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ABSTRACT

Introduction: Saliva is a complex oral fluid that is secreted by the major and minor salivary glands which 
have a vital role in sustaining oral hard and soft tissues. The calcium ion is one of the inorganic components 
of saliva, which plays a vital role in maintaining the tooth enamel integrity through the remineralisation 
process. The compliance of calcium intake for the body and the enhancement of calcium ions in saliva 
can be affected by consumption of fruits that comprise lots of calcium. Consumption of fruit containing 
high calcium can increase buffer capacity, support remineralisation and prevent demineralisation. One 
of the fruits with rich calcium is red dragon fruit (Hylocereus polyrhizus). The purpose of this study was 
to analyse the difference between the salivary calcium ion level before and after consumption of red 
dragon fruit (Hylocereus polyrhizus) on the students of Faculty of Dentistry Syiah Kuala University batch 
2017. Methods: This study was pre-experimental with one group pretest-posttest design. The number 
of subjects in this study was 32 people with one group pretest-posttest design. Saliva was collected by 
spitting method five times. Results: The average salivary calcium ion before consumption of red dragon 
fruit (Hylocereus polyrhizus) was 1.972, and the average value of salivary calcium ion after consumption 
of red dragon fruit (Hylocereus polyrhizus) was 2.378. Results of the statistical test using the paired t-test 
showed a significant difference of the salivary calcium ion before and after consumption of red dragon 
fruit (Hylocereus polyrhizus) with the p-value = 0.001 (p < 0.05). Conclusion: There is a difference in 
the salivary calcium ion level before and after consumption of red dragon fruit (Hylocereus polyrhizus).
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INTRODUCTION

Saliva is a complex oral fluid secreted by the 
major and minor salivary glands found in the oral 
mucosa. Around 90% saliva formed in the oral 
cavity is produced by the submandibular gland, 
the sublingual gland and parotid gland, the other 
10% by other small salivary glands. The whole 
unstimulated saliva flow rate is approximately 0.3-
0.4 ml/min.1 Saliva will help protect the teeth, 
tongue, oral mucous membrane, and oropharynx.2 
Saliva secreted by the salivary gland consists of 
99.5% water and 0.5% of other substances, in 
the form of organic and inorganic components.3 
Organic components of saliva consist of protein, 
lipids, urea, amino acids, glucose, vitamins, 
and ammonia.4 The inorganic components of 
saliva consists of sodium, potassium, calcium, 
magnesium, chloride, sulfate, and phosphate.4

One of the electrolyte components in the 
saliva is calcium ion.4 Calcium is an inorganic 
component in saliva which plays an essential role 
in maintaining the integrity of tooth structure 
through the remineralisation process. Saliva can 
prevent the formation of early caries. Insufficient 
salivary calcium and phosphate ion will lead to the 
remineralisation process.2,4,5,6 Normal calcium ion 
levels in the saliva are 1.2-2.8 mmol/L.7 Calcium 
needs can be obtained from fruits that contain 
lots of calcium. One of the fruits rich in calcium is 
red dragon fruit (Hylocereus polyrhizus). 

One hundred grams of red dragon fruit 
contains as much as 8.5 mg calcium.8 Calcium 
requirements for adults in the age group 19 
to 50 years is 1000 mg per day.9 An increase in 
the salivary calcium ion levels is influenced 
by the consumption of calcium-rich foods and 
beverages.10 According to Yanti et al.11, there is 
an effect on eating cheddar cheese, which is one 
of the calcium-rich food, in increasing the salivary 
calcium ion concentration as an alternative to 
prevent dental caries. The high level of calcium 
found in red dragon fruit is proven to be able to 
strengthen bones, support tooth development, 
and support remineralisation process.12

Dragon fruit is a kind of cactus tree 
originating from Mexico, South America, and also 
Central America. Mexican residents call dragon fruit 
with name pitahaya or pitaya roja (red pitaya).8 At 
present, dragon fruit has been widely cultivated 

in Vietnam, Taiwan, Malaysia, Australia, and 
Indonesia.8,12 There are four types of dragon fruit, 
namely white dragon fruit (Hylocereus undatus), 
red dragon fruit (Hylocereus polyrhizus), super 
red dragon fruit (Hylocereus costaricensis), and 
yellow dragon fruit (Selenicerius megalanthus).13

Purnama et al.14 conducted a study on the 
comparison of calcium levels in white dragon 
fruit (Hylocereus undatus) and red dragon fruit 
(Hylocereus polyrhizus) and discovered that 
calcium levels in red dragon fruit (Hylocereus 
polyrhizus) is higher (3.658 mg in 100 grams) 
compared with white dragon fruit (Hylocereus 
undatus) (1.140 mg in 100 grams). The purpose of 
this study was to analyse the difference between 
the salivary calcium ion level before and after 
consumption of red dragon fruit (Hylocereus 
polyrhizus) on the students of Faculty of Dentistry 
Syiah Kuala University batch 2017.

METHODS

This study was pre-experimental with one group 
pretest-posttest design. This study was conducted 
in November 2018. All procedures were approved 
by the Research Ethics Board of the Faculty of 
Dentistry Syiah Kuala University prior to the study 
(number of ethical approval 071/KE/FKG/2018).
The subject of this study was the students of 
Faculty of Dentistry Syiah Kuala University batch 
2017. The sampling technique used was purposive 
sampling.

Research subject selection
The study was conducted for four days in November 
2018. On the first day, subjects were collected. In 
general, for correlational research. The sampling 
technique used was purposive sampling based on 
inclusion and exclusion criteria to get the minimum 
number of samples, which obtained 32 subjects 
were needed to obtain good results. The subjects 
were given subject selection forms to obtain data 
on the subject’s identity of the subject, including 
name, age, sex, and other statements needed, 
following the inclusion and exclusion criteria.  

Inclusion criteria were as follows: students 
of Faculty of Dentistry Syiah Kuala University 
batch 2017; aged 18-19 years old; and willing to 
participate in the research by signing informed 
consent. Exclusion criteria were as follows: 
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subjects with a history of systemic diseases 
associated with salivary glands such as Sjogren’s 
syndrome and diabetes mellitus; subjects which 
were taken medications such as antidepressant, 
anticholinergic, antispasmodic, antihistamine, 
antihypertensive drugs (diuretics, α-adrenergic 
blockers, central α-adrenergic agonists), 
sedatives, and bronchodilators, which can affect 
the salivary flow rate; subjects with alcohol and 
narcotics consumption, and also smoking habit; 
subjects who are fasting when the research was 
conducted; subjects using orthodontic devices and 
prostheses; subjects which underwent head and 
neck radiation therapy; subjects with xerostomia.  

Collection of saliva was performed before 
and after consumption of red dragon fruit 
(Hylocereus polyrhizus). Saliva collection was 
carried out on the second day at 09.00-11.00 
WIT15,16,17 with the spitting method. Subjects 
were asked not to eat, drink, brush their teeth, 
and exercise for 1 hour before the study was 
conducted to avoid the possibility of salivary status 
alteration, which could affect the salivary calcium 
ions. Subjects were instructed to sit comfortably, 
with back upright, eyes opened, head lowered 
with one hand holding a saliva storage container, 
and not allowed to speak or swallowed.17,18 Before 
the consumption of red dragon fruit (Hylocereus 
polyrhizus), saliva was collected with the closed-
lip position. Furthermore, saliva was released into 
the saliva storage container every 1 minute for a 
total of 5 minutes.19

Researchers provided red dragon fruit 
(Hylocereus polyrhizus) consumed by subjects in 
this study. Dragon fruit was ripe and fresh, with 
a red colour both inside out. Dragon fruit was 
bloomed after two years from the beginning of 
planting. The time needed for dragon fruit from 
blooming to ripe, thus ready to be harvested 
around 30-35 days.20 All subjects were instructed 
to consume 100 grams of red dragon fruit within 5 
minutes and given 5 minutes to rest.

Furthermore, saliva was re-collected after 
consumption of red dragon fruit (Hylocereus 
polyrhizus). All subjects were then instructed to 
remain silent for 1 minute, then every 1 minute 
for a total of 5 minutes, all subjects were asked 
to spit the saliva collected in the mouth into the 
saliva storage container.18,21 All saliva samples 
were stored in a cool box with a temperature of 

4˚C and taken to the Institute for Research and 
Standardization of Industry Banda Aceh, for the 
measurement of salivary calcium ions before and 
after consumption of red dragon fruit (Hylocereus 
polyrhizus) using an Atomic Absorption 
Spectrophotometer (AAS), then the results were 
recorded.

The salivary calcium ions were analysed in 
the Institute for Research and Standardization of 
Industry Banda Aceh using the Atomic Absorption 
Spectrophotometer (AAS) (Shimadzu AA 700). The 
AAS was used in analytical methods to determine 
the metal and metalloid elements, which 
measurements are based on light absorption with 
specific wavelengths by metal atoms in a state 
free; the results were then recorded.22

Saliva samples were prepared in advance 
for quantitative analysis of the salivary calcium 
ion with AAS. Preparation of saliva samples was 
carried out by using 1 ml of saliva sample into a 
50 ml volumetric flask, 1 ml of nitric acid (HNO3 
HNO3 65% b/v), and the solution was diluted with 
distilled water to the limit mark. The sample 
solution was homogenised, and the absorbance 
was measured by AAS at 422.7 nm.23

Statistical analysis
Data analysis was performed with SPSS software. 
Based on the normality test (Kolmogorov-Smirnov) 
results, the p-value>0.05, which indicated that 
the data was normally distributed. Then an 
analysis with paired t-test with a significance 
value of p<0.05 was conducted to see the 
difference in salivary calcium ion level before and 
after consumption of red dragon fruit (Hylocereus 
polyrhizus) on students of Faculty of Dentistry 
Syiah Kuala University batch 2017.

RESULTS

Normality test results in Table 1 shows that the 
p-value>0.05, which indicated that the data 
was normally distributed. The mean average of 
the salivary calcium ion level after red dragon 
fruit consumption was higher than before the 
consumption, which showed in Table 2. Table 3 
presented the paired samples correlation test 
results, which indicated significant difference 
(p=0.001) in the salivary calcium ion level 
before and after red dragon fruit consumption.
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Table 1. Normality test result of salivary calcium ion level before and after consumption of red dragon fruit

Salivary calcium ion level Mean ± SD p-value*

Before consumption of red dragon fruit ± SD 1.9719 ± 0.24787 0.070

After consumption of red dragon fruit ± SD 2.3781 ± 0.33767 0.721
*Kolgomorov-Smirnov test

Table 2. Mean of the salivary calcium Ion before and after consumption of red dragon fruit

Variable Group Mean ± SD

Salivary calcium ion
Before consumption of red dragon fruit 1.972 ± 0.248

After consumption of red dragon fruit 2.378 ± 0.060

Table 3. Paired samples correlation results

N Correlation Sig.

Salivary calcium ion before and after consumption of red dragon fruit 32 0.675 0.001

Table 4. Paired samples test results of salivary calcium ion level before and after consumption of red dragon fruit

Average salivary calcium ion level Salivary calcium ion level before and after 
consumption of red dragon fruit

P-value

Before consumption of red 
dragon fruit ± SD

After consumption of red 
dragon fruit ± SD

1.972 ± 0.248 2.378 ± 0.338 0.406 0.001

DISCUSSION

The current research results suggested that an 
average increase in the salivary calcium ion level 
before and after consumption of 100 grams of 
red dragon fruit (Hylocereus polyrhizus) was 
0.406 Mmol/L.   This result indicated that the 
consumption of red dragon fruit (Hylocereus 
polyrhizus), which contains high calcium might 
increase the salivary calcium ion level, but still 
in the average level, which is 1.2-2.8 Mmol/L.7 
Previous research conducted by Yanti et al.11, 
which investigated the effect of cheddar cheese 
consumption on the salivary calcium ion, showed 
that the salivary calcium ion could be increased 
into 0.67 Mmol/L. Increase in the salivary calcium 
ion level after consumption of red dragon fruit 
(Hylocereus polyrhizus) occurs because calcium 
ions are dissolved during the mastication process. 

Yanti et al.11 also suggested that consumption 
of cheddar cheese can also increase the salivary 
calcium ion. Calcium ion from consumed food 
may enter the acinar cells in the salivary glands, 
or accumulates in the gingival sulcus, which can 
flow and release the calcium ions into saliva. The 
calcium ion is one of the electrolyte components 
found in saliva and gingival crevicular fluid.24

The mechanism of salivary calcium ion 
increase begins during the mastication process, 

and the red dragon fruit (Hylocereus polyrhizus) 
is also ingested with saliva. Calcium is absorbed 
in the duodenum in the ionised form, and a 
transcellular transport occurs. Calcium ions in 
transcellular which transported into the membrane 
are mediated by epithelial calcium channels 
(CaT1), then the intracellular calcium is bound by 
calcium-binding proteins (calbindin) or absorbed 
into the endoplasmic reticulum by active calcium 
pump, sarco/endoplasmic reticulum Ca2+ (SERCA). 
Calcium secretion from cells is carried out by the 
primary active mechanism, which is the plasma 
calcium pump ATPase (PMCAs-1).25,26 

The transcellular transport process 
occurs within 2-3 minutes.27,28  In the research 
conducted by Homann et al.25, it is discovered 
the presence of CaT-Like, calbindin-2, SERCA-2, 
SERCA-3, and PMCAs in salivary gland acinar cells 
on immunohistochemical examination. Based on 
this finding, it is explained that calcium can enter 
acinar cells in the basolateral section by CaT-Like 
calcium channels. Intracellular calcium or calcium 
in the cytoplasm maintained a concentration of 
around 100 nM and absorbed into the endoplasmic 
reticulum by SERCA-2 and SERCA-3, or binds to the 
calcium-binding protein, calbindin-2. Calcium is 
secreted into saliva by PMCAs.25 Calcium is one of 
the essential ions in saliva and must be maintained 
within normal limits. 
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Calcium in the cells can be regulated at all 
times. Calcium obtained from the consumption of 
red dragon fruit (Hylocereus polyrhizus) enters 
into the cytoplasm of acinar cells and absorbed 
into the endoplasmic reticulum. New incoming 
calcium can increase the concentration of pre-
existing calcium ions in the cytoplasm. Pre-existing 
calcium ions are regulated by new calcium ions 
that enter after the consumption of red dragon 
fruit (Hylocereus polyrhizus) and activates the 
PMCAs by releasing the calcium ions from cells 
into saliva, to maintain the average concentration 
of calcium ions in the cytoplasm (100 nM) thus 
increasing the salivary calcium ion level.24

The red dragon fruit (Hylocereus 
polyrhizus) observed in this study had high 
water and calcium compositions. When the 
process of demineralisation or hydroxyapatite 
mineral salts dissolve from tooth enamel occurs 
after consuming carbohydrate, salivary pH can 
decrease due to acid production from bacteria.29 
Calcium ion and salivary secretion will increase 
after consumption of red dragon fruit (Hylocereus 
polyrhizus), and cause an increase in the salivary 
buffer capacity, thus neutralise the acidic salivary 
pH. The occurrence of the remineralisation 
process or the process of placing hydroxyapatite 
mineral salts back into the tooth enamel can 
prevent the formation of caries when supported 
with sufficient calcium ions.6,15 Consumption of 
100 to 1000 grams of red dragon fruit (Hylocereus 
polyrhizus) contains 6.3 - 8.8 mg calcium per 100 
grams, which is enough to fulfil the calcium needs 
per day for adults.8,9

Based on the paired t-test results, the 
salivary calcium ion level before and after 
consumption of red dragon fruit (Hylocereus 
polyrhizus) suggested a significant difference 
with the p-value of 0.001 (p<0.05). This result 
was consistent with the results of the research 
conducted by Yanti et al.11, which showed that 
consumption of cheddar cheese is effective in 
increasing the concentration of salivary calcium 
ions. 

The study showed a significant increase 
in the concentration of salivary calcium ions 
before consumption of cheddar cheese (1.67 ± 
0.44 µg / ml) and 5 minutes after consumption 
of cheddar cheese(2.34 ± 0.89 µg / ml).11 The 
results of the current research proved that 

red dragon fruit (Hylocereus polyrhizus) was 
effective in increasing the salivary calcium ion 
level. Calcium ion contained in red dragon fruit 
(Hylocereus polyrhizus) can protect teeth from 
acid by increasing the salivary pH, reducing the 
demineralisation process, and increasing the 
remineralisation process.6,12

CONCLUSION

There is a difference of the salivary calcium ion 
level before and after consumption of red dragon 
fruit (Hylocereus polyrhizus).
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