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Abstract This study aimed to select natural materials with antibacterial activity
against Streptococcus mutans (S. mutans) KCCM 40105 and determine their most
efficient extraction conditions. The antibacterial activity was stable under various
treatment conditions. Of the 17 material groups, extracts of Sophora Havescens
(SF) and Schisandra chinensis (SC) showed antibacterial activity against the S
mutans strain. Measuring the antibacterial activity based on ethanol concentration
revealed that the 30% ethanol extracts of SF and SC showed the highest
antibacterial activity as observed by the inhibition zones of 10.69 and 14.49 mm,
respectively. The minimum inhibitory concentrations of the 30% ethanol extracts
of SF and SC against the S mutans strain were 2.0 and 5.0 mg/mL, respectively.
Heat stability was confirmed; however, the 30% ethanol extract of SC was inactive
at pH values >6.0. The antibacterial activity of the 30% ethanol extract of SF and
SC treated with nine enzymes was the same at 10 ppm and 100 ppm. However,
the activity tended to decrease marginally in the 1,000 ppm concentration
treatment group.

Keywords Streptococcus mutans, Sophorae flavescens, Schizandra chinensis, antibacterial

activity, stability

1. MZE

A2 AUES) 44T FAt DAL 97 Aol S/t Qosl, AL S
dRlos M7 oFShdof weh ot 3 ¥ d¥so] HiEI Ut (eong 5,
2008). AFA3Nperiodontal disease) Z|opaHA0] Y0lo] H= f&EA AZloR 229
(gingivitis)?} XFH(periodontitis) 22 oA, X]&HL fZo| X Logt Z3tE AL
2 H|Eo|Fog WAL A Waly, PZo| AFRA7IA] W5 AR ITHSA AFE
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Z4]o] EolstA WA¥st= AS Aol shth(Lee 5,
2019). A|o}9-41F(dental caries) Aol 2Jsf A=
L 1 A Agko g Alo] Et431E-0] e 2o} Ht

£ QUG A R420] o8 W4T Ko} A2A9 Fa
L R0z, AN 7V B3 BAR 3
S

i1

Ol

2 5 ‘:‘1‘-_—-} i}

shitolti(Marsh 5, 2009; Rosan &, 2000; Selwitz 5,
2007). A AARCRE 239 Ho AFEC] 1A AT
< 2 glo, 59 33k g9 oflo]5o] {A HASS
ZH1 Qe Ao g FAEHJames 5, 2017). &St A AlA

~
4219 60%7F A|ok-A5d AFAekS AN QtHRosan
=
o

[¢)

Streptococcus mutans(S. mutans) Mla-2 X oF-A]
9] Q9 Y9#O= glucosyltransferase(GTFase)S &
Hslm, A2 7|A= sto] [ B84 7S
Jokz W= SEHKim 5, 2019). &3 o] GTFase
7t SAE 5 sucroseE 7|AE Sto] AW E&A 2F
7+& F4sHA =™ (Lee 5, 2000), A|otdo] 2ot o
9] A Bl F71AS BT EMN Z|of f-4lo] {
gEjo] %], A 5ol ¥HsHA EASHA Hrk(eun
5, 2002). webA 132 oA Al ¢ 9 AFHo]
U 3 fEAlol tis A=Al S AYHA A
of Fofigt HAEAL] o] gt B8/l SH=EIL Ut

AA9] F2EZ FHekA] %1, FHEE 7= M
AAE HIET Q= A2 A, 2 H
39, 23, AFEE, x, WA, §4, e, vwty, o7
T, eua}, 7t ZEETA 5 UFT A AMe
o] &A3tHBaek, 2007; Kim 5, 2002; Kim &, 2005a).
1% 34 Sophorae flavescens) &IHLeguminosae)
of &3 thd ExE AT 29 AYLL lil(Lee 5,
2000), 8 AL o2 alkaloid 1-2%2} flavonoid 0.5%
o7t = tty BuEy ctkKang 5, 2000). E
o WGHeE X, 97, 3%, oY SFEAY Y
7o) tfste] -85, Alt/dold T 142 o
et BE1%E thWoo 5, 1998). Qu|XMSchizandra
chinensis)= I &oh= APFOZ S, F=1, A
2 4 o9t A Ao Aok AR, A8 E FgoR
i85 9loH(Chang &, 2005), gl et Hi=

el
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QuiR} FARY QuAt &0 gt AEeHE HYd 45
of tfgt B 117} o]Fo0iA H} Qltk(Jeon 5, 2003; Kwon
5. 2008). o]e} Zo] thF-Eo] A LA = HAA AsE
&, 37 AR ol tiF FHAaIHKim 5, 2011)E 7
Sh= d XA Qo) FRAHS murans)ol N S

Selsh 27h4Ql @77t Bask Aol Webd & o
FoHE A ol ET 5 U 24F 4R A §
a3 TS Hold, YA 4L FUT 4 Y AAR
2 Aol TpAEel et Ao BHE AR, 44
g WAL olgstel HA 32 24 YA $220 o
44 W7k ANstel ket ABSS S8 4 Ik 7]
Bhe ohista o] A7E st

2. Mz % diH

2.1 Ag Mz L A

Tt B4 HA A A TEFNA XA, s, &
&, A 29, AHEE A, HEkg, oo 9 Qu|R=
@R% 5] H(Jindo, Korea), T4}, 3¢ 9 WA= AdAYF
Y5Zx3HNonsan, Korea), F-AH= @AH2(Changnyeong,
Korea), 2= @AA%2(Seoul, Korea) 181 L7
L FHESAE(Seongju, Korea)oAdl AZH AEOoF
T, Z2EAE @AEEe]Z(Seongnam, Korea)
oAl Fufote] ARBSFATE HE AlRE 4T T AL2HET
sto] ARESRlon, ot B A TEIY HH=
Table 13} Zt} A2k ethanol(94.5%), n-hexane
(95%), ethyl ether(99%), ethyl acetate(99%), chloroform
(99.5%), n-butanol(99%)< DaejungAKSiheung, Korea)
9] A& FUsto ARESIH. f71E 2ol a4alt 4st &
A9 fungamyl(fungal alpha-amylase, Fun), termamyl
(alpha-amylase, Ter), secura(beta-amylase, Sec), lactozym
(beta-galctosidase, Lac), maltoginase(maltogenic
amylase, Mal), invertase(beta-fructofuranosidase, Inv),
flavourzyme(aminopeptidase, Fla), alcalasel[protease
(subtilisin), Alc], lipozyme(lipase, Lip), catazyme
(catalase, Cat)= @H}O] QA A(Busan, Korea)olA +Y
3113, AFSHAIQL hydrogen peroxide(Hyp)= Daejung
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Table 1. List of natural materials for antibacterial experiments

Scientific name Korean name Part of used
Poncirus trifoliata XEJisil) Fruit
Alnus japonica 22|Lt2(0linamu) Root
Syzygium aromaticum HsKJeonghyang) Leave
Sophora flavescens 14K (Gosam) Root
Ginkgo biloba L. 28(Eunhaeng) Fruit
Artemisia capillaris AME%(Sacheolssug) Rhizoma
Glyeyrrhiza uralensis Fisch 2%(Gamcho) Root
Eriobotrya japonica Lindl. H| I} (Bipayeob) Leave
Acanthopanax sessiliflorus Q7H|(Ogapi) Root
Schisandra chinensis (Turcz.) Baill. Q0|XHOmija) Fruit
Machilus thunbergii Z8K(Hubag) Root
Siegesbeckia pubescens 5|Z(Huilyeom) Leave
Angelicae Dahuricae Radix E4X|(Baegji) Root
Citrus junos Siebold ex Tanaka QXKYuja) Fruit
Mume fructus 2Q0H(Omae) Fruit
Origanum vulgare L. 22|7t=(Olegano) Leave

Propolis

T2Z2|A(Propolis)

AKSiheung, Korea)d] ZAS FUsto] AR5}

2
B A9 ARESt #FE Streptococcus mutans

KCCM 40105%, sH=ulAERZANE(Korean Culture

Center of Microorganism, Seoul, Korea)ol|A] £+
o} HAR|o] HSIAT & S mutans #FF 1 HFolE
#3ll 10 mL Brain Heart Infusion broth®] & AJ5HiA|
of JFskaL 37ColA 33 Alhuidsto] ARESHATE i
= brain heart infusion broth(BHI)= DifcoAHDetroit,
MI, USA)9] A& FUsto] AHE5HlA, agar= Daejung
AHSiheung, Korea)? A& F4sto] AR&SHGIT

3. F££ 80f ¥ ethanol &Y g7 4 5
F2 8Md g+ 4 S 1, eng &
5 gol hexane, ether, ethyl acetate, ethanol, waters
247y 50 mLA H7kekal, 24417 Bt A" &% & o3

5to] SEHHf A EAIE(Seo S, 2008)2.E clear zone 234
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S22 ST, Bthanol 5% ¥ B4 352 A

b wHt HEAAH FE3 F filter paper No.2
(Advantec, Toyo Roshi Kaisah, Tokyo, Japan)Z o]}
sto] 3t 24 Bt

~

24 XX gOf 2259 g7 & F&

a4 9 Qurt 30% oEE FEES hexane,
chloroform, ethyl acetate, n-butanol €2 £x}40
= 33] BHE F&5f0] 7F R AE 29 9 55019
T, Fe 84 52 water 3O F 551 414
2o BEZE9 5=%t A&E paper disc(Advantec 8
mm, Toyo Roshi, Tokyo, Japan)ol 4Ho] Uiro] &
AF &, 55 &S TRl 2stolA 6] de B
W oS, wiA|o DRPA[Z]AL, 37TolA 20-24A1%F 52t B
3t th2 paper disc FHY clear zone AZmm)S =
ot ot 24 Blusk
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2.5, FHAXHZEMIC) Z&

2t FEEY  HaARsE(minimum
concentration, MIC)= St R &4FH(Seo &, 2008)
o2 243tk A& 5 goll 30% ethanol 50 mLE 22
A7ysto] & 4 oI}t & paper discoll 74 289 &
£ 1.0, 2.0, 3.0, 4.0 ¥ 5.0 mg/mL7} HE=E 293}
of & &WE Fof AstolA &5 x5 A&
PR = HatE 7158 wiX]Q] BHI agarE petri dish
o] 15 mlA &55to] ZALA7]AL, $35-& BHI agar HIAIE
oF 10 mL Algo] E55t0] gt &, 45C 840004
HAstAA A Al 9F 0.5 mLE Fo42E J7t
sto] Egetginh 11 & 7|20 SIAAE HiA] Yol 5
ok § 124 SAA7)LL, 239 o HE BHHjAE THEo]
ARESIR oM, F&E0] XFH paper discE S1H HiA|
of ot WAFA|7|L, 37CofA 20-24A17F B HiFste] A
gigto] ERIH FEE HAAHEEMICE 2T,

inhibitory

26 & Y pH 1Y 5T

FEE9 d IHAHS 74 20& 30% ethanol F&
£ 60-121C7HA9] 2=0A A 513 em, 60T, 80T,
100TOlA 20T 7HE 02 747 1A7H4, 121TC A= 15
20 A &, d2TE EHYE oA g2 FEES
ANETR A3 o Pt AL Hlwsktt. pH 84
2 Z+7}9] 30% ethanol #55<& 1 N NaOH®} 1 N HCI
& pH 2, 4, 6, 8, 1022 ZZ pHE 24 &, pHE
ZEolA] P2 FEES YRR oto] Pt B3 Hlwot

ot

2.7. 7|2 2dgL el ME HEE TF

71 Bollaa A w0 b gt 24 82 14t
Qujz} 30% ethanol FEEO] 97} aAA|(fungamyl,
termamyl, secura, lactozym, maltoginase, invertase,
flavourzyme, alcalase, lipozyme)E Z+Z 10 ppm,
100 ppm ¥ 1,000 ppmo L= o] 27} Agt
0% 30827 WAokY, 84 AYE ofA] G2 FEE2
2= A7t ot SAL Bluskiith f71E Bolas
2= Ao mE ot G 1A, 2uAF 30% ethanol

FE=°] M E4E 47 100 ppmo =R S0

https://www.ekosfop.or.kr

Aefg thg, 20-40T0 5T Ao A7 IAE 30

-
geto] Y7 BHE vEAT,

2.8 Mot LAY HreirA e ME HEY TIf

Astaaet WAkSlRA AEd] mE It B4 4
L0z} 30% ethanol F#&&0| AFsta 4(catazyme)} I
Al (hydrogen peroxide)E 22 10 ppm, 100 ppm
% 1,000 ppm?] FEE S50 247} AZgF v 30=7t
WASHL A AP E oHA] g2 FEES HRTE 24
oto] St /43S H|WotTt. ASta A FHASkeA A g
250 e ot FHE SA5H] s A ¢ enjt
30% ethanol F&&°] AStaiel HASkAE Z47F
100 ppm®] EEE H5o] A3t thy 20-40T 5T 7F
Ao g 7¥7F A E 3087 AYstal, 54 AHYE oFX

b 22EL YRR A I TS HITSIAT

AN

il

i

29 EH2Y

A A= 33] §HE £745t0] SPSS Statistics version
26.0(0IBM Corp., Armonk, NY, USA)Z ARE519 meant+
SDE F-ot%1l, Duncan’s multiple range test® Al&
7] oA H(p(0.05)5 EA5tt.

3. 2t { uH

LT

3.1. Streptococcus mutans @FS gt 24 &1 4/,
Y

o,

Streptococcus mutans(S. mutans) 52 o &
B AE A S s, AP RARE Bl QI E AE
9] ol 82 sh= PIBEY F+F E4o] Ei(Choi &,
2006; Choi &, 2012; Eum, 2012; Jeon &, 2004; Kim
5, 2005b; Lee 5, 2000; You 5, 1993)€ £A4E 4
O = S mutans 459 Bt BE ST 2= Table
2 9 Fig. 13} 2t} 1759 A &8 S mutans 45
of digt It B 54 A, AT Qu|RoA et B
o] eI, UMXA| 1582 ot B4 UEtliA] eokth
(Table 2 ¥ Fig. 1). & |8 S mutans w50l st 3

T B2 149 HaAAEET & FEE2 200 pg/mL
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Table 2. Antibacterial activities of different plant extracts against Streptococcus mutans KCCM 40105

Sample

Clear zone on plate (mm/disk)

Ethanol extract

Water extract

Poncirus trifoliata

Alnus japonica

Syzygium aromaticum
Sophora flavescens
Ginkgo biloba L.
Artemisia capillaris
Glyeyrrhiza uralensis Fisch
FEriobotrya japonica Lindl.

Acanthopanax sessiliflorus

Schisandra chinensis (Turcz.) Baill.

Machilus thunbergii
Slegesbeckia pubescens
Angelicae Dahuricae Radix
Citrus junos Siebold ex Tanaka
Mume fructus

Origanum wulgare L.

Propolis

_1

10.67+0.707

10.5910.63

11.43+0.74

"Not detected.
2All values are mean£SD (n=3).

oj4Jolal, ethanol FE&ES

ZEHt} ethanol $&E0|

EHL B FEEA =2

498

50 ﬂg/mLi Histo], & 5 of ot
F+ay7F 9ok B

(Lee 5, 20002)%]0] gloH, QujZ}= ethanol FEEHE 32 F
o & 25004 H w2 I 4L vepdta Ba(Yu
5. 20102)3t31e}. o= & A
T4l & FEEOA P BIE UEUA]
ethanol £Z&°4 10.67+£0.70 mm= &4 L}E}‘—Hi’i
o, QU AL ethanol FEEY
7 10.5940.63 mme} 11.434+0.74 mmZ ethanol &
T A= HEFH A Table
2 9 Fig. 1). A&EFH(MFDS, 2021)°l
of tigt F&71¢ X 40 wEt LuA= g BHE A
Fo AREE 4= Qe 9EE IAE] oy, a2
A= 2] AM-Z ARtskal it
o} {7} thE 1A QuAE H|WstIAL £ AAE A7Fst

T Anle QA oz

oM zt

AlE
=

o

ook

o
=

29, O AE 88 HUHY

O RJit

oje} Zo] AF Y8 55 acetate F+=&

=£ 2lf 2 ethanol EL¥ &7 4

= 8ol OE I+ B 4 47 AL ether,
ethyl acetate, ethanol ¥ methanol FE&EA Tt T4
A%o < YERRloH,
ZE=0A t S UERSITHTable 3). Lee 5(2000b)
2 &ufo] WE 34 FEE9 § mutans &0 A F
A AN 57t chloroform, methanol 183 ethanol©]
25 pg/mLE hexaned} water &= H|9| F+a77}t
oH, Yu 5(2010b)2 &Hiof] wE v
At 2259 S mutans #F°) gt &t E40] water,
o A= ethanol ¥ methanol F&E°|AE Yt oY, ethyl
A= Pt B0l UEiA e H1L
sto] 2 A+ 2yt Aok AFS UEIH. 1Ak

QU= ethanol, methanol ¥ water 3
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P

Fig. 1. Antibacterial activity of different plant extracts against Streptococcus mutans KCCM 40105, "PT, Poncirus trifoliata; AJ, Alnus
Japonica, SA, Syzygium aromaticum, SF, Sophora flavescens, GB, Ginkgo biloba L., AC, Artemisia capillaris, GU, Glyeyrrhiza uralensis
Fisch; EJ, Eriobotrya japonica Lindl.; AS, Acanthopanax sessiliflorus, SC, Schisandra chinensis (Turcz.) Baill.; MT, Machilus thunbergi,
SP, Siegesbeckia pubescens, AD, Angelicae Dahuricae Radix; CJ, Citrus junos Siebold ex Tanaka; MF, Mume Fructus; OV, Origanum
wulgare L.; P, Propolis. 2C, control; A, water extract; B, 94.5% ethanol extract.
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Antibacterial activity and stability of Sophorae flavescens and Schizandra chinensis extracts

Table 3. Antibacterial activity according to various extraction methods of S. flavescens and S. chinensis against Streptococcus mutans

KCCM 40105

Extraction solvents

Samples” Clear zone on plate (mm/disk)
Hexane Ether Ethyl acetate Ethanol Methanol Water
SF - 13.74+0.80°" 13.56:0.33 13.93+0.67 13.300.74 -
SC - - - 12.85£1.13™ 12.23+0.22 12.74£0.05
Ethanol extraction concentration (%)
Samples” 0 30 50 70 M5
SF - 10.690.50™ 10.890.23 10.31+0.73 10.58+0.26
SC 12.9241.95%" 14.49+3.62 14.67+4.34 13.36£3.19 9.68+1.05

1;SF, Sophorae flavescens; SC, Schizandra chinensis.

INot detected.

;AII values are meantSD (n=3).

& »

L2 3542 = ethanol¥ methanol FEENA ot &
A= UeEio], 24 H|nE 93t 5 8Hl= ethanol®= A
otct. A9 ethanole &M= 510 ethanol &0
T2 gt 23S gRIgH 23}, 142 0% ethanol F+E=°1
A E HolA| Aty 30% oMY wkollA 10.31-
10.89 mm= Fat F= HEUGITh 2uAte] 39, B
E ethanol H=°0A 9.68-14.67 mm2] E4& YEHA

on, £ 4% BE 7 9} BEo] 2§29l Aol

SFI)

Means with letters in the same row are not significantly different at p{0.05 by Duncan’s multiple range test.

UEA] 29ktH(Table 3 X Fig. 2). wHhA 4 Alw7t
30% ©1d ethanol F=oIAM F&3 F550] It BHS
Uetfigleng, 14t @u|zte] 30% ethanol &8
o] 85t S mutans 5ol W Pt B4 HlW BIHE
Z13y st

3.3 =i gOf 229 g7 24
34 Q)R 30% ethanol 59 &4 EFEY S

mutans w0l 3t Tt 4 S ZF= Table 4 4

Fig. 2. Antibacterial activity according to various extraction methods of S. flavescens and S. chinensis against Streptococcus mutans
KCCM 40105. "SF, Sophorae flavescens, SC, Schizandra chinensis. C, control; A, water extract; B, 30% ethanol extract; C, 50%

ethanol extract; D, 70% ethanol extract; E, 94.5% ethanol extract.
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2u|At= n-butanolFollAl 13.23+0. w.
A 13.2840.08 mm9| &4 UElth °l= Son &
(2009)°] Egt AEAHF Wite] &u BE Ay, §
mutans °l 43 n-butanol¥} n-hexane £&&o] Z+
ZF 10.8, 9.3 mm= w2 A WS YoM, ol=
AAke] ARl HER AME U} Hl=A SEY JTFY
AoE Bt £ AolA AHEE AT ES Alzd
AgEo] metslo] 9ty BiE o] gloj(Kwon &, 2020;
Yang & 2004), S. mutans w50 el APEH AJEO]
FFE "IHE 7ol vl 5T 4 AT Jung 5

(200008 Aol m=2W Mt 5F(L. plantarum, B.

—_

0 mm,

subtilis, S. aureus, S. typhimurium, E. coli)°] W3t
2u|A FAF methanol FE&9 Suid ZEIEA
butanol £8&9] &40 £33, water & thA4
oz g Bl WA Uehitin B9 2 Q79 o
) Folg ST ol At WA £ Aol

QU] ARG B9= TAE AAT B FHUE AR
1, Jung 5(2000)Z Qu|At FAE AR wzol AR
7 g2t 3t @4 Hol= It £40] Zo|7} Qlo]
et A2 Alsdch E3h 24 g7 el mlEe
e 715 AC|RE B 5 & ACE AlsHH. E3L
Lee 5(2001)9] BEiojA= 2U|Z} methanol FEEY
| B3 504 ethyl acetateZO|A 7 EAlo] =4
Uehgthn Bas) £ @7 Avke ko] Hole B,

Table 4. Antibacterial activity in various solvent fractionation of S. flavescens and S. chinensis 30% ethanol extract against

Streptococcus mutans KCCM 40105

Samples” Clear zone on plate (mm/disk)

Hexane Chloroform Ethyl acetate n—Butanol Water
SF 11.7441.1229 9.21+0.69 10.90£0.45 8.890.54 10.05£0.91
SC 8.52+1.71%9 10.99¢1.29° 10.46%1.07° 13.2310.10° 13.2810.08°

SF, Sophorae flavescens, SC, Schizandra chinensis.
2All values are meantSD (n=3).

IMeans with letters in the same row are not significantly different at p¢0.05 by Duncan’s multiple range test.
“Means with different superscript letters in the same row are significantly different at p¢0.05 by Duncan’s multiple range test. ab.

SFI)

Fig. 3. Antibacterial activity according to various solvent fractionation of S, flavescens and S. chinensis 30% ethanol extract against
Streptococcus mutans KCCM 40105, 'SF, Sophorae flavescens, SC, Schizandra chinensis. “C, control; a, hexane fraction; b,
chloroform fraction; ¢, ethyl acetate fraction; d, n-butanol fraction; e, water fraction.

https://www.ekosfop.or.kr
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3.4, FAXGH=Z(MIC)

a4k, @u|A}F 30% ethanol FE&E2] S mutans 450
et HaAels=MIC) 578 2= Table 59 At 1L
42 2.0 mg/mL o]} sEoA E4S YEleH,
SZ7F S7HRtel wEh @40l ko AR YETH
(Table 5). Yim 5(2013) ?7}*1]‘?011 gtk ek o] &
o+ E]—/lé uﬂ7]~—- X]oﬂo]— 73_1,]‘ "I/U- X _,] S mutans I+
F H2AAEEMICIE 1.25 mg/mLE HIsto] 2 o
T Aaet fARHA Yeth. 21 30% ethanol 5
Z=9Me 5.0 mg/mL SEOIA B0l YEReH,
Jeon §(2003)2 Qu|&} F&E9] S mutans #F°] st
FaAs=MICE 5 mg/mLE Histo] & Ao o
Aohz AaE YeSith. @B S mutans w50l
gt HAAREEMICE A9 o 40%2 UERGoL,
Jeong 5(2009)°ll W= QujA A4 FEES A FA
AT AEZQ] Caco-2 cellol] A3 & MTT assays AAIst
of NE 54& 4% 23, Ae 2E 5%(0.0625-5
mg/mL)ollA Al F40] §laZ Harsieith wheha 2m
A= S mutans 3t WIS It B4 HEC] S
HIR O & TRt A0 3-8 & e 2AZ AlaEh
35 % % pH oEY

4, 2u]AF 30% ethanol 522 EA Y 20 o
£ S mutans 77 e I G4 SET A, 14t
2 60CoA 121C7HA] 8.54-10.30 mm9] clear zone=
Agston, euRl= 60TolA 121T7HA 12.94-14.05
A0 & YeItHTable 6).
RE ANZ7F g2 iy Ao Q8| S mutans 45
of thgt It 4ol ozt AstE o, F24Ql Afol&

mm] clear zone& JAst=

ERAA] )t} o]= @m|&} ethanol &5 60-120C 9
919 A E B FHES ST 2, 7t SRl
wet QuiR; 2550] Mol AsHA| HAE ] o gt o] ¥
Sk YRER] giokon, nldE A= Barel &
ARE A= YERNITHChoi 5, 2013; Chung 5, 2001).
oje} Z2 & I 7HAE, A HER 9 A T
9 et &8-S At EAY 3Aolx § mutans +5
of gt g+ &40l FAE F UZ AR AlgEHH
34k Qu|RF 30% ethanol FE&E9 pHol WE S

mutans @5 3 P S4S SHTT 2, 12 2
< pH ®9oA 84S Yetdigiow, pH7F Astgol w
2} &4do] ot Ak AFE YR olet =
QuZH= pH 6 o149 HeolA= S UeliA] &9ke
1}, pH7} Ashdol| wet gt E4do] $71ok= AR UE
YAtHTable 6). 20]A+e] pH Astol] WE S mutans at
ol gt I+t B4 S7k= pH 4.5-5.5% 345 = 74
8 i]ﬂi(Amissah 5. 2021; Bowen, 2013) 183! GTFase

Z40o]

o} B Eo] 1& /st Aee REske S mutans 45
(Yu 5. 2003a; Yu %, 2003b)9} A% AA o] AGet &
A& AsEn

3.6. |F Zollgt HEjo ME 2LEE

Tol= 2F 7009 & ol nAdEo] A4Skl glom
(Paster 5, 2000), 4%t 71 #3ass Bdstk= A
o2 g#A 9ltiHondoh 5 =
Ea|a4of oigt YA Bl HOH A emlRE 30%
ethanol 552 9%9Y A4A= A=t 23, 10-100
ppm SE7HA] S mutans 5] He P S
Aol Hgt HYdE UEhled, 1,000 ppm &

Table 5. Minimum inhibitory concentration (MIC) of S. flavescens and S. chinensis 30% ethanol extract against Streptococcus mutans

KCCM 40105

Samples” Clear zone on plate (mm/disk) MIC (mg/mL)
1.0 2.0 3.0 40 5.0

SF -2 9.46+0.47%Y 10.23£0.31° 10.7740.30° 11.2940.25° 2.0

sC - - - - 9.52¢0.53 5.0

1;SF, Sophorae flavescens; SC, Schizandra chinensis.

Not detected.
All values are meantSD (n=3).

N

3
4

502

Means with different superscript letters in the same row are significantly different at p{0.05 by Duncan’s multiple range test. ayb)c.
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Table 6. Heat and pH stability of S. flavescens and S. chinensis 30% ethanol extract against Streptococcus mutans KCCM 40105

Heat treatments

Samples” Clear zone on plate (mm/disk)
Control Heating temperature ('C)
60 80 100 121
SF 10.1740.162% 10.30£0.44° 9.68+0.17° 8.54+0.46" 9.900.45°
SC 15.00£2.41™9 13.13£1.27 14.06£2.05 13.09+0.87 12.94+1.59
pH treatments
Samples” Control pH
2 4 6 8 10
SF 10.27+0.71% 9.11+0.32° 9.60+0.21 10.27+0.71% 10.82£0.27° 10.93+0.75°
sc 13.161.67° 16.3612.06° 11.37£1.53 -9 - -

W;SF, Sophorae flavescens, SC, Schizandra chinensis.

All values are meantSD (n=3).

~

IMeans with different superscript letters in the same row are significantly different at p¢0.05 by Duncan’s multiple range test. aybc.
“Means with letters in the same row are not significantly different at p¢0.05 by Duncan’s multiple range test.

9Not detected.

oMe 4T emz F
galctosidase, Lac)¥ Lipozyme(lipase, Lip) &4A| #
o 9ol S mutans FF0 HE P+ LS HERHA
ooton, QuRl= Lacd Lip &4A At tEo
Fungamyl(fungal alpha-amylase, Fun)@} Termamyl
(alpha-amylase, Ter) E4A A& 92l S mutans
ol gt P+ L= UEHAl L3ttH(Table 7). B4A]
9] A7 2ko] WE M 2uAHY - 40T A7 A
57 5 Fundt Ter 441 R ofH] W2 3t 24
< Hole Fog Yepton, tiiEe] 20-40T0 9 ZE A
2] 29X S mutans w50l et Pt S HEHSL
THTable 7). 24t @u|Rk9] {7]E Rl asof et ot
AL 7 U 5718 Easst tEo] AEFARA
protease, glycosidase @ lipase 5 ThsH 47 &8
=1 Q1ol(Oh, 2004), thfet A&t 7F 348 Y 5 S
mutans w70 At Pt B0l FAE ACE AlrEHTh

AA E% Lactozym(beta-

3.7, MEIEAG ApSSA FEO M2 OFEN

A4 9 90|z} 30% ethanol F&E0f ASta A9} FHAL
Sk Ao bgAdo] A=A Rl flste], Agtad
9l catazyme} IAF}:=AQ] hydrogen peroxideE 14}

https://www.ekosfop.or.kr

212} 30% ethanol F&&°] 22t H7kstal ¥HgAIR1
Tt B2 RISkt Alsta Aol IikekrAo] A g
o g It B4 54 A Table 83 £t 14t
4 Qu|z} 30% ethanol FEEC] ASa4AE 242 10
ppm SEE A o Fot o] EohHla, mR}
30% ethanol 100 ppm SZollA= tjZto] H]ejA A4
o] Z4slSitHTable 8). Ag] 2L ZAaoflA] Astas A
e 2 Fo40] L, Il AEAe 7‘1313}
A o2t} Hlats] 24 30% ethanol FE=CAe
O 2jolE HolA| gitt. mebA] Catazyme HA} J%*b}
A Aol W2 14 9 Q0u]Z} ethanol 30% FE2 Tt
4L IA dFS LA F& AR Amdh

—lolt )(Jj

£ Streptococcus mutans KCCM 40105
20 Y7 Y Tt Ik A 242 AEeta 32

lstalon, A2 204 QHgAdo] A=Al &l
stalth. & 1789 A 24 —‘?ETT_LOM S. mutans &5
o P BALS Holu] Ff 4RUT 52 ol U2 1
At QU|AE H|WskIAt £ ARE FE AR ALY
t} == gud g ZAoA TAE ethanol 2204
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Table 7. Effect of various enzyme treatments on antibacterial activity of S. flavescens and S. chinensis 30% ethanol extract against
Streptococcus mutans KCCM 40105

Enzyme concentration

Sample” Clear zone on plate (mm/disk)
Fun? Ter Sec Lac Mal Inv Fla Alc Lip

SF Control  9.87+0.60°™9 10.39#0.31°% 11.0740.97%° 10.90¢1.14™ 9.75+0.56® 10.33+0.38° 10.66+0.76™ 10.76+0.53° 10.481.10™
10 ppm  10.18:023  10.15:0.65® 9.84+0.41° 10.95+1.13 9.82+0.97° 10.03:0.60® 10.31:0.74 10.52:0.46° 9.82+0.74
100 ppm  9.67:0.18 9.06:0.21° 10.91#0.35® 9.85:0.94 8.72+0.35° 958:0.39° 10.73t0.41 10.40:0.27° 11.25+1.08
1,000 ppm 9.8740.45 10.4241.05° 11.77¢0.66° - 10.3410.35° 9.77¢0.50° 10.43:0.48 12.99:0.17° -

sC Control  11.53t1.56  12.62¢0.33 13.23t0.60™ 13.49+2.08™ 11.570.46™ 12.81£3.22" 12.66+1.57" 13.0243.75" 14.33t1.82™
10 ppm 1236045  11.80+1.55° 12.10+3.15 13.11#2.72 12.84+0.25 12.21+1.52 13.88t0.39 11.73t2.76 12.78+0.86
100 ppm  10.58+1.65  8.83:0.04° 11.19+2.22 11.36+2.65 10.94+1.34 13.50+2.51 11.51:0.64 12.16+3.94 12.07+1.16
1,000 pom -2 - 10.23£1.40 - 10.72¢0.87 11.95¢0.71 1231%1.83 10.63:2.31 -

Enzyme reaction temperature

SF Control  11.01+0.39%9 9.48+1.02"™ 10.67t0.49° 9.69+1.18" 8.71#0.29® 9.040.74* 10.700.79% 10.330.64" 9.78+1.10™
20C 9.67t0.79° 933007 9.89t053° 9.30:0.42 8.90:0.34® 10.09t0.52° 1155t0.27° 10.29t0.52 9.61+1.17
25C 10.15¢1.22%°  9.20+0.39  8.97+0.597 9.52+1.00  8.95:0.47® 9.2130.32*° 10.90+0.35® 10.02+0.66 9.77+0.74
30T 9.16:0.56°  9.00:0.20  9.41:0.26° 10.52:0.77 8.33t0.05° 8.49:0.10° 9.71%1.24° 10.22¢0.31 9.72+1.39
35T 9.89+0.70® 9741024  8.67:0.06° 9944139 9.26:060° 9.77:0.32® 11.15:0.55° 951124  9.80:0.94
40 9.7910.93°  9.12¢042 855:0.19° 970+1.07 9.12¢0.53° 9374055 10.78:0.50® 9.75¢1.08  10.41£0.90

SC Control  11.97+2.72™% 11.3440.37% 12.16£3.90" 14.2742.62" 10.140.68% 13.40+2.49™ 11.73+1.83% 9.86t1.66™ 9.85+1.47™
20 10.33t2.83  11.07t0.54° 10.37+1.74 11.13t2.66 11.17+0.82° 12.39+1.80 12.59+2.52° 8.93+1.25  10.45+1.64
25C 10.84:021  10.19:0.26® 9.37+1.02  12.46£1.25 9.87+0.65%° 12.76:0.92 11.56:321° 9.28:0.86  10.44+1.84
30T 10774223 10.2130.41® 9.81+1.65  10.99+2.40 893:0.83° 11.95:2.11 12.70:2.88® 11.39+2.84 10.82+2.72
35T 10.20¢2.75  10.77+0.70® 9.12+0.66  10.39+1.24 11.37+0.99° 12.75¢1.10 13.66+2.59° 9.03t0.66  10.76t1.81
40C 887t0.36  9.52+1.09° 0.88t1.68 11.044252 10.69:0.79° 13.35t058 12.4442.48" 11274339 11614331

SF, Sophorae flavescens, SC, Schizandra chinensis.

2;Fun, fungamyl; Ter, termamyl; Sec, secura: Lac, lactozym; Mal, maltoginase: Inv, invertase: Fla, flavourzyme; Alc, alcalase; Lip, lipozyme.

3
4

9Not detected.

All values are meantSD (n=3).
Means with letters in the same column are not significantly different at p{0.05 by Duncan’s multiple range test.

9Means with different superscript letters in the same column are significantly different at p¢0.05 by Duncan’'s multiple range test. aybyc.
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Table 8. Effect of catazyme and hydrogen peroxide treatments
on antibacterial activity of S. flavescens and S. chinensis 30%
ethanol extract against Streptococcus mutans KCCM 40105

Oxidant concentration

Sample” Clear zone on plate (mm/disk)
Cat? Hyp

SF Control 10.86+1.349 12.78+0.99°
10 ppm 14.85+0.95 16.09£1.40%
100 ppm 13.73£2.0%° 16.44£2.28°
1,000 ppm 18.87+0.54° 16.7042.39°

SC Control 13.1140.78° 13.64+1.20"9
10 ppm 13.05£2.47° 12.37+0.62
100 ppm 11.44+0.82° 15.93+0.46
1,000 ppm 18.771.10° 12.48¢3.14

Oxidant reaction temperature

SF Control 13.2741.88™ 14.20£1.04°
20 13.8142.18 9.8840.16°
25C 12.9141.01 10.14£0.79°
30T 11.60£0.44 10.3140.42°
35T 11.7542.17 11.74+0.55°
40 11.1840.61 11.76£0.11°

sC Control 12.270.90™ 12.21£1.04°
20C 12.1741.38 13.5420.48°
25C 12.25:0.68 13.96£0.32°
30T 11.4710.38 12.23£2.46°
35T 12.98+2.18 13.681.03°
40 12.09+1.52 11.8141.85°

SF, Sophorae flavescens, SC, Schizandra chinensis.

ACat, catazyme; Hyp, hydrogen peroxide.

Il values are meantSD (n=3).

“Means with different superscript letters in the same column are
significantly different at p{0.05 by Duncan’s multiple range test. ayb)c.
9Means with letters in the same column are not significantly different
at p{0.05 by Duncan’s multiple range test.

100 ppm OFREE BHo] gABAAT, A 2= B
He 218 Tolg Hol) ol FF Mk 6l FiF
WY B4 QA9 2L 9T A0z wuEn,
LA 2

2 dFolAE F=ARI7 1SS AEA R P063500057)
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