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INTRODUCTION

Trisodium phosphate (TSP, NasPOs) is chemically classified as GRAS
(generally recognized as safe) by Food and Drug Administration(FDA) of
United States and is world-widely used in food hygiene. A process using
a food grade ortho-phosphate (trisodium phosphate, NasPOs) to reduce
viable .Sa/nonella in chicken has been approved by the US Department of
Agriculture under the conditions proposed for treatment (immersion of
processed poultry in 8-12% solutions of TSP for 15 seconds). Many
researchers have examined the decontamination of pathogenic bacteria like
Listeria monocyvtogenes, F£. coli O15THT, Salmonella spp. etc. in several
poultry, beef, and eggs. They have examined acetic acid or lactic acid
with TSP solution and reported good decontamination results. But the
concentrations of acid and TSP that were used on food are too high to
apply to oral microbes research. According to literature survey, there are
no reports that examined low concentration of citric acid and TSP for the
study of oral microbes. Author of this paper devised the experimental
model that can measure the degree of de—adherence against three oral
Streptococcis spp. and one non-oral Streptococcus species, and examined
the effect of TSP or citric acid solution. The aim of this study is to
evaluate whether the low concentrated TSP or citric acid solution
influence oral Strepfococcis species that cause dental caries and subacute

endocarditis.



MATERIALS AND METHODS

1. Type strains

Type strains are as follows: Streprococcus agalactiae (KCCM 40417),
Streptococcus muitis (KCTC 3556), Streptococcus mutans (KCTC 3065) and
Streptococcus salivarius (KCTC 3960).

2.Reagent solutions

1) Citric acid-trisodium phosphate-saline solution (CTS, pH 6.0);0.3g of
citric acid monohydrate (SIGMA, USA) and 0.8g of TSP 12 hydrate
(SIGMA, USA) were dissolved into 100m¢ of normal saline.

2) TSP-saline solution (TS, pH 84); 0.8¢g of TSP 12 hydrate was
dissolved into 100m¢{ of normal saline, and pH was controlled by 5N HCI.
3) Citric acid-saline solution (CS, pH 4.6); 0.4g of citric acid monohydrate
was dissolved into 100m¢ of normal saline, and pH was controlled by 5N
NaOH.

4) Saline control; 0.85% NaCl solution

3. Experimental procedures

Type strains were shaken-cultivate in disposable plastic tissue culture
flasks (CORNING, 25cr, USA) containing brain heart infusion broth (BHI,
DIFCO, USA) and three glass beads (SI 5013, @ 7mm, SiliBead, Germany)
at the speed of 70 rpm in shaking incubator (HAN BAEK, SCIENTIFIC
CO. KOREA). After eighteen hours shaking incubation, glass beads were
picked up with three—pin—pointed pincette and slightly washed with normal
saline. Three glass—beads were then put into the four different tubes each
with different solutions. In order to give brushing effect that is similar to
the brushing of one’s teeth, 40mg of bits of weighing paper (K-ace,
KOREA) clipped into small pieces (2-3mm) were put into each tube. The
tubes were shaken by vortex mixer (GW-92VM, Whasin, Korea) in the
velocity of level 10 for 10 minutes except for the non-oral microbe,

Streptococcus agalactiae (5 minutes). The three samples from each



reagent solution were colony-counted by serial agar dilution method, and
the average colony counts were calculated. All .Streptococcus spp. were
incubated in 5% COs environment for 48 hours. Experiments were
repeated three times for each Szrepfococcus species. The average colony
counts of each reagent solution were divided by that of normal saline, and
the final anti-sticking effect of each reagent solution was the average

value of three experimental results.



RESULTS

The de-adherence degree of citric acid-trisodium phosphate-saline
solution (CTS, pH 6.0) against .Strepfococcus mutans came to an average
of 125 times stronger compared with that of saline control
Trisodium-saline (TS, pH 8.4) showed the average of 7.5 times, and citric
acid-saline (CS, pH 4.6) showed 6.0 times compared to the control group
(Table 1). The bacterial de-adherence degree against .Strepfococciss
salivarius was 7.2, 2.6 and 2.8 times above reagent sequence respectively
in comparison with saline control (Table 2). CTS and TS showed 2.4 and
3.4 times of anti-sticking effect on .Streptococcus rmuitis respectively, but
CS had no anti-sticking effect on this bacteria (Table 3). CTS, TS and
CS showed 0.7, 06 and 0.6 times on non-oral microbe, .Strepfococcits
agalactiae, separately (Table 4). CTS solution has showed the strongest
anti-sticking effect on .S mwutans and S salivarius among three solutions

compared with saline control (Fig. 1).



DISCUSSION

It is well-known that citric acid has bacteriostatic effect and are widely
used in the food and drug industry. Trisodium phosphate is also
chemically classified as GRAS by FDA'" of United States and
world-widely used in the food hygiene field. A process using a food grade
ortho—phosphate (trisodium phosphate, TSP) to reduce viable .Sa/7oneliain
chicken has been approved by the US Department of Aglriculture.9 Many
researchers have examined about the decontamination of pathogenic
bacteria like Zisteria monocytogenes,g' R 7Y/ 4 01572H76,

6, 13, 14 . o 8 : 13 5
. Yersina enterocolitica’, and Edwardsiella tardae” in

Salmonella sp,
several poultry4‘ " beef’ , and eggs8. They have often examined 1-2% acetic
acid” or 1-2% lactic acid solution'®with 2-12% TSP solution and reported
excellent meat shelf-life results®. According to literature survey, there are
no reports that examined the low concentration of citric acid and TSP for
the study of oral microbes. Moreover, 2% acid or TSP is too high to
apply to oral microbes research. Author devised the experimental model to
measure the de—adherence degree against oral Szrepfococcus spp. and
examined the effect of TSP or citric acid solution. According to this
experimental model, citric acid (0.3 g%), trisodium phosphate (0.8 g%) and
saline mixture (CTS, pH 6.0) showed strong anti-sticking effect of 12.5
times on .S swutans and of 7.2 times on .S sa/ivarius compared with
normal saline control. Trisodium phosphate-saline (TS, pH 8.4) showed
anti-sticking effect of 7.5 times on .S mwtans and of 2.6 times on .5
salivarius, respectively. Citric acid-saline (CS, pH 4.6) showed the effect
of 6.0 times on .S nwtans and of 2.8 times on S salivarius each. These
results suspect that citric acid-trisodium mixture has synergistic
anti-sticking effect on both oral streptococci. The anti—sticking effect on

S, mutis was 2.4 times in CTS and 3.4 times in TS. There was, however,



no effect (0.3 times) in CS in three solutions on non-oral microbe, .S
agalactiae (Fig.l). Citric acid and TSP are not harmful to the human
health. The de-adherence effects on .S mwtans, S, salivarius and .S, mitis
by our experimental model are also excellent due to the lower
concentration level than the level used in the food hygiene field. Giese et
al. reported that TSP removes contaminated bacteria from the surface of
chicken by the elimination of thin fat layer on chicken surface and has
the indirect anti-bacterial effect due to the chelation of essential metallic
ions for the growth of bacteria'’. Ray ect. reported that organic acids have
bacteriostatic effect on Gram negative bacteria due to low pH and
dissociated or undissociated acid molecules'’. It is assumed that citric acid
and TSP may affect the stickiness of glycocalyx of oral Strepfococcis
species. CTS mixture showed the strongest anti-sticking effect on oral
Streptococcr, Author suggests that CTS mixture (pH 6.0) can be applied
to the development of a new conceptive toothpaste to prevent dental

caries or subacute endocarditis.
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Table 1. The de-adherence degree against \S. mutans by solutions

Reagent solution (pH) Multiples of deadherence® Average
CTS (6.0 13.6 12.0 11.9 12.5
TS (8.4)° 10.3 8.7 3.4 75
CS (4.6) 11.2 2.9 4.0 6.0

* The values that colony counts of each reagent are divided by that of
saline control.

CTS; citric acid-triphosphate-saline

TS, trisodium phosphate-saline

CS; citric acid-saline



Table 2. The de-adherence degree against .S. salivarius

Reagent solution Multiples of de-adherence” Average
CTS’ 10.3 8.2 3.0 7.2
TS 2.8 2.8 2.3 2.6
Cs* 35 2.8 2.2 2.8

? The values that colony counts of each reagent are divided by that of
saline control.

b CTS; citric acid-triphosphate-saline

© TS; trisodium phosphate-saline

d L. . .
CS; citric acid-saline
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Table 3. The de—adherence degree against .S. mifis

Reagent solution Multiples of de-adherence” Average
CcTs’ 1.7 36 1.9 2.4
TS¢ 1.7 55 3.0 3.4
cs* 0.1 05 0.4 0.3

The values that colony counts of each reagent are divided by that of

saline control.
CTS; citric acid-triphosphate-saline
TS; trisodium phosphate-saline

d L. . .
CS; citric acid-saline

_11_



Table 4. The de-adherence degree against .S. agalactiae

Reagent solution Multiples of de-adherence® Average
cTs’ 1.3 0.3 0.4 0.7
TS¢ 0.2 0.7 0.8 0.6
cs* 05 0.8 05 0.6

The values that colony counts of each reagent are divided by that of
saline control.

CTS; citric acid-triphosphate-saline

TS; trisodium phosphate-saline

d L. . )
CS; citric acid-saline

_12_
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