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ABSTRACT

Objectives: The purpose of this study is to evaluate the non-enzymatic antioxidants stabilities in dentiftices by ascorbic acid and tocopherol
according to the chemical condition.

Methods: For the analysis of two antioxidants, HPLC UV detector system was used. HPLC was performed using sodium sulfate,
acetonitrile(ACN), methanol(MeOH) and measuring absorbance at 240-295 nm. To confirm general pH reaction of two compounds,
buffer solution was prepared for the analysis. The dentifrice was titrated by pH so as to examine the change of elapsed time in dentifrice.
Linearity of calibration curve of two antioxidants was measured.

Results: Each compound showed good linearity at optimized wavelength as well as showing good precision. General pH reaction of
two antioxidants was examined. Ascorbic acid showed the highest residue(63.23%) at pH 10 and the lowest residue(2.77%) at pH 4.
Tocopherol showed the highest residue(55.70%) at pH 7 and the lowest residue(3.31%) at pH 4. As a result of changing elapsed time
of antioxidants in dentifrice by pH, components were remained stably at low temperature(39.2°F) and pH 7.

Conclusions: It is necessary to keep dentifrice including ascorbic acid and tocopherol, and non-enzymatic antioxidants at pH 7 and low
temperature for improving chemical stability.
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of th-SRITHS,6]. 15 Rl A= Fshe vl
SHAESIA+= ascorbic acid, tocopherol, cathechin, curcumin,
beta-carotene ! flavonoid 52 $E2 A1LEL E3lo] 3}
Aot s A T Aeoll et wlsA e At
3}AIQ1  butylated hydroxytoluene(BHT) 4!  butylated
hydroxyanisole(BHA)©| AREE|0] $EoL} Safjido] HarE
o1 A} Mgl AL Slol[8.9] Aol Hla8-S
4] erona] Ak} miso] SAFE B PABAE
2} BhgahT QT 10,11].

Ascorbic acid(Asc)%} Tocopherol(Toc)% H| g 47| 9
HAoAgAtsiAe] dFoz AE 9 ok 5 Tyt AgeR
E8517] e shH, ol A&k AﬂX]XﬂQ} TFZAEA
of $REAE Tkele] ARET Aok o] HRES &
Aol 28-L WA g HO- 9} '0; S} whgete] 54
O-lxﬂsl.m:] }\ﬂiﬂzzqu_ oS HW3 ].1—4.[5 12]. mo} ]_]/]
AlFAA O] AFeba] EAke WAshe 8= ARE 4 QL

[13], HEAY FAoz Zsto] AMGE 4= Qi
Ascorbic acid(Asc)= TJEZ Q] A HALEA|Z A4 DNA
o] M3k £4S WAEtl[14] AFeltle] FRgAT 19
H9el H%e ML BE JlgE qofls] w9
Asc FEA|Q] ofAF QI K Ascorbyl phosphate)©] $-3-%l
AAAE AR A5 AStAE 29 HiH XIQZSXJ—J
LIS YAeka, AFRA9] &S AT 4 Qe 5%
o] HuEIEH16].
Tocopherol(Toc):> AH-7]9] A4fuk-e-S A8 P 7
El Lﬁxﬂi dHA o, 2719 Hhgshe] QA=A
A6 A8 ST 17]. Ascot Tocs H-8-
Ao Astel 2T S5 ke Al
fIsto] Z|F=22]o 344 e & 5 A
18-20]. ¥ii® @3 uf kekA7F Ag=EHAS A5 A
FAge] fldaclor A8 o qlrfal HarEgIrh2l1].
ojgA tefst BAof ofsto] FUHFA, THAE #
AIAA Wollis vt HARHAIE d7iskar lok v
A= AlBkeE, pH, 25, 54 2 B 59 of7 2l
E& st} skekA Eefizt WE ksl wa22], &
ASHA o) Aled By SolA= weid o ekl
HE|QITH23,24]. Y9F O R AIA[A] 2] S=of| SJato]
Zhall, ket 7ke] wkg-o] 'gsly| wiszel ofef tf
3 oPgAge) Bhuel wE 7|zAkRsl Basi
SALBIA i 72 SRR 0] oA W ks AR o]
matrix ¥ 7HMAEA 59 AAEE AAJSH & HPLC(High
Performance Liquid Chromatography)®+ LC-MS(Liquid
Chromatography-Mass Spectrometry) 2 &3} H7}=| a1
9ItH25,26].
b 2 AFoA= Asc@F Toc®] HPLC-UV £4
W e o] 4EEo] BB AN HYHE
Jbelel 1 ot slaloR $AE 4 Qe s}
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Aol AREE H|EAA A EEFOE Ascorbic
acid®?} Tocopherol A]2F2 Sigma-Aldrich(St. Louis, MO,
USA)A Fdsk3itt. o]54d~2 Sodium hydroxide(HPLC-
grade) S-o0-S- AJ8-3191 0 Fisher Scientific(Fair Lawn, NJ,
USA)ollA] FH9lstsint. #3, A& 9 olsik 18MQ 3%}
Z24x(Billerica, MA, USA)E ALg5IGoH, RE MZ0 |
2% "e A& (hydrophobic polytetrafluoethylene(PTFE)
membrane; pore size: 0.20 mm; Advantec MFS, Inc.,
Tokyo, Japan)¥ 43}t

2. HPLC £XMZX71 (Chromatographic condition)

SHASHA| EAjo] AREE 7]7] 9 sHEE= UltiMate3000
series(Dionex, Sunnyvale, CA, USA)2} UV-DAD detector
£ o] gsle] EA5ITh olufl AscQ] AARS Hypersil Gold
aQ column(150x 2.1-mm internal diameter, 3-um particle
size; Thermo, Waltham, MA, USA)& o]&3}% o0, S8
£-2)(Isocratic elution)E Z-8-5}o] 90 mM 2] Sodium sulfate
£ pH 2282 A|Z3to] EA5HATE 442 0.2 mL/min, ¢
2o [ouL oz BEAS9T) Tocd] _T_'?ﬁ*o}f_’ Hypersil GOLD
C18 column(150% 2.1 mm internal diameter, 3-um particle
size; Thermo, Waltham)& ©]-85}%1 21, Acetonitrile(ACN)
T} Methanol(MeOH)2- 9:12 &35t o]sAlo & BA5HSIC
ol §4-2 0.4 mL/min, FY=FS 10uLoA EAH3ck
714 SeE2] UV wavelength+= 240-295 nm2] HE| Wjof|
A st

3. EAdHO| ZH4X(Validation)

Q5 EFHS o]-83}0] Asc 9F Toc2] 5% 0.1, 0.5, 1,
10, 71231 20 ug/mLE ZAle] FEkAL 2PAdste] Al
A4 @ 24X (linearity)S HESIICH

4, LstInel 24

ZZFol(Stock solution)> &% 1000ug/mL ©] E=E 313
o Asci= 32 SH, Toe HIEHER B|Ast0] AAfelsigl
oh B R A ALE RE BRES vl Sl
Ajzo] Alzsto] FABIF O, A-8/d Toc: FEFE Al=w A
2] & AR e A& (hydrophobic polytetrafluoethylene
(PTFE) membrane; pore size: 0.20 mm; Advantec MFS,
Inc., Tokyo, Japan)Z}3-& Azl k& B47]7]0) Fstich
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5. SMEHIQ| pH FEY AL

Aol A8 BHAIEHAI] kARl pHYESS: Sfelaly
$J3to] e5g-l(buffer solution)S A|Z33AcE $H5-8-oH2
Z} pH 4, 7, 2 109] 25895 A|xsk9on Asc 50 H
g/mL, Toc 10 pg/mL& A7latlct. ghxgolo] Az
£ 7]=¥(contro) 0= o] 7UTe ATF 9l HEES ’&%
slo] QbAL Wlslglom, 3] MY & Wai BE
wAE AEsi,

Oll

6. SMEEE et MIXIH2| ®=
AR e FAtetAle] Al whE R
elsr] ffsto] pH ¥ AAAIE Alzsk3ict Aol AR

=l Hjo]A ]| Calcium carbonate(99%, Sigma Aldrich,
St. Louis, USA)E A7}5}o] pH 73} pH 1029] &za)A 2
ke Azt

SRIE HPLC 24 vjol 5%l 714 122
AAsiek Azl

\,
O
é
EiE

3palBlA| o] BA A Zjol= SPSS 21.0(SPSS Inc, Chicago.
IL, USA)& pHE} 255 JHEste] Hj4a FAHOR
EA519E A1) pH ¢FYAl HAR= Kruskal-Wallis

TESH/ XMl SRE HISAA SAEIHC ZAIHS 0 @2 TR » 785

testZ, XA W H]EFIS Mann-Whitney U testZ 0.05 4
Toll A oS HASH

1. Ststde] 24

G873 Asci= = HPLC A0 o] 5= o4k 1L
ol A W] ok §hH, 2184 Toc w2 §E2
$7180E ALgalo] SARIOlN ZolA] HAjsjop gt
webd B Age 27 Gasle] A AL A7 e
S0 Qlelel o ofgth olo] E AT Asciz
24 Ao e A4S WAk 95l Clse] Ak
271 SAJo|7F =% hypersil gold aQ column®] 1%
A2 olgslo] BAElglon, Toed MR Aol
AF 31 J]A]-OE H/\—IO]-OChq- 7]— /l-] _,] X]J\-]HLCH_Q]- X]A—]/\‘]

ZAil=<Table 1>} Zth AFA QO 2 AA(linearity)=
e s RgE AL 0.9990ke] RS ek
=X

L

12 o

32 v 1o
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fitstme| pH QHYY ARt

7] ket o) 1= TdE
w2l pH Hhg-o]l ‘I}E 3feH4] %?ﬂ*é% AE3V7| 95k
HS8ApH 4, 7, # 10)0& Al=sto] 73
om, 71 §4f<Table 2>9} g} ZEAHo R A7to] AT

_8,
M,
L
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i
M
— 1z
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Table 1. Investigated linear range, linear equation, correlation coefficient,
Compounds Linear range(ug/g) Linear equation” i
Ascorbic acid 0.1-20 y = 1.9871x - 0.4083 0.9995
Tocopherol 0.1-20 y = 1.7894x — 0.0411 1.0000
'y=Sx+o

aLOD: 3.3 ¢/S; "LOQ: 10 /S (o, the standard deviation of the y-intercept of the regression; S, the slope of the calibration

curve)

Table 2. Content(ug/g) and residue(%) of the change of elapsed time by pH level of antioxidants

Days Ascorbic acid Tocopherol
pH 4 pH 7 pH 10 pH 4 pH 7 pH 10
Control 49.48+2.20 51.86+3.68 43.34+2.91 8.87+0.60 9.90+1.20 9.48+0.82
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00)
1 25.50+1.40 38.64+2.24 38.76+2.16 6.02+0.71 10.30+0.66 8.70+0.82
(51.54) (74.51) (89.43) (67.82) (104.01) (91.79)
5 4.69+0.32 27.25+0.88 31.94+0.84 0.524+0.08 6.65+0.13 6.06+0.19
(9.48) (52.55) (73.70) (5.88) (67.13) (63.96)
7 1.37+0.35 12.55+0.19 27.41£1.76 0.294+0.02 5.524+0.14 4.74+0.02
2.77) (24.19) (63.23) 3.31) (55.70) (49.96)
p-value” 0.082 0.421

(Mean+SD), The measurement was repeated 3 times
"by Kruskal-Wallis test at 0=0.05
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Sl wheh ke 9] st stk Adell ANE 2
7HA] 9] el pH 49] gHoll 7HE F{oFsto] <3.31%
o2, 79 ol diFzo] E=EU. Asc= pH 100]4]
27.41 ug/g, 63.23%= #A=o] pH 7HT} pH 100]4 <t
A2 o|ATt Toc= pH 7o) 5.52 ng/g, 55.70%= A%
o] pH 10Xt} pH 794 Qg 2le]¢ick

3. MIx|xloll SRE SisiHe] ZA Mt

AIAIA el Asce] ZgAHsto] w2
<Table 3>, <Fig. 1>J_} 2t} Asc= pHel A glo] AR
e okS W, 35 & R ZafEo] ARPHOH(p<0.01),

Seft vl

=T

o ALHPS PN NWEUS WHHOR AT
T AUSMeE A2Eg Al pH 10ETH pH 78H5 0| A 25=7}=F
HES QPN 5 ATk meb Asels ALHBI pH
7014 1o 2 Eelen], ur} ehgHold,

Toco] tfst g=F1} v]&-L2<Table 4>, <Fig. 1>3} Zt}
Toce Aol 7)o &afjo] FaFs W] ghgton, 5-7

T SHE 220 TE & Ao7t veh F3kE WUt
THp<0.05). BAIHSH 50 HleS A EIS o Toc E
g Aen pH 704 el Aoz SAEs

Table 3. Content(mg/g) and ratio by the change of elapsed time of Asc in dentifrice

Concentration(mg/g) The ratio of concentration

Weeks pH 7 pH 10 pH7/10 39.2°F/68°F

68°F 39.2°F 68°F 39.2°F 68°F 39.2°F pH 7 pH 10
Control 1.95+0.32 2.23+0.40 1.96+2.05 2.17+£0.19 0.99 1.0 1.15 1.10
1 1.02+0.11 1.25+0.03 1.11£0.30 2.10+0.25 0.92 0.6 1.22 1.89
2 0.59+0.04 1.25+0.03 0.49+0.07 1.67+0.38 1.21 0.7 2.12 3.45
3 0.59+0.06 1.14+0.06 0.33+0.01 1.43+0.38 1.81 0.8 1.93 4.39
5 - 1.13+£0.07 - 0.92+0.24 0.00 1.2 0.00" 0.00°
7 - 1.07+0.24 - 0.75+0.06 0.00 1.4 0.00" 0.00*
9 - 0.82+0.06 - 0.65+0.01 0.00 1.3 0.00" 0.00°
11 - 0.71+0.01 - 0.63+0.04 0.00 1.1 0.00" 0.00°
13 - 0.57+0.02 - 0.61+0.04 0.00 0.9 0.00" 0.00°
15 - 0.49+0.06 - 0.42+0.01 0.00 1.2 0.00" 0.00*
17 - 0.46+0.02 - - 0.00 0.00" 0.00" 0.00
p-value” <0.001" 0.865 <0.001" 0.784 - - - -

(Mean+SD), The measurement was repeated 3 times
*The number of “0” was not detected in the pH 10. So it is calculates as “0”
by Mann-Whitney test at a=0.01

Table 4. Content(mg/g) and ratio by the change of elapsed time of Toc in dentifrice

Concentration(mg/g) The ratio of concentration

Weeks pH 10 pH7/10 39.2°F/68°F

68°F 39.2°F 68°F 39.2°F 68°F 39.2°F pH 7 pH 10
Control 2.89+1.18 2.92+1.16 2.95+0.13 2.89+0.54 0.98 1.01 1.01 0.98
1 2.794+0.32 2.86+0.03 2.81+0.37 2.70+0.49 0.99 1.06 1.03 0.96
2 2.75+0.03 2.85+0.02 2.78+0.15 2.70+0.21 0.99 1.06 1.03 0.97
3 2.71+0.15 2.87+0.07 2.49+0.17 2.65+0.23 1.09 1.08 1.06 1.07
5 1.83+0.16 2.64+0.15 2.324+0.07 2.69+0.08 0.79 0.98 1.44 1.16
7 1.41+0.18 2.66+0.16 1.41+0.34 2.66+0.00 1.00 1.00 1.89 1.89
9 1.30+0.00 2.43+0.04 0.97+0.05 1.42+0.06 1.35 1.71 1.87 1.47
11 1.27+0.27 2.01+£0.20 0.85+0.02 1.38+0.04 1.50 1.45 1.58 1.63
13 1.00+0.08 1.91+0.15 0.78+0.02 1.32+0.11 1.29 1.44 1.91 1.70
15 0.80+0.02 1.83+0.15 0.46+0.01 1.31+0.04 1.72 1.39 2.30 2.84
17 0.59+0.07 1.79+0.02 0.48+0.34 1.26+0.00 1.24 1.42 3.03 2.65
p-value” 0.203 0.042" 0.210 0.042" - - - -

(Mean+SD), The measurement was repeated 3 times
“by Mann-Whitney test at a=0.05
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Fig. 1. Reduction rate of antioxidant in dentifrices
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SHAIQL Asce} Toc®] pHE} 2o whE HAIHSHE B7fst
i, o1& Fste] FpetA oz g Ael 210l F 4= Y
A3hE AL s} aHck

HA 2 Atolie IS 2A617] 913 e
HPLC-UV A S Fsto] A o] H5dx
AA et o 24 AAskTh Asc@t Tocs 24
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Logpo glol A 1
1o

3 oFE SolAM ARl HE71E o8
St o] 2 o]§Eal 91om[27,28], KA HA|A =0}
EIu[29], A7IekeE730], S EAI3], A
AR[32]= o83t thefRt Wro] Ao il Qlrk
& Aol 28" HPLC-UV 24T A= A=)
2 AT 0.1-20 ug/gollAl 2417d 0.99901 g 24
el tiek 5= ghsiith
BlaaA akebA| o] ARk Ql pHRHS 718l ¢ls
o] pH 4, 7, 22|11 109] 5883 A| %3}
A U e Pmatrlxﬁl} ﬁ““”i °J5J ﬂi?ﬂ EC’J%
HiAlstaL 2 =4] o 8
Jang 5{33]9] *ﬂXlZﬂ €] 7PEI7J “—F}A ofstA] <t Xé*a“’ﬂ
gt dedS Harste] oS vAIskinh E3 dubA o

2 AJAARz pH 7-109] H$ WollAl Alzste[33], AMd2
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Zote] elol WARO| HAS U] uhe] AHOR
A3 Gerh3435]. et £ AgelA pH| 1A
of WE WSS Usy] YIFOR pH 42 TYSH] A
Bslo] W2 H4E Ayt

3 el AFAL F A GBS pHYFS-S
pH 4014 D) Fash] Beel Yaslglon], Ascls pH

7RC} pH 10014 F4HQl Ao2 RAESIE Toc pH
73} 100] 2 Ffo]7} YAOL, pH TolA HgHel Ao
A5 o] Asct Toc®| pHRERS-S Aolgt AuE Hirh

AAAS] pHT 3} 109 ﬁ’ﬁ% S8 pH 4, 7 1
23l 10 FollA FAsHA 24 pH 49ks A|€Jskal, pH 7
108 S8402 ] sleie AR A
o] Ascs L0 2 oJgRS Wo} = 7x|e] pHojA 3%
F 2 gojagion, AL A pH 104 pif 7ol
o] ot Al Aow EAEQt) pHY, 2o ujga 4
HEE A2 uf B} ARyt A 12-0.0, pH 10Xt} pH
7oA QFEAQl P HAAH: ol ehs-got AlRAl W

oAl pHol| thgt BRg-o] th=A| WhEshlet] S8 7
Q7L AXA AEL 4704 71 vjwE Av|zke] k2 o]
oF Atz Helok M)A 15:219] Aol A= pH 7H
pH 10914 o HPgAQl Fa Ho, ole Alktol 4
gt whe} pHoY| th=A| WhEskin: ESE S8 Nih=
o] AIRA ol ekl cheet stshd et mjER A
T WS Aor Hork £849 Asce AlFS Hut
g FolMe sFeba] At WAE] $9 dE sl
ARGt S48 7HAaL Qlekal EarElei22].

ESE Sapei®t Hwa[36], Kebede F{37]2 Asc AJE0]
2o 2 9GS whon] ALHIS 519 uf A HS}o
9 4 ohe Anek PR B 2
ol o3t gmabt Wl ojgt Frae] Gapnct 2
Ag8]ek0 2ol v wksheka Bk S rk o
A B ATAEL Aserl BEE AEe] HaskE 71
9l 322H39], v]ASESKmicroemulsion) % 2]|[40] 522 <F
#442 Shasfolof gk Muslgick
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Tock TRPIAZ &8 2wofi Eajjo] Jg wo}
AeH oA Bk QPgAQl AoR Hlon, 7|Eg]
Toc®] ¢4 AFAT41]9t U ZIE Yepfolcth
F3t pHE ABHA| HAbEIkeE AAIA W gakskAle] <k
8 B7HETZ FUSHAl ek pH 7oA QA1 Al
2 B7EQleh A849 Toc2 Absl 2, 714, H7ThA]
2ol whet 1 AdEo] mhIEcta I Qlrh22]. webA
Asc®} Toco| 74 MAA= o8 AAE FolA =0
FFS wol W= AR Hrish = Uk

AubEl ARIAI] 5718 3670Y 7IEo R Hoks
o, BlEAA] FASH|Z AME-E= Asc@t Toco] Blad x
710l 3Fek Bzt dojuHE®, o]F HX|El] flste] Al
A el w3 pH 79] W7 HES A|xstolof sh,
A 2allE A7 Slg e ALEY 58
agsfiok g Zojoh T AIAA AR Al e AR5 718
o 3t g3f4]o]Ad4-8(soluble dietary fiber)S ©]&3}o
[42] FEAEES 27| HalE FHaselof gtk

iAo A= pHEE 2% Fofl gt A SRS H7}
ST ARAO] 25 AHEAA] E utA] 5 AR
Al ol B og FEL Qs ARSI doE-g
gk A7b 5 zlegE|ojoR 3 Zolrt.

w2 ATATR= B g ARl Rt fa
JE0] HalE Fast & 4 9l ik AASHH, H]
aAA FABHA T AIRAY] oA T2t RR B
o] 7Fsd Aotk

a2E

= AAZ ARA ek vl EaA PatebA|l Ascef
Toc /g2 ZJAlHetol uhe &7 dre B8t 2344
D= gsr| flste] AAIE I
ﬁE o

i

I AscSk Toce] 2F HPLC S-Appint wg4ge] Al
AHAE>0999) 2 vhehfo] Bt 4
& BYsck

2. &ubAQl pH Akof whE whe2 ksl it A9
oA pH 4o i) AdiEse] 2AEeH,

|
Asc pH 109]4], Toc pH 794 Q4% A=
EAE )

3. AzE pHE MAA WollA 474L7ke] HAest 2
T2 29| vlaAA A= AEH(39.2°F)
pH 7oA 1 Aggo] FPHOoR HFd= ACRE
7} STk

ol %E

uebA Ase 3 Toc 50| e AIAAIE A2 45

pH 79] glel4 Azt Zo] A4S Y 4 glom,
E3 ARAE 247t G A7) Aol B
S 9k AAV Be Aoz AmEt B 4TE vEk
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