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INTRAORAL  ENVIRONMENT 

Application of Lemon Peel as an Unused Resource in the Oral 
Care Field

Shawn Winning1),  Tadayuki Iida1),  Syuichi Fukumoto2),  Satona Sasagawa3),   
Shigeki Araki2),  Takashi Inoue2),  Masafumi Kunishige4),  Nami Kawabata5),   
Naomi Takamiya1),  Masanori Hiramitsu6),  Toshihide Harada1)

ABSTRACT
Objective: The importance of oral care has recently been suggested based on the role of periodontal disease bacteria in the 

pathogenesis of arteriosclerotic disease and diabetes, the relationship between chewing power and brain function, and the rela-
tionship between saliva and healthy life expectancy. In the present study, the effects of domestic lemon peel on saliva secretion 
and oral bacterial counts were measured to investigate its potential use in oral care. 

Materials and Methods: The subjects enrolled in the present study were 36 community-dwelling healthy elderly individuals 
aged 60 years or older (age: 70.0 ± 5.9 years old). The duration of the intervention period was set at 2 weeks and a survey with a 
single ingestion was conducted before and after the intervention. Subjects were divided into water (11 subjects (control)), lemon 
juice (11), and lemon peel (12) groups. Measurement items are saliva secretion and measurement of viable bacterial counts in 
saliva. The Kruskal-Wallis test was used to analyze differences among the intervention beverages (inter-individual levels among 
the water, lemon juice, and lemon peel groups) as a factor and saliva secretion and bacterial counts in saliva as response vari-
ables. The Bonferroni test was used for multiple comparisons.

Results: Changes in saliva secretion and viable bacterial counts in saliva after sample ingestion were investigated. An imme-
diate increase in saliva secretion was observed after the ingestion of samples containing lemon peel, but not after the ingestion of 
water. Furthermore, slight decreases were noted in oral bacterial counts. 

Conclusion: An increase in saliva secretion may be useful in oral care not only for the maintenance and protection of the 
intraoral environment, but also physical function and QOL. 
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INTRODUCTION

The role of periodontal disease bacteria in the pathogenesis of arte-
riosclerotic disease and diabetes1-3) and the relationships between chew-
ing power and brain function4,5) and between saliva and healthy life 
expectancy6,7) have recently been reported, suggesting the importance of 
oral care. The '8020 campaign' proposed by the Ministry of Health, 
Labour and Welfare and the Japan Dental Association is a national cam-
paign to promote the retention of 20 or more teeth until the age of 80 
years8), and Japanese individuals now recognize the usefulness of oral 
care for maintaining the physical function of the whole body and quality 
of life (QOL). However, intraoral self-cleansing declines in the elderly 
and dry mouth becomes more prevalent due to an aging-induced 
decrease in saliva secretion, which may result in bacterial growth and 
increased oral health risks. 

In oral care, lemon water is used in the nursing field and effectively 
stimulates saliva secretion9). Mouth cleaning and the promotion of saliva 

secretion have been investigated in subjects with difficulties performing 
mouth cleansing, including tooth brushing, due to a compromised body 
condition, such as the elderly at nursing facilities and hospitalized 
patients10,11). Gargling with sour water promotes saliva secretion, which 
alleviates dry mouth, and the effectiveness of lemon water has been 
demonstrated12). 

A previous study reported that lemon peel, which is rich in polyphe-
nols, prevents the oxidation of blood LDL cholesterol and inhibits 
monocyte adhesion to epithelial cells and inflammation13). Although 
lemon peel is known to be beneficial for health, e.g. it inhibits blood 
pressure elevations, it has not yet been examined in the oral care field. 

The yield of lemons in Hiroshima prefecture has quadrupled in the 
past 20 years, with further increases being projected, which are import-
ant for community promotion. However, the juice of lemons is mainly 
used for beverages and its peel is discarded. Therefore, effective practi-
cal uses for lemon peel are needed. Although the usefulness of lemon 
water has been investigated in the oral care field, few studies have 
examined oral care with lemon peel. In the present study, the effects of 
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domestic lemon peel on saliva secretion and oral bacterial counts were 
examined to provide support for its potential application to oral care. 

MATERIALS  AND  METHODS

Subjects
The subjects enrolled in the present study were 36 communi-

ty-dwelling healthy elderly individuals aged 60 years or older (age: 70.0 
± 5.9 years old). The objective of the present study was explained to all 
subjects beforehand and experiments were performed after obtaining 
written consent. Two subjects were excluded because of inadequate 
records. This study was conducted in accordance with the Declaration of 
Helsinki and was approved by the Ethics Committee of the Prefectural 
University of Hiroshima (Approval Number 17MH037). 

Methods

1) Survey schedule (Fig. 1)

The duration of the intervention period was set at 2 weeks and a 
survey with a single ingestion was conducted before and after the inter-
vention. 

1. Period and method of the intervention 
Subjects were divided into water (11 subjects (control)), lemon juice 

(11), and lemon peel (12) groups. The water group ingested 530 mL of 
natural water, the lemon juice group ingested 500 mL of approximately 
6% lemon juice, and the lemon peel group ingested 20 g of lemon peel 
product daily for 2 weeks. These investigational products were provided 
by the collaborating research institution SAPPORO HOLDINGS LTD.

2. Survey with a single ingestion
A survey with a single ingestion was performed before and after the 

intervention. To investigate the effects of the single ingestion, saliva 
secretion and viable bacterial counts in saliva were measured before and 
after the single ingestion. To establish constant intraoral conditions, sub-
jects held an absorbent in their mouth for 5 minutes to absorb saliva, 
and the absorbent was then placed in a container. They rinsed their 
mouth with water, held an absorbent again for 3 minutes, and then 
placed it in a container (before the single ingestion). Subjects held the 
intervention beverage or lemon peel in their mouth for 10 seconds and 
then swallowed it. An absorbent was then held again in the mouth for 3 
minutes to absorb saliva (after the single ingestion). The water group 
drank 20 mL of natural water, the lemon juice group drank 20 mL of 
approximately 6% lemon juice, and the lemon peel group ingested 3 g 
of lemon peel product. 

2) Measurement items

1. Saliva secretion
Saliva was collected by absorbing it into a cotton absorbent. Sample 

absorbents were placed in containers and saliva was collected by cen-
trifugation. 

2. Measurement of viable bacterial counts in saliva
Saliva collected by centrifugation was analyzed using a bacteria 

counter (DU-AA01NP-H, Panasonic Healthcare Co., Ltd.), and the 
number of bacteria was measured. 

Statistical analysis
Data were subjected to a normality test employing the Shapiro-Wilk 

test. Since normality was not observed, the values in figures were pre-
sented as medians (25-75%). 

The Kruskal-Wallis test was used to analyze differences among the 
intervention beverages (inter-individual levels among the water, lemon 
juice, and lemon peel groups) as a factor and saliva secretion and bacte-
rial counts in saliva as response variables. The Bonferroni test was used 
for multiple comparisons. The Wilcoxon signed-rank test was employed 
for comparisons with values before ingestion and comparisons of the 
rate of change before and after the intervention in each group. Analyses 
were performed using the statistics software, EZR, and p < 0.05 was 
regarded as significant. 

RESULTS

1) Saliva secretion
Saliva secretion before and after the single ingestion and the rate of 

change before and after the intervention are shown in Fig. 2. Before the 
intervention, the volume of saliva after the single ingestion was slightly 
higher in the lemon juice and lemon peel groups than in the water group 
(lemon juice group: p = 1.00 and p = 0.17 before and after the ingestion, 
respectively; lemon peel group: p = 0.14 and p = 0.76 before and after 
the ingestion, respectively). The rate of change in the lemon juice (p < 
0.01) and lemon peel (p < 0.05) groups was significantly different from 
that in the water group. 

After the intervention, the volume of saliva after the single inges-
tion was slightly higher in the lemon juice and lemon peel groups than 
in the water group (lemon juice group: p = 1.00 and p = 0.44 before and 

Figure 1: Content of the survey with a single ingestion and the 
intervention period

Figure 2: Changes in saliva volume
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after the ingestion, respectively; lemon peel group: p = 0.31 and p = 
0.25 before and after the ingestion, respectively). Regarding the rate of 
change, no significant difference was noted between the lemon juice 
group and the water group (p = 0.40), whereas it was significantly high-
er in the lemon peel group than in the water group (p < 0.05). 

In comparisons of saliva secretion before the single ingestion, no 
significant differences were observed between before and after the inter-
vention in any group (water group: p = 0.21, lemon juice group: p = 
0.58, lemon peel group: p = 0.82). Regarding the rate of change, a sig-
nificant difference was only noted in the water group (water group: p = 
0.01, lemon juice group: p = 0.64, lemon peel group: p = 0.62). 

2) Bacterial counts in saliva
The results of oral bacterial counts before and after the single inges-

tion and the rate of change before and after the intervention are shown 
in Fig. 3. Before the intervention, oral bacterial counts after the single 
ingestion slightly decreased in the water, lemon juice, and lemon peel 
groups (lemon juice group: p = 1.00 and p = 0.34 before and after the 
ingestion, respectively; lemon peel group: p = 1.00 and p = 0.51 before 
and after the ingestion, respectively). Regarding the rate of change, no 
significant differences were noted in any group (lemon juice group: p = 
0.17, lemon peel group: p = 0.24), whereas counts were slightly lower 
in the lemon juice and lemon peel groups than in the water group. 

After the intervention, oral bacterial counts slightly decreased after 
the single ingestion in all 3 groups (lemon juice group: p = 1.00 and p = 
0.30 before and after the ingestion, respectively; lemon peel group: p = 
1.00 and p = 0.11 before and after the ingestion, respectively). 
Regarding the rate of change, no significant differences were observed 
in any group (lemon juice group: p = 1.00, lemon peel group: p = 1.00). 

In comparisons of oral bacterial counts before the single ingestion 
between before and after the intervention, no significant differences 
were observed in any group (water group: p = 0.24, lemon juice group: 
p = 0.52, lemon peel group: p = 0.91). Furthermore, there were no sig-
nificant differences in the rate of change in any group (water group: p = 
0.97, lemon juice group: p = 0.37, lemon peel group: p = 0.23).

DISCUSSION

Saliva was collected and sample ingestion-induced changes in sali-
va secretion and bacterial counts in saliva were investigated. 

1) Saliva secretion
Comparisons of saliva secretion between before and after the single 

ingestion before the intervention revealed that it was significantly high-
er in the lemon juice and lemon peel groups than in the water group. 
After the intervention, saliva secretion after the single ingestion was 
slightly higher in the lemon juice group than in the water group, similar 
to that before the intervention, and was significantly higher in the lemon 
peel group. Christou et al.14) previously reported the usefulness of the 
saliva secretion-promoting effects of lemon candy, lemon juice, and 
lemon slices. Nakada et al.15) also demonstrated the saliva secretion-pro-
moting effects of lemon candy. In the present study, the ingestion of 
lemon juice and lemon peel appeared to exert saliva secretion-promot-
ing effects. 

No significant differences were observed in any group in compari-
sons of saliva secretion before the single ingestion between before and 
after the intervention, while the rate of change was significantly differ-
ent in the water group only. Since the volume of body fluids is lower in 
the elderly than in adults16), the continuation of water ingestion for 2 
weeks may have elevated the intracellular fluid volume, thereby increas-
ing the supply to saliva, which is an extracellular fluid. On the other 
hand, the 2-week continuous ingestion of lemon juice and lemon peel 
did not exert any saliva secretion-promoting effects. It is possible that 
the rate of change did not significantly change after the intervention 
because it was already high before the intervention, suggesting that the 
single ingestion immediately exerted saliva secretion-promoting effects. 

2) Oral bacterial counts
No significant differences were noted in oral bacterial counts before 

or after the single ingestion among the water, lemon juice, and lemon 
peel groups before or after the intervention; however, bacterial counts 
were slightly lower after than before the single ingestion. Furthermore, 
the rate of change after the single ingestion was slightly higher in the 
water group than in the lemon juice and lemon peel groups, i.e., the rate 
of decreases in oral bacterial counts after the single ingestion was higher 
in the lemon juice and lemon peel groups than in the water group. 
Regarding the decreases observed in oral bacterial counts in the lemon 
juice and lemon peel groups, a stimulation with lemon ingestion may 
have induced saliva secretion-promoting effects and secreted saliva may 
itself have exerted self-cleansing and antimicrobial effects. Kato et al.17) 
previously reported that wiping the oral cavity with lemon water 
decreased oral bacterial counts. Saliva washes out food adhering to the 
teeth and between teeth and plaque by flowing in the mouth 
(self-cleansing effect)18). In addition, the composition of saliva includes 
lysozyme and lactoferrin, which exhibit bacterial growth-inhibiting 
activities19), suggesting that lemon juice and lemon peel contribute to 
reductions in oral bacterial counts. 

On the other hand, oral bacterial counts slightly decreased in the 
water group. Adachi et al.10) used water as a mouth-cleaning solution 
after meals and found that oral bacterial counts were lower after a meal 
than those before meals, while a significant difference was noted at 30 
minutes. In the present study, oral bacterial counts slightly decreased in 
the water group and this may have been due to the cleaning effect 
caused by water flowing in the oral cavity. The rate of change observed 
with the single ingestion was higher in the lemon juice and lemon peel 
groups than in the water group and this may have been due to the lack 
of antimicrobial effects by water even though it exerted self-cleaning 
effects. 

Saliva has many functions and is essential for daily life. Water com-
prises 95.5% of saliva, acts on oral tissue as a wetting agent/lubricant, 
and functions as an auxiliary material for vocalization/pronunciation. In 
food ingestion, saliva makes the gathering of food into a mass easier 
and softens hard food to facilitate swallowing20). In addition, saliva dis-
solves food, allowing taste substances to reach the gustatory receptors 
of the taste buds. Accordingly, reductions in saliva secretion are associ-
ated with not only dry mouth, but also taste disorders21). A previous 
study reported that taste discrimination ability decreased in rats when 
the salivary glands were removed22), and taste impairments have been 
shown to concomitantly develop in patient with Sjögren's syndrome, 
which is associated with hypoptyalism23). Changes in gustatory senses 

Figure 3: Changes in oral bacterial counts
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may influence the whole body because it leads to malnutrition and caus-
es sarcopenia. The present results showed that, similar to lemon juice, 
lemon peel may be utilized to attenuate not only dry mouth, but also 
eating disorders and taste impairments. However, since the subjects of 
the present study were community-dwelling elderly individuals aged 60 
years or older, aging-induced declines in saliva gland function influ-
enced the experimental results obtained. Therefore, further comparisons 
among age groups are needed to assess the usefulness of lemon juice 
and peel. 

CONCLUSION

Changes in saliva secretion and bacterial counts in saliva after sam-
ple ingestion were investigated. Saliva secretion was immediately high-
er following the ingestion of samples containing lemon peel than after 
water ingestion. Furthermore, slight decreases were observed in oral 
bacterial counts, indicating that the ingestion of lemon peel is useful for 
improving the intraoral environment. Therefore, oral care utilizing sali-
va secretion may be useful for not only the maintenance and protection 
of the intraoral environment, but also physical function and QOL. 
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