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In this study, the anti-bacterial activity of three medicinal herbs such as Dioscorea batatas, Morus alba, and Tagetes
erecta, have been applied in oriental medicine against Escherichia coli and Staphylococcus aureus. The antibacterial
activity of Dioscorea batatas ethanol extract (DBEE), Morus alba ethanol extract (MAEE), and Tagetes erecta ethanol
extract (TEEE) was analyzed by disk diffusion, minimum inhibitory concentration (MIC), and minimum bactericidal
concentration (MBC) assays. As a result, three medicinal herbs exhibited antibacterial activity in a dose-dependent manner
as well as MAEE and TEEE showed the most potent antibacterial activity followed by disk diffusion assay against E. coli
and S. aureus, respectively. MIC against E. coli and S. aureus was 1.6 mg/mL of MAEE and TEEE as well as 0.2 mg/mL
of TEEE. MBC against both strains was 5 mg/mL of DBEE and 2.5 mg/mL of TEEE. Consequently, three medicinal
herbs in this study showed potent antibacterial activity through the inhibited growth of E. coli and S. aureus, which is
considered as a potential candidate for cosmeceutic agents to attenuate the pruritus. In addition, antibacterial and
antihistamine effects followed by the extraction solvents should be analyzed in future studies.
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al., 2021), A2 (Radix lithospermi)®} X|(Ponciri fiuctus)<
nerve growth factor (NGF)2] &3} &3] ~E}7l & Y4 (Park
et al,, 2016), M =2WlF FEE2] B-hexosaminidase EJ
AA &3 5] A77F 13 = S TH Yoon and Park, 2020).

2FK(Diosocorea batatas)2] T+ B4 A4E-2 amylase9}t
il vR3E, 99

o= 4yA v
< WA,

Ao s}

mucin, saponin, arginine 2.2 %+
Agl, 230 %0 5o L= Ui
(Kang et al., 2014). B3 &9} a3}
AEH A5 o, A5 53t o

Al AF7F o] Foy A2 A tH(Park et al., 2020).

A S (Morus alba)®] + A% ursolic acid, betulinic
acid, mulberrin, morusin, mulberroside 5-©]™(Chan et al.,
2016), z‘s]—/\}§]_ 6]—03 z‘ﬂ—u}o] a}/\ = Nx] g_ﬂr ]- 3}%
7o 7 oelx] rHBatiha et al, 2023). 3+ A= o)
oF, ek, el ol IetEIE Kolal rhPark and
Park, 2021).

v 2] & =(Tagetes erecta)= I+ 73%-°] carotinoid 2 F
90%<] lutein?} zeaxanthinS SH5le] <t B2 TS
1 QITHKim et al., 2021). B=3F 3o Etoll = F3k3)
T Ao deA dal et &¥K(Kasiram et al,
2000), 323l (Karadas et al., 2006), 3 X5 & IH(Zitterl-
Eglseeretal., 1997) s-°] A= Ao® deix gl

o] fFS sk oY 89l T sl wAE

oA UE Al A= Staphylococcus aureusSt Escherichia
coli, Cubibacterium acnes 5°] 2™ (Kim et al,, 2016) 0]
TFES A BHIES =9 959 d59 7H8
el Ao ® BaE 1l JthKnor, 2005). 34l EHEL
7F e Ao R dHR FEES Huly olgkE

ZE(Kim et al, 2019), Lu|x} FE5, FH X9
)= Hoa
I

rzi m 32 o

o

B Theksl S HAE So] 9= Aoz odulx rt
al,, 2021). webA] 2 Aol A= SRR o]
gy W2l EE9] E coli?t S aureusell OIS &
Sty wahe AEstel Alek A, v
=5 7Hes 9% w958 28 Ve
s gk

ox M Ml R RN N ol o
=) _13 Q

m10 m 1:91‘ r>~ B H}N

g
(2 e

JERIRT

PUE]
Adstebitol X QI 2FeKD. batatas), ‘3N (M. alba),
W ZE(T erecta)= w3 F FACIEDT 1:4 (viv) Y

HIE2 A3 %3355 7](Powersonic 410, Hwashin Tech-
nology, Busan, Korea)E ©]-&-3}< 301"%7 F &3 5 80T

& A8 A1 23] HHESte] F&3G]ch O%?Jrlﬂ
k¥ F=ZFE(DBEE), 43 F+EFE(MAEE), W2l=
ZE(TEEE) & 557](N-110, Eyela Co., Tokyo, Japan)
2 93] 553} desiccatorel] 24A17F R & EAS
%Xéﬂ?it} 7k N 89 3482 2bef 3.5%, 2] 18.7%,
2] FE 353%% e

o Y

E. coli (KCTC 2441)8} S. aureus (KCTC 1621)E 3=
58} 7(Dagjeon, Korea)oll A F%o} nutrient agare}t
broth (KisanBio, Korea)°l 5%3}>] 377 incubator (Hanback
Co., Bucheon, Korea)$} shaking incubator (200 rpm, Daehan
Lab. Science, Namyangju, Korea)oll 4] 24A]7F vl sle] A}
a5

ClAS SIS S 87 B4 24

M

E. coli®} S. aureus®| U3+ DBEE, MAEE, TEEES] &+f
P2 vz S o] &ste] SAGaL, 7 dF
5% NCCLS Guide Line M11-A6° s=3}o] A&l &ttt
(Piddock, 1990). 5 HuhA|ol] 20 L =T HE &
BaaA o] ol EAAIX 217 8 mme] Hat ¥ paper
disk (Advantec, Toyo Roshi, Ltd., Tokyo, Japan)°ll DBEE,
MAEE, TEEEE 100, 250, 500 mg/mL 5= = Z}7} 30 pL
A A 8kaL 37°C incubatorol| A 244]7F Et Wi F- wt
o)zl Frggle] 7S caliper (DC150/200-2, CAS, Yangju,
Korea)= 57438l =t &S #4300 BE A3
33] REgste] A8 5 Fo kS 715kl

ZAAME=(MIC)2} 2| AMFSE(MBC) £

E. coli®} S. aureus®l] U]t DBEE, MAEE, TEEE & 1=°]
w2 #4004
S SA37] A8k 0.2,04,0.8, 1.6,2.5, 5.0, 1.0 mg/mL &
L& 345 A HE 24 well plated] 2 mL® EF313it)
T5E 600 nmolA] 029 FFEE HolE FE&E 20 L

5 %= (minimum inhibition concentration, MIC)
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il

4% 5 3704 24417 WIFSIAL ODgo 2ol 0.1 o]
o MIC 522 SHIsisin

#| 425 S (minimum bactericidal concentration, MBC)
S4E 938l MIC FA0] B9 plateol| A 2t s=E
wellell 50 uL® FH3le] A WA o] HEskar 37°CollA

24N B Mgl W B FR-E A5

},

Oll

lo

A=A

Loy |

A& SPSS (version 26.0, Chicago, IL, USAYS ©]&-
3lod, E. coli$} S. aureus®| o)+ DBEE, MAEE, TEEE®] &

o IS Bl shr] flete] Al kS (One-
way ANOVA)E AAeFl a1, A5 755 91389 Ducan

e FEL.

HE2 =20

X

2}
C|A3 sAHHS 0|23t DBEE, MAEE, TEEEQ| &= &1}

DBEE, MAEE, TEEE®| 3t @¥+= T]2~3 FAPHS o]
f3lo] BA89 L 7 A Table 104 HE 7
Tl DBEE= E. colioll W3l 100 mg/mL 50141 9.34 mm,

A}

250 mg/mLol A 12.05 mm, 500 mg/mLoll A 14.70 mme] &
&3S ¥ 3(P<0.001), MAEE: 100 mg/mL &%
o A 13.97 mm, 250 mg/mLolA] 17.40 mm, 500 mg/mLell
A1 19.01 mm®] &+t &3S YER 2 H(P<0.001), TEEE
= 100 mg/mLeo| 4] 10.18 mm, 250 mg/mLolA] 13.81 mm,
500 mg/mLol A 16.61 mm% % &EFQ I+ av=
RHTHP<0.001). E=3F S aureus®l] W3] DBEEE 100 mg
/mL F%0A] 16.58 mm, 250 mg/mLolA 18.96 mm, 500
mg/mLoA] 20.95 mme] &+t @35 YERNIL(P<0.001),
MAEEE 100 mg/mL 559141 14.16 mm, 250 mg/mLol|A]
18.69 mm, 500 mg/mLoll A 21.76 mm=Z Tt T3S B
©1(P<0.001), TEEE:= 100 mg/mL &0 17.30 mm,
250 mg/mLolA] 21.75 mm, 500 mg/mLolA] 33.09 mm=
FE oFEA o R gt aE YERITHP<0.003). 12|14l
71— ;LZ,_Q] }\]Eoﬂ LL}E ﬂﬁt 33_3//};?; 7].7@ %g lr_to]
100 mg/mLoll A v gk A3 E. colioll thelA = MAEE
7} 13.97 mmZ 7} 713l TEEEE 10.18 mm, DBEE:=
934 mm o2 Ao A7]7F YEFSIL(P<0.001), S.
aureus®| T3] TEEE7} 17.30 mm=% 7} %13, DBEE®
16.58 mm, MAEE:= 14.16 mm =02 Jz|the] =7] x}o]

Table 1. Anti-microbial effect of DBEE, MAEE, and TEEE against E. coli and S. aureus

Strain Agent Treatment conc. (mg/mL) Inhibition zone diameter (mm) t'F P
100 9.34+0.75° 42351 <0.001
DBEE 250 12.05+0.89°
500 14.7040.43°
100 13.97+1.07° 34.970 <0.001
E. coli MAEE 250 17.40%0.44°
500 19.0140.60°
100 10.18+0.47° 226.990 <0.001
TEEE 250 13.811+0.36°
500 16.614+0.25°
100 16.58+0.51* 41514 <0.001
DBEE 250 18.96+0.84°
500 20.95+0.27°
100 14.16+1.64° 38.120 <0.001
S. aureus MAEE 250 18.6910.50°
500 21.76£0.72°
100 17.30%0.65° 17.963 0.003
TEEE 250 21.75%5.67
500 33.0940.82°

Values with the same letter are not significant different by Duncan multiple range test (" £<0.001)
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Table 2. MIC and MBC (24 h) of DBEE, MAEE, and TEEE against E. coli and S. aureus

Concentration (mg/mL)

Strain Agent
0 0.2 0.4 0.8 1.6 2.5 5.0 10
MIC + + + + - - -

DBEE
MBC + + + + + + -
MIC + + + + - - - -

E. coil MAEE
MBC + + + + + + - -
MIC + + + + - - - -

TEEE
MBC + + + + + + + -
MIC + + + - - - - -

DBEE
MBC + + + + + + - -
MIC + + + + - - - -

S. aureus MAEE
MBC + + + + + + - -
MIC + - - - - -

TEEE
MBC + + + + + - - -

£ Hoj, oAte] 7] &2
YEFSTHP=0.010).

2 93 bt A ACE

DBEE, MAEE, TEEEQ| £, colR}t S, aureusol| CHEE MIC2}
MBC

DBEE, MAEE, TEEE®] E. coli®} S. aureus®l &A%
A S Table 20014 Bi= A3} 2k E coliol]l thak
2474 TE+= DBEE 2.5 mg/mL, MAEE®} TEEE=
1.6 mg/mL .2 MAEE®} TEEE®] %7} SIT) S aureus
ol th3+ #2444 DBEE 0.8 mg/mL, MAEE 1.6 mg/mL,
TEEE 0.2 mg/mL& TEEE7} 7} W solA H A
AR gHA}E BAT) E coli®t S. aureusol] t3F H 2447
A FEZ g0l F 1 o]Ake] Fol A wiUddt E coli
+ BHI plate®l| 4], S. aureus = BAPA =% $ colony 3
A AR5 A%t AF} 2413 A3} T E. coli= DBEE,
MAEE, TEEE®| A 10, 5, 10 mg/mL2] &
5,5,25 mg/mLe| XA B ¥HEE AT Table 2).

S0l A, S aureus=

DBEE, MAEE, TEEEQ| £, colRl S, aureusOl| CHgt A2t
oA =at

DBEE, MAEE, TEEE”} ‘=8 2 3|45 nutrient brothol]
E. coli$} S. aureuss &3 5 3, 6, 12, 24~ 1t vl FahH
AZPEE ODgyy b= S743F3ATE E. coliol t)3e DBEE,
MAEE, TEEE®] 44| F3= 2447F 5t kst oF
A zae] S35 04763 W3S w1 mg/mLoll

A10.241, 0.177, 0.218°] YEFREIL, 2 mg/mLolA 0.192,
0.165, 0.157°] YEFE 2™, 4 mg/mLel| A 0.160, 0.146, 0.109
9] 3hS RG-S ti(Fig. 1, left panel). ZL2]3L S. aureus©l
ot DBEE, MAEE, TEEE®] /44 a7}= 2447 vl
et FdhzTtel FHEQ 06203 B EAS W 1 mg
/mLol|A] 0253, 0.118, 0.0747F YERXIL, 2 mg/mLell 4] 0.200,
0.080, 0.088°] L}EFSE ™, 4 mg/mLell Al 0.152, 0.090, 0.088
o] #k& HoFRITHFig. 1, right panel).

[

i

aFskel Aol uhe ARTtE e SR <
w7k sk [1TE Sk, AR, BAIA &
28 BN I ATKHKim, 2021). 2959 X|= W
ZE| RO A8AlE g HAES BAA7IaL glo]
A o] 7154 dsdl o #e A&Her T
7Fetal $ITKKim et al,, 2021). 53] gefajsh $A) 4437}
7hedk A 8AEEY] ATEe] s olFolAa 9l
o QA O, A, Ax, vhe, &, 53k 5] 39T

2 A, m 7)sAdel ik Agsol o] FolAaL Al
THChoi et al., 2017: Park et al., 2016). ool & AFtollA =
DBEE, MAEE, TEEE®] E. coli$} S. aureus®)| T3t S+ &
I g A anE Sty 9ot e ¢t 3
A 7168 AER &8 ThedS ASetaat ﬂﬂ}

E. colidll W3t &+ F 3} DBEE, MAEE, TEEE &

fl
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0.6
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0.8
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0.6
04+

0.2

Incubation time (h)
0.8

- Un = Con
-+ 1mg/mL < 2mg/mL

0.6 | < 4mg/mL -

02 F

Incubation time (h)

Fig. 1. Growth inhibition curves of E. coli and S. aureus. Both strains (left panel, E. coli; right panel, S. aureus) were treated with
indicated concentrations of DBEE (upper), MAEE (middle), TEEE (lower) followed by time to analyze the antibacterial activity of each
extract. Each value shows the average of three times independent experiments. DBEE, Dioscorea batatas ethanol extract; MAEE Morus

alba ethanol extract; TEEE, Tagetes erecta ethanol extract.

T Ao R ot aE HYloH, Ut R4
MAEE, TEEE, DBEE =02 Ahulo) A 714 3kt a3}
7F w3t ol BHEFEY FEES o] &3 ATddA o
B 552 10 mg/mLY} 20 mg/mL FFolA] A
7} 10 mm=z 5% o|FEH o7 ItES Ho|x] grol B
A9} 2}o]Z KW TH(Kim et al., 2016). ~L2]1} Jang and
Yang (2020)°] ArollA= FHH Gl 514 50 mg
/mL, 100 mg/mL, 150 mg/mLe] F5=olA =S A
A3} 7} 10 mm, 104 mm, 108 mmZ §% ojEH o= 3
o &= HoW 100 mgmLe] FEE 7oz Akof
B} 3, gy e} Wl ZmH s v drEs 1Y)

e

i

b4

o Es AR oflghe FEENAE 9.5~13.3 mmE
T oEHoR gt a¥E HItKKim, 2021).
S. aureus®l ¥+ = a7+ DBEE, MAEE, TEEE &

sk
% %E 94%?‘43,% S a8 HYon, Y%t B&
(s %9}1 DBEE$} MAEE =02
T (2016)9] AT H=E
gow 1, 5,10, 20 mgmLe] F== &
AZ3 A3} 10, 11, 11, 12 mmE 2F3F F= 9]
AT AR 23S Blth B Jang
Aol A HUHE Gl FE=1A 50,
FolA 139, 166, 200 mmZ F= <]

3}

o)



EHoR gt A AA 2 Ao A A3E B
glom @t a3 DBEES} MAEE$} W53l 1 TEEE
Ho} gt gk Stk 2y S Al FE=
o] &) FFoll webA = 2}o]E XL Ethyl acetate
fractions S = AFESE 790l S, aureusol] i3S S &
7= 100 mgmLE 7o ®E S wf i AgelA St
a37} 7P £ TEEE 17.30 mmE.th 2 193 mmE X
Atk old A& uHT w F AT dEE FE2E
PRk ol thE &ulE F83 ATE FUHHeE 3
ool gt g3E A 5 ool Aok

2 ATlA E. colidll tHEF 2 A/37%¢4)A] 5= DBEE
2.5 mg/mL, MAEE®} TEEE:: 1.6 mg/mL3it}. ©]% Jang
and Yang (2020)°] A7l 0.5 mgmLE WERd 2 B}
= =A UEhd ZpolE RATE S aureusol] HEF FH A
FAA §%EE TEEEZ} 02 mgmLZ 71 Wkl DBEE
0.8 mg/mL, MAEE 1.6 mg/mL o2 5o wje} xjo]=
Rt} o]+ Jang and Yang (2020)2] S1o|A HuF 4
n FEEA HAZFA S5 05 mgmLE UERY
i A543 TEEES] HAYARSE 02 mgmL7} o B
ekt B3k SR ol 7] FEEA Y] HAA
Ao sEE Ha A 401 mgmL, TE F 205 mg/mL
2 B AFEYNEY 22 555 3 HLee et al, 2019).
Hwang 5 (2022)°] MW7 F5=9] S awreus©ll g 4
Tl A HaAAA FEE 1~32 mgmLo s o A%
55 80% ol AASIIL 16 mgmL o]l M= o]
7getA &okeh

B Aqtol| A FHAAPEFEEMBC)E E. coliol 4= DBEE
9} TEEE 10 mg/mL, DBEEX 5 mg/mL% MAEEC|A &%=
7} w@okth ol QA FEENA] 20 mgmLE WERG
ARG BE AR HAAPEELRTF Wkt ek S
aureus?| X1:= DBEE®} MAEEE 5 mg/mL, TEEE= 2.5 mg
/mLZ TEEEO|A] Wkt o] Qulja} FEE<4 10 mg
/mLoll A HAAPEEE7F vERd A B o e o]
Al YEFATHKIm et al., 2021).

. ol A DBEE, MAEE, TEEE®] E. coli®} S. aureus©|

ek oAl Bk 2443t § B AlE S E9E

I ARtE A EatE R gEH R AA|E Y,

E. coli®}t S. aureus B~ TEEEoA A4739A] a¥7}
7V Ao, E coliRth S aureusN A EAd o] =)
ol £Y HFE ol &3 AFNA E coli®t S aureus B
oA Fe oA 0w o] oA afE HIle

(Sung, 2004), SW|X} FZEMX E. coli$} S. aureus®l /37

AA avE Kol & AFATe} FASE AE Bl
(Choi et al., 2013).

DBEE, MAEE, TEEE 5.5 E. coli®} S. aureus®l] W3 &
o Gyt A a9E 1o 7t 48k 9
7154 HEE 48T e 7V rRsIgith 1
i F7H4Q1 A5 St FEShe Sl W 3
ASshaL olE ke %

= A3
2 48 7heAdS Eolaa Itk
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