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ABSTRACT

Objectives: The purpose of the study was to investigate the effect of calcium concentration in saliva on
dental caries activity after consuming calcium. Methods: A total of 59 adult women aged 20 to 40 years
were surveyed for calcium intake. The daily average calcium intake was analyzed through dietary records
of the subjects. The subjects were divided into two groups based on daily average calcium intake. Salivary
pH and concentrations of minerals in the saliva were obtained from A group and B group. Calcium (Ca®™
and magnesium (Mg"") concentrations in saliva were measured by HPLC-Ion chromatography using 15
mM sulfuric acid. The dental caries activity test was quantified by salivary buffer capacity test and plaque
pH test. Results: The mean Ca”" concentrations of A group was 12.75 pg/m, the mean Ca®* concentrations
in the B group was 16.30 ug/mL (p<0.05) and respectively, Mg"" concentrations were found to be 0.48
pg/mL and 0.51 pg/mL. Calcium intake and calcium concentration in saliva showed a significant correlation
(r=0.380). Conclusions: The mean Ca’" concentrations in saliva was higher in the high calcium intake
group. Therefore, calcium intake in saliva was correlated with dental caries.
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71ato) Ao} z210] etk Q12§ TM A1 BAolet. HobeAhe A4l 2 7740 4
=612] 091o] ute} ol 2 ek nlX]l, ik ool 270%1L Slek1,2). QEOR A
OFAYE oot e XAl P, Brkolg, WAL 2 Alo] 24 el ool
o] ZobAlelS $I5F Alo] 2 e B AAE At ote] TAAES B Esky 27147
L GRS AR4F0E HAlekT] 1 BAL £ 9Ir3.4)

1% Alofe] A2 UAR P2 Aofo} | 2F 5 Halaha o] kv 1o B4
QAN ANH 0 HHISHA thio] W, olel 2he AzA0] AR R AT, Uiz

H

A AL A7) EASt] T2 74, a4t AFHE B ARGl 53 2 Q1A

2Ll FaRt Ags HIR5]. Ach ekl Aol °F 20-30 mg == EAHH,
T1%50-60% = =4} Z]oFE TRt Z|ote] oA Lot 2 Fot A 27T A 2lokE wf P4
A 4¢l alkaline phosphatase®] 8 4= 2F-861H Jgd-S ISIA]7]|1L, Zgol tist eHAdS &
tiA717] wizell[6-11] Zaat vk Ila-2 215250 S48 AAA17|0L HEo] S70] X|oke-A] 4]
Feol ¥FE = 7 A= Aol
FEH A=Y ndE AR 5 e uiidle A4 9 A Sas Rl Al
B HEQITH12-14]. At nf vl 7 Wl 5221 0] S48t ofue}, Efel] H]of oJsfiA]
Zlotof| B glo] =l k. H=oh= slid A H2 dwit ntivlee] ol avte qlsto] ¥iwt
AO] 8= AAaAZI A Agstet tEe], Xoke-A Fad Alato] F2k2 Alrtel o 24[15-19], &
WA 0 2 BN O] 2b5-5- 2wt A HAR O] Aol 2 L 7] RS E 4 QUTh TR E Ul A

UAPpHE Q5] Zjote] g o|gho] 7Fs5tal, AlojdF o]l FaFa Tertal HAl s {tH20]. Bt
e F A viivls dws A os Ak e L
F 2t T2 3(HPLC-lon chromatography)Ho| 2 S-8-|11 9] 0 w[21,22], Z157o] &3
H(fluorescence detection)[23] 5-°] S-&%]1! Ut} X|okeAlFAIYE O] HI7HE QS AAR=
55 R A HARFE A0l 2 F I HARRE S Bl W A THHRT kit E ARSI, BIAA Q1 57}
2 AT} 71551t 24,25].

el o o 2] ool A TRt AHRS Fol] X|or AR A =S Frtsto] AR
= B7olal 7 7Rl 0] &2l dS iRt oS AlAsEC 24 iR S ol A A2
ZIegstal Qi o|2{et Aol vhefet Aolgatt Btol o] FR71A] 7 Fsh= o] B o g Ao]
of. whepA] 2 AellA= 2 A1) Bl Ui gt rivlee] 93 & o e Y9 8d el
= el W 2t niivlga AR 082 ZAIste] 2t FliQle] AlokeAlg g =B sl
Zghutidle o] 2|oke-A] o] iRt A dS Slstarat shylh

oy % 12 rlo
v rlo o,

uf
12

e

a4
1. S8
B Ao tigh AeEl4d o= Dt 7|32 Y1 s]oll A S ARRJpTHIRB No. DKU
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Experimental
Control group (A
Noaa @) group (B)
N=26

‘ Diet investigation (6 days) ‘ |

Saliva preparation |

I
‘ Collection of the saliva sample H HPLC analysis |
|
l Detection of Ca** and
Mg " concentration

‘ Saliva buffer test ‘

Plaque pH test ‘

Fig. 1. Flow chart of study design

|
e /‘%140} At “i—r— G*Power _Ej.a“ 3.1 ] -&5to] Alitstgint. av=7] 0.
5 0.05, 743 0.80011A t-testol] Bt HE7 6478 0 & AFESIH: wWebA A7 H 657 %
FEEER 2 Aa =S AlQlshal 2 AV IRE 598 dhd o= Akt a4717
22016 114 1395 21 47FA] oF AFUTE o] 2AF B 74, BFIA| = 0] Z|F] o} 2|ok-A12
d AL SOl olFolFloH, AFWVIAEE A9 Al F 1508 Afste] dea AAISHH. &
Aol et A 2 172 <Fig. 1>2 Aok

_L

2. HOIZAH ! 24

Oq:lltH”ZP‘ Alo]7|1Ex/0] ofste] 2016'd 11 13U5E 119 1847HA| 9] AFAlE2 7155t
k. =5 ol mbE AFE 2ol S vfsto] 5 54 T 192 Xt F 6D 1H=
Stoitt. A= A5 24 A1 SV R 0 2 7S S o] 8sto] 71ER H, AFAtete] 4
9] slof| AlE-H4(Dietary diversity score, DDS)Z AF TS 2|& A 02 Hrlstgt. A4A2=
AL AR HES AR o, =919 7|2 AEH 2wk 2) o 712 AEEF7 ] 71526
olste] FAsI oM, ZdF] 12]0]l sidohs e w125 g, B B2 30 g, A9-30 g,
180 cc & AHES 71 0 2 SHITh. Tt 1 0] 9]o] tiA| A1 E-2 AZ0] Aedfgol wet 2 A4t
eto] Aol stofl A7dstoirt. Aol the T1E2h= AR A (204 o1 4041 oTshell
oigt 7lEo = dd Bt daidFlgol 18] nukel A9 AT, 18] o[dRl F9-EBIIEC 2 TIF
5} si3iet.

3. HPLC &M

AR L A=

Ao]| AFEH BEEAL F7] oFo]L Calcium (Ca™") 2 Magnesium (Mg ) Sigma Aldrich

https://doi.org/10.13065/jksdh.2017.17.02.283



286 * J Korean Soc Dent Hyg 2017;17(2):283-94

(St. Louis, MO, USA)°{|4] analytical grade ] Al&© 2 45 98% ©[4F] HPLC grade 2 5}
ARESERATE Zat up1v| 240 AR o5 d(H.S0,) ERF Sigma AldrichollA] 45tk
ol5A Az & ME 5]Aof| AFRE Hol245(>18 MQ )= MilliporeAlBedford, MA, USA)<]
MILLI-Q Water system-=- ©]-8-51] Azt Ao A% -80i= Nylon membrane filter (47
mm 1.D., 0.2 um pore size) = A-8-51] {3t

2) A= HAE

Bl A =5 54617 A AR 2 3742710 373 2ol whe 3fehA 2HdE& W5t flste]

AR 1A ool A3 2 AEE S QRS S SIQITh Bl A3 = 2o AR E HARS AA|
A1 24 114 7ol ZF=4d Bl 500 pg= 244 Eppendorf tubeo]] =5 5HT, = BFY

ANz 28710 dste] -20°C s Bt F, 4 23 ollE 1,200 rppm 2 & 577

2] I AFFAS SHSl 208 3]4lste] Al71x] HE|(hydrophobic polytetrafluoethylene (PTFE)

membrane; pore size: 0.20 mm; Advantec MFS, Inc., Tokyo, Japan) 4|2]& 5} Al 2 §4AE A

715H3et.

3) HPLC B4z27

ZEHnk a2 4517 $19F 2] 24= DionexAH] ICS-1000 Ion chromatography System
(Dionex, Sunnyvale, CA, USA)2 AF25615.2 ™, Chromeleon 6.8 version2] software (Dionex,
Sunnyvale, CA, USA)E A8ttt 240 AREE ZA™(column) Dionex RFIC™ IonPac™
CS12A Analytical column (4 x 250 mm)= AF8-519 1! Dionex RFIC™ IonPac™ CGI12A guard
column (4 x 50 mm). 22 B F5}c}, o] 54 15 mM sulfuric acid & o851 -8uli7} alieg A|7F
of] A3t 52 A-LE= 58082 (isocratic elution) S 2-8519.9™, 52 1.0 mL/min, 5+

U 15 pl, A-2olA A5k

A
2 o]- 85} #AFoH(Stock solution)= &= 1,000 ug/mL ©] E|T== 519 00 Zgt}
g2 321 SR=E sAste] Aot BEEd2 o7le] ZejHeold XIE s
AASHALE 1%55+=0.1,0.5, 1, 5, 10, 12|31 20 pg/mL 2 5t Az 2 2144 (linearity )= 7
ALttt AESHA(LOD: limits of detection) 2} A=RHALOQ: limits of quantification)=HPLC
chromatogram peak®J|A] signal to noise (S/N)2] 38} 507} Bli= 1] F 0] 5 & HEMAZ 513 .S
o, FEAY sHl] s AR st A HrIsh] St Slee AEe
spiked HES 55t0] 7Hd m =27} §l= Al=ol At rivla-S J7Iste] 24619l om, 7 s
H 447 43] A 7% 5] 1 2lp-& 2 HESIITE A A Al AR BE BEE

2wl Akg- A] T} Azste] Balstelrt
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4, EfiRkE L A}

AT A= Aol o] b . EfeltE5 FAALS Saliva check buffer (GC America Inc.,
Alsip, IL, US)E AF85to] ARSI 0 W, A|ZAR] 2] Ao whet Al aodtt <Fig. 2(A)>. AlE 74
Fo 7R} wei A S 2 AkRE & 3027 FHH Bl S oW 5 6190, 11 % 5582
= BfolE A Ffet3ieh AlEo) AEH s =rt 945 JFoHA| v x|et & -8 Axo| = o] §5to] Bl
< HEjof| o=}, Bl o] Jp71-§olole = 90° & A Phe F, 24 & Utk 2345 HIM
FoFHMsto] Pristolet, B2 AZAA AR HIMEE 7|20 2 shal XA 04, XL

12702 AABIA oM =2 Hedas 550l =2 2 nfeith

5. 2| UM} LY A0 25T 24

EfRIE 5 HARE AAIRH 2] & A At Y] f240] 25 5 0] F41-2 GC plaque check+pH kit
(GC America Inc., Alsip, IL, US)S ©|-8-51d AARIATE <Fig. 2(B)>. AAFH-2 AZAS] Z|A|
of] what Alagstlet. At A #16, 26, 36, 46 2|oFe] Aol F2HE A HAlw - -8 §H 9
50 % ool HE== 2Fe FH, pH A ofl met o] H 3] = plaque indicator solution A 842 1
Z2F A ARt AR H, 371 SOl 55Xt RESAIA HIMES Ha1sto] pH 5.0 pH 725

H7}ahick

ekl
—— £
o m‘ ~
| B
(a) Saliva check buffer (b) GC plaque check+pH
(GC America Inc., Alsip, IL, US) (GC America Inc., Alsip, IL, US)

Fig. 2. Dental caries activity test kit

6. A=

IFA, ZEBef izt A4 A78-& 218l Kolmogorov-Smirnov test 73731} Shapiro wilks test
A& ARESIAT. AR At Aol f-ofekA] it o B = Bt 2to] FAS ffal] B 4
A1 Mann Whitney U test®} Pearson’s correlation coefficient analysisS AA|o}T} 2 Ao
A AR L= A B2 IBM SPSS Statistics for Windows, Version 23.0 (IBM Corp.,

Armonk, NY, USA) ©-85191.2™ frold #4742 0.05 =2 sttt

https://doi.org/10.13065/jksdh.2017.17.02.283
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7t o] gt BAe] 24 sFrgo] Fe <Table 157} 2t Aspde] Ay
(Linearity)& 748 A7 R 24442 0.9964 o1& Bch Zrt uk1u|0] A& (limits
of detection)+= 0.45, 0.62 ug/mLO]™, A=A (limits of quantification)= 1.37, 1.85 ug/mLZA]
]2 e ol i 12 5 o] 7Ktk £ 2t ukuee] Auime} ol 2]
7}= 9lote] intra-day @tinter-dayS 4 47FEHE SAo1qtt ZH AR #E450.1,025 2 0.5
ng/mL-S EfRA] R of| H7Foto] EAh ATt i 95.75-98.52%2] Sl4-&-& Bt 2 AgofA 4
2% HPLC &4 chromatogram-< <Fig. 3>¥} 2T},

Table 1. Linear range, linear equation, correlation coefficient (rz), LOD, and LOQ for calcium and

magnesium

Calcium Magnesium
Linearity
Range (ng/mL) 1-100 1-100
Linear equation* y=182.69x +0.831 y=17.98x +0.1221
R’ 0.9964 0.9994
LOD" 0.45 0.62
LOQ" 137 1.85
Recovery (mean+SD)
0.1 pg/mL added 95.75+4.15 96.143.76
0.25 pg/mL added 96.19+3.86 96.85+3.15
0.5 pg/mL added 98.0443.01 98.52+2.73

*y=ax-tby is the peak area and x is sample concentration

*LOD: limits of detection; 3.3 ¢ /S

bLOQ: limits of quantification; 10 ¢/S

(o, the standard deviation of the y-intercept of the regression; S, the slope of the calibration curve)

62.5

37.5q

I |
25.0+ \ } \

[IN)

1254 () ’f‘ i
\

(A)

-50 T T T T T T
0.0 20 40 6.0 80 10.0 12.0 14.0

Retention time

Fig. 3. Representative chromatograms of cations: (A) Standard solution 5 pg/mL; (B) 20-fold diluted
human saliva
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2, ZadFZol| k2 Bl LY Za1} 0j0Hise| 5=

AeERte] A Bt Al FEel 12] vIRi)l A, 13] o}l B¥ o & T3} of 3l om, 2t
T15o] w2 et W 53t up 150 5 =<Table 2>2F 2ot AR 2 A513-20.263]0]
H, BIE2 14182 T 45 71e] &fol= 548131 Ao =2 vpepgrt et W) Za 5= ATREC]
12.75 pg/mL, B712°] 16.30 ng/mLO2 3.55 ug/mL 713 2fo]7} QIglow o= EA12 0 2 4.0
St 21o)71 J0th(p=0.018). BF 1|42 5= A 120 0.48 png/mL, B-1E0] 0.51 pg/mLE 2 2}

ol7} i,

Table 2. Differences in calcium, magnesium intake and calcium, magnesium concentrations in saliva

between the two groups (ug/mL) Unit: Mean+SD
A group” B group’ p*
Amount of Ca™" intake 0.26+0.22 1.41+0.49 <0.001
Range 0.00-0.9 1.00-3.00
Ca”" concentration 12.75+3.18 16.30+7.53 0.018
Range 6.75-20.05 7.67-43.22
Mg2+ concentration 0.48+0.74 0.51+0.80 0916
Range <LOQ"2.59 <LOQ"-2.44

*by Mann Whitney U test at @=0.001

*average daily calcium intake of less than once
baverage daily calcium intake of more than once
°LOQ: limits of quantification; 10 ¢ /S

3. Za A Fol T Xoke g e

A ot Al Fol W2 5ol thet 2o A1 e HAFATH=<Table 3>} 2t} A I&
Z5 A4E=10.697, B1E210.80H 02 BIEOA g0 B 2 Ao g Lehte

L, 2 Z 2lo)E Kol 7] fom FA1H o 2 folgh 2o 7} gloint. Tt 2| HA#Ere] f=A40)2

AT 6.827, BI1E 6.91 02 =7 YeRt o SAA 0 2 FolohA] it

off
H1
il
e
&
ot
.

Table 3. Differences in Buffer capacity of saliva, plaque pH test between the two groups
Unit: Mean+SD

A group” B group’ p*
Buffer capacity 10.69+2.18 10.80+1.54 0.753
Range 4.00-12.00 8.00-12.00 -
Plaque pH 6.82+0.38 6.91+0.34 0.417
Range 6.00-7.20 6.00-7.20 -

*by Mann Whitney U test at @=0.05
*average daily calcium intake of less than once
baverage daily calcium intake of more than once

https://doi.org/10.13065/jksdh.2017.17.02.283
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el f Zhg 9 ul 1Y) 5 e o oA o] TS B A At e F o) et W 7
HE I (1=0.384) -F2J9t oFo] A HYct Eu st ntvlss s X|okeAE
Ao} AHAS Ho|z] Qglti<Table 4>.

Table 4. The correlation between mineral and calcium concentration in saliva and dental caries activity

Calcium intake Ca** Mg Buffer capacity Plaque pH
Calcium intake 1
Ca’ 0.384* 1
Mg™ 0.508 0.085 1
Buffer capacity -0.076 0.162 -0.137 1
Plaque pH 0.067 0.125 -0.221 0.212 1

*by pearson’s correlation coefficient at @=0.05

aF O
Ef L

L=

Ofe

—

ZJoR-A] R 2 912 %5291, & a9l HaAlaglor fLEsh, ot ddsto g a2
ol sk Bt o] i, HEte, 252150l AokeAEo wEeoll Fda EHH27]. Aok
= osh7] flste] thefet ool A=A Sl 5ol B AFIE Altslal 2lokg Be

H A TR R o2 E-8-HA qlnt.

TR ¥4 FolM e 53] 24, ¢, thidle B 2400 22 77182 Ao vt 715
FrASEAL 22 0] TRt T/ dZolHH28,29]. olof & A2 Bt W 2 B nide 2
T E 7 e AR e RS EHct e, Bl W et il s

o s
51 Aol AR =S oYt 24 AR o] X918 TPl AATehR Qs Alo]
H

Mo
!

-

o|N

c

[e)

|

of 1

TS efel W] 25t nlaylgo] 5= 1A s NA F 2 0kE T2 9](High Performance Liquid
Chromatography)a- ©]-2- 3 20}HE T12l1(lon chromatography)& ©|-8-5t] 2451t} Efel U]

e, UER, 2%, 2 9 ke 5 oot nlvlEo] et o] l30]. 21 FoflA Z|okg

g B Aokl A 242 2, nivle, 247 HEHo]7] wheel 2w AFIEel tiet =
Ao A5P] Hfste] el e BrA o I, A ge et Bl 2|oke-Aen)

I A

& 5ol oIt S walr] Ysto] AlQlstart. Tt BAstaat she ERlo] BE gFol2o]7]o
S0l T5719] 74 9 FAKH,S0,) 015/ d= AHEoto] welE EdE0] A7 HEk HE7E
ol55to], A=t o] 20 ME I Gh /| FOo BN U 5oiE 4= Qe o= 2| F3lste] B4
Stoet. Zat uk 1] B4 A5 1-100 pg/mL H9] HellA 0.996 o14e] 21447 95.75%2]
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AR Qi drEe] HoltAE Set ZadFiel mEh thaad sl Ao 2 BRet At
Lol =2 Aol A Bl U] L (p=0.018) % Ml 14|50 F=7HeA| HEE S A1

H
H i
§F PR Gustafsson) ] 170 OJ5} 2 o] & 94 W olujR 58 47 AT 7}
A SRS S 127 b o] Hlslel AokeAlzo] A MR Acs B TEI32]. o]
S ATR= 2447 2P A 0 2 Aol 9 Al Pl

=

B0} 24t ob et ul i 9 Q1a e Sl

L o=2 12 o =
Aok S A S A A Al Hare vH33), 2 Al A 241 2t utv|
wo] 2lokeA iAol ATl & 4 ke Zlolrt 2 AN Za et Bl W ZaEs e
(r=0.384)7} frolet o] g HAoH, 2 dF=at et Ul 2] s w255 A|oke

sfo] Peie S o GolelA] Qorer], AT UARINA Bh1e] AEe Aesisln]
3]

Edwards[37]9] in-vitro -0l 2JoPH md[Zo] 223t -g-olo] 7|ete] S&of Hlsto] pH E 2%
Yol H2 A 07 TARE o], Bl U] A B mi |t 22 nd[E Edo] ARtE| o] Qb 2o}
FAlo)) ARt 5Eo] Qs AL R IS 4= Qlrk - Aol AA| et W Zrgat nh o]
L2 Aol AWAlE pH 2 BRY 9558 o] tiERtE T 2 2t AR5k

T 713812 FATFGUTAL Aol mpEH, T d o] X|oke-A] B g Qlof| f-ofgh ¥
= 2REoHA] gholow, AR 44 ofFo] LAY FA|R|Groll A= Zol7t Qs A o2 Kol Hrk
[39]. o]e} o] 2t AHAFE2] A A = tha Aot ks Hol=t, ZF At dxte] A=t
E/ol et HApF EAflolk= A o= AZPE:. wiebA AFAF ek erel o] thefet Aol ot 2|of
$219] A7t theFsHA| KlgE|ojof & A0 2 Bt
o] A2 vt Ak AR, AT ISR ototg At 39 vlwrtopd 7} 7iRl1 ]
AlolEe] e B E X[ol AR TS Hlw A Trittol Brstinh webA 2 S
Hatop gl ookt QISR IR IS viA 4= 317 w2l Aol S 0 = 3t %9] H

T ALof|A] ZlegE|ofor & Ao 2 AR Ect 4, el I £Y]SHRHE JEELS thRt A
o} Bfel 3t Frof| uieh 2/4JE50] HalobH[40,41] 2 A oA 2451A] ¢ phosphate,
sulphate %! chloride 5 =2 /g &0l oJste] B}l hE-50fl Y& T2 7Fsx Ql= Aol
F3t Bpol w2 7t ZQImbe} WAR} ul- =27 2Rgsto] ZHQ1e]

—
gl Ejol) B 5 Ak kg 4 gl 947} o marErhs AL eksoricl,

rhe
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2 Aolis e ARl S 2L w2 Adwo] A= Bl Wl 2 B niidlo] 2
o R

oy
Aoz Tt A HEFNeH, Aok AR H Tt s

3
_|L
32
i)

u _I:d
o
N
R=)
Mg W
<
1)
?
Y
of
)

3 A G F e A0l Bl 1 2t ok 14 0] S
A PARE A5 200) o 4ot ofael s597e] 4]
e

g :
ZAR 2 HAIO] 18] Ul 49 AT, 18] 049 4SS BIFOR 1

1. ol2-A=ntE TefjuE E-goto] Bl ] Zt niila-S AT At 24432 0.996 o,
Sl8-2 95.75-98.52% % A= Tt

= 5% 4 Bt ARl tet & 150 ERSIGloH, 1E I EA U e
E= ATIE 12,75 pg/mL, B155°] 16.30 pg/mLO]™H(p=0.018), "} 14 0.48 ug/mL, 0.51
pg/mLo| Z 7t HEE| .

3. F & X B 55 AHAlE Aol R HAF A ATLES] B oS g
10.69%, BZLE2 10.805 2 & BIFolA ¢H5-50] o =3kom, A pHe= A&
6.82, B135 6.91. 224 BIlF°] &3k, SAZ o2 fofshA] il

4. 25 3 B W Z 9 nvlEe] et 2|okAlgd AL Axte] dadS B4R A
v ZaAd 3t Bl W) s folRt o) A S Hlth(r=0.384).

2 AHolAE AaidFldo] F205 B Ul e Tt w30 H, B Ul A s et 7

AF 9] fofRt S Rl

[\®]
1>
£
M
T
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