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Abstract
Background: Globally, Dental caries comes under chronic illness oral health condition which results in demineralization of the hard tissues that is complex, dynamic, and biofilm-mediated in nature. Herbal medicine is the currently in vogue to cure or prevent caries. This study compares and evaluates the antimicrobial efficacy of essential oils of Origanum vulgare (Karpooravalli) and Chrysopogon zizanioides (Vetiver) against Lactobacillus casei, rhamnosus, Streptococcus mutans, and Prevotella intermedia.

Material and Method: Bacterial strains were seeded onto petri plates consisting 20 ml of medium composed of nutritional agar during course of a 24-hour culture. Wells were cut and the concentration of samples- Origanum vulgare (group I) and Chrysopogon zizanioides (group II) (100 µg/ml) were incorporated. Following, plates were incubated for a full day at 37°C. The diameter of the inhibition zone that developed around wells was used to measure the antibacterial activity after 24 and 48 hours. Graph Pad Prism 6.0- software (USA) was used to calculate the figures.
Results: Origanum vulgare was effective against Lactobacillus casei rhamnosus at 24 hours, Streptococcus mutans, and Prevotella intermedia. Chrysopogon zizanioides was active against Prevotella intermedia at 24 hours. However, both the essential oils were significantly effective against the microorganism at 48 hours.

Conclusion: This study proves that Origanum vulgare (Karpooravalli) and Chrysopogon zizanioides (Vetiver) were effective against Lactobacillus casei, rhamnosus, Streptococcus mutans, and Prevotella intermedia.
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Introduction
Dental caries is the most prevalent biofilm-mediated diseases which results in the demineralization of the hard tissues affecting people globally of every range of age groups. [1] During cavity preparation, the residual presence of bacteria in the cavity is stated as one of the most vital problems. After caries is removed from the cavity, the method of cleaning the cavity with antibacterial solutions, gels, or other applications appears to be quite helpful in lowering the remaining bacterial population [2]. Adding herbal remedies to dental care reflects patient’s growing preference for natural, holistic approaches and thus creating opportunities for safer, more sustainable, and potentially less invasive treatments [3]. Phytotherapy is the use of plant extracts to treat diseases because of their antimicrobial properties. Essential oils are naturally produced secondary metabolites of plants, consisting of many volatile constituents (terpenoids/ and alkenes, aromatic alcohols) that possess antibacterial, anti-inflammatory, and analgesic actions [4-6]. Some of herbal products have also been used as irrigants that proved to be anti-microbially effective against E.fecalis [7]. Widely used essential oils are extracted from rosemary, ginger, clove, black pepper, cinnamon, thyme, green chile, pimento, garlic and oregano [8]. Amongst all these, Origanum vulgare (Karpooravalli) has powerful antioxidant compounds called phenols, terpenes, and terpenoids.
It includes carvacrol, the most prevalent phenol, which has been demonstrated to inhibit the growth of a variety of bacteria. Research indicates oregano oil may work against some strains of bacteria (Pseudomonas aeruginosa and E. coli) being potentially resistant to antibiotics [9]. Vetiver (Chrysopogon zizanioides) is an Indian perennial whose thick, fibrous adventitious roots yields Vetiver oil; widely valued in perfumery for its characteristsic scent and used as a food flavor enhancer, the oil also possesses antifungal, antibacterial, antiparasitic, anticonvulsant, antidepressant, antioxidant, anti-inflammatory, analgesic, anti-ageing, and cytotoxic properties even against cancer [10]. Staphylococcus aureus, bacteria that cause sepsis, is effectively stopped from growing and eliminated by Chrysopogon zizanioides (Vetiver). [11, 12]. Literature evidences have shown that many agents have been used to eradicate or reduce microflora, however, most of them are found ineffective to combat complete infection. On reviewing the literature, no studies compare these essential oils against oral pathogens such as Lactobacillus casei, rhamnosus, Streptococcus mutans, and Prevotella intermedia by bacterial culture medium. Given these facts, our study intended to assess antimicrobial efficacy of two plant‑derived oils (essential) namely, Origanum vulgare (Karpooravalli) and Chrysopogon zizanioides (Vetiver) against Lactobacillus casei, rhamnosus, Streptococcus mutans, and Prevotella intermedia by bacterial culture medium.
Materials & Methods

Research began after institutional review board granted their approval. (IEB number: IEC/TDCH/159/2022 CODE NO.: 02042203). Medium preparation was done by dissolving commercially available Nutrient Agar Medium of 2.8 grams (Hi-Media Laboratories Private Limited, Maharashtra) in distilled water of 100 ml so as to obtain a sample size of 60 with 30 numbers in each group. The medium was autoclaved at 15 psi and 121°C for 15 minutes. After thorough mixing, the molten medium was dispensed into 100 mm petri-plates (25-30 mL each).

Petri-plates (Borosil, India) containing 20 ml nutrient agar medium were seeded with a 24-hr bacterial strain culture (Lactobacillus casei, rhamnosus, S.mutans, & Prevotella intermedia) (Culture media- sigma Aldrich) and according to McFarland standard, optical density was accustomed as 0.5. Creation of wells and sample concentration of Origanum vulgare (group I) and Chrysopogon zizanioides (group II) (Hi-Media Laboratories Private Limited, Maharashtra) (100 µg/ml) was placed into wells. Following this, they were gestated at 37°C for around 24 and 48 hours. Anti-bacterial activity was assessed by gauging diameter of inhibition zone around wells [13-15].

Statistical analysis
The mean and standard deviation were calculated for the microbiological parameters [Zone of Inhibition] of the Lactobacillus casei, rhamnosus, Streptococcus mutans, and Prevotella intermedia. Data obtained were statistically analyzed using One-way ANOVA for multiple intragroup comparisons between individual bacterial strains and Paired t-test was used for intergroup comparison to assess the zone of inhibition antimicrobial activity assessing at changed intervals of time and p≤0.05 was evaluated to be significant value statistically and indicated by an asterisk. Utilising the Graph Pad Prism 6.0 programme (USA), the data were determined.

Results
Origanum vulgare showed increased antimicrobial efficacy against the Lactobacillus casei and rhamnosus in both 24 and 48 hours where p≤0.05 which indicated statistical significance. (Table- 1, 2) Also, Group-2 is anti-microbially efficient against Lactobacillus casei, rhamnosus, Streptococcus mutans, and Prevotella intermedia. Among all these, Group 2 has increased antimicrobial efficiency against the Prevotella intermedia in both 24 and 48 hours which is statistically significant. The zone of inhibition of Chrysopogon zizanioides was efficient against Lactobacillus casei rhamnosus which is statistically significant in 24- and 48-hour periods (p≤0.05) (Figure-1)

Table 1: Association between different bacteria and zone of inhibition at 24 hours
	Groups
	Zone of inhibition 24 hours
	F
	P

	
	Prevotella Intermedia
	Streptococcus Mutans
	Lactobacillus Casei, rhamnosus
	
	

	Group 1
	16.30±0.675
	18.80±0.632
	22.20±0.422
	254.61
	0.00**

	Group 2
	5.40±0.699
	4.10±0.316
	4.10±0.316
	24.532
	0.00**

	T
	35.46
	65.74
	108.60
	
	

	P
	0.00**
	0.00**
	0.00**
	
	


t* paired t-test, F** one-way-ANOVA p ≤ 0.05=statistical significance

Table 2: Association between different bacteria and zone of inhibition at 48 hours
	Groups
	Zone of inhibition 48 hours
	F
	P

	
	Prevotella intermedia
	Streptococcus Mutans
	Lactobacillus Casei, rhamnosus
	
	

	Group 1
	16.40±0.516
	19.40±0.516
	23.80±0.422
	584.43
	0.00**

	Group 2
	5.40±0.516
	4.20±0.422
	4.70±0.483
	16.082
	0.00**

	T
	47.63
	72.10
	94.20
	
	

	P
	0.00*
	0.00*
	0.00*
	
	


t* paired t-test, F** one-way –ANOVA p≤0.05= statistical significance
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Fig 1: Represents the Zone of Inhibition using Origanum vulgare (Group 1) and Chrysopogon zizanioides (Group 2) against bacterial strains at 24 hours and 48 hours.
s1a- Lactobacillus casei, rhamnosus; 1b- Streptococcus mutans; 1c- Prevotella intermedia, the zone of inhibition using against bacterial strains at 48 hours. 1d- Lactobacillus casei, rhamnosus; 1e- Streptococcus mutans; 1f- Prevotella intermedia

Discussion

Dental caries a multifactorial, dynamic, and biofilm-mediated disease that results in demineralization of hard tissues of the tooth. In both primary and permanent teeth, caries can harm the crown and, in some cases the exposed root surfaces. Carious lesions have a higher percentage and incidence of acidogenic and aciduric bacteria species such as Streptococcus mutans, Streptococcus sobrinus, Lactobacilli sp., and Prevotella intermedia.[16] Rising occurrence of infective micro-organisms whose presence became resistant to novel synthetic antibiotics; increased cost, rising toxic side effects and adulteration has resulted in inclination towards phytotherapy.[17] Caries-associated microbiota are not uniform; they differ between individuals, tooth sites, and disease progression rates. Some evidence links increasing aggressive caries to acid-tolerant and highly acidogenic Streptococcus mutans. Bacteria most commonly implicated are Streptococcus mutans and Lactobacillus species, which form biofilms on tooth surfaces. [18] Given drawbacks & systemic effects of chemical agents, interest in herbal alternatives has grown. Traditional systems such as Ayurveda, Unani& Siddha have long been practiced in India, and there is an increasing trend toward using herbs to lower S. mutans counts and thereby reducing occurrence of plaque & dental caries [19].
Stevia rebaudiana, Rhus standleyi, Achyranthes aspera, Psidium guajava, Cinnamomumspp. And many more phytotherapeutic agents showed good anti-microbial efficacy against S.mutans [20]. Berberis vulgaris (from the family of Berberidaceae) also called as barberry has proved to have improved anti-microbial efficacy on oral pathogens related with dental caries counting, S. sobrinus, S. mutans, S.salivaris, S. sanguinis & L. rhamnosus [21]. Curcumin and piperine also had evidence of anti-microbial effectiveness against S.mutans & L.bacillus [22]. Hence when weighing the importance of incorporation of various phytotherapeutic agents by means of traditional medicine, has definitely proved to be a better alternative and hence we decided to choose a new phytotherapeutic agent like Oregano, Carvocrol and thymol to check its anti-microbial efficacy against S.mutans and L. Bacillus. 

Literature reveals that, the effectiveness oregano, carvacrol & thymol against Staphylococcus aureus, Staphylococcus epidermidis’s biofilm-grown strains proved its potency as antimicrobial activity. Oregano oil is credited due to deed of its major phenolic constituents. Thus, the results of this work emphasize the potential of carvacrol, oregano and thymol as new-fangled lead structures in exploration for novel anti-bacterial compounds. [23] Effectiveness of some selected forms of oregano was tested against 15 other microorganisms. Among all the forms taken, the oregano’s essential oil showed supreme activity contrary to S. saprophyticus followed by B. circulans. Minimum activity was originated against M. kristinae, M. roseus, B. coagulans and B. brevis. [24] 

The results of this study are in accordance with the forementioned studies proving its efficacy against streptococcus mutans and lactobacillus rhamnosus casei at 24 hours and 48 hours when evaluated using agar plates. The impact of various plant extracts of oregano had been studied. The oils had a reasonable number of phenols and other components, which had an antibacterial effect. It emphasizes that origanum vulgare extracted as an essential oil has anti-microbial action against B.cereus, B. subtilis & MDR Staphylococcus aureus. Results of current study may help to improve the usage of oregano plants for pharmaceutical and nutraceutical applications because they validate the plants' interest in these fields [25].
The antimicrobial activity and phytochemicals of Chrysopogon Zizanioides were assessed by evaluating the lowest inhibitory concentration of 10 mg/mL against pathogenic bacteria and fungi against S.aureus, E.faecalis, E. coli, P.aeruginosa, K.pneumoniae S.faecalis, S.typhi, V.cholerae, and infective fungi (C.albicans & C.neoformens). This was in accordance with this research, where Chrysopogon Zizanioides (Vetiver) showed better results against Lactobacillus casei, rhamnosus, Streptococcus mutans, and Prevotella intermedia at 24 and 48 hours. [26] The phytotherapy products were used in its essential oil form in this study. On reviewing literature, composition of essential oil isolated from Vetiveria zizanioides’s roots was studied by Nash and it has proved to be a powerful antimicrobial action in contradiction of Staphylococcus aureus but & moderate activity against Pseudomonas aeruginosa, Bacillus subtilis, Escherichia coli, streptococcus mutans. [27, 28]. While comparing all of these studies, we concluded that there were no studies with karpooravalli oil and vetiver oil against Lactobacillus casei, rhamnosus, Streptococcus mutans, and Prevotella intermedia. This is in accordance with our study where Origanum vulgare showed a significant difference at 24 and 48 hours against lactobacillus casei and rhamnosus. This is in accordance to the study done by Chandrasekaran C et al (2024) who proved that origanum had greater depth of penetration for better action against microorganisms. Carvacrol is the essential component present in the oil which is responsible for its antimicrobial activity. Present investigation proved antimicrobial effectiveness of Origanum Vulgare (Karpooravalli) and Chrysopogon Zizanioides (Vetiver) in form of essential oils, against Lactobacillus Casei, Rhamnosus, Streptococcus Mutans, and Prevotella Intermedia. Among these, Origanum Vulgare tends to stand out among the two oils in antimicrobial efficiency. These herbal components can be used as an alternative to cavity disinfectants. Since this was an in vitro study, further studies are required regarding the same to corroborate the results of this study before in vivo usage.
Conclusion

This study showcases that Origanum vulgare (Karpooravalli) And Chrysopogon zizanioides (Vetiver) have antimicrobial efficiency against Lactobacillus casei, rhamnosus, Streptococcus mutans and Prevotella intermedia among which Origanum Vulgare stands out to be the best antimicrobial agent due to the presence of Carvacrol.
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