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Trisodium phosphate 12 hydrate$} citric acid monohydrate®] £ §-274&(¢ 7 mm)el B-A4 Streptococcus
mutans (KCTC 3065)8} Streptococcus mitis (KCTC 3556) R Streptococcus salivarius (KCTC 3960)¢]) o 3}e3 734t &
RAAAE Byt F AT FELS 44 309 fETES E“’{ﬂ"’ BHI A4 wj A of) 4 18X 7t E-E ol
o} qich wioF ¥, 3719 ZE A 5o F-3% BAL AL43le] F2 TEEE A o, e el B TS
A A7) $13te] A Q52 A A A s 4 52 3714 WEH"-’-""%E A ¢E o] Eol sl Al H el
Y 3 vortex mlxeri 1034 S5BEHIE S A&A3) FA EAE A7) S8 A REC B 2A 4+
71 8F 0] 2AE-L 0 mgq Y} F7 ) A& LT Fo] obd Streptococcus agalactiae’s- 55-7¢ 9}%‘(715@)3}%
. % A]ﬂsﬂ-o]]k] A A SE-L 10u) A 34 5le] BHI A =] 9} 1?.'-13’3']-—1— wWokg o, A5 At
A ST F 2 "éﬁg‘.”ﬂ BRI T A] ¢fol] 9] & SH-FY F4E H et A 9SS “ﬂi:r"«] - Ein
o2 vpo] w4 SN-F B2 A Ae o} Streprococcus mutans | ‘H 8t FAA-A3YAEF- A H5
E3<4(o] 3 CTS, pH 6.0)8] FH- 3 3= )4 95 A 22 v A 3T .59 g.2n, A3AAFES-A
A4 EPA(els) TS, pH 84) T 750 Q3 FHALAGL EFA(e]8l CS, pH 4.6} 6.0¥
Streptococcus salivarius®l] A CTSE 7.24], TS:= 2.6, CS%= 2.8¥1 G ot. Streptococcus mitiso] W $) M CTSE=
24809 3, TSE 34992t CSE 0.3 2 &3-% &7 gt 774 W) A&ST Fol obd Streptococcus
agalactiaed] A CTSE 0.79], TSE 0.68], CSE 0.681 2 37}A] Al ¢fo] ol 8o S H-FH 7L A3 ¢l of
d8 AH5L 249 o}FA A LEY AT F7 | Streprococcus mutans, Streptococcus salivarius R
Streptococcus mitis7F CTSEGHE o] A A 7742258 474 AAL 4 355 v ek w2t o 8 45
S-43n A2 MY AL ALE 5 UL A0 HE, 229 o Y X FobFA AW o

go] Efo] @ A2 AndT.
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A 3ANARIE F(Trisodium phosphate, TSP, Na,PO,)& ¥|5 4]
FoJokzrof| oJallA GRAS (generally recognized as safe)2 w1+

T Boln] AFEAEoA ] AFEE 3 Sitk TSP"?‘ A
£3to] £ 7R F-2E Salmonella® 7E A3
ZH (TSP 8~12% £ 152 < =48 /E7E @A]'E
AZyE vla wEFe 9JsiM SRAIEAT 21 T B Ik
o] 4t Z& A4kg TSP} I ARESt A% ThET, 23],
Sz 5ol M Listeria monocytogenes, E. coli O15THI, Salmonella
species 5 HHUA H}"_TL«] QUAA AES P T2 HAYE K
LA a2y AFol AREE AH1~2%)% TSP FT&
Q~12%) T BB EHE Ao AR dle vR B
< Goltt,

B A7REY £ Al dEd, 77 g Aol o
& 5529 TAH03%)T TSP (0.8%)5 A48 Bale 2he F
Ak AREL 3FY 7 AledE FEF 159 B ’\}
Fgatol tiste] FA TSP E%-4 38 SAshs U9
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40417), Streptococcus mitis (KCTC 3556), Streptococcus mutans
(KCTC 3065) % Streptococcus salivarius (KCTC 3960)°]c}.

Streptococcus  agalactiae (KCCM

HE 2 A

TFAAAIRNMEF-AAS EN(CTS, pH 6.0y citric
acid monohydrate (Sigma, USA) 0.3 g#} trisodium phosphate 12
hydrate (Sigma USA) 0.8 g& A4 100 miell -3l5H53ct.
AQMMIEF- A BF EFH(TS, pH 84)2 TSP 12 hydrate
0.8 g& 100ml P4l L3593 pHE 5 N HCIS AMS:

dte] 2AsE. FAL-A G EFACS, pH 46y ciric
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acid monohydrate 0.4 g& 100 ml AJ2l2) <ol £3]3159 1 pHE
5 N NaOHZ 438ttt thaw Ao 0.85% A A s
ARS8

AE 2y

TFES BHI HAW|A|(BHL, Difco, USA)S 2] T&(SI
5013, ¢ 7 mm, SiliBead, Germany)E°] £l 43-& Z2u)
% Fe2g Z2kA23(25 em?, CORNING, USA)l @i ZIEk v}
%7](HAN BAEK SCIENTIFIC CO., Korea)°l4 70 rpm¢] &
T2 i3t 18RI Fol) 3R] sh=tist Wo] HitE H
&AMt fEl7EES AU, 184 ke ol B
g o] dAld sl AAHE 7FeE HAFoRE Fo)7)
g Aolok BAMOZ Holdl Fel7FEEL Tl 82 i S
AA3L7) Hste] ] Hg ol A 7hEA A A7) AlekE
T 7HA7F 42 Eol3le AREE 4 Y frelTEES
won, 2 AdAEd A&dT fA S92 W19k
2~3 mmZ AL 71850 (K-ace, Korea) 40 mg&-& Bk A3
FES vortex mixer (GW-92VM, Whasin, Korea)oll 4l ¥l 10
o] &= 2 1087 TENY. 23y B33 Y AEgTd)
Streptococcus agalactiaes 557 &t}

Alof EHo] Folgle AIRHENA MES FH3to] Ay
HE 109 AT ZF4dte 107107 AN thr] AE
1mAE 3] 37]9] Hye] B¢ TR, BHI agar 15 mi%
Edstd 23 v, 5 mis H3 Yol B H9 O] 2Kt o
olA HHUEE COo, Hld7Io W 48417 B vkl Mg
o & AFste HiS ot Zh Al i3l 5F JEges
HE2TY] Proz WPrel 1 s 9% a9z g
old HES 7t ARG F50 sk 3 BT, 2
z¥el Aok wipEg ThA] st 2+ Aleke] FHE H w4
A A% 29592 a2 g3l

#2 ¥ 0¥

TFAIAIRKRIEF-A G EA(CTS, pH 6.0} Streptococcus
mutans?l] O3 B b o2l oISk B sk Al
RNEF-AET EFATS, pH 84y BT 759, 744
4 EZHA(CS, pH 4.6)S 6081 JTHTable 1).
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Streptococcus salivarius®l A= B2 I3l CTS7}
7.2, TS7F 2.68l, CS7F 2.8¥ATHTable 1). Streptococcus mitis
o slA CTS= 248, TST 3499 @RFaNs HGPoy
CSt 032 g5 A7t IXTH(Table 1). 773 Aleddt
Fo] ol Streptococcus agalactiaed)] )X = CTS7} 0.74Y,
TS} CS7HEL3HA 0.6 8 BY =N tiza it gpatay)
7b AAck(Table 1). 3714 A|FEGFAE FojlA] CTS EFeo)
S. mutans} S. salivarius®) A 713 733 3R Z g8 )
el AchFig. 1).

THske] AFETNE AL Qthe AR & dEA gle,
21 ojebaloll A ga] ARR-E T ek A3RIRIEF(TSPE 2
F AAECIA AR AME L STk, 2). 1992 ©]=
FEEE IR ARl Salmonellas 717 WL
2 IFE@B~12%)2] TSP &S YT 2HoAM AHE3e W
He SAFATO). olF B2 ATAEC] & 71EFE, ),
2317]6), BZ@8) TN Listeria monocytogenes (3, 4, 5, 8,
11, 13), E. coli O15T:HT (6), Salmonella species (6, 13, 14),
Yersina enterocolitica®} Edwardsiella tarda (8)2-2 BL4 Ao
o] QEA| A #g AT AHES Budlgt. 282 &3] 2
HAA BAZ 12% 23H12) 32 12% F3F SA 170 9A
Az FRE SIS HAILL 0]o3x] 2~129% TSP &4 ThA] HA
M Al A A=E S =3 1 A9 17) AR
o] ¥tk AT Eastgirh(1s). AAEe] BiZAM) 9
3 774 Wl HAEES AASY] 8l B TRl 7t
3} TSPY EFE-E A3 AE A= oF71A] gisith

AR 12% 23 T2 Z4 w5E Wl AT} wold
Wz 773 ol H&38l7] oAHh TSPE 53] 2% ol AME
ZB5-elle pHZ v EobA AlZE Aol wetA 77 ) 23
o &4 Tt WA 7 Yol 223l Holks ujAEd
g 4S5 e 84 e w52 77 ) pH ¥
o 2A 4% FA g A=Y 4 2 4Ze §AE AR
ok Sttt} HAEL universal buffer®] Y% boric acid, citric
acid, trisodium buffer (16)91A] <tsle] Bre Frol Fakal
ARNIEFS ARSI 774 Wl pH ¥zl 2 F3& 4
%= A= pH 6.0 A=) EFAS vheojA Aol 28313
ok pH 60 AXY pHE 2= F AR %S U4 7o)
03 /100 ml, 125 TSP7} 0.8 /100 mio|ic}. o] Ale] 214

Table 1. The de-adherence degree against Streptococcus species by solutions

Reagent solutions (pH) Average of de-adherence multiple numbers*
S. mutans S. salivarius S. mitis S. agalactiae
CTS (6.0)° 125 12 24 0.7
TS (8.4)° 75 2.6 34 0.6
CS (4.6)* 6.0 2.8 0.3 0.6

*The arithmetic mean of multiple numbers that colony counts of each reagent were divided by that of normal saline.

®CTS, citric acid-triphosphate-saline solution
¢ T8, trisodium phosphate-saline solution
4CS, citric acid-saline solution
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Fig. 1. The comparison of de-adherence multiple numbers of reagent
solutions (CTS, citric acid-triphosphate-saline; TS, triphosphate-
saline; CS, citric acid-saline; NS, normal saline control)

Zeol 83)3kd(CTS) HAEo) 1ekgt A8 RHld] AN At
S. mutanse= PGS 2T visle Ha 12599 AT &
B F9E BYIL, S, salivarius®] WIS Ha 7.24909] g7
2 98 JEhQth(Table 1). 125 A3AEF 08 /100
miE A4S 831313 5 N HCIE pHE 84 4% &
N(TSY S. mutansell Th8ld th2THT} 7.500) S5 5348
HAT, S, salivariusdl] AAE 26819 852 a8 Veh
Qck(Table 1). ¥4 T4 04 /100 miZ A2 G0l B33t
3 5 N NaOHZ pHE 4692 243 §A(CS)y S. mutanso]
gt thzFo) Hs) eowjel BFF BAE RPN

sqlivarius°1] A E 2801 222 §3-E UERATHTable

1). o33 AR FEIAY, TARHARNMEF EFYC]
A7) S. mutans$t S. salivarius®] W3l A5 @52 g3

2 ROtk Aolth. 8. miiso] tFIAE &7t &j9)e) A3yl v
gt} CTSE 244, TSE 34819 B33 a98 B oY CSe
o] ol thdte] YR-A AU} glTKTable 1).

Y3 W) Al 29, Streptococcus agalactiaes A3HE
Bhe} Zo] CTS7} 07, TS?F 0.6, CS7} 0.6819] E9-% 55
Uehfo] th2Z Rk BThTable 1). AT ARRIESFS
A AMEE S, Al HEA %k B A7AEY 4%
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AL FES gRsls Aow 235w ok TS E3E
o pHE 6012 oluch o A%} ke 41 24, Bk, 24
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ABSTRACT : The Anti-Sticking Effect of Mixture of Trisodium Phosphate and Citric Acid on Oral
Streptococcus species
Choong-Hyun Jung', Hyung-Hun Cho?, Gwang-Ju Choi’, Seung-Yong Kang®, and Nam-
Woong Yang™ (‘Hosan Dental Clinic, Gwangju, 506-805, Republic of Korea, 2Department of
Ophthalmology, Chosun University Medical School, Gwangju, 501-759, Republic of Korea,
*Department of Microbiology, Chosun University Medical School, Gwangju, 501-759, Repub-
lic of Korea)

Trisodium phosphate 12 hydrate and citric acid monohydrate mixture showed the strong anti-sticking effect on
Streptococcus mutans, Streptococcus mitis, and Streptococcus salivarius, which are adhered to glass beads. Each
Streptococcus species was shaking-cultured in brain heart infusion broth containing three glass beads. After 18
hr, glass beads were slightly washed into normal saline by three-pin-pointed pincette. Each three glass-beads set
was put into reagent-containing tubes, which have 40 mg of bits of weighing paper for gaining brushing effect as
similar as brushing one's teeth. The tubes were shaken by vortex mixer for 10 min except non-oral microbe,
Streptococcus agalactiae (5 min). The samples were colony-counted by serial agar dilution method. Experiment
was repeated three times for ecach Streptococcus species. The relative ratios of bacterial de-adherence by
reagents were calculated in comparison with normal saline control. The de-adherence degree of citric acid-tri-
sodium phosphate-saline mixture (CTS, pH 6.0) against Streptococcus mutans came to an average of 12.5 times
compared with normal 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. The bacterial de-adherence degree
against Streptococcus salivarius was each 7.2, 2.6 and 2.8 times in above reagent sequence in comparison with
saline control. CTS and TS showed 2.4 and 3.4 times of anti-sticking effect on Streptococcus mitis respectively,
but CS had no anti-sticking effect on this bacterium. CTS, TS and CS showed 0.7, 0.6, and 0.6 times on non-oral
microbe, Streptococcus agalactiae, separately compared with saline control. These results show that oral Strep-
tococcus mutans, Streptococcus salivarius, and Streptococcus mitis, which are causative of dental caries or sub-
acute endocarditis, may be easily removed from oral cavity by CTS mixture. It is conceivable that our
experimental results will enable the development of a new conceptive toothpaste to prevent dental caries or sub-
acute endocarditis after drawing teeth.



