated extract, N7- ethanol extract of endocarp of J. 

regia, N11 methanol extract of seed coat of J. regia, N20 Extract in water:methanol of the inner wall of the cotyledon of J. regia, N19 

Extract in water:methanol of freeze-dried pericarp and mesocarp of J. regia, N5 – extract in methanol of freeze-dried pericarp and 

mesocarp of J. regia, S extract of  S. officinalis, E – Echinacea tincture) 

 

The quantitative determination of the 

inhibitory effect of the extracts analyzed by the 

microdilution method revealed that the laser 

beam treatment of plant extracts enhances the 

antibacterial effect. Extracts of seed coat, of the 

inner wall of the cotyledon, of pericarp and 

mesocarp of walnut fruit, but also of sage and 

echinacea, treated with laser beam exerted 

inhibitory effect at lower concentrations 

compared to the untreated extract. 

Comparing the exposure to the 2 

wavelengths, it was observed that 5W treatment 

increases the efficiency of the extract. Among 

the extracts tested, the most effective was the 

one obtained in methanolic solution from the 

walnut fruit seed coat (N11) and the most 

obvious difference between the treated extracts 

and the Control was recorded for the formulas 

N7 and S (Fig.4). 

 

 

Fig. 4 Minimum inhibitory concentrations (in percentages) obtained for the extracts tested          
(N7- Extract in ethanol from endocarp of J. regia, N11 Extract in methanol from seed coat of J. regia, N20 Extract in water:methanol from 

the inner wall of the cotyledon of J. regia, N19 Extract in water:methanol from freeze-dried pericarp and mesocarp of J. regia, N5 – 

Extract in methanol from freeze-dried pericarp and mesocarp of J. regia, S extract of  S. officinalis, E – Echinacea tincture) 

 

Endodontic therapy aims to eliminate 

bacterial species from the root canal, 

Enterococcus faecalis being a species of interest 

(involved in endodontic reinfections and cause 

of treatment failure), so that the development of 

methods complementary to those commonly 

used in medical practice are necessary for the 

health of patients. For this purpose, the 

bactericidal effect of irradiated extracts was also 

tested in the study. Again, the most effective 

extract was that of walnut seed coat, followed by 

sage (Fig. 5). As with the other tests performed, 

potentiation of the antimicrobial effect was 
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observed following the application of a 5W laser beam. 

  

Fig. 5 Minimum microbicidal concentrations (in percentages) obtained for the extracts tested 

Biofilms formed by the Enterococcus faecalis strain are inhibited by concentrations below 1% of 

extracts obtained from walnut seed coat and sage, previously treated with the 5W laser beam (Fig.6). 
 
 

 
 

Fig. 6 Minimum biofilm inhibition concentrations (in percentages) obtained for the extracts tested         

 

CONCLUSIONS 

 

1. Plant extracts from sage, walnut and 

echinacea heal infected tissues (especially 

Enterococcus faecalis) with high 

concentrations of chemicals called tannins, 

which can reduce pain and inflammation. 

 

2. By laser beam irradiation of the 940 nm 

diode laser, with the two power variants (3W 

and 5W) the potentiating action of the 

antimicrobial effect of the solutions used and 

their impact on the root canal dentine is 

observed. 

 

3. The antimicrobial effect of 5W laser beam 

irradiated solutions was superior to 3W laser 

beam irradiated solutions.  

 

4. The most effective extract was that of walnut 

seed coat, followed by sage, and biofilms 
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formed by the Enterococcus faecalis strain 

were inhibited by the application of extracts 

obtained from walnut seed coat and sage, 

previously treated with the 5W laser beam. 
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