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Objective This article evaluates the antibacterial and remineralization potential of 

experimentally prepared toothpastes containing different mixtures of nano casein 

phosphopeptides (nCPP), nano amorphous calcium phosphate (nACP), probiotic 

 Lactobacillus rhamnosus B-445 (L. rhamnosus), and nano glycomacropeptide (nGMP).

Materials and Methods Five experimental toothpaste samples were prepared and 

grouped, such that group (A0) was the experimental toothpaste base formula. Groups 

(A1), (A2), (A3), and (A4) were the experimental toothpastes containing: nCPP; nCPP 

and nACP; nCPP, nACP, and L. rhamnosus, and nCPP, nACP, and nGMP,  respectively. 

Group (A5) was the commercial group (GC MI Paste Plus). The five groups were screened 

against Streptococcus mutans (ATCC 25175) growth, and investigated for their remin-

eralizing potentials on demineralized bovine enamel using Vickers  microhardness test 

(Vickers hardness number [VHN]). Scanning electron microscope (SEM) images were 

obtained for the demineralized and remineralized enamel of the two most effective 

toothpastes against in vitro bacterial induced enamel demineralization. Statistical 

analysis was performed using one-way analysis of variance (ANOVA) as well as repeat-

ed measures ANOVA followed by Tukey’s post hoc test.

Results Both (A3) and (A4) were significantly higher in mean inhibition zone  diameters 

than group (A1) and (A2). Group (A4) showed the highest statistical  significance in 

the mean difference between VHN values of demineralization and 15 days reminer-

alization period. SEM images showed the deposition of nano-sized particles fill the 

 microrough surface pattern of the etched enamel.

Conclusion All these findings suggest the use of probiotic, nCPP–nACP, and nGMP as 

a dental anticariogenic and remineralizing active agents.
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Introduction

Dental caries is an incredibly widespread dental disease 

and is a first-rate public health problem.1 A carious lesion 

is initiated by specific bacteria in oral biofilm that is able to 

demineralize teeth under suitable environment inside the 

oral cavity.2 With clear understanding regarding the demin-

eralization–remineralization theory of caries initiation, 
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emphasis in present-day dentistry is on remineralization of 

carious lesion.3 In the modern era of minimal intervention 

dentistry, remineralizing agents in a wide variety of formu-

lations have been developed to promote remineralization of 

the demineralized enamel.3,4

Fluoride is the oldest and most widely used remineraliz-

ing agent. Concerns regarding fluoride toxicity and its side 

effects induced the need to safer means for enamel reminer-

alization.5 One of the novel remineralization methods is the 

utilization of calcium phosphate particles dissolved in casein 

milk protein, that creates amorphous calcium phosphate par-

ticles super saturation around the tooth, in the acidic envi-

ronment of dental plaque, thus they are thought to enhance 

remineralization process.6,7 Casein milk protein is a cluster of 

protein molecules, and its technical name is casein phospho-

peptide–amorphous calcium phosphate (CPP–ACP) nano-

complex, and is found to remineralize subsurface lesions in 

the human enamel.8 The CPP–ACP tooth remineralization 

mechanism of action is to provide a reservoir of free calci-

um and phosphate ions in the amorphous state within the 

plaque at the tooth surface, this reservoir maintains a super-

saturation mineral state on the enamel surface.9 Commercial 

products such as MI Paste Plus (GC America) contains flu-

oride and CPP–ACP, and became available as a remineraliz-

ing treatment of white spot lesions and initial caries through 

maintaining calcium phosphate ions supersaturated in 

amorphous state on the enamel surface. However, fluoride 

has a slightly higher potential in the remineralization of early 

enamel caries lesions than that of CPP–ACP.2,7

Glycomacropeptide (GMP) which is a hydrophilic part 

of casein, has attracted a great deal of attention due to its 

biological activities, which includes the reduction of dental 

caries through changing microbial composition of dental 

plaque from Streptococci to less cariogenic Actinomyces.10 

Hence, formulating GMP into gum or toothpaste is a way to 

prevent caries and control dental plaque.11,12 As well, probi-

otic approach is a new preventive and therapeutic approach 

based on competition with oral pathogens for adhesion sites 

and nutrients or through restoring the microbial ecological 

balance in the oral cavity.13,14 Previous literatures revealed 

that long-term intake of Lactobacillus rhamnosus GG ATCC 

53103 in milk which is a probiotic bacterium, had a benefi-

cial effect on children’s dental health, in addition to no evi-

dence of an increase in plaque acidity.15,16

In a previous study, the preparation of nano-CPP (nCPP) 

from the tryptic digest of bovine casein and the preparation of 

nano-GMP (nGMP) by the action of chymosin on casein solu-

tion, were conducted.17 Through this study, the antiadhesive 

and antibacterial activities of four experimental solution con-

taining different mixtures of nCPP, nano-ACP (nACP), probiot-

ic L. rhamnosus, and nGMP were confirmed. Moreover, it was 

proved that L. rhamnosus had high stability in this solution 

for a practical period of the study time. Hence, the aim of this 

study is to prepare four experimental toothpastes containing 

different mixtures of probiotics, nCPP-nACP, and nGMP, and 

investigate their antibacterial and remineralizing potentials on 

demineralized enamel of bovine teeth in comparison to com-

mercial product (GC MI Paste Plus). The null hypothesis was 

examined, first: that there is no difference in antibacterial effi-

cacy between the experimental toothpastes and commercial 

one, and second: there is no difference in enamel microhard-

ness between experimental toothpastes and commercial one.

Materials and Methods

Preparation of Different Experimental Toothpastes
Different mixtures from nCPP, nACP, L. rhamnosus (109 CFU/g 

of L. rhamnosus B-445), and nGMP at pH 6.8 were prepared 

according to the previous study.17 Each of these mixtures was 

incorporated in a specially prepared experimental toothpaste 

base formula which contained distilled water, thickener, sur-

factant, moist, flavor, and free sucrose sweetening agent in 

the concentration of 1:19 by weight (patent under registra-

tion no 2017/855, Ministry of Scientific Research, Academy 

of Scientific Research & Technology, Egypt). A total of 100 

samples were divided into 5 main groups (n = 20): (A0), the 

experimental toothpaste base formula; (A1), nCPP experi-

mental toothpaste; (A2), nCPP and nACP experimental tooth-

paste; (A3), nCPP, nACP, and probiotic strain L. rhamnosus 

B-445 (109 CFU/g) experimental toothpaste; (A4), nCPP, nACP, 

and nGMP; and (A5), commercial group (MI Paste Plus, 0.2% 

NaF, Recaldent, GC Corporation, Tokyo, Japan). Each group 

was subdivided into two subgroups (n = 10) according to the 

testing procedure performed.

Testing Procedure
Antibacterial Assessment

Test Bacteria

A serotype (c) strain of Streptococcus mutans (S. mutans) 

ATCC 25175 that was isolated from carious dentine, and 

purchased from MIRCEN (Microbiological Resources Cen-

tre,  Cairo, Egypt) was selected for susceptibility assay. S. 

mutans was streaked on tryptic soy agar (TSA; Difco Labo-

ratories, Detroit, Michigan, United States) and incubated for 

18 to 24 hours at 37°C. An inoculum was prepared according 

to the Clinical and Laboratory Standards Institute by direct 

colony suspension method.18 Bacterial colonies of an over-

night  culture of S. mutans were suspended in Mueller–Hin-

ton Broth (CM0405, OXOID) and have been adjusted to 0.5 

McFarland standards to reach a final inoculum corresponding 

to approximately 1 × 108 CFU/mL.

Agar Well Diffusion Assay

The antimicrobial activity of the experimentally prepared 

toothpastes was screened against S. mutans growth by agar well 

diffusion assay. A 50 µL of diluted S. mutans (1 × 108 CFU/mL) 

were spread on the surface of TSA plate. A  sterile 6-mm cork 

borer was used to cut five wells at  equidistance in the plate. 

Similar calculated amount (250 mg) of four experimental 

toothpastes and the commercial one was introduced each into 

the five wells. Ten replicate agar plates each containing five 

wells for the tested toothpastes were incubated at 35 to 37°C for 

24 hours. At the end of the incubation period, the antimicrobial 

activity of the tested toothpastes was evaluated by  measuring 

10 inhibition zone diameters for each group (in mm).19
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Hardness Testing

A total of 50 bovine incisors were analyzed in this study for sur-

face hardness using Vickers microhardness tester (Shimadzu 

HMV-M Micro-hardness Tester; Newage Testing Instruments 

Inc., Southampton, Pennsylvania, United States) under 200 g 

load, and 15 seconds dwell time.20,21 The sample size was esti-

mated for microhardness test to be 10 enamel specimens for 

each group considering a study power of 80% and statistical 

significance of 5% (a = 0.05) based on a mean ± standard devi-

ation (SD) of calcium ion loss for triclosan and sodium fluo-

ride toothpastes of 12.9 ± 0.8 and 11.3 ± 0.3, respectively, and 5 

specimens per group.22 All the selected teeth were thoroughly 

cleaned under running tap water using soft toothbrush and the 

crowns were resected from the cement-enamel junction using 

a diamond fissure bur mounted on a high-speed handpiece 

(NSK, Japan).23 All the crowns were fixed in autopolymerizing 

acrylic resin (Acropars, Marlic Medical Industries Co, Tehran, 

Iran) in a manner that the buccal surface of the enamel was 

faced upwards and was not covered by acrylic resin. The surface 

of the samples was ground to provide a flat  surface and remove 

possible excess resin, using minimum hand pressure with sil-

icone carbide grinding papers  (Buehler-Met; Agar  Scientific 

Limited, Cambridge, United Kingdom) of 300 to 2,000 grits in 

a progressive way under running water and polished using 1 

µm diamond suspension.20 The mean value of the measured 

Vickers hardness number (VHN) of three indentations were 

obtained for each tooth specimen of the five groups at baseline 

before enamel treatment, then following a 90-second expo-

sure to phosphoric acid etching using Kerr gel etchant 37.5% 

phosphoric acid to result in a minimum loss of surface enam-

el, exposure of more reactive enamel through exposing the 

enamel prism end structure, increasing the surface area of the 

enamel, and producing a certain degree of subsurface porosity 

for  interaction with preventative and remineralizing agents.24,25 

Subsequently, each tooth specimen of the five groups received 

remineralization treatment through uniform brushing once 

daily for 15 days. A 3-minute brushing process utilizing 1 cm3 of 

the respective paste through mild manual tooth brushing pres-

sure such that the bristles were stabilized on the tooth surface. 

After brushing, the samples were rinsed with distilled water 

and then immersed in Fusayama Meyer’s artificial saliva, com-

posed of NaCl (0.400 g/L), KCl (0.400 g/L), CaCl
2
 · H

2
O (0.906 g/L), 

 NaH
2
PO

4
 · 2H

2
O (0.690 g/L), Na

2
S · 9H

2
O (0.005 g/L), and urea 

(1 g/L) with a pH of 7.1 at room temperature.24 The artificial 

saliva solution was replenished every 24 hours. Meanwhile, the 

treated enamel teeth specimens were  tested for surface hard-

ness at day 7 and finally at day 15. Results were expressed as 

the mean and SD of VHN values of each group sample at base-

line, demineralization, and remineralization at day 7 and day 

15, as well as a comparison was made for the remineraliza-

tion potential among different groups through calculating the 

mean difference between VHN values of demineralization and 

15 days’ remineralization period.26,27

Scanning Electron Microscope Characterization

Group samples that showed superior antimicrobial and 

microhardness values were selected for qualitative analy-

sis using scanning electron microscope (SEM). SEM Model 

Quanta 250 Field Emission Gun was attached with EDX Unit 

(Energy Dispersive X-ray Analyses), with  accelerating volt-

age of 30 KV, and for SEM observation were selected at 

1,000× and 2,000× magnification and resolution for Gun.1n 

(FEI Company, Netherlands). Images were obtained at base-

line for intact enamel before demineralization, and then 

after acid etching demineralization, finally third image was 

obtained after 15 days’ remineralization period.

Statistical Analysis

Numerical data were explored for normality by checking the 

distribution of data, calculating the mean and median values, 

as well as using the tests of normality (Kolmogorov–Smirnov 

and Shapiro–Wilk tests). All data showed parametric distri-

bution and were presented as mean and SD values. One-way 

analysis of variance (ANOVA) followed by Tukey’s post hoc 

test was used to compare between more than two groups. 

Repeated measures ANOVA followed by Tukey’s post hoc test 

was used to study the changes by time within each group. The 

significance level was set at p≤ 0.05. Statistical analysis was 
performed with IBM SPSS Statistics Version 20 for Windows.

Results

Mean Inhibition Zones Diameters Exhibited by 
Different Toothpastes
As shown in ►Table  1, all nCPP containing experimental 

toothpastes (A1), (A2), (A3), and (A4) showed an antibacte-

rial potential against S. mutans growth. Also, there was no 

inhibition zone diameter in the groups of the experimental 

toothpaste base (A0) and the commercial product (A5). As 

regards the group (A3) and (A4) samples, there was no sta-

tistically significant difference among them, and both were 

significantly higher in mean inhibition zone diameters than 

group (A1) and (A2) samples. Similarly, there was no statis-

tically significant difference between groups (A1) and (A2).

The Microhardness Results
The VHN values at baseline, before demineralization, were 

decreased considerably following demineralization for all 

groups as revealed in ►Table  2. There was no statistical-

ly  significant increase in the VHN values for groups (A0) 

and (A1) after 15 days’ remineralization periods than the 

demineralization VHN values. As regards groups (A2) and 

(A3), there was a statistically significant increase in VHN 

values after 7 days’ remineralization periods but there was 

no  statistically difference after 15 days’ remineralization 

periods. On the opposite, group (A4) showed no significant 

increase in VHN at day 7 remineralization period, but there 

was a high significant increase after 15 days of remineraliza-

tion. For the commercial group (A5), there was a significant 

gradual increase in VHN at day 7 and 15 remineralization.

Concerning the comparison of remineralization potential 

between different groups as represented by the amount of 

increase of VHN values obtained after calculating the mean 

difference between VHN values of demineralization and 

15 days’ remineralization period within each group, results 

revealed that the highest statistically significant values was 
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Table 1  The mean, standard deviation (SD) values of overall 

inhibition zone results for all groups

Variables Overall Inhibition zone diameter 

(mm)

Mean Standard 

deviation

A0 (base) 0.00 0.00

A1 (CPP) 8.10b. 2.7

A2 (CPP/ACP) 10.4b 2.7

A3 (CPP/ACP/
Probiotic)

17.1a 1.9

A4 (CPP/ACP/
GMP)

15.9a 2.2

A5 (Commercial) 0.00 0.00

p-Value ≤ 0.001*

Abbreviations: ACP, amorphous calcium phosphate; CPP, 

casein phosphopeptide; GMP, glycomacropeptide.

Note: Superscripts with different small letters indicate statistically sig-

nificance difference within the same column.

*Significant (p ≤ 0.05); nonsignificant (p > 0.05).

Table 2  The mean, standard deviation (SD) of microhardness in different groups

Variables

VHN

Initial After 

demineralization

After treatment 

7 d

After treatment 

15 d

p-Value

Mean SD Mean SD Mean SD Mean SD

A0 (base) 177.7Aa 37.4 63.3Ab 20.7 64.4Ab 16.6 58.1Ab 16.6 < 0.001*

A1 (CPP) 182.3Aa 46.9 41.5Ab 13.5 83.4Bb 18.4 78.4Ab 21.1 < 0.001*

A2 (CPP/ACP) 195.9Aa 49.2 48.4Ac 18.8 100.9Bb 16.5 124.5Bb 16.05 < 0.001*

A3 (CPP/ACP/Probiotic) 253.2Ba 30.9 63.9Ac 19.7 117.4Cb 12.9 125.8Bb 18.8 < 0.001*

A4 (CPP/ACP/GMP) 276.6Ba 42.9 54.7Ac 15.1 81.5Bc 14.5 149.9Cb 13.2 0.0032*

A5 (Commercial) 265.3Ba 34.9 47.2Ad 13.4 85.7Bc 8.4 130.6Bb 17.1 < 0.001*

p-Value 0.01* 0.09ns < 0.013* 0.008*

Abbreviations: ACP, amorphous calcium phosphate; CPP, casein phosphopeptide; GMP, glycomacropeptide; VHN, Vickers hardness number.

Note: Means followed by different letters (lowercase horizontally and uppercase vertically) indicate statistically significant differences (*significant 
[p < 0.05] and nonsignificant [ns] [p > 0.05]).

for group (A4) (112.43 ± 39.3) followed by the commercial 

group (A5) (94.95 ± 25.1) and group (A2) (77.43 ± 27.3); both 

had no statistically significant difference. The lowest mean 

difference was for the groups (A1) and (A3) that showed 

36.19 ± 11.2 and 52.23 ± 13.4, respectively, with no statistical 

difference between them. Finally, the lowest mean difference 

value was found for the group (A0) (2.75 ± 2.2) (►Fig. 1).

SEM Analysis of the Enamel Surface
SEM images were analyzed for the characterization of the 

enamel samples treated with the two most effective tooth-

pastes of group (A3) and (A4) against in vitro bacterial 

induced enamel demineralization. SEM image investigation 

showed smooth and intact enamel surface of the baseline 

normal bovine enamel sample before demineralization as 

shown in ►Figs. 2A and 3A. This intact enamel was converted 

to excessive roughening and surface irregularities after acid 

etching as revealed in ►Figs. 2B and 3B. After remineraliza-

tion using group (A3) and (A4) samples, the remineralized 

enamel exhibited precipitation of white nano-sized particles 

filling the microrough surface pattern of the etched enam-

el after 15 days’ remineralization treatment, these white 

nanoparticles were few in (A3) samples and numerous in 

(A4) samples as revealed in ►Figs. 2C, D and 3C, D.

Discussion

Based on the current results, all experimental toothpastes 

containing nCPP showed significantly higher antimicrobial 

effect compared with the commercial group containing MI 

paste (A5). This finding could be attributed to the presence of 

CPP in the nano form which enhanced its antimicrobial capac-

ity expressed as inhibition zone for S. mutans.17 Even though 

casein milk protein has wide range of significant benefits as 

an anticariogenic additive to food, toothpaste, or ingesting 

water, its use has not been applied due to its negative organ-

oleptic characteristics and the massive quantity required 

for efficacy.7,28 The antibacterial potential of experimental 

toothpaste containing CPP–ACP in group (A2) related to 

CPP–ACP has a well-known ability to inhibit the adhesion of 

cariogenic Streptococci to the tooth surface that alters the 

plaque nature to noncariogenic plaque.29 On the other hand, 

the antimicrobial capacity of the experimental toothpaste in 

group (A3) was rather enhanced by the addition of probiotic 

L. rhamnosus with nano casein glycoprotein due to compe-

tition for nutrients in agar medium between the pathogen 

and the probiotic strain, or production of antimicrobial sub-

stances that can inhibit growth of the pathogen.30,31 The lat-

ter results are in agreement with Saha et al32 and Stamatova 

and Meurman33 who demonstrated that the beneficial role 

of probiotics is particularly based totally on their antagonis-

tic effect on pathogens. The inhibitory activity in group (A4) 

could be related to the incorporation of GMP into nano-CPP 

experimental toothpaste. The superior advantage of GMP 
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Fig. 1 Bar chart representing the amount of increase in the Vickers hardness number (VHN) values after 15 days’ remineralization period.

Fig. 2 (A) The baseline of normal bovine enamel sample. (B) Demineralized enamel. (C) Remineralized enamel exhibiting precipitation of a few 

numbers of white nanoparticles on the dentinal tubules orifices after 15 days’ treatment using (A3) toothpaste at magnification (1, 000×). (D) 

Remineralized enamel exhibiting precipitation of a few numbers of white nanoparticles on the dentinal tubules orifices after 15 days’ treatment 

using (A3) toothpaste at magnification (2,000×).
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is its highly negative charge at low pH while the  other milk 

proteins derivatives are positively charged, and this allows 

the GMP adsorption on the anionic cariogenic bacterial cell 

wall while the other proteins (CCP–ACP) containing tooth-

paste in the group (A4) are washed free.34,35 It may be  possible 

that GMP blocked the adhesins receptor which is a part of 

the bacterial colonization process as reported by Neeser 

et al.36 Consequently, this could negatively affect the ability of 

 cariogenic S. mutans for colonization, thereby GMP could be 

considered as a bacteriostatic agent. However, due to the fact 

that tested teeth samples were totally free of dental plaque 

and calculus due to the previous teeth preparation and 

demineralization step, it is impossible to check the full capa-

bility of GMP. As reported by Neeser et al36 and  Schüpbach et 

al,37 GMP has the ability to inhibit the adhesion of cariogenic 

bacteria S. mutans to oral surfaces.

The present average VHN results for bovine teeth was 

found to be within the 177 to 265 range which is in agree-

ment with previous studies.2,38 At both remineralizing 

periods (7 and 15 days), The MI paste (A5) showed higher 

microhardness results than the control (A0) at both experi-

mental time intervals. The results differed from other stud-

ies that compared MI paste with other commercial tooth-

pastes due to the remineralizing effect of fluoride present 

in other toothpastes.39 Upon adding CPP to the experimental 

toothpaste, the microhardness (A1) results at the 7 days were 

similar to the MI paste, though the ACP containing MI paste 

showed statistically higher microhardness at 15 days, and 

this could be attributed to the presence of the ACP in the MI 

paste which is reported to be responsible for enamel remin-

eralization.40 With the addition of ACP to the experimental 

toothpaste (A2), the microhardness was significantly high-

er than MI paste at 7 days but both groups showed similar 

results at 15 days. This difference in microhardness at 7 days 

could be attributed to the presence of the CPP in a nanostruc-

ture in the experimental toothpaste which fastened its rem-

ineralizing capacity in comparison to the MI paste. The addi-

tion of probiotic bacteria in the toothpaste (A3) resulted in 

statistically higher microhardness at the 7 days with obvious 

decline at 15 days’ period to give the lowest hardness results 

in all groups having ACP. This decline in the microhardness 

could be attributed to the nature of the L. rhamnosus bacte-

ria which is a phosphate accumulating bacteria that tends to 

accumulate polyphosphates resulting in the decline of phos-

phate in the surrounding which can lead to undersaturated 

conditions relative to the hydroxyapatite which might lead 

to demineralization potentials in dental plaque and lesser 

degrees of remineralization in the conducted study.41 Though 

the inhibitory effect of group (A3) toothpaste containing pro-

biotic against S. mutans growth was in accordance with many 

Fig. 3 (A) The baseline of normal bovine enamel sample. (B) Demineralized enamel. (C). Remineralized enamel exhibiting precipitation of mul-

tiple numbers of white nanoparticles on the dentinal tubules orifices after 15 days’ treatment using (A4) toothpaste at magnification (1,000×). 

(D) Remineralized enamel exhibiting precipitation of multiple numbers of white nanoparticles on the dentinal tubules orifices after 15 days’ 

treatment using (A4) toothpaste at magnification (2,000×).
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studies,42,43 the remineralization capacity of this group needs 

prolonged studies in addition to in vivo studies to observe 

the actual effect of this toothpaste in oral conditions. Regard-

ing the nGMP group (A4), the highest microhardness remin-

eralization results were reported for this group. The reason 

behind it might be the synergistic effect between nGMP with 

nCPP in the experimental toothpaste that could be released 

and coated the hydroxyapatite particles to suppress demin-

eralization and to enhance remineralization during an acid 

attack.44 Accordingly, the combination of the microhardness 

results with bacterial inhibition zone shows the ability of 

(A4) group to satisfy both needs for caries management.

The outcomes suggested in this study are based totally upon 

an in vitro version, which has numerous innate obstacles. Full 

remineralizing environment was created to check the experi-

mental toothpastes and commercial MI paste’s ability to rem-

ineralize a 37.5% phosphoric acid demineralized tooth, with-

out any further demineralization occurring. Hence, this study 

lacked a demineralization–remineralization cycling model, 

leading to create an environment that might never naturally 

exist inside the oral cavity. The exclusion of the demineraliza-

tion inside the study ought to limit the mechanism of action of 

CPP–ACP containing toothpastes given that an acidic environ-

ment is needed to initiate the active component in the past.45,46 

As a result, none of the remineralizing toothpastes used in this 

study, as well as the  commercial MI paste, was able to restore 

the microhardness to its original values; however, their anti-

microbial  property put them in a definite advantage compared 

with the MI paste. Hence, the null hypothesis was rejected.

Conclusion

Under the limitation of the following study, the two experimen-

tal toothpastes containing nCPP–nACP with probiotic strain or 

with nGMP proved a potential remineralizing property with 

a more promising antimicrobial efficiency. Longer time inter-

vals are needed to study the effect of them on demineralized 

enamel; in addition, in vivo studies are required to determine 

their effect on oral flora. The selected L. rhamnosus probiotic 

strain represents a new concept in the oral hygiene measure-

ments and could be recommended as a therapeutic agent in 

toothpastes as there is no issue of antibiotic resistance.
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