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Abstract

Objective: This study aimed to investigate the effects of two types of gum, containing xylitol or casein
phosphopeptide-amorphous calcium phosphate (CPP-ACP), on saliva properties.

Methods: In this single-blind clinical trial, 60 dental students were randomly divided into three groups (n=20). Each
group was instructed to chew one of the following substances: paraffin (control), xylitol gum, or CPP-ACP gum. Saliva
samples were collected before and five minutes after chewing. Saliva volume was measured using a pipette, and saliva
pH was evaluated with a digital pH meter. The calcium concentration was determined using the photometric method,
while phosphorus concentration was measured via spectrophotometry. Statistical analysis was performed using the
chi-square test, ANOVA, Tukey HSD post hoc test, and paired t-test (a = 0.05).

Results: Chewing all three substances significantly increased saliva volume and pH while reducing phosphorus ion
concentration (P < 0.05). The calcium ion level increased significantly after five minutes of chewing the CPP-ACP gum
(P =0.002). After the intervention, between-group comparisons revealed no significant difference in saliva volume and
pH (P > 0.05). However, the calcium level in the CPP-ACP group was significantly higher than the control group (P =
0.01). Additionally, the phosphorus ion level was significantly lower in the xylitol gum group than in the control and
the CPP-ACP groups (P < 0.05).

Conclusions: Chewing CPP-ACP gum may promote oral health more effectively than xylitol gum by increasing salivary
calcium levels and less affecting phosphorus levels.
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Introduction

Dental caries is the most common disease worldwide
(1). Saliva contains antimicrobial compounds, growth
factors, and essential minerals like calcium, phosphate,
and bicarbonate, which are released through chewing.
Saliva stimulation prevents dental caries by influencing
flow rate, pH, and buffering capacity (2). One method to
stimulate saliva production is chewing sugar-free gum.

Casein phosphopeptide—amorphous calcium
phosphate (CPP-ACP) is derived from milk and aids in
preventing enamel demineralization and promoting
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remineralization (3). Casein phosphopeptides regulate
calcium phosphate bioavailability and maintain a stable
amorphous calcium phosphate structure, essential for
remineralizing hydroxyapatite crystals (4). It can be a
viable alternative to fluoride in daily-use toothpaste for
enamel remineralization and can effectively reduce
dental hypersensitivity (5, 6). Evidence suggests that
gums containing CPP-ACP are more effective than other
sugar-free gums in remineralizing carious lesions (7).
One study found that chewing gum containing CPP-ACP
could enhance salivary properties and support
remineralization in children with enamel
hypomineralization (8).

Non-cariogenic sugar substitutes in chewing gum also
help prevent caries (9). Xylitol is one of the most
common polyols in sugar-free gums and can not be
fermented by oral bacteria (9). It promotes
remineralization by increasing saliva flow and thus
reducing the overall count and adhesion of
Streptococcus mutans (10). The American Academy of
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Figure 1. CONSORT flow diagram for patient selection

Pediatric Dentistry (A.A.P.D.) recommends using xylitoll
as a caries prevention strategy, particularly for
suppressing caries pathogens and thus reducing dental
decay (11). Previous studies have revealed that xylitol
improves periodontal health and prevents caries (12-
14). Emamieh et al. (15) reported that regular
consumption of chewing gum containing CPP-ACP or
xylitol reduced salivary S. mutans levels, but CPP-ACP
gum showed greater efficacy than xylitol in lowering
bacterial counts. A recent study suggested that xylitol
gum may serve as a viable alternative to chlorhexidine
mouthwash for reducing S. mutans levels in saliva (12).

Despite these benefits, few studies have examined the
effect of CPP-ACP or xylitol-containing gums on calcium
and phosphorus levels of saliva. This study aimed to
compare the effects of xylitol and CPP-ACP gums with
those of a control group on salivary volume, pH, and
calcium and phosphorus levels.

Materials and methods

The protocol for this randomized, single-blind clinical
trial was approved by the ethics committee of Shahid
Sadoughi University of Medical Sciences, Yazd, Iran
(IR.SSU.REC.1398.096). It was also registered in the
Iranian Clinical Trial Registration Centre under code
IRCT20140601017935N8. Participants were selected
through a simple random sampling method, and the
study's CONSORT diagram is presented in Figure 1.

Sample size calculation

The sample size was calculated based on Santosh et
al.'s (16) findings, with a confidence level of 95% and a
power of 80%, resulting in 20 participants per group.

Participants
Sixty healthy dental students from Shahid Sadoughi
Faculty of Dentistry in Yazd were randomly selected, and
written informed consent was obtained from all
participants. The exclusion criteria were as follows:
e  Being on a special diet
e Havingan allergy to milk protein (including casein)
e Taking antibiotics or anti-acid drugs during the
two weeks before the intervention
e Having orthodontic appliances or fixed or
removable prostheses
e The presence of dry mouth
e Having a smoking habit
e  Pregnancy
Having periodontal disease or active caries
Using mouthwashes or medicaments during the
study

Intervention

Before the intervention, participants were instructed
not to change their dietary habits and to refrain from
eating anything except water for at least two hours
before the trial. Toothbrushes with soft bristles (Kala
Kooda k Toos, Mashhad, Iran) and toothpaste (Nasim
toothpaste with mint flavor, Goltash Corp., Isfahan, Iran)
were provided for each participant, and they were asked
to brush their teeth twice daily for three weeks before
the intervention. During this period, they were also
instructed not to use fluoride-containing products. After
three weeks, the participants were called back. They
were then randomly divided into three groups, each
consisting of 20 participants according to the gum that
they received:
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Table 1: The composition of materials used in this study
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Materials Brands Ingredients
Nasim (mint Dicalcium phosphate dihydrate, water, sorbitol, glycerin, sodium lauryl
Toothpaste Paksan Co., Iran sulfate, CMC, monofluorophosphate, edible essential oil, T.S.P.P,
flavored) . .
methylparaben, and sodium saccharin.
Trident Recaldent,  Synthetic sweetener, flavors, CPP-ACP aspartame, acesulfame
Group 1 CPP-ACP gum Thailand potassium, sorbitol, mannitol, maltitol, gum base, citric acid
. Trident, Mondelez  Sorbitol, chewing gum base, xylitol, glycerin, natural and synthetic
Group 2 xylitol gum . . . . L
Internatinal lubricants, acesulfame potassium, aspartame, BHT, mannitol, soy lecithin

1) CPP-ACP gum (Trident Recaldent, Thailand) with
mint flavor

2) Xylitol gum (Trident Recaldent, Thailand) with mint
flavor

3) A1 x 1 cm piece of paraffin

The compositions of the materials used in this study
are presented in Table 1.

The participants were asked to collect their saliva into
Falcon tubes before chewing. The samples were
collected between 10 a.m. and 12 p.m. (19).

No specific instructions were provided regarding how
to chew, including the number or duration of chewing
strokes. Each student chewed the gum based on their
habit while sitting. They were asked to keep their eyes
open (except for blinking), bend their head and neck
forward, and rest their arms easily on their knees. This is
known as the "Coachman's position" (17). After five
minutes of chewing, they were asked to collect their
saliva again into another Falcon tube. Samples were
labeled, transferred to the laboratory, and stored in a
refrigerator at 1°C.

Evaluating saliva properties

The volume of saliva was determined using Mohr
pipettes. Calcium levels were analyzed through a
photometric  method involving  cresolphthalein
complexone (SIGMA ALDRICH Co., Bandai, Fukushima,
Japan). In this method, calcium ions react with
cresolphthalein in an alkaline environment, forming a
purple complex, and the intensity of the color is directly
proportional to the calcium concentration in the sample
(16). Serum kits (Pars Azmoon, Alborz, Iran) were also
employed to measure calcium concentration.

The inorganic phosphate concentration in saliva was
measured using the Low Range (LR) phosphorous kit.
(Gesan Production, Campobello di Mazara, Italy). This

spectrophotometric method relies on the reaction

between inorganic phosphate and ammonium
molybdate, which produces a phosphomolybdate
complex in an acidic medium, exhibiting an absorbance
peak at 340 nm. After a 5-minute incubation at 37°C, the
absorbance of the samples was recorded at 340 nm
(LAMBDA 365, PerkinElmer, USA), with the blank
reagent serving as the standard absorbance. The
average saliva reference value was used for the standard
concentration, which ranges from 2.4 to 4.9 mg/dL in
adults. Phosphate levels (mg/dL) were calculated using

the formula (18, 19):

sample absorbance

Phosphorus level = X standard concentration

Standard absorbance
Statistical analysis

Data was analyzed using SPSS 22.0 software (SPSS Inc.,
IL, USA). The gender and age of participants were
compared using the chi-square test and ANOVA,
respectively. Saliva properties before and after
intervention were compared using the paired-sample t-
test. The one-way ANOVA and Tukey HSD post-hoc tests
were used to compare saliva properties among the
groups. Values less than 0.05 were considered
statistically significant.

Results

Four students were excluded from the study due to
changes in diet, medication use, and failure to adhere to
the oral hygiene instructions. Table 2 presents the
baseline characteristics of the participants in the study
groups. The mean age of the patients was 22.67 + 3.35
years. Overall, 31 males (55.35%) and 25 females
(44.65%) participated in the study. No significant
differences were found in age and gender distribution
among the study groups (P > 0.5; Table 2)

Table 2: The age and gender distribution of the participants in the study groups

Control (18) Xylitol gum (19) ACP-CPP gum (19) P- value
Gender 0.95
Male N (%) 10 (55.6) 11 (57.9) 10 (52.6)
Female N (%) 8 (44.4) 8 (42.1) 9 (47.4)
Age (Mean £ SD) 22.1+5.61 22.74+2.33 23.16+2.24 0.63
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Table 3: Mean + standard deviation of saliva volume (ml) and pH among the groups before and after intervention
Groups volume pH
Before After P- value** Before After P-value**
Control 3.35+£1.07 4.54+232 0.046 7.74 £3.07 8.11+0.37 0.001
Xylitol gum 3.25+£1.23 4.24+1.46 0.004 7.7+0.54 8.06 £ 0.08 0.033
ACP-CPP gum 3.05+1.04 4.00+1.45 0.006 7.79+£0.31 8.01+0.26 0.005
P-value* 0.72 0.65 0.67 0.87

* Values less than 0.05 represent a significant difference between groups according to the ANOVA test (p<0.05).
**Values less than 0.05 represent a significant difference between time points according to the paired t-test (p<0.05).
Different lower-case letters represent a significant difference among the groups according to the Tukey HSD test (p<0.05).

Table 3 presents the mean values for salivary volume
and pH among the groups before and after the
intervention. Results from the paired t-test indicated
that in all groups, the pH and volume of the post-
intervention saliva significantly increased (P < 0.05;
Table 3).

Table 4 presents the salivary ion concentration before
and after the intervention. The phosphorus level
significantly decreased after chewing in all groups (P <
0.05; Table 4), whereas the calcium level showed a
significant increase in only the CPP-ACP group (P =
0.002) with no significant changes in other groups
(P>0.05; Table 4).

Baseline saliva properties were comparable across all
groups (P > 0.05; Tables 3 and 4). After the intervention,
saliva pH and volume remained comparable among the
groups (P > 0.05, Table 3). However, based on the one-
way ANOVA test, the groups had significant differences
in calcium (P = 0.025) and phosphorus ion
concentrations (P = 0.002). Pairwise comparisons using
the Tukey HSD test showed that the CPP-ACP gum group
had significantly higher salivary calcium levels than the
control group (P < 0.05; Table 4). In addition, the xylitol
gum group had significantly lower phosphorus ion levels
than the control group and the CPP-ACP group (P < 0.05;
Table 4).

Discussion

Chewing sugar-free gum is widely accepted as a
beneficial oral health supplement and is often included
in caries prevention programs. In addition to stimulating
saliva, gum can also serve as a delivery system for

substances like fluoride, chlorhexidine, calcium, and
phosphorus, which help to maintain dental health (16).
This RCT study examined the effects of xylitol, CPP-ACP
chewing gums, and a paraffin block (as a control) on
salivary volume, pH, and ion concentrations. Previous
studies have shown that taste can influence salivary flow
rate and pH (20). Therefore, this study used gums with
identical mint flavor, taste, and shape.

This study showed a significant increase in saliva
volume across all groups, with no significant differences.
These findings are consistent with the results reported
by Pereira et al. (21), Hegde and Thakkar (20), and
Vantipalli et al. (2). In contrast, Polland et al. (22)
observed a significant increase in saliva flow after 55
minutes of chewing sugar-free gum, while in the present
study, saliva flow increased after just five minutes of
chewing.

Both xylitol and CPP-ACP gums led to a significant
increase in salivary pH after five minutes of chewing.
This increase in pH is likely due to the rise in bicarbonate
concentration in both gums. The results align with
studies by Sultan et al. (1) and Hegde and Thakkar (20),
who also reported increased saliva pH after five minutes
of chewing. Similarly, Kumar et al. (23) found that
chewing xylitol gum or sugared chewing gum
(Happydent White Chewing Gum) raised salivary pH
after 10 and 30 minutes, compared to baseline.
Vantipalli et al. (2) also reported a significant increase in
pH due to gum chewing. In their study, both gums
increased pH after 2 minutes and gradually decreased
after 30 minutes, with no significant difference between
them.

Table 4: Mean * standard deviation of saliva ions (mg/dl) among the groups before and after intervention

Groups Phosphorus Calcium

Before After P-value** Before After P-value**
Control 18.95+6.2 13.30+ 3.8 <0.001 4.27+1.35 3.81+1.002 0.086
Xylitol gum 17.67+7.91 9.25+3.962 <0.001 5.08 +1.79 5.03 £2.82b 0.946
ACP-CPP gum 20.81+7.28 12.46 £ 2.97° <0.001 3.87+1.27 6.07 £2.95P 0.002
P-value* 0.41 0.002 0.051 0.025

* Values less than 0.05 represent a significant difference between groups according to the ANOVA test (p<0.05).
**Values less than 0.05 represent a significant difference between time points according to the paired t-test (p<0.05).
Different lower-case letters represent a significant difference among the groups according to the Tukev HSD test (p<0.05).
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In the present study, no statistically significant
difference was observed between the three groups
regarding pH after the intervention. In contrast,
Padminee et al. (14) found that chewing CPP-ACP gum
increased salivary pH more than the xylitol gum. The
discrepancy between these findings may be due to
differences in the study design. In Padminee's study,
participants chewed gum three times daily, and pH was
measured after two weeks. Similarly, Banava et al. (24)
used CPP-ACP paste with fluoride as a toothpaste for
chemotherapy patients and compared it with a control
group that did not receive the toothpaste. The pH
measured after 21 and 42 days was not significantly
different among the groups. However, in both studies,
salivary pH was assessed over a more extended period
than in the present study.

In this study, salivary calcium level was not changed in
the control and xylitol groups after chewing. However,
chewing CPP-ACP gum led to a significant increase in
salivary calcium levels. After chewing, the calcium ion
level was greater in the CPP-ACP group than in the other
groups, but the difference was only significant in the
control group. These findings are consistent with
Poureslami et al. (25), who found that both CPP-ACPF
and CPP-ACP pastes significantly increased calcium
levels in saliva. Sultan et al. (1) similarly found that
chewing CPP-ACP gum significantly raised salivary pH
and calcium levels. Santhosh et al. (16) also reported
that chewing CPP-ACP gum for 20 minutes increased
calcium ion concentration from approximately 7 mg/dL
to 12 mg/dL.

All three substances in this study significantly
decreased phosphorus concentration in saliva. After
chewing, the phosphorous ion level in the xylitol gum
group was significantly lower than in the control and
CPP-ACP groups. Similarly, Santhosh et al. (16) reported
a significant decrease in phosphorus ion levels after
chewing CPP-ACP gum. It has been suggested that an
increased salivary flow rate can lower the magnesium
and phosphate levels of saliva (26). In contrast to the
outcomes of this study, Poureslami et al. (25) discovered
that applying CPP-ACPF and CPP-ACP toothpaste led to
higher phosphate levels in saliva and plaque. However,
their study utilized toothpaste, whereas the current
research used gum.

A limitation of this study is that the xylitol and CPP-ACP
gums had a similar smell, taste, and shape, while the
paraffin pieces had a different shape and color and did
not have a taste. Therefore, the blinding of the
participants may have been compromised. However,
the experiments were conducted in separate rooms, and
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the participants were unaware of the other study
groups. Although taste might be effective in saliva
secretion, it might not cause an intervening effect in the
present study because the pH level and volume were
comparable among the groups after the intervention.
Another limitation was that this study only measured
salivary parameters after five minutes of chewing. A
more comprehensive evaluation could be made by
measuring salivary properties at multiple time intervals,
which would help determine the optimal chewing
duration and provide more precise patient
recommendations. Future clinical studies should also
investigate the long-term effects of chewing gums to

confirm the findings.

Conclusions

Chewing all three substances significantly increased
saliva volume and pH while decreasing phosphorus
concentration. The salivary calcium level in the CPP-ACP
group was significantly higher than in the control group.
Moreover, the phosphorus ion level in the xylitol group
was lower than in the other groups. Therefore, chewing
CPP-ACP gum may support oral health by boosting
salivary flow rate, pH, and calcium levels.
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