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Abstract 

 

Kaffir lime peels contain polyphenols as natural antioxidant and antimicrobial agent. The aims of this study were to 

(1) extract phenolics compounds from kaffir lime peels using water, ethanol 70% and ethanol 96% as the solvent, and 

(2) assess the antibacterial activity of the extract against Streptococcus mutans which is the main cause of dental 

caries. Research methodology includes preparation and extraction of polyphenols from kaffir lime peels, preparation 

of mouthwash based-kaffir lime peels extracts and evaluation the mouthwash ability to inhibit the growth of 

Streptococcus mutans. The results show water exhibited the best solvent to extract polyphenols among the three 

solvents. The total phenolics content in the water extract was observed at 11.42±0.48 mg GAE/g, whilst in the two 

ethanolic extracts were 10.91±0.87 and 8.87±0.53 mg GAE/g for ethanol 70 and 96%, respectively. Consequently, 

the water-based extract performed the highest antimicrobial activity. The highest inhibition zone was demonstrated 

by 100% extract of concentration extract variation. Although the inhibition zone of the mouthwash was smaller than 

the commercial product, the extract has the potential to be developed as a safe mouthwash for long-term usage. 
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INTRODUCTION 

Dental and oral health are common problems 

faced by both children and adults (Marsh and Martin, 

2009). Periodontitis is a gum inflammation that 

involves periodontium tissue that surrounds and 

support teeth, namely the periodontal ligament and 

alveolar bone (Pihlstrom et al., 2005). Periodontitis 

occurs due to disruption of oral microbial ecosystem 

balance by some gram-negative anaerobic bacteria 

(Figure 1.) (Cheng et al., 2017; Marsh and Martin, 

2009). Moreover, periodontitis is claimed to trigger 

degenerative diseases such as heart, diabetes, 

osteoporosis, pneumonia, arthritis and low preterm 

birth weight (Cheng et al., 2017; Otomo-Corgel et al., 

2012). 

Communities with periodontitis tend to have 

dental caries (Mattila et al., 2010), known as cavities, 

due to the dissolution of the enamel layer. Destruction 
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Figure 1. Illustration of periodontitis (Cheng et al., 

2017) 

 

to the enamel layer is due to the presence of acid 

released by bacteria present in dental plaque. One of 

the bacteria that causes dental caries is Streptococcus 

mutans (Loesche, 1986). One technique to inhibit 

dental caries is the use of mouthwash regularly. It has 

been believed that fluoride-containing mouthwash 

reduces the formation of dental plaque and dental 

caries (Roberts et al., 1948). 

Mouthwash solution consists of active 

ingredient and alcohol as the carrier of the active 

ingredient. Additional compounds such as sweetener, 

surfactant, coloring agent and therapeutic materials 

are also incorporated (Crowley, 2006; Volpe, 1997). 

However, the presence of alcohol can cause dryness, 

initial burning sensation, and unpleasant taste. Dry 

mouth will lead to more complications such as 

additional dental cavities and infection of the salivary 

glands since the saliva is a natural antibacterial agent 

(Hart and Powell, 1990). Consequently, the use of 

alcohol over a relatively long period will disturb the 

health of the oral cavity (Vlachojannis et al., 2012). 

Non-alcohol mouthwash offers benefits especially for 

long-term implementation. 

Drug, essential oil or their mixture could be the 

active ingredients in mouthwash which exhibit 

antibacterial activity. This study focuses on the active 

ingredients obtained from plants as antibacterial 

agents. The addition of essential oils to the mouth 

rinses was reported to reduce the formation of biofilm 

layers on tooth surfaces (Fine et al., 2001; Quintas et 

al., 2015; Riep et al., 1999). In other words, the 

occurrence of dental caries can be reduced by adding 

essential oils or plant extract in oral health products. 

Clinical trials performed by Riep et al. (1990) suggest 

that the addition of essential oils to mouthwash 

demonstrates greater effect as anti dental agents than 

fluoride-containing mouthwash (Riep et al., 1999). 

The addition of essential oils of plant extracts 

(turmeric and green tea) was reported to have 

antibacterial properties against oral microbes 

(Fournier-Larente et al., 2016; Lee et al., 2017). The 

antibacterial activities of plants or their extracts are 

claimed due to the presence of phenolics, flavonoids 

and other compounds as their secondary metabolic 

products during growth processing.  

Kaffir lime is not widely utilized since the fruit 

is unpleasant and contains a certain amount of 

phenolics, flavonoids, and other compounds (Bocco et 

al., 1998; Orak et al., 2012). Kaffir lime peel contains 

phenolics, flavonoids, alkaloids, saponins, and tannins 

(Irawaty and Ayucitra, 2015). The compounds are 

claimed to have antibacterial activity against E. coli, 

S. mutans, S. aureus, B. cereus, and P. aeruginosa 

(Klangpetch et al., 2016; Olchowik-Grabarek et al., 

2014; Rodríguez-Pérez et al., 2016). Some of the 

bacteria are reported as the main causes of dental 

caries (Marsh and Martin, 2009). The fruit peel is 

reported to exhibit higher antioxidant activity 

compared to that of the fruit juice and seeds 

(Derakhshan et al., 2018; Orak et al., 2012; Wolfe et 

al., 2003).  

Although several studies have been carried out 

to assess the antibacterial abilities of citrus peel 

extracts (Baba et al., 2016; Min et al., 2014; Sultana 

et al., 2012), however, the study of essential oils and 

the extracts of kaffir lime peel tested on E. coli, S. 

typhimurium, B. cereus, Xanthomonas oryzae, and S. 

aureus (Chanthaphon et al., 2008; Raksa et al., 2017; 

Singh et al., 2018) is still limited. The main aim of this 

study was to utilize the kaffir lime peel to be an active 

ingredient in mouthwash to prevent dental caries and 

employ the extract as a natural antibacterial agent 

against S. mutans to prevent dental caries. 

 

RESEARCH METHODS 

Extraction 

Fresh and undamaged kaffir lime fruits were 

obtained from Keputran market Surabaya in January 

2017. Firstly, the fruits were peeled and cut to obtain 

a size around 5x5 mm, then the peels were dried in an 

oven at 35oC for 48 h to obtain the water content is less 

than 10%. Dried peels were stored in an airtight zip 

bag for future use. Secondly, phenolics of kaffir lime 

peels were extracted by using the maceration 

technique at room temperature for 8 h. Water, ethanol 

70%, and ethanol 96% were selected as the solvents. 

After the extraction process was complete, the solid 

part was separated. Then the ethanol was vaporized 

using a rotary evaporator (IKA, RV-10) at 45oC. 

 

Total Phenolic Content Determination 

Total phenolic content in extracts was 

determined according to the procedure of 

Anagnostopoulou et al. (2006) with slight 

modification. Briefly, 0.2 mL of extract was added to 

1.8 mL of water and 1 mL of Folin-Ciocalteu reagent 

(1:10), followed by the addition of 3 mL of sodium 

carbonate solution 6% (w/v), the mixture was allowed 

to stand for 1 min at room temperature and dark 

condition followed with incubation at room 

temperatura for 30 min for color development. The 

solution absorbance was measured using a UV-Vis 

spectrophotometer (Shimadzu, UV mini) at 730 nm. 
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Gallic acid was used as the standard compound, and 

the total phenolic content was expressed as milligram 

of Gallic Acid Equivalent (GAE) per gram of dry 

peels. 

 

Preparation of Mouthwash Solution 

Solution A was prepared by mixing tween 80 

and water with a ratio of 1:10 (w/v) followed with 

glycerin (1.25 mL) and 3 mL of sodium saccharin. 

Meanwhile, solution B consisted of kaffir lime peel 

extract 8% and 0.5 mL of peppermint oil with a ratio 

of 1:12. The mouthwash solution was obtained after 

mixing solution A and B with a volume ratio of 10:1. 

 

Antibacterial Assay 

Antibacterial activity assessment of the 

extracts was determined by using the diffusion disk 

method. First, the suspension of S. mutans was applied 

on BHI-Agar medium by using a sterile lid cotton. 

Second, the sterilized test paper (diameter 6 mm) was 

dipped into the test extract solution which prepared in 

various concentration (25, 50, 75 and 100% v/v). Third, 

the test paper was placed on top of the agar medium 

and incubated at 37ºC for 24 h. Clear areas around the 

test paper indicated the ability of the extract to inhibit 

the growth of the selected bacteria. The procedure was 

repeated using wáter extract-based mouthwash and 

commercial mouthwash as the positive control. 

 

RESULTS AND DISCUSSIONS 

Total Phenolic Content 

Total phenolic content of the three extracts is 

presented in Figure 1. As seen, type of solvent used to 

extract kaffir lime peels influences the number of 

phenolics extracted from kaffir lime peels. The 

phenolic content in the extract of water, 70% ethanol 

and 96% ethanol was found 11.42 ± 0.48; 10.91 ± 

0.87, and 8.87 ± 0.53 mg GAE/g, respectively. After 

processing, the amount of phenolic content detected in 

the water- and ethanol 70%-based extract was 

observed similar. On the other hand, (Chan et al., 

2009) showed that the increase of ethanol 

concentration up to 60% has increased the total 

phenolics content extracted from kaffir lime peels. 

This different result can be explained by temperature 

treatment applied to our extracts. Following the 

extraction, the extract was further heated to remove 

ethanol. This treatment may decrease the amount of 

phenolics since some of phenolic compounds are 

sensitive to temperature. The employment of ethanol 

96% provides lower amount of phenolics by a factor 

up to 0.8 compared to other extracts. Similar trend was 

reported previously (Chan et al., 2009). This result 

indicates the concentration of ethanol, in another word 

is solvent polarity, affects the extraction of phenolic 

compounds which in turn affecting the total phenolic 

contents can be extracted from the peels. The 

exploration of other solvents possess different 

polarities such as hexane, acetone or ethyl acetate may 

provide different amount of phenolic content (Safdar 

et al., 2017). However, other solvents was not applied 

in this study due to the safety matter of the product for 

oral health.  

 

Antibacterial Activity 

The ability of extracts to inhibit the growth of 

S. mutans, which presented as the inhibitory zone 

diameter, is shown in Figure 2. It can be seen from 

Figure 2 that the three extracts demonstrated certain 

activity against S. mutans. The water extract possesses 

the highest inhibitory zone diameter compared to the 

other extracts in the same concentration. For the 50% 

extract test solution, the inhibitory zone diameter of 

the water extracts reached 7.75 ± 0.35 mm, while the 

extracts of ethanol 70% and ethanol 96% were 6.0 ± 

0.71 and 5.50 ± 0.71 mm, respectively. The same trend 

was also observed for other extract concentrations in 

the tested solution. 

 

 
Figure 1. The effect of solvent on total phenolic 

extracted from kaffir lime peels 

 

 

 
Figure 2. Antibacterial activity of kaffir lime peel 

extracts 
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The performance of water extract to inhibit S. 

mutans can be explained by the highest amount of 

phenolics in the water extract compared to the other 

two extracts (Figure 1). Phenolics compounds such as 

catechin, epicatechin and gallic acid are claimed to 

have antibacterial properties (Cueva et al., 2010; 

Ouerghemmi et al., 2017). Those compounds were 

detected in kaffir lime peels (Wijaya et al., 2017). 

Therefore, it is not surprising if the water extract 

demonstrated the highest antibacterial activity against 

the tested bacteria since it contains the highest 

phenolics compounds among the three extracts. 

Figure 2 shows the inhibition zone diameter 

was greater with the increase of the extract 

concentration. This can be explained by the increase 

of phenolics in the test solution by increasing the 

extract concentration. As previously described that 

phenolics possess antibacterial properties and thus, the 

increase of the extract concentration promotes higher 

antibacterial activity. The effect of the extract dose on 

antibacterial activity was also reported on essential oil 

of onion as reported by (Benkeblia, 2004). 

In order to apply the extract as the main  

ingredient of mouthwash solution, the water extract is 

added to basic mouthwash solution. Then the solution 

was tested for its activity against S. mutans. The ability 

of the mouthwash solution to inhibiting the growth of 

S. mutans is presented as the inhibiton zone diameter 

as shown in Figure 3. 

Figure 3 shows the prepared mouthwash with 

active ingredient of the water extract provided 2 mm 

inhibition zone diameter, while the positive control 

has 2 times greater of inhibition diameter. Commercial 

mouthwash solution contains alcohol which is an 

antiseptic agent and therefore, it has greater ability to 

retard the growth of S. mutans. This result shows a 

promising application of the water extract of kaffir 

lime peels to be added into mouthwash solution. In 

addition, the use of natural extract can reduce 

problems faced from the use of alcohol-containing 

mouthwash such as mouth dryness that promotes the 

unbalanced mouth flora. 

 

 
Figure 3. Antibacterial activity of the extract-based 

and commercial mouthwash 

CONCLUSION 

Based on the results, it can be concluded that 

solvent polarity influenced the number of phenolic 

compounds extracted from kaffir lime peels. The 

water extract possesses the highest phenolic content 

and thus, exhibits the highest antibacterial activity 

againts S. mutans. The use of pure water extract 

provides the greatest inhibitory diameter zone. 

Although the antibacterial activity of kaffir lime peel 

extract-based mouthwash was observed lower than 

commercial mouthwash, it potent to be further 

developed by taking into account the safety factor for 

long-term use. 
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