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Introduction
Lemon fruit (Citrus limon) has various health-promoting effects 

such as suppression of an increase in blood pressure and improvement 
of fat metabolism [1]. It has been used in some cases to prevent the 
mouth thirst of patients in hospitals [2]. Furthermore, it has been 
reported to have antimicrobial activity [3] and confirmed effective 
against Vibrio cholerae [4,5]. Therefore, lemon juice is considered 
effective for disinfection of drinking water [6]. In addition, since lemon 
juice inactivates Escherichia coli O157:H7, Salmonella enteritidis, and 
Listeria monocytogenes, which can cause food poisoning, the rationality 
of cooking methods using lemon juice, has been proven [7]. The effects 
of lemon juice on Staphylococcus aureus, Bacillus subtilis, Pseudomonas 
aeruginosa, Salmonella Kintambo, and Salmonella typhi have also been 
investigated [8]. Furthermore, against Candida albicans, lemon juice 
has been shown to be more effective than gentian violet and has been 
reported to be useful for the management of oral candidiasis in South 
Africa [9]. The citric acid in lemon juice binds to norovirus particles, 
which may reduce viral infectivity [10]. Povidone-iodine (PVP-I) is 
known to be useful for oral care. However, its frequent use can destroy 
mucous membranes, and thus cause invasive infections [11]. Therefore, 
in this study, we investigated the usefulness of lemon juice for routine 
oral care by comparing its antibacterial activity with that of PVP-I 
solutions.

Materials and Methods
Detection of the effect on oral bacteria

Concentrated, 100% reduced lemon juice (undiluted solution 
[uLJ]; Pokka lemon 100, Pokka Sapporo Food and Beverage Ltd., Aichi, 
Japan; pH 2.3) was used. An undiluted PVP-I (uPVP-I) solution (Meiji 
mouthwash, Meiji Seika Pharma Co., Ltd., Tokyo, Japan) containing 7% 
(w/v) PVP-I with 0.7% available iodine was also used. To prepare the 
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Abstract
Objective: Rinsing with povidone-iodine solutions is commonly used for oral care. However, a heavy use of 

these solutions may damage the oral mucosa and cause an infection atrium. On the other hand, food-derived organic 
acids are known to have antimicrobial activity. In this study, we investigated the usefulness of lemon juice for routine 
oral care by comparing its antibacterial activity with that of a povidone-iodine solution.

Methods: Mouth rinsing was performed using diluted lemon juice, and the rate of increase in oral bacteria was 
compared to that associated with using a commercially available mouthwash, povidone-iodine solution, or distilled 
water. In addition, the minimum inhibitory bactericidal concentrations of lemon juice for Escherichia coli DH5α were 
determined.

Results: Thirty percent lemon juice showed antibacterial activity comparable to that of the povidone-iodine 
solution diluted as specified. Lemon juice was found to have bacteriostatic activity whereas the povidone-iodine 
solution had bactericidal activity against E. coli DH5α.

Conclusion: The results suggest that oral hygiene could be effectively and safely maintained using lemon juice 
for rinsing.
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oral rinsing solution, uPVP-I solution was diluted 20-fold (dPVP-I) and 
uLJ was diluted to 30% (v/v) (dLJ) with sterile distilled water (SW).

Two healthy individuals in their twenties and without tooth 
decay were enrolled as subjects. The subjects brushed their teeth 1 h 
before the experiment and did not eat, drink, or talk until the end of 
the experiment. The subjects rinsed their mouth 5 times by gargling 
with 10 mL of sterilized physiological saline (0.9% NaCl). The expelled 
liquid was preserved on ice as a pre-treatment solution until culture. 
Thereafter, the subjects rinsed their mouth 30 times by gargling with 
10 mL of rinsing solution (SW, dLJ, or dPVP-I), before spitting it out. 
The subjects repeated this operation 5 times. Three hours after the 
last rinse, the subjects rinsed their mouth by gargling with 10 mL of 
sterilized physiological saline, and the expelled liquid was stored on ice 
until culture. Each of the solutions stored on the ice was diluted 1000-
fold with sterilized physiological saline and 100 μL was inoculated on 
blood agar medium (Pourmedia@ Blood Agar E-MP23, Eiken Chemical 
Co., Ltd., Tokyo, Japan). After culturing at 37°C for 48 h under aerobic 
conditions, the colonies formed were counted. Thirty experiments were 
performed for each rinsing liquid, and the rate of increase in colony 
formation (∆%) associated with each rinsing solution was determined 
by considering the number of colonies associated with the pretreatment 
solution as 100%.
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Minimum inhibitory and bactericidal concentrations

The optical density of E. coli DH5α (Toyobo, Osaka, Japan) cultured 
in Luria-Bertani (LB) medium (1% tryptone, 0.5% yeast extract, 1% 
NaCl) was determined at 550 nm (OD 550), after which the culture 
was inoculated on LB agar medium (1.5% agar was added to LB 
medium). The colonies were counted and a conversion graph for OD 
550 and colony-forming units (CFUs) was drawn (data not shown). 
The minimum inhibitory concentration (MIC) was determined by 
the macro-broth dilution method (NCCLS, 1990). The uLJ or uPVP-I 
solution was diluted to 50, 45, 40, 35, 30, 25, 20, 15, 10, 5, 4.5, 4, 3.5, 3, 
2.5, 2, 1.5, 1, and 0.5% (v/v) using two-fold and normal concentration of 
Mueller Hinton (MH) medium (BBLTM Mueller Hinton II Broth, Becton, 
Dickinson and Company, New Jersey, USA). E. coli was seeded at each 
dilution to a final concentration of 5 × 105 CFU/mL. The 96-well plates 
were then incubated for 16 h at 37°C. One microliter of the solution 
was taken from each well after observation, and it was inoculated in 
Mueller Hinton (MH) agar medium (1.5% agar was added to MH 
medium). Microbial growth was investigated after culturing at 37°C for 
24 h. The lowest concentration at which growth was not observed was 
considered as the MBC. The average concentration of twenty results 
was determined and compared between the uLJ and uPVP-I solutions.

Ethics statement

In compliance with the Declaration of Helsinki, we explained the 
study and the methods to the subjects and obtained written consent 
from them. The study plan was approved by the Research Ethics 
Committee of the Faculty of Health and Welfare of the Prefectural 
University of Hiroshima (17MH007).

Results
Figure 1 shows the ∆% of bacteria after oral rinsing when the 

CFUs associated with pre-treatment solutions were considered as 
100% (n=30). After rinsing with SW, the CFUs increased by 239.58% 
(standard error, ± 36.51) after 3 h. The ∆% of bacteria associated with 
the dLJ solution was 101.34% (± 8.51) and that associated with the 
dPVP-I solution was 73.25% (± 13.93). Welch’s t-test showed that the 
∆% of bacteria associated with the dLJ and dPVP-I solutions were 
significantly different from that associated with SW (p<0.05). However, 
the difference in ∆% of bacteria between the dLJ and dPVP-I solutions 
was not significant.

Figure 2A shows the average MIC and MBC values of uLJ and 
uPVP-I solutions for E. coli DH 5α (n=20). The MIC value of the uLJ 
solution was 2.78% (v/v, ± 0.12) whereas the MBC was 12.25% (± 0.68). 
The MIC value of the uPVP-I solution was 1.43% (± 0.10) whereas the 
MBC was 2.16% (± 0.17), corresponding to 0.01% (w/v) and 0.015% 
effective iodine, respectively. The mean values of the MBC/MIC ratio 
for individual results were calculated (Figure 2B). The mean value 
for the uLJ solution was 4.58 (± 0.32) whereas that for the uPVP-I 
solution was 1.53 (± 0.08). The mean value of the MBC/MBC ratio was 
significantly different between the two solutions (p<0.05).

Discussion and Conclusion
It has been reported that the lemon fruit may be effective for 

various health issues such as cancer, cardiovascular disease, obesity, 
gastrointestinal disease, diabetes, urological diseases, psychosis, and 
bone protection [1]. Previously, we reported the possibility that lemon 
juice could suppress an increase in blood pressure [12]. Furthermore, 
various studies have reported the antibacterial activity of lemon juice 
[3-10]. However, we could not find previous studies wherein in vivo 

experiments were conducted to evaluate the effectiveness of lemon 
juice as an oral rinsing agent. Therefore, in this study, we compared 
the antibacterial activity of lemon juice with that of a commercially 
available mouthwash.

As Figure 1 shows, rinsing with lemon juice significantly suppressed 
bacterial growth. This study was performed in a small number of 
subjects and bacteria were not identified. Even for studies in a large 
number of subjects with different bacterial flora, the overall trend of 
findings is expected to be similar to that in this study. In this study, we 
detected bacteria of 3 h after oral care. We also preliminarily examined 
the bacterial culture 2 h after oral care; however, the results obtained for 
the rinsing liquids were not significantly different from that obtained for 
DW. It is conceivable that no significant difference appeared without a 
sufficient proliferation time. Therefore, if the incubation time is longer, 
the dPVP-I solution may have a significantly stronger effect than that 
of the dLJ solution.

The MBC/MIC ratio was significantly lower for the uPVP-I solution 
than for the uLJ solution (Figure 2). This means that the PVP-I solution 
was bactericidal, whereas lemon juice was bacteriostatic. In this study, 
the efficacy of lemon juice as an oral rinsing agent was evaluated against 
the commercially available E. coli strain DH5α, although it is better to 
use oral bacteria such as Streptococcus mutans for such a study. However, 
the results of this study afford the opportunity to determine the mode 
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Figure 1 Growth rate of oral bacteria 3 h after mouth rinsing. SW: Sterile 
Distilled Water; dLJ: Undiluted Lemon Juice Diluted to 30%; dPVP-I: Undiluted 
Povidone-Iodine Diluted 20-Fold. The bar represents SE (n=30, * p<0.05).
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Figure 2 Antibacterial activity of undiluted lemon juice and undiluted 
povidone-iodine against Escherichia coli DH5α. uLJ: 100% Concentrated 
and Reduced Lemon Juice. uPVP-I: 7% (w/v) Povidone-Iodine Solution. (A) 
Average of minimum inhibitory concentration (MIC) and minimum bactericidal 
concentration (MBC) (B) Average of the MBC/MBC ratio of each result. The bar 
represents SE (n=20, * p<0.05).
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of action of lemon juice on general oral bacteria. Oral care agents with 
a high bactericidal activity may have stronger adverse reactions than 
those associated with bacteriostatic agents [13]. Frequent use of PVP-I 
solutions in hospitals can lead to infection due to microbial invasion of 
tissues. Thus, it might be advantageous to use lemon juice for oral care 
instead of PVP-I solutions.

It is known that organic acids have antimicrobial activity [14]. 
Lemon juice contains abundant citric acid [15], which has antibacterial 
activity [16,17]. These facts suggest that the bacteriostatic effect in this 
study was mainly induced by low pH due to the presence of citric acid. 
A report put forth by the World Health Organization (WHO)/Food 
and Agriculture Organization of the United Nations (FAO) points out 
that acidic substance in fruit juice can cause tooth erosion without the 
involvement of bacteria [18]. 

The studies that were the basis of this report, are based on the results 
of frequent ingestion of many fruit juices. Since the dLJ solution used 
in this experiment contained 30% fruit juice and rinsing with 10 mL of 
the dLJ solution was repeated 5 times, the lemon juice consumed in one 
experiment can be considered as 0.5 fruit (30 mL/one lemon fruit). In 
addition, a previous study reported that exposure to citric acid for 1 h is 
necessary for tooth erosion to occur [19], the duration of rinsing in this 
study was less than 1 min on the whole. Furthermore, in this study, the 
subjects effectively kept their mouth closed for 3 h after rinsing. Lemon 
juice is known to promote salivation [20], and saliva exposure for 2 h 
has been reported to re-harden the citric acid-softened enamel [21]. 
Thus, it was considered that rinsing as performed in this study would 
not cause tooth erosion unless done frequently in a day.

The following two issues need to be addressed in future studies. 
The first is the concentration of the dLJ solution. The dLJ solution used 
in this study had a strong sour taste and was unsuitable for daily use. 
Further, it may be better not to rinse with lemon juice before sleeping 
because saliva flow is highly reduced during sleeping [22]. It has been 
also pointed out that frequent use of lemon juice may cause dry mouth 
[23]. Therefore, it is necessary to investigate the effect of lemon juice 
at a lower concentration and in a smaller amount. The second is the 
culture conditions for oral bacteria. Since the oral bacteria in this study 
were aerobically cultured, obligate anaerobes such as Porphyromonas 
gingivalis were not included in the results. Based on the above, further 
experiments are desired to use lemon juice as an oral rinsing agent.
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