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제3인산나트륨(12H2O,SIGMA,USA)과 구연산 (1H2O,SIGMA,USA)의
혼합물은 직경 7㎜의 유리구슬에 부착된 (KCTC
3065), (KCTC3556)와 (KCTC
3960)에 대하여 강력한 항 부착 효과를 나타내었다.상기 사슬알균들은 3개의
유리구슬들이 함유된 brainheartinfusionbroth배지에서 18시간 동안 흔들
배양된 후,3개 핀점이 부착된 핀셋으로 집어서 생리식염수에서 가볍게 세척
되었다.이어서 각각의 유리구슬들을 4가지 시약들이 함유된 시험관들에 옮
겼다.각 시험관들에 사람이 칫솔질을 하는 것과 유사한 효과를 유발하기 위
해,물에 젖어도 잘 풀어지지 않는 종이 조각(2-3mm 크기)40mg을 넣었다.
시험관들을 vortexmixer로 레벨 10에서 10분간 흔들었다.예외로 비구강 사
슬알균인 는 5분간 흔들었다.각 시험관들에서 용액
샘플을 소량 취하여 한천 계단 희석법을 사용하여 배양하였다.각 사슬알균
종에 대하여 3회 반복 실험하였으며,시약에 의하여 탈부착되는 비율은 생리
식염수를 사용한 대조군에서 탈부착된 균의 량과 비교하였다.

에 대한 구연산-제3인산나트륨-생리식염수 혼합액(CTS,pH 6.0)의 탈
부착 효과는 생리식염수 대조군에 비하여 평균 12.5배였다.제3인산나트륨-생



리식염수 혼합액(TS,pH 8.4)의 탈부착 효과는 생리식염수 대조군에 비하여
7.5배였고, 구연산-생리식염수 혼합액(CS, pH 4.6)은 6.0배였다.

에 대해서는 상기 시약의 순서대로 각 7.2배,2.6배,
2.8배였으며, 에 대해서는 각 2.4배,3.4배,0.3배였다.비구
강 사슬알균인 에 대해서는 각 0.7,0.6,0.6으로 생리
식염수 대조군에 비하여 오히려 탈부착 효과가 크게 감소하였다.이러한 결
과는 충치와 아급성 심내막염의 주요 원인균인 구강내
와 가 구연산-제3인산나트륨-생리식염수 혼합액에
의하여 구강 생태계로부터 쉽게 제거될 수 있다는 사실을 간접적으로 시사해
주고 있다.따라서 본 실험 결과를 응용하면 발치 후에 발병율이 높은 아급
성 심내막염과 충치의 예방에 이용할 수 있는 새로운 개념의 치약을 개발할
수 있을 것으로 추론할 수 있다.

:citricacid,trisodium phosphate,dentalcaries,
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IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN

Trisodium phosphate(TSP,Na3PO4)ischemicallyclassifiedasGRAS
(generallyrecognizedassafe)byFoodandDrugAdministration(FDA)of
UnitedStatesandisworld-widelyusedinfoodhygiene.A processusing
a food gradeortho-phosphate(trisodium phosphate,Na3PO4)to reduce
viable inchickenhasbeenapprovedbytheUSDepartmentof
Agricultureundertheconditions proposed fortreatment(immersion of
processed poultry in 8-12% solutions ofTSP for15 seconds).Many
researchershaveexaminedthedecontaminationofpathogenicbacterialike

, O157:H7, .etc.inseveral
poultry,beef,andeggs.They haveexaminedaceticacidorlacticacid
with TSP solution and reported good decontamination results.Butthe
concentrationsofacidandTSPthatwereusedonfoodaretoohighto
applytooralmicrobesresearch.Accordingtoliteraturesurvey,thereare
noreportsthatexaminedlow concentrationofcitricacidandTSPforthe
study oforalmicrobes.Authorofthispaperdevised theexperimental
modelthatcan measurethedegreeofde-adherenceagainstthreeoral

.andonenon-oral ,andexamined
theeffectofTSP orcitricacidsolution.Theaim ofthisstudy isto
evaluate whether the low concentrated TSP or citric acid solution
influenceoral speciesthatcausedentalcariesandsubacute
endocarditis.
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MMMAAATTTEEERRRIIIAAALLLSSSAAANNNDDD MMMEEETTTHHHOOODDDSSS

111...TTTyyypppeeessstttrrraaaiiinnnsss
Typestrainsareasfollows: (KCCM 40417),

(KCTC3556), (KCTC3065)and
(KCTC3960).

222...RRReeeaaagggeeennntttsssooollluuutttiiiooonnnsss
1)Citricacid-trisodium phosphate-salinesolution(CTS,pH 6.0);0.3gof
citricacidmonohydrate(SIGMA,USA)and0.8gofTSP12hydrate
(SIGMA,USA)weredissolvedinto100㎖ ofnormalsaline.
2)TSP-salinesolution(TS,pH 8.4);0.8gofTSP12hydratewas
dissolvedinto100㎖ ofnormalsaline,andpH wascontrolledby5N HCl.
3)Citricacid-salinesolution(CS,pH 4.6);0.4gofcitricacidmonohydrate
wasdissolvedinto100㎖ ofnormalsaline,andpH wascontrolledby5N
NaOH.
4)Salinecontrol;0.85% NaClsolution

333...EEExxxpppeeerrriiimmmeeennntttaaalllppprrroooccceeeddduuurrreeesss
Typestrainswereshaken-cultivatein disposableplastictissueculture
flasks(CORNING,25㎠,USA)containingbrainheartinfusionbroth(BHI,
DIFCO,USA)andthreeglassbeads(SI5013,φ 7㎜,SiliBead,Germany)
atthespeedof70rpm inshakingincubator(HAN BAEK,SCIENTIFIC
CO.KOREA).Aftereighteenhoursshakingincubation,glassbeadswere
pickedupwiththree-pin-pointedpincetteandslightlywashedwithnormal
saline.Threeglass-beadswerethenputintothefourdifferenttubeseach
withdifferentsolutions.Inordertogivebrushingeffectthatissimilarto
the brushing ofone's teeth,40㎎ ofbits ofweighing paper(K-ace,
KOREA)clippedintosmallpieces(2-3㎜)wereputintoeachtube.The
tubeswereshakenbyvortexmixer(GW-92VM,Whasin,Korea)inthe
velocity oflevel10 for10 minutes exceptforthe non-oralmicrobe,

(5 minutes).The three samples from each
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reagentsolutionwerecolony-countedbyserialagardilutionmethod,and
theaveragecolonycountswerecalculated.All were
incubated in 5% CO2 environment for 48 hours.Experiments were
repeatedthreetimesforeach species.Theaveragecolony
countsofeachreagentsolutionweredividedbythatofnormalsaline,and
thefinalanti-sticking effectofeach reagentsolution wastheaverage
valueofthreeexperimentalresults.
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RRREEESSSUUULLLTTTSSS

The de-adherence degree of citric acid-trisodium phosphate-saline
solution(CTS,pH 6.0)against cametoanaverage
of 12.5 times stronger compared with that of saline control.
Trisodium-saline(TS,pH 8.4)showedtheaverageof7.5times,andcitric
acid-saline(CS,pH 4.6)showed6.0timescomparedtothecontrolgroup
(Table 1).The bacterial de-adherence degree against

was7.2,2.6and2.8timesabovereagentsequencerespectively
incomparisonwithsalinecontrol(Table2).CTSandTSshowed2.4and
3.4timesofanti-stickingeffecton respectively,but
CS hadnoanti-stickingeffectonthisbacteria(Table3).CTS,TSand
CS showed 0.7,0.6and 0.6timeson non-oralmicrobe,

,separately(Table4).CTS solutionhasshowedthestrongest
anti-stickingeffecton and amongthreesolutions
comparedwithsalinecontrol(Fig.1).
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DDDIIISSSCCCUUUSSSSSSIIIOOONNN

Itiswell-knownthatcitricacidhasbacteriostaticeffectandarewidely
used in the food and drug industry.Trisodium phosphate is also
chemically classified as GRAS by FDA1,2 of United States and
world-widelyusedinthefoodhygienefield.A processusingafoodgrade
ortho-phosphate(trisodium phosphate,TSP)toreduceviable in
chickenhasbeenapprovedbytheUSDepartmentofAgriculture.9Many
researchers have examined about the decontamination of pathogenic
bacteria like ,3, 4, 5, 8, 11, 13 O157:H76,

6,13,14. 8,and 13in
severalpoultry4,7beef6,andeggs8.Theyhaveoftenexamined1-2% acetic
acid12or1-2% lacticacidsolution16with2-12% TSPsolutionandreported
excellentmeatshelf-liferesults15.Accordingtoliteraturesurvey,thereare
noreportsthatexaminedthelow concentrationofcitricacidandTSPfor
thestudy oforalmicrobes.Moreover,2% acidorTSP istoohighto
applytooralmicrobesresearch.Authordevisedtheexperimentalmodelto
measure the de-adherence degree againstoral .and
examined theeffectofTSP orcitricacid solution.According to this
experimentalmodel,citricacid(0.3g%),trisodium phosphate(0.8g%)and
salinemixture(CTS,pH 6.0)showedstronganti-stickingeffectof12.5
timeson and of7.2timeson compared with
normalsalinecontrol.Trisodium phosphate-saline(TS,pH 8.4)showed
anti-sticking effectof7.5timeson andof2.6timeson

,respectively Citricacid-saline(CS,pH 4.6)showedtheeffect
of6.0timeson andof2.8timeson each.These
results suspect that citric acid-trisodium mixture has synergistic
anti-stickingeffectonbothoralstreptococci.Theanti-stickingeffecton

was2.4timesinCTSand3.4timesinTS.Therewas,however,
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noeffect(0.3times)in CS in threesolutionson non-oralmicrobe,
(Fig.1).Citricacid and TSP arenotharmfultothehuman

health.Thede-adherenceeffectson and
by our experimental model are also excellent due to the lower
concentrationlevelthanthelevelusedinthefoodhygienefield.Gieseet
al.reportedthatTSPremovescontaminatedbacteriafrom thesurfaceof
chickenbytheeliminationofthinfatlayeronchickensurfaceandhas
theindirectanti-bacterialeffectduetothechelationofessentialmetallic
ionsforthegrowthofbacteria10.Rayect.reportedthatorganicacidshave
bacteriostatic effecton Gram negative bacteria due to low pH and
dissociatedorundissociatedacidmolecules17.Itisassumedthatcitricacid
andTSP mayaffectthestickinessofglycocalyx oforal
species.CTS mixtureshowedthestrongestanti-sticking effectonoral

.AuthorsuggeststhatCTSmixture(pH 6.0)canbeapplied
to the developmentofa new conceptive toothpaste to preventdental
cariesorsubacuteendocarditis.
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TTTaaabbbllleee111...TTThhheeedddeee---aaadddhhheeerrreeennnccceeedddeeegggrrreeeeeeaaagggaaaiiinnnsssttt bbbyyysssooollluuutttiiiooonnnsss
Reagentsolution(pH) Multiplesofdeadherencea Average

CTS(6.0)b 13.6 12.0 11.9 12.5
TS(8.4)c 10.3 8.7 3.4 7.5
CS(4.6)d 11.2 2.9 4.0 6.0

aThevaluesthatcolonycountsofeachreagentaredividedbythatof
salinecontrol.

bCTS;citricacid-triphosphate-saline
cTS;trisodium phosphate-saline
dCS;citricacid-saline
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TTTaaabbbllleee222...TTThhheeedddeee---aaadddhhheeerrreeennnccceeedddeeegggrrreeeeeeaaagggaaaiiinnnsssttt
Reagentsolution Multiplesofde-adherencea Average

CTSb 10.3 8.2 3.0 7.2
TSc 2.8 2.8 2.3 2.6
CSd 3.5 2.8 2.2 2.8

aThevaluesthatcolonycountsofeachreagentaredividedbythatof
salinecontrol.

bCTS;citricacid-triphosphate-saline
cTS;trisodium phosphate-saline
dCS;citricacid-saline
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TTTaaabbbllleee333...TTThhheeedddeee---aaadddhhheeerrreeennnccceeedddeeegggrrreeeeeeaaagggaaaiiinnnsssttt
Reagentsolution Multiplesofde-adherencea Average

CTSb 1.7 3.6 1.9 2.4
TSc 1.7 5.5 3.0 3.4
CSd 0.1 0.5 0.4 0.3

aThevaluesthatcolonycountsofeachreagentaredividedbythatof
salinecontrol.

bCTS;citricacid-triphosphate-saline
cTS;trisodium phosphate-saline
dCS;citricacid-saline
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TTTaaabbbllleee444...TTThhheeedddeee---aaadddhhheeerrreeennnccceeedddeeegggrrreeeeeeaaagggaaaiiinnnsssttt
Reagentsolution Multiplesofde-adherencea Average

CTSb 1.3 0.3 0.4 0.7
TSc 0.2 0.7 0.8 0.6
CSd 0.5 0.8 0.5 0.6

aThevaluesthatcolonycountsofeachreagentaredividedbythatof
salinecontrol.

bCTS;citricacid-triphosphate-saline
cTS;trisodium phosphate-saline
dCS;citricacid-saline
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Fig. 1. The comparison of de-adherence by reagent solutions

Figure1.Thecomparisonofde-adherencebyreagentsolutions
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