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Abstract 
      The aim was to analyze the effect of using non-fluoride lysozyme toothpaste for five weeks 
against ECC prevention, which was evaluated from deft and defs records, S.mutans colonies, sIgA, 
and lysozyme activity in 2-years-old children.  
     This investigation is a clinical trial with 68 children aged 14-35 months, including 29 children 
without caries and 39 ECC. Dental examination and saliva were taken before and after using 
toothpaste. Saliva was reviewed to discover the amount of S. mutans, sIgA, and lysozyme activity. 
sIgA was evaluated by ELISA, and lysozyme activity by spectrophotometry. Data interpretation is 
determined using paired and unpaired t-test. The amount of S.mutans colonies in saliva following 
lysozyme toothpaste in the ECC group decreased significantly. After using lysozyme toothpaste, 
there was a higher decrease in sIgA in ECC than the control group. After using lysozyme 
toothpaste, the highest increase in lysozyme activity was found in ECC children.  
     Lysozyme toothpaste can reduce the increase in defs index by 50% in ECC compared to the 
control group.  Lysozyme toothpaste can prevent ECC, marked by the reduction in defs index, the 
amount of S. mutans colonies, and its effect in the sIgA mechanism of action and lysozyme activity. 
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 Introduction 
 
 One of the major oral problems in infants 
and preschoolers worldwide is Early Childhood 
Caries (ECC). It is manifested as the appearance 
of carious lesions in deciduous teeth surface, can 
either be cavity or non-cavity, missing teeth on 
account of caries, or tooth filling in children under 
6 years old.1 Its prevalence in children aged 3 
years and under is relatively high in various 
countries. In Japan, ECC prevalence was 3.2%, 
Nigeria 6.1%, Chile 20.3%, Jerusalem 33%, India 
36.4%, and increases in ECC were found in 
China by 64.5% and Vietnam by 72.4%.2-8 In 
Indonesia, the prevalence of ECC was very high 
at 81.5%; Wajo Regency, South Sulawesi 

(Indonesia) at 74.1%,  and Medan City 
(Indonesia) at 57.7%.9-11 
 The high prevalence of ECC in early 
childhood requires an effective prevention 
method. Effective management strategies to 
prevent ECC are based on their etiology. ECC 
had multifactorial etiology consisting of 
microorganisms, carbohydrate diet, susceptible 
tooth surface, and time.12 

 One of the effective caries prevention 
methods based on ECC etiology is regular tooth 
brushing using toothpaste. Children who clean 
their teeth once a day have 3.4 times the risk of 
suffering ECC compared to those who regularly 
clean their teeth twice per day.13 Based on the 
research in Indonesia, it was found that only 
1.1% of children aged 3-4 years old that brushed 
their teeth at proper time.9     
 The use of fluoridated toothpaste as a 
caries prevention agent has been widely reported 
in several studies.14,15 However, for 2-years-old 
children and under, the use of fluoride-containing 
toothpaste must proceed with caution. If they 
have average or high caries risks, a smear layer 
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of toothpaste is given to them, while low caries 
risk can use a non-fluoride toothpaste. Tooth 
brushing in one-year-old can be done using a 
soft toothbrush only, without toothpaste, or using 
a non-fluoride one.16 

 To increase the effectiveness of teeth 
brushing in early childhood, we can use 
toothpaste without fluoride but contains the active 
substance lysozyme that can act as an 
antibacterial. Lysozyme had antimicrobial activity 
by hydrolyzing the glycosidic bonds connecting 
N-acetylmuramic-acid and N-acetylglucosamine 
in the bacterial cell wall's peptidoglycan layer. 
This condition will induce small orifices in the 
bacterial cell wall so it will die.17,18 As a powerful 
cation protein, lysozyme can interfere with 
bacterial aggregation and inhibit bacterial 
adhesion.19 The lysozyme activity will last when 
the enzyme is incorporated into the pellicle.20 
Therefore, it is hoped that the addition of the 
lysozyme to non-fluoride toothpaste can have an 
antibacterial effect against S.mutans so it can 
prevent the incidence of new caries.  
 This study aimed to analyze the effect of 
using non-fluoride lysozyme toothpaste for five 
weeks against ECC prevention, which was 
evaluated from deft and defs records, S.mutans 
colonies, sIgA, and lysozyme activity in 2 years 
old children. 
   

Materials and methods 
 

Study Samples 
 This study means a clinical trial with a 
sample size of 68 aged 14-35 months children 
made up of 29 children without caries and 39 
children with ECC. These children are obtained 
from Integrated Healthcare in Medan city, 
Indonesia. Samples' inclusion criteria in this 
study were healthy children without using a 
medicine that can alter saliva at a minimum of 30 
days prior to the study. The guidelines for 
deciding on children with ECC are established by 
the American Association of Pediatric Dentistry 
(AAPD) criteria.1 The study started after 
obtaining approval from the Health Research 
Ethics Commission, Faculty of Medicine, 
Universitas Sumatera Utara (no 059). All 
participants gave a consent form showing their 
willingness to participate in this study. The 
patients’ families received detailed explanations 
regarding the study, consented to participate in 
the study, and could withdraw from the study 

freely under any circumstances. 
Caries Examination and Saliva Sample 
Collection 
 Caries examination was assessed 
visually under sunlight with the help of a mouth 
mirror and dental probe. Data were recorded 
based on the deft and defs index according to 
ECC’s AAPD criteria. Saliva collection was taken 
between 09.00 to 11.00 am. Drinking and eating 
were prohibited one hour before saliva collection. 
Saliva was taken using a disposable pipette for 2 
ml with an unstimulated saliva method. Then, 
samples were taken to the Integrated 
Laboratorium and Microbiology Laboratorium in 
the Faculty of Medicine, Universitas Sumatera 
Utara to be analyzed. 
 Microbial Examination 
 S.mutans culture was done using 
trypticase soy-sucrose-bacitracin (TYS20B). The 
media then stored inside the anaerobic container 
(anaerobic condition, 10% H2, 10% CO2, dan 
80% N2) then kept in the incubator at 37ᵒC for 
2x24 hours. Thus, the quantity of Colony Forming 
Units (CFU/ml) of S.mutans is counted after 2x24 
hours. 
 Saliva Chemical Analysis 

The chemical analysis was done to 
determine sIgA concentration and lysozyme 
activity. The sIgA concentration was assessed 
using the reagent human sIgA ELISA Kit (Fine 
Test, Wuhan Fine Biotech, Wuhan, China) with 
the sandwich technique by analyzing the optical 
density (OD) of the specimen with a standard 
curve. Specimen measurement was done using a 
micro reader with a 450 nm wave. 

The lysozyme activity was examined 
using the Lysozyme Detection Kit (Sigma-Aldrich 
Co., Saint Louis, MO, USA). The examination 
method was 800 ml of Micrococcus cell 
suspensions were inserted into 3 cuvettes (1 for 
blank, 1 for control, and 1 for saliva specimen). 
Then the cuvette is equilibrated at 25ᵒC. 
Subsequently, in the blank, control, and 
specimen cuvette were added respectively with 
30 ml Reaction Buffer, lysozyme solution, and 
saliva specimen. The cuvette was examined 
using a spectrophotometer (Thermo Scientific 
Multiskan Go, Thermo Fisher Scientific, Vantaa, 
Finland). The decreasing activity of ∆450 
lysozyme for 5 minutes and obtained the 
maximum linear mean (∆A450 / minute) for the 
test and blank samples. One-unit (1 U) lysozyme 
activity was meant as a reduction of 0.001 in 
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absorption value at 450 nm per minute for the 
catalytic hydrolysis of Micrococcus lysodeikticus 
suspension as a substrate, below pH 6.24 and 
25ᵒC in 2.6 ml reaction mixture (1 cm light path). 

Tooth Brushing with Toothpaste 
Children who had their teeth examined 

and saliva is taken, then they were given either 
lysozyme or control toothpaste. The basic 
ingredients for control toothpaste are calcium 
carbonate, sodium carboxymethyl cellulose, 
glycerol, sorbitol, tragacanth, sodium benzoate, 
flavorings, and distilled water. Lysozyme 
toothpaste is control toothpaste added with hen 
egg-white lysozyme or HEWL (Sigma-Aldrich Co., 
Saint Louis, O, USA). We used a 0.1% 
concentration based on the previous lab 
experimental test.21 Acetic acid 0.4% then added 
as a stabilization agent. Lysozyme and control 
toothpaste were given randomly to the subjects. 
The 0.1% lysozyme toothpaste was given 22 
ECC and 17 caries-free children, while control 
toothpaste was given to 17 ECC and 12 caries-
free children. After 5 weeks of teeth brushing, 
their teeth were checked over to record the deft 
and defs index. Afterward, saliva was recollected 
to assess S.mutans colonies, sIgA concentration, 
and lysozyme activity. The obtained data were 
analyzed with the baseline one. 

To define the distinction in the mean 
value of sIgA concentration, lysozyme activity, 
and S.mutans among children without caries and 
children with ECC, we used an unpaired t-test or 
Mann-Whitney test if the data weren’t normally 
distributed. A paired t-test was used to learn the 
differences in sIgA concentration, lysozyme 
activity, S.mutans colonies prior to and after teeth 
brushing, or Wilcoxon test if not distributed 
normally. The significance value used in this 
study was p<0.05. 
 

Results 
 
The initial characteristics of subjects in 

this study consisted of 42.65% caries-free 
children with mean age 21.84 months and 
57.35% ECC children with mean age 24.34 
months (Table 1). 
 Following tooth brushing using lysozyme 
toothpaste, the number of S.mutans in ECC 
children had decreased significantly (p=0.03). 
Meanwhile, there wasn’t any decrease in ECC 
children using control toothpaste. The sIgA 
concentration in both groups was significantly 

different before and after using lysozyme 
toothpaste (p=0.001). After using lysozyme 
toothpaste, ECC children experienced a 
significant increase in lysozyme activity 
(p=0.001) (Table 2). 
 There was a significant distinction in the 
sIgA difference among children without caries 
and with ECC following the use of toothpaste 
containing lysozyme (p=0.02), whereas, in 
children using control one, no notable distinction 
was found (p=0.63). Meanwhile, lysozyme 
activity also S.mutans colonies examination 
found no distinction obviously (p> 0.05) (Table 
3). 

There was a higher increase in the defs 
index in children who were given control 
toothpaste than in children who were given 
lysozyme toothpaste, although it wasn’t 
remarkable from a statistic view (p=0.09) (Table 
4). 

 
 Discussion 
 
 Effect of lysozyme toothpaste against 
S.mutans colony count  
 At the beginning of the study, it was found 
that ECC children had a higher number of 
S.mutans colonies than caries-free children 
(Table 2). The outcomes of our research were 
similar to Thakur et al and Setiawan et.al, who 
stated the same thing.22,23 The amount of 
S.mutans within the saliva is a microbial 
parametric to determine individual caries’ risk. 
 The use of lysozyme toothpaste affected 
the amount of S.mutans after 5 weeks of teeth 
brushing (Table 2). In ECC children, the quantity 
of S.mutans colonies lowered significantly by 
3.25 times (p=0.03) compared to baseline. On 
the other hand, there wasn’t any reduction in 
S.mutans population in the control group. There 
was an increase in the S.mutans population, but 
the result was insignificant. 
 Toothpaste containing lysozyme can help 
reduce numbers of S.mutans in children with 
ECC. This result is consistent with Gudipaneni et 
al., that used fluoridated toothpaste contains 
lysozyme for 7-days in children suffering from 
SECC and found a notable decrease in the 
amount of S.mutans and L. acidophilus.24 
 Similar results were found in the study by 
Pinheiro et al., who reported a drop of value in 
S.mutans colonies in teeth with dentin cavities 
coated with lysozyme and hydroxyapatite after 
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one month of observation.25 The antimicrobial 
activity of lysozyme was effectively used as a 
sealing cavity. Lysozyme had bactericidal activity 
and can reduce S.mutans adhesion. Lysozyme 
arrival will affect the number of glucans produced 
by glycosyltransferase B, but it does not affect its 
glucan structure.26 Lysozymes also cause a 
massive loss of potassium in bacteria, which can 
lead to a noticeable reduction in the potential 
membrane because K+ is the major monovalent 
cation in bacterial cells which reduce energy-
dependent membrane transport function, 
disabling potassium-dependent cellular enzymes, 
reduce turgor pressure, terminate growth, and 
cell death.27 
 When compared among children without 
and with ECC has given lysozyme toothpaste, it 
can be seen that distinction in the decrease of S. 
mutans in ECC children was relatively high. 
Meanwhile, in caries-free children, there was no 
decrease in S.mutans (Table 3). The effect of 
lysozyme toothpaste on the amount of S.mutans 
colonies in children without caries is not very 
visible due to the small value of S.mutans 
contained in caries-free children's saliva that is 
far below ECC children. Specific (sIgA) and non-
specific (lysozyme, lactoferrin, etc) antibacterial 
abilities in children's saliva have been able to 
overcome the S.mutans infection. This is 
consistent with Sood et al., which found a 
correlation between the number of mutans 
streptococci and the concentration of sIgA, in 
which the lower the number of S.mutans in a 
person's saliva, the higher the sIgA concentration 
(r = -0.46, p <0.05).28 
 Effect of lysozyme toothpaste against 
sIgA concentration  
 In the caries-free group, following the use 
of lysozyme and control toothpaste, there was an 
almost two-fold increase in sIgA concentrations 
compared to before tooth brushing (p = 0.001) 
(Table 2). Here, it can be seen that sIgA in 
caries-free children's saliva overcame S.mutans 
bacterial infection in the child's oral cavity. This 
was consistent with Omar, who stated that the 
sIgA response in S.mutans would be increased in 
children who have low caries risk activity 
because it is a form of the body's sIgA protective 
mechanism against caries attack.29 
 Besides that, the activity of brushing teeth 
without toothpaste has also been able to reduce 
the value of S.mutans colonies in children’s oral 
cavity. Seow reported that after regular daily 

brushing of 107 children under two years old, 
there was a reduction in the number of children 
infected with S.mutans (p <0.01).30 

 In contrast, there was a significant 
decrease in sIgA values in ECC children 
following the use of lysozyme and control 
toothpaste than before (p=0.001) (Table 2). 
However, the difference in decreasing sIgA 
concentration in ECC children after using 
lysozyme toothpaste was higher than control 
toothpaste. 
 Lysozyme toothpaste also helps reduce the 
amount of S.mutans colonies in ECC children. 
sIgA was formed due to microorganism antigens 
in the oral cavity,31 in relation to reduced 
S.mutans colonies on the teeth. The production 
of sIgA in ECC children was not as high as 
before the teeth were brushed with lysozyme 
toothpaste. Lysozyme toothpaste was effective 
for children with ECC to help handle S.mutans 
bacteria. This can be proven from Table 3 that 
notable differentiation in sIgA concentration was 
found following the use of lysozyme toothpaste 
among children without caries and with ECC 
(p=0.02), whereas, there wasn’t any 
differentiation in the control group (p=0,63). 
 Lysozyme toothpaste effect against 
lysozyme activity  
 The antibacterial effect of lysozyme 
depends on the concentration and activity of 
saliva lysozyme. Lysozyme activity level is more 
suitable to explain the defensive responsibility of 
this protein. Studies that differentiate between 
active and inactive lysozyme in saliva will give 
better results than just describing the 
concentration.32 Therefore, in this study, 
lysozyme activity evaluation was carried out to 
see the difference between using lysozyme and 
control toothpaste. 
 In Table 2, it can be seen the increase in 
lysozyme activity in ECC children given lysozyme 
toothpaste was the highest among other groups 
of children, which was 13 times higher than 
before tooth brushing, while the increased in 
lysozyme activity in caries-free children given 
lysozyme toothpaste and caries-free children 
assigned control toothpaste was 2.5 and 5 times 
respectively. Here, we can see the role of 
lysozyme toothpaste as antibacterial in ECC 
children, in which lysozyme activity in ECC 
children given lysozyme toothpaste was higher 
than those given control toothpaste (Table 2). 
 An insignificant difference was found 
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between the increase in lysozyme activity among 
children without caries and with ECC who were 
given lysozyme toothpaste (p=0.06). The same 
results were also found among children without 
caries and with ECC who were given control 
toothpaste (p=0.79) (Table 3). However, in 
substance, the difference in the increase in 
lysozyme activity in children who were given 
lysozyme toothpaste was higher than the control 
group. From these results, it can be concluded 
that lysozyme toothpaste was useful to give to 
children who experience ECC. 
 Effect of lysozyme toothpaste against 
defs index 
 In ECC children who used lysozyme 
toothpaste, there was an increase in the defs 
index of 2, while the ECC children using control 
toothpaste was 4, however, this was insignificant 
statistically (p = 0.09) (Table 4). In substance, 
lysozyme toothpaste can reduce the increase in 
the defs index by 50% in ECC children, 
compared to the control toothpaste group. 
 

 Conclusions 
  
 It was concluded that lysozyme toothpaste 
could reduce the increase in surface caries 
lesions (defs) in ECC children by acting as an 
additional antibacterial agent in saliva. The 
amount of S.mutans colonies was reduced will 
affect sIgA action and lysozyme activity. 
Lysozyme toothpaste can be used as a substitute 
to prevent ECC in 2-years-old children and under. 
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Table 1. Subjects Characteristics. 
 

 
Table 2. The difference in the Amount of S.mutans, sIgA Concentration, and Lysozyme Activity 
Before and After Using Lysozyme and Control Toothpaste in Caries-free and ECC Children. *Significant; 
aWilcoxon test; bpaired t-test 
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Table 3.  Comparability in the Distinction of S.mutans Colonies, sIgA Concentration, and 
Lysozyme Activity among Children without Caries and with ECC Based on the Toothpaste Given to 
Subjects. *Significant; a Mann-Whitney test: bunpaired t test. 
 

 
Tabel 4. Comparison in defs Difference Before and After Using Lysozyme and Control Toothpaste. 
aMann-Whitney test. 
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