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Abstract 

Background/aim:  The objective of this paper is to examine the efficiency of antimicrobial mouthwashes in fighting 

caries biofilm and sustaining oral health. The antibacterial qualities of mouthwashes and their significance in reducing 

tooth plaque and gingivitis are emphasized. The study focuses on the role of various ingredients in mouthwash 

composition, including chlorhexidine, zinc, essential oils, and fluoride. Furthermore, the introduction of propolis and 

xylitol in traditional mouthwashes is investigated due to their antibacterial qualities and extra health advantages, with 

the potential for these ingredients to be promising alternatives assessed. 

Materials and methods: This study synthesizes results from other research and publications, concentrating on the 

components of mouthwashes and their value in oral health. Chlorhexidine, zinc, essential oil, fluoride, propolis, and 

xylitol are the chemicals being studied for their antibacterial qualities and advantages in avoiding dental disorders. 

Results: The findings indicate that the mentioned components play a crucial part in the formulation of mouthwashes, 

each of which contributes to the prevention of dental plaque and gingivitis. Propolis and xylitol, in particular, are being 

studied as potential attractive replacements to typical mouthwash components due to their extra health advantages. 

Conclusion: The findings imply that the mentioned components play an important role in the formulation of 

mouthwashes, with each contributing to the prevention of dental plaque and dental disorders. Propolis and xylitol are 

being studied as potential attractive replacements for typical mouthwash components due to their extra health 

advantages. 
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1. Introduction 

Dental health is an integral part of overall health and encompasses much more than simply having healthy teeth 

(Petersen, 2003). The bacteria found in the oral biofilm often lead to common dental caries and periodontal diseases. 

Thus, the control of oral biofilms therefore plays an essential role in the prevention of dental diseases (Baehni & 

Takeuchi, 2003). Various oral hygiene procedures have been developed and introduced in recent years to control 

biofilms in the oral environment (Çintan & Koçak, 2019). Using interdental brushes, dental floss, or regular tooth 

brushing helps remove plaque from the mouth, thus reducing the risk of dental disease (Daly, 2009; Kiger, Nylund, 

& Feller, 1991). However, studies have shown that these hygiene tools are insufficient for preventing tooth decay, 

plaque formation, and gum diseases (Asadoorian, 2016). 

In cases where adequate oral hygiene cannot be achieved by mechanical cleaning alone, antimicrobial mouthwashes 

may also be necessary for plaque control. With the use of these antimicrobial agents, both the amount of plaque is 

reduced, and the structure of the plaque is disrupted, making it easier to remove (Rosling et al., 1997; Serrano et al., 

2015). In recent years, the use of mouthwash is often recommended following basic mechanical cleaning methods 

to ensure oral biofilm control (BAĞIŞ & BAĞIŞ, 2019). The use of antiseptic mouthwashes has become a part of 

patients' daily oral hygiene practices today. 
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2.  Chlorhexidine-Containing Mouthwashes 

Chlorhexidine was first introduced as an antiseptic agent in England in 1953. It has been used for the treatment of 

infections and general disinfection in humans and animals since 1957 (Fardal & Turnbull, 1986; Löe, 1973). As of 

the 1970s, it has been widely used not only in medicine but also in dentistry (Mandel, 1994). 

The Chlorhexidine (CHX) molecule (C22H30Cl2N10) consists of 2 symmetric 4-chlorophenol rings and 2-

biguanides attached to the central hexamethylene chain (Basrani & Lemonie, 2005). Chlorhexidine gluconate is the 

salt of chlorhexidine and gluconic acid. It has broad antimicrobial activity against gram (+) and gram (-) bacteria, 

facultative anaerobes and aerobes, dermatophytes, fungi, and some lipophilic virus types (Lee, 2009; Davies, 1973). 

However, their activity against bacterial spores, mycobacteria, and some fungal species is limited (Broadley et al., 

1991; Russell, 1990; Weller, 2000). 

Although the mechanism of the antimicrobial action of chlorhexidine is still unclear, the most widely accepted view 

is that it is a cationic agent and interacts with the negatively charged bacterial cell membrane (Denton, 1991). Its 

efficacy is achieved by adsorbing onto the cell walls of microorganisms (Hernandez et al., 2005). At low 

concentrations, it exhibits a bacteriostatic effect, increasing cell permeability and causing leakage of cell contents. 

At higher concentrations, it has a bactericidal effect, causing precipitation in bacterial cytoplasm, leading to bacterial 

death. Due to its cationic property, it can adhere to tooth surfaces and oral mucosa (Lindhe, Lang, & Karring, 2008). 

It has a greater antibacterial effect on gram-positive cocci than on gram-negative bacteria (Mensi et al., 2018). 

Chlorhexidine-containing solutions have been reported to be most stable at a pH range of 5-8. In acidic environments 

where the pH is below 5, it gradually degrades, while at pH=8 and above, chlorhexidine precipitates, losing its 

effectiveness (Russell & Day, 1993). The antibacterial activity is at its highest when the pH is between 5.5-7 (Lang 

et al., 1982). 

Chlorhexidine has high sensitivity in oral tissues. Due to this property, it can be detected in increased levels in saliva 

even hours after its use (Tomás et al., 2008). Its antimicrobial activity continues due to its retention on oral surfaces 

and slow release. Additionally, the prolonged action time of chlorhexidine allows for longer interaction with 

microorganisms, enhancing its bactericidal effectiveness (Killoy, 1988). 

Chlorhexidine can be used in the oral environment in the form of toothpaste, gel, spray, mouthwash, and polish 

(Mandel, 1994). The effectiveness of chlorhexidine-containing mouthwashes on plaque and gingivitis has been 

demonstrated in many studies (Abdalrahman et al., 2016). The mouthwash form was first prepared in 0.2% and 0.1% 

concentrations and later 1.2% concentration was introduced (Van der Weijden et al., 2005). Today, the amount of 

chlorhexidine in mouthwashes varies between 0.12%-0.2% (Van Rijkom et al., 1996). 

Streptococcus mutans and S. sobrinus, known to cause initial caries, are more sensitive to chlorhexidine among oral 

streptococci (Dalli et al., 2010). Chlorhexidine is considered to have caries-preventive potential as it is an antiseptic 

agent that can suppress the growth of Streptococcus mutans (Emilson, 1994; Van Rijkom et al., 1996). A 0.2% CHX 

solution is considered a clinically effective mouthwash that prevents supragingival plaque formation and 

consequently the development of gum disease and caries (Wilken et al., 2001). Benzydamine hydrochloride has been 
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added to chlorhexidine-containing mouthwashes to provide analgesic and anti-edema effects (Erdemir, Şengün, & 

Ülker, 2007). This nonsteroidal anti-inflammatory agent helps to treat inflammation and its side effects by providing 

analgesic, antipyretic, and anti-edema effects in mouthwash (Serrano et al., 2015). However, there are also studies 

reporting that the use of chlorhexidine reduces the number of Streptococcus mutans, but its caries preventive effect 

is insufficient (Spets-Happonen et al., 1991; Spets-Happonen et al., 1985). Studies have reported that the cytotoxic 

effects of chlorhexidine mouthwashes used orally at concentrations between 0.12% and 2% are at low levels (Löe 

et al., 1976; Tanomaru Filho et al., 2002). 

It is crucial to use chlorhexidine mouthwashes according to the instructions for use. Improper use or excessively 

high doses may cause undesirable adverse effects (Hatipoğlu, Güncü, & Şengün, 2007). In long-term use, yellow-

brown discoloration of dental tissues, desquamative lesions on the oral mucosa, ulcerations, impaired taste sensation, 

and sensitization of the mucosa may be observed (Serrano et al., 2015; Balci & Buduneli, 2015; Arabacı et al., 2013). 

In summary, it can be said that Chlorhexidine-containing mouthwashes are still considered the gold standard among 

antimicrobial mouthwashes (Lee, 2009). 

3.  Zinc-Containing Mouthwashes 

Zinc, a fundamental trace element found in muscle tissue, bone, and skin in the body, plays a crucial role in 

maintaining oral health (Christianson, 1991; Thomas & Bishop, 2013). It is naturally present in saliva, teeth, and 

dental plaque (Kim, Kim, & Kho, 2010; Lynch, 2011). Zinc (Zn2+) is a sulfhydryl reactive agent, and its reaction 

is considered to have an antimicrobial effect (Cummins, 1991). 

It possesses broad-spectrum antibacterial activity (Finney, Walker, Marsh, & Brading, 2003). It primarily acts by 

targeting glycolytic enzymes and bacterial cell cytoplasm and inhibiting the glycolysis process. Zinc has 

antimicrobial properties against various bacteria, such as Streptococcus mutans. Phan et al. (Phan et al., 2004) 

conducted various experiments on the effectiveness of zinc against Streptococcus mutans and proved zinc's ability 

to block the glycolysis process. In addition to its good retention on oral surfaces, it also persists in saliva and plaque 

for hours following its application (Gilbert & Ingram, 1988). Repeated zinc applications create an accumulation 

effect in plaque (Hall et al., 2003; Afseth, Helgeland, & Bonesvoll, 1983). Numerous in vivo and in vitro studies 

have proven zinc's ability to inhibit and limit acid production in dental plaque (Harrap, Best, & Saxton, 1984). It has 

also been shown that zinc application prevents dentin demineralization and supports remineralization (Windisch, 

2001). It has been reported that their preferred use in mouthwashes can be attributed to their properties such as their 

lack of compound-forming toxicity and lack of coloration (Basavaraj & Khuller, 2011). 

Zinc is used in mouthwashes in various salt forms such as zinc oxide, zinc chloride, zinc citrate, zinc sulfate, and 

zinc lactate (Taşdemir & Alkan, 2016). A zinc salt's inhibitory effect on microbial glycolysis is pH-dependent and 

bacterial-specific. Inhibition is highest at pH 7, as seen in Streptococcus salivarius and Streptococcus sobrinus. 

Additionally, zinc salts help reduce bad breath by inhibiting the production of volatile sulfur compounds (He, Pearce, 

& Sissons, 2002; Addy, Richards, & Williams, 1980). 

4. Essential Oil-Containing Mouthwashes 
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The introduction of mouthwashes containing essential oils derived naturally and prepared from plants has taken their 

place as a different method of providing oral hygiene. Mouthwashes containing essential oils include eucalyptol, 

thymol, menthol, and methyl salicylate (Stoeken, Paraskevas, & van der Weijden, 2007). In these mouthwashes, 

alcohol can be used as a solvent and carrier for essential oils and other components (Lee, 2009). 

Several laboratory studies have demonstrated the effectiveness of essential oil mouthwashes in killing a variety of 

oral organisms, including pathogens and opportunistic bacteria (Ross, Charles, & Dills, 1989). Due to its broad 

spectrum, it is an effective antiseptic against yeasts, and gram-negative and positive bacteria (Petersen, 2003). With 

their antimicrobial properties, they slow plaque maturation and reduce bacterial density (Balci & Buduneli, 2015). 

The mechanisms by which essential oils work against bacteria are complex. The disruption of the cell wall results 

in the precipitation of cell proteins at high concentrations, whereas the inactivation of essential enzymes occurs at 

low concentrations. They are also suggested to exhibit anti-inflammatory effects due to their antioxidant activity. 

Studies on mouthwashes containing essential oils have shown significant reductions in odor-causing bacteria found 

in the gum line, as well as significant reductions in plaque bacteria on interproximal and buccal tooth surfaces (Daly, 

2009; Kiger, Nylund, & Feller, 1991). Another clinical study on Streptococcus mutans showed that mouthwash 

containing essential oils significantly reduced the density of Streptococcus mutans  in dental plaque (Fine et al., 

2000). 

Mouthwashes containing essential oils have very few negative effects. First of all, essential oils can cause tooth 

staining (Baehni & Takeuchi, 2003; Çintan & Koçak, 2019). Second, they have poor retention on oral surfaces and 

may cause a bad taste and burning sensation (Taşdemir & Alkan, 2016). Apart from these two negative effects, 

essential oil mouthwashes can penetrate the biofilm and with their anti-inflammatory, antiplaque, and anti-gingivitis 

properties, essential oils help to reduce gingival diseases (Balci & Buduneli, 2015). In particular, the efficacy and 

safety of a mouthwash containing a fixed combination of essential oils have been demonstrated in several long-term 

clinical studies, both in terms of reduction of existing supragingival plaque and gum inflammation and inhibiting 

the formation of new plaque and gum inflammation (Lamster, Alfano, Seiger, & Gordon, 1983). Mouthwashes 

containing essential oils are available on the market under the commercial name 'Listerine'. 

5. Fluoride Mouthwashes 

Fluorides (sodium fluoride, amine fluoride, sodium monofluorophosphate, stannous fluoride) prevent mineral loss, 

remineralize tooth enamel, and help prevent caries by reducing acid-forming plaque formation (Hitz Lindenmüller 

& Lambrecht, 2011). The fluoride ion replaces the hydroxide anion in tooth structure, forming a more resilient 

structure called fluorapatite (Ca3F) (Çağlar & Cengiz, 1996). 

Fluoride has been added to mouthwash formulations due to its effect on caries prevention and tooth remineralization 

(Giertsen, 2004; Maggio et al., 2010). Fluoride mouthwashes aim to increase the fluoride level in saliva and maintain 

it at a certain level (Ercan & Taş Özyurtseven, 2011). Fluoride-containing mouthwashes enhance protection against 

caries by increasing the fluoride reserve created by toothpaste. They also function in interdental spaces that 

toothbrushes can't reach (Hitz Lindenmüller & Lambrecht, 2011). 
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The recommended procedure is to use a low-concentration fluoride solution, once or twice a day, or a more 

concentrated solution, once a week or once every two weeks. The most commonly used fluoride compound in 

mouthwash is sodium fluoride (Marinho et al., 2016). The World Health Organization recommends daily use of a 

0.05% sodium fluoride mouthwash (230 ppmF) or weekly use of a 0.2% sodium fluoride mouthwash (900 ppmF) 

for caries prevention (O'Mullane et al., 2016). 

For individuals at high risk of caries and patients undergoing orthodontic treatment, fluoride mouthwashes are 

considered part of the protective treatment against caries (Petersson et al., 2007). It has also been shown that fluoride 

mouthwashes significantly reduce the formation of white spot lesions during orthodontic treatment (Ogaard, 2008). 

Zero et al. (Zero et al. , 1992) demonstrated in their study that the amount of fluoride in saliva reached higher levels 

with the use of fluoride mouthwashes and recommended the use of fluoride mouthwashes in addition to the use of 

fluoride paste to reduce caries formation. It has been reported that the combined use of fluoride toothpaste and 

mouthwash is effective in remineralizing root caries (Petersson et al., 2007). 

In a study investigating the effect of fluoride mouthwashes by Altenburger et al. (Altenburger et al., 2007), it was 

reported that the use of mouthwashes containing 250 ppm fluoride twice a day significantly increased 

remineralization on approximal surfaces. Daily use of mouthwashes containing 0.05% NaF has been found to be 

very successful in preventing the progression of initial caries when used in conjunction with other fluoride-

containing preparations (Marinho et al., 2016). 

Boyd (Boyd et al., 1993) reported in his study that a 0.4% tin fluoride mouthwash showed similar values in terms 

of caries prevention effect with 0.05% sodium fluoride mouthwash. Another study examined mouthwashes 

containing chlorhexidine and amine fluoride/tin fluoride and found them to be effective against Streptococcus 

mutans and Porphyromonas gingivalis (Karslı & Taş Özyurtseven, 2021). 

In recent years, fluoride mouthwashes have been widely used to prevent dental caries in children. Studies have 

shown that fluoride mouthwashes have a high caries preventive effect (Gaffar et al., 1998). It is recommended to 

use a fluoride mouthwash for children at risk of caries, for individuals with inadequate tooth brushing habits, for 

patients receiving radiotherapy, for patients undergoing orthodontic treatment and for those unable to brush properly. 

As fluoride is dangerous to swallow, these mouthwashes should not be used by children under six. (Bacaksiz & 

Tulunoğlu, 2012). 

6. Xylitol Mouthwashes 

Xylitol is a five-carbon sugar alcohol primarily derived from birch trees. Unlike six-carbon sugar, xylitol is not 

easily metabolized by oral bacteria (Santiago et al., 2018). 

In recent years, its use as a natural sweetener has become widespread. In addition to its use in gum and toothpaste, 

xylitol is also used in mouthwashes. Xylitol-containing mouthwashes are a natural and effective tool for maintaining 

oral health. It contributes significantly to the oral care routine by preventing dental caries, reducing dental plaque, 

and promoting remineralization (Ozan et al., 2007). 
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It has been shown in previous studies that xylitol inhibits the growth of differing strains of Streptococcus mutans. 

According to ongoing research, this is also the case for other oral streptococci, and xylitol inhibits both bacterial 

reproduction and acid production when glucose is used as an energy and carbon source. Oral streptococci do not 

produce acid from xylitol, as is well known. Researchers have shown that xylitol reduces the incidence of caries 

both in rats and in humans (Hayacibara et al., 2005). 

Xylitol is best known for its dental benefits, such as reducing the risk of tooth decay. It is believed to function 

through three mechanisms: xylitol can replace cariogenic sucrose, stimulate salivation, and may have specific 

inhibitory effects on Streptococcus mutans, the main cause of dental caries. Although a recent meta-analysis 

concluded that high-quality studies on the dental health benefits of xylitol are needed, the same study concluded that 

xylitol is an effective strategy as a self-administered caries prevention agent (Wåler & Rölla, 1983). 

Xylitol reduces the incidence of dental caries by raising pH and salivary flow and decreasing the number of 

periodontopathogenic  and cariogenic bacteria, xerostomia, plaque levels, dental erosion and gingival inflammation 

(Salli et al., 2019; Mäkinen, 2000). 

Research has been conducted to determine the viability of Streptococcus sanguis and Streptococcus mutans in the 

early stages of biofilm formation when xylitol and chlorhexidine are combined in a mouthwash compared to xylitol 

and chlorhexidine alone.  Chlorhexidine and xylitol combined inhibit streptococci more effectively than either agent 

alone (Nordblad et al., 1995). 

When mouthwashes prepared with some herbal ingredients considered healthy were evaluated alone or in 

combination with xylitol, mouthwashes prepared with xylitol showed a marked superiority in their antibacterial 

activity on saliva (Decker et al., 2008). 

There are also studies showing that the combined use of xylitol and fluoride is more successful in providing 

remineralization. In the study by Gaffar et al., the combined use of xylitol+NaF was compared with the use of xylitol 

or F alone, and the combined use of xylitol+NaF was found to be more successful in terms of remineralization 

(Murray et al., 1997). 

Considering the recent litrature, limited research has been conducted on the synergistic effects of xylitol and 

fluorides, chlorhexidine, and other products that promote oral health, such as probiotics. (Ozan et al., 2007). 

7. Propolis Mouthwashes 

Propolis is a naturally occurring bee product. It is a dark-colored, sticky and dense combination of beeswax and 

resin, and contains a variety of active natural ingredients such as essential oils, phenolic acids, plant balsams, 

aromatic alcohols, flavonoids, fatty acids, vitamins and mineral salts. Several laboratory studies have demonstrated 

that propolis has  some properties such as antibacterial, anti-inflammatory, antiviral,  antioxidant, antitumor, 

antifungal, and hepatoprotective properties. The chemical composition of propolis consists of 50-60% resin, 30-40% 

beeswax, 5-10% essential oils, 5% pollen, and some trace elements (Saeed et al., 2021; Abbasi et al., 2018). 
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Staphylococcus aureus, which is a Gram-positive bacterium, and Salmonella, which is a Gram-negative bacterium, 

show particular effectiveness in terms of antibacterial activity. In evaluating propolis' antibacterial properties against 

certain anaerobic oral pathogens, researchers found that it is effective against Prevotella oralis,  Lactobacillus 

acidophilus,  Porphyromonas gingivalis, Prevotella melaninogenica,  Fusobacterium nucleatum, as well as 

Veillonella parvula. It consists primarily of aromatic compounds such as caffeic acid and flavonoids (Dodwad & 

Kukreja, 2011). 

Due to its antimicrobial, antioxidant, anti-inflammatory, and antiproliferative properties, propolis has great potential 

in dentistry, oral health management, and medicine. Propolis has been used for treating caries, throat infections, and 

oral infections since the 12th century, and was mentioned in one of the earliest descriptions of the preparation. (Ercan 

et al., 2015). 

Propolis has many clinical applications in dentistry. It can be used to treat dental diseases such as denture ulcers and 

stomatitis, bad breath, periodontal pocket/abscess, cervical, dentinal, and root caries sensitivity, lichen planus, 

candidal infections, angular cheilitis, dry mouth, pericoronitis (Hayacibara et al., 2005). It is known that propolis 

extract has antimicrobial activity against Streptococcus mutans, a Gram-positive coccus facultative anaerobic 

bacterium commonly found in the human oral cavity and causing tooth decay. This anti-caries effect has been shown 

to involve two different mechanisms: a direct activity against Streptococcus mutans and inhibition of 

glucosyltransferase activity leading to the inhibition of bacterial adhesion. Propolis extract can be used as an 

alternative measure to prevent dental caries (Wåler, 1983; Decker et al., 2008). 

Propolis-containing mouthwashes are among the herbal mouthwashes used for oral hygiene. It has been shown that 

propolis mouthwash can be an alternative to chemical rinsing and when used in subgingival irrigation, better 

improvement in microbiological and clinical parameters was obtained compared to conventional treatment (Santiago 

et al., 2018). 

In a study by Duailibe et al., twenty volunteers were asked to rinse their mouths with propolis extract for one minute 

to examine the effect of mouth rinsing with propolis extract. When saliva samples before and after rinsing were 

compared, a 62% reduction in Streptococcus mutans colony count was detected. The researchers also recorded a 

significant reduction after a 7-day follow-up when volunteers were asked to rinse their mouths with propolis extract 

every day (Santiago et al., 2018). 

An experiment by Santiago and colleagues compared the effectiveness of a mouthwash that contains 2.6% propolis 

with a mouthwash that contains 0.12% chlorhexidine on dental plaque accumulation. It was found that the 

mouthwash containing propolis was as effective as the chlorhexidine mouthwash in reducing plaque accumulation 

during the 14-day trial period (Ozan et al., 2007). 

Ozan et al. evaluated the effects of different concentrations of propolis solutions and 0.2% chlorhexidine on oral 

microorganisms and human gingival fibroblasts by using propolis mouthwash at concentrations of 1%, 2.5%, 5%, 

and 10%. This study showed that chlorhexidine was more effective against oral microorganisms, and on the contrary, 

chlorhexidine showed more cytotoxicity against gingival fibroblasts (Ozan et al., 2007). 
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Propolis is used to protect oral health and prevent cavities due to its antibiotic and plaque-preventing properties. A 

simple propolis mouthwash can be made by adding 10-50 drops of propolis to a glass of warm water. Unlike 

commonly used mouthwashes, propolis mouthwash can be swallowed for more benefits (Dodwad & Kukreja, 2011). 

8. Discussion 

Mouthwashes have long been an essential of oral hygiene routines, providing an additional line of protection against 

dental disorders. The antibacterial properties of mouthwashes, as stated in this article, play a critical role in 

preventing the formation and advancement of dental plaque and gingivitis. Chlorhexidine has been employed for 

decades in mouthwashes due to its broad-spectrum antibacterial action. However, long-term usage might have 

negative effects, underlining the need for alternate therapies. 

Fluoride and essential oils have demonstrated potential; however, their efficacy varies depending on concentration 

and formulation. The use of propolis as a mouthwash component is very noteworthy. Because of its natural origins 

and powerful antibacterial characteristics, it has the potential to be a game-changer in oral health care. Furthermore, 

the fact that propolis is safe to consume provides two benefits: dental hygiene and overall health. 

While the agents mentioned in the article have demonstrated efficacy against caries biofilm, other aspects like as 

patient compliance, possible allergic responses, and long-term consequences must be considered. Future research 

should concentrate on improving formulations in order to enhance benefits while avoiding negative effects. Natural 

compounds such as propolis may pave the way for more holistic and safer dental care solutions in the future. 
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