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Abstract

In this study, natural materials with antibacterial activity against the Streptococcus mutans KCCM 40105 strain were
selected, and the most efficient extraction conditions were observed. The active substance was stable under various
treatment conditions. Of the 10 food materials groups, only Prunus mume fruit showed antibacterial activity against
S. mutans strains. The antimicrobial activity by the various extraction solvents was 18.66 mm (clear zone diameter)
in the ethanol extract and 20.18 mm in the water extract. Measurements of the antibacterial activity according to
the mixing ratio of the two solvents revealed the 30% ethanol extract to have the highest activity (20.49 mm).
Measurements of the minimum inhibitory concentration (MIC) showed activity at a concentration of 3.0 mg/mL.
The stability to heat was observed, but the extract was not active at pH 6.0 or higher. The antimicrobial activity
of the 30% ethanol extract of P. mume treated with enzymes was the same with both 10 ppm and 100 ppm of
the nine enzymes. On the other hand, the activity tended to decrease slightly at 1,000 ppm. The activity of the
catazyme enzyme and hydrogen peroxide treatment decreased at the treatment concentration of 100 ppm.

Key words : Prunus mume, Streptococcus mutans, antibacterial activity, solvent, stability

N B A AARE = gol Zefe 77 W Y F sholti(Hamada

S, 1984). SA7F A7 902 o 7HAI7F e, I i

dRrE o AL Hok= Aof ¢ 4 S T A HARI ARlo e 4 Wl AAlske Aldtol ofsto] A
7P diBA]] deko g, AoptE SRRt A4 Aol sk o] digEes IA ok IAE RUcks dEA
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Ql w521 Streptococcus mutans’= gram positive 5= &
d @71/dolH, Aol R, F4] 9 A A AA Z|oF £
A1Z Rt ESE A 9 = oA ESOIA X|oke-4le]
e A9 glucosyltransferase(GTase)th= A4S HH|ol=
H), GTase= 2415 5 $IZ A (sucrose) S F-afjolo] X|opH
o &84 25 glucan)Z F/J5A HiLee 5, 1993). =
F3bo] 7 Ui tE n|EET X|opHo| Falsto] XHA
w2 (dental plaque)= B/J5HH, Z[oRe-4] it} E714
Alxto] SAIsHHA A Atoll 28l Z|ote] Zw A
He o] oFsfiA x|op-A]o] o] 15, o] Wik
StA AgsHA Hok. ol#tt YR 541 AlsH ] sk
FEAE A 4= U= AAEE 7ol tiet 2_430] 5
=3l Do 5, 2002; Lee 5, 1993; Yun 5, 2007).
A QAo FAE-E FESHA] G 2A1E Rl HdE
of et Aed S 7= A MR =4 FEE
T, T Ak, e, vl 5t AEA AAlEe] &
At 1 5 a2 o5 Aol et et 83 B
= v} JOH(Kim 5, 2011b), 1510 739 BTN L2 E
S|AEI9) WS Aol 27| 8T oy}, 4
/320l thet T mAEC] ittt I+ BIE
TEe =25 H1Eo] Jti(Choi 5, 2020; Lee &, 2002;
Shin¥} Kim, 1998). b4 s{EARER] A7 /1, o]
Alof & ot Ei= gl 4te] ZEAIE F SHHEA(Seo,
2017) YA 5= (59 3 #2 Porphyromonas
gingivalis©l| Higt Ft 2H&-S] Hiv} o]Fofxl Bl 9low
(Lee, 2005; Sheo, 1999), IFYol= 2 SEH7T YAHA]
ol thA) s AlEE PAlE 9 AE JA7HER g &
=37 Qla, A-85X, HIE B, §/357, HlEr ofdEtolA]
Y =4, S, A3 9|, s 5o vt
7} Qlo] A7AIE o R . 7l QItKPark 5, 2009). ESE
T Woll AAlske ohedet nldEo] gk It By B
E HF SIth(Yu 5, 2006). S5 Aol &ohs thd =
EAERZ G opAlo} YAko 7 QI - F3 - FHolA|o} &
AofA F=2 AefstH(Kim 5, 2011a), FARFRRE, A,
A, FEAHNY, TSR0l Bt A7 Hars|of
om, U 32 Sl ZofA dojR|= oAl QYR HeF
o B50] Y5H °RE AEE LTA UtH(Aye, 2016). H|¥
HEE= AlAA = Hol o851 Q= SJHEA, 355 4
F/32olA twtt Salmonellawtol] TRt 54 A a3t}
ASH v} JloH, FF2 EE| &ol= £H2E9] 31
£ AAT BE xS Ao, 1 g orms HEHl
AEAE, FASAE, FLAE712RE, AAHAEZIRRE,
SAto] et PRS- & AR Ao A U
(Moon, 1997). #jgh477} 5-697of| W2 FufE S8t v

f

AL e} S, sis H F54R80] Holual, a9
At /dEo] TRElo] Rlo] B4 B4 Eofiold, g4kt F
7|4do] Wol A 8-& 901 D25 Zojg, 35, 17
At 5ol st Fe/d TS FHold A A2 gA
QItH(Cho 5, 2019; Lee, 2014; Seo 5, 2008). o]} Zro] tf
o] HA A= B AlsEd, I A 5ol ot
FHEIE sk Tl AA Qo] Al et 243
< SRIsk= F7H4R1 A7 a3t Aolot. mebA &
TollAs FAl IS ST 5 e AAES FMsto]
AR gt A4S AESHY, ARH AAES 0|85
of 32327 g, SAto] tigt FE 2 FE=9] Y
d B7FE AAlsto] bt AlEEol 882 4 = 7Rk
ueiska stk

ERTET

I A AL SEFA FEE @SHSE(Paju,
Korea), Bl HIEYE, =2 @HETHHwaseong, Korea),
CAH = @Al (Busan, Korea), &5 N esdEa7 A
A4(Jindo, Korea), A7} #-2-8-%(Jincheon, Korea), B}
2 @7FEA1E(Namyangju, Korea), TjASA = 201949 62
of Aetde Al gl et miAd FufollA A}
T2 AFcteien, WA g s2dF B @ARE
(Changnyeong, Korea)ollA st} AHysHH A3
oh A A FEAO] AFH= Table 13} A Aok
ethanol(94.5%), n-hexane(95%), ethyl ether(99%), ethyl acetate
(99%), chloroform(99.5%), n-butanol(99%)< DaejungA}
(Siheung, Korea)®] 22 Usto] AR&SHT 77]1% &3
A49} ASlE §4A|Q1 Fungamyl(Fun), Termamyl(Ter), Secura
(Sec), Lactozym(Lac), Maltoginase(Mal), Invertase(Inv),
Flavourzyme(Fla), Alcalase(Alc), Lipozyme(Lip), Catazyme
(Cat)= @H}o] @ A|A(Haeundae, Korea)ol A -5t At
S}A91 hydrogen peroxide(Hyp)= DaejungAKSiheung, Korea)
of Ag Fstel A8t

oY 25 L HjR|

B Ao ARESE 7= Streptococcus mutans KCCM
40105 =m|BEHEAE o)A EgHo} dAax]of &
S &, A5 1 WiZo]E F3f 10 mL Brain Heart Infusion
broth®]  AJEH[Aof HE3}aL, 37CollA| 33 AcHufFst
o] AR89 ¥ A= Brain Heart Infusion broth= DifcoA}
(Detroit, MI, USA)9] A& Foto] ARESIGT, agare=
Dacjungte] 242 Telstol ALgSHLE
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Table 1. List of natural materials for antimicrobial experiments

Scientific name English name Part of used
Citrus limon Lemon Fruit
Mentha piperascens Mint Leaf
Eutrema japonicum Wasabi Root
Curcuma longa Ulgeum Root

Zingiber officinale Ginger Rhizome

Ocimum basilicum Basil Leaf
Mentha species Peppermint Leaf
Scutellaria baicalensis Skullcap Root
Prunus mume Plum seed Seed
Prunus mume Plum Fruit

S. mutans KCCM 40105 @2| g AZAA HAM

tEA o] A8-8 B A]= Brain Heart Infusion agar
£ Gatoto] petri disho]] 15 mLA E55t] -SA1A7]|4L, &
& HIAIE oF 10 mL AJgof E5=sto] Bt &, &3t
Al = Bl 0.5 mLE FFH 02 rlsto] & &Rl
11, 710 SAAAE HIA] flof] E52t | a1=A SAIA7]
1, 239 o JE HHRE Tl ARESHITE 4] &
A AT S S PRSP (agar dilution
method)(Seo 5, 2008)°.2 &3t = Z1Z9] TR
FZE-8 paper disc(Advantec 8 mm, Toyo Roshi, Tokyo,
Japan)]l 4¥0]] U0} FAIX &, 58S 2Rl &
70 soflA] 5] Je Bl thy, A& S5HIAl0l T2
7131, 37CONA 20-24A17F 52t HiYRE T2, paper disc
9] clear zone A7 (mm)E =75l S mutans KCCM
40105 #5-9] JHd HA LAE AL

& 80 ¥ ethanol 5E¥ S7Ed 23
FE8ME B 82 wiA Iuf B AR 5 g

n-hexane, ether, ethyl acetate, ethanol, waterS Z}Z} 50 mLA]
AR, A7 B9 N 250 T ofidte] AU
AF(Seo 5, 2008)2.2 clear zone A4 G55 ERI5IHTT

Ethanol 5= A4 SH2 A& 5 gO] ethanol 5%
£ 0%, 30%, 50%, 70%, 94.5%% Z¥ZF A5t 84 50 mL
g Wislo] 220 T olzfsio] FEeAL ¥

=
paper disco] 4o U0 SAYl &, FE28E T4
ol A slof|A A3 dE EWl oh2, A8 S3HiA| 0]
D2IA7|3L, 37CAA] 20-24417F B9t HiYRE T2 paper
disc FH9] clear zone 2|7 (mm)S S74ot0] Pt Hl
okt

z|AXHSE(MIC) &4

Al&29] Z|AA S5 (minimum inhibitory concentration,
MIC)y= SHdulR|8HA(Seo &, 2008) 02 A3t Al
2 5 go]l 30% ethanol 50 mLE Z¥z} Arlslo] &3 &
of}sto] ANESIRAAL, paper discoll A7Fet I FE ol B
3 FE2ES T2 ololA ds] g W o, AIEE
ZZHlR] o] o} WRIA]7| 3, 37TO)A 20-24417F B2t HioF
2t Th& paper disc $HE]| clear zone2] 34 RF-5 ERIst
At
g 4 pH oHdMd =4

2259 d 9PHXL 30% ethanol FEE-2 60-121T7}
A 9] oA GA eIl om 60T, 80T, 100TofA 22t
A7 GAEsHY AL, 121TollAE 1587 GAest & &
g oA F2 FEES R T2 AT oS TS
= H|slth

pH SFFAIE 30% ethanol 552 1 N NaOH®} 1 N
HCIC.E pH 2, pH 4, pH 6, pH 8, pH 100 7t pHS
243 7, pHE RESH| P2 FE2ES H2TE o] T
#&/3E vkt
LstEAQt BpASIeA 2|0 M2 M HWIt

Atsta el IASlRA AE]o] ohE g miA d
o} 30% ethanol &0 AR} a A} TADIFAE ZH2) 10
ppm, 100 ppm, 1,000 ppm?] & ZH5=0] Z}7} A3t tf
< 3021t Ak, AR ARE A 2 FEES YR
= AAote] JHE3ES vtk

Atsta Aol IAkSlea AE] 2] e JoHEE 57
517] 91sf wiAl Zulf 30% ethanol S=&E] 4At8}a A} T4t
SleaE 242 100 ppmo] FE2 G0l A2J9t thg 20T,
25T, 30T, 35T, 40TolA 2+ @A2E 30=7t Aot
1A AEE o] F2 FE2ES d27E AYsto] JHE
‘d= Bl

/712 2aligs 2o mE oYY Bt
#71E 2olas s Ao ne ILege] S8
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4l Q] 30% ethanol 2280 9714 HAE 712} 10 ppm,
100 ppm, 1,000 ppm®] =2 S5=0] Z}2} A2|]t thZ, 30
B ek, a4 AGE oA g2 FEES dixTE 4
gote] FtEgE Bl

F718 Boflas 2% Ao e e mid gul
30% ethanol 3=Z&20]| 9717 EAE ZHF 100 ppm2] L=
gho] A2t the, 20T, 25T, 30T, 35T, 40TolA z+zt
A S 3087 Ao, ad AYE oA & FE2EZ
e e e B o3 = | BTAC] o

SAEY

AEIN= 33] ke S7sto] SPSS program(26, IBM
Corp., Armonk, NY, USA)S ARE5H AL, meantSDE -5k
2™, Duncan’s multiple range test= A|=7H] F-23 15
e

-

Za Y a3
Streptococcus mutans @32| SAEH AME A4 HY

10521, Btol, HHYE, S, o], &3, 47, Bt
4, WASAL, i Fu)e] AE AAE S, mutans 0
ot et 4 BIe t2 Table 29} Ak 34 23,
H 5 FLSH midolA ZAdo] Uk, UmA] 9%
Zdo] UeftA] sith. & At AAA] AP ZAKHAye,

R

o o

Table 2. Antimicrobial activities of different plant extracts against
Streptococcus mutans KCCM 40105

Clear zone on plate (mm)

Sample

Ethanol extract Water extract

Citrus limon D -

Mentha piperascens - -
Eutrema japonicum - -
Curcuma longa - -
Zingiber officinale - -
Ocimum basilicum - -
Mentha species - -
Scutellaria baicalensis - -
Prunus mume seed - -
20.53+0.75”

Prunus mume 20.90+0.10

YNot detected.
DAl values are meantSD (n=3).

2016; Cho <, 2019; Kim 5, 2011a; Kim 5, 2011b; Lee
S, 2006; Moon, 1997; Park &, 2009; Seo, 2017; Sheo,
1999; Shin¥} Kim, 1998)F &5l 7|<& Fte/do] &l B
1H AE SHEFoRE AdsiA A XIPSIUAE, S.
mutans 0= "jA ethanol FZE3} water 252 A2
Stals B2 HolA ittt tiAe] /4L ethanol FE=
0] 20.53 mm, water ==50°] 20.90 mm2] =& &r4o| L&}
Wk Kim 5(20032)0] W2 i3, 1714}, v, 2m|xke]
TS vt Aa, wjAe] /o] 7HE EA vyt
B35l Jung 5(2014)0] w2 ojAlo] S, mutansS] 5
48 oAl Eake SRIT S AT HIS o
2bA WA S mutans H59] FHEY AFE AR Adst
o] The AEE WA

Ojale| Sdgd MY daztz ZM Hju

S. mutans -9 AL 1} A1E AR A IAo A
g A vjAS ookt FE/dol itk EarEof §f
o}, wiEhA] 7] wjdo] tigh Aot & A Ao Bl -
A4S flof Al /ol et AR AT AA=E A
2t A= Table 33 Atk wijd HEE o= PSS
B7Iet AofA Seo 5(2008)0f W= wjA water FEE
O] Bacillus cereusO| A= 11.2-12.8 mm, Staphylococcus
aureus®] 739 11.1-12.7 mm9] &4Jo] YELL, Park 5
(2007)8] Hof| A= w4l ethanol 32&E0°] B. cereus 38.0
mm, S. aureus= 36.7 mm= YEPGTIT H 1519k o]e}
22 23E £ v vjd YRE e o= L=
ofgtE & FE=0] AHolgh= A eI o= Uk
SR B ¢5Lof A= water 55(20.92 mm)3} ethanol 3=
£20053 mm)®] BYE To]r} 24 sk olst 2L o]
S AskekIA} She RS Rt Dok B4 GFeol
g2 Aoz muEr. A 5% oz JRBES
H7IeE A8 AFE AHEH Choi 5(2004)2 B. cereusO]|
A= 25.0 mm, S. aureus®] 3% 12.5 mme] 40| e
TRl B 5k9Ik EQF Ko®t Yang(2009)9] H 1o Af= wid
A A B. cereus= 20.0 mm, S. aureus= 17.6 mm2]
/o] urtar Harsto] oiefst WA AlZol| et =S
SOI5HAT). ESF Lee(2014)= Al 2EE0] S mutans I
of Bxp7t ekl Harsilck. sHRNE e AdtE & 1,
Lee(2014)9] Aol A= Al methanol £EE0| S. mutans
0] 13.67 mmO] /S HFAL, 2 AFA9] ethanol
225 20.53 mm, water === 20.90 mm9] S Ho]
Lee(2014) 1of] s 4ol =A Yepstt. ol=gt ol#
+ AREE ol Zpol7t Jlom, & 24 ERL Ao|siA]

Q.



430 A= AFAGRENEA Al28d A3Z (2021)

Table 3. Previous research data on the antimicrobial activity of P. mume fruit

Clear zone on plate

Product type Strain Extraction condition Extraction solvent (mm) Reference
B. cereus Ordinary temperature Water extract 11.2-12.8 Seo et al. (2008)
B. cereus Ordinary temperature Ethanol extract 38.0£1.7 Park et al. (2007)
(ra\lz n’q;’ggal) S. aureus Ordinary temperature Water extract 11.1-12.7 Seo et al. (2008)
S. aureus Ordinary temperature Ethanol extract 36.7£3.1 Park et al. (2007)
S. mutans Ordinary temperature Methanol extract 13.67+0.29 Lee (2014)
P mume B. cereus Ordinary temperature Water extract 25.0+0.45 Choi et al. (2004)
(concentration) S. aureus Ordinary temperature Water extract 12.5+0.50 Choi et al. (2004)
P mume B. cereus Ordinary temperature Water extract 20.0 Ko and Yang (2009)
(sugaring) S. aureus Ordinary temperature Water extract 17.6 Ko and Yang (2009)
ue 2 gdEn FE=°| 7H w2 S EAL, HE Sullo] WIS water
2230] W34 WA UeRdehy Bas) 2 o1 Aze} o
F2 4o oE A & 2olE Hol, 84 o] HE + Sle 7S gRlst
% 8d WA S mutans F0l T FHLHE & ATk 2 AT AHE B3N S mutans w50 HRE WA A
A5t A3H= Table 4A L Fig. 1AQ} Zth ujA9] n-hexane o] e A9 FA & 271 ERIsH] 98l ethanol
222OIAL clear zoneo] TATA] PIUAT, cther 2EBL 5% bk BE WY TS AWk A

o
g
)
1

e
off

9.75 mm, ethyl acetate S=ZE0]A= 9.99 mm2] F7]|2 A T8 S mutans 730 TSt A =4
SA5)sto] FAE YTl Ethanol 2ZE0|ALE 18.66 mm, Z3}= Table 4B Y Fig. 1BL} T} Water 253} ethanol
water FEEOIAE 20.18 mmE ThE & BuEt 22 FE & 30%, 50%, 70% R 94.5%= 2N FE
4L 7= AoE ERIEQIT}. Seo 5(2008)2] K10 F2E9 PHEEE SHT AH, water FEEL 2029
w2 Y vAE 659 oA =4 AL methanol  mmo] B/Jo] UEFHIL, 30% ethanol FEE2 20.49 mm,

Table 4. Antimicrobial activity of various extraction methods and fractions of P. mume fruit against Streptococcus mutans KCCM 40105

(A)
Clear zone on plate (mm)
Strain
n-Hexane Ether Ethyl acetate Ethanol Water
S. mutans D 9.75+0.0079? 9.99+2.01° 18.66+1.33" 20.18+1.29°
(B)
Strain 0% 30% 50% 70% 94.5%
S. mutans 20.29+1.79° 20.49+2.06° 19.09+1.25% 19.0243.63* 19.65+1.04
©)
Strain n-Hexane Chloroform Ethyl acetate n-Butanol Water
S. mutans - - 12.74£1.71° 20.62+2.34° 17.77+0.86"

A, antimicrobial activities by extraction solvents; B, antimicrobial activities by ethanol extraction concentration; C, antimicrobial activities by fraction
extraction.

YNot detected.

DAl values are meantSD (n=3).

Means in the same row followed by different letters are significantly different (p<0.05, a>b>c).
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)

©

Fig. 1. Pictures of antimicrobial activities by extraction methods and fractions of P. nume fruit against Streptococcus nutans KCCM 40105.

A, antimicrobial activities by extraction solvents; B, antimicrobial activities by ethanol extraction concentration; C, antimicrobial activities by fraction

extraction.

a, n-hexane extract; b, ether extract; c, ethyl acetate extract; d, ethanol extract; e, water extract; f, water extract; g, 30% ethanol extract; h, 50%
ethanol extract; i, 70% ethanol extract; j, 94.5% ethanol extract; k, hexane fraction; 1, chloroform fraction; m, ethyl acetate fraction; n, n-butanol

fraction; o, water fraction.

50% ethanol FE&-2 19.09 mm, 70% ethanol FF&>
19.02 mm, 94.5% ethanol FE&2 19.65 mmZE, Tj4l9]
30% ethanol =& x4 7MY =2 42 EloH, &
o} Aol wolA] ert. olzlet ZntE o) vl s
mutans w50 gt F&J9] HaA S EEMIC) At
S, mutans #9) TIeF WA T B HIHS Sl
95t 2% =T 30% ethanol =EE=2 AASIITH oAl
30% ethanol =&529] 81 BIEE S mutans 50| st
P 24 AIK= Table 4C 2 Fig. 1C9} 2t} Bol2d
g &4 23} hexaneF} chloroform3ofAl= S-S Kol
| 99kl ethyl acetateZOf|A]= 12.74 mm, n-butanolZ
20.62 mm, waterZo|A= 17.77 mm2] E4E HE o] n-butanol
3ol 7} 2 842 Eth Lim¥} Lee(1999)2] Aol
U= Al 850 et Wi FE=9] &E EEE F
ethyl acetateZ¥} butanolZo] 4Jo] =31, waterZo| 1
o202 o] =9ttt H 5kt ESE Yoon 5(2005)
9] HAoAE A ASEa 650 gt v 582
EIE5 ethyl acetatezI} butanols &/do] =Qfthal Bl

g 4 Ak 5 A e
om, £ A7e| 49 FA B FEEB) FHBY 2ol
A=) 9lg Ao AEEh

Z| A== (MIC)

A 30% ethanol FE59] S. mutans -0 Tt FAA
S =4 A7 The Table 5014 B Hlo} itk ujal
30% ethanol +5&2] 37t v&4d Pot/dS U 24,
1.0 % 2.0 mg/mL FEofA= EA4o] YehtA] 29k, 3.0
mg/mL FEHFE /o] LUEITE Lee 5(2017)2 QAL 5
Z59] FAA NS =45t 23, Bacillus cereusO| 4] 11.2
mg/mL, Clostridium perfiingensO|A 2.4 mg/mL, Escherichia
colio|A] 9.1 mg/mL, Listeria monocytogenes©lA] 11.1 mg/mL,
S. aureusO| A 2.4 mg/mL, Salmonella typhiol 4] 4.7 mg/mL,
Vibrio parahaemolyticusl|A 2.4 mg/mL9] s=&2 UERITH
I Bs, 2 AN S, mutans w50l gtk A 30%
ethanol FEE9] AR eret vl 29E Hirk

Table 5. Minimum inhibitory concentration (MIC) of P. mume fruit 30% ethanol extract against Streptococcus mutans KCCM 40105

Clear zone on plate (mm) MIC
Strain (mg/mL)
1.0 2.0 40 5.0
S. mutans b - 9.21+1.16”" 9.78+0.77° 12.10+1.13* 3.0

YNot detected.
DAl values are meantSD (n=3).

Means in the same row followed by different letters are significantly different (p<0.05, a>b).
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QU pH oFAM

Al 30% ethanol FZE9] S. mutans #+5°] st & o
444S =793 AIH= Table 6A 9 Fig. 2B9} 2t} vfjdd
30% ethanol 2ZE-& 60C, 80C L 100CoIAE 212} 14]
M @Ak, 121Co0A = 1587 AR & S mutans
ol FAAA AR 2715 S7gotart. 1 At
60T o4 18.88 mm, 80T OIA] 19.85 mm, 100TCOJ|A] 18.71
mm, 121TO14 18.73 mmE Thx7e} v]ws) BeA|s)gto]
22| AlolE HolA] It Ha 5(2006)2] HaloflAl= Hj
A 2EEL 4012009 thoF BHES B BYL 27
3 23, Qo] QPYEIAT ST SR Choi 5
(2004)9] HojAM mjjdl FZolo] Tkt FA2E S35
24 245 23 71e L7t 37l Wt @] ol
Ak Bsiict oY Adjel EgE FRey 22|
doj] oFYs B2 £k 97, QY £ Qlom, B
AFNA] AABE S, mutans T=20]) Ti3E wjAlo] SrFEA &
Lo Foj s ERUL oI5kt

w4l 30% ethanol £ZE-9] pH QYA 274 Z3F= Table
6B  Fig. 2B2} 2t} W& 30% ethanol FE2ES 1 N
NaOH2} 1 N HCICZ pH 2, pH 4, pH 6, pH 8 & pH 10°.
2 Z¥y 24 3 S mutans 0] St SAEAS ERlsH
itk =4 A3, pH 2 AEF)AE 15.96 mm, pH 4 A|&
FolA= 11.86 mm=E FAJshko] YeERt oW, pH 6, pH
8 B pH 10 772 AlgtollAl= EAdo] UEREA] 33ttt
Ha 5(2006)2] Eilo|AE= ujdl FEE-8 pH 3-112 FAs}
of At 2301 tiet B4 543t Aal, BE AlmolM &
‘dZ Ho] &0l pHoll MYt AXE Hltkal st
3L, Choi 5(2004)2] HilofA= WA 554 pH 3, pH

(B)

Fig. 2. Pictures of heat and pH stability of P. mume fruit 30%
ethanol extract against Streptococcus mutans KCCM 40105.
A, heat stability; B, pH stability.

a60C b, 80T; ¢, 100T; d, 121T; e, pH 2; f, pH 4; g, pH 6; h,
pH 8; i, pH 10.

Table 6. Heat and pH stability of P. mume fruit 30% ethanol extract against Streptococcus mutans KCCM 40105

A)
Clear zone on plate (mm) (11.48 mg/mL)
Strain Heating temperature
Control
60T 80T 100T 121T
S. mutans 19.34+3.26V 18.88+2.53° 19.85+3.01° 18.71£2.75 18.73£1.95"
B)
pH
Strain Control
2 6 8 10
S. mutans 20.70+13.52° 15.96+2.90 11.86+1.69* 3 - -

A, antimicrobial activities by heat treatments; B, antimicrobial activities by pH treatments.

1)All values are meantSD (n=3).

DMeans in the same row followed by different letters are significantly different (p<0.05).

INot detected.
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7, pH 110] &5 A3t & Al a1 850 thgt &4
< S A3, pH7t EoHdE Pdd/do] Aottt
Hstgint ol2jdt Aik= A JE/dEHE0] pHOl |l
AoHA BEESIth= uE 2= Wi8old, & oA 9] of
A1 30% ethanol $&50f 23 SHEZ 3t pH 2 E 4
HeloA= 2= B, pH 6-109] H{jolAl= &40l
UERA] gk Ao 2 Hol, ujio] giEo] = FHEE
T pHOl FFE ¥ EAYS 5T & ok
Mt A9 BAGIEA 2|0 HE M

S. mutans 450 A 2= ZH= ufjA 30% ethanol
FZE0) 23 ot EZo] Alstase} shikslaes Ao
Fg/do] AUAIE RIS | sl AlRlaAel catazyme} i}
Al E w4 30% ethanol $=&&0] offiet 22 & 27
oF Hrlstal HESAIZ] & g ERIsISIt. catazyme
049} FASIEA0] AT Bk tE JHT =4 A
L Table 7A%} 2t} =7 A3} v A 30% ethanol SZ=0]
catazyme A0} IAISIEAE ZH2F 10 ppm 5= A 2F
< I £ AET 25 Peg/do] ozl 100 ppme]
ol A= catazymeB A A2z thRTof| BISHA] E4do] 2

Table 7. Effect of catazyme and hydrogen peroxide treatments on
antimicrobial activity of P. mume fruit 30% ethanol extract against
Streptococcus mutans KCCM 40105

(A)

Clear zone on plate (mm) (11.48 mg/mL)

Sample
Cat" Hyp

Control 20.39+1.292%3 20.4141.44%

10 ppm 23.63+1.88° 23.08+1.22°

100 ppm 16.81+1.52% 20.06+1.51%

1,000 ppm 14.67+3.96° 19.0443.17°
B)

Control 20.47+1.482%3 19.814+2.85%
20C 22.74+1.13" 19.06+1.49
25C 20.94+1.56% 19.75+1.82°
30T 18.26+2.93" 18.5442.62°
35C 21.10+0.74% 17.64+1.82°
40T 18.66+1.55° 18.29+1.50°

A, antimicrobial activities by concentration of oxidant addition; B,
antimicrobial activities by oxidant reaction temperature.

Cat, catazyme; Hyp, hydrogen peroxide.

DAll values are meantSD (n=3).

’Means in the same column followed by different letters are significantly
different (p<0.05, a>b>c).

Astglon, Ikelea AelAle 24 AlolE Hol#] ¢
&t SHAIRE 1,000 ppm FEolA = F A2t BE /0]
Adfelz AS I 4= AU catazyme B A9 Tp4tDl
2:0] A kof whE Y] 57 A= Table 7BF 2
ok A7 2= AHoA catazyme B4 AP 25 F
o)/gdo] QlSlar, ISl APl HohA] g tiR+
oF H|wsf| B AlEtollA] f94 ZJolE Ho|X] gkofrt. w
2kA] catazyme G4} THAISI:A X2 o] w2 uf Al ethanol
30% FEE FHEYS IA IS HA] gZ AoE ud

=k,

718 Eollg4 2|0 o2 FHY

S. mutans 5= Aot FAE FLSH= FFE A (Lee
S, 1993) &2 AoA AdE i AE AR AFeR
AT A9l S, mutans 455 A5k B3 ARAARE
ZE 7S HWole SHollAE vt X|oF APA] Alzol
T 284 7FsAdol & ACE wdElth dA ARy
I Sl= Aok AgAol= A 2A7F A7, EjE
SAE0 2 F71EE 9T & e Baso] 7K
tHCho 5, 2017; Kim 5, 2003b). H7}e &AL S712S
Eoficks 92 sHAT, H7HE 2 2L S
Al &A1Y BE RE 70l AUE AoE wHEI
kA Z1E Q7|18 Balad Azlo] g oA 2419 S
mutans #79] FALS Bl A71E Bl 24
7} Hof T2 ujAl 30% ethanol +EE9] S. mutans
T P2 57 Zi= the Table 8ASL 2t} 2 A
A e=eolE Eolas 63(Fun, fungamyl; Ter, termamyl;
Sec, secura; Lac, lactozym; Mal, maltoginase; Inv, invertase)
I i Bl a4 25(Fla, flavourzyme; Alc, alcalase), A
vt Bala4 15(Lip, lipozyme) 02 FAJSNA oAl A9
S. mutans 0] FHIE S0t &4 23 10F
o] @4 B 10 ppm} 100 ppm B A|FFLofA= B/l
272} 5ol ZpolE Ho|R] kAL, 1,000 ppm B
A= dix7ol HsiA otE E4o] Eof=UAIRE 13.81-
17.58 mme] E/dE& Hof =2 &io] fA== 2 o= wet
Hoth 718 Eolaa Ay 2= o w4 30% ethanol
FZE9 S mutans 70l FFEEE 5793 Bil= Table
8Be} At APA 2Rl 84 Ak uE JAg
] AN Z/gdo] EojAA] L3UH 100 ppm FrE dF
Aog A5k, LS 20-40C HYRE ZH2F ATsA &
Tof| mE &S Brbellth a4 W *EF 20T, 25T,
30T, 35C 9 40C=E 27 AEstal, 842 5747 41,

= 25 AgolA] xR} Bl gS o {2411 Ajo]
£ Ho|A| Sttt wEbA w4 ethanol 30% FEES YUY
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Table 8. Effect of various enzyme treatments on antimicrobial activity of P. mume fruit 30% ethanol extract against Streptococcus mutans

KCCM 40105
A)
Clear zone on plate (mm) (11.48 mg/mL)
Sample
Fun? Ter Sec Lac Mal Inv Fla Alc Lip
Control 20.12 19.89 20.17 19.82 19.68 20.77 19.99 21.17 19.11
+1.579%) +2.55° +4.11% +1.33° +0.29° +1.42° +0.90° +2.07° +0.67%
10 vom 18.94 18.48 20.81 20.03 20.65 18.78 19.40 18.81 20.24
pp £1.39° £1.47% £2.84° £1.56* +0.86" £1.04% £2.09° +1.47% +0.95°
100 pom 19.38 17.20 17.33 18.08 19.01 19.76 20.10 18.08 18.53
PP +1.40° £1.70® +1.46™ +0.86" £1.50 £0.60 £1.12° +1.20 £0.21°
1000 pom 13.81 15.09 14.48 16.36 17.58 17.36 19.35 15.06 16.60
W0V pp £0.67° +1.28° +0.66° £2.25° +0.48 £1.71¢ +0.97* +£0.68° £0.23¢
(B)
Control 20.81 20.89 20.38 20.84 20.13 20.72 20.48 20.00 20.34
+1.44° +0.26° +0.52° +3.08° +0.74° +0.52° £2.21° +1.42° £1.47°
20 20.97 18.47 19.31 18.62 18.36 20.12 20.12 18.92 20.48
+3.28° +£1.03% +1.48 +£1.74° £2.54° +1.02° +£3.28° +£3.32° £1.29°
257 21.08 18.12 17.77 19.58 18.42 21.00 20.17 19.00 19.64
£2.87° £1.56° £2.57 +£1.25° £131° +0.34° £1.75° £2.99° +0.86°
30T 2091 18.33 19.81 19.02 19.56 20.57 2237 18.33 2091
+1.30° +1.88% 122 £1.01° £1.05° +0.72° +£2.26° +1.93° +1.08°
350 21.02 18.95 19.17 18.47 18.63 19.59 19.65 19.14 19.44
+2.84° +1.21® +0.77% +2.81% +1.70% +1.66" +0.95° +1.99* +1.74°
0T 21.90 18.70 18.15 19.06 19.62 20.35 19.73 19.15 19.58
+2.44° +1.40® +2.58* +1.69° +1.46% +0.72% +1.10° +1.30% +1.82%

A, antimicrobial activities by concentration of enzyme addition; B, antimicrobial activities by enzyme reaction temperature.
DFun, fungamyl; Ter, termamyl; Sec, secura; Lac, lactozym; Mal, maltoginase; Inv, invertase; Fla, flavourzyme; Alc, alcalase; Lip, lipozyme.

DAll values are meantSD (n=3).

Means in the same column followed by different letters are significantly different (p<0.05, a>b>c).

B B a4 A9 250 I A ¥= A
QIE 4= Uitk AP] 2 E 20-40T HA= AT o
ZJob APgAl AbE Al, BRrA oz ALoA ARG o)
A2 Hedoll Z3tEe 220 MR dsiglch

At 3o o

2 rlr ok ot
r
it

2 o

rh

AT A= Streptococcus mutans KCCM 40105 -5
EEREEPE T PE Ete P 22k
2= gelstglon, &4 4] ufet A7 21
Aol A=A RISkt & 1059 AlF a4 &
BN S, mutans 370 FtE/dS HRl A= HiARE
o] &g Hol HF AR Adsioitt & 8iE I+t
ZAL ethanol FEZEOA] 18.66 mm, water FZE0]A]

m'lN' ook

2 4y lo
Y

20,18 mme] P4 R, o] F gufe] o] e T
A4S =45 47}, 30% ethanol 25 =T oA 20.49
mmE 7V B2 SHE BT, HAAREE 24T 2
I} 3.0 mg/mL FEo|A A4S B, A 30% ethanol
FE50 23 24 249 4 9 pH S ST 2
3, Gofl= eFgAdol ERIEIoY, pH FE/dollA= pH
6.0 OB = 4ol UEUA] eIkt w4 30% ethanol
FEEY 718 Bolas Ao uE L B
ok, @A, A EeEA B 10 ppmt 100 ppm
oAM= & Y= HolA 22, 1,000 ppm F=0
A Aol A Tadle AES HYrt Catazyme G4
AHieleAn o] Aol W 442 579 23, 10 ppm2
AsEoA= E4o] 716l ey, A =7t 100 ppm
OPFREE ol TR, A2 LY TS 9



Antimicrobial activity and stability of Prunus mume extract 435

#jolg Ho|x] ggket.
Al 2

2 A7 RIS YFA—S: P063500057)2]
1] Ak wo} At Aute] g2 ool ZA=HYT

Conflict of interests

The authors declare no potential conflict of interest.

ORCID

Bok-Seon Kim
Chang Ki Huh

https://orcid.org/0000-0002-9094-3250
https://orcid.org/0000-0003-4456-8477

References

Aye A. Comparative study about in vitro culture conditions
of leaf and leaf callus of basil (Ocimum basilicum L.)
and its antibacterial activity. MS Thesis, Jeonbuk National
University, Korea, p 1-5 (2016)

Cho JW, Kim BY, Choi SJ, Jeong JB, Kim HS. Change in
amygdalin contents of Maesil (Prunus mume) wine
according to preparation steps and its characteristics.
Korean J Food Sci Technol, 51, 42-47 (2019)

Cho MH, Kim R, Yu SH. A research on satisfaction of
toothpaste added natural herbal extracts. J Tech Dent,
39, 111-118 (2017)

Choi BBR, Yun SE, Park SR, Kim GC. Effectiveness of
mentha extracts against oral microorganisms: An in vitro
study. J Korean Acad Oral Health, 44, 67-72 (2020)

Choi MY, Won HR, Park HJ. Antimicrobial activities of
Maesil (Prunus mume) extract. Korean J Community
Living Science, 15, 61-66 (2004)

Do DS, Lee SM, Na MK, Bae KH. Antimicrobial activity
of medicinal plant extracts against a cariogenic
bacterium, Streptococcus mutans OMZ 176. Kor J
Pharmacogn, 33, 319-323 (2002)

Ha MH, Park WP, Lee SC, Choi SG, Cho SH. Antimicrobial
characteristic of Prunus mume extract. Korean J Food
Preserv, 13, 198-203 (2006)

Hamada S, Koga T, Ooshima T. Virulence factors of

Streptococcus mutans and dental caries prevention. J

Dent Res, 63, 407-411 (1984)

Jang JH, Kim YI, Lee H. Antimicrobial activity of Prunus
mume extract to oral microbes. J Korean Soc Dent Hyg,
14, 109-115 (2014)

Kim HJ, Lee JW, Kim YD. Antimicrobial activity and
antioxidant effect of Curcuma longa, Curcuma aromatica
and Curcuma zedoaria. Korean J Food Preserv, 18,
219-225 (2011a)

Kim JH, Kim MJ, Choi SK, Bae SH, An SK, Yoon YM.
Antioxidant and antimicrobial effects of lemon and
eucalyptus essential oils against skin floras. J Soc
Cosmet Scientists Korean, 37, 303-308 (2011b)

Kim KC, Bae YS, Kim SW, Kim SJ. Production of amylase
by a filamentous fungus, strain FM04, and enzymatic
hydrolysis of food waste. Korean J Biotechnol Bioeng,
18, 363-370 (2003b)

Kim YS, Park YS, Lim MH. Antimicrobial activity of
Prunus mume and Schizandra chinenis H-20 extracts
and their effects on quality of functional Kochujang.
Korean J Food Sci Technol, 35, 893-897 (2003a)

Ko MS, Yang JB. Antimicrobial activities of extracts of
Prunus mume by sugar. Korean J Food Preserv, 16,
759-764 (2009)

Lee CE, Jo JK, Kim JD, Lee DG, Kim WS, Lee SH.
Verification of antibacterial activities of oriental herbal
medicine extracts. J Life Sci, 27, 611-616 (2017)

Lee JS. Antimicrobial effect of Prunus mume extract against
Streptococcus mutans and Streptococcus sobrinus. MS
Thesis, Chonnam National University, Korea (2014)

Lee KW. Antibacterial activity of the Zingiberaceae plant
extract against oral microorganisms. MS Thesis, Yonsei
University, Korea, p 23 (2005)

Lee KY, Cho HS, Yoon JW, Hae TR. Study on the
development of preventive agent of dental caries from
biological active materials: 1. Development of disc
PAHA for an artificial tooth and preventive effect on
dental caries from plant extracts. Korean J Biotechnol
Bioeng, 8, 126-132 (1993)

Lee OK, Lee HJ, Shin YS, Ahn YG, Jo HJ, Shin HC, Kang
HY. Quantitative analysis of the fruit flesh of Prunus
mume Siebold & Zuccarni. Korean J Medicinal Crop
Sci, 15, 143-147 (2007)

Lee SE, Park CG, Cha MS, Kim JK, Seong NS, Bang KH,
Bang JK. Antimicrobial activity of essential oils from



436 A= AFAGRENEA Al28d A3Z (2021)

Mentha arvensis L. var. piperascens Malivaud and
Agastache rugosa O. Kuntze on Escherichia coli and
Salmonella typhimurium. Korean J Mecidinal Crop Sci,
10, 206-211 (2002)

Lim JW, Lee GB. Studies on the antimicrobial activities of
Prunus mume. J East Asian Soc Dietary Life, 9, 442-451
(1999)

Moon YH, Lee YH, Min BS, Bae KH. Antibacterial
constituents from Scutellariac Radix against Streptococcus
mutans OMZ176. Kor J Pharmacogn, 28, 99-103 (1997)

Park KS, Park HW, Shin IS, Lee JH, Seo HW. Study on
comparison of antimicrobial activity between horseradish
(Armoracia rusticana) root extracts and synthetic allyl
isothiocyanate against oral pathogenic microorganisms. J
Korean Acad Pediatr Dent, 36, 217-226 (2009)

Park LY, Chae MH, Lee SH. Antibacterial activity of fresh
Prunus mume and Prunus mume liqueur byproduct. J
Food Hyg Saf, 22, 77-81 (2007)

Seo KS, Huh CK, Kim YD. Comparison of animicrobial
and antioxidant activities of Prunus mume fruit in
different culutivars. Korean J Food Preserv, 15, 288-292
(2008)

Seo YH. Antioxidant and antimicrobial activities of ginger
with aging and fermentation. Korean J Food Preserv, 24,
1180-1187 (2017)

Sheo HJ. The antibacterial action of garlic, onion, ginger
and rad pepper juice. J Korean Soc Food Sci Nutr, 28,
94-99 (1999)

Shin TY, Kim DK. Antiallergic activity of menthae herba.
Kor J Pharmacogn, 29, 248-253 (1998)

Yoon JW, Yoo MY, Choi JH, Lee MK, Oh DH.
Antimicrobial effects of ethanol-extracted and sub-
fractionated materials from different parts of Quercus
aliena Blume. J Korean Soc Food Sci Nutr, 34, 910-914
(2005)

Yu NY, Park HW, Lee JH, Seo HW. The antimicrobial
effect of Horseradish (Armoracia rusticana) root extracts
against oral pathogens. J Korean Acad Pediatr Dent, 33,
447-456 (2006)

Yun SM, Jung JH, Lee JS. Isolation and identification of an
antibacterial substance from sea mustard, Undaria
pinnatifida, for Streptococcus mutans. J Korean Soc
Food Sci Nutr, 36, 149-154 (2007)



