


EVALUATION OF SALIVARY pH AND VIABILITY OF STREPTOCOCCUS MUTANS AFTER CHEWING NEEM AND MINT LEAVES– AN IN VIVO STUDY


Abstract:
Neem and mint leaves are well recognized in traditional Indian medicine for their stimulant, antiseptic, antifungal, and antibacterial properties. They have been incorporated into toothpastes and mouthwashes as natural anti-caries agents. Streptococcus mutans has a significant role in the development and worsening of dental caries. The present study aimed to assess the changes in salivary pH and the viability of Streptococcus mutans following the chewing of neem and mint leaves. A total of 60 saliva samples were collected from 30 subjects, both before and after chewing neem and mint leaves. Salivary pH was measured using pH indicator strips. All the samples are diluted to 1:160 and inoculated on Mutans-Sanguis agar plates, which were then incubated at 37°C for 24 hours. The bacterial colonies were counted, and the data were analysed with the Paired Sample T-Test. The average number of colonies seen prior to eating neem and mint leaves was 41.90, which decreased to 25.80 after chewing. This decrease was statistically significant (p = 0.004; p < 0.05). The average salivary pH rose from 5.995 before chewing to 6.190 after chewing, while the difference was not statistically significant (p = 0.081; p>0.05). Chewing neem and mint leaves resulted in a significant decrease in Streptococcus mutans colony counts, suggesting antibacterial action. While salivary pH increased somewhat, it was not statistically significant.
Introduction 
The mouth is an extremely crucial and sensitive area of our body because we get all types of things through the mouth, hence poor oral hygiene condition causes various oral and systemic disorders. Mouthwashes are a very common extra component of oral hygiene, and there are many different products with constantly changing compositions. The neem (Azadirachta indica), often referred to as the “Indian lilac,” and mint (Mentha spp.) are widely known medicinal plants with diverse therapeutic properties. Neem twigs have traditionally been used in India as natural toothbrushes (datun), while mint is commonly consumed as a mouth freshener after meals [1]. Neem leaves possess stimulant, antiseptic, antifungal, antiviral, and antibacterial activities. Extracts from neem leaves, bark, and oil have historically been applied in the treatment of wounds, skin infections, and oral diseases [2,3]. Similarly, mint leaves contain essential oils such as menthol and carvone, which exhibit strong antimicrobial, antifungal, and antioxidant effects, and are incorporated into toothpastes, mouth rinses, and herbal oral care formulations [4,5].
Both neem and mint extracts have demonstrated significant antimicrobial activity against oral pathogens, particularly Streptococcus mutans, the primary bacterium responsible for the initiation of dental caries [4,5]. The active constituents include azadirachtin, nimbidin, and flavonoids in neem, and menthol and rosmarinic acid in mint, which disrupt bacterial cell walls, inhibit enzymatic activity, and interfere with biofilm formation, ultimately leading to bacterial death [6,7].
The oral cavity maintains a near-neutral pH (6.7–7.3) through the cleansing action of saliva and the buffering role of sodium bicarbonate. A decrease in salivary pH promotes the proliferation of acidogenic bacteria such as S mutans, which adhere to pellicle-coated tooth surfaces, metabolize carbohydrates, and produce acids that cause demineralization of enamel and dentin, resulting in dental caries [2,4].
Although various chemical antibacterial agents are used in the prevention of dental caries, the growing problem of microbial resistance necessitates the search for safer and natural alternatives [2]. Plant-based agents such as neem and mint not only reduce bacterial viability but also present fewer adverse effects compared to synthetic drugs [3,6]. Earlier research has demonstrated the antibacterial activity of neem and mint extracts against cariogenic bacteria, but there is little evidence of their capacity to change salivary pH while decreasing S. mutans viability [4,5,12]. Hence, the present study was undertaken to examine the changes in salivary pH and the viability of S. mutans after chewing neem and mint leaves.
Materials and methods
Study Design and Sample Size
Experimental study in vivo trial was done carried out after obtaining the permission of institutional review board, among 60 students (30 sample for neem & 30 for mint) in our college. A total of 60(30 samples from neem taken participants & 30 from mint taken participants) samples were collected including pre and post exposure to the neem and mint. The study sample was selected randomly as per the inclusion and exclusion criteria. The informed consent was taken from all the participants and the complete study was explained to them.  
Inclusion Criteria
Persons of age group 18-23 yrs with good oral hygiene. Oral hygiene was assessed based on Oral Hygiene index – Simplified

Exclusion Criteria
Persons with periodontal disease, dental caries, systemic disorders, personal habits like smoking, paan/gutka chewing, persons under medications are excluded from the study.
Materials Required
Freshly picked neem and mint leaves from the market found in South India which is commonly used by the people, mutans-sanguis agar.
Miscellaneous
Disposable latex gloves, disposable mouth masks, disposable surgical head caps.
Collection of Sample
Following screening, the 30 participants were selected for sample 1. They were instructed not to drink or eat for one hour before the procedure. A sterile container was used to collect unstimulated saliva (Sample 1a). They were then asked to chew 3-4 neem leaves weighed approximately 1 gram for 5 minutes before rinsing their mouth. Saliva sample was collected again post chewing of leaves (Sample 1b). The collected saliva was stored at 4°C.
Following screening, the 30 participants were selected for sample 2. They were instructed not to drink or eat for one hour before the procedure. A sterile container was used to collect unstimulated saliva (Sample 2a). They were then asked to chew 3-4 mint leaves weighed approximately 1 gram for 5 minutes before rinsing their mouth.  Saliva sample was collected again post chewing of leaves (Sample 2b). The collected saliva was stored at 4°C.
Study of pH
pH strips were dipped into the sample. Colour change indicated the pH of saliva.
Study of Viability of S. mutans
The samples were delivered to the Microbiology lab within an hour of collection. Both the saliva samples were diluted to a ratio of 1:160. Mutans-Sanguis agar was used to study the inhibitory effect of the sample against S. mutans. Using a sterile cotton bud the diluted saliva was streaked onto the agar plates and then incubated for 24 hours at 37°C. The number of colonies (CFU) were counted in both sample 1 and 2, thereafter for comparison. Data was compiled and represented graphically.
In general, Saliva frequently contains S. mutans. Salivary levels and the number of colonised tooth surfaces are strongly correlated with this bacterium that lives in the human mouth and may be found in both dental plaque and saliva. Because saliva samples are simpler to obtain and handle than plaque samples, they are frequently employed in clinical settings to assess the presence of S. mutans.
Results and discussion:
An In vivo study was done to assess salivary pH and Streptococcus mutans count before and after chewing of neem and mint leaves. both male and female students are included in the study among 60 participants 32 are male and 28 are male participants. On an average the number of colonies formed in the sample taken before chewing of neem leaves was 47.30 CFU.  The number of colonies viable in the sample after chewing of neem leaves was 28.32 CFU. (Fig. 1, Table 1). There was a decrease in the number of colonies formed by 18.98 CFU. Upon conducting Paired Samples T-Test, this difference in values was found to be statistically significant. The average number of colonies developed in the sample before chewing mint leaves was 48.37 CFU. The number of viable colonies in the sample after chewing mint leaves was 30.21 CFU. (Figure 1; Table 1). The number of colonies produced decreased by 18.16 CFU. The Paired Samples T-Test revealed that the difference in values was statistically significant. (Statistically significant paired samples T-Test; p=0.027; p<0.05).
The saliva sample collected before to chewing neem leaves had an average pH of 6.192. After eating neem leaves, the average salivary pH was discovered to be 6.330. (Table 2, Fig. 2). The mean salivary pH increased by 0.138 units between the samples obtained before and after chewing. This difference was determined to be statistically insignificant using the Paired Samples T-Test. Statistically not (Paired Samples T-Test; significant; p=0.073; p>0.05). The saliva sample collected prior to chewing mint leaves had an average pH of 6.199. After eating neem leaves, the average salivary pH was discovered to be 6.270. (Table 2, Fig. 2). 
There is a slight increase in the mean salivary pH in the samples taken before and after chewing by 0.017 units. In the Paired Samples T-Test this difference was found to be statistically significant. (Paired Samples T-Test; significant; p=0.040; p>0.05) statistically. These results evaluating the effects of chewing mint leaves on salivary pH and Streptococcus mutans found that while there was a statistically significant decrease in the S. mutans colony count, the change in salivary pH was statistically significant as that mint leaves have antibacterial properties against S. mutans, although the impact on pH is minimal to moderate. 

Fig.1.Bargraphshowing mean number of colonies of S.mutans before and after chewing of neem and mint leaves.
Table1: Table showing the mean number of colonies of S. mutans before and after chewing neem &mint leaves. A Paired samples T-Test was done to check the significance of the difference in the mean values of colonies. (Paired Samples T-Test; Statistically significant; t value=3.294; p<0.05).

	Variables 
	N
	Mean
	Standard Deviation
	D f
	  T. Value

	Colonies of S. mutans before chewing NEEM leaves
	30
	41.30
	34.33
	19
	3.224

	Colonies of S. mutans after chewing NEEM leaves
	30
	28.32
	18.123
	
	

	Colonies of S. mutans after chewing MINT leaves
	30
	48.37
	33.345
	19
	3.193

	Colonies of S. mutans after chewing MINT leaves
	30
	24.9
	18.14
	
	


In the present study there was a significant decrease in the colony count of Streptococcus mutans in the salivary sample after chewing neem leaves. A study conducted by gargi murthy et al., focused on the reversal of salivary pH after an acidogenic challenge by locally available A. indica and O. sanctum leaves as it is established that the major factor controlling plaque pH is salivary pH.

Fig.2. BargraphshowingmeansalivarypHofthesamplesbeforeandafterchewingof neem & mint leaves
There is a slight increase in the mean salivary pH by 6.18 & 6.22 units after chewing of neem &mint leaves although the data is statistically not significant. (Paired Samples T-Test; Statistically not significant; p=0.081; p>0.05)
Table 2: Table showing the mean salivary pH before and after chewing neem & mint leaves. A Paired samples T-Test was done to check the significance of the difference in the mean values of salivary pH.    (Paired Samples T-Test; statistically not significant; t value= -1.839 &1.832; p<0.05)

	               Variables
	N
	Mean
	Standard Deviation
	T-Value
	P-Value

	Salivary pH before chewing Neem leaves
	30
	6.192
	0.8772
	1.839
	0.061

	Salivary pH after chewing Neem leaves
	30
	6.332
	
	
	

	Salivary pH before chewing Mint leaves
	30
	6.199
	0.8442
	1.832
	0.27

	Salivary pH after chewing Mint leaves
	30
	6.270
	
	
	



In one study, the most significant changes in salivary pH were seen right after chewing Tulsi leaves, although they stabilised after 30 minutes. The salivary pH remained alkaline in the range of 6–8 on average, despite the fact that there was no statistically significant difference (P > 0.05) observed between the three sample groups. It should be mentioned that none of the samples had pH levels below the critical pH. These results align with our research.
Various researches have proved that the use of neem leaves and mint leaves extract as mouthwash, toothpaste and may decrease plaque score thus decreasing the probability of getting dental caries. Neem's consists of Azadirachtin, a primary compound responsible for neem's antibacterial and antifungal effects, helping to reduce the bacteria that cause infections, plaque and lowering the risk of cavities and gum disease. Various researches have proved that the use of neem leaves extract as mouthwash, toothpaste and may decrease plaque score thus decreasing the probability of getting dental caries. The Quercetin, strong antioxidant, it helps protect gum tissue from damage caused by bacteria and inflammation.  The Other compounds like Neem also contains other beneficial compounds, including nimbolide, gedunin, and salannin, which contribute to its overall therapeutic properties. The Mint leaves contain menthol, chlorophyll, and rosmarinic acid, which are useful for oral health. Menthol provides a cooling sensation and kills bacteria that cause bad breath and tooth decay. Chlorophyll helps fight bad breath, while rosmarinic acid has anti-inflammatory properties that can soothe sore gums and promote healing.  
According to a different study, neem leaves are more effective at stopping the growth of gram-positive bacteria like S. aureus than gram-negative bacteria like Salmonella typhi. The oral health product's virulence property antimicrobials. According to a different study, mint leaves are more effective at preventing the growth of gramme positive bacteria like S. aureus than gramme negative bacteria like Salmonella typhi. Mint and neem are thought to provide anti-virulence properties against S. mutans. It was hypothesised that neem extract reduced S. mutans's cell surface hydrophobicity, which in turn reduced its capacity to stick to tooth surfaces. As a result, the number of cariogenic bacterial colonies in plaque decreases.
A study has shown that there was an increase in the average salivary pH by 0.48 units after tooth brushing with toothpaste containing neem and mint. It has also been stated that in individuals using toothpaste containing neem and mint extract there is reduced amount of acid production which indicates an increase in containing neem extract there is reduced amount of acid production which indicates an increase in the pH of saliva. Whereas in the present study the increase in salivary pH after chewing neem leaves was only by 0.195 units. The salivary pH after chewing neem leaves was only 0.195 units, which could account for this discrepancy in the results. The use of raw neem leaves in our study rather than toothpaste, which contains neem leaves extract, may be the cause of this discrepancy in the results. It is also known that using fluoride and herbal toothpastes improves salivary pH.
The employment of neem leaves into daily oral hygiene practices can lead to a reduction in the prevalence of dental caries. Chlorhexidine mouthwash is known to have a positive effect on salivary pH. Neem and mint extracts can also be incorporated into such mouthwashes and such mouthwashes and tiveness. Chewing of neem leaves can be advocated post meals, so as to neutralize the salivary pH which reduces after eating. It can also be used in individuals who lack the physical dexterity to perform efficient brushing of teeth to keep the colony count of cariogenic bacteria at the minimum possible and prevent the onset and propagation of dental caries as much as toothpastes to increase their effectiveness. It can also be used in individuals who lack the physical dexterity to perform efficient brushing of teeth to keep the colony count of cariogenic bacteria at the minimum possible and prevent the onset and propagation of dental caries as much as possible.
Conclusion: 
Within the limits of this study, chewing neem and mint leaves significantly it can reduce the viability of Streptococcus aureus in saliva. Although a slight increase in salivary pH was observed, it was not statistically significant. These findings support the traditional use of neem and mint for oral hygiene and their potential role as a natural antimicrobial agent.
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S.mutants Count :Before vs After

N	
Colonies of S. mutans before chewing NEEM leaves	Colonies of S. mutans after chewing NEEM leaves	Colonies of S. mutans after chewing MINT leaves	Colonies of S. mutans after chewing MINT leaves	30	30	30	30	MEAN 	 47.30
28.32
48.37
30.21

Colonies of S. mutans before chewing NEEM leaves	Colonies of S. mutans after chewing NEEM leaves	Colonies of S. mutans after chewing MINT leaves	Colonies of S. mutans after chewing MINT leaves	41.54	25.7	40.89	24.9	GROUPS


COLONY COUNT 




Salivary pH Neem & Mint Before & After Treatment

NEEM	6.192
6.332

Mean before chewing 	Mean after chewing 	5.92	6.18	MINT 	 6.199
 6.270

Mean before chewing 	Mean after chewing 	5.89	6.22	Groups


Mean pH







