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ABSTRACT  

	Moringa oleifera, referred to as the drumstick or Miracle tree, has become well –known for its abundant nutritional and therapeutic benefits, especially in traditional medical practices. The possibility of M. oleifera as a natural remedy to stop dental caries, a common chronic illness mostly caused by Streptococcus mutans, is examined in this narrative review. Flavonoids, phenolic acids, glucosinolates, isothiocyanates, tannins, and saponins are among the bioactive phytochemicals found in the plant’s many sections, particularly its leaves, which support its antibacterial, anti-inflammatory, and antioxidant properties.These substances lessen the formation of acid, prevent bacterial growth, disrupt quorum sensing, and shield oral tissues from inflammation and oxidative damage. Significantly, M. oleifera extracts have shown potent inhibitory effects on S. mutans biofilms; extracts based on ethanol have shown superior efficacy. Furthermore, the plant has shown promise in a non-invasive caries management strategy, especially during post-pandemic oral health practices, when used in green synthesis of herbal toothpaste and nano-silver fluoride formulations. Although M. oleifera is an affordable natural remedy, it has its drawbacks, like bitterness, neurotoxic substances in roots, and a lack of standardized doses. Despite this, its high level of bioactivity indicates that it may be used as an adjuvant in dental care. To validate and optimize its use in oral health products, further research is a necessity.
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1. INTRODUCTION

Moringa oleifera, widely referred to as the Drumstick, Horseradish tree, or Ben oil tree, is part of the Moringaceae family. It’s a fast-growing and drought-tolerant plant acclaimed for its rich nutritional and medicinal characteristics. This species is found globally in most tropical and sub-tropical regions (Pareek et al., 2023). But it is regarded as indigenous to the sub- Himalayan tracts of Northern India (Leone et al., 2015). Moringacea is a dry zone vegetable; it needs specific environmental conditions like temperature of 25 ͦ C – 35 ͦ C, elevation 1000m above sea level, and a soil type like reddish brown earth, and low humic gley soil (S. T. N. Samarawickrama et al., 2023). As Sri Lanka has these optimum conditions, M. oleifera grows well in Jaffna, Kalpitiya , Mannar, Puttalam, and Hambantota areas in Sri Lanka. According to previous ayurvedic and in vitro studies, M. oleifera has the potential to prevent about 300 different diseases. The leaves are commonly used for precautionary and therapeutic reasons. M. oleifera is referred to as a “Miracle tree”, because all the parts of M. oleifera are conventionally used for treating various illnesses. Leaves are used to treat hypertension (Rifkia et al., 2023), diabetes (Hassan, 2023), genitourinary infections (Evy Suryani Arodes et al., 2022), anemia (Olukanni et al., 2023) and to induce lactation (Kekana et al., 2019).On the other hand, seeds are employed as sex enhancers (Goswami et al., 2016) and a as remedies for tooth aches. Barks are beneficial for ulcers (Choudhary et al., 2013) and urinary disorders (Maurya & Singh, 2014) and flowers are identified as hepatoprotective agents (Kumar et al., 2010). M. oleifera gums are use as pharmaceutical excipient, which is an additional substance in an active compound of the drug (Jarald et al., 2012).

Dental caries, also known as tooth decay, occur when bacteria convert carbohydrates to acids and this acid subsequently dissolves the hard tooth structure (Solanki, 2012). It is a highly prevalent chronic disease that occurs very often in children. According to the World Health Organization (2025) worldwide 2.5 billion people were affected by untreated dental caries. As per the national survey conducted in Sri Lanka in 2015/2016, 63.1% of children under the age of 5 years and have reported dental caries. The prevalence of dental caries was 30.4% and 41.5% in children aged 12 and 15, 92.5% in those aged 35-44, and 98.3% in those aged 65-74 (Ministry of Health, Nutrition and Indigenous Medicine, 2018). Dental caries is caused by the combination of factors like carbohydrates, host factors and bacteria such as, Streptococcus mutans, Streptococcus sobrinus, and Lactobacillus acidophilus (Farva et al., 2023). While many bacteria cause and contribute to caries, Streptococcus mutans, a gram-positive and facultative anaerobic bacterium, is the main causative agent. S. mutans promotes the formation of plaque and the pathophysiology of dental caries by producing dextran, a glucan-binding protein, and glucosyltransferase to adhere to tooth surfaces and form biofilms. It also lowers pH levels and speeds up the development of dental cavities by converting carbohydrates into organic acids (Soraya et al., 2024; Zayed et al., 2021). Host factors include genetic predisposition, salivary composition and immune defense system (Cogulu & Saglam, 2022). Apart from host factors environmental factors such as diet, especially dietary sugars (Mazurkiewicz et al., 2023) and oral hygiene practices (Fatima et al., 2022) also influence the formation of dental caries.
Traditionally, dental caries was treated through the surgical removal of decayed tissue. However, in recent years - mainly during the COVID-19 pandemic, minimally invasive approaches are preferred (Kadhem & Al Haidar, 2023). Additionally, the World Health Organization (2025) indicates that oral health issues are often expensive and excluded from universal health coverage. In many low- and middle-income countries, preventive and treatment services remain inadequate.
Moreover, synthetic commercial drugs used in oral health care may lead to adverse effects, such as hypersensitivity, immune suppression, and allergic reactions (Mohanty et al., 2020). For instance, the widely used anti-bacterial mouthwash, Chlorhexidine (CHX), can irritate the oral mucosa and, with long-term use, significantly affect oral microbiome, thereby increasing the risk of dental caries (Bescos et al., 2020). To overcome these challenges, researchers are beginning to explore natural, plant-based alternatives for the prevention and treatment of dental caries.
Given the limitations of conventional synthetic treatments, there is a growing interest in natural alternatives with fewer adverse effects. Among these, Moringa oleifera has received considerable attention in ethnomedicine due to its affordability, low toxicity, and minimal side effects.
M. oleifera contains a wide array of bioactive compounds, including vitamin A, vitamin C, beta-carotene, flavonoids, phenolic acids, glucosinolates, saponins, tannins, alkaloids, and terpenes (Shafiq & Mahdee, 2023). These compounds exhibit various pharmacological properties, such as anti-inflammatory, antimicrobial, antioxidant, and anti-quorum sensing activities (Suhartono et al., 2019), which collectively help in maintaining a balanced oral microbiota. Moreover, the plant’s fatty acids have demonstrated antibacterial effects, further underscoring its potential for oral health applications (Soraya et al., 2024).

Given these properties, M. oleifera shows promise as an anti-cariogenic agent in the prevention and treatment of dental caries. This review aims to explore the bioactive components of M. oleifera and their potential significance in promoting oral health and preventing dental caries.
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Fig 2. M. oleifera Pods
Fig 1. M. oleifera Leaves
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Fig 3. M. oleifera Seeds



2. Phytochemical Composition of Moringa oleifera.

Moringa oleifera contains a large number of phytochemicals. Gas chromatography and mass spectrometry techniques detected more than 110 distinct phytoconstituents (Mohanty et al., 2020). They are divided into flavonoids, phenolic acids, glucosinolates, isothiocyanates, tannins, saponins, oxalates, and phylates (Leone et al., 2015).


2.1 Flavonoids 

Flavonoids are diphenyl propane compounds found in vegetables, nuts, herbs, and other foods. These are not synthesized by humans but are ingested through diet. Flavonoids possess high antioxidant properties due to their ability to trap free radicals and donate electrons. M. oleifera consists flavonoid components, including kaempferol, quercetin, apigenin, and isohamnetin (Lin et al., 2018). Quantitative studies prove total flavonoid concentration in dried leaves of M. oleifera is about 5.059- 12.16 mg/g of Distilled Water. This range is normally larger than many fruits and vegetables (Leone et al., 2015). Epidemiological studies frequently demonstrate that consuming high levels of flavonoids protects against a variety degenerative disorder (Hejazi et al., 2020).

2.2 Phenolic acids

Phenolic acids are a type of polyphenolic chemicals formed by hydroxybenzoic acid and hydroxycinnamic acid. These naturally occurring compounds are known for their potent antioxidant, anti-inflammatory, anti-mutagenic, and anti-cancer properties (Leone et al., 2015). However, the phenolic compounds, especially in M. oleifera are known to counter free radicals and or oxidative stress because of their phenolic acid content (Manan & Mohammed, 2015). This action promotes health and can have a therapeutic value against numerous chronic diseases including dental caries where increased oxidative stress contributes to tissue damage and the progression of the disease (Singh et al., 2009).


2.3 Glucosinolates and Isothiocyanates

M. oleifera contains major bioactive chemicals called glucosinolates and isothiocyanates, which have a variety of health advantages. M. oleifera glucosinolates are composed of nitrogen and a sulfur-bound rhamnose moiety, which is bio transformed by the enzyme myrosinase when the plant is damaged or stressed (Lopez-Rodriguez et al., 2020). This reaction produces isothiocyanates, which are known for their anti-inflammatory and antioxidant qualities because of their tendency to activate detoxifying enzymes. In M. oleifera, the most prevalent glucosinolate is glucomoringin, and its isomers 4-O- (α-L-acetylrhamnopyrosyloxy)-benzyl glucosinolate were also detected in M. oleifera leaves, depending on the maturity and physiological properties of the leaves and seeds, contribute to its nutraceutical properties (Abd Rani et al., 2018). These bioactive compounds are critical for the prevention and management of chronic diseases. Particularly the leaves have antioxidant, anti-carcinogenic (Maldini et al., 2014), anti-diabetic (Waterman et al., 2015), anti-inflammatory, and anti-hypertensive (KumolosasI et al., 2021) properties, as well as the ability to protect against hepatic damage (Borgonovo et al., 2020). Despite these advantages, additional research is needed to investigate their existence in other M. oleifera tissues, such as roots, bark, and flowers, and to optimize extraction methodologies based on environmental conditions to maximize glucosinolate concentration.

2.4 Tannins

Tannins are plant derived polyphenols, which possess various parts of plants like fruits, bark, leaves and flowers (Liu et al., 2023). Mostly these compounds make the plant unpalatable to protect the plant from being eaten by the animals before it’s ripe. Tannins in M. oleifera mainly act against S. mutans causative bacterium for dental caries. Tannins interact with lipid membranes, affecting their fluidity and permeability, and they bind to proteins, such as alkaloids and gelatin generating complexes that contribute to their antibacterial properties (Leone et al., 2015; Huang et al., 2024). This interaction stops the bacteria from attaching to teeth, creating biofilms, or releasing acids that cause enamel demineralization (Czerkas et al., 2024)

2.5 Saponins

Saponins are the secondary plant metabolites which are produced during biotic and abiotic stress (Sharma & Nagpal, 2023), composed of sugar moiety linked to a hydrophobic aglcone, known as sapogenin. These metabolites were found in vary plants including M. oleifera (Leone et al., 2015). M. oleifera leaves contain 7.41% saponins, along with other phytochemicals (Kusmiyati et al., 2022). Particularly, their concentration in dry leaves is approximately 50g DE/kg of DW. Meanwhile, in dry leaves it is between 64 to 81g DE/kg of DW (Leone et al., 2015). Saponins in leaves extract of M. oleifera exhibits the ability to suppress inflammatory markers such as IL-1 β and IL -6 which indicates their potency in treating inflammatory conditions (Hamdy, 2023). Also, it shows antioxidant properties which are essential for oxidative stress-related diseases. In food industries, saponins act as a natural emulsifier and stabilizer, which improves the texture and reduces cholesterol. Pharmaceuticals utilize saponins as adjuvants and drug delivery agents. However, for wider uses, issues like cytotoxicity and bitterness must be resolved (Timilsena et al., 2023).

2.6 Oxalates and Phylates  

Oxalates and Phytates are anti-nutritional compounds as they bind minerals, inhibiting intestinal absorption (Leone et al., 2015). Because Oxalates can bind to calcium and other minerals and reduce their absorption, which can lead to hypocalcaemia and high consumption of this may contribute to kidney stone and hypertension (Mirmiran et al., 2022). Consequently, phylates inhibits mineral absorption mainly zinc and iron mainly in pregnant woman (Al Hasan et al., 2016).
Table 1 : Summary of bioactive compounds and their associated therapeutic or anti-nutritional activities
	Bioactive Compound
	Therapeutic activity

	Flavonoids. 
	Antioxidant 

	Phenolic acids 
	Antioxidant  and  Anti-inflammatory
Anti-mutagenic

	Glucosinolates and Isothiocyanates 
	Anti-inflammatory, Antioxidant, 
Anti-carcinogenic, anti-diabetic, and anti-hypertensive properties.

	              Tannins  
	Antibacterial properties and by binding with proteins prevent bacteria from attaching to teeth, creating biofilms / releasing acids.

	Saponins 
	Antioxidant properties

	Oxalates and Phylates   
	Anti – nutritional compound inhibits intestinal mineral absorption.

























*Summary of M. oleifera Bioactive compound and it’s therapeutic activity.
3. Anti-cariogenic Properties of M. oleifera.

3.1 Antimicrobial Properties  

Anti-microbial properties defined as the ability of a substance to either kill or stop the growth of pathogen without harming the host environment.  M.oleifera exhibits anti-microbial activity, against cariogenic bacteria, which can promote tooth decay by producing acids from the fermentation of sugars. Most known Cariogenic bacteria’s is S.mutans, Lactobacillus, Actinomyces, Bifidobacterium and Scardovia species (Spatafora et al., 2024).
Studies have proven that M. oleifera leaves extract is significant in inhibiting S. mutans growth. In Accordance with Elgamily et al. (2016) ethanol extracts of M. oleifera shows significant reduction in the growth of S. mutans and S. aureus, eventually lowers the bacterial proliferation and biofilm formation, as a result acid generation and enamel demineralization are inhibited. In the same study when extracts formulated with toothpaste it not only showed anti-bacterial effect but also anti- fungal effect against Candida albicans. Studies indicate that M. oleifera’s bioactive compounds are more effective in ethanol-based solutions. And can successfully target and inhibit the growth of S. mutans (Su-Kyung Jwa, 2019). Another study demonstrated the synergistic anti-bacterial effect of aqueous seed extract of M. oleifera and red pomegranate albedo against Porphyromonas gingivalis (Faisal Madhloom et al., 2022).
Also, M. oleifera has been demonstrated to contain broad–spectrum antimicrobial activity against range of Gram–positive and Gram-negative bacteria in addition to oral pathogens. The research finding of Amee et al. (2023) showed that methanol extracts, petroleum ether, and chloroform – soluble fractions significantly inhibited the growth of bacteria. Bacillus subtilis and Salmonella thyphi showed a great degree of inhibition. M. oleifera displayed identical anti – microbial action of ciprofloxacin, which indicates that M. oleifera will be a good natural substitute against infectious diseases.  

3.2 Anti-quorum sensing potentials.

M oleifera, a natural agent, has found out how to prevent dental caries through anti- quorum sensing ability. Quorum sensing is a communication system used by bacteria to regulate gene expression. Quorum sensing regulates the production of enzymes and toxins that play a major key role in bacterial virulence. M. oleifera disrupts this communication, reducing pathogenicity without directly killing the bacteria. Also, it does not promote antibiotic resistance (Arya & Usha, 2024). Phytochemicals such as flavonoids, phenolic acids and saponins, are crucial for their anti – QS properties. These compounds act as quorum sensing inhibitors, preventing bacterial signaling and providing antioxidant benefits against oxidative stress in oral tissue (Singh et al., 2009).

3.3 Anti-inflammatory Properties

M. oleifera has strong anti-inflammatory properties due to the presence of bioactive phytochemicals which help to reduce inflammation in a variety of oral tissues, including the oral cavity. These phytochemicals are shown to reduce the production of pro - inflammatory mediators like prostaglandins and reactive nitrogen species (RNS) in immune cells like macrophages, which are vital to the inflammatory response (saad et al., 2022; Tan et al., 2015). M. oleifera may prevent oral conditions such as gingivitis and periodontitis, both caused by chronic inflammation in the oral cavity. Moreover, these anti–inflammatory effects can help to retain healthy oral tissues by hindering the development of periodontal disease. According to Shay (2002) inflammatory processes in periodontal disease can exacerbate the demineralization of dental tissues, potentially leading to caries development. M. oleifera possesses the ability to modulate inflammation, making it a natural alternative to traditional anti-inflammatory therapies in oral healthcare.

3.4 Antioxidant Properties

In addition to its anti–inflammatory capacity, M. oleifera contains strong antioxidant characteristics that contribute to its preventive function in dental health. High phenolic content in M. oleifera contributes to its antioxidant capacity, making it a potential natural supplement in dental care (Bholah et al., 2015). Terpenoids and flavonoids such as kaempferol, quercetin, apigenin, and isohamnetin, function as antioxidants in oral tissue, scavenging free radicals and reducing oxidative stress. The extract of M. oleifera markedly inhibits S. mutans growth, with concentrations as 3.125% effectively reducing bacterial viability and glucan binding protein production, crucial for biofilm formation (Soraya et al., 2024).


4. THE APPLICATION AND LIMITATIONS OF M. oleifera IN PREVENTING DENTAL CARIES.

M. oleifera has incorporated several ways in preventing dental caries. The traditional method of treating dental caries is to remove decayed tissue. But due to post covid-19, there is a shift towards non-invasive non-aerosol treatments similar to topical fluoridated compounds.
For example, silver diamine fluoride (SDF) is utilized to remineralize carious lesions. But its usage is limited by its permanent black staining. Nano-silver fluoride (NSF), which is made utilizing silver nanoparticles with fluoride, creates NSF. This is made applying environmentally friendly techniques, such as plant extract, to successfully prevent tooth cavities. The green synthesis relies heavily on M. oleifera leaf extract, which helps ensure that it is safe for human consumption (Kadhem & Al Haidar, 2023). According to Karunakaran et al. (2023) M. oleifera’s antibacterial activity against caries is increased when combined with Thymus vulgaris oil. A study by Bamunuarachchi et al. (2022) demonstrated herbal toothpaste formulated with M. oleifera showed anti-bacterial efficacy against S. aureus and S. mutans with a considerable zone of inhibition, while its stability and pH were found to be appropriate to Sri Lankan standards. M. oleifera is a significant component in oral care because of its excellent mineral content, which includes Calcium, Magnesium, and Potassium. Additionally, a local drug delivery gel containing M .oleifera extract showed a bactericidal effect against P. gingivalis (Ida et al., 2023), and another study proves that a 4% M .oleifera topical gel applied to patients with gingivitis after the scaling and root planning (SRP) showed a similar results to 1% chlorhexidine gel (CHX) (Sawant et al., 2023). Since 1% chlorhexidine gel usually used to suppress bacterial colonization after SRP, yet it’s black staining limits it’s long term usage. Based on the result, M. oleifera can be used as a promising alternative to CHX. An in vitro study revealed that M. oleifera applied as a hydrogel to artificially demineralized molar teeth, significantly enhanced the remineralization superior to conventional fluoride varnish, which used to prevent dental caries (Essam Eliwa et al., 2024). 

Despite these promising applications, M. oleifera has certain limitations: its bitter taste can limit consumption, primarily in western societies (Borgonovo et al., 2020). According to Mohanty et al. (2020), spirochin is a neuroparalytic toxin found in the root of M. oleifera. Another drawback of utilizing M. oleifera as a compound in oral health is difficulty in determining acceptable dosages for ingestion and validating the effectiveness of treating dental caries.


5. CONCLUSION.

In conclusion, bioactive compounds of M. oleifera, such as flavonoids, phenolic acids, glucosinolates, isothiocyanates, tannins, and saponins, have shown potential for reducing dental caries. These substances lessen inflammation, shield oral tissues from oxidative stress, and have anti-bacterial action against cariogenic bacteria such as S. mutans. This shows that M. oleifera is a useful natural agent for preserving oral health and halting the development of caries, highlighting its potential for incorporation into dental care products.
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