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Although there have been recent improvements in the development of 
antifungal treatments, fungi still pose a significant risk to human and 
animal health. Plant-based antimicrobials are an abundant and 
underutilized resource that has great promise. In this study, we 
demonstrate the antifungal potency properties of Salvadora persica 
and Juglans regiaextracts against significant pathogens, Aspergillus 
niger, which is known to cause harm to humans, animals, and plants. 
The plant extracts were produced using six distinct organic solvents: 
chloroform, petroleum ether, acetone, ethyl acetate, ethanol, and 
methanol. The antifungal activity of the plant extracts was assessed 
using the agar-well diffusion technique at various concentrations: 200, 
100, 50, 25, and 15 mg/ml. The results indicated that extracts from 
Juglans regia exhibited high antifungal activity against A.nigerand 
appeared more effective than extracts from Salvadora persica. The 
ethanolic extract of J. regia showed the highest efficacy among all 
extracts from the two plants investigated (mean diameter of inhibition 
zone = 21 mm) at 200 and 100 mg/ml. Our study suggests that the 
crude extract of regia's bark exhibits significant antifungal activity, 
suggesting potential antimicrobial agents could be derived from this 
plant. 

 

INTRODUCTION   

Aspergillus fungi, belonging to the filamentous fungal group, are found everywhere and can 
decompose organic matter. Due to this, they can lead to a variety of clinical symptoms. Aspergillus 
conidia are commonly found in the environment. When people come into touch with and retain these 
conidia, they may have a range of clinically essential consequences, from asymptomatic colonization 
to invasive infection (Allizond et al., 2023). Aspergilli can cause hypersensitivity reactions, and 
superficial and cutaneous mycoses (Pérez-Cantero et al., 2020; Merad et al., 2021). 

Fungal pathogens can infect a diverse array of hosts, and it is not uncommon for an individual species 
to be responsible for both human illnesses and crop damage. An example of such 
specie is  Aspergillus niger (Setzer et al., 2014). Aspergillus niger is a filamentous fungus found in 
litter, soil, compost, and decaying plant material; in addition, it is a human pathogen that 
opportunistically causes aspergillosis and is frequently responsible for otomycosis. Invasive 
aspergillosis is the most problematic disease, with high morbidity and mortality rates, especially in 
patients with compromised immunity. (Surapuram et al., 2014; Pérez-Cantero et al., 2020; Gizaw et 
al., 2022). Aspergillosis treatment using polyenes, azoles, and echinocandins is challenging due to 
toxicity, poor solubility, resistance, low efficacy, and potential allergic reactions, while most 
antimycotic drugs are fungistatic (Gupta and Venkataraman, 2022; Pawar and Thaker;  2006).  

The global issue of antimicrobial resistance to commercially available drugs has emerged in recent 
years. Similarly, numerous species are acquiring resistance to the antifungal treatments that are 

http://www.pjlss.edu.pk/


Soumia et al.                                                                                           Antifungal Activity of two Plant Extracts against Aspergillus Niger 

 

5456 

 

presently accessible (Gizaw et al., 2022). Natural antifungal medications offer potential alternative 
remedies with reduced or nonexistent negative effects. Therefore, it is crucial to explore natural 
antifungal compounds as alternate approaches to counteract fungal diseases (Da et al., 2019). Plant 
extracts derived from medicinal and aromatic plants are a natural resource that can contain a range 
of biologically active compounds. These chemicals can directly impact microbial diseases 
(Benhaoued et al., 2024)   

Salvadora persica, a member of the Salvadoraceae family, is a highly significant plant among the 182 
species used as chewing sticks. It has been widely used (Noumi et al., 2010). This plant has potent 
antifungal effects against different microorganisms (Naseem et al., 2014). Juglans regia, belonging to 
the family Juglandaceae, is the most widely distributed tree nut worldwide and possesses 
considerable economic importance. The plant is a well-known botanical species used in traditional 
medicine (Ellafi et al., 2023; Vieira et al., 2019). Essentially, every component of the plant has a 
traditional medicinal use. The bark extract of Juglans regia exhibits a wide range of antibacterial 
properties against several pathogens (Zakavi et al., 2013).  

Our primary objective in this study was to assess the effectiveness of certain extracts derived from 
medicinal and aromatic plants from Algeria against Aspergillus niger. We focused on evaluating the 
antifungal properties of these extracts, a crucial step in understanding their potential as antifungal 
agents. 

MATERIEL AND METHODS 

The stems of Salvadora persica and the bark of Juglans regia were obtained from local markets in 
Khenchela City, Algeria, in April 2023. The plant materials were identified by a taxonomist at the 
Department of Agronomy, University Abbes Laghrour Khenchela, Algeria. Voucher specimens were 
deposited under PS-1-2 and PR-1-2 at the academic laboratory, University of Khenchela, Algeria. The 
plant material was dehydrated in the laboratory using natural air circulation at ambient temperature. 
The two plants were dried at room temperature for ten days. The dried samples of the plant were cut 
into circular shapes and pulverized into fine powder using a laboratory grinder.  

The production of the different extracts involved combining 20 g of powdered Salvadora persica and 
Juglans regia with 200 mL of the specified solvents, namely 95% methanol, ethanol, chloroform, 
petroleum ether, acetate extract, and acetone, obtained from Sigma-Aldrich in St. Louis, USA. The 
solution was agitated for 30 minutes and allowed to rest for 24 hours. The solution was filtered using 
Whatman number 1 filter paper, and the resulting solution was subsequently evaporated in a vacuum 
evaporator at a temperature of 40 °C. The specimens were stored in sterile containers and kept at a 
temperature of 4 °C until they were needed for future purposes (Mau et al., 2001). The yield (in %) 
was determined using the following formula Rd % = (m1 X 100) / m0; Where: - Rd: Yield - ( m1 ): Mass 
of the dry extract (in g) - ( m0 ): Mass of the dry plant material (in g)  (Majhenic, 2007).Dried extracts 
of S. persica and J. regia were used to create various quantities of each extract: 200, 100, 50, 25, and 
15 mg/ml. They used dimethyl sulfoxide (DMSO) as the solvent (Abhary & Al-Hazmi, 2015). 

Antifungal activity of plant extracts 

The antifungal activity was evaluated using the approach Yazdani et al. (2012) described, following 
the steps outlined below. A standard saline solution created a colloidal suspension with an optical 
density (OD) ranging from 0.15 to 0.17 at a wavelength of 530 nm. Inoculating Petri dishes containing 
PDA medium was performed using a swab. 6 mm diameter sterile discs were saturated with 20 μl of 
various extract concentrations. These discs were then placed on the surface of Mueller Hinton and 
PDA agar. The Petri dishes were incubated at 37 °C for 48 to 72 hours. The activity is assessed by 
quantifying the inhibition areas surrounding the discs; the experiment was reproduced thrice. 
Aseptic DMSO was employed as a negative control. The mean diameter of the overall growth 
inhibition was measured and reported in millimeters for the inhibition zones (Lino & Deogracious, 
2006). 

Statistical analysis. Three measurements were collected for each new data point. The data were 
presented utilizing the statistical metrics of average and variability. The obtained data were analyzed 
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using the GraphPad Prism® 7.01 software program by Software Inc., San Diego, CA, USA. The data 
were analyzed using one-way analysis of variance (ANOVA) followed by the Tukey–Kramer post-hoc 
test for conducting multiple comparisons. P values less than 0.05 were considered significant.  

RESULTS  

Yield of plant extracts 

The percentage yield of each crude extract was determined and is shown in Table 1. Comparatively, 
the extraction yields ranged from 9.45% for the Juglens regia -methanolic extract to 0.40 % for the 
Salvadora persica petroleum ether extract (Table 1), J. regia with methanol produced a higher yield 
while S. persica Ether of petroleum had a lower yield.  

Table 1: Dry weight of the extracts of the two studied plants 

 

 

 

 

 

 

 

 

 

 

Antifungal activities of plant extracts 

In this investigation, we evaluated the antifungal activities of various extracts from Salvadora persica 
and the bark of Juglans regia. The extracts were tested against A. niger at concentrations of 200, 100, 
50, 25, 15 mg/ml.  

The particular findings are presented in Table 2. The observations made on the effect of the different 
extracts on the growth of the fungus strain demonstrate that all the extracts of Juglans regia have 
antifungal activity against the tested strain. Overall, all the extracts of J. regia were more potent than 
the extracts of JS. Persica. 

The extracts of J. regia were active against A. niger, of which the diameter of the inhibition zone was 
between 12 and 21 mm with ethanol extract, between 14 and 19 mm with methanol extract, between 
12 and 19 mm with Acetate extract, between 09 and 16 mm with Acetone extract, between 10 and 
12 mm with petroleum ether extract, and between 09 and 10 mm with chloroform extract (Table 2). 
At a concentration of 200 and 100 mg/ml, the Ethanol extract of Juglans regia exhibited more potent 
antifungal effects against A. niger with inhibition zones measuring 21 mm. 

Table 2: Inhibition diameter (mm) of the studied extracts against A. niger 

Plant Extract 
Juglans regia Salvadora persica 

Ether of petroleum 
1.46% 0.4% 

Chloroform 
0.45% 2.3% 

Methanol 9.45% 4% 

Ethanol 7.07% 0.86% 

ethyl acetate 3.15% 3.12% 

Acetone 5.23% 4.23% 
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Methanolic extract (E1), Ethanolic extract (E2), Chloroform  extract (E3), petroleum ether extract 
(E4),   Acetate extract (E5), Acetone extract (E6). *Values are presented as the mean of triplicates ± 
standard deviation of 3 independent experiments. a, b,c, d in the lines indicated significant 

differences between treatments according to Tukey test (p<0.05).   

The methanol and acetone extracts of Salvadora persica showed an activity of 11 mm. Likewise, the 
petroleum ether presented an inhibition zone of 10 mm. 

For the antifungal activity of Salvadora persica, the extracts were active against the A. niger strain, of 
which the diameter of the inhibition zone was between 08 and 13mm. Hence, the acetate extract 
exhibited the most vigorous activity, of which the inhibition zone was 13 mm at 50 mg/ml. In 
contrast, chloroform and Ethanolic extracts had an inhibitory effect of 12 mm at 25 and 15 mg/ml, 
respectively, while other concentrations had less activity. 

 

DISCUSSION 

 Abkhoo and Jahani (2017) indicated that the yields of plant extracts vary depending on the 
extraction solvent and the plant extract used. It is highly recommended to use solvents with varying 
polarities to extract a wide range of phytophenolic chemicals with high precision. The variations in 
values can be attributed to the genetic variety of these plants, which impacts the production of 
bioactive metabolites (Ellafi et al., 2023). The yields of extracts obtained from the same organ and 
the same species can be influenced by several factors, such as the extraction method and the 
conditions applied, such as the drying time of the plant material, the quantity of the plant to be 
extracted, the time, stirring speed, temperature, and polarity of the solvent (Koné et al., 2017). 

A study conducted by Fujita et al. (1995) revealed that acetone and chloroform extracts inhibited the 
growth of A. niger. Moreover, the methanol extract demonstrated significant activity against 
Aspergillus niger compared to the two other extracts (Fujita et al., 1995). Several substances 
commonly found in plants, such as polyphenols, flavonoids, tannins, and alkaloids, are responsible 

 Salvadora persica Juglens regia 

Extra
ct 

200  

mg/ml 

100 

 mg/ml 

50  

mg/ml 

25  

mg/ml 

15 

 mg/ml 

200 

mg/ml 

100  

mg/ml 

50  

mg/ml 

25  

mg/ml 

15  

mg/
ml 

E1 

 

11± 
0.0 a 

10± 0.0 
a 

11± 
0.0 a 

10± 
0.0 a 

12± 0.0 
a 

15± 
0.0 a 

19± 
0.5 a 

15± 0.3 
d 

14± 0.8 
d 

18± 
0.8 a 

E2 

 

11± 
0.0 a 

09± 0.0 
a 

10± 
0.0 a 

11± 
0.5 a 

11± 0.0 
a 

21± 
0.0 a 

21± 
0.0 b 

16± 0.0 
a 

16± 0.0 
a 

12± 
0.0 a 

E3 

 

00 00 00 12± 
0.0 a 

11± 
0.0b 

00 00 00 09± 0.0 
a 

10± 
0.0 a 

E4 

 

00 00 00 10± 
0.0 a 

00± 0.0 
a 

00 00 00 10± 0.0 
b 

12± 
0.0 a 

E5 

 

00 11± 0.0 
b 

13± 
0.0 a 

12± 
0.0 a 

12± 
0.0b 

00 14± 
0.0 a 

12± 
0.9c,d 

19± 0.0 
a 

12± 
0.5 a 

E6 

 

00 11± 0.0 
a 

10± 
0.0 a 

9± 0.0 
a 

08± 0.0 
a 

00 16± 
0.8d 

12± 0.0 
a 

09± 0.0 
b 

09± 
0.0 a 
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for their antimicrobial properties (Nguyen, 1983). In the antifungal activity, the ethanol extract of J. 
Regia   was tested on different fungi, such as Aspergillus niger; the extract inhibited the growth (7 to 
15 mm) (Sumbul et al., 2021). Previous studies analyzing various extracts of Juglans regia have 
consistently shown that juglone is the main component responsible for the most potent antifungal 
activity in walnut green husk extracts, regardless of the type of extract evaluated. However, the 
activity differed based on the quantity of other essential extract components and the type of fungal 
infection being treated (Bhat et al., 2023).  

For the antifungal activity of Salvadora persica, the extracts were active against the A. niger strain. 
Pirzada et al. (2009) showed that chloroform extracts of S. persica have a median antifungal effect 
against Aspergillus niger, which was in concordance with our results. These findings disagree with a 
previous study by Paliwal et al. (2007); they showed that the ethanol extract of S. persica leaf extract 
was found to be significantly active against Aspergillus niger with an inhibition zone of 16 to 25 mm.  

The methanol, acetone and petroleum ether extracts of Salvadora persica showed a median activity. 
Likewise, the presented an inhibition zone of 10 mm. This observation was consistent with earlier 
studies that have revealed less than optimal antifungal activity of S. persica (Al Sadhan & Almas, 
1999);  

Furthermore, it was noticed that this antimicrobial activity differs from one extract to another due to 
the selective action of the solvent extractor on a certain number of microorganisms. The selective 
antimicrobial power of J. regia and S. persica depends on the antimicrobial substances of plant origin 
present in each extract. Indeed, according to their polarity, the compounds extracted are not the 
same, so the change in extraction protocol and the solvents used would make it possible to detect the 
antimicrobial activities of J. regia and S. persica (Nguyen, 1983). The effectiveness of an extract 
depends on its concentration, the plant from which it is derived, and the strain tested (Klervi, 2005). 

To summarize, this work demonstrated the antifungal properties of several extracts derived from J. 
regia and S. persica leaves against the A. niger strain. The strain exhibited varying levels of 
susceptibility to the extracts. The results obtained serve as a foundation for future investigations 
aimed at identifying the highly bioactive components in two plant extracts that demonstrate the 
potential to inhibit the growth of fungi.   

CONCLUSION 

The need for new antifungal chemicals is an often discussed subject in academic literature and 
continues to be a primary focus of ongoing scientific investigation. This is due to the growing number 
of microbial strains resistant to antifungals. This study examined the antifungal efficacy of several 
extracts derived from S. persica and J. regia, commonly used in our country's traditional medicine. 
The findings demonstrated that extracts derived from Juglans regia showed significant antifungal 
activity against A.niger and seemed to be more potent than extracts from Salvadora persica. The 
ethanolic extract of J. regia was more effective than all other extracts from the two plants. Thus, these 
findings are still preliminary. More studies will be necessary to determine the specific chemicals 
responsible for the antifungal effects of Salvadora persica and Juglans regia. 

Authors’ contributions 

BS conceived the idea, Methodology, conducted the study and wrote the manuscript. MN participated 
in the design of the study and helped in writing the manuscript. All authors read and approved the 
final manuscript. 

 

REFERENCES 

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. 

Abkhoo, J., & Jahani S. (2017). Antibacterial Effects of Aqueous and Ethanolic Extracts of medicinal 
plants against pathogenic strains. Int J Infect. 4 (2): 
e42624. https://doi.org/10.5812/iji.42624. 

https://doi.org/10.5812/iji.42624


Soumia et al.                                                                                           Antifungal Activity of two Plant Extracts against Aspergillus Niger 

 

5460 

 

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

Bhat, A. A., Shakeel, A., Rafiq, S., Farooq, I., Malik, A. Q., Alghuthami, M. E., Alharthi, S., Qanash, H., & 
Alharthy, S. A. (2023). Juglans regia Linn.: A Natural Repository of Vital Phytochemical and 
Pharmacological Compounds. Life (Basel, Switzerland), 13(2), 380. 
https://doi.org/10.3390/life13020380 

Da X., Nishiyama Y., Tie D., Hein K.Z., Yamamoto O. and Morita E., 2019. Antifungal activity and 
mechanism of action of Ou-gon (Scutellaria root extract) components against pathogenic 
fungi. Sci Rep. 9(1): 1683. 

Ellafi, A., Farhat, R., Snoussi, M., Noumi, E., Anouar, E.H., Ben Ali, R., & Ben Younes, S. (2023). 
Phytochemical profiling, antimicrobial, antibiofilm, insecticidal, and anti-leishmanial 
properties of aqueous extract from Juglans regia L. root bark: In vitro and in 
silico approaches. Int J Food Prop, 26(1), 1079–1097. 
https://doi.org/10.1080/10942912.2023.2200561. 

Fatma Zohra Benhaoued , Samia Bissati-Bouafia , Soumia Hadjadj , Cheyma Bensaci,Roukia 
Hammoudi. (2024). Study of the Antifungal Activity of Aqueous Extracts from Four Medicinal 
Plants on Phytopathogenic Fungi Isolated from Potato (Solanum teberosum ) in the El Oued 
Region (Eastern Northern Sahara - Algeria). Afr.J.Bio.Sc. 6(10). 
doi: 10.48047/AFJBS.6.10.2024.5988-6007 

Fujita, T.; Sezik, E.; Tabata, M.; Yesilada, E.; Honda, G.; Takeda, Y.; Tanaka, T.; Takaishi, Y. 
(1995).Traditional medicine in Turkey VII. Folk medicine in middle and west Black Sea 
regions. Econ. Bot. 49, 406–422. 

Gizaw, A., Marami, L.M., Teshome, I., Sarba, E.J., Admasu, P., Babele, D.A., Dilba, G.M., Bune, W.M., Bayu, 
M.D., Tadesse, M., & Abdisa, K. (2022). Phytochemical Screening and In Vitro Antifungal 
Activity of Selected Medicinal Plants against Candida albicans and Aspergillus niger in West 
Shewa Zone, Ethiopia. Advances in Pharmacological and Pharmaceutical Sciences, 2022. 

Gupta, A.K.; Venkataraman, M.J. Antifungal resistance in superficial mycoses. Dermatol. Treat. 2022, 
33, 1888–1895. Pawar, V.C.; Thaker, V.S. In vitro efficacy of 75 essential oils against 
Aspergillus niger. Mycoses 2006, 49, 316–323 

Klervi, L.L. (2005). Connaissance chimiotaxonomique du genre Turbinaria et etude des composes de 
défense de différents espèces de Sargassacées des Iles Salmon (Pacific sud).p  210.  

Koné, K. P. F. O., Soro .Y., & Siaka .S. (2017). Détermination des paramètres influençant le rendement 
d’extraction hydro-alcoolique des métabolites secondaires de 
Alchorneacordifolia(Euphorbiaceae) et Tridaxprocumbenslinn(Asteraceae). Journal de la 
Société Ouest-Africaine de Chimie, (44), p  15–22. In french 

Lino, A., & Deogracious, O. (2006). The in-vitro antibacterial activity of Annona senegalensis, 
Securidacca longipendiculata and Steganotaenia araliacea - Ugandan medicinal 
plants. African health sciences, 6(1), 31–35. https://doi.org/10.5555/afhs.2006.6.1.31 

Majhenic L., Skerget M. and Knez Z. (2007). "Antioxidant and antimicrobial activity of guarana seed 
extracts". Food Chemistry, 104(03): 1258–1268. 

Mau, J. L., Chao, G. R., & Wu, K. T. (2001). Antioxidant properties of methanolic extracts from several 
ear mushrooms. Journal of agricultural and food chemistry, 49(11), 5461–5467. 
https://doi.org/10.1021/jf010637h 

Merad, Y., Derrar, H., Belmokhtar, Z., & Belkacemi, M. (2021). Aspergillus Genus and Its Various 
Human Superficial and Cutaneous Features. Pathogens (Basel, Switzerland), 10(6), 643. 
https://doi.org/10.3390/pathogens10060643 

Naseem, S., Hashmi, K., Fasih, F., Sharafat, S., & Khanani, R. (2014). In vitro evaluation of antimicrobial 
effect of miswak against common oral pathogens. Pakistan journal of medical sciences, 30(2), 
398–403. https://doi.org/10.12669/pjms.302.4284 

Nguyen, D.M. (1983). Des plantes médecinales à propriétés antibactériennes; Médecine 
Traditionnelle Chinoise, (100), P  303-312. In french 

Noumi, E., Snoussi, M., Hajlaoui, H., Valentin, E., & Bakhrouf, A. (2010). Antifungal properties of 
Salvadora persica and Juglans regia L. extracts against oral Candida strains. European journal 

https://www.afjbs.com/uploads/paper/d3839c28ea9982dd8aba6ed7f238d1e5.pdf


Soumia et al.                                                                                           Antifungal Activity of two Plant Extracts against Aspergillus Niger 

 

5461 

 

of clinical microbiology & infectious diseases : official publication of the European Society of 
Clinical Microbiology, 29(1), 81–88. https://doi.org/10.1007/s10096-009-0824-3 

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.  

Pérez-Cantero, A.; López-Fernández, L.; Guarro, J.; Capilla, J. (2021). Azole resistance mechanisms in 
Aspergillus: Update and recent advances. Int. J. Antimicrob. Agents 2020, 55, 105807.  

Pirzada, A.J., Maka, G.A., Shah, S.I.S., & Mughal, S. (2009). Anti-fungal activity of different solvent 
extracts of medicinal plants Capparis decidua edgew and Salvadora persica linn. against 
different parasitic fungi. Pak J Agric Agric Eng Vet Sci, 25. 26-34. 

Setzer V.,, W. N., McFeeters, R. L., & McFeeters, H. (2014). Antifungal activity of plant extracts against 
Aspergillus niger and Rhizopus stolonifer. Natural product communications, 9(11), 1603–
1605.   

Sumbul Qadar, Maqsood Anwar, Shah Khalid, Naila Azam and Izhar Ahmad. (2021). Pharmacognostic 
study of Walnut (Juglans regia L.) endocarp from Azad Jammu Kashmir (AJK). Pure Appl. Biol., 
10(1), 97-104. http://dx.doi.org/10.19045/bspab.2021.100011 

Surapuram, V., Setzer, W. N., McFeeters, R. L., & McFeeters, H. (2014). Antifungal activity of plant 
extracts against Aspergillus niger and Rhizopus stolonifer. Natural product 
communications, 9(11), 1603–1605.  

Vieira, V.,  Pereira, C.,  Pires, T.C.,  Calhelha, R.C.,  Alves, M.J.,  Ferreira, O., Barros, L., & Ferreira, 
I.C. (2019). Phenolic profile, antioxidant and antibacterial properties of Juglans regia L. 
(walnut) leaves from the Northeast of Portugal Industrial Crops and Products, 134 . 347-355. 
https://doi.org/10.1016/j.indcrop.2019.04.020  

Yazdani, D., Zainal Abidin, M. A., Tan, Y. H., Kamaruzaman, S. & Jaganath .I. B. (2012). Screening of 
phytochemical from ethnomedicinal plants in Malaysia for use against toxigenic. Aspergillus 
flavus J. Med. Plant Res. 2012; (6): 5464-5468. https://doi.org/10.5897/JMPR11.1410 

Zakavi, F., Golpasand Hagh, L., Daraeighadikolaei, A., Farajzadeh Sheikh, A., Daraeighadikolaei, A., & 
Leilavi Shooshtari, Z. (2013). Antibacterial Effect of Juglans Regia Bark against Oral 
Pathologic Bacteria. International journal of dentistry, 2013, 854765. 
https://doi.org/10.1155/2013/854765 

 

https://doi.org/10.1016/j.indcrop.2019.04.020

