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Antimicrobial Efficacy of Tooth Paste 
Containing Lactoferrin, Lysozyme, 
Lactoperoxidase in Children with Severe 
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ABSTRACT
Background and Objectives: The present study is conducted 
to compare the anti-microbial efficacy of tooth paste containing 
lactoferrin, lysozyme, lactoperoxidase (BioXtra ®), a 500ppm 
fluoride tooth paste, and a non fluoridated tooth paste in children 
with Severe Early Childhood Caries (S-ECC).

Materials and Methods: Study group included 30 children 
with S-ECC aged 3-5 years. Subjects were randomly selected 
& divided into three groups of ten each. Group I: Non–fluoride 
tooth paste, Group II: 500 ppm fluoride tooth paste, Group III: 
tooth paste containing lactoferrin, lysozyme & lactoperoxidase.  
Estimation of salivary S. mutans and L. acidophilus levels was 
accomplished by collecting salivary samples and inoculated on 
Mitis Salivarius Bacitracin agar (MSB) and Rogosa SL media. 
Colony Forming Units (CFUs) were counted and the results were 
tabulated and subjected to statistical analysis. 

Results: Brushing with tooth paste containing lysozyme, 
lactoferrin and lactoperoxidase after a week showed highly 
significant reduction in the CFU counts of both salivary S. mutans 
and L. acidophilus (p<0.001), whereas 500ppm fluoride tooth 
paste showed a highly significant reduction in the S. mutans 
levels (p<0.001), but a significant reduction in L. acidophilus count 
(p<0.01). Non-fluoride tooth paste showed a highly significant 
reduction in S. mutans (p<0.001) only, but reduction in the L. 
acidophilus levels was insignificant (p<0.05).

Conclusion: The present study revealed that tooth paste 
containing lactoferrin, lysozyme, and lactoperoxidase was highly 
significant in reducing the salivary levels of mutans Streptococci 
and L. acidophilus in children with S-ECC. 
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Introduction
Innate human salivary defense proteins such as lysozyme, lactoferrin 
and peroxidase are known to exert a wide antimicrobial activity 
against a number of bacterial, viral and fungal pathogens in vitro 
[1]. One of the leading ideas in adding antimicrobial proteins such 
as lactoperoxidase, lactoferrin and lysozyme to oral health products 
has been the purpose to partially restore saliva’s own antimicrobial 
capacity and to add physiological salivary antimicrobial agents into 
the mouth [2]. Therefore, these proteins alone or in combinations 
have been incorporated in oral health care products to restore saliva’s 
own antimicrobial capacity [3]. These antimicrobials are used in oral 
health care products such as dentifrices, mouth-rinses, moisturizing 
gels and chewing gums have been purified from bovine colostrums 
[4]. An interesting point is that all these three antimicrobial agents 
act in an additive way, and even synergistic interactions have been 
described [5,6]. Therefore, it seems sensible to critically evaluate 
the clinical efficacy of this kind of preventive approach in children 
with S-ECC.

Many tooth pastes which contain antimicrobial compounds have 
been formulated over the years, with the aim of preventing or 
reducing plaque and dental caries with an attempt to enhance the 
anticariogenic properties of saliva [7]. A great number of studies 
with controversial results have been published regarding various 
individual agents and their possible association to oral health 
particularly to dental caries [8-11].
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The present study was undertaken with the following main aims and 
objectives:

To estimate the salivary levels of 1.	 S. mutans and L. acidophilus 
in children with S-ECC before, immediately after and one week 
after brushing with a non-fluoridated tooth paste, a tooth paste 
with 500 ppm of fluoride and tooth paste containing lactoferrin, 
lysozyme, lactoperoxidase, colostrum-containing growth factors 
such as IGF-1, TGF-β1 and TGF-β2 (BioXtra ®). 

To compare their efficacy in reducing the salivary levels of 2.	 S. 
mutans and L. acidophilus in children with S-ECC.

To evaluate any additional beneficial effects of lactoferrin, 3.	
lysozyme & lactoperoxidase in reducing the oral microbial 
count.

Materials and Methods
The study groups included 30 children who attended the outpatient 
Department of Pedodontics, Government Dental College and 
Hospital Kadapa, Andhra Pradesh, India, with S-ECC under the 
age group of 3–5 years. Subjects were randomly selected & 
divided into three groups with ten children in each group. Salivary 
samples were analyzed for mutans streptococci and lactobacilli.

Group I: Used Non – fluoride tooth paste.

Group II: Used 500 ppm fluoride tooth paste.

Group III: Used (BioXtra ®).
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Discussion
The antimicrobial host proteins most widely used in these 
products were lysozyme, lactoferrin and lactoperoxidase (BioXtra 
®). To make lactoperoxidase enzyme antimicrobial its substrates 
thiocyanate (SCN-) and hydrogen peroxide (H2O2) were also 
included in these products. These products also contain colostrum-
containing growth factors such as IGF-1, TGF-β1 and TGF-β2 [12]. 
A large amount of scientific literature exists on how these non-
immunoglobulin components work separately and together [3]. 

A number of studies have been tried to find a clinically significant 
association between selected salivary agents and caries 
prevalence or incidence but the results were controversial. This 
may be explained by several reasons, e.g., various salivary agents 
interact with each other in a complicated way and also inadequate 
immune defence (usually IgA deficiency) can be compensated by 
an enhanced non-immunoglobulin activity or by compensatory 
IgM response [8,10]. 

This approach is more physiological, safe and suitable for daily use 
as no harmful side-effects of host proteins have been described 
to human oral cell lines [3]. Although solely bovine milk derived 
proteins have been used so far in commercial applications, no 
short (e.g., allergy) or long-term (e.g., auto-immunity) adverse 
effects have been observed [13]. Clinical trials both in rats and 
human beings have suggested that long term use of peroxidase 
containing tooth paste resulted in significant reduction in caries 
incidence [7,14,15].

There are a number of studies which describe the antimicrobial 
mechanisms of lysozyme, lactoferrin and HOSCN/OSCN. Most of 
these studies are done in vitro by using Streptococcus mutans as 
a target bacterium; also, the effects against periodontal pathogens 
have been published. In most conditions which imitate the in 
vivo situation in oral fluids, the effects are bacteriostatic, but the 
spectrum against various microbial pathogens is large [6,11]. The 
antimicrobial proteins in these toothpastes may also inhibit the 
appearance of aphthous ulcers may be explained by the absence 
of ulcer-provoking sodium lauryl sulphate in all these antimicrobial 
tooth-pastes [16]. A rough estimate is that in human trials the 
reduction in plaque accumulation and gingivitis is 10-20%, but as 
high as 50-90% reduction in the occurrence of aphthous ulcers 
[17]. 

The present study revealed that tooth paste containing lactoferrin, 
lysozyme, lactoperoxidase was highly significant in reducing 
the salivary levels of mutans Streptococci and L. acidophilus 
in children with S-ECC (p<0.001). Non-fluoridated tooth paste 
and 500 ppm fluoride tooth paste produced highly significant 
reduction (p<0.001) of S.mutans only, whereas the reduction of 
L. acidophilus count was not showing much significance thus 
indicating that the reduction of L. acidophilus was mainly due to 
tooth paste containing lactoferrin, lysozyme and lactoperoxidase.

Conclusion
As most of the areas in India are in fluoride belt, already the risk 
of systemic fluorosis is already severe. As, it is debatable whether 
to prescribe the fluoride tooth paste in fluorosis areas, it can be 

All the children were examined in adequate day light. A mouth 
mirror with good reflecting surface and a stainless steel explorer 
were used to examine the patient.

The saliva samples were collected from the children before, 1.	
immediately after brushing and also on 7th day. 

The patients were instructed to use the scrub- technique of 2.	
brushing for a time period of 2-3 minutes twice daily. 

Only those children who have not received any antibiotic therapy 
with in the last three months and children who have not yet 
received any dental treatment were included into the present 
study. Informed consent was obtained from the parents.

Collection of Salivary Samples
The subjects were instructed to chew on paraffin wax for 2-3 
minutes and expectorate 1-2 ml of saliva directly into the sterile 
collection bottles. The collected samples were immediately 
transported to Microbiology department and inoculated on Mitis 
Salivarius Bacitracin agar (MSB) and Rogosa SL media. The 
inoculated plates of Mitis Salivarius Bacitracin agar and Rogosa 
SL medium were incubated at 37 0C in a candle jar environment for 
48 hrs. Colony Forming Units (CFU) were counted and the results 
were tabulated and subjected to statistical analysis. Confirmation 
of S. mutans and L. acidophilus was done by smear examination 
and biochemical tests.

Statistical Analysis
The comparison of the antimicrobial efficacy of the three 
toothpastes was analyzed by using two way Anova test and all 
analyses were performed using SPSS software (SPSS 16.0, SPSS 
Inc., Chicago, Ill., USA).

Results
Group I demonstrates a reduction in the levels of L. acidophilus, 
immediately after brushing and 7 days after brushing with non 
fluoridated tooth paste and was not showing any significance 
(p<0.05) as compared to values before brushing [Table/Fig-1]. 
Group II demonstrates a reduction in the levels of L. acidophilus, 
immediately after brushing and 7 days after the brushing with 500 
ppm fluoridated tooth paste and was showing significant reduction 
(p<0.01) compared to values before brushing [Table/Fig-2]. Group 
III demonstrates a reduction in the levels of L. acidophilus and 
was highly significant (p<0.001) with 7 days of brushing than 
immediately after brushing [Table/Fig-3].

S. No. Time Points S. mutans
Mean ± SD

L. acidophilus
Mean ± SD 

1 Before brushing 110  12.4 122.5 ± 21.39

2 Immediately after brushing 89.5 ± 15.2 109 ± 21.2

3 7 days after brushing 76.2 ± 19.6 99.8 ± 13.4

F ‘ratio 11.4 3.40

Level of significance p<0.001 p<0.05

S.No Time Points S.mutans
Mean ± SD

L. acidophilus
Mean ± SD 

1 Before brushing 123.1 ± 21.1 122.0 ± 11.0

2 Immediately after brushing 83.2 ± 19.5 106.0  ± 12.2

3 7 days after brushing 33.6 ± 10.3 89.2 ± 9.96

F ‘ratio 64.71 32.9

Level of significance p<0.001 p<0.01

[Table/Fig-1]:	Mean ± SD values (CFU) of S. mutans and L. acidophilus
in children with S-ECC used non fluoridated tooth paste (Statistical
analysis was done by Anova test)

[Table/Fig-2]:	Mean ±  SD values  of (CFU) S.mutans and L. acidophilus
in children with S-ECC used fluoridated tooth paste (Statistical analysis
was done by Anova test)

S.No Time Points S.mutans Mean±SD L. acidophilus 
Mean±SD 

1 Before brushing 112.0 ± 13.3 109.6 ± 14.3

2 Immediately after brushing 55.9 ± 17.56 39.2  ± 18.2

3 7 days after brushing 8.50  ± 5.89 8.60 ± 3.98

F ‘ratio 154.4 146.4

Level of significance p<0.001 p<0.001

[Table/Fig-3]:	Mean ± SD values of (CFU) S. mutans and L. acidophilus
in children with S-ECC used tooth paste containing lactoferrin, lysozyme
and lactoperoxidase (Statistical analysis was done by Anova test)
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proposed that use of tooth paste containing lysozyme, lactoferrin 
and lactoperoxidase may be used as a substitute to fluoride 
tooth paste to reduce the salivary bacterial activity and caries 
progression in children with S-ECC. In addition, further clinical 
evaluations particularly longitudinal studies are needed to know 
their significant role and extensive clinical trials and long-term in-
vivo studies are required to support this perspective.
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