


Original Research Article 
Impact of oral hygiene practice with herbal teas on plaque index and bleeding index among under graduate students


Abstract:
Oral hygiene is a critical component of preventive dental care, as plaque accumulation and gingival inflammation are major contributors to oral diseases like dental caries and periodontitis. While chemical mouthwashes such as chlorhexidine are effective, they frequently cause unwanted side effects. The goal is to compare the effect of commonly consumed herbal teas (clove tea, cinnamon tea, and thyme tea) as oral rinses on Plaque Index (PI) and Bleeding Index (BI) to chlorhexidine and water. A randomised controlled study was conducted with 150 participants aged 18 to 25 years old, divided equally into five groups: clove tea, cinnamon tea, thyme tea, chlorhexidine, and water (control). The results obtained were statistically analysed using mean. SD and annova test. Herbal teas were prepared using the decoction method and given twice a day for 21 days. The PI and BI values were taken at baseline, day 14, and day 21. All herbal tea groups experienced significant reductions in plaque and gingival bleeding, with the clove and cinnamon groups achieving results similar to chlorhexidine. Thyme revealed moderate efficacy. Herbal teas, particularly clove and cinnamon, are effective, safe, and cost-effective alternatives to chemical mouthwashes for controlling dental plaque and gingivitis. Their antimicrobial, anti-inflammatory, and antioxidant properties help to promote oral health and patient satisfaction. The results obtained support the use of herbal rinses in daily oral hygiene routines, particularly in areas where access to conventional dental products is limited.
KEYWORDS: Herbal teas, Oral hygiene, chlorhexidine, and water

Introduction:
Oral health encompasses the ability to speak, smile, smell, taste, touch, chew, swallow, and express a variety of emotions through facial expressions with confidence and without pain, discomfort, or craniofacial complaints." Additional attributes of oral health. It is an essential component of good health, both physical and internal1,2. It exists on a continuum determined by the values and attitudes of individuals and communities. It reflects the physiological, social, and cognitive characteristics that are critical to quality of life1. Oral hygiene is the practice of keeping your mouth clean to prevent dental issues such as tooth decay, gum disease, and bad breath2,4.
Good oral hygiene practices not only protect the health of the teeth and gums, but they also contribute to overall health, as poor oral hygiene has been linked to a variety of systemic conditions such as cardiovascular disease and diabetes. Effective oral hygiene necessitates a combination of habits, including regular brushing, flossing, the use of mouthwash, a healthy diet, and professional dental care3. Brushing your teeth is the most basic and widely practiced oral hygiene habit. It helps keep the teeth's shells clean of bacteria, plaque, and food patches. Bad breath, gum disease, and tooth decay can all be caused by plaque, a sticky biofilm of bacteria that constantly forms on teeth and can solidify into tartar if not removed regularly5.
Flossing, or drawing teeth with dental fluff, is an important method for getting rid of food patches and sanctum. Interdental cleaning aids can reduce interdental gingivitis, distribute chemotherapy and remedial medicines, and remove shrine and food debris from areas that toothbrushes cannot reach5. Tongue drawing Dirty breath and poor oral health can result from the accumulation of bacteria, food patches, and dead cells on the tongue. Sugar-free chewing gums, dentifrices, and mouth rinses are also used to maintain oral health6,7. The Plaque Index (PI) is a numerical scale that measures the amount of dental plaque that has accumulated on tooth surfaces. Plaque buildup is a clear indication of poor oral hygiene and is linked to an increased risk of oral illnesses such as periodontal disease and dental caries. The bleeding index is a clinical biomarker of gum inflammation that is commonly used to evaluate periodontal disease and gingival health. When a probe is gently inserted into the sulcus between the tooth and the gums, the presence of blood indicates an inflammatory reaction in the gingival tissue8.

Natural mouthwash serves the same purpose as other types of mouthwash, with the exception that the ingredients are natural. It is also a popular choice for non-alcoholic mouthwash9,10. Their ingredients are less toxic than those found in other types of mouthwash. Clove, Cinnamon, Thyme, Neem, Tulsi, Ajwain, and Peppermint are some examples. Herbal mouth rinses are alternatives to chemical mouthwashes. Nowadays, most people drink herbal teas for health reasons. Herbs such as clove, cinnamon, and thyme contain ingredients that have anti-inflammatory, anti-oxidant, and antimicrobial properties, all of which contribute to good oral health11. Herbal dentistry incorporates natural remedies from plants, leveraging their antibacterial, anti-inflammatory, and analgesic properties to promote oral health. This approach aligns with holistic practices, traditional wisdom, and patient preferences, offering potential benefits including sustainability and reduced side effects12,13. As a result, the study sought to repurpose clove, cinnamon, and thyme herbal teas as mouth rinses. In current study, we assess the impact of oral hygiene practice combined with herbal teas on plaque index and bleeding index among undergraduate students. 
Methodology: 
The Randomized controlled study was carried out after obtaining the permission of institutional review board, SPSP/2024-2025/PHD18. Sri Padmavathi School of Pharmacy, Tiruchanoor, Tirupati, A.P, India. All participants of age between 18 to 25 years, healthy, not taken any antibiotic therapy and having minimum of 20 natural teeth with 12 interproximal areas are included in the study.  All the participants are informed the study procedure and that the data would be kept private and anonymous. Informed consent forms were given to patients who volunteered to participate. A specially designed proforma was used for collecting data which include participant demographics, oral hygiene practices. The participants with chronic diseases, not given informed consent are excluded from the study. The data was collected direct from participant. The study materials like patient data collection proforma, Informed consent form (ICF), Chlorhexidine mouth rinse (0.2% w/v), Clove buds (Syzygium aromaticum), Cinnamon bark (Cinnamomum verum), Thyme (Thymus vulgaris), Periodontal Probe, Gloves, Dental kit are used.
[image: ]The study design was as follows:

Flow chart 1: The study design
Preparation of Clove herbal tea: Fresh clove buds were bought from a local market and ground to a fine powder using a mechanical grinder. 1gm of finely ground clove was dissolved in 100ml of distilled water. And then boil the solution for 25 minutes over medium heat. The solution was thoroughly stirred to ensure the clove powder is fully incorporated, and the solution was filtered using a filter to ensure sterilisation and stored in the refrigerator.
Preparation of Cinnamon herbal tea: Fresh cinnamon bark was obtained from a local market and ground to a fine powder in a mechanical grinder. 1gm of finely ground cinnamon was dissolved in 100ml of distilled water. And then boil the solution for 25 minutes over medium heat. The solution was thoroughly stirred to ensure the cinnamon is fully incorporated, and the solution was filtered to ensure sterilisation and stored in the refrigerator.
Preparation of Thyme tea: Fresh thyme was bought from the local market and ground to a fine powder using a mechanical grinder. 1gm of finely powdered thyme was dissolved in 100ml of distilled water. And cook the solution for 25 minutes over medium heat. The solution was then thoroughly stirred to ensure that the Thyme was fully incorporated, and the solution was filtered to ensure sterilisation before being stored in the refrigerator.
The Usage instructions: During the study, participants were also given proper oral hygiene instructions, such as brushing their teeth twice a day with toothpaste and toothbrush. Participants were instructed to use the respective test mouthrinse for 21 days (15 ml twice daily for 30 seconds to 1 minute). Participants were also instructed not to eat, drink, or rinse for 30 minutes following mouthrinse application.
The Assessment of plaque index was done by using Silness and Löe Plaque Index9 Scoring as follows: No plaque present (0), A film of plaque adhering to the free gingival margin or tooth surface, visible only with a probe (1), Moderate plaque accumulation that is visible to the naked eye (2), Significant plaque accumulation, covering more than one-third of the tooth surface (3). The procedure was done as the following: The teeth was dry with air or cotton and use a probe or explorer to gently scrape the gingival margin of each surface. Then check for the presence and thickness of plaque. If plaque is hard to detect, use a disclosing agent for better visibility and Assign score (0 to 3) for each surface.
The Assessment of bleeding index was done by using Sulcus bleeding index. The score was as follows: Healthy papillary and marginal gingiva (P &M) no bleeding on probing(0), Bleeding on probing, no color change, no swelling of P&M (1), Bleeding on probing, change in color, no swelling of P & M (2), Bleeding on probing, change in color, slight swelling of P & M(3),  Bleeding on probing, change in color, obvious swelling of P & M (4), Bleeding on probing, spontaneous bleeding, change in color, marked swelling with or without ulceration (5).
The Procedure was done as following: Use a periodontal probe to gently probe the gingival sulcus and observe each papillary and marginal area for bleeding within 30 seconds. Then Record the bleeding and assign a score based on severity. The Microsoft excel and graph pad prism were used to analyse the results
Results: 
The total of 150 subjects is included in the study among them 90 are female and 60 are males. All the subjects are divided equally into 5 groups and samples given accordingly C1(water), C2(Chlorhexidine), T1(Clove tea), T2(Cinnamon tea), T3(thyme tea). Each group consists of 30 subjects. The symptomatic assessments were done in each follow up (day 1,day 14, day 21).
Table 1: One-Way ANOVA Summary for Group Comparisons (C1, C2, T1, T2, T3)
	Groups
	Count
	Sum
	Average
	Variance

	C1
	30
	602
	20.06667
	3.029885

	C2
	30
	604
	20.13333
	2.878161

	T1
	30
	601
	20.03333
	3.136782

	
T2
	30
	603
	20.1
	2.92069

	T3
	30
	599
	19.96667
	2.033333

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	0.493333
	4
	0.123333
	0.044051
	0.996295
	2.434065

	Within Groups
	405.9667
	145
	2.79977
	
	
	

	Total
	406.46
	149


* Single factor ANNOVA is used
The study participants are calculated age wise. The mean scores of all five groups are nearly identical, indicating homogeneity. The high P-value (0.996) suggests a very high probability that any observed difference is due to chance. The Males dominated in C1 (43.33%) and C2 (66.67%), while females had higher percentages in T1 (76.67%), T2 (63.33%), and T3 (70.00%). These results shows that male and female participation varied significantly across different groups, with females being more active in T groups. Halitosis is the most common issue across all groups, especially in T1 (20) and C2 (18). Dental cavities are least reported, with T2 (1) and T1 (2) having the fewest cases. Tooth pain cases are relatively consistent, with T3 (8) having the highest number. In the study, oral health scores compared between Healthy and Unhealthy groups across five conditions (C1–T3). The Unhealthy group showed a slightly higher average score (15.4) compared to the Healthy group (14.6).
Quality of regular oral hygiene practices in groups C1, C2, T1, T2 & T3 is assessed, From the scores, it is observed that the Non-regular OHP group had a higher average score (16) compared to the Regular OHP group (14). This outcome is somewhat unexpected, as regular oral hygiene is typically associated with better oral health. The awareness of mouthrinse usage indicates that the 'Unaware' group has higher numbers in most categories, especially C2 and T2, suggesting limited awareness across several areas. However, the 'Aware' group leads slightly in T3, showing stronger involvement or knowledge in that specific task.
       Table 2: Mean ± SD of Measured Parameter in Groups Over Time (Days 1, 14, and 21)
	GROUPS
	D1(MEAN±S.D)
	D14 (MEAN±S.D)
	D21 (MEAN±S.D)

	C1
	1.90 (±0.1)
	1.89(±0.1)
	1.89(±0.1)

	C2
	2.17 (±0.2)
	1.84(±0.3)
	1.25(±0.3)

	T1
	2.03 (±0.2)
	1.89(±0.2)
	1.74(±0.2)

	T2
	2.12(±0.2)
	1.95(±0.2)
	1.81(±0.2)

	T3
	2.04(±0.2)
	1.88(±0.2)
	1.74(±0.2)


The mean PI score and standard deviation on D1, D14 & D21 for groups C1, C2, T1, T2 and T3 was calculated. Group C1 showed stability across the study period, with minimal changes in mean scores. In comparison, group C2 exhibited a significant decline from 2.17 ± 0.2 at D1 to 1.25 ± 0.3 at D21, indicating a marked improvement. Treatment groups (T1, T2, T3) showed gradual reductions, with T1 and T3 having similar trends, highlighting the effectiveness of the treatments in comparison to the control groups.
The mean PI score difference during D1, D14, D21 for groups C1, C2, T1, T2 and T3 is calculated in that Group C2 shows the largest overall reduction (0.92) from D1 to D21, with particularly sharp decreases between D14–D21 (0.59), indicating a rapid change in the second half of the period. Group C1 shows the smallest changes, with a total decrease of 0.21 across the entire period, suggesting minimal change over time. Groups T1, T2, and T3 show moderate and consistent reductions, with total changes ranging from 0.29 to 0.32, and relatively balanced decreases between both intervals.



Table -3 Two-Way Repeated Measures ANOVA Summary: Effects of Time, Group, and Their Interaction
	Two-way RM
ANOVA
Assume sphericity?
	Matching: Stacked

No
	
	
	
	

	Alpha
	0.05
	
	
	
	

	Source of
	% of total
	
	P value
	Geisser-
Greenhouse's

	Variation
	variation
	P value
	summary
	Significant?
	epsilon

	Interaction
	18.37
	<0.0001
	****
	Yes
	

	Time
	26.05
	<0.0001
	****
	Yes
	0.8027

	groups
	5.329
	0.0026
	**
	Yes
	

	Subject
	44.97
	<0.0001
	****
	Yes
	

	ANOVA table
	SS
	DF
	MS
	F (DFn, DFd)
	P value

	Interaction
	7.084
	8
	0.8855
	F (8, 290) =
125.9
	P<0.0001

	Time
	10.05
	2
	5.024
	F (1.605,
232.8) = 714.6
	P<0.0001

	groups
	2.055
	4
	0.5139
	F (4, 145) =
4.296
	P=0.0026

	Subject
	17.35
	145
	0.1196
	F (145, 290) =
17.01
	P<0.0001

	Residual
	2.039
	290
	0.00703
	
	

	Data summary Number of columns
(groups)
	

5
	
	
	
	

	Number of rows
(Time)
	3
	
	
	
	

	Number of
subjects (Subject)
	150
	
	
	
	



Table 3 indicates the significant interaction, time, and group effects (p < 0.05) suggest that both group differences and time-related changes are meaningful. The high subject variability (44.97% of total variation) indicates individual differences strongly influenced the overall results.
The Significance (p-value) of PI score in groups C1, C2, T1, T2 and T3 in between time intervals. The results indicate that C2 exhibited the strongest and most consistent improvements, particularly between D1 & D21. C1, on the other hand, showed slower changes, with T1, T2, and T3 showing moderate progress over time. Among Mean BI scores on D1, D14 and D21 for groups C1, C2, T1, T2 and T3, Throughout the study period, group C2 exhibited a substantial decrease in mean scores from 2.40 ± 0.6 to 1.03 ± 0.7, while C1 showed minimal fluctuation (1.83 ± 0.5 to 1.77 ± 0.5). In comparison, the treatment groups (T1, T2, T3) all demonstrated a steady decline in scores, with T1 showing the most pronounced reduction from 2.47 ± 0.8 to 1.47 ± 0.7, suggesting the therapeutic interventions may have contributed to these improvements. 
Table 4 Tukey’s Post Hoc Test: Simple Effects of Time Within Each Group (Day 1, 14, and 28 Comparisons)
	Within each column, compare rows (simple effects within columns)

	Number of families
Number of comparisons per
Family
	5


3
	
	
	
	

	Alpha
	0.05
	
	
	
	

	Tukey's multiple
comparisons test
	Mean Diff.
	95.00% CI of
diff.
	 Significant?
	Summary
	Adjusted
P Value

	C1
	
	
	
	
	

	
	
	-0.001537 to
	
	
	

	DAY-1 vs. DAY-14
	0.002333
	0.006204
	No
	ns
	0.3109

	DAY-1 vs. DAY-28
	0.002333
	-0.0007278
to 0.005394
	No
	ns
	0.1618

	 DAY-14 vs. DAY-28
	0
	-0.003927 to
0.003927
	No
	ns
	>0.9999

	C2
	
	
	
	
	

	
	
	0.2629 to
	
	
	

	DAY-1 vs. DAY-14
	0.3327
	0.4024
	Yes
	****
	<0.0001

	DAY-1 vs. DAY-28
	0.9207
	0.7949 to
1.046
	Yes
	****
	<0.0001

	DAY-14 vs. DAY-28
	0.588
	0.4730 to
0.7030
	Yes
	****
	<0.0001

	T1
	
	
	
	
	

	
	
	0.1115 to
	
	
	

	DAY-1 vs. DAY-14
	0.1387
	0.1658
	Yes
	****
	<0.0001

	DAY-1 vs. DAY-28
	0.2883
	0.2526 to
0.3241
	Yes
	****
	<0.0001

	DAY-14 vs. DAY-28
	0.1497
	0.1201 to
0.1793
	Yes
	****
	<0.0001

	T2
	
	
	
	
	

	
	
	0.1376 to
	
	
	

	DAY-1 vs. DAY-14
	0.1723
	0.2071
	Yes
	****
	<0.0001

	DAY-1 vs. DAY-28
	0.3163
	0.2789 to
0.3537
	Yes
	****
	<0.0001

	DAY-14 vs. DAY-28
	0.144
	0.1201 to
0.1679
	Yes
	****
	<0.0001

	T3
	
	
	
	
	

	
	
	0.1321 to
	
	
	

	DAY-1 vs. DAY-14
	0.1613
	0.1906
	Yes
	****
	<0.0001

	DAY-1 vs. DAY-28
	0.2983
	0.2625 to
0.3342
	Yes
	****
	<0.0001

	DAY-14 vs. DAY-28
	0.137
	0.1106 to
0.1634
	Yes
	****
	<0.0001


(significant<0.05)
The study participants' feedback on the use of clove, cinnamon, and thyme herbal tea as a mouthrinse was recorded, the majority of participants reported as with water, clove, and cinnamon improved their oral health quality more than chlorhexidine and thyme.
Discussion
A total of 176 participants gave informed consent for the study later 26 were excluded as they were reluctant for oral examination and some of them were absent on day one of our study. The age of the participants in the present study ranged from 18 to 25 years with mean age of participants across all five study groups—Water (C1), Chlorhexidine (C2), Clove tea, (T1) Cinnamon tea (T2), and Thyme tea (T3)—ranged narrowly between 19.97 and 20.13 years, indicating a homogeneous age distribution. This uniformity reduces age-related variability and improves the validity of comparative analyses between groups. The consistency in age ensures that any observed differences in plaque index or bleeding on probing are more likely due to the interventions than to demographic differences. 
Importantly, participants who consumed herbal teas reported symptomatic relief from conditions such as halitosis and tooth sensitivity. This supports the findings of Arweiler1 et al., who reported improvements in oral health-related quality of life after using plant-based rinses. The current study looked into the efficacy of herbal teas—clove (T1), cinnamon (T2), and thyme (T3)—as oral hygiene supplements for lowering Plaque Index (PI) and Bleeding Index (BI) in undergraduate students. 
These were compared to a regular chlorhexidine mouthwash and plain water. The findings of this randomised clinical trial revealed a significant reduction in BI values across all herbal intervention groups. Notably, clove and cinnamon teas proved to be almost as effective as chlorhexidine. Clove tea reduced BI by 1.00, from D1 (2.47) to D21 (1.47), whereas cinnamon tea reduced BI by 0.80, from D1 (2.37) to D21 (1.57). These reductions can be attributed to the antimicrobial properties of their active phytochemicals, eugenol in clove and cinnamaldehyde in cinnamon, which have been shown to inhibit pathogenic oral bacteria.
Clove tea had a PI reduction of 0.29 from D1 (2.03) to D21 (1.74), while cinnamon tea had a 0.31 reduction from D1 (2.12) to D21 (1.81). These findings are consistent with those of Kothiwale2 et al., who found that herbal ingredients like clove and basil effectively reduce gingival inflammation and plaque accumulation due to their antibacterial and anti-inflammatory properties. Similarly, Cortelli3 et al. discovered that eugenol disrupts bacterial cell membranes, lowering microbial load in the oral cavity and improving plaque-related parameters. Cinnamon extract has been shown by Kamat4 et al. to significantly reduce clinical indicators of gingival inflammation, including BI, due to its antioxidant and antimicrobial properties. The outcomes of this study further validate these findings, highlighting cinnamon as an effective herbal rinse in reducing gingival bleeding. 
Thyme demonstrated a moderate BI reduction of 0.57 from D1 (2.00) to D21 (1.43), indicating measurable improvement. This supports Kumar5 et al.'s findings that thymol, the active compound in thyme, has moderate antibacterial and anti-inflammatory properties. Its lower effectiveness than clove and cinnamon could be attributed to differences in phytochemical strength or bioavailability. Statistical analysis showed significant (p < 0.05) differences in PI and BI values between test and control groups. These findings validate the hypothesis that herbal teas can offer significant benefits in managing oral hygiene parameters, nearly comparable to chlorhexidine, without the associated drawbacks.
It is also noteworthy that the distribution of age and gender among participants was uniform across groups, ruling out potential demographic confounders and ensuring the reliability of intergroup comparisons. In this study most of the participants were comfortable, suggestable and improved oral health quality with water, clove & cinnamon rather than chlorhexidine and thyme. Importantly, these findings reinforce conclusions from Santi et al., who conducted a systematic review revealing that herbal products-including clove and neem consistently reduce plaque and gingival indices more effectively than placebo or water rinses. The consistency in age and gender distribution across all groups in the present study ensures that the observed differences in BI were a result of the interventions and not confounded by demographic factors. Notably, none of the herbal group participants reported any adverse effects, which is consistent with existing literature emphasising the superior safety profile of plant-based oral rinses compared to chemical ones such as chlorhexidine, which has been linked to tooth discolouration and altered taste sensation (loe9 et al.,). 
From a clinical standpoint, the current findings support the incorporation of herbal rinses—particularly clove and cinnamon—into daily oral hygiene practices. Because of their natural origin, low cost, cultural acceptability, and demonstrated efficacy, they are a sustainable and patient-friendly alternative for populations with limited access to traditional dental care. Furthermore, the anti-inflammatory, analgesic, and antimicrobial actions of these herbs are well documented in the literature, proving their multifaceted role in promoting oral health. (Ravindra8 et al.,).
Conclusion 
[bookmark: _Hlk197682619][bookmark: _Hlk180402183][bookmark: _Hlk183680988]The significant reduction in both Plaque Index (PI) and Bleeding Index (BI) among undergraduate students who used herbal teas as part of their daily oral hygiene routine. Among the herbal formulations tested, clove and cinnamon teas performed similarly to chlorhexidine in terms of plaque and gingival bleeding reduction, while thyme tea demonstrated moderate but notable effectiveness. Importantly, none of the herbal groups reported any adverse effects, indicating a favourable safety profile and increased patient acceptability for long-term use. These findings highlight the antimicrobial, anti-inflammatory, and antioxidant properties of herbal constituents, which are critical in managing oral biofilm and inflammation. These herbal teas provide a cost-effective, safe, and culturally acceptable alternative for oral care in areas where access to commercial dental products is limited, as well as among people seeking natural remedies. 
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